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Since decades, the capability of human intelligence consti-
tutes one of the most fascinating puzzles. Still, technical sys-
tems are far from coping with the Turing test even more than
60 years after its proposal. What would be a more natural
approach but to have a closer look at how humans arrive at
intelligent behavior, i.e. to inspect information processing
in the human brain? This idea has led to the field of arti-
ficial neural networks as a counterpart to biological neural
networks. Its success story dates back more than 20 years
with the introduction of efficient brain-inspired learning al-
gorithms such as back-propagation, Hopfield-networks, or
self-organizing principles. Nowadays, two main streams can
be distinguished in this context: (i) Computational Neuro-
science which, roughly speaking, deals with models of bi-
ological neural systems which are as realistic as possible
and which can be used to simulate and explain processes
in real brains; (ii) Neural Computation which focuses on
neural principles as efficient machine learning paradigms
to be used in technical systems. As such, Neural Compu-
tation is concerned with the integration of relevant parts,
ideas, or principles of biological systems to arrive at fault
tolerant information representation, adaptation and learning
algorithms in a technical context.

This special issue centers around Neural Learning Para-
digms and their use in technical systems, i.e. it addresses
novel developments in the field of Neural Computation.
What are current challenges and developments in this con-
text? Actually, the requirements of modern information sci-
ence turn Neural Computation into a very fascinating sub-
ject of research: an ever increasing complexity of data and
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learning tasks poses new demands on the learning paradigms
such as efficiency, flexibility, and robustness, when dealing
with large data volumes, and scaffolding, self-organization,
and emergence of structures when dealing with complex
learning scenarios. This has led to a variety of hot topics
in Neural Computation, including, for example, the question
of how to arrive automatically at appropriate representations
of complex data, how to deal with dynamic settings where
data or tasks change over time, how to process complex non-
vectorial data, how to make neural models interpretable for
applicants outside the field, how to make neural learning
paradigms suitable for challenges in modern application ar-
eas such as vision, humanoid robotics, or biomedical data
processing, etc. In this issue, several experts in the field pro-
vide insight into recent developments in this context.

This issue starts with an overview article about the his-
torical development of Neural Computation, popular learn-
ing paradigms, driving scientific questions, and a taxonomy
of existing methods. In the second contribution of this issue,
Alberto N. Escalante-B. and Laurenz Wiskott address the
question how semantically meaningful entities can be de-
rived from given data in an unsupervised manner, only refer-
ring to what they call the slowness principle in the technique
Slow Feature Analysis. In the article, apart from the main
principle, an overview about application scenarios ranging
from classification tasks to dimensionality reduction or blind
source separation is given.

The contribution Sparse Coding and Selected Applica-
tions by Jens Hocke, Kai Labusch, Erhardt Barth, and Tho-
mas Martinetz is concerned with unsupervised techniques
to represent data in an effective manner. The authors give
an overview about biologically inspired methods to encode
data by means of few adaptive base functions. They relate
the question to standard vector quantization, and, this way,
can extend a well established vector quantizer, neural gas, to
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an efficient sparse encoding technique, which features can
be incorporated into state of the art models. Interestingly,
these techniques are closely related to compressed sensing
and have immediate technical applications for data repre-
sentation as well as sensing technologies.

Another type of biologically inspired automatic feature
extraction is considered in the article Deep Learning: Layer-
wise Learning of Feature Hierarchies contributed by Hannes
Schulz and Sven Behncke. In deep learning, complex fea-
tures are automatically extracted from data by means of a
stacked hierarchy of simple feature extractors, similar to fea-
ture extraction as observed e.g. in the human visual system.
The authors give an overview about different techniques to
efficiently train such deep hierarchies, and they present fas-
cinating applications of the derived features in the context
of image processing.

Numeric problems for training very similar to deep learn-
ing have also been encountered in the context of recurrent
neural networks for dynamic data or time series since de-
cades, turning their training into a notoriously difficult chal-
lenge: implicit ‘deep layering’ of the information which is
processed through time is caused by the recursion itself.
The field of Reservoir Computing centers around the idea to
trade training complexity by a large capacity of the recurrent
part of the network, the ‘reservoir’. Recent developments in
this field as well as application examples are summarized in
a contribution by Mantas Lukoševičius, Herbert Jaeger, and
Benjamin Schrauwen.

