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ABSTRACT

We propose a technique based on Petis
Nets formalism to model logic queries i deduc-
tive databases The model 15 called PNLP (Peti:
Net model for Logic Programs), and 1t has a sim-
ple formal description and a graphical representa-
tion The PNLP model explicitly represents the
relationships between rules and predicates It 1s
general and flexible enough to demonstrate the
flow of control in different algorithms used to
In fact the
model unifies the level of descuiption of thesc
algorithms, and facilitates

evaluate recursive logic queries

identi{ying similari-
The mherent
non-determinism 1 the PNLP model may also be
useful

ties and diffexences between them

m recogmizing the paralleltsm within
In this paper, the
PNLP model 15 described, and 1its functionality 1s
demonstiated by modeling several existing algo-

Ilorn-clause logic programs

rithms for recursive query evaluation

1. Introduction

A deductive database consists of a set of
base relations called extenstonal database (EDB),
and a set of function-free Horn clauses which
define virtual relations, called intensional datae-
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base (IDB) Thece clauses arc alsn called ride A
general pres ntation of the Lubjoct ~an bLe fonnd
m [GM

The problem of evaluating logical quiiies m
deductive databases especially the evaluation of
reculsive queries, has atiracted the attention ui
several researchers Various approaches to evalu-
ate recursive queries appear in the literature, e g
[BR],[BMSU]J,{U],[HN],[SZ]
these algorithms are not cleaily piesented, aic

However most of

hard to undeistand, and they are presented m
J.flerent levels of detail~ [BR|)
look very s.malar except for iow details Very 1

Nany ol them

ic has been done to compare these algo.thims, o1
to wdentily the impact of the differences s detatls
on the behavior and pe,formance of these al ) »
sithms [BR]  We believe thot ths
lack of a simple model that can copture (v

15 due to th

mnterrelationships betwern predicates and 1nfes
and have the ability to demonstiate th v 1y con
stamws are propagated thioagh vano - anpl ca-
tions of the inles Such a model Jhould olso faelty

wate recogniang the flow of contiul ol vaons

algonithms  that e wsed for v d aling 1h
querics, and evertually sheuld help 10 choosi i

the best stiategy

In this paper, propose  a
non-deterministic model based on Petri Nets
(PN) formulation [P}, called the F¢f1i Net wodel
for Logic Program< (PNLP)
defimtion of I'N, and allow the derments to have

we

We nolfy v

some wmformation {colors) 7 [A] -0 that the o
will te able to sumulate hasic opriztions m rhr
resolut on procedure [K!, and the relatonal a'ye-

bra ‘The PNLP 1s non coermmisiac o the e -
that given an untial state, there ars, ' gooral



more than one operation leading to different
states This gives the model a natural way of
recognizing parallehism 1n logic programs, and the
necessary synchromization

The PNLP 1s motivated by a research eflort
for developing an automata for evaluating logic
queries with the abihity to choose an optimum
flow of control This automata should use both
the characteristics and the existing
knowledge about the database, and the dynamic
facts discovered during execution We first
present the PNLP model and 1ts charactenstics

static

Then we model several existing recursive query
processing algorithms in the PNLP to illustrate
how the PNLP unifies the level of presentation of
the various algorithms in terms of a relatively
simple language

The rest of the paper 1s organized as fol-
lows Section 2 gives the necessary background
for Petr1 Nets and their terminology In section
3, the PNLP model 1s presented, and its struc-
ture aspect and the dynamic aspect are discussed
In section 4, we discuss some related works In
section 5, some well known algorithms are
presented as examples to demonstrate their flow
of control in terms of the PNLP language In
section 6, a general discussion of these algorithms
and their PNLP models are given The last sec-
tion 15 the conclusion and future work

2. Petri Nets - Background

Peti1 Nets (PN) 1s a very powerful model-
hng technmique that has both static and dynamic
aspects In the literature, PNs are usually men-
tioned when there are parallel asynchronous
problems A detaled presentation of the theory
and the modelling power of PN can be found 1n
P]

A PN structure 1s a quadruple (P, T, I, O),
where P and T are finite sets whose elements are
called places and transitions rospectively, I1s the
mput function from T into bags of places (I T —
P*), and O 1s the output function from T to bags
of places (O T — P®) A place p € P 15 called
an snput place to transition t if 1t occurs in the
mnput bag of this transition, 1e #(p, I{t)) > O

ol

(# 15 the number of occurences function in Bag
theory, and 1t 1s analogous to the membership
function 1n set theory) Similarly, p 1s an output
place of the transition ¢ if #(p, O(t)) > 0

