Maximising Capacity of a Nonlinear Optical Fibre Channel
(using solitons and nonlinear Fourier transforms)
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What is the problem? Information theory in a nutshell

3 What is the most appropriate way to suppress nonlinearity-induced distortion? hy £ — / py (y)loglpy (y)]dy —  differential Shannon entropy

d What is the capacity of the nonlinear optical channel?

py (y) = /py|X(y|£U)pX(a:) dr — output distribution

d What is theoretically maximum number of bit/s/Hz that can be reliably transmitted
) ) ) ) ) ) é . . °,  ®
through fibre when encoding information on the amplitude of solitons? fy|x = - / / pxv (2, y)loglpy|x (y|z)]dzdy — differential conditional entropy
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Master model of nonlinear optical fibre channel Ixy £ hy —hy|x — mutual information
Sing,:le-mode O?ti.cal fibre m(?del: O 2 max Ixy > Ixy —  channel capacity
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N W Mo Mean value Lemma 1. For the channel given by non-central chi-squared distribution with four degrees of freedom
Bo L 1 dv, <0 v = A E[N(z,t)] =0 and Rayleigh input distribution, the output entropy has the following form
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\ )\3 / \- _/ | Noise power spectral density Lemma 2. For the channel given by non-central chi-squared distribution with four degrees of freedom
05 = oKy - hwy — Raman amplification and Rayleigh input distribution, the conditional entropy has the following form
Kpr~1 — characterises Raman pump beam g w(l) A
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Waveform channel Theorem 1. For the channel given by non-central chi-squared distribution with four degrees of freedom
and Rayleigh input distribution, the mutual information (Ml) has the following form
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Signal-to-noise ratio (SNR):
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1 Take into account the BW used for soliton transmission, giving practically more relevant
channel capacity in [bit/s/Hz].

1=1

N, — independent Gaussian random variables with 0]2\[ = Var|N;|

Forward NLFT [2]

v NLFT of the signal associated with NLSE arises via the spectral analysis of the Zakharov-Shabat operator L
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Zakharov-Shabat scattering problem Jost solution O Numerically (split-step Fourier method) and/or experimentally demonstrate the analytical
o, results
2 a : - T\T — : 1 : '
Lp=C(op, LEG| 0r ( 8) D(¢,7) = lim_((,7) = (0) exp(—i(T) . . g
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