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Models should allow automated analysis,
decision making and digitalization
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Can a machine understand what is in a model?

© 2000 Randy Glasbergen.
wwnw. glasbergen.com

“THE COMPUTER SAYS | NEED TO UPGRADE MY BRAIN
TO BE COMPATIBLE WITH ITS NEW SOFTWARE."
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| Knowledge in Models

m The meaning of models is based on two kinds of knoweldge:
¢ Meta model: Concepts of the model language
¢ Application Domain: Labels/names of the model elements

m Examples:

¢ Meta model: Application Component
=RP ¢ Application: <kERP System» is business software

4 | & Meta model: Task
o + Application: «Cook pasta» is about preparing food

m The objective is to represent the knowledge so that it can be
interpreted by a system for decision making and problem solving

Prof. Dr. Knut Hinkelmann
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Dimensions of a Knowledge Space

-

Interpretation

Focus on Focus on
Machine Interpretation: Human Interpretation:
Knowledge Engineering Knowledge Management

Karagiannis, D., & Woitsch, R. (2010). Knowledge Engineering in Business Process Management.
book on Business Process Management 2 (pp. 463—485). Springer.
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Dimensions of the Knowledge Space

Use:

« process optimization requires knowledge
about time and costs

» selection of a cloud service require
knowledge about data and functionality

Form: modeling language

LA 8o

Content: Instantiation of concepts

Q

contact Risk low?
signed

7’»& Prof. Dr. Knut Hinkelmann
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Use: Stakeholders and their
concerns determine the relevant
subset of the knowledge

Form: Syntax and semantic of
meta model concepts.

Content. Instantiation of meta
model concepts for a specific
application (represented in the
labels)

Interpretation: Giving meaning to
a model:

¢ Graphical models are cognitively
adequate for human

¢ Machines need more formal
representation



Knowledge Representation of Content: Linguistic View
vs. Domain View

m Linguistic View: the m Domain View: the
specification that relates to specification that relates to a
a modelling language. domain of discourse

ERP (Enterprise Resource Planning) is ...

... an Application

Component in ArchiMate | ...a type of software system that
: organizations use to manage day-to-day

business activities such as accounting,
| procurement, and supply chain operations.
;:] ; [...] Among the most widely used ERPs
ERP |

there are SAP, Oracle NetSuite, Microsoft
Dynamics 365.

C. Atkinson and T. Kuhne, "Model-drivendevelopment: a metamodelingfoundation," inlEEE Software, vol. 20, no. 5, pp. 36-41, Sept.-Oct. 2003, doi: 10.1109/MS.2003.1231
Prof. Dr. Knut Hinkelmann
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Content: Instantiation of Meta model + Application
knowledge
m Humans «know» the meaning of the modeling objects.

¢ Meta model: Concepts of the model language

¢ Application domain: Labels/names of the model elements

m Examples:

¢ Meta model: Application Component
=RP ¢ Application: <kERP System» is business software

4 | & Meta model: Task
o + Application: «Cook pasta» is about preparing food

m The objective is to represent the knowledge so that it can be
interpreted by a system for decision making and problem solving

Prof. Dr. Knut Hinkelmann
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Semantic Lifting
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Semantic Lifting — A Definition

m Semantic Lifting is a knowledge engineering technique that
aims to annotate model constructs with ontology concepts or
instances. Semantic lifting allows the formalization of the
semantics of model constructs, thus enabling reasoning on
and automation of knowledge contained in conceptual models

Prof. Dr. Knut Hinkelmann
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Semantic Lifting: Map Models into an Ontology

. Knowledge

reasoning
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Semantic Lifting: Representing Content as Ontology

m Meta model Knowledge:

¢ Concepts of the meta model have corresponding class in
an ontology

¢ For each element in a model an instance of the
corresponding ontology class is created

m Knowledge about application domain:

¢ Model elements are annotated with domain knowledge
from application domain ontology

m Ontology reasoning can be applied to the content knowledge
In the models

Prof. Dr. Knut Hinkelmann
wnut.hinkelmann@fhnw.ch
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Semantic Lifting: Map Models into an Ontology

Lingustic View Linguistic + Domain View
(Modelling Environment) (Ontology)
(| Definition of syntax and (type) semantics N

2 . . e
meta“-model Semantics definition:

layer ] commonly accepted
/\\

ontology

metamodel
layer
model
layer
<:> Linguistic metamodeling: syntax, structure, type semantics
<«---» ontological metamodelling (lifting): explication of type semantics
Prof. Dr. Knut Hinkelmann -----» ontological instantiation: instance-of relationship

