
Зоопарк дескрипционных логик (1)

• Attribute Language, AL

⊤ |⊥| A | ¬A | C ⊓ D | ∃R.⊤ | ∀R.C
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Зоопарк дескрипционных логик (1)

• Attribute Language, AL

⊤ |⊥| A | ¬A | C ⊓ D | ∃R.⊤ | ∀R.C

– F rame Language, FL−

⊤ |⊥| A | C ⊓ D | ∃R.⊤ | ∀R.C

– FL0

⊤ |⊥| A | C ⊓ D | ∀R.C

• Attribute Language with Complements, ALC

⊥| A | ¬C | C ⊓ D | C ⊔ D | ∃R.C | ∀R.C
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Зоопарк дескрипционных логик (2)

• F — Functionality

⊤ ⊑ ≤ 1R.⊤
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Зоопарк дескрипционных логик (2)

• F — Functionality

⊤ ⊑ ≤ 1R.⊤

• N — uN qualified number restrictions

≤ nR.⊤ | ≥ nR.⊤
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Зоопарк дескрипционных логик (2)

• F — Functionality

⊤ ⊑ ≤ 1R.⊤

• N — uN qualified number restrictions

≤ nR.⊤ | ≥ nR.⊤

• Q — Qualified number restrictions

≤ nR.C | ≥ nR.C
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Зоопарк дескрипционных логик (3)

• S — ALC + role transitivity

Transitive(r)
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Зоопарк дескрипционных логик (3)

• S — ALC + role transitivity

Transitive(r)

• I — Inverse roles

r−

• H — role Hierarchy

r ⊑ s
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Зоопарк дескрипционных логик (3)

• S — ALC + role transitivity

Transitive(r)

• I — Inverse roles

r−

• H — role Hierarchy

r ⊑ s

• R — complex Role inclusions

r ◦ s ⊑ t
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Табличный алгоритм для ALC:
оптимизации



Логический анализ в ALC

T — TBox и C ⊑ D — импликация концептов.

• T влечет C ⊑ D т. и т.т., когда каждая модель T является моделью C ⊑ D.

• C реализуется совместно с T т. и т.т., когда существует интерпретация I, модель

T , т.ч. CI ̸= ∅.

Имеет место следующее:

• T |= C ⊑ D т. и т.т., когда C ⊓ ¬D не реализуется совместно с T .
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Правила вывода для проверки реализуемости ALC-концептов

S →⊓ S ∪ { x: C, x: D } если (a) x: C ⊓ D ∈ S

(b) x: C или x: D не входит в S

S →⊔ S ∪ { x: E } если (a) x: C ⊔ D ∈ S

(b) ни x: C ни x: D не входят в S

(c) E = C или E = D (ветвление!)

S →∀ S ∪ { y: C } если (a) x: ∀R.C ∈ S

(b) (x, y): R ∈ S

(c) y: C /∈ S

S →∃ S ∪ { (x, y): R, y: C } если (a) x: ∃R.C ∈ S

(b) y новый элемент

(c) нет z т.ч.

и (x, z): R и z: C входят в S
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Правила вывода для проверки реализуемости ALC-концептов

совместно с T

S →U S ∪ { x: D } если (a) ⊤ ⊑ D ∈ T

(b) x ∈ S

(c) x: D /∈ S

• Узел x заблокирован узлом y если

{C | x : C ∈ Si} ⊆ {D | y : D ∈ Si}

• Правила вывода применяются только к не заблокированным узлам.
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Нормализация и упрощения

Norm(A) = A, для имени концепта A
Norm(¬C) = Simp(¬Norm(C))

Norm(C1 ⊓ . . . ⊓ Cn) = Simp(⊓{Norm(C1) ∪ . . . ∪ Norm(Cn)})
Norm(C1 ⊔ . . . ⊔ Cn) = Norm(¬(¬C1 ⊓ . . . ⊓ ¬Cn))

Norm(∀R.C) = Simp(∀R.Norm(C))
Norm(∃R.C) = Norm(¬∀R.¬C)

