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Numerical computations form an essential part of almost any real-world pro-

gram. Clearly, in order for a termination analyser to be of practical use it should

contain a mechanism for inferring termination of such computations. However,

this topic attracted less attention of the research community. In works of Der-

showitz et al. [5] and Ruggieri [9] such termination analysis techniques were

presented. In [8] a termination inference technique for constraints logic pro-

gramming was suggested.

The study of termination for constraint logic programs [9] provide the neces-

sary theoretical results and imply the equivalence of a variant of acceptability [1]

and termination. Unfortunately, this work does not provide a methodology for

actual proving termination or inferring conditions that imply it. Alternatively,

Mesnard [8] provides techniques for inferring termination conditions, but does

not consider inherently non well-founded CLP-domains.

In this paper we present a termination inference technique for numerical loops

based on the well-known constraints based approach [4], further extending [3],

and on the adornments technique [6, 7]. We restrict our interest only to integer

loops, since termination of real number computations is often implementation

dependent (see [5]).

Example 1.

p(X) X > 0; X � 5; X1 is X + 1; p(X)

p(X) X > 5

This example illustrates two possible sources of termination. First, if no rule is

applicable for some query (e.g. ?�p(�1)), and second, if some rules are applicable,

but the execution terminates(e.g. ?� p(3) or ?� p(7)). We distinguish between

these cases and infer termination conditions separately.

A condition ensuring termination in the �rst case is de�ned syntactically,

based on the constraints appearing in rules bodies.

One of the major di�culties while analysing termination in the second case

is de�ning correct level-mappings. On the one hand, level-mappings should map

atoms to natural numbers. On the other hand, level-mappings should reect

the possibly negative numeric values of integer arguments. This contradiction is

solved by step-by-step inference of bounded integer arguments and re�ning the

de�nition of the level-mapping.



Each time a new de�nition of the level-mapping is suggested acceptability

decreases are constructed as in [4]. Then, the system of constraints is solved

and it either provides some constraints on integer variables, that are assumed to

hold, and, thus, extends a set of bounded variables on which level-mapping can

be based, or de�nes a level-mapping completely, thus, proving termination. The

termination condition in the latter case is constructed from all the constraints

on integer arguments assumed so far.

The presented technique is robust enough to analyse correctly examples such

as sqrt [9], between and range [10], towers of Hanoi [2], Hilbert and Sierpinski

curves [11], bad loops [5] or belonging to programming classics factorial, gcd and

�bonacci.

Finally, as future work we consider implementing the methodology and es-

timating its power by benchmarking.
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