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ABSTRACT

We experimentally demonstrate the possibility to process two tasks in parallel with a photonic reservoir computer based on a vertical-cavity
surface-emitting laser (VCSEL) as a physical node with time-delay optical feedback. The two tasks are injected optically by exploiting the
polarization dynamics of the VCSEL. We test our reservoir with the very demanding task of nonlinear optical channel equalization as an
illustration of the performance of the system and show the recover of two signals simultaneously with an error rate of 0.3% (3%) for a
25 km-fiber distortion (50 km-fiber distortion) at a processing speed of 51.3 Mb/s.

© 2020 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0017574

I. INTRODUCTION

Building energy efficient systems to process data currently per-
formed by computer is one of the focus problems that photonic
reservoir computing is trying to address. A reservoir computing sys-
tem is a specific kind of neural network with a recurrent topology,
i.e., coupling signals and information are not propagating unidirec-
tional in the network structure. The training, consisting of adjusting
the interconnection weight between the neurons for this particular
structure, is usually difficult and data intensive as it scales with the
square of the network size to solve a specific task. This also implies
that the physical architecture with many tunable degrees of freedom
should be designed, which represents a significant technical chal-
lenge for the development of efficient hardware platforms. A reser-
voir computing system overcomes these hurdles by not realizing the
training through internal weight adjustments but by keeping it fixed
and training a readout layer unidirectionally connected to the recur-
rent network. This can be achieved with a simple linear regression
at the readout with simple regression algorithms."” This is specif-
ically interesting as it allows the use of physical components for a
hardware implementation of a neural network. Several architectures
using this specific principle already exist.””’

However, realizing a large physical neural network remains
a technical challenge especially with photonic devices. Hence, a
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solution was proposed with time-delay reservoir computing: Instead
of using physical neurons, only one physical neuron is used,
and several virtual neurons are temporally spread along a delay
line.” The time separation between virtual neurons is set to be
smaller than the physical-neuron response time so that the neu-
rons remain in a sustained transient dynamics, which effectively
translates into time-multiplexed interconnection between the virtual
neurons. In that framework, adding neurons only requires length-
ening the delay line. Several photonic architectures use this specific
technique, with either an optoelectronic*”'’ or an all-optical' "’
delay line.

The vertical-cavity surface-emitting laser (VCSEL) is a good
candidate to realize a time-delay reservoir computer and process
data in optical networks as it is widely used in optical telecom-
munication networks. One of VCSEL’s specificity is light emission
along two orthogonal linear polarization modes and a faster mod-
ulation frequency than an edge-emitting laser.'” We have already
proven numerically’’ and experimentally”’ that a VCSEL-based
time-delay reservoir computer is able to efficiently perform com-
putation tasks, with state-of-the-art performance on various tasks
such as chaotic time-series prediction and nonlinear WIFI channel
equalization.

Parallel processing of two tasks was originally proposed in
Ref. 13 using single-mode dynamics of a laser diode. Using the
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multimode polarization dynamics of a laser diode has also been con-
sidered to perform simultaneously several tasks. It has been shown
theoretically that using two longitudinal modes of an edge-emitting
laser,’” the two modes of a semiconductor ring laser'” or the two
polarization modes of a VCSEL"' enable parallel processing with a
time-delay reservoir computing architecture. We thus experimen-
tally address here the question of whether a VCSEL-based photonic
reservoir, which exhibits two polarization modes, is able to perform
efficiently two tasks consisting of the recovery of two optical signals
being distorted by a fiber.

In this article, we present an experimental realization of a reser-
voir computer processing two tasks simultaneously. This reservoir
computer is based on the time-delay reservoir architecture, using
a VCSEL as a physical node. The two tasks are injected optically
in each polarization mode of the VCSEL. By carefully choosing the
operating point of the reservoir computer, we show the possibility
to tune the performance of the system on each processed task. As an
illustration, we test our reservoir on the nonlinear optical channel
equalization. This task is very demanding as signals sent in optical
fiber are distorted due to several nonlinear effects, such as chromatic
dispersion and Kerr effect.”” More specifically, we are able to recover

two signals simultaneously distorted by 25 km and by 50 km of fiber
and sent at 25 Gb/s with a mean error rate of 0.3% at 25 km and of
3% at 50 km, at a processing speed of 51.3 Mb/s.

