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PREFACE

Dear Participants,

Over the past years we organized several workshops in our research areas. The MATCOS
conferences and the first SWORDS conference were successful: researchers from ten countries
attended the SWORDS 2014. It was a great pleasure for the organizers that leading researchers
from all over Europe participated in the two-day event.

This year we managed to establish the financial background of the next workshop, therefore
- based on the very positive experiences - we organized the

Szeged WORKkshop on Discrete Structures
SWORDS 2017
23 - 24 November 2017

Like in the case of the previous workshop we invited those professionals who are leading
experts in their research field and can join in some ways to our working group. It is also a
definite aim of the organizers to organize the SWORDS workshops regularly, and this effort is
the next step in that direction.

Unfortunately, the present workshop has a sad actuality. In the recent past we suffered a sen-
sitive professional loss. Our talented colleague Csandd Imreh passed away unexpectedly. This
workshop gives us an opportunity to pay tribute to his outstanding professional performance.

As the title of our Workshop shows, we “opened the door quite wide”: The scope of the
workshop includes topics which are related to discrete structures, such as discrete mathematics,
graph theory, data mining, combinatorial optimization, big data, artificial intelligence etc.
Presentations from theory and application are both welcome. Research on exact and approxi-
mation algorithms also are in the focus.

Welcome to the workshop; we wish you a pleasent stay in Szeged.

Organizers of the SWORDS
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PROGRAMME

THURSDAY, NOVEMBER 23, 2017

8.00 — 8.45 Registration

8.45 - 9.00 Official Opening

SESSION 1 | 9.00 — 10.30 Chair: Gdbor Galambos
Jozsef Balogh: On some geometric applications of the container method
Béla Csaba: Embedding graphs having Ore-degree at most five
Dezsé Miklos: On the vertex and edge sign balances of (hyper)graphs
Istvdan Miklos: The swap Markov chain is rapidly mixing on the realizations of linearly
bounded degree sequences
Coffee break
SESSION 2 | 11.00 - 12.30 Chair: Andrej Brodnik
Rolf Niedermeier: Fixed-parameter tractability inside P
Benedek Nagy: On 5°-3’ Watson-Crick finite and pushdown automata
Moritz von Looz: Parallel mesh (re)partitioning with balanced k-means
Sdndor Szabo: Cliques and differential equations
Lunch
SESSION 3 | 14.00 — 16.00 Chair: Jozsef Békési
Nysret Musliu: Improving the efficiency of dynamic programming on tree decompo-
sitions via machine learning
Branko Kavsek: Development and evaluation of different models for predicting tourist
category from texts
Csaba Raduly-Baka: Discrete structures in access road design
Dries Goossens: Conference scheduling: a personalized approach
Visit to the Computer Science Museum
SESSION 4 | 17.30 — 19.00 Chair: Miklos Krész

Jozsef Békési: From bin packing to vehicle assignment

Ulrich Pferschy: Approximation of the incremental knapsack problemn

Hans Kellerer: Restricted assignment scheduling with resource constraints

Péter Hajnal: Two geometrical applications of the semi-random method

19.30 — Conference dinner
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FRIDAY, NOVEMBER 24, 2017

SESSION 5

9.00 — 10.30 Chair: Jdnos Csirik

Miklos Simonovits: Why are the algorithms important in extremal graph theory?

Andrds Frank: Decreasingly-minimal optimization

Gyorgy Turdn: Betweenness centrality profiles for trees

Gabriel Istrate: On the heapability of partial orders

Coffee break

SESSION 6

11.00 — 12.30 Chair: Gyorgy Turdn

Attila Sali: Multi-symbol forbidden configurations

Gyula O.H. Katona: An improvement on the intersecting shadow theorem

Zsolt Tuza: Ramsey numbers with degree restrictions

Ervin Gydri: Terminal-pairability in some graphs

Lunch

SESSION 7

14.00 — 15.30 Chair: Tibor Csendes

Jdnos Balogh: Online bin packing with cardinality constraints resolved

Gyorgy Dosa: The tight asymptotic ratio of First Fit algorithm for cardinality con-
strained binpacking

Tamads Kis: Scheduling with non-renewable resources

Bo Chen: Supplier competition with option contracts for discrete blocks of capacity

Coffee break

SESSION 8

15.00 — 18.00 Chair: Gerhard Reinelt

Andrej Brodnik: Polypeptide origami

Nebojsa Gvozdenovi¢: Synchronized planning of sales territories and delivery routes
in supply chain

Tibor Illés: Operational research model for crew scheduling and application

Tibor Csendes: When to sell the cow?

Tamds Terlaky: The Inmate Assignment and Scheduling Problem and its Application
in the PA Department of Corrections

18.00 — 18.15 Closing

19.00 — Survivors’ dinner
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Majority colorings of digraphs

Marcin Anholcer

Faculty of Informatics and Electronic Economy Poznan University of Economics and Business, Poland
m.anholcer@ue.poznan.pl
Barttlomiej Bosek
Faculty of Mathematics and Computer Science Jagiellonian University, Poland
bosek @tcs.uj.edu.pl
Jarostaw Grytczuk
Faculty of Mathematics and Information Science Warsaw University of Technology, Poland

j-grytczuk @mini.pw.edu.pl

Majority coloring of a digraph is a coloring of its vertices such that for each vertex v, at
least half of the out-neighbors of v have different colors than v. A digraph D is majority
k-choosable if for any assignment of lists of colors of size k to the vertices there is a majority
coloring of D from these lists. We present an algorithm that generates a majority coloring of
arbitrary digraph from lists of size 4. In fact, our method solves a more general problem, where
the fraction of out-neighbors having same color may be different for every vertex (in particular,
not necessarily equal to 1/2). In addition, we also prove some results on the majority colorings
of infinite digraphs.

