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Abstract: Photonic reservoir computing (RC) is a simple and

efficient neuromorphic computing framework for human

cortical circuits, which is featured with fast training speed

and low training cost. Photonic time delay RC, as a sim-

ple hardware implementation method of RC, has attracted

widespread attention. In this paper, we present and exper-

imentally demonstrate a time delay RC system based on a

Fabry Perot (FP) laser for multiple tasks processing. Here,

the various tasks are attempted to perform in parallel in

the multiple longitudinal modes of the FP laser. It is found

that the time delay RC system based on the FP laser can suc-

cessfully handle different tasks across multiple longitudi-

nalmodes simultaneously. The experimental results demon-

strate the potential of the time delay RC system based on the

FP laser to achievemultiple tasks processing, providing var-

ious possibilities for improving the information processing

ability of neuralmorphology RC systems, and promoting the

development of RC systems.
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1 Introduction

Reservoir computing (RC), as a brain-inspired computa-

tional paradigm, has important application potential in

the field of information processing [1]–[7]. The proposal

of RC stems from a reflection on some limitations of

traditional recurrent neural networks (RNNs) [2]. Tradi-

tional RNNs require training through backpropagation algo-

rithms, which are relatively slow and susceptible to prob-

lems such as vanishing or exploding gradients. The new idea

of RC is that it does not require training of the reservoir, only

the output layer, greatly simplifying the training process of

neural networks.

The characteristics of the training process give RC a

unique advantage for photonic network implementation.

On one hand, using a fixed network structure can avoid the

need for photonic chips with fully reconfigurable topolo-

gies, significantly reducing the chip area and required cir-

cuit inputs [8]. On the other hand, compared to photonic

neural networks that previously required backpropaga-

tion through external calculations, using an RC training

mode without backpropagation is more suitable for pho-

tonic implementation [9]. In addition, the RC maps the low

dimensional space input information into high dimensional

spacewith the reservoir to obtain ahighdimensionalmatrix

which could present more comprehensive features. Due

to the rich features in high dimensional matrices, the RC

could be more flexibility to tolerance the form and error

integrated photonics design and manufacturing. Besides,

it can achieve computing functions based on widely used

photonics devices such as semiconductor lasers, semicon-

ductor optical amplifiers, micro ring resonators, delay lines,

arrayed waveguide gratings, et al. [10]–[18].

In different implementations of photonic systems,

semiconductor lasers have become promising candidates

due to their advantages of low power consumption, ultra-

high speed, and high bandwidth. Especially the time delay

RC systems based on semiconductor lasers have received
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great attention. In a time delay RC systems based on semi-

conductor lasers, replacing a large number of physical

nodes in traditional reservoirs with semiconductor lasers

with feedback greatly simplify the hardware implemen-

tation difficulty of the RC system [16]–[25]. Recently, the

time delay RC systems based on different types of semi-

conductor lasers have been widely proposed. For example,

in 2015, Nguimdo et al. numerically demonstrated photonic

time delay RC system based on single-longitudinal mode

semiconductor ring laser (SRL) with optical feedback, and

two independent computational tasks are realized in paral-

lel [26]. ln 2020, Guo et al. proposed a time delay photonic

RC system with a single vertical cavity surface emitting

laser (VCSEL) with feedback when two polarization modes

coexistence. In such system, parallel task processing is real-

ized, including chaotic time series prediction and wave-

form recognition tasks [27]. In 2021, Guo et al. demonstrated

numerically a time delay RC system using a semiconductor

nano laser (SNL) with double phase conjugate feedbacks,

and when increased two important physical factors (includ-

ing the cavity-enhanced spontaneous emission factor and

the enhanced spontaneous emission coupling factor), the

range of good prediction performance of the SNL-based RC

system was extended [28]. In 2022, Yang et al. numerically

verified an RC system based on the spin VCSEL with optical

feedback and injection. It was found that, benefiting from

feasible tunability and multiplexing of the left and right

circularly polarized modes of the spin VCSEL, the proposed

RC realized both single task processing and parallel tasks

processing [24]. In 2023, Huang et al. proposed employing

multiple VCSELs to construct the reservoir, boosting the per-

formance of the RC system [25]. Obviously, these methods

primarily enhance the information processing capabilities

of the RC system by leveraging the inherent advantages of

each laser, such as rich polarization dynamics of VCSEL,

modal degrees of freedom of SRL, and the complex dynam-

ics of multiple lasers, et al. [29]–[33].

