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ABSTRACT

Context. The problem of determining the object-oriented design (OOD) complexity of the open-source software, including Web
apps created using the PHP frameworks, is important because nowadays open-source software is growing in popularity and using the
PHP frameworks making app development faster. The object of the study is the process of determining the OOD complexity of the
open-source Web apps created using the PHP frameworks. The subject of the study is the mathematical models to determine the
OOD complexity due to the identification of classes of the open-source Web apps created using the PHP frameworks.

Objective. The goal of the work is the build a mathematical model for determining the OOD complexity due to the identification
of classes of the open-source Web apps created using the PHP frameworks based on the three-variate Box-Cox normalizing trans-
formation to increase confidence in determining the OOD complexity of these apps.

Method. The mathematical model for determining the OOD complexity due to the identification of classes of the open-source
Web apps created using the PHP frameworks is constructed in the form of the prediction ellipsoid equation for normalized metrics
WMC, DIT, and NOC at the app level. We apply the three-variate Box-Cox transformation for normalizing the above metrics. The
maximum likelihood method is used to compute the parameter estimates of the three-variate Box-Cox transformation.

Results. A comparison of the constructed model based on the F distribution quantile with the prediction ellipsoid equation based
on the Chi-Square distribution quantile has been performed.

Conclusions. The mathematical model in the form of the prediction ellipsoid equation for the normalized WMC, DIT, and NOC
metrics at the app level to determine the OOD complexity due to the identification of classes of the open-source Web apps created
using the PHP frameworks is firstly built based on the three-variate Box-Cox transformation. This model takes into account the cor-
relation between the WMC, DIT, and NOC metrics at the app level. The prospects for further research may include the use of other
data sets to confirm or change the prediction ellipsoid equation for determining the OOD complexity due to the identification of
classes of the open-source Web apps created using the PHP frameworks.

KEYWORDS: object-oriented design complexity, identification of classes, open-source software, Web app, prediction ellipsoid,
Box-Cox transformation, depth of inheritance tree, number of children, weighted methods per class.

ABBREVIATIONS
BCT is the Box-Cox transformation;
CBO is coupling between object classes;
DIT is a depth of inheritance tree;
KLOC is a thousand lines of code; Z
LCOM is a lack of cohesion in methods;
NOC is a number of children;
OOD is the object-oriented design;
PHP is a hypertext preprocessor;
RFC is a response for a class;
RMSD is a root mean square deviation;

X j is a sample mean of the X j values;

Z is a Gaussian random vector;
Z is a vector of sample means of the Zj variables;

j is a j-th Gaussian variable that is obtained by

transforming variable X ;
z j is a sample mean of the Zj values;

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

SMD is a squared Mahalanobis distance;
WMC is weighted methods per class.

NOMENCLATURE

B, is a multivariate kurtosis;
v is a number of degrees of freedom;

Xﬁw is the Chi-Square distribution quantile with m

Kk is a number of variables (metrics);

N is a number of data points;

Sz is a sample covariance matrix for normalized data;
X is a non-Gaussian random vector;

X is a vector of sample means of the X j variables;

degrees of freedom and significance level o ;
y is a vector of multivariate normalizing transforma-

tion.

INTRODUCTION
It’s known [1], that “Complexity is one of the basic
problems that associated with software development tools
and methods.” And complexity is one of main compo-
nents of quality. Today the creation of high-quality soft-
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X is a WMC metric at the app level;
X, is a DIT metric at the app level;
X5 is a NOC metric at the app level;
Xjisa j-th non-Gaussian variable;
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ware is one of the most main tasks in the software devel-
opment industry.

The design in general, and the object-oriented design
(OOD) in particular, is one of the important stages of
software development [1]. Booch outlined four major
steps involved in the OOD process [2]. The first step in
OOD is the identification of classes. In this step, key ab-
stractions in the problem space are identified and labeled
as potential classes and objects.

Now many Web apps are created using the PHP
frameworks making app development faster. The above
also applies to open-source Web apps since nowadays,
open-source software is growing in popularity [3]. This
demands the construction of mathematical models for
determining the OOD complexity due to the identification
of classes of the open-source Web apps created using the
PHP frameworks.

