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ABSTRACT

Context. The problem of estimating the software size in the early stage of a software project is important, since the information
obtained from estimating the software size is used for predicting the software development effort, including open-source Java-based
information systems. The object of the study is the process of estimating the software size of open-source Java-based information
systems. The subject of the study is the regression models for estimating the software size of open-source Java-based information
systems.

Objective. The goal of the work is the creation of the non-linear regression model for estimating the software size of open-source
Java-based information systems on the basis of the Johnson multivariate normalizing transformation.

Method. The model, confidence and prediction intervals of multiply non-linear regression for estimating the software size of
open-source Java-based information systems are constructed on the basis of the Johnson multivariate normalizing transformation for
non-Gaussian data with the help of appropriate techniques. The techniques to build the models, equations, confidence and prediction
intervals of non-linear regressions are based on the multiple non-linear regression analysis using the multivariate normalizing
transformations. The appropriate techniques are considered. 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 or 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 non-linear regression model to estimate the software size of open-source Java-based information systems is
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 larger multiple coefficient of determination, a larger value of percentage of prediction and
a smaller value of the mean magnitude of relative error. The prospects for further research may include the application of other
multivariate normalizing transformations and data sets to construct the non-linear regression model for estimating the software size
of open-source Java-based information systems.

KEYWORDS: software size estimation, Java-based information system, non-linear regression model, univariate normalizing
transformation, non-Gaussian data.

ABBREVIATIONS N(0,]) is a Gaussian distribution with zero
HTML is hypertext markup language; mathematical expectation and unit variance;
JSP is Java server pages; P is a non-Gaussian random  vector,
KLOC is the thousand lines of code; T
LB is lower bound; PZ{Y,XI,XZ,...,XK} ;
MD is Mahalanobis distance; R? is a multiple coefficient of determination;

MMR is a magnitude of relative error;
MMRE is a mean magnitude of relative error;
PHP is hypertext preprocessor; T is a Gaussian random vector,
PRED is percentage of prediction; T

SQL is structured query language; T= {ZY’Zl’ZZ’“"Zk} ’
UB is upper bound; t

S\ is a sample covariance matrix, Sy = [Sij] ;

is a quantile of student's t-distribution with v

VBA is visual Basic for application. a/2,v
degrees of freedom and o/2 significance level;
. NOMENCLATURE X is a total number of classes;
b is estimator for vector of linear regression equation X, is a total number of relationships;
parameters, b = {b;,b,,...,by }T ; X5 is an average number of attributes per class,
b, is estimator for the i-th parameter of linear Y is an actual software size in KLOC;
regression equation; ZJ{( is a matrix of centered regressors that contains
k is a number of independent variables (regressors); the values Z, —=Z,, Zy —Zy, ..., Zy —Zy;

N is a number of data points; ) )
Zy 1s a vector with components Z;;
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(zy )T is a transpose of zy ;

Z, is a sample mean of the values of the variable
Zy;

ZY is a prediction linear regression equation result;

o is a significance level,
B, is a multivariate kurtosis;

Y is

multivariate translation, y = (yY SY15 Y255 Vk )T ;

a vector of parameters of the Johnson

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

n is
multivariate translation, n = diag (ny Mse-->MNk ) ;

A is a vector of parameters of the Johnson
multivariate translation, A = diag (kY Y ST Xk) ;

a vector of parameters of the Johnson

v is a number of degrees of freedom;

XY is a covariance matrix, X = [Zij ] ;

¢ is a vector of parameters of the Johnson
multivariate translation, ¢ = ((py O, P25 Pk )T ;

y is a

transformation, y = {\VY WL W, Yk }T .

vector of multivariate normalizing

INTRODUCTION

Java is a programming language and computing
platform first released by Sun Microsystems in 1995
(https://www.java.com). Now Java is used practically
everywhere from laptops to datacenters, game consoles to
supercomputers, cell phones to the Internet, including
information systems. Software size is one of the most
important internal metrics of software including software
of open-source Java-based information systems.

The information obtained from estimating the
software size are useful for predicting the software
development effort by such well-known model as
COCOMO 1I. This leads to the need to develop
appropriate models to estimate the software size [1-4].

The paper [2] proposed the linear regression equations
for estimating the software size of some programming
languages including Java. The proposed equation is
constructed by multiple linear regression analysis on the
basis of the metrics that can be measured from conceptual
data model based a class diagram. However, there are
four basic assumptions that justify the use of linear
regression models, one of which is normality of the error
distribution. But this assumption is valid only in particular
cases. This leads to the need to use the non-linear
regression models including for estimating the software
size of Java-based open-source information systems.

The object of study is the process of estimating the
software size of open-source Java-based information
systems.
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The subject of study is the non-linear regression
models to estimate the software size of open-source Java-
based information systems.

The known regression equation for estimating the
software size of open-source Java-based information
systems [2] is linear and generally have large widths of
confidence and prediction intervals.

The purpose of the work is to construct the non-
linear regression model for estimating the software size of
open-source Java-based information systems. The
software size prediction results by constructed model
should be better in comparison with other regression
models, both linear and nonlinear, primarily on such
standard evaluations as the multiple coefficient of
determination and mean magnitude of relative error.

1 PROBLEM STATEMENT
Suppose given the original sample as the four-
dimensional non-Gaussian data set: actual software size in
the thousand lines of code (KLOC) Y, the total number of
classes X, the total number of relationships X, and the

average number of attributes per class X; in conceptual

data model from N information systems developed using
the Java programming language with JSP, HTML and
SQL. Suppose that there are bijective multivariate
normalizing transformation of non-Gaussian random

vector P:{Y,XI,XZ,...,Xk}T to Gaussian random

vector T = {Zy,Zl,Zz,...,Zk }T is given by
T=y(P) Q)

and the inverse transformation for (1)

P=y(T). 2

It is required to build the non-linear regression model
in the form Y :Y(Xl,Xz,X3,8) on the basis of the

transformations (1) and (2).

