Journal of The Korea Society of Computer and Information www.ksci.re.kr
Vol. 18, No. 12, December 2013 http://dx.doi.org/10.9708/jksci.2013.18.12.091

!

A @ ColEfH|o[ 20l A2 ARHE] 7|HE 7|9/ = B AJAE

=

[

o2
o2
o

*

Semantic-based Keyword Search System over Relational
Database

YoungHyoo Yang *

O ot
4 9

719Ee] BEAE G827 7]9)= B SlojA] URbARl olsrt sojgked], o] Reid2 EAd
Aol 2 9FE = F lon, 7IE R Ao AHgE G0 ATt 7 EH ejnje] 2gdte] 7]
o] A9 e FHERE o}, AREAEC] I g AR Ak aiXslr] sl Aot Yelhe 719 =
A% Fosteg P WA Elofof gt} o] =Rl E 7]Ee] A goi9f 27]nt §o/Qlari A3t
37 1HE A 8sle] 719 = Bl ReS sl At Golite] misgel M= Ao 7]9 =gt 27)n) Gofite
=& AWE FAVIZIA efely] wiEel 71Ee) Al 2wl vjal w3t FH =}t 50% o8 73
F itk Sl Yehe gojzte] BEwe #AIE A o HEsiA vehiz] flst] A
sto] 719 =3k o] Sle BAE B Bol Aol el FE 5 =S SiSiT

o Ty
T
e
Mo o

1o

]

do

AT
pe

14
ol
o

e ﬂF

=
i

» Keywords : A|THE| ¢ ZHAIE Hlo|E{|o|A/SQL, 7I9I= EME RDF, SPARQL

Abstract

One issue with keyword search in general is its ambiguity which can ultimately impact the
effectiveness of the search in terms of the quality of the search results. This ambiguity is
primarily due to the ambiguity of the contextual meaning of each term in the query. In addition to
the query ambiguity itself, the relationships between the keywords in the search results are crucial
for the proper interpretation of the search results by the user and should be clearly presented in
the search results. We address the keyword search ambiguity issue by adapting some of the

existing approaches for keyword mapping from the query terms to the schema terms/instances. The
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approaches we have adapted for term mapping capture both the syntactic similarity between the

query keywords and the schema terms as well as the semantic similarity of the two and give better

mappings and ultimately 50% raised accurate results.

Finally, to address the last issue of lacking

clear relationships among the terms appearing in the search results, our system has leveraged

semantic web technologies in order to enrich the knowledgebase and to discover the relationships

between the keywords.
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E 1. IMDBY| QIAEA
Table 1. An Instance of IMDB

No. Actor Title Studio Director  |Category
8 Village
1 George Oceanss Roadshow | Soderbergh | Crime
Clooney Twelve .
Pictures
s Village
2 George Oceanss Roadshow | Soderbergh | Crime
Clooney Eleven )
Pictures
3 |Zoe Saldana| Star Trek Spvg\ass J. Abrams Sglelmce
Entertainment Fiction
4 George Leatherheads qukehouse George Comedy
Clooney Pictures Clooney
Arnold The James
5 |Schwarzeneg . Hamdale Film Action
ger Terminator Cameron
6 | R. Redford | Spy Game | Beacon Pics T. Scott Action
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@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#)
@prefix dir: {http://localhost:8080/IMDB/Directors#)

@prefix mov: <http://localhost:8080/IMDB/Movies#)

@prefix movcat:
Khttp://localhost:8080/IMDB/MovieCategory#)

mov: The_Terminator rdf:type mov:movies.

mov: The_Terminator mov:name “The Terminator”.

mov: The_Terminator mov:directedBy dir:James_Cameron.
mov: The_Terminator mov:category movcat:Action.

9] RDFll+=
“The_Terminator & subject®, ‘mov:name < predicate
2 732]3 “The Terminator = object® 7FA L Ut} o|&
A subject} predicate mov’ AFAIE 71 ¢ g4
2o ohject= EAIECITE Al AAl 32 BH, subject
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@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#)
@prefix rdf:
{http://www.w3.0rg/1999/02/22-rdf-syntax-ns#)

@prefix dir: {http://localhost:8080/IMDB/Directors#)
@prefix mov: <http://localhost:8080/IMDB/Movies#)

mov:Movie rdf:type rdfs:class.
mov:The_Terminator rdf:type mov:Movie.
dir:Director rdf:type rdfs:class.
dir:James_Cameron rdf:type dir:Director.
mov:directedBy rdf:type rdf:Property.

mov:directedBy rdfs:domain mov:Movie.
mov:directedBy rdfs:range dir:Director.

ontology: &E2X|e BE g Filx 25T A#
H &5 g3 o Felaze &
= FEslo] MEE AHoletn ds #AE

knowledgebase: AAMo]~E EZZ Jdy2 A=
BE dojH QIxfAE Hop 2 AL slEIIH
RDF/RDFS AlWE] oS AHg-3te] 7idsh 174]% Az
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Fig. 3. RDF Graph ofr IMDB
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http://localhost:8080/IMDB/Moviess#title. title
3ol AFolrt) wpAlHo R o] g object”t M ol
object—L— Aol AU, & 1 @] A 7191 Afele
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@prefix dir: <{http://localhost:8080/IMDB/Directors#)
@prefix mov: <http://localhost:8080/IMDB/Movies#)

mov:5 mov:title “The Terminator’.
mov:5 mov:director dir:4.
dir:4 dir:name “James Cameron’.

