D

E
LICH.

!

=

S

ive

5
MZEXE HAIGHA OF

O N

o
[

2|

M

creat
commons

—

[—

t

[¢]

LICt:

O M
st

)

C
MNERLEAlL A

ZHE Metor

—
=
=

R0 5 A

i 0 <4 15
o) B¢ 53 o0
) E[o} o
) = 7
&3 10 ol 00
< il R
jum] J—

ol 0~ =
il 3 o on
) X Rr
Rr S =

%_ =B s
r o m._ -
o o O
_ Rr RO
% R of
o © o il
—_ jum]

1] N ol =
R iS ol =
= T Uo gwo
) RE] S
1 ° s =
o) K —
= TR mrr
&= o

ol Kl <. KM
80 ol JIJ =
Ee) W = )
©

X ESLICH

I 2t

tOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
O

5

FAI LEEHLH O OF
E2FH 29

¢}
X

=

]

0l N2 0| =3 & 72 (Legal Code)

HEAH0l [E 0l8Ke als 2o ol o



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

An ontology model for representing
writing rules in medical template

and interfaces

2012d 8¢

Agdstn vste
ot} dggus YEHA

o) 7 1



A thesis of the Master’ s degree

An ontology model for representing
writing rules in medical template

and interfaces

August 2012

The Department of Medical Informatics,
Seoul National University
College of Medicine

Kyung Min Lee



£ 7] o]

7]

—

N

i
g
5

2012 d 6 ¢

‘.__HO

ol
N

—_—

0]

ol
o)
4

oF
ol

I
;O_l
o)

o)

—_—

‘.__HO

2012 d 6 ¢

(]D)

p——



e she] kel
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attribute 2} A2 ollA AFEE = Ql= /i A9 <1 Clinical entity®
BE53te] 2d¥ 3k th. Template attributes A1212] #|&E3 HAwS
E3Elo] qfR oA AFES 4= Qli= A El AL Template options %3
St o & Eo] diA WelRuM A A Vs Stk sk A
Tiol wEt A s 1AM WEo] MAHER HAY TR
Template option® 2 ¥%d = 4 Qlt}. Clinical entitys &% 7]50]
#stuat sh= tids BEARsH] 913 JidE s V1A A e RS
o 715 A A ML A8 Ardelu 54 71 AR ghel o
gt O 71 A gke] W7 WA He e £dslew, 71 A
Fo] gk Hel WA A AR ke HeE WA= Replace’ , 2
719 ghel melel MER gtes F7heke Merge' o F 7HA
Mo WAsH, B FolFH Al BofAHAl, fF7IHA, @] 37
2k

A FAelA ARG WIEE AbEste] FHT @Wol ARER o dFE w2
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Ak OWL3} SWRLE 977 A4 £E2A9 743 A%4F & 9
A% olgelze A% B AnEe BEekel PRAA ARAET
& AN 4 QE BAAAC ARASE A4 AEA AR T
Owlpathg & o 2, A4 esolst #45 Y} oF
N% A4 2ERA L FHE B AT 9YT F AE §oIE
A gold Hol YAl o]F FelFol i
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1. AT oA

sl Alget AxUS, ¥E, JAMEY, Jew, Q/EY V5, FEE
BE UEE 7 =
OF71E WAQL st=gba] wbAo] izl shAIRl A ALl EdA], AR
A
=

9 99, FRB W QR AFNH A 5L IR

T
)

HH EAolt Folr AAsk= A

astdow wesr|sla WA= (EMR) S HaAol
H3 Q). EMRE A AT s=719 9 dHES Badh

of AR R qEelrE A T 5 Yo AR

go] stth= AR 28l $AE HlRSte] djd JEE FeR ot
B Abgro] sAlel d#E = ltke 7 CAM A e ZeErh(2).
FESh ldn] A, o8H] Aokt gRS]iFe a&3t o BAA
2% ZlEz AH@). ol ZE AHEE s v=9 EMR
g AHHew Frtste] v W 63.1%2 v 5 WY (Acute
care hospita) & A A 20099 F 26.1%° gm 739
EMRE =3kaltt4). =delAx 20029 <J&5H /Aol Mgl
wet 20039 sl el Fol e HdS AFe=(5), EMR
L8] HF3s] SUkste] 20109 S} Aw o) =7 He] 37.2%,

3xk G571 50.2%°14 =Y s TH6).



o]} L2 EMR AME-EQ T7iel Wy darg ® FES
gz #estr] st mEshE AlgE gkt ol E f8 e dlok

¥ EMR $49 53e 2o 234, 7, 399 2e &4, 2=
R R L ERE S B RES ERC
AT, teres wEO AL EASths B vy dela
o7

H7} gxpe]l FAU AR wet 24 538E ¢ dus 539
FAdol ATk (1). oyt EAHES 4 stuxt &Y
CDA(7), OpenEHR(8) & 98 Ao #HA H EFo] /E FHo

gtor, IUelME MRS Adsks ddEZdl= RE(Clinical

o

Content ModeD& 7BEete] o5 #AAA EFESE dd AT E
T3 THO).

a8y gue] F7FE EMR =457 g8 w4 258t =gow
E8tal, EMR A AElo] ¥Z3H 07 AHLE= Algls =&Y v
EMRS =%13F 26.1%%] Acute care hospital & 1.5%%o] 322l

o

EMR A28& 743 9 71249 Ax8e £9sta 9t s
g WAE 7.6%9 TAT Avh@4). FUANE £F AAARI S
|28g zow BAY o, MRt & LA8S wolAw A4
ol 5% VEL 9t APl (6), AV ARFAAE 71E
Sosbs wrh dRasel pasAL 4¥E AR9 Aol Astd #
glthi $elehal 9th(©). olH¥W ZBAA EMRAAY A 88| whe
oft ARE ANAL TYdF At: FAHA EAE A
Sriets, @4 dolHE EgEs o%slmo] Aagelq ALg e
wet el AR wE 2T welt: A0 ol wE
HORARA (1D, 223 FFE ey A7 AR ge 92

v g s A3 5 =Ty Bl VIE oRTIEolM tFEA

S
[>



dad EAdES nEsioksty] wiEelth. Iy oS ZEAQl
Al e A9 stETH o] o5t o5 FAMAEC]l 724 FH 9
o715 el osahA] ot &2 A dlel Fol oF7|FA
e ArEA AadEs AAdsh] olfdthe Aolth(9).

JF7IFe] dHl= Al dFTVIEA 5o 2T 8 FARAMA
o] =3t zFdo] FEd MF A& (free text or medical narrative) ¥}
A4 #rt goldt 724 Y (structured data)® A L,
Sharerel] w=w HA 77159 70%(2)5 IFAMEEe] AA st
Atk 2y Ao FH AR FEe dolE AR % £ Qe
dolgwo] A7k Hdosto] Azt =g, d¥ A ef7t 2SS F
AthE Ry ewE < oue B
A" F2 24 FJHO gFUE AU s Aleshs WEeR
ke o] gkvh. ol wel EFARAOlA X5 iy WAS Zhes
EMR &4 19 A[Aa®e FoAo] tfFuo] Adojel fFALSE dE <
AP 7HAH, 8 E A5E FRAoRE A F e 2EEA
15 99 Qo] Ontopath7h 7HEE Sl

=

A A2 B ARFAASNA J5H ARAEE I
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TZ2Q1 EMR A& AAE + e 7hsAol AAHATH(2).