Keywords: majority coloring, unfriendly partition, majority k-choosability, digraph, infi-
nite digraph.
AMS Subject Classification: 05C15, 05C20, 05C63.
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Online bin packing with cardinality constraints resolved

Janos Balogh, J6zsef Békési
University of Szeged, Hungary
{balogh,bekesi} @jgypk.szte.hu

Gyorgy Dosa
University of Pannonia, Hungary
dosagy @almos.uni-pannon.hu
Leah Epstein
University of Haifa, Israel

lea@math.haifa.ac.il
Asaf Levin

Technion - Israel Institute of Technology, Israel

levinas @ie.technion.ac.il

Cardinality constrained bin packing or bin packing with cardinality constraints is a basic bin
packing problem. In the online version with the parameter £ < 2, items having sizes in (0,1]
associated with them are presented one by one to be packed into unit capacity bins, such that
the capacities of bins are not exceeded, and no bin receives more than k£ items. We resolve
the online problem in the sense that we prove a lower bound of 2 on the overall asymptotic
competitive ratio. This closes the long standing open problem of finding the value of the best
possible overall asymptotic competitive ratio, since an algorithm of an absolute competitive
ratio 2 for any fixed value of k is known. Additionally, we significantly improve the known
lower bounds on the asymptotic competitive ratio for every specific value of k. The novelty of
our constructions is based on full adaptivity that creates large gaps between item sizes. Thus,
our lower bound inputs do not follow the common practice for online bin packing problems
of having a known in advance input consisting of batches for which the algorithm needs to be
competitive on every prefix of the input. Last, we show a lower bound strictly larger than 2 on
the asymptotic competitive ratio of the online 2-dimensional vector packing problem, and thus
provide for the first time a lower bound larger than 2 on the asymptotic competitive ratio for the
vector packing problem in any fixed dimension.
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On some geometric applications of the container method

Jozsef Balogh
University of Illinois at Urbana-Champaign, Illinois, USA

jobal@math.uiuc.edu

The container method proved to be applicable in several areas of combinatorics. In this talk,
I talk about some new applications in discrete geometry; one of them is about a minimum size
of an epsilon-net in a point-line system in the plane.

It is joint work with J6zsef Solymosi.
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From bin packing to vehicle assignment

Jozsef Békési
University of Szeged, Hungary

bekesi @jgypk.szte.hu

The classical one-dimensional bin packing problem is among the most frequently studied
combinatorial optimization problems. It is well-known that finding an optimal packing is NP-
hard. Consequently, a large number of papers have been published which look for polynomial
time algorithms that find feasible solutions with an acceptable approximation quality. One class
of the algorithms is the so called on-line algorithms. An on-line algorithm packs the elements
in order of their arrival, without knowing the subsequent elements.

In this talk we overview some results from the above areas with some practical application
possibilities.

11
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Polypeptide origami

Andrej Brodnik!?, Rok Pozar!, Daniel Siladi!

{andrej.brodnik, rok.pozar} @upr.si, szilagyi.d @ gmail.com
1 University of Primorska,
Department of Information Science and Technology, Slovenia,
2 University of Ljubljana,

Faculty of Computer and Information Science, Slovenia

In recent years nanostructures are gaining importance and its use in various areas starting
from a pharmaceutical use. An important break through represents method of folding a single
strand DNA into a 3D shape. Rothemund [3] showed how to do this by specifying solely nu-
cleotide sequence of the DNA in such a way that a given region of a strand binds to exactly one
other region in the same strand. Technologically it would be easier to construct such structures
not from DNA but from polypeptides consisting of amino acids. In 2015 Potapov et al. [2]
showed that this is possible using so called coiled coil (CC) peptides. Later GradiSar et al. [1]
presented graph theoretical results about classes of graphs permitting such a construction using
a single strand CC peptide or DNA.

The crucial building block of the construction is an orthogonal base of CC peptides. Roughly
speaking, the orthogonal base consists of CC peptides, where each peptide interacts with exactly
one other peptide. Would we be dealing with nucleotides and DNA, a well known set A, C,
G, T represents such an orthogonal base of size 4. The elements of the base are then glued
together into a single strand chain used to construct polypeptide origami 3D nano structures.
The individual elements are chemically sequences of 7 amino acids called heptads.

In this paper we show that given a set of CC heptads to choose the largest subset of them
that represents an orthogonal base is an NP-complete problem. Furthermore, we give an exact
algorithm to construct such a set, that is currently experimentally being verified. Finally, we
extend our results to a multiheptad set of CC peptides and give a meta-heuristic algorithm that
gives 3-10 times larger orthogonal base than our exact method using single heptad CC peptides.

Some results of this work Siladi presented in his thesis [4]. The authors acknowledge a
partial support from the project (Graph Optimisation and Big Data, N2-0053) and research core
funding No. P2-0359 financially supported by the Slovenian Research Agency.

[1] Helena GradiSar, Sabina Bozic, Tibor Doles, Damjan Vengust, Iva Hafner-Bratkovic,
Alenka Mertelj, Ben Webb, Andrej Sali, Sandi Klavzar, and Roman Jerala. Design of a single-
chain polypeptide tetrahedron assembled from coiled-coil segments. Nature chemical biology,
9(6):362-366, 2013. [2] Vladimir Potapov, Jenifer B Kaplan, and Amy E Keating. Data-driven

12
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prediction and design of bZIP coiled-coil interactions. PLoS Comput Biol, 11(2):e1004046,
2015. [3] Paul WK Rothemund. Folding DNA to create nanoscale shapes and patterns. Nature,
440(7082):297-302, 2006. [4] Daniel Siladi. Computational methods for polypeptide origami

design. BSc thesis, University of Primorska, Faculty of Mathematics, Natural Science and
Information Technologies, 2017.

