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ABSTRACT

There is an abundance of existing biomedical ontologies such as the National Cancer Institute
Thesaurusand theSystematizedNomenclatureofMedicine-ClinicalTerms. Implementing these
ontologiesinaparticularsystemhowever,maycauseunnecessaryhighusageofmemoryandslows
downthesystems’performance.Ontheotherhand,buildinganewontologyfromscratchwillrequire
additionaltimeandefforts.Therefore,thisresearchexplorestheontologyreuseapproachinorder
todevelop anAbdominalUltrasoundOntologyby extracting concepts fromexistingbiomedical
ontologies.Thisarticlepresentsthereaderwithastepbystepmethodinreusingontologiestogether
withsuggestionsoftheoff-the-shelftoolsthatcanbeusedtoeasetheprocess.Theresultsshowthat
ontologyreuseisbeneficialespeciallyinthebiomedicalfieldasitallowsfordevelopersfromthenon-
technicalbackgroundtobuildandusedomainspecificontologywithease.Italsoallowsfordevelopers
withtechnicalbackgroundtodevelopontologieswithminimalinvolvementsfromdomainexperts.
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INTROdUCTION

Inpreviouswork,Zulkarnainetal.(2015a)proposedthedevelopmentofanarchitecturetosupport
ultrasoundreportgenerationandstandardisation.Theproposedarchitectureandreportwerevalidated
byradiologistsandspecialistsatthe2015UKRadiologicalCongressheldintheCityofLiverpool
(Zulkarnainetal.,2015b)andthe2016BritishMedicalUltrasoundAnnualScientificMeetingand
ExhibitionheldintheCityofYork(Zulkarnainetal.,2016a).Inthemedicalandradiographyfields,
ultrasoundreportsarethemainmediausedtocommunicatetheresultsofanultrasoundexamination
fromasonographerorradiologisttoareferringclinician.Itwasreportedthatimagesaloneareof
limitedvaluesincetheoutcomesofanyultrasoundinvestigationarebasedonthefindingsduringthe
scan(Boland,2007).Indeed,manyfeaturesandquantitativedataarecollectedduringtheultrasound
examinationsuchastissuecharacterisationandvariousmeasurementsanditisthisinformationthat
iscommunicatedviathereports.

Theuseofinformationtechnology(IT)inthemedicalfieldsuchaselectronicpatients’records
and somedecision support systemshasallowed for abetterunderstandingof somepathologies,
healthmanagementandpatientcare.However,theintegrationofITintheradiologyfieldislimited
particularlyinthereportingphase.Duringthedevelopmentofthestandardreportanditsvalidation,it
washighlightedbytheradiologistsandcliniciansthatthemainissueisthevariationsinthereporting
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styles.Thesevariationswerenoticedinthestructureofthereportsaswellasintheterminologiesused.
Thesevariationsmayimpactonthewayareportisinterpretedandinturnaffectthedecision-making
processandthewayapatientismanaged(Zulkarnainetal.,2015a).Radiologistsandcliniciansbelieve
thatthesolutiontothisproblemresidesinusingstructuredreportingwiththesupportofanontology
asitsknowledgebase(Kahn,etal.,2009).Theuseofanontologywillallowthestandardisationof
theterminologyusedduringreporting,allowingabetterexploitationofthesereportsbycomputerised
toolsforknowledgediscovery,classificationandpredictions.

Theworkreportedinthispaper,isthedevelopmentofanontologythatwillcomplementand
supportthecomputerisedstandardreportdevelopedbyZulkarnainetal.,(2015a).Furthermore,this
paperisanextensionandconsolidationoftheworksreportedbyZulkarnainetal.(2015a,2015b,
2016a,2016b).

Therearedifferentapproachestodevelopontologies.Wecanuseexistingontologies,develop
one from scratch or adapt and reuse existing ontologies. Each approach has its advantages and
disadvantages.Forexample,inonehandreusinganexistingontologywillrequirenoresourcesfor
itsdevelopmentbutmaybetoolargeforaspecificapplicationanditsintegrationtotherestofthe
systemcouldbeproblematic.Ontheotherhand,developinganewonewillrequirealotofefforts
duringitsdevelopmentbutmayfitbettertotherequirementsofthenewapplication.Inthisresearch,
wearespecificallyinterestedinabdominalultrasoundreporting,andtheexistingontologiesevaluated
werefoundtobelarge.Forexample,usingtheNationalCancerInstituteThesaurus(NCIT)would
requirealargestorage,asitcontainsasmanyas118,941classes,andmoretimetoprocess.Inthis
researchweadoptedtheontologyreuseapproachfordevelopingtheAbdominalUltrasoundOntology
(AUO)tobeusedintheultrasoundreportingsystem.

Thispaperfirstreviewsthemethodsthathavebeenusedinpastontologyreuseworksandthen
assesses thepossibilityofreusingoneof thethreeestablishedbiomedicalontologiesnamelythe
Foundational Model of Anatomy (FMA), the Radiology Lexicon (RadLex) or the Systematized
NomenclatureofMedicine-ClinicalTerms(SNOMEDCT).Wethenproposeamethodologytoreuse
biomedicalontologiestogetherwiththeexistingtoolsthatcanbeusedtofacilitatethereuseprocess.
Themethodologyaidsontologydevelopersin:(i)selectingsuitableontologiesforreusebasedontheir
corpus;(ii)selectingtheconceptstoreusefromtheselectedontologies;(iii)evaluatingthedeveloped
ontologywithminimalhelpfromthedomainexperts.Itisanticipatedthatthedevelopmentofthe
AUOwillservetwomainpurposesinthestandardisationoftheultrasoundreportingsystem:(i)it
willbeusedtostandardizethedevelopmentofultrasoundreportsandenforcetheuseofastandard
terminologyand(ii)toanalyseultrasoundreportswritteninNaturalLanguage(Englishfree-text)
withtheaimofautomaticallytransformingthemintoastructuredformat.

Theremainingofthepaperisorganisedasfollows.Section2reviewssomeofthepreviousworks
onontologyreuseanddiscussestheirsuitabilitytobeusedinthecurrentresearch.Insection2,we
reviewsomeoftheexistingbiomedicalontologiesandhowwelltheycoverthetermsandlexicon
usedinultrasoundreporting.Theproposedreusemethodologywillbedescribedindetailinsection
3.WediscusstheresultsofusingtheproposedmethodologyindevelopingtheAUOinsection4and
concludethepaperinsection5.

