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Abstract. Within the Common Logic Ontology Repository (COLORE), relation-
ships among ontologies such as the notions of faithful interpretability, logical syn-
onymy, and reducibility have been used for ontology verification. Earlier work has
shown how to use these relationships to find modules of theories, so a natural ques-
tion is to determine how we can use the decomposition of one theory into modules
to find the modules of another theory in the repository. In this paper, we examine
a number of ontologies for which faithful interpretability and logical synonymy
do not preserve their modules. Nevertheless, we identify a class of interpretations
among theories which guarantees that the modules of a theory are preserved. We
also show that the modules of reducible theories are preserved by logical synonymy.
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1. Introduction

The task of decomposing a first-order ontology into modules — subtheories which are
conservatively extended by the ontology — remains a significant challenge for the field of
ontological engineering [1]]. Understanding the structure of an ontology’s modules gives
us insight into a wide range of properties, from the characterization of the ontology’s
models to the relationship among other ontologies in the same domain. Given the com-
putational intractability of automatically identifying the modules of an ontology [2], [3I],
one approach is to reuse the modularizations of existing theories. This idea leads to a key
research question — under what conditions can we use the decomposition of one theory
into a set of modules to find the modularization of another theory?

The notion of reusing modularizations arises in particular with an approach to on-
tology verification that is based on repositories. Verification is concerned with the rela-
tionship between the intended models of an ontology and the models of the axiomati-
zation of the ontology. In particular, we want to characterize the models of an ontology
up to isomorphism and determine whether or not these models are equivalent to the in-
tended models of the ontology. In practice, the verification of an ontology is achieved by
demonstrating that it is synonymous with a theory in the repository whose models have
already been characterized up to isomorphism. Given two theories which are logically
synonymous, we would ideally like to be able identify the modules of the new theory
based on the modules of the synonymous theory in the repository.

A key observation of this paper is that there exist logically synonymous theories
which have very different modular decompositions. In Section 2, we survey two different



sets of ontologies — for lattices and time intervals — and find ontologies which have no
proper modules yet which are synonymous with ontologies that have multiple modules.
In the remainder of the paper, we explore two possible approaches to deal with this prob-
lem. In Section 3 we impose conditions on the interpretations to specify those which do
preserve the modules of synonymous theories. In Section 4, we take an alternative ap-
proach in which we define a special class of modules that are preserved by logical syn-
onymy. This new class of modules is based on the notion of reducible theories from [4].

2. Modules and Logically Synonymous Theories

A key objective of this paper focuses on the reuse of modularizations between theories.
After reviewing the different metalogical relationships among theories that play a role
in ontology verification, we find sets of theories for which none of these relationships
preserve the sets of modules of the theories. We then consider properties of specific map-
pings between theories that provide sufficient conditions for the preservation of modules.

2.1. Modules and Conservative Extensions

In this paper, we consider a theory to be a set of first-order sentences closed under logi-
cal consequence. We follow previous work in terminology and notation [4] treating on-
tologies and their modules as logical theories. We do not distinguish between logically
equivalent theories. For every theory T, X(T') denotes its signature, which includes all the
constant, function, and relation symbols used in 7, and £ (T') denotes the language of
T, which is the set of first-order formulae that only use the symbols in (7). We remind
the reader of the notion of conservative extension [1]]:

Definition 1 Let Ty, T, be two first-order theories such that £(Ty) C L(Tz).

T, is a proof-theoretic conservative extension of Ty iff for any sentence 6 € £ (T),
LhEoeT Eo.
T is a model-theoretic conservative extension of Ty iff every model of Ty can be expanded
to a model of T5.

In this paper, we will focus on model-theoretic conservative extension. [5] estab-
lishes the close relationship between the two notions — 75 is a proof-theoretic conserva-
tive extension of 7} iff every model of 7 is elementarily equivalent to a structure that
can be expanded to a model of 75.

Most work on modularity in ontologies considers a module to be a subset of axioms
in a theory; In this paper, we adopt a more general notion for a module of a theory, by
considering a module to be a subtheory of the theory:

Definition 2 7; is a module of T; iff T is a conservative extension of Tj.
2.2. Relationships Among Theories

There are a range of fundamental metalogical relationships among first-order theories.
All of them consider mappings between the signatures of the theories which preserve
entailment and satisfiability. In this section, we review the three different metalogical
relationships that play key roles in ontology verification.



