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Enterprise Modeling
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Communication/ .
Analysis/
Decision Making

Models

Reality
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“What is not made explicit is implicit,
which allows everyone to make
assumptions.

Incorrect assumptions are sources of
miscommunication and misunderstanding’’

John Zachmann

-

v Prof. Dr. Knut Hinkelmann NEMO Summer School 2024

OMLAB

10



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

Key Terms

Models

e

v Prof. Dr. Knut Hinkelmann

Semantics

NEMO Summer School 2024

OMLAB

11



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

Meaning of Models

-

v Prof. Dr. Knut Hinkelmann

NEMO Summer School 2024

OMLAB

12



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

Geek & pole

WHAT ARE THE
GREEN, BLLIE AND
YELLOW THINGS?

SERVERS?
APPLICATIONS?
COMPONENTS?
Architecture Creerview -

= Al

Architecture D rvisw
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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 be used to
e develop applications,
e analyze the impact of changes,
e evaluate security, risks and compliance
e calculate cost, risk and other relevant KPlIs.

OMLAB

http://blog.bizzdesign.com/how-to-not-fail-when-implementing-strategy
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Interpretation of Models

WHAT ARE THE
GREEN, BLLE AND

3 ' YELLOW THINGS?
S =1 I SERVERS?
i [ APPLICATIONS?

Architecture Overview

e
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m Models are data

m Models become information by
Interpretation

m Interpretation requires knowledge
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What Knowledge is needed to interpret this Model?
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Modelers and Users must have same Interpretation

m Interpretation requires knowledge

m Modelers and users must have the same knowlege

Modelling language:
Common knowledge
between modeller

and user

)
I
I
I
I
J

{

— =

D

Interpretation

Domain Knowledge: /
has to be transfered
from modeler to user

- /

Karagiannis, D., & Woitsch, R. (2010). Knowledge Engineering in Business Process Management.
)'w In Handbook on Business Process Management 2 (pp. 463—485). Springer.
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Making Knowledge explicit

m Remember: “What is not made explicit is implicit, which allows
everyone to make assumptions.
Incorrect assumptions are sources of
miscommunication and misunderstanding’

m Make knowledge required for interpretation explicit
¢ Knowledge about modeling concepts

OMLAB

]

g

Evento

e modeling language =
¢ Knowledge about the domain
o ??? ?:E_’: Prepare
Fettuccine
Y
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Student
administration
system
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Human Interpretation of Models
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Interpretation of Models requires Knowledge

Communication/ . Knowledge
Analysis/

Decision Making

4
Models

oty
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4
Reality
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Human Interpretation requires Knowledge Management

~

-

Interpretation

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.
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Modelling

1. Acquiring information about application domain
2. Representing the information in models

- 3. Managing knowledge required for model interpretation

-
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Interpreting Models requires up-to-date Knowledge

© 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 Management: Sharing Knowledge between
Modelers and Model Users

m Make domain knowledge required for interpretation explicit

m Example: Glossary

Mame Aliases Description
ONLA The tool for online applications of students developed by the FHNW
Anabin A web application provided the the German Kultusministerkonferenz, which contains information about recognition of universities
Candidate Prospective student A person who applied for a study program
Student A person who is enrolled into a study program at a university
University An education and research institution on tertiary level.
Admission The process of deciding, wether a candidate is eligible for a study program.
Eligibility acceptable A candidate is eligible, if he/she satisfies all the eligibility criteria
Evento The student administration system, which contains all information about student, staff and study programs.

e
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Linking Models to Domain Knowledge
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OMLAB
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MName Aliases Description
ONLA The tool for online applications of students developed by the FHNW
Anabin A web application provided the the German Kultusministerkonferenz, which contains information about recognition of universities
Candidate Prospective student A person who applied for a study program
Student A person who is enrolled into a study program at a university
University An education and research institution on tertiary level.
Admission The process of deciding, wether a candidate is eligible for a study program.
Eligibility acceptable A candidate is eligible, if he/she satisfies all the eligibility criteria
Evento The student administration system, which contains all information about student, staff and study programs.
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Model-Driven Architecture
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Model-Driven Architecture

[ 1

Computation-

Independent Model

(CIM)