ReLATed wORK

Ontologyreuseistheprocesswherepartsofexistingontologiesareusedinthedevelopmentofnew
ones(Bontas,2005).Thereusedpartsareveryoftenmanipulatedtomeettherequirementsofanew
application(KatsumiandGruninger,2016).Suchanapproachreducesthedevelopmentcostofan
ontologyastheneedfordomainexpertsisminimal(Alanietal.,2006)andincreasesinteroperability
(Simperl,2009)asthenewandoldontologieswillsharefeaturesandconcepts.However,existing
toolsarenotprovidingthenecessarysupportfortheontologyreuseprocess(Maedcheetal,2003;
Simperl,2009).Mostontologyreusemethodologiesproposed(Alani,2006;Caldarolaetal.,2015;
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Capellades,1999;Fernández-Lópezetal.,2013;Russetal.,1999;Shahetal.,2013;Simperl,2009,
Uscholdetal.,1998)followthefollowingfoursteps:(i)Ontologyselectionforreuse,(ii)Concept
selection,(iii)Conceptcustomizationand(iv)Ontologyintegration.

Thepurposeofthefirststep,ontologyreuse,istoselecttheontologytobereused.Theselection
isbasedonasetofcriteriaaccording to the requirementsof thenewontologyand includes the
languageusedinthedevelopmentoftheontology,itsreasoningcapabilitiesandhowwellitcovers
theterminologyusedinthespecificapplicationdomain.Wenotethatinthisphase,ifrequiredby
theneedsofthenewontology,severalontologiescanbeselectedforreuse.Theselectionstepis
followedbytheconceptsselectionphasethatarethentranslatedandcustomisedtosuittheneeds
ofthenewontologyintheconceptcustomizationstep.Thefinalstepinvolvestheintegrationofthe
newlydevelopedontologyintothenewsystemorapplication.

IntheontologyreusesystemproposedbyAlani(2006),allthenewtermsneededforthenew
ontology are first listed to determine which existing ontology should be selected for reuse. The
systemthensearchesforrelevantontologiesonlineusingthetermsthathavebeenlistedandfrom
theobtainedresult,theontologieswillthenberankedandonlythefirstfewwillbeanalysedand
selectedforreuse.Oncetheontologyforreusehasbeenselected,thesystemwilldeterminewhether
toreusethewholeontologyoronlyasegmentofit.Thisstepcouldbeconsideredasconceptselection
whererelevantconceptsarebeingselected.Inhiswork,Alani(2006)hasdecidedtoreuseseveral
ontologiesforoneconcept.Thus,eachgroupofrelatedconceptsneedstobecustomizedtoensure
thattheconceptshaveastandardisedformatsothattheycanbemergedasoneconcept.Sincethe
conceptisreusedfromseveralontologies,eachconceptcontainsdifferentpropertieswhichresulted
inadditionalknowledgerepresentation.Finally,theontologyisautomaticallyevaluated.

AnotherexampleofontologyreuseisinthedevelopmentoftheOral-SystemicHealthCross-
DomainOntology(OSHCO)byShahetal.(2013).IndevelopingOSCHO,thefirststeptakenbyShah
etal.wastodeterminethescopeoftheontologybyrecognizingthedomainofcoverage,theintended
useandwhatquestionsshouldOSCHObeabletoanswer.Oncethescopehasbeendetermined,Shah
etal.usedatoolinBioportal1andsubmittedseveraldomainrelatedtermstotestthedomaincoverage
ofseveralontologiesthathavethepotentialtobereused.ThishasresultedinSNOMEDCTbeing
thebestcandidate.ComparedtoAlani,Shahetal.reusedonlyoneontology,SNOMEDCTwhere
theyselected theconceptsneeded thenaddedother relevantconceptsnot included inSNOMED
CT.Sincetheyreusedonlyoneontology,thenewontologydeveloped,OSCHO,closelyfollowsthe
modelofSNOMEDCTwherethenewconceptsaddedarecustomizedtofollowthesamemodel.

Russetal.(1999)intheirworkaimtodevelopanaircraftontologythatcanbeusedbyseveral
applicationstoensureknowledgesharingbetweenthem.Duringthedevelopmentoftheirwork,they
realizedthatthereexisttwoontologiesthatarerelatedtotheaircraftdomain.

Furthermore,someconceptsexistinoneontologybutnotintheother.Thus,Russetal.decided
tomergebothontologiestocreateamorecompleteone.ThefirststeptakenbyRussetal.isselecting
theontologies to reusewhich are the timeontology (which is publicly available) aswell as the
twoexistingaircraftontologies.ThetimeontologyiswritteninOntolinguawhilethetwoaircraft
ontologieswerewritteninLoom.Afterbothaircraftontologiesweremerged,thetimeontologyis
translatedtoLoomsothatitcouldbeintegratedintotheaircraftontology.Thesameapproachwas
usedbyCaldarolaetal.(2015)indevelopinganontologyinthefooddomainwheremetadatawere
manuallytranslatedtobetterunderstandtheconcepts.

Polionto(Ortiz,2011)isanotherexampleofanontologydevelopedusingontologyreuse.Ortiz
inhisworkdevelopedPoliontobyreusingtwoontologiesinthepoliticaldomainwherethefirst
ontologyisinPortugueseandtheotherisinEnglish.Hefirstselectsrelevantconceptsfromboth
ontologiestoreuseandcomparesthemtotheircorpus.Thoseselectedconceptsarethentranslated
andintegratedtocreateamultilingualpoliticalontologycalledPolionto.

Comprehendingtheneedforatoolthatwillassisttheprocessofontologyreuse,Bontasandher
colleaguedevelopedatoolnamedPROMIthatisabletoperformthestepsrequiredinanontology
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reuseprocess(Bontas,2007)asseeninFigure1.PROMIbeginsbypromptingtheuserstoupload
atleasttwoontologiestobereused.Then,thelanguageoftheontologieswillbeexaminedinorder
todecidewhetherthetransformationtoOWLlanguageshouldbeperformed.Next,thematchingof
theconceptswasconductedwherePROMIfirstseparatesandnormalisestheconceptnamesbefore
calculating thestringandconceptsimilarity.Finally, theconceptswillbemerged,andusersare
allowedtoincludemoreconcepts,propertiesandaxiomsasnecessary.

