
Different kinds of relations

Woods’ “What’s in a link?” (1975):	



JOHN	


	

 HEIGHT: 6 FEET	


	

 KISSED: MARY	


!

"no longer do the link names stand for attributes of a node, but rather 
arbitrary relations between the node and other nodes”	



 different notations should be used
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Structured concepts: a broader picture

JOHN	


	

 HEIGHT: 6 FEET	


	

 RIGHT-LEG: BROKEN	


	

 MOTHER: JANE	


	

 KISSED: MARY	


	

 JOB: RESEARCHER

intrinsic quality	



part	



role	



external relation	



relational quality

We need different primitives to express different structuring relationships among concepts	



We need to represent non-structuring relationships separately	



Current description logics tend to collapse EVERYTHING!
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The semantic web architecture [Tim Berners Lee 2000]



The Semantic Web Architecture (revised)
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The basic “tools” of formal ontological analysis

• Theory of Essence and Identity!
• Theory of Parts (Mereology)!
• Theory of Unity and Plurality!
• Theory of Dependence!
• Theory of Composition and Constitution!
• Theory of Properties and Qualities

The basis for a common ontology 
vocabulary

Idea of Chris Welty, IBM Watson Research 
Centre, while visiting our lab in 2000
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Formal Ontology

• Theory of formal distinctions  and connections within:!
• entities of the world, as we perceive it (particulars)!
• categories we use to talk about such entities (universals)!
!!• Why formal?!
• Two meanings: rigorous and general!
• Formal logic: connections between truths - neutral wrt truth!
• Formal ontology: connections between things - neutral wrt reality!
!

• NOTE: “represented in a formal language” is not enough for 
being formal in the above sense!!
!

• Analytic ontology may be a better term to avoid this confusion



The first steps of ontological analysis

Language L

Conceptualization C 
(relevant invariants across 

situations: D, ℜ)
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State of  
affairsState of  

affairsPhenomena

Ontological commitment K  
(selects D’⊂D and ℜ’⊂ℜ)

1. Be clear about the domain of discourse	


2. Choose the relevant conceptual relations	


3. Choose the primitive relations	


4. Choose meaningful names for these	


5. Define non-primitive relations in terms of primitive relations	


6. Axiomatize primitive relations



Mereology: an example of  
formal ontological analysis

• Primitive: proper part-of  relation (PP)	


• asymmetric	


• transitive	



• Useful definitions:	


• Pxy =df PPxy ∨ x=y  	

 	

 	

 	

 (generalized part-of)	


• Oxy =df ∃ z(Pzx ∧ Pzy)	

	

 	

 	

 (overlap)	



• Szxy =df Pxz ∧ Pyz ∧ ∀w(Pwz → (Owx ∨ Owy)) 	

 (mereological sum)	



• Axioms:

Excluded models:

(weak) supplementation:    PPxy → ∃z (Pzy ∧ ¬ Ozx)
principle of sum:                ∀xy ∃z Sxzy

extensionality:                     x = y ↔ ∀w(PPwx ↔ PPwy)
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Sets vs. mereological sums 

• x + y =df ιz Szxy	


• What is the difference between a + b and {a,b}?	


• Sets of concrete things are abstract	


• Sums of concrete things are concrete!	


!

• What’s the difference between {a} and a?	


• What is {}?	


• if a = {a1,a2} then a1, a2  ∉ {a,b}	


• if a = a1 + a2 then a1 and a2 are both parts of a+b
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A Violation of Supplementation Axiom

Dov Dory, Words from pictures for 
dual-channel processing, 
Communications of the ACM 51, 
2008
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Weak and strong supplementation

• weak supplementation:       PPxy → ∃z (Pzy ∧ ¬ Ozx)!
• strong supplementation:    ¬ Pxy → ∃z (Pzy ∧ ¬ Ozx)!
!

• Strong supplementation implies extensionality.



Part, Constitution, and Identity

a + b

a b

Tower#1

12

A tower

b

aa b

Two 
blocks

• Parts not enough to make the whole:  structure creates a new entity

• Mereological extensionality to be lost?

