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Abstract An ontology consists of concepts and the subsumption relation between these 
concepts, and is assumed to be a tree under the subsumption relation. In the pro
cess of building and maintaining ontologies, new statements which may contra
dict with exiting statements are added to the ontologies constantly. The ontology 
revision is necessary to accommodate new statements. In terms of the method 
of the axiomatization, one axiom system for the ontology revision, called the Z 
axiom system, is given, which is proved to satisfy the principles of the success, 
consistency and minimal change. Unlike the belief revision which is raonotonic, 
the ontology revision may not be monotonic, and not only extracts some state
ments contradictory with a revising statement, extracts statements which are not 
contradictory with the revising statement, but also adds new statements to keep 
the tree structure of the revised ontology and satisfy the minimal change. One 
concrete ontology revision operator is proposed, which is proved to satisfy the Z 
axiom system. 
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1. Introduction 
A general approach for studying belief revision is to provide a set of pos

tulates for belief revision functions. These postulates constrain what revision 
fi.inctions should satisfy in the process of revision, but say little about how to 
implement these functions. The AGM approach [2,3] perhaps provides the 
best-known set of such postulates and an extended discussion on the postulates 
was given in [4,5]. The AGM axiom system is not very appropriate for the 
iterated belief revision [1]. Hence, Darwiche and Pearl [1] put forward a well-
known proposal which extends the AGM axiom system with four additional 
postulates for the iterated belief revision [6,7]. 

The belief revision has three basic principles [8,9]: the principles of the suc
cess, the consistency and the minimal change. Furthermore, the belief revision 
is monotonic. That is, given two knowledge base K and K', ii K \- K', then 
K o a h K' o a, where i^ o a is the Imowledge base resulted from revising 
K by a. For a knowledge base K and a revising statement a, a belief revision 
is not to revise statements in K, but to extract some statements in K to make 
K' U {a} consistent for the remaining subset K' of K. 

McGuinness [10] proposed that a simple ontology should contain the fol
lowing items: 

(1) finite controlled (extensible) vocabulary; 
(2) unambiguous interpretation of classes and terra relationships; 
(3) strict hierarchical subclass relationships between classes. 
In [11], the authors classified the currently used ontology languages accord

ing to whether ontologies contain concepts, taxonomies, relations and func
tions, axioms and instances. For the simplicity of discussion, we assume that 
an ontology consists of the following three kinds of statements and their nega
tions: 

• the subsumption relation between concepts: C Q D; 
• a concept having a property: C => tp; 
• a concept defaultly having a property: C ^d V, 

where C, D are concepts, (p, 'ip are properties. We assume that O is a tree under 
the subsumption relation between concepts. 

The ontology revision is a process of changing ontologies to accommodate 
statements that are possibly inconsistent with existing statements. For an on
tology O and a revising statement 9,htOo9he the ontology that results from 
revising O by 6. The ontology revision has the following properties which the 
belief revision does not have: 

o The ontology revision is not monotonic. That is, for any ontologies O, O' 
and a revising statement 9,ifO\-0' then it is possible that O o d\/ O' od. 

o To keep the tree structure of O o 0, according to the stmcture of O, we 
not only extract a set of statements S from O to ensure that (O U {6}) — S 
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is consistent, but extract another set of statements A otlier than S from O and 
add a set of new statements T other tiian {0} to O 06. 

By the axiomatization, an axiom system for the ontology revision, called 
the Z axiom system, will be proposed, and proved to satisfy the principles of 
success, consistency and minimal change. According to the inconsistency of 
9 with O, Th{0) and O^VVA^ ^ concrete ontology revision operator will be 
given and proved to satisfy the Z axiom system. 

The paper is organized as follows: in section 2, the definition and presup
positions of ontologies are given, and the logical implications in ontologies 
are discussed; in section 3, we give the presuppositions for the ontology revi
sion and according to the structure of ontologies, we propose an axiom system, 
called the Z axiom system, for the ontology revision satisfying the principles 
of success, consistency and minimal change. In section 4, a concrete ontology 
revision operator o is given, which is proved to satisfy the Z axiom system. 
The last section concludes the paper. 

2. Ontologies 
In this section, we firstly give the definition and presuppositions of ontolo

gies, then discuss the logical implications in ontologies. 
Definition 1. An ontology O consists of 

• a set of concepts and properties; 
• four binary relations: the subsumption relation C between concepts; the 

inheritance relation => between concepts and properties, the default inheri
tance relation =^d between concepts and properties; and 

• a set of positive statements of forms C C D\C => 93 |C =>d '•P ond their 
negations of forms C 2 D\C 7^ ^p\C ^d V'l where C, D are concepts and 
ip, t/j are properties. 