The object of study is the process of determining the
OOD complexity of the open-source Web apps created
using the PHP frameworks.

The subject of study is the mathematical models to
determine the OOD complexity due to the identification
of classes of the open-source Web apps created using the
PHP frameworks.

The purpose of the work is the build a mathematical
model for determining the OOD complexity due to the
identification of classes of the open-source Web apps
created using the PHP frameworks.

1 PROBLEM STATEMENT
Suppose given the original sample as the three-
dimensional non-Gaussian data set following metrics at
the app level: WMC X;, DIT X,,and NOC X3 from N

open-source Web apps created using PHP frameworks.
Suppose that there are invertible three-variate normalizing

transformation of non-Gaussian random  vector
X= {Xl, X7,X3 }T to  Gaussian random  vector
7=1{2,,2,.24 }T is given by
Z=vy(X) (1)
and the inverse transformation for (1)
X= \|1_1 (Z) . (2)

It is required to build the mathematical model for de-
termining OOD complexity due to the identification of
classes of open-source Web apps created using PHP
frameworks based on the transformations (1) and (2).

2 REVIEW OF THE LITERATURE
In [4] Chidamber and Kemerer proposed a set of soft-
ware metrics for OOD. According to [4], the six metrics
are designed to measure the three non-implementation
steps in Booch’s definition of OOD. These are the metrics
WMC, DIT, NOC, RFC, CBO, and LCOM, which define
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the OOD complexity in the above steps. In particular, the
metrics WMC, DIT, and NOC define the OOD complex-
ity due to the identification of classes in the first step.
According to [5], the metrics WMC, DIT, and NOC are
related to object definition which is one of the fundamen-
tal elements of OOD as outlined by Booch [6].

The metric set of Chidamber and Kemerer (CK)
serves as a generalized solution for other researchers to
rely on for particular purposes [7-14], including the OOD
complexity [1, 15, 16].

In paper [1] the authors fitted the multiple linear re-
gression equation to determine the OOD complexity
based on the minimal set of complexity metrics which are
defined using the CK metrics. Although the proposed
linear regression equation is fruitful for quantifying the
complexity of the OOD hierarchy, it does not directly
allow taking into account the correlation between the fac-
tors — software metrics. That can affect the result of such
quantifying the complexity.

The research in [16] “focuses on two primary topics:
(1) how indirect coupling measurements can aid develop-
ers with maintenance tasks and (2) how indirect coupling
metrics can quantify software complexity and size, lever-
aging weighted differences across techniques. The study
presents a comprehensive set of measures designed to
assist developers and project managers with project man-
agement and maintenance activities.” Also, the research
in [16] does not directly take into account the correlation
between the software metrics. Although other researchers
indicate a significant correlation between certain software
metrics, including the CK metrics [7-9, 15].

In the paper [15] the authors constructed a prediction
ellipse equation for the normalized RFC and CBO metrics
based on the bivariate Box-Cox transformation (BCT).
They apply the above equation to evaluate complexity at
the third step in the OOD of apps developed in Java. The
authors proposed to use the squared Mahalanobis distance
(SMD) from the prediction ellipse equation for the nor-
malized RFC and CBO metrics as the complexity indica-
tor of OOD of open-source apps in Java from the point of
view of the relationships between classes.

But the ellipse allows you to take into account the cor-
relation only for two variables. In the case of three non-
Gaussian variables, we need to apply the prediction ellip-
soid for the normalized data [17].

That is why to determine the OOD complexity due to
the identification of classes we apply the approach pro-
posed in [15] with the only difference that we are going to
use the prediction ellipsoid for the normalized metrics
WMC, DIT, and NOC.

