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(Integration of Ontology Open-World
and Rule Closed-World Reasoning)

2 s’ uhoof g "

(Jung-Hwa Choi) (Young-Tack Park)

f °% OWL LEZXE AAAY a9 4L 2d¥ Fe=d FHsioh =5 G993 Jod =)
AozZRE FAH AEZL AYE FE2E 5 Atk AT o] mddd AL @ F Uk Akol
7N Qe EE A4E 24y & £ Q7] Eetk LEEX e AT AXNEHS A% 743 A%
247 49 Aol 2 HdR FE& XYY wWe] Quh OEE 73 2EEA ¢9 54 FY&
o tidt A9E HAY & Utk BF FAA AL LEEA) Hod FYP29 A=A (restriction)
QI2E27) dAEA & 4 Ut B =FXE Open World Assumption(QWA) 7dke] £E 229} Closed
World Assumption(CWA) 7]5t9] Hg xR FE& Agsts 739 A4uo)l~2E E§38ld Open World
¢} Closed World $8& EF A3t AF-QA FE A28S AA3) o] Al28e 22X 39
B B S OE W) OWAYIolgkA A8l 24148 ASP(Answer Set Programming)& A}
351 Aeke AQEth ASPE =y TaEadW dojEHd iR F88 588, Me =8 A4
Hlol2o] CWA Z4ke] AelE 7HsslA §c)h Atsle A2"e Proteged|M #1881 Pizza 2523
g da HgR FEo Wad A9E Bolm, F 49 LEEZAEE A% HUeld B Aage A
Hsound) kL £ (complete) T-& F g}

719 CWA, OWA, Al9lE §l, OWL EEX), ASP, Higx F&, g8 daed

Abstract OWL is an ontology language for the Semantic Web, and suited to modelling the
knowledge of a specific domain in the real-world. Ontology also can infer new implicit knowledge from
the explicit knowledge. However, the modeled knowledge cannot be complete as the whole of the
common-sense of the human cannot be represented totally. Ontology do not concern handling non-
monotonic reasoning to detect incomplete modeling such as the integrity constraints and exceptions.
A default rule can handle the exception about a specific class in ontology. Integrity constraint can be
clear that restrictions on class define which and how many relationships the instances of that class
must hold. In this paper, we propose a practical reasoning system for open and closed-world reasoning
that supports a novel hybrid integration of ontology based on open world assumption (OWA) and
non-monotonic rule based on closed-world assumption (CWA). The system utilizes a method to solve
the problem which occurs when dealing with the incomplete knowledge under the OWA. The method
uses the answer set programming (ASP) to find a solution. ASP is a logic-program, which can be
seen as the computational embodiment of non-monotonic reasoning, and enables a query based on
CWA to knowledge base (KB) of description logic. Qur system not only finds practical cases from
examples by the Protege, which require non-monotonic reasoning, but also estimates novel reasoning
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results for the cases based on KB which realizes a transparent integration of rules and ontologies

supported by some well-known projects.
Key words

Closed World Assumption, Open World Assumption, Semantic Web, OWL Ontology,

Answer Set Programming, Non-monotonic Reasoning, Tableaux Algorithm

1.ME

AdE g 9o ARE AFEH TE olo|HES o
g F de BFIE Vi @AY 9L Fste
u 538 £ 49 ¢ o] FF 2EZA Aol
OWL(Web Ontology Language)old, o] %3] do]
HAET}L 9L £ A& F2(format) 22 A4 FEH}
3 o] AYezREY A2g NG FEH 4 Jloh o]
3k AldE ¢ 7]&L W3CY AlME ¢ AZFEE 7]
woz i), o] AZEE 20053L 7IFLR E=
2 Yo FHo] EAEY AFETN LEZASG H3
o] g de] EAEAE WA" dA, ¥3Y A
Zne) T3t 2EEZAS 7E Y Aol (know-
ledge base: KB} Afshe 477t 84=z U
[1-3]. 3Agk o] = KBE Adsr|de =23z &
gx)&th. LE2A e M<=g|(Description Logic: DL)
£ 7]4ke.E 319, open world assumption(OWA)~7|%k
9) ©Z(monotonic) FE AFIUth WHHel FHL
A =g B} Mgel & dak=al(First-Order Logic:
FOL)Z 7)4re 2 3P, closed-world assumption(CWA)
71¥ke] ®9Z(non-monotonic) FE& AF37] W
ojt}. AlHES ozt AYHoz CWAS 7wtez
3o, Alg 4 79 oAF Aol Aul2e] H4AS 9
HAE o] F A EAL FHF FE AzEo] vi=
Al Fasit @A 2L #8 dT7EL A4 2dyy
AAHQ N2Fle F43EN OWASE CWAY] B§S
AdsA 7 AAHoZ HAE 753 Al2Fe gtk

B =RdAe E2A 7 A 28 ¢ de E
BEE A FHS JfHsnR, LEZAG 739 A
Aol APt FEIE WES ARk ALst
t e gAY AwE § AFEE AFgsiH, AdYg
{ 7)uky vdR FE8& A Yt WHEY d84s
Z33l7] 98 kg OWA+CWA F& dzxs 738
3tk o] dze BEE U438 S (tableaux algorithm)
714te] OWA 38 A3 ASP(Answer Set Pro-
gramming)[4]E ©]83 CWA F& d& Adsiy
OWL9] E¥ ¥ (expressivity)S &3}

EA44¢ =gdaly FEL =7 AadHd NEE
Fe7F FHEUEgE o] AxdezRE A4d £ AU
' 3 A} =717 FEA Ron= oy gn|d

1) A2 AuE §f A2% tholoj 2 (http://www.w3.0rg/2001/sw/)