We use U to denote the set of concepts and properties in O. For any concept 
C, concept C* is a C-minimal super-concept of C such that there is no D such 
that CQD eOandD^C* (EO. 

For the simplicity, we assume that O is a tree under subsumption relation C, 
i.e., for any concept C, C* is unique. This guarantees that as a default theory, 
O under the implication rules has a unique extension. 

Given an ontology O, concepts C, D and properties </? and i/j inU, O is a 
default theory with defaults. The reasoning in O is the reasoning of default 
theory (O, W), where W is the set of defaults and implication rales showed in 
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the following: 

the transitivity of C 

the inheritance rule 

the default inlieritance mle 

CHE ' 

C Q D,D =^ci^ • C ^d^ 

By the presupposition that O is a tree under C, as a default theory, O has a 
unique extension. Let Th{0) be the unique extension of O. Define I- to be the 
implication relation defined by Th{0), i.e., for any statement S, 

Oh6iffdeTh{0). 

The default theory of Th{0) under the closed world assumption has a unique 
extension, denoted by O*-̂ '̂̂ '̂ , and 

0^'^^ = {~.S:0\/5}uThiO), 

where 5 is a positive statement. 
Definition 2. An ontology O is inconsistent if there is a statement S such that 

Remark. Similar to belief revision, there are two kinds of ontology revision: 
ontology-set revision and ontology-base revision. In this paper, an ontology O 
is an ontology base, and its ontology set is Th{0). 

3. The ontology revision 

In this section, we shall give firstly an example of the ontology revision, and 
secondly the presuppositions, and then the axioms for the ontology revision. 

3.1 One example 
Let us take a look at the following example. Example 1 shows our intuition 

for the ontology revision. 
Example 1. We believe that sparrow and penguin are two kinds of bird and 
bird can fly. Formally, the ontology can be represented by 

O = {sparrow C bird, penguin C bird, bird =^ flying}. 

Assume that later, we find that penguin actually cannot fly, that is, 

6 = penguin ^ flying. 

Then we do not believe that bird can fly, since penguin is a bird. In this 
example, O U {9} is inconsistent and -^6 G Th{0), since -^9 = penguin =» 
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flying can be inferred from O by the inheritance. Formally, 

O o 6 = {sparrow C bird, penguin [I bird, 
penguin 7^ flying} 

S = {bird => flying}; 
A = 0; 
T = 0. 

95 

This example can be realized by case 2.4.2 in section 4. The following figure 
shows O and O o 0. 

flying 

flying <=^ penguin 

Fig. 1. O and O o 61 

Remark. In example 1, intuitively, we shall still believe that sparrow can fly 
after revision, since sparrow and penguin are two different kinds of bird, and 
the change of property penguin being flying should not affect that of sparrow. 
In other words, although sparrow =^ flying is not stated explicitly in O, it 
can be inferred from O by the inheritance and this kind of implicit statements is 
what O has inherently. For the simplicity, we do not consider the preservation 
of such implicit statements in the ontology revision. 

3.2 The presuppositions for tiie ontology revision 

For an ontology O to be revised and a revising statement 6, we have the 
following presuppositions: 

1. O is consistent; 
2. O o ̂  is an ontology; 
3. 9 is of forms: C ^ D,C % D,C =^ if andC j ^ ip; 
4. The ontology revision satisfies the principle of the success: 9 e O o 6; 

the principle of the consistency: O o ̂  is consistent if O is consistent; and the 
principle of the minimal change: the symmetric difference between the set of 
statements in O and inO o9, denoted by sd{0,0 o 9), is minimal, that is, let 
r(O)bethesetofstatementsinO,then|(r(O)-r(Oo0))u(r(Oo0)-r(O))| 
is minimal. 

5. For the iterated ontology revision, the revising statements are always 
consistent with each other. For example, if O o 99 is an ontology to be revised 
and '4' is a revising statement then ip is consistent with 'ip. 
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6. In order to keep the tree structure of Ooff, we may add to Ooff new state
ments which are consistent with O U {ff} after the extraction of the statement 
of the subsumption relation between two concepts C and D if ff = C g D 
and O U {ff} is inconsistent; and a set of statements may be extracted from O 
if ff = C C £> and O U {ff} is inconsistent. 

