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Abstract

GPM(Generic Product Model) developed by Hitachi in Japan is a common data model to integrate and share
life cycle data of nuclear power plants. GPM consists of GPM core model, an abstract model, implementation
language for the model and reference library written in the language. GPM core model has a feature that it can
construct a semantic network model consisting of relationships among objects. Initial GPM developed and
provided GPML as an implementation language to support the feature of the core model, but afterwards the
GPML was replaced by GPM-XML based on XML to achieve data interoperability with heterogeneous
applications accessing a GPM data model. However, data models written in GPM-XML are insufficient to be
used as a semantic network model for lack of studies which support GPM-XML and enable the models to be
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used as a semantic network model. This paper proposes OWL as the implementation language for GPM core
model because OWL can describe ontologies similar to semantic network models and has an abundant supply of
technical standards and supporting tools. Also, OWL which can be expressed in terms of RDF/XML based on
XML guarantees data interoperability. This paper uses OWL DL, one of three sublanguages of OWL, because
it can guarantee complete reasoning and the maximum expressiveness at the same time. The contents of this
paper introduce the way how to overcome the difference between GPM and OWL DL, and, base on this way,
describe how to convert the reference library written in GPML into ontologies based on OWL DL written in

RDF/XML.

» Keyword : GPM(Generic Product Model), OWL(\Web Ontology Language), X2 24~ (Nuclear Power Plant)
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Table 1. GPM association list

association order | occurs role
1 + side2
is_connected to
2 * via
1 1 involved
involves
2 part
. 1 1 referring
is_referenced by 2 ? Variable
1 + first_operand
boolean operate 2 1 boolean operator
3 * second operand
1 1 place
is_placed on 2 1 by
3 ? of
1 + qualifier
2 1 property
has_property_of 3 " data
4 ? unit
possesses possessed
is_represented by representer
is_a version_of predecessor
is_qualified as qualifier
is_presented by presenter
is_identified with identifier
is_described as 1 + describing
is_collection_of part
is_assigned to assigning
is_assembled from part
is_an_instance_of class
is_a_synonym of alternative
is_classified as classifier
+: more than 1
*: more than 0
7 0o0r1
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Fig. 2. Relationship among objects using association has property of

2.1.3 GPML

GPME] 2212 ol efelst o}2Alolold elolnelel
GPMLE AHgle] 785le] 9Iek. GPMLE 291228 chest
2e PR et el

CLASS class name {
association: attribute;

}

CLASS 5w1h {

has_property of: unqualified date and time data value;
has_property of: unqualified place data value;

has property of: unqualified version_number data value;
is_assigned to: person;

is_assigned to: organization;

is_assigned to: person_and organization;

is_presented by: information contents;

O3 3. ZaA Folg 28t GPML 72 % off
Fig 3. GPML syntax to define a class and the example
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Fig. 4. Relationship between a named class and anonymous classes

OWL Zli2~= 7% (named) Zell9} <™ (anonymous)
Bz BFS 49tk a8 45 F FHay IAE B
ot o9 Sxe] Howe ARl gy AjA|A LFE=
A ARk Ao o folzint, HE 29 A

ar B EN g

2 o) Zo oy FUrEg A B4 2 B
Folea ATens olFolun B4 Fehaz B9



36 ﬁﬁ.;q EE1 ]ié&?—a uH'H)CwL (2010 1)

te oy o
to &£ mlm
ok rlﬂTl:l =)
e 2 e
o e
tf; o fo
o ) o-l}[v
b
BN b
rg hor
zo U7 Jo
do o hu
O_NL, -
S
RS
8=
>
r
ol V
&
F{F mm
33
R
e e
RO A

T8I 5. of Zane| BF
Fig. B. Kinds of anonymous classes

H 2. OWL 9 Z=iAE 9ISt Madxt 55
Table 2. Constructors for OWL anonymous classes

OwWL DL
OWL Constructor | DL Syntax GemcsEr | G
intersectionOf CMn...Nnac,| alValuesfrom | V PC
unionOf CU...l0C,| minCardinality | = NP
complementOf -C maxCardinality | < NP
oneOf {zy 2, } cardinality = NP
someValuesFrom JprPC hasValue 3 P{x
C GG class P : property
x,wy,x,  individual IV : number
O3 be wHE S A9 7|wo] H= o Sex
o THE HoFm & 2& A% Sz FHl mE OWLY
Sl AAAE BoAErh o 2929 78] He &
25 9Py (vestriction) Zeflolct ZA) 3 (existential restriction)
< AstaAt ske FE2Y] A9 AL Sz ol A
o} Z2IE] PE AMSSF 2 4g shute] Aol EAjslof gt
= 24& 9njgitt. 13 3 (universal restriction)- <]
atazt ke Sl Aol MAYE Z2HE] PE A o)
= WEA] FEl 2 09 A AAE Holok St 2E
oJnlgit}, FARG eF (cardinality restriction) S A olebaia}

