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Abstract

In this paper we formalise compilation of the conjunctive bodies of a restricted
classof Horn rules into updates on terminologies. This involvesa pre-processing
of the graphs representing connectionsbetween terms in a rule body. We mo-
tivate and illustrate application of this work in hybrid Description Logic/Rule
basedframeworks for medical plan speci¯cation.

1 In tro duction and Motiv ation

A number of works (e.g., [5, 3]) have investigated reasoningin mixed rule basedand
Description Logic knowledge bases. In this paper we describe a novel treatment of
the interaction betweenHorn rules and Description Logic terminologies; viz.a.vie., we
formalise compilation of the conjunctive bodies of a restricted classof Horn rules into
updateson terminologies,soasto exploit the abilit y of Description Logics to maintain
incomplete information about individuals. We motivate application and bene¯ts of
this work in the context of incremental designtasks in which: a) rule basedreasoning
over a partially speci¯ed design is used to suggestaddition of design components;
b) there is a requirement to represent and reason with incomplete speci¯cations of
these design components; c) domain knowledge is encoded in a Description Logic
terminology.

To illustrate, consider the incremental task of designing (authoring) a medical
plan. In [9] we describe the development and use of a medical plan authoring tool.
Useof the tool results in generation of both a symbolic representation of the plan for
export to plan execution software, and a textual description of the plan for inclusion
in a protocol document. Linked to the authoring tool is a \plan advisor" [8] which
contains rules that can be queried to suggestupdates to a plan being designed,e.g.,

safety(Action, E1, Prevent Act) Ã plan(Action), e®ect(Action,E1) (1)
hazard(E1),action(Pr event Act),e®ect(Prevent Act,E2),prevent(E2,E1)

Supposea partially designedmedicalplan containing the Action drug A which hasthe
hazardouse®ectE1 = dehydration , and the query ? safety(Action, E1, Prevent Act).
Successfulevaluation of the query will bind Prevent Act to an action that hasan e®ect
E2 which prevents dehydration , prompting the plan author to update the symbolic
plan representation with this preventativ e action. However, the usercan interact with
the plan advisor to partial ly evaluate (unfold) a natural languagetranslation of (1) to:



safety(drug A,dehydration,Prevent Act)Ã action(Prevent Act),e®ect(Prevent Act,E2),
prevent(E2,dehydration) (2)

The body of (2) is then usedto generatethe text \execute an action that hasan e®ect
which prevents dehydration" , which is added to (updates) the textual protocol de-
scribing the plan. This text represents an incompletely speci¯ed new action described
in terms of its intentions or goals. The abilit y to model planned actions in terms of
their intentions has a number of important bene¯ts [11]. In particular it allows for
°exibilit y in the detailed speci¯cation of an action at plan execution time, at which
point the speci¯cs of a suggestedaction can be checked for compliance with the in-
tentions (one can think of intentions asconstraints). However, (2) doesnot constitute
a corresponding declarative representation of the incompletely described action, for
inclusion in the symbolic representation of the plan. Now, assuming a Description
Logic encoding of the medical domain knowledge (of which there are an increasing
number of examplese.g., [10]), then the body of (2) can be compiled into a new con-
cept de¯nition; prevent dehydration act := actionu 9ef f ect:prevent : dehydration ,
and a new fact, prevent dehydration act(a2), can be asserted. The intentions of the
\place-holder" action a2 are encoded in the description, so that at plan execution
time, classi¯cation servicescan check for compliance of a suggestedspeci¯c action
(checking whether it has the intended e®ect). Furthermore, at plan design time, the
action a2 can be reasonedwith as part of the symbolic plan (e.g., ordered tempo-
rally) in the sameway as other concrete actions (e.g., drug A). Also, properties of
a2 can be reasonedabout, via hybrid reasoning of the type described in [5] (e.g.,
saf ety(drug A; dehydration; a2) will be a hybrid entailment).

