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ABSTRACT

TheinnovationanddevelopmentofsoftwaresystemsintheAmbientAssistedLiving(AAL)domain
havebroughthugechallengesforacademiaandsoftwareindustryaswell.Despitetheexistenceof
architecturalmodelsthatcanbeusedasreferencestobuildAALsystems,theirselectionfornew
AALprojectsisadifficulttask.Inthiswork,theauthorspresentthestateoftheartonReference
Architectures(RA)andReferenceModels(RM)foundthroughtheconductionofasystematicliterature
review.Theauthorsidentified,analyzed,andassessed24existingRA&RMforAALdomain,and,as
result,theauthorsspottedinterestingresearchdirectionsthatshouldbefurtherexploredtoimprove
existingandfutureRA&RMandsoftwaresystemsforthatdomain.
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1. INTRodUCTIoN

AmbientAssistedLiving(AAL)isarelativelynewfieldthathasbecomeanincreasinglyimportant,
interdisciplinaryresearchtopicforthegovernmentalservices,andthemedicalandtechnological
research communities (Broek, Cavallo & Wehrmann, 2010). AAL refers to concepts, products,
andservicesaimingatenhancingseveralaspectsofpeople’squalityoflife,includingautonomy/
independence,comfort,safety,security,andhealthinallstagesoftheirlife(Broeketal.,2010).AAL
softwaresystemscanbeseenassuper-setofAmbientIntelligence(AmI)thatincludesconceptsand
technologiesfromsmarthomes,robotics,sensornetworks,andeHealth(Buchmayr&Kurschl,2011).

ConsideringtherelevanceofAALsoftwaresystemsforsociety,andthediversityofapplication
domainsand technologies thatAALembraces, researchers,practitioners,andorganizationshave
advisedtheimportanceofcreatingheterogeneous,interoperable,open,andreusableplatformsand
standardsfortheAALdomain.Forthisreason,severalreferencearchitectures(RA)andreference
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models(RM)havebeenproposed,supported,forinstance,bytheEuropeanCommissionunderthe
FP6andFP7researchcalls1.Inshort,RAareagenerictypeofsoftwarearchitecturethatpresentsa
well-recognizedunderstandingofspecificdomains,promotingreuseofdomainanddesignexpertise,
and facilitating thedevelopment, standardization,andevolutionof softwaresystems (Nakagawa,
Oquendo&Maldonado,2014).Meanwhile,RMareconsideredabstractframeworkswhosepurpose
isthedomainmodelling,representingrelationshipsbetweendomainentities.InaRM,entitiescan
befurthermappedintosoftwarearchitecturestructures(Bass,Clements&Kazman,2003).

IntheAALcontext,itispossibletofinddifferentRA&RM,suchasUniversAAL(Hankeet
al.,2011),proposedtoguidetheAALprovidersandconsolidatetheAALmarket.Nowadays,the
selectionofRA&RMfordeveloping,standardizing,andevolvingAALsystemsisaratherdifficult
task,becausetheheterogeneityoftechnologies,andcomplexpurposesofthosesystems.However,
tothebestofourknowledge,thereisalackofacompleteanddetailedanalysisandassessmentof
theexistingRA&RMfortheAALdomain.Themainobjectiveofthispaperistopresentthestate
oftheartobtainedbyassessingthoseRA&RMregardingtheircompletenessandcongruence.The
identificationandselectionofRA&RMwasmadethroughtheconductionofasystematicliterature
basedonwell-knownguidelinespresentedin(Kitchenham&Charters,2007).

Theremainderofthisarticleisorganizedasfollows.Section2presentsthebackground.Section3
detailsrelatedwork.Section4summarizestheprotocoloftheconductedsystematicliteraturereview.
Section5reportstheresultsofourreview.Discussionsaboutourresearchquestionsarepresented
inSection6.Section7exposesthreatstovalidity.Finally,Section8presentsourconclusionsand
futurework.

2. BACKGRoUNd

Inthissection,thetheoreticalbackgroundcontainingthemaintopicsembracedinthiswork,namely,
AAL,referencearchitectures,andreferencemodels,isgiven.

2.1. Ambient Assisted Living
Aimingatenhancingthequalityoflifeforeveryone,theAmbientAssistedLiving(AAL)concept
emergedinthe1990s,butjustfromthemiddleofthe2000sithasreceivedmoreattention.AALisa
relativelynewfieldandhasbecomeanessential,multidisciplinaryresearchtopic,aimingatproviding
softwaresystemsandservicestoassistpeoplewithdisabilities,chronicillness,orlowautonomy,in
theireverylifeactivities.Inthiscontext,effortsintheAALdomainintendtoimproveautonomy/
independence,comfort,safety,security,andhealth,foreveryone(withafocusonelderlypersons)in
allstagesoftheirlife(Broeketal.,2010).AALisprimarilyconcernedwiththeindividualinhisor
herimmediateenvironment(e.g.,athome,community,orwork)byofferinguser-friendlyinterfaces
forallsortsofequipmentinthehomeandoutside,takingintoaccountthatmanyolderpeoplehave
impairmentsinvision,hearing,mobility,ordexterity(Pieper,M.,Antona,M.,&Cortés,U.,2011).

Table1showstheclassificationofAALgoals(G)proposedoriginallybyAfsarmanesh(2011).
Shortly,AALsystemscanbeconstructedtoaddressthreegeneralgoals(G1,G2,andG3)depending
oftheenvironmentinwhichthesystemwillwork(i.e.,personalenvironment,suchashome,work,or
community).Thethreegeneralgoalscanberefinedinmoredetailedobjectives(forinstance,G1A.b
assub-goalofG1),asdetailedinTable1.

2.1.1. Technologies in Ambient Assisted Living
TodevelopsuccessfulAALsystems,knowledgeprovidedbyaheterogeneoussetofdisciplines(as
thoseshowedinFigure1)mustbeintegrated.AALsoftwaresystemscanbeseenasanevolutionof
AmbientIntelligence(AmI)technologies,includingalsotechnologicaladvancesfromSmartHomes
ande-Health(Buchmayr&Kurschl,2011).Figure1showsrelationshipsbetweendifferenttechnologies
fromtheAALpointofview.SmartHomesfocusoncontrollingdevicesinstalledatpeople’shouses,
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whileAmIfocusesontheperceptionoftheenvironmentandemergencysituationsdetection.eHealth
providesnecessaryconceptsandmethodologiestointegrateassistivetechnologiesandservicesinto
existingsystemsofnursery,healthcareandeldercare(Buchmayr&Kurschl,2011).Interactionsamong
eHealth,AmI,SmartHome,andAALsystems,jointlywithroboticsandsensornetworkssystems,
havecontributedtotheemergenceofnewtechnologies,suchasassistancerobotics,robotichomes,
andHealthSmartHomes(HSH)(Garcésetal.,2015a)aspresentedinFigure1.

