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RDF Approximate Query Approach Based on Semantics
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Abstract To handle the problem of empty or few answers returned from RDF in response to a user query and the prob-
lem of synonyms in RDF queries, an approximate query approach by combining query relaxation and replacement with
kinship words was proposed. RDF entailment to triple patterns is applied on the original query to relax it and then ap-
propriate queries are chosen for replacement of kinship words so that more results can be obtained. The notion of se-
mantic distance was introduced. The results that are semantically close to the original query can be determined. An ap-
proxiamate query algorithm based on semantics was hereby developed. The proposed approach was verified with experi-

ments and it has good performances in its recall and precision.
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VERTE X Webt! B B 4H B 384> » RDF (Resource De-
scription Framework) ™ & — 4~ B Ry ST BB S BAR . iR
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b8 TR K0 ROF L WE:, #@ i KRB 1T
TPk WA, 3F 5 BLA ) ROF A7 2T 7 B,

2 EA#HEE

RDF 2 FH#iiR Web ¥R B HESR. 7 RDF A
i, —NEA REFADLR HEE B Y& =T R THIR,
=54 A3E £k (Subject) | 717 (Predicate) 1 & {& (Object) ,
F K FTERR B, BE AR R BN, B BT
SRLME . —A RDF ZJul R R R 2, pr0) € UUB) X
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T, TR=TH#EXES. &T RDF A, —/M%F}Eiﬁl

BAx@ B.Wi4d, TEMEFEIEEEEL Web; BRI 2o, FEHFTH 008 BB HIE4ALH , E-mail; ruizhema. neu@gmail. com,

+. 169

AN



EXH Q={q1sq2++5qi 05, ) HP g €T,

RDFS(RDF Schema) &%} RDF ) —f4b 7, B@ XL T,
R S TT R X S AR MR R B (SRR, AT 14
5% RDF X iRp#RaE 7.

3 RDFEMEARMSHE

RDF 3 I | EA B E, 5 F ROF L ¥— Mk
HH Q, B HIRHE RDFS A &30, BRI M ib& LS WQ
= {Ql’QZ""Qk"“’Qf}o E':F'va :{qkl’qk29""q1m""’
Qe } A QE—MIAREMN, Q PRI =TH g EMBERII=
TCHEE W(g)= (@@ s Qon 20 } o XTT W(QH
AR R REE N FEN =A% S, Eil WordNet
R HAT I B S T A e g AL B 1) R ), A LR A 3
E/WQD. 5 QWHMEEREK W(Q , HXHE LR
B STRRER/IN , JR P AU /N, 3 W R AR Se AT R IR iR
W, HEFEMENELEBETMS QE WWQD FHMNE&NE
W2 EEE CEE K5 QiE LB/ B M A AN
. R, BdENES LN QAE ML, FBETE
BT ) 54, BT AR T2 ] Q.

BN T =R T EM=nHER ¢, 8
T 07 P TR SR St A A (A s St M I o ) — R B 2 R R ¢ B
Fr £ Kt BI—RATAERL BN +<<t'.

EX 20E#ED XMF-1TAENEN Qla,t, -,
tn%ﬁ[l%ﬁ’/l\ﬁi{“/l\r?‘@“liyfi/)?ﬁ/@ ti<tf',ﬁlﬂf/’j< Ql(llly
t2 ooty DN Q EIRATEN 30N Q<Q Bk @ AT,

ENIFHREN MNTF-TMEAENER Qu,n,
), HENFRRELRBE Q (v, 0 ), MK Q &/,
2yt R QIR AT,

3.1 &-TF RDFS i RDF &Eif#Ah 75 %

#) 3 RDFS & M0, 7T SCBLuT 4R 25 ) A st . SCRRL 4]
B H WA A ) 2 A R R . = ST RY | ) R B AL St AN
ZIUAHBERY | AR

O =T E AR T

B =nHER 1 (a0, 0 1, (de, ), HHEE TN
un WTED o, WNEMNER «OLERT IR SCFARE
R 518 w(@,u®,ul())=(d,e, /), W t(a,b,0) 5 2
(dye, PDTEEBE KRR B u:t1 (asb,0)0—>1,(dses o B8 F)
t WIBRSTHN 2, B o MBS R B AR BT, RX I =04 )
W, BRX L MREE—DN 6 Bl 1. KBS, WP R RN
0 <t2, FHIB 2. BRH 01 ROTETBRAR Bt