In the remainder of this paper we formalise the above update procedure in the
context of mixed Horn Rule and Description Logic knowledge bases. This requires
de¯ning compilation of the conjunctive bodiesof a restricted classof Horn rules to De-
scription Logic concepts. Compilation involvesan initial pre-processingof the graphs
representing connectionsbetween terms in a rule body. Note that the central role of
conjunctive queriesin databaseand knowledgerepresentation hasmotivated previous
work on compilation of conjunctive queries into concept descriptions [2, 4]. The class
of conjunctions consideredin this work is wider than thoseconsideredin [2], but close
to those consideredin [4]. Our approach necessarilydi®ersfrom the latter given that
we update, rather than query, terminologies.

2 Preliminaries

In this work, a knowledgebase(kb) is a tuple (R; T; A), whereR is a setof non-recursive
Horn rules H (Y) Ã B1(X 1); : : : ; Bn (X n ), whereY ; X 1; : : : ; X n are tuples of variables
or constants, and the rule is safe, i.e., any variable in Y must also appear in

S n
i =1 X i .

A is a set of ground facts, and T is an acyclic terminology in a language that is a
superset of ERI B (concept conjunction; role conjunction; existential quanti¯cation;
¯lls (R : a); inverseroles (R¡ 1)). Our primary concern is to show how the body of a
rule in R can be compiled into a ERI B conceptde¯nition. However, this work should
be viewed in the context of hybrid reasoningon mixed knowledgebases.In [5], hybrid
reasoningis described for a CARIN kb 4 = (R; T; A), wherepredicatesin a rule body
can be concept or role names,or ordinary predicates of arbitrary arity that do not



appear in T. T is encodedin somesubsetof ALCN R (no inverserolesor ¯lls). A sound
and complete decidable reasoningprocedure is de¯ned for determining whether 4 ²
q(a), whereq is a concept,role or ordinary predicate, and a a tuple of constants. A key
feature of this procedure is the existential entailment algorithm (basedon constraint
systems). Propagation rules are applied to generatecompletions of the models of T
and the ground conceptand role atoms in A. Extensionsof the ordinary predicatesare
then computed by evaluating the Horn rules using a traditional Horn rule reasoning
algorithm. The CARIN authors have indicated (in private communications) that their
reasoningprocedurecan be extended(straightforwardly) for ¯lls, and (with di±cult y)
for inverseroles.

The following de¯nitions establish the notion of a computable rule, i.e., a rule
whosebody can be compiled into a ERI B expression.The concluding lemma will be
of use in the following section.

De¯nition 1 The binding graph G(B ), of a Horn rule H Ã B , is a set of labelled
edges(®; ¯ ; f r 1; : : : ; rng), where (®; ¯ ; f r 1; : : : ; rng) 2 G(B ) if ® and/or ¯ is a variable
in B , and for i = 1: : : n; r i (®; ¯ ) is a predicate in B .

We say that predecessor((®; ¯ ; R)) = ® and successor((®; ¯ ; R)) = ¯ . A node ´ is in
a set of edges§, if ´ is the predecessoror successorof an edgee 2 §. Also, an edgee
= (®,¯ ,R) can be reversedto e¡ 1 = (¯ ,®,R¡ 1), where R¡ 1 = f r ¡ 1jr 2 Rg. Note that
if § = f e1; : : : ; eng then § ¡ 1 = f e¡ 1

1 ; : : : ; e¡ 1
n g.

De¯nition 2 Let ® and ¯ be two nodes in a set of edges§ = f e1; : : : ; eng. Then,
² connected(®; ¯ ) if a) (®; ¯ ; R) 2 § or (¯ ; ®; R) 2 §, or b) (®; ° ; R) 2 § or (° ; ®; R)
2 §, and connected(° ; ¯ )
² § is a route from ® to ¯ i® predeccessor(e1) = ®, successor(en ) = ¯ , and for i =
1: : : n ¡ 1, successor(ei ) = predecessor(ei +1 ). § is a cyclical route if ® = ¯ .
² § ¤ denotesa set obtained by reversing somesubset§ 0 of edgesin §, i.e., § ¤ = (§
- § 0) [ § 0¡ 1

