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Schema Validation Approach for Constraint-enhanced RDFS Ontology

ZHAOQO Xiaofei' , CHAI Zhengyi' , YUAN Chao® and ZHANG Zhen®
1 School of Computer Science and Technology, Tiangong University, Tianjin 300387, China

2 School of Software Engineering, Tiangong University, Tianjin 300387, China

Abstract The constraint-enhanced RDFS(RDFS,,, ) ontology overcomes the deficiency of RDFS’s ability to describe constraints.
However.the introduction of constraints brings challenges to ontology validation. This paper proposes a decidable schema valida-
tion approach for RDFS,,, ontology. This approach is based on analyzing the dependency between constraints. First, the RDFS,,,
schema is transformed into the first-order predicate logic expressions,and the checking tasks of the characteristics are trans-
formed into the satisfiability checking of the first-order expressions. On this basis,a constraint dependence graph reflecting the
mend-violation relationships between constraints is established and made necessary reductions, we then derive the decidability of
the schema validation tasks by identifying the finite loops in the graph,and finally validate the schema by reasoning on the con-
straint dependency. The contribution of this paper is twofold. On the one hand, through the transformation to the first-order ex-
pressions and the reasoning based on the dependency of the corresponding first-order constraints, the proposed approach has
strong applicability,especially the constraint dependency analysis can minimize the number of backtracking,thereby ensuring the
efficiency of the validation process;on the other hand, because it is independent of any specific constraint modeling language, this
approach is also a general solution for analyzing the decidability of the RDFS,,, schema validation tasks.

Keywords RDFS,Ontology validation.Constraint dependency,Decidability
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Se U St 12 B R A W AR A R T T 2 R 2 Y AR
G Bln, — AR R T R, R FEE— A
WRTA AR AL S E D —42 CLHH RDFS iR, W Fx
J CREMIH RN, RDFS B0 IE 5 K 1 3 B4 24 1 0 45 &
B4 T DL B A IR A

i F RDFS $§ i 29 3 68 J /9 K 6, 3 4F K 78 RDFS %5
HE AR BT A 25 SRML I B — AT EL A & B 7 1
bl A L0 1) T4 4475 - Nandana'™ 5% FH R0 9K 36 09 £ A, F1
B F AR Ry RDF 29 50 2 k L 3x 26 29 50 A] DL 4L & AL RDF-
Shape, 3 T # 29 9 38 3iF ; Chmurovic 2557 41 ) B 4k 24 o 15
% SHACL(Shapes Constraint Language) 7€ ¥ [ RDF 24 31 3
FWF5E . 6 SHACL 293 # Datalog #0025 & 3 — 2 . K k6
0 e R0 A A 2 TS L P T Rl 2 s S R S R
Garcia 55044 T8 4k 22 35 Ui F ShEx (Shape Expressions)
SCHY LA R AT L BT 42 A O 17T DUAR 4R RDF B4 48
B9 S5 KRR AE 2 [ 20 3t b 24 5, O SRR 8 o AR R E A X AR
A4 HEAT B8 IE 5 Fernandez 1% 3% ] — Fb 3 4% 45 72 A1
U3 A 2238 UL R HAE RDF 293, % AL 8 40 & 1 5o 4 as
B BB ARG R E A TR AT
BN RS W o O e oI R T R W R T R i
T ESC8 5 1 - Robaldo %6 F & T % F [l 2 4E 4 2 ( Answer
Set Programming, ASP) A 3% 4iF T. B DLV2M', % T B g%
f#AT RDF SCHE 49 i = e 419 11 3ok Hos ey ASP =
S T REARF 56 1 AL 249 T 20 Ak g — B 2 4 0 . Prud 4842
T FHIR™ IR F B Y7 A 4t . 12 T H 9 F DUSRE
RDF 4 J& 5 £F & FHIR BU3E P42 LAY ShEx #8, N T 1
R84 1 (Continuous Integration, CD) 3 55 1 # 17 RDF %L 4t
B UE - AT 6 % B85 76 5 vk 1% UG 7 5 o X — B, Publio 55
H & T Ontolo-CI™* % T B 1] LU AE R 25 05 37 A9 A & SC 1 1
BATHUE LS H & LY ShEx 8 1E,

subClassOf

domain

domain domain

| Member | |Supervises|

range
K subClassOf K
WorkingGroup eachingGroup)