2 REVIEW OF THE LITERATURE
In paper [2] the linear regression equation for
estimating the software size of open-source Java-based
information systems was proposed in the form

Y’\=60+61X1+62X2 +63X3, (3)

where by =-10.121,

b; =0.726..

A normalizing transformation is often a good way to
build the models, equations, confidence and prediction
intervals of non-linear regressions [5—8]. According to [7]
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

by=1.201, b,=1439 and
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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 equations,
confidence and prediction intervals of multivariate non-
linear regressions are based on the univariate normalizing
transformations (such as, the decimal logarithm, 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  such  univariate = normalizing
transformations for building the non-linear regression
models does not always lead to good normality and linear
relationship between normalized variables. This leads to

the need to wuse the multivariate normalizing
transformations.
In [9] the techniques to build the equations,

confidence and prediction intervals of 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
equation, confidence and prediction intervals of linear
regression for the normalized data are built. In the third
step, the equations, confidence and prediction intervals of
non-linear regressions for multivariate non-Gaussian data
are constructed on the basis of the equation, confidence
and prediction intervals of linear regression for the
normalized data and the multivariate normalizing
transformation. Note there is no the error term in non-
linear regression equation. The absence of the error term
in non-linear regression equation does not allow modeling
the random dependent variable for its prediction. This
leads to the need to develop the non-linear regression
model for estimating the software size of open-source
Java-based information systems.

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 according to (1) will have the form

ZY:ZAY+8=Z_Y+(Z;—()B+S. (4)

After that the non-linear regression model is built on
the basis of the linear regression model (4) for the
normalized data and the transformations (1) and (2). The
non-linear regression model will have the form

Y :\y?l[Z_Y +(Z;’( )f)+8] . )
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The technique to build a confidence interval of non-
linear regression is based on transformations (1) and (2),
and a confidence interval of linear regression for
normalized data

Zy £ ta/2,VSZY

vl s 23 T(zi b e

’ \T

Mz

1
where S% =—
Y Vi
i=1
is the k xk matrix

SZIZI Szlzz SZIZk
(Z_;( )TZ§ _ SZIZZ 82222 Szzzk ’
Szlzk Szzzk Szkzk

N
where SZqu :Z‘;[Zqi —ZqIZ,.i —Zr], g,r=12,....,k .
i=
The confidence interval for non-linear regression is
built on the basis of the interval (6) and inverse
transformation (2)

7|20 stynan, ol e 23 ] )

The technique to build a prediction interval is based
on multivariate transformation (1), the inverse
transformation (2) and a prediction interval for
normalized data

2yt 52, 14+ ok [(ﬁ( [ 2 T(z; [

The prediction interval for non-linear regression is
built on the basis of the interval (7) and inverse
transformation (2)

~ 12
will 2y ita/2,vszv {1+ﬁ+(l§( )T [(Z;“( )T Z;} l(z;( )} '

For normalizing the multivariate non-Gaussian data,
we use the Johnson translation system. In our case the
Johnson normalizing translation is given by [10]

T:y+qh[r1(P-(p)] ~N,(0,,,%), ®)
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where

hl(yy . Yoo il = o O Ly P

hi(-) is one of the translation functions

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

Here y=(X —¢)/A; Arsh(y)zln(y+\/ y2 +1) . In our

case X equals Y, X;, X, or Xj3 respectively.

The equation, confidence and prediction intervals of
non-linear regression to estimate the software size of
open-source Java-based systems are constructed on the
basis of the Johnson multivariate normalizing
transformation for the four-dimensional non-Gaussian
data set: actual software size in the thousand lines of code
(KLOC) Y, the total number of classes X;, the total

number of relationships X, and the average number of
attributes per class X3 in conceptual data model from 30

information systems developed using the Java
programming language with JSP, HTML and SQL.
Table 1 contains the data from [2] on four metrics of
software for 30 open-source Java-based systems.

Table 1 — The data set and squared MDs

No Y Xq Xy X3 - Sguared MD -
univariate |multivariate
1 11.717 8 6 4.25 0.99 0.99
2 47.52 23 19 9.565 1.65 1.50
3 84.01 26 40 11.462 10.13 6.55
4] 26.999 15 14 8.933 1.33 1.89
5 41.72 20 15 5.9 0.25 0.50
6 13.015 5 6 124 5.89 6.64
7 | 30.402 18 7 6.6011 1.59 3.10
8 | 29.159 23 10 6.957 2.26 3.13
9 | 53.443 28 25 4.179 3.53 4.02
10| 18.694 13 9 6.615 0.39 0.89
11| 26.384 16 6 5.125 2.23 4.06
12| 38.721 19 16 6.579 0.19 0.19
13| 75.643 26 30 6.154 1.87 2.74
14 46.72 21 24 6.048 1.31 1.66
15| 6.413 7 5 4.143 2.41 6.07
16| 79.534 20 37 4.85 7.06 8.20
17| 36.343 18 17 5.333 0.35 0.47
18| 59.684 22 31 6.182 2.49 2.62
19| 50.454 15 20 11.6 2.51 3.35
20| 3.055 4 1 7 10.83 7.10
21| 63.257 34 17 3971 9.16 8.29
22| 91.28 35 28 13.571 17.73 11.22
23| 32.707 11 17 7.545 0.98 1.54
24 11 5 5 3.6 6.15 6.36
25| 5.543 6 4 3.833 2.54 5.16
26| 22.686 12 11 6.667 0.11 0.22
27| 3911 3 2 6.667 7.26 5.52
28| 20.841 14 7 3 8.17 721
29| 9.269 6 5 3.5 3.23 2.82
30| 7.732 7 2 11.143 542 5.98
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For detecting the outliers in the data from Table 1 we
use the technique based on multivariate normalizing
transformations and the squared Mahalanobis distance
(MD) [11]. There are no outliers in the data from Table 1
for 0.005 significance level and the Johnson multivariate
transformation (8) for Sg family. The same result was
obtained in [12] for the transformation (8) for Sy family.
In [2] it was also assumed that the data contains no
outliers. The values of squared MD for normalized data
by the Johnson univariate transformation (9) for Sg

family from Table 1 indicate the data of system 22 is
multivariate outlier, since for this data row the squared
MD equals to 17.73 is greater than the value of the
quantile of the Chi-Square distribution, which equals to
14.86 for 0.005 significance level. Although note that
without using normalization, the data of system 11 is
multivariate outlier, since for this data row the squared
MD equals to 15.44.