Created by Business
Analysts to Describe
Business

-
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CIM == PIM

//' Mapping
—1

—>

Created by Architect/
Designer to Describe

Archtiecture

Platform-
Independent Model
(PIM} PIM == P5SM
// Mapping
—1
Platform-Specific
Maodel
(PSM)
Created by Developer or Tester

to Implement Solution

NEMO Summer School 2024
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FSM == Code

/ Mapping

30



n ‘ w University of Applied Sciences and Arts Northwestern Switzerland

School of Business

Meta-Object Facility (MOF)

OMLAB

m M1 contains models and
conceptualization

T
<<instancaOf>>

Video

<<instancaeOf>>

”,
d
<<snapshot>>’,'

,
<<instanceOf>>

Class
"'; |\‘= 55555
<<instanceOf>> W <<instanceOf>
<<instanceOf>>  "Tel
classifier
Attribute Class S A Instance
I”'
A 7 ¢ A
[ 4 i

[
<<instanceOf>>

aVideo

+itle: String

MO
Objects
of Reality

1
<<instanceOf>>
3

title="Casablanca”

m Lack of shared understanding
of the models

m Knowledge needed for model
iInterpretation not explicit
¢ high probability of
misunderstanding (by humans)

¢ limitations for automation
(for transformation)

-
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Original graphic from https://commons.wikimedia.org/wiki/File:M0-m3.png
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Level 3
Meta2- <—| Relation m Separation of conceptualization
HOGE! and modelling

S <<instanceOf>> .
Level 2 <cinstanceon> [ viden ¢ move metamodel one level higher
Metamodel [t Sting ¢ metamodel layers (Karagiannis &
A Kihn 2002)
<<|nsta‘f'1030f>>
Level 1 m Metamodels can be agreed upon

:@aVideo
title="Casablanca”

Model

and reused, e.qg.
\ ¢ process models
Level 0 ¢ architecture

Reality

m [ransformation rules can use
conceptualization

-
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Metamodels for Model-Driven Architecture

Level 3

Meta?-
Model

Level 2

Metamodel

-
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Attribute e Class S N | Relation
Mapping Rules Mapping Rules
CIM ¢ : | PIM / : | PSM
Metamodel : Metamodel : Metamodel
A : A ! A
I I
1 1

NEMO Summer School 2024
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Dimensions of a Knowledge Space

T — — — —

Interpretation

Focus on
Machine Interpretation:
Knowledge Engineering

Karagiannis, D., & Woitsch, R. (2010). Knowledge Engineering in Business Process Management.
In Handbook on Business Process Management 2 (pp. 463—485). Springer.
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Objective

Models should allow automated analysis,

decision making and digitalization.

m Examples:
¢ Translate from CIM to PIM to PSM
¢ Validate architecture principles
¢ Select appropriate cloud services
¢ Plausibility checks

NEMO Summer School 2024

OMLAB
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Objective

Models should allow automated analysis,

decision making and digitalization.

Approach
Represent the models and knowledge

so that it can be interpreted by a system
for decision making and problem solving

NEMO Summer School 2024

OMLAB
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Modelling

1. Acquiring information about application domain
2. Representing the information in models

- 3. Representing knowledge required for model interpretation
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Semantic Lifting
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Semantic Lifting: Map Models into an Ontolo y

. Knowledge

4 graphical models A 4 Knowledge base A
Models (human interpretable) (machine interpretable)

<:> Knowledge

Reality

-
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meta2-model
layer

metamodel
layer

University of Applied Sciences and Arts Northwestern Switzerland

Modelling Environment

(| Definition of syntax and (type) semantics \

/\

model
layer

Ontology

commonly accepted
ontology

-

o

-
-

———

<:> linguistic metamodelling: syntax, structure, type semantics

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

NEMO Summer School 2024

Semantics definition:

OMLAB
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Example: Business Process as a Service (BPaaS)

What are appropriate
services to run this
process in the cloud?

Maintain customer/ A Transmit billing Process order
—- — - data] — "= —P— —Il- —Il- —-

Order payment Order
received received processed
Due data Order
passed cancelled

OMLAB

From: CoudSocket Project

-
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BPaaS: From Platform-independent to Platform-specific model

Given a BPMN business process, retrieve all the Cloud Services
that satisfy the functional and non-functional requirements.

e - o o o . . . . S O S S S S e S S S S S s e

p W LS

: : Challenge: BPMN does not
= \" accommodate functional nor

non-functional req. for Cloud
Services.