E 1

range range

Fig. 1
B 2N 2 B R o RDFS, #3548 7 1 61 (StafD
FIFR I (Division) Z 8] B 3¢ &R . Staff BE W] LI 3% 38 BY 5,
A PRI T R A B, B L 2 HasStaff #1 IsManagedBy W
Fift %ot 4 ) 4k S 15 ) Division. FEHANAY 4 43R EIE 213 43 510
PLBE 52 : Staff Fl Division il i IsManagedBy A 3¢ B¢ i+, 52 4]
BRI H (L9 1 M2y 5 2); Staff F1 Division i 53 Has-
Staff H SR, S B0 A BR ) (295 3 FZY3R 1),
i AR SCH 7, 3R AT & BB 1 X Bz ) 2 SR K 8 ] R A
TER T A P BEAE T BRI . fR T A I S 0 M % mT ol
P TR AR SO AT P AT 55 3 m) Ak o — I 18 1 32 4 Rk X

FIA T A EIE 4 (1 RDFS A 1438 5 Bl Bk o 29 50 3 i 1)
RDFS A<, B} RDFS, AR, ply 3058 th 55 b i) 24 o) 5% 14
HA 2RV KB etk AR B 2 3K 1 51 Al 5 RDFS,, i
) 38 TIE [V 75 45 8 i 42 2% 8 2 0] BB S SO AT 45 78 S AS AT )
FE Y, GRS CF bR B 5T RR Bl R o o S A L
G IE ) B3R AT ) S M 9 v Ak xR Xt AT 6 SE 45 R 15 2
R Ay e e, H AT © B RDES,, A% 1A 7 855 45 35 Y WF 5% 4
Mz,

BT T A 1B T 50 TIE AT 55 100 T 4 e A R R
AN IR TR) 8, AR SCHR Y T — A 3k T 2 SR A AT B T 9k
R T HE RDFS, B 3 B F5 A6 0 A9 B0 29 48 — F — Fh i SCHE 3¢
T E e A — B i 2 4 R ik o, AR e A 8 i
ST B SO A B SR i R R AN R R BT T
LYP 2 8] B8 5 -5 0 O R I 40 a8 N7 R G R A 2 BRUIR
FPEL . O T S BRE 2 R T0 5 A A AR, R AT A T 2R
MRS T 1 24 7 S W, R I 38 3k TR0 P R A BR B Ok 5
i) R4 T ) L K T — Rl 24 R S s T R SR W L AT 4
T A% TE X AIE

T SCCHE A WA ok AR PR T . 1 1A ]
Fi) i RDFS,, B 4 38 T 200 ( Teacher) 5 # 2% A1 BA
(TeachingGroup) Z [H] i 3¢ 5 . 2T AT DL 205 A1 BA & &
(FH— B % J@ 1 Supervises £3) , WA LI RHFEHERXR
R 2 27 1T BA B B P 28 ) %) 42 0@ P Member 7). BN g 3E
[EIJE 29 3043 S BR ] B4~ B A B R e — B R (AR
D s B NE D PH — 2 B (B 2) 54T faf 2802 H BA
WL 5L R RB B B & — & LB T 48 55 (A BT 3) 5 B M 0 2+ H BA
BB 3 1 00T S 8 2 12 1T A i B =2 — (3R 4D 5 4 L BA
MR ABEACHIEAC (AR D BN HUERANPELH
— %4 L5 SR 1 A 1A BA R oAt R R TR BRI (A 6) . BT
AR — etk AR EE 4 R S L — B i i B A R E R .

