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ABSTRACT

In this article, we describe an infrastructure enabling archetype-based semantic
interoperability of Web Service messages exchanged in the health care domain.
We annotate the Web Service messages with the OWL representation of the
archetypes. Then, by providing the ontology mapping between the archetypes, we
show that the interoperability of the Web Service message instances can be achieved
automatically. An OWL mapping tool, called OWLNt, has been developed for this
purpose. OWLmMt uses OWL-QL engine, which enables the mapping tool to reason
over the source archetype instances while generating the target archetype instances
according to the mapping patterns defined through a GUI.
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INTRODUCTION

Health care is one of the few do-
mainswhere sharing information isthe
norm rather than the exception (Heard,
Bede Mori & Pishec, 2003). Ontheother
hand, today there isno universally ac-

cepted standard for thedigital represen-
tation of clinical data. Thereisamultitude
of medical information systems storing
clinica informationinal kindsof propri-
etary formats.

We address this interoperability
problem within the scope of the
ARTEMI S project by wrapping and ex-
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posing theexisting hedth caregpplications
as Web Services. However, given the
complexity of thedlinica domain, theWeb
Servicemessagesexchanged have numer-
ous segments of different typesand op-
tions. To makeany use of these messages
at thereceiving end, their semanticsmust
beclearly defined.

In a previous effort described in
Dogecetd. (in press), weannotated Web
Servicesthrough thereferenceinforma
tion models of Electronic Healthcare
Record (EHR) standards. EHR standards
definetheinterfacesfor clinical content ex-
change. The prominent EHR standards
includeopenEHR (openEHR Community,
2005), HL7 CDA (HL7 Clinical Docu-
ment Architecture, 2004), and CEN TC/
251 prEN 13606-1 (referred to as
EHRcom) (CEN TC/251 prEN 13606-
1, 2004). Although such an approach a-
lowed usto achieve acertain degree of
interoperability, therewerefurther prob-
lemsto beaddressed asfollows:

» Thereferenceinformation models of
EHRs contain generic classesrather
than having aclassfor each specidized
clinical concept. Therefore, givenadass
in source ontology, the corresponding
classinthetarget ontology isnot clear
unlessthe context is known. For ex-
ample, aninstanceof anENTRY class
in EHRcom correspondsto one of the
instancesof ACT or ORGANIZER or
OBSERVATION or PROCEDURE
classesinHL7 CDA.

* Another probleminmapping reference
information model soneinto another is
asfollows: different referenceinforma:

tion modelsstructuretheir classesdif-
ferently. As an example, both CEN
EHRcomand HL7 CDA haveaclass
name called SECTION, and sections
can havenested sections. Whenthesec-
tionsof aclinical document are orga-
nized differently, thengenerdingthesame
hierarchy for thetarget domain asinthe
source domainwould not be correct.

In this article, we address these
problemsby using archetypesto comple-
ment thework described in Dogac et al.
(inpress). Anarchetypeisareusable, for-
mal expression of adistinct, domain-level
concept such as blood pressure, physi-
cal examination, or laboratory result,
expressed in theform of constraintson
datawhoseingtancesconformto someref-
erenceinformaionmodd (Bede& Heard,
2003). Thereferenceinformation model
can be CEN EHRcom (CEN TC/251
prEN 13606-1, 2004), openEHR
(openEHR Architecture Specifications,
2005), or the HL7 CDA schema (HL7
Clinica Document Architecture, 2004).

We usetheWeb Ontology Language
(OWL) (OWL, 2004) representation of
thearchetypesto semanticaly annotatethe
Web Service messages. Wethen provide
themapping between the OWL represen-
tationsof archetypesthroughan OWL on-
tology mapping tool called OWLmt
(OWLmt, 2005). The mapping definition
produced by OWLmt isused by OWLmt
engineto automaticaly transformtheWeb
Service messageinstancesoneinto other
when two hedth careingtitutesconform-
ing to different archetypes want to ex-
change messages.
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RELATED WORK

Semantic heterogeneity occurswhen
thereisadisagreement about themeaning,
interpretation, or intended use of thesame
or related data (Sheth & Larsen, 1990).
Sincemedica information systemstoday
goredinicd informationabout patientsindl
kindsof proprietary formats, thereisaneed
toaddresstheinteroperakility problem. For
this purpose, severa EHR standardsthat
dlowthesructureof dinicd contentfor the
purposecf exchangearecurrently under de-
vdopment. A very detalled survey and andy-
gsof eectronic hedth carerecordsispre-
sented in Eichelberg, Aden, Dogac, and
Laeci (2005).

However, sincetherearemorethan
one electronic health care record stan-
dards, the semantic heterogeneity prob-
lemisdtill unavoidableamong hedth care
systems. HL 7 and openEHR offer differ-
ent referenceinformation model sfor the
health care domain. For example, anin-
stanceof an ENTRY classin openEHR
corresponds to one of the instances of
ACT, ORGANIZER, OBSERVATION,
or PROCEDURE classesinHL7 CDA.

Two approaches are described in
Kashyap and Sheth (1996) for providing
interoperability based on ontologies. One
isto build acommon ontology; the other
isreusing existing ontologiesand combin-
ing them. Instead of buildingacommon
ontology, weresolvethe semantic hetero-
geneity among health care standards by
reusing existing ontologiesand combining
them through ontol ogy mapping, which
alowstheexchangeof informationamong
hedlth careinformation systemsconform-
ingtodifferent standards.

