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Abstract In order to derive hidden information (concept subsumption, concept satisfiability and
realization) of OWL ontology, a number of OWL reasoners have been introduced. The most of these
ontology reasoners were implemented using the tableau algorithm. However most reasoners simply
report this information without providing a justification for any arbitrary entailment and unsatisfiable
concept derived from OWL ontologies. The purpose of this paper is to investigate an optimized method
for non-deterministic rule of the tableau algorithm and finding axioms to cause inconsistency in
ontology. In this paper, therefore, we propose an optimized method for non-deterministic rule and
finding axiom to cause inconsistency using NATMS. In the first place, we introduce Dependency
Directed Backtracking to deal non-deterministic rule, a tableau-based decision procedure to find
unsatisfiable axiom Furthermore we propose an improved method adapting NATMS.

Key words : Ontology, Ontology Reasoner, Optimized Method, Dependancy Directed Backtracking,

Assumption based Truth Maintenance System

SR eRe £AURY AAE BEUD,

1.MB
C pAUE AR

kimjemins @hotmail.com

401

s sddste AR ws

park@ssu.ac.kr
120089 109 29¢
© 20009 39 8y
Copyright©2009 &=3 E2}8t3] : 7 & o\t w & & A% o] A%}
E9] AA T Aol e HAR £& g AHRe) 23S ¥ 7Hr
ol o, AL FHH PHoR AL 5 glon 3 HolAd B E7Y &4
& WEA] WAl ol Pt o] 9]9] BHog B Wi E3 A% E RS
FrE e} AL E h Bl thstdd e AL 712 dx ¥ 8-S AR}
ek,
BRI =EA: AZEYS P & A36D A5E(2009.5)

A FAHoE wozg Y AuE Po Fu
e o EA3s ARE VAV ot AT
2 3z Aoty LEEAE AWE o] Z¥
Aol FHE FIA 97 e FEE A
AL gt 4 EEA 7EF A
olel OWLel 7]¥eol He Mg =l(Description
Logics)= 2EZA MAe} AMEANIA E2WA 1A
Hu gty dA EZAV 3H dHE&ZSEEN 7F
#ge] Hg BHNAD ok E EZAE FA4E



402 ARAHIN=FA AR

A% Ae =9 e A4 2l Ad4x gAY A
77t oplEid, =28 oF $lo) 2ERAE &3
B AL e ole 2] Hrk wekd & $9
EzAe AEY =3 2FE Zohia, ol F£A3
gL ¢ Foduzn & & Yok B 2EEXA
SEZA 7INe) AMo] A& AL, e 2EEA
<} %s‘}@ 0, LEBAE FAT NQLE 09 2§
AZ F23E A 94 Feshl
A LEZAY =gd 2R NEE T IF B
AE gXsle F8 ddgo 2AHD Yk o F
FaCT, FaCT++[1]7} ®ol ol&5a glon, HTde
Pellet{2]3 KAON2{3]9] 8% H#x F7HE3 gie

m{m Moo

)

FAth 2E2A FE AL FEIe dFe HME =
f2 x¥d 2EEA gy 41 FEE F
AU A7 ool FHE 4 Sle d3EgE: Mg 4

FHI Utk LEEA FE Ay yREL HEZ G
2HFE e g FEHAY HER dnEF iy
LEEA FE A& 7 79 LEEA FE A
vlEiA AN 21 ARE maFY g |
22 238%E2 non- deterministic ﬂaloﬂ gloix A
T I ERE7E 7] dEd, ol #EH & HA
3 7yo] Hasirh =¥ dRE Eﬂ-g-i el v
vhe] 2 JdPEL =Eld 255 Yode Ade ¥

34 g3, =83 2R/E ZE AMdvre gAg.

2 efo BEHE HER ¢43E WA BF Fo
WAEE non-deterministic 438 HAE AYe ¥
"‘]"ﬂ =24 RS doslve 49U ¥AE] HE ¥

a7te ot geiA & =RdAMe =eF 2
%] 7}7“: 719k Ag {4 AaP(Negated Assumption
based Truth Maintenance System-NATMS)& A&
3+ non-deterministic £AE 2 3 =818 L7
Ads #gXEE 7IHE Atdch 718 Z)dt A /A
AN&ge FE Q49 FB AL VY8 4 28
Aol ARE BeElsle Neg Rk ojs ATMS
£ TF4ske == #dolEd =F(Nogood)g #IFS
ZA FE AN =€F 2ol TAREES 9 oS
ERdom ANeshs Roldh

A, B2 ¢18|Z8 non-deterministic A
AL 4% X3 7IYeE F4 BRI U YEYF
(Dependency Directed Backtracking-DDB)[4]e] 2%
HAck $4 2E UM YEAIL non-deterministic
g dgo] 2 & wiul} £71¥(Branch Point)2 %
% 23 (Dependency Label)oll 71280 2x =28 =
o] BAIHEE AL, =94 e AGFH 49U
AFshe ¥rides AY WEdy s siyoith &
23 of d4Uexs #Ed d7EE Swoop ZEA

