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ABSTRACT

The purpose of this study is to build the tax ontology which can be used to manage imposables
by the state or local governments. In this, the tax and related concepts were analyzed and then
concept hierarchy i.e., taxonomies were formed. Especially, in the concept hierarchy, after multiple
inherits were decomposed as ‘primitive concepts and then Rector's ‘methodology of ontology
implementation normalization, in which defined concepts were recombined, was used. The
methodology employed was that the tax system, which was entangled with the direct taxes, local
taxes, and property taxes that has multiple—inherits, was expressed explicitly and logically. After
that, automatic classification was carried out through the inference engine, consistency was verified.
Finally, some practical cases of ontology created were enumerated.

Keywords: Normalization of ontology implementation, Tax ontology, OWL DL, Ontology construction,
Ontology verification, Ontology applications
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& AF wFE IHZE I e JHY 18 Fe0o] WAEHY Atk & AFxe
FE 717E Pellets, 139 %38 =72 OWLViZE ARS-3ISith

2. OWL DL ZM 2E=ZX[9| ¢

7V 75 54
B Ao A 2

S 24 SEEAE 3 39 B} AR S B A0
2 88 5 U AL

AR 751

24) FRRK, M A, p.449.
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w75

D) Zeisst S Al 24

Protégé?] Fei2 FAolM Sy FH20] ASS Age) WA, ZeuEB SHAEA
ARA Sk A S e ASS AesiTh ARAIS TRAE AR BAE B

Sl flolA AT AL AR GARY AL 717719 SEEAA SR A S
Feiaet 24 e oS WA vt 2k

(H 6> 2 &AM MEnt 229 s A

ZA 7 &9 FA A4 29~
ZA 12 Ak (LegalRole) 9 (Role)
A )z (Medium) ) 4 (Medium)
=7}, AR A 349l (PublicLegalPerson) A (Agent)
AL AR 3 2H Actor) 5 (Role)
IA717E A7 e A)ZF8 88 (TemporalOccurrence) A (Occurrence)

9T A 4T PRz e, B 922 A, A3 AL FAA & T
3 WES ARA sl S A S AR Urolth

2) ZE e A3 71 S A

Protégée] Z2HE] GYolA] Z2HEIE YE3ith OWLS ZEHEl= QEHAE ZZHE|e}
dolHet] Z2HE S F FH7F Utk ZEFHEE FHA o] ATS FA4T  Ark FA419
A FA = F7HolH, A Ho“ﬂ?% FAIFA = AR GA o] Tk S o A A A estr] flate]
Z9¥] "FAH|FA (hasTaxationSubject) @] X% (range) ©] E+= 3HAS AATATE A FA]
(A A=A, HAAAD S| dz2 Y2 " IAFA 7F = tH(isTaxationSubjectOf) & A8/ 331t

F8 ZEHEE YeY (E 73 2

CE 7> 2 ZZIE

EEE[ ER EEE] BE!
hasTaxationSubject—is TaxationSubjectOf Object Tax Nation or LocalGovernmentBody
hasTaxationPeriod<isTaxationPeriodOf Object Tax TaxationPeriod
hasTaxDueDate<sisTaxDueDateOf Datatype Tax TaxDueDate
hasTaxpayer<isTaxpayerOf Object Tax Person or PrivateLegalPerson
hasUsePurpose<isUsePurposeOf Object owl:Thing | UsePurpose
hasOccupation—isOccupationOf Object Person OccupationRole
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3) Aok 279] 24
2 2 9¥] "3}A|FA] (hasTaxationSubject) & ©]-8-3}

AR A (Nation or LocalGovernmentBody) 2 3153

ZA ZERA FFHl Wi A 17

HAFAZY 2 = s A9 2e =7
o A= =7 AR AR ] o 4

A7] W&ol V(only) & AHE3Fe] “hasTaxationSubject only (Nation or LocalGovernmentBody)”

2 Ay REFRZASRE 7] 9dl ‘Asserted
‘necessary & sufficient’ 2 %71t}

F2 Aok Hold (i 8)3 e

Condition'® dol|A ‘necessary o A]

<E 8 8 M

A

v

hasTaxationSubject only (Nation or LocalGovernmentBody)

=71 AAA A ] IAFA7E Ak

hasTaxpayer some (Person or PrivateLegalPerson)

ofdl 72l = APHRIS WA Fk

hasUsePurpose only SpecialUsePurpose

RIS B
SHF AEAS Aot

hasTaxAmount exactly 1

Al A8 1S 2t

bears some Expression

REHS e

4 7% 24

TE5E M 2EZA ] A

L
L

<

=

9y .