ARCHETYPES
AND REPRESENTING

ARCHETYPES IN OWL

Archetypes are constraint-based
modelsof domain entities, and each ar-
chetype describes configurations of data
instanceswhose classesconformto aref-
erenceinformationmode. Havingasmall
but generic reference information model
helpsthe EHR systemto handlemany dif-
ferent medical concepts. Yet, the small
number of generic conceptsintherefer-
enceinformation model isnot enoughto
describethe semanticsof thedomain-spe-
cific concepts, which are described
through archetypes.

Anarchetypeiscomposed of three
parts. header section, definition section,
and ontology section. The header section
containsauniqueidentifier for thearche-
type, acodeidentifyingtheclinical concept
defined by thearchetype. The header sec-
tionasoincludessomedescriptiveinfor-
mation such asauthor, version, and status.
Thedefinition section containstherestric-
tionsinatree-like structure created from
thereferenceinformationmodd. Thisstruc-
ture congtrainsthe cardinality and content
of theinformation model instancescom-
plyingwiththearchetype. Codesrepresent-
ing themeaningsof nodesand congtraints
ontext or terms, bindingsto terminologies
such as SNOMED (SNOMED Clinica
Terms, 2005) or LOINC (LOINC, 2005),
aredtatedintheontology section of anar-
chetype. A forma languagefor expressing
archetypes(i.e, ArchetypeDefinition Lan-
guage [ADL]) is described in ADL
(2003).
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Asdready mentioned, ADL specid-
izesthe classesof thegenericinformation
model by congtraining their attributes. The
applicable constraints are as follows
(ADL, 2003):

» Constraintson therange of data-val-
ued properties.

» Congraintsontherangeof object-val-
ued properties.

» Congraintson theexistenceof aprop-
erty, indicating whether theproperty is
optional or mandatory.

» Condrantsonthecardindity of aprop-
erty, indicating whether the property re-
fersto acontainer type, the number of
member itemsit must have, and their
optionality, and whether it hasalist or
aset structure.

» Constraintson aproperty with occur-
rences, indicating how many timesin
runtimedataaningtanceof agivenclass
conformingtoaparticular constraint can
occur. It only hassignificancefor ob-
jects, which arechildren of acontainer

property.

Itisalsopossbletoreuseprevioudy
defined archetypes and archetypefrag-
ments. Therearetwo constructsfor this
purpose: Thefirst oneistheusenodecon-
struct, whichisused to reference an ar-
chetype fragment by apath expression.
The use node references an archetype
fragment withinthe archetype. The sec-
ond oneistheallow archetype construct,
whichisused to reference other arche-
typesby defining criteriafor alowablear-
chetypes. Asan exampleto an archetype
definition in ADL, a part of Complete

Blood Count archetype definitionispre-
sented in Figure 1. The complete ADL
definition can befoundin CompleteBlood
Count Archetype ADL Definition (2005).
Here, the OBSERVATION classfromthe
referenceinformation model isrestricted
to create Complete Blood Count arche-
type by restricting its CODED TEXT
value to ac0001 term (ac0001 term is
defined as complete blood count in the
congtraint definitionspart of the ADL and
declared to beequivaent to Loinc::700-0
termintheterm bindings part) and by de-
finingitscontent to bealist of Haemoglo-
bin, Haematocrit, and Platel et Count test
result ements.

In ARTEMIS architecture, OWL
representations of thearchetypesare ex-
ploited. OWL describesthestructureof a
domainintermsof classes and proper-
ties. Classes can be names (URIs) or ex-
pressions. Thefollowing set of construc-
torsisprovided for building classexpres-
sions. owl:intersectionOf, owl:unionOf,
owl:complementOf, owl:oneOf,
owl:dlVauesFrom, owl:someVa ues-rom,
owl:hasvaue.

In OWL, properties can have mul-
tiple domainsand multipleranges. Mul-
tipledomain (range) expressionsrestrict
the domain (range) of a property to the
intersection of the classexpressions.

Another aspect of thelanguageisthe
axiomssupported. Theseaxiomsmakeit
possi bleto assert subsumption or equiva
lencewith respect to classesor properties
(Baader, Horrocks, & Settler, 2004). The
following are the set of OWL axioms:
rdfs:subClassOf, owl:sameClassAs,
rdfs.subPropertyOf, owl:sameProperty As,
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Figure 1. The ADL definition of complete blood count archetype

OBSERVATION[at1000.1] matches {-- complete blood picture

name matches {
CODED_TEXT matches {
code matches {[ac0001]}
data matches {

name matches {

value matches {

{-- haematocrit
name matches {

{-- platelet count
name matches {

1333008,

-- complete blood count} }

LIST_Sat1001] matches { -- battery
items cardinality matches {0..*} \epsilon {
ELEMENT[at1002.1] matches { -- haemaglobin

CODED_TEXT matches {

QUANTITY matches {

ELEMENT[at1002.2] occurrences matches {0..1} matches

CODED_TEXT matches {
code matches {[ac0004]} -- haematocrit} }
value matches {
QUANTITY matches {
value matches { 0..100}
units matches{"%"}}}}
ELEMENT[at1002.3] occurrences matches {0..1} matches