A “gzREHT A &, A7 AR ZIPHE(ACS
A, Arwdl woll W3t A'bwm JPFCHE). 22
U AR AAAQ F8 ot ©RFA $S AE:
mon ©wxz FEde 9y 2y Fdd AFsd
(qualification)®] F7F SR @ A & F AE OIF
E AL 383l vlgR(nonmonotonic) FEE I
g3tk wgzE g9 sl CEE  FE(default
reasoning)[56)& @ AL FE3}7] A BE A
Ho] flE 7% d¢ 2R Fun AAFHe Re=
222 et Usd Zaede A2 X2E €4 H
UZE 38 AFE & 3I(retraction)Fe}. o] FE
22 ol AHglo) i) mdud o] Bg W 2
22 AAANA FaF JHAQ Aot
2 X4 BHFye CWAS #de] 3, dik=E
2= ¥8 ¥ & Aok UEE 73L& 9 2(exception)
zdadshe AL Hssh ok “AAFA7t oY
I71E 9EGE o2 F § A o] 7EHS Ay
Foz AAE Zt AlHOlA EE F£E Dok UE
E FHe =vd AHez 7H(conjecture) S B3}
£ quls g LEEA AL e =hel 28
220 B3 Y2 £49 1L 7RI AW
OWA+CWA =& d3e& OWA 7¥te g 84 A4
Z Hlgx 380l &7HE /del ASPE <l43ld
CWA F8¢2 A9¢t ASPE 53 7Nd9] A% (con-
straint) AFSHE A< F(declarative) 0.2 HAISI Y, AoF
& EIe J2ESES I eI AN ¥
ARoz BEY W 7Y FE ARE ATV A
Sbate Al2"e HER FE 5 HZE AL EF
g & e AdE 98 93 AAHE AdEd, B9
Azl BT A4 wolzold A Ve FE AAE
FE23T) AP 2E Protege? 2EZAE SHOIND)Y
HHYS Y3l Pizza LEEZX A HldR FE9)
493 795 Holm, & A LEEZAEOWL 7}
o]l=[7], AKT®] portal, NASA2] SWEET, Galen %)
7 AYste At AM2H9 A(sound)dhr ¢A
(complete) 33 Z &l

B =52 ten e A2 749 23d0AM=
A X33 71Ee] OWAS CWAS AFE =& o
TS g AEsla 3F = OWASY CWASY 53
7 2po)d 2 ERsoldhs olfol ulsiA =gttt 4%

i rlo g

[

2) http://protege.stanford.edu/
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e ALsHs OWAS CWA X Aldol~9] EF o
g ﬁhﬁ%g Avstm, 53 A Ats Wil ety
I FGAE AFE) 8 293 Aas Jeg o
A=} azhﬂwc FES 1 FF A7E ANIH

2 @ A7

2.1 Autoepistemic =2

Autoepistemic =81 718 (conjecture, K FAAD)
g 7o g F71HQ AES FET o] A 93
ZuQl 2E2X9 53 Zyid] WiF EA(incom-
plete)gt #4& o & 4 3l Autoepistemic FE&
gz 29 & ejolt}. &A%t autoepistemic A9
Aol HEgR FE9 549U UFE 2H(negation) =
< dl9(exception) EBH-E AF3tA FErHo) =g
non-disjunctive$} disjunctive ASP Rt} Arg3t Aik
B3 =(computational complexity)E 7FATH10]. epis-
temic G2 FAFEE dx =2(FOL: First-Order
Logic)olAe] “ge] Z4(theorem proving)e semi-
decidable® ofuch Y ATEL oo disf g1
(correct) A3 complete) F& 7'He Fow 3
eyt o, & Al AAEHE FY7Ms(decid-
able)3A] LHASFQTH11). olo] wks) ASPE ZF Jl%
go] ZHHATH3). £ dFolMe ASPE o] &3l H]
9x FE5 X943

2.2 AT SO CWASH OWA Zg}

FEATEDN, 12-14]12 2E2A R4 Ho)x 7]ute)
oo sl ‘4 4 1S (unknown)'d] $HE d&=
o] &l yes Ex nod @7‘5‘ 715 $EHE xS
A ZIRHE o8& 2EEX CWA 7lute]

E 733 £234 iﬁ—% F715te] Hgx 3222 A
A= Wl
Pellet[12]2 ALCK(ALC + A <44F*Hautoepistemic
NE A OWL7INE) Hlez 8 H2E A)
f"l‘:}?” of AT G K E Fdlay $4d &

o} AT £ d3lAHexistential quantifier, ‘3’)<}
A ¥3HAHuniversal quantifier, ‘V’) Aol K QA4
A5 Agske AL 1A Ysit). dak=gdAe
A 2K(constraint)o]t} TEE(default)d] s AT
312 get12]. skAT ol& qu’ FES AT 8
e A wolxe] e g 28 8o Best
o, B =RdAe Ja(E ::)Z:ﬁ(_:_—: description)®l]
EA FE LFgele ZH20 ABAE 2P

Boris Motik[9] MKNF(Minimal Knowledge &
TAE51E AMEE CWASH

oﬂ.

rzi r°“ off

Negation-as-Failure)

3) http://www.mindswap.org/2005/alck/alckdemo.shtml

OWA 29 B3he Agkeith. OWLY ©4L =37
223 4(LP: Logic Programing)2& #Z3le:= of
oljels ko g SWRLY wZAY FAS DL-safe
a3 autoepistemic &2 FAAI) = HIHE A
¢kgtth. MKNF= ALC ¥@EvHe AY8y s
ks 5'—7115]0} itk o] AF= s AU E F3)
AR S FEshe AT B =3 o
Stephan Grimm[13]2 Boris Motik[9]9] o}o|t]ol&
7oz 2EZA JTEQ Proteged] oA F, 3z}
2EZ2A(pizzaowholX] CWA F8o] "ad ¢ A
AlBtz dBHE FAY F g WHL AAddct o
WU GA] autoepistemic =8¢} K GARE A3
T RFEE o OWLY FE(axioms)E o|&3ME
§2 & 4 ok

C.V.Damasio[l4]= & =Fo|A] AME3F ASPE AR
ate] Aojo] HEE ‘U4 & glgfes wEgH 4 Sle
Zo(predicate), p(a)oll tHall Negation-as-Failure(NaF,
~)E &Y F Y #4, & “~-plaeld pa)o|
o, “~pla) o1& -pla)elH'E F71sld pa)E B3
(closed) €912 THET yes EE noE wHsHAl o)
ol WL JhsAol e BE £old Uy 23 &9
Z Zogjof uz Agie IS Bo) AAs, &
E279] OWA 5AL wjAg CWAZIEE x4 Hjo]lA
g z#ste Aol Uk o] AF =3I qAS 3|
M OWAS CWA A 2Hoj2e] 548 Bolm ok
£ =AM E OWA F& A EUXEe 49 dis)
CWA Aoz A= AeHo)2E AFslal, ASP
& A CWASH DL 7]ute] OWA )49 537 &
< A% dukEQl Al2"g A

2.3 Maz=2| B89 8t
OWL DL SHOIQ T«I FTHE 1y S Y3
gk Atgto] Mzbsle x2S ehdslAl BHESIA] £33

. o B9, 22 %“%‘(well—bemg) FFol EEA
AREEo] AZE Z8AEA, A} 7HAl F<9lo] 100%
FTLZ TE DAAE HR EYez Friddm, 71E9
R LEZAY 2AA ERY FAEFE F 2AA