Wnut.hinkelmann@fhnw.ch 16



Example: Business Process as a Service

human interpretation machine interpretation
informal and semi-formal formal

Meta model .- - Classes/Rules

semantic
alignment

semantic
annotations

Smart
Business and
IT in the Cloud
Alignment

transformation
and mapping

From: CoudSocket Project

)’M' Prof. Dr. Knut Hinkelmann 17
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Example: Business Process as a Service

] ] The semantics of . ]
human interpretation the meta-model machine interpretation

informal and semi-formal elements is formal
defined in the

BPaaS Ontology

Meta model

semantic
alignment

annotations

Smart
Business and
transformation IT in the Cloud

and mapping Alignment

From: CoudSocket Project

)’M' Prof. Dr. Knut Hinkelmann 18
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Example: Extend BPMN Element with Business Requirements

CRM (YMENS)

o okl
e "

]
H
Invaleing System (Ninja)

emal system (hinfa)

Functionality

-

B APQC Annotation: Description P
i : 2
N FEunctional =
|- o [
= SetAPQC Data Security Infrastructure :—-_;
= [ |24
Eﬂ SR Perfomance !3

= [ =
=
!;3 Support Service §
(= . s
ET; fctn Payment P
I_3 Action Annotation: e
!.3 fbpda:Send F’
0 i
%j Set Action i z
P Set Action =
= |
= [ =
e i
F . =1
= Object [)
B[ B
[ Object A =
Bl =
P fbpdoiinvoice T
=
0 Set Object
[ s
P Set Object
]
[
=
e

Non-functional requirements

Availability
Availability in %: Description
= I Eunctional
Capacity Data Security Infrastructure

Max Available Data Storage in GB per Month:

Perfomance

[ 5.000000

I Support Service

Maximum Simultaneous Connections:

[500

Payment

Maximum Simultaneous Service Users:

[500

Response Time

Max Average Response Time:

00:000:00:00:01

= oo AILCONCEPLs are defined in the Ontology

knut.hinkelmann@fhnw.ch
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Transformation and Mapping

The model elements are exported as instances ontology classes

;,w« Prof. Dr. Knut Hinkelmann
knut.hinkelmann@fhnw.ch

Flow Object
@ Activity
5 @ callActivity
= L Y SubProcess|
[=1]
o
E @ Order amived \\ — B ) Gateway
§ N S @ FlowElementContainer
g ~ \\ B @ Swimlane
2 N ~ ~
g Y Direct instances: Process_order
o & =
8 For: @ SubProcess
5
o ~
8 T~o \\\
~ ~ \\
SO \
I ~
~ ~ N
~ A NS
So SOSG
S SOSS
~ ~
~ N ~
~ Y ~
~
~ N ~
S LN So
_ ~ N o
-0 Swimlane ~ So
& N
& Pool N
. . So \
Direct instances: Back_Office S \\
~ N
| x ~ao N
~
Faor: @& Lane So
~ ~
S
~

BPMN Ontology

w0 owl:Thing

v

Artifact

) Data Object

@ Data Input

@ Data Output

@ Data Store
Group

@ Text Annotation
b0 Association

@ BusinessProcess

¥-- {0 BusinessProcessEvent
¥ EndEvent

- IntermediateEvent
b StartEvent
ConnectingObject

) Association
DataAssociation
MessageFlow

- SequenceFlow

~- @ Flow Object

%O Activity

Ny callActivity

: SubProcess
V-0 Task

() BusinessRuleTask
@ ManualTask
@ ReceiveTask
@ ScriptTask

) SendTask

- ServiceTask
A 0 userTask

v {0 Event

> () EndEvent

- IntermediateEvent
b ) StartEvent

v () Gateway

@ ExclusiveGateway
© InclusiveGateway
L ParallelGateway
FlowElementContainer

~
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Semantic Annotation: Specifying Functionality

Domain Ontology:

Annotate modeling elements with classes APQC Process Classification Framework
1 v-- @ American Productivity and Quality Center
from the domaln OntOIOQy h Acquire, Construct, and Manage Assets

Deliver Physical Products

Deliver Services

Develop and Manage Business Capabilities
Develop and Manage Human Capital

Develop and Manage Products and Services
Develop Vision and Strategy

Manage Customer Service

Manage Enterprise Risk, Compliance, Remediation, and Resiliency
Manage External Relationships

