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Abstract

The Linked Open Data(LOD) cloud is quickly becoming one of the largest collections of interlinked

datasets and the de facto standard for publishing, sharing and connecting pieces of data on the Web.

Data publishers from diverse domains publish their data using Resource Description Framework(RDF)

data model and provide SPARQL endpoints to enable querying their data, which enables creating a

global, distributed and interconnected dataspace on the LOD cloud. Although it is possible to extract

structured data as query results by using SPARQL, users have very poor in analysis and visualization

of RDF data from SPARQL query results. Therefore, to tackle this issue, based on Formal Concept

Analysis, we propose a novel approach for analyzing and visualizing useful information from the LOD

cloud. The RDF data analysis and visualization technique proposed in this paper can be utilized in the

field of semantic web data mining by extracting and analyzing the information and knowledge inherent

in LOD and supporting classification and visualization.
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Table 1. Examples of RDF triples

Subject(Resource)

Predicate(Property)

Object(Value)

t1 cf:Museum—of-korean—embroidery

rdf:type

schema:Museum

t2 cf:Museum—of-korean—embroidery

schema:name

"SRR B

t; | <http://lod.seoul.go.kr/id/ad/11230-Gangnam-gu>

ts | cf:Museum-of-korean—embroidery cfientryFee R
ty| cf:Museum—of-korean—embroidery cf:dayOff 'Eed ded SFY"
t5 cf:Museum-of-korean—-embroidery ad:gu <http://lod.seoul.go.kr/id/ad/11230-Gangnam—-gu>
te | <http://lod.seoul.go.kr/id/ad/11230-Gangnam-gu> schema:name A=
ad:population 565710
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Fig. 1. RDF Graph representation for RDF triples in
Table 1

2. SPARQL

SPARQL(SPARQL Protocol and RDF Query Language)<
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Fig. 2. SPARQL query example(a) and result(b)
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c5 = ({02}, {al, a2})
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Fig. 3. Concept lattice for Table 2
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Algorithm  Solution( Q, D, G)
//Input : SPARQL Graph Pattern (), RDF Dataset D= {G’, {ugy Gy sy Uy, G’n>}(where, n > 0), RDF Graph G
//Output : Query Results(Mapping set (i)

1: if Q=1 then return {u|dom(u) = var(t) A u(t) e G}

2: it @=(QANDQ,) then

3: return join(Solutz'on(Ql, D, G), Solution(QQ, D, G))

4: it @ = (Q,UNION @,) then

5: return union (Solution ( @, D, G), Solution(Qz, D, Q)

6: it @= (@ OPTIONAL @,) then

7 return join(Solution(Ql,D, G),Solution(QZ,D, G))u diff(Solution(Ql,D, G’),Solution(QwD7 Q)

8: it @Q=(Q,FILTER R) then

9: return {,uESolution(Ql, D, G)In(R) :true}

10: if Q:(GRAPHu{Q]}) then

11: return Solution(Q17 D, gmph(u)D)

12: it @=(GRAPH?X{@Q,}) then

13: return _ U (D)join(Solution(Ql, D, graph(u) ), {pldom (1) ={7X} A p(?X) =u})
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V. FCA-based approach for analyzing
RDF Datasets
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Algorithm  Binarization(MDT, A 1)
// Input : Many-valued Data Table MDT= (G, M, W, 1),

/1 Binarization rule set A, pp
// Output : Binary Data Table A= (G'A,»,]V, J)

1 Gg=G

2. N=Q;

3 J=0;

4:  for each mieﬂf(l < i< M)

5 for each ¢& G do

6 it we W;nEMm‘[(g, vni7w)E[/\ (w,n)EI;nI]

then
7 N= Nu {(mi,n)};
8: J=Ju {(g~ (mﬂn))}'
9: end if
10: end for
11:  end for
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dayOff

N
o

hrd

oX o

Ho

1

Mo

o=l
o
ot
4
40
alll

ol
=L

0
e

O\J
i
4
T
H

e

&0
T

i)

o

Hm
50}
e

I
S
o
i)
o
ot
4
o
HU

i)
0]
ne

oy

RN . ]
Zolm|y
o

ot

Bl

40

kU

mo

=l

e
[50]
e

I
El
o
®
-
Ho
Fu

1=
jucigt

e
t0
e

fol
=
Mo
1=}
i)
10
4
40
]

e
0]
ne

=2l

I
El

i

]