13
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Supplier Competition with Option Contracts for Discrete Blocks
of Capacity

Bo Chen

University of Warwick, United Kingdom

B.Chen@warwick.ac.uk

When a firm faces an uncertain demand, it is common to procure supply using some type
of option in addition to spot purchases. A typical problem of this type involves capacity being
purchased in advance, with a separate paymentmade that applies only to the part of the capacity
that is needed. We consider a discrete version of this problem in which competing suppliers
choose a reservation price and an execution price for blocks of capacity, and the buyer, facing
known distributions of demand and spot price, needs to decide which blocks to reserve. We
show how to solve the buyer’s combinatorial problem efficiently and prove that suppliers can
do no better than offer blocks at execution prices that match their costs, making profits only
from the reservation part of their bids. Finally, we show that in an equilibriumthe buyer selects
the welfare maximizing set of blocks.

Joint work with Edward Anderson (University of Sydney, Australia) and Lusheng Shao (Uni-
versity of Melbourne, Australia)

14
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Embedding graphs having Ore-degree at most five

Béla Csaba, Judit Nagy-Gyorgy
University of Szeged, Hungary

{bcsaba, Nagy-Gyorgy } @math.u-szeged.hu

Let H and G be simple graphs on n vertices, where n is sufficiently large. Define the Ore-
degree of an edge as the sum of the degrees of its endpoints. Then we define the Ore-degree
of H as the maximum of the Ore-degrees taken on the edges of /. We prove that if [ has

Ore-degree at most 5 and GG has minimum degree at least 2n/3 then H is a spanning subgraph
of G.

15
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The tight asymptotic ratio of First Fit algorithm for cardinality
constrained binpacking

Gyorgy Doésa
University of Pannonia, Hungary

dosagy @almos.uni-pannon.hu

In bin packing with cardinality constraints (BPCC), there is an upper bound & on the number
of items that can be packed into each bin, additionally to the standard constraint on the total size
of items packed into a bin. We study the algorithm First Fit, that acts on a list of items, packing
each item into the minimum indexed bin that contains at most £ — 1 items and has sufficient
space for the item.

An upper bound, namely 2.7—2.4/k for the asymptotic approximation ratio of FF was known
from 1975. Now we give the tight bound for any specific value of k.

This is as follows: 5/2 — 2/k for k is between 2 and 4; 8/3 — 8/(3k) if k is between 4 and
10, and 2.7 — 3/k if k is at least 10 (where the values 4 and 10 are included in two cases each).
For the tightness proof we use different weighting functions for the different cases.

Joint work with Leah Epstein.
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Decreasingly-minimal optimization

Andras Frank

E6tvos Lordand University, Hungary

frank @cs.elte.hu

In a digraph we want to find K spanning arborescences such the most used edge belongs to
a minimum number of arborescences, subject to this, the second most used edge belongs to a
minimum number of arborescences, and so on. For short, we are interested in a decreasingly-
minimal packing of K arborescences. In an analogous problem, we look for a decreasingly-
minimal strongly connected orientation of a graph, that is, the largest in-degree of a node should
be as small as possible, subject to this, the second largest in-degree should be as small as
possible, and so on.

Similar questions can be posed concerning many other known combinatorial optimization
problems such as packing st-paths of a digraph or bases of a matroid. In the literature, this kind
of problems are sometimes called “egalitarian” or “’shifted” or “fair” optimization. When K
is small, a straightforward parallel edge- multiplicating technique reduces the problem to the
minimum cost version of the basic problem. However, for large K this approach is hopeless
to get a polynomial algorithm. In this talk, we develop a strongly polynomial algorithm, for
network flows and polymatroid intersections.

The talk is based on a joint work with Kazuo Murota.

17
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Conference scheduling: a personalized approach

Dries Goossens

Ghent University, Belgium
Dries.Goossens @UGent.be
Bart Vangerven, Annette Ficker, Ward Passchyn, Frits Spieksma
KU Leuven, Belgium
{bart.vangerven, annette.ficker, ward.passchyn, frits.spieksma} @kuleuven.be
Gerhard Woeginger
RWTH Aachen, Germany

g.woeginger @tue.nl

Scientific conferences have become an essential part of academic research and require sig-
nificant investments (e.g. time and money) from their participants. It falls upon the organizers
to develop a schedule that allows the participants to attend the talks of their interest. We present
a combined approach of assigning talks to rooms and time slots, grouping talks into sessions,
and deciding on an optimal itinerary for each participant. Our goal is to maximize attendance,
taking into account the common practice of session hopping. On a secondary level, we accom-
modate presenters’ availabilities. We use a hierarchical optimization approach, sequentially
solving integer programming models, which has been applied to construct the schedule of the
MathSport International (2013), MAPSP (2015) and ORBEL (2017) conferences.

18
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Synchronized planning of sales territories and delivery routes in
supply chain

Nebojsa Gvozdenovié
University of Novi Sad, Serbia

nebojsa.gvozdenovic @infora.rs

The problem considers a synchronized tactical planning of sales territories and corresponding
delivery routes for 3PL/4PL providers. Such a planning is challenging in FCMG markets where
Traditonal Trade is still strong compared to Key Accounts. In such markets, 3PL/4PL providers
have exclusive distribution agreements with several brands. As the rule of thumb, each brand
insists on a sales-force that sells only its products. On the other hand, the delivery of products
from different brands can be consolidated. The brands are compatible if such consolidation is
possible. The lists of the shops of two compatible brands usually overlap to a great extent.

