| Lub Definition Examples
lub of terms
lub(ty, tg)
1. lub(t, t) =t, o l[ub([a,b,c],[a, e, d]) =[a, X, Y].
2. lub(f(sl, ..., 8n), f(tq,.. ., ty)) = o [ub{fla,a), f(b,b)) = f(lub(a,b), lubla, b)) =
fllub(sq,t1), ..., lub(spn,tn)), f(V, V) where V stands for lub(a,b).
~a
3. lub(f(sq,....8m),glty...., tn)) =V, where ¢ When computingflggs one must be careful to
f # g, and V is a wvariable which represents use the same variztses for multiple occurrences
lub({f(s1,....8m),g(t1...., tn)), of the lubs of subterms, ie., lub{a,b) in this
example. This holds for lubs of terms, atoms
4. lub(s,t) =V, where s # t and at least one of = and clauses alike.
and t is a variable; in this case, V is a variable
which represents lub(s, t).
lub of atoms
lub{aq, agy)
1. lub(P(sq.....8n).P(ty..... tn)) =
P{lub(sq,tq1),...,lublsn.tn)), if atoms
have the same predicate symbol P,
2, lub(P(s1,....,8m), Q(t1,...,tn)) is unde-
fined if P # Q.
lub of literals
lub(ly, lg)
1. if 14 and lg are atoms, then lub(ly,1l9) is com- o [ub(Parent(ann, mary), Parent(ann, tom)) =
puted as defined above, Parent{ann, X).
2. if both 14 and ly are negative literals, 1§ = aT, o lub(Parent(ann, mary), Parent(ann, tom)) -
la = @3, then lub(ly,la) = Ilub(ay,as) = undefined.
lub(aq,ag),
o [ub(Parent(ann, X), Daughter(mary, ann))
3. if l{ is a positive and ly is a negative literal, or unde fined.
A':i iF’ vice versa, lub(ly,lg) is undefined.
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Theorem 25 Let 1y be a conventional atom, f an n-ary function symbol (recall
that f can be of 2€T0 am’ty and therefore a coneta,nt) z a vartable i 1y, and

Then, 12 = 1.1_6'_ and_lz = 110 are both_ downward govers_gﬂl ) In fact, every
downward cover of 1| must of one Of these two forms (note that a special instance
of the first case s when the function f has arity 0 and is therefore a constant).
The substitutions 0 and o are termed elementary substitutions. In ILP, these f}_

operations define a “downward refinement operator”
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INPUT: Conventional atoms 1, m, such that 1 > m.
OUTPUT: A finite chain 1=1p = 1y = ... = L,_1 = 1,, = m, where each
1,11 1s a downward cover of 1;.
Set 1o =1 and ¢ = 0, let 6y be such that 16, = m: (1)
if No term in 6; contains a function or a constant; (2) then
Goto 3.
else if =/ f(t1,....t,) is a binding in #; (n > 0) then
Choose new distinct variables z;, .. .. z,; Ham] lf S

Set 11;_|_1 = 1?;{;6/]((21,...,2’71)}; 8 CD‘}\
@ Set 9'£+1 = (93 \{L/f(fl, ce ,ltn)}) U {Zl/tl, ce ,Zn/tn},
Set i to i + 1 and goto 2: fhamn £
end if
if There are distinct variables «, y in 1;, such that «6; = y#; (3) then
Set 11;_|_1 = lz{b/y}, 0 ) .
-»Set 9¢+1 = 93 \-{;L'/;EQ@}; Hdr\cl 'QS a (9’.) "
Set 7 to i + 1 and goto 3;
else if Such x, y do not exist then tam CL{)
Set n =1 and stop;
end if
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The Subsumption Theorem holds for first-order logic, just as it did for proposi-
tional logic:

If > is a set of first-order clauses and D is a first-order clause. Then
¥ E D if and only if D is a tautology or there is a clause C' such
that there is a derivation of C' from X using resolution (X Fp ')
and C' subsumes D.
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{mem(A. [A|B]) < mem(A. [B. A|C]) <}
-

{mem(1,[1,2]) —,mem(2,[1,2]) —}
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