² A set § 0 of edgesis distinct from § if :9 § 0¤ such that § 0¤ = §

De¯nition 3 Let G be a binding graph.
² § is a subgraph of G if § µ G, 8´ ; ´ 0(´ 6= ´ 0) in §, connected(́ ; ´ 0), and § is
maximal under set inclusion. § is a variable subgraph of G if § is a subgraph of
G0, where G0 is the set of edgesin G with variable predecessorsand successors
² § is a cycle in G if § µ G and there exists a cyclical route § ¤

De¯nition 4 A Horn rule H Ã B and the binding graph G(B ) are said to be com-
putable , i®
- n · 2 for any non-ground n-arc predicate in the body B 1.
- If f § 1; : : : ; § ng is the set of cyclesin G(B ), then for i = 1: : : n, there existsa constant
node in § i .

Lemma 1 Let § and § 0be two setsof edgessuch that there exists two distinct routes,
§ ¤ from ¯ to ±, and § 0¤ from ¯ to ±. Then § [ § 0 contains a cycle

1Excluding non-ground predicates of arit y > 2 is not as restrictiv e as might ¯rst appear, since any
n-arc predicate can be re-expressedas a conjunction of binary predicates ([1])



Pr oof. Since§ ¤ and § 0¤ are distinct, then 9e 2 § ¤ (§ 0¤) such that neither e nor e¡ 1

are in § 0¤ (§ ¤). It is su±cient to provethere is a cyclein the casethat § ¤ and § 0¤ di®er
by only oneedge(and its reverse). Let § ¤ = f e1; : : : ; ek¡ 1; (®; ° ; R); ek+1 ; : : : ; eng and
§ 0¤ = f e1; : : : ; ek¡ 1; (®; ° ; R0); ek+1 ; : : : ; eng (i.e., two distinct edgesfrom nodes ®
to ° ). Hence there exists a ¨ µ § [ § 0 such that there is a cyclical route ¨ ¤ =
f (®; ° ; R); (° ; ®; R0¡ 1)g, i.e., § [ § 0 contains a cycle. qed

3 Compiling Up dates from Rule Bo dies

Figure 1: a) Binding graph for body of rule (3); (b) binding graph transformed by
de¯nition 6; c) partitioned graphs de¯ned by de¯nition 7

Fig.1a) shows the binding graph for the example rule:

h(X ) Ã i (X ); m(Z; Y ); p(X ; Y ); q(X ; a); r (a;Y ); s(a;W); t(V; W) (3)

A binding graph must be processedbefore compilation of updates. This initially
involves transforming the binding graph so that no variable is the successorof two
edges. Firstly , we de¯ne a procedure for transforming a set of edgesto a tree (the
term root node describesa node that is not the successorof any other node).

De¯nition 5 Let § be a set of edgesand ® a root node in §. Then tr ans(§) =
subtrans(®; ; ), where for any node ´ in §, subtrans(´ ; P) is de¯ned as follows: (read
\ P" as \pro cessednodes"):

Let f (´ ; ¯ 1; R1); : : : ; (´ ; ¯ n ; Rn )g be the set of all edgesin § with predecessoŕ . Let
f (°1; ´ ; R0

1); : : : ; (° l ; ´ ; R0
l )g be the set of all edgesin § with successoŕ , such that for

k = 1: : : l ° k =2 P. Then,

subtrans(´ ; P) =
S n

j =1 f f (´ ; ¯ j ; Rj )g [ subtrans(¯ j ; P [ f ´ g) g [
S l

k=1 f f (´ ; ° k ; R0¡ 1
k )g [ subtrans(° k ; P [ f ´ g) g

Note, if § is a variable subgraphof a computable graph, then § contains no cyclesand
so at least one root node. We now show that the proceduretr ans(§) terminates and
generatesa tree, and subsequently de¯ne the ¯rst step in the processingof a binding
graph.



Theorem 2 If G is a computablebinding graph and § a variable subgraph of G, then
tr ans(§) terminates and generates a tree.