sk Fel29] ol AT Z2HE PE AR-S BAY A
Srol] thek A|gtelt}, hasValue 2782 A2l slazl sk S

29| glojo] A7t 5 NA ast T2HE] PE ARES HAa

3 shte] AZo] EAfslok ke Zzﬂ—a— 4 wlgtth, GA3
ﬂ%é—t— A AE HAR o E Y IE}. kijag

2 on] Hojd FHAES Ve s

mgr

ol gt

3.1 GPMe| OWL=Z 2| Bi3t dht

o] ZoxE GPME OWLE Hgalr] Sa) Hgk
dof 4 84 Alele] AV BAIE 7
AE 71Este Wl o EAlshe T 2 Alolo] 2}
ol dE FH3| fat] ARG S it

3.1.1 GPMe| OWL g2

GPM¥} OWL 25 A 7ke] #
T Stk A T 2dle gold] x}o = AT 4 7Y
A FL3 7S ke Al 7 Bd 1 84S 7
3 3lek AAe] 43 d%—a— ‘I‘EEO]’" 240E F RN B

Fre YT 8 =

§]-§} 25F GPME A ﬂ(obJect) OWL2 7H1ﬂ (individual) 2}
£ 895 ARSIt} AAte] BA Helol AMgsle 84e
GPM2 oj2Ade]ld, OWLE eBAE Z2HE|(object
property) 8He $018 AR} wElx GPM Sl glela
22| 9} ojinjoflo| A glolHejg]E OWL-DL 25242 ¥

1] 9Jsle] mulo] A QA TS} o] Wigleit)

%@ 29 74 22 ofg

Tm
o,
W
HE
o
£
mgl_g

o GPMe| Zl2E OWLY g~z wgla

o GPM¢] ZAlE OWLe 7iA|= Weksict,

o GPMe| o]&Aldo]de QWL QEAE Z2ElR
gt}

GPM Z#2 go|Be|g]dA] ejgt &
°o]&2] OWL %% (named) S|4 HgITH GPM ©]
Alello]d glolHefg]ollA] Aefgt ofirlooldE FU o
2o] OWL 2HAE Z2dE|2 Wslaic]

3.1.2 GPMe| OWLZS| Zx| 2A| 7|z vizh U
GPM= OWLE W3kl o) & =24 Afo|o] ] A %<
o glofA FEsof & 717g E Ao H-E Frof o] BHoj
35t} GPM2 ©]59] U347} 1:1:n(ny=1)°] 7153k 1k
H OWLE 1:1: 10|28k Aelth. &, OWLE & Hldf| shue] &



OWL DL AM&3 GPM &4 mde 73 37

o5 At n7le] =47 AA|ske] WA HolE Bl &
gl web 2 =Rl E olH R F BEl Alo]e] Aol
SEeT o] 4 gl 2d MES gejo] $M Foli
o]:ZAole] thg47} 1:1:n8] GPM B3-S OWLRS] W]
Gol g Fo:gof: BAole] g4t 1:1:19] vee] £4E=

o
=

Of

B & o85S BF ] ddd e At A
TR ol Eall A shuel GPM 74 Helld 1719 4

AR} nle] BAAER A Fort EAgthe onde]
£ BESP| ffolth, ol2fet AAE Bl AA BA 7]
9lolA 9] -Er 2 Aol A o] AL Fi3 T nwl 7
A 84 7SS 3,149 i 8ol wet A8 & OWL &
(syntax)& AH&3I] A9 GPM #74& OWLE 3%
o2 WEks ghgdi