The planner of sales territories for a single brand usually has complete freedom to organize
territories for his/her sales-force. A single salesperson thus gets a territory that is often splitinto
sub-territories, where each sub-territory can be handled during a single working day. Goods
that are sold during a working day are either delivered during the next 24 hours, or the next
48 hours. All sub-territories of the sales-force related to a particular brand and assigned to a
particular day can be identified with the daily list of shops in them. Based on the daily lists
of shops from all its brands, 3PL/4PL provider plans its delivery routes. Since the planning of
sales for different brands is not synchronized, it results in more visits and consequently in more
kilometers and more vehicles engaged.

We model the problem and propose an algorithm. We also present some computational
results for real world instances.

19
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Terminal-Pairability in Some Graphs

Ervin Gyori
MTA Rényi Institute, Budapest, Hungary
Central European University, Budapest, Hungary

gyori.ervin@renyi.mta.hu

The terminal — pairability problem has been introduced by L. Csaba, R.J. Faudree, A.
Gyérfas, J. Lehel, and R.H. Schelp in 1992. It asks the following question: given a simple
basegraph G and a list of pairs of vertices of G (which list may contain multiple copies of the
same pair), can we assign to each pair a path in G whose end-vertices are the two elements of
the pair, such that the set of chosen paths are pairwise edge-disjoint.

In this lecture, we investigate the terminal-pairibility problem in the case when the base graph
is complete, complete bipartite, or a grid graph. If we have some bounds on the demand graph
(maximum degree, edge number) then the terminal pairability problem is solvable. We improve
these bounds (maximum degree) or prove the best possible ones (edge number) in several cases.

The lecture is based on four papers joint with (some of) L. Colucci, PL. Erdds, T. Mezei,
and G. Mészaros.

20
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Two geometrical applications of the semi-random method

Péter Hajnal
University of Szeged

hajnal @math.szte.hu

The semi-random method was introduced in the early eighties. In its first form of the method
lower bounds were given for the size of the largest independent set in hypergraphs with certain
uncrowdedness properties. The first geometrical application was a major achievement in the
history of Heilbronn’s triangle problem. It proved that the original conjecture of Heilbronn was
false. The semi-random method was extended and applied to other problems. In this paper we
give two further geometrical applications of it.

First, we give a slight improvement on Payne and Wood’s upper bounds on a Ramsey-type
parameter, introduced by Gowers. We prove that any planar point set of size

n%log n
log logn
contains n points on a line or n independent points.
Second, we give a slight improvement on Schmidt’s bound on Heilbronn’s quadrangle prob-
lem. We prove that there exists a point set of size n in the unit square that doesn’t contain four

points with convex hull of area
O(n=*?(logn)'/?).

Joint work with Endre Szemerédi.
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Operational research model for crew scheduling and application

Tibor [llés, Sunil Morapitiye
Budapest University of Technology and Economics, Hungary

illes@math.bme.hu, musz.sunil @ gmail.com

Today resource scheduling problems are in the spotlight of operations research, as these
problems have several applications in real life as well. These problems can be considered as
assignment problems with additional requirements. Application areas cover the scheduling
of pilots and stewardess to designated flights, shop assistants to shifts and public transport
(vehicles) to routes, and many more similar type of problems. The additional requirements are
greatly dependent on the application, blemishing the flow network behaviour of the problem,
hence the characterisation of these problems can only be achieved by integer programming,
usually leading to an NP-hard problem. Therefore the solution of these optimization models in
practice is a real professional challenge.

Our talk focuses on scheduling bus drivers for different lines of the public transport network
of Budapest. Although the actual transport routes and timetables are rarely modified, it is
essential to constantly develop improved schedules, which is still surprisingly done in Excel
for the Budapest Transportation Company. On the one hand this practise from the company
side requires a huge amount of time and human resources. On the other hand the quality of the
solution is either not guaranteed or not known. (Usually, both is true.)

In our approach, the initial step was to build the basic integer linear programming (ILP)
model that includes all constraints possed by the client. The obtained ILP model falls into the
NP-hard problem class. Since there is no polynomial algorithm for such problems, the main
aim was to develop a model variant that can be solved by available software effciently giving
an acceptable result for even larger problem instances within a reasonable time frame.

We show that using a combination of an aggregate model and a more detailed one, we could
effciently get such solutions that are usually better quality of that one produced by the expert
of the transportation company and in most of the cases the result could be obtained using
much less time. In our approach we are not following the frequently used column generation
technique based on drivers feasible rosters.

The work was carried out in collaboration with T-Systems Hungary Ltd.
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On the heapability of partial orders

Gabriel Istrate
West University of Timisoara, Romania

gabriel.istrate @ gmail.com

A set of integers is, informally, called heapable if its elements can be inserted into a binary
tree (not necessarily complete) that respects the heap property. The definition naturally extends
to partial orders. We investigate the partitioning of partial orders into a minimal number of
heapable subsets. We prove a characterization result reminiscent of the proof of Dilworth’s
theorem, which yields as a byproduct a flow-based algorithm for computing such a minimal
decomposition. On the other hand,

e for interval partial orders a longest heapable subsequence can be computed in polynomial
time.

e for trapezoid partial orders we prove that a minimal decomposition can be computed by a
simple greedy-type algorithm.

The talk will also discuss a couple of open problems related to the analog of the Ulam-
Hammersley problem for decompositions of sets and sequences of elements of a partial order
into heapable subsets.