'MENS @6 ICRM
- L I I

v Prof. Dr. Knut Hinkelmann
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Semantic Lifting for BPaaS

human interpretation
informal and semi-formal

Meta model

Models

.
biling

semantic

alignment

semantic
annotations

;
Maintain customer/ r Transmit
(S e O [

tomer

|-&-8-{=2-O

Order
recanied

. Workflow

. P

e
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paymer
received

transformation
and mapping

OMLAB

machine interpretation
formal

Classes/Rules

Smart
Business and
IT in the Cloud
Alignment

From: CoudSocket Project
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Semantic Alignment

human interpretation
informal and semi-formal

Meta model

Models :
() ~{tmm] s | 2z

Order
recanied

. Workflow

. P

-

y Prof. Dr. Knut Hinkelmann

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

semantic

alignment

annotations

transformation
and mapping

NEMO Summer School 2024
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machine interpretation
formal

Smart
Business and
IT in the Cloud
Alignment

From: CoudSocket Project
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Ontology with BPMN Modeling Concept

BPMN Ontology:

¥ owl:Thing
v-- 0 Artifact
v-- (0 Data Object
- Data Input
- () Data Output
- Data Store
v-- 0 Group
- GeneratingCustomerBillingData
- () ManagingCustomerRelationship
- (1 TransmittingBillingData
- ) Wholeprocess_sendinvoice
""" { Text Annotation
B0 Association
""" () BusinessProcess
B @ BusinessProcessEvent
¥ (0 ConnectingObject
v Association
¢ () DataAssociation
{ DataAssociation
~- ) MessageFlow
¥ SequenceFlow
- Sequence Flow With Decision
v-- {0 Flow Object
v Activity
O callActivity
) SubProcess
B0 Task
) Event
B @ EndEvent
B ) IntermediateEvent
. b StartEvent
B ) Gateway
v FlowElementContainer
“ ) Process
v Swimlane

-
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Semantic Annotation

human interpretation
informal and semi-formal

Meta model

Models :

Order

recanied

. Workflow

. P

-

y Prof. Dr. Knut Hinkelmann

OMLAB

machine interpretation

Define concepts formal

for functionality in
ontology and
assign to process

| Classes/Rules

semantic

alisnment

semantic

annotations
Smart

Business and
IT in the Cloud
Alignment

transtormation
and mapping

From: CoudSocket Project
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Application Knowledge: Semantic Annotations

Domain Ontology:

Annotate modeling elements with classes

from the domain ontology

§ 3

Send Invoice

Example: Functionality of a Service

Online Billing (Activity Specification]

General Functicnality:

e

‘Send

Annotation of Functional Requirement

Functional Description:

+XB8
—

Access External Functional Ontology

Annotate with External Functional Ontology

External Functio

Free Functional Keywords:

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

Comments on Functional Requirements:

V|

Service Requirement

Eunctional Description

Input Description

Output Description

HNen-Functional Description

Business Description

.Hg latory Description

Is annotated with category in APQC|Process Framework

g b g

-
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APQC Process Classification Framework

¥ owl:Thing
¥-- 0 American Productivity and Quality Center

e
[

- Acguire, Construct, and Manage Assets

- Deliver Physical Products

-0 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
-0 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
¥-- 1 Invoice customer
) Generate customer billing data
) Maintain customeriproduct master files
() Post receivable entries

- 1 L = L L -

) Transmit billing data to customers
s j cductions

!" Tl CrTa g L
- 1) Manage and process collections
b @ Process accounts receivable (AR)
B Process customer credit

Process accounts payable and expense reimbursements
Process payroll

Manage Information Technology {IT)

@
@

- Market and Sell Products and Services

NEMO Summer School 2024

OMLAB
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All Application Knowlege Concepts are defined in the Ontology

GRM (YMENS)

(B e ot o s cusiomr i

|—° ey T

Invaleing System (Hia)

w-mal wystem {Hinja)

Functionality

APQC
APQC Annotation:

Set APQC

Action

Action Annotation:

apgc9 2 2 3 Transmit_billing_data_to_customers_10796)

Set APQC

Non-functional requirements

I fbpdo:Send

Set Action

Object
Object Annotation:

Set Action

l fbpdo:lnvoice

Set Object

gy T T T T T

-
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Set Object

Availability I
Description Availability in %: | Description
Functional l@ | | Functional
“ [;i::r:::rc.t: Infrastructure — | Data Security Infrastructure
Support Service Max Available Data Storage in GB per Month: k Berfamance
[ 5.000000 ] ' Support Service

Payment

Maximum Simultaneous Connections:

[ 500

Payment

Maximum Simultaneous Service Users:

[ 500

Response Time

Max Average Response Time:

[ 00:000:00:00:01

i g g g

NEMO Summer School 2024
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Transformation and Mapping for Inferencing

human interpretation machine interpretation

informal and semi-formal Export model data formal
to an ontology
environment for
reasoning

Metamodel ..~ - Classes/Rules

semantic
alignment

Smart
@»{mﬁ"“n .
I Business and

IT in the Cloud
Alignment

o

= transformation
L and mapping

. P

From: CoudSocket Project

-
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Transformation and Mapping

The model elements are exported as instances of ontology classes

Order Processing

Sales Agent

Order amived

=
—®=|  Confirmorder —p@ — | Processorder
~
~
\\

v-- @ Flow Object

o
@ Task

@ Event

b I Gateway

+- (0 FlowElementContainer
b 0 Swimlane

~
~

Ny Direct instances: Process_order

LB
L For: @ SubProcess

—®|  SendInvoice Process_order

-

v Prof. Dr. Knut Hinkelmann

@ BusinessRuleTask
@ ManualTask

' ReceiveTask

@ scriptTask

@ SendTask

@ ServiceTask

R U5 Task ]

v @ Swimlane P
5
O - ~
SILE "~ For: @ UserTask

© Pool Sso

Direct instances: Back_Office

& X S

For: @& Lane So

Back_Office ~

NEMO Summer School 2024

OMLAB

BPMN Ontology

¥ owl:Thing
v () Artifact

Data Cutput

) Data Store

Group

- Text Annotation

@ Association

- (0 BusinessProcess

- () BusinessProcessEvent

: EndEvent

’ IntermediateEvent
b 0 StartEvent

- () ConnectingObject

-0 Association

DataAssociation

MessageFlow

) SeguenceFlow

Flow Object

- Activity

CallActivity

; SubProcess

v Task

() BusinessRuleTask

@ ManualTask

@ ScriptTask

b @ EndEvent
- IntermediateEvent
b StartEvent

52
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Modelling Language and Application Domain Ontologies

Domain Ontology:

BPMN Ontology:

¥ owl:Thing
v Artifact

¥

-
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¥

- Association

- BusinessProcessEvent
r-- () ConnectingObject

. Flow Object s*

v-- {0 Data Object

-} Data Input

- () Data Output

- Data Store

¥ Group

- GeneratingCustomerBillingData
- ManagingCustomerRelationship
- () TransmittingBillingData

- Wholeprocess_sendinvoice

----- ) Text Annotation

Direct instances: send_invoice

¢ X

) BusinessProcess

'.' Association
- DataAssociation
I DataAssociation
{ MessageFlow
'_.' SequenceFlow
- Sequence Flow With Decision

\ &
For: @& UserTask

send_invoice

. 0.

functionality*s

v..

= (0 Intermediate Event
. b StartEvent

B 0 Gateway

) FlowElementContainer
= () Process

O Swimlane

- Lane

= Pool
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APQC Process Classification Framework

¥ owlThing
v . American Productivity and Quality Center

p- 0 Acquire, Construct, and Manage Assets

k- @ Deliver Physical Products

B (0 Deliver Services

k- (0 Develop and Manage Business Capabilities
B Develop and Manage Human Capital

p-- 0 Develop and Manage Products and Services
’.

h_

h_

’.