Fo]:go]: B2ole] 847} 1:1:n%] GPM £4-% Fol:&
of:=2ofe] thg7h 1:1:1¢) thre] 2SR wafioke W
& GPM ol&Aldfo] A glojHejgle] Fol=oj3lE o4l
OJMEE AW A EFRE F8 5 e E2 2/ o)

Z¥e olaAldlo|ld 28 (2F DI 1S 2k ojaildo]

= =
A 2F(3F DR Yol 1 Hghg s gejdith
S5t GPM 2| wit

AL F d' 25 24 o1 2=

4 1:1:n(n)=1)%1 GPM &

3.1.21 2818
Al ojEeHE %3
ojaAdoldE w0l 2 o}trﬂ T
Zro] WMo L

l

:

1) te<E 1:1:nQ! GPM E30llA ndll alldshe 2214 7

15, = OEZREE shto] o AR X|Feic)
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“ole AZe] i) AA7} HEsta AW Fel
ojaAoflold oz Wglslo] AMSET)

3) GPMe] OWL W3- g =l 4 024 wljg % ofof
ugl GPM 242 73 Fo1, B40] ¢1x)9] 29
258 OWLY S92 & Wsgkala o] ¢43]9] o4
o] HES OWLS QEAE Z2HE|z Wit}

fu)
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2471 1:1:n% 3 709 GPM &%

sp e o R U8
2 184 1:1:1 n+ 1719 GPM £74e] shiz 949 +x
Z WHgEh. n+1709] 242 87k 1: 1<l GPM 2732

Fol, %ol Tr|2 Fo, ol sk Az A9 o
Sohs AAE BA0\2 e B D(ehaE B4 sh o
Fo)s AAE Fol HstaL ofaAldlolHoR MHH B
Fol2 A olEelHES T3 il AAE 4%
o)z 5k o) ER(EHeln B4 0w THET nt
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el Bge oy Fels AAE Sale] shie] 2o @
A= oy 2o AR e shar Bela 5ol
42 Gainl Sl wlel Zeloln BAelA Fof o
&2 Fa) wolt

CLASS unit_segment {

has_property of: {
qualifier: maximum;
qualifier: operation;
property: pressure;
data: data value;

T2 6. T2l 22| OfERIREV} o Sl wHE By
Fg. 6. Trasformnation of the attributes into the anonymous dlass for Fig. 2

a8 62 28 20l slFsE GPM Z22 unit_segment2]
Aol¥of )&= B4 has property of: maximum, operation
pressure data value;2] 1), 2) T o]5<] Bolm a8 72
A 3) o]%9] B45S RDF 28 2oz #3333 7ot}
a3 79] 9(circle)2 OWL ZE2E oJvlshy sHdies o8
AE LIHEE ou|git}. GPM2 Y S 25 A|U3x
gouz a3 69 oERES} WSk o o8 X3
ghe T2 GPMLAA = BliZelth. 12y OWLAM = <

™ ZP20] AHge] ZbeE] Wit 17 62 GPMe] OWL
Bol5HA 3171 93te] ARE-SIAATT.

A Master Sentence
R
< "
P

WS An

—
has_property_of

1 ! "operty,
e & %y

T2 7. J7 62 RDF Z2i==2 #&bt 25
Fig. 7. An RDF graph for Fig. 6

3.1.2.2 15 IIE 2§ GPM Z&e gig

Foligo]: HAoe] the57h 1:1:n¢l 25 119 &3 of
ZAlollo] S AMgShe GPMEEe] OWL Hg tharat 2
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2

AA) 242 BAel Aske o] BAow ¥

Lkisss
2) 1%

ol Y

ol

o & 3)= st

a7 83} o] T Mol 2= ofAfeloldd] F4538
T o BEHE Wil e AW AASE B 5 shiel
e Wee we Ul Fejd] 2dsith. mEh GPME
I 8 49 el GPM 42 25 115 913 wigh 2
1) o]%¢] n7}e] GPM 8= T4F 2n= a4
5 119] ofdAfelold & ol 2 Heke tle< 1:1:nf]
GPM 7= A 15 9] e 1) mksd] 2747 n
7hel EEllole wgoR Tt F OWLE Wighd & glth.

cbject, —

r{_abiect |

possesses

S object, |

J% 8. aF l19 thes 1:n GPM =&
Fig. 8. An 1:n GPM sentence in the group I

possesses

possesses
T3 9. O& 89 Hig IHY o|Fe| RDF J2i=
Fig. 9. Transformation result for Fig. 8

