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signals Y. At the initial moment of the investigation, the internal structure and relationships between the com-
ponents of the object E are known. The task is to clarify the functional dependencies F and estimate the mo
del parameters A. It should be noted that the «black box» models ℳ in the form of data mining models are 
analytical approximation models (F = Π, parameters Θ), not taking into account the physics of the process 
under study.

An integrated approach to big data analysis. This work suggests to use simulation modelling and data 
mining methods to study biomolecular systems, a feature of which is the use of simulation modelling algo-
rithms to reproduce biophysical processes in the systems under study. The idea of an integrated approach consists 
of studying the investigated object using simulation modelling of biophysical processes occurring in it, com-
paring simulated and the most informative experimental data, selected by the data dimensionality reduction 
methods, and determining the parameters of physical processes using optimisation algorithms.

A diagram of the studying an object (some biophysical process or biomolecular compound) using the de-
veloped integrated approach is shown in fig. 4.

The study of the object (block 1) is carried out by considering the physical model of the object (block 2) 
and a series of Q real and simulated experiments that form a global experiment (block 3). Simulation experi-
ment includes modelling of the experimental equipment and the object. The data of individual experiments are 
converted to a single format in order to reduce and eliminate inhomogeneities of various distortions associated 
with specific experiments. Filtering, normalisation, vectorisation, or special data transformations, such as loga
rithmic, are performed to reduce the effect of outliers. In block 4, data dimensionality reduction is performed. 
Data are compressed by the dimensionality reduction methods in order to exclude uninformative, redundant 
data or noise, and essential informative data are extracted. Sets of transformed data from various experiments 
are collected into a combined dataset X Y,� � for subsequent processing using data mining and simulation mo
delling methods (block 5). The parameters of individual experiments α1, …, αQ, and the model of object A are 
collected into a single set A and then refined during the analysis of the combined data. The analysis of indivi
dual experiments can be carried out independently or in a complex manner. The advantage of integrated ana
lysis is the combination of data from various experiments into one large set, which provides a generalisation 
and an increase in the statistical power of the results and, as a consequence, an increase in the accuracy of the 
analysis. Some parameters A are fixed (they are global for the experiments), limited (in the case of dependent 
experiments), or remain free for accurate estimation using optimisation methods. Optimisation methods are 
used to evaluate free or adjustable parameters A* of the global simulation model of the object, built on the basis 
of models of individual experiments. If the desired accuracy of the correspondence between the experimental 
and simulated data is achieved, which is determined by the given statistical criterion in block 6 (for example, 
the quantitative χ2, Kolmogorov – Smirnov and Romanovskii criteria, as well as diagram plots of the weighted 
residuals, their autocorrelation functions, and histograms [15]), then the analysis process is completed and a solu-
tion is provided (an estimated set of parameters and an accurate mathematical model of the object capable of 

Fig. 4. Scheme of studying an object using the developed integrated approach


