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Introduction

@ Modules tell us about the organization of an ontology through the
relationships between its logical subtheories.

@ Modules also constrain how we can extend an ontology.
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Introduction

@ In general, an ontology is not equivalent to the union of its modules;
there will be axioms that are not contained in any module of the
ontology.

@ Since almost all of the research within applied ontology has focused
on the identification and extraction of the modules of an ontology, it
has neglected to investigate such sentences which cannot be
contained in any module.
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Motivation

Definition: Modules J

T1 is a module of T; if and only if T; is a conservative extension of Tj.
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A theory T is perfectly modularized into a set of proper modules T3, ..., T,
iff

T=T1U..UT,
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Motivation

Definition: Modules
T1 is a module of T; if and only if T; is a conservative extension of Tj.

Definition: Perfectly Modularized

A theory T is perfectly modularized into a set of proper modules T3, ..., T,
iff

T=T1U..UT,

Definition: Residue

Let Ty,..., T, be all proper modules of a theory T.
The residue R of T is the subtheory of T that is logically equivalent to

T\(TLU...UTp).
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Outline

@ Examples of Residues
@ Properties of Residues

@ Application of Residues in Composition and Decomposition
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Example #1
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Example #1

@ Let T be the theory with axioms
{(3x) A(x), (3x) B(x), (Vx) A(x) V B(x)}.
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Example #1

@ Let T be the theory with axioms
{(3x) A(x), (3x) B(x), (Vx) A(x) V B(x)}.
e T has two modules {(3x) A(x)}, {(3x) B(x)}.

Aameri et al. (Semantic Technologies Lab) Anti-Modules WOMoCoE 2016 5/18



Example #1

@ Let T be the theory with axioms

{(3x) A(x), (3x) B(x), (Vx) A(x) V B(x)}.
e T has two modules {(3x) A(x)}, {(3x) B(x)}.
@ The residue of T is {(Vx) A(x) V B(x)}.
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Example #2: DOLCE Present

Aameri et al. (Semantic Technologies Lab) Anti-Modules WOMoCoE 2016 6 /18



Example #2: DOLCE Present

® Tolce_present is the subtheory of the DOLCE Ontology that captures
intuitions about how objects can be present at different points in time.
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Example #2: DOLCE Present

® Tolce_present is the subtheory of the DOLCE Ontology that captures
intuitions about how objects can be present at different points in time.

» One module of Toice_present IS equivalent to Tgoice_time_mereology (Which
axiomatizes the mereology on temporal regions)
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Example #2: DOLCE Present

® Tolce_present is the subtheory of the DOLCE Ontology that captures
intuitions about how objects can be present at different points in time.

» One module of Toice_present IS equivalent to Tgoice_time_mereology (Which
axiomatizes the mereology on temporal regions)
» The other module of Tyo/ce_present cONsists of the axioms:

(vx) (ED(x) V PD(x) V Q(x)) D (3t) PRE(x, t),

(Vx,t) PRE(x,t) D T(t).
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Example #2: DOLCE Present

® Tolce_present is the subtheory of the DOLCE Ontology that captures
intuitions about how objects can be present at different points in time.

» One module of Toice_present IS equivalent to Tgoice_time_mereology (Which
axiomatizes the mereology on temporal regions)
» The other module of Tyo/ce_present cONsists of the axioms:

(vx) (ED(x) V PD(x) V Q(x)) D (3t) PRE(x, t),

(Vx,t) PRE(x,t) D T(t).

@ In addition, there are two axioms which are not contained in any
module of Tyolce present (the residue):

(Vx,t, t1) PRE(x, t) A P(t1,t) D PRE(x, t1),

(Vx, t, t1, t2) PRE(x, t1) A PRE(x, t2) A SUM(t, t1, t2) D PRE(x, t).
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Example #3: Timepoint Ontologies
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Example #3: Timepoint Ontologies

o None of the time ontologies in the H™meP°"s Hierarchy in COLORE
have proper modules.
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Example #3: Timepoint Ontologies

o None of the time ontologies in the H™meP°"s Hierarchy in COLORE
have proper modules.

(Vx,y, z) timepoint(x) A timepoint(y) A timepoint(z)A (1)
before(x,y) A before(y, z) O before(x, z).

(Vx) timepoint(x) D —before(x, x). (2)

(Vx,y) timepoint(x) A timepoint(y) D (3)
(before(x,y) V before(y, x) V (x = y))).

Aameri et al. (Semantic Technologies Lab) Anti-Modules WOMoCoE 2016 7/18


http://colore.oor.net/timepoints

Example #3: Timepoint Ontologies

o None of the time ontologies in the H™meP°"s Hierarchy in COLORE
have proper modules.

(Vx,y, z) timepoint(x) A timepoint(y) A timepoint(z)A (1)
before(x,y) A before(y, z) O before(x, z).

