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Modeling Everywhere ...

Modeling is a now key activity in virtually all IT projects
m today is performed in may different languages

General-purpose structural languages
= UML, OWL, ERA, RDF ...

General-purpose behavioural languages
m  UML activity diagrams, Petri nets, ...

Associated textual languages
m  OCL, ATL, QVT, Xtext

Domain specific language b8
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Basic Tension in Language Design

Since models are used to communicate properties of the real world
between humans they should be able to -

m accurately and unambiguously represent the real world
(representational adequacy [GGOS35])

m at any desired level of detalil
m in the simplest and most concise way possible (lucidity,
ontological clarity, construct redundancy [GGOS9])

There Is a basic tension between expressive power and simplicity
m rich, expressive languages often complex and verbose

m simple, concise languages often lack expressive power

Related to the question
m General-purpose versus domain specific?
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UML 1.x Four Layer Model Architecture

Layer

Description

Example

meta-metamoaodel

The infrastructure for a metamodeling
architecture. Defines the language for
specifying metamodels.

MeraClass, MetaArtribute,
MetaOperation

a language to describe an information
domain.

metamodel An instance of a meta-metamodel. Class, Attribute, Operation,
Defines the language for specifving a | Component
model.
moaoiel An mstance of a metamodel. Defines | StockShare, askPrice, sellLimitOvder,

StockQuoreServer

user abjects
(user data)

An mstance of a model. Defines a
spectfic information domain.

<Aeme Software_Share 95750=,
034.50, sell_limit_order,
<Stock_Quote _Svrr 32123

(from UML Semantics Version 1.1)
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Strict Metamodeling (Classic Definition) L

In an n-level modeling architecture, M, M, ... M ,, every element
of an M level model must be an instance-of exactly one element of
an M ., level model, for all m<n-1 and any relationship other than

the instance-of relationship between two elements X and Y implies
that level(X)=level(Y).

m every element has exactly one type, except those elements
In the top level

m instance-of relationship used to define levels

= model elements allocated to levels according to their
location in the type hierarchy
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UML 2.x Infrastructure

M, level contains the

M3 (MOF) Clma real-world elements
7 I -
e (the subject of the
nstanceOfn  / Hhmhllmeﬂh "~~,Hm-a13n-::e-‘.:ﬂu mode|)
! I': T .
\ Sy M, level contains model
) . - .
M2 (LAY Alfribute Class dazziler I st oe representatlon Of types
7 = F 7 and instances
winstanos e r.-"; Tgﬁﬂmﬂ‘la l-:'l'E‘E.::I::.'E'El‘Iu -:b;-aimcemn M2 Ievel ContalnS
/ | linguistic types of the
x 7 e mmﬁ' — M, elements
W1 (User model) o Sy i el - S8 : Video .
§lle = "2001: A Space Odyssey” M3 level contains the
i, dnstance0ty linguistic types of the
M, level concepts
MO {Fun-Eime inslanoces) aVideo

(from UML Infrastructure Specification v2.4.1)
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The Powertype Problem

X is a power type of Y, if the instances of X are subclasses of

m power types are classes whose instances are also
subclasses

therefore, according to the strict modeling tenet, powertypes
must be at the M2 level

= butthey are represent roduct 1 ProductType
domain concepts 1
. disjoint, incomplete}
m the isPowerTypeOf :ProductTyple‘

relationship crosses
level boundaries

Video Book

occur very frequently title:String

N

In practice !

‘Video

title = “2001: A space Odyssey”
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Deep Characterization

usually a type only describes its instances
m e.g., every dog has an age

sometimes, however, a type needs to define constraints on
the properties of the instances of its instances

m e.g. every instance, of a breed instance, has an age

such transitive influences cannot be directly expressed using
traditional instanceOf relationships

with UML must resort to - @ Dog

m constraints "

m powertypes Z% S

m stereotypes @ - Qg) PR, )
- Breed Poodle Fi.do
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Orthogonal Classification Architecture EI:

m two distinct forms of classification organized in different, dimensions
m linguistic and ontological

m Strict (meta)-modeling in each dimension

m So called “linguistic/ontological metamodeling paradox” [EHA13]

LinstanceOf LinstanceOf

ProductType (€] T2CC0 1 2001aSpaceOdyssey
OlnstanceOf

director: String |©instanceOf | i ector = "Stanley Kubric”
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Deep (Multi-Level )Modeling

m Orthogonal classification architecture
= Unified class/object model element
m Clabject

m Level-agnostic mechanisms for representing “typeness” of clabjects
m Potency (deep instantiation)