Notably, FP laser, as a well-known type of laser, has sev-

eral advantages, including extremely high frequency selec-

tivity, high stability, ease of integration, and the ability to

supportmultiple longitudinalmodes [34], [35]. These advan-

tages make FP laser widely applicable in various fields,

including optical communication, spectral analysis, laser

measurements et al. Recently, the FP laser or themultimode

semiconductor lasers has been attempted to construct RC

systems, and numerical studies [36], [37] and experimen-

tal verification [38] have been conducted. The majority of

works in the time delay RC system based on FP laser or

multimode semiconductor lasers focus on utilizing longitu-

dinal modes to expand the number of virtual nodes within

the same delay length to handle same tasks with higher

processing requirements [36]–[38]. However, overall, the

works of FP based RC systems are mainly focused on the

numerical research stage, especially in the use of specific

longitudinal modes for multitasking different tasks in the

FP lasers, which deserves further in-depth research. This

is of great significance for improving the computational

efficiency of RC systems.

In this paper, we present an experimental approach for

the photonic time delay RC system based on an FP laser for

multiple tasks processing. The various tasks are attempted

to perform in parallel in the multiple longitudinal modes

of the FP laser. The remainder of this paper is organized

as follows. Section 2 introduces the schematic diagram and

experimental scheme of the time delay RC system based on

the FP laser for multiple tasks processing. In Section 3, the

experimental results are introduced in detail. Especially, the

multiple tasks processing performance of the time delay RC

system based on the FP laser for different injection cases

and two different adjacent information processing channel

intervals are considered. Besides, the performance of the

RC system has been examined and compared for both the

multiple tasks processing and single task processing. Addi-

tionally, the effect of frequency detuning is also considered.

Finally, the conclusions are given in Section 4.

2 Experimental scheme

The schematic diagram of the proposed time delay RC sys-

tem based on the FP laser with feedback for multiple tasks

processing is displayed in Figure 1(a). In such time delay RC

system, the FP laser with self-feedback light is utilized as the

reservoir layer. Multiple information processing channels

are realized by the multiple longitudinal modes in the FP

laser. The number of virtual nodes of each channel is n.

The interval between the adjacent virtual nodes is 𝜃. The

feedback delay is 𝜏 . The sampled period of input signal

is T , and the formation processing rate is R = 1/T . It can

be seen that, four input signals are coupled to the four

longitudinal modes in the FP laser, respectively. Finally, the

transient responses E1x,2x,3x,4x… from each of the multiple

channels are extracted for post-processing, respectively. In

the post-processing phase, the virtual node states extracted

from the multiple channels are put into multiple matrices,

respectively.

The experimental setup of the time delay RC system

based on the FP laser for multiple tasks processing is pre-

sented in Figure 1(b). In the experiment, a commercially

available 1550 nm FP laser (BFSLD-1550-02SM-FA) is driven

by a high-stability and low-noise laser diode controller.
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Figure 1: Scheme diagram. (a) The schematic diagram of the proposed time delay RC system based on the FP laser with feedback for multiple tasks

processing, V 1 –V4: instantaneous states of four longitudinal modes in the FP laser; (b) the experimental setup of the time delay RC system based on

the FP laser for multiple tasks processing. FPGA: field programmable gate array (zynq ultrascale+ rfsoc zcu216); TLs: tunable semiconductor laser;

1 × 4 FC: fiber coupler with the power distribution ratio 25 %:25 %:25 %:25 %; CIR: optical circulator; VOA: variable optical attenuator; EDFA: erbium-

doped optical fiber amplifier; DL: fiber delay line; PC: polarization controller; MZM: Mach–Zehnder modulator; PD: photodiode; SCOPE: oscilloscope;

TOF: multi-channel tunable optical filter.

