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ABSTRACT

Static filtering is a graph-bsed optimization method for recursive logic queries based on the
system graph evaluation, It restricts data-flow during evaluation by means of static filers. We for-
malize the computation of static filters by defining a transformation on a partially ordered set
{poset) so that the least fixed point of the transformation can be the static filters, The static filters
are computed by computing the least fixed point of the transformation. The completeness of the
static filtering with the computed static filters is proved based on the formalism, Moreover, we re-
view some related works in brevity and compare the static filtering with them, The formalism pre-
sented in this paper gives a new formal view to static filter and its computation.

1. Introduction logie programming field and the deductive database
field, how to answer a query effciently over a logic
program. There are two basic approaches, bottom-

It has recently atiracted much attention m the
up [2, 4, 5] and top-down[ 10, 14, 19, 21]. Typcal-

o3 4 FRAEEd A4 ly, bottom-up methods deal with a set of tuples at a
A3 Y - FAEs)ed Aaes) a2 )

=R . 1992 69 308 time, while fop-down methods hke Prolog works
AAekE . 19953 59 219 more naturally one tuple at a time. In case of func-
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tionfree logic programs, hottom-up methods are
guaranteed to termunate [2], while top-down meth-
ods may not. However, bottom-up methods may be
mefficient if they generate many facts irrelevant 1o
the query. A fundamenial bottom-up method called
nawe evalyation tends to regenerates the same
facts several umes. Seminaive evaluation 15 a
kind of differential appreach which improves the
naive evaluation by reducing the redundancy [2, 4,
57]. Based on the seminaive evaluation, a number of
optimization strategies have been proposed to pre-
vent facts irrelevant to the query from heing gener-
ated [3, 4, 5, 11, 12, 13, 17].

Filtering 15 a graph-based optimization strategy
based on the seminawe evaluation on system graph
5, which evaluates a query 1n terms of the bottom-up
data flow on system graphs. Filtering methods oph-
mize the seminaive evaluation by restricting data
flow through the arcs by means of filters [7, 8, 11,
12, 13]. They try to restrict data flow as much as
possible, A filter 1s a selection attached on an arc of
& system graph n order 1o restrict data flow
through the arc. Stafic filters are computed at
compile time by propagatmg data-ndependent bind-
mgs [7, 12, 13), while dynamic filters are comput-
ed by taking advantage of “actual tuples” generat-
ed during evaluation [8, 9, 11} Static filtering
restricts data-flow during eveluation by means of
static filters {7, 12, 13]), while dynamic filtering
restricts data-flow by means of dynamic fiiters [8,
9, 117. Static Hiltering 1s a powerful extension of the
Aho-Ullman algorithm [1], (which optimizes rela-
tional queries by commuting selections with the
least fixed pomnt operator), to general recursive
rules.

In this paper, we first define system graphs and
the evaluation on system graphs formally We for-
malize the computation of static filters by defining a
transformation on a partially ordered set so that the
least fixed point of the transformation can be the

static filters. Static filters are computed by comput-

ing the least fixed point of the transformation. We
prove the completeness of the computed static i
ters based on the formahsm. We review other relat-
ad works 1n brevity and compare the static filtermg
with them. This paper gives a formal view to static
filters and therr computation.

This paper 15 organized as follows: the next sec-
tion gives defimtions and notations on logic pro-
grams. Section 3 describes the sermnalve bottom-up
evaluation on system graphs. Section 4 describes the
least fixed point formalization of statie filter compu-
tation. In Section 5, we prove the completeness of
the static filtering. Section 6 reviews other related
works 1n brevity and compare the static filtering
with them. Section 7 summanzes results and gives

further research topics.
2. Notations and Definitions

Consider well formed formulas mn the first order
logic. Their vanables are denoted by V, X, ¥ and
Z, terms by s and §, and atomic formula by A, B
and C. An atom 1s said to be ground If no vanahle

