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Aggregates are used to compute single pieces of information from separate data items, such as
records in a database or answers to a query to a logic program. The maximum and minimum are well-
known examples of aggregates. The computation of aggregates in Prolog or variant-based tabling can
loop even if the aggregate at hand can be finitely determined. When answer subsumption or mode-
directed tabling is used, termination improves, but the behavior observed in existing proposals is not
consistent. We present a framework to incrementally compute aggregates for elements in a lattice. We
use the entailment and join relations of the lattice to define (and compute) aggregates and decide whether
some atom is compatible with (entails) the aggregate. The semantics of the aggregates defined in this
way is consistent with the LFP semantics of tabling with constraints. Our implementation is based on
the TCLP framework available in Ciao Prolog, and improves its termination properties w.r.t. similar
approaches. Defining aggregates that do not fit into the lattice structure is possible, but some properties
guaranteed by the lattice may not hold. However, the flexibility provided by this possibility justifies its
inclusion. We validate our design with several examples and we evaluate their performance.

Entailment-Based Aggregates We consider first the case of aggregates that can be embedded into a
lattice: the elements on which we operate can be viewed as points in a lattice whose structure depends
on the particular aggregate we are computing, and where the aggregation operation can be expressed
based on the partial order of the lattice. As an intuitive example, the minimum of a set of elements is the
element x for which there is no other element y s.t. y v x. This view gives rise to a view of aggregates
returning designated representatives of a class.

Example 1 min
The minimum of a set of values is the least upper bound of the lattice ordered by '>'. The aggregate
of S over min is defined as:

Aggmin(S) = {x ∈ S |6 ∃y ∈ S,y 6= x · x > y}

The minimum of a set of values is unique and, as aggregate, is a set: Aggmin({2,3,4}) = {2}. Note
that Aggmin({2,3,4,5,6}) = {2}, as well. We define Aggmin({2,3,4}) = {x | x≥ 2}.
In the program below, :- aggregate p(entail(min)) is intended to mean that we want to re-
strict the model of the program to the atoms that minimize the value of the single argument of p/1.

1 :- aggregate p(entail(min)).
2 p(3).
3 p(2).

4 p(1) :- p(2).
5 p(0) :- p(3).
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2 Aggregates in tabled logic programming

1 path(X,Set) :-
2 setof(Y, path_(X,Y), Set).
3 path_(X,Y) :- edge(X,Y).
4 path_(X,Y) :- edge(X,Z), path_(Z,Y).

1 :- aggregate path(_,join(set)).
2 path(X,[Y]) :- edge(X,Y).
3 path(X,Ys) :- edge(X,Z),
4 path(Z,Ys).

1 edge(a,b). edge(b,c). edge(b,a). edge(c,d).

Figure 1: Set of reachable nodes from a given node.

In absence of the aggregate declaration, the set of answers would be {p(0), p(1), p(2), p(3)}
and, therefore, the expected aggregated answer using the minimum should be p(0). This is the
model that ATCLP returns as the aggregated answer for the previous program and query. It also
behaves consistently with an LFP semantics if p(k) is intended to mean p(x) s.t. x≥ k. In that case,
using the clause p(0):- p(3) does not fall into a contradiction: if p(x) s.t. x ≥ 0 is the model of
the program, the atom p(3) is true under that model (because 3≥ 0). Therefore, p(3) can be used
to support p(0).

We want to note that the current state of affairs in other systems is far from being satisfactory. Fol-
lowing [2], none of the current answer subsumption implementations seems to behave correctly: XSB
and B-Prolog return p(1), and Yap, which uses batch scheduling (Batch scheduling returns answers as
soon as they are found) returns, on backtracking, p(3), p(2), and p(1) the first time the query is issued,
and only p(1) in subsequent calls.

Join-Based Aggregates Some interesting aggregates need to be based on an operation richer than the
entailment, because they have to generate a new element based on previous elements. For these cases, we
posit an aggregate similar to the one in Example 2, but using the join operation instead of the entailment.