Simp(A) = A, для имени концепта A

Simp(¬C) =


⊥, если C = ⊤
⊤, если C =⊥
Simp(D), если C = ¬D
¬C, иначе

Simp(⊓S) =


⊥, если ⊥∈ S или C, ¬C ∈ S
⊤, если S = ∅
Simp(⊓S \ {⊤}), если ⊤ ∈ S
Simp(⊓P ∪ S \ {⊓P}), если ⊓{P} ∈ S
⊓S, иначе

Simp(∀R.C) =

{
⊤, если C = ⊤
∀R.C, иначе
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Пример

∀r.(A ⊓ B) ⊓ ∃r.(¬A ⊔ ¬B)
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Пример

∀r.(A ⊓ B) ⊓ ∃r.(¬A ⊔ ¬B)

+ Легко реализовать

+ Раннее завершение вывода

+ Уменьшает размер

− (Небольшие) вычислительные ресурсы

− Не помогает на плохо структурированных TBox
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Определения (1)

Хотя A ⊑ C может быть переписано в ⊤ ⊑ ¬A ⊔ C, это приводит к недетерминизму

S →U S ∪ { x: D } если (a) ⊤ ⊑ D ∈ T

(b) x ∈ S

(c) x: D /∈ S

Pericardium ⊑ Tissue ⊓ ∃cont_in.Heart

Pericarditis ⊑ Inflammation ⊓ ∃has_loc.Pericardium

Inflammation ⊑ Disease ⊓ ∃acts_on.Tissue

Disease ⊓ ∃has_loc.∃cont_in.Heart ⊑ Heartdisease ⊓ NeedsTreatment

T |= Pericardium ⊑ Inflamation
?
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Определения (2)

Хотя A ⊑ C может быть переписано в ⊤ ⊑ ¬A ⊔ C, это приводит к недетерминизму

S →U S ∪ { x: D } если (a) ⊤ ⊑ D ∈ T

(b) x ∈ S

(c) x: D /∈ S

⊤ ⊑ ¬Pericardium ⊔ Tissue ⊓ ∃cont_in.Heart

⊤ ⊑ ¬Pericarditis ⊔ Inflammation ⊓ ∃has_loc.Pericardium

⊤ ⊑ ¬Inflammation ⊔ Disease ⊓ ∃acts_on.Tissue

⊤ ⊑ ¬Disease ⊔ ¬∃has_loc.∃cont_in.Heart ⊔ Heartdisease ⊓ NeedsTreatment

? Pericardium ⊓ ¬Inflamation реализуем совместно с T
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Отложенное развёртывание
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Отложенное развёртывание

• T = Tu ∪ Tg:
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Отложенное развёртывание

• T = Tu ∪ Tg:

– Tu: правила вида A ⊑ C, ¬A ⊑ C,

применять отложенное развёртывание

S →LU S ∪ { x: C } если (a) A ⊑ C ∈ T

(b) x: C /∈ S
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Отложенное развёртывание

• T = Tu ∪ Tg:

– Tu: правила вида A ⊑ C, ¬A ⊑ C,

применять отложенное развёртывание

S →LU S ∪ { x: C } если (a) A ⊑ C ∈ T

(b) x: C /∈ S

– Tg: импликации концептов вида C ⊑ D

применять →U
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Пример

Tu :
Pericardium ⊑ Tissue ⊓ ∃cont_in.Heart
Pericarditis ⊑ Inflammation ⊓ ∃has_loc.Pericardium

Inflammation ⊑ Disease ⊓ ∃acts_on.Tissue

Tg :

⊤ ⊑ ¬Disease ⊔ ¬∃has_loc.∃cont_in.Heart ⊔ Heartdisease ⊓ NeedsTreatment

? Pericardium ⊓ ¬Inflamation реализуем совместно с T
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Абсорбция

Техника превращения импликаций концептов в правила

Пример:

geometric_figure ⊓ ∃anglles.three ⊑ ∃sides.three

geometric_figure ⊑ figure
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Абсорбция

Техника превращения импликаций концептов в правила

Пример:

geometric_figure ⊓ ∃anglles.three ⊑ ∃sides.three

geometric_figure ⊑ figure

geometric_figure ⊑ figure ⊓ shape
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Абсорбция

Техника превращения импликаций концептов в правила

Пример:

geometric_figure ⊓ ∃anglles.three ⊑ ∃sides.three

geometric_figure ⊑ figure

geometric_figure ⊑ figure ⊓ shape

Ускорение на четыре порядка
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Осторожнее с обобщениями!