Il. METHOD

The experimental setup is depicted in Fig. 1. The reservoir
itself is the same as the one we have previously studied in Ref. 20:
It comprises a VCSEL (Raycan) as a physical node, which emits
light at 1552.75 nm for the dominant linear polarization mode (LPy)
and at 1552.89 nm for the depressed polarization mode (LP,). The
bias current of the VCSEL is set at 4.5 mA, which corresponds to
1.5 times the threshold current. This choice of pumping current is
based on the previous numerical analysis we conducted in Ref. 19,
showing that a pumping current close to the current threshold lead
to high-memory capacity and overall computing performance for
the time-delay VCSEL-based reservoir computer. The feedback loop
is made of a SMF-28 single mode fiber (standard telecommunication
fiber) resulting in a delay line of 7 = 39.4 ns. As only one calcula-
tion step can be performed per round-trip, this length imposes to a
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FIG. 1. (a) Scheme of the experiment. The two masked signals are sent on the two modulators. Each input signal is aligned with a different polarization mode of the VCSEL.
MZ: Mach-Zehnder modulator, P.C.: polarization controller, ANG: arbitrary waveform generator, Att: attenuator, Osc: Oscilloscope, ampl: amplificator, and PD: photodiode.
(b) Example of two input streams generated by the AWG. The blue line corresponds to the input stream injected in the dominant polarization mode (LP,), and the red line
corresponds to the stream injected in the depressed polarization mode (LP,) of the VCSEL. (c) example of signals recorded at the output of the reservoir computing system.
The blue line corresponds to the response of the dominant polarization mode (LPy), and the red line corresponds to the response of the depressed polarization mode (LP,)
of the VCSEL. (d) Scheme of the preprocessing method. The signal at the output of the fiber is averaged at twice the frequency of the input data stream, giving symbols bf,l)

and sz) for each bit b,. This signal is temporally rescaled so that each symbol duration is 7. The ten values hil)‘l, b,—4@ to bSl) and bf,z) are masked with a mask of
10 x N values and used as an input of the reservoir to reconstruct b,—_».
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processing speed of 25.65 MHz per task, thus 51.3 MHz for two tasks.
The speed of the system could be increased by reducing the length of
the delay line, which was not possible in our case. To optimize our
use of the VCSEL dynamics, we set the inter-nodes delay 0 = 0.04 ns
according to previous simulations'’ and the frequency limitation of
the experimental components (i.e., oscilloscope, arbitrary waveform
generator and modulators): The optimal delay between virtual nodes
that exploits the best VCSEL’s transient response is 6 = 0.02 ns;
however, the modulation bandwidth of our arbitrary waveform gen-
erator (AWG) is at 25 GHz. We use for the training and testing of
the reservoir only one every two nodes separated by 26 = 0.08 ns
due to the memory limitation of the computer performing the train-
ing, thus leading to consider N = 492 nodes instead of N = 984.
Considering an increasing number of virtual nodes while keeping
the feedback delay fixed, we observed numerically an improvement
of the performance up to Nth = 100. Beyond this threshold value,
increasing the size of the virtual network will only lead to marginal
improvement in the RC performance. In our experience, we choose
N =492 > Ny, for experimental convenience rather than using all
the accessible virtual nodes to speed up the training phase without
compromising on the performance. There is also a polarization con-
troller (P.C.) to control the optical polarization along the feedback
loop. Finally, an optical attenuator Keysight 81577A (Att.) is used to
control the feedback strength. In this article, the results presented are
obtained with the isotropic feedback configuration, i.e., the orienta-
tion of the two VCSEL’s polarization modes (LP,) are preserved
in the external cavity prior to being fed back. Accordingly to the
results obtained in Ref. 19, there is an optimum operating point
for each value of the feedback strength while varying the injection
power. This is why we set the feedback attenuation # to 17 dB to
guarantee that enough power is injected to find this best operating
point.

