
Ontology-Driven 
Conceptual Modeling

Giancarlo Guizzardi 
http://www.loa-cnr.it/Guizzardi/

guizzardi@loa-cnr.it

Laboratory for Applied 
Ontology (LOA), 

ISTC-CNR, Trento, Italy

Federal University of 
Espírito Santo (UFES), 
Ontological Research 

Laboratory (NeO)
Vitória, Brazil

zAgile Inc.,
San Francisco, USA

Supported by the European Union in the frame of Unified Program Document 3 
under the European Social Fund together with the Czech Republic and the City of Prague.



Part I – Part-Whole Relations





Conceptual Problems with Part-
whole relations

• Minimum Mereology: the problem 
with transitivity of part-whole 
relations
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Conceptual Problems with Part-
whole relations

• Extensional Mereology: 
– The extensional identity criterion: 

individuals are the same if 
composed of the same parts; 
individuals change when they 
change parts

– Makes all parts essential to 
individuals



Conceptual Problems with Part-
whole relations

• Classical Mereology: 
– Allows for arbitrary sums of 

individuals constituting genuine 
individuals



Conceptual Problems with Part-
whole relations

• This problem arise because 
mereology fails to take into account
– the role the parts play w.r.t. to a 

whole
– What makes something a integral 

whole
– And kinds of whole there exist



Part II – Secondary Properties of 
Conceptual Parts



Part-whole relations

• Primary characteristics
– non-reflexive, asymmetric, 

transitive, weak supplementation

• Secondary characteristics
– shareable, essential, inseparable, 

mandatory



Parts and Wholes

• One of the few secondary properties in UML 
(and most other CM languages) is 
shareability. But what does it mean?



Shareability

• Interpretation 1: 

– (x <X y) =def (x < y) ÙÙÙÙ Ø$Ø$Ø$Ø$z (z ¹¹¹¹ y) ÙÙÙÙ (x < z)
• Interpretation 2: 

– (x <X y) =def (x < y) ÙÙÙÙ ("""" z (x < z) ®®®® (z < y) ÚÚÚÚ
(y < z)) 



Shareability (Problems)

• The first interpretation implies a 
contradiction with the very definition of 
parthood (when transitivity is considered)

• The second one is too restrictive



Shareability



Shareability

• What we really want to say is exclusiveness 
with respect to wholes of a certain kind

– <X(x,A,y,B) = def (x::A) ÙÙÙÙ (y::B) ÙÙÙÙ (x< y) ÙÙÙÙ
("""" z (z::B) (x < z) ®®®® (y = z)) 

ou ainda (general exclusive parthood)



Shareability



Object Types



Distinctions Among Object Types

{Person, Apple} {Insurable Item, Red}



Distinctions Among Object Types

{Person}

{Insurable Item}

{Student, Teenager}



Distinctions Among Object Types

{Person}

{Insurable Item}

{Student, 
Employee}

{Teenager, 
Living Person}



Distinctions Among Object Types

{Person} {Customer}{Student, 
Employee}

{Teenager, 
Living Person}



Part-Whole Relations
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Generic Dependence

• An individual y is generic 
dependent of a type T iff, whenever 
y exists it is necessary that an 
instance of T exists. This can be 
formally characterized by the 
following formula schema : 

GD(y,T) =def � (eeee(y) ®®®® $$$$T,x eeee(x))



Mandatory Parthood

• An individual x is a mandatory part 
of another individual y iff, y is 
generically dependent of an type T 
that x instantiates, and y has, 
necessarily, as a part an instance of 
T:

MP(T,y) =def � (eeee(y) ®®®® ($$$$T,x)(x < y))
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� (("""" Person,x) � (eeee(x) ®®®® ($$$$!Heart,y)(y < x)))



Existential Dependence

• Let the predicate eeee denote 
existence. We have that an 
individual x is existentially 
dependent on another individual y
(symbolized as ed(x,y) ) iff, as a 
matter of necessity, y must exist 
whenever x exists, or formally 

ed(x,y) = def � (eeee(x) ®®®® eeee(y))



Essential Parthood

• An individual x is an essential part 
of another individual y iff, y is 
existentially dependent on x and x
is, necessarily, a part of y:

EP(x,y) = def ed(y,x) ÙÙÙÙ � (x ££££ y) 

EP(x,y) = def � (eeee(y) ®®®® (x ££££ y))



