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The two articles in this issue of the European Physical Journal Special Topics cover
topics in Econophysics and GPU computing in the last years. In the ﬁrst article [1], the
formation of market prices for ﬁnancial assets is described which can be understood as
superposition of individual actions of market participants, in which they provide cumulative supply and demand. This concept of macroscopic properties emerging from
microscopic interactions among the various subcomponents of the overall system is
also well-known in statistical physics. The distribution of price changes in ﬁnancial
markets is clearly non-Gaussian leading to distinct features of the price process, such
as scaling behavior, non-trivial correlation functions and clustered volatility. This article focuses on the analysis of ﬁnancial time series and their correlations. A method is
used for quantifying pattern based correlations of a time series. With this methodology, evidence is found that typical behavioral patterns of ﬁnancial market participants
manifest over short time scales, i.e., that reactions to given price patterns are not entirely random, but that similar price patterns also cause similar reactions. Based on
the investigation of the complex correlations in ﬁnancial time series, the question
arises, which properties change when switching from a positive trend to a negative
trend. An empirical quantiﬁcation by rescaling provides the result that new price
extrema coincide with a signiﬁcant increase in transaction volume and a signiﬁcant
decrease in the length of corresponding time intervals between transactions. These
ﬁndings are independent of the time scale over 9 orders of magnitude, and they exhibit characteristics which one can also ﬁnd in other complex systems in nature (and
in physical systems in particular). These properties are independent of the markets
analyzed. Trends that exist only for a few seconds show the same characteristics as
trends on time scales of several months. Thus, it is possible to study ﬁnancial bubbles and their collapses in more detail, because trend switching processes occur with
higher frequency on small time scales. In addition, a Monte Carlo based simulation of
ﬁnancial markets is analyzed and extended in order to reproduce empirical features
and to gain insight into their causes. These causes include both ﬁnancial market
microstructure and the risk aversion of market participants.
The topic of the second article [2] is GPU computing, which provides incredible resources for high performance computing. Recently, the graphics card producer
NVIDIA Corporation introduced the Compute Uniﬁed Device Architecture (CUDA),
which allows for implementation of algorithms using standard C with CUDA
speciﬁc extensions. Thus, CUDA issues and manages computations on a GPU as a
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data-parallel computing device. A few years ago, high entry barriers prevented scientists from using GPU devices in computational physics and computational ﬁnance.
Today, such resources are easily accessible. The article provides an introduction into
this ﬁeld. The computationally expensive applications for ﬁnancial market analyses
are coded on a graphics card architecture which leads to a signiﬁcant reduction of
computing time. In order to demonstrate the wide range of possible applications, a
standard model in statistical physics – the Ising model – is ported to graphics card
architectures as well, resulting in large speedup values.
At this point, I would like to thank a number of people who have supported me
in the course of the last years:
– First of all I would like to mention the supervisors of my PhD thesis PD Dr.
Johannes J. Schneider (Johannes Gutenberg University Mainz) and Prof. Dr.
Wolfgang Paul (Martin Luther University of Halle-Wittenberg, Germany). I am
not only grateful for their strong interest and enthusiasm during my PhD thesis
but also for the willingness to answer and discuss questions and problems whenever
they arose.
– I am also thankful to Prof. Dr. Kurt Binder (Johannes Gutenberg University
Mainz) for providing an excellent scientiﬁc environment in Mainz. Moreover, he
was always open to discuss questions and made helpful suggestions.
– In addition, I would like to thank Prof. Dr. H. Eugene Stanley (Boston University,
MA, USA) for a very fruitful collaboration and his invitations for several research
stays (2008, 2009, and 2010) in his Center for Polymer Studies. His excellent
comments and outstanding support are gratefully acknowledged. Many members
of his group made my stays not only scientiﬁcally successful but also contributed
to a wonderful, creative working atmosphere.
– I would like to thank Prof. Dr. Dirk Helbing (ETH Zurich, Switzerland) for his
support, his very helpful comments about my work, and our successful teamwork together with Dr. Jörg Reichardt in order to establish the working group
“Physics of Socio-Economic Systems” as a division of the Deutsche Physikalische
Gesellschaft (DFG). His invitation for a research stay in Zurich (2010) is gratefully
acknowledged and opened the door for further collaborations in the future.