Parameters of the multivariate transformation (9) for Sg

family were estimated by the maximum likelihood method.
Estimators for parameters of the transformation (9) are:

7y =9.63091 7, =15.5355, 7, =25.4294
75 =0.72801, fiy =1.05243 , f; =1.58306 ,
1, =2.54714 iy =0.54312, By =—1.4568,
b, =-1.8884, ®r =—6.9746 , by =3.2925,

Ay =153102.605, A, =243051.0, A, =311229.5 and

i3 =13.90. The sample covariance matrix Sy of the T is
used as the approximate moment-matching estimator of X

1.0000
0.9514
N"10.9333
0.1574

0.9514
1.0000
0.9006
0.1345

0.9333
0.9006
1.0000
0.0554

0.1574
0.1345
0.0554 |
1.0000

After normalizing the non-Gaussian data by the
multivariate transformation (9) for Sg family the linear

regression model (3) is built for normalized data

(10)

Parameters of the linear regression model (10) were
estimated by the least square method. Estimators for

ZY :ZY +8=60+6121+6222+63Z3 + €.

parameters of the equation (10) are such: 60 =1.02-107 ,

by =0.56085, b, =0.42491, by =0.05846 .
After that the non-linear regression model (4) is built

5 R Yt |
Y:@Y+xY[1+e‘(ZY+8‘YY)/“Y} . (11)
Xi—o;i
where Z.=y:+m;l I 1 e <Xi<oi+Ai,
PN T S X <oy

j=123.
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The model (11) is the non-linear regression model to
estimate the software size of open-source Java-based
information systems.

4 EXPERIMENTS

For comparison of the model (11) with other models
two non-linear regression models are built on the basis of
the data from Table | and two univariate normalizing
transformations: the decimal logarithm transformation
and the Johnson transformation.

The non-linear regression model is constructed on the
basis of the linear regression model (4) for the normalized
data and the decimal logarithm transformation

Y =105*P0 X Prx B2 x B (12)

where the estimators for parameters of the model (12) are:

by =-0.04536, b =0.64235, b, =0.56305

b, =0.18045 .

The non-linear regression model is constructed on the
basis of the linear regression model (4) for the normalized
data and the Johnson univariate transformation for Sg

and

family. In this case the estimators for parameters of the
model (11) are:  yy =0.46387,  ¥;=0.38093,

7, =0.60545 73 =0.65592 fly =0.50326,

A =0.62689 , A, =0.62215, 3 =0.72789
Gy =2.817, & =2.634, (,=0.700, G{3=2.839,
Ay =89.930, A;=33.711, A, =41428, A;=11.780,

bp =0, by =0.46976, b, =0.53539 and by =0.11397..

The computer program implementing the constructed
models (11) and (12) 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 (11) and (12) are the non-linear
regression equations for which the prediction results for
values of components of vector X ={X;, X5, X3} from

Table 1 and values of MRE are shown in the Table 2. The
prediction results by model (11) and values of MRE are
shown in the Table 2 for two cases: the Johnson
univariate and multivariate normalizing transformations.
Table 2 also contains the prediction results by linear
regression equation (3) from [2] for values of components
of vector X from Table 1 and MRE values. Note, all
prediction results by linear regression equation (3), non-
linear regression models (11) and (12) are positive.

Table 2 — The prediction results and confidence intervals of regressions for 30 open-source Java-based systems