P& F7H ST 2908 of A4 Yol B
YX(inconsistency)d}the ZAF}S wiggch a9 18
Protegedd A2 AF3l= 1)z} LEZ o] 99] A
U] & F71381AL Pellet FEIWUL F3&tdL o, o
Z7b 2 ol AlgY AlnREe F AAAE &
AR 57 &ate A 29U 4 Mezd o &
E2d7& o} RS ?—l%"éoi ARG JFEG RAYA?
2EEAY =2 BYXIE AL oA %F
g F AL B AFAME o] EAY {Ee 2
A CWAZIRE] Fel2g g4 whe z)orsic)
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]
Asseited Hiot archy 912 gy firerred tioraechy -9 g1 ks { STXen
2 oo Thing J sedThing 1 r
> Orua » Qrzn |Reasoneog
¥ & PazoTopping ¥ € prrzarel] ¥ # Check concent consistency
» O CheessTopping » Ocnd| ¥ Wreonsotent concents
» © FiahTopping » O Savimmanl
v £ MestTopoing * O meatTopeng
€ CrickenTopping € ChickenTopping
» &) HemTopping # € HamToppieg
O HasSpcedBes Topping 4]
¥ € SausageTopping ¥ €D SausageTopong :
Q) PeperoriSausageTopping | £ PeperoniSmssageTopping 7 not MeatToppng
O saysausageTopping ; Q saySausageTopping

a3y 1 HExR F=8o] Hagh o

2.4 Ma=g| 7|dt & 210{, SWRL(Semantic Web
Rule Language)

SWRL(Semantic Web Rule Language){16]2 2%
27 =dxd AHE59] #FIE o ¥ ¢ Utk
FOL Roe %ol b AL, ¥Zdy 7
g EFS TAY F dthe @ Adnt ol
Ag 42 & 4 Uk

Person(?z) A hasAge(1z, Tage) A swrlb: add
(?newage, Tage, 1) — hasAge(?z, Tneunge)

SWRL F&&(¢efd built-in €18 F718H4,
o: swrlb:add) B2Eth A o] dAlE At
9 tolg APz Pk Al F3AE& Bl &
Fog Z7Igd SR o] FHE Fileg A=y
FE9 F3E HPSA BRYg. F, WAy shee
(non-decidable) Z2#& Z#Jgic}, ¥ AF9)ME SWRL
# gy A4rbeds BAsle ASPE ol&sle w3
< o3t

3. X|&|H|o]AL] YUEHY (consistency)zt 2N
(completeness)

Adujols KBl FojE WA wol tid] w, w7t &
AskA oy KB7F d#4 b @) o] AL =3k
KBel Aod /59 AF 7271 W(satisfiable) ®
& ouidith =3 KB RE BAl w7t w EE —wiE
A A (known)J 2, ©] KB= ¢H(complete)sd}tial
Tty gutgez AAwolAE E¢A(incomplete)
g 4 ok ¢l B, AB= {Pizza< SpicyPizza
V =SpicyPizza, Pizza(Margarita) }$} 3-e R 2ujo] A
ol SpicyPizza(Margarite) eb= AolE YL o,
9z} QuA¥El2A Mrgaritat SpicyPizza(Margarita) %
¥ ~SpicyPizza(Margarita) @] WAE S¥Kimply)3H4
et gels ‘g £ gbe e gt 2ER
Aol e oo} e Eag x| 2ulo)ze] mlyg
AR 4 B dFdME oj#d Egad Xy
€ SASA  F AT closed-world FE& A L3t
SAF A2 wlo] 2 7Nte] FEL 7153 Tk

3.1 Mz=a] J[dt 2E2X| EH A0{9| Mk

A CWA $88& 4% Fejoy @4 s
ARz Ao 233 AFe A B & bl
e Meede 548 duual Al Abnst o
e WPHLE CWAE 7Iiez InH913) A%
Aeede g 2e 548 IR,

3.1.1 Open World Assumption(OWA)

&g 7Y OWL LEZX = OWAE 7Nie g
ok A o2 A(w) F2 AA(-w)oZ HoH
A e A woll i ‘d 4 glcHunknown)' 3 A €]
At &, e = QAT ojdrltd A= ok
B} o]8ld =il AlY §) 719ke] ¢ AHlE Z2T
A e vEA 7 AHE Y3 o] A ¢
AF Aoz 7vke] AR 7PsAe] BAH o}k =
g Al ol Aol Aol e NS ARt

312 ©@Z(monotonic) F&

OWAE ©x FE¢& 7|Hez vt B4 =7
Mol 8L =€ A2gd MzE FUt FUrEY
BlE o] Alzdlegxe AdE 4 Jdv A P
A77F EABA fonz o uda "R
3} %, KBr} KB & SRV E(KB ¢ KB), KB
Fw? w(gAl, statement)el] it KB FoX HHI
o} 29 19] oAy SoySausage Thpping©] Sausage
Toppingll %3431, Meat Toppingo] oPde] Abgel 4
He gy oA @252 Ve dhe 28R
A FEAE BEo Hdh

3.2 =2 T4 o4t wEole] 53
3.2.1 Closed World Assumption(CWA)

T3e CWAE 7o 2 3t CWAE KB 9] od
HA woll W3 w FE —wE IR S AT x4
Hol2gs FEHT F gith. KB BE WAle AB oA
B39 KB ol 93] 297158tk & KB 9 BE 3A
of dis] FA(true) F2& FHlnegative)S WL A
9y g 7ol AAFHRA MHlAE YAE =HA A
Ao} Wt CWAE Adsfor 3= o7t EA.
3 19 ¢dAE olg noFn, 2 Afdie Al
A FEH Xz 41G FES AT Aty
OWAZ|HE SE2X 0] CWAZINE 713 Aol 28 24
Yale F8& AFHL

3.2.2 ¥¥tZ(non-monotonic) &

CWAE Hlgz F8& 7ieg v vidzx 8
< 9z FENe 299 AB A e0E 9HAYE 838
A Adol2 KB eMe 4EEA] s A& ot
%, KB7t KBS ¥ PITU(KB cKB), KB Fwdl
Ha wol W3t KB Fuve AHIA etk dF &
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of, EE FEL vdR F29| & FHoln, oy A
e FESZ] A% B8 AHe] ge A% dd 2R
o] #ttn AZEE Aon (KB dA) 8¢ vl 2
1 s Bese Aze A4S (KRYAA) 24
Ha, tEE & 235 P (retraction) gt o)2)gh
FEo] IAF dle Aol AR M URE Bl
sty Al g sk Adujola mlF] Al yk
EA] tRojRofd Aotk 2y 12 WER Fg9)
ga3 shte dojn, Hjgz Fg9 WYY UEE F
& o439 o] ZAE AT 5 ok o] EA &
AH-e 413894 AAE ThEh