• Можно обобщить, включив отрицания имён слева от ⊑.

T = Tu ∪ Tg; Tu = {A ⊑ D, ¬A ⊑ ¬C}, Tg = ∅

T ′ = T ′
u ∪ T ′

g; T ′
u = ∅, T ′

g = {A ⊑ D, ¬A ⊑ ¬C}
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Осторожнее с обобщениями!

• Можно обобщить, включив отрицания имён слева от ⊑.

T = Tu ∪ Tg; Tu = {A ⊑ D, ¬A ⊑ ¬C}, Tg = ∅

T ′ = T ′
u ∪ T ′

g; T ′
u = ∅, T ′

g = {A ⊑ D, ¬A ⊑ ¬C}

• Можно, но осторожно...
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Оптимизация классификации

• Не все пары A, B необходимо пробовать

T |= A ⊑ B, T |= B ⊑ B′ влечет T |= A ⊑ B′

Онтологии и представление знаний, 2010 16



Оптимизация классификации

• Не все пары A, B необходимо пробовать

T |= A ⊑ B, T |= B ⊑ B′ влечет T |= A ⊑ B′

• Аналогично,

T ̸|= A ⊑ B, T |= B′ ⊑ B влечет T ̸|= A ⊑ B′
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Оптимизация классификации

• Не все пары A, B необходимо пробовать

T |= A ⊑ B, T |= B ⊑ B′ влечет T |= A ⊑ B′

• Аналогично,

T ̸|= A ⊑ B, T |= B′ ⊑ B влечет T ̸|= A ⊑ B′

• Использовать заданные включения

A ⊑ B ⊓ C ∈ T влечет A ⊑ B
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Оптимизация классификации

• Не все пары A, B необходимо пробовать

T |= A ⊑ B, T |= B ⊑ B′ влечет T |= A ⊑ B′

• Аналогично,

T ̸|= A ⊑ B, T |= B′ ⊑ B влечет T ̸|= A ⊑ B′

• Использовать заданные включения

A ⊑ B ⊓ C ∈ T влечет A ⊑ B

• Сначала классифицировать тело, потом голову

A ⊑ D
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Backjumping

∃R.¬A ⊓ ∀R.(A ⊓ B) ⊓ (C1 ⊔ D1) ⊓ . . . (Cn ⊔ Dn)

Dependency Directed Backtracking

! Allows rapid recovery from bad branching choices
! Most commonly used technique is backjumping

! Tag concepts introduced at branch points (e.g., when expanding
disjunctions)

! Expansion rules combine and propagate tags
! On discovering a clash, identify most recently introduced

concepts involved
! Jump back to relevant branch points without exploring

alternative branches
! Effect is to prune away part of the search space
! Performance improvements with GALEN KB again too large to

measure

Implementation – p. 11/14

Backjumping

E.g., if ∃R.¬A " ∀R.(A " B) " (C1 $ D1) " . . . " (Cn $ Dn) ⊆ L(x)

Backjump Pruning
!

!

!

R

L(x) ∪ {C1} L(x) ∪ {¬C1, D1}

L(x) ∪ {¬C2, D2}

L(x) ∪ {Cn}

L(y) = {(A # B),¬A, A, B}

x

x

x

y

x

x L(x) ∪ {¬Cn, Dn}

y L(y) = {(A # B),¬A, A, B}
R

!

!

!
L(x) ∪ {Cn-1}

Clash Clash Clash . . . Clash

Implementation – p. 12/14
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Оптимизация нереализуемых импликаций

Чаще всего T ̸|= A ⊑ B

• TBox:
Arm ⊑ Body_Part
Bacteria ⊑ Living_Organism
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Оптимизация нереализуемых импликаций

Чаще всего T ̸|= A ⊑ B

• TBox:
Arm ⊑ Body_Part
Bacteria ⊑ Living_Organism

Arm ⊓ ¬Bacteria реализуем совместно с T .
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Оптимизация нереализуемых импликаций

Чаще всего T ̸|= A ⊑ B

• TBox:
Arm ⊑ Body_Part
Bacteria ⊑ Living_Organism

Arm ⊓ ¬Bacteria реализуем совместно с T .