oceurs m 1t A clawse 1s a formula of the form
Ay=B,, vy B(nz0)

where Ao 18 ah atoin, and Bl, - B,z are atoms. Ao
15 the head of the claused and B, ..., Bits  body.
In this paper, we assume functionfree and range
restricted clauses If =0 then the clause 1s simply
A,y and 1s called an un:t clause or fact. Otherwise
1t 15 called a rufe which are denoted by @, 3, y and
8. The number of body atoms of a rule @ 18 denot-
edbyn,. A (logic) program Pis a finte set of
clauses. A query s a clause of the form < B, ...,
B, where B, ., B, are Iterals. In this paper we as-
sume function-free clawses, which 1s also called
Datalog.
Herbrand base B, of a program P 1s the set of
all atoms thal are ground. Any subset of B, 1s an ¢

nierbretation. f Pis a program and 1 1s an inter-

Copyright (C) 2005 NuriMedia Co., Ltd.



& = A AA3E A% 47 dejo A A4 1393

pretation, T, 15 a transformation associated with P

which maps mterpretations to interpretations.

TAD={A,| A;<A,., A, 138 a ground -
stance of a clause in , and A, ..., A €1}

Note that T, (1) always contamns all ground in-
stances of umt clauses in P. The fixpomnt semantcs
deiermimnes the least fixed pomt of T, Ifp( T}, as
a semantics of P [20]. Since T, 15 monotone, [fp
(T,) exsts, and 1t 15 U::o YJ:( ¢) where T’:l(qS)
=T (T, (). See [10, 20] for detalls.

If A«<A,, - A, s a ground mstance of a rule
o, then A 1s called a contrsbutor of A, via e
When A s pl(ﬁl) for =0, 1, .., » where p 15 a
predicate and E, 15 a hist of ground terms called a fi
plew, 1s called a contributor of ;70 via . The list
of the tuples gy, 2, ., t, 15 called a satesfying hist
of @. Let a relation contribute, be defined as E; co
ntribute, p,1f g, 18 a contributor of gy via a rule
o. A tuple # 1s called a far contributor of a tuple

7 v1a a sequence of rules [

con trzbutean v,

nl

vo contribute, Uy, e 0
1

for a sequence of tuples (=0, ¥ s vy 0, (=4)
[13]

A ground atom A 1s dertvable in a program P
AELP(T,), that 1s, AE Tpk(gé) for some A If a
ground atom A is derivable and A 1s far contributor
of some answer mstance of the query, then A4 1s
sa1d to be wsefu! When a ground atom A(=p())

15 useful, z 15 called a useful tuple

3. System Graph and Logic Program Eval-
uation

We represent rules m the AC-mofation n [17,
197] which 1s more switable for data flow approach
1o logic program evaluation. In the AC-notation, all
arguments of each hteral are replaced by distinct
variables associated with the predicate symbol of

the hteral. The arguments of an n-ary predicate p

are replaced by the vamables Pl, .., Pn.Smnce the
same predicate may occur more than once in the
body of a rule, a slashed vanable Pi/i used to de-
note the j-th argument of the g-th body predicate p,
so that every argument 13 distinct. Conditions be-
tween arguments 1n a rule are represented by the co
niunclive formula (formula without disjunction)
on the new vanables, which s associated with that

rule, A formula 1s defined as follows:

1. Atomuc formula 15 #rue, false or tfs where ¢
and s are terms and & 18 =, <, ar >.

2. If ¢ and ¢’ are formulas, ¢A\¢’ and /¢ are
formulas.

3. A formula ¢ 15 said to mply a formula ¢,
written ¢—¢’, f every substitution satisfving
¢ satisfies ¢’

We denote the associated conjunctive formula of

a rule @ by Cond, mn the following. A rule & 1s rep-

resented in the AC-notation as
a:p(Pyp(P/1), . , p,(P/n), cond,

In the AC-notation, a query ) 1s represented as
Q' =ans— with a new predicate symbol ans A
program 1s assumed to include 1ts rule-form query in

the following.