4. Open World #£1} Closed World ££9]
;

ok

&
B EEAME AUEod F&HA 2& OWA+
CWA FE8& AYshs A4 AlzEe Adg)
A)FE= OWASH CWAS AL 2EZA 2dy 4
of Abge] Aoz AR Ao BYAR BH
© A4e] CWA 7¥e] 84 A3tk oz <s)
Mewed kY SEEXY) = ZaaYPQ 3 A
2lujo)2e] H3to] hEaitt,

2y 2& OWAS CWA Aol B3 F2F
BoEnh AN, 2524 dAxRE OWA 7Weg &
88 Aol X(0)E HES L, A en g
OWAS] 54 wie] EYAE vehe MH(C)E U
£E 73 HIE 59 A9 dEE 73 44
dxe Mgy APA(E) UEE FHDN)S A
. 5, OWA+CWA 38 d3& A&z Aor}
o]

O

e

& o, OWA A4FH CWA g 7jtez 23
7Fs @ BHE wEAdTh FAA AoF B4 AA A

fge 3
L rT ]

owa }  cwa
S5A . aeew 52&5333%&
GWALCWA 8B AE
aEpspols 7 \
Fo| SEH(Yes Ei= No)

3% 2 OWASH CWA AAujo]2e] §F &

& AMga)l Ae] Alo] OWA A2le] kgt X2 ®E
& MA(KBY A £ F9) 4186 ME Agshe A2
Held A8 CWAZNE 24 758 7)es 49
83, °] 71%E AFIr] A Felad FE2 PEe
427304 2}

4.1 Closed World FE0M 7h=8t J|&

4.1.1 <9 298 (Modeling Exceptions)

Closed-world F29M= AAA Ad F Iz} &
F e d9 XAy mdye] stk Y A8
2 ‘Al dr)’, “APe Aojtpgle durdgl A
A Nged Jutes zdlepd o 19 KB
2o} AN Aoz AL @R X322 KB 9
ANZE AXE F7tslof et
[elA} 1]

KB, = {Fly 2 Bird, Bird= Penguin}

KB, = KB U (~Fly= Penguin}

KB, = {Fly= Bird N\ ~abnormal, Bird 2 Penguin,

abnormal 2 FPenguin}

AB v KB o8 FHe Fly2 Penguins} B4
gt Penguing -Flyst Flyg 25 $9kslr] ool
th AT CWAAAE @A Rels A, & o9 =g
Y& & 71 Aok KB 5 o] #AS @A) Fale A
2 EFs ok od 15 o9 mdud & 2
i F8 dOME o9 A" Vee 1R 99
A e 2dys AQgc

412 744 A Kntegrity Constraints)

Aol dojgju]ol2 U9 HolEEe] Aol ¢l
T 4F9E& FAsEE A42E& wdt, RDF 290
(schema), & RDFSE 7MMIo2 3= 2EZA dolx
dolHE AFdte AFreHN FAZ(ABANE 23
dof g AAuo|2E 25T £ Qlo) FEA A
2 A2 AMd(fac) & FXe A4 glo) Aulol~
o} FeE Al o] AHg-Hch

o5 Eof .{(B = {Pizza S Hiopping.]] Pizza(p
izzabread)), o] MAujoleE FAHe] ATk olfe
‘TR LA AxEAe e EYE spHef g}
T Izt EA FEA Wjioltt o] 2WE WEIA
e TaE Aoy davia deade] 7)¥uHincon-
sistency: BUA). kX9 QWA 2EE2X] F8
ANME pizzabread 12¥29] Eo] ojdrle] A5
o) Itk Bl pizzabread® HUAF= /JdeE B
A ek AN dudlesn Ha wig MuliE
trn AZE BA AR wxph Ueba 2ERAC §
e, BXS dgaa gk o] side EY
< ZAAEE ddelA A9 Bk FAAL HolE o)

1

i

—
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204 Bk ohet AAA HdANME R A o]29)
SHAAE A meisiord 71Felt)

4.1.3 UNA(Unique Name Assumption)

OWAE UNAE A 9stA] =tk ABox A4sjo}x
o) Pizza(Pizza0l), SpicyTopping(Chilli)e} SpicyTopp
ing(Pepper)7t 0 ®, Aol #ESIE Chillish
Pepper 7t TFE0 3 AT, OWAYIRe] E24
FE Ade 7 AAE dE2dz 1A 23 F
all Dif ferent{ Chilli, Pepper}&}iL Ae}3}x] ¢t 3 59
AAZ Q43tt o]& 59|, SWRLE hasSpicy Topping
(?p,7t,) A hasSpicyTopping (?p, 7t,) A diffentFrom
(?t,,7t,) — hasSimilar Thste Topping (7t,, 7t, ) 8 T3
£ Ao FE314, A9 A2Wo|22] SpicyTopping
5 e 2L dzd22 FFEo o] FHo HES
=E3A] Feit) whdol, Prolog9d e & dofoA
E YZEF}SZ UNAE X3ty RE J2HAE ¢}
=

st SEZRXE Qe CWATHE Fa|AE
(Heuristic) &2 WY
2 AT AAse FEA2HLE MEEE] 7N
2EZA FENN AYdA Eile B4X3 FA(FY
2)9) HEE 93 Fel2"e AMsle] OWL LE=Z
A 2dA)e] YT 4 gle Ao THYPL AY
o Adse FEaY WL OWL SEEAZ Ao
A4 Fo] CWA APE 873e A5 ASPE 9]
B3t vdz FEL Ads= Wolth 2 Felay
W& OWL-DLY)4F £33 Agshd 399 A3 o
o ddxez WEd Ug £F9 FE AAS AT
F Sl
42.1 ASP(Answer Set Programming)

ASPE Answer sets(TE¥ stable models)[4]9] =3 .

(logic) Zzagoeg AAL FIFo=H & (pro-
blem)E 3237 A& Zzaw ojolt, & A
d9] A Kconstraint)AF}E M £ZF(declarative)..
BAEAL, AoRE DESRE AABEAES §ld A (solution)
o0& AN o] WY fZE =gE FTHse o
Agrale, Algel Bzshs ARHQY A4 AYL A
°o]& 4 3tk ASPE Prolog ZE2a3 o] 7ute] 2
W& AlFEH, Answer seto]@ Prolog FE]e] 7)<
Esle e iteral; p BE -p)o) HA AFL 9
Hgth. ASPY] A5 FEYL ()3 B
A<B,.., B, not G,...,not C 1)
2 =E9AM closed-world &8 $3} ASPE 4
& olf= U 2k
« Answer set2 273 7}Fs(decidable)dt Z2a3L 7}
S8A @t &, answer seto] §low I =g X

