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Modern computing hardware is inefficient at implementing neu-
ral networks, primarily because digital matrix multiplication is an
2(N?) operation. We present a fully-optical architecture consist-
ing of meshes of self-configuring nanophotonic interferometers
which is capable of performing O(1) matrix multiplication on an
input vector of light intensities. Using detailed physical simulations
of ourinterferometer design, we develop a theoretical control sys-
tem for our architecture which generates the on-chip layout and
applied voltages necessary to implement and train an arbitrarily
‘speciﬁed feed-forward neural network.
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Introduction
« Neuralnetworks are computationally expensive to run, even once
fully trained - O(N*?7) best complexity
Photonic devices can use interferometric effects for constant
time matrix multiplication on input vector of light intensities
Data throughput of ~100GHz and no theoretical energy cost!
Phase-shifted Mach Zehnder Interferometer (MZI) can perform
arbitrary SU(2) transformation

Blocks of MZIs can implement arbitrary unitary transformation
Combine with attenuator layer to implement any matrix via SVD
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Abstract Interferometric matrix multiplication

st = X =

:

Algorithm 1 U(V) — U(2) matrix decomposition

let U € U(N) be an arbitrary unitary matrix and let ' = U/
fori=1lto N — ldo

forj=0t0i -~ 1do
find 0. such

T4 o 41(6,6) nullifies element N — j,i — j of 7

ji-1(0:6)
end for
else
for j = 110ido
find 0,0 such that Ty _1.x-+ (0, 0) mullfies clement N + j
update U &= Tyj-i-1,n+j-i(0, )0
end for

ijof U

endif
end for
return L = (T} U, R = {T,.}
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neuroptical: a photonic neural network simulator
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oes 5 _ink_(sel,layesizes, activations)
oo % forward_propagate(sef, data)
Foss \ % back propagate(set, yhat, y)
: % update_paramsiso, dW_list, db_ls, learning_rate)
% compute_cost(se, yhat, y)
5 loan(sel,data,y, larning_ate, num_teratons, plot = True, showPrograss = True)
we = classitylso, data)
o35

% make_drawing(sel, d = None, outputs = None)
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i gt matrix(sef)
= set mati(set, U)

7 make_drawing(sel, d = None, outputs = None)

™ _init_(se, inputSize, outputSize, activation = "relu")
 initaize(self)

 get_W(self)

 setW(self, newW)

@ _init_(self, N, m, n, inverted = Faise)
1 set_params(self theta, phi)
o unitary(self)

@ operstrtn 1 T sk  forvar et A.grn
™ voltage_to_phase(self, V) B ™ activation (self, x)
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T V_phi ® ™ activation_backward(self, dA)
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¢ phase_uncert = set_matrix(self, newMatrix) # activationType

®m  make_drawing(self, d = None, outputs = None) cache.
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Voltage to phase shift response

Bridge Flexure to phase shift relation:

Voltage to bridge flexure relation: L

+ Model as Euler-Bernoulli beam: - (175" ) —aa =2

« Impose rigid boundary conditions: «( %)~ u(’y) < vt 51w <0
Voltage to phase shift relation:
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Future work

« Full on-chip backpropagation

« Extend fault tolerance of decomposition routine

« Efficient convolutional and recurrent architectures

« Include thermal tension from fabrication in bridge model

« Extend to low photon number regine for quantum information
| _processing experiments
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