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1 Extended Abstract

The Resource-Constrained Project Scheduling Problem (RCPSP) consists of scheduling
tasks under both resource and precedence constraints. Constraint programming, with the
CUMULATIVE constraint, shows notable success in solving this problem [11]. Enhancing the
filtering of the CUMULATIVE constraint may lead to better solutions in the industrial context.

This research presents a checker for the CUMULATIVE constraint, based on the overload
check, that is augmented by reasoning on the consumptions as integral quantities. We show
how general explanations for this checker can be generated in a lazy clause generation solver.
This extended abstract summarizes our accepted paper for the CP 2026 main conference.

Let Z be a set of n tasks, and let p; and ¢; for i € Z be the task’s processing time
and resource usage. The energy of a task is the product between its processing time and
resource usage, i.e., e; = p; X ¢;. Let S; be its starting time variable. Each task i has an
earliest (latest) start time noted est; (Ist;). These values are associated with the current
bounds of the domain of S;. The earliest (latest) completion times of i are defined by
ect; = est; + p; (let; =1st; + p;). The CUMULATIVE([S1, ..., S0, [P1,- - Pnls[C1, -+, Cn], C)
constraint asserts that the total consumption from tasks in execution never, at any time,
overloads a resource of capacity C [1]. Formally, for every time t, ZiGI\tG[Si,Si+pi) ¢ < C.

Few filtering rules for the CUMULATIVE directly reason about the integrity of the con-
sumptions. Rules seldom evaluate the actual available resource, at a specific time point,
given the resolution state. They rather consider the whole capacity as available or only
remove what is used by compulsory parts. Recent work augments the energetic reasoning rule
through the resolution of a tri-partition problem [2]. By computing the maximum amount of
energy that tasks can use outside a given time interval, they can better determine the energy
required in that interval, which strengthens the filtering.

Our main contribution is an enhancement to the time-table horizontally elastic overload
check [5] by defining a stronger evaluation of the resource availability.

» Example 1. Consider C = 3 and Z = {1,2,3,4} where, Vi € Z, est; = 0, lct; = 7,
p; =2, and ¢; = 2. When we apply the standard overload check [12], the available energy is
3 x (7—-0) =21. Since ) ;s e; = 16, no conflict is detected. It is the same if we instead
apply the stronger time-table horizontally elastic overload check [5] or augmented energetic
reasoning [2]. However, a parity test shows that the third unit of resource is never used, that
the available energy can be reduced to 2 x (7 — 0) = 14, and that a conflict must occur.

Example 1 illustrates a case in which the resource available to a set of tasks can be better
approximated based on divisibility. However, there are cases that such a basic reasoning misses.
It is why we consider the quantity of resource still available to a subset of tasks ©® C 7 at
time ¢, not counting what is already used by compulsory parts (f(Z,1) = > ;czjteqst, ects) Ci)>
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Augmenting the Cumulative Overload Check

to be the solution of a knapsack problem. Let hX  (©,t) be that quantity:

max

RE  (©,t) := max Z CiTi Z cir; < C— f(Z,t),z; € {0,1}

1€O|tEests,let;)\[Ists,ect; ) |i€O|tEest;,lct; ) \[Ist;,ect;)

Using this new definition of the resource availability, we adapt the time-table horizontally
elastic overload check to take into account the integrity of the resource consumption. This
new knapsack augmented overload check (KAOC) dominates the previous checker.

Using bitsets to compute the resource availability queries in amortized O (%) time (where
w is the size of a memory word), we implement a propagator for this rule which runs in
O (%nQ) On usual instances, C' is small and this complexity collapses back to O(n?), the
complexity of the dominated checker. In the context of lazy clause generation solvers, we
also present greedy algorithms to generate general explanations that run in O (%n )

We evaluate the performance of our new checker by solving various instances of the
RCPSP. We model the problem in MiniZinc [8] and integrated our propagator to Chuffed
version 0.13.0 [4]. We compare against 4 other propagators of the CUMULATIVE constraint
from the Chuffed solver, as well as the propagator of the time-table horizontally elastic
overload check in Choco version 4.10.10 [9]. We perform our experiments on the Pack [3],
Pack_d [7] and PSPLIB [6] benchmarks. On these benchmarks, two machine words (of
64-bits) are always sufficient to encode the bitsets (the greatest C' is 122). All the options are
tested twice on each instance of the benchmarks: once on the base instances and a second
time on the instances transformed using pre-solving rules that can apply knapsack-based
reasoning to transform the capacities and consumptions to enhance energy-based filtering [10].
We thus compare 12 approaches. In order to show the difference in robustness between our
new propagator and the pre-solving method, we introduce the new Pack+1, Pack d+1, and
PSPLIB+1 benchmarks. Each is generated, respectively, from Pack, Pack_d, and PSPLIB
by adding to each instance one task of processing time 1 with a resource consumption of 1.
Our code, instances, and raw results are available!.

The results for the PSPLIB instances show little interest due to their disjunctive nature
that stronger energy-based rules are not designed for. For most reference methods, pre-solving
the instances permits the resolution of about 15 more instances out of 110 Pack/Pack_d
instances. KAOC is mostly unaffected by pre-solving, is not dominated by the other options,
and solves instance pack040 in 2 minutes (to our knowledge for the first time in the literature),
while the other approaches fail to prove optimality before the 30 minute time-out. However,
on Pack+1/Pack_d+1, we see that the addition of the task in these benchmarks neutralized
the positive effect of pre-solving. All methods are now mostly unaffected by it. However,
KAOC’s performance remains unchanged, making it the dominant approach for solving these
instances. This highlights the fragility of pre-solving and the robustness of our new approach.

In conclusion, we added reasoning based on the integrality of the resource consumptions
to the horizontally elastic overload check and defined our new knapsack augmented overload
check for the CUMULATIVE constraint. We showed how this new rule can be applied in
o (%n2), only adding a small pseudo-polynomial factor due to the resolution of knapsack
sub-problems. We also presented how to explain our new propagator in lazy clause generation
solvers. Experiments showed that the new propagator helps solve more instances for the
Pack and Pack_ d while being more robust than some pre-solving methods. Applying our
enhancement to the edge-finding rule represents a potential avenue for future work.

! Available at: https://github.com/Samclou/chuffed /releases/tag/KAOC-cp2026
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