• Constitution links the two entities

• Constitution is asymmetric (implies dependence)

K

D

a + b

a b

Tower#1K

D



Parthood and Connection

• A new primitive: topological connection!
• C(x,y)!

• Axioms:!
• C(x,x)!
• C(x,y) -> C(y,x)!
!

• Parthood defined in terms of connection:!
• P(x,y) =def ∀z (C(z,x) -> C(z,y))!
!

• Unfortunately this only works if the domain is restricted to 
regions of space (restricted mereology):!

• Counterexamples:!
• The boat in the lake!
• The fly in the glass!
• ...
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Unity as principle of individuation
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Defining unity

• A tentative formulation: x is a whole under a unifying relation U iff U is an 
equivalence relation that binds together all the parts of x, such that, 
necessarily,!

P(y,x) → (P(z,x) ↔ U(y,z))!

but not!
U(y,z) ↔ ∃x(P(y,x) ∧ P(z,x))!

!
• P is the part-of relation!
• U can be seen as a generalized indirect connection
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Kinds of Whole

• Depending on the nature of the unifying relation, we can distinguish:!
!

• Topological wholes (a piece of coal, a heap of coal)!
• Morphological wholes (a constellation)!
• Functional wholes (a hammer, a bikini)!
• Social wholes (a population)!
!

* a whole can have parts that are themselves wholes (with a different 
unifying relation)
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Unity and Plurality

• Ordinary objects: wholes or sums of wholes!
• Singular: no wholes as proper parts!
• Plural: sums of wholes!

• Plural wholes (the sum is also a whole)!
• Collections (the sum is not a whole)



A note on pluralities: Instances vs. members

• Often we use the same names for classes and their characteristic properties 

• John is a member of  “Person” ↔ Person(John) 

• Tree#1 is a member of  “TheBlackForest” ↔ TheBlackForest(Tree1) ?? 

• violates usual intended interpretation of unary predicates: property 
shared by all instances of the corresponding class. 

• doesn’t pass is-a test  

• Membership is a relation between individuals
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Different kinds of relations

Woods’ “What’s in a link?” (1975):	



JOHN	


	

 HEIGHT: 6 FEET	


	

 KISSED: MARY	


!

"no longer do the link names stand for attributes of a node, but rather 
arbitrary relations between the node and other nodes”	



 different notations should be used
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Structured concepts: a broader picture

JOHN	


	

 HEIGHT: 6 FEET	


	

 RIGHT-LEG: BROKEN	


	

 MOTHER: JANE	


	

 KISSED: MARY	


	

 JOB: RESEARCHER

intrinsic quality	



part	



role	



external relation	



relational quality

We need different primitives to express different structuring relationships among concepts	



We need to represent non-structuring relationships separately	



Current description logics tend to collapse EVERYTHING!
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The semantic web architecture [Tim Berners Lee 2000]



The Semantic Web Architecture (revised)
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The basic “tools” of formal ontological analysis

• Theory of Essence and Identity!
• Theory of Parts (Mereology)!
• Theory of Unity and Plurality!
• Theory of Dependence!
• Theory of Composition and Constitution!
• Theory of Properties and Qualities

The basis for a common ontology 
vocabulary

Idea of Chris Welty, IBM Watson Research 
Centre, while visiting our lab in 2000
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Formal Ontology

• Theory of formal distinctions  and connections within:!
• entities of the world, as we perceive it (particulars)!
• categories we use to talk about such entities (universals)!
!!• Why formal?!
• Two meanings: rigorous and general!
• Formal logic: connections between truths - neutral wrt truth!
• Formal ontology: connections between things - neutral wrt reality!
!

• NOTE: “represented in a formal language” is not enough for 
being formal in the above sense!!
!