2.2.1. Interpretability

The notion of interpretability between theories is widely used within mathematical logic
and applications of ontologies for semantic integration. We adopt the following definition
from [6]:

Definition 3 An interpretation 0 of the theory Ti with signature £(Ty) into a theory T»
with signature X(T) is a function on the set of non-logical symbols of £(T} ) and formulae
in Z(Th) such that

1. m assigns to ¥ a formula mwy of £(T2) in which at most the variable v| occurs free,
such that Ty |= (3vy) wy

2. 7 assigns to each n-place relation symbol P a formula np of X(T») in which at

most the variables v1, ..., v, occur free.

Sor any atomic sentence ¢ € X(Ty) with relation symbol P, (o) = nt(P);

for any sentence 6 € £(Ty), n(—0) = -n(0);

for any sentences 6,7 € X(T1), n(c D7) = n(0) D n(T);

for any sentence o € X(T1), n(Vxo) =Vxmy D nn(0);

For any sentence o € X(Ty),

Nk w

TiFo="TFnr(o)

Thus, the mapping 7 is an interpretation of 7; if it preserves the theorems of 77 and
we say T is interpretable in 75.

Definition 4 An interpretation © of a theory Ty into a theory T, is faithful iff for any
sentence ¢ € L(Tq),

Tt o=T |~ n(o)

Thus, the mapping 7 is a faithful interpretation of 7] if it preserves satisfiability with
respect to 7. We will also refer to this by saying that 7 is faithfully interpretable in 75.

Definition 5 Let Ty be a theory with signature X(Ty) and let Ty be a theory with signature
X(Tv) such that X(To) NE(Ty) = 0.

Translation definitions for Ty into Ty are conservative definitions in X(To) UX(T1) of the
form

VX pi(x) = ®(x)
where p;(X) is a relation symbol in X(Ty) and ®(X) is a formula in (Ty).

Following [7], translation definitions can be considered to be an axiomatization of
the interpretation of Tp into 77.

In [4], it was shown that 7] is interpretable in 7 iff there exist a set of translation
definitions A for 7 into 7> such that

TzUA’ZTl



2.2.2. Logical Synonymy

One notion of equivalence among theories is mutual faithful interpretability, that is, 7;
faithfully interprets 7> and 75 faithfully interprets 77. An even stronger equivalence rela-
tion is that of logical synonymy:

Definition 6 Two ontologies T\ and T, are synonymous iff there exists an ontology T3
with the signature £(T)) UX(Th) that is a definitional extension of Ty and T».

It is easy to see that logical synonymy implies mutual faithful interpretability:

Lemma 1 If T\ and T, are synonymous, then T faithfully interprets Ty, and T, faithfully
interprets 1.

Logical synonymy is a powerful metalogical relationship that supports ontology ver-
ification; [8]] shows how this relationship preserves the models of a theory, allowing us
to characterize the models of a theory up to isomorphism.

2.2.3. Isomorphism of Categories

As powerful as logical synonymy is, it does not preserve the following model-theoretic
properties of a theory — submodels/embedding, homomorphic images, direct products,
existentially closed models, model completeness, and the amalgamation property. How-
ever, these properties are preserved by isomorphism of categories [9]].

For any first-order theory T, Mod(T) forms a category in which the models of T are
the objects and homomorphisms on the models are the morphisms.

Definition 7 Tiwo categories Cy,C, are isomorphic iff there exists functors F and G such
that

e F:C,—>Crand G:C, — Cy;
[ ] FG:1C2 andGF:lcl.

In [10], this is referred to as definitional equivalence of algebraic theories.
Isomorphism of categories of models of theories is stronger than logical synonymy.

Lemma 2 If there is an isomorphism of categories between Mod(T\) and Mod(T) then
T is logically synonymous with T;.

In order to guarantee that we have an isomorphism of categories between the cate-
gory of models of 77 and the category of models of 7>, [9]] imposes the following condi-
tions on the translation definitions A for 7} into 7> and the I for 75 into Ti:

1. Ais Ty-existential, 7>-universal, and 7>-equivalent to positive formulae;
2. Ilis T>-existential, T7-universal, and 7;-equivalent to positive formulae;

Thus, the translation definitions A and IT must be quantifier-free formulae.



2.3. Modules Are Not Preserved by Synonymnty

The following examples show that modules are not preserved by logical synonymy (and
hence they are not preserved by interpretation or faithful interpretation). In fact, not even
isomorphism of categories is strong enough to preserve modules. In some cases, there
exists a theory with no nontrivial modules, yet it is logically synonymous with a theory
that does have nontrivial modules. In other cases, there exist modules of one theory which
are not logically synonymous to modules of the other theory.