Language Definition
Clabject :

director: String | instanceOf | director = Stanley Kubnc
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Different Views of the Infrastructure !-'

Linguistic (Meta)model

=
=
Q
S
s
=
P
2
>
&
3
S
Q

Tool Developer's View Modeler's View
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« N
Essence of a Deep Linguistic Metamodel/ !',

DomainElement

name
Clabject Feature
potency : Natural durability: Natural
mutability : Natural

1 7

Connection Entity Method Attribute
transitive : Boolean signature : String Value : String
body: String Datatype : String

m abstract syntax for a Level-Agnostic Modeling language (LML)
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Classes and Objects

In LML classes and objects are unfied into the notion of “clabjects”

m clabjects can have ontological attributes that play the role of UML
attributes / slots

ontological attributes must always have a name
m can also, optionally, have a type and /or a value

el anmdal

Clabject

/
P

7T 5
4 AN
’

S

linguistic Instance Of »”

el
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age = 11

-

Ontologyl

o]

Person
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o1
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Associations and Links

Associations / links are also represented by a unified concept
in LML — Connections

conection are also clabjects
m can have attributes and particpate in generalizations

m can be visualized in an exploded or “dotted” form

( Ontology?2 h

00

loy |/'\| / Compan
Person employee ﬂl—oyeﬂJ employer pany
0.1

Ol

Mike :Person Apple .Company

UMVIL
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Generalization

Generalizations are another first class citizen of LML
m can also be view in an exploded or visually “insignificant” form

The name of the generalization usually identifies the discriminant

Usual constraints such as disjoint and complete also supported

employmentStatus P Employee
erson
Person <} B ® Employmentstaus
gender% Employee
FemalePerson MalePerson -'Gender
MalePerson FemalePerson
UML LML
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Stereotypes

m Stereotypes and stereotyping supported by metamodeling

«Stereotype»
Clock

«Metaclass» < OSVersion : String

Class startOperation : Operation
POSIXCompliant :Boolean Clock
OsVersion : 5tring
StereOtype startOperation : Operation
POSIXCompliant : Boolean

«Clock» AlarmClock :Clock
«CIOCk» H =« “
AlarmClock |F~~~~=~=-- OSVersion . 1.1 QsVersion : String="1.1"
Startoperatlon = start startOperation : Operation=True
POSIXCompliant = True g P

POSKCompliant : Boolean=>5tart

Stereotyped Element

UML LML
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Powertypes

LML also provides natural support for powertypes

power types are metaclasses whose instances are also subclasses.

m Xis apower type of VY, if the
instances of X are subclasses of Y

AccountType
Account * account classifier AccountType
account 1 Account
Zr {disjoint, incomplete}
:AccountType
AccountType
. [completendisioint]
CheckingAccount SavingAccount
CheckingAccount :AccountType SavingsAccount :AccountType
Software Engineering A\ . UNIVERSITAT
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Deep Instantiation

a simple mechanism supporting deep characterization

allows feature properties to be exactly specified using the notion of
= potency

provides a simple but precise definition of instanceOf relationships
(principle of application) over multiple classification levels

m potency takes non-negative integer values

m aninstance of a type always has a potency that is one lower
than the type

although instantiation also lowers the level of a clabject by one,
m the potency and level of a clabject do not have to be the same
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The Power Type Example Revisited "
Y 'y
o0
AccountType’
TaxCode®=Tx00?
TypelntroductionD atel
o1
Account”
balance®
CheckingAccount™:AccountType SavingsAccount™:AccountType
Typ elntroductionDate’=11/6,2003 TypelntroductionD ate®=1/1/2000
TaxCode'=Tx34" TaxCodel=Tx54°
02
CAT76% CheckingAccount SA242%5avingsAccount
TH}{CUdE{ﬁm“- balance=500
balance=2000 TaxCode =Tx54
Software Engineering AN . UNIVERSITAT
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Domain Specific v General Purpose?