4

Ho

]

Hm
fo
e

Mo HJ | Mo of | OV | Mo Mo | .
o
':_|

>

4

4o

el

o
all]

Hm
5]
e

I 0%
x
30
110
20
H

#2ed

1T Ho | = oo | JE Y| T x
sk
il
El

o R | 0 oY
>

EN)

lll

1o
fo
e

Table 4. Binarization Rule Table B,

i

nr

4

oN

]
12
4

>

4

oK

Sy

Table 5. Binarization Rule Table B

=]
L

=
I

X

J0| o
HU | b

Table 6. Binarization Rule Table By, off

200l

=heael] ®
7
E
ol ool
=R
2o X

B
ne

El'| Of
N

N
il
ne

=

0z
N
N

| 1
0%

%

4

02
1

0%

0
H

T

0
S

XX | X[ X|X]|X




Analyzing RDF Data in Linked Open Data Cloud using Formal Concept Analysis 63

Algorithm ConceptAnalysis( )

// Input : Binary Data Table K:= (G, M, I)

// Output : Concept Lattice L(XK) := (B(K),ES)
1 BK)- @; E, — O;
2 for each g€ G do

B(K) « B(K)u (eztent(mtent(g)),intent(g));

end for
for each (O, A) € B(K) do
for each g€ (G —extent(A)) do
7 X extent(A)u {g};

8 it (extent(intent(X),intent(X)) & B(K) then

9 B(K) —~ B(K)u (extent(intent(){)),intent(X));
10 end if

11 end for

12 end for

13 for each c1=B(K) do
14 for each c2€ (B(K) —{cl}) do

15 it(cl < ¢2) A
(3 (B(K) —{cl,2P[(c1 < e3) A (32 2)])
then

16 E .~ E v {(c,e2)};

17 end if

18 end for

19 end for

20  return L(K) = (B([(),ES )

HA AR A8 gae]EConceptAnalysis(K)ol A=, 7H

WA A intent, extent)E EUIZ o]0 o] Ao H|
Ol BEK:=(G M INEFH MIEB(K))E FEoFL1~12
B), MdEAteld] s/ BA(<)E 7otsted(13~193),
HAzH o2 NIAAL(K) = (B(K), E. )& 73H203).

5. Visualization of Concept Hierarchies
FahdEMxe LdaE]EConceptAnalysis(K)ol 284
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AE WO 3l Line DiagrameZ Yeld 4 3t} Line
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AHE FAEE =2, 2509t 2], FANdERT
(“Fr27, “ded")E &l “FET] A

B 445
B glor], 43R fRolm, BAU FsHe FRYAH

. Mo o
b TiHE 32
ikl
¢
i

al
B2 veRl 3 glck e, BAAEAA A o)

ofN
)
o
(T
-
S
i)

diyﬂﬁ 252
[davon_z22 a ' k d,,ym [daor 2z |
au_ 1*‘%‘?
ﬁ ErT

l
‘

ZC|0FLE 3 F

!.s

(b) Inheritance Hierarchy of Concept Lattice
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(c)Concept Hierarchy for “S=et=2H”

(d)Concept Hierarchy for “F=ut=2at”

Fig. 5. An Example of Concept lattice
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V. FCA-based RDF Data Analysis
Tool and Experiment

1. FCA-based RDF Data Analysis Tool
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WHEFE {
%5 rdf:type <http://schena, org/Museun>.
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Fig. 6. Screenshots of Tool for SPARQL query and
Concept analysis

2. Experiment
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T F4~69) 0B EE B2 o|WBAE e
slo] ®8Y} 7L oA doE Ho|E7 WalstL).
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?s
?s
?s
?s

PREFIX schema: <http://schema.org/>

PREFIX ad: <http://lod.seoul.go.kr/def/ad/>

PREFIX cf: <http://lod.seoul.go.kr/def/cf/>

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax—ns#>
SELECT ?name ?gu ?entryFee ?dayOff

WHERE {

?t schema:name ?gu.
FILTER (lang(?name)='ko')

rdf:type <http://schema.org/Museum>.
schema:name ?name .

ad:gu ?t .

cfientryFee ?entryFee .

cf:dayOff ?dayOff .

Fig. 7. SPARQL Query

Table 7. SPARQL Query results
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Table 8. Experiment Results(Binary Data Table)
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