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1 Introduction

Previous works have shown that analysing the structure of logic programs
may provide useful information for guessing norms and level mappings, the
central notion of termination analysis in Logic Programming [1–3,6]. More-
over, structural information can also be used to transform a program to
another program such that the transformation is termination preserving and
termination proof becomes easier and more precise [4,5]. In [5], a transfor-
mation which is based on partial evaluation and predicate renaming was
proposed. However, this work was done specifically for the Terminweb1’s set-
ting with its focus on binary clauses. Both partial evaluation and predicate
renaming are applied to the binarised counterpart of the original program.
Another limitation of the work is that only few experiments were performed.
In this paper, we present a transformation technique which consists of two
simple steps:

- Predicate Renaming: Based on the different structural information of
predicates collected in a given program, a predicate is split into different
predicates and the program is transformed to a new one. This transforma-
tion process preserves the termination behavior of the original program.

- Program unfolding: Partial evaluation is applied to unfold the program
in a way such that both termination and non-termination are preserved.
It is done by using ECCE, a well-known off-the-shelf partial evaluator.

The advantage of this technique is that it applies directly to logic programs
without binarising them. Therefore, it can be considered as a pre-processing
step for termination analysis in general and can be integrated into any ter-
mination analyser. In this paper, we use Polytool2, a tool for automated
termination proof which is based on polynomial interpretations but in its
most simple form: only linear interpretations are used. First, we apply pred-
icate renaming on the original program to generate a new program, and if

1 http://lvs.cs.bgu.ac.il/˜mcodish/suexec/terminweb/bin/terminweb.cgi
2 http://www.cs.kuleuven.be/˜manh/polytool/



the termination prover fails, then we apply program unfolding and do ter-
mination analysis again on the unfolded program. Note that these two steps
are independent and can be applied individually and in any order. We have
done an extensive experiment on a large number of benchmarks and the re-
sults show that the transformation makes the termination proofs considerably
more precise and the running time for the analysis does not increase much.

2 Predicate Renaming

This specialisation method is an alternative to the approach in [5]. The dif-
ference is that this transformation is applicable not only for binary logic pro-
grams but also for any pure logic program. Moreover, it generates new logic
programs with less clauses than the ones in [5]. The basic idea of this method
is to rename predicate so that a predicate can be separated into different new
predicates. We illustrate this approach by considering the following example
which calculates the Fibonacci numbers according to its index.

Example 1 (Fibonacci).

p(add(X,0),X). (1)

p(add(X,s(Y)),s(Z)):- p(add(X,Y),Z). (2)

p(f(0),s(0)). (3)

p(f(s(0)),s(0)). (4)

p(f(s(s(X))),Z):- p(f(s(X)),U),p(f(X),V),p(add(U,V),Z). (5)

Obviously, this program terminates w.r.t. the query set Q = {p(t1, t2)| where
t1 is a ground term and t2 is a free variable}, because both clauses (2) and
(5) can be applied only a finite number of times. For clause (5), only the
first and second atoms in the body of this clause are unifiable with its head
and the first argument of each predicate call is decreased. For the third atom
p(add(U, V ), Z), any call to this atom is followed by a finite number of appli-
cations of clause (2) (the decrease of the first argument).
However, to the best of our knowledge, proving termination of this exam-
ple is impossible for most current termination analysers, except TALP3, a
tool which proves termination of a logic program by first transforming it to
a corresponding term rewriting system. The reason may be, any linear or
polynomial level mapping which guarantees termination for clause (2) also
leads to the fact that the mapping of the third atom in clause (5) is greater
than the mapping of its head. Since the third atom in the body of clause (5)
and the atom in the body of clause (2) can only be unified with the heads
of clauses (1) and (2), the first atom in the body of clause (5) can only be
unified with the heads of clauses (4) and (5), the second atom of this clause
can only be unified with the heads of clauses (3), (4) and (5), the idea is

3 http://bibiserv.techfak.uni-bielefeld.de/talp/



to split the predicate p/2 into different predicates corresponding to different
cases. Formally, our predicate renaming consists of two steps:

1. For each predicate call to p/n that can unify with only the heads of a
proper subset of clauses S defining the predicate p/n: replace that call
by a new predicate pS/n. This transforms the original program P to P’.

