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

Ontology-based Meta-modelling

Knowledge Engineering SS25
MSc Computer Science
Camerino, 27/05/2025
Prof. Emanuele Laurenzi

Universith di Camerino

OO0
M WNiVERSITA

DICANMERINO

Ologies with Enterprise Modelling



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

From Semantic Liftiaq...

Knowledge

~

graphical models

(human interpretable)
Models R

O b T

4 Knowledge base
(machine interpretable)

Reality

OO0
RO WNivERSITA
DICAMERINO

Knowledge

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling



\@ WnivERSITA

n w University of Applied Sciences and Arts Northwestern Switzerland
DICAMERINO

School of Business

..to Ontology-based Meta- model

. Knowledge

4 Ontology-based Models N
(human- and machine-interpretable )

Universith di Camerino

ing

Models
+ Knowledge

Knowledge

Reality

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling 3



@ WniveRSITA
DICAMERINO

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

Objective:
Representing Complete Content as Ontology

—Meta-model Ontology:
— Concepts of the meta model are classes in an ontology
— Modelling = creating instances of classes % [ ]

—Application Domain Ontology:
— Model elements are annotated with domain knowledge from application
domain ontology
3
;:j ERP | SendInvoice

—Ontology reasoning can be applied to the full content knowledge in
the models.
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...to Ontology-based Meta-modelling

meta2-model meta2-model meta2-model
layer (e.g. GraphRep) (e.g. RDFS 3.0)
notation structure,
semantics
metamodel
layer
Hinkelmann, K., Laurenzi, E., Martin, A.
Thonssen, B. (2018). Ontology-Based
Metamodeling. In R. Dornberger, ed.
model Business Information Systems and
| ayer Technology 4.0 - New Trends in the Age of
Digital Change. Springer Berlin Heidelberg.

https:/link.springer.com/chapter/10.1007/9

78-3-319-74322-6_12
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Example of Metamodel Ontologies and Graphical Instantiation
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Integration of
Linguistic view and Domain View
in the Ontology-based Metamodelling
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Knowledge Representation of Content:
Linguistic View vs. Domain View

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

ERP (Enterprise Resource Planning) is...

...a type of software system that organizations
use to manage day-to-day business activities

...an Application Component such as accounting, procurement, project
in ArchiMate. ! management, risk management and
compliance, and supply chain operations. [...]
Among the most widely used ERPs there are
:I__; ERP ' Oracle NetSuite, Microsoft Dynamics 365, and

Oracle ERP CloudSAP ERP.

C. Atkinson and T. Kuhne, "Model-driven development: a metamodeling foundation," in IEEE Software, vol. 20, no. 5, pp. 36-41, Sept.-Oct. 2003, doi: 10.1109/MS.2003.1231149.
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Integration of the Domain View (semantics)

— Semantics of a modelling language can be specified in:
— the meta-model

— the semantic domain (akas domain view), that provides information regarding the domain of
discourse,

— the semantic mapping, that maps the abstract syntax into the semantic domain.

— The related mathematical formula for the semantic mapping is as follows (Harel & Rumpe 2000):

— where the semantic mapping (M) relates concepts from the abstract syntax (L) to the domain
semantic (S).

maps

M:L — S
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Ontology-based Metamodeling (2):
Ontologies for Linguistic View and Domain View
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Example of Metamodel Ontology and Domain Ontologies

Domain Ontology:
APQC Process Classification Framework

Meta-model Ontology (BPMN)
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American Productivity and Quality Center

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 fundsiconsolidation

Manage taxes

Manage treasury operations

Perform general accounting and reporting

Perform global trade services

Perform planning and management accounting

Perform revenue accounting
Invoice customer
Generate customer billing data
Maintain customer/product master files
Post receivable entries
customers

Process accounts receivable (AR)
Process customer credit
Process accounts payable and expense reimbursements
Process payroll
Manage Information Technology (IT)
Market and Sell Products and Services

" (1INiVERSITA

DICANMERINO

13



T WIDivERSITA

n University of Applied Sciences and Arts Northwestern Switzerland
DICAMERINO

School of Business

Retaining knowledge about graphical notation
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Ontology-based Metamodeling (3):
Ontologies for Palette
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Ontology-based Metamodel Layer

—Domain Ontology, Metamodel Ontology, Palette Ontology
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Ontology-Based Modeling in AOAME

Agile and Ontology-Aided (Meta) Modelling Environment
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Representing Conceptual
Models ...
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Model Ontology

ModelOntology PaletteOntology
—Models have several

BPMN
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related to a meta model o
st el ModdlingLangunge
construct e Ontology
ot 0% ) bpmnTask
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Meta-Model Ontology
bpmn:Servic Domain Ontology (e.g. APQC Ontology)
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High Level Architecture of AOAME

Web Service
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Triplestore

Model Ontology

Ontology Propagation
propagation of changes Import

equivalence

Knowledge
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@ AOAME emanuele.laurenzi@fhnw.ch Home Modeller Import and Export Logout
Agile and Ontology-Aided (Meta) Modelling

AOAME

Model your ontology

with a Graphical

Interface
FHNW School of Business

Demo on AOAME

Agile and Ontology-bAsed (Meta)Modelling Environment.
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Use AOAME locally.