2.3.1. Boolean Lattices

There is a variety of alternative axiomatizations for boolean lattices with different sig-
natures. Within COLORE, there are axiomatizations of Boolean lattices in four different
hierarchies:

Thoolean_tarticd ] in €€, with signature {meet, join, zero, one};
Tboolean,lattice,orderin in HO"ering | with signature {leq};
Tb,,(,lm,”,-ngﬂin [H"8%is wyith signature {sum, prod,zero, one};
Thoolean.dis jf’””E] in H4isjoiminess yith signature {disjoint};

All of these theories are logically synonymous with each other. In addition,
Mod(Tyoolean.ring) and Mod(Tpoolean_atrice) are category isomorphic.

The theories Tpootean_tatticeordering A0 Thoolean_dis join: have no nontrivial modules. On
the other hand, the theories Typorean_iartice A0d Tpootean_ring d0 have nontrivial modules,
but there is not a one-to-one correspondence between the sets of modules for these two
theories. For example, the maximal module of Tyy01can_1artice

{(vx) (join(x,x) = x), (Vx,y) (join(x,y) = join(y,x))}

is not synonymous with any maximal module Tpoo/ean_ring-

The relevance of these theories to the broader ontology community lies in their rela-
tionship to mereologies. The ontology T¢._ for first-order complete extensional mere-
ology is closely related to boolean lattices, being logically synonymous with the theory
of boolean semilattices (i.e. boolean lattices with the 0 element removed).

2.3.2. Ontologies for Time Intervals

Within COLORE, there are three hierarchies of time interval ontologies:

!'The basic organizational principle in COLORE is the notion of a hierarchy [4], which is a set of ontologies
with the same signature. In particular, a hierarchy H = (%, <) is a partially ordered, finite set of theories
H =T,...,T, such that

1. X(T;) = X(T;), for all i, j;
2. Ty < T iff T5 is an extension of T7;
3. T} < T iff T is a non-conservative extension of 7.

Zhttp://colore.oor.net/lattices/boolean_lattice.clif
3http://colore.oor.net/orderings/boolean_lattice_ordering.clif
4http://colore.oor.net/ringoids/boolean_ring.clif
Shttp://colore.oor.net/disjointness/boolean_disjoint.clif
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o the hierarchy Hp,,;,q5, Whose theories were introduced in [[L1]],
o the hierarchy Happroximare—poine presented in [12],
o the hierarchy Hy,ervai—meering» Which has been explored in [12]].

[L3] gives an overview of the metalogical relationships among theories in these three
hierarchies. T, PJ”‘”E] and Tper,-od”oo are logically synonymous, and there is a one-to-one
correspondence between the modules of these two theories. On the other hand, Tmee,uomﬂ
and Tperiods_roor are logically synonymous, yet the former theory has no proper modules.

2.3.3. Summary

We have shown that metalogical relationships as strong as logical synonymy and iso-
morphism of categories fail to preserve the modules of the theories. This is particularly
noteworthy because logical synonymy is typically considered to be a demonstration that
the theories are merely notational variants of each other, essentially providing alternative
axiomatizations of a theory using different signatures.

2.4. Preservation of Modules by Translation Definitions

Although logical synonymy alone does not preserve modules of a theory, it is important
to remember that all of the metalogical relationships such as interpretation, faithful in-
terpretation, and synonymy are based on the existence of translation definitions. Further-
more, we have seen that the even stronger notion of isomorphism of categories required
additional conditions be imposed on the translation definitions. If we want to preserve
the modules of a theory, we also need to look at properties of the translation definitions
themselves.

Theorem 1 Suppose that Ty and T, are logically synonymous with translation definitions
A and I1 such that

TlUA):Tz
LUILET

If T1; UAUIL is a definitional extension of Ty; for each module Ti; of Ty, then there is a
one-to-one correspondence between the set of modules of T1 and the set of modules of
T>.

Proof: Let m; be the (faithful) interpretation of 77 into 7> and let m, be the (faithful)
interpretation of 75 into 7.