A&

- ) 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

-0 Perform global trade services

-0 Perform planning and management accounting

- Perform revenue accounting

) Invoice customer

) Generate customer billing data

) Maintain customer/product master files

Post receivable entries

Manage and process Dollectlons
Process accounts receivable (AR)
. 0 Process customer credit
i--- " Process accounts payable and expense reimbursements
b ) Process payroll
b— ) Manage Information Technology (IT)
b @) Market and Sell Products and Services
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Supporting PIM to PSM Mapping

OMLAB

Level 3

Meta2- . Relation
Model

Level 2 Mappir;g Rules

CIM
Metamodel Metamodel

Level 1
Model

-
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Cloud Services

m 355 Cloud Services from 4 Marketplaces — with13.098 specification values

m Imported as Ontology Instances

5 51 B T T T T T T T A O

e
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Inference: Retrieve suitable Cloud Services

m Semantic rules (in SPARQL),
¢ For Business-IT mapping

¢ To turn implicit knowledge into explicit knowledge

m Example: If a service offers a backup retention time up to one year, implies

also
¢ Up to six months
¢ Up to one month
¢ Up to one week
¢ Up to one day

v Prof. Dr. Knut Hinkelmann

[CONSTRUCT {
?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up_to_6_months .
?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up_to_1_month.
?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up_to_1_week.
?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up_to_1_day.

}
WHERE{

?cservice rdf:itype bpaas:CloudService .

?cservice bpaas:cloudServiceHasBackupRetentionTime bpaas:up_to_1_year.

H
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OMLAB

Cloud Services for the given Business Process Model

A J

&

MENS @ ICRM
Customer Management System
Specifications

Action: Manage

Object: Customer

APQC: 3.5.2.4 Manage Customer
Relationship

Storage Location: Europe

- Availability: 99.999%

v Prof. Dr. Knut Hinkelmann

Invoice Management System

Specifications

%= Action: Generate

Object: Invoice

APQC: 9.2.2.2 Generate Customer
Billing Data

Storage Location: Europe
:z Availability: 99.999%
- N. simultaneus users: 100

Action: Manage

Object: Document

APQC: 9.2.2.2 Generate Customer Billing Data
Storage Type: Storage Service

Storage Location: Europa

Availability: 99.999%

NEMO Summer School 2024
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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

v Prof. Dr. Knut Hinkelmann NEMO Summer School 2024

OMLAB

58



n w University of Applied Sciences and Arts
School of Business

Northwestern Switzerland

Example: New Model Element

m New task type: Cloud Task

Change int

he meta model:

BPMN20_ADOxx13ULT_v1-01 Dynamic Library - Edit class hierarchy O X
Class hierarchy: & New +

T Four (ConepsEa] .

Lane

B Task [E£=
03 __Conversion__ LONGSTRING (Long string) c
&, Aggregated costs DOUBLE (Floating-point number) St
@, Aggregated execution time TIME (Time) Delete
#, Aggregated personnel costs DOUBLE (Floating-point number)
@, Aggregated resting time TIME (Time) Wizr <
@, Aggregated transport time TIME (Time)
&, Aggregated waiting time Close

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

Task

TIME (Time)

type - Edit facets

4 Show name
¥ SortAttr

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

Not specified@Serw: 1@Business rul ript@Call acti

Predefined value

Facets

a

QT WF_Trans (Metamodel
) Sub-Process
» Exclusive Gateway
@

2
-

: =
& Non-exclusive Gateway |15
% Non-exclusive Gateway (d j
=

=

=

3

Group
Text Annotation

-
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VisibleAttrs (M
¥ Waiting time (Metam% 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 completed, the Task will alse 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 (global Process or) Global Task within the

3 The activation of a call Activity results in the transfer of control to the

Rl Process or) Global Task.

called (.

An activi] hat is executed by a cloud service]

~

NEMO Summer School 2024

Change in the ontology:

¥ owl:Thing

© Artifact

B 0 Association

----- ) BusinessProcess

B 0 BusinessProcessEvent
B 0 ConnectingObject

----- loudTask

----- ) ScriptTask
----- ) SendTask
----- ) ServiceTask
----- ) UserTask
b Event

B Gateway

p 0 FlowElementContainer
B Swimlane

OMLAB
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Ontology-based Metamodeling

-

v Prof. Dr. Knut Hinkelmann NEMO Summer School 2024

OMLAB

60



n ‘ w University of Applied Sciences and Arts Northwestern Switzerland
Sc

hool of Business

Objective
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Ensure a precise shared interpretation
of new modeling constructs to both
humans and machines

NEMO Summer School 2024
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Ontology-based Metamodeling

