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Actuarial risk is defined as the possibility that the actuaries' assumptions used to develop 

the model for calculating the costs of insurance policies are unreliable or erroneous. The 

phrase "insurance risk" is another name for it. The accuracy of the assumptions employed 

in the pricing models that insurance firms use to determine premium prices directly relates 

to the amount of actuarial risk. The cost of insurance policies is determined by probability 

estimations, which enables insurers to execute payments subject to routine business 

activities. If the offered assumptions are incorrect, occurrences that were overlooked cause 

payments to be made more frequently, which has major financial ramifications for the 

insurer. 

Making explicit assumptions about the nature of the insurance data and how it relates to the 

expected variables is possible with generalized linear models (GLM). In addition, GLM 

offers statistical diagnostics that support the process of identifying the important variables 

and validating model assumptions. This method is widely acknowledged as the norm for 

pricing various insurance products in various markets and countries. 

The GLM includes a wide range of models, with the linear regression model being one of 

many particular cases. The latter's assumptions, which often include normal distribution, 

constant variance, and additive effects, are disproved. The target variable, for instance, 

might be chosen from the exponential family of distributions[1]. 
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The general form of the exponential family of distributions is as follows: 

 

𝑓𝑖(𝑦𝑖 , 𝜃𝑖 , 𝜑) =  exp {
𝑦𝑖𝜃𝑖  −  𝑏(𝜃𝑖)

𝑎𝑖(𝜑)
 +  𝑐(𝑦𝑖 , 𝜑)} 

 

where 𝑎𝑖(𝜑), 𝑏(𝜃𝑖), та 𝑐(𝑦𝑖 , 𝜑) are functions, that are defined at the beginning; 

𝜃𝑖 is a parameter related to the mean value; 

𝜑 is a scale parameter related to variance. 

The variance and the distribution's mean are both subject to change. It is expected that 

explanatory factors have an additive effect on a different scale. For GLM, the following 

presumptions are made: 

1. Stochastic component: each independent component of Y comes from the same 

exponential family distribution. 

2. Systematic component: a linear predictor η is formed using p covariates (explanatory 

variables) 

 

𝜂 =  𝑋𝛽 

 

3. Link function: a differentiable and monotonic link function is used to establish the 

connection between the random and systematic components. 

 

𝐸[𝑌] =  𝜇 =  𝑔−1(𝜂) 

 

The estimation of GLM parameters is a significant problem that requires sufficient attention. 

For the aim of comparing techniques, the following algorithms were employed to assess the 

parameters: Weighted least squares iterative-recursive approach (IRWLS), Adaptive 

moment estimation (Adam) optimization algorithm, and Markov chain Monte Carlo method 

(MCMC). 

A full description of these algorithms is given in the works [2][3][4]. 

It was chosen to create insurance indicators and target variables at random since insurance 

data is not always readily accessible to the general public. The variables in the data were as 

follows: 

— Age (range from 18 to 64 years); 

— Sex; 

— Body mass index (normal distribution was used); 

— Number of children (range from 0 to 5); 

— Smoker status; 



Комп’ютерні технології і мехатроніка 

 

88  

— Region (generated from sample view ['north', 'south', 'east', 'west', 'center']); 

— Charges. 

The target is the final variable, and the following distribution laws and associated link 

functions were applied to it: 

— normal distribution with a known variance 𝜎 and a logarithmic link function; 

— exponential distribution with the identity link function; 

— Pareto distribution with a known scale parameter 𝑥𝑚 and a link function of the form 

 

𝑓(𝑥) =  −1 –  𝑥 

 

To estimate the model quality, the following metrics were used: Mean squared error (MSE), 

Root mean squared error (RMSE) and Mean absolute error(MAE). 

Tables 1, 2, and 3 demonstrates the results of the estimate of GLM parameters using the 

three approaches. 

Table 1 – Results of GLM construction for a target variable with a known variance Gaussian 

distribution and a logarithmic link function 

Metric MCMC ADAM IRWLS 

MSE 4410.78 686.65 2458.21 

RMSE 66.41 26.20 49.58 

MAE 51.88 25.81 49.58 

 

Table 2 – Results of GLM construction for a target variable with a known scale parameter 

of Pareto distribution and a negative linear link function 

Metric MCMC ADAM IRWLS 

MSE 52725.56 82188.07 638121.57 

RMSE 229.62 286.69 798.83 

MAE 154.02 205.31 773.33 

 

Table 3 – Results of GLM construction for exponential distribution and an identity link 

function 

Metric MCMC ADAM IRWLS 

MSE 213.52 148.95 288.53 

RMSE 14.61 12.20 16.98 

MAE 11.17 3.64 15.66 
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The Adam technique produced generally fairly good results, as can be shown from the GLM 

building results for three cases. The Pareto distribution case was another one where the 

MCMC approach performed well. After using models in real-world situations to address the 

issue of foreseeing potential losses, the final parameter estimate approach is decided upon. 
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1. Introduction 

For decades, electromechanical and electrohydraulic actuators have competed with each 

other. Despite the significant advantages of electromechanical actuators, firstly the absence 

of possible oil leaks, and the conversion of electrical energy directly into mechanical energy, 

in many industries they could not compete with electro-hydraulic actuators due to the high-

power density of the latter. Also, the advantages of electro-hydraulic actuators include the 

possibility of damping shocks and vibrations that occur in equipment and heavy-duty 

machines. 

2. Literature review and problem statement 

The situation has changed with the advent of planetary roller screw linear servo actuators, 

which their manufacturers position as competitors to electro-hydraulic linear servo actuators 

[1-2]. The papers [3-6] present current trends in the development of electromechanical and 
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