CODED_TEXT matches {

QUANTITY matches{

code matches {[ac0003]} -- haemaglobin}}

value matches { 0..1000}
units matches {*g/l|g/dl|.+"}}}}

code matches {[ac0005]} -- platelet count}}
value matches {

value matches { 0..100000}
units matches {"/cm"3"}

owl:digointWith, owl:samelndividua As,
owl:differentindividua From, owl:inverseOf,
owl:trangtiveProperty, owl:functiond Prop-
erty, owl:inverse Functiona Property.
INHL7 Templateand ArchetypeAr-
chitecture Version 3.0. (2003) and
openEHR Community (2005), the OWL
representationsof referenceinformation
modelsof archetypesaregiven. Thefirst
sepinrepresenting archetypesin OWL is
to construct the reference information

model of thedomainin OWL. A smple
algorithm for mapping object model to
OWL isgiveninHL7 Templateand Ar-
chetypeArchitecture Verson 3.0. (2003).
First, each classinthereferenceinforma
tionmode isrepresented asan OWL class.
Second, each relationshipisrepresented
asan ObjectProperty, and each data-val-
ued property is represented as
DatatypeProperty in OWL. Findly, cardi-
nalitiesof relationshipsand propertiesare
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represented by cardinality restrictionsin
OWL. Thenext sepisrepresenting arche-
typesin OWL, based on thereferencein-
formation model as described in ADL
(2003) and HL 7 Templateand Archetype
Architecture Version 3.0. (2003). As
stated in HL7 Template and Archetype
Architecture Version 3.0. (2003), each
ADL object nodegeneratesan OWL class
declaration. Object-valued propertiesare
restricted through these OWL classes.

ARTEMIS SEMANTIC

INFRASTRUCTURE

Theaim of the ARTEMI S project
(ARTEMIS Consortium, 2004) isto al-
low hedlth care organi zationsto keep their
proprietary systemsand yet expose the
functionality of their applicationsthrough
Web Services. ARTEMIS hasapeer-to-
peer infrastructuretofacilitate the seman-
tic discovery of Web Services and ser-
viceregistries(Dogacet.d., inpress).

Thefull sharability of dataandinfor-
mation requires two levels of

interoperability:

 Thefunctiond (syntactic) interoperdhility,
whichistheability of two or moresys-
temsto exchangeinformation. Thisin-
volvesagreaing onthecommon network
protocols, such as Internet or Value
Added Networks, thetransport binding
suchasHTTR FTR, or SMTPand the
messageformat like ASCI| text, XML
(ExtensibleMarkup Language) or EDI
(Electronic Datalnterchange). Web Ser-
vicesprovidefunctiond interoperability
through well-accepted standardslike
SOAP (2003) and WSDL (2005).

However, note that in order to access
and consumeWeb Sarvicesthrough pro-
grams, youmust know their operationa
and message semanticsin advance.

* Semanticinteroperability istheability
for information shared by systemsto
be understood at thelevel of formally
defined domain conceptsso that thein-
formationiscomputer processable by
thereceiving system. In other words,
semanticinteroperability requiresthese-
mantics of datato be defined through
formally defined domain-specific con-
ceptsin standard ontology languages
(1SO TC/215, 2003).

To provide semanticinteroperability
INARTEMIS, the Web Servicesarean-
notated with thefollowing semantics:

¢ Operationd semanticsof Web Services.
Inorder to facilitate the discovery of
the Web Services, thereisaneed for
semanticsto describewhat the service
does;, inother words, what the service
functiondity semanticsisinthedomain.
For example, inthehedth caredomain,
whenauser islooking for aserviceto
admit apatient to ahospital, the user
should beabletolocatesuch aservice
through its meaning, independent of
what theserviceiscaled andinwhich
languageitisin. Notethat WSDL (2005)
doesnot providethisinformation.

* INARTEMIS, HL7 categorization of
hedlth careeventsare used to annotate
Web Sarvicefunctiondity, snceHL 7 ex-
posesthebusnesslogicinthehedthcare
domain. If further ontologiesaredevel -
oped for this purpose, they easily can
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beaccommodatedintheARTEMISar-
chitecturethrough ontology mapping.

* Message semanticsof Web Services.
WheninvokingaWeb Service, thereis
also aneed to know the meaning asso-
ciated with the messagesor documents
exchanged through the Web Service.
In other words, servicefunctionaity se-
manticsmay sufficeonly whendl theWeb
Savicesusethesamemessagesandards.
For example, aGetClinicaInformation
Web Servicemay includethe messages
to passinformation ondiagnosis, aler-
gies encounters, and obsarvationresults
about apatient. Unless both the send-
ing and therecelving ends of the mes-
sage conform to the same EHR stan-
dard, interoperability cannot be
achieved.

ARTEMISproposesto semantically
enrich theWeb Service messagesthrough
archetypes. AsdepictedinFgure2, through
an annotation tool provided by the
ARTEMISinfragtructure, thehedth carein-
stitutes can annotate the input and output
messagesof thelr Web Serviceswitharche-
types. For example, Hospita A inFigure2
declares that its Web Service accepts a
Patientlnfo Archetype Instance based on
OpenEHR RIM asaninput and returnsa
BodyWeightAtBirth Archetype Instance
basad on OpenEHRRIM asanoutput. Note
that the consumer application of the Web
Sarvicemay becompliant withanother gan-
dard. ARTEMISenablestheservicecon-
sumersto speak their own language. For
thispurpose, theannotationtool enablesthe
hedth careindtitutesto definetheir gpplica-
tionmessageschemasintermsof archetypes

For example, Hospitd BinFgure2dedares
that itsmessaging sructurewill provideand
acoept Patientlnfoand BirthWeight informa:
tion asarchetypeinstancesbased onHL 7
RIM whileinvoking theWeb Servicespro-
videdintheARTEMISnetwork.