B 9 #FE M 222X A

74 84 A AT Yin Pl
AA] (primitive) S~ 89
g SgA hES
398 T 9] (defined) 2o~ 8 o7
ZAk3 A Hexistential) Aok 6
e KA Huniversal) |k 56
o A =334 A% (cardinality) 2 64
2 28314 A% (minCardinality) 0
o 8315 A2k (maxCardinality) 0
g SuAE Zzdy - 16
Ao e - ]
AAEA - - 24 24
3. FE 7|79 o|g & OefHE HA|

7} FE 7179 o8 As
Protégé-OWLol WAH Pellet & 7]7-E 25t
&tk (19 11)2 PelletS AFEale] 2k EH73 2
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AEA 2] S AHA L &9 fFor AdE Zan|ElE /Fdo g Fo] QAT ‘Q 7] =7}
gro] A 54 7} Ak hasTaxationSubject only Nation) #H= Aok 243} 'S &EA] ALEEH O 7
A LukE A ks zH=th(hasUsePurpose only GeneralUsePurpose) 2H= Al2F 240 2]s] A
o] 91t BsAe] akelell 22t As - RE A

Kl Tax Protégs 3.4.8  (file:WC:WDocuments%20and%20SettingsWuserWl S %205 21w = H| Z1 Z W Z H|WTax. pprj, OWL / RDF Files)

Fle Edt Proect QWL Reasonng Code ook BioPortal  Window  Collaboraion  Help

DEelE tBE mad d© CRECINRS e

| @ et ooy BT 0 | (O cesses | B Properies | 4 havias | = Fams | [ oniviz | A usres |

SUBCLASS EXPLORER nR, SUBCLASS EXPLORER W x| CLASS ENTORfor Tax (instance of owl:Class) CEET
For Projoct; @ Tax e () T For Clase: | itp:/iwvw owkontolegies.comiOntology 1361274110 owlfTaxx ] inerrect View

5 ® %
. I @ @) |ereaerorcry #RB DFeRm [ Annotations
¥ Momert [4] @ AddtionalCharge = Praperty [ value [ teng |
O TaxbueDate ® AddtionalTax relfscommert .
v @ process v @Tx (=) s ol B o
v © acton v O DireetTax = rolfs: el tax en
v Olew © sequisttionTax
@ iithheldingTax © avtomabieTax -
@ Phenomenon (]
v Oroe ® CorporateTex doea Asserted Conditions:
v © LegaRole @ DonetionTex NECESSARY & SUFFICIENT
v O acter ® ncomeTax NECESSARY
@ Guarentor ® rheritanceTax | ||@ LeosRale
@ Taxpeyer ® Locai T | hasTaxAmeunt exactly 1
ocalnzomeTa:: ) hasTaxalionPeriod some TaxatiorPeriod!
0 TaxationSubject = ® LocalResourceF acityTax only (Nation o L
v O smeourt ® PropertyTax ) hasTaxpayer same (Persan or PrivateLegalPersen)

O additionaiCharge ® RegistrationLicenseTax
O sditionalTax O ResicentTax
v E Tax v O GeneralTax
© CirectTax © acquisitionTax
1O GeneralTax ® AutomobileTax
» O incirectTax ® ComplexReslEstateTax
© LocalTax o @ CorporsteTax
1 NatianalTan ® DonationTax
1) ObjectTax. ® ncomeTax
» O occupstionRole O nelivicyalConsumptionT sx

Teaae

@D visjoints

O StandardFor Assessment @ inheritanceTax
v @ ValueType © LesuireTax
v @ usePurpose ® LiguorTax