SHAIRE OntopathE &% 4] A&st7]o= 4 Fd= Slal 1)
AlHE S 2EZ 2] o] RDFS(Resource description framework
scheme) (12)& 7|dto =z mHEEso] o)5x
Z1AAR el g AlekALE E# o Hwol Sl
24 A EAE o ole g He 28d F Qi B3
Atk EF, SAAC] MEAMEE
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oAt ole] weh, & =FoA= 1) RDFSHET Zdgo] £&
AlHE S £EZX]0o] OWL(Web ontology language)S 7|HFO =2
ndgS Fste] grdAFe EAlstes e dE Y A 2

o)
=

5.0 5. o~
ALES WFYE o SEE

wdstgich. o deprh, 3)

shgon, 2) gr BA A4 A 28

AlE g gt lejel SWRL(13) =

AgAL gol AE WEE F

A= L dE B0 = URE Adsld 4) 2or 37HA A=

Meld 2ERA A% o

AaAe®E 4 ¢EHolA Owlpaths



2 AeldE Ady 9 2ERA BAWHS AYsta o F ol §a
of 9Rr1=e Bdse UG Ak AWE 9o PR LE=

RDFSel|&= Z# A (class) & £ (property) 2 703 (concept) ©] =4
sttt} classt AAAl E=A8E &€ (resource) & F43F ¥ concept
¢l ¥ (type)& YERH, propertyE 3l class® A4S YEd o
ZM classzte]l #AE Zdsth o] W property® HAFsHLAF Sk
class®l 994 domain®lgtal il property? #S 5ok 39S
rangedt= NEE AFEEte] o] & Alsh dtoh(15). S FFst A ¢
© property® @ =, A #2¥, 499 TALH S AFE=
Datatype® 2 ¥ #3ITE o]9} o] RDFSE &3 Ao d 2EZA+=

InstanceE2] FH <l RDF (Resource description framework) S %3l

RDFSE &3] “Specimen received contains a cyst which
measures 2X1cm.” 2t ABAET £4Y AAS 2EEAE 13
3} “specimen received” & classQl Tissue® “a cyst” & Cyst
class® Zt7} 343} dvf w3 B E cysti tissue®| P2 =2 #AE
aeste] class® AlSTx ol ZhesttH(1d 1.1A). 181 &9
EdolA classE AATCEM property 91¥= shi=  “contains” 2}

“measures” ¢ domain¥ range”’} Z}Z} Tissue class® Datatype ]
FH= FAEY Fo ® 2ERAE MM § 285 RDFZ 29

e AT (¥ 1.1B).
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(A)

domain

T

contains

Tissu

sub-class

Cyst

(a) (b) (c)

Classes properties data types, and the arrows which
represent relationshipamong
concepts

(B)

e
Tissue )
__//

ref-type
__ specimen received

contains

=" measures [
chstﬂ—bi 2 1em

S |

O9 1.1 AEAsE 1392 913 RDFS % RDF

(A) RDFSE S8 sAMer gsMis dd o= M2
domain¥} range ¥ sub—class #AE YEMH, E}YS data types Z
AP & classE YERATE

(B) RDFE %3 XsAMe®s xd3 302 concept> EREOR
predicates 7FA SO 2 “1¥] 11 data typed FAzZtgow AT 7HA
o] A|FHL T FoI2l SubjectE YERNTM £HLS EHZ ]2l Object

2 v

B
D



3. EAAA ]

EAAA ] (Contolled natural language) ™ ¥ 2 o3& Agdo=
Aozl ey B BRAS S Adele] FEgdelt AR
of= 7EAS FEATI7] st &L £= AREStal tHEAF AHEe
k= 5o AE T WA A6)H, 71A ARl dofAYE 4

ol

A 87 sl dAb Eol=eleh ol YEe EAshe d4
=

71 ®o] CLCE(Common Logic Controlled English)(18), Rabbit(19),
PENG(Processable ENGlish)(20) &S] &AMt =2 714, AAAH] 2]
i e Pl AR Fol A AREARe] o BEE olalE 5] Sl
AHEE o] gkt

ACE+ 29129 Zurich Wlge] A+ Z2AEQ Attemtool A 7'
H FAAAA =N A4 g dojm &RH7] A8 Al # EZF ¥

L
g eolth ACES] Wl 93 24 d w42 724 "3tk &£

rﬂti
lo

2l DRS(discourse representation structure) =& 2E&X
HPEd OWL/XML = W& & 4= glom, ACE FAAIS 244184
o web AREAE HA S dE & F AEF dE A
ACEeditorg Al&gth(1d 1.2).

CLCEE SowaolA 7 ¥ EAAtAd] = dojo 7M7he &He A4
A dow, ACERT Hold 3@ =S 7k} FOL(First order logic)<]

BE QAR 3 @gAle] HAS AAshe Agoz slEe 44 H

re

2

o

> W‘W'



narrative(A &%) 52 logic, SQL, UML % o= u}#E 4 it} = ¢}

£ 548 #AY deolguolsd At in—line B4 wojgelS
sl ol

PENG-D<= 7|72 7Fsd SAAdo = At Ao, o= OWL
I A AR Thest B4 =Yl BFeR vkE ¢ v L 9 2ER
A ARE EoaE FAIAI] Rabbit®} RNLS(Restricted natural
language statement)¥} -2 FAAAo]E0] EA)H),

stA|RE o] e} e FAAA S o] Ante] i TAAANE &
F2 S Q7] wjZell o A Aol obd Y A ES TAIH SR Y
=st7] S FHom ARRHH, 54 Fokd wtEoA s 2EEA
gk w7k glom(2), =l A A3 A AREE7] o Hrk(17). ofel
w} class, property®t 7S RDFSe] Aol #H /MydS &8st SAA
¢le] DESC7F /N S ATH2) (17 1.3). o5 &gt JEgutals +x
A FEAA (™ 1.4A) #Adofel 77k FEl=(2™ 1.4B) W73 €
T unt FHs 7HAM, EMRAIEF O] 8k A B o FT]H
= TERACE AT F v FHS 2=

& =ol M= RDFS 7|Wke] SAAtde] % DESCSF A OWL

Il FAAAS] FHS ALgSE, olsh Yol AEMEE Y7

N

S SWRLE Edste] WsAMEE 24 A Bl 3 Agsto=y
E o Aud BAAd] 1EMEE 44 stol=s) beatER



!= @ http://attempto.ifiuzh.ch/webapps/aceeditor/

ACE Editor  File Edit View

Berlin smiles sbove at mest 12 airlines against an apple.

Berlin smiles above at most 12 airlines against aapple .

[%,B,C]
modifier pp(C,above, h)-1/3
modifier pp(C,against,Bl-1/8
predicate (C,smile, named (Bexrlin) ) -1/2
cbject (B, apple, countable,na,eq,1)-1/10
cbject (A, airline, countable,na, leg,12)-1/7

a9 1.2, ACE SAIAd ] 24 oty ¢ B

“Berlin smiles above at most 12 airlines against an apple.” + %
AAAolzw e Zgeln, ZF 42 Syntax BoxesE Fall T

L oREe B 5 9om Y33 A48 ACE FAAAY BFLe A W

RSZ ZeEth shxw BHo Jeywe weia)

D
o gujrozr FestAnt dxd WEol AHTE Add 5 flvh

: O
10 A—]i

2 R



«

Sentence ::= Phrase { Conjunction Phrase } ".
Phrase ::= NounPhrase VerbPhrase { Conjunction VerbPhrase }
| Instance TypePredicate class { Conjunction VerbPhrase }
NounPhrase ::= Subject | Subject RelativePronoun VerbPhrase
| Instance RelativePronoun TypePredicate class
VerbPhrase ::= Predicate ObjectPhrase { Conjunction ObjectPhrase }
ObjectPhrase ::= Object | Object RelativePronoun VerbPhrase

| Instance RelativePronoun TypePredicate class

| Literal
Subject ::= Instance | Pronoun | Definiteclass
Predicate :i= property
Object ::= class | Instance | Pronoun | Definiteclass
Definiteclass = Article class
TypePredicate ::= "is"
Article ii= "the"
Pronoun =t
Conjunction = "and"
RelativePronoun ::= "which"

19 1.3. BNF¥22] Ontopath ZA|AFdo] +H
OntopathollA A& ¥ DESCY¥ terminal¥} non—terminal®] HEj=
CFG(Context Free Grammar) (2, 21)E o]&3o] ZEAxdo] EHS

A o]s} o]+= BNF(Backus Naur Form)°o = % &7}53}Ft}.

11 A 2-tj] &



(A)

4

[Ohwrtie neato et B 101 x]
He L4 Yoo Go (eonads Jon b e
[T Surgcal # [P -

Liver: Bassetion Frivpuiy
Mlacruscophc
Specimen Trpe [ Pratis Hepamacromy ot o) [
Focalty # Saiary © Muigle
Specity location ragrant 1
oo Sczx ™ Cagmct e (52 comment)
Dimension: [FZaT 9518 om
Mecruscapsr
Histlogic Type
((Check ol that apply) caonma vanart
[ =ttt | chotngoarinora, réaepaic 2kiif otters [
Hudoge Onde  [Seea 5 I
3 c T Dn acveried
Tomor G2Mocetcly
GDIM [T vl
Reegional Lymph Nades 2 ez mar tzwelving & Bajer brasch
it [ o] =
Tumer(s) with dicect Davasion of Adjacet sTgens othet than the
™ Hone sabmitted
Lymph nodes: Nasher samined [T Hoasber emvalved
Distied metastasis PRECarvct b mmeond =
Marges
Parenchymal masgn. £ Carnat be assessed

" Inwuibred by mvwasive carcimoems
 Unrvoived by rvesive carcinoms

m:m‘m;ﬁﬁ_'m
Spocly whach margn. pasercrymal >

(B)

spacimen received which is Soft
it hasThicknessof thick and has

it hasTransparencydf cpagque and

sue IsFixedIn formalin and hasCoior darkBrowm.
icknessOf thin.
hasTransparencydf transparent.