Example 3.1 Let us consider the following rules

and query 1 the conventional notation.

y L <p(X, a).
@t p(X, Y)yer(X. Y).
B p(X, Y)er(X, Z), p(Z, Y).

In the AC-notation, they are represented as

yians(Ansl, Ans2)—p(P1/1, F2/1), Ansl=P1/
1, Ans2=P2/1, P2/l=qa

o p(Pl, PYy—H{Rl/1, R2/1), PL=Ri/1, P2=R2
/1.

B p(PL, P2Yy—r(R1/1, R2/1}, p(PL1/2, P2/2), P
1=R1/1, R2/1=P1/2, P2=P2/2.

For a rule ¢ in the ACnotation, a function pred
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(e, 1) 158 defined to be the z-th predicate symbol n
the body of @, a function kead(e) 1s the predicate
of the head of a. A function Var(e, 1) 1s the hst of
all variables mn the z-th hteral of @, and Var(a, 0)
1s the list of all varables 1n the haed A system gra
ph for a program 15 defined to be a quintuple for

data flow evaluation

Definition 3.1 A system graph for a program P
isSG=(V, V. E, 1. E, o) where

V,and V, are the sets of predicates and ru
les in P respectively,

E. .=l a)/1]| pEV,, aEV, , p=pred(e,

1), 15i<n },

E,  ={(a, 0} | aEVy pEV,, p=head(a)},
Fs a filter function that associates a form
ula over Varla.z)weth each arc (p @) /i in
E

AR

Figure 1:A part of system graph around a rule-
node &

Note that there exist a number of system graphs
for one program with different filier functions. We
will show how to determine the filter function in the
sequel The node for a predicate 1s called a pred-no
de and the node for a rule 1s a rule-node. The rule-
node for the query 15 called the guery-node m par-
ticular. Arcs are used as data ports in evaluation,
s0 they are called ports Each node has uts input p
orts and output ports. The slashed par (p, @)/t n
E,, . denotes the ;-th mput port of the rulenode @

from the pred-node p, which 1s at the same time an
output port of the pred-node p. An mput port(p, @)
/118 denoted by @/1 as a shorthand notation since p
1s just determined by pred(e, 7). A rulencde ¢ has
# » the number of body literals, mput ports, and one
output port. Figure 1 shows a system graph around
a rulenode . The set of all output ports of a pred-
node p 1s denoted by

E, [01={(p, )/k| (5, 8)/KEE,, ,).

The value of a filter function Fon a port (p, @)/
7, I{(p, @)/1), 15 called the filter of the port, and 1t
represents a formula over Var{e, i) which tuples
have to satisfy m order to pass the port. The filter
F((p, @)/1) 15 denoted by F_ asa shorthand nota-
tion. The filter of an mput port of a rulenode is
called an nput filter of the rule for simpheity. The
system graph for the program in Example 1 1s
shown n Figure 2. The associated filters will be

computed 1n the rest of the paper.

Algorithm simplistic simplistic seminai
ve evaluation shows a simphstic sernaive bot-
tom-up evaluation on system graphs. In the algo-
rithm, a base prednode means a pred-node without
predecessor, and a derived prednode does a pred-
node with predecessor{(s). It 15 assumed thai base

pred-nodes and derived prednodes are disjoint, and

Fp'2

Figure 2 : System graph for the program in Exam-
ple 1.
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each base pred-node 15 1mitialized to have s facts
(tuples). The
hyperresolution and finds the least fixed porntof 2

evaluation 15 bhased on the
logic program [23, 28].

Algorithm Simplistic seminaive evaluation

1. Each base pred-node sends 1ts tuples to 1ts out-
put ports.
repeal

2. Each rule-node stores new tuples recetved from

input ports, generates new tuples from the new
tuples received using 1ts rule, and sends them
to 1ts outpui ports

3. Each derived pred-node stores new tuples from

its mput perts and sends them to its output
ports.
until no change.