(2) Z TR AR

M4~ RDF & G, M1 G, SRR E 1 B AN (A Fn
B HHE—BRN, MTTLAE G BE G, B G =G o
& 1h,sc flsp 53R rdfs: subClassOf 1 rdfs: subProp-
ertyOf,

Group A(Subproperty)

(1)(a,§Lb)(b,§p,c)

(2)(a,sp,b)(x,a,y)'
(a,sp,c)

(x,bsy)
Group B(Subproperty)
3 (a,sc,b) (b,sc,c)

JKa,sc,b) (x, type,a)
4
(a,scsc)

(x,type,b)
B 1 RDFS#3EHN
#% onto 2 RDF A4k, closure(onto) 2 onto 4L, 1% &
e, B N=J0HBER, FH H 1 € closure(onto) , 2, & closure
(onto) , ¥ 1 Jonto=>rorete B, FR 22 B 11 IR NN /N
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K 0. RERBEE T HRRIREMRERD.

DR (b, sc, ) € closure (onto) B 37, = LA R (a,
type, D) FIHAM A (a,typesc) .

YR (py1»sp, p) € closureonto) BT, = ILHE R (a,
DO TR K (as p1,0)
3.2 RMAMETRAERDT®

TRIBHA 2 WA AR T T4 bR 2 VAR AL A R XA stk A
WHATHER » tRAERATIE /DR T . — D PAS 2 T A
X F R A E B E A2 8 AE AHBUE Bre . 18 X
AL EEE BB R i RDFS Bk Bl i Ak Sk s 4, B
B RDF & b9 &2 A i A BUE L) K RDF & H iz
BEHERAEERE™ . XE RDF AMEEE5HER
4 ICKEHRE P,

(1)RDF B7 i 2 8] i) i SCARLEE

% F RDF B LB A o f e, BT RNy
FGEE LCAFRHREGY M o Mo BRI LR LA
TR FA—TREa Mo W LCANZERa Mea W
Q%’ésﬂf’;ﬂﬁl@i{ a e E‘]F)fﬁﬁ;@jﬁﬁ*ﬁ cr Fle 37/
BRI, HEHENHNSNE HEUERE &
B 2 YR R B R B 338 I T 386 s B AT =2 TR K 2= s
i/, %8 ERREM I, RDF B LAY 52 B /iE
SCHIBLEE B XA -

sim(¢y y¢2) =

2X depth(LCA(c1,¢3))
depth(c,) +depth(cy)

Horp depth(o) 37~ RDF AT i ¢ IR .

(2)RDF W _EIRZ (8138 SCHBLEE

w=nATEME P € IP £ KRS R & P, 1P,
WP, &P MEEN.PE P ®TREE. ROF B E899GE
it RDFS Zi & MMEFT#A 0, BIANIK o0 #0 pe 2 B8] 8935 A

LB LR

i 08

LCA(pr, p2)3& o1 W po MB/NASEMESE, BEES p A
P BB E R p F p. BOBEYERIIL, BRI TR 12
o F o BERYE, BRI p Hl p, BIFTAERENT S
b H p BEEEGL.

HBE—N=TA g pr ) MER— I =J04H ¢ (5,
ph0)  ENZIR AR R SR

sim(q,q’ ) =sim(s,s ) +sim(p, p") +sim(0,0")

14 Qg sqz s ?."’Qn)% RDF b H— o2, B
FgeT, TREZTHABRE. # Q@ e g s Ha)
& Q %3t RDFS 28 & MNP A3 B s — i st 25 1, o o0
€T H ¢  H=J0H ¢: MIEH =704, QM Q ZIAEIE X
FHLBEE AR

sim(Q,Q) =i1j1 sim(g; ,g:")

