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Abstract

Recently, researches on ontology-based pattern classification have been tried out in many fields. However, in most of
the researches, the ontology which represents the knowledge about pattern classification is just referred during the
processes of the pattern classification. In this paper, we propose ontology-based fuzzy -classifier for pattern
classification which is extended from the fuzzy rule-based classifier. In order to realize the proposed classifier, we
construct an ontology by conceptualizing the method of fuzzy rule-based pattern classification and generate ontology
inference rules for pattern classification. Lastly, we show the validity of the proposed classifier through the experiment
of pattern classification on the Fisher’'s IRIS dataset.
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Table 1. Structure of IRIS dataset
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Fig. 1. Semantic network for IRIS dataset
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Fig. 2. Representation of IRIS data

OWL(Web Ontology Language)[13]olMi= £4& o] &
”r7:ﬂ ¥¢& ‘property{domain, range)' s} #o] ol T
]9 Fej2 vebdich o714 ‘domain’2 7id ol A A 7}
4, ‘range’ = 7R o]y 7RA, Ei= ‘integer, double, boo-
lean, string’s} b2 dlolel Felel ol 8 4 . wet
A 2EZAM £A4E ‘range’?l el wal ‘object
property’ ¢ ‘datatype property’® Ttk . ‘object
property’¥= %449 ‘domain'?} ‘range’7t B 7ot

A7} 51, ‘datatype property’ ¥ %49 ‘domain’ & 7ol
U Al ‘range’y= dlolE] el Eiz Aol 1y 33 B

v 7 2E2AY £ AFH FdE Wk o714
actlve_lmgulstlc_term 2 ‘object property'©] i, Wz &
AL ‘xsdidouble’ HEke do|E &EH% zt3= ‘datatype
property’olth. o714 ‘xsd’¥= XML  Schema
Definition[14] &2 W3Cel A Zé«]?} dole] Fel& ovl3)
1= ofu(prefix)o]t}.
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fuzzy_property iris_property
4

object_property
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Fig. 3. Hierarchy of properties
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Table 2. Definition of properties

Property Name Domain Range/Datatype
active_linguistic_term Data FuzzyAttribute

min FuzzyMembershm xsd:double
Function

center_min FuzzyMembersMp xsd:double
Function

center FuzzyMembersMp xsd:double
Function

center_max FuzzyMembershlp xsd:double
Function

max FuzzyMembershlp xsd:double
Function

sigma FuzzyMergbershm xsd:double
Function

setosa_value Data xsd:double

versicolor_value Data xsd:double

virginica_value Data xsd:double

sepal_length Data xsd:double

sepal_width Data xsd:double

petal_length Data xsd:double

petal_width Data xsd:double

_~center(=1)-»<t5d.doublz>
/- min(=1)--~»- q@ﬁ»
e tAX(= ) <TE G OUBIE>

N Y | —— .
-center min(=1 )= <'r:>
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a
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a8 4 WA 2% F5 Qe

Fig. 4. Description of fuzzy membership functions
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Fig. 5. Some cases of fuzzy membership functions
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Fig. 6. Linguistic terms at each attribute
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Fig. 7. Relations between IRIS data and activated
linguistic terms
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[FuzzyRule]
IF SepalLength(SL_2) AND Sepal Width(SW_6)
THEN Class(setosa)
Hyetosa = min(HSL_z(Ust)v /isu;s(vsuv)) 4

714, Aol W p )% ‘v, = 247 RIS dHolElY

‘sepal_length’ ¢} ‘sepal_width'e] gkelth

[Rule-2]
FisData(?data)
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Aactive_linguistic_term (?data, SW_6)
A sepal_width{?data, ?sw)
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Fig. 8. ‘iris_class_value’ through ontological inference
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e AR, 4 6)9 H/A AibellA F2 e oA =}
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dolee] 2/ A=t Hojd #e Mg

:u'dof - arg max (u‘jiass) (5)
1= All Rules

A7IA, i WA FE FA WEE
A AH 8 AR ol YAE, D25y, IRIS

doleel el Al oSS Yehar
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FisData(?data)
Airis_class_value(7pl) Airis_class_value (7p2)
A?p1(?data, 7cvl) A 7p2(?data, Tcv2)
/\Fgreaternan(?cvl, 7cv2)

— C (7p2(?data, ?cv2) )

remove

[Rule-4]
FisData(?data) A setosa_value (?data, 7setosa)
- Setosa(?data) A C.,, .. Fris Dota(?data) )

7)™, ‘iris_class_value(?pl)’S ‘iris_class_value'¢]
a9 A< ‘setosa_value’, ‘versicolor_value’,
‘virginica_value’59] g &4& HF ‘Tpl’d AAGEe A
oltt. B, Fpsertnen(Tevl, Tev2)’ S Pdata’el]l AAE
IRIS dlelgellA] W 7pl’, ‘7p2'9] &4 3o
(Tevl > 7cu2)? A% ‘true’ & 33T 283 C e ()
= “AAlremove) BHOZM ‘7p2(?data,?cv2)’S] FAZ
AR 3k & HRA] FEAA R o|WAF LT} 7}
2 2 ankg Addste 2 Zol, F A¥EE gvlstie
‘iris_class_value’7t 71 2 @38 @712 YeRls BF
Ao 2 [Rule-41E B3] 2% 941X 3 ‘iris_data_1’
£ ‘Setosa’Z 73 "tk [Rule-4]% 71d ‘TrisData’oll
2389E RIS dlole] A7} ‘setosa_value’d £4 Ftol
EA3 e A%, RIS viole 7AAE Wd ‘TrisData’ 2 5-E
M ‘Setosa’®] 9 MAZ olFshe RS Egick 2¥ 9
oA MY ‘Setosa’, ‘Virginica, ‘Versicolors A&
‘disjoint’” AR AAH 9lo] 5 RIS ©loH 7RA7}
oA olF d F o et AAlZT EXjor ok
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.
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1 -

