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Abstract
The Steiner Tree Problem (STP) is a well studied graph theoretic problem. It

computes a minimum-weighted tree of a given graph such that the tree spans a given

subset of vertices called terminals. STP is NP-hard. Due to its wide applicability, it

has been a challenge problem in the 11th DIMACS implementation challenge and

the PACE 2018 challenge. Due to its importance, polynomial-time approximation

algorithms have been devised for solving the STP. One of the most popular algo-

rithms is by Kou, Markowsky and Berman (KMB) which provides a 2-approxi-

mation to STP. In practice, a naı̈ve implementation of the KMB algorithm is

prohibitively slow for large graphs. Our goal in this work is to improve KMB

algorithm’s practical utility by parallelizing it on GPU and reduce its execution time

on real-world graphs. This parallelization faces several challenges due to the

inherent irregular nature of computation, as well as critical design decisions

affecting the algorithm choice and optimizations. We overcome these challenges

with interesting algorithmic observations and by exploiting parallelization within

sub-steps, and develop the first GPU-based efficient approach to computing Steiner

trees using KMB. We illustrate the effectiveness of our approach using several

graph benchmarks from the DIMACS Challenge, the PACE Challenge, SteinLib,

and SNAP. Our highly optimized GPU implementation achieves an average

20� speedup over the CPU-sequential Open Graph algorithms and Data struc-

ture (OGDF)’s KMB implementation. In addition to this, our optimized CPU

implementation achieves an average 4� over OGDF’s KMB, the only published

open-source KMB implementation.

Keywords Steiner trees � Parallel algorithms � Approximation algorithms � Graphics
processing units
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Abstract
While the theoretical aspects concerning the computation of tree width – one of the most impor-
tant graph parameters – are well understood, it is not clear how it can be computed practically.
We present the open source Java library Jdrasil that implements several different state of the
art algorithms for this task. By experimentally comparing these algorithms, we show that the
default choices made in Jdrasil lead to an competitive implementation (it took the third place in
the first PACE challenge) while also being easy to use and easy to extend.
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1 Introduction

The concept of the tree width of a graph – the similarity of the graph to a tree – has seen
an enormous amount of research in the last few years due to its theoretical and pratical
importance. Google Scholar1 lists more than 6.000 papers concerning this subject written in
the last five years and more than 16.000 papers in total. More than half of the papers in the
proceedings of the 10th International Symposium on Parameterized and Exact Computation
(IPEC 2015) mention this important graph notion [25]. Tree width as a measure of the
complexity of a graph has shown to be helpful in a wide range of applications ranging from
the analysis of genome structure (e. g. [32]) to the learning of probablistic network from
a given dataset (e. g. [27]). It has also been shown to be very useful for the theoretical
investigation of the computational complexity of several graph problems, as many problems
that are intractable (i. e. NP-hard) become efficiently solvable on graphs with bounded tree
width. Due to this fact, tree width plays a major part in the development of fixed-parameter
algorithms in the field of parameterized complexity.

A wide range of algorithms is known to compute tree decompositions, ranging from
experimental heuristics over to exact exponential-time algorithms. However, they usually
suffer from at least one of the following problems:

1 https://scholar.google.com
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Abstract
Westudy reduction rules forDirected Feedback Vertex Set (DFVS)ondirected graphs
without long cycles. A DFVS instance without cycles longer than d naturally corresponds to
an instance of d- Hitting Set, however, enumerating all cycles in an n-vertex graph and then
kernelizing the resulting d- Hitting Set instance can be too costly, as already enumerating
all cycles can take time �(nd). To the best of our knowledge, the kernelization of DFVS on
graphs without long cycles has not been studied in the literature, except for very restricted
cases, e.g., for tournaments, in which all induced cycles are of length three. We show that the
natural reduction rule to delete all vertices and edges that do not lie on induced cycles cannot
be implemented efficiently, that is, it is W [1]-hard (with respect to parameter d) to decide
if a vertex or edge lies on an induced cycle of length at most d even on graphs that become
acyclic after the deletion of a single vertex or edge. Based on different reduction rules we
then show how to compute a kernel with at most 2dkd vertices and at most d3dkd induced
cycles of length at most d (which however, cannot be enumerated efficiently), where k is
the size of a minimum directed feedback vertex set. We then study classes of graphs whose
underlying undirected graphs have bounded expansion or are nowhere dense. These are very
general classes of sparse graphs, containing e.g. classes excluding a minor or a topological
minor. We prove that for every class C with bounded expansion there is a function fC (d)