IL switchOff
PurcheseOrder ' '\':’T“e.&_ 1 - Off
shiplo: Sting o items m'iﬁ -ty =T
bilTo: Stri * . ; switchOn
9 0. price : floet o
LA
W

ntmL|[h: head]h: outputstyleshee \

i<html lang="

xmlns http /v 3 gf1939/ xhtml" D
xmlns h http /Fiav: j] f/html" | L
v T milen: //]mv on/jatrfacalatals ‘ ;u“: Brotchen Brotchen I-(asse
<ihead> ] backen verkaufen abrechnen
<h:outputStylesheet Library="T]' name='default.css"/> <5
. <title-Facelets Hello Wol prunefaces | M | 2 Uhr
C</hheat> OO
i<h:bo dy> = images
ert>#{hello.world- 5 :

g P
i SihEs Use 384 yntas Iy Yo7l

GPLs DSLs

= E.gUML, Java, XML etc. = E.g. BPMN, Circuit Diagrams etc

= Lingua Franca m  optimized for special tasks

m less concise and efficient m more concise and efficient

m facilitate inter-domain m  “Tower of Babel“ problem

=

communication
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DSL State-of-the-Art

DSLs defined in rigid, disjoint phases and environments

m result of one phase has to be “deployed” in a major compilation step
to enable the second phase

in each phase/environment only one classification level is “soft”

only one concrete syntax is available in a given phase.

-
—=—~— | psL | C——0
e | G W — 5 —
— | ==y

Define Use Apply

Software Engineering

UNIVERSITAT
Prof. Dr. Colin Atkinson MANNH

A commit
(Q 21 EIM



Package Diagrams as a DSL

F
a
aw

w

= Many features of UML were not included in the earlier comparison of

UML and LML
m packages, components, composition... o

L81Erge

m these can be added as DSL features

cmemnEs
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target *r
Package'

name
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[= Containers

| Ontu:nlu:ug}r
o= Model
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Symbiotic Languages

Symbiosis — a relationship in which two things compenstate for each
other's weaknesses and reinforce each other's strengths
Symbiotic languages

m coexists and can be mixed in arbitrary ways

m  Melanie supports a symbiosis between general purpose and
domain specific visualizations

Key features —

m choice between purely general purpose or domain specific
representations of the same model

m symbols can be arbitrarily mixed

any symbol can be dynamically toggled from domain-specific
to general purpose and back

m can be applied at multiple classification level (i.e. models)
simultaneously
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Symbiotic Language Example (1/3)

o0
t | ProcessElement®
- POST L Post,
E s
pre post pre
Task® Start®
WOR: name name
literal=x
End?
- GateWay < [ 2=
ANDZ ay name
S literal
literal=~+
OR?
literal=0C0
o1
PresentB}r‘l’qurselfl:Task
-—
name=Present by Yourself l
ICSEPaperAccepted l:Start GoOrSend L:XOR 1,
il Pt GoOrSendEnd :XOR End :End
name=IC5E Paper Accepted —= literal=Xx -
literal=2Xx name=En
Y
InformPhDStudentl: Task
| name=Inform PhD Student
o2
#128%ICSEPaperfccepted #128%500r5e... #128"%:PresentByYourself: Task #128%Go0rsSendEnd #128%End
—— = ] —
= — )
name=+12¢ literal=>x name==125_Present_by_Yourself literal=Xx name=+#125
Softwarc Engincering ™ commit 25 UNIVERSITAT
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Symbiotic Language Example (2/3)

Q0
t | ProcessElement®
i | Post
£

pre post pre
Task? Start®
HKOR? name name

literal=Xx
End

-l pre
= GateWay~ [ =
AND?Z evvay name
™ literal
literal= =
OR?
literal=0o
o1
Present by Yourself J l
GoOrSend 1:XOR
literal=X <">‘ - 4’0
'4{ Inforrm PhD Student W
)
oz
O =®—'4.L#128_Present_b}r_“r'ourself}-gl'@ -4-0
Software Engineering AN commit 26 UNIVERSITAT
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Symbiotic Language Example (3/3)

Business Processes &
o0
- Post| ProcessElement? 5051
I
= [PT®  post | © * |pre
Task?® Start®
NOR: name name
literal=2Xx
End *
= GateWay | P™5
ANDE 3 = namae
S literal
literal= =
oR?
literal=0O
o1
pre
Post | present By Yourself = n
= |[RTE o
=) post
GoOrSend:HOR
------ - SO
literal=2x
B e
pre i post
post =
* Send PhD Student -
pre
o2
/\.\-__'_'___—-._\_\_‘_;4-‘"\‘\\ . * L post l --v:__ﬁ- I = post -5
" MODELS 2012 i - = s - e
innsbruck S =
L% =
Lo A
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Foundation Ontologies

a foundation ontology (also known as a top-level ontology or
upper ontology) describes very general concepts that are
common across all knowledge domains

meet the following basic needs [EHA13]

m promote reuse in a higher level of abstraction aimed at
maximising the reuse of domain models

m produce domain specifications that are truthful to reality
m theoretical foundations for conceptual modelling languages

