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Abstraction and Human Mind

—The human mind continuously re-works reality by applying cognitive
processes.

— Abstraction: capability of finding the commonality in many different
observations:

— generalize specific features of real objects (generalization),
— classify the objects into coherent clusters (classification),

— aggregate objects into more complex ones (aggregation).

— Model: a simplified or partial representation of reality, defined in order to
accomplish a task or to reach an agreement
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Dealing with complexity and changes

—If the object you want to create or change is simple, and it is
not likely to change, then you can do it directly.

—But...

—if the object is complex, you can't see it in its entirety at
one time and...

—it is likely to change over time, you need a model.

(John Zachmann, 2012)
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Complex systems

—Buildings
—Software systems

Totad ol loas
GaC+E

—Enterprises

: N I/h'%i?ﬁ“t..m.m
—Machines i ]

—Engines
—Electrical networks
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Conceptual Models

—“In computer science people use symbolic models to
represent their assumptions about a certain domain. These
are termed conceptual models” (Guizzardi & Guarino 2023).

—Conceptual Models are:

— “created by a (re-)constructing act of abstraction of concepts of a
domain which are deemed relevant for a particular purpose” (Frank
et al., 2014).

— “a semplication of a system built with an intended goal in mind“
(Bezevin and Gerbe, 2001).
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Conceptual Modelling = Knowledge Engineering
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—A knowledge base is a representation of reality.

Reality Model

academic
staff

rdfs:SubclassOf rdfs:SubclassOf

has name -\ rdfs:SubclassOf

domain range domain

@ e DS taught bygsd
@ rdf:type : rdf:type
<—

Ontology

lives_in

Instances

Knut Hinkelmann :Academic_Staff rdf:type owl:Class .

:lecturer rdf:type owl:Class ;
rdfs:subClassOf :Academic_Staff .
:module rdf:type owl:Class .
:course rdf:type owl:Class ;
rdfs:subClassOf :module .
:is_taught_by rdfs:domain :module;
rdfs:range :lecturer .

:KE rdf:type :course ;

:is_taught_by :knut ;

:credits 6 ;

:title "Knowledge Engineering" .

Dr. Emanuele Laurenzi— The Convergence of Knowledge Graphs/Ontologies with EnteSoigedd &tolfildy. Knut Hinkelmann o

:name "Knut Hinkelmann" .
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Example: Concepts and Instances for Process Modelling

Business Process Ontology (Metamodel

Class hierarchy: owl:Thing

%

v-®

.. . Actar
& () organisation

" person

- () system
r- (0 arefact
- () data_object
r- (0 flow_objects
¥ activity
. =@ subprocess
- event
- () gateway
- () process

- sequence_flow

B zequence_flow Range flow_objects

B zequence_flow Domain flow_objects

W OhjectProperty: sequence_flow

B sequence_flow SubPropertyOf: owltopObjectProperty

V- executes

Il ObjectProperty; execuies

B executes Range task

B cxecutes SubPropertyOf: owltopObjectProperty
B cxecutes Domain Actor
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Process Model for Serve Guests

Instances:

For: & process
For @ task

’ present_bill

& serve_beverages
’ serve_food

For: @& event

’ guests_finished
For: @& role

’ waiter

Relations:

\E ’guests_ﬁnished
; .guests_ﬁnishedsequence_ﬂow present_hill

V-4 serve_beverages
P ’ serve_beverages sequence_flow serve_food

+----’5erve_food
’sewe_foodsequence_ﬂow guests_finished

V-4 waiter
e .waiter executes serve_food
’waiter executes serve_beverages
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Kn OWIQd ge Base Problems of knowledge bases:

_ — Creating knowledge graphs
Reasoning/ is difficult for non-ontology
Decision Making ‘ experts or for domain

experts; it requires skills in
[ ¢ N ontology languages.

sequence_flow Ranqeﬂowﬁnme‘ms For- @ task
seguence_flow Domain flow_objects

T S Maintaining knowledge

G graphs is a complex and

M o knowledge-intensive task.
Especially:

in large organizations,

in applications where

various stakeholders with

different expertise are

required.

H -
. executes SubPropertyOf: owl'topObjectProperty
B executes Domain Actor

® ion
®
- @
- @ system
7@ artefact
O e S - ( data_object
v @ flow_objects
© activi
bprocess
sk
®
L

Reality
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Graphical models are appropriate for humans
Communication/
. — Graphical
Ana.ly-SIS/ . models are
Decision Making ‘ conceptual
models with
a N\ graphical
P‘iloﬂ—@ : notations
EP o] |
Models - - — @ o-
—p —
- - I B
\_ human-interpretable models )

Reality
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Knowledge Communication/

Humans use knOWInge to Analysis/Decision Making

interpret graphical models

Models

Reality
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Enterprise Models

Enterprise models are graphical models that capture relevant
knowledge of an enterprise...

