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Why Modeling

m If the object you want to create or change is
simple, then you can do it directly.

m For complex systems that are likely to
change over time, you need a model.

m Without explicit modeling there is a high risk
that the implementation is not what is
intended

(John Zachmann, 2012)
>
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Business Process Management

m Process Design
m Process Optimization

m Process Digitalization

Maintain customer/ il Transmit billing F’rocess order
—- —- —- —- —- —-
[Product master ﬁles] [Generate billing data] [ data to customer ] ’ . -

Order payment Order
received received processed
Due data Order
passed cancelled

o~

VProf. Dr. Knut Hinkelmann



n w University of Applied Sciences and Arts Northwestern Switzerland
School of Business

Enterprise Architecture
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Address

CRM

Customer

Customer Orders

{

ERP

Customer Order

Qustomar Data IntagratioD érder Data IntograﬁoD
AN JAN

Master Dala Management

Data (A
Integration

Customer Data

Customer Order
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Graphical Models are appropriate for Humans

Knowled
Communication/ . s
Analysis/
Decision Making @
Models
Reality

o~

VProf. Dr. Knut Hinkelmann



Models

m Models are not mere pictures; rather, they

¢ provide a precise, meaningful description that can be
visualized in different ways for different stakeholders;

¢ can also be used to analyze the impact of changes, cost,
risk, security, compliance and other relevant KPIs.

http://blog.bizzdesign.com/how-to-not-fail-when-implementing-strategy
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Models should allow automated analysis,
decision making and digitalization
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Graphical Models are Represented in a Database

. Knowledge apPI/cat/on@ gfkq
¢ 8 Ady

) @

machine processable

human interpretable
. r:"%ﬁ[,—o

Models —@ro-

Reality
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Modelling Environment

meta2-model
layer

classes

metamodel
layer

model
layer
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Metamodel: Semantics and Syntax of a Modeling

Language

m The Semantics of a model language is defined by

¢ Classes of elements and relations

¢ Class hierarchy
¢ Attributes of the elements

m The Syntax is defined by notation:
¢ Adoxx: attribute GraphRep

=

abstract specification

concrete specification

VProf. Dr. Knut Hinkelmann
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Class Hierarchies

m ADOxx distinguishes

¢ Classes

¢ Relation classes

BPMMZ20_ADG: UL1_v1-01 Dynamic Library - Edit class hierarchy

Class hierarchy:

I Classes

£ {7 Relation classes
== Value flow
= Has process

=+ Owns
has Note
* Sequence Flow
Association
= Message Flow

EEEEEEEE

o~

_ Process_Consultant_modelElement_ --> _ Process_Consultant_mot
Process --» Process

=+ has SubdocumentDocument --> Document

_ D-construct_ --> Performance indicator

_ D-construct__ --=> Mote

__D_variable_assignment_object__ --> _D_variable_assignment_chbjed
_ D-construct__ --> _ D-construct__

_ D-construct__ --» _ D-construct__

Data Association _ D-construct_ --= _ D-construct__
4 = Conversation Link__D-construct__ --> _ D-construct_

New -
Edit...
Copy...
Delete
View =
Close

Help

BPMM20_AD 3ULT_w1-01 Dynamic Library - Edit class hierarchy

Class hierarchy:

=) Classes

X _ ModelTypeMetaData__
X _ LibraryMetaData__

X _ Process_Consultant_modelElement__
Event

actor

Trigger

Process start
Subprocess

Activity

Decision

Parallelity

Merging

X End

@ Variable

& Random generator

2

=

oMM MM KM

= Process
* Performance indicator overview
@ Performance indicator
Document
MNote
X BP agent
¥ Artifact
_Additional Elements__
X _Pool_
_ Aggregation
|| Swirnlane (horizontal)
~ Swimlane (vertical)
@l External partner
' Performance
Start Event
| Message
() End Event
 Intermediate Event (sequence flow)
7 Intermediate Event (boundary)
*Pool
— Pool (collapsed)
Lane
1 Task
—J Sub-Process
» Exclusive Gateway
4 Non-exclusive Gateway
< Non-exclusive Gateway (converging)
Group
Text Annotation
Relation Node
+ | Data Object
— Discretionary Task
[ Relation classes