23
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An improvement on the intersecting shadow theorem

Gyula O.H. Katona
MTA Rényi Institute, Hungary

ohkatona@renyi.hu

Introduce the notation [n] = {1, 2, . . . , n}, then the family of all k-element subsets of [n]
can be denoted as (™). Suppose that F C (I")). Then its I-shadow o(F) is the family of all k
- [-element sets obtained by deleting [ elements from the members of &, that is o(F) = {A :
|A| = k — [, there is an I € F such that A C F'}. The shadow theorem determines max |o((F)|
for fixed n, k and |F|. We will survey variants of the shadow theorem. One of them (proved
by the author in 1964) determines the minimum of the ratio |oy(F)|/|F| for fixed n and k. The

main goal of the present talk is to exhibit a new improvement of this result for the case when
|F| is large.
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Development and evaluation of different models for predicting
tourist category from texts

Branko Kavsek, Jernej Vici¢
University of Primorska, Slovenia

{branko.kavsek, jernej.vicic} @upr.si

In recent years the field of text mining has witnessed an exponential growth due to rapid
technological development and ubiquitous information technology. When discovering useful
information from natural languages, classification algorithms are combined with the analysis of
lexicographic and linguistic patterns. The main objective of the paper/talk is to briefly present
the field of text mining including all relevant methodologies and techniques. Moreover, we
developed and evaluated various predictive models based on the case study of the Slovenian
Tourist Corpus which encompasses the learning set of 4.688 texts. These texts have been previ-
ously classified in one of the 27 classes by an expert. We compared the performance of different
machine learning algorithms for classification on the original and lemmatized texts that were
properly pre-processed before the modelling process. We examined the effect of eliminating
stop words and those without any information gain on the final model accuracy. Open source
software WEKA was used, which includes a wide collection of techniques and algorithms for
the construction and evaluation of predictive models. The final evaluation confirms the minimal
impact of the factors that were expected to affect the accuracy of the predictive models.
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Restricted Assignment Scheduling with Resource Constraints

Hans Kellerer
University of Graz, Austria

hans.kellerer @uni-graz.at

We consider parallel machine scheduling with job assignment restrictions, i.e., each job can
only be processed on a certain subset of the machines. Moreover, each job requires a set of
renewable resources. Any resource can be used by only one job at any time. The objective
is to minimize the makespan. We present approximation algorithms with constant worst-case
bound in the case that each job requires only a fixed number of resources. For some special
cases optimal algorithms with polynomial running time are given. If any job requires at most
one resource and the number of machines is fixed, we give a PTAS. On the other hand we
prove that the problem is \ APX-hard, even when there are just three machines and the input is
restricted to unit-time jobs.

(joint work with Gyorgy Dosa and Zsolt Tuza)
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Scheduling with non-renewable resources

Tamads Kis
MTA SZTAKI, Budapest, Hungary

kis.tamas @sztaki.mta.hu

In the talk I give an overview of the published results on the subject in the title, and
then I present new, yet unpublished results on machine scheduling problems with additional
non-renewable resources and the total weighted completion time objective. [ will discuss
complexity and approximability results, and we will also see that well-known scheduling rules
prove once more useful in a new context.

This is a joint work with Péter Gyorgyi.
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Parallel Mesh (Re)Partitioning with Balanced k-means

Moritz von Looz
University of Cologne, Germany

mloozcor@uni-koeln.de

Mesh partitioning is an indispensable tool for efficient parallel numerical simulations. Its
goal is to achieve load balance while minimizing communication between the processes of the
simulation. While established graph-based partitioning tools yield a high solution quality, their
scalability is limited. Geometric approaches usually scale better, but their solution quality is
comparably poor for non-trivial mesh topologies.

We present a scalable version of k-means that is also adapted to yield balanced clusters.
We combine this balanced k-means with space-filling curves for bootstrapping and graph-based
local refinement for quality-oriented postprocessing in our new partitioning algorithm Geog-
rapher. With this combination, we address the previous limitation of scalability and solution
quality.

Our experiments with up to 16384 MPI processes on established benchmark meshes show
that the following: (i) Geographer’s quality is in most cases better than the quality of geometric
ParMETIS, graph-based ParMETIS, and ParHIP, the parallel version of KaHIP; (ii) Geographer
scales well on large inputs and is faster than geometric ParMETIS when using at least 4096
processes; (iii) a Delaunay mesh with a few billion vertices and edges can be partitioned in
about ten seconds with balanced k-means and in half a minute with complete Geographer.
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On the vertex and edge sign balances of (hyper)graphs

Dezs6 Miklds

MTA Rényi Institute, Budapest, Hungary
miklos.dezso @renyi.mta.hu
(joint work with Justin Ahmann, Elizabeth Collins-Wildman, John Wallace, Shun Yang,

Yicong Guo, Gyula Y. Katona, Amanda Burcroff, Haochen Li, Greg McGrath)

Pokrovskiy and, independently, Alon, Huang and Sudakov introduced the MMS (Manickam-
Mikl6s-Singhi) property of hypergraphs: “for every assignment of weights to its vertices with
nonnegative overall sum, the number of edges whose total weight is nonnegative is at least the
minimum degree of H”. This leads to the definition of the following hypergraph parameter:
The vertex sign balance of a hypergraph is the minimum number of edges whose total weight is
nonnegative, where the minimum is taken over all assignments of weights to the vertices with
nonnegative overall sum.

WThe vertex sign balance is always between 0 and the minimum degree of the graph or hy-
pergraph, both bounds being sharp. General and special properties (for graphs or hypergraphs)
of this parameter will be presented. I particular, it will be shown that this parameter measures
the “matchingability” of graphs and similar observation can be made for hypergraphs. This
characterization of the vertex sign balance of the graphs leads to the result that the question if a
graph or hypergraph has the MMS property is NP-complete.