– I am also very thankful to Prof. Dr. David P. Landau (University of Georgia,
GA, USA) for inviting me for a research stay (2009) in his Center for Simulational
Physics and for interesting discussions about GPU computing. His working group
welcomed me with open arms and was extremely interested in questions about
GPU computing.
– Prof. Dr. Hans-Georg Matuttis (University of Electro-Communications, Tokyo,
Japan) is gratefully acknowledged for inviting me for a research stay (2009) in
his working group in Chofu, Tokyo, during which we tested the limits of GPU
computing.
– I would like to thank the Gutenberg Academy for accepting me as a junior member and for ﬁnancial support. Furthermore, I thank all senior and junior members of the Gutenberg Academy for very fruitful discussions. Especially, comments by my internal mentor Prof. Dr. Olga Zlatkin-Troitschanskaia (Johannes
Gutenberg University Mainz) are gratefully acknowledged. In addition, I thank
Prof. em. Dr. Jörg Michaelis (Johannes Gutenberg University Mainz) for his helpful comments and support.
– I would like to thank my external mentor of the Gutenberg Academy, Dr.
Wilfried Paus (Deutsche Bank AG), and Dr. Michael Kalkbrener (Deutsche Bank
AG) for very interesting discussions about ﬁnancial markets and for oﬀering me
insight into risk management in a practical context.
– Furthermore, I would like to thank Dr. Peter Virnau (Johannes Gutenberg
University Mainz) and Daniel Reith (Johannes Gutenberg University Mainz)
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for extremely interesting discussions and comments. The collaboration with
Benjamin Block (Johannes Gutenberg University Mainz) is gratefully acknowledged which led to a multi-GPU based simulation of the 2D Ising model.
– Furthermore, I would like to thank many people for very interesting discussions
and comments (alphabetically ordered):
F. Abergel (École Centrale de Paris, France), P. Argyrakis (Aristotle University of
Thessaloniki, Greece), L.A. Braunstein (Universidad Nacional de Mar del Plata,
Argentina), S.V. Buldyrev (Yeshiva University, NY, USA), A. Bunde (Justus
Liebig University, Germany), S. Cao (Beijing Normal University), A. Chakraborti
(Ecole Centrale de Paris, France), E. Chamorro Garcia (Boston University,
MA, USA), C. De Grandi (Boston University, MA, USA), M. Ebert (Johannes
Gutenberg University, Germany), M. Giles (University of Oxford, UK), N. Ito
(University of Tokyo, Japan), H. Iyetomi (Niigata University, Japan), H.J.
Herrmann (ETH Zurich, Switzerland), S. Havlin (Bar-Ilan University, Israel),
A. Humber (NVIDIA Corporation), P. Ch. Ivanov (Boston University, MA,
USA), J. Kertész (Budapest University of Technology and Economics, Hungary),
U. Krey (University of Regensburg, Germany), F. Lillo (University of Palermo,
Italy), D. Luebke (NVIDIA Corporation). J. Luo (Boston University, MA,
USA), R.N. Mantegna (University of Palermo, Italy), M. Mazza (TU Berlin,
Germany), I. Morgenstern (University of Regensburg, Germany), A. Petersen
(Boston University, MA, USA), B. Podobnik (University of Rijeka, Croatia),
B. Rosenow (University of Leipzig, Germany), S. Sahin (Johannes Gutenberg
University, Germany), E. Scalas (Universitá del Piemonte Orientale,
Italy), D. Sornette (ETH Zurich, Switzerland), D. Stauﬀer (University of
Cologne, Germany), E.G. Strekalova (Boston University, MA, USA), M. Tacke
(Johannes Gutenberg University, Germany), G.M. Viswanathan (Universidade
de São Paulo, Brazil), F. Wang (Boston University, MA, USA), D. Wilms
(Johannes Gutenberg University, Germany), K. Yamasaki (Tokyo University of
Information Sciences), L. Yelash (Johannes Gutenberg University, Germany),
J. Zausch (Johannes Gutenberg University, Germany), and W.-X. Zhou (East
China University of Science and Technology, China).
– I thank the Deutsche Forschungsgemeinschaft (DFG) and the Forschungsfond
of the Materialwissenschaftliches Forschungszentrum (MWFZ) of the Johannes
Gutenberg University, which provided ﬁnancial support of my work.
– I also thank the Zentrum für Datenverarbeitung of the Johannes Gutenberg
University, the John von Neumann Institute for Computing (NIC), and the High
Performance Computing Center Stuttgart (HLRS) for substantial computing time.
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