HEFERHEERRHEEBERHEBEAEHEBEEHBEHEBEBEHBBE

HFEEBHEEHRBEEBR

MNew ~
Edit...
Copy...
Delete
View -
Close

Help
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Afttributes

m Kinds of Attributes
¢ Properties of Models
¢ Graphical Representation
¢ References

o~

BPMM20_ADO:

Class hierarchy:

3UL1_w1-01 Dynamic Library - Edit class hierarchy

B sl

#] _ Conversion__

%, Aggregated costs

#, Aggregated execution time
¥, Aggregated personnel costs
¥, Aggregated resting time
¥, Aggregated transport time
%, Aggregated waiting time
QEAnimRep (Metamuodel)

#,. Assignments (Metamodel]
A AttrRep (Metarnodel)

# Auditing

LOMNGSTRING (Long string)
DQUBLE (Floating-point number)
TIME (Time)

DOUEBLE (Floating-point number)
TIME (Time)

TIME (Time)

TIME (Time)

STRING (Short string)

RECORD (Record table)
LONGSTRING (Leng string)
EMUMERATION (Enumeration)

#, Average number of participants (Metamodel)INTEGER (Integer)

¥, Beschreibung

¥, Bezeichnung

& Call activity

& Cardinality

#, Categories (Metamodel)

& Class cardinality (Metamodel)
&} ClassAbstract

¥, Classification

03 ClassMame

@] ClassVisible

% Collection

%, Comment

# Completion condition

4, Continuous execution (Metamodel)
#,. Cooperation mode (Metamodel]
#,. Cooperative (Metamodel)

4, Costs

%, Description

#, Display responsible role

%, Documentation (Metamodel)
03 Doku

¥ DokuSim

%, Done by (Metamodel]

4, EDP batch costs

4, EDP transaction costs

#,. Bxecution interruptable (Metamodel)
4, Execution time (Metamodel)

4, External documentation

%, External tool coupling (Metamaodel)
%, fontcolor (Metamodel)

# For compensation

# Global task

G GraphRep (Metamodel)

#] HipTxt (Metamodel)

* Id

¥, Info on results

STRING (Short string)

STRING (Short string)

INTERREF (Inter-model reference)
STRING (Short string)

STRING (Short string)

STRING (Short string)

INTEGER (Integer)
EMUMERATIONLIST (Enumeration list)
STRING (Short string)

INTEGER (Integer)
EMUMERATION (Enurneration)
STRING (Short string)

STRING (Short string)
EMUMERATION (Enumeration)
EMUMERATION (Enumeration)
EMUMERATION (Enumeration)
DQUBLE (Floating-point number)
STRING (Short string)
EMUMERATION (Enurneration)
STRING (Short string)

STRING (Short string)

STRING (Short string)

STRIMG (Short string)

DOUBLE (Floating-point number)
DOUBLE (Floating-point number)
EMUMERATION (Enumeration)
TIME (Time)

PROGRAMCALL (Pragram call)
STRING (Short string)
EXPRESSIOM (Expression)
EMUMERATION (Enumeration)
EMUMERATION (Enumeration)
LOMNGSTRING (Leng string)
STRING (Short string)
EXPRESSIOM (Expression)

STRING (Short string)

Edit...

Copy..
Delete
View =
Close

Help
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Notation

GraphRep: A script language for the graphical representation

Task - GraphRep

Text:

SHADOW off
LVAL tasktype:

LVAL oF:
AVAL i:
AVAL set-default:"@" ext:

AVAL looplype:
AVAL comp:
AVAL isSequ:

GRAPHREP sizing:asymmetrical smart-symbol-size

"Task type"

"Open dquestions™
"Qrder"
"External documentation”

