






































The reader should not be mistaken into thinking that the EDB predicate must always 
precede the IDB predicate in an internal rule. The rule 

s(X, Y, V )  : - t(X, Z, V ) , e(Z, Y, V) . 

where e is the EDB predicate, does not violate the definition : Z is the linking variable , Y 
the source variable, and X the sink variable. Some examples violating the definition are 
given below. 

Example 2.4 The pair of internal rules 

s(X, Y, V ) : - e(X, Z, U) , t (Z, Y, V) . 
t (X, Y, V ) : - e(X, Z, V ) , s(X,,Y, Z) . 

violates item (6) in the definition, since the source position is 1 in the first rule and 3 in 
the second. On the other hand, the pair of rules 

s(X, Y, V) : - e(X, Z, U) , t(Z, Y, V) . 
t (X, Y, V) : - e(X, Z, Y ) , s(Z, Y, V) .  

violates item (7) , since the first rule implies that the sink position must be 2 ,  while the 
second rule implies it must be 3. O 

The definition of regular path programs can be extended in a number of ways. Firstly, 
we can allow a chain of EDB predicates of the form 

rather than the single EDB predicate e(X, Z) in an internal rule . It is also possible to 
allow tuples of variables rather than single variables for source and sink variables . We do 
not use these extensions in the remainder of the paper as they tend to make the notation 
more difficult to follow.  

In the  next section , we consider regular path programs with queries in  which constants 
appear,  for example, ? - buys(john, Y) or ? - s(X, t/0 ,  U, vo) . If the constant appears in 
the source position, we call the program right-linear ; if constants appear in one or more 
of the persistent positions, the program is called left-linear. These terms are consistent 
with those used in [NRSU89a] . 

3 Argument Reduction 

We now turn our attention to ways in which a left- or right-linear regular path program 
can be rewritten so that its evaluation can be performed more efficiently. In this section, 
we show that the techniques presented in [NRSU89a) can be extended to apply to these 
programs. 

3.1 Left-Linear Programs 
If any persistent variables are bound to constants in a query to a regular path program P, 
we simply substitute the constant.a for the corresponding variables in all EDB predicates 
in P and delete the variables wherever else they appear in P. 
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Example 3.1  Consider the program of Example 2 .2  in which argument positions 2 ,  3 
and 4 are persistent .  If we have the query s(X, Yo ,  U, vo) ,  then the program is rewritten 
as follows. 

s(X, U) 
t(X, U) : ­
s(X, U) 

e(X, .Z, U) , t (.Z, U) . 
e(X, .Z, vo) , s(.Z, U) . 
e(X, .Z, U) , e(.Z, Yo , vo) .  

All occurrences of Y and V in IDB predicates have been deleted , while all occurrences of 
Y and V in EDB predicates have been replaced by Yo and vo ,  respectively. As a result, 
the number of arguments in each IDB predicate occurrence ' has been reduced from four 
to two. D 

Given a regular path program P, we can always rewrite it so that ( 1 )  each rule uses 
the same set of variables in its head, and (2) the source variable appears in the first 
argument position of each IDB predicate in the head, the sink variable appears in the 
second position ,  and the remaining persistent variables appear in the same order in each 
rule. We will assume this standard form from now on. 

Let the query to the program be given by ? - q(X, V ) ,  the tuple of persistent variables 
being V .  We assume that W = W1 , . . .  , W"' is the subtuple of variables in V that are 
bound to constants w, , 1 :5 i � m, in the query, and that 8 is the substitution that 
replaces each W, by w, , 1 � i � m. Let V - W denote the removal of all variables in W 
from V .  The general method is as follows. 

1 .  Given an exit rule of the form 

t (X, V )  

where t1 , . . .  , e1c are e (EDB) literals, -transform i t  to 

2. Given an internal rule of the form 

t (X, V )  : - e (X, .Z, U) , s(.Z, V ) . 

where U appears in V ,  transform it to 

t (X, V - W) : - e(X, .Z, 8(U)) , s (.Z, V - W ) .  

The query q(X, V - tf' )  is now applied to the transformed program. 