ThedevelopmentofPROMIisanimmensestepforwardinassistingtheprocessofontology
reuse.However, thereare several limitations inusingPROMIasa tool toassistontology reuse.
First,PROMIdoesnotprovidethefacilitytoassessthesuitabilityofanontologytobereusedfor
aspecificdomain.Instead,itbeginsbypromptingtheuserstouploadontologieswhichtheyhave
selectedbeforehand.Italsodoesnotrecommendanyontologiesforreusebasedonthedomainwhich
meansthattheuserswillneedtousetheirownexpertiseinselectingsuitableontologies.Second,the
conceptmatchingbetweenthetwoontologiesdependsheavilyonthesimilaritymeasureschosenby
theusers.Forexample,thesimilaritymeasurefortheword“tournament”and“competition”was0
usingtheEuclideanDistancemeasureand0.143usingtheHammingDistancemeasure.Therefore,
theusersneedtohavesomeknowledgeaboutthedifferencesbetweenthesemeasuresforthemtobe
abletoselectthemostappropriateone.Finally,inordertomergeconceptsinPROMI,userswillneed
toselectfromalistofconceptsanditsequivalentcandidateconceptswhichhaveacertaindegreeof
similarity.ThisisshowninFigure2.PROMIcouldbeabeneficialtoolinassistingtheprocessof
ontologyreuse.However,therearestillseveralfeaturesthatcanbeincludedandimprovedsothatit
caneasetheontologyprocessevenmoreandallowstheusageonlargeontologiestobemoreefficient.

Fromtheexamplesmentionedabove,itcanbeseenthattheontologyreusemethodologiesused
inpreviousworksisroughlysimilartothefourstepsmentionedabove.Inthispaper,thesestepswere
alsousedasaguidelineindevelopinganontologyreusemethodologyforthebiomedicaldomain.
Themethodologypresentedinthispaperwillallowforthedevelopmentofanewontologybyreusing
multipleexistingontologiesandsuggesttoolsthatwouldhelpineachstepofthemethodology.The
differencebetweenourapproachand theexistingones is the incorporationofoff-the-shelf tools
toaidintherequiredtasks.Themainmotivationinproposingthismethodologyistoallownovice

Figure 1. The user interface of PROMI
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developersespeciallyfromthenon-technicalbackgroundtocreateanduseontologyintheirfieldby
alleviatingthenotoriouslypainstakingtaskofdevelopingadomainspecificontologyfromscratch.
Our proposed methodology would also allow for ontology to be developed with only minimal
involvementofdomainexperts.

Review of existing Biomedical Ontologies
Manyontologiesaredevelopedinthebiomedicalfieldasithasalargenumberofterminologiesand
concepts.Inbuildingamedicalultrasoundreportingsystem,thefirststepwouldbetoinvestigateif
thereisanexistingontologythatcanbeused,orifthereareontologiesthatcanbereusedinsteadof
buildinganewonefromscratch.Asafirststep,weneedtoreviewrelatedsuitableexistingontologies.
Aftercarefulresearch,threeontologieshavebeeninitiallyselectednamely:theFoundationalModel
ofAnatomy(FMA),theSystematizedNomenclatureofMedicine-ClinicalTerms(SNOMEDCT)
andtheRadiologyLexicon(RadLex).

Figure 2. The process of merging concepts in PROMI
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Thisinitialselectionwaspurelybasedontheircoverage,languageandpopularityinthebiomedical
community.Inselectingoneontologytobeadoptedwefirstlookatthedomainofeachontology.
FMAcoverstheconceptsandrelationshipinthestructuralorganizationofthehumanbodyfrom
themacrocellulartomicroscopiclevels(RosseandMejino,2003)whileSNOMEDCTcoversmore
andincludesclinicalfindings,chemicalsubstancescalesandothermiscellaneoushealthinformation
(Benson,2010).RadLexontheotherhandincorporatesmanycomplexradiologyrelateddomains
frombasicsciencetoimagingtechnology(Rubin,2008).ThisshowsthatbothFMAandSNOMED
CTcoverawiderareacomparedtoRadLex.However,RadLexwouldbemoredomainspecificin
relationtodevelopinganontologythatcoverstheabdominalultrasoundprocess.

Toselectthebestontologytobereused,weadoptedthemetricsprovidedinBioPortalasshown
inTable1tocomparethethreeontologiesidentified.Fromhere,wecanseethatallthreeontologies
aretoolargetobeimplementedforonespecificsystemasthiscouldresultinslowcomputingtime
andtakingupalotofmemoryspace.Thus,wehavedecidedtoreuseonlytherelevantconceptsfrom
allthreeontologiesandmergethemintoanewonewiththeaimofachievingawidercoverageand
lessresourcesconsumption.

The Proposed Methodology
Themostimportantpartinreusingontologiesistoselectthemostsuitableones.Fromtheinitial
review,FMA,SNOMEDCTandRadLexhavebeenidentifiedaspotentialontologiestobereused.
However, theseontologieswillneed tobeevaluatedbycomparing themwithourcorpusof100
medicalultrasoundreportstoensurethattheseontologiesaretherightonesforreuseandprovide
therightcoverage.

Inthissection,thedifferentstepsofthedevelopedontologyreusemethodologywillbedescribed
indetail.Thetermsofthecorpusconstructedfromtheultrasoundreportswillbeusedforselecting
suitableontologies.Thesetermsarethenusedtoselecttherelevantconceptsfromtheseontologies
andmergethemintoasingleonebeforebeingevaluatedbydomainexperts.Figure3summarises
themethodologysteps.

Term extraction
ThescopeanddomainoftheAbdominalUltrasoundOntology(AUO)istomodelthetaxonomy,
pathology, equipment and other terms related to abdominal ultrasound reporting. 100 sample
abdominalultrasoundreportshavebeencollectedandusedtoconstructourcorpus.Thesereportshave
anaveragewordcountof70.82,averagenumberofwordspersentenceof11.15andaveragetoken
sizeof6.45characters.ThesesamplereportswereobtainedfromtheDirectorateofRadiologyofthe
UniversityofSalford.Oncethecorpusisconstructed,thenextstepistoextractalltherelevantterms
togeneratealistofbiomedicalandtechnicaltermstobeincludedintheontology.Twobiomedical
extractionapplicationswereusedduringtheextractionprocessnamely:TerMine2andBioTex3to
defineasubsetofthemostsuitabletermsforstandardreportingsystems.49outofthe100sample
reportsweresubmittedtobothapplicationsandtheresultsobtainedaresummarisedinTable2.

