BACKGROUND: SEMANTIC
METRICS EVALUATION
EXAMPLES




Semantic Alignment Quality Metrics: Evaluaton on Interface Ontological
Metamodels

Semantic Similarity Schema (85S) Metric : : For a service SWC’s interface ontology schema, say Oi, SSS metric can be
interpreted and evaluated as the fraction or percentage of the number of classes (Eyc) of the schema Oi that are semantically equivalent to
the classes of other SWCs interface ontology schemas compared to the total number (7%) of the existing classes in the schema O;. TRC
may include inheritance classes (IHCL), noninheritance classes (INHCL), as well as EQV in the given schema O1 .

SSS = Eor/Trec... (1)
Where Trc = Ivcr + INHCL + Eov in

(1).
®» Fxamples: (Intra-group Schema Similarity)

AR:
= » — e | - E— ~ SubClassOf @ AR:AdaptiveSwelnternalBehavige
ase sensitive ole words | Ignore white space egular expression ® AR:ArgumentDataPrototype ] ~
© Class axioms  =mObject properties ®®Data properties  #pIndividuals © AR:AutosarDataPrototype Total no. Of Equivalent Classes(Eau)= 10

© DM:ClientServerinterface EquivalentTo AR:ClientServerOperation © AR:ClientServerOperation )
£ AR:ComponentPortGroup Total no. Of Classes in Source 1(TRc)= 38

) DM:ComponentPortGroup EquivalentTo AR:ComponentPortGroup ® AR-CompositionSwComponen

) DM:Events EquivalentTo AR:Events

AR:Events PPN P . . - -
® DM:PortPrototype EquivalentTo AR:PortPrototype Source 1 g AR Fisld Semantic Similarity Metric (SSS) in % = 10/38 = 26%
) DM:ProvidedPortPrototype EquivaleniTo AR:ProvidedPortPrototype ) ARPPortComSpec . .
() DM:RequiredPortPrototype EquivalentTo AR:RequiredPortPrototype ) AR:Porinterface AR' AU TOSAR Adaptlve Framewo rk
@ DM:SWComponentType_spec EquivalentTo AR:SwComponentType © AR:PortPrototype SWC Interface
" DM:SenderReceiverinterface EquivalentTo AR:SenderComSpec & AR:ProvidedPortPrototype +

) DM:TimingEvent EquivalentTo AR:Time Synchronizationinterface ® AR:RPortComSpec

£ AR:RequiredPortPrototype . H
@ FComponentPrototype EquivalentTo AR:SwComponentType OAR'Se:derComSpec P DM: Mediator SWC
) AR:Field EquivalentTo DM:Fields © AR:SwComponentType Interface

) AR:SwComponentType EquivalentTo ROS:Node £ AR:TimeSynchronizationinterface




Semantic Alignment Quality Metrics: Evaluation on Interface Ontological

Metamodels

Semantic Similarity Schema (SS8S) Metric : For a service SWC’s interface ontology schema, say Oi, SSS metric can be

interpreted and evaluated as the fraction or percentage of the number of classes (Eyc) of the schema Oi that are semantically
equivalent to the classes of other SWCs interface ontology schemas compared to the total number (7%) of the existing classes in the
schema O;. TRC may include inheritance classes (IHCL), noninheritance classes (INHCL), as well as EQV in the given schema O1 .

SSS = Eor/ Txe... (1)

)

Where Trc = Iucr + INHCL + Eov in

®» Fxamples: (Inter-group Similariry)

EquivalentClasses @ AR:ArgumentDataPrototype

£) AR:ClientServerOperation
£ ARField

£ AR:PPortComSpec

) AR:PortPrototype

& AR:ProvidedPortPrototype
£ AR:RPortComSpec

) AR:RequiredPortPrototype
£ FDataMotifier

EquivalentClasses & FAttribute
£ FDatalMotifier
&= ARField
& AR:PPortComSpec
£ AR:RPortComSpec
) AR:PontPrototype
£ AR:ArgumentDataPrototype
£ AR:ClientServerOpearation
) AR:ProvidedPortPrototype
O AR:RequiredPortPrototype

Source 1-> AR:AUTOSAR
Adaptive Framework

SWC Interface
+

F: Franca Framework
SWC Interface
Source 1

Total no. Of Equivalent Classes(Eqv)= 9
Total no. Of Classes in Source 1(TrRc)= 32

