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Abstract

Residues have been proved to be a very important means for doing semantic optimization. In this paper
we will discuss a new kind of residues - the disjunctive residues. It will be shown that they are very
useful to perform subformula elimination, if, in addition, a powerful reduction algorithm is available.

1 Introduction

The notion of Semantic Query Optimization
for relational databases was introduced in
the early 80°s by King [79, 81); Hammer
and Zdonic [80] independently developed a
very similar optimization method. The key
idea of King, as well as of Hammer and
Zdonik, is that integrity constraints may not
only be utilized to enforce consistency of a
database but also to optimize user queries.
During the last decade, many efforts were
made to improve this technique and to gen-
eralize it for deductive databases (Chakra-
varthy et al. [84-90], Lee and Han [88],
Shenoy and Ozsoyoglu {87, 891, Siegel [89],
Kowarschick [91, 92a-c], etc., etc.). Espe-
cially the notion of residues, introduced by
Chakravarthy et al. [84-90], was a great
progress in this area.

In Kowarschick [91, 92a] Semantic Optimi-
zation was introduced formally as program
transformation.” In particular, Chakravar-
thy’s definition of residues was generalized
(we call them conjunctive residues) and a
new kind of residues, the disjunctive resi-

dues, was introduced. But since the applica-
tion of a disjunctive residue always adds a
new rule to a program, one question arises:
Can disjunctive residues be utilized to “opti-
mize” logic programs? Or, briefly: What are
disjunctive residues useful for? The answer
to this question is topic of this paper. It
will be shown that disjunctive residues are
mainly used to delete subformulas from rule
bodies, although this seems to be a contra-
diction to the property stated above. Espe-
cially, it is much simpler to describe join
elimination by means of disjunctive residues
than by conjunctive residues, as, e.g., Cha-
kravarthy et al. [90] did.

2  Notation and Definitions

The semantic optimization technique de-
scribed in Kowarschick [91, 92a-c] is not
restricted to untyped logic programs w.r.t.
Herbrand pre-interpretation (Lloyd [87]) - it
can be applied to any hierarchically typed
logic program w.r.t. any pre-interpretation
P We will not go in details here; the in-
terested reader is referred to Kowarschick

Note the use of the term Semantic Optimization instead of Semantic Query Optimization. We do this

for two reasons: Firstly, many of the transformation steps can be performed fully independently from any
query, and secondly, queries can be viewed as special rules, i.e, it makes no difference whether a

“normal” program rule or a query is optimized.
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(91, 92a]. In the following L shall be a hier-
archically typed first order language with
equality. In L four kinds of predicate identi-
fiers will be distinguished: evaluable (e.g.
“<” “is-a”), extensional, intensional, and
auxiliary predicate identifiers. Furthermore,
I’ shall be an arbitrary pre-interpretation
of L (e.g. the Herbrand pre-interpretation)
and J shall be the set of all IP™-interpreta-
tions (e.g. the set of all Herbrand interpre-
tations). Note that a pre-interpretation Pre

interprets all I -identifiers except for the
non-evaluable predicate identifiers; i.e., es-
pecially the interpretation of the evaluable
predicate identifiers is already determined
by IP™®. As usual, = denotes the standard
logical consequence operator (Enderton [72],
Kowarschick [92a]). But, we also need the
operator e , which only allows for P-in-
terpretations:

FEG o NIe3,veV(D): Fi= G
(where F, G are sets of formulas
and V(I) is the set of variable
assignments w.r.t. I)

Instead of program clauses, we will use
program vules to build up logic programs
(see Lloyd [87), §17). A program rule A<B
consists of an atom A, which is called rule
head, and an arbitrary formula B, which is
called rule body. Depending on the head
predicate identifier, a program rule is
termed extensional, intensional, or auxiliary
(evaluable program rules will not be consid-
ered). A fact is an extensional program rule
with empty rule body. A logic program is a
finite set of rules, an extensional logic pro-
gram (or a database) is a set of facts, an
intensional logic program is a set of inten-
sional and auxiliary rules, and a database
logic program is a pair consisting of an ex-
tensional and an intensional logic program
(observe that a database logic program
Lgy =(F,G) can be viewed as standard logic
program L=FuG). Since we use the perfect
model semantics, we consider only (locally)
stratifiable programs (Przymusinski [88];

note that it is possible to generalize the
perfect model semantics for non-normal -
programs, Kowarschick {91, 92c]).