Additional constraints:

1. TeachingGroup((;)—(37)Supervises(7,(7) /\ Teacher(7)
Supervises(71.G) /\Supervises(75,G)—=1=1>

2. TeachingGroup(G)—(37)(IM)Member(M,7,(7) A\ Teacher(7)

3. Recruits(M,,N) /\ Recruits(M>, N)—M,=M,

5. Member(M,T,Gy) /A\Member(N,T5,G5>) /A Recruits(M,N)—1,<>T

4. Supervises(7,(7)—>~(3IM)Member(M,7,G)

6. TeachingGroup(()—(3IM)(IN)3IT1)(3T>)Member(M,71,G) /\
Member(N,75,GG) /\Recruits(M,N) /A Teacher(7}) /A Teacher(7%)

il 3R H R L T BA 2 [ 56 F ) RDFS o 153K

RDFS(.) Schema describes the relationship between teacher and teaching group

BRI i A, PR W7 DA HE (S 7E 3% RDFS, B X i i 1A
B AE 55 34 02 ) 40 (9, FE ik SR Al B T B Y A D A
TR S 25 SR W BT vk R A0 TR A v T b xR S AT
E. AR ] 2 % 1) 29 SRAR g Il v A AE 2 A BB i 2 —
REA BRERE G 75 7% RDFS,, 838 i g [ 3R 30 iE AT 55 2
AATHER . bR LB 2 o A X BT — A4 B E-R
BEAY, Lenzerini %51 € G UE R T 789 E-R AEAL SR OC &
Tl A AT 5 R R T L ZE TR AT T R
Ui WA 5 vk 00 0o 8 SO Akt .
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Additional constraints:

1. Division(D)—(3S)IsManagedBy(D,S) /\ Staff(.S)

domain domain| = o\ fanagedBy(D,81)/\ IsManagedBy(D),S5)—S1=S»
’ IsManagedBy ‘ HasStaff | |2.Staff(S)—(3D)Division(D) /\IsManagedBy(D.,S)
3. Division(D)—(3S1)(3S,)Staff(S;) /\ Staff(S,) /\
range range HasStaff(D,S)) /\ HasStaff(D,S,) A\ S;<>S,

4. HasStaff(D,.S) /\ HasStaff(,,S)—D =D

P2 SRR AR 2 8 5C& 19 RDFS #E5
Fig. 2 RDFS(. Schema describes the relationship between staff and

division

2 AFRIRBERTZEREME AT R BER R

2.1 ARKRBEBFTAIBEER

PR F i e s FR AR 5 4% 30 3¢ 2 %% V) 9 32 58 ML k4T
ZANG,

AILMERER AT AR o T PGy REA
Fon ANy oo, B L RICN PG, AR —A TP
BA ¢ IR B MFOZ R T AR T, BT PCoO RHAE
JEF— PCOGERR R ST EH

—AFRUETFRISEIZM 6 A Ay —H (m=0) 1y 3K
L HARHHET A G RCFE. HM N N, 5IF R
FRUET 4193k GE 9 head ($)) FI{E GGEA body(S)). MR %
FAR A R BUME A fE TR0 AT ik — 2543 o 3 FJE .

(DFEL . HELREIL M —>PA) Mbs e T a, Al {5 R
PA) FHh PCAY I T, #H40 Teacher (Lucy) #l Mother
(Lucy. Linda) f& 43 BIBEA Lucy ZZOM LK Lucy & Linda £y
BB S,

() LEFIN FHEEFMZIE W 6, Ao N, > P (1) (m=
DA b 7], e PR 2R 00 B 8 U IR 4 . — NI
W& P SRS P RS RT B AN A, Hiln
TR 2 ARSI E LT i3I 4 Aunt:

Sister(x,y) N\ Father(y,z)—>Aunt(x,z)

Sister(x,y) N Mother(y,z)—>Aunt(x,2)

D&M EMERIEM 6 A N, — 1L Gn=1) BYARMET
), FRAGE R RE R IR . B, & AF Aunt (s 3) A
Sister(x,y)—>_1 T~ Aunt (x5 y) F Sister (x, y) KA BE [F]
BB 2 o AT AR =X 9 — B 3% 4 2R ik =UHR T LR BR A5 TR Y
Ao 5 2 E M AR T AR — R 5 22 H M &
T, BRI S W CHk[15].

