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Foreword

Dear Participant,

On  behalf  of  the  Section  of  Mathematical  and  Information
Sciences of the Association of Hungarian PhD and DLA Students
it  gives  me  great  pleasure  to  welcome  you  to  Győr  on  the
occasion of the 3rd Winter School of PhD Students in Informatics
and  Mathematics.  The  aim  of  our  workshop  is  to  expand  the
multidisciplinary scientific network of PhD students and improve
their professional skills via an intensive course.

The  scientific  programme  includes  academic  and  industrial
lectures accompanied with an intensive and practicaly course in
the  topic  of  functional  programming,  and  a  poster  session
presenting results in various fields of information technology and
mathematics.

Let me take this opportunity to wish you an exciting technical
meeting at the Széchenyi István University and a pleasant stay in
the beautiful city of Győr.

Győr, January 2016

Cserép Máté

Section of Mathematical and Information Sciences
Association of Hungarian PhD and DLA Students 
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Introduction of the Scientific Section

Name of the Section
Section of Mathematical and 
Information Sciences 
Association of Hungarian PhD 
and DLA Students

Chairman
Máté Cserép

Scientific disciplines
Informatics, Mathematics

Webpage
www.doszmito.hu

Contact
Phone: +36 1 222 1819 
Fax: +36 1 220 3608 
Email: mit@dosz.hu

Address
Bajza u. 32., Budapest 
H-1062 Hungary

Introduction

The  Section  of  Mathematical  and  Information  Sciences  of  the
Association of Hungarian PhD and DLA Students was established
in  June  2013.  The  members  of  the  section  come  from  the
different  doctoral  schools  in  information  technology  and
mathematics across the country. The main goal of the section is
to support the PhD students with information about conferences,
scholarship opportunities and workshops.
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Lecturers

Tamás Kozsik is associate professor at
Eötvös  Loránd  University,  Budapest,
Hungary,  where  he  is  vice  dean  for
projects  and innovation at  the  Faculty
of  Informatics.  He  offers  courses  on
concepts  of  programming  languages,
concurrency, formal methods in parallel
programming,  enterprise  Java

technologies,  aspect-oriented programming,  design-by-contract,
functional  programming,  and  teaches  various  programming
languages (Ada, Eiffel, Haskell, Java, Scala).

He  has  led  the  research  projekts  “Software  technologies  of
distributed  and  manycore  systems”  and  “Verified  and  Certified
Software  Components”,  and  he  was  principal  investigator  in
“ParaPhrase:  Parallel  Patterns  for  Adaptive  Heterogeneous
Multicore Systems” (EU FP7).
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Gábor  Páli  is  an  assistant  professor  at
Eötvös  Loránd  University,  Budapest,
Hungary,  where he teaches,  studies,  and
uses  functional  programming  –  mostly
Haskell  –  for  real-world  applications.
Before  returning  to  academia  after
earning  his  master’s  degree,  he  worked
on  computer  games  such  as  Project
Torque (aka.  Level-R) at Invictus Games

in Debrecen. Under the years of his doctorate studies, he was also
a research intern both at Chalmers University of Technology in
Gothenburg,  Sweden,  and  at  the  Computer  Laboratory  in
Cambridge, UK, where he participated in research projects that
blended  the  field  of  functional  programming  and  operating
systems, Feldspar and Mirage. In parallel to that, he has been a
long-time  contributor  to  open source  software,  and he  gained
developer  status  for  the  FreeBSD  and  the  Glasgow  Haskell
Compiler projects over the years. All those experiences enabled
him  to  strike  and  maintain  a  balance  between  theory  and
practice in education as well as in research.