Example 2 path(set)
Let us consider a program to compute the set of nodes that are reachable from a given node in a
graph. Fig. 1 shows, on the left, a simple Prolog program and, on the right, an ATCLP program
using the set aggregate (see below). While both seem to have the same expressiveness, the Prolog
program would loop for graphs with cycles and cannot to answer some queries that the ATCLP pro-
gram can (see at the end of this example). Adding tabling to the Prolog program helps in this case,
but note that mixing all-solution predicates and tabling does not always work, as the suspension and
resumption mechanism of tabling interacts with the usual failure- and assert-driven implementations
of setof/3 and similar predicates.
The set aggregate generates sets from the union of subsets. It can therefore generate values that
are not logical consequences of the program without aggregates. Assuming that we have a library
implementing basic operations on sets (e.g., Richard O’Keefe’s well-known ordset.pl), we can
define the set aggregate as:

1 :- use_module(library(sets)).
2 set(SetA, SetB) :- ord_subset(SetB,SetA).
3 set(SetA, SetB, NewSet) :- ord_union(SetA,SetB,NewSet).

Note that in this case we define both the entailment and the join (although the former can be defined
in terms of the latter).
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Prolog Tabling ATCLP
game_data_01 8062.49 14.66 2.89
game_data_02 > 5 min. 37.59 4.87
game_data_03 > 5 min. 1071.26 19.61
game_data_04 > 5 min. 4883.00 23.21

Table 1: Run time (ms) comparison for Games with different scenarios.

This example returns the set (as an ordered list without repetitions) L=[a, b, c, d] for the query
?- path(a,L). Moreover, if we want to know which nodes can reach a set of nodes, the query
?- path(X,[a,d]) returns X=a and X=b under ATCLP, which neither Prolog nor tabling can if
setof/3 is used.

Evaluation We developed three versions of a program to solve the Game problem, presented in the
LP/CP contest of ICLP 2015, using Prolog, tabling, and ATCLP. The problem can be seen as a graph
traversal where the movements represent a decision regarding whether to repeat the same game or play
a new one. There are two parameters to optimize: T, the remaining money, and F, the fun we have had
(which can be negative). The final goal have as much fun as possible, for which one has to keep as much
money as possible. The core of the algorithm, where we again want to stress its compactness, follows:

1 :- aggregate total_fun(entail(max)).
2 total_fun(F) :-
3 reach(initial,end,_,F).
4

5 :- aggregate reach(_,_,
6 entail(max),entail(max)).
7 reach(GameA,GameB,T,F) :-
8 edge(GameA,GameB,T,F).

9 reach(GameA,GameB,Tf,Ff) :-
10 reach(GameA,GameZ,T1,F1),
11 edge(GameZ,GameB,T2,F2),
12 Ff is F1 + F2,
13 Tm is T1 + T2, Tm >= 0,
14 ( cap(Cap), Tm > Cap
15 -> Tf is Cap
16 ; Tf is Tm ).

Table 1 shows that the ATCLP on-the-fly aggregate computation performs better than either Prolog
or tabling, since ATCLP does not try to evaluate states where T and F are worse than in states already
evaluated.

References
[1] Joaquín Arias & Manuel Carro (2019): Incremental Evaluation of Lattice-Based Aggregates in Logic Pro-

gramming Using Modular TCLP. In Jos’e J’ulio Alferes & Moa Johansson, editors: Practical Aspects of
Declarative Languages - 21st International Symposium (PADL 2019), Lecture Notes in Computer Science
11372, Springer, pp. 98–114, doi:10.1007/978-3-030-05998-9_7. Available at https://doi.org/10.1007/
978-3-030-05998-9_7.

[2] Alexander Vandenbroucke, Maciej Pirog, Benoit Desouter & Tom Schrijvers (2016): Tabling with Sound An-
swer Subsumption. Theory and Practice of Logic Programming, 32nd Int’l. Conference on Logic Programming
(5-6), pp. 933–949.

http://dx.doi.org/10.1007/978-3-030-05998-9_7
https://doi.org/10.1007/978-3-030-05998-9_7
https://doi.org/10.1007/978-3-030-05998-9_7