such that for graphs G ∈ C without induced cycles of length greater than d we can compute
a kernel with fC (d) · k vertices in time fC (d) · nO(1). For every nowhere dense class C
there is a function fC (d, ε) such that for graphs G ∈ C without induced cycles of length
greater than d we can compute a kernel with fC (d, ε) · k1+ε vertices for any ε > 0 in
time fC (d, ε) · nO(1). The most restricted classes we consider are strongly connected planar
graphs without any (induced or non-induced) long cycles. We show that these classes have
treewidth O(d) and hence DFVS on planar graphs without cycles of length greater than d
can be solved in time 2O(d) · nO(1). We finally present a new data reduction rule for general
DFVS and prove that the rule together with a few standard rules subsumes all rules applied
in the work of Bergougnoux et al. to obtain a polynomial kernel for DFVS[FVS], i.e.,DFVS
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Abstract
The cluster editing problem asks to transform a given graph into a disjoint union of cliques by
inserting and deleting as few edges as possible. We describe and evaluate an exact branch-and-bound
algorithm for cluster editing. For this, we introduce new reduction rules and adapt existing ones.
Moreover, we generalize a known packing technique to obtain lower bounds and experimentally show
that it contributes significantly to the performance of the solver. Our experiments further evaluate
the effectiveness of the different reduction rules and examine the effects of structural properties of
the input graph on solver performance. Our solver won the exact track of the 2021 PACE challenge.

2012 ACM Subject Classification Mathematics of computing → Graph algorithms

Keywords and phrases cluster editing

Digital Object Identifier 10.4230/LIPIcs.SEA.2022.13

Supplementary Material
Software (Source Code): https://github.com/kittobi1992/cluster_editing
Software (Source Code): https://doi.org/10.5281/zenodo.4892524

Funding Michael Hamann: This work was supported by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) under grant WA 654/22-2.

Acknowledgements We thank Darren Strash for helpful discussions and literature research.

1 Introduction

In graph clustering, the goal is typically to partition the vertices into clusters such that
there are many edges inside and few between clusters. The most clear-cut cases are so-called
cluster graphs in which each connected component forms a clique. Thus, with one cluster for
each connected component, there are no edges between clusters and all possible edges inside
clusters exist. The cluster editing problem asks to use as few edge insertions and deletions as
possible to transform a given graph into a cluster graph; thereby computing a clustering.

The cluster editing problem is NP-hard [18] and thus we cannot expect to solve it efficiently
in general. Nonetheless there are algorithmic approaches using reduction rules [11, 12, 14] or
search trees [8, 15]. The theoretically fastest known algorithm is by Böcker [7] with a running
time of O(1.62k + n + m), where k is the number of edits (edge insertions plus deletions)
and n, m are the number of vertices and edges of the graph, respectively. To encourage
development and implementation of practical algorithms, the challenge of PACE 2021 [16]
was to solve cluster editing. Our solvers won the exact [4] and heuristic [3] track.

In this paper, we describe the details of our exact solver [4] and present an in-depth
evaluation. Roughly speaking our solver is a branch-and-bound algorithm: Whenever possible,
we apply reduction rules to shrink the instance. When no reductions apply, we branch on the
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Abstract. Twin-width is a structural width parameter and matrix in-
variant introduced by Bonnet et al. [FOCS 2020], that has been gaining
attention due to its various fields of applications. In this paper, inspired
by the SAT approach of Schidler and Szeider [ALENEX 2022], we pro-
vide a new SAT encoding for computing twin-width. The encoding aims
to encode the contraction sequence as a binary tree. The asymptotic size
of the formula under our encoding is smaller than in the state-of-the-art
relative encoding of Schidler and Szeider. We also conduct an experi-
mental study, comparing the performance of the new encoding and the
relative encoding.

Keywords: Twin-width · SAT encoding.