@ GeneralUsePurpose @ LocaicansumptionTax

o 5
B s B 3 OO0

® Logic View () Froperties View

Closs I Changed direct superclasses
@ AcqustionTex #ded Goneralla, LocaTex -
AutomokiTax Added GeneralTax, LocaTax
omple:feaEstateTax Astied GeneralTax, NefionaiTax
orporateTa Adked GeneralTa, NtionalTax
onctionTaxx Astded GeneralTax, NefionalTax
EducationTax s NetionalTax
kel CeneralTa NafiooalT =

A 1D As 272 2

o efe ®A
Protégé-OWL ™7+ = 'Preferences o4 OWLViz Tab=s A
(asserted model) # F29 24 (inferred model) ¢ ZIHZE & 4= gl AF3F A A

d& (9 12), FEE Bd2 (I 13)3% 2t

o
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&l Tax Protégé 3.4.8

(file: WC: WDocuments % 20and?20SettingsWuservt Bl S 2% 202H 2 w2k M| | S Z | WTax.pprj, OWL / RDF Files)
Fle Edt Proect OWL Reasoning Code Iools BioPortal Window  Collaboration  Help
DeE +tBE ® <>

| @ Metadata(Ontology1 381274110,

 OviiCazes | 8 Frovertes | @ naveis | E Forms | UL oviviz | A uenes
Ffffﬁfﬁf B [o] [3]x][E]=][¢]

[ Assertedmosel | Inferred model

cia1T axF orAgculturalAndFish
@ seit-Standing
> O sgert
© Expression
» O Medium
» ® ocourrence
» @ Process
v ®roe
¥ @ LegalRole
» O actor
> ® amourt
> @ Tax
» @ OccupationRele
© StandardForassessment

ingvillags

TINE @ 9 e 7 [ 3AEEE. [ bear-Dau.

Tax Proteg

AREIL@ 2856

<JE 12> OWLVizZ HEA|3F asserted model

&l Tax Protégé 3.4.8

(file: WC: WDocuments % 20and?20SettingsWuservt Bl S 2% 202H 2 w2k M| | S Z | WTax.pprj, OWL / RDF Files)
Fle Edt Proect OWL Reasoning Code Iools BioPortal Window  Collaboration  Help

DeHE +BE ma &% ® <>
| @ Metadata(Ontology1 381274110,

 OviiCazes | 8 Frovertes | @ naveis | E Forms | UL oviviz | A uenes
Ffffﬁfﬁf B [o] [3]x][E]=][¢]

[ Asserteamosel | inferred model

o Thing

RegistiationLicenseTax

Tax Prote

AR AL @ 28 6

J& 13> OWLVizE2 EA|SH inferred model
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t}. OWL DL #A

Protégé-OWL 9 W3 = ‘Code’o| 4 'Show RDF/XML source code’'E A3¥sted OWL DL
TAE AAAE g Utk O dFE (OF 149 JUeth
<?xml version="1.0"?>

<IDOCTYPE rdf:RDF [
<IENTITY owl "htt%)://www.w3.0rg/2002/07/0wl#" >
<IENTITY swrl "http://www.w3.0rg/2003/11/swrl#" >
<IENTITY swrlb "h t})://www.wlor /2003/11/swrlb#" >
<IENTITY xsd "http://www.w3.0org/2001/XMLSchema#" >
<IENTITY rdfs "http://www.w3.0rg/2000/01/rdf-schema#" >
<IENTITY rdf "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" >
<IENTITY protege "http://prote e.stanford.edu/plu(fms/owl/ rotege#" >
<IENTITY xsp "http://www.owl-ontologies.com/2005/08/07/xsp.owl#" >