Let S be the smallest set of statements extracted from O to ensure (O U 
{ff}) — 5 is consistent; A the smallest set of statements extracted from O other 
than 5; and T the smallest set of new statements ^ O U {ff} added to O o ff. To 
keep the tree structure of the revised ontology, we assume that 

Ooff = ( ( 0 u { f f } ) - 5 - A ) U T , 

where 5 n A = 0. 

3.3 The axioms for the ontology revision 
To give the axioms for the ontology revision, we firstly notice the difference 

between the ontology revision and belief revision. In the belief revision, to be 
revised is a knowledge base K and to revise is a formula a. Every statement 
is constructed from atomic fonnulas in terms of the logical connectives. In the 
ontology revision, to be revised is an ontology O and to revise is a statement ff 
which is atomic. 

Based on the discussion in section 3.1 and 3.2, we propose the Z axiom 
system for the ontology revision: 

ZO. O o ff is an ontology. 
Zl. O o ff is consistent if ff is not contradictory. 
Z2. ff e O o ff. 
Z3. If O U {ff} is consistent, then O o ff = (O U {ff}) - A. 
Z4. If O U {ff} is inconsistent, then O o ff = ((O u {ff}) - 5 - A) U T. 
Z5. If O o ff h (5 then (O o (̂ ) o ff ~ O o ff. 
The Z axiom system is a combination of the AGM axiom and the DP axiom 

in some sense, except that if K U {a} is consistent then K oa = KiJ {a}. By 
Z3, even though O U {ff} is consistent, something has to be extracted from 0 
to make O satisfy the presuppositions on O. For the ontology revision, such a 
combination is appropriate, because of 5 being atomic. 

Theorem 1, The Z axiom system satisfies the principles of success, consistency 
and minimal change. 

Proof. By Z2, the Z axiom system satisfies the principle of success. By ZO 
and Zl, the Z axiom system satisfies the principle of consistency. 

If OU {ff} is inconsistent, then by Z4, O off = ((OU {ff}) - 5 - A) UT, By 
presupposition 4 and the definitions of A, Sand r , sd(0,Ooff) = jS'uAuTj 
is minimal. Siinilarly, we can prove that sd{0,0 o ff) is minimal when O U {ff } 
is consistent. 
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Hence, the Z axiom system satisfies the principle of minimal change. 

Remark. Here, the principle of the minimal change is syntactical. The min
imal change in the belief revision has three readings: syntactical, semanti
cal (i.e., the minimal distance of models), and set-theoretic (taking knowledge 
bases as sets). 

4. One concrete ontology revision o 

In this section, we define an ontology revision operator o which satisfies the 
Z axiom system. 

Given an ontology O and a revising statement 9, assume that 9 is not con
tradictory (otherwise, let O o 9 = 0). By presupposition 3, 9 is of one of the 
following forms: 

C n D; C ^ D; C => ^^ C ^ f, 

and O U {9} may be consistent or not. 
When O U {9} is consistent, if ^ is positive then 9 e 0,6 e Th{0) or 

^Q e OCWA. otherwise, 9 e 0,9 € Th{0) or 9 e O^^A 
When O U {9} is inconsistent, -^9 € O or-^9 e Th{0). 
To discuss the consistence of O U {6}, the introduction of O'-'^^ is nec

essary. For example, if O = {C Q E,D Q E} and 9 = C ^ D, then 
eiO,ei Th{0) and -^9 ^0,^91^^ Th{0), but -^9 G O^^A 

We give a concrete ontology revision operator o, based on the consistence 
of O U {9} and the forms of 0. 

Case 1. O U {0} is consistent. 

Case \.\.e = C%Do\-C i>'i>. 
Case 1.1.1. £)e O. LetOo6i = 0 . 

Case 1.1.2. 0 6 T/i(0). Let O o 61 = O U {(?}. 
Case 1.1.3. eeO'^^^'^. Let O o 0 = O U {6»}. 

Case 1.2. 6' = C C D . 
Case L2.1. 0 € O. LetOo0 = O. 
Case 1.2.2. (9 6 r/i(C>). Let O o 0 = O u {0}. 
Case 1.2.3. -.(? 6 O^"'""^ - Th{0). 
LetA = {CCEeO: DC E <f: Th{0)}. 
Then.Oo0 = (O U {0}) - A. 

Casel.3. 6i = C=^<p. 

Case 1.3.1. e e O. LetOoe = 0 . 
Case 1.3.2. 6 € Th(0). Let O o 9 = O U {9}. 

Case 1.3.3. ->e € O^''"'"' - Th{0). Let O o g = O U {9}. 