• Для каждого имени концепта A ∈ T построить табличный вывод для A и ¬A.
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Оптимизация нереализуемых импликаций

Чаще всего T ̸|= A ⊑ B

• TBox:
Arm ⊑ Body_Part
Bacteria ⊑ Living_Organism

Arm ⊓ ¬Bacteria реализуем совместно с T .

• Для каждого имени концепта A ∈ T построить табличный вывод для A и ¬A.

• Для реализуемых концептов хранить корень таблицы
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Оптимизация нереализуемых импликаций

Чаще всего T ̸|= A ⊑ B

• TBox:
Arm ⊑ Body_Part
Bacteria ⊑ Living_Organism

Arm ⊓ ¬Bacteria реализуем совместно с T .

• Для каждого имени концепта A ∈ T построить табличный вывод для A и ¬A.

• Для реализуемых концептов хранить корень таблицы

Быстрые но неполные методы классификации
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Модули в онтологиях



Модули и классификация
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Импортирование модулей
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Проблема выбора подходящей части

Медицинские термины

Ontology of medical research projects P:
P1 Genetic Disorder Project ≡ Project "

" ∃has Focus.Genetic Disorder

P2 Cystic Fibrosis EUProject ≡ EUProject "
" ∃has Focus.Cystic Fibrosis

P3 EUProject $ Project

Ontology of medical terms Q:
M1 Cystic Fibrosis ≡ Fibrosis " ∃located In.Pancreas "

" ∃has Origin.Genetic Origin

M2 Genetic Fibrosis ≡ Fibrosis "
" ∃has Origin.Genetic Origin

M3 Fibrosis " ∃located In.Pancreas $ Genetic Fibrosis

M4 Genetic Fibrosis $ Genetic Disorder

M5 DEFBI Gene $ Immuno Protein Gene "
" ∃associated With.Cystic Fibrosis

Figure 1: Reusing medical terminology for an ontology on medical
research projects

ioms M1-M5 in Figure 1. If we include in the module Q1 just the
axioms that mention Cystic Fibrosis or Genetic Disorder, namely
M1, M4 and M5, we lose the following dependency:

Cystic Fibrosis $ Genetic Disorder (1)

The concept inclusions Cystic Fibrosis $ Genetic Fibrosis $
Genetic Disorder follow from M1-M5, but not from M1, M4, M5,
since the dependency Cystic Fibrosis $ Genetic Fibrosis does not
hold after removing M2 and M3. The dependency (1), however, is
crucial for our ontology P as it (together with axiom P3) implies
the following axiom:

Cystic Fibrosis EUProject $ Genetic Disorder Project (2)

This means, in particular, that all the projects annotated with
Cystic Fibrosis EUProject must be included in the answer for a
query on Genetic Disorder Project. Consequently, importing a
part of Q containing only axioms that mention the terms used in
P instead of Q results in an underspecified ontology. We stress
that the ontology engineer might be unaware of dependency (2),
even though it concerns the concepts of his primary scope.

The example above suggests that the central requirement for a
module Q1 ⊆ Q to be reused in our ontology P is that P ∪ Q1

should yield the same logical consequences in the vocabulary of P
as P ∪Q does. Note that, as seen in the example, this requirement
does not force us to include in Q1 all the axioms in Q that mention
the vocabulary to be reused, nor does it imply that the axioms in Q
that do not mention this vocabulary should be omitted.

Based on the discussion above, we formalize our first notion of
a module as follows:

Definition 1 [Module]. Let Q1 ⊆ Q be two ontologies and S
a signature. We say that Q1 is an S-module in Q w.r.t. a language
L, if for every ontology P and every axiom α expressed in L with
Sig(P∪{α})∩Sig(Q) ⊆ S, we have P∪Q |= α iff P∪Q1 |= α.

In Definition 1 the signature S acts as the interface signature be-
tween P and Q in the sense that it contains the symbols that P and
α may share with Q. It is also important to realize that there are
two free parameters in Definition 1, namely the ontology P and the
axiom α. Both P and α are formulated in some ontology language
L, which might not necessarily be a sub-language of OWL DL.