8



Csaba  Hoch  received  his  Computer
Science  degree  from  Eötvös  Loránd
University  in  2009.  He  met  the
functional  and  concurrent
programming  language  Erlang  when
he was exploring the test tool Erlang
QuickCheck  at  the  University  of
Sheffield, UK and when he worked in
the  RefactorErl  project  at  Eötvös
Loránd  University  developing  an

Erlang refactoring  tool.  He spent  the  next  4  years  at  Ericsson
Hungary, where he participated in the development of NETSim,
which is one of the largest Erlang programs ever written. Among
other things, he developed and maintained NETSim’s build&test
system  and  gave  NETSim  user  trainings.  At  the  beginning  of
2013, he joined Erlang Solutions Hungary. He has been working
on WombatOAM, a new tool for monitoring, administrating and
deploying  Erlang  systems,  and  provided  support  for  the  Riak
distributed  database.  He  wrote  the  Erlang  indentation  for  the
Vim text editor, and contributed to other open source vim-erlang
projects.

9

http://www.erlang-solutions.com/


Program

3rd Winter School of PhD Students in Informatics and
Mathematics

Győr, Széchenyi István University

15th-17th January, 2016

Friday, January 15, 2016

11:00 - 12:30 Registration and occupying 
accommodation

13:00 - 14:30 Warmup

Gábor Páli, PhD

14:30 - 15:00 Coffee break

15:00 - 15:15 Welcome and opening

Péter Baranyi, DSc

15:15 - 16:00 Writing Scalable and Fault-Tolerant 
Systems in Erlang

Csaba Hoch, Erlang Solutions

16:00 - 17:30 Let’s Party! PaRTE! – How to use the 
ParaPhrase technology?

Tamás Kozsik, PhD

17:30 - 18:00 Coffee break

18:00 - 19:00 Poster session

19:00 - 20:00 Dinner
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Saturday, January 16, 2016

8:00 - 9:00 Breakfast

9:30 - 11:00 Programming in Haskell Lecture

Gábor Páli, PhD

11:00 - 11:30 Coffee break

11:30 - 13:00 Programming in Haskell Practice

Gábor Páli, PhD

Artúr Poór

13:00 - 14:00 Lunch

14:00 - 15:30 Programming in Haskell Lecture

Gábor Páli, PhD

15:30 - 16:00 Coffee break

16:00 - 17:30 Programming in Haskell Practice

Gábor Páli, PhD

Artúr Poór

17:30 - 19:00 Poster session

19:00 - 20:00 Gala Dinner

Sunday, January 17, 2016

8:30 - 9:00 Breakfast

9:30 - 11:00 Dependent types – Agda

Gábor Páli, PhD

11:00 - 11:30 Closing ceremony

12:00 - 13:00 Lunch
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Topics

Functional programming is a programming paradigm based on
the  concept  of  expressing  the  behaviour  of  a  program  as  a
mathematical functional model rather than as explicit sequences
of instructions to a processor, which is the primary concept in
imperative  programming.  Functional  languages  treat
computation  as  the  evaluation  of  mathematical  functions  and
avoid  changing-state  and  mutable  data,  thus  being  either
completely  side-effect-free  or  carefully  partition  off  those
facilities  for  doing  computations  that  may  have  side  effects.
Functional programming is known to provide better support for
structured  programming  than  imperative  programming,
meanwhile functional programs are often shorter and easier to
understand than their imperative counterparts.

Writing Scalable and Fault-Tolerant Systems in Erlang

Why does of the most popular NoSQL databases use Erlang?

Erlang  is  a  functional  programming  language  with  a  strong
support for concurrency and distribution. Its features together
with the BEAM (the virtual machine running Erlang code) and
the  OTP  library  (a  library  of  basic  components,  patterns  and
principles) makes it easier to build scalable and reliable systems.
Riak is a  distributed key-value store written mainly in Erlang,
with a high level of scalability, availability and fault-tolerance. In
this presentation, I will show the features of Erlang that make it a
good fit for writing systems such as Riak, and explain how Riak’s
key features are supported by Erlang’s key features.
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Let’s Party! PaRTE!

Refactoring code to parallel patterns

Parallel  programming is hard.  Can we make it  fun? Functional
programming  may  be  the  best  way  to  achieve  success.  This
paradigm focuses on composition, and fosters the construction of
programs from side-effect  free  components.  In this  lecture  we
investigate  how  parallel  programming  patterns  allow  us  to
compose scalable, easy-to-maintain parallel programs, and how
such patterns can be introduced into programs by refactoring. In
the  talk  we  shall  work  with  the  Erlang language,  and present
PaRTE, the ParaPhrase Refactoring Tool for Erlang.