The PN structure also has a graphical
representation and transition
represented as circles Oand bars I 1espectively
Input and output functions are represented by
arcs from (to) places to (fiom) transitions respec-
tively

Places are

Example 2.1

P = {pi, p2,P3,Ps}, T={t,, s, t3}
I(t)) = Bag{ps}, O(ty) = Bag{p:},

I(t;) = Bag{ps},  O(ty) = Bag{pz, pz, ps},
I(ts) = Bag{ps}, O(ts) = Bag{p4}

The graphical representation of the above struc-
ture 1s given 1n Figure 2 1

2} P4

Ps ts

Figure 2 1 Graphical representation for example 2 1

A marked PN 1s defined as a PN structure
and an assignment of tokens to the places A
token 15 a primitive concept for PN, and 1s
represented graphically by ‘o’ The marking
function defined as uy P — N, where N 1s the set
of natural numbers, and p(p) 1s the number of
tokens 1n a place p The state of a place p 15 1ts
marking, 1e p(p), and the state of the net 1s
defined by the markings of all the places The
state space of a PN 1s the set of all possible
markings of the net



A PN executes (1e changes its state) by
firtng the transitions A transition t can be fired
if 1t 15 enabled, 1e all its put places have
sufficient tokens Formally, t 1s enabled 1f u(p)
> #(p, I(t)) for all input places p for this transi-
tion When fired, the transition ¢ removes the
tokens from 1nput places and produces new
tokens mto output places (theoretically in no
time)

There are many extensions to the orignal
PN discussed above These extensions try to
mmprove and increase the modelling power of
these nets by adding exclusive-or and ihibitor
arcs to the model Also, some extensions provide
some imformation to be attached to the net ele-
ments (coloring for the net), and time for the
transition finng [A] Unfortunately the basic
analysis techniques for PN are not applicable to
the most of these extensions, especially to the
colored PN [CJ] Notice that our PNLP model 1s
in principle a colored extension of Petr1 Nets
Another approach for studymng PN 1s by consid-
ering them as formal language automata The
sequence of transitions that are fired are viewed
as strings, and the language accepted by the net
1s the set of all possible finng sequences of the
transitions So, Petri1 Nets behavior may be stu-
died Dby of therr
languages

studying the properties

3. The Model

The PNLP model has two aspects The
structure aspect and the ezecution aspect These
are also called static and dynamic aspects respec-
taively

3.1. Structure aspect

The PNLP structure displays the interrela-
tionships between rules and predicates as
specified by the logic program We will first
present the formal defimtion, and then discuss
the graphical representation

Definition 3.1 The structure of a PNLP model
1s a quadruple (T,P,1,0), where
T 1s a non-empty set of transitions,
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P 15 a non-empty set of places, and P N T == ¢,
I T — P* s the mput function from T to bags

of places,

O T — P 1s the output function from T to P
A transition t € T in PNLP 1s a tuple of the
form (c, n, €) where ¢ 1s an nteger called the
count, 1 1s a list of ouiput arguments, and €15 a
set of consatraints of the form x 8y, § € {=, >,
<, 2, <}

A logic program consists of function-free

Horn rules ry, ry,
the form

, I'm, and each rule ris of

p(xu 7x1) - pl(xq» ,X,), ,Pk(xu, Ay)
We can set up the following isomorphism, M,
between such a logic program and a PNLP struc-
ture Informally, we represent each rule by a
transition, and each predicate by a place Predi-
cates that occur 1n the rule body are input places
to the transition representing tlus rule and the
predicate 1n the head will be the output place

More formally, M 1s defined as follows
M(T) = { r | r1s a rule in the logic program },
M(P) = { p | p 18 a predicate name in the pro-
gram },
M(I(t))=Bag { p | p € M(P) and p appears n
the body of M(t) },
M(O(t)) == p , p € M(P) and p 1s the head of
M(t), and 1f M(t) == r then
n == hist of vanables in the head of yule r, and
& = specifies the relationship between the
vanables 1n the body of the rule r

Example 3.1 Suppose we have the lollowing

logic program [HN]

n s(X1,21) -m (X1,Y1), ¢ ( Y1,Z1)
rp  t(YLZ1) -p(WLZ1),s(YLW1)
3  t(Y1L,21) -f(Y1,Z1)

m, f, and p are base relations, and can be inter-
preted as mother, father, and parent respectively
s can be thought as a particular kind of ancess-
tor, and t 1s an auxihary relation used to define s
The PNLP structure corresponding to the above
program will be as follows *