(Vx) timepoint(x) D —before(x, x). (2)

(Vx,y) timepoint(x) A timepoint(y) D (3)
(before(x,y) V before(y, x) V (x = y))).

@ In each of these timepoint ontologies, the residue is equivalent to the
entire ontology.
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Residues

Theorem 1: Residues
If R be the residue of a theory T, then X(R) = X(T). J
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Residues & Ontology Decomposition

Ontology decomposition is the problem of finding a set of modules
T1,..., T, and residue R for an ontology T such that

T=T1U..UT,UR

In a perfectly modularized ontology, R = 0.
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Residues & Ontology Decomposition: DOLCE (from [2])
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Residues & Ontology Decomposition: DOLCE (from [1])
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Residues & Ontology Composition

A common practice in ontology design is to identify existing ontologies
that satisfy parts of the ontological commitments and requirements, and
reuse them as building modules of the new ontology.

However, often there are ontological commitments that cannot be
captured by the modules alone, and residues are needed to properly
axiomatize such commitments.
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Residues & Ontology Composition

o The H“PPoset Hierarchy is a collection of mathematical ontologies
which are developed for verification of spatial and temporal ontologies.
The weakest ontology in this hierarchy is constructed by taking the
weakest mereology and the weakest axiomatization of orderings.

@ Ontologies in this hierarchy are used in the verification of:

» Periods (van Bentham)
» Subactivity in the PSL Ontology
» Multimereology

Aameri et al. (Semantic Technologies Lab) Anti-Modules WOMoCoE 2016 13 /18


http://colore.oor.net/subposet

Residues & Ontology Composition
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Residues & Ontology Composition
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Residues & Ontology Composition
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Residues & Ontology Composition

filter ideal
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Residues & Ontology Composition

An example of an ontology from H5“bPoset Hierarchy is Tsubposet itself.

7_subposet is obtained by eXtending T/ower,preserve U Tupper,preserve with the
residue axiom:

(Vx,y) part(x,y) D leq(x,y)
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Residues & Ontology Composition

Design Principle

Consider the root theory T of an ontology hierarchy so that T contains
weak reductive modules Ti, ..., T, and residue R. Other ontologies in the
hierarchy are obtained by strengthening at least one of T1,..., T,, or
strengthening R.
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Another View of Composition & Decomposition
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Another View of Composition & Decomposition

@ The ontology Tperiods_root. Proposed by van Benthem, specifies the
weakest ontology that is satisfied by time periods.
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Another View of Composition & Decomposition

@ The ontology Tperiods_root. Proposed by van Benthem, specifies the
weakest ontology that is satisfied by time periods.

@ The signature of the ontology consists of two primitive relations,
precedence and inclusion.
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Another View of Composition & Decomposition

@ The ontology Tperiods_root. Proposed by van Benthem, specifies the
weakest ontology that is satisfied by time periods.

@ The signature of the ontology consists of two primitive relations,
precedence and inclusion.

o Tperiods,root is Weak')/ reducible to Tprod,mereology and Tpartial,ordering-
so that we can decompose Tjeriods into two modules with the residue:

(Vx,y, z) precedence(x, y) A inclusion(z,x) D precedence(z, y)

(Vx, y) precedence(x,y) D —inclusion(x,y)
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Another View of Composition & Decomposition

@ The ontology Tperiods_root. Proposed by van Benthem, specifies the
weakest ontology that is satisfied by time periods.

@ The signature of the ontology consists of two primitive relations,
precedence and inclusion.

o 7_periods,root is Weak')/ reducible to Tprod,mereology and Tpartial,orderingv
so that we can decompose Tjeriods into two modules with the residue:

(Vx,y, z) precedence(x, y) A inclusion(z,x) D precedence(z, y)

(Vx, y) precedence(x,y) D —inclusion(x,y)

@ Alternatively, we can specify new time period ontologies by extending
the same modules with different residues. For example, we can extend
T periods_root With the residue:

(Vx, y, z) precedence(x, y) A inclusion(z, y) O precedence(x, z)
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Summary

@ We have introduced the notion of the residue of a theory, which is the
set of sentences not contained in any module of the theory.

@ Residues play a critical role in the design and verification of
ontologies:

» For verification, residues are used to distinguish between reductive
modules and weak reductive modules of a theory.

> For design, the residue constrains how models of the theory can be
constructed from models of its modules.
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Proof for Theorem #1

Proof.
Let R be the residue of T. By definition, R is a subtheory of T, so
Y(R) CX(T).

Suppose, for a contradiction, that X(R) # X(T). Then £(R) must be a
proper subset of X (T). Since X(R) C X(T), there must be a module T’
of T which contains sentences with the signature X(R). Since T’ is a
module of T, T has to be a conservative extension of T’. This means that
any sentence in T \ T’ extends the signature of T’ (otherwise T would be
a non-conservative extension of T').

Thus, R must be included in T’, which is a contradiction. ]
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