For any module Tj; of T, suppose

Tzi:{O' : TliUAIZG}
le:{G : GE.,%(TU), TuUAUH':G}

Shttp://colore.oor.net/approximate_point/ap_root.clif
"http://colore.oor.net/periods/period_root.clif
$http://colore.oor.net/interval_meeting/meets_root.clif
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Since T1; UAUIT is a definitional extension of 7T3;, we can see that 77; is logically
equivalent to 7}; , and hence my7; (71;) = Ty, for each module 77; of T;. Therefore,
the interpretation 7y is a bijection from the set of modules of 7} to subtheories of
T>.

Now suppose that 75; is not a module of 75, so that there exists a sentence ¢ with
the same signature of Ty; such that Tp; j£ 0, Th E©

By definition, 7;; [~ (o) and hence T; [~ m(0)

However, since T} and 75> are synonymous, we must also have 7j = 7 (o) which
contradicts the assumption that 77; is a module of 7.

A similar argument shows that the interpretation 7, is a bijection from the set of
modules of 75 to subtheories of T}, and that these subtheories are modules of 7>.
Thus, we have a bijection between the set of modules of 77 and the set of modules
of 1. O

We can revisit the examples from the preceding section to see which interpretations
saisfy the sufficient conditions for preserving the modules of the theories.
2.4.1. Boolean Lattices
Consider the translation definitions A:
(Vx,y,2) (sum(x,y) = z) = (join(meet (x,comp(y)), meet (comp(x),y)) = z)
(Vx,y,z) (prod(x,y) = z) = (meet(x,y) = z)
and the translation definitions I'T
(Vx,y,2) (join(x,y) = z) = (sum(x, sum(y, prod(x,y))) = z)

(Vx,y,2) (meet (x,y) = z) = (prod(x,y) = z)
(Vx,y) (comp(x) =y) = (sum(x,y) = one)

Thootean_tattice S AUTI is not a definitional extension of Tj,pjean jarrice SINCE it entails
the sentence

(Vx,y) join(x,y) = join(meet(x,y), join(meet(x,comp(y)), meet(comp(x),y)))

2.4.2. Time Interval Ontologies

The translation definitions A, 4, for the interpretation of theories in Ha ,proximate—point t0
theories in Hp,,,45 is the set of sentences

(Vx,y) precedence(x,y) = precedes(x,y)
(Vx,y) inclusion(x,y) = finer(x,y)

and the translation definitions Il,,_, for the interpretation of theories in Hp,,;oq; to the-
ories in Happroximate—Poins are logically equivalent to these sentences, from which it is
easy to see that Tperipas UAp_ap UILyp p is a definitional extension of T} ioqs- Note that
there is a one-to-one correspondence between the set of modules of 7, ,,: and the set
of modules of Teriods_roor-



3. Preservation of Modules in Reducible Theories

So far we have seen that in general, modules are not preserved by faithful interpretation

and logical synonymy. In this section we introduce a special class of modules, based on

the notion of reducible theories, and show that such modules are preserved by synonymy.
We start with the definition of reducible theories:

Definition 8 A theory T is reducible to a set of theories Sy, ...,S, (n > 1) iff

1. T faithfully interprets each theory S;;
2. T is synonymous with S U ... US),.

We will refer to the set Sy, ...,S, as a reduction of 7.

The relevant property of reducible theories is that reductions are preserved, up to
logical equivalence, by synonymy, because both faithful interpretation and synonymy are
transitive relations:

Theorem 2 If the theory T is synonymous with the theory T', and T is reducible to
S1,...,Sy, then T' is reducible to Sy, ..., S,.

Proof: Suppose T is reducible to Sy, ..., S,. By definition, T faithfully interprets each S;.
By Lemma 7 of [4], T’ also faithfully interprets each S;.
By definition, we also know that S U... U S, faithfully interprets 7'; by Lemma 7
of [4]], S; U...US, also faithfully interprets 7”.
T’ is synonymous with 7. By definition, T is synonymous with S§; U...US,,. By
Theorem 2 in [8]], synonymy is transitive. Therefore, T’ is synonymous with S; U
L US,.
Together, these three conditions show that 7" is reducible to Sy, ..., S,. O

Consider for example the theory Tend,,,,,-mﬂ(which is a time ontology for timepoints
and time intervals) and the theory T, ,5; (that axiomatizes object structures in the PSL
ontology). Teudpoinss relates the time points and time intervals by defining the functions
beginof, endof, and between. beginof (i) and endof (i) indicate the begin and the end
point of an interval i respectively, while between(p,q) denotes the interval between time
points p and g. The theory includes a binary relation be fore over time points which is
transitive and irreflexive. T}y ,5; includes all function and predicate symbols in 75,4 points
except between and the sort predicate timeinterval, but it includes another sort predicate
ob ject. Moreover, beginof and endof are defined over object elements. T,,4points and
Ty,51.0pj are synonymous, and both are reducible to the theory Tjinear ordering of linear
ordering and the theory Ty icr_graphical EI of strict graphical incidence structures.