2.2. Reference Architectures and Reference Models
Incomputerscience,thearchitectureofasoftwaresystemisdefinedasthe“structureorstructuresof
thesystem,whichcomprisesoftwareelements(e.g.,components,services,modules),theexternally
visiblepropertiesofthoseelements(e.g.,interfaces,protocols),andtherelationshipsamongthem
(e.g.,typeofconnectorsandcommunication)”(Bassetal.,2003).Referencearchitecturesareaspecial
typeofsoftwarearchitectures.Morespecifically,asdefinedbyNakagawaetal.(2014),“areference
architectureencompassestheknowledgeabouthowtodesignconcretearchitecturesofsystemsofa
givenapplicationdomain(e.g.,e-Health,AAL,robotics);therefore,itmustaddressthebusinessrules,
solutionstoaddressrequirementsofqualityattributes(suchas,security,reliability,performance),
bestpracticesofsoftwaredevelopment (for instance,architecturaldecisions,domainconstraints,
legislation,andstandards),andthesoftwareelements(e.g.,components,services,modules,legacy

Table 1. AAL goals

Category Goals

G1.AALforpersons

G1.A.AALforhealth,
rehabilitation,andcare

G1.A.a.Person-centeredhealthmanagement(at
homeandawayfromhome)

G1.A.b.Tele-monitoringandself-managementof
chronicdiseases

G1.A.c.Supportforcaregiversandcare
organizations

G1.B.Personalandhomesafetyandsecurity

G1.C.Personalactivitymanagement

G1.D.Person-centeredservices

G1.D.a.Shopping

G1.D.b.Feeding

G1.D.c.Personalcare

G1.D.d.Socialinteractionandcommunication

G2.AALinthecommunity

G2.A.Socialinclusion

G2.A.a.Participationincommunityactivities

G2.A.b.Creativity,hobbies,andsports

G2.A.c.Culturalandexperienceexchanges

G2.B.Entertainmentandleisure

G2.C.Mobility

G2.C.a.Supportingindividualphysicalmobility

G2.C.b.Assisteddriving

G2.C.c.Publictransport

G3.AALatwork

G3.A.Assuringenvironmentalworkingconditions

G3.B.Supportforworking

G3.C.Preventionofdiseasesandinjuries

Adapted from Afsarmanesh (2011).
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systems)thatsupportthedevelopmentofsystemsforthatdomain.Allofthesemustbesupportedby
aunified,unambiguous,andwidelyunderstooddomainterminology”.Referencearchitecturescan
beproposedaimingtwogoals(Angelovetal.,2012):(i)tostandardizeexistingandnewsoftware
systemsinadomain,givingguidelinesabouthowtoaddressrequirementsofqualityattributes,such
asinteroperability(offeringstandardinterfacesandprotocols),security,reliability,andsafety;and
(ii)tofacilitatethedomainunderstanding,proposingdifferentsolutionsforspecificproblemsand
promotingtheconsolidationofthedomain.

Sometimesthetermsreferencearchitectureandreferencemodelhavebeenusedinterchanged.
However,areferencemodelisanabstractframeworkforunderstandingsignificantrelationshipsamong
theentitiesofsomedomain.Itenablesthedevelopmentofspecificreferenceorconcretearchitectures
usingconsistentstandardsorspecificationssupportingdomainspecifications(Brownetal.,2012).
Areferencemodelconsistsofaminimalsetofunifyingconcepts,axioms,andrelationshipswithina
particularproblemdomain,andisindependentofspecificstandards,technologies,implementations,
orotherconcretedetails(Brownetal.,2012).Inthisperspective,conceptualmodelsthatpresent
concepts and their relationships, as well as ontologies of a given domain, can be considered as
referencemodels(Nakagawaetal.,2014).

Moreover,theconceptsdefinedinareferencemodelcanbemappedontointerconnectedsoftware
elementsandusedasabackbonetoconstructreferencearchitecturesforadomain(Bassetal.,2003).
Inthiscontext,whereasareferencemodeldividesthefunctionality,areferencearchitectureisthe
mappingofthatfunctionalityontoasystemdecomposition.Themappingmaybe,butbynomeans
necessarilyis,onetoone;i.e.,asoftwareelementmayimplementpartofafunctionorseveralfunctions
fromthosedefinedinthereferencemodel(Bassetal.,2003).

3. RELATEd woRKS

Currently,severalstudies(i.e.,surveysandliteraturereviews)canbefoundpresentingimportant
contributionsforthearchitecturaldesignofsoftwaresystemsintheAALdomain.

Figure 1. Technologies used in AAL systems
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Garcésetal.(2017a)conductedasystematicmappingtoreportanddetailthemostimportant
requirementsofqualityattributestobeconsideredinsoftwarearchitecturesofAALsystems,namely,
reliability,efficiency,performance,usability,security,andsafety.Fagerbergetal.(2010)reported
a researchmadeby20highlyqualifiedexperts regarding thestandardizationofAALplatforms.
TheaimofthisstudywastostatetheimportanceofcreatingacommonplatformforAALdomain.
Inasimilarperspective,Antoninoetal.(2011)presentedanevaluationbasedonsemi-structured
interviewsaboutthemostrepresentativeAALplatformsaccordingtorequirementsofqualityattributes
(i.e.,reliability,security,maintainability,efficiency,andsafety)andtheircharacteristics.Memonet
al.(2014)providedaliteraturesurveyonAALframeworks,systems,andplatformstoidentifythe
essentialaspectsofsuchsystemsandinvestigatethecritical issuesregardingdesign, technology,
qualityofservice,anduserexperience.Garcia&Rodrigues(2015)providedanextensivecoverage
of applications, software, and informationmanagement forAAL,aswell as abroaddescription
ofhardwareandsoftwareforergonomicdesignpertainingtoAAL.Dobreetal.(2016)offereda
broaderviewaboutexistingtechnologicalsolutionsforthemainissuesregardingAALandELE
(EnhancedLivingEnvironments), anddescribed resourceanddatamanagement, fault tolerance,
security,monitoring,andcontrolinthosesolutions.Moreover,Dobre’sworkpresentedsomescientific
andcommercialapplicationsandplatformstosupportthedevelopmentofAALandELEsystems.
Garcésetal.(2015,2017b)analyzeddifferentRAfore-Healthandrelateddomains;however,their
contributionswerelimitedcomparingwiththeonespresentedinthiswork.Amorerecentstudy(El
murabet,2018)reportedsomeliabilitiesofexistingmodelsproposedintheAALdomain,andstated
thenecessityofconstructingageneralinfrastructureforthisdomain.