!I

O3 1.4, 9575 g€ Y
(A) W= Rochester®]

Tumor reporting system?

(B) BAAAE FEF AP S
sheolt}, 7} o] B LEEA]

of AEMEE 44E 9

3

of ol A

R

=]

T

Ak A g
oA EAE o

oa) BAHY e
A2 gol BB nolFrh.

12
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1. ANZ && 2 95 A4

B oEReA AR BEsE oF 1% A4S fegests L)
sk ATE A 20068 AL B Y BPRnA NANG B

-

3 (222 S BEEd 9 AR, vlE SelA AgEE B 3
PR A4S Faste] 44R o% % A2 mEzeolth

B OEFQY FHS BE Wlo] VAot & Aael B Ak

¢

AR RmE ZIAAET 3 8 R Adgste] TiAd ¢ sle
e ZIAARET aElar WA A B VAR o2 o
o, el wet Ae VIAALG o] 9o FES FUlsto] AR
Atk &, JAANG B AR E ¢ gl gkl M7 A itk
& el mE:Rbe] 4 T A Y 2T VAN S O
A2 dgete] 2ERA B2Y Bl A4l e A daGE 2.1).

g oF2lo] Awgstazt dt= AA colon? rectum= SNOMED-CT

32

X

9] “pody structure” attribute® 7]=C = 3Fo] “Large intestine

part” 2 7d 3} sF3ATH(23).

14 f-! kL 12 ‘_]l



714 A 25

Specimen type 1 U gy
Main diagnosis 1 U gy
Histologic type 1 WHO (2000)
Location 1 ICD-0
Gross type 1 AL S FFH
Tumor size 1 = i
Depth of invasion 1~2 AJCC/UICCD
Resection margin 1 = g
Regional lymph node metastasis 0~1 = WyeEsts] TREZ
Lymphatic invasion 1 = g
Venous invasion 1 = g
Perineural invasion 1 = g
Pre existing adenoma 1 = g
Associated findings 0~1 U g
Separate—lesions 0~1 = dE

R A2 5 NS AY BEddd A4Hs 32 Sojn 4

P

T
=4 7bs 3lgE SSET 03] ) A el web AR 4%
il

=
R

1) AJCC/UICC stands for American Joint Cancer Committee/Union Internationale
Contre le Cancer

7 " Rl
15 AM=TH1



2. 95 A 2EEA EEH

>,

o5 M 2EEAE JNA e JhA 3 BAR] S HA e
st Alsto g xdo] Fhssith 2 AgolA s f1AtolA AR EE REE
Al Aol OWLE AR&sto] g8 £A4 AAs B8 F e &oAAE
T-5stal ofo] 7|§k &t MEMEES TERAoE AAFsit

oz Mo %&d ¥ Clinical entity (9 & 7|5 U$) &2 BASEAY
BALe] AbgH = S sk A JHA (1 BAIE A sk 71TA
Argo g FARERT MAlE OWLAA entity® RHE W entitys THA
ME AMAE ¥ #S=  individual? individualss F33st <l
BAbehE =AY A E A ke Sk

0], colon, rectum & thito]l 7
1

)

_l

+7)
intestine part class® F/43} #t}h £, tiido] sized> 545 7
Atk & o “[0-91#x[0-9]#x[0—-9]*cm” 7} Zo] B4 EArd=
data types 7§ 2] %ttt

1AL OWLelA 70Al ke #AIE Yetl= property® 33
T dom, Mo HAME = A )1 ool BEAE 98] ARE-ef

= g 9 ¥ Z+ZF property e domain® range® A SO 7 M

i)
;

XA 4 vk T3 propertyel cardinality s st oF 7] =0
A 7bss 249 Sl E 329 @ 4 Atk o] W property®] range”f
class®l A% ©]E Object property2til 3}™ data type range@® 7}
Xt Data property@hal gtch. o]} o] 7 P& mHstaL °o)E
Sl & AA LEEAE TFIUTH

Clinical entity®} H&o] A4el thgh Fr<l Attributed | =3k 3t

S dwom e, FEe JFL VXA a Fa 2HA

16 ,3245 :‘i 1_'_” (=1,



A HE F7}8F= annotation?! rdfs:label? 3} rdfs:descriptiond) < =3l
OWL=Z X¥3F3ity. =3 “hasOption” olgts 7| AAMES 5o
property &&o| &38R LA trE propertye=9% range class
members W74 & F v AT =S HIFT F AT sk
£ 59| “Endoscopic mucosal resection #AA AT AFE3E 7] A
ARe] grol EAlstth” 2= A i W R IA EEREY] 7R
AP glell EAsks AAlS] Tl Het AEmAbel sigshs JoRE
“hasOption” property?] range® g2 slo] o]¢} A#= = property
9] range class°el &3 WiH &2 W3 5 Sl

&AM EE HEgsto] g A A digh AR 9 VA S &
2.1), OWLZE xdstHGE 2.2).

22 “Colon which hasSize

N oo

ot
)
>
re
9
fu
)
o,
i,
2
krtl
>
My ol
el

2.5x1.5x1.5cm hasGrossType fungating.” 2t $¢e A7k St
el dal HdWstes WEAMeEE £4S RDF Subject—Predicate
—Object®  7|<=3sd “‘Colon” &  Subject® ‘hasSize” ¢}

‘hasGrossType” <& Predicate® 18|31 “2.5x1.5x1.5cm” ¢} “fun—
gating” & Object® X ¥ 53 RDFE 7] ¥ A RDF
diagram©. 2 =213} sto] 2HI 5 rh(2d 2.2).

Ao A A g vpel o] OWLS ARE3elo] uA2lE 2EZAE
Zsk= Zlo] 7heetm, OWLS 54 ok 7id, £4, 191 £4
AFE T YEHl= AAlolEE olE ntBoE e AR
S U Ao QAR 5 Ave VheAd e BAwhd Ed 137
AL Y&l 2HA A B JEAEE v F ZIAAE 7 7hs st

FeEicl RDFE 29 2 &+ 3H.

o
2,
o

>
-
%

2) rdfs:label is <http://www.w3.0rg/2000/01/rdf-schemat#label>
3) rdfs:comment is <http://www.w3.0rg/2000/01/rdf-schema#comment>

17 f-! B ‘_]l ol



Template
hasOption f hasFeature1

Literal hasDescription .
hasEntity
: hasFeature2

Entity

hasFeature N

79 2.1. Owlpath? 98542 &E=Z 4]

g 2EZAE AA Attribute®t Clinical entity 2 T ¥t}
Ele classE e wlERYE individual® 283 FAAZE S
propertys WE Y propertyel AA4¥ shax F 4242 domain, 3
AL rangeE UERATE BEF classoll 14 @ A stz A
AR A7 5k, 9] classE YUERAT property ofgiel 7] &

x...y. & property? cardinality’} “FHa x/lelA Ho y/l” x4
23 g due As Ksky o] W, s % = oud xS0l
Z,:



i OWL T+
‘template rdf:type OWL:class ;
rdfs:label "Colorectal cancer"”"xsd:string ;
class rdfs:subclassOf OWL:Thing ;
rdfs:comment "This is a standardized
template"”"xsd:string.
ndividuals :ascending_colon rdf:itype :location ,
OWL:Namedindividual .
‘hasAssociatedFindings rdf:type OWL:Objectproperty ;
rdfs:domain :large_intestine_part ;
rdfs:range [
rdf:type OWL:Restriction ;
OWL:onproperty :hasAssociatedFindings ;
OWL:onclass :associated_findings ;
. OWL : minQualifiedCardinality
Object WAAA 1 :
. 0"""xsd:nonNegativelnteger
Properties 1
[ rdf:type OWL:Restriction ;
OWL:onproperty :hasAssociatedFindings ;
OWL:onclass :associated_findings ;
OWL: maxQualifiedCardinality
"1"""xsd:nonNegativelnteger
1.
Data ‘hasSize rdf:itype OWL:Datatypeproperty ;
. rdfs:domain :large_intestine_part ;
properties .
rdfs:range :size .
:size rdf:itype rdfs:Datatype ;
OWL:equivalentclass [
rdf:type rdfs:Datatype ;
OWL:onDatatype :size ;
Datatypes OWL:withRestrictions (
[xsd:pattern
"[0-9]«X[0—9]*X[0—9]*cm"""xsd:string]
)
]
¥ 2.2. /M9 F7E OWL % A (Turtle W2))