Faithful interpretation generalizes the notion of conservative extension, so each the-
ory S; in a reduction of a theory T should be related to a module 7; of 7. The following
theorem shows that S; and 7; are related by synonymy.

Theorem 3 Let Sy, ..., S, be a reduction of a theory T.
There exist theories Ty, ..., T, such that

9http://colore.oor.net/combined_time/endpoints.clif
1Uht:tp ://colore.oor.net/orderings/linear_ordering.clif
Whttp://colore.oor.net/bipartite_incidence/strict_graphical.clif
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1. T; is synonymous with S;.
2. T;yis amodule of T, for 1 <i<n;

Proof: Let Sy, ...,S, be a reduction of a theory T; by the definition of reducibility, T is
synonymous with Sy U...US,,.
There exists an interpretation 7 of S} U...US,, into T, so that for any o € £(S; U
L USy),

Siu..US, Fo<eTEn(o)
Similarly, there exists an interpretation 7; of T into S;. Let
Ti={o:SiFm(0),T o}
By the definition of reducibility, T faithfully interprets S;, so that we have
SiEoceTkEnr(o)

so that 7; is synonymous with S;.

T; is not synonymous with 7}, for any i # j, 1 <i,j <n, because otherwise S; is
synonymous with S;.

Suppose that 7' is a nonconservative extension of 7;. Then exists ® € .Z(T;) such
that

TE®,T [~ .
S; and T; are synonymous, so that
SiUA; b& d.

However, by the definition of reducibility, T is a conservative extension of S; UA;.
Since ® € .Z(T;), we have

THE®
which contradicts the assumption that 7" is a nonconservative extension of 7;. O

We will refer to the set of subtheories 77, ..., T, as the reductive modularization of the
theory T that corresponds to the reduction Sy, ...,S,; the subtheories 7; will be referred
to as reductive modules.

It is easy to see that not all modules of a theory are reductive. For example, the theory
T,y0g of weak ordered geometries contains two modules (one of which is synonymous
with a betweenness relation and other which is synonymous with a bipartite incidence
structure); however, since it is not reducible, Tj,,, has no reductive modules. Even if we
restrict our attention to reducible theories, not all modules are reductive modules.

The reductive modules of a reducible theory are maximal modules in the following
sense:



Theorem 4 Each module of a reducible theory T is a module of a reductive module of T.

Proof: If T is reducible, there exists a set of reductive modules of 7 by Theorem
Suppose there exists a module 77 of T which is not a module of any reductive
module of T'.

Case 1: 7" is not a subtheory of any reductive module of 7.
Since T’ cannot be synonymous with a subtheory of any theory in the reduction of
T, we must have

SIU..US,UITET, m<n

, in which case S; U...US,, UIT is a nonconservative extension of 7’. However, T
is a nonconservative extension of S; U ... US,, UII, making T a nonconservative
extension of T’, which contradicts the assumption that 7’ is a module of T'.

Case 2: T’ is a subtheory of a reductive module T; of T, but T’ is not a module of
T;.

T; must be a nonconservative extension of 7”, so that there exists a sentence ® €
ZL(T")suchthat 7' P and T; = P

Since T; is a module of T', we must have T |= ®. which contradicts the assumption
that 7/ is a module of 7. O

Note that if there exist multiple reductions that contain different, but synonymous,
sets of theories, each reduction leads to the same modularization, since the different
theories in the reductions are synonymous.

On the other hand, since synonymy is transitive, reductive modules of different theo-
ries that are related to the same reduction are synonymous. We showed that synonymous
theories have same reductions; reductive modules of a theory T are therefore preserved
by synonymy:

Theorem 5 If T, T, are synonymous reducible theories, then each reductive module of
Ty is synonymous with a reductive module of T,.

