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Entity

RoleRelationship Entity type

Data type Object typeValue 
property

Attributive 
property

{disjoint, complete}

{disjoint, complete}

Dimensional 
value typeValue type

{disjoint, complete}

Nested object 
type

Weak object 
type

Dimensional 
attributeAttribute

{disjoint, complete}

Composite 
attribute

Multivalued 
attribute Mapped to

SubsumptionPartWhole

Shared 
Aggregate

Composite 
Aggregate

{disjoint}

Qualified 
relationship

Constraint

see separate 
figure

* Disjointness axioms among the subclasses of Relationship are:
      {PartWhole, Attributive property, Subsumption} and 
      {Qualified relationship, Attributive property, Subsumption}

Qualifier

{disjoint}

Associative 
object type
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Constraint

Relationship 
constraint

Uniqueness 
constraint

Disjointness 
constraint

Disjoint 
object types

Disjoint 
relationships

Disjoint roles

{disjoint,complete}

External 
uniqueness

Internal 
uniqueness

{disjoint, complete}

Irreflexivity AntisymmetryTransitivity Local 
Reflexivity Symmetry

Asymmetry

Acyclicity

Intransitivity

Global
reflexivity

Join 
constraint

Subset 
constraint

Join-equality 
constraint 

Join-
disjointness 
constraint

Join-subset 
constraint

{disjoint}

Equality 
constraint

Relationship 
equalityRole equality

{disjoint, complete}

Value 
constraint

Role value 
constraint

Value type 
constraint

{disjoint, complete}

Completeness 
constraint

Value 
comparison 
constraint

Mandatory 
constraint

Inclusive 
mandatory

MandatoryCompound 
cardinality  
constraint

Cardinality 
constraint

Object type 
cardinality

Attibutive 
property 

cardinality

{disjoint, complete}

Identification 
constraint

Internal 
identification

External 
identification

Single 
identification

Join-
disjointness 
constraint

Join-equality 
constraint 

Object type 
equality

{disjoint, complete}

Disjunctive 
mandatory

Strongly 
intransitive

Attribute value 
constraint

Purely-
reflexive

Qualified 
identification

Weak 
identification

{disjoint}

{complete}

{disjoint}
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Object typeValue 
property

Attributive 
property

Attribute

Value type Weak object 
type

Identification 
constraint

Internal 
identification

External 
identification

Single 
identification

identifies

1..* identified by

1

participates in
declared as

0..1
0..1

1

1

{xor}

0..*0..*

0..*

0..*

1..*

1identifies

identified by

{disjoint, complete}

participates in

{xor}

declared on

Qualified 
identification

0..*
Weak 

identification

{disjoint}

Qualified 
relationship

1

participates 
in

partially 
identifies 

Relationship

declared on

declared on

declared
on

* A Weak identification is a combination of one or more Attributive property of the Weak object type it identifies 
        together with the Identification constraint of the Object type it has a Relationship with 
        and this Object type is disjoint with the Weak object type.
* The Single identification has a Mandatory and a 1:1 Cardinality constraint. 
* Qualified identification and External identification are declared on only Attributive property.
* A Qualified relationship participates in a Qualified identification only if the Cardinality constraint is 1.  

1

0..*
has strong

declared on
1..*

0..*
participates 

in
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Transformation Rules

- take an entity, follow the sequence of 
mandatory constraints of the metamodel 

to transform using the algorithms 
containing the rules. repeat;

- process the remainder;
- ask user input for each approximation;

- record which are 1:1, remodelled, 
approximated, lost; 

input model in 
language X

vocabulary containing  
a terminology comparison 

between terms used in 
the languages

algorithms

output model 
in language Y

name:string
colour:string

Flower

Flower
(ID)

name

colour
has

has

formalised 
metamodel

log
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usage of metamodel elements on them (approx. 35 on each
language)
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class subsumption

cardinality constraints on roles

mandatory constraints

single attribute identification

all these elements represent more than 87% of use of all
elements
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UML: object oriented, almost only binary relationships, no key,
can express some constraints, but very few are used, relatively
more use of isas

ORM: relationship oriented, n-ary relationships, hidden attributes
and less used, a lot of constraints can be expressed but rarely
used (except for cardinalities), mainly single attribute identification

EER: database oriented, n-ary relationships, different attributes
and kinds of keys are more often used
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conceptual modelling languages share enough common features
to make integration feasible

modern tools for that must support graphic representation and
integrate reasoning tasks

expressive power is heavily unused

future work: integrate these results into design tools
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