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Abstract
This paper explores the application of Maximum Satisfiability (Max-SAT) to the complex problem of
conference session scheduling, with a particular focus on minimizing working-group conflicts within
the context of the ROADEF conference, the largest French-speaking event aimed at bringing together
researchers from various fields such as combinatorial optimization and operational research. A
Max-SAT model is introduced then enhanced with new variables, and solved through state-of-the-art
solvers. The results of applying our formulation to data from ROADEF demonstrate its ability
to effectively compute session schedules, while enabling to reduce the number of conflicts and
the maximum number of parallel sessions compared to the handmade solutions proposed by the
organizing committees. These findings underscore the potential of Max-SAT as a valuable tool for
optimizing conference scheduling processes, offering a systematic and efficient solution that ensures
a smoother and more productive experience for attendees and organizers alike.
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1 Introduction

The Maximum Satisfiability (Max-SAT) problem is a natural optimization extension of the
well-known satisfiability (SAT) problem [9]. While SAT consists in verifying whether all
the clausal constraints in a given propositional formula can be satisfied by an assignment
of the variables, the goal in Max-SAT shifts to determining the maximum number of
clausal constraints that can be satisfied. Although Max-SAT is NP-hard, the last decade
has known major breakthroughs in Max-SAT theory and solving. Indeed, SAT-based
algorithms [2, 18, 27] are able to harness the power of modern SAT solvers and particularly
their ability to effectively compute cores, i.e. unsatisfiable subsets of the formula. More
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recently, Branch and Bound algorithms for Max-SAT have also gained a huge leap in
competitiveness with respect to other approaches through the introduction of a foundational
learning process tailored to Max-SAT [11, 22, 23]. This was coupled with new insights and
understanding of Max-SAT proof theory, paving the way for efficient solver certification for
Max-SAT [7, 29].

These recent advancements have made Max-SAT a powerful formalism that can be used
to model and effectively solve many real-world problems. In particular, Max-SAT has been
used to tackle applications in various domains such as security [31], hardware and software
debugging [25], data analysis [8] and bio-informatics [19] among many others. In particular,
in the context of scheduling, Max-SAT has been used for tackling Curriculum-based Course
Timetabling in [4] and [14], mainly for optimizing isolated lectures or resources in the schedule.
It was also used in [10] to avoid idle time periods in the scheduling of bilateral meetings as
well as in [15] to solve staff scheduling problems while taking into account requested and
unpreferred shifts. A Max-SAT formulation for scheduling tasks in overloaded real-time
systems by enforcing task deadlines as soft constraints is introduced in [24]. More recently, an
iterative and incremental Max-SAT approach has been introduced to solve train scheduling
optimization problems in [20]. These successful applications show the high potential of
Max-SAT as an effective paradigm to solve problems in the context of scheduling and beyond.

In this paper, we address a conference scheduling problem through the lens of Max-
SAT. In particular, we aim to tackle a problem which has arisen during the organization
of the ROADEF conference, the largest French-speaking event aimed at bringing together
researchers from various domains, mainly the combinatorial optimization and operational
research communities. Our work addresses a crucial gap in the organization of the esteemed
conference where, despite its status as a gathering of premier scheduling experts, the planning
process remains reliant on manual efforts, requiring significant human and time resources,
even after 25 editions. Our objective is thus to provide an effective way for optimizing the
conference scheduling process, thus enhancing the overall experience for conference attendees
and organizers alike. To this end, we introduce a Max-SAT model to minimize the working-
group conflicts in the scheduling of parallel sessions during the conference. Furthermore,
we show how our model can be enhanced by introducing new variables. Our experimental
evaluation shows that our formulation offers a systematic and efficient solution to the intricate
challenges associated with our problem, ensuring a smoother and more productive experience
for attendees and organizers as it enables to reduce the number of conflicts as well as the
maximum number of parallel sessions compared to the handmade solutions proposed by the
organizing committees.

This paper is organized as follows. Section 2 includes the necessary definitions and
notations. The problem context and parameters are presented in Section 3. Our dedicated
Max-SAT model and its enhanced formulation are introduced in Section 4. An experimental
evaluation on data from ROADEF is presented in Section 5. Finally, we conclude and discuss
future work in Section 6.