Manage Financial Resources

Manage fixed-asset project accounting
Manage internal controls

Manage international funds/consolidation
Manage taxes

Manage treasury operations

Perform general accounting and reporting
Perform global trade services

Perform planning and management accounting
Perform revenue accounting

. ||-| FilG e,
Generate customer billing data

Post receivable entries
----- Resolve customer billing inquiries
L Transmit billing data to customers
Manage and process adjustments/deductions
Manage and process collections
Process accounts receivable (AR)
Process customer credit
p 0 Process accounts payable and expense reimbursements
p 0 Process payroll
k-0 Manage Information Technology (IT)

;"“& Prof. Dr. Knut Hinkelmann B Market and Sell Products and Services
Wnut.hinkelmann@fhnw.ch

Example: Functionality of a Service

Online Billing (Activity Specification)

General Functionality:
|Send v|

v..

Service Requirement

Annotation of Functional Requirement

Eunctional Description

Functional Description: Input Description

Dutput Description

Access External Functional Ontology
i -Functional Description

Annotate with External Functional Ontology
Eu;ine;hsﬂriﬁtinn

External Functio

Regulatory Descripgoﬂ o

Free Functional Keywords:

°
“a,
»
Y

.. free keyword if not appropriate concepts found .. |

L]
L
L4

Comments on Functional Requirements: O

Is annotated with category in APQC| Process Framework
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e
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Cloud Service Selection

Functionality

ﬂ SemanticAnnotationQuestic > +

Inferencing: Cloud Service Selection

Non-functional requirements

Functional

« APQC category that reflect the functional requirement:

« Action that reflect the functional requirement:

+ Object that reflect the functional requirement:

fw Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch

Pavment

« Select your preferred payment plan:

|:| Prepaid Annual Plan
D Try Free First
D Customizable Plan

[ ] monthly Fee

|:| Mone

Performance

« Monthly Availability in %:

Thanks to Emanuele Laurenzi

22



Discussion

m Drawbacks of Semantic Lifting...

W Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch
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Drawbacks of Semantic Lifting

m Separate Environments
¢ Modelling and Metamodelling
¢ Ontology

m Inconsistency

¢ Metamodel and ontology must represent the same
semantics but are maintained independently

¢ Each change in metamodel must be reproduced in the
ontology and vice versa

m Effort

¢ After each change the models must be translated again
Into the ontology instances

Prof. Dr. Knut Hinkelmann
wnut.hinkelmann@fhnw.ch
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Can a machine understand what is in a model?

2 2000 Randy Glasbergen.
www. glasbergen.com

THE COMPUTER NEEDS TO UPGRADE ITS ONTOLOGY
TO BE COMPATIBLE WITH THE NEW MODEL

f’»& Prof. Dr. Knut Hinkelmann
wnut.hinkelmann@fhnw.ch NEMO 2022
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Example: New Model Element

m New task type: Cloud Task

Change in

the meta model:

L1_v1-01 Dy Library - O X
Class hierarchy: & ——
= FUGT [Conepse] ~
Lane
B3 Task (2=
03 __Conversion__ LONGSTRING (Long string) c
@, Aggregated costs DOUBLE (Floating-point number) OB
&, Aggregated execution time TIME (Time) Delete
@, Aggregated personnel costs DOUBLE (Floating-point number)
@, Aggregated resting time TIME (Time) Wiem <
&, Aggregated transport time TIME (Time)
&, Aggregated waiting time Close

03 AnimRep (Metamodel
&, Assignments (Metamo
A AttrRep (Metamnodel)

# Show name
#] SortAtir
4 Status (Metamodel)

TIME (Time)

Task type - Edit facets

Not specified@Servi 1@Business ruls ipt@Call acti:

=]
3
=]
=]
=
=]
3
=]
=]
=]

QT WF_Trans (Metamodel
—J Sub-Process
» Exclusive Gateway
4 Non-exclusive Gateway
& 4% Non-exclusive Gateway (g

Group
Text Annotation

Visibl M
¥ Waiting time (Mﬂam% AttributeHelpText:

Seript:
A Script Task is executed by a business process engine. The modeler or implementer defines
a script in a language that the engine can interpret. When the Task is ready to start, the
engine will execute the script. When the script is compleved, the Task will also be
completed.