Programming in Haskell

From Higher-Order Functions to Higher-Order Types

In these lectures, we are going to take a purely fictional journey
to  the  realm  of  purely  functional  programming,  where  it  is
possible,  and as matter of  fact,  quite common to abstract over
functions as well as over types. It is because functions are first-
class  citizens  there,  so  functions  may  take  functions  as
parameters,  and functions  may produce  functions  as  results  –
such functions are called higher-order. In addition to that, we will
also see that types can also be higher-order, which will eventually
lead us to parametric polymorphism, a generic and convenient
way of implementing programs. With the help of Haskell, we will
take a sneak peek at those concepts,  along with some cunning
examples, and see, for example, how it is possible to use lists as
containers and computations at the same time.
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Dependent types – Agda

Types == Theorems

Programmers  like  to  write  programs,  mathematicians  like  to
prove  theorems.  However,  it  is  not  always  known to  either  of
them that they are tackling the same concepts – in a bit different
form.  The  firm  connection  between  their  work  is  called  the
Curry-Howard correspondence,  which claims that types can be
taken as theorems, and programs of those types can be taken as
proofs  for  the  theorems  that  the  types  represent.  Along  this
paradigm,  a  dependently-typed  functional  programming
language and proof assistant, Agda was born – and that is going
to  be  the  language  that  we  will  use  here  to  illustrate  how to
construct  mathematical  proofs  via  composing  functional
programs interactively by their types.
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USING PROCESS MINING IN FUNCTIONAL
PROGRAMMING DEVELOPMENT 

Frederick AYALA-GÓMEZ 

PhD School of Computer Science
Eötvös Loránd University

Processors  manufacturers  have  been  shifting  from  developing
fast  single-core  processors  to  multi-core  processors.  Software
developers use functional programming languages to exploit the
computational  power  of  multicore  processors  without  the
complexity of implementing threads management. For example,
the  Scala  programming  language  has  built-in  features  such  as
parallel collections and anonymous functions that allows simple
implementation  of  parallel  data  transformations  (e.g.  map,
flatmap). However, when these high level features are nested, it is
not simple to track what is happening during the execution of the
program. Although profiling tools allow software developers to
understand the resources consumption (e.g. memory, CPU), they
do not help them to track the process itself. This poster focuses
on the application of process mining to assist developers analyze
their  programs.  Process mining is a  well  known technique for
process  analysis  used  to  discovery,  conform  and  enhance
processes  [1].  It  has  been  mainly  applied  in  the  context  of
Workflow  Management  Systems.  The  main  input  of  process
mining tools are trace logs with events containing attributes such
as case id, start timestamp, end timestamp and event name. This
work  presents  a  practical  example  of  analyzing  the
implementation of a recommender system in Scala. Our example
shows  some  of  the  benefits  that  process  mining  offers  to
software developers. The output of the process mining tool helps
to  understand  the  process  execution  and  to  analyze  process
properties (e.g. invariants). 
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HIGH ABSTRACTION LEVEL TOPOLOGICAL DATA
STRUCTURES

Máté CSERÉP

Department of Cartography and Geoinformatics 
Eötvös Loránd University

Defining  spatial  relations  and overlays  between vector  objects
and  sets  of  objects,  layers  are  common,  though  common  and
time-consuming  calculations  [1].  In  cases  where  spatial
operations are applied intensively, topological data structures are
widely  used  both  in  geographic  information  systems  and
computer  graphics  applications  by  software  libraries  and  also
database management systems. These models not only provide a
data level structure for topological relations, but also eliminate
the possible redundant recalculations of queries and sub-queries.
Geospatial data sets are often static or rarely altering, therefore
persisting  the  topological  representation  caching   the  spatial
relational  information  among  the  parts  of  the  dataset  may
furthermore significantly improve the computational  efficiency
of later topological spatial queries. 