Non-linear regression

Linear regression

univariate normalizing transformation

the Johnson multivariate

Z
o

the decimal logarithm

the Johnson transformation normalizing transformation

Y RME LB UB Y RME LB UB

Y RME LB UB Y RME LB UB

11.205

0.0437

8.301

14.109

12.197

0.0410

10.923

13.620

10.671

0.0893

8.989

12.756

11.978

0.0223

10.322

13.263

51.784

0.0897

48.396

55.171

53.248

0.1205

47.404

59.812

55.919

0.1768

49.992

61.568

52.316

0.1009

48.849

57.132

86.989

0.0355

79.427

94.551

90.515

0.0774

77.073

106.302

87.586

0.0426

83.866

89.805

87.262

0.0387

82.880

89.624

34.523

0.2787

31.823

37.223

33.653

0.2465

30.525

37.102

35.152

0.3020

30.502

40.115

33.719

0.2489

31.087

37.648

39.765

0.0469

36.726

42.804

39.052

0.0639

35.787

42.615

40.333

0.0333

35.838

44.986

38.969

0.0659

35.830

42.245

13.516

0.0385

6.843

20.188

10.941

0.1593

8.918

13.424

10.900

0.1625

7.968

15.255

11.602

0.1086

9.430

15.320

26.365

0.1328

21.326

31.404

24.255

0.2022

21.099

27.884

24.630

0.1898

20.414

29.485

23.956

0.2120

20.880

26.937

(| ||| |—

36.937

0.2668

30.570

43.305

35.027

0.2012

30.424

40.326

37.853

0.2982

31.806

44.302

35.358

0.2126

31.382

39.866

el

62.516

0.1698

57.570

67.462

60.729

0.1363

52.927

69.681

64.288

0.2029

57.204

70.537

62.131

0.1626

56.682

67.124

10

23.243

0.2433

20.890

25.595

22.674

0.2129

21.041

24.433

22.251

0.1903

19.396

25.446

22451

0.2009

20.399

24.563

11

21.446

0.1872

16.885

26.006

19.692

0.2536

17.110

22.665

18.897

0.2838

15.560

22.881

19.239

0.2708

16.405

21.492

12

40.496

0.0459

38.185

42.808

39.963

0.0321

36.836

43.355

41.354

0.0680

37.021

45.812

39.831

0.0287

36.978

43.139

13

68.744

0.0912

64.647

72.842

68.808

0.0904

61.557

76.912

70.832

0.0636

65.599

75.335

68.708

0.0917

64.545

72.542

14

54.028

0.1564

50.795

57.260

52.739

0.1288

47.735

58.266

55.262

0.1828

49.875

60.436

53.278

0.1404

49.565

57.466

15

8.487

0.3234

5.441

11.534

10.056

0.5681

8.926

11.329

8.703

0.3571

7.338

10.443

9.863

0.5379

8.468

10.966

16

70.670

0.1115

61.411

79.928

62.671

0.2120

53.424

73.519

73.437

0.0767

64.730

79.996

70.101

0.1186

64.881

77.099

17

39.831

0.0960

37.362

42.300

38.454

0.0581

35.184

42.028

39.331

0.0822

34.828

44.018

38.677

0.0642

35.425

41.986

18

65.401

0.0958

59.939

70.864

63.010

0.0557

55.949

70.961

66.982

0.1223

60.723

72.447

64.714

0.0843

60.331

69.576

19

45.094

0.1062

39.943

50.244

43.124

0.1453

37.198

49.994

47.605

0.0565

39.805

55.417

44.662

0.1148

40.487

51.875

20

1.200

0.6071

—2.531

4.932

3.118

0.0206

2.525

3.850

3.430

0.1227

3.180

3.849

3.173

0.0388

2.947

3.480

21

58.055

0.0822

47.956

68.154

54.860

0.1328

45.880

65.597

70.088

0.1080

58.879

78.528

62.201

0.0167

56.926

73.899

22

82.053

0.1011

75.043

89.064

92.398

0.0123

77.034

110.827

88.089

0.0350

84.129

90.284

88.102

0.0348

84.265

91.745

23

33.031

0.0099

28.529

37.532

29.837

0.0878

26.096

34.113

31.165

0.0471

26.305

36.522

31.086

0.0496

27.987

35.574

24

5.692

0.4826

1.975

9.408

7.899

0.2819

6.666

9.359

6.502

0.4089

5.391

8.063

7.677

0.3021

6.421

8.778

25

5.622

0.0143

2.367

8.878

7.921

0.4290

6.917

9.071

6.795

0.2259

5.745

8.199

7.745

0.3972

6.621

8.678

26

24.958

0.1002

22.712

27.204

24.148

0.0644

22.338

26.104

23.874

0.0524

20.862

27.219

24.192

0.0664

22.075

26.610

27

1.197

0.6938

-2.722

5.117

3.796

0.0295

3.169

4.547

3.548

0.0929

3.253

4.038

3.763

0.0378

3.404

4.254

28

18.942

0.0911

14.883

23.001

17.897

0.1413

15.224

21.039

13.423

0.3559

9.477

19.245

15.903

0.2369

11.765

18.810

29

6.820

0.2642

3.356

10.284

8.835

0.0468

7.597

10.274

7.279

0.2147

5.991

9.053

8.532

0.0795

7.117

9.686

30

9.248

0.1960

3.644

14.851

7.176

0.0719

4.599

11.199

7.022

0.0918

5.480

9.390

7.094

0.0825

5.826

8.605

© Prykhodko N. V., Prykhodko S. B., 2018
DOI 10.15588/1607-3274-2018-3-17

162




e-ISSN 1607-3274 PapioenexrpoHika, inpopmaruka, ynpasminsas. 2018. Ne 3
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2018. Ne 3

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? s
approximately the same as for PRED(0.25). The values of

R?, MMRE and PRED(0.25) equal respectively 0.9621,
0.1734 and 0.7667 for linear regression equation (3), and
equal respectively 0.9541, 0.1441 and 0.8667 for the
model (12), and equal respectively 0.9574, 0.1579 and
0.8000 for the model (11) for the Johnson univariate

transformation. The values of R?, MMRE and
PRED(0.25) are better for the model (11) for the Johnson
multivariate transformation in comparison with all
previous equations, and are 0.9672, 0.1389 and 0.8667
respectively.

The confidence and prediction intervals of 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 non-linear regressions
on the basis of univariate and multivariate transformations
respectively for 0.05 significance level. Note the lower
bounds of the confidence interval of linear regression (3)
from [2] are negative for the two rows of data: 20 and 27.
All the lower bounds of the confidence interval of non-
linear regressions are positive. The widths of the
confidence interval of non-linear regression on the basis
of the Johnson multivariate transformation are less than
for linear regression (3) from [2] for 21 rows of data: 1, 3,
6-8, 10, 11, 13, 15, 16, 18, 20-25, 27-30. Also the widths
of the confidence interval of non-linear regression on the
basis of the Johnson multivariate transformation are less
for more data rows than for non-linear regressions
following the univariate transformations, both decimal
logarithm and the Johnson. The widths of the confidence
interval of non-linear regression on the basis of the
Johnson multivariate transformation are less than
following the decimal logarithm univariate transformation
for 24 rows of data: 2-5, 7-9, 11-14, 16-25, 27, 29 and
30. And ones are less than following the Johnson
univariate transformation for 27 rows of data: 1, 2, 4-21,
23-26, 28-30. 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 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 (3) are negative for the eight rows of data: 1,
15, 20, 24, 25, 27, 29 and 30. All the lower bounds of the
prediction interval of non-linear regressions are positive.
The widths of the prediction interval of non-linear
regression on the basis of the Johnson multivariate
transformation are less than for linear regression (3) from
[2] for 16 rows of data: 1, 3, 6, 7, 10, 11, 15, 20, 22, 24—
30. Also the widths of the prediction interval of non-linear
regression on the basis of the Johnson multivariate
transformation are less for more data rows than for non-
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linear  regressions following the univariate
transformations, both decimal logarithm and the Johnson.
The widths of the prediction interval of non-linear
regression on the basis of the Johnson multivariate
transformation are less than following the decimal
logarithm univariate transformation for 17 rows of data:
2-5, 8,9, 12-14, 1622 and 27. And ones are less than
following the Johnson univariate transformation for 26
rows of data: 1, 2, 4-19, 21, 23-26, 28-30.