The dual of the vertex sign balance, the edge sign balance is defined by the minimum number
of vertices whose total weight is nonnegative, where the minimum is taken over all assigments
of weights to the edges with nonnegative overall sum and the weight of a vertex is obtained as
the sum of the weights of the edges containing the vertex. For graphs this parameter is always
between 1 and 2, being two iff the graph is bipartite. However, for 3-uniform graphs, while
being three-partite would yield the edge sign balance being three, the opposite is most probably
not true. The edge sign balance can be a “measure” for “coverability”, more accessible than
three- (or multi-) partitness.
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The swap Markov chain is rapidly mixing on the realizations of
linearly bounded degree sequences

Péter Erdss, Istvan Miklés, Tamas Mezei
MTA Rényi Institute, Budapest, Hungary

{erdos.peter, miklos.istvan, mezei.tamas } @renyi.mta.hu

Let D = {di1,d12,....,d1,},{d21,d22,....,d2, } be a degree sequence of a bipartite graph.
The swap Markov chain takes two random edges, (vq,u1), (v2,us), of a relization G of D,
removes it and adds edges (v1, us) and (ve, uy) if none of them are presented in G. It is well
known that such a Markov chain is irreducible on the realizations of D. The conjecture is that
it is rapidly mixing, however, the rapid mixing has been proved only for very limited degree
sequences so far. Here we prove the following theorem.

Let0<c¢; <e¢y <|Ul=nand0 < d; <dy <|V|=m be integer parameters and assume
that D satisfies the following properties:

c1 <dw) < ey, Vv eV
dy < d(u) < dsy,Vu € U.

Furthermore, assume that co < ¢; + 1ordy < d; + 1 or

(ca—c1—1)-(de—dy — 1) <14+ maz{c;(m — d3),di(n — c2)}

holds. Then the swap Markov chain on the realizations of this bipartite degree sequence is
rapidly mixing.

The prescribed conditions allow to prove rapid mixing for a much wider class of degree
sequences. For example, our theorem covers the case when n = m, and all degrees are between
1/3n and 2/3n, inclusive.
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Improving the Efficiency of Dynamic Programming on Tree
Decompositions via Machine Learning

Nysret Musliu
TU Wien, Austria

musliu@dbai.tuwien.ac.at

Dynamic Programming (DP) over tree decompositions is a well-established method to solve
problems - that are in general NP-hard - efficiently for instances of small treewidth. Experience
shows that (i) heuristically computing a tree decomposition has negligible runtime compared
to the DP step; and (ii) DP algorithms exhibit a high variance in runtime when using different
tree decompositions; in fact, given an instance of the problem at hand, even decompositions of
the same width might yield extremely diverging runtimes. We propose a general method that is
based on selection of the best decomposition from an available pool of heuristically generated
ones. For this purpose, we require machine learning techniques that provide automated selection
based on features of the decomposition rather than on the actual problem instance. Thus, one
main contribution of this work is to propose novel features for tree decompositions. Moreover,
we report on extensive experiments in different problem domains which show a significant
speedup when choosing the tree decomposition according to this concept over simply using an
arbitrary one of the same width.

Based on joint work with Michael Abseher and Stefan Woltran
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On 5" — 3/ Watson-Crick finite and pushdown automata

Benedek Nagy
Eastern Mediterranean University, North-Cyprus

nbenedek.inf@gmail.com

Watson-Crick automata are inspired from the Nature, as instead of a normal tape, a Watson-
Crick tape, i.e., a DNA molecule is considered as input. A DNA molecule has two strands, sub-
sequently Watson-Crick automata have two reading heads, one for each strand. DNA strands
have orientation, the 5'— > 3’ direction is preferred in some biochemical reactions. In 5'— > 3’
Watson-Crick automata the two reading heads start from the two extremes of the input (the
opposite ends of the molecule) and finish the process when the heads meet. With 5'— > 3’
Watson-Crick finite automata the class of linear context-free languages can be accepted, and
some of its subclasses by some restricted variants. Extending these automata with a pushdown
stack, a new mildly context-sensitive family of languages can be accepted containing all the
context-free languages, and the linguistically important three non context-free languages. Vari-
ants of this model will also be shown.
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Fixed-Parameter Tractability inside P

Rolf Niedermeier
Technical University of Berlin, Germany

rolf.niedermeier @tu-berlin.de

We discuss and survey some recent developments concerning the application of concepts of
parameterized algorithmics to polynomial-time solvable problems. Example problems include
Matching, Triangle Detection and Enumeration, and Graph Hyperbolicity.
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Approximation of the Incremental Knapsack Problem

Ulrich Pferschy
University of Graz, Austria

ulrich.pferschy @uni-graz.at

The Incremental Knapsack Problem (IKP) is a natural extension of the classical 0-1 Knap-
sack Problem with a time perspective. In particular, the knapsack capacity increases over the
time periods and thus allows more items to be packed. However, if an item is placed in the
knapsack in a certain period, then it cannot be removed again in later periods. The objective
function maximizes the sum of the profits over all time periods.

In our contribution we first prove the tightness of the approximation ratio of a general
purpose algorithm for incremental problems. Then we devise a Polynomial Time Approx-
imation Scheme (PTAS) when the number of time periods is constant. Under the mild and
natural assumption that each item can be packed in the first time period, we analyze different
natural approximation algorithms. We also give a more involved analysis based on Linear
Programming techniques providing better approximation ratios for the special cases of two and
threetime periods.