While reservoir computing extends the applicability of
neural methods to the temporal domain, more and more
complex data become popular in recent application domains
such as symbolic sequences, graphs, tree structures, func-
tions, etc. In consequence, the domain of devising Neural
Networks for Complex Data such as non-Euclidean metrics,
functional data, or structures becomes very important. An
overview of developments in the field with a special focus
on approaches developed at the SAMM group in Paris is
the content of a contribution of Marie Cottrell, Madalina
Olteanu, Fabrice Rossi, Joseph Rynkiewicz, and Nathalie
Villa-Vilaneix.

Neural computation techniques are used in application
projects ranging from direct industrial applications to pro-
jects funded by the European Union or national research
foundations. In this issue, four project descriptions exem-
plarily highlight this potential. The contribution Admire
LVQ—Adaptive Distance Measures in Relevance Learn-
ing Vector Quantization by Michael Biehl centers around
prototype-based models which have the benefit of direct in-
terpretability by humans, such that they provide very flexible
tools for the biomedical domain, for example. In the article
Neural learning of cognitive control by Fred Hamker, neu-
ral learning rules for biologically motivated spiking neurons,
models for memory, and its potential for technical applica-
tions are highlighted. Recurrent neural networks and their

suitability for Industrial Procurement Decisions are consid-
ered in a project description by Hans-Georg Zimmermann,
Christoph Tietz, Ralph Grothmann and Thomas Runkler. In-
terestingly, novel recurrent neural network models can be
directly used in this industrial application. The contribution
How rich motor skills empower robots at last: insights and
progress of the AMARSi Project by Andrea Soltoggio and
Jochen J. Steil centers around a EU project addressing top-
ics connected to robotics and motor skills, demonstrating the
excellent performance of reservoir computing in challenging
applications.

In a subsequent interview by Bassam Mokbel with Helge
Ritter, Co-director of COR-Lab and the CITEC centre of
excellence in Bielefeld, major developments and challenges
in the field of Neural Computation are highlighted. This
special issue concludes with the presentation of two re-
cent PhD theses in this field. Reservoir Computing with
Output Feedback—A Dynamical System Approach to In-
verse Modeling by René Felix Reinhart extends reservoir
computing to powerful associative devices which can even
deal with dynamic continuous domains very suitable e.g. in
robotics. In her PhD thesis entitled Adaptive Dissimilarity
Measures, Dimension Reduction and Visualization, Kerstin
Bunte addresses metric learning for prototype based meth-
ods and its application as powerful visualization tool.

This special issue is the result of the efforts of many per-
sons. Special thanks go to the authors for their interesting
contributions surveying hot topics and projects in the area,
our interview partner for his very inspiring opinion about re-
cent developments in Neural Computation, our reviewers of
the papers, who did a great job in providing short-notice re-
views, and to the KI team, in particular the editor in charge
of this issue, Christian Igel (University of Copenhagen), for
excellent support.

Barbara Hammer
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2 Service

With backpropagation reaching its 40th birthday, neural
computation constitutes a well established discipline with
widespread applications and theoretical foundations tan-
gent to diverse disciplines including physics, statistics, bi-
ology, theoretical computer science, cybernetics etc. In con-
sequence, numerous journals, conferences, software pack-
ages, projects, web pages, or books are concerned with top-
ics related to neural computation, and the following lists are
necessarily incomplete.

2.1 Journals

Journals with a main focus in neural computation include
the following:

– Neural Computation
http://www.mitpressjournals.org/loi/neco/

– IEEE Transactions on Neural Networks
http://ieee-cis.org/pubs/tnn/

– Neural Networks
http://www.journals.elsevier.com/neural-networks/

– Neurocomputing
http://www.journals.elsevier.com/neurocomputing/

– Neural Processing Letters
http://www.springer.com/computer/ai/journal/11063/

– Neural Network World
http://www.nnw.cz/

– Neural Computing and Applications
http://www.springer.com/computer/theoreticalcomputer+
science/journal/521/

– International Journal of Neural Systems
http://www.worldscinet.com/ijns/

– Connection Science
http://www.tandf.co.uk/journals/titles/09540091.asp

In addition, neural learning paradigms are published in jour-
nals connected to more general topics such as machine
learning, data mining, cybernetics, behavioral and brain sci-
ences, computational neuroscience, physics, or computa-
tional intelligence; further, neural techniques play a role in
diverse applications areas such as robotics, bioinformatics,
or economics.

