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RDFS Schema Extracting Method Based on Analysis of Constraint Dependency
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Abstract: The reasoning performed to verify the correctness of the RDFS ontologies is the task with high computational cost. The task
will become more complex in the scenario of existence of additional constraints. This paper presents an approach that can extract the
RDFS schema without changing the reasoning results. This approach is based on the analysis of the dependency relationships between the
constraints. To capture the precise semantics of the RDFS schema, firstly, the schema elements and the constraints are formalized into
first-order formulas expressed as disjunctive embedded dependencies and the constraint depandency graph is established according to the
interaction between the constraints. Then, the strategies for deleting the edges and the nodes that are irrelevant to the reasoning tasks are
applied. Finally, the RDFS sub-schema is obtained through the reconstruction process. The proposed approach enables the reasoning to be
carried out on the extracted small-scale ontologies. The experiment results show that the proposed approach can significantly improve the
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efficiency of the RDFS ontology validation. Compared to the reasoning time, the average time (0.60s) consumed by the extraction process
is almost negligible, while the efficiency increasement ranges from 2.00 times to 22.97 times.
Key words: RDFS (resource description framework schema); constraint; ontology extracting; dependency analysis
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Fig.1 RDFS schema for the relation between teachers and courses
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Fig.2 Extracted RDFS schema for checking satisfiability of teaches
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Fig.4 Constraint dependency graph established from the DEDs in Table 1
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Fig.5 Reduced constraint dependency graph for the target of checking teaches satisfiability
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N TH DA BT 24 i Bl A ) SR LA 6 SR ) 2 AN DED dy R dy A R HEAT .

d1 dZ
_____ | g_1 ;

Fig.6 DEDs for deleting non-dependent edge
6 W ERARHOIL H 3 ) DED

4B 2.1 AL TC AW, A oo 2 A [R5 18] 1H 48 70 44 AN () 1R iR, D81 e o SR A7 7 AN R 1A B 4
O3 2 91=0, 0.4 EBETT A e AR T a Ko AR S en, B increment(r)Z& IR f(rn) BT AT B AR
TCI A BLL 7R ()t B AR fen) IR IW BT B A2 ST Il 824, H increment(a) R m HILAE a W
increment(rn) 1 748 B T i, o B 1~ 2 3 (1J40F A s

EHR L. AT B 6 i f(rnz)eech(cnl)uf(rnl) Hrh domain(&,)cincrement(rn,), 321 [gy, 0,152 TR #5i2.

KRS Hb 3, R f(eny) ar W N f(rng) (9 SE B EAT A& ST, f(rnz)Rﬁ R ROL D E CAST fen)uf(ry)
FhL BRI R f(eng) TTRE E T f(rng) BES N A2 4 I, d, MR S 43T 58 1 o, DED 1 F1 DED 5 Z X Rt E
TR AR O, DR 0k AT 2 T a0 2 T A A B 1D A A .

EE 2. XTI f(rng) B flony) BT B e 0, ¥ AEAE B # 0, Wi f(rng) O,f(en) O\f(rnyg) 0,', 3L 7,
domain(@,)cincrement(rn,), U321 [g1,0,] & ALK H12.

% 1 "1 \DED 1 1 DED 3 Z[uJfoC &R TIX R g0, an Ak 1'3EY DED 3, DED 3 /il ffmiA
TeacherName 5]/ WV hisdE sk (D T DED 1 stk il — A LRz mE2000 | hag—
TeacherName [¥) 52 41.1% 525 45 ) T Teacher(t) ¥ 4% 7, X1y 1 3% /& DED 1,3X 58 % AH1Z.

EFR 3. WA T xeincrement(rn,) 1) 58 SCIZ TE 55 1, . gy 188 x,f(eny) A7 LE 1R 1] p, 115

assignmentupper(f(rny),p,x)<assignmentlower(f(cn,),p,x),

*ﬁlﬂ%ﬂﬁm JEPE 3 #ﬁﬁiﬂ’]ml&ﬁé HIE T e T LS I f(rng) 12 52 dy )2 2850 x BT T 8T (e, R Ik i e
TREA LTS dy B E A7 A5 A 2214418 TeacherName(t;,n)ATeacherName(t,,n) ¥ DED, i1 T-14 & DED 1 f#id #%
B Teacher T (144 7 AN SALAT LA ME AL, I L DED 1 {8 &K IE A2 3 51% DED T

3.3 jHFDED

T LA E BB 4 W B DED SRS T 4 RUE L 5 XN T A 1.2 W R TR A 1 AR oL, 0 e 2 6
W55 28 2 Al e ARG . BT T, B 4 22 58 2R 6 TR UE B I

EIE 4. AEARKHIE G M H XN K DED 4£4D,4 cn j2 41 A H fen)=T .4 T fen)=T K{EE L K
1 ony B ARAETE M ey B en [ %4%, WA D R on TR DED J5 13 8 44D 5 DIV vl i 42 v & 24 1.