3.2 Right-Linear Programs 
If the source variable X in a query q(X, Y, V) is bound to a constant , we apply a trans­
formation based on that of Magic Sets [BMSU86,BR87) , similar to the technique in 
[NRSU89aJ . The first step in such a transformation is the top-down propagation of the 
binding patterns through a program P, leading to an adorned program po.d. (Ullm88J , in 
which each IDB predicate p has an adornment a indicating which arguments of p are 
bound and which are free. For example, p1,1 means that the first argument of p is bound 
while the second is free. 
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Example 3.2 Consider again the program P of Example 2 .2 .  If we assume that the query 
is ? - s(zo , Y, U, V ) , then the adorned program patl is as follows. 

s"III (X, Y, U, V)  
t6N (X, Y, U, V) 
sl,Jf)6 (X, Y, U, V) 
tl,Jf)" (X, Y, U, V )  
s6111 (X, Y, U ,  V) 
s61'6 (X, Y, U, V )  

e(X, Z, U) , t61'f (Z, Y, U, V) . 
- e(X, Z, V ) , s1,Jf)b (Z, Y, U, V ) .  

e(X, Z, U) , t61'6 (z, Y, U, V) .  
- e(X, Z, V) , s1,Jf)b (Z, Y, U, V) . 
- e(X, Z, U ) ,  e(Z, Y, V) .  

e(X, Z, U) , e (Z, Y, V) .  

In the query, only X is bound so we start with the adornment bff/ for s .  Given that X is 
bound in the first rule, by the time t is evaluated in a top-down evaluation , Z and U will 
also be bound ; hence the adornment b/1,/for t. This process'Continues until all adornments 
which are generated in a top-down manner for all IDB predicates have been considered. 
D 

The second step in the transformation is to use the standard technique to derive the 
set of magic rules for patl [BMSU86] . The following example demonstrates the method. 

Example 3.3 We use the adorned program patl from the previous example . The magic 
rules are used to compute botto�up those bindings for variables that would have been 
used in a top-down computation.  These bindings are represented by �called magic 
predicates , one for each adorned version of an IDB predicate in patl . The magic predicates 
are formed by prefixing m_ to the IDB predicates. We first generate a rule for the constant 
in the query : 

m..s6111 (zo)  

For each internal rule in patl of  the form 

ta 1 (X, Y, V) , : - e(X, Z, U) , sa2 (Z, Y, V ) .  

we generate its magic rule by (i) prefixing both s and t with m-, (ii) deleting all free 
variables in s and t , and (iii) exchanging m_s and m_t. The reason for step (ii) is that we 
are interested only in bound variables, while that for step (iii) is that we want to simulate 
top-down evaluation by bottom-up evaluation . This gives rise to the following set of magic 
rules: 

D 

m..t6N ( Z, U) 
m..a1,Jf)b (Z, U, V )  : -
m..t1,Jf)b (Z, U, V )  : -
m..s1,Jf)b ( Z, U, V) 

m..s6111 (X) , e (X, Z, U) .  
m..t61'f (X, U) , e (X, Z, V) . 
m..s61'6 (X, U, V) ,  e(X, Z, U) . 
m..t61'6 (X, U, V) , e(X, Z, V) .  

In the final step of the transformation, magic predicates are introduced into the exit 
rules of patl _ Unlike in the usual Magic Sets algorithm, only the magic rules and these 
modified exit rules are used to answer the original query. 

Example 3.4 Continuing with our running example, we must substitute each of m-s"III 
and m_sl,Jf)6 into the exit rule of the program, giving :  
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s(Y, U, V) : - m_,1>61 (X) , e(X, Z, U) , e(Z, Y,V) .  
s(Y, U, V) : - m_,bfl,b (X, U, V) , e(X, Z, U) , e(Z, Y, V) . 

Note once again that the number of arguments in all IDB predicates has been reduced by 
the transformation. D 

We now summarise the general method . Given a program P and query q(xo ,  Y, V ) ,  P 
is rewritten as follows. 

1 .  Generate the adorned program pad from P and the query. 

2. Generate the magic rules from pa.cl. according to the algorithm in [BMSU86J . 

3 .  For each exit rule in pad. of the form 

e1 , . . .  , e1c . 

where €1 , . • .  , €1c are e (EDB) literals,  generate the rule 

where U is the tuple of persistent variables bound according to a:.  

The query q(Y, V)  is now applied to the generated program. 
In common with [NRSU89a] , the above �ethod has the advantage over Magic Sets that 

magic predicates are substituted into exit rules alone, the remaining rules of the original 
program being discarded. 