Edol @ && A 336 ¥ A5 EQ00WH

EdA ALY £ 35 7Id MUPS(Minimal Unsa-
tisfiability Preserving Sub-TBoxes)74 71¥(5le] &
. MUPSE #83 QFd #AdEe FEl(Axiom)E
o} Agteld, ol8d HPEe FAToRA FHE
E2X9 REL HAAA A RYEh o] 7]
He HES 0 24E duitt ol FUMHE
FHEY F&5 RE ANE BEde FEE TS
Al SR 7158

olo] B =RodE 9 718 ARHJD &
Jur MEA7) 1HF Swoop ZEAHES HLE
By vk MUPS 74 7IHE& &8k, Agkstanzt &
'L A9 F ulw 4L 59 458 SR

2. 2@ gy

SERA FaA FE 7Y F2 HHYE AMEA
A olahstr) EA BAFE Al U Fao4el FH
ZolA Yot 28 FAANE FEE&FLE RHAFE 39
a3 W ASE 1990¥% CLASSICE] Al=wel
At ol olFolHth of AlAEl R AY(Ex-
planation) 252 A4 -4‘7 (Natural Semantics) 7}
ute] AgA =Yg AHgsled £E Zde g
Aystd 29ES AN ol A A Y
252 389 Mg =g dis wHs] FHdd 3

T+ (proof rules)o] AHE-3Th

Aol wEd Hiz gxumg e 23 EE
(Tableau based Decision Procedure)(7}& HIEE 43
g2 7)wre] FE dFo| AIYHE T4 A2 Holx
(Knowledge Base)ol &A1t F2 & 749 T& &4
& oo gn 20 g AZE RAET HER
angeE sk 24 2EY FE £X& ALC FFE A
% =399 TBoxol ZA%Ee ¥ledd Ads dd
AEES TE3= A olth

wHA 25 9EAs #Ey AP F P &
gy sHogk MM JFH F4 BT U
MUPS(Minimal Unsatisfiability Preserving Sub-
TBoxes) 74 714[5le] th Aditya Kalyanpur7} A
orst o] Whle A4 Holxd] EASl: NEE F =
24 2EL HAAAE FHagd vedd g A
& AdEn, o Wy 9A i dugE iy 23
B2ES uvigo g 313 glen SHOIN 59 As =
HE Hg 5 A,

€— el ‘21—;‘?5} NHEL =8y $EL Adde

G g Eﬂés}— Zo] EZFolt}. non-deterministic &



NATMSE o] &3 2824

Al HEE 9

@
i MEdZL 3

H4g 7o w4 A7 F
3gANA A3 drgch

i

53

3. 712 e

3.1 282X £E21} efg=z g2l

2 2EEA Aol OWLIBle: 2EEAE F&3ke
o AREECE 2EEX) 2d3 BHA B w) OWLS
AMe =847 X de Be =88 343 2314
A Utk Mg =Ee AFge] AR g A4S
7183 2.2 7hd(Concept), BA(Role), A3 (Individual)
Z BH3y, 9)A& TBox¢ ABoxZ eth TBoxol
= MEY A #A9 Ae(Terminological) ¥
A==, o]AL LEZ X9 FeA(Class)St AKH Re-
striction) g9 FEolth ABoxole Mo A (Ass-
ertional) o] AHoH=d], o|AL 2EZX A
(Instance) F9] Fitolc},

OWL2 %% & mg OWL-Lite, OWL-DL,
OWL—Fuu 37HA) FFHEZ ek o] Fel4 OWL-DL

< SHOIN(D) 29 M<& =9} 7stA 99X 9
ot OWLE $3 38 xulas gukdoz He =
A tg FE Muzel gl dHE 2E2AM =84
o0 WAL ZEA N YBAY FAL Fold o=
2] F#l2 CoF D Abolol 9uld 3 BA(Class
Subsumption)?l O=CZ=D7F EAsteAd tst 24}
Folzl LBZA9] QA ast FYA CAReld A¥H =

Ho] A

¥ A Unstantiation - a7} C2 A7} ZA 3=
g FAE TR

AR LERA F2 dAE FEaE ATE A
< =fE 3¥HE 2EZX9 YFgeEN g4 &
S A AT g YT = Y ;e A
o FEHT Atk HER FudEe L£EZX FEL
FEAA AT gtel FHL = LS A¥Ho T =y
ST, HA B 2EZA FE e HEZ g

& 7o g sin gtk gEE dudydsEe 27 23
°ﬂf‘1 qgee FAs AdAAA HolBa x=g 7
3l 147}— WAO R FGEo)A T e FojHd =

@7 FZ(Clash)o] 2Asld, =)oz Halx] &

HUnsatisfiable)gt2 #A4st3, o] ol FH.& ALg
T RE WA =uE FEo] A Qow =97
© 2 Y Satisfiable)sttta oA t‘th-

HEZ %_}-TlﬂZJ 718 ofeltolr ZWsliz) dh=
W8l =23 RAPG(Negation)o] thhalx chekst A3

HAS A g3t AslR U AL Hoag=E= upa
< A8ty Aok F Mg =ege n, U, —, 3, VES
2 REE7 B iz duaSdae od st
FF e vEAoT ALEA GATHE Bl

9 non-deterministic ¥4 3172 2 d#4 27 ¥4 71H 403

% 1 HER gxgE

if 1 CNCleLx)
2. {Cy, Colg (%)
then £x) = L&) U{Cy, Ca}

if 1. (CUCHELK
2.{Cy, CInEx = 0
then a. save T
b. try £)—=L)UL{C}
If that leads to a clash then restore
T and
c. try £60—>L£XU{Co}

if 1. IRCELX)

