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INPUT: A finite set S of clauses, containing at least one non-tautologous
function-free clause;

OUTPUT: An LGl of § in C;

Remove all tautologies from S, call the remaining set S’;

Let m be the number of distinct terms (including subterms) in &', let V' =
{ L, r*m} <

Let g l)e the (finite) set of all clauses which can be constructed from predi-
cate symbols and constants in &’ and variables in V;

Let {Uy,...,U,} be the set of all subsets of G;

Let H; be an,LGS (computed using algorithm in Figure 2.4) of U;, for every
1< <n:

Remove from {H, ..., H,} all clauses which do not imply &’ (since each H,

1s function-free, this unphc ation is decidable). and standardize the remaining

clauses {H1,...,H,} apart. ; Provab le
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1. When generalizing C' to C’, "~ C, all the examples covered by -\
C' will also be covered by €’ (since if B U {C} & e (e being an jc ( C) T
e-

example) holds then also BU {C’} |= e holds). This property is used

to prune the search of more general clauses when e is a negative
example: if ¢ is inconsistent (covers a negative example) £
then all its generalizations will also be inconsistent. Hence,

the generalizations of C' do not need to be considered.

2. When specializing C' to C’, C' = C', an example not covered by C' will
not be covered by any of its specializations either (since if BU{C'} ¢ gc + J(
holds then also B U {C’} F~ e holds). This property is used to prune e
the search of more specific clauses when € is an uncovered positive
example: if C' does not cover a positive example none of its
specializations will. Hence, the specializations of C' do not need
to be considered. el
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if C' =9 D then C il D
but

F @vice — versa
For exampl

e, the above holds for:
C': natural(s(X)) — natural(X)
D : natural(s(s(X))) « natural(X)
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If ¥ is a set of clauses and D is a clause, then ¥ = D iff D is a
tautology, or there exists a clause D' =, D which can be derived
from X using some form of resolution.
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Given a set of clauses S, clauses C, D € S and quasi-orders =1 and
o on S, then >4 is qtmnge?“ than =5 if C' > D implies C' = D.
If also for some C.D € Sitel 7o D and C' =1 D then = is strictly

stronger than >o N
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3 CyME  GERERALITY ORDERINGS
ecreatt

g C = Diff C = D

— (' =p iff there is a substitution # s.t. C C D
— C =g D iff every literal in D is compatible to a literal in C' and C =y D

~ C =gn D iff |C| > |D| and C =4 D ‘l
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e Determinate Horn clauses: There exists an ordering of literals in C' and
. . ‘m
exactly one substitution ¢ s.t. '8 C D. tas bafive dict -

e /it —local Horn clauses. Partition a Horn clause into & “disjoint” sub-parts
and perform k& independent subsumption tests.



In summary, the subsumption order on clausal languages is used most often
in ILP as the generality order (in contrast to the implication order), owing to
its following properties:

1. Further, subsumption is more tractable and efficiently implementable.
Subsumption between clauses is a decidable relation, whereas implication
is not. The flip side is that subsumption is a weaker relation.

2. Equivalence classes under subsumption can be represented by a single
reduced clause. Reduction can be undone by inverse reduction (c.f. Sec-
tion 2.3).

3. Every finite set of clauses (function free or not )has a least generalization
(LGS) and greatest specialization (GSS) under subsumption in C. Hence
< C,=> 1s a lattice. The same is not true for the implication quasi-
ordering = (for restricted languages lubs for = may well exist).

Order | lub glb
al’ VARV,

L x o/

4. Every finite set of Horn clauses has a least generalization (LGS) and great- { /
est specialization (GSS) under subsumption in H. Hence < H,>=> is a MP Icai lov)
lattice. The same does not hold for the implication order. C*‘“‘\lj {'OV’ H

5. The negative results for covers hold for subsumption as well as implication. '8 Sa d
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