1 Introduction

Twin-width is a graph and matrix invariant recently introduced by Bonnet et
al [7], [4], [5]), inspired by a width invariant defined on permutations by Guille-
mot and Marx [9]. Since its inception, twin-width received tremendous interest
in the scientific community. From the algorithmic perspective, the benefits of
twin-width are twofold. First, many diverse graph families are known to have
bounded twin-width, for example graphs of bounded treewidth or clique-width,
graphs excluding a fixed minor, planar graphs, posets of bounded width (in par-
ticular, unit interval graphs) [7]. Second, many NP-hard problems are solvable
in polynomial time on graphs of bounded twin-width.

The latter property is formalized by Bonnet et al [7] as follows: Given an n-
vertex graph G, a witness that its twin-width is at most d, and a first-order sen-
tence ϕ, it can be decided whether ϕ holds on G in f(d, ϕ)n time, where f is some
computable function. It is worth noting, that this result does not give directly
algorithms with practical running times since f is an extremely fast-growing
function; this is a common drawback of algorithmic meta-theorems. However,
several important NP-hard problems that are expressible by a first-order sentence
⋆ Corresponding author.
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Abstract
In the Directed Feedback Vertex Set (DFVS) problem, one is given a directed graph G = (V, E) and
wants to find a minimum cardinality set S ⊆ V such that G − S is acyclic. DFVS is a fundamental
problem in computer science and finds applications in areas such as deadlock detection. The problem
was the subject of the 2022 PACE coding challenge. We develop a novel exact algorithm for the
problem that is tailored to perform well on instances that are mostly bi-directed. For such instances,
we adapt techniques from the well-researched vertex cover problem. Our core idea is an iterative
reduction to vertex cover. To this end, we also develop a new reduction rule that reduces the number
of not bi-directed edges. With the resulting algorithm, we were able to win third place in the exact
track of the PACE challenge. We perform computational experiments and compare the running time
to other exact algorithms, in particular to the winning algorithm in PACE. Our experiments show
that we outpace the other algorithms on instances that have a low density of uni-directed edges.
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1 Introduction

In the Directed Feedback Vertex Set (DFVS) problem, we are given a directed graph
G = (V, E) and the objective is to find a minimum cardinality set S ⊆ V such that G − S is
acyclic. DFVS is a fundamental computational problem that appeared in Karp’s seminal
paper [19]. The problem is equivalent to the Feedback Arc Set (FAS) problem where
we want to delete edges instead of vertices i.e., there are reductions in both directions
that preserve the value of the solution and blow up the graph size only polynomially. Both
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ABSTRACT
Graph Drawing aims to make graphs visually comprehensible while
faithfully representing their structure. In layered drawings, each ver-
tex is drawn on a horizontal line and edges are drawn as𝑦-monotone
curves. We consider a fundamental problem from this domain, the
One-Sided Bipartite Crossing Minimisation (OBCM) problem.
Given a bipartite graph with two layers and a fixed horizontal order
of vertices on the first layer, the objective is to order the vertices
on the second layer to minimise the number of edge crossings.

We empirically analyse the performance of simple evolution-
ary algorithms (EAs) for OBCM and compare different mutation
operators for the underlying permutation problem: exchanging
two elements (exchange), swapping adjacent elements (swap) and
jumping an element to a new position (jump). Our analysis reveals
that jump is the most effective operator, with EAs using jumps
outperforming all classical algorithms in terms of solution quality
within a reasonable number of generations. We also propose hybrid
EA variants that reduce the required number of generations by up
to a factor of 100. Additionally, we provide theoretical insights and
prove a quadratic upper bound on the expected runtime for the
most effective EA using jumps for a general class of instances.

CCS CONCEPTS
• Theory of computation→ Theory of randomized search
heuristics; •Mathematics of computing→ Graphs and sur-
faces.

KEYWORDS
Graph drawing, network layout, permutation spaces, mutation
operators, runtime analysis, theory, hybridisation
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1 INTRODUCTION AND MOTIVATION
This work explores the performance of evolutionary algorithms
(EAs) for a fundamental optimisation problem in graph drawing, the
discipline aiming to make graphs visually comprehensible while
faithfully representing their structure (cf. [27] for a survey).