2. there is no y s.t £{<x,y>)=R and

ceLy)

then create a new node y and edge <x,y>
with £(y)={C} and £{<x,y>)=R

if 1. VR.CeXLX)

2. there is some y s.t. £{<x,y>)=R and
CezLly)

then £(y)—£yU{C}
if 1. VR.CELX)

2. there is some y s.t. £(<x,y>)=R, Trans(R)

3.RZ S

4. VS.C2Lly)

then £&)~>L¥U{VS.C}
fl.(2nRC LX)

2. there are no yi..va of vi # y; s.t
£{<xy>)=R ... £(Kx,y>)=R and
Cetiy)..Cetlyy)

then 1. create new nodes yi..va
and edge <X,vi>...<X,ys>
with £ (y)={C}...£ (y)={C}
2. add yi # y;
fl.EnRO €2

2. there are yi..ym S.t
L (<% y1>)=R ... £(X,y.>)=R and
CeELyD..CEL (Y

3. 1= i,j €mand m > n

Then mergely;, v; ) in tableaux model

M-rule

Li-rule

3 -rule

¥ -rule

V' -rule

2-rule

<-rule

| 2ot 2=ln BE @
(Contradiction)o|#h= A&
= X3 #AY =84 24 AFetA Ealvhe 2
& 2934 9k =T Beo 5171 %f‘fﬂ*iE— e
e dolEd g Cs —‘?;@‘ﬂ
of gtk X 1& HER ¥3
7 A dRE HoETh
. |2t wEE2]

B8 4uyFY =% 7A(U-TA)E golEd
ClUCTE 24 B¢ CGiE HolEd 4 F7letd =
ol AEE, o1d *“Eﬂi At (HEHT) CoFE
dolEe Friste] m&ol WABHEA &]lEE non-

H

deterministic & olt} wlgkd HolBo =ggoz
€ TEYE0 BEFE, =98 Eed fdde ¥

2o} Aagle] BRad WEYo] WA

dE Eo] = x9 #ol&e] {(C:UD),..(CallDy),
JR.(ANB),VR. A9 & FEE°] o P& o,
dukd oz =gF FHe A 3 FH(I-FADU



404 CEELE - EF

-
L X JeUx)U{-C, D;}

2auic) (X {x)

{ % )#00U{-C, D}

2YUIC (X

#uicH{x)
R

Ly)U{(ArB), ~A,A,B!

% ) £x)U1-C, D,}
R
(v) anuiae, -8
Clash Clash Clash
a% 1 "HEZ ueEez Qs Bse

ministic ¥

non—deter-

A & FHA(V-7E) B} 245997 7] 024
(B339 584) ColM Cu7HAl dA ol Bo) &
AatA "ok thedl E4 3F w7, A4 3y 7,
=dF FAMN-77)e A2 Hgad Agk TAd
d3f) o] WAdth 23 10A B0l (CUD)RH
(CalD)7H2] =81% 73S AH{de IYPe Zaed
FEE XA geth addE BEPdn =¥ ®
] 2AEA HA g H2e =9 7He Han
E71H(Coo] F7HE Moz WMEe"ds] slo D,
F7rete Ag dEEZ 2aeES AW Foh o)
= HEE d3dE2 non-deterministic ol 1o}
A A 37 BREE o

Edog WHESA]D oo WE o wEy
AAE d¢s7) A% HH3 7]‘%§ii 4 B3 7
W E &7 (Dependency Directed Backtracking-DDB){4]

o #y
[+

fio n

AZEHY 2 &8 A B A A5 B Q0095

~Pruning

A
{ X JUx)UEC, Dy}

Backjump // e ", ‘i

{ X J0U1-C,, D}

{ % J20U{C, D}

feoouiC (x)
E

Uy)U{(ArB), ~AABE (Y )
Clash
a9 2 HEE 9TEY B5 ¥3 W ¥E
Hgo) me EEA

=
oY
tlo

o] #EEHY F& ¥F W WEWF)L non-deter-
ministic® 43o] A E wrict 2713 (Branch Point)
S FE9 4 H3d V2o BN =83 Eeo]
Astge 4% =948 Eed A 492 Awd
< B71de2 Ay Y47y = 7Mook ¥ 2%
S oA F& F5 s HEAYS HE3 RAE
BoZrh z7] dolgd EAge FHEY GU
Dp),...,(CalUDa), 3R.(ATB),VR. AL #7]F 0] 0°]th
A7l =Y FHE WEHeR HEHEA Cof 1%
B GOl nol 7)Moz @9t 2du A ¥4
T, dA ¥4 7, =EF 7EHE AHE H85,
E2eE dodle A% ﬁAQI ENdE #AFET ol
F oY 27170l BT 00|B2 HIS == &7
ol o oj4ke) WEHY Qo] YnES FUA
o B 28 5 B35 7N YEYH daFelnh

X2 =& RE 7 uneﬂal oljr_a?ﬁ:

=713k &43)
B2AA 7S EE 189
if 182 LTI ZE F deterministic F&o] HLE u)
then T#ae] HEH F Fo|Bd F719 Tl F&
if =213 o] LAt
then E&& B FEE FE£E30
B AEE TR
if =23 Eeo] HAsx god
then 02 whgH
if 182 Y12]E F non-deterministic ¥ o] A4= uj
then =&j#o2 A48 A WA TS Yol 7}
gol&o 718 FE9 F&R 5 A
if =213 BEeo] 2o & AAEZo] B
then A 713 71281E 1 24

if AA

5 WA 32 dolidl 27

=Ed A%k ZE I TE£N¥5Y £71FH FY 0% &)