Call activity:

A Call Activity identifies a point in the Process where (a global Process = use the class
"Teilprozess™ to reference a Global Process) or a Global Task is used. The Call Activity
acts as a ‘wrapper’ for the invocation of a (glebal Process or) Global Task within the

The activation of a call Activity results in the transfer of contrel to the
Rl Process or) Global Task.

hat is executed by a cloud service|

¥4, Prof. Dr. Knut Hinkel
knut.hinkelmann@fh

oy
WAL (i) b b | b b

mann
nw.ch

Predefined value

Facets

Change in the ontology:

¥ owl:Thing
B 0 Artifact
B @ Association
----- ) BusinessProcess
b @ BusinessProcessEvent
b (0 ConnectingObject
v Flow Object

) ReceiveTask
----- ) ScriptTask
----- ¢ SendTask
) ServiceTask
----- ) UserTask
- Event

B ) Gateway

#-- ) FlowElementContainer
B Swimlane

26



Ontology-based Metamodelling

f’»& Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch
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Ontology-based Metamodelin ol sy 0y,
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Models - W Knowledge
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Ontology-based Metamodeling (1):
Metamodel is represented as an Ontology

meta2-model eta2-model metaZ-mode
layer e.g. GraphRep) (e.g. RDFS)
h
notation
metamodel
layer
model
layer

;,w« Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch
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Ontology

Metamodel
layer

MO deI ‘#Instances |V|Od6|

layer

jO-=2
; |
N L- =
; fe-o-Tmd~ o[-
=
|
| =

Thanks to Emahuele Laurenzi

féfrof. Dr. Knut Hinkelmann
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- Data Store
v Group

) GeneratingCustomerBillingData
" ManagingCustomerRelationship
@ TransmittingBillingData

) Wholeprocess_sendinvoice

----- " Text Annotation

B 0 Association

----- () BusinessProcess
p-- @ BusinessProcessEvent
¥ ConnectingObject

\ & . Association

¢ L. DataAssociation
'.' DataAssociation

) MessageFlow

v . SequenceFlow

v . Flow Object

B EndEvent
b (0 IntermediateEvent
b StartEvent

p-- 1 Gateway

v @ FlowElementContainer

;,w« Prof. Dr. Knut Hinkelmann
knut.hinkelmann@fhnw.ch

- () Sequence Flow With Decision

Metamodel Ontologies
BPMN

¥ owl:Thing

Invoice

ERP

Send Invoice

Archimate

¥ owl:Thing

p-- 0 ADMetaModel

- ArchitectureModel
- ArchitectureViewpoint

-1 EnterpriseObject

v 0 Action
----- @ ApplicationFunction
---- @ Applicationinteraction

) BusinessEvent
) BusinessFunction

() BusinessProcess
----- @) InfrastructureFunction

r-- ) BusinessBehaviourElement

) Businessinteraction

® BusinessRole
. =@ CommunicationPath
B Interface

- Service

¥ InfrastructureElement

) systemSoftware

¥ Relationships

- DynamicRelationships

) OtherRelationships

¥ StructuralRelationships
-~ Access

¢ Aggregation

) Assignment

) Association

) Composition

) Realisation

(0 UsedBy

¥ @ TopLevelElements

b 0 Event
= (0 Location
B Time

31



Ontology-based Metamodeling (2):
Ontologies for Metamodel and Content
meta2-model

i} eta2-model meta2-model
layer e.g. Grathep) (e.g. RDFS)
Notation Metamodel ontology Domain o'?f‘tology

(Abstract Syntax) (Semantics) %_
©)
3
metamodel <
layer o
Q)
7]
®
o
model
layer

f’»& Prof. Dr. Knut Hinkelmann
Wnut hinkelmann@fhnw.ch 32
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Domain Ontologies

Domain Ontology:

APQC Process Classification Framework

v owl:Thing
V- . American Productivity and Quality Center

Enterprise Ontology (excerpt)