Local installation: https://github.com/BPaaSModelling/AOAME Local Installation

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling 24
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Exercise in AOAME /2

— Create a model called “Order processing”

— Create the below process model

— Prove that the reflecting ontology is created through SPARQL queries.
— URL to triplestore: https://aoame-fuseki.azurewebsites.net/dataset.html
— You will create and test the SPARQL here.
— Follow the walkthrough on ontology-based modelling in AOAME.

Clerk [0

- U =
(1} > pdate Generate billing o
\/ database ’ data ——»  Send invoice

Order received

FHMNW supermarket

Process Order
]

End Event

Storekeeper

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling 25


https://aoame-fuseki.azurewebsites.net/dataset.html

@ WniveRSITA

n w University of Applied Sciences and Arts Northwestern Switzerland
DICAMERINO

School of Business

Agile Meta-Modellin
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Need for Domain-Specific Modelling Languag S
Models are built for a specific purpose
Medical Value Chain
Physician CloudSocket
Acute Hospltal Rehabilitation Clinic
;-:? | i l" Transferal
[l | Management
Referral B / : : : : -
Wanegement [ ] L iR S
Ambulajce Sector_y i i
] + ﬁ & Capacity gxxndeﬁg Automation ~:
e —_— Utili Virtualised
'L.Ei!é. inpatient pn%i:?g Resources
outpatient

Business Process as a Service

Patient Transferal Management

(BPaaS)

Purpose of the models:
provide all the relevant concepts (events,
activities and decisions).

Purpose of the models:
describe the business process requirements

and IT specifications of cloud offerings.
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Need for Domain-Specific Modelling Languagés

(DSMLs) /2

Models are built for a specific purpose

Medical Value Chain

Existing modelling languages did not offer constructs
tailored to capture the representational needs of the
application domain

Patient Transferal Management Business Process as a Service
(BPaaS)
Purpose of the models:

provide all the relevant concepts (events,
activities and decisions).

Purpose of the models:
describe the business process requirements
and IT specifications of cloud offerings.
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Need for Domain-Specific Modelling Languag

(DSMLs)/3

Existing modelling languages did not offer constructs

S

tailored to capture the representational needs of the
application domain

Adapt existing modelling languages to offer constructs
tailored to capture the representational needs of the
application domain!

Bttt A
(BPaaS)

Purpose of the models:
Purpose of the models:

provide all the relevant concepts (events, _ _ _
activities and decisions). describe the business process requirements
and IT specifications of cloud offerings.
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Benefits of DSMLs created through adaptations

— Benefits of considering existing Modeling Languges:
— Reuse of established experience and lessons learned,
— Syntax and semantics can be borrowed,
— Fosters reusability within the modeling community or across projects.

— Benefits of Domain-Specific Modelling Languages (DSML):

— High expressiveness of concepts, conciseness -> High productivity of modelling
— Concepts, relations and their notations are tailored to a specific problem domain (domain-specificity).

— Better understanding of models -> Support in decision-making
— Graphical notations familiar to domain experts.

— Designing models in a meaningful and less error-prone way -> High quality of models

— Higher degree of semantics in the modelling language
— Modeling constructs already constrained

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling 30



nw

Domain-Specific Adaptations of Modelling Languags

University of Applied Sciences and Arts Northwestern Switzerland
School of Business

= Meta-modelling

Language Level

Level 3

Level 2

Level 1

Models Language Name

Meta2-Modelling

Meta2-Model created with
Language

Type/lnstance

Classification

Universith di Camerino

Modeling |,

" (1INiVERSITA

DICANMERINO

indirelﬂf direct model of
madel of
Metamodel created with, ) Metamodelling
Language
indirelﬂsf direct nodel of
created with Mdd‘elling
Model
Language-._
model of l -
Original

(Strahringer, 1996)

v

Instanciation

Method
aused for N
Mechanisms
Modellng § Aorithms
A Technique 7| A wadin yaN
« defines way of anguage appication .
defies visualisation P Modelling Procedure | %Mes¥ Generic
Rl L L g pr— [~ Mechanisms
T & Algorthms
u:fmsgr-mTl
Specific
’ ; i Steps Results | Mechanisms
« of
Notation = Syntax meaning Semantics & Algorithms
[ - | "
corsiders b Me:{b o
“— Mechanisms
onnecs | A amenges
© Semantic | accoringo | Semantic & Algorithms

Mapping > Schema

(Karagiannis & Kihn, 2002)

Domain-specific adaptations of modelling languages
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The creation of DSMLs is challenging

—Both domain and language I
engineering expertise are required. -_—

—Difficult to determine an appropriate
domain-specificity of the language.
— Productivity vs. Reusability

Level of Semantics

-

Potential Productivity Gain

Scale of Reuse

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling 32



Universith di Camerino

1336

Lack of agility in current meta-modelling tools

Language Engineering
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Create

Roles
<Abstract Syntax> <Notation>
. ~ -
B o
— :
o
Language Engineers subClassOf o Feedback
Fo
| Health Insurance | é Amendments