"Loop type™
"For compensation™
"Sequential execution™

Apply

Paint
Cancel

Help

LVRL desc: "Description™
AVAL set-default:™" sName_de: "Name™
AVAL sRepName: "Show nams"
AVAL bInstanciating: "Instantiate”
3ET h:0
SET reihenfolge_ypos:lcm
TARTF rrwasl rnlars] we_l dem we—il T8rm we? Aem hel Sem wl=100% h1+100%
£
View:
£
7553 Character

o~
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Appearance of Classes in the Modelling Toolkit

;ﬂ Model Edit View Processtools Extras Window Help

EEEEFEIRXTEE TS

[ % & 11 @ Modeling | | & 5 E G T &
Explorer - Model groups |‘z‘| m

R H0e | E=iE] @

£ ) Inprocess Business process diagram (BH

£l 5 Models
Business process diagram (BPMM 2.0) - new

b ]
o
=
G
@
=
o
—

>
O—-' Send invoice

Classes

Relations classes

o~

Send invoice (Task)

i

ame:

Send invoice)

Show name

@ center
() below

Task type:

| Mot specified

Global task

Description: *

Attributes

Comment:

Open guestions:

Description
Object properties

Documents
m

Times/Costs
Simulation settings

Simulation results

=100%

VProf. Dr. Knut Hinkelmann
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Change of Metamodel
m Example: new task type Cloud Task ‘Q ‘

Meta-
',\E/Iet?mc’del modeling
ngineer
Feedback
Amendments
Improvement
Modeling

Modeler

’Prof. Dr. Knut Hinkelmann 15
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The AMME LifeCycle
Agile Modeling Method Engineering

Concepts and
semantics Development Deployment
Formal P ploy
4 SR descriptions environments environment
g Domain specific
knowledge Modeling method
E g Metamodel Formal deﬁm’tiogr Acceptance
Requirements management C— compiler evaluation protocol
[=]
1 . :
=g % Create Formalize Develop Deploy/ Validate
g’.-& £
g 2% V
S - :
= e(:f;?ugﬁc; iﬂ o ntra-iteration ntra-iteration Intra-iteration
(for method evaluation evaluation evaluation
onsistency)
Inter-iteration evaluation
for method evolution)

= (Karagiannis 2015)

VProf. Dr. Knut Hinkelmann 16
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Knowledge in Models

=

VProf. Dr. Knut Hinkelmann
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Interpretation of Models

WHAT ARE THE
GREEN, BLUE AND
YELLOW THINGS?
SERVERS?
APPLICATIONS?
OMPONENTS?

Architecture Overeiew

geok & poke

Architecture Overview

=

VProf. Dr. Knut Hinkelmann
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Dimensions of a Knowledge Space

-

Interpretation

Focus on
Machine Interpretation:
Knowledge Engineering

Focus on
Human Interpretation:
Knowledge Management

Karagiannis, D., & Woitsch, R. (2010). Knowledge Engineering in Business Process Management.

In Handbook on Business Process Management 2 (pp. 463—485). Springer.

rof. Dr. Knut Hinkelmann
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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 the model elements

decide credit O

contact Risk low?
signed

o~

Use: Stakeholders and their
concerns determine the relevant
subset of the knowledge

Form: Syntax and semantic of
modeling language elements.

Content. Domain in which
knowledge engineering is applied,
Is represented in the labels

Interpretation: Giving meaning to
a model:

¢ Graphical models are cognitively
adequate for human

¢ Machines need more formal
representation

VProf. Dr. Knut Hinkelmann
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Making the Knowledge in Models explicit

m Humans «know» the meaning of the modeling objects.
¢ Elements of the model language
¢ Labels represent domain knowledge

m Examples:

+Model element: Application Compontent
=RP +Domain: «<ERP System» is business software

r | eModel element: Task
e +Domain: «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

VProf. Dr. Knut Hinkelmann 21



n w University of Applied Sciences and Arts Northwestern Switzerland
School of Business

Semantic Lifting

o~

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

. Knowledge

reasoning

@ application
@ rj Knowledge
a ) 4 )

Knowledge base )
(machine interpretable)

graphical models data models

(human interpretable) (machine processable)
Models | g o =@
_a,i_.___/—o.:[
Ao

b
0-4_J" I:‘jﬂfu‘ i.