To create faithful and aesthetically pleasing network representa-
tions, multiple aesthetic criteria—such as edge crossings, crossing
angles, edge length ratio, and area—must be optimised [23]. A com-
mon approach is to decompose this problem into smaller subprob-
lems, each optimised separately, as seen in the so-called Sugiyama
framework [26] for layered graph drawings. In a layered drawing
of a directed graph, each vertex is drawn on a layer, represented
by a horizontal line and each edge is drawn as an upward-directed
curve from its start point to its end point.

We aim to understand whether, and to what extent, general-
purpose EAs can be used to solve problems arising in graph drawing.
Despite the extensive and highly active research in graph draw-
ing, as well as the significant potential of EAs, there have been
only a few attempts to apply them to graph drawing problems,
e. g. [1, 12, 15, 20, 22]. These works combine several features of EAs,
sometimes incorporating additional mechanisms, e. g. co-evolution.
The algorithm design and parameter choices are often made ad hoc,
with little or no justification. Hence, although the results obtained
are often very promising, it is difficult to assess the potential of EAs
in graph drawing or to infer general design guidelines for EAs.

We take a complementary approach: to explore the design space
of EAs, we focus on a single, fundamental problem, and systemati-
cally test a variety of EAs that are as simple as possible, while still
reflecting fundamental principles of EAs. We evaluate their perfor-
mance in terms of running time and solution quality and compare
the results with the performance of existing classical algorithms.

We consider the One-Sided Bipartite Crossing Minimisation
problem (OBCM for short). Its input consists of a bipartite graph𝐺 =
(𝑋 ∪ 𝑌, 𝐸) with 𝐸 ⊆ 𝑋 × 𝑌 and a fixed permutation 𝜋𝑋 of 𝑋 . The
task is to determine a permutation 𝜋𝑌 of 𝑌 that minimises the
number of crossings in a 2-layer drawing of 𝐺 , where the vertices
in 𝑋 are drawn in the top layer according to the left-to-right order
determined by 𝜋𝑋 and the vertices in 𝑌 are drawn in the bottom
layer according to the left-to-right order determined by 𝜋𝑌 , see
Figure 1 for an example.

X

Y
(a) (b)

Figure 1: An OBCM instance with (a) a random ordering of
the lower layer 𝑌 and (b) a crossing-minimal one.
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Change and Continuity

Changes for PACE 2025:

• These year’s problems are not fpt in general (but on many restricted classes)
• Increased memory limit: 8GB → 16GB
• Predefined Docker container to ensure uniform environment
• Dedicated reviewing phase to ensure correctness of solvers

. Additional test set (thanks to Manuel Penschuck for Stride!)

Continuity:

• Two tracks: Exact and Heuristic
• Dedicated student rankings
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The Tracks

Exact:

• Find an optimal solution
• Time limit: 30 minutes, memory limit: 16GB
• Scoring based on number of solved instances and time

Heuristic:

• Find a good solution (not necessarily optimal)
• Time limit: 5 minutes, memory limit: 16GB
• Scoring function:

f (k) =
( u − k

u − k∗

)2
, where u = min{n, 2k∗},

k = solution size, k∗ = best known solution size, n = number of vertices
8



Problems

This year’s iteration features two problems.

Dominating Set

1

2

3

4 5

6

7

Set D ⊆ V (G) such that for all
v ∈ V (G) we have N[v ] ∩ D 6= ∅

Hitting Set

1

2

3

4
5

6

Set H ⊆ V (S) such that for all
S ∈ E (S) we have S ∩ H 6= ∅

9



Known Results: Dominating Set

1972

NP-complete
[Karp]

1990

polynomial on bounded
treewidth classes

[Courcelle]

1995

W[2]-complete
[Downey & Fellows]

2002

fpt on planar graphs
[Alber et al.]

2009

fpt on nowhere dense classes
(Domination Cores)

[Dawar, Kreutzer]

2019

fpt on biclique-free classes
(and hence on nowhere dense,
degenerate, bounded expansion,
planar, bounded treewidth ...)

