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Abstract: Ontology debugging is one of the non-standard reasoning tasks in artificial intelligence, and is important for ontology
engineering. In this work, the complementary concepts and search graph are combined to optimize the calculation of minimal
unsatisfiability preserving sub-TBox (MUPS) for the unsatisfiable concepts. Firstly, the necessity of checking the satisfaction of the
concept for the expanded terminology is determined by whether it contains the complementary concepts to reduce the number of calling
reasoners to some extent. Then, a search graph is constructed according to the terminology expanding process to quick search the node
which is corresponding to the unsatisfiable sub-terminologies by breadth-first-search and depth-first-search strategies. This optimization
reduces the number of axioms in terminologies to be checked, and it also improves the searching efficiency of the nodes corresponding to

the unsatisfiable sub-terminologies. Finally, the optimized algorithms are realized and compared with existing black box algorithm. The
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experimental results show that the proposed method is superior to existing MUPS calculation in the calling number of reasoners and the
number of axioms in the terminologies, which may effectively improve the efficiency of MUPS calculation.

Key words: description logics; ontology debugging; MUPS; complementary concepts; selection function
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FMHIG A B EHZARTE R R TS C 2 L 1), 3F HAE R R IR AT T4 A1 s 29 3¢ b2 2871 sUmT LL4k &2
9 ;dead 17 RN FOX B A BEAE A 9 HAME S ARG, X 0 fURN R4k 8 M N 8, 75 B AT M2 TT
AVER M pending TR KRR AT P R BEH RS T S HMERES 3 RWAZANFBBRIRNT 53—
pending 17 5T XS BL I AR TE BN B AMBE & ARG SR Z W AU FE LN dead W AU E RN R R RIE -4
pending 7 s, I HL X B 1) A 5 SR AL HE T AMH G A B, B0 Z T s % A0 Tive 39 A

B — AR TS CATH R RIARTEE TETRERAHRN T RIGEET BEZERIRIBEETHIE—K
T C MR E G(V.E,n, U1 CET f2 BN R 35 O A r 3t TR G B9 51 ve Vv #xT AR
WET N TEETEERAHRNTRIEEY BEREE RN T @B AN AREE T s —N
ZE G(V.E,s), K %M A R AR E P dead 5 4. KA dead 5 A5 H M IS 2 3, 75 T2 A iy 2 X6 B A A
B TR M-S CA TR CT AT L T ARE IR B T, 75 W, 75 ZE [ 31 2 52 5, 46 13 FH 24 45 ok
A AR TR AR AR AR S AT MR C vl 2 PRI BAR BLVE W T B,

B3 ETRERAHRNTREEY REE

BNATH S CRIBET,

B — DN EFARIBET.

1. k-1, T« W=

2. while W=T do

3. S«s(T,C.k)

4. 2—s(T,C,k+1)\s(T,C,k)

5. if W=0

6. We{S}

7. for each axiom a,eX do

8. for S’eW do

9. if Compl(S'U {ax}) is false and S'U {ax} ¢W

10. W«W{S'U {ax}}

11. if Compl(S'U {ax}) is true

12. if C is not satisfiable w.r.t. S'U {ax}

13. T'«S'U {ax}

14. else

15. while C is satisfiable w.r.t. S(T,C,k+1)

16. ke—k+1

17. T'«s(T,C.k)

18. return T'

19. kek+1

20. returnT

%3 Wl 3 RIEMIEARTEE T RTHEE C iR K G(V.E.n, JF LT IR e % SR &4k G(V.E,nth
B dead 5 5.k A1 R4 VS = AR SR S MES C BB Tk I A0 S5 O A BRAE & NN B s(T,C.R)H.S AR k