DespitetheeffortstostudyapproachesforsupportingAALsystemsdevelopmentwithafocuson
quality,thereisalackofstudiesanalyzinghowfeasibletheRA&RMproposedintheAALdomainare.

Considering the need of a detailed panorama on RA&RM for the AAL domain, important
contributionsofour systematic revieware the identification, selection,data extraction, analysis,
synthesis,andreportingabout:i)theRA&RMproposedfortheconstructionofsoftwarearchitectures
in the AAL domain; ii) the categorization of AAL goals for which those RA&RM have been
established;iii)thecompletenesslevelofRA&RMfollowingtheapproachpresentedin(Nakagawa
etal.,2012);iv)theevaluationofcongruenceofRA&RMusingtheframeworkproposedin(Angelov
etal.,2012);andv)possibleimprovementsforthoseRA&RM.

4. METHodS

Toconductoursystematicliteraturereview,wefollowedtheprocessproposedbyKitchenham&
Charters(2007),whichiscomposedofthreemainphases:planning,conduction,andreporting.Inthe
planningphase,describedinSection4.1,theobjectives,researchquestions,searchstrategy,selection
criteria,andmethodsfordataextractionandsynthesisaredetailed.Intheconductionphase,presented
inSection5,thesearchstrategyexecutedispresentedtogetherwiththeselectioncriteriaappliedto
identifytheprimarystudiesforthereview.Moreover,inSection5isalsodescribedtherelevantdata
extractedandusedasevidencetoanswertheresearchquestions.Finally,inthelastphase,theresults
wereanalyzedandsynthesized,andaredescribedinSection6.

4.1. Planning the Systematic Review
GoalsandResearchQuestions:Themaingoalofthisstudyis“toidentify,analyze,andassessRA
andRMproposedintheAALdomain,regardingtheirapplicability,completeness,andcongruence.”
Toachieveourgoal,thefollowingresearchquestions(RQ)weredefined:

RQ1:WhataretheapplicationsofexistingRA&RMforAALsoftwaresystems?Tohaveabetter
understandingofthoseRA&RM,theRQ1wasrefinedintwosub-questions:

RQ1.1:WhichAALgoals(fromthoselistedinTable1)theRA&RMaddress?
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RQ1.2:Whichweretheproposedtechnologies(e.g.,IoT,smarthomes,robotics,AmI,etc.)inthe
RA&RMtoaddresstheAALgoals?

RQ2:HowcompletearetheRA&RMfortheAALdomaininthedefinitionoftheirelements?
RQ3:HowcongruentaretheRA&RMfortheAALdomainregardingtheirgoals,context,anddesign?

SearchStrategyandSelectionCriteria:ToanswertheRQs,weinitiallyidentifiedthefollowing
mainkeywords:AmbientAssistedLiving,ReferenceArchitecture,andReferenceModel.Next,we
identifiedrelatedtermsforthesekeywords,andconsideredthepluralformofallkeywordsandrelated
terms,resultinginthesearchstringpresentedinTable2.

Weexecutedthesearchstringinthedigitallibrariessuggestedasimportantforcomputerscience
inDybaetal.(2007)andKitchenhamandCharters(2007):ACMDigitalLibrary,IEEEXplore,
SpringerLink,ScienceDirect,EngineeringVillage,Scopus,andWebofScience.Furthermore,aiming
atnotmissinganyimportantprimarystudy,wealsoconductingthesnowballingtechnique,considering
studiespresentedasrelatedworkinthereferencelistoftheprimarystudiesconsideredinourreview.

Twoselectioncriteriawereusedtoincluderelevantstudiesforourreview.Weincludedworks
thataddress:(IC1)RAforAALsystems,or(IC2)RMforAALsystems.Weexcludedworksthat
address:(EC1)architecturaldesigninAALsystemsthatareoutofthedefinitionofRA&RMgiven
inSection2.2;or(EC2)RA&RMforotherdomains.

DataExtractionandSynthesis:ToobtaintheevidencerequiredforansweringtheRQs,wecreated
adataextractionform2.Weincludedinthisforminformationabout:(i)AALgoalsdetailedinTable
1toanswerRQ1.1,(ii)elementsthatmustbecontainedinRA&RMproposedin(Nakagawaetal.,
2012)toanswerRQ1.2andRQ2,and(iii)informationproposedin(Angelovetal.,2012)toassess
thecongruenceinRA&RMtoanswerRQ3.Forthedataanalysis,weusedqualitativeandnarrative
synthesismethodsasrecommendedin(Felizardoetal.,2016).

5. RESULTS

OursystematicreviewwasconductedbythreeresearcherswithexperienceinAAL,software
architecture,andsystematicliteraturereviews.Theconductionofthisreviewwasexecutedin
twoperiodsoftime.AfirstexecutionwasmadefromOctober2013toMarch2014,andarecent
updatewasmadefromMarch2018toApril2018.Inthiswork,wepresentedallresultsobtained
frombothexecutions.

5.1. Primary Studies Identification
Weadaptedthesearchstringtoeachdigital librarymentionedinSection4.1.Duringthesearch
conduction,timelimitswerenotplaced,andfiltersontitle,abstract,orkeywordswerenotused.
Onthecompletionofthissearch,weobtained357studies.Thetitleandabstractofeachstudywere
inspectedandtheselectioncriteria(describedinSection4.1)wereapplied.Atotalof282studies
wereexcludedand75studieswereselectedfordetailedinspection.Thefulltextofeachoneofthese
studieswasreadandtheselectioncriteriawereagainapplied.Asaresult,18primarystudieswere
selectedtobeincludedinthissystematicreview.Inadditiontothat,andasplanned,weinspectedthe
relatedwork(i.e.,thelistofreferences)ofeachselectedprimarystudyandincluded4relevantworks.