19 A 2t



Ao A classi= “‘template” & YER™ label?} comments &3
A& Aol AAEQIt, OWLE top—classs=  “thing” o]|2=Z
OwlPath® #H* 9 classE< =5  “thing” ¢ sub—class® 74 &
T}, individual “location” classel 43}™ “Namedindividual” = #
AE ). property: cardinality® restriction®Z 7AW HAE
‘minQualifiedCardinalitiy” , #™E  “maxQualifiedCardinalitiy” ,
cardinality7} sty ¥ EAlslE A “exactQualifiered
Cardinality” & X &gt} ®3F Data property® range® A=
Datatype= OWLSY “equivalentclass” & %3l restrictions 4743}

o] #S Attt} oA Datatypes “size” & “‘en” & YERITCE

20 Ak



(“heCoon ]

25x15%x15cm fungating

theColon which

a3 2.2, 3AAAY A mAEF RDF diagram

stAr =  Predicates WERH, $AE AFHEQ “theColon” <&

= 1L

SubjectE, 3Pz #H<Q  “2.5x1.5x1.5cm” #F “fungating” &

S

= R4

|o

ObjectE X &S

= S A=
=43 ¥ 5 9

o

21

92

2H ZAAA)Z AAdE FFS RDF diagram® =

-] 8k



Eil

ke

3. JRIN2 A4 7

5 715 A Al dAT £ Qe ES AdE Y fF Aol
SWRL®E A8 =4 (antecedent) ¥ A} (consequent) 2 ¥& 7}535}H
=gaog 28 #Hoh(d 1).

antecedent — consequent ——————— (1)

antecedent®} consequenti:= 38 (axiom)E2] conjunctiong® ©]F
o}A]H, antecedent’} Folgtd consequent®= HFE=A] Frojt}, SWRL O
axiom<> class$} propertys XHE 4 101 class axiomE "8 Alst
71 fstel fclass(x)” ¥ o] 7|t x+  individualo] A4
variable & 4 1th. H3F propertyel thst THS=Z  “x7} property
o] #;oer yE Zeth” £ axiomo] Sl

“property (x,y)” ¥} 2t}

SWRL= sl %@ &tz sk sAAde] AsA=we] 244 13
< A D Al st AgAre oju (¥ 2.3A), 2) 3t
property @t A€ol we} tE property®] range classel &3k
member”Z} W7 HAY(ZH 2.3B), 3) & property #°] A==
ROz Ao & vk (2d 2.30).

et 22 A== SWRLel A& & + UAESF Ankst & g
property ] #kol 574 classell %3t individuals o A89EAY, 574
individual 52 5% e data® Ag@vtd, ©+& 54 propertyd
#kel class Y individual % data FE|= AstAct” 23 oAl 1 g
F St ol¢ ©&Eo] consequentdl &3ki=  property’} Object
property®l A9 propertyd range’} WA @ HEZ vAAY

o

A% oz mdshy

A

|

o,

2 J'A! _CI:I_ 1_-_]5



(replace), W17 ¥ Zt=9] F7F(merge) = 4 Ath. o] = replace”}
¥+ At antecedentZ} WEE7] Aol rangeo] 3 9
individual&< & class® F3dlloF st2 2 39 individualE4 class
E AFESEA] &= class® WA dFojofF st} @, data property® 7
9 data types range@® 7}A=Z replace%t 7}t

elA Agst WS ol gall “wkeF option®] Endo_mucosal_res—
ection °l2bd, AAS] specimen types emrSpecimenType = A3t
st ghs grFe] EAE wf o5 SWRL WA o= npo]l s,

‘Template®] hasOption property %< EMR ©|t}’ 2}= triple©]
EAg A9, emrSpecimenType classell 3=  individual&=
specimenType &2 Replace T} ¢ o] ZHEM o= SWRLE
ATOR @b (A 2). T AelAd  “EMR” 2  “Endo
mucosal resection” & 523t “Trash” 2= FelAE AFESHA &+

Qoo Feag Ea

Template (z) A has Option(z, EMR) AemrSpecimen Type ()
AspecimenType(ly) === (2)
— specimen Type (z) A Trash(y)

= Aol ATt miel go] FAAAS AEMEE A Al TS

T A AAFAES SWRLE qf3 ¥ ARl antecedent$}
8 ®d 7bsshe, SWRLS OWLY AA7bs st 13

AACIERE OWLE %3] A3 25724 ARZ BE gokst ==

i

consequent

(reasoning) 7}FeAlS BAsITH

23 f-! Ny ] |



(A)

emr_class

B)

SubFelA

SubFe2B

©

Indivi 1

24

Z A

g, SECRIL MATIOMAL LBNVERSITY



Fo SR rES Bdshy, Akl AFA S antecedentE €4
< consequents WERWUR Al 1d® fAIZE AEEW, E50
A4 2 WA FolX 54 property?] kol AE{E oo stth= =
2 3ul=g

(A) gEA2 AdEatdte] e 12 dEatao] AW property
?l Featurel®] #°] SubFelAo|r AA ook s, o]& ¢l
SubFelA class®l] %3k individual&©°] Featurelel 437 )

(B) 574 property Featurel® #t¢] SubFelA class®] member <
A AA H A Feature29] #ko] SubFe2B class® member 3 ollA]
A% H

(C) 574 property Featurel® #t°] individual®l Indivil .2 Xgl¥
U, Feature29] k-2 Indivi2o|th

25 Ak



Type SWRL Source

<DLSafeRule>
<Body>
<classAtom>
<class IRI="emr_specimen_type"/>
<Variable IRI="x"/>
</classAtom>
<classAtom>
<class IRI="specimen_type"/>
Antecedent <Variable IRI="y"/>
</classAtom>
(Body) <classAtom>
<class IRI="template"/> <Variable IRI="2"/>
</classAtom>
<Objectproperty Atom>
<Objectproperty IRI="hasOption"/>
<Variable IRI="2"/>
<Namedindividual IRI="EMR"/>
</Objectproperty Atom>
</Body>
<Head>
<classAtom>
<class IRI="specimen_type"/>
<Variable IRI="x"/>
Consequent </classAtom>
(Head) <classAtom>
<class IRI="trash"/> <Variable IRI="y"/>
</classAtom>
</Head>
</DLSafeRule>

% 2.3. SWRL XML& X3 Ia5A&i 24 113

SWRLS +&-& “DLSafeRule” & 3%7]% ™ Antecedent H3%#°] 13
9] body, Consequent {#°] +3& 9] headE 53t} axiomol] AFE &
IRI:= S AHd= # & sk7] f1e AFEE gholtt

26 21l
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4 OZFE fol Abg WE

o

2= go] A HWIE(TFV: Term frequency from various
angles) & 7[Rt 7 FH §of 55 £AE AATIH. o] g= VIFoR
ols AEdomN HTo| Wol AHE ¥ &0 dFF A F50 B
Aol JiAAR] FH & 5F A A= 7hssAl

Ut E o] ARE Nk B AREAR(Ee] &AD, %75 AAdAt
g S HR 37 SHor go] AR HIEES ARgid o] W, ARG
Al AAARE Arbs AFE ghe AIRE ghelek sk 19709 149 1

g 22 Uehd AAg glolth

ol gt AIZF Fha &E3te] AREAIFE e Eo] AR RIE AR

< U= 2ud 3).