U IR BRI A BRSS9 8 kr L (08 AL 3 s BER 1R 3T 10 A BLAR & AR IR X AR 8 A4 idE R
B G(V,E,rym 35 st B B A TS St HIUEIL SN s(T,C k), % T2 AR — A A ax, W S'U {ax} & B AME
AARVE S, W ZAAE FE ST BT 28 dead T AL HIWHZ AR B LR T EMA C3F S'U {ax} AW CIU S'U
{ax} 1B g FR B 5 4 5T s(T,CIOME N T AREREIATIES C M S RN, XH a5 HIE 2 —8;S
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U {ax} H R A0 2 BN DG A B, 3BT A0 live 9 88, T Bk — 204 B )W ax IO B2 505 ST E ARE S
PER T —FAFH A AW L B 3 A T R B R AR R IR (1) 5 8 47 W ik ARIESE SIWTE
WL DU BTG ERANEO WoHR A BRAE A 3T HE T AT B A B D AREE IR IE () B T ATIEBE AR ax
T AR RS A ) A BEEAT HE N R T T Y A BEHEAE AR A B R

Bl 2 FoR TR FHES A R IER G R T AREEY XTI R B np: {ax, } FF 63 3 3R N5 %
PNEAENE S I A BAE A 3R B A FLAE {axs,axs kA BT A5 ny: {axg,axy )t Fl na: {axy,axs , BRI 9 S 45 % B IR
WHEBACE TAMAR A, FEE— DI B R B A E {axs,axg,axs), b A BHAEFATHE 7 .45 2] A 27 5
axy-axs-axs, K FH M A BT 85 ny A ng, 25 B 5 ny: {axg,ax,,axs ) Al ns: {ax,,axs,axs}.ng 9 EAME & A E 4 H)
Ny X BLITARIE O TR Ay B0 2 M, ) ng X R B AR B4R {ax,ax,,ax,} 5T Ay ANl &, % AR E LR A 1]
W T ARIEET.

A CAE WA b g ke 07 ST R — 7 T A AR R A AR dead 9 03 BE, ) — 7 TR HR B R 1E
SRR/ ) e )R UL A R 3 3 13 /TR B dead T SN BT ARIRSE TR FMES C A AT 2,0 T —A4
MUPS HZ AT MUPS 765 &/ A A 2 T ARESE. BR, 1 R SR e R 5 iEe i R E & — R
DiRTELE T AT A B %45 18 BRSL. T THI I A 528 1 M8 A % 0% 8 pR BSORN B AMBE A2 R AT A B B8 12 45 1R 1K AR
BT E SC 4 AN I M A DRI B R BN R S AR R T RS O A BAR A W TN AH R A B T
L8 3K R M AN AH 0 A B TG v B B N P A A T PR A M I AR e B 6 T T, RSB S A (T
AVERTEE 1Ry RAE M {ax, 1,58 2 KT R INMX T HE axo M1 axs IIAFIARTEGEH, IR F N AE A, Al Ay HILAE
ax: ACATTA RN axe ACANINAN-CIA) S ax, AN EEA AT EY R K, A A& AH G &
BRI B AR AT B 1 2R T R 1 A R R AN AR S B A B AR I AR B v 3 RE 8% E SRR IE AR ME O RTIR R
WD FF A A —J7 T, % 2 PR R R R i Rt TR —EJE THR—4 s(T,ChHH LR &
M A AT HEF, IR R s(T,CR) K — A~ 0 23,060 B A7 I A B B 2 (455 — S50 IR UM 7 58 B A 2 9
ZRWE T A5 B A AT B T ABLE R (070 2% B> I, B Bt AR /N, 75 BB R 96 TS C (1 — 4> MUPS.

1 A ax, oA IR A A UA T ng X 7R A5 56 R A A T I, 7R B A BB
rf A A A0 ON B4 W0 AR OB 4 75 BT 55 ng: {axy,ax,, axs,axy,axs b, H W ng 5 B I ARE 296 T A, B AT 2,
A N 0T R ARTEFE G T A AT AT 2 16, 75 B2t — 0 R R 1 B sk B0 R ARE 42 DA o0 TR A I T 3
RN, BRI ORTE R KT Ay AT R SR F T, 45 W, n X 52 A AR TE 4 B0y AN TT 6 2 T RTE4E T, 40 18] 2 Hh e HE
W BT R AR IR 4E {ax,,axX,,8X3,8X4,8Xs ).