• Analytic ontology may be a better term to avoid this confusion



The first steps of ontological analysis

Language L

Conceptualization C 
(relevant invariants across 

situations: D, ℜ)
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State of  
affairsState of  

affairsPhenomena

Ontological commitment K  
(selects D’⊂D and ℜ’⊂ℜ)

1. Be clear about the domain of discourse	


2. Choose the relevant conceptual relations	


3. Choose the primitive relations	


4. Choose meaningful names for these	


5. Define non-primitive relations in terms of primitive relations	


6. Axiomatize primitive relations



Mereology: an example of  
formal ontological analysis

• Primitive: proper part-of  relation (PP)	


• asymmetric	


• transitive	



• Useful definitions:	


• Pxy =df PPxy ∨ x=y  	

 	

 	

 	

 (generalized part-of)	


• Oxy =df ∃ z(Pzx ∧ Pzy)	

	

 	

 	

 (overlap)	



• Szxy =df Pxz ∧ Pyz ∧ ∀w(Pwz → (Owx ∨ Owy)) 	

 (mereological sum)	



• Axioms:

Excluded models:

(weak) supplementation:    PPxy → ∃z (Pzy ∧ ¬ Ozx)
principle of sum:                ∀xy ∃z Sxzy

extensionality:                     x = y ↔ ∀w(PPwx ↔ PPwy)
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Sets vs. mereological sums 

• x + y =df ιz Szxy	


• What is the difference between a + b and {a,b}?	


• Sets of concrete things are abstract	


• Sums of concrete things are concrete!	


!

• What’s the difference between {a} and a?	


• What is {}?	


• if a = {a1,a2} then a1, a2  ∉ {a,b}	


• if a = a1 + a2 then a1 and a2 are both parts of a+b
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A Violation of Supplementation Axiom

Dov Dory, Words from pictures for 
dual-channel processing, 
Communications of the ACM 51, 
2008
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Weak and strong supplementation

• weak supplementation:       PPxy → ∃z (Pzy ∧ ¬ Ozx)!
• strong supplementation:    ¬ Pxy → ∃z (Pzy ∧ ¬ Ozx)!
!

• Strong supplementation implies extensionality.



Part, Constitution, and Identity

a + b

a b

Tower#1
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A tower

b

aa b

Two 
blocks

• Parts not enough to make the whole:  structure creates a new entity

• Mereological extensionality to be lost?

• Constitution links the two entities

• Constitution is asymmetric (implies dependence)

K

D

a + b

a b

Tower#1K

D



Parthood and Connection

• A new primitive: topological connection!
• C(x,y)!

• Axioms:!
• C(x,x)!
• C(x,y) -> C(y,x)!
!

• Parthood defined in terms of connection:!
• P(x,y) =def ∀z (C(z,x) -> C(z,y))!
!

• Unfortunately this only works if the domain is restricted to 
regions of space (restricted mereology):!

• Counterexamples:!
• The boat in the lake!
• The fly in the glass!
• ...
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Unity as principle of individuation
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Defining unity

• A tentative formulation: x is a whole under a unifying relation U iff U is an 
equivalence relation that binds together all the parts of x, such that, 
necessarily,!

P(y,x) → (P(z,x) ↔ U(y,z))!

but not!
U(y,z) ↔ ∃x(P(y,x) ∧ P(z,x))!

!
• P is the part-of relation!
• U can be seen as a generalized indirect connection
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Kinds of Whole

• Depending on the nature of the unifying relation, we can distinguish:!
!

• Topological wholes (a piece of coal, a heap of coal)!
• Morphological wholes (a constellation)!
• Functional wholes (a hammer, a bikini)!
• Social wholes (a population)!
!

* a whole can have parts that are themselves wholes (with a different 
unifying relation)
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Unity and Plurality

• Ordinary objects: wholes or sums of wholes!
• Singular: no wholes as proper parts!
• Plural: sums of wholes!

• Plural wholes (the sum is also a whole)!
• Collections (the sum is not a whole)



A note on pluralities: Instances vs. members

• Often we use the same names for classes and their characteristic properties 

• John is a member of  “Person” ↔ Person(John) 

• Tree#1 is a member of  “TheBlackForest” ↔ TheBlackForest(Tree1) ?? 

• violates usual intended interpretation of unary predicates: property 
shared by all instances of the corresponding class. 

• doesn’t pass is-a test  

• Membership is a relation between individuals
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