CosMONET: How to build a map from cosmological parameters to
the CMB power spectrum using a neural network.

CosMONET’s neural network maps are all based on Multi-Layer Perceyt{MLPs) with 3 layers of neurons.
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A 3-Layer Multi-Layer Perceptron Neural Network.

For a set of cosmological input parameters, each neuroreimétwork takes a particular numerical value called an
activation. The activations of the neurons in each layehefrtetwork depend on those of the neurons in the preceding
layer, according to a feed-forward calculation detaileldle

The activations of the input neurons depend on the valueseotbsmological input parameters and the ones at the
output layer are the predicted values of the CMB power spettit the values of | commonly output by CAMB, and
used as input by GsmoMC.

Calculation Details:

First, the inputsx, are simply assigned the values of the cosmological pass&ir the model under consideration.
In the case of the flakC DM model, the inputs aréi?Q;, h2Q., 0, T, n, and A,. The activations of the nodes in the
second, hidden layer, and output layer, are then calcutsted
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hidden layer: h; = tanh(f{"); £V =" w!Pa; + 68V,
l

output layer: Yi = fo); fi(Q) = Z wif)hj + 952),
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where the index runs over input nodeg, runs over hidden nodes amduns over output nodes. The output veggor
then has entries which are the CMB spectrum at the commosly vaslues of.

The parameters of the network aré,l) 9;1), wff) and6?. For a network with\;,, cosmological parameteral,;,
neurons in the hidden layer, and,,; values of |, there arév,,, Nj.q values ofwj(}), Npiq values 0f9,(-1), NpiaNowt
values ofwg) andN,,; values ofef).

Further Information:

The descriptions and parameters ab$MONET networks for a variety of standard cosmological models aiad
released, starting with the flAtC' DM model. @®sSMONET and an interface to @SMOMC are publicly available at:
WwWw. Nt ao. cam ac. uk/ sof t war e/ cosnonet .