2#99] solution EA3HA e Aotk
«8133 7hed Auolx 2B Al FE9 BI=
(complexity)& 4Tl
« ASPE= WAL 73 Aol Prologst tha3 32
2ol & 7zt
* 739 head FE9 1Y Aldisjunctive) =] T2
a3 PA5 AF{I
Ayor...or A, «—B,, ..., B, not C, ..., not C, (2)
« 54 wAg Afrere Hodl, F AE(conclu-
sion)F-5 HI9}Fo] AZe) HE HAE FEITH
«—A, not B 3)
2 (3L AF UE= 45 27t BE OEINA &
ow Ae AHuolxo] EAXEe WAtk oA &
M Ave 5T BE UEdokdte AGARNE A3
o BRI 2 ASPY AMgwd 7N 2EZAe] 2
A(negation) £ zojHe o3 Zrh
+ 2EZAGM RAHL classical negationS vl
—pe Aoz prl ARAYE veRlxm, Ao
~pE Aoz —p7} EAEHE F4, EAHA &
o9 Azlolt
* ASP EE PrologelA 9] 32 2EZA o)A £3
2l classical negation®} NaF% A3t} NaF< ©
Al gt ‘not’& WAL, not pe AAuol2e] p
7F e J4A, lew Axle] At
422 ASP9 Reduct €38)&ES ©]-83% Answer Set
(Stable Model) =% "4
Reduct €T EE answer set X7} A2 o] A0
U (satisfies)3tEAE  AAlshed AM-Ed. wEtA
o] 33L& W3l answer set& T}
@ A4wHolzo] EHH formula®lX answer set Xl
W34 5 maximal subformula® Tt
@ @A -3 formulaS L (false)Z thAFic)
@ & formulazt Xof| wE3h=x] g@Alg), gE3ba
answer setell 3@l
@ F& formulaZ}t X9] subsetdl THEFH=ZR] AA}E o)
&3P answer setdl A A Bk
[ 21
F=pA((pAg)—r), X=(p)
® pAg T
@ pA(L— 1), simplifyshd p
® pe Xo| &3}
@ pe p9 subset @l ?l'—i‘-?}zl et
I2g pE 99 fonnula;fgl answer seto] ¥3}
22)=
4.23 YZE F¥(Default Rules)2 ©]&3 49 A7)
HZE 732 THQl 52X 53 Md(Ee



288 HEAE3 =T AT E 0]
2o i B4AT AAS oEr] 93t RS
ZIgte g F71AQ ZES =¥ UEFE FARLS
OWA 7%t & 39 ¢ 4 gle(unknown), & B¢

‘ SoySausage Topping & Meat Topping ©|t¥ & HAo] ]3]
ZH( Meat Topping) T+ AR (-Meat Topping) o] BT EA}
B2 SoySausage Topping & KBy o) AT0) AR
Mdelth

[« 3]

KB,y = {Meat Topping 2 Sausage Topping,

Sausage Topping 2 SoySausage Topping,
—Meat Topping 2 SoySausage Topping}

B Apdae Aty BHoze e, 28R
A 2dy Ald] d@Ao] AAE AHd HEE 7FAS
A1t olF 93l 5 &34 i BEET Ans-
wer Set g AAZ Answer Setd F&E3= WE
& AT "EE F39 gHE <a:f/y>ol, o]
olule “a7t FHtrue)olx, B7F Foleke 7H4(assume)
o] A (consistent) W, AEFHOZ 7} Folt}” UE
E #3(DR)E y<—aoZ FAE} [4A 31& A
YZEE 732 512384 7&ed.

4231 CWA 7%t YEE 73 84 ¢uds

a9 3& AR A9 Jdd9d gulse] ds) &
T2 YEE TIE AAse duddgort gHe
dejz A Fx Colx, £9L UZE HAL F
2|3 stgolc}. AL o2y (1)~@)F Ak
1) Fei= C9 B4 g5 JF D& 79} 2

A 42 o2 B9 Bxl ¥~ Ov Penguin, D<=
{ Bird, Fly, ~Fly}o]t},
(2) W& i 022 =733

=1 )

2 28 A 37 A 4520104

2&2%(0)

2E2X(0)
¥ 4 Open World F8014 Beo] MAste o

(3) AF Do A& AFE )l 9F FHTch
(4) 924 d; 9] ¥ (negation)o] AJF Dol 43HA] o H,
(5)F T3Pt 29 30M, 6,7t Birdepbd A’ Dol
Birde) 229 - Bird7} 2A8A o (52 4
et - Bird®] AL - Bird, & Bird ot}
tdZe 73 dd(outFile)ol (5)9] E5&o] UlYs
E EXE S 298t} a9 400Me Birdd 89
27} Penguino)|B.2 Bird:— Penguing &gtk
6) A& 4o FAo] AT Do &3, P4 49 7
Aol A Do &AL FE(F, inconsistency)
o] A Zoln, (N# By +#IFE (N (B)

5

=

& OZE #3A& A 471 Fliyd 397t o
714 ek

(7) C7F BRI Yo S 4 YEOIBE, 4
7} f 25+ FA@o] -abnormalS FUIRH} =
abnormals A9Jg U FH2EY 42 $d

Mo

. d7} FlyQl 7%, Fly:— Bird, ~abnormail
Zro] A€t '

®) ZHUx C71 49 Fd2o|2 & abnormalZ F713F
t}. C7} PenguinolBE abnormall :— Penguin &
7ol Addd.

O

18 1 Bdia C

. outFile

=]
=
==
=

1

—

1) get D, C= D

D={ dy,dydgrdy_rpdy }
2) int i=0

(3) while(i < D.size()) {

(4) if (negationOf (d;) & D)

—

{
(5) outFilearite(d, + " = " + subllassOf(d;)) }
(6) else {
7 outFilewrite(d; + " = " + subClassOf(d;) + “, " + "-abnormal” + i)
(8) outFileawrite("abnormal” + i + " = " + C)

}
(9) i=i+1

}
I9Y 3 CWAZR Y ZE 73 34 dudE



2524 Open World 383 3 Closed World 22| 53 289

424 2922 7249 A% (Integrity Constraints)

2EZA M 7AYo AAe Sdxe Q2dx
T A4 A zEuddlA A, s dF
2HAE go2 WgER] Rt o] 9A] 2E2A A
Ao) 27t BAAEy] gid wAste FAolth [
A 4] LEEAE o2 So] BAL

[elA) 4]

KB4 = {Pizza S Jtopping.T,

Chili = —~Cheese N ~Tomato,

Margarita= It opping.Tomato N It

opping.Mozzarella N

Yt opping. (Tomato U Mozzarella)