The input layer is primarily composed of an arbitrary wave-
form generator (AWG) AWG700002A from Tektronix, a tunable
laser Tunics T100S from Yanista, and two Mach-Zehnder modula-
tors (MZy,y) with a bandwidth of 12.5 GHz. Both modulators are
working in their linear regime. The light emitted by the tunable laser
is split in two different beams and sent in the two different mod-
ulators. The wavelength of this laser is set to 1552.82 nm so that its
wavelength is equally separated from the frequencies of the main and
depressed polarization modes of the VCSEL, as presented in Fig. 2.
By doing so, we ensure that having the same power in both linear
polarization modes at the output of the modulators, the power is
equally distributed among the two linear polarization modes of the
injected VCSEL. Shifting the frequency of the master laser to one of
the polarization modes of the VCSEL leads to a more efficient opti-
cal injection in this mode and therefore enhances the response of this
mode at the expense of the response of the other mode, for which the
optical injection is reduced. The two different masked input streams,
corresponding to the two tasks Ty, to be processed, are used to
drive both modulators and are generated by the AWG at a symbol
rate of 25 GS/s for each stream. The output power of the modulator
is controlled by an optical attenuator built inside each modulator.
This allows the independent change of the injected power Piy;,, of
the tasks T,,. At the modulators output, the optical polarization of
the input stream containing T’ is aligned with the main polarization
mode (LPy) of the VCSEL and the one of the input stream contain-
ing T, with the depressed polarization mode (LP)). An example of
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FIG. 2. Optical spectra of the system under different operation conditions. LP:
dominant polarization mode, LPy: depressed polarization mode, and ML: mas-
ter laser. (a) VCSEL with isotropic feedback, # = 17 dB. (b) Reservoir computer
with optical injection on both polarization modes without modulation, Pis;, = Pin;,
= 0.08 mW, = 17 dB, (c) reservoir computer with optical injection on both polar-
ization modes with modulation, Pi;, = P, = 0.08 mW, =17 dB, and (d) reser-
voir computer with optical injection on both polarization modes with modulation,
Pinjx =0.08 mW, pinj), =0.4mW n= 17 dB.

input streams is given in Fig. 1(b). Both beams are then recombined
and sent in the reservoir computer.

The response of the reservoir is recorded at the output layer:
The signal is first amplified with an erbium-doped fiber amplifier
(EDFA) from Lumibird. Then, the two polarization modes of the
VCSEL are separated and recorded with two photodiodes Newport
1544-B 12 GHz bandwidth, connected to an oscilloscope Tektronix
DPO 71604C 16 GHz bandwidth with two channels at 50 GS/s.
Examples of the experimental time series recorded for each polariza-
tion mode of the VCSEL are given in Fig. 1(c). The signal-to-noise
ratio (SNR) has been experimentally measured at 21 dB.

With the high-resolution optical spectrum analyzer BOSA from
Aragon Photonics, we can study the spectral dynamics of the system
in different configurations. Figure 2(a) shows the experimental opti-
cal spectrum of the reservoir computer without injection and with
optical feedback. The VCSEL is lasing at 1552.72 nm, the wavelength
of its dominant polarization mode. The dominant mode LP of the
VCSEL has a spectral width of 5.72 GHz with an attenuation of 17 dB
in the feedback loop. The two smaller side peaks are induced by the
undamped relaxation oscillations of the VCSEL,” which frequency
is measured at 3.73 GHz. Figure 2(b) presents the spectrum of the
reservoir with injection but without modulating input: Under this
condition, the VCSEL is emitting light only in its dominant polar-
ization mode, with the wavelength of the master laser at 1552.82 nm.
We notice that the slave laser exhibits wave-mixing dynamics and
that it is not locked to the master laser. When modulating the mas-
ter laser, its spectrum broadens and overlaps the two wavelengths of
the VCSEL, as shown in Figs. 2(c) and 2(d). This allows the VCSEL

5,086105-3
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to react to the master laser and to respond according to the mod-
ulated input. This response also broadens the spectra of the two
polarization modes of the VCSEL. The spectral width of the domi-
nant polarization mode LPx detuned from the modulated input by
9.45 GHz. We observe also that injecting more power in the
depressed mode LP), forces its emission despite not lasing when the
VCSEL is free-running.

We have tested the dual-tasking performance of our reservoir
at solving a nonlinear optical channel equalization, which aims at
reconstructing a transmitted signal only from the given distorted sig-
nal at the channel’s output. We have chosen a single-mode optical
fiber for the telecommunication channel. The distortion introduced
by this channel is simulated using the nonlinear Schrodinger equa-
tion, which models the propagation of a signal in the fiber. This
equation reads as”’

i@E(z, ) _

- CORR L R MO

or?