[Telle & Villanger]
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Known Results: Hitting Set

Hitting Set generalizes many problems, including

• Vertex Cover (sets have size 2)
• Dominating Set (sets are closed neighborhoods)
• Feedback Vertex Set (sets are cycles)

Still, Dominating Set, Hitting Set and Set Cover are in a sense the same problem

Hitting Set Set Cover

Dominating Set

dual

closed neighborhoods closed neighborhoods

split graph
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Number of Participants

PACE 2025: 71 participants from 25 teams, 13 countries, and 3 continents
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Solving Strategies – Exact Solvers

Employed Solving Strategies of exact solvers (grouped into nearest fitting category)

(RR: Reduction Rules, TW: Approach based on tree decompositions) 13



Solving Strategies – Heuristic Solvers

Employed Solving Strategies of heuristic solvers

Local Search
GreedyReduction Rules

Large Neighborhood Search
Guided ILP

Branch & Bound

Machine Learning
Genetic AlgorithmCEGAR

14



Graph Origins

Dominating Set and Hitting Set combined, grouped by Exact and Heuristic Tracks
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Graph Sizes by Origin

Number of vertices grouped by graph origin and track (logarithmic scale!)
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Graph Sizes by Origin

Number of edges grouped by graph origin and track (logarithmic scale!)
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Solved Instances by Time – Dominating Set Exact

(Disqualified teams are not shown)
18



Solved Instances by Time – Hitting Set Exact

(Disqualified teams are not shown)
19



Unsolved Instances

Unsolved instances "grouped" by origin
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DS Exact Track – Ranking

1.2. 3.

OBLX
Score: 80
Time: 64579 s
Members:
• Jona Dirks
• Enna Gerhard
• Victoria Kaial
• Lucas Lorieau
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DS Exact Track – Ranking

1.2. 3.

Bad DS Maker
Score: 80
Time: 50254 s
Members:
• Alexander Dobler
• Simon D. Fink
• Mathis Rocton

OBLX
Score: 80
Time: 64579 s
Members:
• Jona Dirks
• Enna Gerhard
• Victoria Kaial
• Lucas Lorieau
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10th Parameterized Algorithms and Computational Experiments Challenge

PACE
Uniting FPT and practice

ALGO/IPEC 2025 September 15 – 19  Warsaw, Poland

_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 200,-

This is to certify that the 2025 PACE Program Committee recognizes

Alexander Dobler Simon D. Fink Mathis Rocton
Tu Wien

for the

Second Place in the Dominating Set Exact Track



DS Exact Track – Ranking

1.2. 3.

UzL
Score: 81
Time: 46111 s
Members:
• Max Bannach
• Florian Chudigiewitsch
• Marcel Wienöbst

Bad DS Maker
Score: 80
Time: 50254 s
Members:
• Alexander Dobler
• Simon D. Fink
• Mathis Rocton

OBLX
Score: 80
Time: 64579 s
Members:
• Jona Dirks
• Enna Gerhard
• Victoria Kaial
• Lucas Lorieau
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PACE
Uniting FPT and practice

ALGO/IPEC 2025 September 15 – 19  Warsaw, Poland

_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 300,-

This is to certify that the 2025 PACE Program Committee recognizes

Max Bannach Florian Chudigiewitsch Marcel Wienöbst
European Space Agency University of Lübeck University of Lübeck

for the

First Place in the Dominating Set Exact Track



DS Heuristic Track – Ranking

1.2. 3.

Swats
Score: 99.35
Members:
• Sylwester Swat
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PACE
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ALGO/IPEC 2025 September 15 – 19  Warsaw, Poland

_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 100,-

This is to certify that the 2025 PACE Program Committee recognizes

Sylwester Swat
Poznań University of Technology

for the

Third Place in the Dominating Set Heuristic Track



DS Heuristic Track – Ranking

1.2. 3.

Root
Score: 99.64
Members:
• Canhui Luo
• Zhipeng Lv
• Zhouxing Su
• Qingyun Zhang

Swats
Score: 99.35
Members:
• Sylwester Swat
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10th Parameterized Algorithms and Computational Experiments Challenge

PACE
Uniting FPT and practice

ALGO/IPEC 2025 September 15 – 19  Warsaw, Poland

_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 200,-

This is to certify that the 2025 PACE Program Committee recognizes

Canhui Luo Zhipeng Lv Zhouxing Su Qingyun Zhang
Huazhong University of Science and Technology

for the

Second Place in the Dominating Set Heuristic Track



DS Heuristic Track – Ranking

1.2. 3.