Table 2. Search string

(“ambientassistedliving”OR“ambientassisted”OR“ambientassistance”OR“assistedenvironments”OR“assistive
environments”OR“assistedenvironment”OR“assistiveenvironment”OR“AALenvironment”OR“AALenvironments”OR
“independentliving”OR“assistedlife”OR“intelligentliving”OR“pervasivehealthcare”OR“pervasivehealth-care”OR
“pervasivecare”)AND(“referencearchitecture”OR“referencearchitectures”OR“referencemodel”OR“referencemodels”)
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Moreover,2additionalworkswerefoundthroughmanualinspectionusingtheGoogleScholarsearch
engine.Intotal,24studieswereselectedasprimarystudiesforthissystematicliteraturereview,and
theyarelistedinTable3.

Table3provides:(i)anIDtoidentifyeachstudy(S1toS24);(ii)authorsandpublicationyear;
(iii)typeoffinding,i.e.,referencearchitecture(RA)orreferencemodel(RM);(iv)namesofthe
RA&RMfound;(v)IDsofAALgoals(introducedinTable1anddetailedinSection5.2.1)towhich
theRA&RMwereproposed; (vi) technologicalapproachesused in thoseRA&RM(specified in
Section5.2.2);(vii)completenesslevelofeachRA&RMthatwasdefinedthroughtheapplicationof
theapproachproposedin(Nakagawaetal.,2012);(viii)congruenceofeachRA&RMdefinedatusing
theframeworkproposedbyAngelovetal.(2012);and(ix)typeofcontributorsofeachRA&RM,
i.e.,fromindustry(I)oracademy(A),orboth.

Intheremainderofthissection,wepresentevidencetoanswerourthreeRQsintroduced
inSection4.1.

5.2. RQ1 - Application of RA&RM for AAL domain
ThisRQprovidesanoverviewofexistingRA&RMfor theAALdomain.Wefound24existing
RA&RMforAALsystemsdepictedinFigure2.ThefirstRAwaspublishedin2005andthefirst
RMin2006.Sincethen,thecreationofRA&RMhasbeencontinuous.Theyearof2010hasthe
majorityofcontributionsofRAforAALsystems.AsshowedinthisfigureandinTable3,wefound
sixstudiesthatproposeRM(i.e.,S2,S15,S16,S19,S20,andS23),sixteenstudiesthatdefineRA
(i.e.,S1,S3,S4,S5,S6,S7,S8,S9,S10,S11,S13,S17,S18,S21,S22,andS24),andtwostudies
thatproposebothRMandRA(i.e.,S12andS14).

5.2.1 AAL Goals of RA&RM
RA&RMhavebeenproposed toachievedifferentAALgoals (previouslypresented inTable1).
ExistingRA&RMcan support thedevelopmentofAALsystems to addressoneormoreof the
followinggoals:

(G1.A) AAL for health, rehabilitation, and care: Solutionssupportingtheindividualizedtherapies
andcaretoimprovethequalityoflifeofdisabledordependentpeopleorpatientswithchronic
conditions(Broek&Wehrmann,2010).Weidentifiedthat,onlyonestudy(out24),specifically
S18,canbeapossiblecontributortoguideAALsystemsintendedforthispurpose.

(G1.A.a) Person-centered health management:Solutionsthatoffermedicalassistancetopeople
throughvariouswearable,mobile,or implantedsensordevices,andmaintaina summaryof
theperson’smedicalrecords,containingtreatments,diseases,allergies,medications,andother
interventions(Broek&Wehrmann,2010).Systemswiththispurposeempowerthepersonwith
relevantknowledgeandwithonlinesupportallowinghimorher to takemoreresponsibility
for theirownhealth.ElevenRA&RMintendtosupport themanagementofpeople’shealth,
namely,S3,S7,S8,S9,S10,S11,S12,S13,S14,S16,andS21.Thisgoalisthemostaddressed
byRA&RM,since45.8%(11/24)ofstudiesofferanalternativetoachievethisgoal.

(G1.A.b) Tele-monitoring and self-management of chronic diseases: Solutionsthatsupportthe
remotemonitoringofpatient’sstatusandself-managingoftheirchronicdiseases(orpathological
conditions), for instance, chronic obstructive pulmonary disease or chronic cardiovascular
disease.Fivestudies(20.8%ofstudies),namely,S8,S9,S10,S14,andS16,areintendedto
achievethisgoal.

(G1.A.c) Support for caregivers and care organizations: Solutionsthatallowcaregiversfrom
multipledisciplinestoofferanintegratedcaretothepatient.Wefoundthat12.5%(3/24)of
studies,i.e.,S5,S19,andS22,weredefinedtoguidethedevelopmentofAALsystemstoachieve
thispurpose.
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Table 3. RA&RM for AAL systems

ID Author Type Name AAL Goals Technological 
Approach

Completeness 
Level Congruent Industry (I) / 

Academy (A)

S1 Liuetal.(2005) RA SISARL G1.D.c Smarthome&
e-Health Acceptable No A

S2 Roussos&
Marsh(2006) RM NR G1.D.c Smarthome&

e-Health Acceptable Yes A

S3 Bergeretal.
(2007) RA AmIRA G1.A.a;G1.B;

G1.D.c AmI High Yes A

S4 Kurschletal.
(2008) RA NR G1.D AmI&Smart

home Acceptable Yes A

S5 Beale&Heard
(2008) RA openEHR G1A.c. Electronic

HealthRecords Acceptable Yes I,A

S6
Fernandez
Montesetal.
(2009)

RA NR G1.D Smarthome High Yes I

S7 Hietalaetal.
(2009) RA FeelGood G1.A.a e-Health VeryHigh Yes I,A

S8 Kameas&
Calemis(2010) RA NR G1.A.a;G1.A.b;

G1.C;G1.D.c
Smarthome&
e-Health Low No A

S9 Kehagiasetal.
(2010) RA OASIS

G1.A.a;G1.A.b;
G1.B;G1.C;
G2.A.a;G2.C;
G3.B

AAL
ecosystems High Yes I,A

S10 Wartenaetal.
(2010) RA Continua G1.A.a;G1.A.b;

G1.C;G1.D.c e-Health VeryHigh Yes I,A

S11 Tazarietal.
(2010) RA PERSONA G1.A.a;G1.B;