Reality

o~
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Semantic Lifting: Map Models into an Ontology

Modelling Environment
meta2-model (" Definition of syntax and (type) semantics )

layer - ]
/\

metamodel
layer

model
layer

;r““ <« ---» ontological metamodelling (lifting): explication of type semantics

Ontology

Semantics definition:
commonly accepted
ontology

VProf. Dr. Knut Hinkelmann
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Semantic Lifting

m Map models into an ontology

¢ Semantics: Classes of the metamodel are aligned with
classes in the ontology

¢ Interpretation: For each element in a model an instance of
the ontology is created

¢ Content: Model elements are annotated with domain
knowledge from ontology

¢ Inference of the ontology can be applied to the knowledge
base

VProf. Dr. Knut Hinkelmann 25
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Example: Business Process as a Service

human interpretation
informal and semi-formal

Meta model

semantic

alignment

semantic
Models : annotations

e e ~-0-9 +0

Order paymer
recanied received

= Workflow A transformation

. P

and mapping

-~

machine interpretation
formal

Classes/Rules

Smart
Business and
IT in the Cloud
Alignment

From: CoudSocket Project

VProf. Dr. Knut Hinkelmann

26



nw

School of Business

University of Applied Sciences and Arts Northwestern Switzerland

Example: Business Process as a Service

human interpretation
informal and semi-formal

Meta model

~ Maintain custor
prodiuct i
ord

recanied

o

. P

-~

The semantics of
the meta-model
elements is
defined in the
BPaaS Ontology

machine interpretation
formal

semantic

alignment

Smart
Business and

IT in the Cloud
Alignment

transformation
and mapping

From: CoudSocket Project

y Prof. Dr. Knut Hinkelmann

27



“ w University of Applied Sciences and Arts Northwestern Switzerland
School of Business

Semantic Alignment
The ontology contains classes for all modelling elements

BPMN Ontology

-0 owl.Thing
BPMMN20 ex 13 v1-01 Dynamic Library - Edit clas ) v ! Artifact

BPMN Modelling Language in ADOxx

o~

Data Object

Class hielard'l{: _ V4 New + Data Input
I |SW?I’TI|EFIE (hori.zontal) A : Data Output
— Swimlane (vertical) Edit... Data Store
#l External partner
Performance Copy Group
Start Event Text Annotation
IMessage | IEEE B Association
ge ..
O End Event LS - BusinessProcess
Intermediate Event (;equsﬂaﬁ@w} L BusinessProcessEvent
rteimediate Event (boundary) L4 V'3 . . Close E EndEvent
= ;
o (collapsedt) ‘e, IntermediateEvent
= Help
Lane * . > Starl.Event.
o Task * . " ConnectingObject
oi'_!olv.s.;rh_ LONGSTRING (L ®hg string) Association
Tugy . L
¥, Aggregated costs Tang, DOUBLE (Floating-poinfhgmber) DataAssociation
4, Aggregated execution time a HI‘EE—\W% L. ] ... Messageflow
#, Aggregated personnel costs DOUBLE (F\uatmg-’uﬂtlumhrh :‘ SequenceFlow
¥, Aggregated resting time TIME (Time) v Flow Object
¥ Aggregated transport time TIME (Time) v O Activi
#, Aggregated waiting time TIME (Time) ctivity .
] AnimRep (Metamodel) STRING (Short string) CallActivity
¥ Assignments (Metamadel) RECORD (Record table) 3 SubProcess
A AttrRep (Metamodel) LONGSTRING (Long string) L} ’ Task
# Auditing ENUMERATION (Enurneration) : BusinessRuleTask
&, Averaga. number of participants (Metamodel)INTEGER (Integar]. ManualTask
&, Eesc.hrelhung STRING (Short str!ng] ReceiveTask
4 Bezeichnung STRING (Short string) L 4 .. ScriptTask
# Call activity INTERREF (Inter-model reference) L4 S P
@ Cardinality STRING (Short string) '.. SendTask
#|, Categories (Metamodel) STRING (Shart string) v, ServiceTask
¥ Class cardinality (Metamodel) STRING (Shert string) .O. UserTask
] ClassAbstract INTEGER (Integer) % . v Event
Qi Classification ENUMERA'HONLI.ST(Enumerat\nn lit L 4 .. EndEvent
p P STRING Ghor g .? IntermediateEvent
assVisible nteger
# Collection EMUMERATIOM (Enumeration) Startevent
@, Comment STRING (Short string) Gateway
4 Completion condition STRING (Shart string) v ExclusiveGateway
< - D TrTTTeT T S InclusiveGateway