Models +
Knowledge

Reality

-

v Prof. Dr. Knut Hinkelmann

( N\
Ontology-based Models Knowledge
(human- and machine-interpretable )

b S

-0l
i

oU'E‘j‘tTIJU‘
\ LJ® il BN B

)
&

(Laurenzi et al. 2018)
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Ontology-based Metamodeling

e
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meta2-model
layer

hd
notation

metamodel
layer

model
layer
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AOAME — A Tool for Ontology-Based Modelling

« Single environment for modelling and ontology %8 [ Asserted -

* Model elements are directly created as instances ¥ [ e

H B 0 Association

in the ontology T @ Businesshrocess

» @ BusinessProcessEvent

| b ConnectingObject
Process Modeling View T. Flow Object
Activities v . Activity

) 5 e (0 CallActivity

- SubProcess
¥ Task
----- () BusinessRuleTask
ﬁl--Il‘“"'.
---nllll-‘-é ----- ' ReceiveTask
e @ ScriptTask

----- ) SendTask
----- ) ServiceTask
----- ) UserTask
B Event
- B0 Gateway
- () FlowElementContainer
v Swimlane

..... . Lane

Individuals: Take order
& =X

& Prepare_food

& serve_guests

“’ & start
Take_order

-
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-

Palette Ontology
(excerpt)

¥ @ Modeling Element
[ e Arifact
o Aspect
k- Data_Document
. - EnterpriseObject
. ¥ Flow Object
¥ @ Activity
@ Callactivity
@ SubProcess
v Task
- @ BusinessRuleTas
-~ ManualTask
-~ ) ReceiveTask
~ @ ScripiTask
~ @ SendTask
~ @ SeniceTask
> @ Event
b @ Gateway

v Prof. Dr. Knut Hinkelmann
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Palette

Ontology-Based Modeling in AOCAME
Model Editor

BFMN 20 -

Process Modeang View =

ﬁ Eecerve Meszsage Tack
Yy B

rdfs:subClassOf

NEMO Summer School 2024

BPMN

OMLAB

Meta model Ontology

¥ 0 owl:Thing
b @ Artifact
B 0 Assaciation
""" () BusinessProcess
p-- ) BusinessProcessEvent
B ) ConnectingObject
- @ Flow Object
v . Activity
- () CallActivity
-~ () SubProcess
v Task
- () BusinessRuleTask
: ManualTask
- () ReceiveTask
-~ ScriptTask
-~ SendTask
-~ ServiceTask
() UserTask
.. . Event
- @ EndEvent
B IntermediateEvent
B () StartEvent
b Gateway
b @ FlowElementContainer
- () Swimlane
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Example

Query

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

PREFIX
PREFIX
PREFIX
PREFIX
PREFIX
PREFIX
PREFIX

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

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

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

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.

e

v Prof. Dr. Knut Hinkelmann

Filter the elements for BPMN

Tasks and show the labels

OMLAB

Select the elements
(named shapes) in
the model

For the shapes find the
conceptual elements

NEMO Summer School 2024
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Ontology-based Metamodeling (2):
Ontologies for Metamodel and Content

2_ eta2-mode meta2-model
:2;;? model l; GratheI (e.g9. RDFS)

Notation MetamodeYontology Domain oMtology

®)
(Abstract Syntax) (Semantics) 3
o
metamodel C r---t----1 &
layer | &
B B )
7
g ®
B s g
model
layer

-
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OMLAB
Representing Complete Content as Ontology

m Meta model Ontology:
¢ Concepts of the meta model are classes in an ontology

.

¢ Model elements are annotated with domain knowledge
from application domain ontology g [‘ ]

m Ontology reasoning can be applied to the complete content
knowledge in the models

¢ Modelling = creating instances of classes

m Application Domain Ontology:
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Language and Domain Ontologies

Domain Ontology:
BPMN Ontology:

APQC Process Classification Framework

v :_2";2';5 ot v . owl:Thing
v () Data Object ¥ 0 American Productivity and Quality Center
..... @ Data Input - () Acquire, Construct, and Manage Assets
..... ) Data Cutput - (0 Deliver Physical Products
----- ® Data Store = (0 Deliver Services
v-- ) Group - () Develop and Manage Business Capabilities

