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ABSTRACT

Context. Software testing effort estimation is one of the important problems in software development and software testing life
cycle. The object of the study is the process of estimating the agile testing efforts for small Web projects. The subject of the study is
the multiple regression models for estimating the agile testing efforts for small Web projects.

Objective. The goal of the work is the creation of the multiple non-linear regression model for estimating the agile testing efforts
for small Web projects on the basis of the Johnson multivariate normalizing transformation.

Method. The model, confidence and prediction intervals of multiple non-linear regression for estimating the agile testing efforts
for small Web projects are constructed on the basis of the Johnson multivariate normalizing transformation for non-Gaussian data
with the help of appropriate techniques. The techniques based on the multiple non-linear regression analysis using the multivariate
normalizing transformations to build the models, equations, confidence and prediction intervals of multiple non-linear regressions are
used. The techniques allow to take into account the correlation between random variables in the case of normalization of multivariate
non-Gaussian data. In general, this leads to a reduction of the mean magnitude of relative error, the widths of the confidence and
prediction intervals in comparison with the linear models and nonlinear models constructed using univariate normalizing
transformations.

Results. Comparison of the constructed model with the linear model and non-linear regression models based on the decimal
logarithm and the Johnson univariate transformation has been performed.

Conclusions. The multiple non-linear regression model to estimate the agile testing efforts for small Web projects is firstly
constructed on the basis of the Johnson multivariate transformation for Sg family. This model, in comparison with other regression

models (both linear and non-linear), has a smaller value of the mean magnitude of relative error, smaller widths of the confidence and
prediction intervals. The prospects for further research may include the application of other multivariate normalizing transformations
and data sets to construct the multiple non-linear regression model for estimating the agile testing efforts for small Web projects.

KEYWORDS: agile testing, estimation, testing effort, Web project, multiple non-linear regression model, multivariate
normalizing transformation, non-Gaussian data.

ABBREVIATIONS T is a Gaussian random vector,

LB is lower bound; T
MD is Mahalanobis distance; T= {ZY ARSI "’Zk} ’

MRE is a magnitude of.relative error; t /2 is a quantile of student’s t-distribution with v
MMRE is a mean magnitude of relative error; AV

PRED is percentage of prediction; degrees of freedom and «/2 significance level;

UB is upper bound. X, is a number of test cases;

NOMENCLATURE X, is a number of design document pages;

Do . . . . X3 is a number of defects;
b is estimator for vector of linear regression equation

o b o T Y is an actual testing effort in person hours;
parameters, b _{ DE2oeee k} ’ Z is a matrix of centered regressors that contains
b;j is estimator for the i-th parameter of linear (1o values z, -7, Z, ~Zy, . z, ~Zy;
regression equation; T
k is a number of independent variables (regressors); (Z} ) is a transpose of Zj, ;
N is a number of data points;
N(0,]) is a Gaussian distribution with zero
mathematical expectation and unit variance; cooy Ly — Ly for i-row;
P is a  non-Gaussian random  vector,

P=1{Y, X, Xa,o s Xpc )

zy is a vector with components Zy -7, 2y, -Z,,

+ . +
zy | is atranspose of zy ;
Z, is a sample mean of the values of the variable
Zy;

Zy is a prediction linear regression equation result;

R? isa multiple coefficient of determination;
S\ is a sample covariance matrix, Sy = [Sij] ;
o is a significance level;
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By is a multivariate skewness;

B, is a multivariate kurtosis;

Y is
multivariate translation, y = (yy SY15Y 2505k )T ;

a vector of parameters of the Johnson

¢ is a Gaussian random variable which defines
residuals, €~ N(O,l);

n is a vector of parameters of the Johnson
multivariate translation, 1= diag(ny JMN1se--sMNk );

A is a vector of parameters of the Johnson
multivariate translation, A = diag(ky JA e Ak ) ;

v is a number of degrees of freedom;

X is a covariance matrix, Z:[Zij] ;

¢ is a vector of parameters of the Johnson
multivariate translation, ¢ = ((pY NOIROTIN Ol )T ;

Yy is a

transformation, y = {\VY ,wl,\uz,...,wk}T .

vector of multivariate normalizing

INTRODUCTION

Software testing effort estimation is one of the
important problems in software development and software
testing life cycle. Agile testing is a software testing
process that follows the principles of agile software
development [1-5]. In comparison with waterfall testing,
it is a new age software testing approach which leads to a
reduction of testing efforts. Agile testing is well suited for
small software projects including small Web projects.

The agile testing lifecycle consists of the 5 phases [5],
the second of which is agile testing planning, that includes
testing effort estimation. A testing effort estimation is a
difficult problem, for the solution of which various
mathematical models are applied.

Today one of the most well-known effort estimation
model is the COCOMO II (COnstructive COst MOdel)
[6]. The COCOMO 1I is a non-linear regression equation
with parameters that are derived from historical data of
software projects. This equation is built on the basis of
univariate normalizing transformation in the decimal
logarithm form. The paper [7] proposed the multiple
linear and non-linear regression equations for estimating
the testing efforts of software projects including large
ones. However, a prediction regression equation result is a
mean value of dependent random variable. There is no
random error term in regression equation. A prediction
regression model result is a value of dependent random
variable, since there is the random error term in regression
model. Therefore, to predict agile testing effort as a value
of a dependent random variable there is the need to
develop the appropriate non-linear regression models.

The object of study is the process of estimating the
agile testing efforts for small Web projects.

The subject of study is the multiple non-linear
regression models to estimate the agile testing efforts for
small Web projects.
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The purpose of the work is to construct the multiple
non-linear regression model for estimating the agile
testing efforts for small Web projects. The agile testing
effort prediction results by constructed model should be
better in comparison with other regression models, both
linear and nonlinear, primarily on such standard
evaluations as mean magnitude of relative error, widths of
confidence and prediction intervals.

1 PROBLEM STATEMENT
Suppose given the original sample as the four-
dimensional non-Gaussian data set: actual testing effort in
person hours Y, the total number of test cases X, the

total number of design document pages X, and the
number of defects X; from N small Web projects.

Suppose that there are bijective multivariate normalizing
transformation of non-Gaussian random  vector

P:{Y,XI,XZ,...,XK}T to Gaussian random vector
T=1{Zy.Z;.Z5....Z}" is given by

T=y(P) (M
and the inverse transformation for (1)
P=y (1), @)

It is required to build the multiple non-linear
regression model in the form Y =Y (X,,X,, X;,&) on the

basis of the transformations (1) and (2).