Examples

m Bunge-Ward-Weber (BWW), Basic Formal Ontology (BFO),
General Formal Ontology (GFO), Descriptive Ontology for
Linguistic and Cognitive Engineering (DOLCE), Suggested Upper
Merged Ontology (SUMO),

m Unified Foundation Ontology (UFO) [GGO05]
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Semantics of Models

Concept

Ulimann’s Trlan9|e (Conceptualization)

basis for understanding how symbols
represent concepts in a language represents

abstracts

“the relation between language and
reality is always intermediated by a SymbolL = = = = = = Thing
certain conceptualization” (Baldinger) (eneuage)  refersto - (really)

Guizzardi’'s Square

represented by

characterizes relationship
between conceptualizations

- Modeling
Language

imterpreted as

~]
models, languages and L
specializations [GGO035] msenceet| | ompose
represented by - Mode
interpreted as Specification
ﬂ_u
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Concrefte Incarnation

In practice, boils down to a detailed taxonomy of modelling
constructs capturing and philosophically well-founded concepts
Based on a traditional (two-level) class / object dichotomy

m Aristotle’s four category ontology

Most widely used and practical incarnation is OntoUML
m a UML profile capturing the UFO taxonomy

m supported by a tool developed by NEMO (Ontology &
Conceptual Modeling Research Group) in Vitoria, Brazil

Arguments for validity and utility are philosophical
m the necessity or correctness of modelling features can not be
proven per se

m often the information they convey can be modelling in another
way (albeit perhaps less elegant)

phases can be modelled by attributes of enumeration types

Software Engineering
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Heart of the UFO

m Aristotle’s four category ontology

. nkivasherCy > Second chapter of
Aristotle’ s Categories
ﬁ‘} [GGO09S]
[disjont, complete) |
Urederment Set
ﬂ | . BLI:E;HEH
(hsjar, compiete) |
Individual Umiseersal
Fal FaX

| Pardurant | | Endurant | Endurant Universal Ferﬁn’nr'rtl.lriu‘ﬁ'ml

{dispoint, complete) | disjoind, compleie}
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Heart of the UFO

Aristotle’s four category ontology

time

times

ﬁare 1n time” \

e persist over

 same individual
can exist at two

 e.g.ahouse, a
pile of bricks

Thing

ighSamibeardd =

T

7)‘,_tmmnr_mmﬂ'

i |

Second chapter of
Aristotle’ s Categories
[GGO05]

‘happen in time”

extend in time accumulating

temporal parts

same individual cannot exist at

two time intervals

\

/

€.g arace, a party

|

Pardurant Universal |

Endurant Universal
[tispoint, complete) | disjoind, complein}
Substantial Maoment Substantial Universal Moment Universal
Software Engineering AN .
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Heart of the UFO

Aristotle’s four category ontology

Aristotle’ s Categories

e IaMemberCH > Second chapter of
ﬁf‘ [GGO5]
[cisons, compleie) |
K‘can exist \ Urele ment "
: Fa .
independently” | e
* objects or -
amounts of ] i “inhere in other individuals ”
matter | * attribute, properties, tropes
* e.g. house, pile * cannot exist independent
of sand ] * ¢.g age, reliability
——ertffilete) Z'/
Substantial Mament | Substantial Universal Moment Universal |
oy commit 34
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Taxonomy of Substantial Universals

Universal |
Substantial Universal
Hm‘lﬁ\
| SortalUniversal MixinUniversal |
AN FAN
{dispart} {desjoint, complete)
RigidSortal | |AntiRigidSortal RigidMixzin | [NonRigidMizin
L FAN N i
{disgoint, complete)
{mispoint, complese} {dispent, compiete]
AntiRigidMixin
Kind SubKind | | Phase Role Category RoleMixin Mixin
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- - |
Taxonomy of Substantial Universals !"'
ﬁhave a sense of identify and type” \ ﬂdispersive universals”
* support classification (principle of * represent things with
application) and identification (principle a particular quality
of identity) * e.grational entity,
 sasically correspond to classes in UML strong entity
| SortalUniversal MixinUniversal |
LA N
|disjaint) {disjoint, compleie)
RigidSartal |An|i|=t|gi|:|5urtai| RigidMixin | |NonRigidMixin
L4 P iy £
{disjoint, complets)
| cispoint, compleds} {dispint, complete]
ArliRigidMixin
Kind SubKind | | Phase Role Category RoleMixin Mixin
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Taxonomy of Substantial Universals