WIHT TR, SWC 55 DAL i AL 1k S 254 i, DR S FH 52 B 4 ) 240 S5t 1l 3k A7 0 24 T 0 4 O AN 2038 SWC Y

T A A 5 L

EIE 5. 4 E A RME G M H XTI DED 6D, 4 p 2 HELTEL ST 2l on (Axid flon) b il 1, 2R

XTI E S 55 merepair(en), f(rm) H#BAE S p, D ER cn BTJE DED JE13 246D 5 DIVl i 2
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PEIEEEHT .
IR 6. 4T AIRMKHIE G S H S i) DED 4E& D0 TAER LT AL on, £ A7 (E 12 17 11 rnerepair(cn)
H. violation(rn) 24 25, Ul NDH B cn fitJ& DED J& 3 2 (155 5D 5 DIl il 2 2 250 1.

4 RDFS #3X B EMIE

T 3 R AOAZ O JE AR 2 57 J5UUS RDFS A58 38 1 4R 1% 1 48 N A 5 76 T A6 O R B P R B BT 44
HE e, 23 1) RDFS #5230 H &, 38— 8 I -5 i 4k 19 29 SR B Hh 45 A1 ) 6 R 1) RDFS AR o 2500 36
IR ISR AN U 1] K 12 2 8 D03 T 4SS 2 0 3 7% 8 10 88 1 1) A 908 3 g 2 (L R e D TR 3142 288 (o R 1% 28
BB SR A7 AR, U T 50K 30 N ) 5 2 R 2 2 T 14 S 06 s A 1 A A 1 1, L S SR I ) 2 2 D [ 0K
IEG B AT (0 S IX e 28 A0 B A X AN AT A, U 5 Ze b BTN ON ). 7 B 0 I b RS i R A A e /N i
RIEH E S P/ e b 30 O T v 45 81 s ok, DR bl P S o R X 8 4 TS T 40 RS Jon kT A
5 1f) RDFS A58 2 B Jo 4 167 14 10 240 SR Pl mp 81 4% 1) PRI 240 R 4 S A T T 2 SRS il RDFS 361
TE 20 AR AR B IR AT 280 8 2 VG AR AR I 0 A7 A5 R R 2 K 20 SR 1Y) DED, MR8 B T A8 Ik 7, 122k
PAK T J8 PR S PR ¥ B n, R L AT A B B e 2 T gk Ak 5 o T AR A, th T35 R B2 A0
JE M FIRE 478 0, D5 B 240 55 DED S B {6 J 46 A 1B T 40 A 5 A QB AT

LA 5 o], FT R it ) RDFS B i 2 fios.

5 SKHIRERER

N T BE A ST A S AT R TR R G AT T B 400 IRIRLIN ST A T E SRR TE Intel
Core i5-7400. 4GB P 4£#1 Windows 10 #:4E 5 4t (88 T AT (1. 558 X HL LUBM-50. LUBM-100 FI DBLP
5 Sy Bt 46 3RATT 23 SME FH P R HE R T AL StardogICV #1 RDD CHECKER, J1: LAZ 25 184 it 53 % 2 0 77 s AT 7T 3
SE ARSI AE SEIR L FE b X TR RDFS AR IRATT 73 I BEHLE B 3 /70 28 A DU & AT 116l s 2 15 0 T A
T3 IEAEAT 55 52 20% JE 0 B 10 N 15 0 R B R B, 06 T T 3 B O AN O B AT TR R T s AN B 1,2,3,..,12
R ) T S A, IR e Al S AN BRI L B L AR T 1 AN B A AR 7 4 T R I AR AT R T
YGRS AE BT B TR 2~ 4 .