2. Extend P’ with the definitions of each new predicate pS/n: copy the
clauses from S in P’ and replace the head predicate p/n by pS/n. If S is
empty, a new clause pS(t1, .., tn) : −fail is generated and added to P’.

For example 1, the first step transforms the original program to a new one:

p(add(X,0),X). p(add(X,s(Y)),s(Z)):-p1:2(add(X,Y),Z).
p(f(0),s(0)). p(f(s(0)),s(0)).
p(f(s(s(X))),Z):- p4:5(f(s(X)),U), p3:4:5(f(X),V), p1:2(add(U,V),Z).

Applying the second step, the following new clauses which define the new
predicates p1:2/2, p4:5/2 and p3:4:5/2 are added:

p1:2(add(X,0),X). p1:2(add(X,s(Y)),s(Z)):-p1:2(add(X,Y),Z).
p4:5(f(s(0)),s(0)).
p

4:5
(f(s(s(X))),Z):- p

4:5
(f(s(X)),U), p

3:4:5
(f(X),V), p

1:2
(add(U,V),Z).

p3:4:5(f(0),s(0)). p3:4:5(f(s(0)),s(0)).
p3:4:5(f(s(s(X))),Z):- p4:5(f(s(X)),U), p3:4:5(f(X),V), p1:2(add(U,V),Z).

It is easy to see that the transformation preserves the structure of the SLD-
tree of the original program and therefore, preserves its termination behavior.
It is also obvious that if there exists a termination proof (a norm and level
mapping) for the original program, there also exists at least a norm and a
level mapping from which a termination proof for the transformed program
is derived (the norm is kept the same as in the original program, a new level
mapping is proposed such that the level mappings of all renamed predicates
are equivalent and equal to the level mapping of the original predicate in
the former program). Moreover, this transformation provides more space for
searching a suitable norm and level mapping since renamed predicates may
have different level mappings. Indeed, the termination of the above trans-
formed program can be proved by Polytool, while its original is not.

3 Program Unfolding

When applying program unfolding, we need to take into account the fact
that the unfolding does not preserve non-termination in general. It is be-
cause partial evaluation may ’remove’ an infinite branch out of the SLD-tree
of the program. Fortunately, the ECCE partial evaluator with the option



”termdet” (only allowing one non-determinate unfolding step) is termina-
tion preserving and hence is suitable for termination analysis. Another option
”term” is also termination preserving. However, this uses a quite aggressive
unfolding rule (allowing leftmost non-determinate unfolding with homeomor-
phic embedding); this may lead to much larger specialised programs which
require much more time for termination analysis. In this paper, we use ECCE
with the option ”termdet”.
Let us apply program unfolding on the example remind in Table 3 with the
query set Q = {rem(t1, t2, t3)|t1 and t2 are ground and t3 is a free variable}.
For this example, predicate renaming does not change the original program
and Polytool fails to prove termination.

Example 2 (remind).

rem(X, Y, R) : −notZero(Y ), sub(X, Y, Z), rem(Z, Y, R). (6)

rem(X, Y, X) : −notZero(Y ), geq(X, Y ).

sub(s(X), s(Y ), Z) : −sub(X, Y, Z). (7)

sub(X, 0, X). (8)

notZero(s(X)). (9)

geq(s(X), s(Y )) : −geq(X, Y ).

geq(X, 0).

If we look at clause (6), the decrease between the size of the head rem(X, Y, Z)
and the recursive body atom rem(Z, Y, R) can be established if the size of X
is bigger than the size of Z. This may be done by means of a valid interargu-
ment relation of the predicate sub(X, Y, Z) of the form: ||X ||>||Z||. However,
Polytool is unable to capture such interargument relation because of clause
(8) and therefore, can not prove termination of this example.
If we unfold clause (9) and then clause (7), clauses (6) and (8) are replaced
by the two following new clauses while the other clauses remain the same:
rem(s(X), s(Y), R) :- sub(X, Y, Z), rem(Z, Y, R). sub(s(X),s(0),s(X)).
Now the requirement for a the interargument relation is relaxed. A valid
interargument relation for the predicate sub(X, Y, Z) such as ||X ||≥||Z|| is
enough for proving termination of the transformed program. Indeed, Polytool
is enable to prove termination of this example.