F 0 Acquire, Construct, and Manage Assets
v @ owl:Thing »- & Deliver Physical Products
v Action k- (0 Deliver Services
@ Collaborate »( Develop and Manage Business Capabilities
»-- {0 Develop and Manage Human Capital
b (0 Develop and Manage Products and Services
b (0 Develop Vision and Strategy
p-- &) Manage Customer Service
F {0 Manage Enterprise Risk, Compliance, Remediation, and Resiliency
B () Manage External Relationships
\ Ya,, R v {0 Manage Financial Resources
b @ Pricing Model “tea, . ’~,.. F ) Manage fixed-asset project accounting
.".___‘ ActiveStructureElement -..... . L F 0 Manage internal controls
- @ ApplicationComponent a, : : :anage ;:ternaﬂonal fundsiconsolidation
¥ {0 BusinessActor : . i anage taxes
_____ ® LegalEntity ObJeCt Send Invoice "'.. b 0 Manage treasury operations
L 4 :
..... ) OrganisationalUnit Seo, - 0 Perform general accounting and reporting
..... @ Person Yo, = b (0 Perform global trade services

v-- @ BusinessRale h ' Perform planning and management accounting

""" ) BusinessCaollaboration
v BusinessPartner

----- £ Client

----- () Consultant

----- ) Consumer

----- ) Contractor

----- @ ContractPartner
""" ) Customer

""" ) Influencer

----- ) Supplier

L = . Employee

f’w‘ Prof. Dr. Knut Hinkelmann
wnut hinkelmann@fhnw.ch

APQC Class:

.' Pgrfonn revenue accounting

V- Ol

. ..... ' Ao o e - 3 erﬁleﬁ
0 Post receivable entries
-0 Resolve customer billing inquiries
-~ @ Transmit billing data to customers
b () Manage and process adjustmentsideductions
b () Manage and process collections
b ) Process accounts receivable (AR)
B Process customer credit

b 0 ClerkRole -0 Process accounts payable and expense reimbursements
. @ ExpertRole b @ Process payroll
b 0 ManagerRole B {0 Manage Information Technology (IT)

B (0 Market and Sell Products and Services

33



Universita di Camering

1336

Ontology-Based Modeling

« Single environment for modelling and ontology
 Model elements are directly created as instances
in the ontology

Receptionist
Y

}

W

E’,
A

;,w« Prof. Dr. Knut Hinkelmann
vT(nut hinkelmann@fhnw.ch

Class hierarchy: ManualTask EDHMEEX]

% |8+ | X Asserted «

¥ 0 owl:Thing

- () Artifact

- (0 Association

----- @) BusinessProcess

»- () BusinessProcessEvent

= () ConnectingObject

r-- 0 Flow Object

.. . Activity

~ () CallActivity

~ ) SubProcess

- . Task
-~ () BusinessRuleTask
- () ReceiveTask
- @ ScriptTask
- SendTask
= () ServiceTask
w0 UserTask

g 0 Event

p-- 0 Gateway

p-- I FlowElementContainer

v () Swimlane

Individuals (0 = ] ]

ad-w

&

LR T s

ES . "ta,, e, & Cook
? -.--...__. ---.. -___, & Prepare_Food
. Rk LT sunnle T QReoeptnmst

aguunnt® s Trag,
E Frepanin -____..--"‘ "-..._ & Seat_guests
wapun® & Serve_Beverages

& serve_food
& Take order
& waiter

34



Ontology-based Metamodeling (3):
Ontologies for Language, Metamodel and Content

eta2-model meta2-model
e.g. GraphReg (e.g. RDFS)

meta2-model

layer
‘ Palette Metarﬁ‘odel Ontology Doma;r; Ontology
Ontology (Abstract Syntax) (Semantics) g
(Notation) o
A o
metamodel =
layer o
Q
7
®
o
model
layer

7’»& Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch 35
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Palette Ontology

Palette Ontology (excerpt)

L

knut.hinkelmann@fhnw.ch

" Modeling construct

¥ 0 Modeling Container
@ Swimlane

- Lane

- i) Pool

¥-- ) Modeling Element
-0 Artifact

----- O Aspect

- Data_Document
-« ) EnterpriseObject
- Flow Object

v @ Activity

v
b4

4. .¥.w.
e B A

) BusinessRuleTask
@ ManualTask
) ReceiveTask
) ScriptTask
) SendTask
(0 SenviceTask
B UserTask
P @ Event
p- 0 Gateway
----- ) OrganizationalModelElement
----- ) Perspective
..... . Semr}-
B ) Swimlane
® Task
r-- (0 Medeling Relation
() Belongs_To
ConnectingObject
) Association
) DataAssociation
) MessageFlow
- SequenceFlow
FlowElementCaontainer
; OrganizationalModelConnector
B ) Relationships

36
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AOAME

m Models have several
elements, named shape

m Each shape visualizes a
modeling element

m Each modeling element is
related to a meta model
construct

7‘»& Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch

Representing Models in

Palette Ontology (excerpt)

v..

V..

..

Modeling construct

v.