Florian & Guillaume
Score: 99.81
Members:
• Florian Fontan
• Guillaume Verger

Root
Score: 99.64
Members:
• Canhui Luo
• Zhipeng Lv
• Zhouxing Su
• Qingyun Zhang

Swats
Score: 99.35
Members:
• Sylwester Swat

26



10th Parameterized Algorithms and Computational Experiments Challenge

PACE
Uniting FPT and practice

ALGO/IPEC 2025 September 15 – 19  Warsaw, Poland

_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 300,-

This is to certify that the 2025 PACE Program Committee recognizes

Florian Fontan Guillaume Verger

for the

First Place in the Dominating Set Heuristic Track



HS Exact Track – Ranking

1.2. 3.

André Schidler
Score: 78
Time: 49566 s
Members:
• André Schidler
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 100,-

This is to certify that the 2025 PACE Program Committee recognizes

André Schidler
Albert-Ludwigs-Universität Freiburg

for the

Third Place in the Hitting Set Exact Track



HS Exact Track – Ranking

1.2. 3.

Bad DS Maker
Score: 79
Time: 57783 s
Members:
• Alexander Dobler
• Simon D. Fink
• Mathis Rocton

André Schidler
Score: 78
Time: 49566 s
Members:
• André Schidler
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Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 200,-

This is to certify that the 2025 PACE Program Committee recognizes

Alexander Dobler Simon D. Fink Mathis Rocton
Tu Wien

for the

Second Place in the Hitting Set Exact Track



HS Exact Track – Ranking

1.2. 3.

UzL
Score: 79
Time: 49854 s
Members:
• Max Bannach
• Florian Chudigiewitsch
• Marcel Wienöbst

Bad DS Maker
Score: 79
Time: 57783 s
Members:
• Alexander Dobler
• Simon D. Fink
• Mathis Rocton

André Schidler
Score: 78
Time: 49566 s
Members:
• André Schidler
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 300,-

This is to certify that the 2025 PACE Program Committee recognizes

Max Bannach Florian Chudigiewitsch Marcel Wienöbst
European Space Agency University of Lübeck University of Lübeck

for the

First Place in the Hitting Set Exact Track



HS Heuristic Track – Ranking

1.2. 3.

Shadoks
Score: 99.21
Members:
• Guilherme D. da Fonseca
• Fabien Feschet
• Yan Gerard
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 100,-

This is to certify that the 2025 PACE Program Committee recognizes

Guilherme D. da Fonseca Fabien Feschet Yan Gerard
Aix-Marseille Université Université Clermont-Auvergne Université Clermont-Auvergne

for the

Third Place in the Hitting Set Heuristic Track



HS Heuristic Track – Ranking

1.2. 3.

Florian & Guillaume
Score: 99.73
Members:
• Florian Fontan
• Guillaume Verger

Shadoks
Score: 99.21
Members:
• Guilherme D. da Fonseca
• Fabien Feschet
• Yan Gerard
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 200,-

This is to certify that the 2025 PACE Program Committee recognizes

Florian Fontan Guillaume Verger

for the

Second Place in the Hitting Set Heuristic Track



HS Heuristic Track – Ranking

1.2. 3.

Root
Score: 99.79
Members:
• Canhui Luo
• Zhipeng Lv
• Zhouxing Su
• Qingyun Zhang

Florian & Guillaume
Score: 99.73
Members:
• Florian Fontan
• Guillaume Verger

Shadoks
Score: 99.21
Members:
• Guilherme D. da Fonseca
• Fabien Feschet
• Yan Gerard
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 300,-

This is to certify that the 2025 PACE Program Committee recognizes

Canhui Luo Zhipeng Lv Zhouxing Su Qingyun Zhang
Huazhong University of Science and Technology

for the

First Place in the Hitting Set Heuristic Track



DS Exact Track – Student Ranking

1.2. 3.

Floris
Score: 62
Time: 92309 s
Members:
• Floris van der Hout
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 100,-

This is to certify that the 2025 PACE Program Committee recognizes

Floris van der Hout
Utrecht University

for the

Third Student Place in the Dominating Set Exact Track



DS Exact Track – Student Ranking

1.2. 3.