X

d 7Eew AAAE Y

TF(Term frequency)+i= £ AFE HEE 55l n AMS3SIFE
Uebdth 87k AFE H AJFES AIZE Fhed) S dAY AIZE #(td) &
Z yo] e Aol AFEsE 8o d4F 0o Mg HE d4E 19

e ke ZES Stel o|F FATh AEAZE LFskel $oA

type

27 A 21 €



0 AHE HIEE YERY, type A

s

A, AR, B2 371

=
T

TE ZHA H
tol JF71E A4 Al 1Y QAE o] ~g] £

J|

g o gatel AL A

¥ TFV

= &

o]

A

X AR

28



2 e

A

B gelMs LERA B A tEe] ARAEE Fu] JvUH
g & d AFEE FAAAAE dYsty 2EEX] W ES oy
= 33 ¥ Qe Ho]A Owlpath? 7z} FE<l Authoring interface}

Aol WEAedS AHEy] S AE#He]A~ CNL  editor

i
J

1. Owlpath A& ABAEE Y

OwlPath® EAXA

2
e
¥
flo

AlelE QoJZFE]  subject,
predicate, object® FF3t=  DESC(2)9F  fAbshAl & o] gith.
OwlPathell Al AFE-H > OWLS] 70 (concept) 3 R4 AHE-5]
= &l ook (keyword) 1#]al wizre] AFdo] FE S Hm A%
2 A8l AREske A A1AF(identifier) ¥ o8 Ak (pronoun) &

Token® @ AFg3H FA|AAo]Z2% BNF HHZ XH7}ssich (19

4

olsh e BAAAC] L BEF] /1T AxY Fue 9]
= v oguz A4 5 QrCGE 3.0). £F 88 Bl
Jal A4 A FAAA] AEAEE BFY FrE WEY FY glol
B Ee sheto] shatth(1 3.2).

il

™
b
>

it

z

29 Ak



Sentence ::= Phrase { “,” Conjunction Phrase } "."

Phrase ::= NounPhrase VerbPhrase { Conjunction VerbPhrase }
| Subject TypePredicate class { Conjunction VerbPhrase }

NounPhrase ::= Subject
| Subject RelativePronoun VerbPhrase
| Subject RelativePronoun TypePredicate class

VerbPhrase ::= Predicate ObjectPhrase { Conjunction ObjectPhrase }
ObjectPhrase ::= Object

| Object RelativePronoun VerbPhrase
| Object RelativePronoun TypePredicate class

| Literal
Subject ::= individual | Pronoun | Definiteindividual | Identifier
Predicate::= property
Object ::= individual | Pronoun | Definiteindividual | Literal
Definiteindividual ::= Article individual
TypePredicate ::= "is"
Article ::= "the"
Pronoun ::= "it"
Conjunction = "and"
RelativePronoun ::= "which" | "that"
Identifier ::= "specimen_received" | "specimen"

1% 3.1. BNF ¥ # <] Owlpath 1A &4

TypePredicate, Article, Pronoun, Conjunction, RelativePronoun,
Identifier ¥ =74 »}3 ‘= B4 wel A 7Hssk, class,
He A JRERE AgH
g gt

o,

}__“L—
individual, property? 2EZX]

LiteralS TWE 7 Rglgx oo nE Bzl

o



ERIE RO EEER

FAAAC] O g el A

Colon, anterior_resection:
- Carcinoma_with_adenomatous_comp

theColon hasSpecimen_Type
anterior_resection and

onent
- Adenocarcinoma, moderately_differentiated

hasMaindiagnosis
carcinoma_with_adenomatous_compon
ent.

1. Location : signomid colon
. i theColon which hasSize 2.5 x 1.5 x
2. Gross_type * fungating 1.5 cm hasGross_type fungating.
3. Size : 2.5X1.56X1.5 cm the_received_specimen hasLocation
. . i i lon.
4. Depth_of_invasion: sigmoid colon

invades_proper_muscle (pT2) the_received which hasSafetymargins
proximal 3.2cm, distal 6.6cm
hasDepth_of_invasion
"invades_proper_muscle (pT2)" and
hasResectionmargins

free_from_carcinoma.

5. Resection_margins
free_from_carcinoma
— safety_margins :
proximal 3.2cm, distal 6.6 cm

6. Regional_lymph_node_metastasis :
no_metastasis_in_all_20_regional_
lymph_nodes (pNO)

(pericolic 0/10, “IMA root”

the_received
hasRegional_lymph_node_metastasis
no_metastasis_in_all 20
regional_lymph_nodes (pNO) and
pericolic 0/10, "IMA root" 0/10.

0/10)

7. Lymphatic_invasion : present

It hasLymphatic_invasion present and
hasVenous_invasion not_identified
and hasPerineural_invasion
not_identified.

8. Venous_invasion : not identified

9. Perineural_invasion : not_identified

10. Pre—existing_adenoma :
tubular_adenoma_with_high_grade_
dysplasia

1) size : 1.5X1X0.5 cm
2) resection_margin :
free_from_adenoma

the received
hasPre—existing_adenoma
tubular_adenoma_with_high_grade_dys
plasia that hasSize 1.5 X 1 X 0.5 cm
and hasResection_margin
free_from_adenoma.

¥ 3.1. FHo| uE g e KA

Mz g Wl A colond] W3]l anterior_resectiong 3+
AA el g BYRIAEN, JA S5 YL T ADE I A EA
5 xgste] A, St A A E, A7), F&o o], AAA, X937 o
i o], e, 3, A A o] AEjgl 7= AT diE F
137H4 AR5 wdsta it

SAAA, et WelRaA: 137H4 ARE 78 FAAAe] %
o2 xdsich

31 ___;rx_-l! _CI.'II_ ]--ll 3



VerbPhrase

ObjectPhrase

VerbPhrase

VerbPhrase

{ Subject I Predicate ]{ Object J

Qualifier_set

IDENTIFIER Qualifier

the_received

Value_Set

Valu:

Qualifier_si

HE ATVE- Qualifier
PRONOUN

et

Value_Set

Value

Qualifier_set

|

Qualifier

CONJUNCTION

Value_Set

Value

that and

9 3.2. FAAAY] AFEAEF9 parsing tree
H

SAAANE xH ¥ 7]

N

X% (Pre—existing adenoma)°f] tj3t &%

‘the received hasPre—existing_adenoma tubular_adenoma_with_

high_grade_dysplasia that hasSize 1.5 X 1 X 0.5 cm and
hasResection_margin free_from_adenoma.” & H&¥H 4 Qo4 E

A

a
o
Oft

FH ZHZF Identifier, Qualifier, Value, RELATIVE_PRONOUN,
Qualifier, Value, Conjunction, Qualifier, Value® %™, Fi& ¥
T 840l ATH FxE dAHo stue] =4 (Sentence) E T4
shA ftt.

32 -":I:-. : 'k:i' 1_-]i



2. Owlpath 98X A% @ FAAA] AENEE
Y B Hol A

2.1. N 2% o}7] €A

2

_‘d
O_u
sk

o
2
.
o

OwlPath= 257152 el tdt s F Qe
Bl #lo] A (Authoring interface) 2} FAIAAA L] oF7=5E& 24
N FAAAY FEAEE A QEH o]~ (Reporting interface),
Me] Aol Ag A RATH(Z] 3.3).

R FAAE AF QB HolAE Fall YFT|E A 2EEA 9 A4
THE 949 o glen, 9 ® OWL} SWRLE 7[te = FAlAkd
of Az A= A I AE Fal gFU|He IS = U o]
o} o] A4 H oF7]EL RDF FHIE &9 7besih =3, 72t 24

55 A5 Ader] % JRQl mFAAL, ghat
2 gof AHEV|ES HolEHlo] AR gt

ik

2=
2

33 A =T =



Semantic
Authoring interface Langauge
Generator
Medical template OWL
Ontology and SWRL Rule
Grammar
Medical Generator
template I CNL
i Grammar
CNL editor Syntax
Interface Analyzer
“received
specimen...” & Parsed
Medical gentence
narrative Semantic
Analyzer
Medical narrative RDF

19 3.3. Owlpath AJA~H o7 8l A

Az Qg Hol~E Fal e ¥ 9gEAMA AEIF OWL 2EZ4 4
SWRL +f#o=z wWgtdrt, 24 Qe #olies A& Ay Ho|AE &3
2 | MA9d Y CNLEY S 28ste] 89 s A 5,
T A7, gu FAVE S AFRAIRRE E B JAEAEEe] &
S FAAAe o r AAE AL F Thol=siA "k AAE 2
7= RDFZ ¥4 + itk

Owlpathol| Al SAAFAS] S &l AFESE JavaCChH W2 5.00]H,
T A4S 98l AFESE JavaCC JTBE 1.4.4 oty 224 2 13
A3 242 S8l AR OWL APID = 3.2.4 Hﬁ% ARSI B
st 7} 94 TFVE S48t 33 8o5 d4der] el ARt
Database+t= sqlite® 0.56Wdo]™, AA # FAAA] IS EE=

RDFZ Z¥317] 93l Jena 2.7.17% A3t o= 3 45
9 &l eclipse RCP(Rich client platform)® S A3t}
4) Available at: http://javacc.java.net
5) Available at: http://owlapi.sourceforge.net
6) Available at: http://www.sqlite.org/
7) Available at: http://jena.apache.org/download/index.html
8) Available at: http://www.eclipse.org/home/categories/rcp.php
34 ! ;| ,"T L H {f.l-l 1].