Modeling Container
~ Swimlane

o Lane

Lo Paol
Maodeling Element
-0 Artifact

=0 Aspect

Data_Document
Enterprise0bject
~ Flow Object
v @ Activity
o CallActivity
o SubProcess

h Ta:=k

ROASS ﬁﬂusinessRuleTask
& ManualTask
ReceiveTask
ScripfTask

SendTask

7
o1 Gateway

L ]
L]
L}
[ ]
L]
L]
[ ]
L

owl

¥.

BPMN

‘Thing
Artifact
Association
BusinessProcess
BusinessProcessEvent
ConnectingObject
Flow Object

' Activity

----- CallActivity

b SubProcess

------ BusinessRuleTask
e ManualTask

b ReceiveTask

= ScriptTask

= SendTask

= ServiceTask

e UserTask

: Task

’ ) Event

- (0 EndEvent
B IntermediateEvent
B StartEvent

= Gateway

FlowElementContainer
Swimlane

37



Representing Models in
AOAME

Models have several
elements, named shape

Each shape visualizes a
modeling element

Each modeling element is
related to a meta model
construct

Semantic alignment is built-
in to the environment,
because triples can be
added for each conceptual
element

Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch

ModelOntology

Model

BPEMN
Maodel

maod: modelHasShape

Shape

mod:zhapeVizualizes
Conceptual Element

Conceptual
Element

rdfitype

PaletteOntology

mod:shapelnstantiatesPaletteCons

tract

ModelingLanguage
Ontology

P  bpmn:Task

38



Example Query

«Which task elements are in the model Serve Guests»?

PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX mod: <http://fhnw.ch/modelingEnvironment/ModelOntology#>
PREFIX lo: <http://fhnw.ch/modelingEnvironment/LanguageOntology#>
PREFIX po: <http://fhnw.ch/modelingEnvironment/PaletteOntology#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX bpmn: <http://ikm-group.ch/archiMEO/BPMN#>

SELECT 7?model 7?shape ?task ?1
WHERE {
?model rdfs:label «Serve Guests".
?model mod:modelHasShape ?shape.
?shape mod:shapeVisualisesConceptualElement ?task.
?task rdf:type bpmn:Task
?shape rdfs:label ?1.

Filter the elements for BPMN
Tasks and show the labels

?’“h Prof. Dr. Knut Hinkelmann

Select the elements
(named shapes) in
the model

For the shapes find the
conceptual elements

Wnut.hinkelmann@fhnw.ch
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Link to Domain Knowledge Domain Ontology:

APQC Process Classification Framework

¥ . Manage Financial Resources

P @) Manage fixed-asset project accounting

P @ Manage internal controls

P @) Manage international funds/consolidation

k- () Manage taxes

P ) Manage treasury operations

P @ Perform general accounting and reporting

Model element attributes b @ Perform global trade services

p 0 Perform planning and management accounting
Perform revenue accounting

I0: Task_fbd424d1-c8b3-4be-bfl3-eftieBe622008
Instantigtion Type: Instance

lo:elementlsMapped.. =  Add Relation

@ Resolve customer billing inquiries
P Transmit billing data to customers
Save Close PR oo oo st st ke

Model element attributes

IC: Task_46f24547-4f09-406d-Beaf-dde5adf58c38
Instantiation Type: Instance

Relation Value Actions

elementlzMapfg nhm'E'_E_E_Z_Gmerate_{:ust

lo:elementlsMapped.. = Add Relation

Save Close

)’“‘Prof. Dr. Knut Hinkelmann

knut.hinkelmann@fhnw.ch 40



Link to Domain Ontology — Menu Ontology

Class hierarchy:

pr . o

v-- @) owl:Thing
Model element attributes @ menu Individuals: DailyMenu
v 0 meal -
I0: Task_46f445d7-4f00-4064-Baaf-dde Tadf58e38 - (0 desert "' ﬁ
Instantiation Type: Instance T main
loelementlsMappedWithDOConcept : : DailyMenu

& oOliveAscolane
lozelementHasBridgingConcept ’ Pannacotta

& PizzaMargerita
dsmldptm:ICFStandardisiMappedWith... 0 SpaghettiAglioAOlio

’ SpaghettiCarbonara
& Tagliata

’ Tiramisu

& zabaglione

Model element attributes

1D Task_45f44547-4f09-406d-8eaf-ddeSadf 38033
Instantiation Type: Instance

Relation Actions

elementisMappedWithDt DailyMenu (menu) | Remaove

lo:elementlsMapped.. =  Add Relation

Save Close

f‘frof. Dr. Knut Hinkelmann
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Agile Modelling

;,w« Prof. Dr. Knut Hinkelmann
v}nut.hinkelmann@fhnw.ch

member of
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Objective

Adapt modeling languages and ensure
a precise shared interpretation of new

modeling constructs to both humans
and machines

rof. Dr. Knut Hinkelman
W ut.hinkelman @fhwh
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Metamodelling

\expertise barrier

@ Modelling .