T SCF A K AT A T A A (ST 2
B g RER, B e BRBR M var(e) R e P b H
WL ES, —TEBERALSE—- 2 TH (DR,
NO DR EFHZEMM M A RES M NCRE M R

A RERATEXLSPHMN, FERFEXLSHMHY
W, FEDRMNCH A b B 18] 43 kg 0 4E 15 7] PN T8 85
W2 A ATE R FE T EEAEN LR MG EZEDR DAY
SR PTE LMK R, AEZEKN LS, LSHBIR T JE—
ANZICHCE LS Hh E RS SE B B SR R A
DR CE)FARIED R Y 75 28 H0 0 BF 4 S 0 55 CRp Y
IR B2 S 5 E (AN EIS R A S A IR Bl A

E = {Sister (Rose, Tom) , Sister (Rose, Lucy) s Father ( Tom,
Betty) sMother (Lucy, Linda) , Sister (Rose, Linda) } , 2 DR
SRR LIH I Aunt B 2 S5 ZE RN LA E A it i
HAHDR(E) =F U {Aunt (Rose, Betty) » Aunt (Rose s Lin-
da)},

Bk ORI U &) /by ooz, /6 B — DA P A
JC o EARMIF BRAT ¢, F o ITA MR8 & 8RR R B
e 0 93038 domain(0) . WRAEA ¢35 0% &, W FR & 4 0
oV AR, N 0K R E P B EAS o [F 2 R A
NI 2 AR I Fak I 0, BB BIR T B S5ME 06 A - A
by L =) ERAFAE A S 0B TR (LA NGO
BRI iBTF A, WmaG v, BloR T & o ANt~
L on=D M AN (460, 0,00 SDRCE), Filln, ki THTE
[4] & 6= {x/Rose,y/Linda} i1 { Aunt (x, y) 8, Sister (x,y)
0} = { Aunt(Rose,Linda) ,Sister(Rose,Linda) } = DR (E),
MR PR B T A Aunt (0 y) A Sister(x,y)—> 1, N
RN T AHETNCH IR — A U TR TNCRE—
HhHY.

2.2 KAFEHEEEBRK

WHTFT A, 25 % RDFS., £ =2 A7 K M i B8 24 (&7 90 R
STC(Statute to be Checked) ) , #5256 U 32 72 J2& 46 1% AR 202
Mol STC Mk, 7 4 S i 2 1Y m) 0 58 M 0 52 9 3
UE , FATTME B % AL X RDFES,, #2038 4798 AL i iR of
ALy — 2 — W, #E—2P  RR r 2s RCHE J E
G )8 Pk e Ak g — B 3 1A i A =X A TR 29 AR R [BDE 20 3
B —H AR AKX (M —H—B A9, STC Ay I [7)
RN e Ak SRy — B 3 38 =AY AT R M A 0 [e) A, B A, A
TeachingGroup A i & 1 BT 55 % b N TeachingGroup (g) W]
TR ARSI T A ) 2 T A AR A B S 1 B A BA R A 55
M %54k N Supervises(t, » g) N Supervises(t, » @) Nty ()t 0T 35
JE A

BT STC Bt Rz 04 — Bir 32 1k 2 Y AT 3 e P A DU i 72 2
PR BEWE R 20 SR AL 2 STC 9 9 7 1) 2 A&, B AR I STC
R 2 R R Y ST R S T LUE S — AW e STC 1)
Bl BEMAEREAWE STC HHR LR ITiEHENSA
LS T2 0 I WE STC /Y nl 35 2 M A0 . 4% imi o 3 2
STC BT $2 T T LI 2 1) T 35 A R %50 19 8 52 91 o 2%
A E BB A, B S ] RS BO A 2 T
B R — R R L R RS S B i B
MY, HESR -5 A A RES — B HR i E
FEREENAR BT M HEITBE N IE, §iH E%RE
STC Al i £ 1Y 115 # B STC Al L i1,