Tz Fe] g7 Ho| Fo) ¥

7158 713 AEE T Union) e 2 748 ¥, 2948

2714 71eEHE

it @A E711 7heE7) e 2714 Pyl &51x god
then 714 S o) 2742 wAAAZE 24)

714 7ReEVE wrahke B Fgel b

then £714 AlM dA B7)H 71eE @ AAs T,

13 ARe 24

E71d 7RH 1571

F7hstn,




NATMSE o] &8 2EZA ££9 non-deterministic EA 312 2@ ¢34 0F &2 7|4 405

3.3 HER Y1a|E Jldt 2N 2

BEE dyelE ik 24 2EL oSl fs) MUPS
(Minimal Unsatisfiability Preserving Sub-TBoxes)
and =% A (Justification)ol hH3 N dL olssfor
gk & g i3 Ade oga 2k

M3 1. MUPS(Minimal Unsatisfiability Pre-

serving Sub—TBoxes)

29 A A UF MUPSE A4 wojx YA
AE BGIA A R S=(Unsatisfiable) #HA8
9] REolch R4 wWolx Ko M sl Es
Ad C7F FARE o, wef Ko IREQA Koto] A
A3A Fiw K'cKe Co MUPS7 "t Ce
K"Kl B8l X A3 (Satisfiable)d 5 k. MUPS
= =& Justification) 2.2 FAHAT}

A3 2. % #A(Justification)

=% B2 ke FErl g2 IYERE ogA
fFerHed RAEth 52 gL ¥ RREog 74d

o 33 (Consequent)2.2 HHEE =29 Zds A
HAntecedent) 2.2 BHEHE £ 99 Z9] g2rE
2 7459, £ =EdA4e dem 2o =% B3ge

xH 3ok

conseque nt[antel,antez ..... anten]
L1 E 7W 4A RELS SHOINGFY A
& =gdA gy AFAS Z9sh) Y3 HEs ¢
IHEFS FF Aotk weld =87 FEo] was)
il =2

=
E e weld 2]

HEZ

FE gL A atAY, o
o MY =84 277} gigtd w928 (Incon-
sistent)o]T= ARE U dudEE F2¢ Aot
HEZ gudsE 7w 243

22 WX wYH 35 fUe

£ Zolth weq o] duZe BE gol MUPSE

T A £F gz 9ueE A% de 3}

A WgE 9.

mE9) e FksE A ol weE 277 #7
o Eely FE 490 HE 3 4YH 2e 9

BES 4YH) A3 el DS fAV
cwEd FE0 oW wH 7] due) e v
Aol sl e, ol Jukez Azkel wHd &
5 e AT B} weld $Eo] olud )

=
K3
Fol =8 7] Heol FHL wEThy, oA o
Fo W RE =94 FE B4 24 298E

=
3 Union)3ha, AFE 45 H2L Frlac
FeR BE wEH

g,

of
fift
L

3|
>
i)
=)
)
N
.
Ech
1kl
i

HEZ s 7k 4% RES V3 60E 9n
22 A8 F dAlste BE =dd 2E A4S AR
i}, a2 E GE e 28 AN =d3 5

3T

ZEgth k= x9 AE Coll taiM {C—C) € £
Y Aot == x, yAol dsiA xot yrt =eHer
53 GRA (x=y)7t glolEo] £ wfolut

of ¢mEL o] WIS V€] A, =
2F FE oMES dojipg AS AT =2y &
7187 FEES F5FY SANE =& A9 E
e 34 &A I (Tracing Function)& 283t}

F4 9A B4 1= 4 =2d 35 oME P A

oz vy =ed, 4 A3 =84 2] Adn F
Y ¥l gefs md FHE v A=
EE =84 FEo dis 7ESH, 9 o =348 &
Eo] #AHA FAY o oY nHT =¥F 27 A
go] golglx] k& wi7ix] HEHAS Alsich ek
=87 $Eo] =gid By Mde g3kg wx gkom
g MUPSE ARt 18y =83 FEo] =834

$7] Qe AL weTW =dd 214 E ge
w24 prle nee est Ao L;eAE A B
A4 o olg HET FHl gle ME AAe el
718 s g A PR wdd 24 o

2w ERAE ¥ OE =od Boads Hgsd

Y=g AT Dot ad © ol melslol
=28 2ot gEh, aclHRH A4 Hed R

o' o2 WMEHF It

4. =2y £d 718 7|4 Ta| 71

frgddle HEEe] Aot & F8 d2
Atgle] W5E A2 ddsiUnify)dtd =& 34
(Justification) ]2 vHre] ATMSO AEsl, ATMS
e o9} e =EF HAE % (Dependency) FERZ
FHsle] BB = ATMSE FE AN =7
A Bg AT F2o] dAss AP ol 7
At =g Zed WEde /15E /MR vk o
£0] “ab —» L7ge =84 Bgo] HAsE 14
EAE W, a} b7l TAlA EAE ol Bo] LA E}
"ok olyl ATMSE aut b% 3 oS AATS
2R B2E&g FlAgeh o) 2L AL iREe] AS-
o £AE sdsle AoF AL UTHI0l 28 3

e i



406 CEEL LR

T

129 3 ATMS MEHZY =F Az

9 ATMS YEHIE (RS Z8 FE31X7 (R)o)
Zo]7] W& (RS} 9A =3o] Hx, wadA (R}
#H RS} AAEh & 58 A9 2six F29
AYE Ao ATMSE 2L 9R5tn, &0 93
& FE JFEES FE A9 ANES AAT 7}@%
Yohiw, 21 7HHo] 4FE F = %4 ol E2S e