2.2. 98X 2E2x 9 IAFH A QE o)A
A2 shE Qe o] A

Owlpath®] 98AM2 52X 9 =413
Areke] v eket 6719 A (Viewpart) &2 o] FXtH(18 3.4A)
3] A 22 template ontologyE
A%

Aol W vke] “File” WlwE
248t AY 71E8 OWLSd S =AYy dA AdF] Wi=
& g v “Window” WlwE Fall 7AA4%0:= F= A =+ Sk
conceptd Aete] ofo]& T ¢4F A WA “Add child” ofolE=
=estd dAA A8 concepte] &Fflel JHde]l AHHI F WA
sibling” ofo] 2= FEskd  dAl AEF concept?] FA
3l template®] ©]5
Auirds gAaE
=

“Add
2=

24 g
stth.  Feature FoM+ 3 &

(sibling) &% 7ido] AT} template F3
T SlowH
< (drag and drop) ©ZM property=

A7 (comment) =

(title) A
(option list) 2oz g 7}
“N” %.'S‘H

et

7t e $ property®E B F
F7}8tal 3l property?] domain, range T3t drag and dropl. = A
slo]E =" o} A7
iy’ , HYE “maxQuali—
T ¢ AR 9

3} cardinality?d WY E
minQualifiedCardinalitiy
= T =

B7ks38
A, FHa
fiedCardinalitiy” & A7ttt o] wl WIS YeEl &
exactQualifieredCardinality” = cardinality & #73skA
 AMEE ARHS H HAER 13k
Ag Al writing rule 9 F7F HES 29
ATHCLH 3.4B).
] &3t Ade

A7 g el

El
I data type =
d¥ 7testt 28 A
sto gAY AEE S8l MEE rAs EE
‘OwlPath: A 21 #|o] A
AAFHS OWLY
e 4 AT

eERA )
selore &

CIEA
OWL/XML, Turtle®] ez A%
A& o) 8

35



(A)

___ Owlpath authoring tool 0.1b Tas . »
Eile Window
44 Concept Explorer 1 | &[5+ 3 = O|[(e) Template information 5% | = [0 | 88 Data type 2 + x =0
O Concept Template name: Test medical template Name Regex
[ Entity Template comment: This is test template r— P
® 2“‘:;'11 Option List boolean trueffalse
@ Clas2 Sptanl double sz
& i aption2
@ Class2t
& indi2il
s 0 Feature 31 | + % = 5| witing e +x -0
indi31 J— —
1 Property Domain Praperty Range Cardinality Ifproperty  value Then pra.. value Option
M Property0 Classl = property0  Class2 34 U Property0 Class Cla.. 1 Proper, 0123 Replace
1 Propertyt Class3 = Propertyl  double 01 0_hasOpti.. option_o.. 0_Proper. Class Cla.. Replace
M Property2
M Property3
= Messages 12| ®x =0
Aruleis added, -
Aruleis added. [
A property row has been selected.
remove a custom data type.
A data type row has been selected.
remove a custom data type. il
= |
= Define a new writing rule E‘_lg
IF THEM
Property Range Property Range
haszCption + Individual_abdc «  has5SpecimenTy «  Individual_not_idel
p 7] Individual_ante[ ] hasVenouslnvay 7| RlsGt (FE NI
hasVenouslnva: Individual_left_| hasResectionh
hasResectionM Individual_low_| hasMainDiagnc

hasMainDiagne
hasRegionallyr
hasPerineuralln
hasPreExistingA
hasPreExistingR
hasLyrmphaticlr
hasPreExisting?
m

m

Individual_subt
Individual_total
Individual_total
Individual_trans
Class_emr_spec
Individual endc
<& 3

-

Merge

-

hasReiionalLﬁr =

hasPreExisting®
hasPreExistingR
hasLymphaticlr
hasPreExisting?
hasResectionM ™
<lml

bl Apply

rfo
i

ZA/FH AF e o) 2

36 b,



(A) A2 e o] A9 spHFAHS AANEFC R 2 A= OWLE
entity?l class® individual ¥ property® FA HolFi A

AU concept o] EAEH, Aol fA FH S options EEE
PN

X

-

T A+ template®, 18311 FUol+= property® domain, range®}t

restriction?! cardinality® AET 4 = feature Fo] EA|st}. 5
kel = data type
Aol A o
shetkol]l S1AE wAA] FS Fol HIAAE = F Adew ZF FS gA
Avst fIxel A Eo] A &l olF, AVIWA, AV, 117 s= T
Bk 4 Sl

(B) Mz 138 14sts &<  “Define a new writing rule” %]
if o= SWRL®] antecedente] all@dsl= mAl2 AR S| = 4

B
sk
+x
%0
rlr
=
=
5
[0]¢]
[any
[
o
o
-
(i
2
ot
K
H
O
Hu

48l ¥ property range® A% ¥ class®} individual & data type
o] ¥l = 4 9lom, then ¥ % vR7FAZ SWRLE consequent®]]
st A9]9] class, individual % data typeo] AglE & ity T
st classt}t individual®] consequent® A %¥ ¥  “Replace” %}
‘Merge” o A¥ALG2 AFD 4 Ut o, data typel 2 AFE 7

< “Replace” & 114 %t}.
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2.3. 3AAA FEMeTE F4 A~

Owlpath REAEE 24 Qg oAl AMgA7} LutE EA4 Ao
2 ABANEES AAEE S5t o E o] Aot (Y 3.5).
A8 AeEs D457 g8 =20 (29 3.6A)S dof 31, o] &

‘File” ™72l “Load template” & T3l #2 Qg Ho]AZ 23t
M 2EEA Sds ZEof dhrh. wkek AR AREAY] A
‘New Account” Hold 205 S 55 & 5 Uth(2¥H 3.6B). A
A 2EEA EYol 95 HW, AAstA sk sl ok A
HE 9¥g€st= “Information” Hold =15 Fal EA A &
3kx} o] & 4 A A AF(identifier) 7} A= 7N
d 3.60). o] o st FATF A= A A
old2aE T3 A HRE 4EHE F v (aH
A 29 W4 AgAET R 98 F A3AEE A A
AAFAo] A EE e fet 8o e AFst
)

o gel By 9 ouA

W
i
it

O:

o
fu
il
pie
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(1% 3.7) & &8 TFVE A&E3oH (32 3.2)

g B FAAAY IEMEES WEAEEY AEHT 9} identifier
A% g JRE 2T Y2E fAdPe 2 A 75, RDF &9

FEI! n—triple & F&% 5 3tk ¥ RDFZ SAIAA] A8AM=
= A AL AA ARel dldets A4 AlE(rdfsilabel) 3 AT
(rdfsicomment)©] AF¥ 1, AFgAEwE FJH A& (hasName) 7 2t
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(A)

5| OWLPath Control natural language editor

File Window

T Editoview 73 J

|23 optionview &2 |

received_specimen hasMainDisgnosis carcinama_in_an_adenoma . colen hasLocation ascending_colon and hasperineurslinvasion
not_identfied . colon mpaamempe abdomineperineal_resection . spesinien a5V enausnvasion 07k iden

metastasis
perforation
ascending_colon
cecum
descending_colon

overlapping_lesion
rectosigmoid_junct
sigmoid_colon
splenic_flexure_
transverse_colon
GIST

palyp

wlearative_cnlifie

hepatic_flexure_of_

ulcerative_Crohn's_

received_specimen

mesenteric_seeding

colon

ion

f_colon

adenomaltype_and_grade}

disease

|

m

Option

3 Endoscopic_mucosal_resection

[ Key features i3

Feature Cardinality Used
@ hasVenouslnvasion
@ hasResectionMargin
@ hasMainDiagnosis

