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Abstract The web ontology language(OWL) has become a W3C recommendation to publish and
share ontologies on the semantic web. In order to check the satisfiablity of concepts in OWL ontology,
OWL reasoners have been introduced. But most reasoners simply report check results without
providing a justification for any arbitrary entailment of unsatisfiable concept in OWL ontologies. In
this paper, we propose dependency label based causing inconsistency axiom (CIA) detection for
debugging unsatisfiable concepts in ontology. CIA is a set of axioms to occur unsatisfiable concepts.
In order to detect CIA, we need to find axiom to cause inconsistency in ontology. If precise CIA is
gave to ontology building tools, these ontology tools display CIA to debug unsatisfiable concepts as
suitable presentation format. Our work focuses on two key aspects. First, when a inconsistency
ontology is given, it detect axioms to occur unsatisfiable and identify the root of them. Second, when
particular unsatisfiable concepts in an ontology are detected, it extracts them and presents to ontology
designers. Therefore we introduce a tableau-based decision procedure and propose an improved
method which is dependency label based causing inconsistency axiom detection. Qur results are
applicable to the very expressive logic SHOIN that is the basis of the Web Ontology Language.
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Dependency Label{Hot_Food) = {[Hamburger, Fast_Food, QuickMakeFood], {1,3,4]}
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LabeiHot_Food) U Justifications of Dependency Label(-Hot_Food)

-JustFications — Non-Causing-Assumptions
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L(x) = {Hamburger, Fast_Food, ...

a

| Dependency Label(Good_food) = {[Hamburger], [21}
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. Causing-Axiom = Last Element of Causing-Assumptions — Hamburger

Inconsistency Occurring-Justifications = Justifications of Dependency Label(Hot_Food) U Justifications of Dependency Label{(-Hot_Food) |
~[1,26]

i Set of Inconsistency Occurring-Axioms = Inconsistency Occurring-Justificatlons ~ Non-Causing-Assumptions

- [126]

1. Hamburger € Fast_Foodn ZikindOf Hot _Food
2. Hamburger € Good_Food u YkindOf.Fast_Food
6. Fast_Food € -Good_Food

L(x) — {VkindOf.Fist_Food}

eFood}, [2,:341}

Lo = LTS ot fond

Dependency Label(Hot_food)} = {{Hamburger, Fast_food, Qu
Dependency Label{-Hot_Food) = {[Hamburger, Fast_Food], [2,5]}

Causing-Axiom — Fast_Food,
3. Fast_Food & QuickMakefood n Cheapishfocd

4, QuickMakeFood T (= 1.hasIngredient) » Hot_Food
5.Fast_food& ot _Mood

« Causing-Axiom, Inconsistency Occurring-Axioms
+ Inconsistency Ocaurring-Axioms
+ Inconsistency Occurring-Axioms

Delete Causing-Axiom, choose Non-deterministic

2. Harrbureer & VkindOf.Fast_Food

3. Fast_Food & QuickivakeFocd m Creapishiood

4. QuidMakeFocd § (21 hasingredient ) nHot_Food
S. Fast_Food € -Hot_Food

6. Fast_Food & -Good_Food

Set of Inconsistency Occurring-Axioms — [3.4,5]

«— “Causing-Axiom, Inconsistency Occurring-Axioms
« Inconsistency Occurring-Axioms
< Inconsistency Occurring Axioms

29 3 wEad Ty 0o 2ge] B o AR B o4
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WA e JeldRo] Hot Food$y —Hot_Food
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7. Hamburger = (QuickMakeFood [1
-QuickMakeFood) U -Good_Food

a9 4olM HEo] Frlg: TPk A2e =gF
7] ddn =84 FES NG =8 FE ol
B3 L(y)9 QuickMakeFood$} —QuickMakeFood
Alolef A wAiZ =gld FE cl9 PSR WA
=213 £7] 492 Good_Foodd| JIFS WA AT
T ¥4 =93F ®r) 499 (QuickMakeFood 11
-QuickMakeFood)?| 4%& ¥ert T WA vl=g3
FE] &4 HAAA =8F FE c2v A WA =€F
71 499l Good_Foodol 9JsiA wAdc). oeta] o
F 4olA Hxo] 3¥9 ¥X AL wHEE F vz

0 4n ot

rle

Edo & &8 A 3 A A 12 3(200812)