Create
Roles
<Abstract Syntax> <Notation>
=
q0]
— 2
0
Metamodel i 8
Developer i =
| Health Insurance I F__B
=3
)
=3
=
w

DenIey;
Validate

Modeler

m Challenge 1. Metamodeling is a joint effort between metamodel experts
and domain experts

m Challenge 2: Sequentialization of metamodeling and modeling is time
consuming

f’»& Prof. Dr. Knut Hinkelmann Thanks to Emanuele Laurenzi
Wnut.hinkelmann@fhnw.ch 44



Integration Modeling and Metamodeling in a Single
Environment

m Tight collaboration between metamodel developer and modeler
m Modeler can also take the role of metamodel developer

Activity

= Meta-

Task Subprocess

Metamodel
Engineer é Cloud Task

modeling

Engineering
&

| Evaluation
Modeler ‘L (Hj»@j -0 Modeling

rof. Dr. Knut Hinkelmann (Laurenzi et al. 2018)
45
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Agile and Ontology-Aided Modeling Environment

(AOAME) A @
g £

4 Ontology-based Models )
Models + (human- and machine-interpretable )
Knowledge
Reality
7’»& Prof. Dr. Knut Hinkelmann (LaurenZi etal. 201 8)
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AOAME:
Agile and Ontology-Aided Modeling Environment

m AOAME is a a prototypical implementation for Agile and
Ontology-Aided Modeling

m It is based on the PhD Thesis of Emanuele Laurenzi

m Implementation of the current version by
¢ Emanuele Laurenzi
¢ Charuta Pande
¢ Devid Montecchiari
¢ Egemen Kaba

Prof. Dr. Knut Hinkelmann
wnut.hinkelmann@fhnw.ch
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Ontology-Based Modeling in AOAME

Model Editor

EFMM 2.0

Process Modeling View =

Activities

I a
Scrpt Task
. /|

ate a!

| | rdfs:subClassOf

Service Task
-
Send Message Task

= » Serve (=]
[P ™ Receive Meszage Task —— | guests |— = Take

48



Wil
Universitd d Camerino

1336

Model elements are directly created as instances in the ontology

Ontology-Based Modelling

Modelling and ontology in a single environment

BPMN 2.0 b

Process Modeling View

Activities

5

Subprocess

Task

E

= D

Events

f’»& Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch

m------ o------- [ =]

Serve
—— | guests |—— | Take i
B------ L= DEEEEEE ul

Class hierarchy: ManualTask FZIHEME

% & X Asserted =
¥ owl:Thing

= (0 Artifact

- Association

- BusinessProcess

b @) BusinessProcessEvent

B ) ConnectingObject

¥ Flow Object

v . Activity

(0 CallActivity

-~ SubProcess

v (0 Task

----- ) BusinessRuleTask

»
>

----- ) ReceiveTask

) ScriptTask
) SendTask
) ServiceTask
() UserTask

- @ Event

b ) Gateway

#-- () FlowElementContainer
v Swimlane

..... O Lane

Individuals: Take_order

¢ X

& Prepare_food
& serve_guests
& start
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Modeling Elements are represented in a Class Hierarchy

0=:

| SAP Scenes Elemenis E
=N f[—'Jffb WWH‘M’ ‘ rdfs:subClassOf
«» [ @
P~ Ry g
i“r [
| O -
» 'g . - i}
e ' £l rdfs:subClassOf
_ > m [T
. SAP Scenes Relations § Fidee B
o o AEEl 3] sive
L]
T
;,w« Prof. Dr. Knut Hinkelmann .
v}nut.hinkelmann@fhnw.ch
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Extending AOAME Modeling Languages — on the fly

Palette Model Editor

EPIIN 2.0 Current arrow configuration

-

Process Modeling View Invoicing Instance '

