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A Contextual Approach to Detection of
Conflicting Ontologies

Michael Chan1 and Jos Lehmann2 and Alan Bundy3

1 INTRODUCTION

The knowledge represented in an ontology can be regarded as
merely a perception from a particular perspective – whether
it be that of the modeler or of an autonomous agent. Such
interpretation is inline with the representation of ontological
knowledge in a context, which is often regarded as a subthe-
ory about the world for a particular situation. Our primary
interest is to automatically evolve ontologies by diagnosing
and repairing ontological faults, so we will describe a pre-
liminary investigation into the detection of conflicts between
ontologies by means of analysing relations between contexts.
The presentation of the analysis is based on an example of a
physics paradox, caused by a contradiction between the pre-
dictive theory and sensory data.

Suppose a bouncy ball B is suspended at a height above
ground and a student, who believes that the total energy (TE)
of an object is always defined as the summation of only the
kinetic energy (KE) and potential energy (PE), is to predict
TE of the ball when it impacts with the ground. Sensory data
shows that there is a moment in time when the ball makes
impact with the ground, both the velocity and the height can
be deduced to be zero. This causes a contradiction because
the TE at the end of the drop, TE(B ,End(Drop)), calculated
using the sensory data is zero, whereas the prediction is pos-
itive by the law of energy conservation. The paradox arises
from the (wrong) idealisation of the ball as a particle with-
out elasticity, so the contribution of elastic energy to TE is
neglected. This is the bouncing-ball paradox.

A natural representation of the paradox is to encode the
predictive theory in one ontology (Ot) and the sensory data
in another (Os), letting each be a separate ontology and be
locally consistent. The theoretical ontology contains the rele-
vant physics laws, including the theoretical definitions of TE,
KE, PE, etc. To give an accurate representation ofOs, in con-
trast, is to not assert the values of final velocity and height,
but to assert the values from the raw data. In essence, the stu-
dent’s calculations of final velocity and height are based on
the raw data collected from the experiment and are, there-
fore, deduced. However, physics laws and relevant definitions
are defined in terms of basic properties such as velocities and
heights and do not not directly refer to specific attributes of
an experiment. Thus, it is essential to bridge this gap, created
by the heterogeneity of signatures, so that the relevant terms
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are properly related across the ontologies.

2 HETEROGENEOUS SIGNATURES

Requiring Ot and Os to share a set of signature elements and
contain relevant definitions can avoid numerous problems as-
sociated with the reasoning and the representation, but at
the cost of decreased accuracy and generality. For more accu-
rate and flexible representations, we handle the case in which
the ontologies do not share a common signature. Let Ot con-
tain the law of energy conservation, relevant definitions, and
claims about the initial state of the ball:

Ax(T (Ot)) ::= { ∀p:Part , ti, tj:Mom.TE(p, ti) = TE(p, tj),

∀p:Part , t:Mom. TE(p, t) = KE(p, t) + PE(p, t),

∀p:Part , t:Mom. KE(p, t) ::=
Mass(p, t).Vel(p, t)2

2
,

∀p:Part , t:Mom. PE(p, t) ::= Mass(p, t).G.Height(p, t) }

Ax(A(Ot)) ::= { Vel(B , Start(Drop)) = 0,

Height(B , Start(Drop)) > 0, . . . } ∪Ax(T (Ot))

where Ax(T (O)) and Ax(A(O)) denote the axioms of the
TBox and ABox of the ontology O, respectively. We adopt
DL’s distinction between TBox and ABox even though we
work with HOL. As will be explained later, this distinction
provides several technical benefits. As with Os, we shall aug-
ment the background story of the paradox by assuming that
the experiment involves only shooting a series of high-speed
photos of the ball while it drops:

Ax(A(Os)) ::= { Posn(B ,Photo(B ,End(Drop)−∆)) = 0,

Posn(B ,Photo(B ,End(Drop))) = 0, . . . }

where Posn(B ,Photo) = p means that the position of the ball
B in the photograph Photo is at position p. In the current set-
ting, we can assume Posn to return the 1-D position according
to a fixed reference, e.g., a vertical ruler; Photo(O, T ) returns
the photo of object O taken at time T .

The above configuration requires a significantly different
approach for conflict diagnosis because the knowledge repre-
sented in Ot and Os is insufficient to relate the terms in Ot

to Posn in Os. Such asymmetry renders the derivation of a
contradiction impossible, but may be tackled, e.g., by using
McCarthy’s notion of lifting axioms described in his work on
the formalisation of contexts [3] and in Guha’s work on mi-
crotheories [2].

2.1 Lifting Axioms

Lifting axioms are rules that help bridge across individual
contexts, enabling terms from one context to be translated



into another. Using McCarthy’s syntax, we may need another
ontology, Ob, containing information about relationships be-
tween the terms in T (Ot) and those in Os in order to bridge
across them. Even Ob connects together Ot and Os, an incon-
sistency is avoided because the value assertions in the ABoxes
are not included in Ob, which eliminates the potential prob-
lem of merging conflicting value assertions. For the described
Ot and Os, the axioms of T (Ob) can be:

Ax(T (Ob)) ::= { ∀p:Part , t:Mom. Ot.Vel(p, t) = (1)

(Os.Posn(p,Photo(p, t−∆))−Os.Posn(p,Photo(p, t)))/

(t− (t−∆)),

∀p:Part , t:Mom. Ot.Height(p, t) = Os.Posn(p, t), (2)

∀p:Part , ti, tj:Mom. Ot.TE(p, ti) = Ot.TE(p, tj), . . . } (3)

The term c.p is our shorthand for McCarthy’s term
value(c, p), which designates the value of the term p in a con-
text (in our case, an ontology) c. Thus, (1) expresses that
the value of Vel(p, t) in Ot is equal to the difference between
the positions returned by Posn in Os given two photos, each
taken at the beginning and the end of the corresponding inter-
val, divided by the length of the interval. Similarly, (2) means
that the value of Height(p, t) in Ot is the same as the value
of Posn(p, t) in Os.