A &dol H+e F8 Hamburger, Fast food$t o]
gigats CIAYE gx9ch

5.2 34 £ Jl¢ W2y 32| X

® AAAE WD FAE BAS A9l 2ot
N FolEE FnEFE AUV B LuFE
98 2oz 75 ST U A% =AY A4 9
olzel WE T MR EEHL B& Rzl A
Ao,

o) gmeZY BYW FHL AeYoA LuI3

&
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233 7158, atE 7189 A% B4 JLH(EgG-
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HEgd e EXE i A% HolEE dnF
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of lo

Non-deterministic

Occur Clash

L(x) = {Hamburger, Fast_Food,...lQuickMakeFood, “QuickMakeFood]

Dependency Label(QuickMakefood) = {[Hamburger], [71}
Dependency Label(-QuickMakeFood) = {[Hamburger], [71}
Causing-Axiom -+ Hamburger,

7.Hamburger € (QuickMakeFood r -QuickMakeFood) 1 -Good_Food

Set of Inconsistency Occurring-Axioms —[7]

@Delete Causing-Axiom, choose Non-deterministic

+ Causing-Axiom, Inconsistency Occurring-Axioms

1. Harburgar & Fast_Food n JkindOf Bt_food

Dependency Label(Good_Food) = {{Hamburger], [2]}
Dependency Label(-Good_Food) = {[Hamburger]), [7]}
Causing-Axiom — Hamburger,

2.Hamburger C Good_Food n ¥kindOf Fast_fFood
7.Hamburger C -Good_Food

L(x) = {Hamburger, Fasxjood,@ @ 2 -Good Foodl»
Non-deterministic Occur Clash

Set of Inconsistency Occurring-Axioms —[2,7]

+ Causing-Axiom, Inconsistency Occurring-Axioms
« Causing-Axiom, Inconsistency Occurring-Axioms

@Delete Causing-Axiom, choose Non-deterministic

2. Harbuqer;e:od Food u WkindOf.Fas:_Food

3 Fast_Food © n CheapishfFood
4. QuickMakerood & (=1 hasingredient) nHot_Food
5. Fast_Food & -Hot_Food
6. Fast_Food & -Good_Food
7. Hamburger © -Good_Food

L(x) = {Hamburger, Fast_Food,, QuickMakef-ood, ...

» Hot_Food, ...,

1, Hamburger & Fast, Foudnaia'uofm Food

-Hot_Food}]

Causing-Axiom — Fast_Food,

3.Fast_Food £ QuickMakeF ood n CheapishFood
4. QuickMakeFood € (21.hasIngredient) n Hot_Food
5. Fast_Food & -Hot_Food

Occur Clash

Nependency | abel(Hot_Food) = {[Hambiwger, Fast_Food, QuickMakeFood], {1,3,41}
Dependency Label(-Hot_Food) = {[Hamburger, Fast_Food], [1,51}
Set of Inconsistency Occurring-Axioms — [34,5]

+— Causing-Axiom, Inconsistency Occurring-Axioms
+ Inconsistency Occurring-Axioms
+ Inconsistency Occurring-Axioms

2, Hamburger € YiandOf.Fast_Focd
3 Fast_fFood & QuickMakerood n
4. QuickMakeFood € (21 hasingredient) nHot_Food