Fixing the language L in which P and α can be expressed is
essential in Definition 1 since it may well be the case that Q1 is
a module in Q w.r.t. a language L1, but not w.r.t. L2. Fixing L,
however, is not always reasonable. If Q1 is an S-module in Q,
it should always be possible to replace Q with Q1 regardless of
the particular language in which P and α are expressed. In fact,
we may extend our ontology P with a set of Horn rules, or ex-
tend our query language to support arbitrary conjunctive queries.
In any case, extending the ontology language for P and the query
language for α should not prevent Q1 from being a module in Q.

It is therefore convenient to formulate a more general notion of
a module which abstracts from the particular language under con-
sideration; that is, we say that Q1 is an S-module in Q iff it is
an S-module in Q, according to Definition 1 for every language L
with Tarski-style set-theoretic semantics. The modules we obtain
in this paper will be modules in precisely this stronger sense.

In our knowledge reuse scenario, small modules are preferred
over large modules. Therefore, it makes sense to focus only on min-
imal modules. We say that Q1 is a minimal S-module in Q if there
is no Q2 ! Q1 that is also an S-module in Q. In our example from
Figure 1, there are two minimal S-modules Q1 = {M1, M2, M4}
and Q2 = {M1, M3, M4}: if we remove any axiom from them,
the dependency (1) will no longer hold. Hence minimal modules
are not necessarily unique. While in some cases it is reasonable to
extract all minimal modules, in others it may suffice to extract just
one. Thus, given Q and S, the following tasks are of interest:

T1. compute all minimal S-modules in Q
T2. compute some minimal S-module in Q (3)

Surprisingly, we can show (see [3] for detail) that these tasks are
inter-reducible; that is, an algorithm that solves T1 can be used to
solve T2 and vice-versa. Let us now consider the axioms M1–M4.
These axioms occur in both minimal S-modules Q1 and Q2; thus,
they are, in a certain sense, essential for dependency (1). In certain
situations, one can be interested in computing just the set Qe of
such essential axioms, instead of computing all minimal modules.
This is the case, for example, if the ontology engineer wants to
compute a module that is “safe” under removal of axioms: if we
remove M2 from Q, then Q′

1 = Q1 \ M2 = {M1, M4} is no
longer an S-module for the updated ontology Q′ := Q \ {M2}
since the dependency (1) is lost, but Q′

e := Qe \ {M2} is still a
module in Q. This example suggests the following definition:

Definition 2 [Essential Axiom]. Given a signature S and an on-
tology Q, we say that an axiom α ∈ Q is S-essential in Q w.r.t. L
if α belongs to some minimal S-module in Q w.r.t. L.

Hence, the following task may also be of interest:

T3. compute the union of all minimal S-modules in Q,
which is the set of all S-essential axioms in Q (4)

Obviously, task T3 is not harder then task T1: a procedure for com-
puting all minimal modules can be used in a straightforward way
to compute the union of these minimal modules.

PROPOSITION 1. Tasks T1 and T2 are reducible to task T3; that
is, any procedure for T1 or T2 can be used for solving T3.

In the last few years, numerous techniques for extracting frag-
ments of ontologies for knowledge reuse purposes have been de-
veloped. Most of these techniques rely on syntactically traversing
the axioms in the ontology and employ various heuristics for deter-
mining which axioms are relevant and which are not.

An example of such a procedure is the algorithm implemented
in the PROMPT-FACTOR tool [11]. Given a signature S and an
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Ontology of medical research projects P:
P1 Genetic Disorder Project ≡ Project "

" ∃has Focus.Genetic Disorder

P2 Cystic Fibrosis EUProject ≡ EUProject "
" ∃has Focus.Cystic Fibrosis

P3 EUProject $ Project

Ontology of medical terms Q:
M1 Cystic Fibrosis ≡ Fibrosis " ∃located In.Pancreas "