3.1.2.3 OWL TH&& A A 84 71

OWLE /WA #AIE 71<317] 18I & 32) OWL /32
52 AMgalok sln o]y OWL ABAAE Aed B34S
OWLAIME 21E0lg) &}, ol 34 Fx] i 714
(individual) 7} BFEA| Ak ke 205 <n|sl7] wiiZelth, 1
5 17 IS 98 vk & el Ade Zzte] Fofi&o:

Exole] tig47t 1:1:190 74l 34 H2lE &, shue] 34
A7} el 2ol 2 AHE 54 LBAE ZT2HE & At
o] she] 544 AL TAE 2 S someValuesFrom
3} cardinality BAAE A5 Bz o7 ALg3to 2x ¥
& 59l

(84| 1) object_property SOME filler

(84l 2) object property EXACTLY N

o2

2] 13} g4 29] Z2AF-2 Manchester OWL 7-#(15)%
AREslo] gk Aotk SOMES AAAF someValuesFrom
£ 9njgi EXACTLY® A%87F cardinalitys <jwlgich.
object_property= S HAE Z2HEZ n]sl fillers &
A MAE aela N& 001de] F52 X3k 4= gle}. &
2] 19] 208 74 Zufeo] she] wliv] iR object_property
£ £012 3l filler Fl2e] AW AAED 243 31 of
ge] TAE 7R 2 Qlefot T2 ofn|gitt, ¥4 29] ZAES
T2 Fejzo] shve] Wi Azt B354 A el 4
31l object,_propertyE 8] N¥ AR&3sfof g ojw| g
o} w9 13} 29 2ARS Zhz) § WA AlgslaL o]
E& ANDZ 8 745- siufe] 54 Zell~ 77} object, property
5 £0l2 3lo] 5% 527 Fejxo] W slHe FE3] 1
he] dgte] IS 9mshA Ert

2] 13} 29] 2AE-E A3l association: attribute; &
2o] EAo] m7) EAlshe GPM ¥l glolBejg]d] 49
g0l gl dole] shte] GPM FeA5 OWL ¥HE Fx
£ 9 UREe R ¥gd % P2 19 21EES GPM
Sl o E Ul 27k B4 112 v-gste] mill A4

=

A} 220 94 2¢) 2ARL 2 e ojajolol o] X5
© B4o] 28 dri NS 12 sjof sy gaEr). 2,
42 0] 2ARE ofialdlole] FHAR by A4

[e) L

o}, o|F on] FAT ofandlide] EE S A Az
o

=

2Hx] she] OWL HHE S ~E 9

4 29 ZAFES] Ne| g me

"
S

B2 AAske el FYsHl 48€r). o ERRE Y p
9] Fol 28 ddom ke 544 AA7F AT A
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a3 10& GPM 22 plant, item shape-2 Manchester
OWL 7-E& 118310 Wizl Zlelc) oax e is assenbled from
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& 5 [9] 2] mehastEiR] onf ofifeflod has property_of
E I [19] ] vt s in. GPMe| o2 RET}
AgE o Felz o] AAl olERRE Yol T A7
o] gt @ 19] 221E0] AP Fd b B9
e G4 20 2Rl AE ¥ A P4 29 24

Bzs o] AAE 34 19 %

CLASS plant_item shape {
is_assembled from: shape representation_item;
has_property of: unqualified name data value by string;

}

plant_item shape THAT

has_property of SOME (
qualifier SOME unqualified) AND
property SOME name) AND
data SOME data value by string) AND
qualifier EXACTLY 1) AND

(property EXACTLY 1) AND

(data EXACTLY 1) AND

(unit EXACTLY 0)
) AND
has_property of EXACTLY 1 AND
is_assembled from SOME shape representation_item AND
is_assembled from EXACTLY 1

J2] 10. SHHAE OWL T2z 7|&st GPM el Holo| Hst
Fig. 10. Translation of the GPM dlass definition using GPIVLL into the
Manchester OWL syntax