Joint work with Federico Della Croce and Rosario Scatamacchia (Politecnico di Torino)
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Discrete structures in access road design

Csaba Raduly-Baka

University of Turku, Finland

csaba.raduly-baka@utu.fi

We consider the problem of designing an road network in a forest with the goal of providing
access to tree harvest locations. The environment is modelled as a node induced grid graph,
with each node (cell) containing properties of the respective area. A number of objectives can
be considered when designing road networks: topology, environmental restrictions, access to
specific areas and soil properties. Current solution in forest access road design focus on finding
optimal routes to pre-specified locations with the goal of minimising distance. These are often
modelled using Steiner trees. Although Steiner trees provide a theoretical optimum solution,
they are both hard to find, and not practical in larger areas. In practice, access road networks are
often end up as sets of loops, to improve traffic and avoid congestion. We propose a new model
using cactus-like graph structures. Our goal is to find a minimum cost cactus-like subgraph,
subject to a prize limit (amount of accessed harvestable sites). We propose hybrid heuristic
methods to solve the problem.
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Multi-Symbol Forbidden Configurations

Attila Sali

MTA Rényi Institute, Budapest, Hungary

sali.attila@renyi.mta.hu

An r-matrix is a matrix with symbols in {0, 1, ..., — 1}. A matrix is simple if it has no
repeated columns. Let the support of a matrix F', supp(F’) be the largest simple matrix such
that every column of supp(F') is in F. For a family of r-matrices F, we define forb(m,r,JF) as
the maximum number of columns of an m-rowed, r-matrix A such that " is not a row-column
permutation of A for all F' € F. While many results exist for » = 2, there are fewer for larger
numbers of symbols. We expand on the field of forbidding matrices with r-symbols, introducing
a new construction for lower bounds of the growth of forb(m,r, F) (with respect to m) that is
applicable to matrices that are either not simple or have a constant row. We also introduce a
new upper bound that helps with avoiding non-simple matrices, limited either by the asymptotic
bounds of the support, or the size of the forbidden matrix, whichever is larger. We represent
the well-known technique of standard induction as a graph, and use graph theory methods to
obtain asymptotic upper bounds. With these techniques we solve multiple, previously unknown,
asymptotic bounds for a variety of matrices. Finally, we end with block matrices, or matrices
with only constant row, and give bounds for all possible cases.
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Why are the algorithms important in extremal graph theory?

Miklés Simonovits
MTA Rényi Institute, Budapest, Hungary

miki@renyi.hu

An extremal graph problem has its universe, U, e.g., simple graphs, multigraphs, digraphs,
hypergraphs, multihypergraphs, and we fix a family £ of some “excluded substructures” and
try to maximize some parameter ¢ = ¢(() under some conditions on G. Here e may be the
number of edges, hyperedges, or the number of some substructures H C G,...

Algorithmic approach has influenced very much the development of Discrete Mathemat-
ics. In large part of extremal graph theory the extremal strutures are either very simple, or
at least they can be approximated be some very simple structures. (In some other cases they
have extremely complicated structure.) One of the basic questions is that if there exist almost
extremal structures of fairly simple structures, can they be found in a bounded number of steps,
independently of n.

These and related question will be discussed.

37



Szeged WORkshop on Discrete Structures
SWORDS 2017

Cliques and differential equations

Sandor Szabd

University of Pécs, Hungary

sszabo7 @hotmail.com

In the talk we describe how approximate numerical solutions of a suitable initial value prob-
lem of a system of ordinary differential equations can be used to establish rigorous lower and
upper estimate for the clique number of a given graph.

In order to assess the practical utility of the proposed approach we have carried out numerical
experiments. We outline the benchmark instances used in the computations and also present
tables summarising the results.
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The Inmate Assignment and Scheduling Problem and its
Application in the PA Department of Corrections

Tamas Terlaky
Dept. Industrial and Systems Engineering
Lehigh University, Bethlehem, PA, USA

terlaky @lehigh.edu

The inmate assignment project, in close collaboration with the PA Dept. of Corrections, took
five years from start to successful implementation. Our novel Inmate Assignment Decision
Support System (IADSS) is designed with the main goal of simultaneously, and system-wide
optimally, assigning the inmates to the correctional institutions. IADSS includes a new
hierarchical multi-objective MILO model, which accurately describes the inmate assignment
problem. This is the first time that OR methodologies have been used to optimize the opera-
tions, and built into the routine business practice, of a correctional system, thus it opens a rich
and untouched area for the application of OR.

Joint work with: M. Shahabsafa, C. Gudapati, A. Sharma, L. Plebani, G. Wilson, Dept.

Industrial and Systems Engineering, Lehigh University, Bethlehem, PA
and K. B. Bucklen, Pennsylvania Department of Corrections
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Betweenness centrality profiles for trees

Gyorgy Turan
University of Szeged, University of Illinois at Chicago

gyt@uic.edu

Betweenness centrality of a vertex measures the fraction of shortest paths going through that
vertex. This is a popular quantity for evaluating the importance of a vertex in a large network.
The k-bounded version considers only shortest paths of length at most k. The k-bounded
betweenness centralities of a vertex for varying k form the profile of the vertex. The profile
expresses the importance of the vertex in different scales of locality.

We consider profiles in trees, and give results on their behavior in the worst case, and in
scale-free random trees.

Joint work with Ben Fish and Rahul Kushwaha.
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Ramsey numbers with degree restrictions

Zsolt Tuza
MTA Rényi Institute, Budapest, Hungary
University of Pannonia, Hungary

tuza@dcs.uni-pannon.hu

We say that a subgraph H of a graph G is singular if either all vertices of H have equal degree
in G or they have mutually distinct degrees. Given a fixed graph £, the singular Ramsey number
Rs(F) is the smallest integer n such that in every 2-coloring of the edges of any complete graph
of order at least n the graph of color-1 edges or that of color-2 edges contains a singular subgraph
isomorphic to F. We present general bounds and tight results, one of which states Rs(K3) = 22.

This is joint work with Yair Caro.
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EXERCISES*

1. On every card of a deck of cards a regular 17-gon is displayed with all sides and diagonals,
and the vertices are numbered from 1 through 17. On every card all edges (sides and
diagonals) are colored with a color 1,2,...,105 such that the following property holds: for
every 15 vertices of the 17-gon the 105 edges connecting these vertices are colored with
different colors on at least one of the cards. What is the minimum number of cards in the
deck?