MildChili © —SpicyDish,

NormalChili © 3t opping. Chili,

NonSpicyDish = —~SpicyDish)}

ABor' = {Margarita(Margaritall),

Normal Chili{ Normal Chili03),

MildChili( MildChili0T) }

T Q2827 Az ReA Aol o2
IAIZ Erbssitt. L824 HIVE #o) AH-H
£ Proteged|ME vlzzbAjo|t), A} w2 §] Au]&o)
A o] SpicyDish7} obd HzE FE-3}ejdc}. L&
2] FoME - SpicyDishE MRS ), B3
~SpicyDish2. Z25= MIdChil0THS A7 =3
o e, Algolziy,
£ EIBA] govg SpicyDish7t obd AR FAE
Aolh, =g SpicyDish GA] FH A FA o A=
SrAwk  NormalChiliz}  Chili EFS Xgsloz
SpicyDish2 73 Zolth olgt & Al edA A
ol SpicyDish$} SpicyDish7}t obd QAAEAE FE3}
2 ek SpicydtAA SpicydtA] Y= S4L QY] dE
olth. AT, LEZA] AAuolaE Atge] XA
2d3 & & glomz BE A2vlXd dis] A 7}
T 2AS Pl X3k aepy 24 Ao, AB =
{Pizza S Spicy U —Spicy}oll A Margaritas} Normal Chili
Ae F240] A

4241 ASPE °|&% 744 A% =1 44 Y

£ aTelN Ak WHe eEeA A} A
ogH Aol 724 Ae] HaF Fef2d 1 S
o XIEE JQav2vt EHE 22U ¥ 3o
FA40] AAe A2E2E9] dBPE FASEE
o Z, [ 419 KBy, ol [ 519 KBy & 9
g3l WAo|H SpicyDish B NonSpicyDishE 7
A ¥ 4+ Ak o EANS 421804 ATV
ASPS] Hole, R AYsHe A2 TAY A =

MargaritaT) A= Spicy Topping

29| headel AelQ Z2E(SpicyDish, NonSpicyDish)
o o9 ARt HEE 73 HAZE olgHM 4
A BES ¢ YA FHel: DRL,,). ToF, o] £E2
& 22X mdgr)d #1314 dohd o€t F7t
2 grit LE2X AY7ES S 270 dFE R
olty. &, Aul2st ATE Folx AARR AP
eE2x #o] A% WS Ptk =¥ OWLAY
2go] AHEHE E] sle) Bz dxEEe 72 F
Bgzo] o9zt Frkd wulth o|HEA(E A
(branch))o] EojUtA ARt BRAEE Fgoz Fvle
£ 9Ee s

[oA) 5]

KB, = {spicyDish(P) | nonSpicyDish(P)
:— pizza(P).}

DRy, = {nonSpicyDish(P):— t opping(P, X),
not abnormal (X).

abnormal (X) :— chili( X).

spicyDish(P):~ t opping(P, X), not abnormal2(X).

abmormal2(X) :— t omato(X).

abnormal2(X) = cheese(X).}

4242 OWAZIH LEZA F&(axiom)F ©]&%F ¢

ZE 739 3

Aetsts CWAZ|EE O ZE F3& UZE F3 ¥
e el uis] 2EZ A4 P descriptions Il
g3te 13E A3k F, [A] 5lolA abnormal 2
Ao E cheeses 2EZA ] 39 /N'F.2E mozearella
5 ZIJHS, Mozzarella S Cheese). wietA] TJEE
T2 A2l Al mozzarella & 7} Margheritad] 2}
= SpicyDisholl X AAHT. ol 2EZAY TEYHS
FA37] A% otk

425 EA ¥3}Alexistential quantifier)?] F-AA Al

o =4

E =8 T3 2824 Aulolze] FHAAE B
A3zl #13] OWL-DL9] EAl 4sirle] & G
gk ol & £, [dA 613 o] Rd"Hd 2E2A7}
Sty Bz}

{14 6]

KB% .4 = {CheesePizza< Pizza, CheesePizza<

O
AdE 1

3t opping. Cheese Topping,

CheesePizza{ Cheese PizzaD1) ,

Set]%nu(Set]%enul),

hasPizza(Set Menul, Cheese Pizza0l)}

g7 JA 2 FaQel B FE IAS Fr
7] 93 el 20 A Aulze] FelE A
o Al=%] #EAe SWRL delE vhedt 2ol 44
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g 4 AUtk

FridayDiscount(?z)  Pizza(?z) A

has Topping(Tz, 7y) A Cheese Topping(Ty)

A hasPizza(Set Menul, 7z)

A, Aol KB, o CheesePizzall & o]
TEe zdd A= ETEI, AR =EHA
Bt} ol CheesePizza0l& X2 Eo] HAH o
AA 7] WFoltt. A A= FAEE A= EPS
ol ¥Rk, A8 AxuolzeE Holw sl
Az BEPYg I FH0) HAHo] Q7] WFd
CheesePizza0l-¢ F8Y &2 ¥z FHsfor 3}
SWRLY] o|¢} 22 d¥E sEds)r] 3l 2 74
Ae EZA 29 descriptionZ AP &)
F3HAte] FAANS FA%] 93 S AQgsith

4251 S FAH 7EA A I

2 dFdMe A 43k 218 2GS S92
Z, T2 AAA ZAz =E2HA| Xk Jidel o)
8 thea 22 A4S F&) do9 digk AAS Ao
2 A%t o B L F3 [dA 619 A= Friday
Discount(CheesePizza0l)& A3z #39tst ¢ 9ok

O KBy, oA A7} He g 32

KB2+0WA =

{ CheesePizza = Tt opping. Cheese Topping,

CheesePizza(CheesePizzall) } s (2)
@ Me=g7ut &R S3AE Y= E W
t Oppiﬂg(X, },)7 Cheese Topp'ing( Y) ...... an

@ L9 wiek A A

t opping{ Cheese Pizzall, anon01),

Cheese Topping{anon0l) e )
2 AFNx9 OWAS CWA AHHo|2~S F{F
€& OWL-DL 2EZAst 7H¢ A4ue]=9] &
< 24 2= HHdA 5F Aol 7k F&
gtk HEZ ¢nYFS 7Nke g & OWL-DL
Ao M FAHo g FFEpAnt EYAEA Yo
NEEel B 73 7Y F2& sPdch 73
71%ke] FE AlelT OWL-DLY ¥3 o] WRF F8
U A 5" OWL-DL AHHol2E Fzsid, o
% el OWASL CWAS] Aulo]2& Mz 45 zHe
3t 78 ZFE gt o] WHES 200598 71E
o2 PAE W3CH AldY ¢ AS=E AFF Aojoh

5. &3 ¥ "It

5.1 OWA2t CWA S8t X|AHI0|AE 0I8% 2
A

o

Norr e dlo
"y

B

©

o] 2 28 A 374 A 4 35(0104)