FTHIO0L o]t 22 HALe Ry Y3 °l7<l“F tl&
3 22 Atge] MEQIY EAEte A4S YE =

< Fohl717} 8753
choose{A, B}, A,C = L, B.C = 4

71249 ATMSE & FE(Homn clause)3hg 383}
At &3 ATMS (Full ATMS)E 713E0] =g §e
2 449 I A (Positive clause)7tA] 3830, 4
FHoeR & AFZ ¥Y¥E =2 AP INPE ¥¥€l
choose® ¥& 4 Utk wWelA choose{A, B} AVB
2 REZ + Utk A9 A% A9 BE 9L gk(belief
value) 2.8 FojForme AR =L {C)7} Btk 1
2 (91019014 AAIBZ Q= ATMS ZzaEL (¢}
7t kxolgte AL ©@AEA £

ol AF-E s1Es7] HalM Full ATMSE choose
{A, B}Y& AVB, AC= 18 TAV C, BC= 1%
BV T'CE ¥ 33HEncoding)3td, Ea(Resolution)%
] TCE AR} = CEC= 102 B3y oj
ol {C)7F =39 RAE &xXF. a3 BslE ALg
g, A7 BREY) oy, Rées BAE /MRS
I F71HA =& B9 R3E 2730 W Y, o
& &8& Alz=glol AL Hdx) @

=& By 7}F vt e $3 Al2H(Negated
Assumption based Truth Maintenance System -
NATMS)11}12 £31& AF8-34R] @3 {C)7} 3ol
= AL A% NATMSE & JdrozyRy A
BE =2 A9 72 5 AA 248 FAHEE o
e =83 2L L3 wIdN FE Ane

/\XZE.‘%]]01 7_<

+8& A 39 A 5 520095

NOGOOD(E)
1. Mark £as nogood.
2. Remove £ and any superset from every node label

3. [Handle negated assumptions} For every A € E for which —-A appears
in some justification call UPDATE({E - {A}}, —A). .

a8 4 NATMSY] =% #8 ¢ugg

chooselA, B}2 TAATB= 19 =& 34 oz
2 Hed £ Aok Y 45 =84 73] HER
M€ AMSEY x2& BEEe xEEolt H9
AR duEEe] F&3le 98 E9L W, NATMS
HEAGE F A =32 {AC), {(BClol EAdth
ojtf TAATB= LE FE dXozRyY A uA
HE A9 7B =3d ¥AHA A%t Bt =X
{A,C), (BCIRel &A1st2z TAs 7B 78L& C
7} 5, TAATB= LE2RE 19 HolZd {C}}
F7 et gt 19 FHelBee {ABL{BCLICH}

A3y, o] & {ABL{BCIE {Cre+ EXFHAA(Sub-
sume)E Zt7] W] Aggo. HFHo=z (C7 A

g w3o] Hrf

5. =23|x 23 J1H 7|8 Fa| KX AlAHS
s WEHAY =3 F BX) 7Y

£ =RdAe =93 23 714 J A {1 A
2-%l(Negated Assumption based Truth Maintenance
System -ATMS)E A3l non-deterministic &4
£ 3ln =9 oF 9L #AFE /e Al
gt 71€ HAEHAD NHEY TEHLS £ 23
(Dependency Label)E AM&-gtle Aotk 4 Ris
HEE o] H&F wuit #olEe FrisEle T
£ EEF3e FYEC] F57Y oAU=R 71EE AR
TFZo|t}. NATMS A —7]‘—% AR osfjy FE2€
l:ﬂ;q}é. Agilo] Als g] AE :LEHEE A3}
WA BER SaEe -r?: 7138E 2ARAY

weld mee Qosle 9Ue Fohhed A8
A8 4 gk

B w=Rld AYske PHe e ge L 2
etk NATMSE 43 92 #AZ Jg=z wdsie

2 non-deterministic EAIE Mdsle Al =83
250 4ol =He FHES A ojv £EEA
Tatoll] £ LEZX 32 Zzgydo] LEZAE
UHAE o £L& 712 AE7 ok

5.1 NATMS Z2E&

2EEX & dA NATMSE A&7 9siA
HA F A2"H7Y] T2 EZS Aoy Z2EZ S
HE2 ¢uFY 1359 EAL roz vhsoly



NATMSE o] &3 2E £ 2E9 non-deterministic A4 312 £ 4B &HF ¥4 714¥ 407

o ¥ 3& Aoy TEEZS Ayt
- 738 - F& 94 CnG 71 4 4% Cy,
Co& #olEd Fr1skt wEli C1|_|C2*>C1 CineGs