* We use the notation p[i] to denote the 1 argument in
the predicate p



{1,1‘2,1'3} P—-{fm,p,s,t},
(c1, (m[1], ¢[2]], { m[2]=¢[1] }),

ra = (cg, [s(1], p[2]], { P[1]=s[2] } ),

rg == (C3, [f[ll’ f[Z]], ) )’

Ir) =Bag{mt }, O(r)=r>5,

I(rg) =Bag{ ps}, Ofry)=t,

I(rs) = Bag{ f },O(rs) = ¢

H

I

I

Graphical representation A nice pro-
perty of PNLP 1s that it has a graphical
representation of the formal description 1n a
relatively simple graph A PNLP graph, 1n gen-
eral, 1s a labeled bipartite-directed multigraph
Places are represented by circles , and transi-
Input function 1s simulated by

arcs from places to transitions, while the output

tions by bars l

function 1s represented by arcs from transitions
to places The lList of output vanables and the set
of constraints of a transition are represented as
labels on the output and mput arcs The graphi-
cal representation of the program in example 3 1
1s given 1n Figure 3 1

( ) Y1,21 \ YlZl( }
XlYl

Yl Z1
Y1, Zl

X1,21 Wi,Z1
Y1,W1

Figure 31 Graphical representation for example 3 1

Example 3.2 Consider the following
definition of the transitive closure tr of a relation
e(X,Y)

n X Y)-eX Y)

rp  tr(X,Y) - eX, Z), tr(Z,Y)
The graphical representation 1s shown in Figure
32

3.2. Marked net and the state space
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tr

Figure 3 2 The transitive closure example

The net 1s said to be marked if we allow
tokens to be assigned to places A loken 1s a
im PN based models In
PNLP, a token represents a set of tuples that
satis{ly the relation represented by the place So,
mn this sense, tokens are colored (1e contain
nformation) in PNLP A token may be of one of
the three types below

primitive concept

o Tuple token The token represents a set of
fully instantiated tuples

o Query token Represents a set of paitially
mstantiated tuples

o Free token represents a set of totaliy

un-instantiated tuples

Un-nstantiated attributes 1n a token will be

represented by ‘»

Example 3.3 Suppose, 1n example 3 2, we
have the query tr(a, ?) This will be represented
as a query token (a, 1) in tr place, and graphi-
cally as in Figure 33

Figure 3 3 Representation of the query token tr(a,?)



Let P = {p;, ps, , Pm} be the set of
places 1n a marked PNLP, and 7 denote the
current set of tokens assigned to the place p,
Then 7, 1s the state of p, and the state of a
marked PNLP 1s the ordered tuple (7, 7,
Tm) Where m = | P
of all possible states,

’

The state space S 1s the set

S = P(D,) X P(Dg) X X P(Dy)
where D, denotes all possible instances of the
relation p, with the symbol ‘¥’ a,llowed,f and
P(D,) 1s the power set of D, The reachabslsty set
from an imitial state of the PNLP 1s the set of all
possible states (markings) that can be reached by
executing the net

3.3. Execution aspect

The marking function p 1s a mapping from
the set of places to sets of tokens u(p) will give
the current state of the place p, 1e the set of
tokens assigned to p In the orginal non-colered
Petr1 Nets, the net executes only by firing the
transitions [P] Since the PNLP 1s a colored
extension of Petr1 Nets, we need to modify the
execution rules, and define some new concepts
concerning the execution of the PNLP The 1dea
behind these modifications 1s that we need to
imitate the behavior of the resolution procedure
K]

below

The execution rules of PNLP are given

Fire rule (FIR) A transition t € T 15 said to be
enabled if there are some tokens 1n all its input
places, 1e u(p) 5 9, for all p € I(t) A trans-
tion t = (c, 5, &) may fire if 1t 1s enabled Firing
a transition, in general, will change the state of
Informally, FIR will project
into the output place, the result of the join
operation® on the input tokens Let y# and u” be
the marking before and after firing t respectively
Then for an output place p = O(t) we have

the output place

p(p) = u(p) U m, (D><e v, )

1 Note that, in general, a token represents a subrelation
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where v, € u(p,) and p, € I(t)

Above, m, 1s the projection over the attributes in
17, and ><J means the Join operation according
to the constraints mn € The state of the wnput
places may also change as follows

