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Reservoir computing has recently been put forward as the generic name of a new research line in machine 
learning [1]. This field combines Echo State Networks, introduced by Jaeger [2], and Liquid State Machines, 
introduced by Maass [3]. These systems, that can be used to solve complex classification problems in a 
computationally efficient way, were proposed as an alternative to the recurrent neural networks that depend on 
very intensive and time-consuming training algorithms. Reservoir computing systems have two distinct parts: the 
reservoir, and an output layer. Traditionally, the reservoir consists of a vast number of randomly interconnected 
nodes, receiving input signals. The output layer is a linear weighted sum of the node states with the weights 
optimised by learning. In practice, networks of several hundred nonlinear nodes often have a good performance. 

Within the framework of the EC project PHOCUS a new approach to implement the reservoir has been 
identified: a single nonlinear node with delayed feedback substitutes an entire network of nodes maintaining 
similar processing power. By defining virtual nodes as delayed states that reside in the delay line, it suffices to 
have only one physically present hardware node in the setup. This drastically facilitates the experimental 
implementations of network structures for classification or prediction tasks. 

Here, we perform numerical simulations to determine the performance of a Ikeda-type nonlinearity with 
delayed feedback. The Ikeda nonlinearity is often encountered in electro-optical systems. One system that can be 
considered consists of an electrically tunable DBR multielectrode laser diode with a feedback loop formed by a 
delay line and an optical device, whose peculiarity is to exhibit a nonlinearity in wavelength. This system was 
proposed by Goedgebuer and coworkers [4]. 

Specifically the system can be described by an integro-differential equation of the form: 

i(t) = -x(t) -� f x(s)ds +77' sin2 [x(t-r) + rJ(t) +¢],

where 11 is the feedback gain, y is the input scaling, J is the input signal and ¢ defines the operating point of the 
nonlinearity. The system is characterized by a high cutoff frequency with a response time normalized to 1 and a 
low cutoff frequency with a response time T. The optoelectronic feedback also consists of a significant delay T. It 
was already identified that the interplay of these three time scales gives rise to a large variety of oscillatory 
regimes and complex dynamical behaviors [5]. We will discuss how this multiple time scale dynamics and more 
specifically the bandwidth of the bandpass filtering creates an adequate virtual interconnection structure allowing 
for classification and computation. The performance of this system is quantified using the NARMA 10 task, a 
time series prediction task targetting only one step, that is considered to be a standard benchmark in the reservoir 
computing field. We obtain performances comparable to those of the state of the art traditional neural networks, 
which employ many nonlinear nodes. 
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