>4

&
—CE 2 34 E FA% NATMSO Agsi}
U- 3 - F& dFAL CUC, 7} EZH?J 3% Ci,
CoE #olEol wzol 7pEA ik aigbd A(C)),
A(C2)E Wzl 7HEA NATMSe| Hgdict
J- 7 - F8 AALIRCol AT A AR
+ R-ol% =8 AR, HA"E =2 YolEd
Cig F74ect o} WA (Create NATMS R 1)
£ NATMSH Ag3dte] =g NATMS HEHAE
A AC)ES ALt
V- 738 - 28 d3e VRCIF 2% 3$ R-o)
2 HolBd CE Fth gEld A
(Change NATMS R 1)E NATMS] #A<slod, W
A NATMSE ol5% 3 & A(C)E Agsio
V+- 7& - F82 d3& R = S VRCF &4
3 A R-o]% = #olEol VS.CE F713th
mEk WA (Change NATMS R #n)E& NATMSO]
AGsle] HAD NATMSZE o}%58 3 ¥ A(SC)

Mo

<- 73 - F& Jd7& (< n R O} &zﬂ 735
FE AR FHE =9 &key FHS RE F
NATMS UWEYaE Egsict uehy (Merge
NATMS &keyl &key2)E NATMSH] Agsich,
unfold- 7F4 - F& A& Co] DL e =
AR} =8 4 Bunfold- )l A AL DS
o] B Frigith welbd C—Di2 NATMSY A
g3tk NATMSE =% H3e ZaRde =34
§& 83 7] e, ek 011 Do
R, CiNDi— 18 NATMSo| Agsich

B Ay - F & (o] HelEe EAgte A
3o HA 2es AAZIY gt
A choose(C1)& A3 NATMSe] HEgrh o
) choose(Cy)S HEFHoE (Ci0] Zag WAA]F] 7]
gE Crol B #HYE onlgh
5.2 NATMS 7|8t =2|8 2F& floin} 27| EtX| otd
HEz duEZdAy =83 F5& C T Ch F

o EAske R ougch C7F Beud A, TC

Aol Ak wiA FE AN =8FH FE&
do E%’"E]Cﬂ' FolAW, TCE TEIE Mol &

A 2R/ A9 BVl Ak

=34 oF 999 2UIHE BAS

I 2o 94 As} B7} =819 FE5&

FolA L,

X

J
o
o

],

dodle F

choose(AB) => AN B =L

19 718 Ag=F)o) {{ACHB,CHelehd, 18 4
o E¥E NATMS =3 #E gulZd 9y s
3 o] HEY F Slth

AANC =1, BAC =1 => <A, {{C)>,
<7B, {ChH>

TAATB —10]7] W&, 19 7B A=)l
{{AC),BCLC) eI, #HEHe2 {Cl= {ACLBCY
o] ZFFHeg 19 x=ZL Crt HY, =Ed 279
A1 E7)3e] Ak

5.3 NATMSE 7|tto 2 =2|x @F |0l3} 0j2t ot

H 271" eXlsl= oAl

iz FHE AL3EA golBd 2L /gl
F7IEAY =8 FES TANTIE TV 9AEE
olo| P ZZEIZS A4t NATMSO Zd_%f?}
;. NATMSE Agghe T2 eZ8 #igto2 NATMS
VEYaE FEH3EA =& AEdrt 18 bE
non-deterministic EAE A7 = FEd diFA
NATMSE 7oz =218 279 ddd ds
23l & RAERT 2EZA FE A Mg
Evan® =gl3 334< #AAta 788k WA 7y
d Evan®d w38 &3 AX7} CU D22 Jd C7t

¥ 3 282X FEJIZIFH NATMSTH] ZR2EZ
A

TEEE
(create—natms &key #n) MZE NATMS HEHZE A4
(change—natms &key #n) HAE Keyde zHE NATMS HEHIZE o)F

(Merge—natms &keyl &key2) | ¥ Key@g ztE NATMS HESZE g

Al(axiom)

nUu,3,v,.v', 2 74 38l ne golBd F7k8e 38 NATMS HEHZ H28

rEE QA
Justification(unfold_process) M} unfold & Z—‘]%‘ﬂ] &) Fe7t FAEE RS 2E2RFPoR Jgs)
choose(axiom) g A= F8E chooseE B33

WhatNogood? A g3 =7S 2




A EEA 2ZEdo] B 38 A 36 W A 5 220085

1% 5 NATMSE 7|¢te 2 =84 Qs dug E713e #A%e 9

408
Unfold information
Bvan =C VD, C=-Bwan
Interaction between ontology reasoner and NATMS
Ontology reasoner NATMS
AC)
XC A Evan— L)
choose(-Evan) Nogood{Evan,C}
<-fvan, {C}>
Delete subsume
<1, {C>
whatNogood?
{3
=Y AN o8l dolel FA¥WEN xzes

A(O)7} AgF NATMSE 7140l {C19) M2 =
= CE A3 dEz F718d g CY =4
23 AR} —FvenolBng =8 84 FHo] HLxn
AN E2F B8 C N Evan—io°] A=, Zeeg
JC NEvan—1)7} Agdth. 19 7140] {C, Fvan}
o|B2, {C, Evan}ol =*°| ©th Evan® —Evano)
=3 35S WAYNIBR, Z2EF choose(Evan)©)
ALHI, —Fvane] L2 & R3] EA5r] o]
=% #e ¢xnggdl 98 —Evand 7ML {(C7F ©
o). choose(Evan)8] v —Evan—Llo|2E, 19
F& BEo] (C, Evan), (O7F AABEEdY, oy {C,
Evanie (Gt T BAE 7/HA2g 19 4 B3
A AAED HFHo2 19 HFel (C7F H7] o)
el Ad C7l =8ld 279 duE e He F
Aol =83 QFE fEsle 9] ot

