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Multiple delay nonlinear wavelength dynamics for photonic Reservoir Computing

Reservoir Computing is an emerging field of research intended to develop novel computational machines based on operating principles issued from the neural network community [START_REF] Jaeger | The "echo state" approach to analysing and training recurrent neural networks[END_REF] and the brain research sciences [START_REF] Maass | Real-Time Computing Without Stable States: A New Framework for Neural Computation Based on Perturbations[END_REF].

Practical implementations of the corresponding principles is a strongly open question, which is precisely addressed from the photonic viewpoint in the frame of a recently funded EC project PHOCUS. The main idea is here to benefit from the intrinsic dynamic complexity of delay systems, which experimental realization are well known in photonics, in order to perform the central role of a reservoir computer, the reservoir itself.

In its original formulation, the reservoir is typically a network of nonlinear dynamical nodes, thus forming a spatially extended network of interconnected nodes. Roughly speaking, the computational power of the Reservoir comes from the expansion of an original complex problem (input data to be analyzed), onto the even more complex and higher dimensional phase space of the reservoir, in which it is expected that a linear Since delay dynamics are characterized by an infinite dimensional phase space as for spatio-temporal dynamical systems like a network of nodes, it is reasonable to think about them for the realization of a Reservoir. Nodes of the Reservoir can be virtually defined using the time-space representation of delay dynamics [START_REF] Arecchi | Two-dimensional representation of a delayed dynamical system[END_REF], and nodes connectivity can be viewed as delays connecting different temporal positions within a global time delay: multiple delay dynamics is expected to form a highly connected network of nodes. In order to test experimentally such a configuration, we used a previously designed wavelength chaos generator (Fig. 1 , center [START_REF] Goedgebuer | Optical cryptosystem based on synchronization of hyper chaos generated by a delayed feedback tunable laserdiode[END_REF]), and combined it to an FPGA (field programmable gate array) allowing to perform both the multiple delayed feedback, and the linear Read-Out (Fig. 1, right). In order to test the computational power of the approach, we implemented a standard test called NARMA, and consisting of the output calculation of a noise driven nonlinear iteration. Normalized root mean square error from the Reservoir output could be obtained below 0.3.

We will report on the photonic implementation, the numerical simulations of the corresponding Reservoir subjected to the NARMA sequences, and the computational power results we have obtained both numerically and experimentally.
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1 Fig. 1

 11 Fig. 1 Left: principle of a Reservoir Computer; center: wavelength delay dynamics; right wavelength dynamics with multiple delay and Read-Out implemented by an FPGA.
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