2 Preliminaries

Let V be the set of propositional variables. A literal l is a variable x ∈ V or its negation
x. A clause is a disjunction of literals. A formula in Conjunctive Normal Form (CNF)
is a conjunction of clauses. An assignment α : V → {true, false} maps each variable to
a Boolean value and can be represented as a set of literals. A literal l is satisfied by an
assignment α if l ∈ α, else it is falsified by α. A clause is satisfied by an assignment α if
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at least one of its literals is satisfied by α, otherwise it is falsified by α. The cost of an
assignment α, denoted costα(ϕ), is the number of clauses in the formula ϕ falsified by α.
Solving the (plain) Max-SAT problem [6] consists in determining the maximum number of
clauses that can be satisfied by an assignment of a given CNF formula ϕ or, equivalently, the
minimum number of clauses that each assignment must falsify, i.e. opt(ϕ) = min

α
costα(ϕ).

In our formulation, we will particularly rely on the partial Max-SAT problem [21], which is
a well-known variant taking as input a partial CNF formula, i.e. a bipartite set of clauses
ϕ = H ∪ S where H is the set of hard clauses that must be satisfied and S is the set of soft
clauses to be optimized as in plain Max-SAT. The goal thus shifts to computing opt(S) such
that all the clauses in H are satisfied. Finally, we note that, in the subsequent Max-SAT
formulation, we will use Pseudo-Boolean (PB) constraints which enforce a constant bound
on a weighted sum of literals as in (

∑h
i=1 ai ∗ li) ◦ k where ai, k ∈ N and ◦ ∈ {≤, =, ≥}. In

the case where all literals in the sum are variables in V and all the weights are set to 1
(and thus can be discarded), such constraints are more commonly referred to as cardinality
constraints. PB and cardinality constraints can be efficiently encoded in CNF form [30] and
are typically used in Max-SAT solvers to enforce relevant bounds during the search [21]. For
instance, the sorting network encoding [16] enables to encode PB and cardinality constraints
using O(

∑h
i=1 ai log2(

∑h
i=1 ai)) new variables and clauses, i.e. O(h log2(h)) for cardinality

constraints as m = h. Independently, the cardinality network encoding [3] can be more suited
for cardinality constraints as it is in O(h log2(k)) while the BDD encoding [1], which is in
O(h3 log(max1≤i≤hai)), can be more suitable for PB constraints.

3 ROADEF Scheduling

The ROADEF1 conference is the largest French-speaking event aimed at bringing together
researchers from various domains, including combinatorial optimization, operational research,
constraint programming and industrial engineering. This event is organized annually and
welcomes around 600 participants, with the aim to foster exchanges and collaborations
between researchers and industry professionals, as well as to contribute to the training of
young researchers and encourage them to present their work to the national community.
ROADEF includes plenary sessions, tutorials in semi-plenary sessions, multiple parallel
sessions, industrial experience feedback sessions and the ROADEF general assembly. The
conference also involves many working groups consisting of researchers collaborating on a
national and potentially international level on specific themes covered by the conference,
with each parallel session usually being organized by one or more of these working groups. In
this paper, we focus on the scheduling of ROADEF parallel sessions into available time slots
while avoiding clashes among research working groups. This problem arises each year during
the event organization as each parallel session is usually scheduled to occur simultaneously
with others, potentially causing overlaps and conflicts. Indeed, such overlaps not only prevent
researchers from assisting to the sessions organized by their respective working groups but
they may also pose constraints regarding session chair assignments.

Let S be the set of conference sessions, G be the set of working groups and C be the set of
available slots2. A parallel session can be allocated to multiple slots with a different number
of papers allocated to each slot. We denote L the set of authorized quantity of papers that
can be allocated to a specific slot for each parallel session. We set n as the maximum number

1 https://www.roadef.org/roadef-le-congres-annuel
2 To simplify, each session, slot, or working group is referred to by a unique natural number identifier.

CP 2024
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Table 1 Summary of ROADEF Data for the last four years. #X denotes the number of X.

Year 2024 2023 2022 2021
#Sessions 40 47 42 27

#Working-groups 20 24 24 17
#Slots 7 7 8 11

Paper range L {3,4,5,6} {3,4,5}
#Papers 307 358 311 182

of parallel sessions for the available slots, which is fixed each year depending on the available
resources. Note that, in general, a higher value for this parameter entails more complex
logistics and more resources to manage the parallel sessions. For each session s ∈ S, we
denote np(s) and W (s) ⊆ G respectively the number of papers and the set of working groups
associated to session s. Finally, for each slot c ∈ C, we denote npMax(c) the maximum
number of authorized papers for each parallel session in slot c.