Proof: Let 71,7, be synonymous reducible theories.
Let Sy,...,S, be a reduction of Tj.
By Theorem E] there exists reductive modularization 77y, ..., 71, of T} such that Tj;
is synonymous with ;.
By Theorem[2] S, ..., S, is also a reduction of T5.
By Theorem E] there exists reductive modularization 731, ..., >, of T> such that T5;
is synonymous with S;.
By Theorem 2 in [8], synonymy is transitive. Therefore, 77; is synonymous with
Diforalll <i<n. O

4. Preservation by Extension

To this point we have considered the preservation of the modules of a theory by logical
synonymy, that is, whether there is a one-to-one correspondence between the modules
of two theories. We can also consider whether the modules of a theory are preserved by
different kinds of extensions, that is, what is the relationship between the modules of T’
and the modules of an extension of 7? In this case, we are considering extensions of a
theory which also expand the signature of the theory.



4.1. Preservation by Conservative Extensions
In general, the modules of a theory are preserved by conservative extension.

Theorem 6 If T is a conservative extension of T,, then each module of T, is also a
module of Ty.

Proof: Suppose T3 is a module of 7> and 7 is a module of 7. If every model of 73 can
be expanded to a model of 7>, and every model of 7> can be expanded to a model
of 71, then every model of T3 can be expanded to a model of 7. Thus, T; is a
conservative extension of T3, and 73 is a module of 77. O

On the other hand, reductive modules of a theory are not preserved by conserva-
tive extension — there exist theories which have nontrivial reductive modules, yet a con-
servative extension of such a theory has no nontrivial reductive modules. For example,
the theOI'y{T_ZI Thetweenness U TweakJ?iparlite contains both Theryeenness and Tweakj;ipartite as re-
ductive modules. However, the theory Twois a conservative extension of Tpeseenness U
Tveak bipartire Yt it has no reductive modules.

4.2. Preservation by Definitional Extensions

Translation definitions are conservative definitions, so the failure of definitional exten-
sions to preserve modules follows from the discussion of Section 2. Thus, there exists a
theory 7' with definitional extension 7 U A such that 7 U A has modules which are not
modules of T. For example, if A is the set of translation definitions

= (leq(x,j) Nleq(y, j) N((Vz) (leq(x,z) Nlegq(y,z) D leq(j,z)
= (leq(z,x) Nleq(z,y) N(Vz) (leq(z,x) Aleq(z,y) D leq(z,m)

then Tboalean,laftice,ordering UA is a definitional extension of Tboolean,lattice,ordering and a
conservative extension of Tpoorean tartice> €VEN though Thoprean tastice ordering itself has no
proper modules.

(Vx,y,j) join(x,y) = j
(Vx,y,z) meet (x,y) =z

Theorem 7 Let T UX be a definitional extension of T.
T has reductive modules Ty, ..., T, iff T UL has reductive modules Ty, ..., T,,.

Proof: Let T UZX be a definitional extension of 7. Then T UX and T are synonymous.
Since synonymy is transitive, 7' is synonymous with S; U...US,, iff T UX is syn-
onymous with S; U...US),.

Considering that ¥ is a set of conservative definitions of 7, it is straightforward to
see that T faithfully interprets S; iff 7 U X faithfully interprets S;.

Hence T is reducible to Sy,...,S, iff T UX is reducible to Sy, ...,s,.

By Theorem[3] there exist 71, ..., T, such that T1, ..., T, are reductive modules of T
iff 71, ..., T,, are reductive modules of T UX. O

Thus, T and 7 UX have the same reductive modules. Theorem [7]also implies that T
is not a reductive module of T'UX whenever X is a set of conservative definitions, even
though T is a module of T UZX.

Zhttp://colore.oor.net/between/betweenness.clif
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http://colore.oor.net/between/betweenness.clif
http://colore.oor.net/bipartite_incidence/weak_bipartite.clif
http://colore.oor.net/ordered_geometry/wog.clif

5. Summary

In this paper, we have considered the problem of reusing the modularization of an ontol-
ogy — use the decomposition of one ontology into modules to find the modules of another
ontology. This problem is formulated as determining whether or not various metalogi-
cal relationships among ontologies (such as faithful interpretability, logical synonymy,
isomorphism of categories, and reducibility) preserve the modules of an ontology. In-
terestingly, there are examples of theories whose modules are not preserved by logical
synonymy or even by isomorphism of categories.

One observation is that all of these relationships are based on the existence of trans-
lation definitions, so one approach to characterizing the preservation of modules imposes
additional conditions on these translation definitions.

An alternative approach is to show that restricted classes of modules are preserved
by various metalogical relationships. In particular, we showed that the modules of a
reducible theory that correspond to the theories in the reduction are indeed preserved by
logical synonymy.
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