Pr oof. Let tr ans(§) = subtrans(½;; ). By def.5, at any stage in the computation,
the (partially) computed tr ans(§), is the union of setsof edgesT1; : : : ; Tn whereeach
Ti is of the form ­ ¤ [ subtrans(±; P), where ­ µ §. By def.5:

­ ¤ is a route from ½to ±, and 8 ´ ; ´ 6= ±, ´ is in ­ ¤ if ´ 2 P. 2.1
Given that § is ¯nite, proof of termination is shown if ± 6= ±0 for any T = ­ ¤ [
subtrans(±; P), T0 = ­ 0¤ [ subtrans(±0; P0). Suppose± = ±0. Then there exist two
distinct computed routes ­ ¤ from ½to ±, and ­ 0¤ from ½to ±. By lemma1, ­ [ ­ 0

contains a cycle. Hence,a subsetof § contains a cycle, contradicting the assumption
that G is computable. To show tr ans(§) generatesa tree, we show that for any T
= ­ ¤ [ subtrans(®; P), if (° 1; ®; R0

1); : : : ; (° l ; ®; R0
l ) are edgeswith successor®, then

there exists at most one ° k 2 P, i.e., all but one of the edgeswith successor® will
be reversed. Suppose° j 2 P and ° k 2 P. Then by 2.1, ­ ¤ = f e1; : : : ; en ; (° k ; ®; R0

k )g
where° j is a node in f e1; : : : ; eng. Hencethere is a route from ° j to ® that is a subset
of ­ ¤. By assumption, there is a distinct route f (° j ; ®; R0

j )g, and so by the same
reasoningas above, somesubset of § contains a cycle, contradicting the assumption
that G is computable. qed

De¯nition 6 Let G be a computable binding graph and f § 1; : : : ; § ng the set of
all variable subgraphs of G. Let H =

S n
i=1 § i and H 0 =

S n
i=1 tr ans(§ i ). Let I =

f (®; ¯ ; R)j(®; ¯ ; R) 2 G; and ® is a constantg. Then,
tr ansf orm(G) = (G ¡ H ¡ I ) [ (H 0[ I ¡ 1)

As a result of applying transform to a binding graph, no variable is the successor
of two or more edges,and no constant is the predecessorof an edge. Fig.1b) shows
the results of applying transform to the binding graph for (3). The second step
involvespartitioning each subgraphin transform(G) into a set of graphs(¯g.1c). Each
partitioned graph hasexactly oneroot node, and no two graphssharea variable node.
We give a declarative de¯nition of the partitioned graphs (PW denotes\p owerset"),
then give a ¯nal de¯nition for processinga binding graph, and subsequently prove
properties of the graphs obtained which will be referencedin the theorem concluding
this section.

De¯nition 7 For a set of edges§, let ¿ be a set f § 0
1; : : : ; § 0

kg, such that:
1) ¿ µ PW(§),
2) § =

S k
i=1 § 0

i , and
T k

i=1 § 0
i = Â,

3) each § 0
i has exactly one root node,

4) if ® is a variable in § 0
i then :9 § 0

j , such that j 6= i and ® is in § 0
j

If § is a singleton set f (®; ¯ ; R)g then partition (§) = f § g, else:
partition (§) is a set ¿, such that ¿ satis¯es 1)-4) above, and 8¿0 such that ¿0 satis¯es
1) - 4), j¿j · j¿0j.

De¯nition 8 Let G be a computable binding graph, and f § 1; : : : ; § ng the set of all
subgraphsof tr ansf orm(G). Then, process(G) =

S n
i=1 partition (§ i ).



Lemma 3 Let G be a computable binding graph. Then: i) No variable node in
process(G) has more than one predecessor;ii) no constant in process(G) is a pre-
decessornode; ii) If a constant ® is the successorof n edgesin a subgraph § 2
process(G), then § contains n distinct routes from the root node ´ (in §) to ®

Pr oof. i) follows from theorem 2 and def.6. It is su±cient to prove ii for the case
n = 2, i.e., (° ; ®; R) 2 §, (¯ ; ®; R0) 2 §, ° 6= ¯ . By def.1 stating that no edgein G
has a constant predecessorand successor,and by reversal of all edgeswith constant
predecessorin def.6, ° and ¯ must be variables,and a constant can only be a terminal
node (proving ii ). Hence,by i and assumption of a single root node, there must exist
two distinct routes (containing only variables) from ´ to ° (hence ®), and ´ to ¯
(hence®). qed