2 REVIEW OF THE LITERATURE

A normalizing transformation is often a good way to
build the models, equations, confidence and prediction
intervals of multiple non-linear regressions [8—13].
According to [9] transformations are made for essentially
four purposes, two of which are: firstly, to obtain
approximate normality for the distribution of the error
term (residuals) or the dependent random variable,
secondly, to transform the response and/or the predictor in
such a way that the strength of the linear relationship
between new variables (normalized variables) is better
than the linear relationship between dependent and
independent random variables.

Well-known techniques for building the models,
equations, confidence and prediction intervals of multiple
non-linear regressions are based on the univariate
normalizing transformations (such as, the decimal
logarithm, the natural logarithm, the Box-Cox
transformation), which do not take into account the
correlation between random variables in the case of
normalization of multivariate non-Gaussian data.
Application of univariate normalizing transformations for
building the multiple non-linear regression models does
not always lead to good prediction results by such
regression models, primarily on such standard evaluations
as mean magnitude of relative error, widths of confidence
and prediction intervals [13]. This leads to the need to use
the multivariate normalizing transformations.
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In [13] the techniques to build the models, confidence
and prediction intervals of multiple non-linear regressions
for multivariate non-Gaussian data on the basis of the
bijective multivariate normalizing transformations were
proposed. The techniques consist of three steps. In the
first step, a set of multivariate non-Gaussian data is
normalized using a bijective multivariate normalizing
transformation. In the second step, the model, confidence
and prediction intervals of linear regression for the
normalized data are built. In the third step, the model,
confidence and prediction intervals of multiple non-linear
regression for multivariate non-Gaussian data are
constructed on the basis of the model, confidence and
prediction intervals of linear regression for the normalized
data and the multivariate normalizing transformation.

Non-linear regression prediction results by models,
which constructed in the papers [13, 14] on the basis of
the Johnson multivariate normalizing transformation, are
better in comparison with other regression models, both
linear and nonlinear, primarily on such standard
evaluations as mean magnitude of relative error, widths of
confidence and prediction intervals.

This leads to the need to develop the multiple non-
linear regression model for estimating the agile testing
efforts for small Web projects on the basis of the
multivariate normalizing transformations.

3 MATERIALS AND METHODS
After normalizing the non-Gaussian data by the
transformation (1) the linear regression model is built for
normalized data. The linear regression model for
normalized data will have the form [13]

ZY :ZY +8=ZY+(Z_;()6+8. (3)

After that the multiple non-linear regression model is

built on the basis of the linear regression model (3) for the

normalized data and the transformations (1) and (2). The
non-linear regression model will have the form [13]

Y =iz, +(zy )hre] (4)

The technique to build a confidence interval of

multiple non-linear regression is based on a confidence

interval of linear regression for normalized data, and
transformations (1) and (2) [13]:

_ 1/2
w25 50 {H; TleaT 2| s )} ,

13 . U
where S%Y :VZ(ZYi _ZYi) , v=N-k-1; (ZJ{() A%
i=1

is the k xk matrix

Szlzl 52122 Szlzk
\T SZ Z SZ z SZ z
+ +
(ZX) ZX — 12 262 24k ,
SZ1Zk Szzzk Szkzk
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N
where SZqu :Z:[Zqi —ZqIZri —Z_r], g,r=12,....k.
i=1

The technique to build a prediction interval of
multiple non-linear regression is based on a prediction
interval of linear regression for normalized data, and
transformations (1) and (2) [13]:

- 12
‘V\?l 2Y + ta/z’VSZy {1 + ﬁ + (ZJ)r< )T [(Z} )T ZJ)r( } l(z;r( )}

For normalizing the multivariate non-Gaussian data,
we use the Johnson translation system. In our case the
Johnson normalizing translation is given by [14]

T=y+1]h[k_l(P—(p)] ~Np(0,,.%), %)

B{(yy s Vi il = v (o b (v )i (i )

h; () is one of the translation functions

where

ln(y), for S| (lognormal)family;
in[y/(1-y)].  forSg (bounded)family;
- Arsh(y), for Sy (unbounded) family; ©)
y for Sy (normal)family.

Here y=(X —¢)/A; Arsh(y)= ln(y+11y2 +1j . In our

case X equals Y, X,, X, or X; respectively.

The model, equation, confidence and prediction
intervals of multiple non-linear regression to estimate
agile testing efforts for small Web projects are
constructed on the basis of the Johnson multivariate
normalizing transformation for the four-dimensional non-
Gaussian data set from Table 1 for 40 small Web projects
(rows 1-40). Also Table 1 contains the values of squared
Mahalanobis distance (MD) for 41 and 40 (after outlier
cutoff) data rows. For detecting the outliers in the data
from Table 1 we use the technique based on multivariate
normalizing transformations and the squared MD [15].
There is one outlier in the data from Table 1 for 0.005
significance level and the Johnson multivariate
transformation (5) for Sg family.

Parameters of the multivariate transformation (5) for
Sg family were estimated by the maximum likelihood

method. Estimators for parameters of the transformation
(6) for 41 data rows are: 7y =4.09443, ¥, =5.47043,

75 =1.09282 75 =1.37671, fiy =1.04794
fi; =0.97350, 1, =0.70189, T3 = 0.64464 ,
dy =0.37266, ¢, =1.95622, $, =0.94564 ,
§3 =2.35215, Ay =327.313, A =5438.99,

5»2 =130.495 and 713 =110.210. The sample covariance
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matrix Sy of the T is used as the approximate moment-

matching estimator of X

1.0000 0.9812
10,9812 1.0000
N 710.4088 0.4326

0.8497 0.7519

0.4088
0.4326
1.0000
0.2029

0.8497
0.7519
0.2029 |
1.0000

The data of system 41 is multivariate outlier, since for
this data row the squared MD equals to 20.43 is greater
than the value of the quantile of the Chi-Square
distribution, which equals to 14.86 for 0.005 significance
level. The same result was obtained for the univariate
transformation in the decimal logarithm form. In this case
the data of system 41 is multivariate outlier too, since for
this data row the squared MD equals to 20.26.

The squared MD values for 40 data rows indicate
there are no outliers in this data from Table 1.