" ∃has Origin.Genetic Origin

M2 Genetic Fibrosis ≡ Fibrosis "
" ∃has Origin.Genetic Origin

M3 Fibrosis " ∃located In.Pancreas $ Genetic Fibrosis

M4 Genetic Fibrosis $ Genetic Disorder

M5 DEFBI Gene $ Immuno Protein Gene "
" ∃associated With.Cystic Fibrosis

Figure 1: Reusing medical terminology for an ontology on medical
research projects

ioms M1-M5 in Figure 1. If we include in the module Q1 just the
axioms that mention Cystic Fibrosis or Genetic Disorder, namely
M1, M4 and M5, we lose the following dependency:

Cystic Fibrosis $ Genetic Disorder (1)

The concept inclusions Cystic Fibrosis $ Genetic Fibrosis $
Genetic Disorder follow from M1-M5, but not from M1, M4, M5,
since the dependency Cystic Fibrosis $ Genetic Fibrosis does not
hold after removing M2 and M3. The dependency (1), however, is
crucial for our ontology P as it (together with axiom P3) implies
the following axiom:

Cystic Fibrosis EUProject $ Genetic Disorder Project (2)

This means, in particular, that all the projects annotated with
Cystic Fibrosis EUProject must be included in the answer for a
query on Genetic Disorder Project. Consequently, importing a
part of Q containing only axioms that mention the terms used in
P instead of Q results in an underspecified ontology. We stress
that the ontology engineer might be unaware of dependency (2),
even though it concerns the concepts of his primary scope.

The example above suggests that the central requirement for a
module Q1 ⊆ Q to be reused in our ontology P is that P ∪ Q1

should yield the same logical consequences in the vocabulary of P
as P ∪Q does. Note that, as seen in the example, this requirement
does not force us to include in Q1 all the axioms in Q that mention
the vocabulary to be reused, nor does it imply that the axioms in Q
that do not mention this vocabulary should be omitted.

Based on the discussion above, we formalize our first notion of
a module as follows:

Definition 1 [Module]. Let Q1 ⊆ Q be two ontologies and S
a signature. We say that Q1 is an S-module in Q w.r.t. a language
L, if for every ontology P and every axiom α expressed in L with
Sig(P∪{α})∩Sig(Q) ⊆ S, we have P∪Q |= α iff P∪Q1 |= α.

In Definition 1 the signature S acts as the interface signature be-
tween P and Q in the sense that it contains the symbols that P and
α may share with Q. It is also important to realize that there are
two free parameters in Definition 1, namely the ontology P and the
axiom α. Both P and α are formulated in some ontology language
L, which might not necessarily be a sub-language of OWL DL.

Fixing the language L in which P and α can be expressed is
essential in Definition 1 since it may well be the case that Q1 is
a module in Q w.r.t. a language L1, but not w.r.t. L2. Fixing L,
however, is not always reasonable. If Q1 is an S-module in Q,
it should always be possible to replace Q with Q1 regardless of
the particular language in which P and α are expressed. In fact,
we may extend our ontology P with a set of Horn rules, or ex-
tend our query language to support arbitrary conjunctive queries.
In any case, extending the ontology language for P and the query
language for α should not prevent Q1 from being a module in Q.

It is therefore convenient to formulate a more general notion of
a module which abstracts from the particular language under con-
sideration; that is, we say that Q1 is an S-module in Q iff it is
an S-module in Q, according to Definition 1 for every language L
with Tarski-style set-theoretic semantics. The modules we obtain
in this paper will be modules in precisely this stronger sense.

In our knowledge reuse scenario, small modules are preferred
over large modules. Therefore, it makes sense to focus only on min-
imal modules. We say that Q1 is a minimal S-module in Q if there
is no Q2 ! Q1 that is also an S-module in Q. In our example from
Figure 1, there are two minimal S-modules Q1 = {M1, M2, M4}
and Q2 = {M1, M3, M4}: if we remove any axiom from them,
the dependency (1) will no longer hold. Hence minimal modules
are not necessarily unique. While in some cases it is reasonable to
extract all minimal modules, in others it may suffice to extract just
one. Thus, given Q and S, the following tasks are of interest:

T1. compute all minimal S-modules in Q
T2. compute some minimal S-module in Q (3)