John

John’s Brain
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� (("""" Person,x)( $$$$!Brain,y) � (eeee(x) ®®®® (y < x)))
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� (("""" Person,x) � (eeee(x) ®®®® ($$$$!Heart,y)(y < x)))



Inseparable Parthood

• An individual x is an inseparable 
part of another individual y iff, x is 
existentially dependent on y, and x
is, necessarily, a part of y:

IP(x,y) = def � (eeee(x) ®®®® (x ££££ y))



Mandatory Wholes

• An individual y is a mandatory 
whole for another individual x iff, x
is generically dependent on a type T 
that y instantiates, and x is, 
necessarily, part of an individual
instantiating T: 

MW(T,x) =def � (eeee(x) ®®®® ($$$$T,y)(x < y)))



Essentiality and Inseparability

• Essentiality does not imply 
inseparability:

– Think about a Collected Works
publication of some authors. It 
is defined by that specific 
extensional collection of papers, 
but the papers could exist prior 
to and outlive the collection



Essentiality and Inseparability

• Inseparability does not imply Essentiality :

– A whole in this table is an 
inseparable part of it, but not an 
essential part of the table
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Parts of Anti-Rigid Object Types

• “every boxer must have a hand”
• “every biker must have a leg”





De Re/De Dicto Modalities

• (i) The queen of the Netherlands is 
necessarily queen ; 

• (ii) The number of planets in the 
solar system is necessarily even . 



Sentence (i)

• The queen of the Netherlands is 
necessarily queen :

" x QueenOfTheNetherlands(x) ® � (Queen(x)) 

� (" x QueenOfTheNetherlands(x) ® Queen(x)) 

DE RE

DE DICTO



Sentence (ii)

• The number of planets in the solar 
system is necessarily even : 

" x NumberOfPlanets(x) ® � (Even(x))) 

� (" x NumberOfPlanets(x) ® Even(x))) 

DE RE

DE DICTO



The Boxer Example

“every boxer must have a hand”

“If someone is a boxer than he has at least a 
hand in every possible circumstance”

DE RE

DE DICTO“In any circumstance, whoever is boxer has at 
least one hand”

� (("""" Boxer,x)( $$$$Hand,y) � (eeee(x) ®®®® (y < x)))

� (("""" Boxer,x) � (eeee(x) ®®®® $$$$Hand,y (y < x)))

� (("""" Boxer,x)( $$$$Hand,y) � (eeee(x) ÙÙÙÙ Boxer(x) ®®®® (y < x)))



The Boxer Example

“every boxer must have a hand”

“If someone is a boxer than he has at least a 
hand in every possible circumstance”

DE RE

DE DICTO“In any circumstance, whoever is boxer has at 
least one hand”

� (("""" Boxer,x)( $$$$Hand,y) � (eeee(x) ®®®® (y < x)))

� (("""" Boxer,x) � (eeee(x) ®®®® $$$$Hand,y (y < x)))

� (("""" Boxer,x)( $$$$Hand,y) � (eeee(x) ÙÙÙÙ Boxer(x) ®®®® (y < x)))



Further Distinctions among Part-Whole 
relations

– (i) specific dependence with de re
modality ( essential parts ); 

– (ii) generic dependence with de re
modality ( mandatory parts ); 

– (iii) specific dependence with de dicto
modality ( immutable parts ). 

– ONLY RIGID TYPES CAN HAVE 
TRULY ESSENTIAL PARTS!



Anti-Rigid Types and Immutable 
Parts



Lifetime Dependency (Essential 
Parts)



The De Dicto equivalent of De Re 
formulae

� (("""" Person,x)( $$$$!Brain,y) � (eeee(x) ÙÙÙÙ Person(x) ®®®® (y < x)))

� (("""" Person,x) � (eeee(x) ÙÙÙÙ Person(x) ®®®® ($$$$!Heart,y)(y < x)))



General Schemata for Immutable 
Parts



Extensional Individuals
• With the definition of essential parthood 

we can define those individuals 
prescribed by extensional mereology



Part III – Differentiating among distinct 
types of Wholes



Monadic Universal

Substantial Universal Moment Universal

{disjoint}

AntiRigidSortal

MixinUniversalSortalUniversal

{disjoint, complete}

RigidSortal

RolePhaseSubKind

Kind

{disjoint, complete}

{disjoint, complete}

NonRigidMixin

{disjoint, complete}

RigidMixin

Category

{disjoint, complete}

AntiRigidMixin SemiRigidMixin

RoleMixin Mixin

Universal

{disjoint}

Relation

Quantity Collective

Substance Sortal

{disjoint, complete}

{disjoint, complete}



Quantities

• The relata of this relation always belong to 
the category of amounts of matter (masses,  
quantities). 