StardogICV
GraduateCourse EmeritusScholar takesCourse
: e :
oo o o=2—0" ----o-"":"' ----- fo—o—o"
. I ¥ o e lexLr -
RDD CHECKER
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u| - w
£ 5 E "
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Fig.7 Checking times for LUBM-50 elements satisfiability
7 LUBM-50 7T % ) nJ i a2 A4S i 1)
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Table 2 Summary of experimental results for LUBM-50
&2 LUBM-50 956 45 BT 8

GraduateCourse  EmeritusScholar  takesCourse
P34 RS [F] (ms) 503 498 491
DED(% f# i) 276 276 276
DED(% ¥ J&) 36 57 42
B 1 2 6 6 5
I ) 1L e e 13 9 12
T3 ) B e 9 12 9
M 1 288 J 1 J 2 T 18 14 13
StardogICV -4 it [ (41 HL i) (ms) 3705 766 2124994 2913 637
StardogICV ~F-2J I &] (il L5 ) (ms) 766 483 613 410 440 126
PR T 4.83 3.46 6.62
RDD CHECKER - I A (e X i) (ms) 690 580 683 655 687 342
RDD CHECKER “F-J it ] (3 Y & ) (ms) 30 062 73 442 72 428
SRR AR T 22.97 9.31 9.49

Table 3 Summary of experimental results for LUBM-100
3 LUBM-100 SZ56 &5 90 5

StaffMember  SocialService hasWeeklyBreakup
ST HIEE E] (ms) 948 918 983
DED(Z4 i i) 513 513 513
DED(%fAj J) 96 112 87
UIEINES 14 11 16
T3 P e 37 34 41
TN B 11 O 156 g 19 16 14
TR 1R 2 v 2 Uk 26 30 26
StardoglICV “F-34 I i) (4 BT ) (ms) 6 940 067 8311 574 6731248
StardogICV ¥ it} ] ($ili B J& ) (ms) 613 623 424 468 333726
SER R EAR T 11.30 19.58 20.17
RDD CHECKER -~ it} [&] (4 HU ) (ms) 991 694 911 236 903 458
RDD CHECKER T~ It} [&] (41 Hi 7 ) (ms) 87 010 396 421 278 845
SER) AR T 11.40 2.30 3.24

Table 4 Summary of experimental results for DBLP
#F* 4 DBLP sS4 RILA

Edited publication  Conference section

Conference date

ST Y IR 1) (ms) 371 394 396
DED(Z i) 187 187 187
DED(#ifiiJ&) 54 46 46
JIH B 1 25 2 3 2
TIH) e P {1 2 3 2
T 1 DG 16 o Pk 12 18 19
T 1 2880 ) 1 J2 I 27 26 22
StardogICV ~F- 44 i [ (Hilt B i) (ms) 1286 413 1135 423 1448 786
StardogICV T~ 34 i ] (4l 1 5 ) (ms) 631 534 568 306 627 180
SERISCER LT 2.04 2.00 231
RDD CHECKER - i} i (4l X i) (ms) 360 410 753 335 807 792
RDD CHECKER -3 i [] (i HX Ji5 ) (ms) 19 633 61 836 142 217
SERICER LT 18.36 12.18 5.68

ST LUBM-50 A4 FRATBENLE S T 3 A Jc%:2% GraduateCourse. 2% EmeritusScholar #1555t JE 1