Semantic Similarity Metric (SSS) in % = 9/32 = 28%

AieArgumentDataPrototype EquivalentTo FArgumentDataPrototype
AR:ClientServerOperation EquivalentTo FMethod

AR:Field EquivalentTo FAttribute

AR:PPotComSpec EquivalentTo FAskMePort

AR:PortPrototype EquivalentTo FPorPrototype
AR:ProvidedPortPrototype EquivalentTo FAskMePort
AR:RPortComSpec EquivalentTo FAnswerMePort
AR:RequiredPortPrototype EquivalentTo FAnswerMePort
FDataMotifier EquivalentTo AR:VariableDataPrototype

FAttribute EquivalentTo isTypeof exactly 1 FAttribute
FDataMotifier EquivalentTo AR VariableDataPrototype
AR:Field EquivalentTo FAttribute

AR:PPonComSpec EquivalentTo FAskMePort
AR:RPortComSpec EquivalentTo FAnswerMePort
AR:PortPrototype EquivalentTo FPortPrototype

AR:ArgumentDataPrototype EquivalentTo FArgumentDataPrototype
AR:ClientServerOperation EquivalentTo FMethod
AR:ProvidedPortPrototype EquivalentTo FAskMePort
AR:RequiredPortPrototype EquivalentTo FAnswerMePort




Semantic Alignment Quality Metrics: Evaluation on Interface Ontological

Metamodels (contd.)

® Jnstance Relationship Richness (IRR)Metric: IRR Metric for a service SWC’s interface ontology schema, say, O, is
defined as the percentage or ratio of the number of semantically similar or sameAds instances (Ig,) of classes of the schema Oi
compared to the total number of instances of classes (7R;,;) includes I, and differentFrom (IDF ) present in the given schema pair

Total no. Of SameAs Instances (Isa)= 5
Total no. Of instances in Source 1(TRinst)= 15
Instance Relationship Richness(IRR) in % = 5/15 = 33,33%

O,.
AR: AUTOSAR Adaptive Framework
IRR = ]SA / Tanst-" ( 2) SWcC Inter-:ace
Where TRinst = Isa + Ipr in (2). DM: Mediator SWC
Interface
Examples->Intra-Group IRR Metric:
AdaptiveApplication SWComponentType Samelndividual @pAR :F?reandForgel
& AR:AdaptiveApplication SWComponentType L i ':F!reandForgel
@ ARClientComSpec ’:E;Fm”mrg“ Source 1
& ARfFireandForget : ARE:EZ:
@ ARGetter @ AR Notifer
@ AR:Notifier @ AR:Request_Response
@ AR:ReceiverComSpec & ARSetter
@ AR:Request_Response & AR:Setter

& AR:SenderComSpec

@ AR:Servicelnterface Samelndividual 4 DM:FIRE-And-FORGET

& DMREQUEST-RESPONSE

& AR:Setter @ Foetter
& DM:FIRE-And-FORGET @ Fsetter
@ DMGetter & AR Getter
& DM:Notifier .ARESeﬂer
& DM:REQUEST-RESPONSE @ AR:Notifier

& FNORMAL_METHOD

& Dm:setter & ARFireandForget
.FREQUEST_NO_RETURN
@ AR:Request_Response

AR FireandForget SameAs DM:FIRE-And-FORGET
ARFireandForget SameAs FREQUEST_NO_RETURN
ARFireandForget SameAs ROS:Pub_Sub

AR:Getter SameAs DM:Gefter

AR Getter SameAs FGetter

AR:Motifier SameAs DM Nofifier

AR-Request_Response SameAs DM:REQUEST-RESPONSE
AR:Setter SameAs DM:Setter

AR:Setter SameAs FSetter

DM:FIRE-And-FORGET SameAs ROS:Pub_Sub
DM:REQUEST-RESPONSE SameAs ROS:Request_Reply
FGetter SameAs DM Getter

FSetfter SameAs DM:Setter

AR:Getter SameAs DM:.Getter

AR:Setter SameAs DM Setter

AR:Motifier SameAs DM:Motifier

FNORMAL_METHOD SameAs DM:REQUEST-RESPONSE
AR FireandForget SameAs DM FIRE-And-FORGET
FREQUEST_NO_RETURM SameAs DM:FIRE-And-FORGET
ARRequest_Response SameAs DMREQUEST-RESPONSE




Examples->Inter-Group IRR Metric:

& AR:AdaptiveApplication SWComponentType
# AR:ClientComSpec

& AR:FireandForget

& AR:Getter

& AR:Notifier

& AR:ReceiverComSpec

& AR:Request_Response

& AR:SenderComSpec

& AR:Servicelnterface

& AR:Setter

& FAnswerMePorttype

@ FAskMePorttype

& FclientServerSpec

& FGetter

@& FNORMAL_METHOD

& FNotifier

& FReceiverComSpec

@ FREQUEST_NO_RETURN
& Fsemvice

& Fsetter

Source 1->
AR:AUTOSAR
Adaptive Framework
SWC Interface

+

F: Franca Framework
SWC Interface

Samelndividual 4pFClientServerSpec

adme

ndividual

& FGeter
& FNORMAL_METHOD
& FNORMAL_METHOD
& FNORMAL_METHOD
& FiMotifier

&) FREQUEST_NO_RETURN
& FREQUEST_MO_RETURHN

@ FReceiverComSpec
& Fsetter

& ARFireandForget

& ARFireandForget

& ARFireandForget

’ DM:FIRE-And-FORGET
& AR:Notifier

& AR:Notifier

& AR Getter

& AR:Setter

& ARFireandForget

& ARFireandForget

& ARFireandForget

& AR Getter

& AR:Geiter

& AR:Motifier

& AR:Motifier

& AR:Request_Response
@ AR:Setter

@ AR:Setter

’ FNORMAL_METHOD
& FReceiverComspec
& FClientSemverspec

Source 1

FClientServerSpec Samefs AR:SenderComSpec

FGetter Samels DM:Getter

FNORMAL_METHCD SameAs AR:Requesi_Response
FNORMAL_METHOD SameAs DM:REQUEST-RESPONSE
FHNORMAL_METHCD Samefs R0OS:Request_Reply
Fhlotifier SameAs DM:Notifier

FREQUEST_MO_RETURM Samefs DM:FIRE-And-FORGET
FREQUEST_MNO_RETURN SameAs ROS:Pub_Sub
FReceiverComSpec SameAs AR:ReceiverComSpec
FSetter SameAs DM:Setter

ARFireandForget SameAs DMFIRE-And-FORGET
ARFireandForget SameAs FREQUEST_NO_RETURM
AR:FireandForget SameAs ROS.Pub_Sub
OMFIRE-And-FORGET SameAs ROS:Pub_Sub
AR:Motifier SameAs DM:Motifier

AR:Motifier SameAs FMofifier

AR:Getter SameAs FGetter

AR:Setter SameAs FSetter

AR FireandForget SameAs DM FIRE-And-FORGET
AR:FireandForget SameAs FREQUEST_NO_RETURN
AR:FireandForget SamefAs ROS:Pub_Sub

AR:Gefter SameAs DM Getter

AR.Gefter SameAs FGetter

AR:Mofifier SameAs DM:Motifier

AR:Mofifier SameAs FMotifier

AR:Request_Response SameAs DM:REQUEST-RESPOMNSE
AR:Setter SameAs DM:Setter

AR:Setter SameAs FSetter

FNORMAL_METHOD SameAs AR:Request_Response
FReceiverComsSpec SameAs AR ReceiverComsSpec
FClientServerspec SameAs AR:SenderComsSpec

Total no. Of SameAs Instances (ISA)= 7
Total no. Of Classes in Source 1(TRInst)= 20
Instance Relationship Richness (IRR) in % = 7/20 = 35%




Inter-Group CIC Metric

® (Class Instance Connectivity (CIC) Metric: CIC metric for a service SWC’s interface ontology schema, say, Oi, is defined as the ratio

or percentage of the number of sameds instances of semantically equivalent classes (Eyc) of the schema O; compared to the total number of
semantically equivalent classes (Tpp) that are present in the interface ontology schema O;.

® The CIC metric for an ontology schema pair O,, fundamentally represents the proportion of class equivalence relationships that are being
utilized by the classes’ instances O; at instance level to create sameAs semantic relationships.

®  Value evaluated for CIC metric also indicates class to class connectivity and ensures the data in the knowledgebase represents most of the

knowledge in the schema.