4 Efficient Evaluation 

The technique of argument reduction has been shown to speed up the evaluation of a 
range of Datalog programs. The programs to which the technique is applied in [NRSU89b] 
generalise the one-sided programs of [Naug87] , the separable programs of [Naug88] , and the 
right- , left- and combined-linear programs of [NRSU89a] . These programs are the so-called 
RLC-stable programs: those containing only right-linear , left-linear and combined-linear 
rules in terms of a single IDB predicate and one exit rule1 . For these programs it has been 
proved that the evaluation of a program P transformed by argument reduction is never 
less efficient than the evaluation of P transformed by the Magic Sets algorithm, which is 
the best general purpose technique for speeding up evaluation of Datalog programs. In 
fact ,  as shown in [NRSU89b] , programs transformed by argument reduction can lead to 
an order of magnitude improvement over Magic Sets in terms of evaluation efficiency. 

We have already seen that regular path programs can contain multiple exit rules {Ex­
ample 2 . 1 ) , as well as more than one IDB predicate and mutually recursive rules (Exam­
ple 2 .2) . Thus, there are regular path programs that are not RLC-stable. On the other 
hand , regular path programs do not contain combined-linear rules , so there are RLC-stable 
programs that are not regular path programs. 

We show below by means of an example that , given a regular path program that is 
not RLC-stable , the transformations described in this paper can also lead to an order of 
magnitude improvement over Magic Sets in terms of evaluation efficiency. 

1 There are other restrictions aa well 

208 



Example 4..1 Once again, we consider the program P of Example 2 .2 ,  excluding the 
persistent variables U and V which are not needed for the present purpose: 

s (X, Y )  e(X, Z) , t (Z, Y ) .  
t (X, Y )  : - e(X, Z) , s(Z, Y ) .  
s(X, Y )  : - e(X, Z) , e (Z, Y ) .  

Assume that the query is ? - s{zo ,  Y) and that the relation e contains the 2 n  + 1 tuples 
{ (xi , Zi+1 ) I O  $ i $ 2n - 1 } .  The program pad is as follows: 

sbf (X, Y )  e(X, Z) , tbf (Z, Y ) .  
tbf (X, Y )  : - e(X, Z) , sbf (Z, Y ) .  
ii (X, Y )  : - e(X, Z) , e(Z, Y) .: 

From P4d we get the following magic rules: 

m_sbf (xo) . 
m_tbf (Z) 
m_sbf (Z) 

m...sbf (X) , e(X, Z) . 
m-1.bf (X) , e(X, Z) . 

The relation m_{bf contains the n values { z1 , zs , . . .  , z2n- 1 } ,  while m .. .1il contains the n +  1 
values {zo ,  z2 , . . .  , z2n } .  Substituting the magic predicate into the exit rule according to 
the method of Section 3 .2  yields the following :  

sbf (Y )  : - m...sbf (X) , e(X, Z) , e (Z, Y ) .  

The relation sbf contains the values {z2 , x4 , . . .  , Z2n} , which is the answer t o  the query. 
On the other hand, the Magic Sets algorithm produces 

sbf (X, Y )  : - m...sbf (X) , e (X, Z) , e(Z, Y ) . 

where sbf containes the tuples { (z2i ,  z2,+2 ) I O $ i $ n - 1 } .  So in both cases the relation 
for sbf contains n tuples . But now M-agic Sets goes on to substitute magic predicates into 
the internal rules of the program as well , yielding: 

s"I (X, Y )  m_sbf (X) , e(X, Z) , t"I (Z, Y ) .  
t"l (X, Y )  : - m_tbf (X) , e(X, Z) , s"l (Z, Y ) . 

Here ab/ contains the tuples { (z21 , z2; )  I O  $ i < j � n} , while t"f contains the tuples 
{ {z2,-1 , z2;-1 ) 1 1  $ i < j $ n} . These two relations together contain exactly n2 tuples, 
an order of magnitude larger than the relations in the program transformed by argument 
reduction. D 

5 Conclusion 

We have defined a class of Datalog programs, the regular path. programs, whose efficiency 
of evaluation can often be improved significantly by applying the technique of argument re­
duction. This class of programs is incomparable to previous classes to which this technique 
has been applied. 

It has been shown that bottom-up evaluation using the Magic Sets transformation 
followed by semi-naive evaluation is never less efficient than top-down evaluation [Ullm89] . 
On the other hand, Magic Sets does not perform as well as it might for certain classes 
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of programs and it is highly unlikely that any single method will prove to be the most 
efficient for all programs. This has led to the search for subclasses of programs which are 
amenable to specialised techniques for improving evaluation efficiency. One such class of 
programs are the RLC-stable programs [NRSU89b] . The regular path programs defined 
in this paper now provide another such class. 

One obvious area of future research is  to attempt to establish whether the class of 
regular path programs can be integrated with the RLC-stable programs, thereby producing 
a strictly broader class of programs to which argument reduction can be applied. 
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