] -1
nylax |

4 T

Myl 1y ax; |
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Fig.2 Terminology expansion process based on breadth-first-search w.r.t. concept A,
B2 RTHEA MERELEHERN T RIEET R~

33 ETREMEARZTNABEREIEEF

E— RO AR T dead Y RUNTR AR TESE R TBES C AWl 2, N — @Rkl T ok C l—4
MUPS fE & i T 9 FE AL e 19 R 5 B 25 I T i MU 2 A2 R dead 7 mi R FERLR. T 10 25 HH — A3t TR FZ AL
S48 R AW 1R TS B RO I R SA.

R — R TS C AR FIARTESEN T3 T IR R A A BLE T ARER R R SFE R RE AR
AR THE—DRT CHRMERE GVEN LT A r X CE DA AR XN THEE G hFHEN T HveVy

© TEBREEEEIEDT  htp/ www. jos. org. cn



BAVE 58T ZAMEA FIE & B 69 MUPS R T ik 3003

AR RARTESE T 1) — A 74 HE B E BRI Sl A ORTESE T Mg — MERE G(V.E.s), RHREM
o A9 R G A AR B 1Y) dead 19 LD dead 1 RORT 0 A T B A 35 EL AN 9% 24 B 5 A I LR AN RT3 A2
TARIEEE T2 B2 CAF TN CIUR [BIANRH 2 7 ARTESIY T, 15 W, 75 22 (83 1 5 5,45 2 56
PR R BUE B AR SR A N RF IR TE SR HEAT BE & C AT S MG R AR SE I R .

Bk 4 BT REMIALRI T RERPET R

N AT S CORIBE T,

Bt — AR 2 T RIERE T

1 ke1,T '«QW=

2 while W=T do

3 S«s(T,C,k)

4. 2s(T,Ck+1)\s(T,C,k)

5. if W=0

6 WS

7 select an axiom axeX

8 while axeW

9. Y«X\(ax)

10. if Compl(W U {ax}) is false
11. W«WU {ax}

12. if Compl(S'U {ax}) is true
13. if C is not satisfiable w.r.t. WU {ax}
14. T'«WU {ax}

15. else

16. while C is satisfiable w.r.t.s(T,C,k+1)
17. ke—k+1

18. T'«s(T,C.k)

19. return T'

20. ke—k+1

21. returnT

5 E— /NN BT 5 ARSI R A R dead 50 7 VE M bY, VR L B R A B B T M 5 R 4R
T RT S C R E G(V,E,r), AT dead 5 s LMLk M 1 FF45IE 7= A FFIRIBEMAE s(T,.C.kH.S A
B K UAE R B R BOR B A BRSS9 28 k1 I FH 2 35 B HOGR S T 0 A BAR & W AR ARG 4R W
N S(T,C.K), % TS AT AT — AN A B ax, @15 WU {ax} & B AME & AR ELE, B4 R 1ZARE LR T 508 dead
W5 PR TE R RS CAF WU {ax ) AR CII WU {ax} 1B 4h FR B35 L 24501 s(T,Cl1E
NT ARIESEAEATRE S C T MR I X B2 5 800E 2 — 3 WU {ax) T R 88 HAMAE 55 2 BR, 3 BT 20N live
WL B R ax AE TG E N B M FT W S AT E RIARE AR RN N — R IR R (A A

SIS T AR R R FOR A RS (1) 5B 7 ATIE R A ax [ AR A SR A 1 A AT HE R R AL
BEFMeEEmA M- 560857 HEE 8 1A BN S AE OG0 A -0 2 B 7 3847 HE P, T DLAR s A R
dead 17 S FE;(2) BVESE — RO RIS 4 AR UCE A FH 200 20 2RI A 75 2 o 0 BR, J32D F IJE 20 B 1) A
TAFEAHGR) KRN dead 1 AN R T2 AT A7 IE, L3 R FH pending 17 552 /7 b7 2