For all p € It),

p’(p) = p) - { vlv € p(p) and v has a non-
empty contribution to the result of the
jon above}

If the firing changes the state of the input places,
we say that firng consumes mput tokens This 1s
valid when the consumed tokens have no further
non-redundant contribution

Perturbation rule (PRT) A transition t € T 1s
a candidate for perturbation 1f there exist a
query token 1n the output place of this transitiun

A transition t = (c,n, £) may be perturbed
(PRT) if 1t 1s candidate for perturbation (Recall
that n 1s a hst of output variables and £ 1s a set
of constraints) Intutionally, we can thmnk of
PRT as the process of propagating the constants
mn the query to the rule body and generating a
request for evaluation of each predicate in the
rule body In general, perturbing the transition
will change the state of the :mput places as fol-

lows

Let # and p” be the marking before and
after perturbation of t Let v be the query token
which make the transition candidate for peitur-
bation Let us define the operation 7(p) of
creating a new token into a place p as follows
v(p) = if the inter-

section of n and the argument of p 1s

a new token of type free,

empty,
= a query token with common arguments

instantiated from v, otherwise

Now, PRT will change the states of the input
places so that

* This 1s usually a natural join



s (p) = u(p) U ), pe It)

The state of the output place may also change
due to PRT The new marking will be

u’(p) =u(p)-{v}, peoOt)

In this case we say that the perturbation con-
sumes the mnput query token

For instance, 1n example 3 3, perturbing r; will
change the state of the net as shown in Figure
34 If PRT consumes the mput query token,
then the token (a,?) m tr will be removed

Figure 3 4 The state of the net after perturbation of r;

For some optimization purposes, as we will
see 1n section 5, the transition may count the
number of PRT 1t makes (in the count attribute),
and produce an equivalent number of free tokens
into the appropriate places Also the transition
will be able to mark the output tokens using the
current value of the count

Information passing rule (PAS) A transition
t = (c, n, €) may pass information (PAS) from
some token v; € u(p;) mnto another token v, €
u(py) where p;,p; € I(t) 1n two ways

a- Sideway snformation passing If there exist an
equality constramnt p,[i] == pyfj} € € and p;fi] 1s
mstantiated but pgf)} 1s not The result 1s the
instantiation of vylj]

b- Cycle-stealing nformation passing * If there

* The name cycle-stealing 18 because this 15 equivalent to
finng the transition then making sideway 1nformation
passing, without actually firing the transition
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exist an equality constramnt plk] = pofj} € ¢,
and p;[i] € n such that p;i] will be the k™
argument of p 1f the transition 1s fired, and p; [
15 1nstantiated but pgfj} 1s not

Example 3.4 Assume that 1n example 3 3 we
have the following marking

u(e) = {(a, b), (2, )},

u(er) = {(a, D}
Now transition ry can pass information fiom the
token (a,b) to the token (?,?) (in the same place),
since we have the constiaint efl] == tr(2], and e[2]
15 1n the output hst n Then e[2] will be the 2
argument of the token, 1if ry happens to fire So,
we can use €[2] to bind the 1** argument in the
other token The new markings will be

ple) = {(a,b), (b, ")},

u(er) = { (3,7 }

3.4. The PNLP language

Another way for studying PNLP 1s to focus
not on what markings (states) are reachable, but
on how they are reached Of particular interest
are the sequences of operations (FIR, PRT, PAS)
which lead from one state to another Such a
sequence of operations 1is called a string, and a
set of strings 1s a language We will call this the
language defined by PNLP, or sumply the PNLP
language This 1s similar to the defimtion of
Petr1 Net languages [P] A complete formulation
of this language 1s not given 1n this paper Ilere,
we are only interested in using the language sym-
bols to describe the flow of control in the algo-
nthms m a clear and concise manner The
relevant symbols and their associated meanings
are given 1n table 3 4-1

Below, we discuss some properties of the
PNLP language with respect to the evaluation of
logical queries
two ways to execute this rule, namely, bottom-up
and top-down The bottom-up method fi1st
evaluates all the predicates in the rule body, and
then projects the conjunction of these predicates
mto the rule head In PNLP, this 1s simulated
by FIR the transition corresponding to the rule
The top-down methods use the constants (bind-

