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® Level transitions
1-2 and 2—3 are
of the same kind

® Level transition
0—>1 can be also
regarded as
“described by”,

l but Is different In

Java Progra!n Execution/o nature
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CDIF is not
concerned about the
,0* layer which would
be the result of
Instantiating a model

— three level

/ N / . architecture
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Layer Description Example

Meta Meta Model Defines the core ingredients (CDIF) MetaEntity, MetaAttribute
sufficient for defining languages  (MOF) Class, MofAttribute
for specifying meta-models

Meta Model Defines a language for specifying (UML) Class, Attribute,
Models Association (Database) Table,

Column, Row

Model Defines a language to describe an Student, Course, enrolledin
information domain.

User Objects Describes a specific situation in ~ Student#3, Course#5,
an information domain. Student#3.enrolledin.Course#5
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® VIOF U good old OMG FLA“]

» defines language for _
formulating metamodels with

e UML, CWM, ...

» languages for creating user
models

® User Models

» describing the system

® Systems

» user objects
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name : String
type : Classifier

Person
age : Integer

Lassie
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e MIOF U gd{d old OMG FLAQ]

» defines language for _
formulating metamodels with

e UML, CWM, ...

» languages for creating user
models

® User Models

» describing the system

® Systems /
» modeling target / user domain
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Collie Celebrity
Carbon
Movie -based
Star Lifeform
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Four
Legged
Object

Animal

Collie Celebrity
Carbon
Movie -based
Star Lifeform
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Breed

Pet Store
Product Type

Animal
Category

_ Domestic
SUbjECt Animal
of a Law Kind

Focus of
Categor
Jory a Club
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® \When I1s a model a metamodel?
» metamodel = model of a model?

model of

Frankfurt | A3 H Firth

| |
model of

| model of A5 A9 4+— Darmstadt —{ A3 { Munich
| |

Darmstadt Munich

@ anti-transitivity required
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® \When I1s a model a metamodel?
» metamodel = model of a model?

type model of

Frankfurt | A3 H Firth

S | | type
| model of & M ¢ model of

Darmstadt Munich

@ anti-transitivity required
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® \When I1s a model a metamodel?
» metamodel = model of a model?

type type

P =~ i
Rl e
e £ - model of m model of Location Connection
AW, ¢ y l Type Type
j i

@ anti-transitivity through double classification
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® \When I1s a model a metamodel?
» metamodel = model of a model?

type type

it - = < model of . ¢ model of UML UML
F-. I I‘ A m

@ anti-transitivity through linguistic types
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® \When I1s a model a metamodel?
» metamodel = model of a model?

Frankfurt | A3 H Firth

Lt | | type
T et A5 A9 el

Darmstadt Munich

@ anti-transitivity through linguistic types
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@ a relation R Is capable of erecting meta-hierarchies,

If it has the following properties
» irreflexive —Jde:eRe
» anti-cyclic vn,m e,e,:e,R"e, > - (e,RMe,)
» anti-transitive Vn>2 . R"NnR=O

» level-respecting (d e, e,nm:e,R"e,Ane,RMe,)
- n=m
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@ a relation R Is capable of erecting meta-hierarchies,

If it has the following properties

» irreflexive —Je:eRe

e 5
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@ a relation R Is capable of erecting meta-hierarchies,
If it has the following properties

» anti-cyclic vn,m, e, e, :e,R"e, > - (e,RMe,)

R ~
o O O
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@ a relation R Is capable of erecting meta-hierarchies,
If it has the following properties

» anti-transitive Vn>2: RPN R=U

£ S
= § ©

g O
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@ a relation R Is capable of erecting meta-hierarchies,
If it has the following properties
» level-respecting (d e, e,nm:e,R"e,Ane;RMe,)
— N=m
o
-

Ko
, !

O »0O
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Man Is a Mammal
Aristotle I1Is a Man

Aristotle Is a Mammal
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Man Is a Mammal
Aristotle I1Is a Man

Aristotle Is a Mammal
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Man is a Mammal
Aristotle Is a Man

Aristotle Is a Mammal

Man is a Mammal
Aristotle i1Is a Man

Aristotle Is a Mammal
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Man Is a Mammal
Aristotle I1Is a Man

Aristotle Is a Mammal

Man is a Species
Aristotle Is a Man [

Aristotle Is a Species
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{ % Expert Opinion




It depends upon
what the meaning
of the word “Is” Is.

— Bill Clinton
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It depends upon
what the meaning
of “is a” Is.
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Generalisation Classification

Man i1s a Mammal
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Generalisation Classification

_ Aristotle
Aristotle

Man IS a subset

of Mammal Man is a Species
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Generalisation Classification

_ Aristotle
Aristotle

Man ¢ Mammal Man € Species
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Man Is a Mammal
Aristotle is a Man

Aristotle is @ Mammal

Man is a Species
Aristotle lis @ Man

Aristotle is a Species
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Question

Aristotle in Mammal

I I ® does In
| | referto c—
| | orto € v

refers to an refers to a
Instance set
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Question

Aristotle in Mammal

_ @ does In
Man in Mammal referto ¢ v/
| | orto e v

refers to a refers to a
subset set
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Aristotle in Mammal

Man in Mammal
|

Question

® does N
referto ¢ v
orto € v

refel

syl -
- 1N

I .
—/rSet membership and
subsets are both denoted

\_ Alloy Analyzer Tutorial 2008 /

~
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Question

Aristotle in Mammal

_ ® IS this a
Man in Mammal good idea?