Inthe ARTEMI S architecture, the
OWL representationsof archetypedefini-
tions and instances are used. To
interoperatethe archetypeinstancesbased
ondifferent HER sandards, theARTEMIS
mediator providesan OWL mapping tool
caled OWLmt. Throughagraphicd inter-
face, OWLmt tool enablesthe user to de-
finethe mappingsbetween archetype defi-
nitions andtheresulting mgpping definitions
arestored at themediator. When ahedlth
careinditutewantstojointheARTEMIS
network, they advertisetheir Web Services
tothemediator by semantically annotating
themthrough archetypes. When oneof the
health careinstituteswishesto invokea
Web Serviceprovided by another indtitute
inthe ARTEMIS Network, the Web Ser-
viceinvocationregquestisddiveredtothe
mediator. Thehedth careingtitute provides
the Web Serviceinput to themediator in
terms of the archetype instancesit con-
forms. Then themediator invocation tool
consultsthe OWL mt Mapping Engineto
trandformthearchetypeingancesfromone
EHR referenceinformationmodd standard
to another, using the mapping definitions
that previoudy havebeen generated through
the OWLmt Mapping Definition Tool. Fi-
nally, theWeb Serviceisinvoked withthe
archetypeinstanceto which the provider
conforms. The output of the Web Service
Isprocessed in the same manner and pre-
sented to therequester asan archetypein-
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Figure 2. Artemis semantic architecture
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sancebased onthe EHR standard towhich
therequester conforms. Inthefollowing sec-
tions, thedetail sof thisprocessaredabo-
rated through examples.

ARCHETYPE-BASED
INTEROPERABILITY OF

WEB SERVICE MESSAGES

Sincethereismorethan one EHR
standard such as openEHR (openEHR
Community, 2005), HL7 CDA (HL7
Clinical Document Architecture, 2004),
and CEN EN 13606 EHRcom (CEN TC/
251 prEN 13606-1, 2004), each with
different referenceinformation modelsand
archetypes, annotating Web Servicemes-
sageswith archetypesdoesnot solvethe
interoperability problem.

Therefore, weneedto transform ar-
chetypes of one standard into another
through ontol ogy mapping. For thispur-
pose, we use the OWL representation of
both theinvolved referenceinformation
mode sand thearchetypes. Then, through
an OWL ontology mapping tool that we
developed, called OWLmt, we map the
referenceinformation model sand thear-
chetype schemas one into other. Once
such amapping isachieved, OWLmt au-
tomatically transforms a Web Service
message annotated with an archetypein
onestandard into another.

In thissection, weexplain thispro-
cessthrough arunning example. For this
purpose, wefirst generatethe OWL de-
scriptions of an archetype based on
openEHR and another onebasedonHL7.
We then present the OWL mapping tool
and depictitsfunctiondity throughtherun-
ningexample.

ExampleOpenEHR and HL7
Archetypesin OWL

Fgure3depictsanarchetypein ADL
that representsthe body weight at birth
concept. Thisconcept isdescribed by re-
stricting the OBSERVATION class in
openEHR Reference Modd .

The OWL representation of thear-
chetype in Figure 3 is presented in
openEHR Body Weight at Birth Arche-
type OWL Definition (2005). In brief,
each restriction onan object-va ued prop-
erty introduces anew class, whichisa
subclassof theclassonwhichtherestric-
tionisdefinedinthe ADL document. For
theexample, in Figure 3, the data prop-
erty of the OBSERVATION classisde-
fined ashaving atype HISTORY, which
isfurther restricted. InOWL, thisrestric-
tionon history classishandled by intro-
ducing asubclassof history called body
weight at birth history. On the other
hand, each restriction on adata-valued
property elther introducesauser-derived
datatypefor further restricting datatype of
the property or produces owl:hasvalue
or owml: oneOf restrictionson the property
for restricting thevalue of the property to
onevalueor set of values, respectively.
Notethat user-derived datatypes can be
represented in XML schemaand refer-
enced from the OWL representation of
thearchetype.

Figure4 depictsthe body weight at
birth ADL archetype based onthe HL7
Version 3 Reference Information Model,
whose OWL representation is presented
iINnHL7 Body Weight at Birth Archetype
OWL Definition (2005).
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Figure 3. An example body weight at birth OpenEHR archetype in ADL

archetype
openEHR-EHR-OBSERVATION.weight-birth.v1
specialize

openEHR-EHR-OBSERVATION.weight.v1
concept

[at0000.1] -- Body weight at birth
description

definition
OBSERVATION[at0000.1] matches{ -- Body weight at birth
data matches {
HISTORY [at0002] matches{ -- history
events cardinality matches { 1..1; ordered} matches{
EVENT[at0003] matches{ -- Birth
data matches {
Simple[at0001] matches { -- Birth simple
item matches {
ELEMENT[at0004.1] matches { -- Birth weight
value matches {
C_QUANTITY
property = <"mass'>
units = <"kg">
magnitude = <|0.0..10.0]>
IS SRR
state matches { 0..1} matches {
List[at0008] matches { -- state structure
items cardinality matches { 1..1; ordered} matches {