OWL=Z T8 105 thaat} o] a3t ofw 7} (individual)
7} plant, item shape®] JIHebd the 243 w3t 170
A @ HAE Za2WE| has property ofS AFE-ald 1719
oy e~ wivi e} A4 AAE ztett. aela 1 oy Fe
2w 7§ = 1709) unqualified 71719k qualifier®, 1719
name 7HA19R= property® 18] 3 1709] data value by string
NAgkE data® A4 WAE B3 oM unit QEAE =7
e AR @ette 2de St agn o
plant item shape 7HAlE QHAE Z29E] is assermbled from
< A3 1719] shape representation_item 22~ #H 7
AelAd BAE Bethe 240 WSS

32 GPM 222X &

o] ol 37l 71&e GPMe] OWL DL 29| ¥gh
WS A g3led GPMLE 71€3 GPM Zill~ gelHefzle}
oJaleflo}Ad glo]H8f2]E RDF/XML F4 22 71&% OWL DL
LEZAZ WS Al FY3 W8-S 71E3t), RDF/XML 2
OWL £E5242 XML g2eg 71&d ¢ JE= 3= &

lo

T 27)vjo|th, OWL Al 547sle] 25248 75 uf
RDF/XML AlE)~E Algsle] i 2 A3she Walo] 7174
dutzoly] 2 o] el oM e] E-g BA oA 71
fol3l7] wjRoltt, E E=EdMe olgdt Hlor p&3
2EZAE GPM £E524gka g3t}

3.2.1 GPM 28=ZX|g ¢lst HAaHolA

OWL- RDF/XML @402 79 o XML vlg2ae]
2(16)8 AHE3l) OWL 2524 o)A Fjah= /A ol &2l
TS BTt XML vgzgo]l~E URI (Unified
Resource Identificaion) @402 Fdgt. GPM2 18 113
#o] 30709 25 Helatar gict.

5w1h, Activity, Area, Common_part, Common_unit, ESLib,
Electrical component, Equipment, Geometry, HVAC component,
Information contents, Instrumentation and_control_component,
Location base_definition, Others, Person and organization,
Piping component, Plant and system, Plant item, Port and connection,
Representation, Schemetic item, Specialty item, Structural component,
Support unit, Topdlogy, Valve, cable tray comporert, property, aualifier,
unit

J2 1. GPM 22 £5
Fig. 11. GPM genre list

GPM 2E2A= 31709 vlgdzso] 22 A= Sint.
307H] vl Age]2E GPME] #2(genre) S M8k AolH
ol& GPM #2 v zvo]xgta W et b, GPM %
2 vidaso| 2ol GPM Felx golueolr Feoldt
2442709 Ze| B0l AMle] A2 sfdshe igdsuelx
kA OWL S| 22 Wgkso] ol=of glr}. vniA] aht
9 dldaslola= GPM 71 dldzsol~gta Wrsin
GPM9] o&Aldle] A7} go] OWLS| QEAE Z2HER
Hgglo] Holglo] 9lon GPM Ze2 glolBe|gloA & 2|
3 2442719 S| 2~Ee] FE ZEx 9EE 9T shte]
Szt F7HR ZejE o] Sl

GPM 71¥- vlel~#o] <= 'http://cosmos.ssu.ac. kr/CGPM#’
2 Aolah o] v|o] AHjo] A9 qualified nameS ‘gpm 0.2
AR8EEL ARl MR YR AP = "hitp://eosmos ssuac ke /GPMY/
g2l A% 2l wegt FelEH qualified name
‘gpm P29 t2& w2}, dE 50, GPMY] 5wlh’ &
2o Siedal= vel2Flo 2= "htp: //costros. ssu.ac. k/GPMY Gwlh#
olH qualified name< ‘gpm 5wlh’o[t}.
shte] jgd2mo] 2~ shte] RDF/XML 32102 7%
OWL 3 tf-&3tn Z42te] v|gd2mo]2~E 9i5lo]