Most topological data structures - like the half-edge model [2] -
decompose  the  initial  input  data  set  into  non-overlapping
segments  and  only  a  low  abstraction  level  topological
information  is  stored  between  the  parts,  typically  adjacency.
Determining higher level spatial relations and overlays between
the original geospatial objects is a non-trivial algorithm, either
significantly  exceeding  constant  computational  efficiency  or
applying a  remarkable  memory overhead regarding the stored
data model. 

My research aims to analyze the above mentioned issue with a
solution  to  specify  and  construct  a  topological  data  structure
capable  of  determining  higher  abstraction  level  relational
queries in a more efficient and straightforward manner. 
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MOBILE SECURITY: BEHAVIOUR DETECTION APP
REQUIREMENTS OR DEVELOP GRAPH BASED MOTIF

DETECTION TO AVOID MALICIOUS ATTACKS

Sándor DOBOS 

Eötvös Loránd University

Mobile  devices  in  the  enterprise  environment  managed  by
Mobile  Device  Management  (MDM),  however  these  solutions
focusing  on  post  detection.  In  order  to  manage  security  it  is
important to identify malicious attack as early as possible. 

This document shows application requirements to the alternative
mathematical graph based solution, which can be a plugin to the
MDM  system.  Within  this  Graph  (G)  the  Vertices  (V)  are  the
applications  on  the  mobile  phone  and  Edges  (E)  are  the
connection  in  between  apps.   Additionally  the  presentation
focusing on the client server communication (RESTful or SOAP
based  messages),  challenges,  avoiding  altered  messages  and
other communication type of attacks. Requirements are guidance
elements for application developers for future.
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PUBLIC KEY ENCRYPTION BASED ON CLIQUE PROBLEM

Péter HUDOBA

Department of Computer Algebra
PhD School of Computer Science

Eötvös Loránd University 

Post-quantum  cryptography  will  be  important  in  the  future,
because  with  Shor's  algorithm  RSA  and  other  cryptosystems
based on the hardness of the factorization or discrete logarithm
will be breakable in polynomial time with a quantum computer
that  has enough qubits.  There are candidate systems for post-
quantum cryptography [1][2][3][4],  but  their  speed and space
requirements are too high. 

In my research I constructed a new public key encryption scheme
based on the combinatorial NP-complete clique problem and the
well-known  lattice  problem  called  learning  parity  with  noise.
This scheme focuses on the encoding of one bit at a time. 

The new scheme's main idea is built on the following: 

• Inject a complete subgraph S with odd number of vertices
into a random graph G that has an approximately d-
sparse adjacency matrix with some noise connections 
between S and G. We have to guarantee that each vertex 
outside S has even number of neighbours from S. Denote 
the adjacency matrix by M. 

• With the random seed of the learning parity encoding [1],
we obtain an encryption that cannot be learnt by a 
rainbow table with polynomial space. 

• Create a vector r that has an even number of ones at 
positions described by S and random bits at the other 
positions. 
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The private key is the injected complete subgraph (S), the public
key is vector r and the adjacency matrix M. 

To encode zero, send Mx + e, and send Mx + e + r to encode one.
To  decode  we  have  to  summarize  the  bits  on  the  positions
described by S. 

The  described  algorithm  is  a  semantically  secure  public  key
encryption which is a novel approach. 

References:
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N-ARY SHANNON-FANO CODING