The evaluation terminates when no more new
tuples can be generaled by the system. It 1s
graranteed to termmnate for function-free logic pro-
grams. The completeness of this algorithm can be
proved simularly to the proof of the equvalence of
the least fixed point semantics and medel theoretic
semantics [14, 20]. The above algomthm can be
considered as the evaluation on the system graph
with 1ts all filters baing frue

If the system graph has filters which are not fru
¢, a pred-node sends tuples to every output port of
1t if they satisfy the filter of the port. So, the filter
of each port in E, , restricts data flow through the
port by not passing some tuples if they do not satis-
fy 1t. The evaluation on SG% can be defined formal-
ly 1n terms of a new operator 75 m  the following
defimtior. An atom B=p({), ..., #n)1s denoted by B
ESF,, f 1t safesfy a filter SF; .

Definition 3.2 75 : 2°P 2%
C=A<B, .. BgP

THD = {Aa (B,.. BS ] B.€F, (1=i<n),
S=mgu({B,, o B (B s B )

The serunaive evaluation on SGH computes { fp
( T%), and m case of functiondree logic programs, {

F(TEY = (T (¢) Tor some finte .

4, Computation of Static Filters

We start this section with an example which
shows a computation of static filters with the 1dea

of pushing selection 1n relational algebra

Example 4.1 Let us consider the program and the
system graph in Example 1. Static filters can be
computed with the 1dea of pushing selection m rela-

tional algebra.

- Pushing the selection F2=g 1n rule-node » results
in filter P2=g on port /1.

- Pushing the filter P2=g through rulenode a
results in filter R2=q on a/1.

- Pushing the filter F2=g through rulenode £
results 1n filter P2=¢4 on £/2, and filter true on
B8/1L.

This procedure can alse viewed as simulating top-
down evaluation on system graph It 1s a basic 1dea
of static filter computation. Static filters are com-
puted by simulating top-down evaluation on system
graph under the assumption that every body atom
In a rule 15 executed as soon as the rule 15 called.
When there are no more new bindings for body
atoms, the simulation terminate, and the logical for-
mula for all possible hindings of a body atom 1n the
smulation 15 the static filter for that atom. Note
that programs are recursive, and if the query 1s <
(@, X}. m Example 1, pushing the selection on port
/2 generates new hiding pattern of p( Y, Z).

We formahze the computation of static Niter as a
transformation PUSH so that the least fixed pomnt
of PUSH can be the static filters The computatien
starts from the system graph with the hlter func-
tion that associates false with every are m K, |
(see Definition 3.1). We will define a transforma-

tion PUSH assomated with a system graph, which
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maps all Tilters m that system graph into new ones
simultaneously (see Defimition 4.4},

For the definition of PI/SH, we defline first a
transformation PUSH, associated with ruienode o,
which maps (pushes) an output filter of the pred-
node head{ @) mto all filters of ¢. PUSH 18 a basic
operation to simulate top-down evaluation, For the
denfinttion of PUSH,, all mput fiters of ¢ 1n a

system graph SG=(V,, V, £, ,,
resented as a filter vector ?‘a of & which 1s deflined

as

E, . F)arerep

F=<F

a1’

B >
a

A filter vectorﬁ‘a of a rulenode & 15 said to be
less than or equal to another hlter vector ?‘; of @,
written ?‘a < 7’1‘;, if O F;_l for t=1,2,u5,

We review X-consequence n {13] for the defmu-
tion of PUSH,. Let X be a list of some variables 1n
a formula ¢ A formula ¢ 1s an X-consequence of ¢
f ¢ —¢" and every variable in ¢ 18 n X. A formu-
la ¢ 15 the most general Xconsequence of ¢if ¢
15 an _x-consequence of ¢ and for every other X.con-
sequence ¢ of ¢ ¢ —¢". The most general X-con-
sequence of ¢ 1s denoted by ¢[ X]. We can consider
# X] as the formula representing the bindings of
the variatles in X 1n ¢ (see [137).