Note that it must be possibleto partition a graph § to obtain graphs with a single
root node such that no two graphs share a variable. Firstly , it cannot be the case
that § has no root nodes. Supposeotherwise. Then somesubset § 0 of § must be a
cyclical route f (®; ¯ 1; R); (¯ 1; ¯ 2; R1); : : : ; (¯ n ; ®; Rn )g. By def.6, no node in § 0 can be
a constant, contradicting the assumption of computabilit y. Secondly, suppose§ has
two or more root nodes,and it is not possibleto partition. This will be the caseif a
variable node is the successoror more than one edge,sinceone cannot then retain all
edgesin the partitioned graphs (def.7-2)) while ensuring that no variable is common
to any two graphs. But then this contradicts lemma 3i) (which holds true of graphs
obtained by transform (def.8) prior to partitioning).

Wenow de¯ne compilation of ERI B expressions,and computation of updatesfrom
a rule body. In the following, if r = H Ã B , then 8® 2 B , let Unary (r; ®) = f A jA(®)
is a unary predicate in B g, and Unary (r; ®) = > if there exists no unary predicate in
B . Also, let gr ound(B ) denote the ground predicates in B , and isolated(B ) denote
the non-ground predicatesin B whosevariablesdo not appear in any binary predicate
(all predicates in isolated(B ) will be unary).

De¯nition 9 Let r = H Ã B , and ¯ a node in a subgraph § 2 process(G(B )). Let
f (¯ ; ° 1; R1); : : : ; (¯ ; ° l ; Rl ); (¯ ; ° l+1 ; Rl+1 ); : : : ; (¯ ; ° n ; Rn )g

be the set of all edgesin § with predecessor̄ , where each R i is a set f r 1
i ; : : : ; r k

i g,
and for i = 1: : : l , ° i is a variable, for i = l + 1: : : n, ° i is a constant. Then,

compile(¯ ) =
V

Unary (r; ¯ ) ^
V l

i =1 (9r 1
i u¢¢¢ur k

i : compile(° i ))^
V n

i= l+1 (r 1
i u¢¢¢ur k

i : ° i )

De¯nition 10 Let 4 = (R; T; A), r = H Ã B a computable rule, and let f ° 1; : : : ; °m g
be the variables in isolated(B ). Then,

A00=
S m

i=1 f A(bi ) jA 2 Unar y(r; ° i )g , where each bi is a fresh constant

Let process(G(B )) = f § 1; : : : ; § ng, and for each § i , let ®i denote the root node for
§ i . Then,

T0 =
S n

i=1 f ci
:= compile(®i )g , A0 =

S n
i=1 f ci (ai )g

where each ai is a fresh constant and each ci a fresh concept name

4 updated via B is de¯ned as (R; T [ T0; A [ A0[ A00[ gr ound(B ))

The updates de¯ned for rule (3), on the basis of the graphs in ¯g.1c), are (we omit
writing > if > is one among a number of conjuncts):



c1 := i u (9p:(r ¡ 1 : a) u (9m¡ 1:> ))u q : a , c1(a1) , c2 := 9t:s¡ 1 : a , c2(a2)

Referring to the medical planning exampleof section1, assuminga knowledgebase4
= (R; T; A), whereR is the setof plan advisor rules, T a medical terminology encodedin
a supersetof ERI B, and A contains facts about a plan being designedand facts about
the medical domain, then def. 10 will update T and A with prevent dehydration act
:= actionu 9ef f ect:prevent : dehydration , and prevent dehydration act(a2). Note
that the properties of a2 can be reasonedabout, via hybrid reasoning of the type
described in [5]. For example, hybrid reasoningwill determine the entailment 4 ²
saf ety(drug A; dehydration; a2). Indeed, to facilitate rapid re-implementation and
thus demonstrate proof of concept, we chose to simulate hybrid reasoning of the
above type, by translating T to a de¯nite program T¤, thus obtaining the de¯nite
program 4 ¤ = (R[ T¤ [ A) (we refer the reader to [7] for details of the translation and
re-implementation). At plan execution time the placeholder action a2 can be \instan-
tiated" by a speci¯c action which can be checked to determine that it is an instance
of prevent dehydration act; e®ectively checking for compliance with the intentions
encoded in the concept de¯nition.