5. Fast_Food & -Hot_Food
6. Fast_Food & -Good_Food

ag 4 ¥=gd 3
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M rule : (CiNCy) € £(x), x is indirectly blocked, then
if (Cy, C2) € £(x), then Assert(£(x), {Cy, Co})
J(C) < HC) ® H(CiMCy), HC2) « HC) ® HCiNC2)
3(Cy) « #Cy) @ 4(C1MCy), 4(Cy « #(Co) ® 4(C;NC2)
L rule : (C,UCy) € £(x), x is indirectly blocked, then
if (Cy, C») € L£(x), then select C;, i € {1,2}, Assert(£(x), C)
Division(C; Li1Cyp)
FC) « (C) ® FHC1UCy). a(Cy) « #(Cy) ® a(C;UC)
3 rule : 3S8.C € L(x), x is indirectly blocked, then
if x has no S-neighbor y with C € £(x),
then create new node vy, Assert(£L(x,y),S), Assert(£(y), C)
J(O) < HC) ® (3S.0), i(S) <« }(S) ® (3S.0)
#HC) « AC) ® 4(3S8.0), 4S) « 4S) ® 4(3S.0)
Y rule : YS.C € £(x), x is indirectly blocked,
and there is an R-neighbor v of x, then
if C & L(y), then Assert(L£(y), C)
J(C) « H(C) ® (VS.C), d(C) « &(C) ® #VS.0)
V' rule : VS.C € £(x), x is indirectly blocked,
and there is an R-neighbor y of x, then Trans(R) and R & S, then
if VS.C & L(y), then Assert(£(y), VS.C)
J(VS.C, v) « {VS.C, y) ® I(VS.C, x)
AVS.C, y) « a&VS.C, y) ® 4(VS.C, x)
2 rule : (2nS.C) € L(x), x is indirectly blocked, then
if there is no n safe S-neighbors yi,...,yn of x with yvi # y;
then create n new node yi.....ys, Assert(£{y}), C)
J(C, vy < C, y) ® }(=nS.C, x), 4(C, y) « a(C, vi) ® a(=nS.C, x)
< rule : (£nS.C) € £(x), x is indirectly blocked,
and there are m yi,....¥ym of x with m > n,
then select two S—neighbors of x! vy, 2z
if z is nominal node — Merge(y,z)
else if y is a nominal node, or ancestor of z — Merge(z,y)
else Mergel(y,z)
Select(y, z), Equ(y=z)
J(C, y=2) < }C, y=2) @ i(C, y) ® j(C, 2)
ily=z) « a(y=2) ® 4(C, y) ® 4(C, 2)
nx) « ULy
O rule : if, for some {0} € Nj there are 2 nodes x,y with {o} € LE)INL(Y),
not x#y, then Merge(x.y)
Equ(x.y)
i{o}, x=y) < j({o}, x=y) ® il{o}, x) ® j({o}, ¥)
i{o}, x=y) « i({o}, x=y) ® i({o}, x) ® i({o}, ¥)
N(x) < Nequ(x,y)
NN rule : if, (£nS.C) € £(x), x is a nominal node, and there is a blockable
S-neighbor y of x and x is a successor of vy,
there is no m such that 1<m=n, (£mS.C) € £(x), and
there exist m nominal S-neighbors zj,....zm of X. z¥z;, 1<i<j<m,
then guess m with 1<m=<n. Assert(£(x), <mS.C),
create m new nodes yi,....ym. Assert(£(<x,y;>),S),Assert(L£ (y:).{C,0:}),
for each 0y € Ny new in G and y;#y; for 1<i<j<m.
J(C, y) < KC, vi) ® i(=nS.C, x),
aC, v < a(C, yvi) ® d(<nS.C, x)
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Running Extend Tableaux Algorithm

stream-out < J and &
else clash-event < < rule, O rule
stream—out + f(x)

if clash-event < 11 rule, U rule, 3 rule, V rule, V" rule, = rule

¥ 3 AYe] AHEE 2EEA AR E 4 Pizza 2E=ZXAd g vi=egld I @X9
)23 Fa) AA 39 AUz AES
Pizza Ontology 191 323 2& BE 7 -
bad-food 3 33 ° Hl;al &l] Eﬂolfi ‘Qza‘l—n—
buggyPolicy 6 57 F @A 74 7% 23 28
buggy -sweet-jpl 0 3321 A3 A8 159 2
koala 2 28 HEe s T
madcow 1 75 2Ag T 191 205
miniTambis 37 254 U= 0.9 0.60
oldUniversity 6 37 ANEE 0.98 0.64
univ-bench 0 51
University 11 39 287l ¢l7] WE] AgAM ARt Swoop TZ

24 Fg BA W FL=(Precision) A¥E
(Recall) B ¥l&=8ld 3 BASEY axde Azt
< AU

B =gA A /e HF FH2 AFEA =

24 38 A& AFshe I FAse Aotk o
A As B BRAME o Ax 2EZ A9 44
o) 9 A ok
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o} ZE7t RAYsYTE ¥ 4= F 7o AEEY A
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A= ANE& 5% A= AEE B
bad-food 1.00 1.00 24ms 0.66 0.66 22ms
buggyPolicy 1.00 0.83 20ms 0.89 0.82 21lms
koala 1.00 1.00 16ms 1.00 1.00 17ms
madcow 1.00 1.00 48ms 0.00 0.00 36ms
miniTambis 0.97 0.94 97ms 07 052 78ms
oldUniversity 1.00 1.00 19ms 0.88 0.74 19ms
University 0.99 0.99 37ms 0.83 0.67 3lms
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