Figure 1: Representation of a RBM network. The yellow circles denote the physical sites,
the green boxes the hidden units and the purple lines the (complex) network weights
that play the role of variational parameters in the VMC' calculation.
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Figure 2: Example of a comparison between Py, (o) = o) (blue data points) calcu-

lated for a RBM state approximating the ground-state for a lattice of N = 14
sites with PBC, J =1 and A = 1, and the sampling probabilities from two instances of
sampling (orange and yellow data points).
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Figure 3: Ezxample of a convergence plots of E (blue data points) during the opti-
mization iterations. The first data point in the main plots corresponds to the enerqy
calculated from a RBM state with randomly initialized weights (real parts uniformly
distributed in [—0.1,0.1] and imaginary parts in [—0.17,0.1 7] ). The following data
points correspond to the energies after each update . In the insets the later op-
timization steps are shown, compared with the exact ground-state energy (red line)
and the enerqy of the first excited state (yellow line) obtained from exact diagonal-
ization. Both panels refer to a lattice of with PBC, with J =1 and A = 0. On the
left N = 16 and on the right N = 20. The learning rate v = 0.1 was kept constant,
and at each iteration 2000 samples for N = 16 and 4000 for N = 20 were generated.
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Figure J: Fxample of a convergence plots of E (blue data points) during the opti-
mization iterations. The first data point in the main plots corresponds to the energy
calculated from a RBM state with randomly initialized weights (real parts uniformly
distributed in [—0.1,0.1] and imaginary parts in [—0.17,0.1 7] ). The following data
points correspond to the energies after each update. In the insets the later op-
timization steps are shown, compared with the exact ground-state enerqy (red line)
and the energy of the first excited state (yellow line) obtained from exact diagonal-
ization. Both panels refer to a lattice of with PBC, with J =1 and A = 1. On the
left N = 16 and on the right N = 20. The learning rate v = 0.1 was kept constant,
and at each iteration 2000 samples for N = 16 and 4000 for N = 20 were generated.
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Figure 5: Fxample of a convergence plots of E., (blue data points) during the opti-
mization iterations. The first data point in the main plots corresponds to the energy
calculated from a RBM state with randomly initialized weights (real parts uniformly
distributed in [—0.1,0.1] and imaginary parts in |—0.17,0.17| ). The following data
points correspond to the energies after each update . In the insets the later op-
timization steps are shown, compared with the exact ground-state enerqgy (red line)
and the energy of the first excited state (yellow line) obtained from exact diagonal-
ization. Both panels refer to a lattice of with PBC, with J =1 and A = 2. On the
left N = 16 and on the right N = 20. The learning rate v = 0.1 was kept constant,
and at each iteration 2000 samples for N = 16 and 4000 for N = 20 were generated.



-9.92
-2
-4
=
L
-6
300 400 500 600
-8 Iterations

100 200 300 400 500 600
Iterations

Figure 6: Example of a convergence plot of Ey, for N = 32 sites with OBC, J =1 and
A = 0. In the inset the later optimization steps are shown, compared with the exact
ground-state energy (red line) and the energy of the first excited state (yellow line)
obtained from the Jordan-Wigner transformation of the model to free fermions

in the case of A = 0 and OBC. Here v = 0.1 was kept constant, and at each it-
eration 8000 samples were generated.
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Figure 7: Energy expectation value at the last 100 optimization steps for N = 20 sites
with PBC, J =1 and A = 1, for RBM states with different densities « of hidden
variables. The red line still marks the exact value of the ground-state enerqy. For all

curves referring to the last optimization steps, v = 0.1 was kept constant, and at each
iteration 6000 samples were generated.