where E(z, t) is the slowly varying envelop of the optical field, « is the
attenuation of the fiber, 3, is the second order coefficient of disper-
sion, and y refers to the nonlinearity of the fiber. We have chosen
the coefficient of the SMF-28 fiber, which is the single mode sil-
ica fiber used for long haul transmission, with & = 0.2 dB km™},
B =214 ps* km™!, and y = 1.2 W' km™! (Ref. 25). We used
the split-step Fourier method to numerically integrate the equation.
The signal we use as an input of the fiber is a series of bits using pulse
amplitude modulation (PAM) at 25 Gb/s. The power of the input
pulse is set to 4 mW. This value is small enough to avoid signifi-
cant distortion induced by the Kerr nonlinearity of the optical fiber.
To compare our results with the state-of-the-art achieved with time-
delay photonic reservoir computer, we perform the recovery after a
25 km and a 50 km long optical fiber.'** Examples of input signals
are presented in Figs. 4(a) and 5(a), and their respective distorted
versions after propagating in the optical fiber 25 km and 50 km are
given in Figs. 4(b) and 5(b), respectively. The distortion induced
by 25 km of optical fiber still allows us to identify the long lasting
pulse. However, after 50 km, the distortion is more pronounced and
does not allow straightforward retrieval of any section of the original
signal.

The signal at the output of the simulated channel is a time
continuous signal. Similar to the method used by Argyris et al. in
Ref. 26, for each bit, we associate two features values b,gl) and bf,z),
which are the time-average values of the upper half and the lower
half of the distorted signal for the duration of one bit. The input of
the reservoir is realized by masking each feature value for five con-
secutive bits, hence using 10 different masks (one per input value) of
985 values, which are then summed together. The masked input of
the reservoir J,—»(t) at the step n — 2 reads

4
Juca(£) = 3260 xMz(t)+zb | x M (1), ©)
i=0
where M;(t) is one of the ten different masks. A graphical illustration
of the preprocessing is given in Fig. 1(d). At the output of the reser-
voir, we train the system by linear regression with N = 492 nodes to
recover bits b,_,. For each node, we use as a state the values of the
optical power of the two orthogonal polarization modes (LP. and
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FIG. 3. Performance on the nonlinear channel equalization task as a function of
the injection power in the main polarization mode P;,;, for a fixed ratio of injection

power - iy gt0.3. (a) Performance of the recovery of a distortion due to 25 km of

1
optical fiber. (b) Performance of the recovery of a distortion due to 50 km of optical
fiber. The blue curve corresponds to the performance of the task Ty, and the red
one corresponds to the performance of the task T,. The dotted line corresponds
to the choice of P;,;, reported in Figs. 4 and 5 for this specific case.
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FIG. 4. Performance on the nonlinear channel equalization task after propagating
25 km in a communication channel made of optical fiber as a function of the ratio
of injection P, /Piy, . (a) Example of the signal sent at the input of the fiber. (b)
Corresponding received signal after 25 km of fiber. The blue curves corresponds to
the performance of the task Ty, and the red curves corresponds to the performance
of the task T, for (c) the reservoir computer and (d) the linear classifier. The lighter
area shows the standard deviation of the performance. The dotted line shows the
performance of the reservoir performing the single task.
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LP,). Two different linear regressions are performed, one for each
task T, and T), using the whole state of the reservoir. The equa-
tions of the regressions are S x wy = br, and S x w, = bTy, where S
is the reservoir’s state matrix containing the power associated with
the dominant (LP,) and depressed (LP,) polarization mode. w; is
the vector containing the readout layer weights obtained from linear
regression, and br, is the vector containing the target output of the
task T;. Exploiting the two LP modes for each regression stems from
nonlinear mixing the two input data streams in the VCSEL dynamics
so that the two polarization modes contains part of the information
of both processed tasks. For the training of the reservoir, we use
20000 samples, i.e., sliding block of five consecutive distorted bits.
Since we record optical power of LP, , modes for the 492 nodes, the
size of S is 20 000 x 984. The performance of the reservoir is tested
on 5380 samples and measured using the bit error rate (BER).

As already stated, for each value of the feedback strength, there
is a corresponding optimal injection power for the reservoir com-
puter.'” That is why we vary only the injected power, while keeping

— 4 L ! J

= | [

e 37 1

[ 1 L A

v 3 | o r,"‘

g 1] ‘ VTR

e ol@ || (b)V“fu’:M’ 0”8

time [ns] time [ns]

25

— 10¢

9

I~

L

o

BER [%]