Table 1 — The data set and squared MDs

Squared MD

No Y X] X2 X3 N=41 N=40
1 1.33 4 11 4 5.69 6.14
2 3.51 11 2 7 5.75 5.83
3 3.17 10 4 8 2.67 2.50
4 1.53 5 14 4 3.80 4.38
5 2.35 9 12 3 4.71 5.56
6 3.13 10 8 9 2.56 2.39
7 2.03 6 16 7 3.92 4.07
8 3.22 11 11 6 1.31 1.34
9 2.73 10 16 5 2.83 3.89
10 4.65 16 13 7 0.75 0.68
11 5.52 21 12 4 7.56 7.32
12 2.75 7 23 12 4.28 6.42
13 6.93 25 6 13 2.68 2.83
14 3.73 14 29 4 2.44 247
15 5.08 18 22 7 0.62 0.60
16 7.12 25 11 11 1.11 1.06
17 3.24 10 31 9 249 2.19
18 4.05 12 35 6 2.63 4.16
19 4.72 16 32 7 0.58 0.51
20 349 13 41 4 2.52 2.58
21 6.03 18 24 18 0.64 0.57
22 4.13 12 40 13 2.35 2.20
23] 10.18 33 15 23 0.62 0.64
24 9.95 36 29 12 1.21 1.10
25 8.67 24 36 32 1.37 1.92
26| 16.53 51 3 45 7.11 7.40
27| 1245 44 37 18 0.97 0.91
28| 15.56 56 25 19 2.84 2.64
29| 1747 57 7 40 3.92 3.98
300 11.23 29 48 47 2.78 4.27
31 8.21 29 79 10 2.30 2.17
32| 19.95 50 6 90 8.33 9.59
33| 16.16 44 53 61 3.12 3.88
34 8.83 33 110 8 6.14 5.95
35] 12.97 47 94 16 3.30 3.13
36| 21.32 94 48 37 4.73 7.40
371 2097 83 61 62 8.87 11.09
38| 38.22 127 25 78 4.77 4.83
39| 2648 111 71 54 5.50 7.38
40 48.2 173 120 60 11.73 12.03
41 7.07 11 13 51 20.43 -
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Estimators for parameters of the transformation (5) for
Sg family for 40 data rows are: 7, =3.8484,

7, =54050, 7,=1.0397, §,=1.3214, %, =0.9990,

A, =0.96416, A, =0.68334 iy =0.61537,
Gy =0.52944 , §, =2.0172, §, =1.0107, ¢, =2.5590,
Ay =298.41, A, =543941, h,=12866  and

713 =103.668 . The sample covariance matrix Sy

1.0000
0.9898
N "1 0.4108
0.8588

0.9898
1.0000
0.4280
0.7909

0.4108
0.4280
1.0000
0.2204

0.8588
0.7909
0.2204 |
1.0000

After normalizing the non-Gaussian data by the
multivariate transformation (5) for Sz family the linear

regression model is built for normalized data
ZYZZY +8=60+6121+6222+63Z3+8. (7)

Parameters of the linear regression model (7) were
estimated by the least square method. Estimators for

parameters of the model (7) are 60 =0,

b, =0.81961, b, =0.01428 , b, =0.20730 .

After that the multiple non-linear regression model (4)
is built

such:

R R
Y =y +xy[1+e‘(zv+a‘w)/”v} , ®)

here 7. = =% X A

whnere J_yj+n] n(PJ+7\‘J_XJ . (pJ< J<(PJ+ B

j=123.
The model (8) is the multiple non-linear regression

model to estimate the agile testing efforts for small Web
projects.

4 EXPERIMENTS

For comparison of the model (8) with other multiple
models one linear regression model and two non-linear
regression models are built on the basis of 40 data rows
from Tablel and two wunivariate normalizing
transformations: the decimal logarithm transformation
and the Johnson transformation.

The multiple linear regression model has the form

Y:60+61X1+62XZ+63X3+8, (9)

where the estimators for parameters are: 60 =0.26513,

by =0.23116, by =—0.00082, b; =0.08374 .

The multiple non-linear regression model is
constructed on the basis of the linear regression model (7)
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for the normalized data and the decimal logarithm
transformation

Y =105+P0 x i o x B (10)

where the estimators for parameters are: 60 =-0.4500,

by =0.78887, b, =0.00176, by =0.18782..

The multiple non-linear regression model is
constructed on the basis of the linear regression model (7)
for the normalized data and the Johnson univariate
transformation for Sg family (6). In this case the

estimators for parameters of the model (8) are:
Yy =1.72684 , y,=1.78876, y, =1.2346, 7;=1.1127,

Ay =0.73211, fi; =0,73090, fl, =0.72269
Ry =0.53444, &, =1.1292, ¢, =33512, ¢, =1.1717,

$;=2.90, Ay =64.039, A =23748, i,=14295,

Ay =92.745, B, =0, b =0.86376, b, =0.00240 and

b, =0.16633.

The computer program implementing the constructed
models (8), (9) and (10) was developed to conduct
experiments. The program was written in the sci-language
for the Scilab system. Scilab (http://www.scilab.org) is
the free and open source software, the alternative to
commercial packages for system modeling and simulation
packages such as MATLAB and MATRIXx.

5 RESULTS
If the Gaussian random variable & equals zero the
regression models (8), (9) and (10) are the multiple
regression equations for which the prediction results for
values of components of vector X ={X;, X5, X5} from

Table 1 and values of MRE are shown in the Table 2.

Table 2 — The prediction results and confidence intervals of multiple regressions

Multiple non-linear regressions
Multiple linear regression univariate normalizing transformation the Johnson multivariate
No the decimal logarithm the Johnson transformation normalizing transformation
Y MRE LB UB Y MRE | LB UB Y MRE | LB UB Y MRE | LB UB