QHIX T Q RIREE LN

. 3 _ 1— 51m(Q' 7Q)
weight(Q ,Q) 1T sm(@,Q

AUEH, sim(Q, Q) EMK , weight(Q , Q /.,
Q M Q & QB MIEN,H sim(Q,Q) >sim(Q,Q,),
M weight(Q , Q<weight(Q, Q) ,Q XT1E I B ) TR E
AF Qo HF—MNIHE LT RDFS & H U0 hE 2
TR St AT IR B EST EN#HTHER , 25 RIS R
B/MRE#AT T — 81k,
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BRES I — A 1038 A ) ORI E0E B AELRY
i, X R . ZEdEfT ROF &8 at % 8 #1718
A%, WAl UEA SRS BRSO B AR R
B, R AT @ it WordNet B, A& — N1 w, Bl
WordNet 8] L85 w i LAAXH 5 21w A 5w HETE.
w BRI X 8] w B4R EE T A ial FeB s LA, 3X & KRB RRIE
w BRI, W t= (rwr s twy o0 twi ) 4 RDF A2k =504 |+
B —TBE, X FEE— AR rw: € 1 (1<i<Kn) , T
WordNet ] B HERIAES, BN

Wy stwng s 9371)1171

E()= W) 5 L2 ""’tw?.pz

Wy Wz 3 Wiy

FES f AR tw; BISRER, B twy; 72 E () BB K
.  RIREEESALUERT K@ =¢=19-.. K (tw) AN
w€ K@), WFR w & ¢ BRI,

B 1L R K B FR IR AE T A K B R i A A T R e &R
LR, SR, T RAL B 7

(DER ¢ hARBEH: WordNet Tl 34 B X F /4 H
H, BB —NEE o= {tw,twn s, 1w},

(23 to FHE— M rw; » B WordNet By API g%
FERAFRERES kGw), 6o HEFEEHESN K@) =
i=1L2J-~~ ﬂK(tWi)o

QXM FE-TRBEEREFABHZ0H, HATEMLE
R =JCHFH R EEM R R AL S, #1HE E %A RDF
R R HES Ry=_U K@) (mHR& HEE A F/
B = SEARED.

W3t (RO B FTA iR @ REI 40, A% . — MR &
# (hash table) \—NBAFH (wnrlist) B B mm ANBAFI (db-list) , 4
B 2 fin. MEARH hash EIEZRF P R —1 bucket, &
A bucket {10 & — 84, F 1 wo-list A — A AL, wnr
list AR (R FHFER, BN HEE (-T2
. BAY A AR A db-list, db-list PRI AR
AR—A R X F wiclist W AR BE— A8 w, IR w i
KGO HI, B4 w BRFR B ¢ WRERRE, 5% « A

BB db-list th.,
Dy P |
T 1] o]

o J2 o [ o [
hash table wn-list db-list
B2 R3igm
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b MEIREE# S, ROF FIHE# Q leE4™
ARBHERERN ENBEEXRE QWHERE#TH
B E%CERLI2]h RiEE U EENHE RS BEAT
RDF if WIER#HE. 4% RDF LW—1E# ¢=(q1,q:,
G319 G s Q-1 ) s G €T, T%&Efﬁgﬁﬁi‘:ﬁy% A
ﬁ Zi /l\i?i‘],qrwi=(qi1 3Qi2 9Qi3 s "'9‘15,,)% q _t-‘/|\37_ﬁgﬁ q;: E

P E BB n NMAl, t(htastss sty tn) JE RDF &4k
E—EHM B AE m . X 4 FEBREX
.