I 55 ¥ 9744 Atsts OWAS CWAS] |
o] 25 FH3 HAAY FE A2de Ry FUh
o] AlEHE 2S5 XFAA A Zio] WA=
Aot AxaE20 dfe] v AIHIA Fdeo]
By BEE e o] F 71%% [Class Reason-
ing]® [Instance Reasoning] W& ztzt 7R3} A
3t

511 4% 33

ARZ B Ao A [Class Reasoningl A A 2she
71s-& ATEHIY 5). AAulo)aE OWA 74t
OWA+CWA 7]¥te s a3, o3 e /%S
AZPoh
@ 49 [File] vl7E E3M T£8 2E22 miy

< 99 OWA KB9 [Class Hierarchyld el 47

A7 Beojgt g2 AFErF Bl ggow A

77¢] [Reasoning] — [OWA Reasoning] — [Classi-

fication]& A"sd, AHA AP P29
descriptiong ®tgste] M&w=eg swtoz Fgh

Fe= 7o) ASE7) [Classification] FHo] 8.9

. OWA KBREL 2E=24 HH7IY Protegedl

Ao F&87 Ttk
@ 3129 [Diagnosis Result of OWA Reasoning]dl]

€ 2EEA FE FFE 4] AAe Y25

(unsatisfied classes)& Z¥3%l3, o]FE [Conflict
Superclasses]ell 283t LEZA AAA= d&
Aol 7AE EFY2B)E Aurm, d9z A
Zej2E 283lo [Exception Concept] Y=9] #)
FeAE Hegich

© [OWA+CWA KB] 999 99z dd3t g2
£S5 CWA 7Hte g o9 Hejste] F&¢ dxs

HoZEd, A9 o9 [Knowledge] — [Integrate

OWAGCWAIE 934, dejz JdEg Fg28

o OEE 73EE 423104 A9E dudFS
o] 88t AMAsle] [Default Rules for Exceptions]
F9d &%) a8z [ASP] gYdle 2E83
£ ASP 88 Yoz ugdt Fdd) tEE
o] AYso] Z¥ED. wAIRez Ag dHlFy

[Reasoning] — [CWA Reasoning] — [Classifica-

tion]E& HHEH Q8% [Classification] o] ©

ZE 7Fo] H8H FAx ASTr) 2890 [ASP]

9} [Classification]®l= OWA<SF CWASQ] =|4}u) o]

271 A% 95 RoFEo)

512 2y Az

2380A AMgw=e] B9 IAE AWy, 19 1
9] AL 42329 [oA (KB, )04 SHR G
o 3d 59 Alx®lE o] g9 HAHE AP
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' Hybrig Reasoner for OWA and CWA

fie KnowledgeBase Reasoning
{ Ctass Reasoning [ Instance Reasoning |

OWA KB OWA+ CWAKSB
¢ () PezaTopping 4. InizzaTopping(X} - fishTopping(X). |af-FC) Thing |
o (© CheeseTopping - Ispiciness0a - medkan. ¢ (© DomainConcept
o- (O FishTopping @_1 H . o @.1 :- (©) Country @_3
o (© Fruittopping H L : (© lcaCream
o (© HerbSpiceTopping - * © Pz
9 © MealTopping meaTopping{X) - harmT opping(X). 4 e % PizzaBase
- {©) ChickenTopping ¢ (© PizaTopping
o (©) HamTopping o (© CheeseTopping
(© HotSpicedBeefopping H4i [pizzaTopping(X) - soySausageTopping(X). o (©) FishTopping
9 (© SausageTopping " Jrvea ToppingiX) = ‘Sausage T OpPRIHX), PR abROrMaX i-—{ o (©) FrutTopping
©er Topping | i +. soySausageTopping(X). t— o (©) HerbSpiceTopping
- (©FeySavsageTorsng] 4T F ID ¢ (© MaatTopping
Default Rules for Exceptions - ©chickenTopping [+
B o (© HamTopping
® (©) P@aTopping A Imear * not (X), 2431 eed (© MotspicedBesfToppi
o () CheeseTopping DRINGX) - S0YS. ¢ (© sausageTopping
o (©)FishTopping H 0 H (&) PepperaniSausal
o (C FruitTopping - : o (©) NulTepping
o (C) HerbSpiceTopping ®_2 @_2 o (©) SauceTopping
¢ © MeafTopping - (©) SpicyTepping
(© ChickenTopping o (©) VegetableTopping
o (©) HamTopping L. (©) VegetarianTopping
() HotSpicedBeefTopping | © $oysausageTopping]
¢ © SausageTopping ¢ © ValuePartihon
(©) PepperoniSausagsTopping o (& Spiciness -
& BoySatsageTopping r q ¥ T I
Py Diagnesis Result of OWA Reasoning
L Concept [2 ) ] Conflict Superciasses ( Excey Contapt l
| #50ySausageTopping e Hnat MeatTopping. Meattopoing} v

I3 5 OWA+CWA XAH|o]A E3F A% ZAik LEZX9 FHP2me YEXE A)Fst ASPY atom¥ TF

N9 A gAE £EAS U,

D-2& o BAE AT Zolth 28z o] £AE 3
Astz]l S8 51129 @6 s F AAAE Y=
Aelhn 2E@)SHE, UBE FH DRoyyol 45 A4
A3 KBy, 9 T8HO) ABjy, 7t Brh o] 5% A
Huo]l2= ASPE ¥Ese] IY 59 @-1d &t
o] W] “sausageTopping(X) — soySausage Topping(X).*
FRe KBy, ol o7l TRAAD A4z KBy,
o 3% #7184 W,

DR, = {meatTopping(X):— sausage Topping(X),

not abnormal (X).

abnormal (X) :— soySausage Topping(X).

sausage Topping(X) :— soySausage Topping(X).}

KBBWA = KByyy U DRgyy

a2 59 @-3& OWASH CWAS X 4ujo|27} B3
® ¥9 Z¥2 Classification dzolty. OWAZ|E 3
ZA unsatisfied FW2=E FEFH SoySausage Topping
o] FES HACIRAY meatToppinge] A AEA
PizzaTopping®] 3H92 |3l ABAHE FAF AL
£ 4 Ut

KBy, AAolAE ASP Zzagjom ANashd
Stable Modelo] ‘& &4 Ue A4uo]~z BA
g}, o] A4o]l2e FHF A2 Rdo|i, Aborst
22 A28H27 GEHY, AAujo]xdA Al HAE

o] A} E Stable Model, SME Wa3ich

ABoz = {soySausage Topping(redSoySausage).

sausage Topping(currySausage). )