L) ‘
0.1 1 -T.5
Pin,/Pinj, T,

FIG. 5. Performance on the nonlinear channel equalization task after propagating
50 km in a communication channel made of optical fiber as a function of the ratio
of injection Pi, /i, (2) Example of the signal sent at the input of the fiber. (b)
Corresponding received signal after 50 km of fiber. The blue curves corresponds to
the performance of the task T, and the red curves corresponds to the performance
of the task T, for (c) the reservoir computer and (d) the linear classifier. The lighter
area shows the standard deviation of the performance. The dotted line shows the
performance of the reservoir performing the single task.
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the value of the feedback strength fixed. This allows reducing the
dimension of the space parameters to explore to find the best exper-
imental operating point. By finding the best operating point, we
ensure for our VCSEL-based reservoir computing system to have a
combination of large memory capacity (i.e., long fading memory)
and large computational ability (i.e., good aptitude for approxima-
tion and generalization), as demonstrated in our previous numerical
analysis."” Furthermore, we aim at showing the tunable parameters
that can control the performance of the two processed tasks Ty and
T). Figures 4 and 5 present the influence of the ratio of injection
power ?T'Z on the performance of the two processed tasks. To pro-
duce these figures, we first find the best operating point for each
value of this ratio: We sweep the value of P;,;, (an example is pro-
vided in Fig. 3), and Piy, is then fixed by the value of the ratio. As
a result, we find the value of Pj,;, that minimizes the mean BER for
both Ty and T),. This optimal value is then reported in the graph (this
is why Figs. 4 and 5 do not contain any information on the effective
injected power). Figure 3 shows an example of the method used to
produce the performance figures.

We first present the influence of the injected power on the per-
formance of both tasks Tx and T} in Fig. 3 for the two lengths of
fiber recovered: 25 km (a) and 50 km (b). On this figure, the injec-
tion ratio Pin, /ijx is fixed to 0.3. We can observe that there is an
optimal injected power that yields the best mean performance at
Pinj, = 0.09 mW for 25 km and at Pi;;, = 0.2 mW for 50 km. We
will only report this best value in the figures.

Ill. RESULTS

The results for the channel equalization of 25 km of propa-
gation in the fiber are presented in Fig. 4(c). Figures 4(a) and 4(b)
present an example of the signal at the input and output of the opti-
cal fiber, respectively. We observe that the performance on tasks
Ty and T, varies with the injection ratio Pinj, /P,-njx. If this ratio is
smaller than 2, task T is better performed than task T,. When this
ratio is higher than 2, the trend is reversed, and the task T is bet-
ter performed. This can be explained by a polarization switching
in the VCSEL output induced by optical injection (i.e., the role of
the dominant and depressed polarization modes of the VCSEL are
exchanged”’). This phenomenon therefore increases the SNR of the
task T} injected in the depressed polarization mode. The system is
able to provide a BER of 0.04% for the task Ty, while the dominant
mode is strongly injected (with an injection ratio P, /Pinj, of 0.2).
The other task is processed with lower performance in this case, with
a BER of 1.6%. When the ratio of power is greater than 0.5, the aver-
age performance of the reservoir reaches a threshold of performance
with a BER of 0.35%. The ratio of injected power in the polarization
modes can thereby be used to easily choose the split of performance
between the two performed tasks. While processing a single non-
linear channel equalization task, the reservoir computer exhibits a
BER of 0.08%. We notice that the performance of our VCSEL-based
reservoir on a single task is comparable to the one achieved with
a monomode laser diode with a more complex modulation format
and similar propagation distance.”” However, processing two tasks
instead of one mitigates the averaged performance of the system.

To analyze the impact of the nonlinear transformation induced
by our VCSEL-based reservoir on the task, we compare it to a
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stand-alone linear regression (a linear classifier). Toward this end,
the linear classifier is operated in the same conditions as the reser-
voir computer: One classifier is used to process the two tasks with the
same dimension and similar injection power ratio as in a photonic
reservoir computer. We use also the same input features with identi-
cal sizes for the training and testing sets (20 000 samples for training
and 5380 for testing). Finally, similar SNR conditions are consid-
ered. To meet this last condition, as the VCSEL introduces additional
noise, we added white noise to the input signal to achieve 21 dB
before performing a stand-alone linear regression. With these simi-
lar operating conditions, a stand-alone linear regression provides a
BER slightly lower than 1%, and the mean BER of the two tasks is
~3.2% in the best operating point identified in our experiment (i.e.,
for a ratio in the range of 0.6-3). The reservoir computer is thus able
to improve the performance on the two tasks by approximately one
order of magnitude.

We also provide results on the dual channel equalization of the
propagation in 50 km of single mode fiber. Since the distortion of
the signal is more pronounced [Fig. 5(b)], the mean performance of
the reservoir computer is expected to be lower than the one after a
25 km transmission. The performance of the reservoir computer is
given in Fig. 5(c).