4 Experiments

We have fully implemented the technique and tested it with a large number
of benchmarks4 using SICS 3.12.2, running on Intel Pentium IV 2.80 MHz,
1Gb RAM. The results5 are summarised as follows:

4 The benchmarks can be found at http://www.cs.kuleuven.be/˜manh/polytool/WST06-
benchmarks.zip

5 The results are in the tables in the Appendix for the referees and available from
http://www.cs.kuleuven.be/˜manh/polytool//WST06-results.zip



- Number of benchmarks (all terminate): 84
- Successful proofs on original programs: 61
- Successful proofs after predicate renaming: 78
- Successful proofs after program unfolding: 76
- Successful proofs after predicate renaming + program unfolding: 81

The results show both predicate renaming and program unfolding consider-
ably improves termination analysis in terms of precision and are not very
costly. The combination of both techniques provides us the best precision.
After predicate renaming, there are only 6 examples on which the termina-
tion prover fails. Then after applying program unfolding on these examples, 3
of them are solved. Analysing the remaining examples, we find the following:
- For example pl7.6.2c on Table 4: Polytool fails to prove termination of this
example because it can not derive the interargument relation of the form:
U≥B − C. Other analysers can prove termination of this example.
- For example der on Table 5: No current analyser can solve this example ex-
cept Polytool, however with the use of non-linear polynomial interpretations
(instead of linear one).
- For example boolexp on Table 5: As far as we know, no termination anal-
yser is capable to solve it.

5 Conclusion and Discussion

We have introduced a simple specialisation technique through predicate re-
naming and program unfolding. We have also discussed how this technique
may improve termination analysis. Note that although these issues are not
new (as discussed in [5]), with a more general approach and extensive experi-
ments, we have shown that this technique can significantly improve precision
of the analysis and can be applied as a pre-processing step in any termina-
tion analyser. In addition, a number of difficult examples (e.g. ack in Table
6, fibo and dist in table 5) become easy after transformation and hence one
could argue that they are not difficult at all and are a poor motivation for
more complex termination analysis techniques.
Note that a disadvantage of program unfolding by ECCE is that it tries to
unfold every clause in the original program and the transformed program may
be larger such that the analysis on it is much more costly. A solution for this
problem is to apply partial evaluation only for clauses which are involved in
the failure of termination analyser. In [5], a suggestion is to apply unfolding
on a clause only if the sizes of the atoms in its body get smaller than the size
of its head according to a selected norm. However, for the constraint-based
approach, we don’t select a particular norm and level mapping in advance.
We search for a suitable norm and level mapping instead. A simple solu-
tion for this issue is to build proofs incrementally, based on the dependency
graph for the program. One first proves termination for the bottom layer
in the predicate dependency graph. Then one repeatedly works upwards for



next mutually dependent predicates. Whenever the analyser fails to prove
termination, it provides information on the causes of the failure. Only for
the clauses that were involved in the problem, partial deduction would be
applied. We intended to develop a tool using these ideas in future work.
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Appendix

In the tables:

- Prog Query refer to the tested program and the query pattern with ’g’
and ’f’ denoting a ground term and a free variable respectively.

- T1, R1 refer to the running time (in seconds) and the results (’+’ if suc-
ceeds, ’-’ if fails to prove termination) of Polytool on the original pro-
grams.

- T2, R2 refer to the running time and the results of Polytool on the program
after applying predicate renaming.

- T3, R3 refer to the running time and the results of Polytool on the program
after applying program unfolding by ECCE with ”-termdet” option.

- T4, R4 refer to the running time and the results of Polytool on the program
after applying predicate renaming + program unfolding.