SM = {soySausage Topping(redSoySausage)

sausage Topping(currySausage)
sausage Topping(redSoySausage)
abnormal (redSoySausage)

meat Topping{currySausage) }

o] OWAS} CWAS] A%e KBy, < KBoy, 7t
APz, KBy, B3 redSoySausage’} soy
Seusage Toppingolefe M2 AHS WA Bo) KBy,
o AYH™, redSoySausage’} meat Toppingolehs Ab
AL f o 2R ¥ vgx FE0] 4Tt OWA
9} CWA A 2Awo]29] A A2FA(KBE ABox)
9] AoJgHelN AR AHE FA E 9, 9
9] oAl 17 B3PS AN stable model, SM
o] ARNE FxEA currySausageTrS HFE3ITE 0)9}
e Q12" FE AYL 523N AEr

5.2 OWAS} CWA 718 Ho|SE(Query Answering)

a3

£ Aol ¥ d¥e OWASH CWA7 E8d
AAZ Aol 2E Antez AAY /153 ARE H
Al dosd Aotk Aode 2EZXH FE



292 ARAFI=FA 2ZEJ F 3§ A 37 A Al 4 (20104

Fefjzoln, o] AP AU FA29 FAEAY KA W Ay (Crasmir ) HES A3l OWA+CWA
HE A3 o] e F 7INE Jdck d9 4 A 2jo|2d] F71E0] @-1¢] & Eh
27} B2 AAA Ayl @3] kg W} Fe theoz @-49 Q-5 42534 QAFSH Zex
gz dazy T EA Ak FEAel AAA o] Felg & Y3l £EY HAE A% Hy
A7} 3R] S wY A Wgojct Zlelt). @-4= SWRLT & 73 HIAVIZA A
521 A =3 Hl& ARG Aeoste M2 738 838 £
2 AHoAe 29 59 [Instance Reasoning] ¥o)A At @55 M2 7329 =A™ X = &4
AFshs 71%5e AR Qd2EA 8L OWASY 2} 4249 range Z2S "QRAO0E NAE &
CWAZF B8 XAHlo]2E 7ite g FE2HB 13 6 A2Ee FAES FAS7 A HY FHS AT
ol o] 9T AYJE RHAFET) gt} PR R F AGE HIstm LEF A=
® 9%2] [Class Hierarchy] 949-& [Class Reasoning] BAE HYsie] (CTasRi ] HES 21 OWA+
9] @-37 Fds}ict CWA 53 A aujo]xo] Frbgct
@ %7r9] [ASP] 9499 @-12 [Class Reasoning] ® @ Agegde OWASY CWAZIREe] 53td AAldo]x
o] @-13 SYslth @-2~5= LEEA Y TAAHL g 7o g AFsict &, SHIQ 59 ZdEH$
#2871 Y3k FAelth A, @-28 @-32 424 Ad 2EZA A7|vl 3 AAE wGIdN, §3
A AWE EA ZPro] TFAHS 4A57] 9 Fe29 744 {FAE AT closed-world FE=
& 72 mA7)olt @-20Ms BAA FX9] oA Aggt. Closed-world F&82 42294 A58
o] HE ZY~S HAY £ QT, O304 2 Z ASP €33FE ©]88le stable model& T3,
B2 A A 21 AE(head)d] gt a F Ao ZYAE predicateZ JtAE AF, F
Fu2se) HEE THS VAT 4 ok o) VR UEEXZ2)E £33 A2 i,

Awstn, Aee] a9 522 29 FFAZ HAXE {3 49 2%

LEZ A g Zi 424780 LEZA ) Hod FuHae FAA] 7
no £ng Bl JAT & 9ok anwm x]; A5 AvRgitt 1Y 6L 4243 [dA 4]9
(aabe )9} (Abomal] MES Fo)H 7o) g L0 Al REYE #AE Adolng RAga
017}_\&_: Eﬂ;—’F—Q}- abnormal% _,a}" S‘fj_zdﬁ‘__}' '}T: 9)\‘:} ;H_ 4241@0“)‘-] ?']_T—;Lﬂ' Hc}]ﬂtﬂi "‘?‘a/\é Z‘“Q—F Ea(KBICWA:

%
I
z
rim
o
offl tlo
X

He] Wyo] BYm, LEZ A= utxE Heste  IAAE SpiyDishol Ayt NonSpicyDisholoh)st o] ot

/ ClassReasoning ! Instance Reasoning |

OWA + CWAKB

| Class Hierarchy : - ASP

i ¢ ©Piza <+ thinAndCri

# (©) CheesePia

i ¢-(© NamedPiza ®
i © American

= (©) AmericanHot

i (©) LeTreGampane kg il A plrugiong? gl s
B @ Margherita ironSpicyDish{P) - hasTopping(P, X), not abnormai{x).

Lo i (© MidChil { jabnermat(X] = chiliTopping(X).
: L. (©) NormaiChili
. ¢-(© NonSpicyDish! icyDish(P} > pping

- (©) MitdChili

107,

, X), ot

P tamat:
bt

+© 2%'”0‘“ sJabnormat2(X) :- cheese Topping(Xy.
i (©) American  FEET e sniiiiiasases
L.{© LeTreCampans i
- @ Pzmbase Property || Variable || Abnorekal

¢-{€) PezzaTopping
¢ {© CneeseTopping H Y
—G] CheeseywvegetabieTopping | FHE2F 15 00 2t 00 2 2 o e )

Integrity Constraints (IC)

L {C) MozzarellaTopping :
¢ {O ChiliTopping H 1 Defautt Rules related iIC

E @ PeppetoniTopping : : SpicyDish{P) - hasTapping{P, X, not abnormal2{X).
o {C) FishTopping H $ 20 = TomatoTopping (. vl
> @ FruifTopping |1 iZabnoimal2(q) - CheeseTopping(d. @‘3
o {& HerbSpicsTopping ‘New Rirle
: % m:ﬁ;z;z:g “EiFridayDiscountC) - Pizza(}, hasTopping(, Y). 1

N - k§ CheeseTopping(Y), hasPizza(Sethenut, ).

o (© SauceTopping : @_ 0
i (© SpicyTopping 1

¢ (© VegetableTopping
I 1

s

Closed of Somevalues Restrictions (7). &' O

g 6 A8d 49 27 1
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& UZE F3(DRLy, )¢ @-29% ©-3¢ S8 B
i, 22%9 AA vrAE ddste] [rAsgTt A
OWA+CWA Aule]2e] Frlslo] @-1& B3 &3
b2l=3 _

524 Age] Frt Ast F5 vmsRAt 42449
KBy, 71e] REZA 28 AWZE MildChilio)
&= NonSpicyDishZ  #8(F, 09
“Class Hierarchy” 9} NonSpicyDish Ze)l2e MildChili
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