Péter HUDOBA, Dávid VÁRKONYI

PhD School of Computer Science
Eötvös Loránd University

Shannon-Fano  coding  [1][2]  is  an  entropy based lossless  data
compression technique, which constructs prefix codes based on
the frequencies of symbols in the alphabet of the input. It does
this by constructing a binary tree, in which the symbols reside on
the leaves, and the prefix code for a particular symbol is given by
stepping down the branches to the given symbol, getting one bit
from each branch. In this manner it is very similar to the well-
known and often used Huffman coding [3]. The only difference is
in  the  way  how  the  two  algorithms  constuct  the  tree  itself.
Shannon-Fano  coding  is  very  rarely  used,  because  Huffman
coding, being only a little more computationally complex and/or
expensive,  always  produces  the  lowest  possible  expected code
word  length  (while  Shannon-Fano  does  not).  However  this
technique  does  guarantee  that  all  code  word  length  will  be
within one bit of their theoretical ideal (-log(P(x)). The Shannon-
Fano coding,  although by now mostly  superseded by Huffman
coding, is still used in some cases, for example in the IMPLODE
compression algorithm,  which is  a  part  of  the  ZIP  file  format.
Thus, further research of this technique can be of value. There
exists  a  fairly simple generalization for Huffman coding where
the alphabet of the output has n symbols [4]. This is called n-ary
Huffman coding. Generalizing the Shannon-Fano coding is not as
straightforward as the Huffman, thus here we describe our own
generalization  of  the  algorithm,  and  our  findings  regarding
runtime  and  compression  ratio,  based  on  our  own
implementation  of  the  here  introduced  n-ary  Shannon-Fano
coding.
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APPLICATION OF SELF-ORGANIZING SENSOR
NETWORKS IN TRANSPORT SYSTEMS – AUTOMATICAL

DETECTION OF THE TRAFFIC JAMS 

Krisztián MEDGYES 

Doctoral School of Information Science and Technology
University of Pannonia

In  the  last  nine  months  in  our  research  we  focused  on  the
automatical  detection of the traffic jams.  We have developed a
data  collecting  application  which  can  be  installed  on  mobile
phones  and  is  capable  of  collecting  and  recording  the  data
with/at the set frequency from the accelerometer and the GPS
sensor  of  the  phone.  When  processing  the  data,  we  use  the
logged velocity  and the time stamp.  We  recorded many traffic
situations,  and  we  defined  four  different  Fuzzy  sets  by  their
Autocorrelation function of data. 

According to its behaviour a vehicle can be categorized into one
of the four sets (normal driving, driving inhibited by traffic light
with  light  traffic,  driving  inhibited  by  traffic  light  with  heavy
traffic, driving inhibited by each other. 

We can observe, for example, how optimally are traffic lights set
to a green wave on a particular route. 

The research directions of further development give opportunity
to  develop the  model  of  communication between autonomous
vehicles passing through the nodes, which allows the vehicles not
yet stuck in traffic  to avoid congestion by choosing alternative
routes.  Moreover,  we can make a proposal  for a better vehicle
flow control. If the vehicles could communicate with each other,
it would be possible for a car to avoid traffic jams by using the
data collected by the other users.
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 HIGH PRECISION RECONSTRUCTION ENVIRONMENT
FOR FEATURE TRACKER COMPARISON

Zoltán PUSZTAI

PhD School of Computer Science
Eötvös Loránd University and MTA SZTAKI

Feature  tracking  is  a  basic  task  in  computer  vision  with
application areas like motion detection,  surveilance,  and scene
monitoring. Comparing feature trackers is challenging since it is
not easy to implement a system that can generate ground truth
(GT) data for real world objects, thus most of the comparators
use qualitative measures. However to paint an overall picture of
the  behavour  of  these  algorithms  the  comparison  should  be
based  on  quantitative  values.  Therefore  GT  data  must  be
obtained for the moving objects and their motion between the
images  must  be  know  a  priori.  The  goal  is  to  develop  an
environment  which  can  easily  create  new  quantitative  tests
based on real world movement. The GT point obtaining is done
by a structured-light 3D scanner and the object is rotated by a
turntable. 
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ITERATED MULTIFUNCTION SYSTEMS CORRESPONDING
TO SELF-SIMILAR NETWORKS

Levente SIMON1,2 and Anna SÓOS1

Faculty of Mathematics and Computer Science
Babeș-Bolyai University1

Faculty of Informatics
Eotvös Loránd University2

We propose a new approach to the investigation of deterministic
self-similar networks by using an iterated multifunction system
(IMS).  Our  poster  focuses on the definition and analysis  of  an
IMS, which will correspond to self-similar graphs based on the
hierarchial network model introduced by Ravasz and Barabási.
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