G2.A.a;G2.C Smarthome High Yes I,A

S12

Hankeetal.
(2011)and
Ferroetal.
(2015)

RA&RM UniversAAL G1.A.a;G1.B;
G2.B AALecosystem High No I,A

S13 Tuomainen&
Mikkanen(2011) RA Coper G1.A.a;G1.D.c Smarthome&

e-Health Acceptable No I,A

S14
Camarinha-Matos
etal.(2012,2014,
2015)

RA&RM AAL4ALL G1.A.a;G1.A.b;
G1.D.c;G2.B AALecosystem Acceptable Yes I,A

S15 Sitetal.(2012) RM NR G1.C Smarthome Low Yes A

S16 Faria(2013) RM NR G1.A.a;G1.A.b;
G1.D.c;G2.B AALecosystem Acceptable Yes I,A

S17 Denti(2014) RA Butlers G1.B Smarthome Low Yes A

S18 Nitzscheetal.
(2014) RA AALICE G1.A AALecosystem Low Yes A

S19
Cavalini&
Cook(2012,
2014)

RM MLHIM G1A.c. Electronic
HealthRecords VeryLow No A

S20 Pereira(2014) RM NIST-
CCRA G1,G2,G3 AALecosystem VeryLow Yes A

S21 Bandara(2015) RA HC-WSO2 G1.A.a Connected
Health Low Yes I

S22
Losavio,Ordaz
&Esteller
(2015,2016)

RA HIS-RA G1.A.c
Health
Information
Systems

VeryLow Yes A

S23 Welgeetal.
(2015) RM OntoAAL G1,G2,G3 AALecosystem VeryLow Yes I,A

S24 Samarin(2016) RA SHaaSoS G1.B Smarthome VeryLow Yes I
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(G1.B) Personal and home safety and security: Solutions thatoffercomfortandallowpeople
feelingsafeandsecurewithintheirownhome.Sixstudies,i.e.,S3,S9,S11,S12,S17,andS24,
(or25%ofstudies)focusedonguidethedevelopmentofthistypeofsolutions.

(G1.C) Personal activity management: Softwaresystemsthatmonitorpersons’activitiesofdailylife
(ADL)aimingtoprovideinformationaboutaphysicalormentalcondition(Garcésetal.,2015).
Thesesystemscansignalcognitivedeclineorpreventincidents.Personalactivitymanagement
systemscanbedevelopedusingstudiesS8,S9,S10,andS15(or16.6%ofstudies),whichwere
proposedtosupporttheAALactivitymanagementsystems.

(G1.D) Person-centered services: Solutions oriented to support persons with impairments and
disabilities in performing the daily tasks, such as shopping, feeding, personal care, social
interaction,andcommunication,consideredimportantactivitiestomaintainadesirablelevelof
qualityoflife.Wefoundtwostudies,S4andS6(8.3%ofstudies),whichoffergeneralguidelines
tosupporttheconstructionofAALsystemsatofferingperson-centeredservices.

(G1.D.c) Personal care: Solutionsthat,sometimesinvolveassistancerobots,tosupportpeoplein
carryingoutpersonalactivities,suchastakingmedications,dressingandundressing,andpersonal
hygiene(Garcésetal.,2015).Personalcaresystemscanbedevelopedbasedontheknowledge
presentedineightstudies,namely,S1,S2,S3,S8,S10,S13,S14,andS16(or33.3%ofstudies).

(G2.A.a) Participation in community activities: Solutionsthatallowtoelderlyordisabledpeopleto
participateactivelyintheircommunity,offeringinformation,participation,andphysicalaccessto
publicservicesandbuildings(Broek&Wehrmann,2010).Knowledgecontainedintwostudies,
S9andS11(or8.3%ofstudies),canbeusedasaguidetocreatethistypeofAALsolutions.

(G2.B) Entertainment and leisure: Solutionsthatoffertopeoplenewwaystokeepactiveandalert,
allowingactivitiesforbraintraining,exercising,andgaming.Wefoundthreestudies,namely,
S12,S14andS16(or12.5%ofstudies),thatcanorientthedevelopmentofAALsystemsfor
entertainmentandleisureservices.

(G2.C) Mobility: Solutionscreated todecreaserisks inpedestrianenvironments,supporting the
individualmobilitytodisabledandelderpeopleinbothindoorandoutdoorenvironments.We
foundtwostudies,S9andS11(or8.3%ofstudies),thatofferknowledgeabouthowAALsystems
canassistsuchmobility.

(G3.A) Support for working: Solutionsthatoffermechanismstoallowpeoplewithdisabilitiesand
elderlypeopletoworkandextendtheiremployment(Broek&Wehrmann,2010).Wefound
thatjustS9providesinstrumentstocreateAALsystemsthatimproveworkingconditionsof
disabledandelderlypeople.

(G1, G2, G3) AAL for persons, in the community, and at work: TwostudiesS20andS23(8.3%
ofstudies)offergenericsolutionstosupporttheconstructionofAALsystems,independently
oftheirgoals.BothstudiesareRM,hence,theirabstractionlevelishighercomparedwithRA.

Figure 2. Amount of reference architectures and reference models by year
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5.2.2. Technologies Used in RA&RM for AAL Systems
TechnologiesthatcanbepresentedinAALsystemsweredescribedinSection2.1.1.Inourreview,
wefoundthatRA&RMintheAALdomainconsidertechnologiesofSmartHomes,e-Health,AmI,
ElectronicHealthRecords(EHR),HealthInformationSystems(HIS),ConnectedHealth,andAAL
ecosystems.Smarthomeswereproposedby41.6%(10/24)ofstudies,namely,S1,S2,S4,S6,S8,S11,
S13,S15,S17,andS24;AALecosystemswerereportedin29.2%(7/24)ofstudies,i.e.,S9,S12,S14,
S16,S18,S20,andS23;e-Healthsolutionswereaddressedin25%(6/24)ofRA&RM,particularly
inS1,S2,S7,S8,S10,andS13;AmItechnologywascomprisedinS3andS4,representingthe8.3%
(2/24)ofstudies.Similarly,EHRwerereportedin8.3%(2/24)ofstudies,i.e.,S5andS19.Finally,
ConnectedHealthandHIStechnologieswererespectivelyusedinS21andS22.