WdCwn ywe )y wy il wy B, 4wy =wy,d(w,
we) =do 3 % wy B w WAL, d(wswr)=di; Y w, £w 1
LR d(wr swe ) =dp 5 2wy & wn BISRET A3, d (s
wp)=ds; X w, & w BT LM, d(w yw) =dy; B, d
(wiswp)=ds, BH,d,<di<d»<<dy<ld,<1ds,d; (i=0,
1,2, 5) E AT LA T ZRERE

@d(w,t),w Rt BW—AFEH, we K@, BF dlw,
D =a(m)min(d(w, tw; ) ,w€ K(#w;)) , i, o () B— 1~ H37
IR B, FHRAEE d(w, ) ,d(w, DLFEE »n BT R,
T <L B—AMREFE) B R 1<a(m<2,3
H d(w, DT 0 F1 1 ZIH,

(3)d(g,t) , IR q Fl ¢ Z I8 §iE SLEERS, qw: 5 ¢ Z [
iﬁl&ﬁ%%i%:d(qw{9t)=qﬁg«1)(¢(f)d(qis ), Hrh, g,

Jt B— R, R ¢ B E (O BB, o( O B—
A~ B B W PR B, R d(que , D BIME, B R 0<ep( N
1, AL o(N=1/(N=1/A(f ), FHH A(f )=1+log
(I+logi (£ D).

Wdlg, D), H¥ quw 5t 2B XEE RN d(qw, ) =
min {d(quwi,2) [i=1,2,-,k} , & ¢ BIRIEEASKETFEET
FrE), EHZ 5 RDFS 28 MM S8 2 =504 ga, W
q: T g Z B BYIE X IRBE XK d (g, q0) = weight(gi,qa)
# o WREEANETEHFERF$) v, HHLT RDFS H &M
NAIERBN=TTA gu g MBHEER va kEH v W g
g X P ICH B PEE Z 6] B LI E X K 2 d (g qa)
=d (v yvn) Xweight(g; »qn).

IR _EIRIE LR RS S, AIAR ) Q FHZ i A
BrEUR AN Q Z I KE LR .

D(Q,Q’)zq}‘;_[ad(ql‘ 9Qi1)

AT LIE Y, Q M Q' 2 I8 1 S HE B8 By T B T AH R B A9
SIREBRZ R IR SRR, S uA B R 2 AR LR
/ST Q1 Q' Z B HE SLHE RS sk

4 EHANMBEE

XFMREAN QY EAE—HE, REBiEN 54
WRAERZERELIEE, Z 5% Q #fTMibIEENER /D
BIFASBAS I, JEXFR B AT FIR A B k. MRAEHRENRS
BIRE W R IR R REZ W, WA Z B SRR S A
PEWER, TR ASASRE. e, HEWEREN
SERPCAT KA Wb k251, B NGk S AR 2 ) P i
WEB /NHRBERATESR BEEHNEREPHER
¥okB KA1k, BARRNER SN TIR:

SDRQ & &

HA QU (0),1,(0)5-+,1,(0)) , Smin, K';

i 255248 Result;

1. #1144k Result,Pset,Qset Rset I K;

2. RMIREN QB ANBENES Q'

3. Add(Q', Qset);

4, While( | Qset| >0 )do

5. Qc=SelectMinWeight(Qset) ;

6. ifit wordnet B2 w-index 88| Qc PR EHTHLNFEHE m

K EIRIAE S K(m);
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EWRE VTR ROF HiRE F 4R A= R BHR)
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St 2 A AT IR e AT R IR e, S AR L ER
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BT s MmN R E]. B 87 RDF 25 R85 2D ik
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BHISIEMER. RRBOTE NS0 R %18
P EpLE .

& % x

[1] Berners-Lee T, Handler J, Lassila O. The Semantic Web{ M].
Scientific American, 2001,184;34-43
(2] Miller E,Swick R, Brickley D. Resource Description Framework

RDF[C]// Recommendation, W3C. 2004

[3] Clark KG. RDF Data Access Use Cases and Requirements [ C] //
W3C Working Draft, March 2005

[4] Hurtado C A,Poulovassilis A, Wood P T. A relaxed approach to
RDF querying[ C] // Proceedings of the 5th International Seman-
tic Web Conference. LNCS, 2006,4273.:314-328

[5] Hurtado C A, Poulovassilis A, Wood P T. Query relaxa
tion in RDF[J]. Journal of Data Semantics,2008,10:31-61

[6] Poulovassilis A, Wood P T. Combining approximation and relaxa-
tion in semantic web path queries[ C] // Proceedings of the 2010
International Semantic Web Conference. LNCS, 2010, 6496 :631-
646