ParallelGatewav

Prof. Dr. Knut Hinkelmann
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Transformation and Mapping
The model elements are exported as instances ontology classes

Flow Object
@ Activity
E © callActivity
= ' YsubProcess|
[=1]
f,, —®=  Confirmorder —P@ — Processolcll
s |4 _ ~
£ ] Order amived N N b I Gateway
% N \\ ) FlowElementContainer
g N~ \\ b 0 Swimlane
& S S
% Ny Direct instances: Process_order
3] ® X
8 For: @ SubProcess
5
g~ S
m ~ ~ ~
~ ~
~ So
~ \
I ~
~ ~ - NS ~
~ NS
~ ~ N ~
S SoOSS
~ ~
~ N ~
~ N ~
~
~ S ~
So LN So
~. \\ ~\
V-0 Swimlane . ~
® “\\ AN
& Pool S \\
~
Direct instances: Back_Office S ~ \\
~
& X S
~ ~
For: @& Lane So
~
Back_Office S
~ ~ -
~

4
py
1wy

Prof. Dr. Knut Hinkelmann

BPMN Ontology

¥ owl:Thing

@ Data Output
) Data Store
Group
) Text Annotation
b 00 Association
@ BusinessProcess
- () BusinessProcessEvent
- EndEvent
- IntermediateEvent
b 0 StartEvent
ConnectingObject
@ Association
DataAssociation
MessageFlow
- SequenceFlow
- 0 Flow Object

% O Activity

N CallActivity

; SubProcess
v Task
() BusinessRuleTask
@ ManualTask
) ReceiveTask
@ ScriptTask

SN
< ) sendTask
SO ServiceTask
) UserTask
¥ () Event

- () EndEvent

- IntermediateEvent

b ) StartEvent

r- (0 Gateway

) ExclusiveGateway
\ @ InclusiveGateway

- () ParallelGateway
- ) FlowElementContainer

29
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Semantic Annotations Domain Ontology:

APQC Process Classification Framework

; . ¥ 0 owl:Thing

Annotate modeling elements with classes ¥ @ American Productivity and Quality Center

. - Acguire, Construct, and Manage Assets
from the domain ontology - @ Deliver Physical Products
- Deliver Services
- Develop and Manage Business Capabilities
-0 Develop and Manage Human Capital
-0 Develop and Manage Products and Services
-0 Develop Vision and Strategy
-0 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
- . Perfonn revenue accountlnu

Example: Functionality of a Service

Online Billing (Activity Specification] O

e
v

General Functicnality:
‘Send

Service Requirement

Eunctional Description

Annotation of Functional Requirement

Functional Description:

Input Description

Output Description

Access External Functional Ontology

HNen-Functional Description

Annotate with External Functional Ontology
Bﬁs.‘lss.Description

External Functio Regulatory Des:riﬂtlrh

L ]
L]
L]
L]
L]
L ]
L ]
L ]
L ]
{ 2
L ]
4

Free Functional Keywords:

N
L]
L}

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

Comments on Functional Requirements: O

- (0 Post receivable entries
- Resolve customer billing inquiries
¢ i {0 Transmit billing data to customers
»-- () Manage and process adjustmentsideductions
»-- () Manage and process collections
- @ Process accounts receivable (AR)
B (0 Process customer credit
»- () Process accounts payable and expense reimbursements
. 1 Process payroll
b () Manage Information Technology (IT)
B (0 Market and Sell Products and Services

Is annotated with category in APQC|Process Framework

g b g

vProf. Dr. Knut Hinkelmann
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Application Example for Semantic Lifting