For instance, in 2024, the 25th edition of ROADEF3 was organized over three days in the
city of Amiens. The conference comprised 40 programmed sessions4. It also involved the
participation of 20 distinct working groups. Over the course of the three-day conference, there
were seven parallel session slots. The organizing committee has decided that each parallel
session was required to host at least three papers and at most six. Indeed, since the allocated
presentation and question time per paper is 20 minutes, a session with less than 3 papers, i.e.
less than one hour, would be too short while, one with more than 6 would be too long since
a break would be expected after 2 hours. The maximum number of parallel sessions per slot
can go up to 15 with respect to the available resources and mainly the available rooms in the
conference site. For the lack of space, we do not report the maximum number of authorized
papers for each slot nor the values of np(s) and W (s) for s ∈ S. However, we mention
that there were a total of 307 papers accepted in the 2024 edition, split over the different
sessions. To give an example, for session s = 40 dedicated to constraint programming, we
have np(s) = 8 and W (s) = {7, 15}. The summary of Data from ROADEF over the last four
years is reported in Table 1. Finally, we note that additional constraints for specific sessions
may arise. In particular, the chairs of session 34 in the 2024 edition requested to assign their
session presentations on the last day of the conference covered by slots 5, 6 and 7.

4 Maximum Satisfiability for Conference Session Scheduling

4.1 Basic Model

Our aim is to minimize the conflicts among working groups in the conference schedule while
respecting all the schedule-related constraints. We start first by defining our main variables.
More specifically, we set two types of variables to represent the allocation of parallel sessions
and to compute the conflicts as follows:

x(s,c,l) is set to true if session s ∈ S is allocated to slot c ∈ C with l ∈ L papers
y(s1,s2,c,g) is set to true if there is a conflict in slot c ∈ C for working group g ∈ G

associated to the pair of sessions (s1, s2) ∈ S2 such that s1 < s2 and g ∈ W (s1) ∩ W (s2)

3 https://roadef2024.sciencesconf.org/
4 50 parallel sessions were initially programmed in 2024 but 6 were canceled for lack of submissions and 4

were merged with other sessions for insufficient number of submissions.

https://roadef2024.sciencesconf.org/
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Since we want to reduce the number of group conflicts in the conference, we clearly need to
minimize the number of satisfied y variables. We can therefore define the set of soft clauses
accordingly as follows:

ϕsoft =
∧

(s1,s2,c,g)∈S×S×C×G
s1<s2

g∈W (s1)∩W (s2)

y(s1,s2,c,g)

Next, we state the constraints that will be added to the hard clause set ϕhard of the formula:

At most one quantity of papers can be chosen for each (session , slot) pair:∑
l∈L

x(s,c,l) ≤ 1 ∀(s, c) ∈ S × C (1)

The subdivision of a session into slots covers all the papers in the session:∑
c∈C
l∈L

x(s,c,l) ∗ l = np(s) ∀s ∈ S (2)

The allocation of a session to a slot c is valid if npMax(c) is not exceeded:∧
l∈L

l>npMax(c)

x(s, c, l) ∀(s, c) ∈ S × C (3)

The maximum number of parallel sessions per slot is not exceeded:∑
s∈S
l∈L

x(s,c,l) ≤ n ∀c ∈ C (4)

Two sessions associated to the same group and allocated to the same slot generate a
conflict:∧

(l1,l2)∈L2

x(s1,c,l1) ∨ x(s2,c,l2) ∨ y(s1,s2,c,g) (5)

∀(s1, s2, c, g) ∈ S2 × C × G s.t s1 < s2 and g ∈ WG(s1) ∩ WG(s2)

Session-specific constraints such as the one which arose for session 34 in the 2024 edition
can be written as follows:∧

c∈C\{5,6,7}
l∈L

x(34,c,l) (6)

4.2 Enhanced Model
In order to enhance our model, we first remark that Constraint (5) can be written differently
as stated in the following proposition which can be easily proven by the distributive properties
of logical conjunction and disjunction.