1 1.516f 0,1396/ 0.934| 2.097| 1.380[ 0.0375| 1312 1.451| 1.360[ 0.0225| 1.334| 1.389| 1.298| 0.0242| 1.252| 1.346
2 | 3.392| 0,0335] 2.752| 4.033] 3.394| 0.0329| 3.192| 3.609| 3.383| 0.0363| 3.154| 3.636] 3.387| 0.0352| 3.223| 3.560
3 | 3.243] 0,0231] 2.635] 3.851] 3.233] 0.0197] 3.088| 3.384| 3.188| 0.0055| 3.042| 3.344| 3.234]| 0.0203| 3.121| 3.352
4 1.744| 0,1401| 1.179] 2.310{ 1.646] 0.0760| 1.574| 1.722| 1.645| 0.0751| 1.603| 1.691| 1.593| 0.0411| 1.541| 1.648
5| 2.587] 0,1008] 2.000] 3.174] 2.479| 0.0549| 2.371] 2.592| 2.248| 0.0436| 2.114] 2.399| 2.312| 0.0160| 2.210| 2.421
6 | 3.324| 0,0619] 2.758] 3.890| 3.309| 0.0571] 3.192] 3.430] 3.239| 0.0347| 3.121] 3.363| 3.320| 0.0607| 3.222| 3.421
7 | 2.225] 0,0961] 1.685| 2.765| 2.112| 0.0404] 2.016] 2.213| 2.041]| 0.0056] 1.969| 2.120| 2.079| 0.0240| 2.001| 2.161
8 | 3.301] 0,0252] 2.735] 3.868| 3.308| 0.0272| 3.204] 3.415| 3.320| 0.0310] 3.210| 3.435] 3.357| 0.0425| 3.270| 3.447
9 | 2982| 0,0924] 2.438] 3.527] 2.967| 0.0867| 2.871] 3.065| 2.983| 0.0928| 2.888| 3.085| 3.005| 0.1006| 2.925| 3.087
10| 4.539] 0,0238] 3.982| 5.096] 4.577] 0.0157| 4.439] 4.720] 4.624| 0.0055| 4.462| 4.794| 4.673| 0.0049| 4.551] 4.799
11| 5.445] 0,0137] 4.797| 6.092| 5.105] 0.0751| 4.822| 5.406| 5.127| 0.0712] 4.790| 5.493| 5.075] 0.0806| 4.816] 5.350
12| 2.869| 0,0434] 2.331] 3.408] 2.641| 0.0397| 2.495| 2.795| 2.461| 0.1053| 2.347| 2.584| 2.585| 0.0598| 2.470[ 2.708
13| 7.128] 0,0285] 6.509| 7.746] 7.301]| 0.0535] 7.001| 7.614] 7.304| 0.0540| 6.923| 7.708| 7.315| 0.0556| 7.047| 7.595
14| 3.812] 0,0221] 3.281| 4.344| 3.714]| 0.0044| 3.560| 3.873| 3.712]| 0.0048| 3.541| 3.895| 3.734| 0.0010| 3.598| 3.875
15] 4.994] 0,0169] 4.484| 5.504] 5.027] 0.0104] 4.879] 5.180] 5.101] 0.0042| 4.929| 5.281| 5.158| 0.0153| 5.027| 5.292
16| 6.956] 0,0230{ 6.372| 7.540{ 7.083| 0.0052| 6.855| 7.319] 7.150] 0.0042| 6.858] 7.456] 7.167| 0.0066| 6.952| 7.388
17] 3.305] 0,0200] 2.773| 3.837| 3.317] 0.0237| 3.189| 3.449| 3.247]| 0.0020| 3.121| 3.380| 3.365| 0.0387| 3.258| 3.477
18| 3.513] 0,1327] 2.967| 4.058] 3.550| 0.1235] 3.429| 3.675| 3.572| 0.1180| 3.445| 3.706| 3.644| 0.1001| 3.544] 3.748
19| 4.524| 0,0416] 4.016] 5.031] 4.584| 0.0288| 4.446| 4.726| 4.633| 0.0184| 4.476] 4.797| 4.718| 0.0004| 4.601| 4.839
20| 3.571] 0,0234| 2.978| 4.165| 3.505| 0.0042| 3.355| 3.661| 3.503| 0.0037| 3.341| 3.676] 3.536] 0.0132| 3.408| 3.670
21| 5.914] 0,0193| 5.441| 6.386] 6.004| 0.0043| 5.813| 6.201| 5.804| 0.0375| 5.598| 6.019] 6.027| 0.0004| 5.871| 6.189
22| 4.095| 0,0085| 3.497| 4.692| 4.106| 0.0059| 3.928| 4.292| 3.960{ 0.0411| 3.781| 4.151| 4.153] 0.0055] 4.006| 4.306
23| 9.807| 0,0366] 9.306| 10.308| 10.133| 0.0046| 9.851| 10.422| 9.967| 0.0210{ 9.599| 10.348| 10.055| 0.0123| 9.785| 10.332
24| 9.568| 0,0384| 9.041| 10.095| 9.616| 0.0336] 9.304| 9.938| 9.847| 0.0103| 9.471| 10.238| 9.756| 0.0195| 9.464| 10.058
25| 8.463| 0,0239| 7.795| 9.131| 8.399| 0.0312| 8.031| 8.784| 8.011]| 0.0760{ 7.640| 8.401| 8.369| 0.0348| 8.085| 8.663
26| 15.820{ 0,0430{ 15.010{ 16.630| 16.158| 0.0225| 15.120| 17.268| 15.769| 0.0460| 14.546| 17.068| 15.589| 0.0569| 14.693| 16.539
27| 11.913] 0,0431| 11.427| 12.399| 12.162| 0.0232| 11.795| 12.539| 12.313| 0.0110| 11.858| 12.783| 12.194| 0.0206| 11.846] 12.552
28 | 14.780| 0,0501| 14.067| 15.494| 14.850| 0.0456| 14.303| 15.418| 15.196| 0.0234| 14.538| 15.877| 14.720] 0.0540| 14.191| 15.269
29| 16.785] 0,0392| 16.019| 17.551| 17.280| 0.0109| 16.440| 18.163| 17.000] 0.0269| 16.031| 18.012| 16.734| 0.0421] 15.986| 17.517
30| 10.865| 0,0325| 9.819| 11.912| 10.487| 0.0662| 9.922| 11.083| 10.015| 0.1082| 9.433| 10.630| 10.506| 0.0645| 10.054| 10.979
31| 7.741] 0,0571| 6.788| 8.695| 7.849| 0.0440| 7.528| 8.183| 8.029| 0.0221| 7.605| 8.477| 8.127| 0.0101| 7.825| 8.442
32| 19.355]| 0,0298| 17.602| 21.107| 18.142| 0.0906| 16.983| 19.379| 19.878| 0.0036| 18.087| 21.774| 19.676| 0.0137| 18.356| 21.087
33| 15.501] 0,0408| 14.285| 16.716| 15.305| 0.0529| 14.513| 16.139| 14.950| 0.0749| 14.080| 15.861| 15.494| 0.0412| 14.806| 16.213
34| 8.473| 0,0404| 7.049| 9.897| 8.339| 0.0556| 7.907| 8.794| 8.674| 0.0177| 8.044| 9.354| 8.741] 0.0100| 8.262| 9.249
35| 12.392| 0,0445| 11.315| 13.469| 12.551| 0.0323| 12.012| 13.115] 12.862| 0.0083| 12.121| 13.641| 12.803| 0.0129| 12.256| 13.374
36| 25.053] 0,1751| 24.147| 25.958| 25.353| 0.1892| 24.289| 26.464| 25.685| 0.2048| 24.603| 26.786| 24.519| 0.1501| 23.577| 25.496
37| 24.593| 0,1728] 23.696| 25.490| 25.333| 0.2081| 24.204| 26.514| 25.102| 0.1971| 23.980| 26.247| 25.158| 0.1997| 24.163| 26.191
38| 36.133| 0,0546| 34.746| 37.520| 36.936| 0.0336| 35.110| 38.858| 37.161| 0.0277| 35.682| 38.622| 36.607| 0.0422| 34.926| 38.359
39| 30.387| 0,1476| 29.413| 31.361| 31.054| 0.1727| 29.615| 32.564| 31.097| 0.1744| 29.813| 32.388| 30.135| 0.1380| 28.907| 31.410
40| 45.181] 0,0626] 43.360| 47.003| 44.994| 0.0665| 42.372| 47.778| 46.127| 0.0430| 44.434| 47.737| 43.296| 0.1018| 40.695| 46.035
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The prediction results by model (8) and values of
MRE are shown in the Table 2 for two cases: Johnson’s
univariate and multivariate normalizing transformations.
Table 2 also contains the prediction results by linear
regression model (9) for values of components of vector
X from Table 1 and MRE values. The MRE values for the
multiple non-linear regression model (8) based on the
Johnson multivariate transformation are smaller than for
the linear regression model (9) for 25 rows of data: 1, 3—
7, 10, 14-16, 18-24, 27, 31, 32, 34-36, 38, 39. Also the
MRE values for the non-linear regression model (8) based
on the Johnson multivariate transformation are smaller
than for the multiple non-linear regression model (10)
following the decimal logarithm univariate transformation
for 22 rows of data: 1, 2, 4, 5, 7, 10, 14, 18, 19, 21, 22,
24,27, 30-37, 39. And ones are smaller than for the non-
linear regression model (8) following the Johnson
univariate transformation for only 18 rows of data: 2, 4, 5,
10, 12, 14, 18, 19, 21-23, 25, 30, 31, 33, 34, 36 and 39.