Denfinition 4.1 Let ¢ be a rule-node 1n a syst
em graph SG=(V, V, E, ., E, o F). Let F, . b
e an output filter of the pred-node p wheve p=h
ead(@) PUSH, 1s a transformation associated
with @ which maps Fy, nlo f:";: PUSHF, )
such that for each port @,

F;'z:(Conda A F, ) Var(a, 1)1

PUSH (F, ) shows bindings of the body atoms
when ¢ 18 called by the callng patterns correspond-
mg to K, (sec Figure 1}, and F;,; can be consid-
ered as the binding of the z-th body atom of . If &

1s the query-node, we assume that F, 15 true, so

F;,ZZCO.’W.da[ Var(a. 1) 1.

Example 4.2 Let us consider the program and the
system graph in Example 1.
- 1f B, = PUSH (true), then F, = (P2=a).
- P ,=PUSH(F, ), then £, =tryeand I,
=(R2=g)
We extend Defirution 4.1 1n the following.

Definition 4.2 Let all output filters of a pred-
node p be denoted by
RE,,[ph= vV R

&'
(B®igeE_ |5
PR

then, PUSH 15 extended to PUSH (FE, ,
[p1)) where p=head(a), :n which
F, = (Cond, N\ RE,, [pI) Var(a, )]

It 18 shown n [13] that PUSH (F(E, , [#])) 1

equivalent to V PUSH{F, ).
(Bdine EP,R[P]

We define the safety of PUSH, and show that
PUSH, 15 safe under the meanmg.

Definition 4.3 Let I = PUSH(F(E, [pD. A
Jilter F;'1 In 75; 15 safe with vespect to F(E, [ p
1) of the condition 15 satisfied that if a tuple 1,
does not satisfy F;'l, then it can not be a contri
butor of some tuple satisfinng FE, [p])

In other words, 1f F; L 1S safe with respect to F{
E, .21}, thenF ., does not prevent tuples, which
coniribute to some tuple satisfymg FE, [9]1),
from bemng recerved from the port a/:.

The following lemma shows the safety of PUSH,,
which restates Lemma 2 mn [13] for the static hil-
ters. The safety of PUSH .18 2 basis of the com-
pleteness of the static filters to be computed.

Lemma 4.1 Let P =PUSH, (I E, , [p1)) wher

e p=head(a) ThenF;,
HE, [sD

, IS safe with respect to

1) It 1s assumed that ffm 1z a formula over the vanables Var{a, 1}
with slashed part deleted, so that every filter 15 a formuia over
the variables without slashed part F, , 15 a formula over the vari-
ables Var{e, 0} See Example 3
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PROQF. The proof 18 by contraposition Let E; co
niribute , 1, for 1 <1<n . Suppose that g, satis-
fies FLE,, ,[#]). Then, any satisfying hst g2, 2, ...,
£,y i, satsfies (Cond, N\ FE, [p]) There-
fore, 12, s;tlsfles F;,l= (Cond NFE, [pID[Var

(@, )] by the property of X-consequence. L]

For the computation of the static filters, we de-
fine a iransformation PUSH associated with a
system graph which maps all filters 1n that system
graph 1nto new ones simullaneously, All the filiers
m a system graph SG=(V, Vo E, . Fpp P
are represented as the filter vector Fof 56 which 1s
defined as F= < ?;l, - ﬁ3m> where ¥V, = {8, ..,
6m}. The filter vector of a system graph can be con-
sidered as a representation of the fHiter function mn
that system graph, so they can be converted to each
other. The set of the filter vectors corresponding to
all possible filter functicns for a program P s de-

fined as

S(P)={F| F1s the filter vector of a system graph
for P).