" “redisjoint- ~-disjoint:="
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Fig. 9. Classification of IRIS data
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Fig. 10. Ontology-based fuzzy classifier
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Table 3. Fuzzy inference rules

. e F49
UE U ST SW [ L [ PW | Class
1 SL1 | SW.8 - -
SL_1 - - setosa
3 SL4 [sSwW8 | - - o
11 [ SL5 [ SW5 [ PLI -
12 - SW 4 | PL_I - versicolor
13 SW3 | PLI -
35 SW2 | PL4 -
36 SL_6 4 - PW_4 | virginica
47 SL2 | SW.3 - - -

[Rule- 1) & %a] 443 2 IRIS Blole) 24}
%’\35}% ‘?101750—44 HAE lsty] 93l SPARQL[16]
Holl 718k [Query-119] 522 7 ZFHo)& AlL3)
9\15} gl 2ERX A Ay g 49 A Al o

7174, ‘rdfitype’& M TrisData’ol 3 /WA &, “2domain’,
“Prange’y> ‘ﬁ'r‘“ ojujgiut,
[Query-1]

prefix isac:<http://isac.yu.ac.kr/classification/>
prefix rdf:<http://www.w3.0rg/1999/02/22-rdf-
syntax ns#>
prefix rdfs:<http.//www.w3.0rg/2000/01/rdf-
schema#™>
select ?domain, ?range
where {
?domain rdf:tvpe isac:IrisData.
7domain isaciactive_linguistic_term ?range.

}

E 4. IRIS dlojg A< g4das dAolgne] A7)
Table 4, Relations between instance of IRIS data and

HHERS % 282X Jlu Hx £57|

T,

B A Ewe] sy, Uz B s
[Query -2]
/prefix:<namespace> A1l A eF
select ?domain, ?property, ?range
where {
?domain rdf:itype isac:IrisData.
Pproperty rdfs:subPropertyOf isaciiris_class_value.
?domain ?property ?range.

}

¥ 5 ZF IRIS diolE AAe] B8 g
Table 5. ‘iris_class_value’ of each instance of IRIS data

domain property range

0.33333333333333526
iris. data_ 1 setosa_value 0.4545454545454546
R 0.5454545454545454
versicolor_value | 0.30434782608695654

versicolor_value 05
iris_data. 73 - 0.6666666666666647
- virginica_value 0.0905090909090905
B 0.3333333333333352
versicolor_value 0.3333353353333323
- 0.4545454545454535
iris_data_120 0.33333333333333237

virginica_value 05
0.5454545454545465
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Table 6. Maximum ‘iris_class_value’
domain property range

iris_data_1 setosa_value 0.5454545454545454
iris_data_73 versicolor_value 0.6666666666666647
irts_data_120 virginica_value 0.5454545454545465
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Table 7. Classification of each instance of IRIS data

activated linguistic terms domain property range
domain property | range iris_data_l rdf'type Setosa

. active_linguistic|  SL.2, SL_3, OW_4, nis_data 73 rdf:type Versicolor
iris_data_1 term SW 7. PL 1 iris_data_120 rdf'type Virginica
s duta 73 |ctvelinguistic]  SW_2, SW3, PL13,

ns-data_r _term PL4, PW2 (Query-3]

s data 120 active_linguistic SL_5, SW_1, SW_2 //prefix:<namespace> A<l A

iris_data_ _term PL_3, PL 4PW.2, PW_3 select ?domain, ?property, ?range

@‘5'“ ?5}01’3} %z'

of #4 M=z [Query Hojg 5
Ak 1Y 8% ¥al o13g ukek 2o} 7 RIS
WAL BF A= ¥ 59 2o

IR -kv’%”r HGE 5 [Rule-3)¢) 88

& Hoy ¥4 HgnE dduh iris a 739 %
‘virginica_value’, ‘versicolor_value' ?%0 2R 45t=
7F A E o} [Rule-3]9) F8& %3] ‘versicolor_value’

where {
?range rdfs:subClassOf isac:IrisClass.
?domain rdfitype ?range.

}

upxisto 2 zH (RIS dloje] Aol d4dd g B A
gx=g JeEhRY] Y& A8 $A4 ‘irs_class_value'®) 3t
A &7l ol [Rule-4]9] 85 E3) 7H IRIS dioly] 7§
iﬂ:t d ‘Setosa’, ‘Virginica, ‘Vermcolor-% 89 A2
EHelgeh % 78 BH9 RIS dole] MAE [Query 3]
o] A& B gAg Axjolrt

SEEAE o] AYEH H4Y AN F 150 A
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Table 8. Results of pattern classification

P =R R H 2] 7] Wt 2EZHA 714k
DE] 150 74 150 7l
2E AF 149 7} 149 7}
PE 9.3 % 9.3 %
58 2
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