Given a logical rule, there are



Symbol Description
Ft Fire transition t, don’t consume input tokens
F, Fire transition t, and consume input tokens
Ft](n) Fire transition t, use only tokens marked (n)
__tm Fire transition t, and mark the output token
R,, Perturbe t, don’t consume mput query token
R‘ Perturbe t, consume input query token
Ryj) Perturbe t, use the token marked (n)
R® Perturbe t, mark the output tokens
Rf Perturbe t, produce ‘count’ of free tokens
pli = q)] Sideway information passing from it arg of
pto j"h arg of q
Py @ qli) Sideway inf passing Use a token marked(n)
pli) => q|j]  Cycle-stealing information passing
p[|]=>(n) q))]  Cycle-stealing inf Use a token marked(n)
a(p) Select tuples from the relation corresponding
to place p
Table 3 4-1

ings) m the query by unifying them with the rule
head, and propagating these constants to the rule
body, and then evaluating each predicate in the
body This corresponds to PRT the transition 1n
PNLP So, given an algorithm for evaluating
logical queries in  deductive databases, 1ts
behavior as modeled by a string mn the PNLP
language will indicate the class of the algorithm.
For example, a pure bottom-up algorithm wall
result 1n a string of only FIR operations, while a
pure top-down procedure will result 1n a sequence
of PRT followed by FIR, such that no transition
1s fired unless 1t 1s first perturbed

4. Related Works

Most of the algorithms used to evaluate
queries 1n deductive databases use a graph model,
such as the predicate connection graphs [HN],
and the rule/goal graphs [U].

The predicate connection graph (PCG) con-
nects the hiterals that can be unified 1.e predicate
occurences 1n the rule body are connected to
their occurences 1n the heads of the rules The
PCG 1s static and displays only the structure
aspect of the logic program It does not display
by 1itself the dynamic aspect and the binding pro-
pagations through the flow of control Usually,
these graphs are used with the top-down stra-
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tegles

The rule/goal graphs (R/G), which are
essentially AND/OR graphs, are also static
Each predicate 1s represented by a relation-node,
and each rule 1s represented by a rule-node
Each relation-node 1s an OR node for all the
rule-nodes which correspond to rules with this
relation name n the head The rule-node 1s an
AND node for all the relation-nodes correspond-
g to the predicates in the body Ullman [U]
also defines the adorned R/G graphs in which
every IDB predicate 1s represented by a number
of relation-nodes corresponding to the different
possible binding patterns for this predicate
Although adorned R/G graphs can display the
propagation of constants, the graph becomes
complex, and 1ts size will be an exponential func-
tion of the maximum number of arguments 1n an
IDB predicate Together with the 1dea of capture
rules {U], the system 1s a very general formula-
But
unfortunately, R/G graphs support only those
‘obvious’ capture rules [U]

tion to the problem of query evaluation

These graph models are usually tuned
heavily to serve specific algorithms and can
hardly be used outside the specific algorithin(s)
for which they are designed On the other hand,
The PNLP model proposed here is formal, and
can model almost all the strategies and the flow
of control of different algorithms In fact, the
motivation for the PNLP model 1s to use 1t as a
basis for a general 1nference engine which 1s able
to produce an optimal flow of control for answer-
mg queries 1n deductive databases

5. Modelling the Behavior of Some Query
Evaluation Algorithms

In this section, we will use the PNLP to
model some of the well known algonithms for
recursive query evaluation In order to demon-
strate the flow of control of these algorithms, we
will use the following example (similar to the
same-generation problem [BMSU]J)

Suppose we have a directed graph with
three kinds of edges, wu, d,
stored in the base relations u(x, y), d(x, y), and

and q, which are



q(x, y) respectively where, x and y are nodes 1n
the graph Suppose also that we are interested 1n
finding the nodes n and m that are connected by
a special path so that this path can be parti-
tioned mto exactly three parts The first part
consists of zero or more edges of type u, the
second part 1s exactly one edge of type q, and the
third part consists of zero or more edges of type
d Moreover the number of edges n the first and
the third part are the same Let h(n, m) be such
a relation between nodes n and m h can be
defined by the following rules

r; (X, Y) -u(X,X1),d(Y, Y1), h(X1, Y1)
e B(X,Y) -¢(X,Y)

Now given the query h(a, ?), we want to find all
the nodes connected by the special path to node
a The graphical representation of the PNLP
structure model of the above program 1s given 1n
Figure 51

Figure 5 1

The 1imitial markings assumed by the algo-
rithms, discussed 1n the following sections, differ
Usually,
top-down algorithms consider the query token (a,
?) in place h and tokens in the places correspond-
ing to base predicates as their imitial markings

from one algomthm to another

Bottom-up algorithms will start with a token in
every place corresponding to a base predicate
which represent the whole base relation