5.3. RQ2 - Completeness Assessment of RA&RM for AAL Systems
ThisRQinvestigatesgroupsofelementsthatshouldbecontainedinanyRA&RM(i.e.,groupsof
domain, application, infrastructure, and crosscutting elements). Those elements were identified
anddefinedin(Nakagawaetal.,2012),toguidetheconstructionofreliableRA&RM.Weapplied
Nakagawa’s approach to identify andunderstand information contained in existingRA&RMfor
theAALdomain,andtocharacterizemissinginformationinthosearchitecturesandmodels.Table
4summarizescompletenesslevelsofeachRA&RM,consideringeachgroupofelements.Group
ofelementsarelistedinthefirstcolumnofTable4.Moreover,agenerallevelofcompletenessof
eachstudy(S1-S24),consideringallelements(listedinsecondcolumnofTable4)inallgroupsof
elementsisalsogiveninlastrowofTable4.Weestablishedfivecategoriesofcompletenesslevel
foreachgroupofelements,namelyVL(VeryLow),L(Low),A(Acceptable),H(High),andVH
(VeryHigh).Completenesscategoriesweredesignatedbasedonthenumberofelements(bygroup
ofelementsandintotal)presentedineachstudy.

Resultsofthisassessmentshowedthat:

• 21%(5/24)ofRA&RM(i.e.,S19,S20,S22,S23,andS24)areveryincompleteconsideringall
elementsgroups,sincedescriptionsofmostoftheirelementsareofverylowquality;

• 21%(5/24)ofRA&RM(i.e.,S8,S15,S17,S18,andS21)havealowcompletenesslevel,since
theydonotofferenoughdetailsaboutallelementsconsideredinthisassessment;

• 29%(7/24)ofRA&RM(namely,S1,S2,S4,S5,S13,S14,andS16)haveanacceptablelevel
ofcompleteness,contemplatingalmostallelementsofallgroups;

• 21%(5/24)ofRA&RM(i.e.,S3,S6,S9,S11,andS12)presentahighcompletenesslevel,since
theyprovidecomprehensiveinformationofmostelementsgroups;

• Finally,S7andS10wereconsideredasthemostcompleteRA,representing8%(2/24)ofstudies;
hence,bothRAachievedaveryhighcompletenesslevelforallelementsgroups.

Moreover,thegroupofinfrastructureelementswasthemostconsideredbyRA&RMwith
87.5%(21/24)ofstudiesreportingatleastoneelementinthisgroup.Thegroupofcrosscutting
elementswasconsideredby83%(20/24)ofRA&RM,followedbythelasttwogroupsofdomain
andapplicationelements,eachofthemwith70.8%(17/24)ofRA&RMcontemplatingatleast
oneelementineachgroup.

SeveralelementsdemonstratedtobeofutmostconcernforRA&RMintheAALdomain.83%
(20/24)oftheRA&RMdetailedthegeneralstructureoftheirsolutions;75%(18/24)describedthe
softwareelementscontainedintheirstructure;and66.6%(16/24)specifiedrequirementsofquality
attributesfortheirsolutions.Moreover,66.6%ofRA&RMdefinedtheterminologyandscopefor
thedomain(representedasAALgoals)forwhichthosearchitecturesandmodelswereproposed.

Importantelements,suchaslegislation,standards,regulations,limitations,risks,bestpractices,
andguidelines,werenotadvisedasexpectedandrequiredfortheAALdomain,sincelessthan29%
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continued on following page

Table 4. Completeness assessment of RA for AAL systems

Group Element S1 S2* S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

Domainelements

Legislation,standards,
regulations X

Qualityattributes X X X X X X X X

Systemcompliance X

CompletenessbyGroupofDomainElements VL L L VL L VL L VL L VH L L

Application
elements

Constraints X X X X X X

Domaindata X X X X X X X X X

Functionalrequirements X X X X X X X X X X

Goalsandneeds X X X X X X X X X

Limitations X X X X X X

Risks X X X

Scope X X X X X X X X X X X

CompletenessbyGroupofApplication
Elements L A. H H A H VH L H H H A

Infrastructure
elements

Bestpracticesand
guidelines X X X X X X

Generalstructure X X X X X X X X X X X X

Hardwareelements X X X X X X X X X X X X

Softwareelements X X X X X X X X X X X X

CompletenessbyGroupofInfrastructure
Elements H H H H VH H VH H VH VH VH VH

Crosscutting
elements

Decisions X X X X X X X X

Domainterminology X X X X X X X X X X X

Externalcommunication X X X X

Internalcommunication X X X X X X X X X X

CompletenessbyGroupofCrosscutting
Elements H A A A A H VH L H VH H VH

OverallCompletenessforAllGroupsof
Elements A A H A A H VH L H VH H H

Group Element S13 S14 S15* S16* S17 S18 S19* S20* S21 S22 S23* S24

Domainelements

Legislation,standards,
regulations X X X X X

Qualityattributes X X X X X X X X

Systemcompliance X X

CompletenessbyGroupofDomainElements L VL H VH L VL H L L H H VL

Application
elements

Constraints X

Domaindata X X

Functionalrequirements X X X

Goalsandneeds X X

Limitations X X X

Risks

Scope X X X X X
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(7/24)oftheRA&RMdocumentedsuchinformation.Moreover,animportantevidenceisthatless
than50%(12/24)ofRA&RMgaveinformationonhowtoimplementinternalcommunicationamong
theircomponents.Similarly, lessthan29%(7/24)ofRA&RMprovideinformationabouthowto
establishcommunicationbetweenAALsystemswithexternalsystems.Therefore,mostRA&RM
havebeenproposedwithoutconsideringinteroperabilityamongAALsystems,anopenissuethat
mustbeovercomebyactorsinthisdomaininfutureworks.

5.4. RQ3 - Congruence Analysis of RA&RM for AAL Systems
ThisRQinvestigateswhetherRA&RMhavebeenapproachedinanintuitivewaywithoutaclearly
structuredbackground,oriftheyhavebeenestablishedinaconsistentway.Therefore,weapplied
theframeworkproposedin(Angelovetal.,2012)thatdefinesfivedifferenttypesofcongruence
(i.e.,Type1toType5)thatcouldbepresentedinRA.ResultsofapplyingtheAngelov’sframework
arepresentedinTable5.