Finally, to demonstrate \correctness" of the procedure for update computation,
the following theorem states that given a rule r, then a ground instanceof the headof
r is entailed by r and the skolemised ¯rst order translation of the updates computed
on the basis of the body of r. Firstly , if d is an ERI B concept expression,and ® a
constant or variable, then the ¯rst order translation f ol(d;®) is de¯ned as follows:

1) if d is atomic (a concept name) then f ol(d;®) = d(®)
2) if d = d1 ^ d2 then f ol(d;®) = f ol(d1; ®) ^ f ol(d2; ®)
3) if d = 9R:d0 then f ol(d;®) = f ol(R; ®; Y ) ^ f ol(d0; Y ), Y is a fresh variable
4) if d = R : b then f ol(d;®) = f ol(R; ®; b),
where f ol(R; ®; ¯ ) is de¯ned as follows: Let R denote a role expression2 p1 u : : : u
pj u q¡ 1

j +1 u : : : u q¡ 1
n . Then, f ol(R; ®; ¯ ) =

V j
i =1 pi (®; ¯ ) ^

V n
k= j +1 qk (¯ ; ®).

Correctnessof the above translation should be obvious given the ¯rst order seman-
tics for the operators. Hence, c := d is equivalent to 8X c(X ) $ f ol(d;X ), and so
for each updated pair (ci

:= di , ci (ai )), 8X ci (X ) $ f ol(di ; X ); ci (ai ) ² f ol(di ; ai ).
Substituting a skolem constant for each fresh variable intro duced by 3), we thus ob-
tain the skolemised¯rst order entailment skol(f ol(di ; ai )), whereskol(f ol(di ; ai )) is a
conjunction of ground unary and binary predicates.

Theorem 4 Let r be a computable rule H (Y ) Ã B1(X 1); : : : ; Bn (X n ). Let the up-
datescomputed from the body of r, as given by def.10, be:

T0 = f c1
:= d1; : : : ; cn

:= dng, A0 = f c1(a1); : : : ; cn (an )g, A00, gr ound(B ).

Let ¡ =
S n

i=1 f skol(f ol(di ; ai ))g [ A00[ gr ound(B ). Then: ¡ , r ² H (a).

Pr oof. It is su±cient to show that ¡ entails ground instancesof every predicate in B
with a valid substitution of constants for variables in B . gr ound(B ) µ ¡, and B i (ai )
2 A00if B i (X i ) is in isolated(B ) (X i is not a variable in any binary). Let B 00denote
the remaining non-ground unary and binary predicates (those not in gr ound(B ) or
isolated(B )). Each binary predicate pb in B 00labelsan edgein G(B ). We show that pb

2We can assumeany role expression to be of this form since role conjunction is associativ e and
commutativ e, and inverserole is distributiv e



or p¡ 1
b labels an edgein some§ i in process(G(B )) = f § 1; : : : ; § ng. This follows from

def.5 (where every node in a variable subgraph is connectedand so will be processed
by subtrans), and de¯nitions 6, 7-2) and 8. In def.10, every pb / p¡ 1

b will compile to
a role in ci

:= (compile(®i ) = di ), since(referring to def.9) when compiling a variable
° i , ° i has no predecessorother than ¯ (lemma 3i). Compiling a constant ° i , ° i is not
the predecessorof any edge(lemma 3ii), and if there is an e =( ¯ 0,° i ,R) (¯ 0 6= ¯ ), then
by lemma 3ii) there is a route from ®i to ° i that includese, and so all predicatesin R
will be compiled. Every unary predicate in B 00sharesa variable with somebinary pb

in B 00, and so(by def.9) will compile to a concept in somedi . We thus have that every
predicate in B 00is compiled to a role or concept in somedi , and henceappears as a
ground predicate in