ELEMENT[at0009] occurrences matches {0..*} matches{
-- Clothing

value matches {
CODED_TEXT matches {
code matches{[local::
at0010, -- Dressed
at0011] -- Naked

assumed_value matches {"at0011"}
}riri}
other_participations matches { 0..1} matches{
List [at0014] matches { -- participation structure
items cardinality matches {1..1; ordered} matches {
PARTIPICATION [at0012] matches{ --Baby
function matches {
CODED_TEXT matches {
code matches {
[local::at0013] -- Patient
HSSERY:
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Figure 4. An example body weight at birth HL7 archetype in ADL

archetype
HL7-OBSERVATION.weight-birth.v1
specidize
HL7-OBSERVATION.weight-birth.v1
concept
[at0000.1] -- Body weight at birth
description

author = <"Veli Bicer <veli@srdc.metu.edu.tr>">
submission = <
organisation = <"METU-SRDC">
date = <2005-01-10>
>
version = <"version'>
status = <"draft">
revison =<"1.0">
description("en") = <
purpose = <"Describe the observation for the body weight at birth">
use=<"">
misuse = <"">
>
adl_version =<"1.2">
rights=<"">

definition
Observation[at0000] matches{ -- birth_weight
classCode cardinality matches {1} matches {[hl7_ClassCode::OBS]}
moodCode cardinality matches { 1} matches {[hl7_ClassCode::EVN]}
id matches {*}
code cardinality matches { 1} matches {[at0001],[at0002]}
confidentialityCode cardinality matches {1..*} matches
{[hl7_Confidentiality::N]}
uncertaintyCode matches { [hl7_ActUncertainty::N]}
value cardinality matches { 1} matches{/.*kg["]/}
hasParticipation cardinality matches {1..*} matches{
Participation matches{
hasRole cardinality matches { 1..*} matches{
Patient{

classCode cardinality matches { 1} matches

{[hl7_ClassCode::PAT]}

player cardinality matches { 1..*} matches{

Person matches{
classCode cardinality matches {1} matches
{[hI7_ClassCode::PSN]}

133309
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ONTOLOGY MAPPING

In the Example OpenEHR and
HL7 Archetypesin OWL subsection, we
present ADL descriptions of two arche-
types. Asdepictedin Figures3and 4, the
archetypesdiffer intermsof structureand
format of thedatathey represent. Themain
cause of thisdifferenceisthat thearche-
typesrefer to different referencemodels
(i.e,0penEHRRIM andHL7RIM). Thus,
theinteroperability between thesearche-
typesbecomesadifficult task, athoughthey
represent the same concept — weight at
birth.

ARTEMISmediator providesanon-
tology mapping tool — OWLmt — that
enablesusto definethe mapping between
different OWL schemas. Inthissection,
wedescribean ontology mapping process
inOWL to achievetheinteroperability be-
tween the archetypes based on different
reference models. Once such amapping
definitionisstored a themediator, theme-
diator will interoperate the Web Service
messages represented as archetypesbe-
tween the hedlth careingtitutes conform-
ingtodifferent EHR standards.

Ontology mapping is the process
wheretwo ontologieswith an overlapping
content arerel ated at the conceptud level
to produce a mapping definition. The
source ontology instancesthen are auto-
matically transformed into thetarget on-
tology instancesaccording to themapping
definitions. The architecture of the
OWLmt tool (seeFigure5) alowsmap-
ping patterns to be specified through a
GUI. Thesepatternsare stored in adocu-
ment called Mapping Definition. The
mapping engineusestheMapping Defini-

tionto automaticdly transform source on-
tology instancesinto target ontology in-
stances.

The OWLmt mapping tool hasthe

following mapping capabilities

» Matching the source ontology classes
tothetarget ontology classes. Wehave
devel oped thefollowing four concep-
tual mapping patternsto represent the
matching between the classes of the
source and target ontology classes:
EquivdentTo, SmilarTo, IntersactionCf,
and UnionOf. Theidentica classesare
mapped through EquivalentTo pattern.
SimilarTo implies that the involved
classeshaveoverl goping content. Asan
example, thebodyweight at birth class
whichisasubclassof observationclass
intheopenEHR archetypeissimilar to
thebirthweight, classwhichisinher-
ited from the observation classinthe
HL 7 archetype, Sincethey both repre-
sent theweight at birth concept. The
SimilarTo patternsin OWLmt arerep-
resented in OWL (seeFigure 6). How
smilar classesarefurther relatedisde-
scribed through property mapping pat-
terns.

ThelntersectionOf pattern createsthe
corresponding instances of the target
classastheintersection of thedeclared
source class instances. Similarly, the
UnionOf patternimpliestheunionof the
sourceclasses instancesto createthe
corresponding instances of the target
class

In some cases, aclassin asource on-
tology can bemoregenerd thanaclass
inthetarget ontology. Inthiscase, the
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Figure 5. Architecture of OWLmt
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instances of the source ontology that
make up theinstancesof thetarget on-
tology aredefined through Knowledge
| nterchange Format (K1F) (2005) con-
ditionsto be executed by themapping

engine. Asan example, assumethat a
SmilaTo paternisdefined betweenthe
body weight at birth class of the
openEHR archetype and the birth
weight class of HL7 archetype. The
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body weight at birth class in the
openEHR archetype has a property
gatewiththecardindity of zeroor one
(seeFigure 3). Onthe other hand, the
code property of thebirthweight class
of theHL 7 archetype (seeFigure4) has
either LOINC (2005) value of 8351-9
(weight at birthwith clothes) or LOINC
vaueof 8350-1 (weight at birthwithout
clothes), depending onthevaueof the
codevaueunder the state property in
theopenEHR archetype. However, the
codevaueismandatory intheHL 7 ar-
chetype, unliketheoptiondity of thestate
property intheopenEHR. Therefore, we
add a condition in KIF format to the
SimilarTo pattern (seeFigure 6) toen-
surethat thereexistsat least one state
property of the body weight at birth
instanceinorder tomapittoaningance
of birthweight class.