Considering the limitations of existing fibre optic platforms,

we use four longitudinal modes in the FP laser for multiple

processing of four signals. In addition, the FP laser used in

the experiment can be described using the numericalmodel

employed in Ref. [36]. At first, four original input signals

convert to themasked input signals {M-S1(t), M-S2(t), M-S3(t),

M-S4(t)} after multiplied by the binary random mask M(t)

(−1, 1). The four mapped masked input signals {M-S1(t), M-
S2(t),M-S3(t),M-S4(t)} are generated by afield programmable

gate array (FPGA, zynq ultrascale + rfsoc zcu216), which

integrates multi-channel DAC internally at the speed of 6.4

GSa/s. And then the four mapped masked input signals sent

to the RFport of four electro-opticalmodulators (MZMs) sep-

arately. The MZMs used in the experiment to modulate the
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output of amulti-channel tunable semiconductor laser (TLs,

TSP-400) for matching the wavelengths of the longitudinal

modes of the FP laser. For each output of TLs, two polar-

ization controllers (PCs) are sequentially used. The first PC

is used to adjust to align with the modulation axis of the

MZM. The second PC is adopted to control the polarization

of themasked input signal. Then four inputmask signals are

combined into one input through a 1 × 4 fibre coupler (FC,

the power distribution ratio is 25 %:25 %:25 %:25 %), and

then pass through an erbium-doped optical fiber amplifier

(EDFA) and a variable optical attenuator (VOA), which can

adjust the power of the input mask signals. Then the input

mask signals injected to the FP laser by an optical circulator

(CIR). 10 % of the output of the FP laser is feedback to the

FP laser by the CIR after passing through the delay line

(DL) and PC. The remaining 90 % of the output of FP laser

passes through a multi-channel tunable optical filter (TOF,

WaveShaper 16000A). By setting the center wavelength and

bandwidth of the four channels in the TOF, the output of

the FP laser is divided into four channels, and then respec-

tively into four photodetectors (PD, Ag-ilent/HP11982A) for

photoelectric conversion, andfinally acquiredby the oscillo-

scope (SCOPE, Keysight DSOZ592A). Note, during the exper-

iment, 𝜃 = 1∕6.4 ns = 156.25 ps, n = 128 are fixed. Besides,

for every five actual instantaneous responses, we take a

virtual node every, that is, 𝜏 = T = 5 × n × 𝜃 = 100 ns.

Therefore, the information processing speed of our RC sys-

tem is 0.01 Gsa/s, which is slower than that in other papers

[37], [39]–[41].

The Santa-Fe chaotic time series prediction task

(denoted as S task) and the channel equalization task

(denoted as N task) are used to examine the multiple tasks

processing performance of the time delay RC system based

on the FP laser.

On one hand, the Santa-Fe chaotic time series is

recorded from a far-infrared laser operating at a chaotic

state by experiment [42]. This dataset contains 9000 sample

points. We take 3000 points for training and 1000 points

for testing [43]. In this task, one step ahead for such a time

series needs to be predicted. The completion of the Santa

Fe chaotic time series prediction task requires the support

of RC’s nonlinearity and memory ability. Normalized mean

square error (NMSE) can be used to quantitatively evaluate

the performance of this task [43]:

NMSE = 1

L

L∑

j=1

(
y( j)− y( j)

)2

𝜎2
(1)

where y( j) is the target value, y(j) is the predicted value, L is

the total number of experimental data, and𝜎 is the standard

deviation of the target value. For the Santa Fe chaotic time

series prediction task, whenNMSE= 1, it represents that the

RC system is completely unable to predict the next output

of the chaotic sequence; when NMSE = 0, it represents that

the RC system can accurately predict the next output of the

chaotic sequence; Generally speaking, when NMSE ≤ 0.1,

the predictive performance of RC systems can be considered

good.

On the other hand, the channel equalization task (N

task) is of significant importance in telecommunications.