Let Zand 2 be two filter vectors n S(P) for a
program P andV,={&,,.., 8, | be the set of all
rulenodes 1n a system graph for P Relations<on
filter vectors in S( F) 1s defined as

PP ul, =7,

for i=1, 2, , m. The relation < 15 a partial order
, smee 1t 18 reflexive, transitive, and antisymmetnc?
If 7 < 27 and 77 < Z, then F'1s said to be equiva
lent to B, wntten £ = 7. A parr (S(P), <) 52

poset with a umque minimum element

Fo= << false, .. false >, oo < false, ... false
>
Definition 4.4 Let SG=(V,, V, E, ., E, . F)
be a system graph for a program P. PUSH : S
(PY—=5(P) 15 q transformation which maps a fi
lter vector Fnto B/ = PUSH(F) such that
P, = PUSH, KE, [ )

'l
i

PUSHBZF( E, [ #])

I
[

, = PUSH, F(E, [p])

where Vo={8,, ., 8 Jand p,=head(8) for i=1
v 2,

PUSH shows new bindings of the body atoms of
all rules when they are called simulianeously by ihe
calling patterns corresponding to the current filters,
Corollary 4.1 If F° = PUSH(E), then every filt
er ?‘;'l in E 15 safe with respect to R E, , (5]}
where p=head(a).

Fixed point of PUSH 18 a filter vector 7 such
that # = PUSH(F'). We compute the static filter
by computing the least fixed point of PUSH, {fo( P
USH), m the poset (S{P), =). Each filter in the
least fixed point of PUSH represents all possible
bindings of a hody atom during the top-down simu-
lation, so 1t 18 the static filter we want to find. We
show wath the followmng two lemmas that the com-
putation of the least fixed pont of PUSH i the
poset termmates m finte tune, that is, Zfp{ PUSH)
=PUSH(F™") for some finte ».

Lemma 4.2 The poset (S(P), =) for a program
P satisires the ascending chain condifion thal t
here cannot be an mfinite sequence of strictly
ascending elements in (S(P), <).

PROOF. Since there are a finte number of varia-
bies and constants in a program, there are a finite
number of unequivalent formulas which consist of
constants and vanables 1n the program. So there
are a fimle number of unequivalent filter vectors.
The ascending chain condition 15 simply satisfied
since the relation < 1s a partial order and there are
a finite number of filter vectors. [3

In the poset {(S{P), =} for a program P, PUSH
18 a monotone increasing function, which 1s shown

2 the following lemma.

2} The relation < is antisymmetric in the sense that if F<F and

P o= ?", then B'=F"

Copyright (C) 2005 NuriMedia Co., Ltd.
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Lemma 4.3 The transformation PUSH 15 a mo
nontone increasing funchon n the poset (S(P)
=) for a program P
PROOF. It 1s shown n [13] that if a formula ¢ 1m-
phes a formula ¢, then ¢{X] imples ¢'[X] where
X 15 a set of some varables in ¢ and ¢ . Therefore,
if B < B, then PUSH (F) = PUSH(F" }(see Defr-
mition 4.1 and Defimtion 4.4). O

The following theorem shows that the static filter
eomputation terminates in finite time.
Theorem 4.1 If [fp( PUSH) 1s the least fixed po
it of PUSH in the poset (S(P), =) for a progr-
am Pwith the minimal element F™", then 1fp
(PUSH)=PUSHE™") for some finite n
FPROOF. By Lemma 4.2, Lemma 4.3 and Knaster-
Tarsk: theorem [18].[]

The system graph with the static filter function
for a program P s defined as

SGs!at!C=( VP. VR. EP’R' ER‘P, FS!&HC)

where 7= [fp( PUSH) n the poset { S(P), <).
Example 4.3 This example illustrates the siatic
filer computation by the least fixed pomt of PUSH.
Consider the program and the sysiem graph m Ex-
ample 1. The following shows the changes of filters
after each iteration of PUSH(see Figure 2).

