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Круць Д.О. 

Ракитянська Г.Б. 

Іванов Ю.Ю. 

 

AN ALGORITHM FOR TRAINING ARTIFICIAL NEURAL NETWORK 

BASED ON ADAPTIVE MOMENTS ESTIMATION 

 

Анотація. У роботі проаналізовано особливості застосування та представлено 

математичну модель алгоритму ADAM для навчання штучної нейромережі. 

Ключові слова: ADAM, нейромережі.  

Abstract. In this paper have been analyzed the features and has been presented a 

mathematical model the of ADAM algorithm for training artificial neural network.  

Keywords: ADAM, artificial neural network 

Introduction 

A neural network is a “black box”, that displays the result of working with a 

certain process, using some dataset. The use of neural networks allows us to get 

https://doi.org/10.1117/12.2280992
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closer to the data processing capabilities of the human brain, which is a complex, 

nonlinear, parallel computer, that uses neural connections [1].  

The process of the neural network functioning is divided into training and 

using an already trained neural netwoto to obtain a certain result (for example, to 

which class belongs the image submitted to the input of the network, predicting the 

value, etc.). In the first case, two stages are assumed for a deep neural network: a 

direct pass, which ly identical to the second option of using the network (except for 

comparing the received answer with a known one), and the process of adjustithe 

values of the weightsues, that is, training the neural network or optimizing the loss 

function E [2, 3]. 

Publications analysis 

It can be noted, that there is an increase the number of researches on this topic 

by scientific groups around the world, for example, such large companies as Google 

and Amazon, including works of D. P. Kingma [4], M. Zaheer [5], Y. Wang [6] and 

others. These works highlight an effective optimization algorithm based on adaptive 

moments estimation (ADAM), which, due to fast convergence and high accuracy, 

has become the most common for use in modern software for working with neural 

networks.  

The aim of the work is the analysis of adaptive moments estimation algorithm 

for the loss function optimization of the artificial deep neural network. 

Main material 

Under the training of neural networks, the configuration of the architecture 

and the weights of neural connections is considered. The network parameters are 

adjusted using a deterministic class of methods, based on the analysis of the current 

parameters state, input values, actual and desired signal values at the network outputs 

[3]. 

ADAM is an optimization algorithm of this class, that combines the ideas of 

movement accumulation and weaker updating of weights for typical features. The 

work is based on moments calculations: mathematical expectation (the first moment) 

is the average value of a random variable; dispersion (the second moment) is a spread 

of the values of a random variable relative to the mathematical expectation [5]. 

In this optimizer, gradient values are accumulated. In addition, it is assumed 

to determine the frequency of the gradient change. For this feature authors propose 

to estimate the mathematical expectation mt and the average non-centered dispersion 

vt. The main difference between ADAM and other optimizers is the initial calibration 
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of parameters mt and vt [6]. Considering these features and the weight update rule 

for the stochastic gradient descent, we have 
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where wt  – weights of the neural connections; t – iteration number;   – learning rate; 

tg  – gradient; 000  vm  – initial mathematical expectation and dispersion; 

9,0)0(

1  , 999,0)0(

2   – parameters; 810  – smoothing factor.  

Momentum accumulates according to the rule: if we move in a certain 

direction for a while, then we should probably move there for a while in the future 

as well. The main idea of the work is to speed up movement along those coordinates, 

in which the gradient consistently indicates the same movement direction. 

Conclusions 

The ADAM optimizer is a good choice for neural network training, because 

it overcomes a number of shortcomings of the backpropagation algorithm and allows 

to speed up training for neural networks with complex architecture. So, the presented 

algorithm can be used to solve the problem of neural network training in various 

practical applications, due to its simplicity and speed. 
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