2.2 Conferences and workshops

Some conferences specifically dedicated to neural learning
paradigms and machine learning are the following:

– Neural Information Processing Systems (NIPS)
http://nips.cc/

– IEEE International Joint Conference on Neural Networks
(IJCNN)

– International Conference on Artificial Neural Networks
(ICANN)

– International Conference on Engineering Applications of
Neural Networks (EANN)

– European Symposium on Artificial Neural Networks
(ESANN)
http://www.dice.ucl.ac.be/esann/

– International Conference on Neural Computation Theory
and Applications (NCTA)
http://www.ncta.ijcci.org/

– International Symposium on Neural Networks (ISNN)
http://isnn.mae.cuhk.edu.hk/

– International Conference on Adaptive and Natural Com-
puting Algorithms (ICANNGA)

– Artificial Neural Networks in Pattern Recognition (AN-
NPR)

– International Work Conference on Artificial Neural Net-
works (IWANN)

http://www.mitpressjournals.org/loi/neco/
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– Workshop on Self-Organizing Maps (WSOM)
– Workshop on New Challenges in Neural Computation

(NC2)
http://www.techfak.uni-bielefeld.de/~bhammer/GINN/
NC2/nc2.html

In addition a multitude of conferences in machine learning,
data mining, natural computation, theory of computation,
computational neuroscience, etc. exist where neural learn-
ing paradigms play a role.

2.3 Organizations

Various national and international organizations center
around topics connected to neural computation such as the
following:

– IEEE Computational Intelligence Society
http://www.ieee-cis.org/

– International Neural Networks Society (INNS)
http://www.inns.org/

– European Neural Network Society (ENNS)
http://www.e-nns.org/

– Japanese Neural Network Society (JNNS)
http://www.jnns.org/

– GI Fachgruppe Neuronale Netze
http://www.techfak.uni-bielefeld.de/~bhammer/GINN/

2.4 Software

There are just too many projects (some EU projects already
being mentioned in this issue), books, or web sites featuring
topics connected to neural computation to cover a represen-
tative part. Albeit the same is probably true for software, a
few very useful open source simulators are mentioned in the
following:

– Emergent (formerly PDP++) offers a C++ implementa-
tion of major neural learning paradigms together with

powerful graphical interfaces:
http://grey.colorado.edu/emergent/

– Shark is a C++ machine learning library featuring most
standard neural network algorithms besides useful regres-
sion and optimization tools:
http://image.diku.dk/shark/

– The Stuttgart Neural Networks Simulator SNNS (C++)
constitutes a similar simulation tool featuring a variety of
popular learning algorithms:
http://www.ra.cs.uni-tuebingen.de/SNNS/

– Torch provides a Matlab-like scripting language for ma-
chine learning algorithms based on a fast C implementa-
tion:
http://torch5.sourceforge.net/

– GENESIS offers a simulator suited to simulate biological
neurons:
http://genesis-sim.org/

– The SOM toolbox offers a Matlab toolbox for prototype
based techniques such as self organizing maps, learning
vector quantization, neural gas which is often used in aca-
demic developments:
http://www.cis.hut.fi/somtoolbox/

– Matlab packages connected to independent component
analysis, nonlinear factor analysis, nonnegative matrix
factorization and similar can be found at the following
page:
http://research.ics.tkk.fi/ica/software.shtml

– A page connected to kernel techniques, support vector
machines, and Gaussian processes is the following:
http://www.kernel-machine.org/

– A page linking to various machine learning open source
software is the following:
http://mloss.org/

Apart from these sites, many publications are accompanied
by downloadable code. Further, many authors offer to pro-
vide their code on request.

http://www.techfak.uni-bielefeld.de/~bhammer/GINN/NC2/nc2.html
http://www.techfak.uni-bielefeld.de/~bhammer/GINN/NC2/nc2.html
http://www.ieee-cis.org/
http://www.inns.org/
http://www.e-nns.org/
http://www.jnns.org/
http://www.techfak.uni-bielefeld.de/~bhammer/GINN/
http://grey.colorado.edu/emergent/
http://image.diku.dk/shark/
http://www.ra.cs.uni-tuebingen.de/SNNS/
http://torch5.sourceforge.net/
http://genesis-sim.org/
http://www.cis.hut.fi/somtoolbox/
http://research.ics.tkk.fi/ica/software.shtml
http://www.kernel-machine.org/
http://mloss.org/

	Special Issue on Neural Learning Paradigms
	Content
	Fachbeiträge
	Projekte
	Interview
	Dissertation

	Service
	Journals
	Conferences and workshops
	Organizations
	Software