RDBeIX RDFZ Wgsl= due]s2 18 4.9 2ot

Algorithm: RDB to RDF Transformation
Input: RDB schema, set of tables and the data
stored in them
Output: an RDF knowledgebase (triple store)
. S // Relational database Schema
: table; //A table in Schema
:attr /7 A column/attribute in a table
: table; px /' The primary key for a table;

. KB // Knowledgebase
" For each table, € S
For each attr; € table;
if (attr.value is Literal)
70- SELECT ( “tab/eL Ug/"+fab/eL ),
(‘table; us "+ ‘attr;’), (attr;)
77: else if (attr;. value is Foreign Key)
72: SELECT (‘table; us/"+table; p),
(‘table; um"+ attry"),

( ‘Z‘ab/e,i URI "+att f/)
13://table, um is the URI for the referenced table.
74: end for
15 end for

T2 4. RDBoIM RDF gt &2|E
Fig. 4. RDB to RDF Algorithm
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5. table; ur // table; namespace
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8
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3 A A9 Ade Uehith 24 fAKdel 0.4
olael glde Ao 719 =X % ke vt obd S, of
80%9] H|AE ZAIEolM HolFglomz AAGE 0.42
gatant. 2 thaoll 2o Hof 719 =e)k AldEle] AR
7I9EE ARAIA ol s, Qlikel H4H 24 0.5
<} 37 Skt ole A9 golo] thgEe, AldEe] f
ALt Blaxzd] FolRE fAMd Aol

3.2 7|9= oig 7|

Aol 719 = k9 miA AE Qilkie FAKRF 2l4ax Rjs}
M A% 518 T 19t elane] e Keh

R A% 2 RolE wE5S Adsks o¥d agze
A7 Jehd 4 gl

T2l 5, F|flE2|AA njge pEEISH= o TJri=.
Fig. b. Bipartite graph modeling Keywords to Resources

A7 B 719 E-2) 22 A A cna TRVE:

F2 AFa) 8 A9=9 D243, (KR 2
o) iR e Aeleh, A e 637}?404 e
2 B2IY1). AL H428 3 71928 Yeple
P T

e

ou]



98 Journal of The Korea Society of Computer and Information December 2013

FAM ASE eIt o] ALY Bl HA8 gl
& Aol $F #A 45E HojE sk WAS Sohy
LY

052 &9 SAE AdslTe dolth

IMDB tlo|efulo] 20| AL&AF7} “The Terminator” %
stef 4 vilg dria 7Pgskat. Al
Q= {terminator stars} €29 719= A& B ANE
SHAl Haz, 719 =9 1 719 sl ti-SE = AAHlo] 2 gof
(F, 724, AWEe] fAkg 8ol) 2 wEolAe A
FEL tha3t At

Eo]—'—;/J\j]_

Ky =Terminator K, =Stars
Ri1 =The
. 0.71 X

Terminator
R, =Star

X 0.44

Track

Rs =Actors X 0.5

og71elMe]  HHslE wiX=  {(Terminator, The
Terminator), (Stars, Actors)} ©JH ©]5 R M| #-&
TAOR TP frAler ol T WA AL AliE o] 7 £
Abgh Aol

4. SPARQL Ze|of M4

4.1 SPARQL &9

SPARQL RDF dHlo[E{u]o] A5 913t Tgjz-nj3] 2]
olold], Wel EZE Jrlor PAYE AJE 7% /s
skl slEth. R4 WM SPARQLE SELECTS
WHERE #& o]Fojz|= SQL 2ol ¢} H|&:3ith. % of
A £ 719= HeE 13 BA} "The Terminator’
gae] 93-S e SPARQL 29E g3 2,

SELECT ?actor

WHERE {
?movie rdf:type mov:Movies.
?movie rdf:name “The Terminator .
?movie cast:Casts ?actor.

?actor rdf:type act:Actors.