Cloud Service Selection

Functionality

ﬂ SemanticAnnotationQuestic  x -+

Non-functional requirements

Functional

» APQC category that reflect the functional requirement:

« Action that reflect the functional requirement:

+ Object that reflect the functional requirement:

o~

Pavment

+ Select your preferred payment plan:

|:| Prepaid Annual Plan

|:| Try Free First

|:| Customizable Plan
[ ] Montnly Fee

D None

Performance

o Monthly Availability in %:

VProf. Dr. Knut Hinkelmann
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Drawbacks of Semantic Lifting

m Separate Environments for
¢ Modelling
¢ Knowledge Base (Inferencing)

m Inconsistency: Both metamodel and ontology must be aligned
but are maintained independently:

¢ Metamodel and ontology must represent the same
semantics

¢ 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

VProf. Dr. Knut Hinkelmann 32
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Example: New Model Element

m New task type: Cloud Task

Change in the meta model: Change in the ontology:

BPMN20_ADOxx13UL1_v1-01 Dynamic Library - Edit class hierarchy O % - . owl Thing
B @ Artifact

Closs hierarchy: a o o
—FooT ConepEeaT . : Lo

Lane i B 0 Association

-3 Task e .
] _Conversion_ LONGSTRING (Long string) Come | . BusinessProcess
&, Aggregated costs DOUBLE (Floating-point number) .
@, Aggregated execution time TIME (Time) Delete P- . EUSIHESSPrUCESSEVEHt
#, Aggregated personnel costs DOUBLE (Floating-paint number) . . :
@, Aggregated resting time TIME (Time) Wizr < P- . {:0" “em'"ﬂﬂhm
@, Aggregated transport time TIME (Time) w.. . Flow 'Dhj&[:’l
&, Aggregated waiting time

TIME (Time)
@] AnimRep (Metamodel =
&, Assignments (Metamo
A AttrRep (Metamodel)

Task type - Edit facets

Not specified@Serv: 1@Business rule@Script@Call acti: Predefined value

4 Show name Eacets

# SortAttr

=}
=
=
=
=
=}
# Status (Metamodel} :
=
3

7 VisibleAtirs (M. A
Waiting time (Metamdg® AttibuterielpText O A ScriptTask
g
H
WF_Trans (Metamodel Script: 6
A ( i) (A Script Task is executed by 2 business process engine. The modeler or implementer dezines | | SN 000000 BB e . SendTask
) Sub-Process i) |2 script in a language that the engine can intezprec. When the Task is Teady to start, the
» Exclusive Gateway engine will execute the script. When the script is completed, the Task will also be -
: ° | comprccea. ServiceTask
& Non-exclusive Gateway I
4+ Non-exclusive Gateway (dj j €all activivy: /o e e R . USEFT&EH
Group I (A Cell Activicy idencifies a point in the Frocess where (a global Process = use the class
N "Teilprozess™ te reference a Global Process) or a Global Task is used. The Call Activity
Text Annotation j acts as a ‘wrapper' for the invocation of a (global Process or) Global Task within the P . Em"t
S Dateiee tieds = The activation of a call Activity results in the tramsfer of contzol to the :
called (g gl Process or) Global Task. .
E c1 3 P Gateway
= oud: .
i
N occivigffoe is exsesses by o closa sesvicd . b (0 FlowElementContainer
- i .
= B0 Swimlane
=]

o~

Prof. Dr. Knut Hinkelmann
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Ontology-based Metamodelling

VProf. Dr. Knut Hinkelmann
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Ontology-based Metamodeling

. Knowledge

Models

Reality

o~

and Arts Northwestern Switzerland

<

graphical models

4 )

(human interpretable)

N

<

[

(machine interpretable)