The goal of this task is usually to reconstruct the original

signal d(j) propagated through a nonlinear channel from

an observed signal O(j). The original signal d(j) is a random

sequence of values taken in {−3;−1; 1; 3} [22]. The sequence
first becomes T(j) through a linear channel, as shownbelow:

T( j) = 0.08d( j + 2)− 0.12d( j + 1)+ d( j)+ 0.18d( j − 1)

− 0.1d( j − 2)+ 0.091d( j − 3)− 0.05d( j − 4)

+ 0.04d( j − 5)+ 0.03d( j − 6)+ 0.01d( j − 7) (2)

Then, T(j) through the action of a nonlinear function, it

becomes:

O( j) = T( j)+ 0.026T( j)2 − 0.11T( j)3 + 𝑣( j) (3)

where𝑣(j) is independent Gaussianwhite noisewith amean

of 0, where
⟨
𝑣(t)𝑣∗(t′)

⟩
= D

e
𝛿(t − t

′). Usually through the

selection of D
e
, making the signal-to-noise ratio (SNR)

between 12 dB and 32 dB. Here, we set the SNR of the input

signal of N task to 32 dB.

The symbol error rate (SER) is used as a performance

evaluation indicator for this task, as follows [22]:

SER = Number of incorrect recognition values

Total number of test values
(4)

When SER = 0, representing RC system reaches a per-

fect level in classification tasks and can successfully recover

every original signal. Besides, we also adopt 3000 points for

training and 1000 points for testing.

Here, we consider three injection cases: case 1-injecting

two different Santa Fe chaotic time series prediction tasks

and two different channel equalization tasks, denoted as

S1N2S3N4; case 2-injecting four different Santa Fe chaotic

time series prediction tasks (the four different Santa Fe

chaotic time series prediction tasks are selected from dif-

ferent time periods from the Santa-Fe data set), denoted as

S1S2S3S4; case 3-injecting four different channel equalization

tasks, denoted as N1N2N3N4. Here, the case 2 S1S2S3S4, case 3

N1N2N3N4 stand for different samples data in the same task,

respectively.
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3 Experimental results

The optical spectrum of the free-running FP laser is dis-

played in Figure 2(a). Here, the temperature is fixed at 25 ◦C,

and the bias current is 9.2 mA. It can be seen that the FP

laser exhibits multiple longitudinal modes with a center

wavelength 𝜆c of 1539.91 nm. The spacing between the two

longitudinal modes is approximately 1.35 nm. Besides, the

power-current (PI) curve for the FP laser is presented in

Figure 2(b). It can be observed that the threshold of the FP

laser is approximately 8 mA. When the bias current is set as

20 mA, the power of FP laser is about 2.667 mW. In addition,

the optical spectrums for the optically injected FP laser are

shown in Figure 2(c) and (d). Obviously, four distinct peaks

can be observed in the optical spectrum. For Figure 2(c), the

wavelength values of the four distinct peaks are 1541.3 nm,

1544 nm, 1546.7 nm, and 1549.4 nm, representing four mul-

tiple tasks processing channels. And the wavelength inter-

val between two adjacent distinct peak is 2.7 nm which

is twice the interval between the two longitudinal modes.

For Figure 2(d), the wavelength values of the four distinct

peaks are 1541.3 nm, 1542.65 nm, 1544 nm, and 1545.35 nm,

also standing for four multiple tasks processing channels.

And the wavelength interval between two adjacent distinct

peak is 1.35 nm which is equal to the interval between the

two longitudinal modes.