MMRE and PRED(0.25) are accepted as standard
evaluations of prediction results by regression models and
equations. The acceptable values of MMRE and
PRED(0.25) are not more than 0.25 and not less than 0.75

respectively. The acceptable value of R? is approximately

the same as for PRED(0.25). The values of R?, MMRE
and PRED(0.25) equal respectively 0.9847, 0.0565 and
1.0 for linear regression model (9), and equal respectively
0.9810, 0.0503 and 1.0 for the model (10), and equal
respectively 0.9828, 0.0478 and 1.0 for the model (8) for
the Johnson wunivariate transformation, and equal
respectively 0.9818, 0.0443 and 1.0 for the model (8) for
the Johnson multivariate transformation. The value of
MMRE is better for the model (8) for the Johnson
multivariate transformation in comparison with all
previous models.

The confidence and prediction intervals of multiple
non-linear regression are defined for the data from
Table 1. Table 2 contains the lower (LB) and upper (UB)
bounds of the confidence intervals of linear and multiple
non-linear regressions on the basis of univariate and
multivariate transformations respectively for 0.05
significance level. The widths of the confidence interval
of multiple non-linear regression on the basis of the
Johnson multivariate transformation are smaller than for
linear regression (9) for 34 rows of data: 1-25, 27-35.
Also the widths of the confidence interval of multiple
non-linear regression on the basis of the Johnson
multivariate transformation are less for more data rows
than for multiple non-linear regressions following the
univariate transformations, both decimal logarithm and
the Johnson. The widths of the confidence interval of
multiple non-linear regression on the basis of the Johnson
multivariate transformation are smaller than following the
decimal logarithm univariate transformation for 37 rows
of data: 1-31, 33, 36-40. And ones are smaller than
following the Johnson univariate transformation for 34
rows of data: 2, 3, 5, 6, 811, 13-37 and 39.
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Approximately the same results are obtained for the
prediction intervals of regressions.

Table 3 contains the lower (LB) and upper (UB)
bounds of the prediction intervals of multiple linear and
non-linear regressions on the basis of univariate and
multivariate transformations respectively for 0.05
significance level. Note the lower bounds of the
prediction interval of linear regression (9) are negative for
the four rows of data: 1, 4, 5 and 7. All the lower bounds
of the prediction interval of multiple non-linear
regressions are positive. The widths of the prediction
interval of multiple non-linear regression on the basis of
the Johnson multivariate transformation are smaller than
for linear regression (9) for 35 rows of data: 1-35.

Table 3 — The bounds of the prediction intervals

. Bounds for multiple non-linear regression

Bounds for linear - - —
No regression decimal logaqthm Johnson multl\{arlate

transformation transformation

LB UB LB UB LB UB
1 -1.174 4.205 1.186 1.606 1.184 1.431
2 0.689 6.096 2.906 3.966 2.968 3.877
3 0.548 5.939 2.782 3.756 2.850 3.682
4 —0.942 4431 1.417 1.912 1.439 1.773
5 —0.104 5.278 2.134 2.879 2.050 2.620
6 0.637 6.010 2.855 3.834 2.928 3.775
7 -0.456 4.906 1.817 2.454 1.854 2.341
8 0.615 5.988 2.857 3.829 2.962 3.815
9 0.300 5.664 2.562 3.435 2.658 3.407
10 1.855 7.224 3.955 5.297 4.097 5.340
11 2.740 8.149 4.377 5.955 4.412 5.850
12 0.188 5.550 2.264 3.080 2.284 2.938
13 4.430 9.826 6.291 8.473 6.366 8.416
14 1.133 6.492 3.200 4.310 3.279 4.263
15 2.319 7.669 4.344 5.818 4.517 5.900
16 4.266 9.647 6.117 8.201 6.248 8.229
17 0.625 5.984 2.860 3.847 2.965 3.830
18 0.830 6.195 3.064 4.112 3.209 4.150
19 1.849 7.198 3.961 5.306 4.137 5.390
20 0.879 6.264 3.018 4.070 3.109 4.034
21 3.245 8.582 5.186 6.951 5.268 6.906
22 1.402 6.788 3.535 4.768 3.640 4.748
23 7.133 12.481 8.759 11.722 8.754 11.554
24 6.889 12.246 8.304 11.135 8.489 11.217
25 5.753 11.173 7.231 9.756 7.281 9.627
26 13.072 18.568 13.802 18.916 13.436 18.079
27 9.242 14.584 10.508 14.075 10.607 14.018
28 12.059 17.502 12.810 17.214 12.782 16.948
29 14.049 19.520 14.853 20.103 14.496 19.309
30 8.038 13.692 8.997 12.224 9.107 12.124
31 4.947 10.535 6.763 9.108 7.066 9.356
32 16.197 22.512 15.500 21.234 16.896 22.892
33 12.607 18.394 13.141 17.825 13.420 17.880
34 5.486 11.460 7.160 9.712 7.551 10.127
35 9.554 15.231 10.809 14.575 11.095 14.774
36 22.275 27.831 21.839 29.433 21.321 28.160
37 21.818 27.368 21.804 29.432 21.874 28.896
38 33.163 39.103 31.740 42.984 31.889 41.925
39 27.586 33.188 26.713 36.101 26.235 34.553
40 41.985 48.377 38.533 52.537 37.588 49.717