Knowledge base

\

Knowledge

vProf. Dr. Knut Hinkelmann
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Ontology-based Metamodeling (1):
Metamodel is represented as an Ontology

meta2-model eta2-model metaZ-mode
layer 2.g. GraphRep) (e.g. RDFS)
h
notation
metamodel
layer
model
layer

o~

VProf. Dr. Knut Hinkelmann

36



University of Applied Sciences and Arts Northwestern Switzerland
School of Business

nw

Archimate

¥ owl:Thing
B 0 ADMetaModel

Modelling Language Ontologies

BPMN

----- @ ArchitectureModel
""" @ ArchitectureViewpaoint

¥ owlThing ¥ {0 EnterpriseObject
. v Action
----- 0 ApplicationFunction
2 S N A ) Applicationinteraction
".. r- () BusinessBehaviourElement
- Data Store ‘e, { BusinessEvent
¥ Group Yo, ¢ BusinessFunction
@ GeneratingCustomerBillingData .'t S ) Businessinteraction
) ManagingCustomerRelationship Te e, “ () BusinessProcess
) TransmittingBillingData A e A A B 0 InfrastructureFunction
L () Wholeprocess_sendinvoice
.o Text Annotation Invaice ERP  |*===s=s.
----- ) BusinessProcess
B @ BusinessProcessEvent
¥ (0 ConnectingObject
\ & . Association
L. DataAssociation p-- 0 PassiveStructureElement
. DataAssociation b @ Service
) MessageFlow v @ InfrastructureElement
v . SequenceFlow
- Sequence Flow With Decision r .
1.-...... Flow Object “," Send invoice
i es® ~- (0 System Software
** v Relationships

B EndEvent
b (0 IntermediateEvent
. b StartEvent

B 0 Gateway

v @ FlowElementContainer

o~

- DynamicRelationships

) OtherRelationships

- StructuralRelationships
o . Access

) Aggregation

" Assignment

) Association

@ Composition

) Realisation

() UsedBy

¥ (0 TopLevelElements

F O Event

> @ Time
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Ontology-based Metamodeling (2):
Ontologies for Metamodel and Content

. e moddl meta2-model
oo [Rere] B SRR
; Language;ntology Domain o;itology

(Abstract Syntax) (Semantics)

(@)
>
=
=
()
metamodel | @ ( ) ---+-——o___| i 8
layer o
Q
»
@
o
model
layer

I (Laurenzi et al. 2018)
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nuw :
Domain Ontologies

Enterprise Ontology (excerpt)

w0 awl:Thing
¥ 0 Action
- Collaborate

|- @ Pricing Model

Domain Ontology:
APQC Process Classification Framework

v

¥ 0 ActiveStructureElement
B 0 ApplicationComponent
¥ 0 BusinessActor

----- ) LegalEntity

---- {0 OrganisationalUnit

Send invoice

s

----- ) Person

¥ 0 BusinessRole

""" ' BusinessCollaboration
v () BusinessPartner

----- ' Client

----- () Consultant

----- ) Consumer

----- ) Contractor

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

""" ) Influencer

----- ) Supplier

¥ Employee

b @ ClerkRole

- () ExpertRole

b ManagerRole

o~

e

APQC Clas

@ owl:Thing
V- . American Productivity and Quality Center
- Acquire, Construct, and Manage Assets
- ) Deliver Physical Products
-1 Deliver Services
- Develop and Manage Business Capabilities
-0 Develop and Manage Human Capital
-1 Develop and Manage Products and Services
-0 Develop Vision and Strategy
-0 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
-0 Manage taxes
- Manage treasury operations
- Perform general accounting and reporting
-0 Perform global trade services
- Perform planning and management accounting
+0 Perform revenue accounting

S,

=1 Generate customer billing Jpta

peIlCt master files
) Post receivable entries
- Resolve customer billing inquiries

-~ @ Transmit billing data to customers

k- () Manage and process adjustmentsideductions

b () Manage and process collections

- () Process accounts receivable (AR)

B Process customer credit

B Process accounts payable and expense reimbursements

B Process payroll

Manage Information Technology {IT)

Market and Sell Products and Services

1

‘S
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Ontology-Based Modeling

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

Receptionist
'
7}
£
B
L
L
L]
L ]
L
L
L

Serve Guests

—
i
’
'
—®
'
i
'
Q.