}

SELECTEE ojd
2 Yepi=

wash 29 ghe
Y, o7l 2 ws

Ee]Wojof 34
7} “?actor’e]tt. WHERE

A& RDF Iz} wjA] slojof sh= E2|E el (F-2)
)& Ve o] dojoMe F e gt AHEE =,
“?actor’9} “Ymovie” W F 7l “Pactor’ s} Zo| Efuto}
oF st garnE UEhiEA], ofW WHERE 2 W9
RDF Z2jZ9} “Pactor'e} “?movie” & o miA=HE 9 2la
25 epdck. o] oAlex] WHERE 29| EjZ sjde
a8 6.o veprdtt

csticast m

movie

Mov:name

The
Terminator

J% 6. E2IE T
Fig. 6. The Triple Pattern
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Actorg UERIA = H3159T

Fo] #EGe] RE

Actors
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act:Linda_H
act:Michael_B
act:Paul_W

4.2 ofg Zajoj oI5t SPARQL Eeolo| MM

Vg A Blang e ek, A8 I
o B A9 FAE $A3] ) FL SPARQL B9
2 gelof Ak A9 AP theel WA FAA ol

1
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oAl HAsE X #ire {The
Actors} ©]™ "The Terminator & &AFEol1 "Actors’ &
9 Bhx Fezolth HA Steiner 29d Erle glaxs
FHE0] AFEE RDF dae]ES ddsl] 2ttt

2) 29 EZE 2k thgdlle the] £A12 SPARQL
Aolg At 7h) oAA" vx|g 2ldrt "Actors 9
o] FEl2olA, WS (Pactors) S &dste] WHERE 49|
2708 Eske 22 B Bla (Actors) & ZHA gt
W) Steiner E2] AR Aot miFIH A wljF =
B gaa FY 2 9] (Pmovies) o 2ol LR A H
t}. th) “The Terminator” ¢ o] wjx& glixr} EA1d
olfl, &= ElE sele] WHERE 4 W 2708 AL%
Eis=g

4.3 ¥z AZ

o] golg 27Int golZ v & uj, Ho] fof AEd
HAEE fia AEZL st oldd Fr jleBzg
SPARQL A% aht oldd 4 vy 2Bz 759
SPARQLS A3 v] Yo Axe] = we} 2] 93
sojof gt} © SPARQLS] Aze] AHHoz YPAE 3t
2 ga s, ArE U glanet AHE 245l
2} T3} o] SPARQLS #=3t}

1) A9 gojol & o AR Pas AER ey
SPARQLZ “d9lell B3 =H, fAMd Ade] #43} Y]
F5 A o F Tt
2) A8 Aol o3, wixE i NEZ} EAES
I 3e Hrd ==5Y W], o|2RE T55= SPARQL
W 2E=ER7 P28 SPARQLA B8 o] g3 Fo
F &t Q = {scrary movie stars) 2h= HolE 183

'
W9 ga “scary movie's BALR, “stars'S Wg

Terminator,

o o

o

m:

2 Agsle] %3 SPARQLS “scary, ‘movie’ 1]l
“actors & WFE A28 SPARQL 2e] B} g9lel @=
Hojob T}y, dukeld,  AREA} Arnold
Schwarzenegger}, {Action Movies Travolta} ¢} 2] 3}
L o)) g A 3k 71 HelE A Kol Al &S,
SPARQL 7% IAellME Exldo] ujx]=]7] wjEo]c},

{Movies

oeke ge], 719E doje Bed & S

Aol =g wFT 7|9 = de] dake] Fugt Fe

< AR T wet 2eEg, 719E HAS ke
Aol Fege FH e SHake A

L
|

=
T E7Fs3 Lotk $2] Al2Ele] 34d 7S s o
g AR slolg Yeke FEE A7) 93 719 He
& UERE SI9t) o] ARAES fE] AlzEloA] AMES
£ 71l ulsl A8 mae AlgaiEelh 943 slojeulo]
2 IMDBRHH thekat HHE A7) 98] 2] gt 719

= Ao 20/E WEES 24 Ak

£ 2.5 719 299 AL dssie B2t 3
A EHE PiElT Aol F A1 {39l 9 £
&9+ 9

719 &8l namei® FAE 719T=E  actor,
=

actresses, studiosse] °l&< YeRdth 7]19= §3¥2:

actor, director, starred in¥} Zo| A4 /doly #AAE
el = 7199 =0l 719E /31 © 23ate Foe Ho

2 ME7Ifle Eo

Table 2. Sample Keyword Queries

Keyword Query

Intended Search Results

moviei actors

list of the actors in moviei

moviei director

director of moviei

moviei director actors

list of the director and the actors in moviei

* moviei

list of the info about moviei (actors,director,genre,etc)

* actori genrei

list of the genrei movies where actori starred in

moviei stars

list of actors in moviei

moviei year

the year in which moviei was made

genrei movies directori

genrei movies directed by directori

movies directed starred namei

movies directed and starred in by namei

* actori yeari

movies made in vyeari featuring actori

*actori directori

movies directed by directori featuring actori

genrei movies directori actori yeari

genrei movies made in veari directed by directori featured actori
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