Initialize’F, | = false, F, | =false F, =faise.
F,,=false

1st steration’F, | =(P =a}, F, =false, F,  =F
alse, F,,,=false

2nd iteration'F, =(P =a), F,, =(P =a),
F, =true. F, ,=(P =a)

3rd itevation isame as the 2nd iteration(the least
fixed point)
The fillers after the 2nd iteration are the static fil-
ters m SG4*°

Every filter in SG'*° satisfies the safety which

for the program.

18 a basis of the completeness of our method.

Statil
Lemma 44 Let SG =(V, V, E, . E; »

F*'%Y be the system graph with the static filter
Sunction F*C for a program. Every filter

FStenc o safe with respect to FSW!C(EP.RIPD

where p=head(a)
PROOF. By Corollary 4 1 and the defimtion of the
fixed point. O

5. Completeness Proof

In this section, we show the completeness of the
static filtering. We first define a derivation tree and
proof tree for the completeness proof.

Definition 5.1 A free 15 a dervatfion tree of a
ground atom A for a program Pif.
1) Every vertex has a label, which 15 a groun
d instance of an atom n P

2) The label of the root is A

3) ¥ a vertex with label B has childven with !
abels B,, B,, -, B, respectrvely, B—B8,, B,
-+ B, must be a ground instance of ¢ prog
vam clause in P,

4) The label of every leaf vertex must be a fa
ctin P

Definition 5.2 A proof tree for a program Fis
a devivation tree for a ground instance of a giv

en query.

When SG™“"* 15 the eystem graph with the static
filters for a program P, we show the completeness
of Algorithm Simplistic seminaive evaluat

ion on SG**'° 1n the following.

Stattc

Theorem 5.1 Let SG
ith the static filter function for q program P

be the system graph w

Algorithm Simplistic seminaive evaluatio
n on SG™ is complete

PROOF. Consider any derivation tree with height %
such that a ground mstance pafe ye—p,(22,), -, b,
(ﬁn} of a 15 apphed at the root. We first show that
if p, satishies FUE, ,[p]) where p= head(e), then
1t 18 generated by the evaluation. The proof 1s by m-
duction on the height of derivation trees.

Induction Basts . Derivation trees with height one
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are simply satished.
Induction Hypothesis ;1L holds for derivation
trees with height less than %
Induction Step : 1 Eo satishies FUE,, | [ 1]} where
p=head(a),p, L =i<n , satisfies F, , by the safe
condition of filters. By induction hypothesis, ﬁl 15
generated by the rule-nade corresponding to the root
of z-th subiree by the evaluation. Since every f_lx 18
generated by the rulenode corresponding 1o the root
of the z-th subtree by the evaluation s, 18 generated.
For every proof tree, the tuple of the root 1s gen-
erated by the evaluation, since 1t satisfies the mput

staiec

filter of the query-node 1n SG al
6. Related Works and Compansons

In this section, we first review dynamc filtering,
Magic Set and Counting method, and compare our
method with them.

To improve the performance of static filtering, we
can think of taking advantage of “actual iuples”
generated during evaluation. Dynamic filters are
complted by propagating “actual tuples” generated
during evaluation by means of sideways in format:
on passing and dackward information propagaf
on. Une sideways passing graph(SPG) per rule
controls directions of sideways immformation passing.
There are two dyname filtering methods ever
known. Dynamic filtering in {117 does not always
supersede the static filtering, so that the dyname
hiter 1s used as a conpunction with the static filter.
Unfortunately 1t 1s not complete with some SPG’s.
We proposed an mcremental dynamic filier compu-
tation based on the partal static filters in [8, 9].
The partial static Nlter are computed for some body
atoms at compile time. They are computed with a
listle modification to Defimtion 4.1. Dynamic hliers
are computed incrementally from the partial static
filters by means of sideways imformation passing
and backward mformation propagation during eval-
uation. The dynamic hltermg mn [8, 9] 1s proved to

be more efficient than the static Nitering, and 1t 1s
proved to be complete [8, 97.