(7] Huang H, Liu C F, Zhou X F. Computing relaxed answers on
RDF databases[C] // Proceedings of the 9th International Con-
ference on Web Information Systems Engineering, LNCS, 2008,
5175.163-175

[8] Andreasen T,Bulskov H, Knappe R. From ontology over simi-
larity to query evaluation [C]J // Proceedings of the 2nd Co-
LogNETEISNET Symposium-Questions and Answers; Theoreti-
cal and Applied Perspectives. 2003 : 39-50

[9] Maedche A, Staab S, Measuring similarity between ontologies
[C] // Proceedings of the 13th International Conference on
Knowledge Engineering and Knowledge Management, LNCS,
2002,2473.251-263

[10] Guo Y,Pan Z, Hein J. An evaluation of knowledge base systems
for large OWL datasets[C] // Proceedings of the 3rd Interna-
tional Semantic Web Conference. LNCS, 2004, 3298.274-288

[11] Jena S D BLOL]. http://jena. hpl. hp, com/wiki/SDB

{12] Zhu L, Ma Q, Liu C N. Semantic-distance based evaluation of
ranking queries over relational databases[J]. Journal of Intelli-

gent Information Systems, 2010,31:415-445

(L% 151 D

[13] Boneh D,Crescenzo G,Ostrovsky R, et al. Public key encryption
with keyword search[ C] // Proceedings of Annual International
Conference on the Theory and Applications of Cryptographic
Techniques (Eurocrypt’04). 2004;506-522

[14] Abdalla M, Bellare M, Catalano D, et al. Searchable Encryption
Revisited: Consistency Properties, Ration to Anonymous IBE,
and Extensions[ C] // Proceedings of International Cryptology
Conference (CRYPTO’05). LNCS 3621,2005;205-222

[15] Hwang Y H,Lee P J. Public Key Encryption with Conjunctive
Keyword Search and Its Extension to a Multi-User System[ C]/
Proceedings of International Conference on Pairing-Based Cryp-
tography(Pairing’ 07). LNCS 4575, 2007 ; 2-22

[16] Yang Y J,Bao F,Ding X H, et al. Multiuser private queries over
encrypted databases[J]. Journal of Applied Cryptography, 2009,

1(4):309-319

[17] Yang Y J,Lu H B, Weng J. Multi-user private keyword search
for cloud computing[ C] // Proceedings of Third IEEE Interna-
tional Conference on Cloud Computing Technology and Science
(CloudCom’11). 2011.:264-271

[18] DARPA Information Science and Technology Study Group. Pri-
vacy with security [ R]. Technical report. http://www. cs.
berkeley. edu/-tygar/papers/ISAT-final- briefing. pdf, 2002-12

[19] Boneh D, Lynn B, Shacham H. Short signatures from the Weil
pairing[ ] ]. Journal of Cryptology,2004,17(4):297-319

[20] Zhu R,Yang G M, Wong D. An efficient identity-based key ex-
change protocol with KGS forward secrecy for low-power de-
vices [ C] // Proceedings of Internet and Network Economics
First International workshop (WINE’05). LNCS 3828, 2005:
500-509

(E8% 155 /D

[15] Shamus Software Ltd. , Miracl library [OL]. http://www. sha-
mus. ie/index. php? page=home

[16] Ren K, Lou W, Zeng K, et al. On broadcast authentication in
wireless sensornetworks[J]. JEEE Trans, on Wireless Com-
mun. ,2007,6(11):4136-4144

[17] Boneh D, Franklin M. Identity-based encryption from the Weil

pairing{ A] // CRYPTO 2001, 2001[CJ. New York: Springer-
Verlag,2001; 213-229

(18] Barreto P,Kim H,Bynn B, et al. Efficient algorithms for pairing-
based cryptosystems [ A] // CRYPTO 2002, 2002 [CJ. New
York; Springer-Verlag, 2002 354-368

[19] Bao F,Deng R H,Zhu H. Variations of Diffie-Hellman problem
[A]// Proc. ICS, 2003[C]. New York: Springer-Verlag, 2003
301-312

s 173 -