RHAZETREREWZTETE T RTHE A AL TARESE N R EMUER 3 Rl
ny:{ax, )T AR A A N 5 1% BRAR M AH SR 1) 8 LR {axg,axs ). TR axp 15 axy MR AHSG H. axy & A7 JR 7 HE & 1
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508 MR SE 4 axy. A2 T AT ng: {axy,axy b, R ny X R AR SR AN B TLAMH G A B TR B — 2P e R B A B AR
axg, 2B BT A N3z {ax,,ax,,ax,}.ns N EAME S ARG L, AW ng X5 R ARIE AL O T HES A IR 2 M, R ng X R
RIGEE {ax,axy,axe} KT Ay AR R, ZAR G RN T E FARIEBE T.07 UG IR E S RO Em]
DAY A2 11 /N B X dead 9 UK R ARTE SR G T HES A, AT R I B, b B 7 NS B0 2 — 8
AR,
4 EILHER

ARSI A G0 R FR 48 gk 4T Intel(R) core(TM) i7-6700 3.4GHz CPU;8.0GB RAM,Windows 7 OS, il 4= 44 i
MT 5 18 2 1 AT 3 2 MR AG DN 35738 3 8 B OWLAPI(http://owlapi.sourceforge.net/)SEE.
4.1 BTG

AR SL S HHE R I AR A AR DR R 1 A T IR RIB R R AR OO B AR AR A T
RIERE ST, AMM A 25, B SO R R 4 R MRS . M. M) BIAB(C/P), A T 2
B I LL B AR AR B ) MUPS H T 2 AN 501 T 3514

Table 1 The description of ontologies
= B[P N E N U E RN

1D Ontology Expressivity Axioms C/P/I UnsConcept MUPS
1 Economy ACH(D) 2332 339/46/482 51 3.6
2 MadCow ALCHOIN(D) 161 54/16/13 1 4

3 Chemical ALCH(D) 192 48/9/0 37 7.6
4 Transportation ALCH(D) 2178 445/89/183 62 4.4
5 Koala ALCHOIN(D) 69 21/4/6 3 4

6 Pizza SHOIN(D) 916 98/8/5 2 3

Tifi BL Economy A& (H Te &) B — ML Clover 4, A48 A 32 b #2 B B A AT 2 T ARABEEY R AL
T LU AR, 43 T O B 2R R (2 B AR T M 2 [ 1) &5 R A O 1 18 45 A B ConceptRel ) 2T
HAME S PIARBEY R 75 (Comp) T 9% AL et R (19 A #4445 7 VA5 (BFSminPath) DA 2 5 T R FE A 56 48
F I 2 PR PROH UL 5 75 12 (DFSQuick).

ConceptRel 5 Comp 7772318 MES A S IE B R BRI E e i R AR TE S W ARE A Te FIA AW EMEE
Clover,s(Te,Clover, 1 )={axe;,axe; },5(Te,Clover,2)={axe;,axe,,axe;,axes,axes,axeq} . Al LAF Hi 48 FH P 7Kk % 43¢ o B 1)
A 15 B AR T 6 L TR IE4E (axe,,axe,,axes,axes,axes,axeq ), H A1,

axe,: Clover & Fodder axe,: PlantAgriculturalProduct = AgriculturalProduct
axe;: Clover & PlantAgriculturalProduct axe,: AgriculturalProduct # disjointWith Fodder
axes: AnimalAgriculturalProduct # PlantAgriculturalProduct axeq: Fodder & OrganicObject