% 6& NATMSE 71922 non-deterministic &
AZE g AdY =24 2F 24 A= 48
BAgch 0¥ 68 282X 8 o) ¥ Evand

Unfold information
EBen=CAA A=B B=<
jon b ontulogy and NATMS
Ontology reasoner NATMS
{create-atms Title NATMS001)
AQ)
AA)
XA B
XBAC— L)
choose(-C) Nogood{A, C}
<-Evan, {C}>
Delete subsume
<L, {Ay>
whatNogood?
{

2% 6 NATMSE 7|vte g =gld 229 ¢12 &z}

=23 A94e A sPgec 9x Ad Euvan
9 =8 84 AR/ C N A°EER, /d C8 AVl =
AT FA 28 FolEd FUIHEA, Z2EF A0
9} A(A)7F NATMSO) Hgsi, NATMSE 71gol
{C1 == Co 7Pel {A)Q) = AE AAstE o
Egzd 7190 A A9 =8 8% ARy Belm
2 =8 #% W3] F4H9M =% 7Y A-B7M 4
Asle), Z2EF J(A-BY dgdn). gead k= B
9] 713& (A7} 9tk U AE BY =9 FF AR
7b TcelEz =8 #FF 7o ALHEAN EE A
BC—L10] AR ZIZEZF Justification(BN C—
1)y 7} Aggo wea LY % sbge] Be) Colm
2, {A, O7F =3¢] gtk

ct —C =94 FES YANIIER, ZEEE
choose(C)7} HEH 1, —C7} L9 #4& K30 43
7] ol w3 g gulgel o8l —Ce MR
{AY} B} choose(C)Yd) gvls —C—~19BE, 19
Z& B350 (C A), {A)7} 7125, o {C Ale
{4} 27 WAE JIARE 19 & REA AA

fir
£



NATMSE o848 282X &9 non-deterministic &4 312 £ ¥#4 2F &4 714 409

Unfold information
Evan = C1 VD1, C2 VD2, C3 VD3, Ju, Dan
Ci=Q, Ju=-Q
D1 =R, Dan=R
jon b ontology and NATMS
Ontology reasoner NATMS
AQ), A(Dan)
e AQ— L) Nogood{Ju, Q}
A(C1), MC2), AG3)
X1 - Q)
Nogood{Ju, C1, Q}
<Q, {iu,C1}>
Deldete subsume
<L, PuCIy>
whatNogood?
{1}
A(D1), A(D2), A(D3)
XDLAR— 1)
choose{-R) Nogood{{Ju, C1},{D1,Dan}}
< 4, {{u,C1}{D1,Dan}}>
whatNogood?
{,C1},{D1,Dan}

NATMS network

% 7 NATMSE 7|hte g =83 QR ddd 27188 gx3le 9

ey HFHoz 19 spHe] {AMh HY) Wl sd
Ot =9A 25 Q#d BVl He A =g
A LRE fuate Hgle] "rh 29 72 non-deter-
ministic A4S EAA7IE FEd dls|y NATMSE
7o =93 2§59 ARy BVHe 89X e &
g 48 BojFErh

6. &8 ¥ "o}t

AN E, 487 5804 dEd =23 24 A4
A FA A2H(NATMS)S F&sle 258
9] non-deterministic ¥4 AL} =g)d
sk Nd A 71 oisiA A Bt sk
£ =FdA Aag IHe uA A
17191 Pelleto] &&=t &
ZA FA AEE BolFa Qo A AMS
EAE Swoop Z2AE[12]0A AL LERAE
Mdstgon HEY CPUL77GHZ) ®=2(1G)
A3 PColA A3t
Pellete SHOIQ %9 HdHS AW 2EZAY
T-Box9 A-Box F&2 7le& XNddt) gty £ =
EAA Ate 2EZA9 non-deterministic FA &
A7 =23 oF/E AEdte iE €A sigel dig
A% B7HE A8 AGE 7ol H4-F Pellet®t DDB
7} H &3 Pellete] =23 A34 HAME 93 A8 Al
7+& vl

¥ 58 F 7I¥el 747 HEF Pelleto] 25249
=94 FT4S dABleEH 283 AlHE HoFEd,
Ad A7E APy, 44522 DDB 71He AL
Pellet Bt} A3k 71Y-8 283 Pellet®] A3 =7}
HS=atAY o7t Wad ¢ 4 Atk newChemical &

T o

7

e
Sl

¢ w0 3
o AHgd
3]

O O

i 4 Agd A" 2EEA AR

Ontology Axioms Classes/ Unsatisfiable classes
Person 112 70/1
Wine 856 71/~
University 169 30/8
Chemical 254 48/37
DOLCE 1417 200/~
Economy 1704 338/51
Galen 6580 2749/~
Sweet-JPL 3833 1537/1
Tambis 800 395/144
Transport 2051 444/55

%5 =93 AT A 285e AZHms)