Table 3 — The bounds of the prediction intervals

. Bounds for non—linear regression

Bounds for linear — —
No regression Johnson umva_mate Johnson multlYarlate

transformation transformation

LB UB LB UB LB UB
1 —-0.004 22.413 5.679 22.412 7.536 19.277
2 40.441 63.127 32.573 75.467 36.600 68.504
3 73.784| 100.194 77.736 91.114 73.863 96.264
4 23.365 45.680 17.436 58.472 21.814 48.847
5 28.521 51.009 20.726 63.360 25.763 54.772
6 0.799 26.232 5.559 24.105 7.061 19.398
7 14.424 38.305 11.701 46.283 14.924 36.873
8 24.378 49.497 18.875 61.455 22.764 51.145
9 50.614 74.418 40.607 80.655 45.398 77.523
10 12.164 34.321 10.693 42.556 14.102 34.502
11 9.699 33.192 9.052 37.791 11.900 30.337
12 29.427 51.566 21.431 64.236 26.458 55.673
13 57.169 80.319 49.028 83.854 52.398 82.637
14 42.730 65.325 32.094 74.958 37.508 69.345
15 -2.759 19.733 4.920 18.108 6.290 15.899
16 56.425 84.914 51.026 85.596 52.840 84.458
17 28.727 50.935 20.068 62.454 25.536 54.455
18 53.275 77.527 43.924 81.998 48.094 79.560
19 33.105 57.082 25.246 70.052 29.796 61.411
20| -10.250 12.651 3.009 4.748 2.516 4.443
21 43.250 72.859 45.506 84.384 44.137 78.697
22 69.156 94.951 78.586 91.334 74.127 97.180
23 21.307 44,755 15.088 54.334 19.782 45.949
24 -5.754 17.138 4.077 13.054 4.988 12.419
25 —5.682 16.927 4.203 13.643 5.062 12.421
26 13.902 36.014 11.471 44.858 15.245 36.852
27| -10.316 12.711 3.048 5.105 2.834 5.520
28 7.380 30.503 6.446 29.640 9.577 26.119
29 —4.546 18.186 4.360 14.963 5.483 13.826
30 —2.942 21.438 4.206 14.773 4.601 11.617

Following [13] multivariate kurtosis B, is estimated

for the data on metrics of software 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 estimator of

multivariate kurtosis given by [13]

B :ﬁ%{Zi -Z) syl(z; —Z)}Z' (13)

i-1

In our case, in the formula (13), 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+ 2) holds under

multivariate normality. The given equality is a necessary
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condition for multivariate normality. In our case 3, =24.

The estimators of multivariate kurtosis equal 27.17,
22.38, 32.05 and 24.02 for the data from Table 1, the
normalized data on the basis of the decimal logarithm
transformation, the Johnson univariate 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.

6 DISCUSSION

As it evident from the Table 2 and Table 3, the values
of lower bounds of the confidence and prediction intervals
of linear regression (3) from [2] for estimating the
software size of open-source Java-based information
systems 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. Secondly, there is reason to reject the
hypothesis that the sample of data from Table 1 comes
from a multivariate normal distribution. Note all the lower
bounds of the confidence and prediction intervals of 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 non-linear regression for a larger number of
data rows compared to both the Johnson multivariate
transformation and the decimal logarithm transformation.

The widths of the confidence and prediction intervals
of non-linear regression on the basis of the Johnson
multivariate transformation are less for more data rows
than for linear regression and non-linear regressions
following the univariate transformations, both decimal

logarithm and the Johnson. Also the values of R? s
MMRE and PRED(0.25) are better for the model (11) for
the Johnson multivariate transformation in comparison
with all previous equations and 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 hypothesis that the
sample of data, which normalized by the Johnson
multivariate transformation for Sg family, comes from a

multivariate normal distribution.

CONCLUSIONS

The important problem of increase of confidence of
software size estimation for open-source Java-based
information systems is solved.

The scientific novelty of obtained results is that the
techniques to build the non-linear regression model for
multivariate non-Gaussian data on the basis of the
multivariate normalizing transformations is firstly
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proposed. The non-linear regression model to estimate the
software size of open-source Java-based information
systems is 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 larger multiple coefficient of
determination, a smaller value of the mean magnitude of
relative error, a larger value of percentage of prediction
and smaller widths of the confidence and prediction
intervals of 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
allow to recommend the constructed model for use in
practice.

Prospects for further research may include the
application ~ of  other  multivariate = normalizing
transformations and data sets to construct the non-linear
regression model for estimating the software size of open-
source Java-based information systems.
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HEJIIHIAHA PETPECIHHA MOJEJb JJIS1 OITHIOBAHHSI PO3MIPY ITIPOT'PAMHOTO 3ABE3ITEUEHHSA
CHUCTEM 3 BIAKPUTHUM KOJJOM HA JAVA

Ipuxonbko H. B. — xana. ekoH. HayK, JOLEHT, NOIEHT Kadenpu ¢inanciB HarionansHoro yHiBepcuTeTy KopabieOy yBaHHS
iMeHi agmipana Makaposa, MukonaiB, Ykpaina.

Mpuxonpko C. b. — 1-p TexH. Hayk, mpodecop, 3aBigyBad Kadenpu NMporpamMHOro 3abe3leueHHs] aBTOMATH30BaHHX CHCTEM
HaunionanbHoro yHiBepcuteTy KopabieOyayBaHHs iMeHi axmipaia MakapoBa, Mukonais, YkpaiHa.

