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Abstract: The construction of a mathematical model of a complicated system is often associated with
the evaluation of inputs’ (arguments, factors) influence on the output (response), the identification
of important relationships between the variables used, and reduction of the model by decreasing
the number of its inputs. These tasks are related to the problems of Sensitivity Analysis of mathe-
matical models. The author proposes an alternative approach based on applying Analysis of Finite
Fluctuations that uses the Lagrange mean value theorem to estimate the contribution of changes to
the variables of a function to the output change. The article investigates the presented approach on
an example of a class of fully connected neural network models. As a result of Sensitivity Analysis,
a set of sensitivity measures for each input is obtained. For their averaging, it is proposed to use a
point-and-interval estimation algorithm using Tukey’s weighted average. The comparison of the
described method with the computation of Sobol’s indices is given; the consistency of the proposed
method is shown. The computational robustness of the procedure for finding sensitivity measures
of inputs is investigated. Numerical experiments are carried out on the neuraldat data set of the
NeuralNetTools library of the R data processing language and on data of the healthcare services
provided in the Lipetsk region.

Keywords: sensitivity analysis; mathematical models; analysis of finite fluctuations; neural networks;
sensitivity measures

1. Introduction

Being an important point in system investigation, Sensitivity Analysis (SA) is the
study of how input uncertainty influences the uncertainty of outputs [1]. Depending on the
purpose, a task like that could be helpful in solving the following problems: (1) to test how
robust the results of a model or a system are; (2) to understand the relationships between
outputs and inputs; (3) to reduce the uncertainty by choosing the most significant inputs;
(4) to find errors in a model or a system by defining unexpected relationships between
outputs and inputs; (5) to simplify a model by removing inputs that do not have a strong
affect on outputs; (6) to make a model more interpretative by finding an understandable
explanation of inputs; etc.

Depending on the tools used, many directions of sensitivity-measuring techniques
of mathematical models can be proposed. Some of them are universal; the others can be
applied only when the model has a predefined structure.

Saltelli [2] proposes SA taxonomy, which divides all approaches into two groups:
local Sensitivity Analysis and global Sensitivity Analysis. Let us have the vector variable
(factors, inputs) X = (x1,xp, ..., x,) affecting the scalar function (indicator, output) y with
the black-box relationship

xn) = f(X). )

The first group of approaches (local SA) is based on obtaining information about
the uncertainty of the output with respect to a change in one of its inputs (i.e., partial
derivative of the function dy/dx;). But such understanding of sensitivity has two noticeable

y = f(x1,x,...
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drawbacks: firstly, in the case of a non-linear nature of Model (1), the obtained result of
sensitivity assessment is dependent on the range of chosen x; values; secondly, in the
case of existing interactions between factors, the change to the partial derivative dy/dx; is
dependent not only on the chosen x; values but on other factors corresponding to x;. This
means that approaches for the local SA deliver adequate and accurate results in cases with
some constraints on the structures of Model (1), which makes their application limited.

Methods of the second group (global SA) suggest delivering results taking into account
changes to not only one factor but to all factors to consider possible interactions between
them. The most well-known example of global sensitivity measures is the first-order
sensitivity index proposed by Sobol (cf. [3])

5. = Vu(Exnilylxi)
l Vi)

where V(y) is the unconditional variance of y, which is obtained when all factors x; are
allowed to vary; E,;(y|x;) is the mean of y when one factor is fixed. Global SA is to be
applied when Model (1) is not of linear nature and its factors are independent of each other.

Other techniques for global SA include the elementary effects approach (cf. [4]), global
derivative-based measures (cf. [5]), moment-independent methods (cf. [6]), variogram-
based approaches (cf. [7]), etc.

It should be noted that for the last decade, the interest in sensitivity measuring in
applied problems has increased. Depending on the particular problem, different approaches
and techniques are used. Among the current fields, medicine can be highlighted; in the
case study [8], a parametric local SA technique is applied to a linear elastic lumped-
parameter model of the arm arteries to find out the most important electrical and structural
parameters. The study [9] uses Sobol’s indices applied to a model of coronavirus disease to
study the individual effects of involved parameters as well as to combine (mutual) effects
of parameters on output variables of the COVID-19 model and to identify the ranking of
key model parameters and factors. The study [10] performs global SA based on partial-rank
correlation coefficient to identify the key parameters contributing most significantly to the
absorption and distribution of drugs and nanoparticles in different organs in the human
body.