..and visualize it through a graphical notation...

..facilitating understanding, communication, problem-solving,
and meaning negotiation among humans.

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

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling 12



WniveRSITA
DICAMERINO

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

Examples of Enterprise Models

= [a)

Sales
Representative

Sales Process

Maintain customer/ 4 Transmit billing
— —- —- —-
@ product master files GenealcluE data to customer

Order payment Order
received received processed
AT Cu;tomr Customer Interaction Ordeer Processing
— Cancel order — Information
Due data Order
passed cancelled H H H
CRM ERP
Customer) Customery I~
’\.‘e():us.lnmerﬁq Order Order Mlnventory
nagement Management Processing lanagement
Easy Loan
Customer Customer Customer T
1 )
Information Orders Orders ERP
/ E r"' \
;m’ <<Role=> <<Role>> <<Role>> <<Role=> Customer Data Order Data Inventory Data
e o Underwriter Risk Manager Customer Agent Branch Leader Mastering Mastering Mastering
‘ ‘ ‘ A A A
<<Porson>> ZT?”S" == <<Person>> <<Person>> <<Parson>> Master Data Management
Anna Green T Tony Stace Andrew Smith Maria Chery
Bream
Customer
L Data Order Data Inventory Data
Document
-creator
CRM Dat:
ata
Access ERP Data Access
N MD Access
| : !
Menu Bill Report Baok Webpage . : -
— c CRM Server (7 e Do e ] ERP Server
-customer -subject -publisher URL
ant -title
crm QO Customer 3 Order DalaD Inventory [
DBMS Data Data
ProjectReport
-project
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Enterprise Modelling (EM) /1

— Enterprise Modelling is an established discipline for the conceptual
representation, design, implementation, and analysis of
information systems.
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— EM offers the creation of domain-specific
modeling languages (DSML) (Van Deursen et
al. 2000, Frank 2014) to target specific
stakeholder groups

— Tailored graphical notations increase the shared { “

_ i

COMPANY X -

understanding of a given domain of discourse. nooo
— EM enables participative modelling and involve .
. . goooo
different stakeholder groups (e.g., Stirna et o000
al. 2007) 0D (100 | «
A7 | 00200 . 83

— EM supports business and information systems —
engineering. ——
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Enterprise Modelling (EM) /3

—|In a practical sense, enterprise
modelling refers to the act of
creating or adapting enterprise
models using modelling languages.
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2000
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Main components of a |
) o Modeling |,
modelling language. Method
used for . .
— A modelling o 8 Agarinns
. < : n
language consists of: ikl e =R
— Graphical notation | 4 ceinesway of rguage plcaton || \ying
defines visualisation P Modelling Procedure | oes® Generic
— Abstract Syntax Language (oo Mechanisms
_ T & Algorithms
— Semantics MQMT;
Specific
Notation — Syntax | <« meango | Semantics Steps Results E‘ﬁ}ﬁﬂﬁ"&i
| — gl FF | O—‘ Meglybﬂd
anisms
comect | & Semantic gmp Semantic & Algorithms
Mapping > Schema

Karagiannis and Kihn (2002)
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A Business Process Modelling Language Example

Abstract Syntax (Meta-model):

Concepts and relations that can be
used to create models.

Flow Object | " Artefact

RS e Graphical Notation: An enterprise model contains instances of the
| R ? Notation/appearance of concepts defined in the meta-model.
Gaeway | [ Aoty et ok | FReREon | SRathiEe meta-model concept. E.qg., the object ,confirm order” represents a
. real entity; it is an instance of the concept
| {j tasg "task"
] 4 R Enterprise Model:

O event e pe———
= o
gateway order arrived ! goods on stock? order
- — -~
e e e e e e e e e e e e - - S data ObJeCt procure goods

. sequence flow confirmation
______________________ . data association
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Subset of the BPMN Meta-model as a UML Class Diagram

| Activity
(From Activities)
(g IsForCompensation : Boolean
£ startQuantity : Integer 0.1 0.1
g completionQuantity @ Integer

+ ioSpecification | [nputOutputSpecification
(From Data)

| Task
(From Activities)

£ SendTask i ServiceTask ] ManualTask L] BusinessRuleTask

(From Activities) — l:ﬂ-oml Actjwtm?} (From Humaninteraction) - (lfrom nct|ul|tlesljl .-
5 implementation : String g implementation @ String g implementation @ String

. ReceiveTask — UserTask | ScriptTask
(From Activities) (From HumanInteraction) (From Activities)
@;—;,implementation : String .L—\-jimpiementation 1 String [cg scriptFormat | String
[Eg instantiate : Boolean [Eg script @ Stiing

(UML Class diagrams where originally designed for modelling in object-oriented programming. This is why they
contain operations and other features, which are not relevant for most modelling languages).