/Set membership and b

subsets are both denoted
1N.
\_ Alloy Analyzer Tutorial 2008 /
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Aristotle in Mammal

Man in Mammal

/Set membership and

subsets are both denoted
1N.
\_ Alloy Analyzer Tutorial 2008 /

Thomas Kiihne 6t Bellairs CAMPaM Workshop (April 5-12, 2009) 37



Two Dimensions of Classification

Ontological Classification Linguistic Classification
(domain types) (representation form)
A AL
~ " ™
Animal Model Element
Instance
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The Case for Quotation Marks
® a use of a word we refers to its meaning

» Lassie € Dog
» Love I1s an Emotion
® a mentioning of a word, refers to the word itself
» "Lassie" € Word
» "Love" Is a Four Letter Word

® Wwhenever we mention words, we should use
guotation marks
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Again, two Dimensions of Classification

Category
Animal Model Element
Category lﬁ
Domestic Generalizable
AnimalKind Element

instance of
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Metaclass
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-
. D i
Electronic Warehouse Type Object
Pattern
\—/
Product item description|  productType
price : Double taxRate : Integer
A A
: :
MobyDick Book
price = 9.95 taxRate = 7%

® information about instances & types needed
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Electronic Warehouse

model
types

model
Instances

) ——e an——— )
i Product item description| productType |
I |
| price : Double taxRate : Integer i
O A A
5 Y

! I I \I
i MobyDick Book :
I |
| price = 9.95 taxRate = 7% i
' |
l\ i

P ——————————————
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Electronic Warehouse

pattern artefacts domain metatypes

—_———

—_

( 0 o

i Product |t19m descriptio]  productType

| |

i price : Double i taxRate : Integer

\\ _________ It ________ ) )

I

I/ ________ —I _________ \\

i MobyDick : Book

| |

| price = 9.95 | taxRate = 7%
domain instances domain types
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Electronic Warehouse

pattern artefacts domain metatypes

model i i Product It\Fm descripti i

types | | price : Double i |

\\\_\_\:::::::::@:::::::::l ______________________________ //I

- I yal|l

|// // ________ —I _________ \\ \\I

model i i MobyDick : |

instances = |price=9.95 | taxRate = 7% i
‘domaininstances ~ domain types
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Electronic Warehouse [

type
checking

.
Accidental

Complexity )

Yefacts

L

~—___ Y=

model
Instances

—_—_———————
Ve

ST eTETETRT T ——

—_———

e

no language
support

dynamic
binding

|

- T T T T T~

— S —_—— -

domaln Instances

domain types
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I
MobyDick

Book ProductType
price : Double taxRate : Integer
Book

price = 9.95 taxRate = 7%
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Electronic Warehouse
taxRate : Integer

Book

Book

taxRate = 7%

price : Double

O, |

MobyDick

price = 9.95
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ProductType
taxRate : Integer

Book

taxRate = 7%
price : Double

O, |

MobyDick

price = 9.95
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Electronic Warehouse

® both instance & type
level information
modeled

® product type information
concentrated at one

location O

0

® easy to add further
product types

ProductType
taxRate : Integer

Book

taxRate = 7%
price : Double

MobyDick

price = 9.95
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Electronic
Warehouse

® Instances of
product type
Instances need
not have a

price 0,

® how to
enforce?

ProductType
taxRate : Integer

Video Book

taxRate = 19% taxRate = 7%
price : Double price : Double

2001 MobyDick

price = 19.95 price = 9.95
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E I eCtrOn i C ProductType
Ware h ouse taxRate : Integer

] Product
® Instances of orice - Double
product type A
Instances need Video Book
not have a taxRate = 19% taxRate = 7%
price O, | |
2001 MobyDick
® how to _ )
price = 19.95 price = 9.95
enforce?
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Powe rtype = ProductType
« powertype » : taxRate : Integer
]

Concept |

. Product
® doesn't scale orice - Double

well /N
® Information Video Book
dl StribUt e d taxRate = 19% taxRate = 7%
O, | |
® mandatory 2001 Moby Dick
Su pertype price = 19.95 price = 9.95
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Potency ProductType

taxRatel : Integer

Conce pt price? : Double

® directly specify

. id Kk
that instances video i
taxRate® = 19% taxRate® = 7%
of prOdUCt pricel : Double pricel : Double
types have a
price 0, | |
2001 MobyDick
price® = 19.95 price® = 9.95
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Product

taxRatel : Integer
price? : Double

Potency
Concept

® directly specify
that instances
of product
types have a
price

2001 MobyDick

price® = 19.95 price® = 9.95
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Potency ProductType

! Intege
Concept / \

® directly specf| Video
that instance (

of product taxRate® = 19%
types have a\\ | Price* : Double
price

MobyDick

price® = 9.95
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ProductType

Potency
Concept

taxRatel : Intege
price? : Double

® directly specify
that iInstances

of product / =
|
” |

Video Book

taxRate® = 7%
pricel : Double

types have a

price
( 2001 MobyDick
price® = 19.95 / Sk
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® Basic Relationships in Modeling
» representation
» classification (linguistically & ontologically)
» generalization

® Metaness

» repeated application of an operation giving rise to
anti-transitive relationships

» transfer of this definition to models, with a relaxed
Interpretation for allowing established terminology
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® Ontological Classification
» domain modeling # language engineering

e Multi-Level Modeling
» direct mapping
» dynamic type level
» full language support

® Deep Instantiation
» concise mechanism for deep characterization
» enables static type checking
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