Surprisingly, we can show (see [3] for detail) that these tasks are
inter-reducible; that is, an algorithm that solves T1 can be used to
solve T2 and vice-versa. Let us now consider the axioms M1–M4.
These axioms occur in both minimal S-modules Q1 and Q2; thus,
they are, in a certain sense, essential for dependency (1). In certain
situations, one can be interested in computing just the set Qe of
such essential axioms, instead of computing all minimal modules.
This is the case, for example, if the ontology engineer wants to
compute a module that is “safe” under removal of axioms: if we
remove M2 from Q, then Q′

1 = Q1 \ M2 = {M1, M4} is no
longer an S-module for the updated ontology Q′ := Q \ {M2}
since the dependency (1) is lost, but Q′

e := Qe \ {M2} is still a
module in Q. This example suggests the following definition:

Definition 2 [Essential Axiom]. Given a signature S and an on-
tology Q, we say that an axiom α ∈ Q is S-essential in Q w.r.t. L
if α belongs to some minimal S-module in Q w.r.t. L.

Hence, the following task may also be of interest:

T3. compute the union of all minimal S-modules in Q,
which is the set of all S-essential axioms in Q (4)

Obviously, task T3 is not harder then task T1: a procedure for com-
puting all minimal modules can be used in a straightforward way
to compute the union of these minimal modules.

PROPOSITION 1. Tasks T1 and T2 are reducible to task T3; that
is, any procedure for T1 or T2 can be used for solving T3.

In the last few years, numerous techniques for extracting frag-
ments of ontologies for knowledge reuse purposes have been de-
veloped. Most of these techniques rely on syntactically traversing
the axioms in the ontology and employ various heuristics for deter-
mining which axioms are relevant and which are not.

An example of such a procedure is the algorithm implemented
in the PROMPT-FACTOR tool [11]. Given a signature S and an

WWW 2007 / Track: Semantic Web Session: Ontologies

719

Онтологии и представление знаний, 2010 23



Консервативное расширение
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Консервативное расширение

Набор имен концептов и ролей называется сигнатурой.

sig(C), sig(C ⊑ D), sig(T ), . . .

Неформально, T ′ ⊆ T — модуль для сигнатуры Σ т. и т.т., когда

T и T ′ “говорят” про Σ одно и то же

• T — консервативное расширение T ′ для любых (сложных) концептов C, D

sig(C ⊑ D) ⊆ Σ

T |= C ⊑ D т. и т.т., когда T ′ |= C ⊑ D

• T — модельное консервативное расширение T ′ для любой интерпретации I ′ |=
T ′ существует интерпретация I |= T т.ч.

I|Σ = I ′|Σ
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Сложность

• Задача определения является ли одна теория консервативным расширением другой

“на экспоненту сложнее” задачи классификации

ExpTime для EL, 2ExpTime для ALC

• Задача определения является ли одна теория модельным консервативным расширением

другой “обычно (сильно) неразрешима”.

• Ограниченные языки

• Аппроксимация
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Локальность

Теория T семантически локальна относительно сигнатуры Σ если любая интерпретация

символов Σ может быть тривиально расширена до интерпретации T .
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Теория T семантически локальна относительно сигнатуры Σ если любая интерпретация

символов Σ может быть тривиально расширена до интерпретации T .

Например,

EUProject ⊑ Project

локальна относительно Σ1 = {Project} и не локальна относительно Σ2 = {EUProject}

Теорема. T ′ ⊆ T , T \ T ′ локальна относительно sig(T ′). Тогда T является модельно

консервативным расширением T ′ относительно Σ.

Теория, локальная относительно сигнатуры, не меняет определений в этой сигнатуре.
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Разрешающая процедура для проверки локальности

Теорема. T — SHOIQ-теория и Σ — сигнатура.

TΣ получена заменой всех символов sig(T ) \ Σ на ⊥.

Точнее, для всех A, r /∈ Σ (R = r или r−)

• A, ∃R.C, ≥ nR.C −→ ⊥.

• удалить Trans(r)

• a : A, r(a, b) −→ ⊤ ⊑⊥.

T локальна для Σ т. и т.т., когда TΣ состоит из тавтологий
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• удалить Trans(r)

• a : A, r(a, b) −→ ⊤ ⊑⊥.

T локальна для Σ т. и т.т., когда TΣ состоит из тавтологий

Воспользуемся процедурой классификации для выяснения
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