Semantic optimization is commonly done by
virtue of residues (Chakravarthy et al.
[84-90], Kowarschick [92a, 91]). A residue
can be added to or can replace some rule
body without effecting the program seman-
tics, i.e., through this transformation a “se-
mantically equivalent” (Kowarschick [92a,
91]) program will be obtained. Usually, resi-
dues are computed by means of integrity
constraints, but unfortunately, the following
definition does not always supply residues,
therefore we name them residue candidates.

Let G be a locally stratifiable intensional
logic program, IC a set of integrity con-
straints (i.e., a set of closed formulas), IC,
a subset of IC, R=H«B¢G a rule, and B’
an arbitrary formula.

B is a gen%ral ICy-residue-candidate of
ReG :& IC)E BoB’

B’ is a conjunctive ICy-residue-candidate of
ReG & BaB is a general 1Cy-residue-
candldate of ReG (&= IC0t= BoBAB &
IC08= B-B’)

B’ is a disjunctive 1Cy~residue-candidate of
ReG :¢& BvB’ is a general ICy-residue-
candldate of ReG (& ICOQ BoBvB' &
ICol= BB’ )

Basically, a resiue candidate is a residue, if
it does not effect the “satisfaction” of the
integrity constraints that were used to com-
pute the residue candidate. For more details,
see Kowarschick [92a, 91].

3 Disjunctive Residue Candidates

To compute residue candidates we need a
simple lemma.
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Lemma 1

Let C<D be a formula, which is a logical
J-consequence of a set IC; of integrity
constraints: ICOIQ Ce«D. Moreover, let R=
HeB be a rule, S an arbitrary formula, and
o a substitution.

If ICoP S—>B-Do), then S»Co is a con-
junctive ICq-residue-candidate of R.

If ICoés S—(Co-B), then SaDo is a disjunc-
tive ICy-residue-candidate of R.

Proof
Straightforward (Kowarschick [92a]). a

Lemma 1 can be utilized to develop algo-
rithms for computing residue candidates (a
very non-deterministic algorithm is described
in Kowarschick [92a]). But here, we think it
more intuitive to explain the use of this
lemma by virtue of an example.

Example 1
extpred a: N; b: N,N
intpred p: N,N
var x,y,z: N

Ry: px,ylealx,y),ab(x,y)
icy: b(u,u)e
iCz: “lb(U,V)(—U)V

Observe, without loss of generality we can
assume that the free variables of the integ-
rity constraints and of the rules are disjoint.
And we should keep them disjoint, since,
otherwise, we might be unable to compute
all residue candidates.

The integrity constraint ic; yields a con-
junctive residue candidate (which, in fact, is
a residue, since ic; consists only of evalua-
ble and extensional predicates):

b(u,u)§u¢v<——zb(u,v)
ic é‘ C « D

2 T-(alx,y)a b{x,y)> ablx,y) )
£ S body(R;) -D{u/x,v/y})

As a consequence of lemma 1, x#y (E=S—
C{u/x,v/y}) is a conjunctive residue can-
didate of R;. The second integrity con-
straint, on the other hand, yields a disjunc~
tive residue candidate:

icy = ~b(u,v) « wv
iCZé; C « D

Eal(x,y)=(b(x,y)>alx,y)aab(x,y))
S - (C{u/x,v/y}>  body(Ry) )

Therefore, a(x,y)ax>y (=SaD{u/x,v/y}) is
a disjunctive residue candidate, which again
is even a disjunctive residue. a

As usual, the conjunctive residue x#y can
be utilized to answer queries such as
p(x,x) or p(5,5) without any access to
the database. But, also the disjunctive resi-
due may be used to accelerate the computa-
tion of particular answers, namely of an-
swers to queries where the first attribute is
greater than the second (such as p(7,5) or
p(x+3,x), when J interprets + as custom-
ary addition!). In the sequel we will study in
more detail how this can be done.