Also the widths of the prediction interval of multiple
non-linear regression on the basis of the Johnson
multivariate transformation are smaller for more data
rows than for multiple non-linear regressions following
the univariate transformations, both decimal logarithm
and the Johnson. The widths of the prediction interval of
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multiple non-linear regression on the basis of the Johnson
multivariate transformation are smaller than following the
decimal logarithm univariate transformation for 38 rows
of data: 1-31, 33, 35-40. And ones are smaller than
following the Johnson univariate transformation for 26
rows of data: 1, 2, 4-19, 21, 23-26, 28-30.

The null hypothesis that the observed frequency
distribution of residuals for linear regression models (7)
and (9) is the same as the normal distribution was tested
by Pearson’s chi-squared test. We can accept the null
hypothesis that the distribution of residuals for linear
regression model (7) is the same as the normal
distribution for normalized data, which normalized by the
Johnson multivariate transformation only, since the chi-
squared test statistic value equals to 5.59 is smaller than
the critical value of the chi-square, which equals to 7.81
for 3 degrees of freedom and 0.05 significance level. The
chi-squared test statistic values equal to 60.61, 12.41 and
17.34 respectively for the model (9), the model (7) for
normalized data, which normalized by the decimal
logarithm univariate transformation and the Johnson
univariate transformation for Sp family.

Following [16] multivariate skewness ; and kurtosis
B, are estimated for 40 data rows from Table I and the

normalized data on the basis of the decimal logarithm
transformation, the Johnson univariate and multivariate
transformations for Sg family. The measures B, and B3,

allow one to test two hypotheses that are compatible with
the assumption of multivariate normality. The estimator
of multivariate skewness given by [16]

Br=—

L322l

The estimator of multivariate kurtosis given by [16]

o=t 37T siltn 7).

In our case, in the formulas (11) and (12), the vectors
Z and Z should be replaced by the vectors P and P or T
and T, respectively, for the initial (non-Gaussian) or
normalized data. It is known that B, =m(m+1)m+2)/N

and f, :m(m+2) hold under multivariate normality.

1 N

(11

(12)

The given equalities are necessary conditions for
multivariate normality. In our case ;=3 and 3, =24.

The estimators of multivariate skewness and kurtosis
equal 19.38, 4.18, 5.30, 4.65, and 47.37, 23.22, 26.32,
24.29 for the data from Table 1, the normalized data on
the basis of the decimal logarithm transformation, the
Johnson wunivariate and multivariate transformations
respectively. The values of these estimators indicate that
the necessary condition for multivariate normality is
practically performed for the normalized data on the basis
of the decimal logarithm transformation and the Johnson
multivariate transformation, it does not hold for other
data.
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6 DISCUSSION

As it evident from the Table 3, the values of lower bounds
of the prediction intervals of linear regression (9) for
estimating the agile testing efforts for small Web projects
are negative for some data rows. In our opinion, the
presence of negative values may be explained by two
reasons. Firstly, for the initial data from Table 1, four
basic assumptions that justify the use of linear regression
model, one of which is normality of the error distribution,
are not valid. Moreover, the chi-squared test statistic
value for residuals in linear regression model (9) is larger
than for residuals in linear regression model (7) for
normalized data, which normalized by the Johnson
multivariate transformation, more than 10 times.
Secondly, there is reason to reject the hypothesis that the
sample of normalized data comes from a multivariate
normal distribution. Note all the lower bounds of the
prediction intervals of multiple non-linear regressions are
positive.

Also note that in our case for the data from Table 1,
the poor normalization of multivariate non-Gaussian data
using the Johnson univariate transformation leads to an
increase in the widths of the confidence and prediction
intervals of multiple non-linear regression for a larger
number of data rows compared to the Johnson
multivariate transformation.

The widths of the confidence and prediction intervals
of multiple non-linear regression on the basis of the
Johnson multivariate transformation are smaller for more
data rows than for linear regression and multiple non-
linear regressions following the univariate
transformations, both decimal logarithm and the Johnson.
Also the MMRE value is smaller for the model (8) for the
Johnson multivariate transformation in comparison with
all other models, both linear and non-linear, based on
univariate transformations. This may be explained best
multivariate normalization and the fact that there is no
reason to reject the null hypothesis that the distribution of
residuals for linear regression model (7) is the same as the
normal distribution for normalized data, which
normalized by the Johnson multivariate transformation
only.

CONCLUSIONS

The important problem of increase of confidence of
agile testing effort estimation for small Web projects is
solved.

The scientific novelty of obtained results is that the
multiple non-linear regression model to estimate the agile
testing efforts for small Web projects is firstly constructed
on the basis of the Johnson multivariate transformation
for Sg family. This model, in comparison with other

regression models (both linear and non-linear), has a
smaller value of the mean magnitude of relative error,
smaller widths of the confidence and prediction intervals
of multiple non-linear regression.

