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AND constraint: job scheduled if all of its
predecessors have finished.
OR constraint: only one predecessor needs to be
finished before being able to schedule the successor.
BI constraint:  two activities cannot be executed in
parallel.

Resource-Constrained Project Scheduling Problem
(RCPSP):  a set of activities with durations and renewable
resources, each having a constant availability per period.
Each activity requires an amount of resources. The goal is
to minimize the makespan  [1].
The extension with logical constraints, RCPSP-log, enables
the modeling of complex relationships and dependencies
between activities [2].
The problems are known as NP-hard [8]

How can the integration of heuristic ideas into SAT solvers
enhance the solution process of RCPSP with logical
constraints such as OR, AND and BI constraints?
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Project scheduling is a complex issue that affects many
sectors [4].
Past work in the field is problem specific algorithms [3].
Satisfiability (SAT) solving is a powerful general technique in
ongoing development [9], but it has limitations compared to
the state-of-the-art, which incorporates problem-specific
knowledge.
Variable selection heuristics can incorporate problem
information, aim to reduce the solving time, and provide
insight on partial solutions.

 A weighted conjunctive normal form (CNF) encoding is
generated with PYSAT [6], which represents the input of
the MaxSAT solver. 
 MaxSAT solver finds an assignment that minimizes the
makespan.
 The variable selection guides the solver into finding
solutions using some predefined order rules, where
heuristics come in handy and prune the search space.
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Figure 1. An example of project network and the optimal schedule

Results have been found by comparing the performance of the 2 heuristics against the pumpkin SAT solver with VSIDS as
default variable selection method.
The experiments were done on PSPLIB [7] datasets, transformed for RCPSP-log following the method developed by
Coelho and Vanhoucke [3].
The highlighted entries in the table show the most significant findings in comparison to the baseline.
Evaluations considered number of solutions, average time to solve, number of decisions and average best makespan over
time, within a time limit of 15 seconds.

The  two heuristics are based on:
 the intuition of minimizing the makespan by trying to
schedule each activity closer to the start of the project. 
variable activity and conflict analysis, known as good
practice in SAT solving.

The first heuristic is the greedy schedule each activity as
early as possible (EST).  Each activity has a weight based
on start time, fixing the variable selection order.
The second approach combines the EST with Variable
State Independent Decaying Sum (VSIDS) [5], used by
default by the solver. 

the EST weights guide the start of the search and the
conflict analysis  takes over as the algorithm advances.

Considering the contribution of VSIDS in SAT solving, the
EST + VSIDS approach could incorporate more problem-
specific knowledge and keep the advantages of the best-
practice method [5].

Table 1. Solution results for the single-mode PSPLIB 30 and 60 job instances, reported as optimal | satisfiable | unknown solutions for each percentage of logical
constraints controlled by k1 and k2, calculated as percent log.

Results provide insight for integrating variable selection
heuristics, with the potential for more investigation into
problem-specific ideas.
The proposed approaches contribute to reducing the
makespan and finding more optimal solutions for 60 jobs
instances, specifically for BI constraints.
There are limitations, such as struggling to find solutions
for all instances when using the EST method.
The approaches consider very limited problem specific
information.

8. FUTURE WORK
Critical path analysis and logical constraints information
for more problem specific knowledge.
Extend the datasets to more instances and increase the
number of activities (90 and 120 jobs).
Consider testing within different time limits.
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Figure 2. Method flow graph for SAT solving.
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