As one would expect, lifting axioms can also be used to
relate terms in the simple setup of ontologies that share the
same signature. For example, if Os shares the same signature
as Ot and has a theory over the domain containing only B
and End(Drop):

Ax(T (Os)) ::= { TE(B , End(Drop)) =

KE(B , End(Drop)) + PE(B , End(Drop)), . . . }

The corresponding Ob will not contain (1) or (2), but contain
the following additional lifting axioms:

Ax(T (Ob)) ::= { Ot.TE(B , End(Drop)) =

Os.TE(B ,End(Drop)), . . . }

3 CONFLICT DETECTION

We adopt a similar approach to detecting a conflict between
ontologies represented using contexts as that described in [1],
i.e. logically derive formulae from the ontologies that imply
a derivable contradiction. Since the representation of ontolo-
gies as contexts is more complex than that using object-level
logic, care is required to reason with both the meta- and
object-levels. Before deriving the trigger formulae from the
ontologies, each axiom in Ot and Os need to be syntactically
modified by renaming every term in Ot and Os, so that the
end results are guaranteed to not share any part of the signa-
ture. Consequently, Ob is modified accordingly as it specifies
the relationships between the terms in the working ontologies.
The purpose of the renaming is to avoid an inconsistency from
arising when parts of the ontologies are merged, which will be
later described. For some ontology Oi, the axioms of the re-
named ontology Oi

′ are:

Ax(Oi
′) ::= {φ{tmi/tm}} | φ ∈ Ax(Oi), tm ∈ φ}

where φ{tmi/tm} denotes that occurrences of term tm in the
formula φ are renamed to tmi; tm ∈ φ means that tm is a
term in the formula φ. The resulting Ot

′, Os
′, and Ob

′ for Ot,
Os, and Ob, respectively, are therefore:

Ax(T (O′
t)) ::= { ∀p:Part , ti, tj:Mom.TE t(p, ti) = TE t(p, tj),

∀p:Part , t:Mom. TE t(p, t) = KEt(p, t) + PEt(p, t), . . . }

Ax(A(O′
s)) ::= { Posns(B ,Photos(B ,Ends(Drop)−∆)) = 0,

Posns(B ,Photos(B ,Ends(Drop))) = 0 }

Ax(O′
b) ::= { ∀p:Part , t:Mom. Ot.Vel t(p, t) =

(Os.Posns(p,Photos(p, t−∆))−Os.Posns(p,Photos(p, t)))/

(t− (t−∆)), . . . }
For the sake of symmetry, terms in both Ot and Os are re-
named.

Based on the trigger formulae designed for wms [1], a con-
flict between Ot and Os through lifting axioms is detected if
at least two of the following three are matched:

Ot ` stuff (~s) = v1 (4)

Os ` stuff (~s) = v2 (5)

O′
b ` o.stuff (~s) = ψ,Th({decntxt(o.stuff (~s) = ψ)} ∪ (6)

Ax(A(O′
t)) ∪Ax(A(O′

s))) ` stuff (~s) = vb

where O′
b ` o.stuff (~s) = ψ means that the term stuff (~s)

in ontology o can be expressed as ψ in Ob; decntxt(φ) de-
contextualises the formula φ such that every term in φ is con-
sidered to reside in the same context, i.e. decntxt(o1.f = o2.g)
gives f = g. With wms, conflict is detected if only (4)
and (5) are matched and that Ot ` v1 6= v2. The cover-
age of this trigger is somewhat limited because, for exam-
ple, stuff (B , End(Drop)) = v cannot be deduced in Os alone
if stuff is not in the signature of Os. The wms trigger for-
mulae can be augmented with (6), such that any two of (4),
(5), and (6), and that Ot ` v1 6= v2 ( 6= vb), depending on
the matching formulae, can trigger repair. Note that the re-
sulting merge of the two ABoxes in (6) is guaranteed to be
consistent as Ot and Os no longer potentially share common
signature elements, due to the renaming by {tmt/tm|tm ∈ φ}
and {tms/tm|tm ∈ φ} to every term in each respective ontol-
ogy.

A conflict can be detected in the bouncing-ball paradox
represented using the lifting axioms in (1) and onwards: (4)
and (6) can be matched by the substitution {stuff /TE t,
~s/〈B ,End(Drop)〉, o/Ot, v1/x. x > 0, vb/0} and substitut-
ing ψ for the sum of KE and PE, expressed in respect to the
terms in Os:

0.5 . Masss(B ,Ends(Drop)).((Posns(B ,Photos(B ,

Ends(Drop)−∆))− Posns(B ,Photos(B ,Ends(Drop))))/

(Ends(Drop)− (Ends(Drop)−∆)))2 + . . .

Clearly, the complexity of the detection mechanism presented
is significantly higher than that presented in [1]. One obvi-
ous challenge is to reason with knowledge in both meta- and
object-levels, i.e. that in Ob and Ot and/or Os. That said, de-
tecting ontological conflicts as contextual ones enables higher
generality, thus accuracy, in the modelling and representation.
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