Table 1. Comparison between FMA, SNOMED CT and RadLex

FMA SNOMED CT RadLex

Numberofclasses 104,258 324,129 46,140

Numberofindividuals 0 0 46,140

Numberofproperties 172 152 96

Format OWL/OBO OWL OWL
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The BioTex application extracted more terms (761 terms) compared to only 241 terms for
TerMine.ThesuperiorityofBioTexisduetoitsabilitytoextractbothmulti-wordsandsingle-words
asTerMineonlyextractsmulti-words.Hence,BioTexwaschosenasthetermextractionapplication
tobeused.Forexample,ifthesentence“Normalliverwithnofocallesionsseen”wassubmitted
tobothapplications,TerMinewillonlyextractonemulti-wordtermwhichis“focallesion”while
BioTexwillextractnotonlythemulti-wordtermbutalso“liver”whichisasinglewordterm.If
single-wordtermssuchas“liver”,“kidney”and“spleen”arenotextracted,theontologydeveloped
wouldbeincomplete.TermswhichareextractedfromBioTexwerealsovalidatedusingtheUnified
MedicalLanguageSystem(UMLS)whichisasetofdocumentscontaininghealthandbiomedical
vocabulariesandstandards.UsingBioTexwemanagedtoextract1119termsfromthe100sample
ultrasoundreports.

Ontology Recommendation
Oncethelistoftermsisobtained,thenextstepistoselecttheontology.Threecriteriaweresetfor
theselectionoftheontologyandthesecanbesummarisedasfollows:

Figure 3. Ontology reuse methodology

Table 2. Comparison of biomedical term extraction using TerMine and BioTex

TerMine BioTex

Language English English

License Open Open

POSTagger GENIATagger/TreeTagger TreeTagger

TermsFound 241(GENIATagger) 761

232(TreeTagger)

ExtractionType Multi-wordextraction Multi-wordextractionand

Single-wordextraction
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(1) Ontology coverage-Towhichextenddoestheontologycoversthetermsextractedfromthe
corpus?

(2) Ontology acceptance-Istheontologybeingacceptedinthebiomedicalfieldandhowoftenis
itused?

(3) Ontology language-IstheontologywritteninOWL,OBOorotherontologyformat?How
widelyistheformatbeingusedintheontologycommunity?

Ontologycoveragehasthehighestweightagewhendeterminingwhetheranontologyissuitable
forreuseornot.Anontologythatcontainsmostoftheconceptsneededwillpreservethemodelof
theontology.Thismodelwillthenbefollowedbyconceptstakenfromotherontologies.Thenext
importantcriteriaistheacceptanceoftheontologywithinthebiomedicalcommunityasthelevel
ofacceptanceindirectlyshowsthequalityoftheontology(McDanieletal.,2016).Thehigherthe
acceptance score, the more the ontology is being used thus promoting interoperability between
differentsystems.Finally,theformatusedtodeveloptheontologyisalsoanimportantcriterionto
avoidtranslatingtheontologytoanotherformat.

Usingthethreedefinedcriteria,FMA,SNOMEDCTandRadLexwereinitiallyselectedasthe
mostsuitablecandidatesforreuse.Asafurtherstep,wehaveusedtheontologyrecommendersystem
providedbyBioPortalwhichisanopenontologylibrarythatcontainsontologieswithdomainsthat
rangefromanatomy,phenotypeandchemistrytoexperimentalconditions(Noyetal.,2009).Thereare
severalframeworksthatcanbeusedtoselectsuitableontologiesforreusesuchastheoneproposed
byTrokanasandCecelja(2016)whichusessimilaritymeasurestocalculatethecompatibilityof
anontologyforreuse(candidateontology)andtheontologytheywouldliketoexpand(primary
ontology).However,wedecidedtousetherecommenderprovidedbyBioPortalasitisspecialised
forthebiomedicaldomainandallthreeontologiestobeinvestigatedareavailableonBioPortal.

Onceauserprovidesalistofterms,theontologyrecommenderavailableonBioPortalusesthese
termstosuggestthemostsuitableontologiesforreuse.Therecommenderusesfourcriterianamely:
(i)Coverage,(ii)Acceptance,(iii)Detailand(iv)Specialization.BasedonBioPortalanalysis,these
arethecriteriathatarethemostrelevantforrecommendingontologiesforreuse(Jonquetetal.,2010).
Thetermscanbesubmittedasaparagraphoralistoftermstotherecommenderandasaresult,it
willreturnalistof25recommendedontologiesrankedfromthehighesttothelowestscores(see
Figure4).TherankingofalltheontologiesavailableintheBioPortalrepositorythatmeetsallthe
criteriaiscomputedbygivingscorestofourmetricsnamelycoverage,acceptance,knowledgedetail
andspecialization.Thefinalscoreiscalculatedbasedonthefollowingformula:

FinalScore=(CoverageScore*0.55)+(AcceptanceScore*0.15)+(KnowledgeDetailScore*
0.15)+(SpecializationScore*0.15)

Thecoveragescoreisgivenbasedonthenumberoftermsintheinputthatarecoveredbythe
ontology.Itisgiventhehighestweightagewhichis0.55comparedtotheotherthreemetricswhichare
allgivenaweightageof0.15becauseontologycoverageisseenasanimportantfactorindetermining
thesuitabilityofreusinganontologyforacertaincorpus.Theacceptancescoreindicateshowwell-
knownandtrustedtheontologyisinthebiomedicalfield.Itisgivenbasedonthetotalofwebsite
visitstotheontologyaswellaswhetherornottheontologyexistsinUMLS.Knowledgedetailscore
ontheotherhandindicatesthelevelofdetailsintheontology;i.e.doestheontologyhavedefinitions,
synonymsorotherdetails.Thisisalsoanimportantmetricindeterminingthequalityofanontology.
Thisisbecauseanontologythatonlyhasahierarchyoftermsandcontainsnootherdetailssuch
asdefinitionswouldmerelybeseenmoreasataxonomyratherthananontology.Thus,itwould
havelesspurposeasaknowledgebaseinasystemorapplication.Lastly,thespecializationscoreis
givenbasedonhowwelltheontologycoversthedomainoftheinput.Thisisdifferentcomparedto
thecoveragescorebecausethesizeoftheontologyisalsogivenattentionsincethespecialization
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scoreranksdomainspecificontologieshighercomparedtogeneralontologies.Inthisresearch,the
specializationscoreisnotasimportantasthecoveragescoresincetheaimistoachievethehighest
coverageeventhoughwewouldneedtoreusemorethanoneontology.Anexampleofthisscoring
systeminactionisshowninFigure4where21termsextractedfromasampleultrasoundreport
weresubmitted.