5.1. Nalve evaluation method [BR]

Nalve evaluation method 1s a bottom-up
method The 1iterations for evaluating h(a, ?) m
our example are®

* ], denotes the value of h after iteration number 1
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1=0 hyg=q

=1 h1=h0l><lll><d

1= hy = (ho U hy) ><u > d
J=r-1

1= hy = (| bh) ><iup<id

1=0
1

¢
The algonithm stops when h, - h,_; = @, and the
answer 1s selected from b,

The control flow of this algorithm can be
demonstrated using the PNLP language (refer to
Table 3 4-1 for the definitions of symbols) as fol-
lows
Instsal marking Tokens 1n q, u, and d represent-
g the EDB relations
Ezxecution sequence

1=0 F,
1=1 Ff:
1=2 F

3

So, the execution string will be F,, fo F
F
FIR actions which means that the nafve method

18 a pure boltom-up strategy as mentioned ear-
her

n
Notice that the string consists of only

5.2. Semi-nalve method [BR]

Semi-naive method tries to cut down the
duplicate tuples generated in nafve method The
iterations performed by semi-nalve method can
be written as

1=0 hy=q

1=1 hl=h0[><ul><d
1=2 hg = h; ><up<id
1=r hy =h,; D<gupgd

where at each 1iteration we only use the new
tuples The algorithm will halt when h, = @, and
the result 1s selected from the union of all h’s

In PNLP, the sequence of actions describing
this method 1s essentially the same as the
sequence of naifve method The difference 1s that



only the new generated tokens are used for firing
In other words, mput tokens are consumed (Note
that base predicates always have a token ) So
the execution string can be written as

F'z F'l F‘l F'l

’

5.3. Magic sets [BMSU],[BR]

Magic sets 1s a term-rewriting optimization
method Given a set of rules, the method will
generate an equivalent set of adorned rules The
new set 1s divided as "magic rules” and "modified
rules” and the evaluation process will be pure
bottom-up 1n two phases
Phase 1 Compute the magic sets from magic
rules This phase simulates the passing
of bindings 1n top-down strategies

Phase 2 Use the magic sets computed in phase 1,
so that database retrieval can be res-
tricted to only the tuples that have bind-
ings from these magic sets

Since the magic sets method try to sumulate
top-down flow of control 1n a bottom-up manner,
we will demonstrate its behavior using the new
adorned set of rules In the discussion following
this section, we will present a PNLP string that
operates on the original set of rules and have the
same optimzation effect as the magic sets
method The set of adorned rules corresponding
to our example are

Magic rules

t; magic( X1) - u( X, X1 ), magic,”( X)
ty magic,®( Y1) - d( Y, Y1), magic®( Y)
t; magicy’( a)

Modtfied rules

ty B(X,Y) -u( X, X1),d(Y, Y1), magic’(X)
, h*(X1, Y1)

ts B(X,Y) - o X, Y), magic( X)

t¢ h®(X,Y) - u( X, X1), d( Y,Y1 ), magic,®(Y)
, h™( X1, Y1)

t; h®(X,Y) - o X, Y), magic®( Y )

tg query’( X) - h*( a, X)

The relevant part of the PNLP structure of the
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new set of rules will be as shown 1n Fagure 5 2

q

w X
X1,Y1
l
|
|
XY _ﬁC : X X1

) u |
Y, Y1 |
I

phase 2 |  phasel
d I

Figure 5 2 PNLP structure of the magic set example

Using semi-nalve or nalve method, the execution
will be 1n two phases In the first phase, only
transition t; will be active, and itially a token
(a) 1s placed in the place magic”’ In the second
phase only t4 and tg; will be active with an nitial
marking in q, magic, u, and d In terms of

PNLP language (Nalve method) this wall be

Phase 1 F"l Ftl F"l Ftl
Phase 2 Ft& IT"‘ Fg4 F‘-tq -F:"q

Notice that the PNLP strings indicate that 1t 1s
a pure bottom-up strategy

5.4. Henschen-Nagqvi algorithm [HN]

HN-algorithm 1s a top-down algorithm The
main 1dea 1n the algorithm 1s to 1dentify a special
loop 1n the predicate connection graph, called
Potential Recursive Loop (PRL) This PRL 1s
then divided into two parts determaned part, and
The role of the PRL 1s that the
only way to obtain an answer to a query is to

induced part

evaluate around the PRL zero or more times (full
cycles), and then through the exit expression So,
the algorithm m the 1! iteration, will evaluate
the determined part 1 times then, evaluate the
the

exit expression once, and then evaluate



induced part 1 times The 1terations stop when
the determined part evaluation yield § Notice
that the induced part and the determined part
depend on the form of the query In our exam-
ple, we have