Another field where SA is widely applied is environmental studies. The case study [11]
presents a comparison of approaches that were known at that time to identify the most
influential parameters in environmental models. The study [12] is aimed at solving the
problem of sample size choice and finding thresholds to identify insensitive input factors for
environmental models. The study [13] provides a guide to choosing appropriate emulation
modeling approaches for SA in the context of environmental modeling to reduce the
complication of the model under consideration.

The application of Sensitivity Analysis is not limited to the presented areas of study;
it can also be found in practical problems in economics (cf., e.g., [14-16]), robotics (cf.,
e.g., [17,18]), psychology (cf., e.g., [19,20]), etc.

This study investigates the algorithm proposed in [21], which is based on Analysis
of Finite Fluctuation [22]. The mentioned approach is a global SA technique consisting of
finding a parameter of the intermediate point « in the Lagrange mean value theorem and
determining the exact values of factors’ finite changes’ influences on the model output’s
finite change. Compared to existing approaches, our technique does not use approximation
of the original model; thus, it does decrease the accuracy of the obtained results; the
approach permits the interconnection between factors: the only limitation is the existence of
the first partial derivatives. Our technique also takes into account all available information
related to both factors and parameters of the initial model, which makes the obtained
results of the analysis sustainable.

The article is organized as follows: Section 2 gives a brief introduction of existing
sensitivity-measuring techniques. In Section 3, a new approach is presented, and the
problem of point-and-interval estimation of new indices as well as the problem of technique
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stability are discussed. Section 4 contains a numerical example on a publicly available data
set from the R language and practical application of the proposed technique to a data set of
medical healthcare provided in the Lipetsk region.

2. State-of-the-Art in Sensitivity Measures

Further, we present some approaches and techniques for local and global Sensitivity
Analysis, which are mostly used to solve particular problems.

2.1. Local Technigues
Local SA consists of estimating

P (@, £ (0)) 3)

l_axi 1 /xz /'-'lxl’l

which characterizes how perturbation of x; affects the output y near the value X 0) [23].
A common approach to assess estimation of (3) based on the first partial derivatives

usually refers to the “one at a time” (OAT) approach. Let x* be the nominal value of the

input ; define y"** = f (xi‘, X5, e, X0, x;,) as the model output where all factors are

at nominal values except the factor 7, which is set to its maximum. The OAT sensitivity

measure can be defined as ]

max min

A=Y T

L xmax _ xmin’
1

where " is the model output where all factors are at nominal values except the factor i,
which is set to its minimum. The OAT approach keeps all factors fixed except the one that
is under perturbation [24].

Another popular local SA approach is the Morris method [25,26]. Let r be the num-
ber of OAT realizations; we create the discrete representation of the input space in a
(i)

d-dimensional grid with n levels by input; E ;s the elementary effect of the j-th variable

obtained at the i-th repetition, defined as:

£ _ FxD 4 Aej) — f(xD)
i A ’

where A is the step of discretization and ¢; is the vector in the canonical base. According to
the Morris approach, measures that can be used to assess sensitivity:

1 -
. ‘u;f =7 Y| E](l) | are means of the absolute value of elementary effects;
i=1

2
* 0= \/ % ié (E]@ - % ié E}i)) are standard deviations of elementary effects.

The following interpretations of the obtained results can be used: y; is a measure of
the influence of the j-th input on the output (a larger ;4}‘ indicates greater influence); 0; is a
measure of non-linear and/or interaction effects of the j-th input (a variable with a large
measure is considered to have non-linear effects or is implied to have interaction with at
least one other variable).

2.2. Global Techniques

The first group of approaches in this category is methods based on the analysis of
linear models. Suppose that there is an available set of inputs and outputs of the explored
model and that it is possible to fit the existing relationship (1) linearly. Some approaches to
assess the sensitivity measures are supposed to use a fitted linear model. In this case, the
commonly used indices are:
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*  Pearson correlation coefficient p(x;, ¥);
e  Standard regression coefficients (SRC)

Var(x;)
Var(y)’

where f; are regression coefficients obtained during its parametric identification;

RCj = B;

e  Partial correlation coefficient (PCC)
PCCj = p(xj — %,y = 9).