ThereishoweveralimitationwhenusingBioPortalasitallowssubmissionofonly500words.
Toprocessallthe1119termsthatwereextractedfromourreports,wehavetocustomizetheexisting
recommendersystemtocomeupwithanothersystembymanipulatingthedatafromBioPortal’s
ontology recommender API (BioPortal, n.d.). We first developed the recommender system that
wouldsubmitall1119termstoBioPortal’sAPIandgivearecommendationof25ontologiesranked
accordingtoitsfinalscorejustlikehowitwouldbeinBioPortal’srecommender.However,itseems
thatthe1119termsweretoobigfortherecommender’sservertohandleandcausestherecommender
tocrashmidwaywithoutgivinganyresult.

Toovercomethis,wedecidedtodeveloptherecommendersystemthatwillallowall1119terms
tobesubmittedbutwillprocessthetermsonebyoneinstead.EachtermwillbesubmittedtotheAPI
togetalistofontologyrecommendationsandtheirscores.Theontologywiththehighestscorewill
beselectedastheontologyrecommendedfortheindividualterm.Thefrequencyofallontologies
recommendedwillthenbecounted.Theontologywiththehighestfrequencywillbereusedfirst,
followedbythesecondandthefollowingontologyuntilweachievetheoptimumcoverage.Figure
5summarizestheusedprocess.

Figure6showsanexcerptof theresultfromprocessing1119termsusingtherecommender
systemwehavedeveloped.Therecommendersystemallowsustosubmitquiteahugenumberof
termstobeprocessedandtheresultwillthenbestoredforanalysis.Thisisseenasabetteralternative
becauseitisimpossibletostraightawaysubmitall1119termsandgetaresultsincetheAPIserver
wouldnotbeabletohandlesuchahugenumber.Figure6(a)showsanexcerptofallthelistofterms
submittedandtheontologyrecommendedforeachtermbasedonthefinalscoretheygot.Thisscore
iscalculatedbyBioPortalusingthesameformulathattheyusedfortheirrecommender.

Figure 4. BioPortal’s ontology recommender
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After all terms have been submitted to the recommender, the frequency of the ontology
recommendedforeachtermwillbecountedandsortedfromhighesttolowest.Therecommender
systemhasrankedNCITastheontologywiththehighestfrequency–whichhavebeenrecommended
for476terms;followedbySNOMEDCT(207)andRadLex(48)asshowninFigure6(b).Thishas
proventhatourinitialselectionofreusingFMA,SNOMEDCTandRadLexwasnotveryaccuratesince
FMAdoesnotevenappearinthetop20oftheontologiesrecommendedforthiscorpus.Thereason
forthiscouldbebecauseFMAisverylargeandbroadsoitlosesalotofpointsinthespecialization
score.Itsbroaddomainalsomeansthatitcoversonlythegeneraltermsavailableinthecorpuscausing
ittoalsoloosepointsinthecoveragescorehenceresultinginitnotbeingrecommendedforreuse.

Figure 5. Algorithm for getting ontology recommendations for term list

Figure 6. (a) Ontology recommendation for each term (b) Ranking of ontology recommended
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Term to Concept Mapping
Term(fromthecorpus) toconcept (fromtheontology)mapping is thenextstep inbuilding the
AUOandthisisachievedbyusingtheresultacquiredfromtheBioPortal’sSearchAPI(BioPortal,
n.d.).TheAPIallowsuserstoinsertseveralparameterstoperformconceptsearchfromaspecific
ontologyusingseveralparameters(“q”forexampleisusedforsearching).TheAPIwillthenreturn
conceptsthatmatchthetermwithsomepropertiessuchasthepreferredlabel,definition,synonym,
matchtypeandtheterms’relationshipwithitschildren,descendant,parentsandancestors.Ifseveral
conceptswerereturned,theconceptthathastheclosestsemanticmeaningtothetermsubmittedwill
bemanuallychosen.Earlierworks(Mejinoetal.,2008;Shahetal.,2014)haveperformedthistask
bygoingthroughalltheconceptsinanexistingontologyanddeletingirrelevantconcepts.However,
usingBioPortalprovideduswithamorerigorousapproach.Figure7illustratesanexampleofthe
resultsreturnedwhenthetermpancreaswassearched.

TherewasinitiallyanattempttoautomaticallygeneratetheontologyusingProtègè(theOWL
editorthatwasusedindevelopingtheontology)bysimplydownloadingtheconceptsandrelationships
returnedbytheAPIinXMLformat.However,thiswasnotperformedatthisstagefortwomain
reasons.Thefirst,isthatthedatareturnedbytheAPIdoesnotprovidethecompletepropertiesofa
concept.Someofthepropertieswereprovidedaslinkswherebyitneedstobevisitedfirstbeforewe
canaccesstheconcept.Figure7showsascreenshotoftheresultreturnedbytheBioPortalAPIwhen
theterm“pancreas”wassearched.Asseeninthefigure,thechildren,parentanddescendantsofthe
conceptwasreturnedasalink.Ifthesedatawereusedtoautomaticallygeneratetheontology,itwill
notbemeaningful.Thesecondreasonistheissueofpolysemywheretermscanhavemanydifferent
meaningsandhumaninterventionisneededtoselecttherightmeaningdependingonthecontext.

Figure8isusedasaguidelinetodecidewhetheratermshouldbereusedornot.Weselectaterm
fromthetermlistandusingtheSearchAPI,querytheontologywiththehighestfrequency(NCIT
inthiscase).Ifamatchisfound,wecheckifthematchisapreferredlabel(PrefLabel)(theconcept
foundistheexactmatchoftheterm),synonym(thetermisfoundasasynonymoftheconcept)or
partialmatch(thereisnoexactmatchforthetermbutthereareatleasttwoconceptsthatmatch
theterm).IfthematchisaPrefLabelorsynonymmatch,theconceptwillbereused.Ifthematchis
partial,theconceptsthatmakeupthetermwillalsobereusedbutitwillremaininthetermlistto
becomparedtotheconceptsofotherontologies.