• Quantities  (such as water,  sand, sugar, 
martini, wine, etc.) lack both individuation
and counting principles .

• As a consequence, in order to represent 
quantities in a conceptual model, they must 
be nominalized







Quantities

• An alternative is couple the identity of mass 
nouns to the identity of the material objects 
with which they have a constitution relation



Quantities

• A problem with this second solution is that 
the quantity becomes an inseparable 
constituent of the object it constitutes

• A sentence such as x is the same K as y 
should be understood as “ x is the same K 
as y iff x is some K, y is some K, and (x = 
y)”

• But in this case, you can’t state that “the 
sugar that was in that cube is the same 
sugar as the one in this cup”.



Quantities

• A third nominalization option is to use 
quantity as “maximally-connected portion 
of quantity”. 

• In this case, not only all problems of infinite 
divisibility, infinite cardinality constraints 
disappear but the relation between quantity 
and container becomes one of generic 
dependence

• Notice that quantity in this sense is not 
homeomerous anymore



Quantities



Collections

• Collections are not homeomerous and not 
infinitely divisible (e.g., tree-forest, card-
deck, brick-pile, lion-pack)

• They have the characterizing feature that all 
parts in a collection play the same role w.r.t. 
the whole they compose



Collections



Collections

• Again, in this case we can take Collection to 
mean a maximally-self-connected 
Collection .

• However, in this case, the unifying criteria 
cannot be one of topological connection 

• Finding this unifying criteria is quite 
important anyway: like mereological sums, 
arbitrary collections make no cognitive 
sense



Collections



Collections

• Collections can be composed of sub-
collections grouped by different unifying 
relations

• Differently from quantities, collections are 
not necessarily extensional individuals



Collections



Different Stereotypes for Different 
sorts of Parthood

• Subquantity-Quantity ( )
• Subcollection-Collection(            )
• Member-Collection (            )
• Component-Functional Complex



Quantities

• The subquantity relation implies:
– Non-Shareability of wholes
– All parts are essential 
– Cardinality constraints of both 

association ends must be exactly one
– Only holds between quantities
– Always transitive, i.e., for all a,b,c, if 

Q(a,b) and Q(b,c) then Q(a,c)



SubQuantities



Member-Collection

• Linguistic analysis distinguish between 
atomic entities (that can be singular or 
collectives) and plural entities

• Any collective atomic entity is constituted 
by some plural entity (e.g., a group of men, 
the herd) is constituted  of some plural 
entity (e.g., {John, Paul, George, Ringo}, or 
the cows)



Collections

• Member-Collection relations are always 
between a singular and a plural entity. In 
other words, the parts are always atoms of 
a given context . 

• For this reason, member-collection 
relations are never transitive



Member-Collection



Subcollection-Collection

• Defined between two plural entities
• Always defined via a refinement of the 

unifying relation (e.g., the English Speaking 
Group in the exibition, the North Part of The 
Black Forest )



Subcollection-Collection

• Subcollection-Collection relations have the 
following characteristics:
– only holds between collectives; 
– the cardinality constraints in the association 

end relative to the part is one and exactly 
one;  

– it is transitive, i.e., for all a,b,c, if C(a,b) and 
C(b,c) then C(a,c). 



Subcollection-Collection



Functional Complexes









Reinforcing an Isomorphism
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(UFO)

 

UML 2.0
Metamodel









Type

isAbstract:Boolean = false

Classifier

DirectedRelationship

Generalization

specific

1

generalization

*

general1

/general

*

isCovering:Boolean = false
isDisjoint:Boolean = true

GeneralizationSet **

Relationship

name:String[0..1]

NamedElement

Element

/relatedElement

1..*

/target1..*

/source

1..*

Class

Object Class

Anti Rigid Sortal Class

Mixin ClassSortal Class

{disjoint, complete}

Rigid Sortal Class

RolePhaseSubKindSubstance Sortal

{disjoint, complete} {disjoint, complete}

{disjoint, complete}

Non Rigid Mixin Class

{disjoint, complete}

Rigid Mixin Class

Category

{disjoint, complete}

Anti Rigid Mixin Class Semi Rigid Mixin

RoleMixin Mixin

Quantity
isExtensional:Boolean

Collective
Kind

{disjoint, complete}
