CIC= EQc/ TR, ... (3)
Where EQco (sameAs REL (0,)) in (3).
Based on total number of sameAs instances of semantically Equivalent classes of

ontology schemas,
Class Instance Connectivity Metric (CIC) for Source 3, (EQC/ TRy) =6 /9 =66.67 %

» FIxamples->CIC Inter-group:

EquivalentClasses @ ARField AR:Field EquivalentTo ROS:Parameter
| ©) AR:Publish Source 3 AR:Publish EquivalentTo ROS:Data_Publisher
©) AR:Subscribe AR:Subscribe EquivalentTo ROS Data_Subscriber
0 AR SwComponentType AR:SwComponentType EquivalentTo ROS Node
O AR ClientServerOperation AR:ClientServerOperation EquivalentTo ROS: Service
LlientoenerJperation LlientsenverUperaton equivalent i o coemvicellien
) AR:ClientS 0 ti AR:Clients 0 tion EquivalentTo ROS:SernviceClient
Llientsenerdpearation Llie erverQperation EquivalentTo coenvicesanver
£ AR:Client5 0 ti AR:Clients 0 tion EquivalentTo ROS: ServiceS
© AR:VariableDataPrototype AR:VariableDataPrototype EquivalentTo ROS Topic Total no. Of Equivalent Classes (TRQ): 9
Lomposiionswlomponen Lomposiion omponent Equil emTo _Masier_iNode
2 ARC ftionSwC 1 ARC ionSwC EquivalentTo ROS Master_Nod
Total no. Of SameAs Instances (Eyc)= 6
& AR FireandfF orget AR FireandForget SameAs DM FIRE-And-FORGET
& AR FireandF orget AR FireandForget SameAs FREQUEST_NO_RETURN
& AR FirsandF orget AR FireandForget SameAs ROS FireAndForget
& AR Cetter Sou rce 3 AR Getler SameAs DM.Geltter
& AR Gatter AR Gatter SameAs FGetter
’ AR Motifiar AR Motifier SameaeAs DM MNotifier
& AR Notifier AR Notifier SameAs FMotifiar
. AR Notifier AR Notifier SameAs ROS Pub_Sub
& AR Request_Reasponse AR Raquest_Responss SameAs DM REQUEST-RESPONSE

& AR Requesi_Response AR Request_Response Samefs ROS:Request_Reply
‘Sefter atter SameAs Setter
& AR Sett AR S S As DM Seatt
& AR Setter AR Satter SameAs FSettar
FHNORMAL_METHOD FHORMAL_METHOD SameAs AR Request_Response
FRacaivarComSpac FReceiverComSpec SameAs AR ReceiverComSpec

& FClienSeaverSpec FClisntSemnverSpac SameAs AR SenderComSpec




» Fxamples->CIC Intra-group:

quivalentClasses @ FArgumentDataPrototype
£ FComponentPrototype Source 2
© FCompositionComponentPrototype
O FMethod
€ FMethod
) FMethod
£ FPorProtatype

e

meindvidual  @pFNoter
& AR Notifier
& OM Notrer
& FAskMePorthype
& FNORMAL_METHOD
& AR FueandF orget
@ FAnswerMePortype
& OMFIRE-And-FORGET
& FREQUEST_NO_RETURN
& AR Request_Responss
@ DM REQUEST-RESPONSE

Total ne. Of Equivalent Classes (Trg)= 7
Total no. Of SameAs Instances (Egc)= 5

FArgumentDataPrototype EquivalentTo ROS:Parameter
FComponeniProfotype EquivalentTo ROS Node
FCompositionComponeniPrototype EquivalentTo ROS:Master_Node
FMethod EquivalemtTo ROS:Senice

FMethod EquivalentTo ROS:SeniceClient

FMethod EquivalentTo ROS:SenvicaServer

FPortPrototype EquivalentTo ROS Tapic

FNodfier SameAs ROS:Pub_Sub

AR Notifier SameAs ROS Pub_Sub

DM:Notder SameAs ROS Pub_Sub

FAskMePorttype Samels ROS Pub_Sub
FNORMAL_METHOD SameAs ROS:Requast_Reply

AR FireandForgat SameAs ROS FiraAndF orget
FAnswerMePoritype Samells ROS Fub_Sub

DM FIRE-And-FORGET SameAs ROS FireAnaf orget
FREQUEST_NO_RETURN Samels ROS FireAndForget
AR Request_Responss SameAs ROS Request_Reply
DMREQUEST-RESFONSE SameAs ROS Requast_Raply

Based on total number of sameds instances of semantically Equivalent classes of ontology

schemas,

Class Instance Connectivity Metric (CIC) for Source 2, (EQC/ TRy)=5/7=71.4 %
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