/A type whose instances cannot \ /A type whose instances can

cease to be instances of the type ] cease to be instances of the type
without ceasing to exist whilst continuing to exist
* ifIis an instance of T in one =all | ¢ 1fl1s an instance of T in a
possible world, then I must be given world, there is another
an instance of T in every possible world in which I is
possible world not an instance of T
* e.g. person / « e.g. student, /
Fil
|disjaint) {disjoint, compleie)
RigidSartal |Anli|=t|gi|:|sm-taj| RigidMixin | |NonRigidMixin
L4 N iy £
{disjoint, complets)
| cispoint, compleds} {dispint, complete] T
ArliRigidMixin
Kind SubKind | | Phase Role Category RoleMixin Mixin

Software Engineering A\ : UNIVERS ITAT
Prof. Dr. Colin Atkinson L ZERE 37 DI WMANN

HEIM



Example (OntoUML) [GGO5]

= CAlEqOry s aphases
Ager! ActiveOrganization
FANN
ErﬂE‘- 'HEH'E:‘
s peri ExtinciOnganization
ﬂl‘lEdLﬂcnl 1 pring Crg - ?
1. £ & ki =
i Organization
akinds e
Person
-ntﬂluelﬂ:- &M
parer % Parformer Ariisl
1 | _ #
I
wrelalors 1.2 Male Person Fermale Person wrolen
Registration 5‘“_\ g‘“_\_ Individual Artist
1.-
| sfdles aftlaw ?
1.2 Father Mather
smefialions whtles
efles Band Member
1.2 Parent 1]
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Compatability of FOs and Deep Modeling i.'

m Atfirst sight FOs and deep modelling are fundamentally incompatible
m  UFO based on the fundamental universal / instance dichotomy

m deep modelling exists to precisely to overcome this limitation

m UFO does not explain some concepts that are important in IT
abstract classes

interfaces
power types

stereotypes?

m but UFO can be regarded as a
DSL in deep modelling

m provides exactly the same
expressive power as OntoUML
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UFO as DSL

T LN
Hisgirt} [dtsjodnt, complete)

L i S b

{disiont, compleis)

il

Uesjoog : aAlsUEl]
|einieN : Aousjod

{gisiaint, comples) {Hisiaint, complete)

=
S
3
-
=
E
@
3
@
=

Buis Apog
bus : aimeubis

[eameN : Al

Bulng : edhleleq
Bulg : enjep
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Big Question

In an optimal deep modelling environment, what features in (e.g.)
UFO be moved to the linguistic (meta)model ?

m would the notion of rigid or antirigid clabjects be useful?
m would it be useful to introduce the notion of role clabjects?

For example EHA13 argue
that Dog is a substantial
class while Breed is a
moment type

m but what if Dog were
not in the model?

The top ontological model
and the linguistic model
need to be aligned and
optimized to support
deep, FO based modeling

o2 §
g9\ £
2| d
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Deep Interpretation of Ullman’s Triangle

Concept
(Conceptualization)

represents abstracts

Symbol & = = = —— - Thing
(language) refers to (reality)

m ontological model elements are
symbols

m real world entities, including
concepts, are things

m higher level model elements are
concepts

a concept can be an instance of
another concept (counter to [EHA13])
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Deep Interpretation of Ullman’s Triangle

Concept
(Conceptualization)

represents abstracts

Symbol & = = = —— - Thing
(language) refers to (reality)

m ontological model elements are
symbols

m real world entities, including
concepts, are things

m higher level model elements are
concepts

a concept can be an instance of
another concept (counter to [EHA13])
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Maodealing
Language

Model
Specification

m model elements at one level
are a language for the model
specification at the level below

m a model language represents a
conceptualization

m a model, a aninstance of a
conceptualization, is a model
specification

Software Engineering
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Maodealing
Language

Model
Specification

m model elements at one level
are a language for the model
specification at the level below

m a model language represents a
conceptualization

m a model, a aninstance of a
conceptualization, is a model
specification
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Maodealing
Language

Model
Specification

m model elements at one level
are a language for the model
specification at the level below

m a model language represents a
conceptualization

m a model, an instance of a
conceptualization, is a model
specification
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Conclusion

FOs and deep modelling are at one level fundamentally
incompatible, but at another level they are synergetic

m an FO can be supported as a DSL in deep modelling

m  FO semantic models map well to a potency-based OCA
(Ullmans’s triangle, Guizzardi’s square)

“Linguistic” and “ontological” are highly misleading labels for the
different forms of classification

m infrastructural versus conceptual or domain

The modeling community would benefit from a fundamental
unification of FO and deep modelling

m FOs needs to move beyond the two-level world view
m Infrastructural model needs to be enhanced with FO concepts

Deep modelling environment from Uni. Mannheim
= www.melanee.org
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Deep, SUM-based Environments
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