The practical significance of obtained results is that
the software realizing the constructed model is developed
in the sci-language for Scilab. The experimental results
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YK 004.412:519.237.5
MHOKWHHA HEJIHIAHA PETPECITHA MOJEJIb 1J151 OLTHIOBAHHS TPYJIOMICTKOCTI AGILE TECTYBAHHS
JJIs1 MAJIUX BEB-TIPOEKTIB
IIpuxoabko H. B. — kaHJ. ekoH. Hayk, JIOLEHT, JoueHT kadenpu ¢inancis HarionanpHoro ysiepcurery kopabieOylyBaHHs iMeHi
anMipana Makaposa, Mukonais, Ykpaina.
Hpuxoasko C. b. — 1-p TexH. Hayk, npodecop, 3aBimyBau Kadeapu MNPOrPaMHOTO 3a0E3MEUCHHS ABTOMATH30BAHUX CHCTEM
HauionaneHoro yHiBepcuTeTy kopabnebyayBaHHs iMeHi anmipana MakapoBa, MukonaiB, Ykpaina.

AHOTALISA

AKTyaJbHicTh. OLIHIOBAHHS TPYIOMICTKOCTI TECTYBaHHS MPOrPAMHOr0 3a0E3ME4eHHs € OJIHIEI0 3 BAXIMUBHX MPoOIeM y po3polii
POrpaMHOro 3a0e3MeYeHHs Ta )KUTTEBOMY LIUKJII TECTyBaHHs MpPOrpaMHOro 3adesnedeHHs. O0’€KTOM JIOCHIKEHHS € MPOLEC OLiHIOBAHHS
TPYIOMICTKOCTI agile TecTyBaHHS Juli MajMX BeO-mpoekTiB. [IpeameToM moCHiKEHHS € MOJeNi MHOXHMHHOI perpecii uis OLiHIOBaHHS
TPYAOMICTKOCTI agile TecTyBaHHS JUI MaIUX BEO-IPOEKTIB.

Meta. MeToro poOOTH € CTBOPEHHSI MO MHOXXHWHHOI HEJTiHIHHOI perpecii AJIsi OLHIOBAaHHS TPYJIOMICTKOCTI agile TecTyBaHHS uis
MaJInX BeO-TIPOEKTIB Ha OCHOBI 0AaraTOBMMIPHOTO HOPMali3yl04doro repeTBopeHHs J)>koHcoHa.

Mertoa. Mozens, NoBipdi iHTepBaIX Ta iHTEpBAIH IepeadaYeHH OaraToBUMIipHOI HENiHilHOT perpecii ULt OI[iHIOBaHHS TPYJOMICTKOCTI
agile TecTyBaHHS i ManuX BeO-MPOEKTIB MOOYAOBaHI Ha OCHOBI 0araTOBHMIpPHOTO HOpPMai3yrdoro mneperBopeHHs JIxoHCOHA st
HEerayCiBChbKHMX JaHHMX 3a JIOIIOMOIOH BIAMOBIIHUX MeTOAiB. Metoau moOynoBHM MoJesel, piBHSHb, JOBIPYMX IHTEpBAIiB 1 iHTEpBaJiB
nepenbayeHHs HEMIHIMHMX perpecii 3acHoBaHi Ha 0araTOBUMIPHOMY HENIHIHHOMY perpeciiHoMy aHalizi 3 BHMKOPHUCTaHHIM
0araTOBHMIpHHX HOPMali3ylOUHX IepeTBOpEeHb. Po3rmiHyTo BimmoBigHi Meromu. Lli MeTonu mO3BONSIOTH BPaxOBYBAaTH KOPEIAIII0 MiK
BUIIaJKOBUMH BEIUYMHAMH B Pa3i HOpMaizallii 6araTOBUMipHHUX HErayCiBChbKUX JaHUX. 3araioM, Iie MPU3BOIUTH J0 3MEHILIEHHS CepeIHbOT
BEJIMYMHU BIJHOCHOI MOXHMOKH, HIMPHUHHM JOBIPYMX IHTEpBAJIB 1 IHTepBaliB mepeabaueHHs B IMOPIBHSIHHI 3 JIIHIHHUMH MOJEISIMHU Ta
HEJTiHIHHAMY MOJENSMH, T00YJOBAaHUMY 3 BUKOPHCTaHHAM OJXHOBUMIPHHX HOPMAi3yIOUHX IIEPETBOPEHE.

PesyabTaTn. 37iliCHEHO MOPIBHIHHS MOOYIOBAHOI MOJENi 3 MOJECISMHE JIHIFHOI perpecii Ta HEMHIHHUMH pErpecisiMu Ha OCHOBI
JIECSTKOBOTO JIOTapu(pMy Ta 0JTHOBUMIPHOTO NIepeTBOpPEeHHS [I)KOHCOHA.

BucHoBku. Moienb HeiHIMHOI perpecii Ai1s OLIHIOBaHHS TPYJOMICTKOCTI agile TecTyBaHHs aj1 MaJMX BeO-IIPOEKTiB 1Mo0ynoBaHa Ha

OCHOBi GaraTOBHMIpHOTO MepeTBOpeHHs JKOHCOHa juist cimeiictBa Sg. Ll Mogens B MOpiBHAHHI 3 iHIMMH perpeciiiniii mMomenmi (K

JHIHHUMH, TaK 1 HETIHIHHUMH) Ma€ MEHILE 3HAYCHHS CepeHbOI BEIMYMHU BiJJHOCHOI MOXUOKHM, MEHIII HIMPUHH JIOBIPYMX IHTEPBAJIB 1
iHTepBatiB nependadeHHs. [IepCreKTHBY MoJaIbIINX JOCTIDKEHh MOKYTh BKJIIOYATH 3aCTOCYBaHHS IHIINX 0araTOBUMIPHUX HOPMai3ylOTh
HepPeTBOPEHb 1 HAOOPIB JaHHUX WA MOOYJOBM MOJEII HENiHiHOI perpecii mis OmiHIOBaHHSA TPYZOMICTKOCTI agile TecTyBaHHSA Ul MaluX
BEO-IIPOCKTIB.
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KJIFOYOBI CJIOBA: agile TecTyBaHHS, OLIHIOBaHHS, TPYAOMICTKICTh TECTyBaHHs, Be® IPOEKT, MOJIeNb MHOXKHMHHOI HENiHIHHOT
perpecii, 6araToBUMipHe HOpMaITi3yroue MEePETBOPEHHS, HETayCIBChKI JaHi.

YK 004.412:519.237.5
MHOKECTBEHHASI HEJIMHEMHASI PETPECCUOHHASI MOJIEJIb 1151 OUEHKH TPYJIOEMKOCTH AGILE
TECTUPOBAHUA JJ1s1 MAJIBIX BEB-IIPOEKTOB

Ipuxoasko H. B. — kaHz. 5KOH. HayK, JOLEHT, JOLEHT Kadeapsl ¢prHaHCOB HalMOHAIBHOTO YHUBEPCUTETY KOPAOIECTPOCHHS UMEHH
aamupana Maxkaposa, Hukonaes, YkpanHa.