At first sight it seems as if the application
of a disjunctive residue makes the computa-
tion of the perfect model more expensive,
since, in principle, in this case a new rule is
added to the program (both programs Lu
{HeBvResidue} and Lu{H«B, HeResi-
due} have the same perfect model - we call
them pm-equivalent (see Kowarschick
[92a])). But in special cases, a disjunctive
residue is, in fact, a general residue, and
then the original rule body can be replaced
by this residue.

It can be proved that every general J-resi-
due-candidate is even a general residue, if
the accompanying logic program remains to
be locally straitifiable when this residue
candidate is added (Kowarschick [91,92a]).
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We call such residues tautological residues.
Tautological residues can always be utilized
to reduce, i.e. to simplify rule bodies, since
they do not change the program semantics.
And rule bodies should be reduced, because
in most cases the computation of a reduced
rule body is cheaper than the computation
of the original rule body.

eduction Algorithm
(compare to algorithm 3 of Chakravarthy
et al. [88])
Let F be an arbitrary formula. Apply the
following transformation rules to subformulas
of F until no more transformation rules are
applicable. The resulting formula reduc(F) is

a tautological residue for every rule R with
rule body F.

A transformation rule A;,..,A,~B is to be
interpreted as follows: If Aj or ... or A, is a
subformula of F replace it by B.

There are some trivial reductions which
should be done always:

TaA, AaT, ArA,AvA - A
LaA, Arl, ArnA -1
TvA, AvT, AvaA - T

“mA - A

(AAB)vB,(AvB) AB » B
(AAB)v(AAC) - AA(BvC)
(AvB)A(AvC) 2 Av(BaC)

VXA, IxA - A

when x does not occur free in A
Ix(AvB) - (3xA)v(IxA)
Yx(ArB) = (VYxB)v(V¥xB)

Ix(x=tar..X...X...) = . t..t..
Vx(x=t—-..x.x.) = ..t.t.
Ix(x=t) » T
VYx(xzt) - 1L

when x does not occur free in t

But, the special properties of the pre-inter-
pretation IP™ should be taken account of,
too. For example:

5¢3 - 1,3<5 > T, xsx = T
x+3>x = T (if type-of(x)=N,...)

X<yax>y = L, x<yvxsyvxey = T
: o

Now we are capable of utilizing the disjunc-
tive residue a(x,y)ax>y of rule Ry (Exam-
ple 1). Suppose, the question p(z+3,z)
shall be. answered. This can be done by
computing the perfect model of program Li:

Ly: Q: answer(z)ep(z+3,2)
Ryt pix,y)ealx,y)aabix,y)

Since a(x,y)ax>y is a disjunctive residue
of Ry, we can also compute the perfect
model of L, to answer the query:

Ly Q: answer(z)ep(z+3,2)
Ri: p(x,y)e
(alx,y)anb(x,y))v
(alx,y)ax>y)

This program can be optimized by the
standard optimization technique “perform
selections as early as possible” (see e.g.
Ullman [89]):

L3: Q: answer(z)ep(z+3,z)
Ri:p(z+3,2)«
(a(z+3,z)aab(z+3,2))v
(a(z+3,2)az+3>2)

Move formally, we can view the predicate p
as auxiliary predicate, since the user is only
interested in the predicate answer. It can
be proved that the perfect models of L, and
L3 differ at most in auxiliary predicates
(viz. p) - we therefore call them weak
pm-equivalent (Kowarschick [92a]).

Finally, we can use the reduction algorithm
to simplify the body of R{":
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Ly Q: answer(z)ep(z+3,z).
R{"p(z+3,z)eal(z+3,2).

That is, if x is greater than y, then the dis-
junctive residue a(x,y)ax>y can be uti-
lized to delete the subformula -b(x,y)
from the body of R;. Now we are able to
answer the introductory question “What are
disjunctive residues useful for?”: They are
useful for deleting superfluous subformulas
of rule bodies; but beside the disjunctive
residues, we need a powerful reduction al-
gorithm, too. Note that the presence of an
answer rule is not essential for the applica-
tion of residues, they can also be used to
delete redundancy from rules. The fact, that
disjunctive residues are more qualified to
delete subformulas from rule bodies than
conjunctive residues, can be confirmed by
applying our method to two examples given
by Chacravarthy et al. [90].