The calculation of these sensitivity indices is dependent on an uncertainty estimation
because of the limited sample size. After completing the calculations, the following con-
clusion can be reached: If p(x;, ¥) is —1 or 1, the system output is dependent on the tested
input value and the output is connected in a linear manner. If every set of x; and y have no
connections, the correlation coefficient is equal to 0. If the input values of the variables are
independent, each SRC? describes the portion of the output variance that is explained by
the input x;. PCC is the degree to which y is affected by x; when the effects of the other
inputs have been nullified. It is important to recognize that the linear model approximation
is the cause of error. To avoid similar errors prior to analyzing the built linear model, the
linear hypothesis has to be confirmed (e.g., the classical coefficient of determination R? can
be used for this purpose).

When it is not possible to use a linear model to identify Model (1) or this structure is
non-monotonic, the decomposition of the output variance can be used to assess sensitivity.
In the case when (1) is a square-integrable function, defined on the unit hypercube [0,1]", it
can be represented as a sum of elementary functions [27]

X) = fort LAl + L yCres) 4+ fa X). @
1= 1<j

According to [28], under the condition

/filmis(xil,...,xis)dxik:0, 1<k<s, {i,...,is} C{1,...,n}
0

the expansion (4) is unique.

Let us have the random vector X € R" with mutually independent components and
the output y connected to X by Model (1). In this case, a functional decomposition of the
variance is available (cf. functional ANOVA [29]):

M:

Var(y) = Y Di(y) + Z Djj(y) + -+ + D12.n(v), ©)

l<]

Il
MR

where D;(y) = Var[E(y|x;)], Dij(y) = Var[E(y|x;, x;)] — Di(y) — Dj(y) and so on for higher-
order interactions. Sobol’s indices are obtained from (5) as follows

¢ _ Diy) _ Di(y)
" var(y). TV Var(y)

According to [30], the total indices can be defined as

St,=Si+) Sij+ Y. Sijxkt+--=). 5 (6)

i<j i#jk#i,j<k le#i
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where #i are all the subsets of {1, ...n} including i. In practice, when n is large, only the
main effects (2) and the total effects (6) are computed, thus giving reliable information
about model sensitivities.

2.3. Other Techniques

The techniques described above are common and are most-frequently used. The brief
classification given in this article does not include many other approaches. They can be
found, for example, in the case study [31], where the authors take into account the model
structure, the number of inputs, and available computational resources to give a guide to
how to use Sensitivity Analysis techniques (cf. Figure 1).

Assumption on model properties?

yes T no

v \ 4

Non-linear and monotonic OR
a priori assumptions
Number of inputs?

— low (< 20) l—f \—l high (> 20)

Non-linear but monotonic
Rank Regression / Correlation

i Linear or Quasi-linear Computational cost? Computational cost?
High CPU time or / and numerous inputs?
high low high low
yes no 'eh g oW ég y_ ow
Y | Screening | bc'reenmg
Differential approach Y groups
A 4
v A4 Screening
. . I’ ’
Regression / Correlation .Sﬂb.o_ s < (?R -S']b('l §
indices indices by
groups

Figure 1. Brief classification of Sensitive Analysis techniques.

3. Analysis of Finite Fluctuations as an Approach to Sensitivity Measuring

This section is devoted to the introduction of the new technique and to the questions
of its stability.

3.1. Technique Description

Analysis of Finite Fluctuations was introduced in study [22] as the sum of the results
of an Economic Factor Analysis and concentrated mainly on the problem of how to manage
resources effectively within existing conditions. Its primary issue is based on the initial
model and creating a new model that links the finite fluctuation of the output to the finite
fluctuations of inputs.

If fluctuations are small, in Mathematical Analysis, there exists the model of such
connections. If the function y = f(x) describing the model is defined to be continuous and
differentiable in a closed domain, the approximate relationship between the response and
the small fluctuations of its arguments is

Ay = f(X°+AX) - f(X%)

:f(x%o) + Axq, ..., x,(zo) + Axy)

On the other hand, for some practical issues, fluctuations might be regarded as finite
values rather than tiny ones.
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When we use increments as finite fluctuations, there exists a model that is structurally
exactly in the form connecting the finite fluctuation of the output and the inputs” (factors)
finite fluctuations. This is the Lagrange mean value theorem for functions, which is defined
and continuous in a closed domain and has continuous partial derivatives inside this
domain. It is formulated in the following manner:

o9 f(X(m)
Ay = ;f X s, %)
i= i

x(m) — (x§’”>,...,x,(1’”)),

x(m):x(o)_F“.Axi, O0<a<l

i i

Here, the mean (or intermediate) values of arguments (factors) xl(m) are defined by the
value of .