Here, we consider the injection case 1, with the injected

signals being S1N2S3N4, and four injection wavelengths are

1541.3 nm, 1544 nm, 1546.7 nm, and 1549.4 nm. The optical

spectrum for the optically injected FP laser is shown as

Figure 2(c). Figure 3(a1)–(a4) represent the input time series

for the four input signals, while Figure 3(b1)–(b4) show the

output responses of the FP laser to the four input signals. It

can be observed that the output responsesmatch the inputs,

but the output responses aremore complex compared to the

inputs. Note, the difference between input time series and

output responses is partly due to the nonlinear effect of the

FP laser, and partly due to the output response of the FP laser

being amplified by an EDFA and photoelectric conversion of

the PDs. Thus, EDFA and PDs both introduce some noise. We

feed the response output of the FP laser into amulti-channel

(d)(c)

1541.3nm

(b)(a)

1544nm
1546.7nm

1549.4nm 1541.3nm 1544nm

1542.65nm

1545.35nm

Channel 1 Channel 2
Channel 3

Channel 4

Channel 1

Channel 2

Channel 3
Channel 4

Figure 2: Basic characteristics of FP laser. (a) The optical spectrum of the free-running FP laser, when the temperature is fixed at 25 ◦C, and the bias

current is 9.2 mA; (b) the PI curve of FP laser, and the temperature is stabilized at 25 ◦C; (c) the optical spectrum for the optically injected FP laser, when

the wavelength interval is 2.7 nm; (d) the optical spectrum for the optically injected FP laser, when the wavelength interval is 1.35 nm.
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(a1) (b1) (c1)

(a2) (b2) (c2)

(a3) (b3) (c3)

(a4) (b4) (c4)

Figure 3: Four channel system input/output signals and the output optical spectrum after filtering the wavelength interval= 2.7 nm.

(a1)–(a4) Input time series for case 1 S1N2S3N4; (b1)–(b4) output response for case 1 S1N2S3N4; (c1)–(c4) the optical spectrum of four channels after

filtering, when the wavelength interval between adjacent channels is 2.7 nm and the bandwidth of the tunable optical filter is set to be 0.3 THz.

tunable optical filter, with each channel setting the band-

width to be 0.3 THz and centre wavelengths setting to be

1541.3 nm, 1544 nm, 1546.7 nm, and 1549.4 nm, respectively.

The filtering results for the four channels are shown in

Figure 3(c1)–(c4). As shown in Figure 3(c1), a distinct peak

at a wavelength of 1541.3 nm can be observed in the output

spectrum of the first channel. Similarly, in Figure 3(c2)–(c4),

noticeable peaks can be seen with center wavelengths of

1544 nm, 1546.7 nm, and 1549.4 nm, respectively. The results

represent that the responses of the four channels can be

effectively filtered out.

When the injection power is almost 360 μw for four

channels and the bias current is 9.2 mA of the FP laser, the

multiple tasks processing performance of the time delay RC

system based on the FP laser is analysed. On one hand, it

can be seen from Figure 4(a1) and (a2), for S1 and S3 tasks,

the red sequences represent the predicted values obtained

after processing by the RC system, while the blue sequences

represent the target values. It is obvious that the predicted

values basically coincide with the target values. Besides, the

NMSE value is 0.0186 for S1 task, and theNMSE value is 0.007

for S3 task. The performance obtained is better than that

of some other papers [37], [39]–[41], which may be related

to our parameter selection, the use of high-performance

oscilloscopes and tunable optical filter to reduce noise,

and the sacrifice of processing speed for performance

improvement. On the other hand, as can be seen from

Figure 4(a3) and (a4), for N2 and N4 tasks, the red sequences

represent the reconstruction targets obtained after process-

ing by the RC system, while the blue sequences represent

the input signals. Similarly, it can be observed that the

reconstructed signals and input signals basically coincide.

Additionally, the SER value is 0.001 for N2 task, and the SER

value is 0 for N4 task. Compared to the SER = 1.5 × 10−2 in

Ref. [44], SER = 1 × 10−4 in Ref. [45], SER = 8 × 10−4 in Ref.

[20], SER = 6 × 10−4 in Ref. [46], SER = 4 × 10−4 in Ref. [26],

the performance we obtained is slightly better, which may

also be due to our system itself, output layer data collection

and processing, finding the optimal parameters, and the

high SNR of the N task we used, and so on. Overall, the

results indicate that the time delay RC system based on the

FP laser has good multiple tasks processing performance.

