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which each processing stage performs a specific task. Lateral

inhibition in the AL supports separation of correlated data and

increases performance on overlapping classes. Microglomeru-

lar circuits in the MB provided transformations of the data that

enabled the classifier stage to learn separation of classes which

are not separable along the identity diagonal. Depending on the

location of data classes in input space, our network performs

comparably to a Naive Bayes classifier.

B. Future works

1) Real-world data sets: While the two-dimensional toy

data set we used here was very useful to probe the capabilities

and limitations of the neuronal classifier and the effect of the

circuits that we add, its usefulness for practical applications

is limited. We are currently testing the classifier on the

surrogate ORN responses from [7] and other high-dimensional

benchmark data sets.

2) Neuromorphic Hardware: We are porting our models

on neuromorphic hardware [22] as a first step towards imple-

mentations of fast and powerful neuromorphic classification

devices, applicable to a wide range of parallel sensor data.

At the time of writing this manuscript, we have a basic

implementation of the classifier network running on the hard-

ware. Preliminary results suggest that the performance on the

hardware is similar to that obtained in the simulated network.

VI. ACKNOWLEDGMENTS

This work was supported by the German Ministry for

Education and Research through grant 01GQ1001D (Bern-

stein Center for Computational Neuroscience Berlin), grant

01GQ0941 (Bernstein Focus Learning and Memory in De-

cision Making), grant 01GQ0772 (Bernstein Partner Project

“Olfactory coding: the Mushroom body of the Honeybee”),

by DFG grant SCHM2474/1-1, and by an internal grant from

Freie Universität Berlin.

REFERENCES

[1] M. Giurfa, “Behavioral and neural analysis of associative learning
in the honeybee: a taste from the magic well.” Journal of

comparative physiology. A, Neuroethology, sensory, neural, and

behavioral physiology, vol. 193, no. 8, pp. 801–24, Aug. 2007. [Online].
Available: http://www.springerlink.com/content/e6408p3gwt228217

[2] G. A. Wright, M. Carlton, and B. H. Smith, “A honeybee’s
ability to learn, recognize, and discriminate odors depends upon
odor sampling time and concentration.” Behavioral neuroscience,
vol. 123, no. 1, pp. 36–43, Mar. 2009. [Online]. Available:
http://www.ncbi.nlm.nih.gov/pubmed/2632763

[3] The Honeybee Genome Sequencing Consortium, “Insights into social
insects from the genome of the honeybee Apis mellifera.” Nature,
vol. 443, no. 7114, pp. 931–49, Oct. 2006. [Online]. Available:
http://www.ncbi.nlm.nih.gov/pubmed/2048586

[4] M. Schmuker, M. de Bruyne, M. Hähnel, and G. Schneider,
“Predicting olfactory receptor neuron responses from odorant structure.”
Chemistry Central journal, vol. 1, p. 11, 2007. [Online]. Available:
http://www.ncbi.nlm.nih.gov/pubmed/17880742

[5] R. I. Wilson and Z. Mainen, “Early events in olfactory processing,”
Annu. Rev. Neurosci., vol. 29, pp. 163–201, 2006. [Online].
Available: http://arjournals.annualreviews.org/doi/full/10.1146/annurev.
neuro.29.051605.112950

[6] S. Krofczik, R. Menzel, and M. P. Nawrot, “Rapid odor processing
in the honeybee antennal lobe network.” Frontiers in computational

neuroscience, vol. 2, no. January, p. 9, 2008. [Online]. Available:
http://www.ncbi.nlm.nih.gov/pubmed/19221584

[7] M. Schmuker and G. Schneider, “Processing and classification of
chemical data inspired by insect olfaction,” Proceedings of the National

Academy of Sciences, vol. 104, no. 51, pp. 20 285–20 289, 2007.
[Online]. Available: http://www.pnas.org/content/104/51/20285.long

[8] M. Heisenberg, “Mushroom body memoir: from maps to models.”
Nature reviews. Neuroscience, vol. 4, no. 4, pp. 266–75, Apr. 2003.
[Online]. Available: http://www.ncbi.nlm.nih.gov/pubmed/12671643

[9] R. Huerta, T. Nowotny, M. Garcia-Sanchez, H. D. I. Abarbanel,
and M. Rabinovich, “Learning classification in the olfactory system
of insects,” Neural computation, vol. 16, no. 8, pp. 1601–1640,
2004. [Online]. Available: http://www.mitpressjournals.org/doi/abs/10.
1162/089976604774201613

[10] T. Nowotny, R. Huerta, H. D. I. Abarbanel, and M. I. Rabinovich,
“Self-organization in the olfactory system: one shot odor recognition in
insects.” Biological Cybernetics, vol. 93, pp. 436–446, 2005. [Online].
Available: http://dx.doi.org/10.1007/s00422-005-0019-7

[11] O. Ganeshina and R. Menzel, “GABA-immunoreactive neurons in the
mushroom bodies of the honeybee: an electron microscopic study,”
Journal of Comparative Neurology, vol. 437, pp. 335–349, 2001.

[12] J. Rybak, A. Kuß, H. Lamecker, S. Zachow, H.-C. Hege,
M. Lienhard, J. Singer, K. Neubert, and R. Menzel, “The digital
bee brain: integrating and managing neurons in a common 3D
reference system,” Frontiers in Systems Neuroscience, vol. 4, no.
July, p. 30, 2010. [Online]. Available: http://www.frontiersin.org/
neuroscience/systemsneuroscience/paper/10.3389/fnsys.2010.00030/
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