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Abstract. We introduce an incremental extension of the lazy grounding
answer set solver Alpha. Unlike traditional systems such as iclingo and
I-DLV, which combine incremental solving with full grounding, our ap-
proach retains the advantages of lazy grounding (viz., reduced grounding
effort) and enables multi-shot solving for problems where the ground-
and-solve approach is infeasible. A Python prototype shows reduced
grounding times and hence faster solving on dynamic 3-coloring bench-
marks. This establishes the first step toward integrating incremental solv-
ing into lazy grounding, addressing scalability in evolving domains.

Motivation. Incremental solving enhances answer set programming (ASP) by
reusing information across multiple solving shots. This is useful in domains such
as planning, where problems naturally evolve over time, and for bounded rea-
soning tasks, where incremental solving offers an intuitive way to increase the
bound.

State-of-the-art ASP solvers like clingo [6] and DLV [1] support this multi-
shot reasoning via the frameworks iclingo [5] (now integrated in clingo proper [7])
and I-DLV [2], respectively. However, they rely on the traditional “ground-and-
solve” approach. In contrast, lazy grounding solvers such as Alpha [8] avoid
grounding the full program upfront and only ground applicable rules on de-
mand during search. This makes them suitable for domains that suffer from the
grounding bottleneck [4, 3] (i.e., an exponential blow-up in grounding).

Despite their incremental grounding approach, no lazy grounding solver cur-
rently supports incremental solving akin to iclingo or I-DLV. Although the in-
cremental solving paradigm aligns well with lazy grounding, integrating the two
is non-trivial. Many techniques used by state-of-the-art traditional ASP solvers
assume a full grounding and hence are not applicable in a lazy grounding setting.
To address this, we introduce a novel algorithm that extends the core loop of
the lazy grounder Alpha for the incremental solving setting.

Theory. The core algorithm of Alpha integrates grounding and solving in a
loop, similar to a CDNL solver [8]: applicable rules are grounded and turned
into nogoods — propagation ensures consistent literal extension — if a conflict
is detected, perform conflict analysis, learn a nogood, and backjump. This loop
repeats until all literals are assigned a truth value, representing an answer set.
Traditionally, after execution, grounded rules and learned nogoods are dis-
missed. In an incremental setting, with multiple solving shots that add or remove
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Fig. 1: 3-coloring example with changing structure over multiple solving shots
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facts, it is however beneficial to retain as much information as possible. Unfortu-
nately, maintaining the entire state of the lazy grounding solver after a solving
shot is not feasible. Among other things, this is because saved choices in the
search tree and enumeration nogoods (i.e., nogoods that prevent recomputing
an answer set) hinder exploration of the full search space.

To address this issues, we classify nogoods created in each solving shot as
representing (1) facts, (2) grounded rules, (3) an answer set (enumeration), or
(4) combined information from multiple nogoods (resolution). Enumeration and
resolution nogoods are then deleted between shots, and choices made by the
solver are reset. If a fact is removed, its corresponding nogood is eliminated.
Remaining fact and rule nogoods created by the grounder are still applicable
and can therefore be reused in the next solving shot, reducing grounding effort.

Implementation. For implementing our incremental extension of Alpha, we
re-implemented its core algorithm in Python. This version focuses on key steps
of the algorithm and omits involved heuristics and watched literals used by the
full Java implementation. Thus, while performance of the original solver is far
superior, we gain greater extendibility for rapid prototyping.

To illustrate the capabilities of our incremental lazy grounding solver, we
compare it against the static version of the same Python implementation. Both
versions use the enumeration mode (i.e., compute all answer sets) and average
the results over 100 runs. As a benchmark, we use the 3-coloring example from [2]
shown in Figure 1. In the initial configuration (Figure 1a), both versions perform
equally, grounding the instance in 7 ms. After adding new facts (Figure 1b),
grounding time rises to 46 ms for static and 37 ms for incremental, showing
the performance gain from reusing grounding information. In the third shot
(Figure 1c), where an edge is removed, the incremental version requires no extra
grounding, while the static spends 37 ms grounding.

For a more comprehensive performance analysis, we plan to implement the
incremental extension in the full Java version of Alpha and test different prob-
lems. Further work could also investigate retaining resolution nogoods — cur-
rently, all are removed between shots, though some might still apply. Moreover,
instead of focusing only on grounding, we could explore equipping the solver with
knowledge of learned answer sets, heuristics, etc. to speed up solving, similar to
iclingo [5].
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