Hpuxoasko C. B. — 0-p TexH. Hayk, npodeccop, 3aBeayromuid Kadenpoil IPOrpaMMHOro 00ecIedeHHsI aBTOMATH3UPOBAHHBIX CHCTEM
HarnmonansHOTro yHUBEpCUTETY KOpabiecTpoeHus MeHH aaMupana Makaposa, Hukomnaes, Ykpanna.

AHHOTAIUA

AKTyaJIbHOCTb. OLEHUBaHUSA TPYAOEMKOCTH TECTHPOBAHHMs HPOrPaMMHOI0 oOeCHedeHMs SABISETCS OJHOW U3 BaXKHBIX HpPOOIEM B
pa3paboTKe MPOrpaMMHOTO OOCCICUCHUSI W KU3HEHHOM IUKIIE TECTUPOBAaHHs MporpaMMHOro obdecredeHus. OOBEKTOM HCCICIOBAHUS
SIBJISICTCSl TIPOLIECC OLIEHKHM TPYJOEMKOCTH agile TeCTUpOBaHUs Ul MalbIX BeO-NpoekToB. IIpeaMeToM uccnenoBaHus SBISIOTCS MOJEIH
MHOKECTBEHHON PErpeccry IJIsl OLEHKH TPYA0EMKOCTH agile TeCTHpOBaHMs Ul MalIbIX BEO-IIPOEKTOB.

Henas. Llens paGoTel — co3maHHe MOJETU HENIMHEHHON perpeccHy IS OLCHKH TPYHDOEMKOCTH agile TecTHpoBaHUS IS MajblX BeO-
MPOEKTOB HA OCHOBE MHOT'OMEPHOI'0 HOPMAJIM3UPYIOIIETO MpeodpazoBanus HKOHCOHA.

Metoa. Mojenb, AOBepUTENIbHBIE MHTEPBAJIbl U MHTEPBAIbl MPOTHO3UPOBAHMS MHOTOMEPHON HEIMHEHHON perpeccuu AJs OLIEHKU
TPYJIOEMKOCTH agile TecTUpoBaHHs ISl MaJIbIX BEO-IIPOEKTOB MOCTPOEHBI HA OCHOBE MHOTOMEPHOI'0 HOPMAIU3UPYIOLIEro Npeodpa3oBaHus
JKOHCOHA JUIi HErayCCOBCKHX JAaHHBIX C IIOMOLIBIO COOTBETCTBYIOLIIMX METOAOB. MeToibl MOCTPOEHHs MOJENeH, ypaBHEHUId,
JOBEPUTEIbHBIX MHTEPBAJOB M MHTEPBAJIOB IPEACKA3aHMS HEIMHEWHBIX pErpeccuil OCHOBaHBI HAa MHOTOKPATHOM HEJIMHEHHOM
PErpeccCHOHHOM aHaJIM3€ C UCHOJIb30BAHUEM MHOTOMEPHBIX HOPMAIM3YIOIUX MpeoOpa3zoBaHuil. PaccMOTpeHbl COOTBETCTBYIOIUE METOIbI.
Mertop TO3BOJIAIOT YYUTHIBATh KOPPEILNUIO0 MEXKAY CIy4alHBIMH BEIHYMHAMH B CIy4ae HOPMAJIM3allMd MHOTOMEPHBIX HErayCCOBCKHX
JaHHBIX. B 00111eM, 3T0 IPUBOIUT K YMEHBLICHHIO CPEIHEH BETMUMHBI OTHOCHTEIBbHOM MOTPEIIHOCTH, IIMPUHBI JIOBEPUTEIbHBIX HHTEPBAJIOB
W MHTEPBAJIOB IPEJICKAa3aHUs 10 CPABHEHHIO C JIMHEHHBIMU MOZENSAMM M HEIUHEHHBIMH MOJEISAMM, NMOCTPOCHHBIMH C HCIIOJNB30BAaHUEM
OJIHOMEPHBIX HOPMAJIH3YIOIIUX [IPeoOpa3oBaHuUi.

Pe3yabTatbl. [IpoBeieHO cpaBHEHHE MMOCTPOCHHONW MOJENHU C JMHEHHOW MOJIENBIO M HEIMHEWHBIMH PErPECCHOHHBIMU MOJCISIMU Ha
OCHOBE JICCATHYHOTO Jorapuma 1 0HOMEPHOro npeodpazoBanus JHkoHCOHA.

BoiBoabl. Mojienb HETMHEHHOH perpeccuu Uil OLIEHKH TPYAOEMKOCTH agile TeCTUpOBaHUs Ul MAJIbIX BEO-IIPOEKTOB MOCTPOECHA Ha

OCHOBE€ MHOI'OMEPHOIO npeo6pa3OBaHH51 ﬂ)KOHCOHa JJIA ceMeicTBa SB DTta MOJACJIb IO CPaBHEHUIO C APYIrMMHU PErpeCCUHOHHbBIMU

MoZENAMHU (KaK JMHEHHBIMH, TaK ¥ HETMHEHHBIMU) UMEET MEHbILIee 3HAUCHUE CPEe/IHEIl BEIMUMHBI OTHOCUTEIILHON TOTPELIHOCTH, MEHBILIHE
LIMPUHBl JOBEPHUTEIBHBIX HHTEPBAJOB M HHTEPBAJIOB MpeAcKa3aHus. [IepCrieKTHBBI AaibHEHIINX HCCICAOBAHUI MOTYT BKIIFOYATh
MPUMEHEHHE JPYTMX MHOTOMEPHBIX HOPMAIM3YIONIMX MNpeoOpa3oBaHuii ¥ HAaOOPOB [JaHHBIX IS IOCTPOCHUS MOJCIU HEIMHEHHOU
perpeccuu st OEHKH TPYA0EMKOCTH agile TeCTUPOBAaHUS I MAJIBIX BEO-IIPOSKTOB.

KJIFOUYEBBIE CJIOBA: agile tectupoBaHue, OLCHKA, TPYAOEMKOCTh TECTUPOBaHHs, BeO NpOEeKT, MOAenb MHOKECTBEHHOM
HEJIMHEHHOH perpeccun, MHOroMepHOE HOpMaJIM3yIollee TpeoOpa3oBaHusl, HETrayCUBChKH JaHHBIE.
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