AHOTALIA

AxTyanbHicTs. [Ipobiema oOLIHIOBaHHS PO3Mipy MPOrpaMHOro 3a0e3ledeHHs Ha paHHid CTajii HpOrpaMHOro IMPOEKTY €
BaXJTUBOIO, OCKUIBKH iH(OpMAIlisl, OTpMMaHa MpPU OIIHIOBaHHI PO3MIpy HpPOrpaMHOr0 3a0e3NEUCHHS, BUKOPHUCTOBYETHCS [UIS
MPOTHO3YBaHHS TPYAOMICTKOCTI MO po3poOii mporpaMHOro 3abe3ledeHHs, BKIOYaloud iHpopMariiiHi cucteMd Ha 0asi Java 3
BIZIKPUTUM BHXiTHUM KomoM. O0’€KTOM JOCIIKEHHS € IPOIeC OLIHIOBAHHS PO3MIpy MpOrpaMHOro 3abes3redeHHs iHpopMaIiifHmx
CHCTEM 3 BIIKPUTHM BHXiJHUM KOJIOM Ha Java. [IpeqmMeTom NOCIIDKEHHS € MOJel perpecii yIs OMiHIOBaHHS PO3MIipy IPOTPaMHOTO
3a0e3MneyeHHs 1HPOPMAIIMHUX CHUCTEM 3 BIIKPUTHM BHXIJIHUM KOJOM Ha Java. Mera poOOTH — CTBOPEHHS MOJAET HETiHIHHOI
perpecii U1 OLIHIOBaHHS PO3MIipy MPOrPaAMHOTO 3a0e3MeucHHs iHPOPMAIIfHUX CHCTEM 3 BIAKPUTHM BHXITHHM KOJIOM Ha Java Ha
OCHOBi 6araTOBUMipHOT'O HOPMAJTi3yI04OT0 IepeTBOpeHHs J)KOHCOHa.

Meton. Mopeni, noBipui iHTepBaay Ta iHTepBaNy mepeadadeHHs 6araTOBUMIpHOT HENiHIHHOT perpecil [uist OL[iHIOBaHHS po3Mipy
MIpOTpaMHOro 3a0e3nedeHHs iHpOopMaiiHIX CHCTEM 3 BIAKPUTHM BHXITHIM KOJIOM Ha Java moOymoBaHi Ha OCHOBI 6araTOBUMIipHOTO
HOPMaJIi3yl04oro nepeTBOpeHHs [[)KOHCOHA IUId HErayCiBCHKHX MaHWX 3a JOIOMOTOI0 BiANOBIAHMX MeTOHiB. Meroan moOynoBu
Mozenell, piBHSIHb, MOBIPYMX IHTEpBANiB 1 IHTEpBAIIB IepefOaueHHS] HENIHIHHMX perpeciii 3acHoBaHI Ha OaraToBHMipHOMY
HENHIHHOMY perpeciiiHoMy aHaji3i 3 BHKOpPHCTaHHSIM 0araTOBUMIPHHX HOPMANi3yIOUHX IEepPEeTBOpEHb. PO3MIITHYTO BiAMOBimHI
merou. L{i MeToan NO3BOJAIOTH BpaxOBYBAaTH KOPEJLSILII0 MDK BHUITQJAKOBHMH BEJIMYMHAMH B pa3i HOpMaii3auii 6araToBHUMipHHX
HETayCiBChbKMX JaHMX. 3arajoM, Li¢ HPU3BOAUTH JI0 3MEHIICHHS CEpeAHbOI BEJMYMHHU BiIHOCHOI MOXUOKH, IIMPHHH JOBIPYMX
iHTepBaJIiB i iHTepBaliB mepenbavyeHHs B MOPIBHAHHI 3 JIHIHHUMH MoAensMH ab0 HENiHIHHUMH MOICNSIMH, MOOYIOBaHUMHU 3
BUKOPHCTAHHSIM OJHOBUMIPHHMX HOPMaJIi3yIOUHX NEPETBOPEHb.

PesyabTaTn. 3ailicHeHO MOPIBHAHHS MOOYI0BaHOI MOJETI 3 MOJCISIMH JIiHIIHOI perpecii Ta HeMHIMHIMU PErpecisiMi Ha OCHOBI
JIECSITKOBOTO JIorapu(My Ta 0THOBUMIPHOTO TEpeTBOPEHHs JKOHCOHA.

BucHoBku. Mozenb HeniHIHHOT perpecii /Ul OWIHIOBAaHHS PO3MIpy MPOrpamMHOro 3a0e3MedeHHs! iHQOPMAIIHHUX CHCTEM 3
BIAKPUTHM BHXIJHHM KOJIOM Ha Java moOyaoBaHa Ha OCHOBi GararoBuMipHOro meperBopenHs JpkoHcoHa juis cimeiicta Spg . Ll

MOJIeTIb B MOPIBHSHHI 3 1HIIMMHU perpeciiiHiii Moneni (SK JiHIHHUMHU, Tak 1 HENIHITHUMHM) Mae OUIBIIMKA MHOXHHHUM Koe(illieHT
JeTepMiHamii 1 MeHIIe 3HAa4YeHHS CePefHbOI BENMYMHU BiAHOCHOI MOXMOKH. llepcHeKkTHBM MOAANBIINX AOCHIIKEHb MOXYTh
BKJIIOYATH 3aCTOCYBaHHS 1HIIMX OaraTOBUMIpHHX HOPMAaIli3yIOTh MEPETBOPEHb 1 HAOOPIB AaHUX AJIS MOOYIOBH MOJEIN HETiHIHHOT
perpecii U1 OLiHIOBaHHS PO3Mipy MPOrpaMHOTo 3a0e3nedeHHs iHPOPMAIIIfHUX CHCTEM 3 BIIKPUTHM BHXiIHUM KOJOM Ha Java.