BFSminPath 77 %75 22 DUSE BEAR 26 07 Xy B W s AR R IBE SR R By R I FE M CloverC TH G A 52
T A ) A BERE S A G B A BRAE A AT 2 /T LB H, 5 CloverC TRERAH SG I A 3y {axe,,axe; }, %A G
SEAELAE ELAMHE G A PR, T ZAR SRy i 3k — 0 3, 75 2K (axe),axes} /E 9 R ) — A5 X2 KA SCE 3
T FEAREEY BT BAAAREE S DA —NA SRS C M & Ui, F A4 o it w4~
NI axe, 5 axe; A N—4AH Clover C Fodder MPlantAgriculturalProduct 2K 3% 7~ [K] 1t 75 85 5 4% A FLAR
TERFF T ARIBEEMABIAREEL REXS R S5 axe, AKX AN axe, 5 axeq, 5 axe; & AHxK
B A TN axe, 5 axes. I 4133 T RELE {{axe,,axe,}, {axe,,axeq}, {axes;,axes}, {axe,,axe;} }, X Lo A P& S H#AR
FEH AN DA H T TR LY J2  h {axe,,axe; } §7 B 15 B {axe,,axe;,axes} Al {axe,,axe,,axe;}, H {axe,,axe;} ¥ 15
F| {axe,,axes,axe, ), 3 — 1 ¥ {axe,,axe,,axe;} 3515 {axe,,axe,,axe;,axe, ). {axe,,axe,,axes,axe, } H 0 #5 H 4 5%
O PR 5 A WA T 2 A B T Clover 28 T RIE4E {axe,,axey,axes,axeq} A Al 2, iZ AR B LR A Te KT
Clover 71—/ MUPS.
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DFSQuick J7¥% % 2 LUR MR 77 X R s AE ARE R R EL Y R RREFE M CloverC TH 8,4 54
BT 2550 LA A B S A SR AR BB HAT Y R HXAN SRR & e B RS B AR ESTE —A 2
W59 XN ROAEEND S LAMIRME S S — DR EHMAR TUER,S5 CloverCTHE
AR AT N {axe,,axe; ), i 5 axe, BEAT Y R (L HF axe; LA LL). B axe, AT LAY & axe, 5 axeq, 1T axe, H 4
G EBRERF(CED M T CE —D H DE —C), ik axe,, {axe,,axe,} AN EHE EKMH ML ST axe, Toidk4k 4L
R T B W axeq tEI R T4 {axes axeq axes) N LT LM A & L axes Tk LES i, T )
WA axe; MBI MR E S H . H axe; 7T LAY J& axe, 5 axes. [FAEHE, AT LASE & axe,, KIS B FIARIELE (axe,,
axe,,axe;,axey,axeqs B F FAMNH ¢ A 3, 75 B4 W O ME & AT 2 PR B TS Clover X TR IEZE {axe),axe,,axe;,
axey,axeq AN A2, ZARE LR NA T LT BB IS 245 R,
42 REETRMHFGELER

TEARTTH FRATIIL T A SCH ¥ K 9% F MUPS SRR & BMMAEIETER 1 AR AR R R EE 4 -
S 1% B A A 7 AT T AR IR I 1 B E B AR T S AR SR SRR TR AT T HRLER 2 A T R
i ] ConceptRel. Comp. BFSminPath PA 5 DFSQuick iX 4 R4k 75 it A ol 3 2 T A8 S 8 M B A IR
—/> MUPS FJAN A 2 T ARAE SR B HERLHLIE A R 4,6,8,10 FU)HIFT AL U R TE R e R AN HU(ER 5,7,9,12
H), AR 2 B4 MUPS G R AL 11 5145 H 7 H DFSQuick 7732 I ) (8] 31 R B AE 4513 =
B G BERARGEE DIEAT B FARIBED Y BUE R 1) A B G FRHLME , Jo ik g5 H B AR i 4 B AL
FHUREL B e A B ARE 42 ot R AT HLAR G2 2B S BRAE R RN N RS SR 1) 3 75 2550 47 M2 ] 3 2 kAR
A5 JFCHE ALV R X B0 e i At 4 28079 1 AR LR,

Table 2 The comparison of teminology expansion optimization algorithms

x2 TARBEY RIS

D Ontology MUPS ConceptRel Comp BFSminPath DFSQuick
size Reasoner size Reasoner size Reasoner size Reasoner BackTrack size
1 Economy 3 2 14 1 14 1 3 1 1 3
2 MadCow 4 3 10 1 10 1 4 1 1 4
3 Chemical 9 8 83 1 83 1 9 1 % 19
4 Transportation 4 3 81 1 81 1 4 1 3 7
5 Koala 4 3 11 1 11 1 4 1 2 6
6 Pizza 3 2 17 2 17 2 3 2 a 7

MR 2 T DL AR SCAA I 3 AR Ak 5 vk A HE B LR P O BBORN A RS S5 M 7 T 34 £ F IR ) MUPS
RABITVE.