38 X R ASHES 2R R R AT LUAE A RR A
PRSI, ) STC Ay o 00 1] 8802 WT 40 8 1, 75 0 42 ) RS2 R W)
P 7 1, DR OG5 ) 2% ] AT ) P 1 24 R TE A T T A O
(D L . STCEAE S Bl 5 B 35 5 19 29 50 B 23 Bl ik 5 1Y
LY (2) BB s B8 R Ry, LK 1 R,
B E B3k B — )78 LAUE BT TeachingGroup J& ATl 2 AY . X
f1 %5 — > TeachingGroup Y 5 i /) 1] /R i £ TeachingGroup
BEEHEETHABFHRNE LA —-BRAMWAR. AT
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BEIZA R FE WG R F RIS TeachingGroup #H 3¢ B )
—A~ Teacher B S, K T 3% 52 9 (9 U3 n 3k — 20 3 & 17 55 —
SR T, RIS B AL BA v 3 A — 44 AR R AR A BA Y
i B3 BT AR SRR . BB ES — A A R S5 W TeachingGroup
B AT A PR B DR O R I STC BB &9k I B Y
B2 et AL . T8 A A A
S ] DLl S 7R Teacher A9 — A3 19 5561 3 g 57 — 34 Z [H (1)
AR FRIATIE R T P S A 25 i 35 A AT AT 293, [
BLEE AN A H AR 20 TeachingGroup Al i L MM &2 . 3
1485 N7 24 SRARORE 15T LA 5 I 24 B 2 [B] A 3 A G 3R
BRI S AT 5B iE RDFS, X 2/ 28 E W

A4y 4 5 #17 . (1) % RDFS, #i =}z STC B R b —
[ 38 1) 2 4 3% 3k 25 (2) 3 37 29 MK 18 3 b H i AT 4
(3) YL A R BA B AT 0 8 AT 55 B9 R0 30 5 (4 SAT AT
JE AR I A R AT RE . 53— 6 T 8 4 X)X
4 LT A
3 RDFS,EXFMMAKERXL
3.1 RDFS #EXMERXL

FAT XL A S — M G m L X 4 kL B
IERENEPIAS D R IE PN B BB X ) A LA N iR s Ry
=1,

# 1 RDFS, A TTRIYIE b

Formalization for elements of a RDFS(,) schema

Table 1
RDFS( # X 7T %
%C
K % C fn Cyz i — Xt 4B R
& RO M CzAlERELERR

KXCHHERMEA

C(o)
R(cyscy)
R(r.cqsc9)
CA(csa)

RBR KECIRECHTX

257 KO\ Coz it —MIXBIMEL BN R TEY

4K

KO A Coz oy £ B X LB R oy L) — 1

XCHBEEREA G TEN

Cr()N—Cy(e) > L

R([r ] cyse)m Cilep) > L

R([r,] ¢y sce)m Cyleg) > L
R(ryscysco) NRGryweysep) Nry Org—> L
CA(c,a)— C(o) > |

KXC Gzl —MIEBINELBHEREC, FHT

[R lower 41 K (lower H IE ¥ %0

EC R Coz Bty —MIERBIMEZBERRAC, 7t L

FHL IR wpper 41 K Cupper # % HO

B

EC o Coz B — [ ERBIMEBERAEC, T T
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EC R Coz Bty — M EBIMEZBEMRRAC, 7t £

IR wupper %1 3K Cup per H IE %)
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R([ryJeryse0) AR(LryJeyg sen) Nees ARCLr s Jeipeer1 s
) NRLrsJetipmer s c2) Nerr O erz Ao A Clpgrer1 <)
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R(r ] ci1oe2) NR(Lry] c135¢9) Ao ANR([r,]
Clupper +¢2) NRLrs T crupper+10c2) Nepp Oegg A e A
11 Otupper+1 N N etupper O Clupper+17> L
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Coupper+1 JARZENAN Coupper ) Coupper+1 -1
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TCIE T o B A — B 52 IR A A Bl JE 4 o B ko —
A Z TR I, T A 28 xS DR e — A = ot
FRA BT S N A TT . BN, 28 Teacher K XAk R
Teacher (1) s He W ¢ J& Teacher WYL B 78 T, 2 Teacher M
TeachingGroup Z [0 i) — & XF 4 & P Supervises B X4k Ky
Supervises (ts g) s HoH ¢ Fl g 435l j& Teacher M Teaching-
Group WSZHIAETE, 2 Teacher Ml TeachingGroup Z 1] 12
JE X R B Member AL K Member Gm oty g) , ot m J&
Member (¥ 554175 IG

