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[bookmark: section1]Section 1: Numerical calculation of the double slot structure
In order to optimize the parameters of our devices, we employed COMSOL Multiphysics to numerically simulate the monlayer graphene absorption coefficient and metallic Ohmic absorption of devices with different slot width (W) and Au thickness (H). The mode distribution within the waveguide is shown in Fig. S1a (the wavelength is 1550 nm), where one could find that  light is mostly confined within the double slot waveguide. 
To accurately describe monolayer graphene, we used the surface current model proposed by Kubo formula1–3. The surface conductivity of graphene can be written as:

[bookmark: MTBlankEqn]		
Where the first trem denotes intraband contributions, and the second denotes interband contributions. Futhermore, -e is the charge of an electron. ω is the angular frequency of the photon.




ħ is the reduced Plank’s constant. Г represents the phenomenological scattering rate.  is the Fermi-Dirac distribution, and denotes the Boltzmann’s constant. is the chemical potential of graphene, and T is the tempeture.And the graphene absorption coefficient  (dB/μm) of the double slot structure was estimated based on the conductivity:

		







In Eq. (S2),  is the real part of the graphene surface conductivity. The variablesand correspond to the x and z direction componts of the electric fields along the surface of graphene within the waveguide for transmitted mode. And  denotes the average power at the coordinate  of the simulated waveguide. Besides, we calculated the overall absorption coefficient  (dB/μm) based on the complex effective index of the eigenmode at 1550nm:

		


Where denotes the propagation constant. Thus, the difference between these two coefficeients is the Ohmic absorption coefficient of Au  (dB/μm):

		

  Based on the aforementioned theoretical calculation methods, we performed computations for  and the proportion of graphene absorption across a range of values for W (60-100 nm) and H (20-30 nm), as depicted in Figure S1b, c, where the W denotes the slot width and the H denotes the thickness of Au. For light entering the double-slot waveguide, the absorption of graphene decreases with increasing W and H, but its proportion of absorption increases with increasing W and decreasing H. As a result, we selected the optimal structural parameters for maximum graphene absorption, taking into account fabrication to lerances, namely H=25 nm and W=90 nm.
[image: ]
Fig. S1 a The normalized x-direction distribution of the electrical field within the cross section of our activator. The W is set as 90 nm while the H is set as 25nm. b Simulated graphene absorption depending on W and H. c Simulated proportion of graphene absorption depending on W and H.






[bookmark: section3]Section 2: Optical activation functions
We obtained the optical activation functions from experimentally measurement for activators with lengths of 4.3 m (our1), 8.6 m (our2), 22.5 m (our3), representing power in to power out relation, as shown in Fig. S2.
[bookmark: _GoBack][image: ]
Fig. S2 Corresponding optical activation functions of (a) our1, (b) our2, (c) our3.


[bookmark: section4]Section 3: Confusion matrixs for the MNIST handwritten digit recognition task of ten activation functions.
We performed simulations using a fully connected neural network, and the dataset chosen was MNIST. Figure S3 and S4 show the Confusion matrix of 10 different activation functions for the training and test dataset.
[image: ]
Fig. S3 Our three optical activation functions and seven commonly used computer activation functions were used to compute the confusion matrix for the MNIST handwritten trainning dataset.

[image: ]
Fig. S4 Our three optical activation functions and seven commonly used computer activation functions were used to compute the confusion matrix for the MNIST handwritten test dataset.



[bookmark: section5]Section 4: Probe pulse and pump pulse
We employed an autocorrelator (APE, pulsecheck NX50) to characterize the autocorrelation waveforms of the probe and pump pulses with dispersion compensation, which are going to be entered into the optical coupler shown in Fig. 4a. Fig. S5 shows the autocorrelation waveforms of the probe and pump pulses, whose full width at half-maximum is 1.055 ps and 1.7416 ps, respectively. According to the conversion relationship of sech-shaped pulses, their real pulse widths are 0.749 ps and 1.237 ps5.
[image: ]
Fig. S5 a autocorrelation waveform of the probe with dispersion compensation.
b autocorrelation waveform of the pump with dispersion compensation.





[bookmark: section6]Section 5: True OSNR versus the monitored OSNR of five commonly used activation functions 
We performed simulations using a fully connected neural network for high-speed optical signal-to-noise ratio (OSNR) monitoring with different activation functions . Fig. S6 shows the correspondence among the monitored OSNR of ONN with the true OSNR for 56GBaud QPSK,16QAM and 64QAM testing signal datasets. 
 [image: ]
Fig. S6 True OSNR versus the monitored OSNR of (a) relu (b) sigmoid (c) tanh (d) swish (e) elu of 56 GBaud QPSK, 16QAM and 64QAM optical signals
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