----- ) GeneratingCustomerBillingData
""" ) ManagingCustomerRelationship
----- ) TransmittingBillingData
----- ) Wholeprocess_sendinvoice
""" { Text Annotation
- (0 Association
""" () BusinessProcess
- (0 BusinessProcessEvent
- ConnectingObject
v 0 Association
¢ L. DataAssociation
(" DataAssociation
() MessageFlow

»-- ) EndEvent
b IntermediateEvent
B0 StartEvent

-
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Send invoice

p
I
I
p
p-- 0 Develop and Manage Human Capital

§-- 0 Develop and Manage Products and Services

b Develop Vision and Strategy

B Manage Customer Service

§-- ) Manage Enterprise Risk, Compliance, Remediation, and Resiliency
b 0 Manage External Relationships

¥ . Manage Financial Resources

- ) Manage fixed-asset project accounting

- Manage internal controls

- Manage international funds/consolidation

- Manage taxes

-0 Manage treasury operations

v @ SsequenceFlow o . -0 Perform general accounting and reporting
" @ sequence Flow With Decision ,o** R - Perform global trade services
v-- ) Flow Object “t‘ . . ".. - Perform planning and management accounting
V- Activity ““ fu nCt|Ona| |ty . -0 Perform revenue accounting
- () CallActivity ot ‘e, v . Invoice customer
Y ¢ - Generate customer billing data

: - Maintain customeriproduct master files
P Post receivable entries

Transmrt blllmg data to cu stomers

- Gateway F-" deductions
v @ FlowElementContainer b— @ Manage and process collectlons
L. @ Process F 0 Process accounts receivable (AR)
v-- @ Swimlane B @ Process customer credit

“ i Lane h— ) Process accounts payable and expense reimbursements
. 0 Pool B () Process payroll

k- & Manage Information Technology {IT)

b ) Market and Sell Products and Services
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Computer needs up-to-date Knowledge, too

@ 2000 Randy Glasbergen.
www.glasbergen.com

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

-
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Agile Modeling and Meta-Modeling
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Change of Metamodel

Meta-

Knowledge -
Engineers mOde“ng
Feedback
Amendments ]
Improvements '
Modelling Modeling
Environment

Time-consuming engineering effort!
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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
/V\
Task Subprocess M eta—
Metamodel ‘ :
Engineer by s N modeling
Engineering
| &
Modeler ﬁ - -0 Evaluation
o> | Modeling
— Modelling
' j (Laurenzi et al. 2018)

v Prof. Dr. Knut Hinkelmann NEMO Summer School 2024 73



n ‘ w University of Applied Sciences and Arts Northwestern Switzerland

School of Business

Extending AOAME Modeling Languages — on the fly

-

v Prof. Dr. Knut Hinkelmann

Palette

Model Editor

BEPFMMN 2.0 A

Frocess Modeling View

Invoicing

Activities

GolS 1.8 evaluation
c) 1898-20118 Morthwoods Software

) instance

Current arrow configuration

>

m —P | prepare |
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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:(l:ut;i:!lzgesview v Ext d Task
New Nlodelling Element Integrate with Existing Elements
Create new sub-class of Task )
! 1] Send Message Task
— Parent Element Emmk Receive Message Task
Task Prefix * ~ Child Element * -
Data . ...|! -
= 0
Events
Q}mways [0 Palette root e\ement; *
<> IF’aIette Image * ~ Canvas Image * - I
Groups
~
Swimlanes
Graphical notation to be aCr:zastteorleeivr\wl tl\élce)clenlltglgoconstruct
- shown in palette and canvas 9y
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Semantic Alignment in ACAME

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

Edit
CloudTask Datatype Bridging Conn e-::'
Edit CloudTask Relations for CloudTask

refix New Label * .

. ook Create New Relation
Commer

Canvas Image *
H ~
Palette Image (thum... ~ Cloud Task ~ From Arrow +To Create new ObjectProperty
Label =

' o paymentplan

Arrow Stroke v

bpaas:PaymentPlan

Cancel m Create New Domain Element

Create Relation

s o (D
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The Cool Thing

AOAME is a graphical
ontology development tool

m Start with an empty ontology: Just a root node

m Step by step expand the ontology e
m Result C]Mﬂ |
¢ Domain ontology dfh |

¢ Graphical representation of classes !

» Can be done by business people
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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

Marco Di lanni

¢
¢ Egemen Kaba
¢
¢ Jan Eich
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