1>

<rdf:RDF xmlns="htt ://www.owl-ontolqgies.com/Ontologly1361274110.owl#"
Xxm :base="http: lwww.owl-ontologies.com/Ontology1361274110.owl"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlns:xsp="http://www.owl-ontologies.com/2005/08/07/xsp.owl#"
xmlns:swrl="http://www.w3.0rg/2003/11/swrl#"
xmlns:protege=" htt})://protege.stanford.edu/pluﬁ)ms/owl/protege#”
xmlns:swrlb="http: /www.wS.or/%/2003/l 1/swrlb#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
Xxm ns:rdf=”htt?://www.w3.org 1999/02/22-rdf-syntax-ns#"
xmlns:owl="http://www.w3.0rg/2002/07/ow1#">
<owl:Ontology rdf:about=""/>
<TaxationPeriod rdf:ID="_2012Y">
<isTaxationPeriod rdf:resource="#PropertyTax 1"/>
<isTaxationPeriod rdf:resource="#PropertyTax 2"/>
<isTaxationPeriod rdf:resource="#PropertyTax_3"/>
<isTaxationPeriod rdf:resource="#PropertyTax 4"/>
<isTaxationPeriod rdf:resource="#PropertyTax_5"/>
<isTaxationPeriod rdf:resource="#ResidentTax 21"/>
<isTaxationPeriod rdf:resource="#ResidentTax 22"/>
<isTaxationPeriod rdf:resource="#ResidentTax"23"/>
<isTaxationPeriod rdf:resource="#ResidentTax 24"/>
<isTaxationPeriod rdf:resource="#ResidentTax 25"/>
<rdfs:label rdf:datatype="&xsd;string">2012&#45380;&#46020;</rdfs:label>
</TaxationPeriod>
<TaxDueDate rdf:ID=" 20130131">
<isTaxDueDateOf tdf:resource="#PropertyTax 1"/>
<isTaxDueDateOf rdf:resource="#PropertyTax 2"/>
<isTaxDueDateOf rdf:resource="#PropertyTax 3"/>
<isTaxDueDateOf rdf:resource="#PropertyTax 4"/>
<isTaxDueDateOf rdfiresource="#PropertyTax_5"/>
<rdfs:label rdf:datatype="&xsd;string"™>2013&#45380; 1&#50900; 31&#51068;</rdfs:label>
</TaxDueDate>
<TaxDueDate rdf:ID=" 20130228"> )
<isTaxDueDateOf tdf:resource="#ResidentTax 21"/>
<isTaxDueDateOf rdf:resource="#ResidentTax 22"/>
<isTaxDueDateOf rdf:resource="#ResidentTax 23"/>
<isTaxDueDateOf rdf:resource="#ResidentTax 24"/>
<isTaxDueDateOf rdf:resource="#ResidentTax"25"/>
</TaxDueDate> o
<owl:Class rdf;ID="AcquisitionTax">
<rdfs:subClassOf>,
<owl:Restriction> ) )
<owl:onProperty rdf:resource="#hasTaxationSubject"/>
<owl:a]lValuesFrom rdf:resource="#LocalGovernmentBody"/>
</owl:Restriction>
</rdfs:subClassOf> .
<rdfs:subClassOf rdf:resource="#DirectTax"/>
<rdfs:subClassOf>,
<owl:Restriction>
<owl:onProperty rdfiresource="#hasUsePurpose"/>
<owl:a]lValuesFrom rdfiresource="#GeneralUsePurpose"/>
</owl:Restriction>
</rdfs;subClassOf> .
<rdfs:label xml:lang="en">acquisition tax</rdfs:label>
<rdfs:label xml:lang="ko">&#52712;&#46301;&#49464;</rdfs:label>
_</owl:Class>
(o3 Aeh

A8 14 =M 2EZXS OWL &AM X5 72
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4. 2F=X 9 & oAl

2 ATl 75 A SEEAE A 3 FATE AR g 249 5o dskS A
7] 913 23 HAT el S B0l 2HFAAM FAl Al FAFAA 201210 dHEa ok 2| Al
A7F 1000009981 A5 SART 7R3t 7)ol 272 FAFAE 2 < e A
AA 0|3, WA= TAF, BAl 7192 20139 1€ 31972k sk AlElE &0k (E 1002
2 AFelAM FEHF A 2EEA ] JAEHAEA AYE Aot

Y

<

10> QIABIA

&

AR AR A5 A A7k A7)
4% A AA 100,0009 20129 2013914314
AAF STRIAl ARHA 50,0009 2012y 201391€314
s AT AA 100,0009 20129 20139149314
o]=H A A 200,000¢ 20124 201314314
e AN A 150,0009 20124 2013491¥314
s A A 10,0009 20124 20134129289
AAaF STRAl A 5,0009 20129 201392928¢
A AT A 10,0009 2012y 2013929284
o= A A 20,000¢ 20129 2013929284
ko FZHA A 10,000¢ 2012y 2013929289

(- [ cear @ watch A weton Ay

AT G =32

<3 15> dM At
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