£ hasDepthOflnvasion
@ hasLocation

@ hasPerineurallnvasion
& hasPrexistingAdeno...
£ hasLymphaticInvasion
& hasSpecimenType

& hasRegionalLymphl...

e N I Sy
B R = = = R = A =2

@ hashssociatedFindin... 0-1
@ hasSeparatelesions 01
£ hasPrefxistingResect...
£ hasPrefxistingAdeno...
£ hasResectionMargin.
& hasSize
T MessagelistView &3 x
The term list is not sorted because patient is not set. -
The term list is not sorted because patient is not set, [
The term list is not sorted because patient is not set.
The term list is not sorted because patient is not set.
The term list is not sorted because patient is not set.
The term list is not sorted because patient is not set.
4th sentence object is incorrect.
Sentencel31 column : 9 suntay Freor : ha 2
1 OWLPath Control natural language editor . - | =l
File  Window
O EditorView £3 [ OptionView &2
received_specimen hasMainDiagnosis carcinoma_in_an_adenoma . P—
‘colon hasLocation ascending_colon and Type
ariterior_resection # Endoscopic_mucosal_resection 3
it g
transanal_excision
total_calectomy
total_proctocolectomy
the
subtotal_colectomy
transanal_endoscopic_microsurgery I Key features 32
lef_hemicolectomy
right_hemicolectomy Feature Cerdinality Used  *
transverse_hemicolectamy & heVenoudwasen | B
endoscopic_mucosal_resection
low_anterior_resection & hasResectionMargin 1 0
'J;DGOH’HHODEHHESLYESSUIOH @ hasMainDiagnosis ] 1
| OWLPath Control natural language editor [=[E
File Window
|| o Editorview 23 | 5 OptionView 32
received_specimen hasMainDiagnosis carcinoma_in_an_adenoma . Option
\colon hasLocation ascending_colon and hasSpecimenType
i % mucosal resection

endoscopic_mucosal_resection
transanal_excision
transanal_endoscopic_microsurgery
the
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(A) F 32 & AdHy A e IR AMesits 99
“‘Editor view"¢} A2o] MeEAgts WAT

18]l property”} cardinalityol] ZA FA HA=A dHF= “Key
features’view7} 9x3lH, Boz stte Az Qg #H o] A3 nlx7hRA

2 HARx] FHS Ho]FE “MessagelistView = 74 ol 3

2l+= “OptionView”

‘Editor view'& AL T2 viewse °ls, U, 4, &7, 27|
s FIE F gow, HAAddd g vy vk *Window ™l E &
3 views Z T 3l

(B) 9542 AEAE “Endoscopic_mucosal_resection” ©] A€
W,  “hasSpecimenType” property® range class member”} W

Atk o] £4) @ A% olF mestel, FHHE o] BEo] Au

o 147) BEe|4 sheke] 5719 BEow WA
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(A)

it =)
#a
" .
-
+ Biomadical Knowledge
Enging@ring Laboralory
Socul Mational Unborsty
o [ tegn [ mabehimicesune |
© (D)
rlinhmu‘lnﬂ “1
Report name Colorectal
License number license-S30823
Patient name: Jimmy
Template name Colorectsl cancer
Recetved specimen
tubulowillous_adenoma
tubulovilfous_adenoma_with_hsgh_grade_dysplasia
willous_adenoma
wilbows_adenoma_with H b inle ﬁﬁ
rectum
not_identified
oresent
 —
T | =
(E)
Cption —dirn
1 Ovder the suggeited terma?
Templete weght 0.3

Teren wassght 4 Chnician weight 03
Paereweight 03

% 3.6. TAIAAS] 24 QlEHo] A told 2 T
(A) Login theldz1: 2719 7]5S Ao o)
(B) New Account tho|d =7 A2 AY G 7

(C) Information Held =1 AmA=E JH 49 7= Al
(D) New patient Tho]dZ=1: A2 &2 A 7S ATt
(E) Option the]d=7: TEVE] 7hgA] WA A4S AlF s



Wit report Clinician

Eseq Hseq Hseq
i s — —1 docname id
sopoitanaii) clinician_seq (FK) > —H  department
patient_seq (FK) name
template_seq (FK) license
writetime

Ty
|

Patient
Teplate eeq
BEseq | |
name
name S J [ g
description age

% 3.7. 8o AHERIE 5% ER-Diagram

dlolEfHo] A~ FA A HolEQl reportHOlES EA & st
AJE<Q AlE(docname), A/JAIZF(writetime)&  BIEste] AR
(clinician), %A} (patient), A]4] (template) @] 21HWH S (seq) & 74 A
ot =3 A8 E YERY= word EHlolE2 g7t AFEE FEA
s AENS e SRS Adn
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SQL

Comment

select

Start of SQL

(

SELECT sum (writetime/[current time])
FROM
word,report
report.seq
and report.template_seq = [template seq]
and word.word="'[term]’

) * templateWeight +

where  word.report_seq

Usage
frequency
of term itself.

(

SELECT sum (writetime/[current time])
FROM
word,report
report.seq
and report.template_seq =
and word.word="'[term]’
and report.patient_seq =
)* patientWeight +

where  word.report_seq
[template seq]

[patient seq]

Usage
frequency

of term

for a patient.

(

SELECT sum (writetime/[current time])
FROM
word,report
report.seq
and report.template_seq =
and word.word="'[term]’
and report.clinician_seq =
) * clinicianWeight;

where  word.report_seq
[template seq]

[clinician seq]

Usage
frequency

of term

for a clinician.

E 3.2. AR &of AMERIE S4S 9% SQL T

G| A, gzt A H O TFE AbEste] F3tshs SQL TS S3
gk gojo] gk TFVE AFEshAl ®oh. “current time™ AAJe] AJZE
e YEiTh
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d= 20073 ASCP(American Society for Clinical Pathology)ell #¢t=
A Z Feje] Wy B A4 “Tumor reporting system’(25)9] A& £
HEF BYRIA AAARE 49 sl
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st (1™ 3.8A), A ()oY A= EMR HAAMRE AL
L3l I35 ogte AS SWRLE xdstr] $38] o2gAlE2 %
H AS ‘emr_"olgtE HFAFE B9 class® AA A A3
Ak 3 “AAdo]  involved_by_carcinomadl 7
marging Ocm = A=thdhe 1r3S A&37] fd sl £4 tol
AelE ™ “hasResectionMarginSafetyMargin”®] #< =% Ocm’} 5

= A S ARSI T (L 3.8B).

A F due] &9l Ao 2ERA f4F 7
o] SA= skl HASAT. object propertyQl HEAMY HE
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data type®] FF o= Ao, DAl gk 32 Fu A
Aot FAFSHAl “involved_by_invasive_tumor 7} A8 #H
“hasResectionSafetyMargin”7} 2% 00] ¥ %% +4 3% ).

A¥ Ay “OiFer WruA EFE 7|AAEe classE 1570,

ol

=

o 1

[e)
T

property 167l (object 137l, data 37l), replace rule 371, merge rule 17§
Rom, Y MYEaA EF 71 A class 1671,
property 187l (object 157}, data 37l), replace rule 371, merge rule 17§
ATt &l oguAMA A A BelrRaA gAY Be class 1471,
property 187 (object 147}, data 47}), replace rule 377} &A1} o,
H el 749 class 1570, property 187l (object 147}, data 471), replace
rule 27017} A 8F ).
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9) Available at: http://www.rdfabout.com/demo/validator/index.xpd
10) Available at: http://www.w3.org/RDF/Validator/
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(B)

) |

g ey .i’n "

large_lntestine_part{ 2iiDomalnVarlable), resection_margin( 7thenDomainVariable), 0000
muumm involved_by_carcinoma) ->

hasi fonM. ¥ gin{ thenDomainVariable, |
emr_specimen_type( ?thenRangeVariable), specimen_type( fexistedRangeClassvariable), (0 (01
‘Colorectal cancer”( 7ifDomainVariabde), hasOption{ fifDomainVariable,
Endoscopic_muoosal_resection) - > specimen_type( MthenRangeVariable),
trash( 7existedRangeClassVariable) |
emr_depth_of_invasion( thenRangeVariable ), ‘Colorectal cancer’( ZifDomainVariable), 7 lm]x] Lj_?-!