TheAngelov’sframeworkdescribesthatRA&RMcanbeconstructedwiththegoalofsupporting
standardizationof systems in thedomain,or to facilitate theunderstandingabouthow to create
suchsystems.ThecontextofRA&RMisdefinedbytheirpracticaluse(i.e.,insingleormultiple
organizations), type of organizations that define the RA&RM (i.e., software organizations, user
organizations,orindependentorganizations),andhowtheRA&RMaredefined(i.e.,classical,based
onwell-knowndomainknowledge;orpreliminary, layingthebackboneof innovativesystemsin
thedomain).Finally,thedesignproposedinRA&RMisanalyzedregardingtheirinternalsoftware
structures (components, connectors, interfaces, protocols, and algorithms), the level of detail at
describingsuchstructures,thelevelofabstractionusedtodefineresponsibilitiesofsuchstructures,
andthelevelofformalizationusedtorepresentstructures,theirresponsibilities,functionalities,and
relationshipsamongthosestructures.Theremainderofthissectionpresentsdetailsabouttypesof
congruenceoftheRA&RMfoundinoursystematicreview.Informationaboutthegoal,context,
designandtypeforeachstudyareprovidedinTable4.

Table 4. Continued

Group Element S1 S2* S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

CompletenessbyGroupofApplication
Elements H H VL L A VL L VL VL VL VL VL

Infrastructure
elements

Bestpracticesand
guidelines X

Generalstructure X X X X X X X X

Hardwareelements X X

Softwareelements X X X X X X

CompletenessbyGroupofInfrastructure
Elements A H L A L H VL L A VL VL A

Crosscutting
elements

Decisions X X

Domainterminology X X X X X

External
communication X X X

Internalcommunication X X

CompletenessbyGroupofCrosscutting
Elements L L H A VL L VL VL A L L VL

OverallCompletenessforAllGroupsof
Elements A A L A L L VL VL L VL VL VL

(Legend: VL - Very Low; L - Low; A - Acceptable; H - High; VH - Very High)
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continued on following page

Table 5. Congruence assessment of RA for AAL systems

ID Goal
Context Metrics Design

RA 
TypeScope of Use Designed 

by Defined as Structure Detail 
Level

Concrete 
Level Representation

S1 Standardize Multiple
organizations RC Classical Components Aggregated Abstract Informal -

S2* Facilitate Multiple
organizations RC Classical Components Aggregated Abstract Informal Type4

S3 Standardize Multiple
organizations RC Classical Components,

Interfaces
Semi-
detailed Abstract Informal Type1

S4 Facilitate Multiple
organizations RC Classical Components Semi-

detailed
Semi-
concrete Informal Type4

S5 Standardize Multiple
organizations RC,SO Classical

Components,
Interfaces,
Guidelines,
Protocols

Detailed Concrete Informal Type2

S6 Facilitate Multiple
organizations RC Preliminary Components,

Algorithms
Semi-
detailed Abstract Informal Type5

S7 Facilitate Multiple
organizations

RC,SO,
UO Preliminary

Components,
Interfaces,
Guidelines

Semi-
detailed Abstract Informal Type5

S8 Facilitate Multiple
organizations RC Classical Components Semi-

detailed Abstract Informal -

S9 Facilitate Multiple
organizations

RC,SO,
UO Preliminary Components,

algorithms Detailed Abstract Formal Type5

S10 Standardize Multiple
organizations

RC,SO,
UOStdO Classical

Components,
Interfaces,
Guidelines,
Protocols

Semi-
detailed Abstract Formal Type1

S11 Facilitate Multiple
organizations RC,SO Classical

Components,
Interfaces,
Guidelines,
Protocols

Semi-
detailed Concrete Semi-formal Type3

S12 Standardize Multiple
organizations

RC,SO,
UO Classical Components,

Interfaces Detailed Abstract Formal -

S13 Facilitate Multiple
organizations

RC,SO,
UO Classical Components Aggregated Abstract Informal -

S14 Facilitate Multiple
organizations RC,SO Preliminary Components Aggregated Abstract Semi-formal Type5

S15* Facilitate Multiple
organizations RC Preliminary Components Aggregated Abstract Formal Type5

S16* Facilitate Multiple
organizations RC,SO Preliminary Components,

Processes Aggregated Abstract Informal Type5

S17 Facilitate Multiple
organizations RC Preliminary Components,

Techniques Aggregated Abstract Informal Type5

S18 Standardize Multiple
organizations RC Classical Components Aggregated Abstract Semi-formal Type1

S19* Standardize Multiple
organizations RC Preliminary Policies,

Guidelines Aggregated Abstract Semi-formal -

S20* Facilitate Multiple
organizations RC Preliminary Components,

Processes Aggregated Abstract Informal Type5

S21 Facilitate Multiple
organizations SO Preliminary Components Aggregated Abstract Informal Type5
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Type 1:RAinthiscategoryareclassical,orientedtostandardizesoftwaresystemsofferedby
multipleorganizations.Thedesigneffortismademostlybyindependentorganizations(e.g.,
standardizationorganizations).Inmostcases,componentsandinterfacesaredetailed,since
thesearethetargetsforstandardization,andguidelinesandprotocolsaredefinedforthe
samepurpose(Angelovetal.,2012).ElementsinthoseRAaredefinedinanabstractway
(i.e.,theirdescriptionispartiallydetailed),andareinformallyrepresentedtofacilitatetheir
globalunderstandingbyallstakeholders.Inthiscategory,weclassifiedthreeRA(12.5%of
studies),namely,S3,S10,andS18.

Type 2:RAinthiscategoryareconsideredclassicalarchitecturestobeusedforstandardization
in the domain. Similar to type 1, type 2 architectures can define components and
interfaces;however,theycanbemoredetailedatdescribingtheirelements,specifying
moreconcretedecisions,andrepresentingtheknowledgeinformally.OnlyoneRA,S5,
wasclassifiedinthiscategory.

Type 3:RAoftype3areclassicalarchitecturestofacilitatetheunderstandingofthedomainand
technical decisions. In most of the cases, these architectures define components, interfaces,
protocols,andguidelinesinasemi-detailedway,differentiatingthemfromtheonesintype1
andtype2.TwoRA(8.4%ofstudies)wereclassifiedastype3,namely,S11andS22.

Type 4:RA&RMinthiscategoryareclassicalconstructedforfacilitationpurposes.Theirknowledge
isinformallyrepresented,providingfewdetailsabouthowtorealizetheirelements,anddescribing
functionalities in an abstract or semi-concrete ways. Two RA&RM (8.4% of studies) were
categorizedastype4,i.e.,S2andS4.