takesCourse. & 7 45 H T R _F 3R 50 28 R M AT IS AL B, S0 (B 5 0 T A5 ) 2 TR A S U A A i
Ja AR B3 AT I 18] 0] DL, G186 % T StardogICV i8 /& RDD CHECKER, i B i [ I I 18] 1) /)8 1 J5 4 i
Vi) LB = 54 A B 1 398 o 3 P B 59 38 K AR U7 VA4 LUBM-100 1 DBLP RIS T 5B 7 2L AT I8 1A)
S50 PR TR, AL B 2R 2 2 AE LUBM-50 1) S50 45 SRV & 48 IR R 19 29 SR8l v DED 14 H & AT )i
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A 0.50s [ e ER IS [ rp 45 21 i e, 2 36 45 SR Al B R T $ UG I AR A4 b B AT ARSI BT 7 1 TR) 38 B 25 /N D
Vi) BRI (9 R A TE N 3.46 58] 22.97 5SS 5 2 A LG S ) )L 0 LLZNE 3R 3 FZk 4 43l gt
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6 FMXHR
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VB TR 4 R LA B S48 43 A 5 0 10 St 1205 30 T A DG SR BSORI A rp S A R T R R AR e 3
2T 1 TR R P, AT T LA A S A Rl A8 X P 0% 8 76 36 RE T o) B2 M3 1) M RE kA7 HF /7 Hasant M2 1 17—
it RDFS #E = 4hB 0y vk %7 R TT R0 h 3 JE S Rk . AU A 5 B ik &t s d A ol 8 LT
ok 30 AR U, AT 97 325 1 R 57 4. Sejla 2 NI T Pl ) 2 K80 5 004k ¥) RDFS A8 ik By 2%, Bt A
I R FEE 1 5 SR A AT 162 T P L B S v il SRCRIORS A Bl I oA 43 e X7 — R A HE ). i mT LA v Ak S
FHF I o e B A 452 2 (R 7 RS i 0L R 45 3 BORTR B M 10 5 | b 9% 5 2 kb T e e B A0 LA 58 (9 H 4
5% BE SCHR[9— L1 AU AN 22 b AE T2 — 7 THI A B AT R T AE T4 (1 T USSRl 2 b, DRI D vk 4 A3 7 A 9 i 1,
P SWC AE AT J5 15 LR 55— 5 T, 1 3d 5 1070 b BRI 2 rp 8 80 AT 2 B8 240 B AR D, DR T ¥k b B
AEAEE I L S . BLoh, FRATT 8 7 10T F A Ao 9 B T L e o A L AT DL 1S R B4 b 7 AT DAy
Sl i b3 4 AR AR A HEAT Rl I 10 S PR FH A SR T i 1k — D B A 1 sk R

T T K AR A TG 2 K1) 43 B ST G 1A A6, RDFS . AR A4 43 DX B AR o Vi BRI E AN [ 1 3 X B A7 04T, D
11 38 Ay 42 ot A R 566 00F A0 (10 55— bl S % Martin 25 T2V MY T bl i T e 5 9 AT A0 0 0 £ g 3 T LK
RDFS # 3 4 X A 8 LG K 1T H AR A /AT 1 A4 X2 Al i A2 1R, D) SR A 40 2 Wl A2 119 0% 77 Y 1) = st
BEALE T 24 SRR s 0 AR A AE (R LR JE IR AT 40 DX 4R B BEAN L O 52 2 C F A A7AE 1 ASSERI, ) C %
AR REAS 73 DX (BRA SR C g AN A il A2 1, DU A A e, 2 AN RT3 A ), B A 3 X8 I S T il A2 1)
TAFAN 3 DB T SUTE K, DR P — (0 b 3t 2 AT 1 A4 IX . Georgia 25 A PBI U 075 15 1 56 M4 RDF %%
i 0 AF DG 3 P 1 o T B 10 G 35 AR DA A% 0 T i MR 0 50 -2 T 0 A0 e o 1 4% 6 3% 4 T B0 24 1R A% o, M T A4
3 AR RN 43 IRV AT AR AT 583 /N T L B 1) 4 X AR T Pl T [ — 5500l 43 20 L 31 22 AN 40 IX, 12 05 1) 3
(1953 DX TUAR PE R, I HAB B AT 25 B AT AR AR B 20 R (0 1% 7 SCHR[14] 82 T —Fp 5k T35 U AN 1) RDFS 43 X 7
00 5 R FH SO 6 SR SR R S 0 AT HE T S AR L TE SR R AR AN IR R B IR R 38 S B R
5 SCHER[L3]288, 1% 7 v A A 25 e £ SR S A, SCHR [12— 143 [R] 1) i B I 7F T 380 A 32438 43 X Il 2 1) E A
PEI T SCARAE . BATTIA Ay 32— AN T K I B B, DA Ay A 4 56 I 249 5k 7™ A (1 4502 L i, 0 TE VR R R 45 SR
52 R (R 0 443 DX AR il A A 50 U TR AN A IS .
7 4% it

N T HE ARG UE (0, A SRR T —F RDFS 824 7 vk 45 2 RDFS A5 2CRIARE R I (¥ B4, 1% 07
TRAE AN SO 4 AT 3 AL T (R AT B R, T DGR [ S5 N DS s A 1) AR % VR R e RDFS BB Ak h
DED M4, 145 1 2 37 24 HOAROM ] 4 4 AR AT — R A 3R VE N B I (OB A1 DED; = il i i 8 RDFS
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Il Sk 5 B RS 2R, FLARR AR T M 2.00 5 21 22,97 fEANAE.
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