3 | Improvements
=
~—+
w

&expertise barrier
Challenge 1: Promote

Modelling — g N
@ _ i -'i the tight cooperation

Domain Experts from an early stage

1. Separation of the two key roles

= Threat to the quality of the DSML as it requires the joint and Challenge 2: avoid
cooperative effort of both experts! sequential engineering
2. Sequential accommodation of new requirements phases

=  Time-consuming!!!
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Inject Agility
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— Interleave of language
engineering, modelling
and evaluation activities
within a joint component
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specific adaptations
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Language Engineers Language

Language engineering

1

. <Abstract Syntax>

Organizational Unit

Create
l’ atl C

by
=
-

Dessif EEE

Acute Hospital

skl

Acute Hospital ~ormalize

rapce

._‘_M_

A\
H
|
Acute Treatment: |

enum ‘é DeVelOp

Donradimn Extleetsts

syuswalinbay maN

pira— i

r Dﬁlnstance 0

ute Hospital

Challenge 1: Promote
the tight cooperation
from an early stage

Challenge 2: avoid
sequential engineering

Drawbacks:

=  Ambiguity of new
modelling constructs

= Limited automation
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Integration Modeling and Metamodeling in a
Environment

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

______________________________________________________

Modeling

Ontology Design
EE
: Task Subprocess i M eta -
Metamodel| | __Notation Design | deli
Engineer > | e I - {(’;}) ‘ modadeling
& |
Modeler  m L O '

—
- %@J Modelling
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Advantages

— The consistency between the two knowledge representations (the graphical

meta-models, models and ontologies) is kept while performing domain-specific
adaptations of modelling languages.

— The graphical knowledge representation is both human- and machine-
interpretable.

— Ontology-based metamodeling can be used to create and maintain ontologies
without ontology expertise.
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Exercise 2

—Open the file named “Walkthrough and query creation for agile meta-
modelling in AOAME” and follow the instructions.
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Extending AOAME Modeling Languages — on the fly

Palette Model Editor

Current arrow configuration

EPMN 2.0 -
Process Modeling View Invoicing Instance .

Activities

Extend Task
Edit Task

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

m —> , prepare

Gateways

Groups

)
.

Swimlanes

I

Connectors
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Integration of Meta-modeling and Modeling:

Universith di Camerino

1336

On-the-fly Modeling Language Adaptation

BPMN 2.0 A
Process Modeling View ¥
Activities

Task

(2] o=
=

e Ext@d Task

(O~ | Edit Task

Hide

my

Name of the

parent class

Extend Task

w Nlodelling Element

Parent Element

Task

Integrate with Existing Elements

Create new sub-class of Task

~ Child Element *

Category

O Palette root elementActivities

IPaIet‘.e Image *

~ Canvas Image *

v

Cangel Create New Modeling Element

Graphical notation to be shown

in palette and canvas
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modeling construct
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FUCRES Send Message Task
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CloudTask
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Create New Modeling construct and
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Integration of Meta-modeling and Modeling:
On-the-fly Modelinag Language Adaptation

Name of the Name for the new Ontology-based
modeling construct metamodel

Ontology-based
palette

parent class

Process Jadeling View v Extend Task
Activities

New Modelling/Element ntegrate with Ex
— U AU —
L y

[l Create/new sub-class of Task

. Service Task
‘| Extend Task : ;
Edit Task ny Send Message Task
Hide . =1 :
Parent Elemer (A Receive Message Task

=1
[rrartq Recerve Message Task

p—

m

m
D
D

Show Instances Prefix * ~ Child Element *
P —

& )
Gateways Manual Task
\/.’ . .
i [ Palette root element
Groups
— IPa\eIte Image * ~ Canvas Image * - I
|V

Swimlanes
Cangél Create New Modeling Element

K .
., Graphical notation to be shown Create New Modeling construct and

in palette and canvas

store in the ontology
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Semantic Alignment in AOAME

—With Semantic Mapping modeling elements can be connected to
domain ontology concepts.

Edit
Relations for CloudTask
CloudTask Datatype Bridging Connector o .
Create New Relation
Edit CloudTask
(.Z-Ic;u_é'.l'-ask

Create new ObjectProperty o~
Comment Lab

p_aymemglan
Palette Image (thum... ~ (_Z.Iou“r:l Task v 1A > ToA

bpaas:PaymentPlan

Create New Domain Element

Create Relation
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Exercise 3

—Create the query that retrieve the Cloud Services for the specified
business process. Note that we are looking for Cloud Services that
have a downtime less than 60 min.
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AOAME:
Agile and Ontology-bAsed Modeling Environment

— AOAME is a prototypical implementation for Agile and Ontology-based Meta-modelling
created from Emanuele Laurenzi’s PhD, which has been supervised by Prof. Dr. Knut
Hinkelmann.

— Implementation of the current version (chronologically) by:
— Emanuele Laurenzi
— Stefano lzzo
— Charuta Pande
— Devid Montecchiari
— Egemen Kaba
— Marco Di lanni
— Jan Eich
— Victor Hargrave
— Kyrylo Buga

— Several master’s thesis and PhD built and continue to build on AOAME.
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