Figure 4(b1) and (b2) further show the impact of the

injection power on the multiple tasks processing perfor-

mance of the time delay RC system based on the FP laser

for the case 1 S1N2S3N4. Here, the initial injection power is

fixed at 360 μw. Note that the results (including NMSE and
SER values) shown in the following are the mean values

over 5 runs, and the standard deviation around the mean

value for the 5 runs is indicated by the vertical bars. AS

can be seen from Figure 4(b1), for both S1 and S3 tasks

which processed separately in channel 1 and channel 3, the
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Figure 4: The effect of injection power on system performance with the wavelength interval of 2.7 nm. (a)The case 1 S1N2S3N4: time series of target

and predicted values for Santa Fe time series prediction tasks (a1) for S1 task: NMSE= 0.0186; (a2) for S3 task: NMSE= 0.007; reconstruction targets

and input signals for channel equalization tasks (a3) for N1 task: SER= 0.001; (a4) for N2 task: SER= 0; (b1) the NMSE values and (b2) the SER values

obtained from the time delay RC system based on the FP laser for multiple tasks processing as a function of injection power for the case 1 S1N2S3N4;

(c1) the NMSE values obtained from the time delay RC system based on the FP laser for multiple tasks processing as a function of injection power for

the case 2 S1S2S3S4; (c2) the SER values obtained from the time delay RC system based on the FP laser for multiple tasks processing as a function of

injection power for the case 3 N1N2N3N4.

NMSE values generally increase with the decreasing of the

external injection power. For S1 task in channel 1, the lowest

NMSE is 0.016. And for S3 task in channel 3, the lowest NMSE

is 0.0068. This is because a large external injection power

can achieve injection locking, which helps the time delay RC

system based on the FP laser to maintain a steady state. For

both N2 and N4 tasks which processed separately in channel

2 and channel 4, the SER values increase as the injection

power decrease in Figure 4(b2). In addition, the lowest SER

is 0 for both N2 and N4 tasks in channel 2 and channel

4. It means that the time delay RC experiment system can

achieve high-qualitymultiple tasks processing performance

within a wide range of the external injection power, and the

performance canbe comparable to or evenbetter than those

in Refs. [20], [26], [37], [39]–[41], [44]–[46].

Additionally, we also consider to process the same type

of tasks in the four channels mentioned in Figure 2(c) of

the FP laser, for instance, the case 2 S1S2S3S4 or the case



1576 — X. Guo et al.: Fabry Perot laser for multiple tasks processing

3 N1N2N3N4. Here, the initial injection power is fixed at

270 μw. On one hand, it can be seen from Figure 4(c1), for

the case 2 S1S2S3S4, as the attenuation coefficient of injected

power increases, the system multiple tasks processing per-

formance gradually deteriorates. The lowest value of the

case 2 S1S2S3S4 for channels 1, 2, 3, and 4 can reach 0.0093,

0.0085, 0.0057, and 0.0056, respectively (Due to line loss

and the impact of noise, there are differences in the per-

formance of the four channels). On the other hand, as can

be seen from Figure 4(c2), for the case 3 N1N2N3N4, similar

results can be observed. The SER values increase as the

injection power decrease. The best performance with SER

= 0.004, 0, 0, and 0.003 can be obtained for the case 3

N1N2N3N4, respectively. The experimental results demon-

strate that in the four channels of the FP laser, it is possi-

ble to successfully parallelly accomplish both similar and

dissimilar tasks, and the performance has demonstrated

superiority.

We further consider the ability of multiple tasks pro-

cessing in the continuous four channels within the FP laser.

When four tasks are injected into the FP laser, the optical

spectrum is shown as Figure 2(d). The external injection

wavelengths are set to be 1541.3 nm, 1542.65 nm, 1544 nm,

and 1545.35 nm. The four wavelengths of the tunable optical

filter are also configured to match the four external inputs,

with each filter channel having a bandwidth of 0.1 THz.