Example 2

(Chakravarthy et al. [90], Section 5.1,

Q9)

extpred
emp: String,N,String

(Name,Salary,Department)
emp-car: N,String,String
(Tag#,0wner,Color)

Every employee car is owned by an em-
ployee:

icy: emp-car(t,o,c)
-3s,d emp(o,s,d)

Find all employees who own a red car:

Q: answer(o)e
emp(o,s,d)aemp-car(t,o,c)

Since the variables s, d, t, and ¢ are not
used in the query head, they can be ex-
istentially qualified in the query body - and
this should be done always in case of se-
mantic optimization (at least, if the accom-
panying integrity constraints contain ex-

istential qualifiers), since a formula with
existential qualifiers is weaker than without
(Fi=3xF):

Q" answer(o)«
(3s,d emp(o,s,d))a
emp-car(t,o,c)
(Q™ answer(o)e
(3s,d emp(o,s,d))a
(3t,c emp-car(t,o,c))
will do as well)

For Q° we compute the residue candidate
emp-car(t,o0,c)aemp-car(t,o,c), which
can be reduced to emp-car(t,o,c). (For
Q” we get (3t,c emp-car(t,o,c))aemp-
car(t,o,c), which can be reduced to
emp-car(t,o,c), likewise.) This residue
candidate can be added to the query Q”:

Q" answer(o)«
( (3s,d emp(o0,s,d))a
emp-car(t,o,c) )
v emp-car(t,o,c)

rer

If we reduce the rule body of Q’’, we ob-
tain the same result as Chakravarthy et al.
[90], namely that the relation emp can be
deleted from our query:

Q,m:answer(o)(__emp—car(t,o,c) o

This example suggests that our method is
at least as powerful as that of Chakravar-
thy et al. [90]. But it is even more power-
ful, since join elimination or, more gener-
ally, subformula elimination has not to be
handled in any other way than subformula
introduction. This especially means that we,
in contrast to Chakravarthy et al. [90], have
not to restrict the class of integrity con-
straints in case of subformula elimination.

Example 3
(Chakravarthy et al. [90], Section 74,
Example 12)
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extpred
parent: person,person
sibling: person,person

icy: sibling(x,y)esibling(y,x)

Note that Chakravarthy et al. call this in-
tegrity constraint “recursive,” but what is a
“recursive” formula? A formula always may
be transformed into a “non-recursive” form
(e.g.,, leasibling(x,y),sibling(y,x))
only in case of program rules such a trans-
formation will be forbidden, since it would
change the program semantics (namely the
perfect model).

Q: answer(r)«
parent(r,s)a
sibling(s,t)asibling(t,s)

If this query is optimized by Chakravarthy’s
method, both atoms sibling(s,t) and
sibling(t,s) may be deleted from the
rule body, what, indeed, is wrong. But with
our method this problem does not occur.
The integrity constraint ic; yields the fol-
lowing disjunctive residues:

Resj:=parent(r,s)asibling(s,t)a
sibling(s,t)

Resy:=parent(r,s)asibling(t,s)a
sibling(t,s)

They can be reduced to:

Resj:=parent(r,s)asibling(s,t)
Resy:=parent(r,s)asibling(t,s)

These conjunctive residues can be applied
separately or jointly to the query, in all
cases an equivalent query will be the result:

reduct(query-bodyvRes;) =Res;
=parent(r,s)asibling(s.t)
reduct(query-bodyvRes;) =Res;
=parent{r,s)asibling(t,s)
reduct(query-body vRes; vRes,)
=parent{r,s)a
(sibling(s,t)vsibling(t,s)) o

4 Conclusion

In this paper we have introduced the notion
of disjunctive residues which were demon-
strated to be very useful for subformula
elimination. But to do so, we need a power-
ful reduction algorithm, because, otherwise,
a disjunctive residue would be nothing else
than an additional program rule which only
increases the computation costs. We believe
that disjunctive residues (together with a
reduction algorithm) are much more natural
to describe subformula elimination than
conjunctive residues. As a next step, we
will implement a prototype of a semantic
optimizer to study the relationship of con-
junctive and disjunctive residues in more
detail.
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