Tobias Röhr
Score: 76
Time: 50057 s
Members:
• Tobias Röhr

Floris
Score: 62
Time: 92309 s
Members:
• Floris van der Hout
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PACE
Uniting FPT and practice

ALGO/IPEC 2025 September 15 – 19  Warsaw, Poland

_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 150,-

This is to certify that the 2025 PACE Program Committee recognizes

Tobias Röhr
Hasso Plattner Institut

for the

Second Student Place in the Dominating Set Exact Track



DS Exact Track – Student Ranking

1.2. 3.

OBLX
Score: 80
Time: 64579 s
Members:
• Jona Dirks
• Enna Gerhard
• Victoria Kaial
• Lucas Lorieau

Tobias Röhr
Score: 76
Time: 50057 s
Members:
• Tobias Röhr

Floris
Score: 62
Time: 92309 s
Members:
• Floris van der Hout
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 200,-

This is to certify that the 2025 PACE Program Committee recognizes

Jona Dirks Enna Gerhard Victoria Kaial Lucas Lorieau
Université Clermont-

Auvergne
University of Bremen Université Clermont-

Auvergne
Université Clermont-

Auvergne
for the

First Student Place in the Dominating Set Exact Track



DS Heuristic Track – Student Ranking

1.2. 3.

Hui, Bo, Yexin, Xinyun
Score: 96.16
Members:
• Hui Kong
• Bo Peng
• Yexin Peng
• Xinyun Wu
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 100,-

This is to certify that the 2025 PACE Program Committee recognizes

Hui Kong Bo Peng Yexin Peng Xinyun Wu
Hubei University of

Technology
Hubei University of

Technology
Hubei University of

Technology
Southwestern U. of

Financy and Economics
for the

Third Student Place in the Dominating Set Heuristic Track



DS Heuristic Track – Student Ranking

1.2. 3.

Viacheslav
Score: 96.27
Members:
• Viacheslav Khrushchev

Hui, Bo, Yexin, Xinyun
Score: 96.16
Members:
• Hui Kong
• Bo Peng
• Yexin Peng
• Xinyun Wu
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PACE
Uniting FPT and practice

ALGO/IPEC 2025 September 15 – 19  Warsaw, Poland

_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 150,-

This is to certify that the 2025 PACE Program Committee recognizes

Viacheslav Khrushchev
HSE University Moscow

for the

Second Student Place in the Dominating Set Heuristic Track



DS Heuristic Track – Student Ranking

1.2. 3.

Samuel
Score: 96.80
Members:
• Samuel Füßinger

Viacheslav
Score: 96.27
Members:
• Viacheslav Khrushchev

Hui, Bo, Yexin, Xinyun
Score: 96.16
Members:
• Hui Kong
• Bo Peng
• Yexin Peng
• Xinyun Wu

38



10th Parameterized Algorithms and Computational Experiments Challenge

PACE
Uniting FPT and practice

ALGO/IPEC 2025 September 15 – 19  Warsaw, Poland

_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 200,-

This is to certify that the 2025 PACE Program Committee recognizes

Samuel Füßinger
Eberhard Karls Universität Tübingen

for the

First Student Place in the Dominating Set Heuristic Track



HS Exact Track – Student Ranking

1.2.

AEG Heidelberg
Score: 63
Time: 77045 s
Members:
• Adil Chhabra
• Marlon Dittes
• Ernestine Großmann
• Kenneth Langedal
• Henrik Reinstädtler
• Christian Schulz
• Darren Strash
• Henning Woydt
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 150,-

This is to certify that the 2025 PACE Program Committee recognizes

Adil Chhabra Marlon Dittes Ernestine Großmann Kenneth Langedal
Heidelberg University Heidelberg University Heidelberg University Heidelberg University

for the

Second Student Place in the Hitting Set Exact Track

Henrik Reinstädtler Christian Schulz Darren Strash Henning Woydt
Heidelberg University Heidelberg University Hamilton College Heidelberg University



HS Exact Track – Student Ranking

1.2.

Tobias
Score: 76
Time: 50947 s
Members:
• Tobias Röhr

AEG Heidelberg
Score: 63
Time: 77045 s
Members:
• Adil Chhabra
• Marlon Dittes
• Ernestine Großmann
• Kenneth Langedal
• Henrik Reinstädtler
• Christian Schulz
• Darren Strash
• Henning Woydt
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 200,-

This is to certify that the 2025 PACE Program Committee recognizes

Tobias Röhr
Hasso Plattner Institut

for the

First Student Place in the Hitting Set Exact Track



HS Heuristic Track – Student Ranking

1.2.