▶ Proposition. Constraint (5) is logically equivalent to the following constraint:

(
∧
l∈L

x(s1,c,l)) ∨ (
∧
l∈L

x(s2,c,l)) ∨ y(s1,s2,c,g)

∀(s1, s2, c, g) ∈ S2 × C × G s.t s1 < s2 and g ∈ WG(s1) ∩ WG(s2)

CP 2024
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As such, we can clearly observe that the information represented by the conjunctions in
the clauses may occur redundantly in the constraint. Note that, for a given (session,slot)
pair, these conjunctions represent the absence of a session from a given slot. Using these
observations, we introduce new variables to our model as follows:

z(s,c) is set to true if session s ∈ S is not allocated to slot c ∈ C

To enforce the semantic meaning of these variables, we add the following constraint which
can be easily rewritten in CNF form using the CNF rewriting of logical equivalence and the
distributivity laws:

When a session is not allocated to a given slot, the corresponding z variable is set to true,
otherwise to false:

z(s,c) ⇔
∧
l∈L

x(s,c,l) ∀(s, c) ∈ S × C (7)

Now, we can rewrite some of the previous constraints as shown below.

We can optimize the left-hand side of constraint (4) through the z variables as follows:∑
s∈S

z(s,c) ≤ n ∀c ∈ C (4∗)

We can also simply remodel constraint (5) based on the rewriting established in the
proposition above and by relying on the newly introduced z variables:

z(s1,c)∨z(s2,c)∨y(s1,s2,c,g) ∀(s1, s2, c, g) ∈ S2×C×G, s1 < s2 and g ∈ W (s1)∩W (s2) (5∗)

Finally, the z variables can be also used to effectively encode session-specific constraints
as follows:∧

c∈C\{5,6,7}

z(34,c) (6∗)

5 Experimental Evaluation

We have encoded our Max-SAT models5 using the PySAT6 library [17]. To compare our
enhanced formulation to the basic model, we used the Sorting Network (SortN) encoding
which is available for both PB and cardinality constraints in PySAT. Furthermore, to show
that our enhanced model can be further improved, we also test a CardN+PBbest combination,
with a cardinality encoding for cardinality constraints and the “best” option set for PB
constraints in PySAT, which typically invokes the BDD encoding. Using data extracted
from the last four years of ROADEF, we have generated a total of 72 instances, by choosing
7 varying values of n for each year. This enables us to not only minimize the number of
working-group conflicts for a given n value but to also seek an optimal value for the maximum
number of parallel sessions. The features of the generated instances in terms of number
of variables and clauses are reported in Table 2. We have solved the generated instances
using different state-of-the-art Max-SAT solvers including RC2 [18], OpenWBO (WBO) [26],
MaxCDCL [23] and MaxHS [13]; all first-ranked solvers in previous Max-SAT evaluations.

5 Our code, data and benchmark are available in the following GitHub repository
6 https://pysathq.github.io/

https://github.com/satoutahhaithem/ROADEF_SCHEDULING
https://pysathq.github.io/
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Table 2 Summary of instance features and computed optimal values for the whole benchmark.
# X denotes number of X. An interval is indicated when there are several values possibles. For
the sake of comparison, we report the values obtained through the handmade scheduling by the
organizing committees between “()” in the last two rows.

Year 2024 2023 2022 2021
Encoding SortN CardN+PBbest SortN CardN+PBbest SortN CardN+PBbest SortN CardN+PBbest

# Var 45112 11007 49917 [12309-15235] 44212 [15810-12466] 44612 [9337-10173]
# Hard 67754 20208 74926 [22640-27029] 65950 [26122-21106] 66807 [16209-17463]
# Soft 308 518 880 264

# Conflicts 4 (6) 9 (35) 29 (38) 0 (3)
Optimum n 10 (11) 13 (14) 11 (11) 5 (5)

For the sake of comparison, we have also implemented our models using OR-Tools to perform
tests with the constraint programming solver CP-SAT [28]. The tests were performed on
a machine equipped with an Intel Core i7 processor clocked at 3.80GHz, under Ubuntu
22.04. A timeout of 3600s was set for each instance. The results in terms of solving time are
described in Table 3.

First, it is crucial to highlight the substantial enhancements our solutions have achieved
over the manually crafted schedules by the organizing committees in recent years. More
specifically, our models have remarkably enabled to improve both the number of conflicts
and the management of parallel sessions. Indeed, for the years 2024 to 2021, our automated
solutions reduced the number of working-group conflicts respectively by 2, 26, 9, and 3. This
reduction emphasizes the relevance of our computational approach over traditional manual
methods. Furthermore, our formulation has successfully decreased the maximum number of
parallel sessions required in the 2024 and 2023 schedules, by reducing it from 11 to 10 in
2024 and from 14 to 13 in 2023. These results enable to significantly lessen the operational
complexity and the resources required for organizing the conference and to ensure a smoother
and more productive experience for attendees and organizers alike.