Onceaconceptisselectedforreuse,thealgorithmsearchesifithasparentsorancestors.Doran
etal.(2007)intheirworksuggestthatinordertomaintainthemodularityofanontology,aconcept

Figure 7. The result returned by BioPortal API when the term “pancreas” was searched
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shouldbeextractedtogetherwithitssubclassesorchildreninsteadofparentsandancestors.They
argue that immediateparentsandancestorsareunimportantandextracting themwould increase
theriskofcreatinganontologythat isequal to theontologybeingreused.However,webelieve
thatparentsandancestorsareimportantinconnectingconceptssothattheywouldnotbefloating.
Ifweweretotake“spleen”anditssubclassasonemodule,“kidney”anditssubclassasanother
module,aswellas“millimeter”anditssubclassasanothermodule,itwouldbehardtogroupthese
modulesunderthesamecategory.Furthermore,theontologybeingdevelopedisveryspecifictothe
abdominalultrasounddomain.Thus,reusingparentsandancestorsofaconceptreducestheriskof
theontologybeingaslargeastheoriginalone.Oncealltermshavebeensearched,thisprocesswill
thenberepeatedfortheremainingrecommendedontologieswhichareSNOMEDCTandRadLex.

Awalkthroughexample:Consideralistoftermsthatcontainsthreewordswhichare“gallbladder”,
“ductdilation”and“gallstone”.Wefirsttakethefirstword“gallbladder”andqueryiftheconcept
existinNCIT.ThisreturnsanexactmatchwherethereexistsaconceptinNCITwiththepreferred
label“gallbladder.”Thus,thisconcepttogetherwithallitsknowledgedetailwillbereused.Wethen
looktoseeiftheconcepthasanyparentsorancestors.“Gallbladder”hasaparent“organ”andan
ancestor“anatomicstructure,system,orsubstance”whichbothwillbereused.Since“gallbladder”
hasanexactmatchinNCIT,itisremovedfromthetermlist.

Wethenquerythesecondword“ductdilation”inNCITwhichreturnsapartialmatchwhich
consistoftheword“duct”andanotherword“dilation”.Bothconceptswillbereusedtogetherwith
theirknowledgedetailsaswellastheirparentsandancestors.However,differentto“gallbladder”,
“ductdilation”wouldnotberemovedfromthetermlistsinceitisonlyapartialmatch.Thefinal
wordinthelist,“gallstone”isthenqueriedwhichgivesasynonymmatchtotheconcept“gallbladder
stone”inNCIT.

“Gallbladderstone”togetherwithallitsknowledgedetailincludingsynonymswillbereused.
Allitsparentsandancestorswillalsobereused,andthetermwillberemovedfromthetermlist.
OncealltermshavebeenqueriedinNCIT,wethenseeifthereareanytermsleftinthetermlist.This
giveustheterm“ductdilation”whichisqueriedtoseewhetherthereisanymatchwiththesecond
ontologyrecommendedwhichisSNOMEDCT.Thisreturnsasynonymmatchwiththeconcept
“dilationofduct”.Thus,theconcept“dilationofduct”isreusedandthetermtoconceptmapping
processisfinallycomplete.

KatsumiandGruninger(2016)intheirworkdiscussedontologymodellinginontologyreuse
where theystressed that foranontology tobeconsideredasbeing reused fromanotherexisting
ontology,itshouldhaveatleastasmallfragmentoftheexistingontology.Indeterminingwhich
modelanontologyshouldfollow,KatsumiandGruningerstatesthatitdependsonthestrengthofthe
existingontology.Iftheexistingontologyisweakerthanthenewontologythatisbeingdeveloped,
thenthenewontologymayonlymapsomepartoftheexistingontology’smodel.However,ifthe
existingontologyisstrongerthanthenewontologybeingdeveloped,thenthenewontologymay
followthemodeloftheexistingontology.

Inthecaseofseveralontologybeingreused,KatsumiandGruningersuggestedthatsomepart
ofthenewontologyshouldfollowsomepartoftheexistingontologybeingreused.Theyhowever,
failtodefinewhatarethecriteriathatclassifiesanontologyasstrongerorweakercomparedtothe
other ontology. In this research, threeontologieswere reusednamelyNCIT,SNOMEDCTand
RadLex.SinceNCIThasthehighestfrequencybyfar(478),comparedtotheothertwo(207and48
respectively),weassumedthatNCITisstrongerthanSNOMEDCTandRadLex.Thishasprompted
usinfollowingthemodellingofNCITinthedevelopmentoftheAbdominalUltrasoundOntology
(AUO).

WhenmergingconceptsreusedfromSNOMEDCTandRadLexintotheontologiesreusedfrom
NCIT,wewouldfirstfindsuitableparentsfortheconcept.Ifnosuchparentexists,theparentand
ancestorsoftheconceptwillthenbereusedaccordingtothemodellingofNCIT.Ifnomatchisfound
inanyofthesethreeontologies,anewconceptwillthenbecreatedwiththehelpofdomainexperts.
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ThenewconceptscreatedwillbecarefullyintegratedintoAUOandwillcontainthesamelevelof
knowledgedetailsasotherconceptsinAUO.Expertisefromthedomainexpertsareneededatthis
leveltogivethecorrectdefinitionandaddrelevantsynonymstothesenewconcepts.Allconcepts
inAUOwereannotatedwiththeiroriginalontologysothatitiseasiertomakeanyreferenceinthe
futureifnecessary.Figure9showsasnapshotoftheAbdominalUltrasoundOntologyasdisplayed
inProtégé.

Ontology evaluation
ThedevelopedAUOwasvalidatedbydomainexpertsmainlytocheckthattherelationshipsbetween
conceptsandtheirdefinitionsarecorrect.Duringtheevaluationphase,thedomainexpertstogether
withtheontologydevelopers,wentthroughthewholeontology.Someinconsistencieswerehighlighted
butoverallalltheexpertswerehappywiththeinformationgeneratedandstoredintheontology.
With regards to vocabulary coverage, the experts believe that 92.7% ontology coverage is good
enoughtocoveralltheimportantconceptsneededforanabdominalultrasoundreportingsystem.
Fortheremaining7.3%ofthetermsthathadnomatchintheontology,someofthemwerecaused
byhumanerrorsuchasspellingmistakesmadebythereporters.Therearealsoseveraltermsthat
thedomainexpertbelievescouldbeomittedasthesewordsshouldnotbeinanultrasoundreportfor
goodpractice.Examplesofsuchwordsare“comettail”,“NAD”,and“hepatopetal”.Thesewords
mightbeunderstoodbytheradiologistbutmightmakenosensetoothers(Edwardsetal.,2014).The
mainobjectiveofusingthisontologyreusemethodologyistoachieveasmuchcoverageaspossible
andreducetheneedfordomainexpertsindevelopingtheontology.Ifanontologyweretobebuilt
from scratch, domain expertswill beneeded from thevery first step indesigning theontology.
However,withontologyreuse,domainexpertswereonlyneededattheendoftheprocesstoverify
thateverythingiscorrectandtoassistinaddingfewnewconceptsintotheontology.