Type 5:RA&RMarepreliminarysolutionswithfacilitationpurposes,designedmostlybyresearch
centerstobeusedinmultipleorganizationsinfuturisticsystems.Therefore,theyareconsidered
innovativesolutions.AninterestingfindingofourreviewwasthatthemajorityofRA&RMcan
beclassifiedinthiscategory.Specifically,11RA&RM(45.8%ofstudies)arefuturisticsolutions,
i.e.,S6,S7,S9,S14,S15,S16,S17,S20,S21,S23,andS24.Moreover,fouroffiveRMare
inthiscategory,supportingthenoveltyoftheirsolutionsfordevelopingAALsystemsinnew
scenariosandenvironmentsnotconsidereduntilnow,suchas,AALecosystems.

TheremainderfiveRA(20.8%ofstudies)werenotclassifiedinanytype,sincetheinformation
provideddidnotallowustofindcongruenceamongtheirgoals,context,anddesign.Hence,they
wereconsideredas“no-congruent”solutions,aspresentedinTable3.Non-congruentRA&RMare
reportedinS1,S8,S12,S13,andS19.

Table 5. Continued

ID Goal
Context Metrics Design

RA 
TypeScope of Use Designed 

by Defined as Structure Detail 
Level

Concrete 
Level Representation

S22 Facilitate Multiple
organizations RC Classical

Components,
Interfaces,
Guidelines,
Protocols

Semi-
detailed

Semi-
concrete Formal Type3

S23* Facilitate Multiple
organizations

RC,SO,
SP Preliminary

Components,
Interfaces,
Guidelines

Semi-
detailed Abstract Informal Type5

S24 Facilitate Multiple
organizations SD Preliminary Components Aggregated Abstract Informal Type5

Legend: RC - Research Centers, SO - Software Organizations, UO - Users Organizations, StdO - Standardization Organizations, SP - Services Provid-
ers, SD - Software Designers
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6. dISCUSSIoN oF RESULTS

Resultsevidencedthat45.8%(11/24)ofRA&RMfoundinthisliteraturereviewarecomplete(i.e.,
withacceptable,highorveryhighcompletenesslevels)andcongruent(i.e.,classifiedinanyofthe
fivetypesofcongruence).CompleteandcongruentRA&RMarereportedinS2,S3,S4,S5,S6,S7,
S9,S10,S11,S14andS16.Furthermore,academiaandsoftwareindustryintheAALdomaincan
findinthose11RA&RMsolutionsforsupportingallAALgoalspresentedinSection5.2.1.Wealso
identifiedthatonlythreecompleteandcongruentRA&RMareorientedtostandardizationofAAL
softwaresystems,i.e.,S3,S5,andS10.TheremaindereightRA&RM,consideredforfacilitation
purposes, lackofguidelinesabouthowtoimplementcommunicationbetweenAALsystemsand
externalsystems,characteristicofutmostimportancetoallowtheintegrationandinteroperability
betweenthosesystems.

Consideringrequirementsofqualityattributes,wefoundthatthe11completeandcongruent
RA&RM determined the following set of attributes as the most important to be addressed
in AAL systems: (i) security, giving importance to data protection, people confidentiality,
authentication of users and systems (or components, services, software elements), and data
integrity;(ii)interoperability,definingmechanismstoAALsystems(ortheirinternalelements)
integration;(iii)reliability,consideringsystemsrobustness,recoveryfromfaults,trustworthiness
ofoperations,andaccuracyinsoftwareoperations;(iv)scalability,incorporatingnewsystems
orattendingincreasingamountofusersandorganizations;(v)adaptivity,makingmodifications
and reconfigurations at real-timewith limitedhuman interventions; (vi) flexibility, allowing
installationofAALsoftwareindifferentdevicesandwithdifferentsettings;(vii)maintainability,
facilitatingmodifications,evolution,andmodularizationofsoftwaresystems;(viii)usability,
allowingpersonalizationandaccessibilityconsideringpeopledisabilitiesorconditions;and(ix)
performance,executingdesiredoperationsquickly,avoidingdelaysinresponsestorequests,and
allowingthequicklyresponseincriticalsituations.MoredetailsaboutqualityattributesforAAL
systemsareprovidedin(Garcésetal.,2016,2017a).

WeobservedmostofthecompleteandcongruentRA&RMwereproposedthroughcooperation
betweenindustryandacademia.Specifically,wefoundeightofthosearchitecturesandmodelswhose
specificationwasmainlydefinedbyresearchcentersandsoftwareorganizations.Thisevidencecan
beusedasagoodpracticefornewRA&RMforAALsystemsorotherdomains,sinceweconsider
that interactionsbetweenacademiaandpractitioners are important to create innovative software
products,improvingthesustainabilityofRA&RMovertime(Volpatoetal.,2017).

DespitetheexistenceofRA&RMasimportantartifactstodevelopAALsystems,wefounda
lackofworkstopromotethereuseofdesignexpertiseandfacilitatethedevelopment,standardization,
andevolutionofAALsoftwaresystemsfor the followinggoals:assistingactivitiesofshopping,
feeding,andsocialinteractionandcommunication.Moreover,solutionstosupportsocialinclusion,
people’screativity,hobbies,sports,andculturalandexperienceexchanges,areopenresearchissues.
Similarly,contributionstoengineertechnologiestosupportindividualphysicalmobility,assisted
driving,publictransport,assuranceofenvironmentalworkingconditions,andpreventionofdiseases
andinjuriesatwork,arealsorequired.

7. CoNCLUSIoN ANd FUTURE woRK

ThemaincontributionofthisworkwastopresentanassessmentofexistingRA&RMforAAL
domain.Specifically,wepresentedananalysisoftheircompletenessandcongruenceusingwell-
knownmethodsintheareaofRA.Weexpectresultspresentedinthisworkcouldorientinthe
selectionofthebetteralternativetobeadoptedinAALsoftwareprojects,independentlyoftheir
goals.Wealsointendacademia,softwareindustry,orgovernmentalorganizationscanusethiswork
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asaguidetounderstandthescopeoftheirprojectsandidentifyandselectpre-definedarchitectural
decisionsfortheirAALsystems.Finally,weexpectrecentinitiativesasAAPELE(Architectures,
AlgorithmsandPlatformsforEnhancedLivingEnvironments),aCOSTAction3,canusethiswork
asblueprintfortheirresearch.
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