S n
i=1 f skol(f ol(di ; ai ))g. Sinceby def.7-4) no variable is common

to any two § i , § j , then substitution of variables by skolem constants constitutes a
valid substitution on B 00. qed

4 Conclusions

Our work formalisescompilation of the conjunctive bodiesof a restricted classof Horn
rules into updates on terminologies. We have illustrated application and bene¯ts of
this work in a medical planning context, but believe that it can be generalisedto other
incremental designtasks in which incomplete speci¯cations of designcomponents need
to be represented and reasonedwith (e.g., in con¯guration management [6]). An im-
mediate goal is to link the plan advisor and plan authoring tool to establishedlarge
scalemedical terminologies(e.g., [10]), and further develop and implement the update
proceduresdescribed here. Our work on compilation of conjunctions to concept de-
scriptions is related to existing works on compilation of conjunctive queries[2, 4]. In
[2] conjunctions are compiled into ALE N concept descriptions [2]. The classof con-
junctions considereddo not include constants, and the binding graphs are required
to de¯ne a tree from the outset. In [4], compilation is de¯ned for conjunctions with
constants, and whose binding graphs include cycles and variables converged on by
two or more edges.Cycles exclusively containing variables are handled by nondeter-
ministically substituting a variable in the cycle with an individual name (constant)
occurring in the ABox. Variables converged on by two or more edgesare similarly
substituted. However, thesetechniques are only suitable when compiling conjunctive
queries and would clearly not be appropriate when updating compiled descriptions
and associated instances.

Ac kno wledgemen ts : Warm thanks to Maarten Marx for his valuable comments on
this paper



References

[1] A. Deliyanni and R. Kowalski, Logic and Semantic Networks. In: Commun. ACM,
(22,3), 184-192,Mar. 1979.

[2] F. Goasdou and M. Rousset, Compilation and Approximation of Conjunctive
Queries by Concept Descriptions. In: Proceedingsof the 15th European Con-
ferenceon Arti¯cial Intelligence, ECAI 2002.

[3] B. N. Grosof, I. Horrocks, R. Volz, S. Decker. Description Logic Programs: Com-
bining Logic Programs with Description Logic. In: Proceedingsof 12th Interna-
tional Conferenceon the World Wide Web (WWW-2003), Budapest, Hungary,
May 20-23,2003.

[4] I. Horrocks and S. Tessaris,A Conjunctive Query Languagefor Description Logic
Aboxes. In: Proceedingsof the 17th National Conferenceon Arti¯cial Intelligence
(AAAI-2000), 399-404,2000.

[5] A. Y. Levy and M. Rousset, Combining Horn Rules and Description Logics in
CARIN. In: Arti¯cial Intelligence 104 (1-2), 165-209,1998.

[6] D. McGuinness, Description Logic for Con¯guration. In: eds., F. Baader, D.
McGuinness,D. Nardi, and P. Patel-Schneider, The Description Logic Handbook:
Theory, Implementation, and Applications. Cambridge University Press,2002.

[7] S. Modgil, Linking Rules to Terminologiesand Applications in Medical Planning.
To appear in: 9th Conferenceon Arti¯cial Intelligence in Medicine in Europe,
Cyprus, 2003(http://www.eastman.ucl.ac.uk/%7Edmi/publications.h tml)

[8] S. Modgil and P. Hammond, Generating Symbolic and Natural LanguagePartial
Solutions for Inclusion in Medical Plans. In: Proc. 8th Conf. on Arti¯cial Intelli-
gencein Medicine in Europe, (LNAI 2101,Springer-Verlag), 239-248,2001.

[9] S. Modgil and P. Hammond, Decision Support Tools for Clinical Trial Design, In:
Arti¯cial Intelligence in Medicine, 27(2), 181-200,2003.

[10] A. Rector et. al., The GRAIL conceptmodelling languagefor representing medical
terminology. In: Arti¯cial Intelligence in Medicine, (9), 139-171,1997.

[11] Y. Shahar,S.Miksch, P. Johnson,The Asgaardproject: a task-speci¯c framework
for the application and critiquing of time-oriented clinical guidelines,In: Arti¯cial
Intelligence in Medicine, 14(1-2), 29-51,1998.