Prog Query T1(s) R1 T2(s) R2 T3(s) R3 T4(s) R4

q sort qs(g,f) 0.26 + 0.24 + 0.20 + 0.24 +
queen queen(g,f) 0.31 + 0.47 + 0.13 + 0.47 +
rotate rotate(g,f) 0.07 + 0.09 + 0.08 + 0.09 +
s leaf s leaf(g,g) 0.12 + 0.14 + 0.11 + 0.14 +
slist s list(g,g) 0.07 + 0.1 + 0.08 + 0.1 +
slist1 s list(g,g) 0.07 + 0.06 + 0.05 + 0.06 +

Table 1. Examples from Taboch

Prog Query T1(s) R1 T2(s) R2 T3(s) R3 T4(s) R4

list list(g) 0.03 + 0.03 + 0.02 + 0.03 +
fold fold(f,g,f) 0.05 + 0.05 + 0.02 + 0.05 +
lte goal 0.05 + 0.05 + 0.04 + 0.05 +
map map(g,f) 0.05 + 0.05 + 0.04 + 0.05 +
member mem(f,g) 0.02 + 0.04 + 0.02 + 0.04 +
merg merg(g,f) 6.16 - 0.41 + 3.89 - 0.41 +
merg ap merg(g,f,g) 11.5 - 0.53 + 0.42 + 0.53 +
naiv rev rev(g,f) 0.08 + 0.07 + 0.06 + 0.07 +
ordered ordered(g) 0.07 + 0.11 + 0.08 + 0.11 +
overlap o lap(g,g) 0.08 + 0.08 + 0.06 + 0.08 +
perm perm(g,f) 0.12 + 0.13 + 0.11 + 0.13 +
qsort qs(g,f) 0.25 + 0.3 + 0.22 + 0.3 +
select select(f,g,f) 0.05 + 0.04 + 0.03 + 0.04 +
subset subset(g,g) 0.08 + 0.08 + 0.05 + 0.08 +
sum sum(f,f,g) 0.04 + 0.04 + 0.02 + 0.04 +

Table 2. Examples from Apt



Prog Query T1(s) R1 T2(s) R2 T3(s) R3 T4(s) R4

ex1 p(f,g) 0.04 + 0.01 + 0.01 + 0.01 +
nat isNat(g) 0.03 + 0.12 + 0.01 + 0.12 +
nat nEq(g,g) 0.06 + 0.09 + 0.04 + 0.09 +
nat nEq(g,f) 0.04 + 0.09 + 0.02 + 0.09 +
nat gt(f,g) 0.05 + 0.1 + 0.03 + 0.1 +
nat odd(g) 0.04 + 0.11 + 0.03 + 0.11 +
nat fac(g,f) 0.1 + 0.18 + 0.11 + 0.18 +
normal norm(g,f) 0.1 + 0.13 + 0.08 + 0.13 +
perm perm(g,f) 0.12 + 0.16 + 0.13 + 0.16 +
perm1 perm1(g,f) 0.11 + 0.1 + 0.09 + 0.1 +
perm2 perm2(f,g) 0.08 + 0.09 + 0.07 + 0.09 +
qsort qs(g,f) 0.2 + 0.22 + 0.18 + 0.22 +
t clsure tc(g,f) 0.04 + 0.04 + 0.03 + 0.04 +
simple p(f,g) 0.04 + 0.02 + 0.03 + 0.02 +
palind palind(g) 0.08 + 0.11 + 0.10 + 0.11 +
s sort sort(g,f) 0.12 + 0.12 + 0.05 + 0.12 +
flat flat(g,f) 0.12 + 0.26 + 0.28 + 0.26 +
gcd gcd(g,g,f) 0.24 - 0.21 + 0.15 + 0.21 +
div div(g,g,f) 0.11 + 0.12 + 0.12 + 0.12 +
remind rem(g,g,f) 0.1 - 0.13 - 0.10 + 0.33 +