We still observe a similar trend: The polarization switching
of the VCSEL for a ratio of injection Piyj, /P,-njx ~1, and the best
achieved BER for one task is at 1.6%. The best mean performance is
at 2.2%, achieved for a ratio of injection at 0.7. The system perform-
ing this single task exhibits a BER of 1.9%, which is slightly below the
performance previously reported.'® Contrary to the equalization of
the shorter optical fiber, processing two tasks simultaneously slightly
decreases the mean performance of the system, when compared to
processing a single task.

The performance of the stand-alone linear regression (linear
classifier) is presented in Fig. 5(d). The test has been realized with the
same condition as the one used for the reservoir computer. The lin-
ear classifier is achieving a BER of 7.5% as a best performance. When
both processed signals are balanced, the linear classifier exhibits its
best mean performance, with a mean BER at 8.4%. Using the non-
linear effects in our VCSEL-based photonic reservoir computer in
similar SNR conditions thus provides a significant benefit, allowing
to improve by a factor 5 the performance on the signal-recovery task.

The relatively low range of power used for the input signal
propagating in the fiber is consistent with the range of power use
in telecommunication networks. Furthermore, it does not lead to
significant trigger of the Kerr nonlinearity. Equalizing both linear
distortion and a strong Kerr effect remains a challenge in current
digital signal processing (DSP)-based techniques for optical channel
equalization.” To analyze how the Kerr effect would affect the per-
formance of the reservoir, we have sent in the fiber two signals with
a large pulse-amplitude modulation depth of 0.5 W and recover two
signals simultaneously at the output of the fiber. This power is large
enough to trigger the Kerr nonlinearity (as only a few tens of mW are
necessary) and make the task more complex to solve. Under these
new conditions and using similar parametric and operating condi-
tions, our reservoir can now recover two signals simultaneously with
an optimal mean BER of 8.9% for a 25 km fiber distortion and with a
mean BER of 17.9% for a 50 km distortion. A degradation of at least
one order of magnitude is observed in these conditions with the level
of recovery unsuitable for telecom application. However, the level of
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power was quite large, and no specific optimization was performed
to optimize this modified task: There may be a more efficient size of
the training set, larger reservoir size, and adapted preprocessing with
more peripheral bits data to achieve better level of the performance.
This work is left for future studies.

IV. CONCLUSION

We have realized an experimental photonic reservoir computer
architecture capable of processing two tasks simultaneously. This
reservoir is a time-delay reservoir computer, using a VCSEL as a
physical node. The two different inputs are made by injecting two
different optical signals, each being aligned with a different polar-
ization mode of the VCSEL. Using this system, we have performed
as an illustration two signal-recovery tasks simultaneously when the
signal generated at 25 Gb/s is distorted by propagation in a 25 km or
50 km long SMF-28 optical fiber. We have been able to recover two
signals with a BER of 0.3% at a processing speed of 51.3 Mb/s in total
for a 25 km-distortion and with a BER of 3% at the same bit rate for
a 50 km-distortion. On both tasks, the reservoir allows improving
the performance by a factor 5-10, compared to processing the input
signal directly under similar SNR conditions. The actual telecom-
munication networks use digital signal processing (DSP) to mitigate
the effects of the optical fiber”” as it allows propagating the signals
along several thousands of kilometers with a BER of ~10™> compat-
ible with forward error correction, but at the expense of important
computational resources.

Our result also shows that there is still a significant margin of
improvement before considering it a viable alternative to the best
DSP approaches, despite achieving level of performance compara-
ble to existing photonic-based machine learning techniques on this
particular task.”’ Nevertheless, this result is a first step showing that
analog photonic reservoir computing could be envisioned for such
dual-tasking on optical channel equalization.

We proved in our previous work that the bimodal dynamics of
the VCSEL allows better computational performance than a single
mode dynamics system. This is due to a more complex dynamics that
is suitable to perform computation. Here, we proved experimentally
that we can exploit the bimodal dynamics of the VCSEL to process
two tasks simultaneously. This suggests that using a system exhibit-
ing more dynamical modes would allow scaling up the number of
tasks to be processed simultaneously. However, performing several
tasks simultaneously slightly degrades the mean computational per-
formance of the system. There is thus a trade-off between the num-
ber of tasks to be processed and the individual performance of each
task considered. Moreover, we hypothesize that the physics underly-
ing the coupling mechanism between modes may also influence the
performance of the reservoir computer, for instance, using longitu-
dinal mode of a laser'” or the two modes of a semiconductor ring
laser”” instead of using the polarization modes of the VCSEL. This
may constitute an interesting frame for future studies of multimode
reservoir computing.
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