Next, we compare our enhanced formulation to the basic one. As showcased in Table 3,
the comparison between the two models with Max-SAT solvers for a similar encoding (SortN)
clearly supports the relevance of introducing z variables into the model. Across all years, the
enhanced model consistently outperforms the basic one in terms of solving times. Notably, in
terms of total solving time across all MaxSAT solvers, it achieves a gain of 62.9%, 67.2% and
44.7% respectively for years 2024, 2023 and 2021, with a total gain of 66.3% over the three
years. In particular, the solving times were significantly improved for specific solvers as, for
instance, more than 93% gain in solving time is achieved for the solver RC2 in 2023 with our
enhanced formulation. Furthermore, the enhanced model’s ability to produce better feasible
solutions is particularly pronounced. Indeed, for the instances of 2023, the model not only
enables the MaxCDCL solver to solve some instances within the timeout but also to achieve
a feasible solution (which is optimal) for the remaining ones, unlike the basic model where it
fails on all the instances. For the instances of 2022, although the optimal solutions are not
found within the timeout7, it is crucial to emphasize that the enhanced model consistently
improves the best feasible solutions compared to the basic model. In fact, the optimal values
for the number of conflicts is in [27,29] with n = 11 showing that the enhanced model is able
to achieve a tight optimal solution interval for 2022, with a feasible solution of 29 achieved by

7 Note that we did not change the internal behavior of the solvers and, in particular, MaxHS which may
stop and return the best feasible solution before the timeout if it finds the problem hard to solve and
does not manage to achieve optimality

CP 2024
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MaxCDCL. Overall, the results provide strong empirical evidence supporting the importance
of introducing z variables in the scheduling model. This observation remains true for the
CP-SAT solver which also shows superior performance with the enhanced formulation.

Note how CP-SAT achieves a timeout on all the instances of 2022 and 2023 both with the
basic and enhanced models and does not manage to outperform the best MaxSAT solver in
2021 and 2024 for all the instances, which highlights the relevance of our MaxSAT approach
in managing large-scale scheduling tasks. In addition, for the sake of enhancing MaxSAT
solver performance, we have tested the CardN+PBbest combination with the enhanced
model and we have obtained promising outcomes. Specifically, this combination demonstrates
notable improvements in the best solving times compared to SortN, with a gain of 67.5%,
59.9% and 88.2% respectively for 2024, 2023 and 2021, thus averaging to more than 70%
gain over the three years. Finally, note how the instances become particularly difficult for
the smallest n within each year. In fact, the choices of the n values were not arbitrary as
a formal lower bound can be established by calculating an upper bound of the number of
papers for a given n as follows: UBPn =

∑
c∈C n ∗ npMax(c). For instance, in 2024, we have

UBP9 = 288 <
∑

s∈S np(s) = 307 and, therefore, the the set of hard constraints becomes
unsatisfiable for n = 9 as it is impossible to schedule all the sessions so as to achieve the total
amount of papers. In fact, we have also generated the instances for n = 9 in 2024, n = 11 in
2023, n = 10 in 2022 and n = 4 in 2021 totaling to 12 unsatisfiable instances. Unsurprisingly,
while CP-SAT is able to prove the infeasibility of these instances, all the MaxSAT solvers
failed within the timeout as these solvers are scarcely confronted to instances where the
set of hard clauses is unsatisfiable [5]. This underscores the importance of enlarging the
benchmarks in Max-SAT evaluations with such instances and, specifically, ones extracted
from real-life scenarios such as ours to keep up the driving force in improving modern solvers.

6 Conclusion

In this paper, we addressed an optimization problem in conference session scheduling. More
specifically, we presented a Max-SAT formulation for the minimization of working-group
conflicts in the ROADEF conference, which we then enhanced by introducing new variables.
Our results indicate that the number of conflicts and the maximum number of parallel
sessions could be reduced and a scheduling could be computed in an effective time frame.
Our work thus holds great promise in simplifying the scheduling task, streamlining logistics
and optimizing resources in subsequent editions of the conference. As future work, we plan
to expand our research by conducting experiments on additional datasets, both within and
beyond the scope of ROADEF. Additionally, we aim to enhance our scheduling approach
by incorporating considerations for author conflicts so as to develop a more comprehensive
optimization framework that accounts for the intricate relationships among participants.
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