Determined part = u(X, X1),
Induced part = d(Y, Y1),
Exit expression = q(X,Y)
Thus, the sequence of DBMS requests generated

by HN-algorithm will be equivalent to the follow-
Ing sequence

1=0 q(a,Y)
=1 u(a, X1) > q(X1*, Y1) > d(Y, Y1)
1=2  u(a, X1}) > u(X1}, X12%) >g (X1?, Y12)

> d(Y1, Y1%) > d(Y, Y1)

In fact, the algorithm saves the result of evaluat-
ing the determined part in the 1* iteration and
uses 1t 1n the next iteration The flow of control
in PNLP language will be as follows

initral marking h(a, ?), u, d, and q (at the begin-
ing of each 1teration)
Ezecution sequence

1=0 Ry, o{q) Fy,
1=1 R, o(u) u2]—=h{1} R,
o(q) F;, h(2]—d[2] o(d) F,,
1=2 R, o(u) u[2]-h[1] R, o(u) u[2]—h(1] R,,

o(q) F;, h(2]—d[2] o(d) d{1]=>d[2] o(d) F,

Notice that the iteration will halt when o(u)
the determined part produces §

We can also sumulate the optimization
done 1n the process for evaluating the determined
part The new sequence will be

Inttsal marking h(a, ?),u,d, q
Ezecution Sequence
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1=0 ﬁ'rz O'(q) Fr2

1=1 R¢ o(u) uf2]-h(1] Ry, o(q) F,, h[2]—d[2]
o(d) Fy,

1=2 R o(u) u2]—h{1] R,, o(q) F,, h[2]—d[2]
o(d) d[1}=>d[2] o(d) F;,

Here we use ﬁ,z m order to save the last result,
and use Rl.°l to produce a number of free tokens

equal to the count ¢ of transition r; Ths
enables the net to evaluate o{d) (induced pait)
the correct number of times

6.5.Counting method [BMSU}, [BR], [SZ]

Although the method first
appeared in the hiterature as a modification of
the magic sets techmique [BMSU], the control
flow of the method 1s essentially the same as that
of the HN-algonthm This can be observed from
the corresponding PNLP model The difference
between the two algorithms 1s due to the decision
about the trade-off between storage and compu-
tation From the previous section, each 1teration
of the HN-algorithm consists of two phases The
first 1s the evaluation of the determined pait
(the computation 1s optimized 1n this phase), and
the second 1s the evaluation of the induced part
(the computation 18 not optimized) A set of
answers will be produced after each iteration
On the other hand, the counting method will
evaluate the determined part for all the iterations
1n the first phase (saving the results of each itera-
tion, and these are called the counting sets), and

counting

then evaluate the induced part in the second
phase The result will be produced only after the
last iteration 1n the second phase This scheme
allows the counting method to optimize also the
computation 1n the second phase With this view
i mind, the PNLP control sequence of the

counting method can be as follows

Instral marking h(a?), v, d, and q
Phase 1 (Generating counting sets)



1= ﬁrz U(Q) Fl’:l
R, o(u) u[2]—h(1] R,, o{q) F.2

=2 R, ofu) ulzl--hi1] K, ofe) £
1==n-1 R,1 o(u) u[2]—h(1] ﬁl‘z o(q) F'I:
1==n er a(u)

Phase 2 Imtial marking from phase 1

1=0 h[2)5Y d[2] o(d)

1=1 (d[1]=>d[2], h[2]%? d[2]) o(q)
1=2 (d[1]=>d[2], h[2]& d[2]) o(d)
i=n-1  (d[1]=>d[2], h[2]¥ d[2]) o(d)

Foi

Notice that the operations in the second phace
which are enclosed in brackets use only one free
token That 15, (d[1]=>d[2], h[2]%? d[2]) 1s
equivalent to (d[1] U h{2]) — d[2]

6. Discussion

In this section, we discuss the query evalua-
tion algorithms that are considered in the previ-
ous section in terms of thewr PNLP model, and
demonstrate the functionahty of the PNLP
model That 1s, we discuss the similarities and
differences of these algorithms that are made
more apparent by their PNLP models.