1) B WAREARE LR T L T AR IEEY M B A SO AR AL 7 78 R 2 808 0 N AR WA — do
HLRR AT A S AR 3 T TR MBE 0 1 D7 Y A S B0 B 2 3 T ) D7 MR S T 2 M AR SO AR R R R A 3 22 DU
AN A A BGE % T SO S AT X S A — AR LRI AT S BN A L T ARG T Pizza &
A, B8 B, 2 i PR 1A B IR AN T 2 A 3 MR AL T VA T IR B S ConceptRel 777247 [].

2) AR TFARIBES RN BAAZNMAREETE N, BT Comp 77k R 2% 88 B & c ik
PRBGHATY B E R A A5 ConceptRel 775 AH[F]. M #E BFSminPath LA & DFSQuick 7759 H Ttk
TR UGB R T R 1) A AR 3 T 5 B AR R AR TR BRI AR X 2 3K A5 AR AR FE W 4 P B L HE EE L
WA A A X Rk BT DL 2490 /b R iR MUPS I4AAT B 18], BFSminPath 5 v B 3% FH 98 B2 A S 48 2% SR g,
TEA T 2 T AR IGEY R B B a7 15 2] — /> MUPS B8 2111 MUPS M4/h T4 T MUPS MU 3548, 4 %
TATT R F AR LW AR B BB AR X ot nT i ] 3 R s AT ) A R

B34 T I BERAR(CR), T IAMESHARIEEY B 7% (Comp). 2T % MR R 1)
2 FRAL R T7 VR (BFS) PA B 8 T B AR 56 48 3 1 o SR A DU 48 R U7 VL (DFS) I, AN ATl 2 T RIE SR R Bz
ATBI IO G 28 _E RIR)FR—A MUPS R MIZ 178 [m (I JE 4 _A Rox). B 3 iR RRE 1 AR ARE
SR, PR IR AR IS AT I 8], B A7 N 228D (ms). AT LA AR SC 45 I 3 R4k 7 v 30 T I A 1 B & H R Uk, B
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BRI BLE 2% AR, e TR B 2, 0 T3,

M 3 AT LUE H,f# ] BFSminPath 5 DFSQuick B 3R fif MUPS (1312 17 B [A14£ F ConceptRel 5 Comp J5¥%,
T BFSminPath 5 DFSQuick % X AN [R] ) A48 44 Ho 2 22 e AN R.(T1 5 T2 2 DFSQuick 202y, Hofth A4k 2
BFSminPath %% %).BFSminPath FJ4L s 7E T REMETEA AT 2 T AR GRS BRI B B #8 2— A MUPS, b T
AR B 438 47 B [0, T S5 57 1 7% B 5 lEARE 4L R T A 3. DFSQuick 108 £ 7E T4 UCIE 55 R 502 R A 3
LA N TR — AR 0T ANTE 08 I T 19 5, ol DLPUE B 304N AT il B FAB 4R B S T SR B S A S
&, T2 R Be R B0 T R T ARIE SR A T R4 T1~T6 R, il id — RS A Gk S s B A
HESPTHIZAAHE T [H— MUPS B, DFSQuick 7 B 58 i £ K [, B A% 38 47 226 IRk, 7T DUl 3o A fk R
TEAE 1A L ] 4 20 RIE B AL NG T — AN RS CHE G HR RN FARIEE T $2
P 2 ()0, B A [ AR 3, ) 2 {8 F BFSminPath; T 2 T oh A BT 30 £ I, @ 338 DFSQuick.