€
=3 3170¢] OWL 39S Asiict. GPM 282415 9
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gk 3170¢] OWL=e] URLS thadt 2t
712 2&2%| URL:
http://cosmos.ssu.ac.kr/GPM/gom.owl
&z 22X URL:
htp://cosmos.ssu.ac.kr/GPI/gpm genre.owt
genrex 17 119] 7 A2 o2 X|gkek & {Ze)of gt

shte] OWL shle shie] £E=Aq et olela

Jaoll ] T vglssle] o] Aol euAES B
(e
A

o,

&

= HAYEE AF38 ol & AalA (owl:imports) &
Ee] &4gtoza Fxd OWL 39| URIE Td3hw
et (owl:imports) AEJHEE HAo]& EA (transitive)©]
At} (1) <owl:imports) FEHEL] Ho]d AL 2527
AdA 52X BE UXEdNL 2524 BolA] 2824 C
3o, ARHoR 2524 AVt 2524 B
9 CE YXE 3l 2945 Burhs AL ouat). o[yt
HAYSEE AHESle] xRk QEAETL THE w90
2o Z2AE A5l didzgo] =9 OWL 3dE UXE

s,

30

=2 ol =]
S 9¥E S

= Cowli:Ontology rdf-about="ntip-//co
Cowlimports rdf resource="T
<owlimports rdfresource~’
“owlimports rdf resourcs

<owkimports rdl:resourc
<owlimports rdf resourc
<owlimports rdf:resourc

Cowlimports rdt resource="T
<owkimports rdf: resource="T
</owl:Ontology’>

T8 12. 7|2 2EZX0lMe| B2 2E2X| YZE
Fig. 12. Import of genre ontologies in the default ontology

3.2.2 GPM 2&ZX|E 95t 2EHE Z2HE|

GPMe] oj&Aloflo]de OWLE] QHAE Z2ER W
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A2E 18749] ojiloo] A& OWLS] QEAE ZadER
WSl o 7 0]20] iR FAEL} o)A jellolA is classified as’
7} e BAE ZavlE]|Ro] MgllA Alel=lE o]f= RDF/XML
o] FHFY ] HoE flsle Y~ F
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GPMellM oEd]RE £3d8 & e &
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HEl29] ME thgo|t}, £ =RolME GPMe & OWLS]
QEAE ZZHE|Z MIAZ uf OWLe] QEHAE ZZHE

(class axiom)

of ol% Gole] FA AR BelE wh2] Si3te] o
&3 e 40 uteh SRAE TsEle) o3-S WYY

¢ GPM9] & ©]E°] Tole name°]ZPd OWLE QEHAE
Z29E ‘assigns role name role to & WS}

o5 0, oja]dlo|A boolean operate’ 2] & % 3ol
‘boolean operator & OWLS] @ BAE Z2wE]assigns boolean
_operator_role to &= WHIECH

GPM2] o]&Ajefle]d-& Hwe] Feojow)
A3l A @71 Wil o] arlello]d o 2 HE]
2BAE Z2HE]E 'gpm:Thing” FH2E A
2 319t} ‘gpm:Thing F¥2E GPM Fe) 2 glo|Hele]
o=l Qe FY a2 HE M OWL 259 339
T 2o},

323 GPM 2EEX|E 2I%t
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GPMe] Zd2E OWLY ZFHxz Wi
OWL ¥ 29 2% F2 AEBAS AT ¢
< At wEa GPMe] FEl» 3% AlF T2 OWL
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JE FUWNAEY A& AT FxE U FE Y22 7
geo] it &, the] A ERlE AT 2 =RelMe
olE Efje] RE F Bl FYT TR FYLE AES
izl skt whebx, GPMe] OWL W3t #g oA A4 3t
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2 3l o] FglxE 71EA o= owl:Thing’ FUNAS 4
b 712 vl zgo] 2 shell Hejsigint. GPMAIA A ele
244271¢) Felae A4 2o tgahe vldzuol 2o
A Aolaldtt. a8 132 OWL 2524 7WAgt =79
Jambalaya(17)8 283l GPM £E24]9] S AlFT2E

223 Aol

T2 13. GPM 2E2X|e| SaliA AsST=
Fig. 13. GPM ontology class hierarchy
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3.2.3.2 229 olF
GPM Zf2= gto]B e 2]oA] 7§91'5 AE FH~E
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5wih, 3d modd, 3d plant model, 3d eaipment modkl, 3d piping model,
2d shape, 3d shape, 90 degree elbow, 45 degree elbow, 90 degree bend,
45 degree bend, 22 half degree bend, 11 quarter degree bend,
5 5 over 8 degree bend, 1st, 2nd, 3rd, 4th, 3d layout, 11th, 12th, 10th,
5th, 6th, 7th, 8th, 9th

02| 14, S2irdo| RAIZ ARElSlE GPM Seix 22
Fg. 14. GPM classes of which the first character of the name is number
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