The flow of control 1n the nalve method
described 1n section 51, implies that tokens are
not consumed upon finng of transition r; (1e
I'T",l), so tokens will accumulate in place h, and

the cost for firing (which 1s a JOIN operation)
will increase as we 1terate Also, tokens that are
generated 1n the i'* 1teration will also regenerated
in all the subsequent iterations This increases
the cost for redundancy checking The sequence
of control chosen by the nafve method will never
lead to a halting PNLP, and the only way for the
algorithm to stop 1s to provide external check for
the termination condition after each firing of r,

The semi-nalve method avoids the above
problems by choosing to consume the input token
upon firing (1 e F,l) This also leads to a halting

PNLP, when the database relations are fimte

70

That 1s because when the result of F‘,1 1s empty,

the place h will no longer have tokens and consc-
quently, r; will not be enabled This makes the
semi-nafve method much more efficient and the
volume of data (tokens) circulating in the net 15
reduced

In the magic sets method the sequence F .
Fy,
sidered as a sequence of selections from the 1ela-
tion u Instead, we can perform the first phase 1n

a top-down fashion using the original set of rules
Notice that the new sequence will be as efficient

appearing n the first phase, can be con-

as the old one, since 1t corresponds to the same
series of selections The advantage 1s that, we
need not deal with the set of adorned rules which
1s much larger than the onginal set of rules
Thus, the following sequence can be considered
as another approach which has the same effect as
the magic sets method but without
re-writing of the rules

phase 1

any

Instial marking h(a, ?), u, d, and q
Ry o(u) u[2}—h[1] R,
R, o(u) *

Ezecution sequence

o(u) — h(1]
phase 2

Inttial marking d and q (base relations), and

tokens in u from phase 1

Ezecution sequence  Fy, F‘,l F‘,l F,l

The PNLP models of Counting method

clearly demonstrates the ielationship between
Counting and HN-algonithm That 1s the only
difference between the HN-algorithm and the
Counting method 1s that, the Counting method
also does optimization in the induced part This
also explains the relative performance of the
HN-algonthm and the Counting method
presented mn [BR] That 1s, in [BR] several test
programs are used, and using a cost model, for
each method and for each query the cost of com-
puting the query 1s anahitically computed for the
different sets of data From the results of this
cost computation, 1t can be observed that 1n each

* Stop when last selection yields ¢



case where the HN-algorithm and the Counting
method perform the same, the test program used
does not have an induced part, and for the cases
where the Counting method performs better than
the HN-algorithm, the test program used has an
mduced part

Before concluding the discussion, we should
mention that the PNLP strings given here to
describe the behavior of these algorithms are not
the only possible sequences This 1s due to the
inherent non-determimism of the PNLP model

7. Conclusion and Future Work

We present a non-determimistic modelling
technique for evaluating logical queries in deduc-
tive databases The model 1s a colored extension
to Petr1 Net model We call this model the Petn:
Net model for Logic Programs (PNLP) The
structure aspect of this model captures the struc-
ture of Horn-clause logic programs, and the exe-
aspect  allows the power of
non-deterministic modelling to the flow of control

cution

for evaluating the queries, especially the recursive
quertes The model also illustrates the binding
propagation process during the query evaluation
The PNLP 1s motivated by a research effort for
developing an automata for evaluating logic
queries with the ability to choose an optimum
flow of control This automata should use both
the characteristics and the
knowledges about the database and the dynamic
facts discovered during execution

static existing

We demonstrate the power and the general-
ity of the PNLP model by using it for the model-
ling of several well-known algorithms Also 1n
these examples, we use the model to identify the
basic differences on both the data flow and the
control flow, and generally their impact on the
peifoimance The description of the flow of con-
trol and the data flow 1n terms of the PNLP
language 1s concise We are also able to use the
PNLP to produce, as an example, a new version
of the magic sets method which does not require
the rewriting of the original set of rules into a
new set of adorned rules (which 1s usually much
larger set)
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Although, we present here only the model
and 1its modelling capacity, currently we are
mvestigating the following topics related to the
PNLP model
e Methods for recogmzing paralleism n the

model,

o Relationships between the structure of a given
PNLP and the execution schedule, in order to
obtain an efficient flow of control for special
classes of Horn clauses

o Formal defimtion of a full automata that can
efficiently execute the model, and its implemen-
tation 1ssues
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