Here, we continue to use the case 1 S1N2S3N4 to validate

themultiple tasks processing performance of the time delay

RC system based on the FP laser. The injected signal for the

case 1 S1N2S3N4 is shown in Figure 5(a1)–(a4) and (b1)–(b4)

display the output after passing through the four channels of

filter separately. It can be observed that the input and output

(a4)

(a2)

(a3)

(a1)

(b4)

(b2)

(b3)

(b1)

A
m
pl
itu
de

V

(c4)

(c2)

(c3)

(c1)
1541.3nm

1542.65nm

1544nm

1546.7nm

(d1)

(d2)

Figure 5: Four channel system input/output signals, the output optical spectrum after filtering the wavelength interval= 1.35 nm, and the effect of

injection power on system performance when processing S1N2S3N4. (a1)–(a4) Input time series for the case 1 S1N2S3N4; (b1)–(b4) output response for

the case 1 S1N2S3N4; (c1)–(c4) the optical spectrums of four channels after filtering, when the wavelength interval between adjacent channels is 1.35 nm

and the bandwidth of the tunable optical filter is set to be 0.1 THz; (d1) the NMSE values and (d2) the SER values obtained from the time delay RC system

based on the FP laser for multiple tasks processing as a function of injection power for the case 1 S1N2S3N4, when the filter bandwidth is set to 0.1 THz.
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share consistent profiles, but the output is more complex

compared to the input. Figure 5(c1)–(c4) present the optical

spectrum after filtering from the four channels of the FP

laser.

For the case 1 S1N2S3N4, the NMSE values and the SER

values obtained from the time delay RC system based on

the FP laser for multiple tasks processing as a function of

injection power are shown in Figure 5(d1) and (d2). Here,

the filter bandwidth is set to 0.1 THz. It can be seen that

as the attenuation coefficient of injected power increases,

the systemmultiple tasks processing performance gradually

deteriorates. The best performance of the S1 task and S3 task

in channel 1 and channel 3 can reach NMSE = 0.013 and

NMSE = 0.0083, respectively, while those of the N2 task and

N4 task in channel 2 and channel 4 can achieve SER= 0.001

and SER = 0.0.

Without losing the generality, we conduct a compara-

tive study of single task processing performance and multi-

ple tasks processing performance in the time delay RC sys-

tem based on the FP laser. Here, the injection power is kept

almost same for each channel both for single task processing

and multiple tasks processing. Moreover, for multiple tasks

processing, the injection case 1 S1N2S3N4 is involved. While

for single task processing, only S1 task is injected into one of

the four channels, leaving the other channels unaffected. As

shown in Figure 6(a1), it can be observed that for both single

task processing and multiple tasks processing, good predic-

tion performance of S1 task can be accomplished in channel

1. Furthermore, the NMSE value for single task processing is

slightly lower than that for multiple tasks processing, indi-

cating that prediction performance of single task processing

is slightly superior to that of multiple tasks performance.

As shown in Figure 6(a2), it can be observed that for the

considered range of injection power, the SER value of N2

task for single task processing is generally lower than that

for multiple tasks processing. Additionally, as can be seen

from Figure 6(a3) channel 3 exhibits a similar trend to chan-

nel 1, with single task processing performance being supe-

rior to multiple tasks processing performance. For channel

4, single task processing performance is roughly equal to

multiple task processing performance in Figure 6(a4). The

results suggest that compared to single task processing, the

performance degradation of multi tasks processing is not

significant, with single task processing performance slightly

better thanmultiple tasks processing performance, possibly

due to the relatively small crosstalk between adjacent chan-

nels in the time delay RC systembased on the FP laser during

multiple tasks processing.

Note that we also utilize some proactive measures

to reduce crosstalk between channels, such as: (a) in our

experiment, we used a four-channel tunable light source

to generate four independent carriers for carrying four

independent mask input signals, thereby reducing the non-

linear effects between carriers; (b) The frequency inter-

val between adjacent channels of the FP laser we used in

the experiment is about 168.75 GHz (the wavelength inter-

val of the FP laser is about 1.35 nm). A larger wavelength

interval can reduce the mutual interference between opti-

cal signals and the influence of cross gain modulation; (c)

In the experiment, the modulation amplitude of our four

shielded input signals is fixed, and each shielded input

is injected with low optical power (the injection power

of each channel remains almost unchanged), which can

reduce the nonlinear effects caused by optical signals and

thus reduce the degree of cross gainmodulation; (d) In addi-

tion, in our system, we use erbium-doped fiber amplifiers

(EDFAs) with uniform pump power distribution, which can

reduce mutual modulation between signals; (e) Finally, we

adopted a high-performance tunable optical filter (Wave-

Shaper 16000A). The WaveShaper 16000A is a reconfig-

urable optical processor used as a programmable wave-

length selective MxN filter. The introduction of optical fil-

ters can selectively block or attenuate signals within a

specific wavelength range, thereby suppressing cross gain

modulation.