KJIIOYOBI CJIOBA: omiHIOBaHHS po3Mipy IporpamHoro 3abesmnedeHHs, iH(popMamiiiHa cucTeMa Ha OCHOBI Java, Mojeib
HeNiHIHOI perpecii, OJHOBUMIpHE HOPMaJli3ylode IIepeTBOPEHHSI, HErayCiBChKi aHi.

VJIK 004.412:519.237.5

HEJIMHEWHASI PETPECCHOHHASI MOJIEJIb JJIs1 OLIEHKU PASMEPA IIPOTPAMMHOI'O OBECIIEUEHU S
CHUCTEM C OTKPBITBIM KOJIOM HA JAVA

Mpuxoabko H. B. — kana. exkoH. HayK, JOLEHT, NOUECHT Kadenpu QinaHciB HamioHaIsHOTO YHIBEpPCUTETY KOpadlieOyryBaHHS
iMeHi agmipana Makaposa, MukonaiB, Ykpaina.

Mpuxonpko C. b. — 1-p TexH. Hayk, mpodecop, 3aBigyBad Kadenpu NMporpaMHOro 3abe3leueHHs] aBTOMATH30BaHHX CHCTEM
HanionanbHoro yHiBepcuteTy KopabieOyayBaHHs iMeHi axmipaia MakapoBa, Mukonais, YkpaiHa.

AHHOTAIUSA
AxkTyanbHoOcTh. [Ipobiema oneHkH pazMepa MpOrpaMMHOTO OOECIIeueHUsI Ha paHHEeH CTaAWH MPOrPaMMHOTO IPOEKTa BaXKHA,
MOCKONBKY MH(OpMarms, MoTydeHHas IPH OLEHKE pa3Mepa IPOTrpaMMHOTO O0EeCHEedEHHs, MCIONIb3YeTCsl Ul NPOTHO3MPOBAHUS
TPYJIOEMKOCTH II0 pa3paboTKe IPOrpaMMHOrO oOecHedeHHs, BKIIOYas HWH(OpMalMOHHBIE CUCTEMBI Ha 0a3e Java ¢ OTKPBHITBIM
HUCXOTHBIM KomoM. OOBEKT HCCIEeOBaHUS — IPOIECC OLEHKH pa3Mepa IPOTrpaMMHOT0 oOecrieueHusI HHPOPMAIMOHHBIX CHCTEM C
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OTKPBITBIM HCXOIHBIM KoxoM Ha Java. Ilpeamer uccinenoBaHHs — MOAENM PErpeccU A OLICHKU pa3Mepa IPOrpaMMHOIO
obecriedeHns MHYOPMALMOHHBIX CUCTEM C OTKPBITBIM MCXOIHBIM KojoM Ha Java. Ilens paboThl — co3naHne MOJeIH HEJIMHEHHOMH
perpeccus It OLIEHKH pa3Mepa MporpaMMHOro obecredeHHs: HHYOPMAIMOHHEIX CHCTEM C OTKPBITHIM HCXOAHBIM KOJIOM Ha Java Ha
OCHOBE MHOT'OMEPHOTO HOPMAaJIU3HPYIOIIETO Npeodpa3oBanus JOHCOHA.

Metoa. Moaenu, NOBEpUTENbHBIE MHTEPBAJIbI U MHTEPBAJbl IPOTHO3MPOBAHMS MHOTOMEPHOM HEJIMHEMHOHN perpeccun Ajs
OLIEHKH pa3Mepa MpOrpaMMHOT0 obOecredeHuss HHPOPMAIIOHHBIX CHCTEM C OTKPBITHIM MCXOIHBIM KOJOM Ha Java IOCTPOEHBI Ha
OCHOBE MHOTOMEPHOTO HOPMAIM3UPYIOIETro IpeoOpazoBaHus JIKOHCOHA M HETayCCOBCKMX JAHHBIX C ITOMOIIBIO
COOTBETCTBYIOIUX METOAOB. MeTOAbl OCTPOCHUS MOJEICH, ypaBHEHUH, HHTEPBAJIOB JOBEPUS U IPOrHO3UPOBAHUS HEIMHEHHBIX
perpeccuif  OCHOBaHBl HAa MHOIOKPAaTHOM HEIMHEHHOM PEIPECCUOHHOM aHalIM3€ C MCHONB30BAaHMEM MHOIOMEPHBIX
HOPMaJIM3UPYIOIINX Npeodpa3oBaHuid. PaccMOTpeHbI COOTBETCTBYIOIIME METOIbI. MeTOIbl MO3BOJAIOT YUYHUTHIBATH KOPPEISLHIO
MEXly CIy4ailHbIMHM BEIMYMHAMHU B ClIydae HOPMAJIM3alli¥ MHOTOMEPHBIX HErayCCOBCKHMX JaHHBIX. B o0IimeM, 5TO NPHUBOAMT K
YMEHBIIEHUIO CpeIHEeH BEIMYMHBI OTHOCUTENBHOH TOTPENIHOCTH, HIMPUHBI JOBEPHTENBHBIX HMHTEPBAJOB U HHTEPBAJIOB
NpeJCKa3aHus 0 CPaBHEHMIO C JIMHEHHBIMH MOJENSMU WM HEIUHEHHBIMH MOJENSMHU, MOCTPOCHHBIMU C HCIOJIB30BaHUEM
OJHOMEPHBIX HOPMAIN3UPYIOIIUX TPe0Opa30BaHHUH.

Pesyabratpl. IlpoBeneHo cpaBHEHHE IOCTPOCHHOM MOJEIM C JMHEHMHON MOJEIBbI0 M HEJIMHEHHBIMH PErpecCHOHHBIMU
MOJIEIISIMH Ha OCHOBE JIECSATHYHOTO JIOrapu(Ma 1 OTHOMEPHOTO Ipeodpa3oBanust JMKOHCOHA.