Magic Sets was first described n [3] and then
further developed by Been and Ramaknshnan [5].
The 1dea of Magic Sets optimization 15 1o simulate
the sideways passing of bindings of top-down evalu-
ation like Prolog by means of the new rules intro-
duced. The simulation by the new rules computes a
set of calling patterns of each predicte during the
query evaluation, which 1s called magic set Magc
sets reduce the amount of potentially relevant data
during the query evaluation. See [3, 4, 5] for de-
tails,

The Counting method was first described n [3]
and then further developed by Sacca and Zaniolo
[17] and Beer1 and Ramaknshnan [5]. The 1dea 1s
stmlar to Magic Sets, but while constructing magic
sets for a query, Counting method computes the ”
distance” from each tuple in a magic set to the
tuple of hindings specified in the query. Such mage
sets are called counting sets Counling sets allow
more precise selection while computing the query.
However, Counting tends to do some extra work
when the “distance” between tuples of the magic set
and the query binding may not be uniquely defined.

The static filtering has a merit over other meth-
ods n the senes that it does not incur runtime over-
head, while Magic Sets, Counting method and the
dynamuc filtering meurs some runtime overhead for
computation of magic sets, counting sets and dy-
namic filters, respectively.

Magic Sets and Counting method can not propa-
gate equalities (like p( X, X)) efficiently. They can
propagate equalities only in the form of magic pred-
cates that contain all pairs {< @, g >, <b, &>,
-..}. It causes mueh runtime overhead. On the other
hand, DNiltering methods (mncluding the static filter-
g and dynamic filtering) propagates this equality
by means of condition of the form Pl= P2, which
15 more efficient.

It 18 shown mn [3, 4, 13] that none of the ap-
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proaches (the static filtering, Magic Sets, Counting
method) can not be always the best mn the number
of tuples generated during evaluation. It should be
noted that the static filtering can be better than
Magic Seis as 1n the following example, even
though static filters are computed at compile time.
Of course, Magic Sets could show more efficient be-

havior in some examples than the static filtering.

Example 6.1 Let us consider the following pro-
gram
and Des, Anc, Anc)—par{ Des, Anc)
anc Des, Anc, Anc)—par{ Des, Par), and Par,
Grandpar, Anc)
When the query 1s «—anc{a Par b). The statie fil-
tering computes all descendants of b Nrst, and then
selects tuples which satisfy the condition Al=g
Magic Sets, however, exhubits a less efficient hehav-
1or. It rewnite the original set of rules as follows.
magic{a, b)
magic{ Par, Ancy—magid Des, Anc), par( Des,
Par)
anc( Des, Anc, Ancy—magicd Des Anc), par{
Des, Anc)
and Des, Ancs Anc)—magic Des, Anc), par{
Des, Par}, and Pay, Grandpar, Anc)

At first, the magic set computed by the first two
rules are all pairs magr( ¢ b} where ¢ 18 some an-
cestor of g not necessanly descending from b Then
it finds all the descendants of & whao are also ances-
tors of ¢ using the last two rules. The amount of
work at this stage 1s the same at that done by the

static filtering.

7. Concluding Remarks

We have defined the system graph, and forma-
lized the ecomputation of static filters as a transfor-
mation so that the least fixed point of the transfor-

mation can be the static filters. Thus paper gives a

formal view to the static filter and its computation.
We also review dynamc filtering, Magic Set and
Counting method, and compare our method with
them.

The static hltering can be smply extended (o
stratified programs (databases}, which 1s a well de-
fined class of logic programs with negation (see
[7]). Parallel or distributed implementation of the
method could be attractive further research topics.
It 15 also a very mteresting reserch topic to find heu-
ristics or conditions to determine good SPG’s, smce
performance of the dyname filters could differ con-

siderably depending on SPGs.
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