Matching the source ontology Object
Properties to target ontology Object
Properties. ObjectProperty Transform
pattern isused to definethe matching
from one or more object propertiesin
the source ontology to one or more ob-
ject propertiesin the target ontology.
Asanexample, consder theopenEHR

Figure 6. An example SmilarTo pattern
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archetypein the Example OpenEHR
and HL7 Archetypesin OWL subsec-
tion. According to the openEHR speci-
fications(openEHR Architecture Speci-
fications, 2005), the body weight at
birth classhasan other participations
object property inherited from the ob-
servation class, referringtoalist of the
participation classin order to repre-
sent the partiesthat participatein the
body weight at birth observation. With
thehelp of thisobject property, wehave
defined a path from body weight at
birth classtothe PARTY REFinor-
der to satethe patient whoisinvolved
inthisparticular observation. Likewise,
inthe HL7 archetype, thereisalso a
path from thebirth weight classto the
per son with aset of object properties
such ashasParticipation, hasRole, and
player. Although thesetwo pathshave
different Sructuresandinvolvedifferent
properties(e.g., other participationsand
hasRole) and classes (e.g., List in
openEHR and PatientinHL7), they rep-
resent the same content; that is, patient
of anobservation (seeFigure7). There-
fore, in the mapping process, an
ObjectProperty Transform pattern is

<SimilarTo rdf:about="http://www.srdc.metu.edu.tr/Map#SimilarTo_1">
<similarTolnput rdf:resource= "http://www.sample.org/openEHRweight-

birth#Body_weight_at_birth"/>

<similarToOutput rdf:resource= "http://www.sample.org/hl 7weight-birth.owl#birth_weight"/>
<operationName>SimilarTo_1</operationName>

<Condition>(and (rdf :type ?x

http://www.sample.org/openEHRweight-birth#Body_weight_at_birth)

(state 2 7))
</Condition>

</S| milarTo>
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defined to match these pathsto onean-
other. These path expressions are
stated as parameters in the
ObjectProperty Transform patternin
KIFformat. For example, the path be-
tween the body weight at birth and
PARTY REF can berepresentedinthe
sourceontology through thefollowing
path: (rdf:type?x Body weight t birth)
(other participations X ?) (rdf:type %y
List) (items?y ?z) (rdf:type 7z PAR-
TICIPATION) (performer ?z k)
(rdf:type &k PARTY REF).

Thispath correspondsto thefollowing
pathinthetarget ontology: (rdf:type
birth weight) (hasParticipation ?x ?y)
(rdf:type?y Participation) (hasRole %y
?2) (rdf:type 7z Patient) (player 7z X)
(rdf:type %k Person).

Through such patterns, the OWLmt
constructsthe specified pathsamong
theinstancesof thetarget ontology in
the execution step, based on the paths
defined among the instances of the
sourceontol ogy.

Figure 7. Mapping object properties

Body weight

at_birth

other participations

items

PARTICIPATION

» Matching sourceontology DataProper-

tiestotarget ontology DataProperties.
ThroughtheDatatypeProperty Trandform
pettern, thedatatype propertiesof anin-
ganceinthesourceontology aremapped
to corresponding target ontology instance
datatype properties. OWLmt supports
aset of basic XPath (XQuery 1.0 and
XPath 2.0, 2004) functionsand opera-
torssuch asconcat, split, and substring.
Insomecases, thereisafurther needfor
a programmatic approach in order to
specify complex functions(e.g., needto
useif-then-dse, switch-case, or for-next).
Therefore, wehaveintroduced JavaScript
support to OWLmt. By specifyingthe
JavaScript to be used in the
DatatypeProperty Transform paitern, the
complex functions(enriched by the Java
DK libraries) canbegppliedinthevadue
trandormations

Asan example, the OWL representa-
tions of the archetypes (see Figures 3
and 4) include datatype propertiesthat
involvethe samekind of data. For in-

hasParticipation

Participation

performer ~ player

PARTY REF

openEHR

HL7
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Figure 8. An example JavaScript

{

return "8351-9";

return "8350-1";

function copy_code(openEHR_code)
if(openEHR_code.equal s("Naked"))

elseif(openEHR_code.equals(Dressed")

stance, unitsand magnitude datatype
propertiesin openEHR archetype cor-
respond to the value data type prop-
erty intheHL 7 archetype. Tomapthe
values stored in unitsand magnitude
datatype propertiesto the value data
type property, we state a Datatype
Property Transform pattern. This pat-
tern takes the paths of the datatype
propertiesunitsand magnitudeinKIF
format asinput parametersand rel ates
them to the value datatype property.
Thebasic concat operationissufficient
to concatenatethevauesstoredinthe
unitsand magnitude and to assignthe
result to theva uethrough themapping
engine.

Thereisasoardation betweenthecode
property, which statesthe clothing sta-
tusof apatient in openEHR archetype,
and the code property of the birth
weightintheHL 7 archetype. Based on
the value of the code (e.g., naked or
dressed) in openEHR archetype in-
stance, the code datatype property in
HL 7 archetype haseither the LOINC
value 8351-9 or the LOINC vaue
8350-1. Toachievesuchamapping, the
JavaScript code (see Figure 8) can be
usedinthe DatatypeProperty Transform

pattern.