BreiBoasl. Mogiesib HETMHEHHON perpeccuH AT OLECHKU pa3sMepa MporpaMMHOTO oOecredeHHs: MHPOPMAIHOHHBIX CHCTEM C

OTKPBITBIM HCXOAHBIM KOAOM Ha Java IIOCTPOCHA HAa OCHOBE MHOTOMEPHOT'O HpeO6pa30BaHI/I${ ,Z[)KOHCOH& JUIST CeMEHCTBa SB . Ora

MOJIETb TI0 CPABHEHUIO C JPYTMMH PETPECCHOHHBIMH MOJEIMSIMHU (KaK JMHEHHBIMH, TaK WM HEIMHEHHBIMH) HMeeT OOobImit
MHO>KECTBEHHBIH KOY(DOUIMEHT [eTepPMUHAMM W MEHbIIee 3HA4YEHWE CpEeJHEH BEIWIMHBI OTHOCHTENBHOHW IOTPENIHOCTH.
[NepcrieKTHBBI TaTBHEHIINX MCCIICIOBAHNI MOTYT BKIIIOYATh IPHIMCHEHHE JPYTHX MHOTOMEPHBIX HOPMAIH3YIOMKX Ipeodpa3zoBaHuit
1 HaOOpOB JaHHBIX IS IOCTPOCHUS MOJCIHM HEJIUHEHHOW perpeccHd s OIEHKH pa3Mepa IIPOTpaMMHOTO OO0ecIieueHuUst
NH(OPMAIIMOHHBIX CUCTEM C OTKPBITBIM HCXOAHBIM KOJIOM Ha Java.

KJIIOUEBBIE CJIOBA: oreHka pa3Mepa IporpaMMHOro oOecredeHus, HHpOpMaIoHHasl CUCTeMa Ha OCHOBe Java, MoJesb
HEJTMHEWHO perpeccuu, OAHOMEPHOE HOPMaIU3yIollee TpeoOpa3oBaHNE, HETayCCOBCKUE AHHBIE.

JIITEPATYPA / JIUTEPATYPA 9. Prykhodko S.B. Developing the software defect prediction
1. Kaczmarek J. Size and effort estimation for applications models using regression analysis based on normalizing
written in Java / J. Kaczmarek, M. Kucharski // Information transformations / S. B. Prykhodko // Modern Problems in
and Software Technology. — 2004. — Vol. 46, Issue 9. — Testing of the Applied Software : the Research and Practice
P. 589-601. DOI: 10.1016/j.infsof.2003.11.001 Seminar (PTTAS-2016), Poltava, Ukraine, May 25-26,
2. Tan H. B. K. Estimating LOC for information systems from 2016 : abstracts. — P. 6-7.
their conceptual data models / H. B. K. Tan, Y. Zhao, 10. Stanfield P. M. Multivariate input modeling with Johnson
H. Zhang // Software Engineering : the 28th International distributions / [P. M. Stanfield, J. R. Wilson, G. A. Mirka, et
Conference (ICSE '06), Shanghai, China, May 20-28, 2006 : al.] // the 28th Winter simulation conference WSC'96,
proceedings. — P. 321-330. DOI: 10.1145/1134285.1134331 Coronado, CA, USA, December 8-11, 1996 : proceedings,
3. Tan H. B. K. Conceptual data model-based software size ed. S. Andradyttir, K. J. Healy, D. H. Withers, and
estimation for information systems / H. B. K. Tan, Y. Zhao, B. L. Nelson. — [EEE Computer Society Washington, DC,
H. Zhang // Transactions on Software Engineering and USA, 1996. - P. 1457-1464.
Methodology. — 2009. — Vol. 19, Issue 2. — October 2009. —  11. Prykhodko S. Detecting Outliers in Multivariate Non-
Article No. 4. DOI: 10.1145/1571629.1571630 Gaussian Data on the basis of Normalizing Transformations
4. Kiewkanya M. Constructing C++ software size estimation /'S. Prykhodko, N. Prykhodko, L. Makarova, K. Pugachenko
model from class diagram / M. Kiewkanya, S. Surak // /I Electrical and Computer Engineering : the 2017 IEEE
Computer Science and Software Engineering : 13th First Ukraine Conference (UKRCON) «Celebrating 25
International Joint Conference, Khon Kaen, Thailand, July Years of IEEE Ukraine Section», Kyiv, Ukraine, May 29 —
13-15, 2016 : proceedings. — P. 1-6. DOL June 2, 2017 : proceedings. — P. 846-849. DOI:
10.1109/JCSSE.2016.7748880 10.1109/UKRCON.2017.8100366
5. Bates D. M. Nonlinear Regression Analysis and Its 12. Application of the Squared Mahalanobis Distance for
Applications / D. M. Bates, D. G. Watts. — New York : John Detecting Outliers in Multivariate Non-Gaussian Data /
Wiley & Sons, 1988. — 384 p. DOI:10.1002/9780470316757 [S.Prykhodko, N. Prykhodko, L. Makarova,
6. Seber G. A. F. Nonlinear Regression / G. A. F. Seber, A. Pukhalevych] // Radioelectronics, Telecommunications
C.J. Wild. — New York : John Wiley & Sons, 1989. — 768 p. and Computer Engineering : 14th International Conference
DOI: 10.1002/0471725315 on Advanced Trends (TCSET), Lviv-Slavske, Ukraine,
7. Ryan T. P. Modern regression methods / T. P. Ryan. — New February 20-24, 2018 : proceedings. — P. 962-965. DOI:
York : John Wiley & Sons, 1997. — 529p. DOL 10.1109/TCSET.2018.8336353
10.1002/9780470382806 13. Mardia K. V. Measures of multivariate skewness and
8. Johnson R. A. Applied Multivariate Statistical Analysis / kurtosis with applications / K. V. Mardia // Biometrika. —
R. A. Johnson, D. W. Wichern. — Pearson Prentice Hall, 1970. — 57. — P. 519-530. DOI: 10.1093/biomet/57.3.519
2007. - 800 p.

© Prykhodko N. V., Prykhodko S. B., 2018
DOI 10.15588/1607-3274-2018-3-17

166