Figure 8. Term to Concept mapping guide
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ReSULT ANd dISCUSSION

Theevaluationandtestingofthemethodologyweredividedintotwophases.Phase1triestoprove
thatontologyreuseprovidesawidercoveragecomparedtousingonlyoneexistingontology.The
testingwasperformedusingonly49sampleultrasoundreportwhichwasalsousedasthetraining
dataindevelopingAUO.Phase2looksathowwellAUOperformwhenbeingevaluatedwithexisting
andnewsampleultrasoundreports.Italsolooksathowdifficultitistoincludeadditionalconcepts
whentherearenewrequirements.

Phase 1: 49 Sample Ultrasound Reports
ThecoverageofAUOwasfirsttestedonasetof49sampleultrasoundreportswithatotalof761terms
incomparisonwithtwoexistingontologieswhichareNCITandSNOMEDCT.Atermtoconcept
matchingwasperformedusingthe761termsextractedfromthesampleultrasoundreportcorpusand
theresultareshowninFigure10.ThedevelopedAUOgavethehighestnumberofconceptmatch
comparedtoreusingonlyoneontology.BetweenNCITandSNOMEDCT,NCIThasthehigher
conceptmatchwithatotalof151PrefLabelmatches,79synonymsmatchesand438partialmatches.
SNOMEDCTontheotherhandhasonly98PrefLabelmatches,104synonymsmatchesand431
partialmatches.ThereasonSNOMEDCThaslowerPrefLabelmatchescomparedtosynonymsis
becauseofitsnamingconvention.Forexample,thepreferredlabelfor“kidney”is“kidneystructure”
and“entiregallbladder”for“gallbladder”.Whenwritingreports,radiologistoftenusesimplerwords
like“kidney”and“gallbladder”insteadof“kidneystructure”and“entiregallbladder”thus,whenterm
toconceptmatchingwasperformed,SNOMEDCTreturnedmoresynonymmatchesthenPrefLabel.

ComparedtoNCITandSNOMEDCT,AUOreturnsthehighesttotalmatcheswith176PrefLabel
matches,111synonymmatchesand418partialmatches.ThereasonAUOreturnsthemostnumberof
matchesisbecausetheontologyreusemethodologyselectsthebestmatchesfromdifferentontologies
andmergethemintotheAUO.Itsexhaustivemappinginseveralontologiesbasedontheontology
rankhasensuredthatalmostalltermsinthecorpuswerecoveredbyAUO.Wheneverpossible,a
PrefLabelmatchwillbeinsertedintheontology.Ifnot,asynonymmatchwillbeaddedthenonly
partialmatchesareincludedtoensuretheontologyhasawidecoverageofthecorpus.

Asexpected,andconfirmedbytheresults,itisbettertoreuseseveralontologiesthenusinga
singleoneasthisoffersabettercoverage.Figure11showsthepercentageoftotalmatchandnomatch
inallthreeontologies.Ifontologyreusewasdonebymappingthe761termsagainstNCIT,there

Figure 9. Snapshot of the Abdominal Ultrasound Ontology as displayed in Protégé
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willonlybean87.8%ofcoverage.IfthemappingweredoneagainstSNOMEDCT,thepercentage
ofcoveragewouldbeonly83.2%whichislowerthanNCIT.However,thepercentageofcoverage
increasesto92.6%whenseveralontologieswerereused;whichinthiscaseareNCIT,SNOMED
CT,andRadLex.Thepercentageofnomatchisalsoverysmall(7.4%)whichmeansthattheAUO
coversalmostallthetermsinthecorpus.Thereasonthereisstill7.4%ofnomatchisbecausethere
areseveraltermsinthecorpusthatthedomainexpertsbelievearepoorusageoftermstodescribe
findingsinanultrasoundreport.Thedomainexpertbelievesthatthisisbadpracticeandthemedical
ultrasoundexpertsarenowslowlycuttingdowntheusageofsuchwordsthusmakingitirrelevant
tobeintheAUO.Anotherreasonforthe7.4%ofnomatchisspellingerrorsmadebyultrasound
reporters.Thisisnotaconcernfornowbutforfuturework,wecouldconsiderusingtheontologyto
alsocorrectandunderstandtheseerrors.

NCIThasatotalof118,941classeswhileSNOMEDCThas324,129classes.However,there
areonly668and633matchesrespectivelyforeachNCITandSNOMEDCTregardingabdominal
ultrasoundterminology.Ontheotherhand,AUOhasonly509classeswhichislessthan0.5%of
eitherNCITorSNOMEDCTbutstillmanagedtohave705matcheswhichismorethanthematches
NCITandSNOMEDCTeachgets.Thisisbecauseofthespecializationoftheontology.Sincethe
ontologyhasanintendedpurposeinanapplication,itismuchbetterandmoreefficienttobuilda
domainspecificontologythroughreuse.Itdefinitelywouldnotbeefficienttostorealargeontology
suchasNCITandSNOMEDCTanduseonlylessthan0.6%ofit.Thisisbecauseitwouldtake
alotofstoragespaceanditwillalsoslowdowntheapplicationsincetheapplicationwillneedto
gothroughthewholeontologytofindamatch.Thus,thebetterwaytodevelopanontology-based
applicationistobuildanewdomainspecificontologythroughontologyreusemethodology.

Figure 10. Breakdown of total match according to type against NCIT, SNOMED CT and Abdominal Ultrasound Ontology (AUO)
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Phase 2: 100 Sample Ultrasound Reports
Phase1ofthetestingandevaluationprocessoftheontologyreusemethodologyhasproventhat
ontologyreuseprovidesawidercoveragecomparedtousingonlyoneexistingontology.Phase2
looksathowwellAUOperformsinrelationtothetermtoconceptmappingwhenbeingevaluated
using100samplereports;where49ofthesamplereportswereusedfortrainingpurposeandthe
other51wereanewsampleultrasoundreportswhichwerenotusedindevelopingAUO.Phase2
alsolooksathowmuchworkisneededtoupdatetheontologytoincludeadditionalconceptsbased
ontherequirementsofthenewcorpus.