10000 (R E
=CR A
1000 =Comp_E
= Comp_ A
i85 =BIS_E
=BFS A
=DFS E
10 =DFS A

Tl n 3 4 75 6

Fig.3 The comparison of runtime for terminology expansion and computing MUPS
K3 ARSI ARIE SRS S MUPS SKAF N )% E
4.3 KPEETE MUPS 1L

RO T SRABAIESE X T AT LM —A MUPS FIALAL T7 2. 10 I 9 2 AR R T2 3 £
FE T RAR— AT RS 1 BT MUPS (775 AR SCEE 3.1 AT A4, 006 1SR AT MUPS 7575
SR RGN 1) 7 vk AR R B TR A E 5 AU LA TR C N 3 Pellet HEFRMLH . AL
AR TE ST AL )7 722 5 SR AR B A MUPS [0 4k 75 1%, T LA E #2 8 F F SR BT MUPS 7k 2 1T LA
RO AR B AT R B 4 4 T S IUE B EBOR(CR) T HAMES AR EEY JE J7 ¥k (Comp) 3T 78 1%
S d8 2R 1) A BRI £ U7 VA (BFS) LA S 5 T IR A 2 48 2% 1 0 BRAE PJUidi 44 %% 75 1% (DFS) b F 2R fig BT 5 MUPS
(7 VLI RIS AT IR TR (N5 45 ALl R SR R4 %8 MUPS). [ 4 th i R om 2 1 A RE S5 O\ 6 R 8 47 I
8], B ZE D (ms). 7T LAE K AR IE SR R AU M 7 vE 7T DR AL SRR BT MUPS  FIAE 55 AR, T ek AR 4
K E S FR 0 A FL RS B G0 T3 R0 T4 2 PR R BT 52 28 AR 4k 18 6 A B J R SO BB AT L 34

100000 = CR_All
= Comp_All
10000 = BFS_All
= DFS_All
1000
100
10
I

T 2 73 74 75 To

Fig.4 The comparison of runtime for computing all MUPS
4 AFEPACTERMEHTE MUPS H I [0 LA 5L
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5 B £

KL A BEAME S AB LN R B T — MR 2 FAREEY BN TG 5 AR EEY R
38 2R B, 43 00 SR 7 FE A e R AR FE AR e R SRS R T R FARIB R A T EAMB S AR IEEY
J& J7 VAR A W A 5 46, B T MR A B 4 AT R PTG A PR AT I, DR Ry T A AL PR U P IR L T R AR
T R A LR R B ER AR EER AR FAREEY R R EE T dead T8, 1Z
T R R T ARG ERTE K 24U DL T & — N TH 2 T ARE 80D T ARIE S AR B B I B4 . % B AL
S RSB B R TR ME R R BCRBR A EE S PR R A BT ARIEEY B, AR D THEE
R R AR AN BB AR I AR TR R AR S8 5 R L AR A M ARTE SR AL TR — B AR B
KA MUPS [ R0R.

References:

[1] Staab S, Studer R. Handbook on ontologies. Int’l Journal of Information Management, 2009.

[2] LiP, Jiang YC, Wang J. Modular ontology reuse based on conservative extension theory. Ruan Jian Xue Bao/Journal of Software,
2016,27(11):2777-2795 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4920.htm [doi: 10.13328/j.cnki.jos.
004920]

[3] Doms A, Schroeder M. GoPubMed: Exploring PubMed with the gene ontology. Nucleic Acids Research, 2005,33(Suppl. 2):
783-786.

[4] Yang YH, Du JP, Ping Y, Wang J. Ontology-Based intelligent information retrieval system. Ruan Jian Xue Bao/Journal of Software,
2015,26(7):1675-1687 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4622.htm [doi: 10.13328/j.cnki.jos.
004622]

[5] Baader F, Calvanese D. The Description Logic Handbook: Theory, Implementation, and Applications. 2nd ed., Cambridge
University Press, 2007.