Oncethe mapping between two on-
tologiesisspecified by usngtheMapping
GUI, it can be serialized asaMapping
Definitionin order to be used in the ex-
ecution step as presented in the Trans-
forming the Archetypes I nstances sub-
section. TheMapping Definitionitsalf is
an OWL document whose structure is
specified through Mgpping Schema Inthe
mapping definition, the patternsare used
to definethemappingsamong the classes
and properties of the source and target
ontology. The patternsare al so specified
asOWL classinstancesinthe Mapping
Specification. Asan example, SmilarTo
patternisshownin Figure®6.

However, theuseof OWL asamap-
ping definition language has some short-
comings, asstated in Brujin and Polleres
(2004). Oneof the shortcomingsof using
OWL asamapping definitionlanguageis
itstight coupling between the sourceand
thetarget ontologies. A mapping defini-
tion needstoimport other related (source
and target) ontol ogieswith owl:import.
Thisresultsinatight coupling betweenon-
tologies, whichisundesirable, becauseit
makesoneontol ogy dependent on another
inthesensethat axiomsand definitionsin
one ontology use classesand properties
fromthe other ontology. Thiscanresultin
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suchthingsasthenecessity tousetheother
externally specified ontology inorder to
perform certain local reasoning tasks
(Brujin& Polleres, 2004).

Therefore, rather than using pure
OWL, we specify queriesin our mapping
definitionin OWL-QL KIF syntax which
arethen executed by the mapping engine.
Furthermore, the value transformations
also should be expressed inthe Mapping
Definition. We specify theva uetransfor-
mations as JavaScript strings of the

DatatypeProperty Transform pattern.

Transformingthe
Archetypelnstances

Consider theexample presented in
Figure2. Hospital B, usingthearchetype
instancesbased onHL 7, wishestoinvoke
theWeb Service provided by Hospital A
inorder to receivethe BirthWeight infor-
mationfor apatient. ThroughtheWeb Ser-
vicelnvocation Interface provided by the
ARTEMISpeer, Hospital B providesthe
Web Serviceinput as Patientlnfo arche-
type instance based on HL7 RIM and
wishes to receive the result as a
BirthWeight archetype instance again
based on HL7 RIM. Note that Hospital
A has declared to the mediator that its
Web Service exchanges are based on
OpenEHR archetypes. Whenthemedia-
tor invokesthisWeb Service on behalf of
Hospital B, theinvocationtool intheme-
diator consultsto the OWLmt Mapping
Enginefor transforming thearchetypein-
stances from source ontology to thetar-
get ontology. Inthissection, wedetall how
thisinstance transformation isachieved
through the OWL mt mapping engine.

The OWLmt mapping enginecre-
ates the target archetype instances in
OWL, using the mapping patternsin the
M apping Definition and theinstances of
thesourcearchetype. It usesOWL Query
Language (OWL-QL) (Fikes, Hayes, &
Horrocks, 2003) toretrieverequired data
from the source ontology instances. While
executing theclassand property mapping
petterns, the query stringsdefined through
the mapping GUI are sent to the OWL -
QL engine with the URL of the source
ontology instances. Thequery engineex-
ecutesthe query stringsand returnsthe
query results.

During thisprocess, OWL-QL uses
thereasoning capabilitiesof JavaTheorem
Prover (JTP) (2005) toinfer new factsfrom
the source ontology and usethemin order
to construct thetarget ontology instance.
Toillustratethis, consider the archetypes
introduced inthe Example OpenEHRand
HL7 Archetypesin OWL subsection. The
range of the state object property of body
weight at birth classin openEHR arche-
typeisthe state structure, whichisasub-
classof lig andinvolvesaredriction. Sate
structurein OWL isdepictedin Figure9.

The items object property of state
gructureisinvalvedinanowl:alVaues—om
redriction. ltsrangeisstatedto bethecloth-
ing class, asdepictedin Figure9.

Themapping engineusestheinforma:
tion in the source ontology to infer new
knowledgea ingancelevd. Thisnew knowl-
edge lets OWLmt obtain more accurate
query resultsinthe execution step. Inthe
runningexample thefdlowingruesareusd
toderivethefact that Inferredingtanceisan
instance of the clothing: (rdf:type
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Figure 9. The state structure class

<owl:Class rdf:ID="state_structure'>
<rdfs:subClassOf>

<owl:allVauesFrom>

</owl:Class>
</owl:allVauesFrom>
<owl:onProperty>

</owl:onProperty>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>""hirth\_weight"
<owl:onProperty>

</owl:onProperty>

O</owl:minCardinality>

1</owl:maxCardinality>
</owl:Restriction>

</rdfs:subClassOf>
</owl:Class>

<rdfs:subClassOf rdf:resource= "openEHR:List"/>
<owl:Restriction rdf:1D="RestrictionOnitems">

<owl:Class rdf:ID="Clothing">
<rdfs:subClassOf rdf:resource= "openEHR:ELEMENT"/>

<owl:ObjectProperty rdf:resource= "openEHR:items'/>

<owl:ObjectProperty rdf:resource="openEHR:items"/>
<owl:minCardinality rdf:datatype= http://www.w3.0rg/2001/X ML Schema#int">

<owl:maxCardinality rdf:datatype=http://www.w3.0rg/2001/X ML Schema#int">

MyStateStructure state structure)
(rdfs:subClassOf  state structure
RestrictionOnitems) -> (rdf:type
MyStateStructure RedtrictionOnitems).
This rule derives the fact that
MyStateStructure has rdf:type of
RedrictionOnitems. Withthederivation of
thisfact, al the predicatesof thefollowing
rule become true: (owl:onProperty
RestrictionOnitems items) (owl:all
Va uesFrom RedtrictionOnitemsClothing)
(rdf:type MyStateStructureRestriction
Onitems) (items MyStateStructure

MyClothingType) -> (rdf:type
MyClothingTypeClothing).