Table 3. TALP examples

Prog Query T1(s) R1 T2(s) R2 T3(s) R3 T4(s) R4

merge t merge(g,f) 0.33 + 0.53 + 6.19 - 0.53 +
pl1.1 app(g,f,f) 0.06 + 0.05 + 0.04 + 0.05 +
pl1.1 app(f,f,g) 0.03 + 0.03 + 0.03 + 0.03 +
pl2.3.1 p(g,f) 0.03 + 0.03 + 0.01 + 0.03 +
pl2.3.1 p(f,f) 0.04 - 0.02 - 0.01 + 0.01 +
pl3.5.6a p(f) 0.03 + 0.02 + 0.01 + 0.02 +
pl4.4.3 merge(g,g,f) 0.08 + 0.04 + 0.05 + 0.04 +
pl4.4.6a perm(g,f) 0.08 + 0.06 + 0.02 + 0.06 +
pl6.1.1 qsort(g,f) 0.25 + 0.25 + 0.19 + 0.25 +
pl7.2.9 mult(g,g,f) 0.07 + 0.07 + 0.06 + 0.07 +
pl7.6.2c rch(g,g,g,g) 0.18 - 0.21 - 0.13 - 0.35 -
pl8.2.1a merge(g,f) 0.31 + 0.45 + 3.52 - 0.45 +
pl8.3.1 minsort(g,f) 0.25 + 0.33 + 0.21 + 0.33 +
pl8.3.1a minsort(g,f) 0.24 + 0.3 + 217 + 0.3 +
pl8.4.2 e(g,f) 0.11 + 0.12 + 0.11 + 0.12 +

Table 4. Examples from Plumer



Prog Query T1(s) R1 T2(s) R2 T3(s) R3 T4(s) R4

dist dist(g,f) 0.18 - 26.62 - 0.19 - 0.27 +
der d(g,f) 0.25 - 0.31 - 0.22 - 0.2 -
boolexp cequiv(g) 0.19 - 0.32 - 0.24 - 9.72 -
car13 in(g,g,f) 0.06 - 0.18 + 0.16 + 0.18 +
facTRS fac(g,f) 0.05 + 0.09 + 0.06 + 0.09 +
AC 04 div(g,g,f) 0.05 + 0.09 + 0.09 + 0.09 +
SK90 d(g,f) 0.14 - 0.12 + 0.09 + 0.12 +
SK90 1 p(g,f) 0.15 - 0.12 + 0.15 + 0.12 +
SK90 2 p(g,f) 0.3 - 0.33 + 0.24 + 0.33 +
SK90 3 sum(g,f) 0.07 + 0.14 + 0.10 + 0.14 +
SK90 4 p(g,f) 0.4 - 0.28 + 0.20 + 0.28 +
taussky p(g,f) 0.36 - 0.47 + 0.32 + 0.47 +
addmul p(g,f) 0.05 + 0.12 + 0.06 + 0.12 +
fibo p(g,f) 0.17 - 0.31 + 0.17 + 0.31 +
lamda g(g,g,f) 0.09 + 0.13 + 0.10 + 0.13 +
log log(g,f) 0.04 + 0.08 + 0.07 + 0.08 +
log-1 log(g,f) 0.11 + 0.19 + 0.07 + 0.19 +
tree leaf(g,g,f) 0.13 + 0.13 + 0.11 + 0.13 +
avrage1 av(g,g,f) 0.03 + 0.2 + 0.27 + 0.2 +
avrage2 av(g,f,g) 0.04 + 0.18 + 0.23 + 0.18 +
flat flat(g,f) 0.09 + 0.31 + 0.22 + 0.31 +

Table 5. Variously collected examples

Prog Query T1(s) R1 T2(s) R2 T3(s) R3 T4(s) R4

som sm(g,g,f) 0.03 + 0.09 + 0.06 + 0.03 +
NJ1 rev(g,f) 0.05 + 0.07 + 0.08 + 0.07 +
NJ2 f(g,g,f) 0.04 + 0.1 + 0.05 + 0.1 +
NJ3 ack(g,g,f) 0.05 - 0.19 + 0.18 - 0.19 +
NJ4 p(g,g,g,f) 0.04 + 0.07 + 0.07 + 0.07 +
NJ5 f(g,g,f) 0.03 + 0.13 + 0.08 + 0.13 +
NJ6 f(g,g,f) 0.06 + 0.1 + 0.09 + 0.1 +

Table 6. Terminweb examples