|
g

o~

Class hierarchy: ManualTask FEDEMEE

% | 8| | IR Asserted «

v . owl:Thing
- Artifact
-0 Association
@ BusinessProcess
b {0 BusinessProcessEvent
k- ConnectingObject
v Flow Object
v O Activity
@ callActivity
= SubProcess
¥ Task
-~ BusinessRuleTask

ReceiveTask
- (0 ScriptTask
- SendTask
- ServiceTask
~ ) UserTask
© B Event
i -0 Gateway
h ) FlowElementContainer
V- O Swimlane

- Lane

@ Pool

Individuals (] = ] ]
& X

& Cook

-___. & Prepare_Food

wy ny
lllll..-~-.‘.-.|.ll‘ f.. .
--...... & Seat_guests

& Receptionist

& Serve_Beverages
& serve_food

& Take order

& waiter
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Agile Meta-Modeling

=

VProf. Dr. Knut Hinkelmann

41



n ‘w ty prpI ed Sci and Arts Northwestern Switzerland
Sc h I

Objective

Adapt modeling languages and ensure
a precise shared interpretation of new
modeling constructs to both humans
and machines
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Integration Modeling and Metamodeling in a Single
Environment

m 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
/V\
Task Subprocess Meta'
Metamodel y\ :
Engineer Cloud Task mOde“ng
Engineering
| &

Modeler [ J [ J@ Evaluation

- o—-l-& Modeling

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

Name of the

parent class Name for the new

— modeling construct
Process:lut;i:!lzge:iew A Ext d Task

ew Nodelling Element Integrate with Existing Elements

CreTe new sub-class of Task

Ser Y Service
=
1] Send Message Task

Parent Element RL."mmk Receive Message Task
Tas Prefix * ~ Child Element * -
Data o Recei Receive Message Task
ﬁ D Comment - “ N .
Events
Q}mways O Palette root e\ementil_l _‘ it i
<> IPaIet'.e Image * ~ Canvas Image * - I
Group
~
Swimlanes
Graphical notation to be aCrzzastteorleeivr\wl tl\élgc(l)enlltgiqoconstruct
shown in palette and canvas 9y

o~

(Laurenzi et al. 2018)
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Agile and Ontology-Aided Modeling Environment

(AOAME) A @
£ £

4 Ontology-based Models )
Models + (human- and machine-interpretable )
Knowledge
Reality
I (Laurenzi et al. 2018)

VProf. Dr. Knut Hinkelmann 45



	Ontology-based Enterprise Modeling for Human and Machine Interpretation
	Why Modeling
	Business Process Management
	Enterprise Architecture
	Graphical Models are appropriate for Humans
	Models
	Foliennummer 7
	Graphical Models are Represented in a Database
	Foliennummer 9
	Metamodel: Semantics and Syntax of a Modeling Language
	Class Hierarchies
	Attributes
	Notation
	Appearance of Classes in the Modelling Toolkit
	Change of Metamodel
	The AMME LifeCycle�Agile Modeling Method Engineering
	Knowledge in Models
	Interpretation of Models
	Dimensions of a Knowledge Space
	Dimensions of the Knowledge Space
	Making the Knowledge in Models explicit
	Semantic Lifting
	Semantic Lifting: Map Models into an Ontology�
	Semantic Lifting: Map Models into an Ontology
	Semantic Lifting
	Example: Business Process as a Service�
	Example: Business Process as a Service�
	Semantic Alignment
	Transformation and Mapping
	Semantic Annotations
	Application Example for Semantic Lifting
	Drawbacks of Semantic Lifting
	Example: New Model Element
	Ontology-based Metamodelling
	Ontology-based Metamodeling�
	Ontology-based Metamodeling (1): �Metamodel is represented as an Ontology
	Modelling Language Ontologies
	Ontology-based Metamodeling (2): �Ontologies for Metamodel and Content
	Domain Ontologies
	Ontology-Based Modeling
	Agile Meta-Modeling
	Objective
	Integration Modeling and Metamodeling in a Single Environment
	Integration of Meta-modeling and Modeling:�On-the-fly Modeling Language Adaptation
	Agile and Ontology-Aided Modeling Environment (AOAME)