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling Source: Prof. Dr. Knut Hinkelmann 19
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Meta-model of a Modelling Language

A meta-model defines the semantics of
the modelling language, i.e. the building
blocks that can be used to make a model.
. . It defines the
Meta-model tedwih Meta-Modelling

Language ¢ object types that can be used to
l N represent a model
model of model of
¢

relations between object types
createdwith Mode”mg

Model — | anauace ¢ attributes of the object types
model of Juad ¢ rules to combine object types and
relations
Reality

m The meta-model can be described in a
modeling language, too. This is called
the meta-modelling language.

m UML Class Diagram is the meta-
modelling language for BPMN 2.0.

Metamodelling Hierarchy (Strahringer 1996)

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling Source: adapted from Prof. Dr. Knut Hinkelmann
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Example: The meta-modelling hierarchy for BPMN 2.0
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- ™
Meta®-Model "
Level 3 described in : !
Meta-Metamodel ————= .~ Meta-metamodelling language
T model of S
canrormstcﬁ “‘n_“ ¢~ BPMN ™
Tea Metamodel
described in . !
Level 2 Metamodel(s) Metamodelling language
=~ model of o - - . vy
conforms tcﬁ e (Reviewing o \ \ N
. [ Process VT TN
described in ; 2 - L
Level 1 Model(s) Medelling language Cf_. —ub
" A
represented by ﬁ
Level 0 System

(Original, Reality...) . .
Meta-modelling hierarchy.

Adapted from (Efendioglu et al. 2017)
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Recap:
Models, Modelling, Modeling Language, Meta-Model

Enterprise Model
A reproduction of the part of the reality of an enterprise
containing essential aspects to be investigated.

Enterprise Modelling
Creating enterprise models using predefined concepts.

Modelling Language
Notation/Visualization of the concepts that can be used
for modeling

Meta Model

The concepts of the modeling language are predefined
In a so-called meta-model

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling Source: Prof. Dr. Knut Hinkelmann 33
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High-level Architecture of Meta-Modelling Tools

meta2-model (" Definition of Syntax and (type) semantics I

layer w ]
/\

E.g.,
- ADOxx Development Toolkit
metamodel D - https://adoxx.org/

- MetaEdit+ Workbench
- https://www.metacase.com/products.html

layer

E.g.,
- ADOxx Modeling Toolkit

- https://adoxx.org/

- MetaEdit+ Modeler
- https://www.metacase.com/products.html

ver T -
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Meta-modelling Environment .-

Universith di Camerino

application

— Meta-modelling tools

store graphical models Models

and meta-model 4 human interpretable ) 4 machine processable A

structure in databases. —

.y r\—.'L»CHTJ—@
. - T
Problems of metamodeling — s
environments: k«- ’:, L 1) \ Data Scripts

Automation limitation! \

Models are not
/

interpretable by machines
like if we had ontologies.
-> No Machine Reasoning! Reality

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling
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Solution: Convergence of Two Knowledge Representations

Enterprise Models Knowledge Graphs/Ontologies

e i e e e
g@.‘.w SGHEOTE JFdID we s
:Academic_Staff rdf:type owl:Class .
:lecturer rdf:type owl:Class ;
rdfs:subClassOf :Academic_Staff .
:module rdf:type owl:Class .
:course rdf:type owl:Class ;
rdfs:subClassOf :module .
:is_taught by rdfs:domain :module;
rdfs:range :lecturer .
:KE rdf:type :course ;
:is_taught by :knut ;
:credits 6 ;
:title "Knowledge Engineering" .
:knut rdf:type :lecturer ;

Modeling using predefined concepts. E———

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling Source: Prof. Dr. Knut Hinkelmann 25
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Convergence of two knowledge representations

—The convergence of the Enterprise modelling and Knowledge
Graph/Ontologies is a recent research interest that strives to address
the challenge and limitations of adopting only enterprise models and
only knowledge graphs/ontologies.

—Two prominent approaches:
—Semantic Lifting
—Ontology-based Meta-modelling

Dr. Emanuele Laurenzi — The Convergence of Knowledge Graphs/Ontologies with Enterprise Modelling 26
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