TE R F A EDE 2 ) 8 Ak Rox — Br ) i
Sk FsR . W, 2 Teacher 1 Staff 2 18] 1 3 2 R BE
KA N Teacher (1) A= Staff (o) — L, % 515 3 3% 30K o b
1838 T A Teacher WL BB IE: Sta ff LB, —Mxf
L IE M Supervises (W58 MEHIE XLl 2 AR E X Su-
pervises(t, g) N = TeachingGroup (g) —> L Fl Supervises (t,
&) N— Teacher (—_1 ., Hi#FH 8 E Supervises WAL Teach-
ing-Group » i J5 # 4§ & Supervises ) E X 3 & Teacher, %

Ja % 5 )8 M Member 1) 52 4] M — M 48 AL S Member (i,
tsg) N Member(my styg) N my ) my,— | 3% 554 3k K5 o
115 F T W —XF Teacher Ml TeachingGroup HISZH) i & X
) Member B S5 5 0 250 ME— 1Y

XA AEETE 20, AT E e RN KA R — Y
W FRIRA B X AT AR M A (S DL SCRC15 D) B
AL A SE I bR e ) F aE — 2B e A R A i SR Rk 5K
i X 7 2 AR DR A R0 AL R Rk — B AR
FMERBNTAA SR ARMEIKIE kR, BT
AR — et R 1 HPAUH I T R R A R AR AR K A
T3, Fof A DB 24 o 349 77 4% B b 25 R AT B A fb . 5 2
TR R e R P R S A A BRI AL BN, 2
RGA BRI R DA — 2B "B IE AR Teaching-
Group(g) N—oneSuperviser(g)—>_|L Fl Supervises (t,g)—>one-
Superviser(g) , He Y oneSuperviser (g) B iy 18] 55 14 & ik X 5%
il B Sl AR BB . B LA, Supervises(t, g)—>one-
Superviser(g) i LA R @ SR A7 16 Teacher W52 6 ¢ X Tea-
chingGroup 520 g HEATYEH 35 S 0 ¢ 650 F IR ;
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TeachingGroup(g) N — oneSuperviser(g)— | WFKRWME ¢
J& TeachingGroup WG g A 15 5 T BRBR , I 2 o 4
SA R g

NPTk E 1 H i RDFS,,, 855 i
b AR 45 Rk 2 o,

# 2 B 1RDFS., # 2 %F R (il — B 0 8

Table 2 First-order constraints for the RDFS(.) schema in Fig. 1

(FRIZEN

Con, : Teacher(t) A — Staff(t) - |

Cony : TeachingGroup(g) A — WorkingGroup(g) — |
&R M

Cong : Supervises(t.g) A — TeachingGroup(g) —> |

Cony : Supervises(t,g) A — Teacher(t) = |
A #

4 % Cons : Member(m,t,g) A — TeachingGroup(g) — |
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Member(m,t,g) = beMember(m)

Cong : Recruits(m; »my) A — beMember(m,) —> |

% B Xt 4B Moy 2 e —

Cong : Member(m; »t,g) A Member(my,t.,g) Am; Omy—> |

AR 1
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Supervises(t,g) — oneSuperviser(g)
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4K 2
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HH3
*HF Conyj : Recruits(m; yn) A Recruits(my .n) Amy Omy,—> |
4K 4K 4
Conyy : Supervises(t,g) A Member(m,t,g)—> |
AR5
Conys : Member(m.t; »g;) A Member(n.t,.gs) A Recruits(m.
Ay =t~ L
AR 6
Cony : TeachingGroup(g) A — onebeRecruited(g) — |
Member(m.t;,g) A Member(n,ty.g) A Recruits(m,n)
At ) t;— onebeRecruited(g)
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A: {Teacher(T)} B: {TeachingGroup(g)} C: {Supervises(t.g)}

D: {Member(m.t.g)} E: {Member(m.t\.g), Member(m.t,.g), Recruits(m.n)}
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Fig. 3 Constraint dependency graph established based on the

first-order constraints in Table 2
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Fig.4 Example of deleting non-dependent arc
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Fig.5 Reduced constraint dependency graph(example 1)

5 HRFEAIRA

X T AL BLER B0 2 PR R R AR — BB B 2 5 R
23 PR Bl 1 Bl (CRE R B T A R R il T s b i
SEAR SR A R L BRI AR 2577 A4 TE IR B S 7 51 s A I, X T
BLER 0 2 3R, E T8 A K R 1Y 24 SRR 1] ) s e S o g S
Al RE T BOX A R AR A PR AT AR 2 A TE BRIR B 18
5. MR LR IHT T LU Y 2 AR IR T A TR I i R 7 AR
oY RN I | s S U