Sebastian, Mirza,
Patrick & Mariette
Score: 1.83
Members:
• Sebastian Angrick
• Mirza Redzic
• Patrick Steil
• Mariette Vasen
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 150,-

This is to certify that the 2025 PACE Program Committee recognizes

Sebastian Angrick Mirza Redzic Patrick Steil Mariette Vasen
Karlsruhe Institute of Technology

for the

Second Student Place in the Hitting Set Heuristic Track



HS Heuristic Track – Student Ranking

1.2.

Deepak, Syed, Kabir &
Saurabh
Score: 82.50
Members:
• Deepak Ajwani
• Syed Mahmudul
• Kabir Ratul
• Saurabh Ray

Sebastian, Mirza,
Patrick & Mariette
Score: 1.83
Members:
• Sebastian Angrick
• Mirza Redzic
• Patrick Steil
• Mariette Vasen
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_________________________________
Mario Grobler, Universität Bremen
2025 PACE Program Committee Chair

_________________________________
Bart M. P. Jansen, TU Eindhoven
PACE Steering Committee Chair

€ 200,-

This is to certify that the 2025 PACE Program Committee recognizes

Deepak Ajwani Syed Mahmudul Kabir Ratul Saurabh Ray
University College Dublin New York University Abu Dhabi New York University Abu Dhabi

for the

First Place in the Hitting Set Heuristic Track



Lessons Learned

• Finding good benchmark instances is hard
• Discrepancy between preliminary and final test set
• Installing the solvers in Docker containers was time-consuming,

but eventually worth the effort
• The reviewing phase helped to identify bugs in the solvers
• Making a schedule is easy, sticking to it is hard
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Scientific Topic: Agreement Forests
Definition

▶ A phylogenetic tree is a rooted, bijectively leaf-labelled out-branching.

▶ An agreement forest of t phylogenetic trees T1,T2, . . . ,Tt is any forest of phylogenetic
trees that can be obtained from each Ti by removing directed edges (+“cleanup”)

▶ The number of phylogenetic trees in an agreement forest F is called its size. If F has
minimum size (maximizes the agreement), it is called a maximum-agreement forest.

A subtree prune and regraft move acting on a phylogenetic tree T replaces any directed edge uw of T with a

new directed edge vw , where v is a new vertex introduced by subdividing any directed edge in the weakl

y-connected component of u in T − uw .
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trees that can be obtained from each Ti by removing directed edges (+“cleanup”)
▶ The number of phylogenetic trees in an agreement forest F is called its size. If F has

minimum size (maximizes the agreement), it is called a maximum-agreement forest.

Results for t = 2, MAF(T ,T ′) = k

▶ NP-hard Bordewich & Semple, ’04
▶ O(2.35kn) time Chen & Wang, ’13

(O(2kn) time claimed) Whidden, ’13
▶ problem kernel with 28k taxa

Bordewich & Semple, ’05

Results for MAF(T1,T2, . . . ,Tt) = k

▶ O(3kn2t) time Shi et al. ’14

O(2.42kn4t3) time Shi et al. ’18

Note: No other parameterization explored!

A subtree prune and regraft move acting on a phylogenetic tree T replaces any directed edge uw of T with a
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Organization and Data

Exact/Parameterized Track

▶ t trees
▶ idea: instances accompanied by

parameters
(with proof, e.g. decomposition)

▶ committee takes requests for
parameters in the first months

▶ parameter statistics of hidden
instances available in advance

Heuristic Track

▶ 2 trees
▶ as usual

Lower Bound Track

▶ 2 trees
▶ idea: score depends on

quality and runtime
▶ idea: reach approximation

as fast as possible

Real-World Data

expect few trees, small MAF, many leaves

Generated Data

expect many trees, large MAF, many leaves
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Timeline

mostly follows previous PACE-instances

September ’25 Announcement of the challenge and tracks
October ’25 Definition of input and output formats

November ’25 Tiny test set and verifier are provided
January ’26 Release of public instances and details about the benchmark

April ’26 Submission via optil.io opens
July ’26 Final submission deadline and results

– good luck and an enjoyable competition –
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