According to the dataobtained by
querying thesource ontology instance, the
OWL mt mapping engineexecutesthecon-
ceptua mapping patternsto crestethecor-
responding instancesin thetarget ontol -
ogy. Theconditionsspecifiedfor each con-
ceptual mapping pattern al'so are applied
toensuretheaccuracy inthemapping pro-
cess. Inthisstep, theinstancesthat do not
satisfy aparticular conditioninthe pattern
arediscarded.

Figure 10. The openEHR archetype instance

</state_structure>

<state_structure rdf:ID="MyStateStructure">
<openEHR:items rdf:resource="#I nferredi nstance"/>

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written

permission of Idea Group Inc. is prohibited.



Int’l Journal on Semantic Web & Information Systems, 1(4), 1-22, October-December 2005 19

Figure 11. Source instance

<openEHR:state>

</openEHR:state>

</ Body weight_at_birth>
<Clothing rdf:1D="Instance3">
<openEHR:value>

</openEHR:vaue>
</Clothing>

<Body_weight_at_birth rdf:ID="Instancel">

<state_structure rdf:|D="Instance2">
<openEHR:items rdf:resource="#I nstance3"/>
</dtate structure>

<openEHR:CODED_TEXT rdf:ID="Instance4">
<openEHR:code>Naked</openEHR:code>
</openEHR:CODED_TEXT>

Asan example, when the mapping
engineexecutesthe SmilarTo pattern (see
Figure 6), the body weight at birth in-
stance is obtained (see Figure 11) asa
result of the query of the sourceinstance.
The mapping enginethen createsthe cor-
responding birth weight instance (see
Figure 12) inthetarget ontology.

After thecredtion of thedassingtances
inthetarget ontol ogy, the property mapping
patternsaregppliedto crestetheobject and
datatypepropertiesfor theingtancesinthe
target ontol ogy. During themapping of the
datatypeproperties, thevauetransforma-
tionsspecifiedinthecorresponding petterns
aregpplied. OWLmt mapping engineuses
JavaScriptinorder totransformthevaues
from the source ontol ogy to thetarget on-
tology programmatically. Inorder toachieve
this, it sendsthe JavaScript specifiedinthe

Figure 12. Target instance

corresponding property mapping petternto
the JavaScript Interpreter (RHINO, 2005)
with the dataobtained from the source on-
tology ingtance. Theresult fromtheexecu-
tion of the JavaScript isset asthevaue of
thedatatypeproperty inthetarget ontology.
For example, asaresult of executing the
DatatypeProperty Transform pettern, which
includesthe JavaScript (see Figure 8), the
codedatatype property with LOINC code
of 8351-9 (seeFigure 12) iscreatedinthe
targetinganceaccording tothenaked vaue
indicated inopenEHR ingtance, asdepicted
inFgurel1l.

Asaresult of these steps, thearche-
typeinstance based onthesourceRIM is
transformed to the archetype instance,
based on the target RIM, providing the
interoperability of the\Web Servicesex-
changing such messages.

<Ibirth_weight>

<birth_weight rdf:ID="TInstancel">
<HL 7:code>8351-9</HL 7:code>
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CONCLUSION AND

FUTURE WORK

Web Services havethe capacity to
bring many advantagesto thehhedlth care
domain, such as seamlessintegration of
disparate health care applications con-
forming to different and, at times, com-
peting standards. Also, Web Serviceswill
extend thelife of theexisting health care
software by exposing previously propri-
etary functionsasWeb Services.

To the best of our knowledge, the
ARTEMISprojectisthefirginitiativeto
use semantically enriched Web Services
inthehedth caredomain. Infact, only very
recently did Web Services start to appear
inthemedica domain. Animportantin-
dustry initiativeto use Web Servicesisin-
tegrating the Hedlth care Enterprise (IHE)
(IHEIT Infrastructure Integration Profiles,
2003). IHE hasdefined afew basic Web
Services, suchasRetrievelnformationfor
Display Integration Profile (RID). Yet,
since lHE doesnot address semanticis-
sues, in order to use the IHE Web Ser-
vices, itisnecessary to conformto their
exact specification by caling theWeb Ser-
viceswith the namesthey have specified
and by providing the messages as in-
structedinitsspecification.

However, giventhecomplexity of the
health caredomain and the proliferation
of stlandardsand theterminologiestorep-
resent the same data, semantic annotation
of the Web Service messagesisessentid.

In this article, we describe how
interoperability among different hedth care
sysemsconformingtodifferent EHR stan-
dardscan beachieved by semanticaly an-
notating the Web Service messages

through archetypes. Anarchetypeisaset
of constraintson thegeneric EHR refer-
enceinformation model, which ensures
that clinical conceptsare correctly repre-
sented without actudly storing them, since
therearevery many (morethan 300,000)
clinica concepts. Thesemantic differences
among the archetypes arethen handled
through an OWL mapping tool that isde-
veloped.

Asafuturework, we planto seman-
tically annotatethe|HE Web Servicesthat
currently are being integrated into the
ARTEMISinfrastructure. How IHE Web
Servicesareintegratedtothe ARTEMIS
architecture is described in Aden and
Eichelberg (2005).
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