[6] Kalyanpur A, Parsia B, Sirin E, Hendler J. Debugging unsatisfiable classes in OWL ontologies. Journal of Web Semantics,
2005,3(4):268-293.

[7] Schlobach S, Cornet R. Non-Standard reasoning services for the debugging of description logic terminologies. In: Proc. of the 18th
Int’1 Joint Conf. on Artificial Intelligence, 2003. 355-362.

[8] Schlobach A, Huang ZS, Cornet R, Harmelen F. Debugging incoherent terminologies. Journal of Automated Reasoning, 2007,39(3):
317-349.

[9] Kalyanpur A, Parsia B, Horridge M, Sirin E. Finding all justifications of OWL DL entailments. In: Proc. of the Semantic Web, the
6th Int’l Semantic Web Conf., the 2nd Asian Semantic Web Conf., ISWC/ASWC. 2007. 267-280.

[10] Baader F, Pealoza R. Automata-Based axiom pinpointing. Journal of Automated Reasoning, 2010,45(2):91-129.

[11]  Ye YX, Ouyang DT, Su J. Entailment-Based axiom pinpointing in debugging incoherent terminologies. In: Proc. of the 2nd Int’l
Workshop on Semantic Technologies. 2015. 105-115.

[12] Baader F, Suntisrivaraporn B. Debugging SNOMED CT using axiom pinpointing in the description logic EL+. In: Proc. of the 3rd
Int’l Conf. on Knowledge Representation in Medicine. 2008.

[13] Reiter R. A theory of diagnosis from first principles. Artificial Intelligence, 1987,32:57-95.

[14] Schlobach S. Diagnosing terminologies. In: Proc. of the 20th National Conf. on Artificial Intelligence. 2005. 670-675.

[15] Friedrich G, Shchekotykhin K. A general diagnosis method for ontologies. In: Proc. of the Int’l Semantic Web Conf. 2005.
232-246.

[16] Shchekotykhin K, Friedrich G, Fleiss P, Rodler P. Interactive ontology debugging: Two query strategies for efficient fault
localization. Journal of Web Semantics, 2012,12:88—103.

[17] Jannach D, Schmitz T, Shchekotykhin K. Parallel model-based diagnosis on multi-core computers. Journal of Artificial Intelligence
Research, 2016,55:835-887.

[18] Parsia B, Sirin E, Kalyanpur A. Debugging OWL ontologies. In: Proc. of the 14th Int’l World Wide Web Conf. 2005. 633—640.

© TEBREEEEIEDT  htp/ www. jos. org. cn



3008 Journal of Software 333K Vol.29, No.10, October 2018

[19] Kalyanpur A, Parsia B, Sirin E. Black box techniques for debugging unsatisfiable concepts. In: Proc. of the 2005 Int’l Workshop on

Description Logics. 2005.

[20] Horrocks I, Kutz O, Sattler U. The even more irresistible SROIQ. In: Proc. of the 10th Int’l Conf. on Principles of Knowledge

Representation and Reasoning. 2006,6:57-67.

Mt o 325 %5 ST

[2] ZEBE I 7K, 905 TR <7 4 78 F R I A5E HAb A ok A 3001 2% 410,2016,27(11):2777-2795. http://www.jos.org.cn/1000-9825/

4920.htm [doi: 10.13328/j.cnki.jos.004920]

[4] ¥ 8T PR T AR Re 5 B R RG24 1],2015,26(7):1675-1687. http://www.jos.org.cn/1000-9825/4622.htm

[doi: 10.13328/j.cnki.jos.004622]

BELE (1986 —), 2, 5 ARE AT 1 4 UF
Jifi,CCF &k £ 5y, 3 B 70 408 A i
Web, H s #EHE.

= (1977 —), 95, 1 A PR, 3 ZERT TE
U IR P58 ) LI R

KR E (1969 —), 5, 1+ ¥4%, = 2L
AN R AE 2 AR B

01983 —), B, 18 14 Bl #4%,CCF Lk
£, B AU N T AL R
KA.

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