Termsextractionwhichwasperformedonthe100samplereportsreturned1119termswhichis
358morethanthetermsextractedinphase1.Thenumberofmatchesforthe761termshasalready
beenfoundoutinPhase1.Inordertofindoutthenumberofmatchestherestofthetermsgot,we
checkedwhethertheremaining358termsexistinAUO.Figure12showsthepercentageofeachtype
ofmatchesaswellasnomatchforall358termswhencomparedwithAUO.

Overall,thereisaquitehighpercentageoftotalmatchwhichis72.1%where237outofthe358
termswerefoundaspartialmatch(66.2%),15assynonymmatch(4.2%)and6asprefLabelmatch
(1.7%).ThisshowsthattheAUOisadequateenoughtocovermosttermsinthebiomedicaldomain
sincethetotalofnomatchisquitesmallwhichis27.9%.Inabdominalultrasoundreporting,the
contentofthereportsusuallycontainswordswhicharemoreorlesssimilarinsemanticeventhough
different termswereusedespecially in thecaseofnormalultrasoundreports.Only inabnormal
ultrasoundreportswecouldfindahighervarietyofwordsbeingused.WiththeexistenceofAUOas
aknowledgebase,theusageofdifferentwordsinwritingultrasoundreportswouldnothavemattered
becausethesemanticofthewordsaremoreimportantthanthewordsthemselvesandbecauseofthe
similarityofthecontents,asmallnumberofthecorpususedastrainingdatastillgivesquiteagood
numberoftotalmatchpercentage.

Aftercomparingthe358termswithAUO,wefoundthatthereare100termswithoutamatch
inAUO.Agoodmethodologyshouldbeabletoallowforittoadapttoanychangeswhenrequired.
Thus,inordertoreducethepercentageofnomatch,theontologyreuseprocesswasdoneagainon
all358termstoincludenewconceptsintoAUO.Firstly,weneedtocheckwhethertheadditionof
51newsamplereportschangestheontologyrecommendedforreuse.Fortunately,NCITstillcomes
upasthebestontologytoreusefollowedbySNOMEDCTandRadLex.Next,all358termswere
thencomparedwithNCITsothattermtoconceptmappingcouldbeperformed.Oncetheprocess
wascompleted,itwasthenrepeatedwithSNOMEDCTandRadLex.Aftertheadditionofthenew
conceptsandsynonymssuchas“adnexalmasses”,“incidentalfinding”and“morphology”toAUO,
thetotalnumberoftermswithoutamatchwasreducedfrom100to26,whichisa74%reduction.

Figure 11. Percentage of total match and no match in NCIT, SNOMED CT and AUO
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Figure13showsthepercentageoftotalmatchofallthreetypesofmatchesaswellasthepercentage
ofnomatchforthe1119termsafternewconceptshavebeenaddedtoAUO.

The totalmatchpercentageafter theadditionofnewconceptshas increased from72.1% to
92.7%where692outofthe1119termswerefoundaspartialmatch(61.8%),139assynonymmatch
(12.4%)and206asprefLabelmatch(18.4%).Beforetheadditionofthenewconcepts,thepercentage
ofpartialmatchwashigherat66.2%comparedtothecurrentpercentageof61.8%.Thisnumberwas
reducedafterthetermtoconceptmappingwasdonebecausesomeofthepartialmatcheswerefound
aseitherasynonymorprefLabelmatchinNCIT,SNOMEDCTorRadLex.Forexample,theword
“rightovary”wasfirstlabelledaspartialmatchsinceAUOdoesnothaveaconceptcalled“right
ovary”butithastwoconceptswhichare“right”and“ovary”.However,afterperformingtermto
conceptmappingagain,“rightovary”wasfoundasaprefLabelmatchinNCITthustheconceptwas
addedtoAUO.ThiscausesthepercentageofsynonymandprefLabelmatchtoalsoincreasefrom
4.2%and1.7%to12.4%and18.4%respectively.Figure14showsthecomparisonofthepercentage
ofprefLabel,synonym,partialandnomatchforphase1,phase2(beforetheextension)andphase
2(aftertheextension).

Phase2ofthetestingandevaluationofAUOshowsthatthenumberofsampleultrasoundreports
usedas testingdatawasadequateinensuringthatAUOwouldbeable tocovermostabdominal
ultrasoundsamplereports.Thisalsoprovesthatthedomainexpert’sassumptionthatthe92.7%total
matchesofthefirstversionofAUOisindeedenoughtocovermostabdominalultrasoundsample
reports.Italsoshowsthattheontologyreusemethodologyproposedinthisresearchisadaptable
sinceitisfairlyeasyfornewconceptstobeaddedaccordingtonewrequirementsfromadditional
samplereports.

CONCLUSION

Ontologyreusecanbebeneficialindevelopingdomainspecificontologiesforapplicationsystem
wherebyitreducesdevelopmenttimeandredundancy.Thelackofpropermethodologyandtools
in reusing ontology has hindered this effort. Thus, this paper proposed a methodology to reuse
ontologytogetherwithsupportingtoolsthatwouldmaketheontologyreuseprocessmucheasier.

Figure 12. Percentage of total prefLabel, synonym, partial and no match for 358 new terms when compared to AUO
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ThedevelopmentofAUOusingthismethodologyhasproventhatontologyreuseisbeneficialin
developingasmalldomainspecificontologywhichhaswidecoverageoftheterminologyusedin
theapplicationsystemcomparedtousingalargegeneraldomainontology.Italsoprovesthatthe
methodologyisadaptableasitallowsforchangestobemadeeasilywhentherearenewrequirements
fromthecorpus.Itishopedthattheproposedontologyreusemethodologywouldencouragemore
usageofontology inmedicalsystemwithout thedevelopmentofsimilardomainontologies that
wouldcauseredundancy.

Figure 13. Percentage of total prefLabel, synonym, partial and no match for all 1119 terms when compared to AUO

Figure 14. Comparison of the percentage of prefLabel, synonym, partial and no match for phase 1, phase 2 (before the extension) 
and phase 2 (after the extension)
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