Finally, the NMSE values as a function of frequency

detuning for single task processing are further presented

in Figure 6(b1). It is found that the prediction performance

of the time delay RC system based on the FP laser is

better when frequency detuning Δ f ∈ (−40 GHz, 40 GHz),
and the prediction performance deteriorates when the fre-

quency detuning Δ f is less than −40 GHz or greater than
40 GHz. This indicates that within a large frequency detun-

ing range, the time delay RC system based on the FP laser

can achieve good prediction performance. Besides, the opti-

cal spectrums for the optically injected FP laser when the

frequency detuning Δ f = −10 GHz and Δ f = 10 GHz are

shown in Figure 6(b2) and (b3), respectively.

Besides, we also consider the impact of frequency

detuning during the multiple tasks of the RC system. Here,

we consider the case that the S1 task is injected to the chan-

nel 1 and the S2 task is injected to the channel 2. The NMSE

values as a function of frequency detuning for multiple

tasks processing are further presented in Figure 6(c). Note,

the change in frequency detuning for both S1 and S2 tasks

is consistent. It is found that when both tasks keep zero

frequency detuning, the RC system achieves the best predic-

tive performance. As the frequency detuning increases, the

overall predictive performance shows a downward trend,

which agrees with the results in Ref. [39].
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Figure 6: The NMSE values obtained from the time delay RC system based on the FP laser as a function of injection power for single and multiple tasks

processing for (a1) channel 1, (a3) channel 3; the SER values obtained from the time delay RC system based on the FP laser as a function of injection

power for single and multiple tasks processing for (a2) channel 2, (a4) channel 4; (b1) the NMSE values obtained from the time delay RC system based

on the FP laser as a function of frequency detuning for single task processing; (b2) the optical spectrum for the optically injected FP laser when

the frequency detuningΔ f is−10 GHz; (b3) the optical spectrum for the optically injected FP laser when the frequency detuningΔ f is 10 GHz;

(c) the NMSE values obtained from the time delay RC system based on the FP laser as a function of frequency detuning for multiple tasks processing.

4 Conclusions

In summary, a time delay reservoir computing system

based on a FP laser for multiple tasks processing has been

proposed, and it has been experimentally verified. Here, the

various tasks have been attempted to perform in parallel in

the multiple longitudinal modes of the FP lasers. Given the

limitations of existing fiber optic platforms, we have consid-

ered three injection cases, including the case 1 S1N2S3N4, the

case 2 S1S2S3S4 and the case 3 N1N2N3N4. Besides, two dif-

ferent adjacent information processing channel intervals,

including 1.35 nmand 2.7 nm, are considered. It is found that

the time delay RC system based on the FP laser could suc-

cessfully handle different tasks across multiple longitudinal
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modes simultaneously for all the considered conditions. The

experimental results demonstrated the potential of the time

delay RC system based on FP lasers to achievemultiple tasks

processing, providing various possibilities for improving

the information processing ability of neural morphology RC

systems, and promoting the development of RC systems.

In addition, in the experiment, we also found that the

crosstalk effect between channels varies when processing

different tasks. The crosstalk effect between channels may

exhibit varying degrees of impact for different tasks. This

may depend on various factors, such as the size of crosstalk

between channels, the type of task processing in the chan-

nels, and channels noise. This is worth further in-depth

research in next steps of work, and is crucial for further

exploring the parallel processing performance and process-

ing rate improvement of reserve pool computing systems

based on multimode lasers.
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