Let us have at the current moment of time factor initial state X(0) = (xgo) , xéo) PR x,(qo) )
of Model (1) and the output y(©) = £(X(9). At the next moment of fixation, the factors of
the system change and are described as X 1) = (xgl), xgl), ees, xﬁ,l)) and the output of the
system is y(!) = f(X(1)). Thus, the increment of the output can be defined, on the one hand,
as the difference in the new and previous values of the outputs and, on the other hand, by
the Lagrange theorem (7), i.e., the following equation can be composed and solved with
respect to the parameter a:

nog 0
y(l)—y(o):Zi(...,xE>+ac.Axl-,...)~Axi, 8)
b 0x;
which allows estimation of the so-called factor loadings to obtain a model of the form
Yy O A ) A = S
Ay =Y (o) FaAxg, ) Axp = Ay Axy + Ay Axp 4 -+ Ay Axy. (9)

The procedure above is repeated m times (where m is the number of available observa-
tions); the numerical results of the analysis have to be averaged to construct the sensitivity
measure [21].

3.2. Point-and-Interval Estimations of the Sensitivity Measure

Tukey’s weighted average can be used as an estimation of the mean value that is
robust to outliers in the original data set. The algorithm for constructing this estimation is
iterative and includes the following steps:

1. Calculate the sample mean (the median is usually used at the beginning of the
algorithm).

2. Determine the distances from the calculated mean to each element of the sample.
According to these distances, different weights are assigned to the sample elements,
which are taken into account to recalculate the mean. The nature of the weight function
is such that observations that are far enough away from the mean do not contribute
much to the weighted mean.

Let Ay, = {A}c,-/ Ai[, ..., At} be a sample from the calculated factor loadings for the
input x;, M, is the sample median of the set Ay,, and S is the sample median of the set

{|A%, — My, |-, |AY, — Ma, |}. For each element AL (k=1,2,...,n) of the sample, the
deviation from the mean is calculated

A - My,
MeT TS e

7
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where c is a parameter that determines how sensitive the estimate is to outliers, and e is a
small value whose main purpose is to eliminate the possibility of dividing by zero.
To find the weight of each observation in the sample, we use a bi-quadratic function

of the form
1—u?)? <1
R (RS
0, || > 1.

Tukey’s weighted estimate is

m
Y w(uy) - Ay,
k=1
Tay = —— (10)
L w(ug)
k=1
In addition to the point estimate of the mean, an interval is found to construct a value
using the Student’s ¢-distribution approximation.
The symmetric confidence interval is given by

Ty, & 102

af \/ﬁl

‘ ‘Zq(A’ff,- = Te)2(1—up)*
U |>

(11)

SAxi:\/%‘\/

7

Y (1—ud)(1-5u?)
[ur|<1

where tl(i}_“/ ?) is the (1 — a/2)-quantile of the Student’s ¢-distribution with the number of
degrees of freedom df = max(0,7 - (m —1),1).

3.3. Stability of the Proposed Technique

Inputs of Model (1) may have unrecoverable errors, which, nevertheless, should
not cause inaccuracies when calculating estimates of the factor’s influence on the output.
Stability of the numerical method is characterized by small deviations to the output value
with insignificant changes to the inputs. Let the output value be found by the input value
of the factor x; as a result of solving the problem. The input value x; has some error ex;;
then, the output y has an error ey, soifatex; — 0,71 = 1,2,...,m, ey — 0, the method is
computationally stable.

For practical study of stability, it is necessary to conduct a series of computational
experiments. The obtained corresponding samples consist of estimates of the significance of
inputs and should be investigated from the point of view of similarity in the sense of mean
values. For this purpose, we can formulate the null hypothesis about the shift of the mean
values of the samples under the alternative hypothesis with the absence of such a shift, the
test of which is further reduced to the calculation of some statistics (e.g., non-parametric
Mann-Whitney—Wilcoxon test).

Let {x11,X12, ..., X1, } and {xp1, X2, ..., X2, } be samples ordered in ascending order.
To test the hypothesis, it is necessary to calculate

4 22 1, x5 < xpj

— . Jp— ’ ]’
u= E E hij,  hij = {O I (12)

i=1j=1 ;X1 > Xpj.