2. Prove there exists a constant k, such that for any k£ > k,, the equation
a®™ + b 4+ 2013 = ka™b™
has no positive integer solutions a, b, n.

3. (a) Consider an ellipse in the plane. Prove that there exists a Riemannian metric which is
defined on the whole plane, and with respect to which the ellipse is a geodesic. Prove
that the Gaussian curvature of any such Riemannian metric takes a positive value.

(b) Consider two nonintersecting, simple closed smooth curves in the plane. Prove that
if there is a Riemmanian metric defined on the whole plane and the two curves are
geodesics of that metric, then the Gaussian curvature of the metric vanishes some-
where.

4. Let f : R — R be a continuous function and let g : R — R be arbitrary. Suppose that the
Minkowski sum of the graph of f and the graph of g (i.e., the set {(z + y; f(z) + g(v)) |
x,y € R}) has Lebesgue measure zero. Does it follow then that the function f is of the
form f(x) = ax + b with suitable constants a,b € R ?

5. Let {x,, } be a Van Der Corput series,that is,if the binary representation of n is > a,2’ then
z, =Y. a;27""!.Let V be the set of points on the plane that have the form (n, x,,).Let G be
the graph with vertex set V' that is connecting any two points (p, ¢) if there is a rectangle R
which lies in parallel position with the axes and R NV = {p, ¢} .Prove that the chromatic
number of G is finite.

*Selected from the problems of the Miklés Schweitzer Memorial Competition
https://artofproblemsolving.com/community/c3253_mikls_schweitzer

42



Szeged WORkshop on Discrete Structures
SWORDS 2017

PARTICIPANTS

43



Szeged WORkshop on Discrete Structures
SWORDS 2017

LIST OF PARTICIPANTS

Anholcer, Marcin (Poznari University of Economics and Business, Poland)
Balogh, Janos (University of Szeged, Hungary)
Balogh, J6zsef (University of Illinois at Urbana-Champaign, Illinois, USA)
Békési, Jozsef (University of Szeged, Hungary)

Bozoki, Sdndor (Corvinus University, MTA Institute for Computer Science and Control, Hun-
gary)

Brcanov, Dejan (University of Novi Sad, Serbia)

Brodnik, Andrej (University of Ljubljana, University of Primorska, Slovenia)
Chen, Bo (University of Warwick, United Kingdom)

Csaba, Béla (University of Szeged, Hungary)

Csallner, Andras Erik (University of Szeged, Hungary)

Csendes, Tibor (University of Szeged, Hungary)

Csendes, Janos (University of Szeged, Hungary)

David, Baldzs (University of Szeged, Hungary)

Doésa, Gyorgy (University of Pannonia, Hungary)

Frank, Andrés (E6tvos Lordnd University, Hungary)

Galambos, Gébor (University of Szeged, Hungary)

Goossens, Dries (Ghent University, Belgium)

Gvozdenovic¢, NebojSa (University of Novi Sad, Serbia)

Gyorfty, Lajos (University of Szeged, Hungary)

Gybri, Ervin (MTA Alfréd Rényi Institute of Mathematics, Hungary)
Hajdu, Léasz16 (University of Szeged, Hungary)

Hajnal, Péter (University of Szeged, Hungary)

[11és Tibor (Budapest University of Technology and Economics, Hungary)
Istrate, Gabriel (West University of Timisoara, Romania)

Katona, Gyula O. H. (MTA Alfréd Rényi Institute of Mathematics, Hungary)

44



Szeged WORkshop on Discrete Structures
SWORDS 2017

Kavsek, Branko (University of Primorska, Slovenia)
Kellerer, Hans (University of Graz, Austria)

Kis, Tamds (Eotvos Lorand University, MTA Institute for Computer Science and Control, Hun-
gary)

Krész, Miklos (University of Szeged, Hungary)

von Looz, Moritz (University of Cologne, Germany)

Miklés, Dezs6 (MTA Alfréd Rényi Institute of Mathematics, Hungary)
Miklés, Istvan (MTA Alfréd Rényi Institute of Mathematics, Hungary)
Musliu, Nysret (TU Wien, Austria)

Nagy, Benedek (Eastern Mediterranean University, North-Cyprus)
Nagy-Gyorgy, Judit (University of Szeged, Hungary)

Niedermeier, Rolf (Technical University of Berlin, Germany)

Nyul, Laszl6 (University of Szeged, Hungary)

Pferschy, Ulrich (University of Graz, Austria)

Raduly-Baka, Csaba (University of Turku, Finland)

Reinelt, Gerhard (Heidelberg University, Germany)

Sali, Attila (MTA Alfréd Rényi Institute of Mathematics, Hungary)
Simonovits, Miklés (MTA Alfréd Rényi Institute of Mathematics, Hungary)
Szabd, Sandor (University of Pécs, Hungary)

Szorényi, Baldzs (Yahoo Research New York, USA)

Terlaky, Tamds (Lehigh University, Pennsylvania, USA)

Toth, Attila (University of Szeged, Hungary)

T6th, Laszlé (University of Szeged, Hungary)

Turdn, Gyorgy (University of Illinois at Chicago, USA and University of Szeged, Hungary)
Tuza, Zsolt (University of Pannonia, MTA Alfréd Rényi Institute of Mathematics, Hungary)
Vici¢, Jernej (University of Primorska, Slovenia)

Vincze, Nandor (University of Szeged, Hungary)

45



Szeged WORkshop on Discrete Structures
SWORDS 2017

NOTES

46



Szeged WORkshop on Discrete Structures
SWORDS 2017

NOTES

47



Szeged WORkshop on Discrete Structures
SWORDS 2017

NOTES

48