GoJS 1.8 evaluation
(c) 1888-2018 Northwoods Software
gr distribution or production use

o— &

Connectors

f’»& Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch



Integration of Meta-modeling and Modeling:
On-the-fly Modeling Language Adaptation

BPMN 2.0
Process Modeling View ~

Activities

Name of the

parent class Name for the new

modeling construct

Extend Task

w lodelling Element Integrate with Existing Elements

Se Service
-
1] Send Message Task
Parent Element

Receive Message Task
Task Prefix * ~ Child Element *

=1
[Erartq Receive Message Task

Category
O Palette root elementActivilies

IPaIet‘.e Image * v Canvas Image * - I

Cangtl Create New Modeling Element

Graphical notation to be Create New Modeling construct
shown in palette and canvas and store in the ontology

f’»& Prof. Dr. Knut Hinkelmann
wnut.hinkelmann@fhnw.ch

(Laurenzi et al. 2018)
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Integration of Meta-modeling and Modeling:
On-the-fly Modeling Language Adaptation

Ontology-
based palette

Ontology-
based

Name of the
metamodel

parent class A

Name for the new
modeling construct

Extend Task

New Modelling/ Element

| Extend Task
Edit Task
Hide

Show Instances

O

S —

Creat7/ new sub-class of Task

L g

Prefix * v Child Element

Gateways

[ Palette root element

Groups
~

.

IP(‘: ette Image * v Canvas Image * v I

Swimlanes

I

Cangtl Create New Modeling Element

Connectors

>

L3

7’»& Prof. Dr. Knut Hinkelmann

Create New Modeling construct

Graphical notation to b
raphical notation to bée and store in the ontology

shown in palette and canvas

Wnut.hinkelmann@fhnw.ch

Thanks to Emanuele Laurenzi



Semantic Alignment in AOCAME

m With Semantic Mapping modeling elements can be connected
to domain ontology

Edit

CloudTask

Edit CloudTask

CloudTask

Relations for CloudTask

Create New Relation

~ From Arrow

Create new ObjectProperty

7’»& Prof. Dr. Knut Hinkelmann
Wnut.hinkelmann@fhnw.ch

paymentplan

bpaas:PaymentPlan

Create New Domain Element

Create Relation



	Ontology-based Modeling
	Human Problem Solving
	Slide Number 3
	Graphical Models represented in a Database
	Slide Number 5
	Can a machine understand what is in a model?�
	Knowledge in Models
	Dimensions of a Knowledge Space
	Dimensions of the Knowledge Space
	Knowledge Representation of Content: Linguistic View vs. Domain View
	Content: Instantiation of Meta model + Application knowledge
	Semantic Lifting
	Semantic Lifting – A Definition
	Semantic Lifting: Map Models into an Ontology�
	Semantic Lifting: Representing Content as Ontology
	Semantic Lifting: Map Models into an Ontology
	Example: Business Process as a Service�
	Example: Business Process as a Service�
	Example: Extend BPMN Element with Business Requirements
	Transformation and Mapping
	Semantic Annotation: Specifying Functionality
	Inferencing: Cloud Service Selection
	Discussion
	Drawbacks of Semantic Lifting
	Can a machine understand what is in a model?�
	Example: New Model Element
	Ontology-based Metamodelling
	Ontology-based Metamodeling�
	Ontology-based Metamodeling (1): �Metamodel is represented as an Ontology
	Slide Number 30
	Metamodel Ontologies
	Ontology-based Metamodeling (2): �Ontologies for Metamodel and Content
	Domain Ontologies
	Ontology-Based Modeling
	Ontology-based Metamodeling (3): �Ontologies for Language, Metamodel and Content
	Palette Ontology
	Representing Models in�AOAME
	Representing Models in�AOAME
	Example Query
	Link to Domain Knowledge
	Link to Domain Ontology – Menu Ontology
	Agile Modelling 
	Objective
	Challenge: Separation of metamodelling and modelling 
	Integration Modeling and Metamodeling in a Single Environment
	Agile and Ontology-Aided Modeling Environment (AOAME)
	AOAME: �Agile and Ontology-Aided Modeling Environment
	Ontology-Based Modeling in AOAME
	Ontology-Based Modelling
	Modeling Elements are represented in a Class Hierarchy
	Extending AOAME Modeling Languages – on the fly
	Integration of Meta-modeling and Modeling:�On-the-fly Modeling Language Adaptation
	Integration of Meta-modeling and Modeling:�On-the-fly Modeling Language Adaptation
	Semantic Alignment in AOAME