The Mann-Whitney U-statistic (12) defines the exact number of pairs of values xy;
and xp; for which x1; < xp;. Related to the U-statistic is the Wilcoxon statistic, which is
defined as the sum of the ranks of elements of one sample (e.g., x; of volume m;) in the
total ordered sequence of elements of a joint sample (of volume m; + my):



Computation 2023, 11, 159

8of 13

1(my +1)

R=m1WI2+m > - u.

In the case when my,my > 20, the following approximation can be applied:

R— my (my+my+1)
W= 2 . (13)

mymp (my+mp+1)
12

The statistic (13) is approximated by a normal distribution; the shift hypothesis (sample
mean mismatch) is rejected with confidence  if [W| > u s

4. Numerical Example

In this section, we provide examples of applying the newly proposed approach to
assess sensitivity measures of the factors of a neural network model. The first example
is synthetic and is based on the well-known extended data set from the NeuralNetTools
package of the R language, and the second example uses real indicators of healthcare data
provided by the Compulsory Medical Insurance Fund of the Lipetsk region.

4.1. Neuraldat Data Set: Design of the Experiment

To assess the adequacy of the results obtained using the proposed approach, a series
of computational experiments were conducted. The neuraldat data set from the NeuralNet-
Tools package of the R data processing environment was used as data. The set contains 2000
realizations, which allows us to obtain 1999 finite response increments and their correspond-
ing arguments. The described data set contains three independent and two dependent
variables (only one dependent variable was used as an output for model-building and
research at this stage). For numerical experiments, the number of independent variables
was increased to 15 according to the scheme given in Table 1.

The independent variables obtained additionally represent series of random numbers
with different statistical distributions (normal and Weibull distributions) and different
values of these distribution parameters. The box-plots shown in Figure 2 demonstrate the
spreads for the independent and dependent variables.

Table 1. Test data characteristics.

Input Factor Characteristic
X1 N(0,1)
X N(0,1)
X3 N(O, 1)
X4 x1 — exp(x2)
X5 x3 + sin(x3)
X6 x3 — cos(xg)
X7 x1 + tan(xs)
xg xp —exp(xg)
X9 x3 + sin(xy)
X10 x1 — cos(xg)
x11 X2 + tan(xg)
X12 X3 — exp(xlo)
x13 x1 + sin(x11)
X14 Xy — cos(x12)
X15 x3 — tan(x13)

A neural network model with one hidden layer consisting of three neurons with the
following structure was used as a model for the numerical experiment:

3 15
y=¢ (bo +) <bi + wip (Z wijxj> > ) , (14)
i=1 =1
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where y € R is the response value; X = (x1,x,...,x15) is a vector of factors; w; and wij
are weight coefficients of the output and hidden layers, respectively; b, and b; are biases
of the output and hidden layers, respectively; ¢ (net) = ¢po(net) = 1/(1 + exp(—net)) are
logistic activation functions.

40
30
20 -
—
== '
10 L
. -
L -
JR—— = + —_—
0 +|_|— —— ——
'—|.,
T
10
20
-30
X X r, X X, X X X X, X X X X, X X 1

Figure 2. Variations to output and input factors.

For the initial data set and the model used, MAE is 0.092%, which indicates high
accuracy of the proposed neural network model and allows us to continue numerical
experiments to find the sensitivity of Model (14).

4.2. Neuraldat Data Set: Discussion of Results

The calculated values of the sensitivity measures (Section 3) (point estimates obtained
as Tukey’s weighted averages (10) and interval estimates (11)) for the described data set are
presented in Figure 3.

According to the obtained results, the variables x1, x2, X3, x5, x12, and x15 have the
highest sensitivity. It should also be noted that the approach for analyzing the sensitivity of
the model based on using Analysis of Finite Fluctuations, in addition to the strength of the
influence of factors, assesses the direction of this influence. Thus, for Model (14), the factors
x3, x5, and x1» have a positive influence on the output y, while the factors x1, x,, and x5
influence negatively.

Figure 4 presents a comparison of the assessed sensitivity measures by analyzing final
fluctuations in the factor loadings in accordance with the proposed approach, followed
by finding Tukey’s weighted average for each factor loading and by using the algorithm
for finding Sobol’s sensitivity indices. Analyzing the obtained results, we can state that
both presented methods give similar results. It should be noted that due to the difference
of scales used in different methods, the results of all methods were presented as percents.

