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Fig. 7.1. An example interpretation I.

be injective. Also note that, mathematically, a match is nothing but a
homomorphism from the query (viewed as a graph) to the interpretation
(also viewed as a graph). We now lift the notion of an answer from inter-
pretations to knowledge bases, which have many possible interpretations
as models. Thus, when querying a KB we are interested in querying a
set of interpretations instead of only a single interpretation. In such a
situation, so-called certain answers provide a natural semantics.

Definition 7.3 Let K = (A, T ) be a knowledge base. Then ~a is a cer-
tain answer to q on K if all individual names from ~a occur in A and ~a 2
ans(q, I) for every model I of K. We use cert(q,K) to denote the set of

all certain answers to q on K, that is, cert(q,K) =
\

I model of K
ans(q, I).

As an example, consider the following knowledge base K = (T ,A) for-
mulated in ALCI:
T = {Student v 9supervises�.Professor}
A = {smith : Professor,mark : Student, alex : Student, lily : Student,

(smith,mark) : supervises, (smith, alex) : supervises}

Note that the interpretation in Figure 7.1 is a model of this KB. Let
us first consider the query q4(x) from above. As expected, we have
cert(q4,K) = {mark, alex}. It is easy to find models of K in which smith
supervises more students than mark and alex, but the latter are the only
two students on whose supervision by smith all models are in agreement.
It is illustrating to consider the role of domain elements whose existence
is enforced by existential restrictions in the TBox. For the query q2(x),
we find cert(q2,K) = {mark, alex, lily}. Note that lily is included because
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