% C= (Con,Re, =+ Con,Re, Con, . = Con,) J& 2 FLIK #i
P&] v 4 B FR 1) TR RO 525 791 . C A TE LR A Con,
M1 5 Re, 1 Re ik 7 FC Al 24 o, 100 B 3 8 1% 29 2R 9 18 52 7T g
PR EE Con, . UNR I BE C 19 BT A 3B A7 55 061 # 2 T A
HIA R IT ), B C A BRI, W — 4 RDFS, %
SRS I 114 24 SRR 1 v 4 5 1) 9T AT B S 2 AT BR BR L DU 7
T2 L v 1 AL 24 R I e R AR T R 2D R P 8 R, BIVTE 1] %
RDFS,, #5200 IEAE 55 2 T H5E 19 . 75 LR B 48 iy 2, dn
R—DHE CHUTIEARTIH, M2 BR CEARARH
B, P FRATRE B2 e X FER AT 58, LA BT A 1Y T 348
AR, RMNA S C#HITER, XRTXANEA, G
SCHT 5 BE 0 F % BT I (IR A FE D W E B E 8 A
FRER K . A R8I 50 T 42 1 3000 24 AR08 ] b i) A BR 2R S8 1
MG, LSRRG E I A — 6 4l

T 4 BHEHE C=(Con Re, - Con,Re, Con, ., =

Cony) » J3R Pe(Con) WHEAEIR T QU #E Q1) & UlReb, It

H var(Pc(Con)\QC))E var(QCr)) , Hd 1<i,j<n, | C
A BRI

TER] 4 T R 82000 ) a1 7, BIVERAT 48 52 2 T 1 461
RO 0, FRER Q) 0, € TA<i<<k) W b A H B i,
FREE RBEE C h A d T80T ER W& Z 75, N
Con WHHET T MK, 4 I'EX Con AT T R IRIBHEZ)F
12308 B %, AT A 1B Cony s i T 4 6,1 & 15 Pe (Cony)
0o ST MRS, B8 QU & U Re, i AURFAAE 0 12
Rely &1 o 0,0 =0, UG, T 0,02 Re, PRIBE AT, AR
P& var(Pc(Con)\Q(1)) S war(Q(1)) W]l , o3& A7 15 M B 2 0,
153 0,=0. H QEOHO,ST . M T Con CEBBERET kU
LI Pc(Cony) 0,1, EMI AT 13 Re,0, =1, Kb 0, =0, U0, . W
W 0,=00 1 AT EMAELEM B 00 R Re0' ST 53X
SRAEAE A B A 0 W6 2 Rei0 s & I AHOP G AR BT,
M CIiEA R, I,

B IE 7 R 4 3 KR XA I N TE - 9B Con, A B
TR I A E LAY TR B, BT 0046 4 78 o
BISFSAERARE, Con, B2 SWETAMRK. B 6 i 2 4
LY HA B R BB s T X A . Comy BB TEEE Q) A
J&E T Con, MEE I HHH T var(P(2) Swar(Q(x)), Con, 1)
KT IR R RIE P () A Qo) 78 il /s o i 57
T Com Bk, Cony YR LB ¥ R T2 Cony BRI E
A BRI, BE T R s & R R LG 206 ) 16 6 s i —
AL QU ) iTfil % .



AR AR, 45— Fh 2 BOHG SR 11 RDES 7% 48 19 488 20 38 0 J7 v

369

R(x)
Cony:P(x) NOQ(x)A\=R(x) — L
Cony:R(x) N\~AUX(x)— L @ @
Py) A\y<=x —AUX(x)
P(y)

6 A PR B i )
Fig. 6 Example of finite cycle
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# 3 ¥ 2RDF S, BE3UX LAY — B 2493
Table 3 First-order constraints corresponding to RDFS,

schema in Fig. 2

ST TR 33
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A3k 1
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7 21 R Y 2 A P (1) 2)

Fig. 7 Reduced constraint dependency graph (example 2)
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