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2] K. Tanaka, IEICE Transactions on Information and Systems E86-D (2003) 1228.
[3] M. Mézard and T. Mora, Journal of Physiology 103 (2009) 107, arXiv:0803.3061.
[4] M. Mézard, G. Parisi, and R. Zecchina, Science 297 (2002) 812.
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2009 (2009) P12009, arXiv:0908.1599.
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ME—EICD &S EMRTEDZ EWmEniz, ZOP HIZ+&MTH, &
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[1] Candes E J and Wakin M B, 2008 IEEE Signal Processing Magazine 25 21.

[2] Gleichman S and Eldar YC, 2011 IEEE Transactions on Information Theory 57 6958.
[3] Rubinstein R, Bruckstein A M and Elad M, 2010 Proceedings of the IEEE 98 1045.

[4] Aharon M, Elad M and Bruckstein A M, 2006 Linear Algebra and Its Applications 416
48.
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[2] J. Pearl. Causality: Models, Reasoning, and Inference. Cambridge University Press, 2000. (2nd ed.
2009).
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[4] P. Spirtes, C. Glymour, R. Scheines, and R. Tillman. Automated search for causal relations: Theory
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A Tribute to Judea Pearl, pages 467-506. College Publications, 2010.

[5] A. Hyvérinen, J. Karhunen, and E. Oja. Independent component analysis. Wiley, New York, 2001.
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the 82nd Annual International Conference of the IEEE Engineering in Medicine and Biology Society
(EMBS2010), pages 16991702, 2010.
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2011.
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[4] S. Lyu, ”Unifying Non-Maximum Likelihood Learning Objectives with Minimum KL
Contraction”, Advances in Neural Information Processing Systems (NIPS), (2011).
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Mechanical control of hexagonal cell packing in Drosophila wing

Shuji Ishihara>b and Kaoru Sugimuracd
a Graduate School of Arts and Science, The University of Tokyo
b JST PRESTO
¢1CeMS, Kyoto University
d RIKEN BSI

In the course of animal development, tissues undergo deformation, which is driven
by the mechanical forces regulated by the activity of constituent cells. Thus, to
understand variety of morphologies of multi-cellular organisms one must elucidate
physical process as well as molecular processes to determine the eventual forms of
their bodies-from-embryos. Recent studies have clarified how geometrical changes of
cells are coordinated via the activity and/or localization of force-generating
molecular machineries within a cell. On the other hand, it remains unclear how the
mechanical interaction among cells and the resulting stress field of a tissue are
organized to control cellular pattern formation. One of the difficulties to characterize
mechanical processes of morphogenesis is the lack of proper experimental methods
to directly measure and quantify the forces in the cell population inside the animal
body.

Here we propose a novel method to estimate the forces from observed cell
shapes. Consider that the geometry of epithelial cell population is represented by an
assemblage of 2D polygons (‘vertex model Fig. 1a). Forces in the cell population are
described by the isotropic pressures of respective cells and tensions applied in the
adherent surface between cells. By considering the geometrical forms of the cells, we
obtained balance equations of the aforementioned forces. We can estimate the
unknown values of forces by solving the balance equations, however, the number of
conditions is less than that of unknowns. To overcome the difficulty, we incorporated
the experimental fact that the tensions of cell-cell surfaces are positive as the
expected feature of the system, which is indicated from the responses to laser
ablation of acto-myosin cable in the cell. Then by adopting the expectation as a prior,
inverse problem is formulated in the scheme of Bayesian statistics (Fig. 1b-d).
Present method has several advantages. At first, it is applicable to variety of
systems. Second, the method is noninvasive and it can capture the dynamics of force
field. Thirdly, it can distinguish pressures and tensions among respective cells, thus
we can compare estimated forces with molecular activities responsible for
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generating forces in each cell. Forth, several hundreds of cells are simultaneously

estimated, thus we can approach for their relationship between cell level and tissue
level kinetics.
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Using our method, we studied mechanical basis of hexagonal packing (the
increase of hexagonal cells in the Drosophila wing during the pupal stage). Our
quantification of developmental changes of the stress distribution within a tissue
and of corresponding rearrangements of cells provides a physical mechanism for cell
packing: biased external forces acting on the tissue provide the directional
information for local orientation of hexagonal cells which underlies the global
hexagonalization. Our force estimation method will become a powerful tool in
analyzing how information for orchestrating cellular behaviors during
morphogenesis is encoded in distributions of forces within a tissue.
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Beyond the edge of chaos: Amplification
and temporal integration by recurrent
networks in the chaotic regime

Taro Toyoizumi
RIKEN Brain Science Institute

Randomly connected networks of neurons exhibit a transition from fixed-point to
chaotic activity as the variance of their synaptic connection strengths is increased. In
this study, we analytically evaluate how well a small external input can be reconstructed
from a sparse linear readout of network activity. At the transition point, known as the
edge of chaos, networks display a number of desirable features, including large gains
and integration times. Away from this edge, in the nonchaotic regime that has been the
focus of most models and studies, gains and integration times fall off dramatically, which
implies that parameters must be fine tuned with considerable precision if high
performance is required. Here we show that, near the edge, decoding performance is
characterized by a critical exponent that takes a different value on the two sides. As a
result, when the network units have an odd saturating nonlinear response function, the
falloff in gains and integration times is much slower on the chaotic side of the transition.
This means that, under appropriate conditions, good performance can be achieved with
less fine tuning beyond the edge, within the chaotic regime.
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