hasOption{ HifDomainVariable, luumﬁ:_ml_ml -

depth_ol_invasion(fthenRangeVariable

m«_mmcmwmm. ‘Colorectal cancer'( 7ilDomainVariable), hasOption{ [ [ 0]
gin{ rthenDomainVariable,

ﬁﬂlllﬂ II"'.".-I'.D‘OHEMII F1#\\[0-9] +cm_anteriori[0-9]+\1.[0-9]+cm_poster
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Title ColorectalOwlpathTest

Identifier word | colon

Appliyed rules | none

colon hasSpecimenType anterior_resection.

specimen hasMainDiagnosis carcinoma_with_adenomatous_component

and hasCarcinomaType adenocarcinoma_moderately_differentiated.

colon hasLocation sigmoid_colon and hasGrossType fungating.
specimen hasSize 2.5X1.5X1.5_cm.

colon hasDepthOfInvasion invades_proper_muscle(pT2) and
hasResectionMargin free_from_carcinoma which
hasResectionMarginSafetyMargin proximal3.2cm_distal6.3cm.

received_specimen hasRegionalLymphNodeMetastasis no_metastasis_
in_all_20_regional_lymph_nodes(pNO)(pericolic_0/10_" IMA_root™ _0/10).

colon hasLymphaticInvasion present and hasVenouslnvasion
not_identified and hasPerineurallnvasion not_identified.

colon hasPreExistingAdenoma tubular_adenoma_with_high_grade_dysplasia
which hasPreExistingAdenomaSize 1.5X1.0X0.5_cm and hasPreExisting
ResectionMargin free_from_adenoma.
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Title GastricOwlpathTest

Identifier word | stomach

Appliyed rules | TemplateOption — Endoscopic_mucosal_resection

stomach hasSpecimenType endoscopic_mucosal_resection.

specimen hasMainDiagnosis early_gastric_carcinoma.

stomach hasLocation antrum and hasLocation lesser_curvature.

stomach hasGrossType EGC_type_IIb and hasGrossType EGC_type_Ilc.

received_specimen hasHistologicType tubular_adenocarcinoma,_moderately
_differentiated.

stomach hasHistologicTypeByLauren intestinal, and it hasSize 2.2x1.5x0.15cm.

stomach hasDepthOfInvasion invades_submucosa(depth_of_sm_
invasion: 0.03_cm)(pT1b).

stomach hasResectionMargin free_from_carcinoma which
hasResectionSafetyMargin distall.0Ocm_proximalO.6cm_anteriorO.4cm_
posterior0.7cm_deep0.05¢cm.

stomach hasLymphaticIlnvasion present and hasVenousInvasion not_
identified and hasPerineurallnvasion not_identified .

¥ 3.3-B. BAAA] AR AEE oA L HaEl B A

48 2 - e _



Title KidneyOwlpathTest

Identifier word | left_kidney

regional_lymph_node is pNX

Appliyed rules

resection_margin is involved_by_invasive_tumor

left_kidney  hasTumorSite upper_pole and hasTumorFocality
unifocal and hasSurgicalProcedure Total_nephrectomy.

left_kidney hasTumorSize 7.2X1.5X1.5_cm, and it hasTumorExtent
Tumor_extends_into_major_veins.

left_kidney hasHistologicType Clear_cell_(conventional)_renal_carcinoma
and hasHistologicGrade Fuhrman_Grade_2.

left_kidney hasPrimaryTumor tumor_extends_into_major_veins_or_
perinephric_tissues_but_not_into_the_ipsilateral_adrenal_gland_and_no
t_beyond__fascia_of_Gerota(pT3).

received_specimen hasRegionalLymphNodes pNX_Regional_lymph_
nodes_cannot_be_assessed and hasExaminedRegionalLymphNodes 0
and hasInvolvedRegionalLymphNodes 0.

left_kidney hasMetastasis no_distant_mestatasis(pMO).

left_kidney hasAngiolymphaticInvasion present.

received_specimen hasResectionMargin Involved_by_invasive_tumor
which hasResectionSafetyMargion distalOcm_radialOcm_parenchymalOcm.

i 3.3-C. AR WM EE A AT HE B A
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Title LiverOwlpathTest

Identifier word liver_structure

Appliyed rules none

liver_structure hasSpecimenType partial_hepatectomy, and specimen
hasFocality solitary which hasFocalityLocation segmentIl .

liver_structure hasTumorSize 2.2x1.9x1.8_cm.

specimen hasHistologicType hepatocelluar_carcinoma.
liver_structure hasExtentOfInvasion solitary_tumor_without_vascular_
invasion(pT1) and hasRegionalLymphnode no_regional lymph_node_

metastasis(pNO0).

specimen hasSubmittedLymphNode present and hasExamined
LymphNodes 2 and hasInvolvedLymphNodes O.

specimen hasDistantMetastasis cannot_be_assessed(PMX).
liver_structure hasParenchymalMargin uninvolved_by_invasion_
carcinoma which hasParenchymalMarginType medial and has
DistantFromClosest Margin 20mm.

received_specimen hasBileDuctMargin cannot_be_assessed and
hasOtherMargin vascular_designated_by_surgeon_uninvolved_by_invasive_
carcinoma .

specimen hasVenousInvasion absent.

liver_structure hasAdditionalPathologicFindings cirrhosis/fibrosis .

¥ 3.3-D. BAAAY AgMERE oA HI HE B A
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%9 “Identifier word AT FEAETolA  identifier7t A Hsh=
thojol] “Applied rule”& antecedent’} TFHEH ruleS =3kl ¥ 7
9] el # HWEEILA R R AYALEo®
‘Endoscopic_mucosal—resection”®] AAEYJSHEE  “specimen_type”
o]  “endoscopic_mucosal_resection’©. 2 AAEHAQ O™ “depth_of sm_
invasion”©] “depth _of_invasion”®] F7}¥dct. =3k F 8¢9 g9l
“regional_lymph_node”= “pNX"7} A€y

‘involved_regional_lymphnode
“involved_by_invasive_

= @el 0=

AA WelRaAe] AL
o] examined_regional_lymphnodes” ¢}
25 o2 ZAF Q) “resection_margin”©]

T3
tumor’= A ¥l %] o]“resection_safety_margin” 2]
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OO e aA 7AiM 2 9 AR JEAE
rdf diagram® = x®d3S Aijolw, HAGTY ABRAEE
individuale] &£A3t &3 individuals “hasTemplateName” °. %

X&) o] &3} AAE ™, “rdfs:comment” = X214 Q1 “The

e
o

diagnostic parameters are divided into two parts: the standard
part and the ...” ¥ dAAHAC}, T3 A AEFo] E3+HE Clinical
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Abstract

Introduction: The purpose of this study was to model an OWL
based ontology for representing medical template, define SWRL
rules of writing medical narratives, and implement OwlPath the
controlled natural language editor and an authoring tool.
Moreover we devised the way to sort suggested terms according

to term frequency of usage from various angles.

Methods: The medical template ontology represented in OWL
consists of information about template, and the data of medical
entities. The information about template refers to options which
can be used as precondition in writing rules such as whether
EMR specimen or not. Writing rules mean that precondition such
as selecting a individual can decide the ranges of certain
properties. For example, if the EMR option is selected as a
template option, then the histologic type should be selected in a
certain range like a emr_histologic_type class. Moreover, in order
to improve usability, term frequency was calculated from various

anlgles such as term itself, clinicians, and patients.

Results: Considering all functions explained above, we
implemented Owlpath supporting both an authoring interface and
a CNL editor interface. By using those interfaces, users can

define medical template ontology and writing rule for CNL

3 " _17
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medical narratives on the authoring interface, and also they could
be guided to write correct CNL medical narrative on the CNL
editor interface. While writing medical narratives, users can see
the suggested terms to write correct CNL sentences. By doing
so, the consistency could be assured between the semantic to
which a user intends and the semantic which is understood by

machines.

Conclusions: The Owlpath interfaces showed sufficient usability
in medical field by inserting template ontologies and writing rules
represented in pathology reports which are pathology reporting

standards or web pathology reporting system.

* This work is published in KOSMI(Kyungmin Lee, Hong—Gee
Kim, Jeong—Suk Yoo, An ontology model for representing

writing rules in medical template and CNL interface,

Proceedings of KOSMI, 2012; 519).

Keywords: Ontology, Semantic web, Rule language, Controlled

natural langauge, Medical template
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