Ontology Pellet(DDB) Pellet(NATMS)
Person 412ms 413ms
Wine 2012ms 1802ms
University 314ms 307ms
newChemical 1021ms 1023ms
DOLCE 3415ms 3621ms
Economy 3567ms 2145ms
Galen 21752ms 15462ms
Sweet-JPL 1526ms 1421ms
Tambis 891ms 896ms
Transport 14653ms 14221ms

£z DOLCE £E=ZA2] %% DDB 71
3 Pelleto] ©] £2 43 £x& Hied, F 2
Aol ZAe g =4 AR} Hh Aoz A
FE g0 TE 222X HE 433 BgUt B =8
oA Agte 71He EA A 7S -rule)d} Ha g
A< -rule)o] A3yE o vlc} Y=g NATMS HES
g QA W2, LEZA Wl dFUA B2 E

2 A8
=



410 AEARHE=EA 22Edo] R &8 A 3B E A 5 L0095

A SRS Hh FHoz AFE FEEe] EAY H
S td 571 oA o] R dEMNe FF A
& A7 € Aotk

7.4 E

LERA FE Jd39 uFEe HEE dudEe
7Rte g FEHD ey gEE 232EL non-
deterministic A2l YN Al FH BRE E
7} sj2ol, ol& HZ3 T HY3 Yol BRI &
3 3R HEs duEd ke FE dAXEe =
B3 LR/E doyie dde A ¢u, =4 o f
E 2= AE9S X3 geid B =R =d
2 527 71 gk AE fR2 A2FINATMS)S A
8o} non-deterministic #AE A%y =ad LF
492 gAFE 71HE Agsidn

A 7k Ag §A ASHATMS) S 28 339
dRFo AN FE A FE B E Jdsln 4 F
& e J9E iz Ve s3It E=23
ATMSE F2 4394 =83 2 BiAe &
o] FAhs Aol ol gAsly =alF Zeg §)
At NS AR 9k 3y 212 A ATMSE
& dHom clause)iHE 8817 gfo] AP =3
2 syl YEh NATMSE F2 dxozxne]
gyt w2 Ay F AARAL A HEHPY =
28 AL J§gvh gl =24 wEsly] e
ATMS7} Algdle 2E ZE30%] gor vz g
& =3 BiEo)] shsditt

=EoM 2E2A FE dAdo] NATMSE A%
&7 98l 9A F Aafte 22eEEe Aok
LERX FE AL gE2 FHL HgapHA #ol
o NZE /ige] FAEAY =83 FEL 44
1= vl @X"Y, old AFee T2EFS A4
B NATMSY) Agdcl. NATMSE #gve ug
EZL vgo® NATMS WEYaE F3sdM =7
Z =34 of79) dFd BIEE 4¥3n

B =2olA A 7S EA 3 73] d3d
o vt} A 2E NATMS VIELaE QA48l7) oo,
LEZA Y9 AIA 2L 24 32 4FY F
5ol 24 4% Uit 5501 "otk o] B
disiAE 38 AEHes d3E Aotk

e

[1] Dmitry Tsarkov and Ian Horrocks, FaCT++ des-
cription logic reasoner: System description, In Proc.
of the Int. Joint Conf. on Automated Reasoning,
1JCAR, 2006.

[2} Evren Sirin, Bijan Parsia, Bernardo Cuenca Grauy,
Aditya Kalyanpur and Yarden XKatz, Pellett A
practical OWL-DL reasoner, Journal of Web
Semantics, 2007.

{31 U. Hustadt, B. Motik U. Sattler, Reasoning in
Description Logics with a Concrete Domain in the
Framework of Resolution, Proc. of the 16th Euro-
pean Conference on Artificial Intelligence (ECAI
2004), Valencia, Spain, pp. 353-357, August, 2004.

[4) F. Baader and W. Nutt, The Description Logic
Handbook: Theory, Implementation, and Appli-
cations, pp. 43-95. Cambridge University Press,
2003.

[51 Aditya Kalyanpur, Bijan Parsia, Bernardo Cuenca
Grau and Evren Sirin, Justifications for Entail-
ments in Expressive Description Logics, Technical
report, 2006. .

[61 McGuinness, D. and Borgida, A., Explaining Sub-
sumption in Description Logics, Proceedings of the
Fourteenth International Joint Conference on Arti~
ficial Intelligence, pp. 816-821, 1995.

[71 Schiobach, S. and Cornet, R.,, Non-Standard Rea-
soning Services for the Debugging of Description
Logic Terminologies, Proceedings of [JCAIL 2003.

[81 M. Dean and G. Schreiber, OWL Web Ontology
Language Reference W3C Recommendation, http://
www.w3.org/tr/owl-ref/. February 2004.

[9] Johan de Kleer, Problem solving with the ATMS,
Artificial Intelligence 28, pp. 163-196, 1986.

[10] Kenneth D. Forbus, Johan de Kleer, Building Pro-
blem Solvers, The MIT Press, 1993,

[11] Johan de Kleer, A General Labeling Algorithm for
Assumption based Truth Maintenance, Procee—
dings of the AAAI-88, 1988,

[12] Debugging OWL Ontologies using Swoop, http://
www. mindswap.org/2005/debugging/, 2005.

A A"
AR NEEEEA  AZEY] @ S8
A 36 AA2E FHx

I
AR a0 ATEYS] ¥ £8
A3dAA2E FZ