Case 2. OU {9} is inconsistent. 

Assume that O o 6* = ((O U {6*}) ~ S -A)UT. 
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Case2,l.e = C g D . 
Case2.1.1,CCD eO. 
Let S={C^D}; A = 0; and T = {C Q D'}. 
Case 2.1.2. C C D €Th{0). 
Let 

5 = { C C £ € 0 : £ C D 6 T/i,(0)}; 
A = 0; r = { C C D ' } . 

Case 2.2. 9 = CQD. 
Case 2.2.L C g D € O. 
Let 

S = { C g D } ; 
A = { C C E e O : D C £ ; ^ T / I ( 0 ) } ; 
T = 0. 

Case 2,2.2. e g L > e r h ( 0 ) . 
Let 

S = {Cy^^€0: D=>ipe Th{0)}U 
{C%EeO:DCEeTh{0)}: 

^ = {ClZE€0:D\ZEi ThiO)}: 
T = 0. 

Case 2.3, ^ = C => .p. 
Case 2.3. L C ^ ip € O, 
Let5 = {C54>v5},A = T = 0. 
Case2.3.2. C T ^ Vje r / i (0 ) . 
Let 

S = {E^ipeO:ECCe Th{0)}; 
A = r = 0. 

Case 2.4. 0 = C ^^ ip. 
Case2.4.L C =^ipeO. 
L e t S = {C=^(p},A = r = 0. 
Case 2.4.2. C ^<fi€Th{0). 
Let 

A = T = 0. 

By the definition of o, we have the following theorem. 

Theorem 2. o satisfies the Z axiom system. 
Proof. It is a routine to verify that o satisfies the Z axiom system. We prove 
the theorem for case 2.1.1. 

In case 2.1.1,6^ = C g D, C C Z? G O and O U {0} is inconsistent. 
Let S^{CQD]: A = 0; and T = {C C L**}, then 

O o ^ = ( ( O u { ^ } ) - 5 - A ) u r . 

By the definitions of S, A,T and O o 0, we can see that C has only one 
C-Ieast super-concept D* in O o 0;T is consistent with (O U {6}) - 5 - A 
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and O o 9 IS consistent. Hence, ZO and Zl are satisfied. Z2 is satisfied since 
61 ^ 5U A; Z3 is satisfied, since 9,->d eOU {0} and O U {61} is inconsistent. 

By tlie definitions of (9o6', S, A and T, it can be proved that S is the smallest 
set of statements extracted from O to ensure (O U {9}) - 5 is consistent; and 
A is the smallest set of statements extracted from O and T is the smallest set 
of statements added to O o 0 to do the reclassification of concepts and to keep 
the tree structure of O o 0 as what has been discussed in section 3.2. Hence, 
Z4 is satisfied. 

For Z5, we only consider the case that S = C C. D*, and other cases are 
similar. By our assumption, C c: D € O, then O U {5} is consistent. By case 
1.2.3, we have 

Oo6 = {Ou{5})-{CQD}. 

Hence, C C D ^ O o 5 and {OoS)U{9} is consistent. By case 1.1.3, we have 

Oo5oe = Oo5u{9} = Oo9. 

5. Conclusion and further works 
In terms of the method of axiomatization, an axiom system, called the Z 

axiom system, for the ontology revision is given, which is proved to satisfy 
the principles of the success, consistency and minimal change. The ontology 
revision satisfying the Z axiom system has the following properties: 

(1) if 6 is consistent with O, then O o 9 = {O U {9}) - A; 
(2) otherwise, Oo9={{OU {9}) -S~ A)UT, 

where S, A and T are sets of statements. The Z axiom system contains the 
axioms for the iterated revision: 

{3)ifOo9\- 5 then (Oo5)o9 = Oo9. 
A concrete ontology revision is given, which is based on the cases that O U {9} 
is consistent or not. 

(4) If 9 is consistent with O, then 9 € 0,9 e Th{0), 9 G O^WA jf 51 is 
negative or -^9 6 is positive. 

(5) otherwise, 6̂̂  e O or -.61 G Th{0). 
Then, a concrete ontology revision fimction is given, which is proved to satisfy 
the Z axiom system. 

In discussing the properties of natural kind concepts, the induction is neces
sary. For example, if every instance of bird we have found has feathers, then 
we conclude that bird has feathers by induction. Our next work will include 
the induction process in the ontology revision; and the logical properties be
tween C => (/? and C =̂ d 9?; the stracture of concepts and properties; and the 
structure of statements in ontologies. 
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