When investigating the computational stability of the proposed approach, the ap-
proach described above was applied (Mann-Whitney-Wilcoxon statistics were calculated).
For all analyzed input factors, the calculated values of the Mann-Whitney—Wilcoxon cri-
terion exceed the tabular values. Thus, it is possible to reject the hypothesis about the
presence of a shift between the mean values in the samples formed from the estimates of the
influence of factors on the model output in the case of random fluctuations and without it.
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Figure 3. Assessed sensitivity measures of Model (14) (presented are Tukey’s weighted average
values and corresponding intervals).
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Figure 4. Comparison of assessed sensitivity measures.

4.3. Medical Healthcare Data: Design of Experiment

The data set of medical healthcare in the Lipetsk region includes 34 indicators. Data
were collected from February to May 2019 and show how medical care was provided in
more than 1 billion cases; one patient could be linked to many records (according to their
visits to the physician). All the indicators could be divided into consolidated groups: indi-
cators belonging to the patient, indicators belonging to the medical organization providing
healthcare, indicators belonging to the disease, indicators belonging to the doctor, and
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indicators belonging to the particular case of medical care. It should be noted that assessing
sensitivity in this task was a particular problem prior to building a neural network binary
classifier to detect anomalies in data collected from hospitals. The initial neural network
model with 34 input factors, 1 hidden layer with 3 neurons, and 1 output was investigated;
logistic activation functions were used, and the reduced model uses the 15 most-important
inputs (with the highest sensitivity measures), as presented in Table 2.

Table 2. Indicators with the highest impact on the neural network output.

Name of the Indicator

IPU_P

USL_OK
SROK_LECH

CEL_OBSL

PRVS
SPEC_END
POVTOR
TYPE_MN

ITAP
RSLT_D
OBR
RAZN_SKOR

VIDTR

NAZ_PK

ANOMALY_SCORE

Explanation Sensitivity Measure, %

The name of the medical organization to which the 411
patient is assigned ’

Conditions for the provided medical care 8.25

The length of the treatment or hospitalization 6.29

The purpose of the patient’s appeal to the 392
medical organization ’

The doctor’s specialization 4.08

The regional localization of the doctor’s specialization 4.82

The sign of a repeated treatment case for a single disease 571

The nature of the basic disease 4.55
The stage of the medical examination or the 404
preventive examination ’
The result of the medical examination or the 477
preventive examination ’
The indicator characterizing the method of payment for 315
medical care in case of outpatient treatment ’
The time between calling for an ambulance and the arrival 575
of medical services '
The type of injury 4.39
The profile of around-the-clock or daily hospital for which
a referral for the hospitalization was given based on the 533
results of medical examination for patients of the ’
3rd health group
The anomaly score obtained by applying the Isolation 285
Forest algorithm )

4.4. Medical Healthcare Data: Sensitivity Measures and Outlier Prediction

Since the model of a neural network must be reduced according to its input in order
to increase the accuracy of the model, it is proposed to increase the results (distortion) of
the isolation forest algorithm used to expand the input. This step has been optimized and
is the basis for integrating error detection methods in the clinical setting described in [32].
The suggested workflow is shown in Figure 5.

The data for numerical testing are divided into two groups, 80% of which make up the
training set and 20% the testing set. The final curtailed results showed an accuracy of 78%,
with a type I error of 24% and a type II error of 16%. Analyzing the results of the outliers
detected by the neural network model, it is found that most of the outliers are different
from normal records. Most of the items identified fall into one of the following categories:
First, in most established records, there are technical errors in the labels, such as record
“chronic disease” instead of “dental consultation”. Second, minor ailments often require
multiple visits to the doctor, such as five visits to the dentist to treat enamel degradation.
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5. Conclusions and Future Work

In the article, the classification of existing methods of sensitivity assessment by factors of
mathematical models is given. The Analysis of Finite Fluctuations approach based on the La-
grange mean value theorem is described and investigated. The only limitation to the proposed
technique is that the model under consideration must be differentiable. The proposed method
is compared with the calculation of Sobol’s indices; as a result, the consistency of the method
is shown. The numerical stability of the procedure is investigated. Compared to the existing
approaches, our technique does not use approximation of the original model; thus, it does not
cause inaccuracy of the obtained results. The approach permits the interconnection between
factors; the only limitation is the existence of the first partial derivatives. Our technique also
takes into account all available information related to both the factors and the parameters of
the initial model, which makes the obtained results of the analysis sustainable.

The next stage of the study is connected with applying the proposed technique to
models that are convolutions of functions. Such functions can be used to model complicated
hierarchical systems and multi-stage processes.
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