3 MATERIALS AND METHODS

The equation for the prediction ellipsoid for the nor-
malized WMC, DIT, and NOC metrics is defined as

2 —
R e
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where Z is Gaussian random vector, Z = {21,22,23 }T ;

Z is the sample mean vector, Z = {21,22,23 }T ; N is the
data point number; F,\_,, is a quantile of the F distri-
bution with 3 and N —3 degrees of freedom; o is a sig-

nificance level; S, is the sample covariance matrix

N p— p—
S; =ﬁ§(zi ~Z)zi-Z) . )

We can write matrix (4) in the form

SZIZ] SZIZZ SZIZ3
S; =522, Sz,z, Sz,z, |> Q)
Sz,2, Sz,2, Sz,z,

N
where S 5 = Mz -Z,Jz, -7, ] ar=123.
i=1
To construct equation (3) for determining OOD com-
plexity due to the identification of classes of open-source
Web apps created using PHP frameworks, we used 121
apps hosted on GitHub for five well-known frameworks
(CakePHP, Codelgniter, Laravel, Symfony, and Yii).
Moreover, we also used the apps from [18] for the
CakePHP framework. We obtained the data set using the
PhpMetrics tool [19] around the following software met-
rics at the app level: WMC, DIT, and NOC. Table 1 con-
tains the descriptive statistics of that data set.

Table 1 — App Descriptive Statistics (N=121)

Metric Name Min Max Mean RMSD
App size in KLOC 1.008 339.674 30.982 47.667
Number of classes 25 7512 525.554 920.147
WMC 1.55 67.84 14.797 13.755
DIT 1.06 2.33 3.593 4.602
NOC 0.32 0.95 0.685 0.141

We checked the three-dimensional data for three-
variate outliers. But before that, we tested the normality
of three-variate data because well-known statistical meth-
ods are used to detect outliers in multivariate data under
the assumption that the data is described by a multivariate
Gaussian distribution [20]. We applied a multivariate
normality test proposed by Mardia and based on measures
of the multivariate skewness B, and kurtosis [, [21].

According to this test, the distribution of three-
dimensional data of the above set is not Gaussian since
the test statistic for multivariate skewness NB,/6 of this

data is greater than the quantile of the Chi-Square distri-
bution, which is 25.19 for 10 degrees of freedom and
0.005 significance level.

That is why, as in [18], to detect multivariate outliers
in the three-dimensional data (121 points), we use the
statistical technique based on the multivariate normalizing
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transformations and the squared Mahalanobis distance
(SMD) for normalized data. The SMD for normalized
data is the left part of equation (3).

To normalize the data, we apply the three-variate BCT
with components

(x.*i-l)x., if 20
z,=x,;)= Jr ) k’ . ©)
j: .

Here Z; is a Gaussian variable; A is a parameter of

the Box-Cox transformation, j=1,2,3. We denoted met-

rics WMC, DIT, and NOC as X|, X,, and X, respectively.
The parameter estimates of the three-variate BCT for
121 data points are calculated by the maximum likelihood

method according to [20] and are XI=—0.177882,

Ay =—1272192, i3 =1.811640.
In our case, there are no multivariate outliers in three-

dimensional non-Gaussian data since the SMD values for
all 121 data points normalized using (6) are less than the

statistic
2
3! N-—1 ' F %

N(N _3) 3,N-3,a

which equals 13.85 for the 0.005 significance level.

To calculate the SMD value for normalized data in
equation (3) we have the sample mean vector Z with
components 1.869, 0.284, and —0.265, respectively, and
matrix (5)

0.30283 —-0.01204 0.00775
Sz =|-0.01204 0.01370 0.00726 |. ®)
0.00775  0.00726  0.00967

In our case, the inverse matrix of matrix (8) is

3877 8398 9411
S7'=| 8398 139516 —111.477|. ©9)
~9.411 —111.477 194.605

Equation (3) for the 0.005 significance level defines
the prediction ellipsoid boundary beyond which three-
variate outliers can appear.

To determine OOD complexity due to the identifica-
tion of classes of open-source Web apps created using
PHP frameworks by (3), we need to use in (3) statistic (7)
for the 0.05 significance level. Statistic (7) equals 8.25 for
the 0.05 significance level.

Like [15], we can use equation (3) for determining the
OOD complexity due to the identification of classes of
open-source Web apps created using PHP frameworks. To
do this we need to calculate the SMD value for normal-
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ized data. If the SMD value for normalized data is greater
than 13.85, then this data point is the three-variate outlier.
In this case, we cannot determine OOD complexity by
(3). If the SMD value for normalized data is greater than
8.25 and less than 13.85, it means that the app has high
complexity due to the identification of classes. Otherwise,
there is no high complexity due to the identification of
classes for the Web app created using the PHP frame-
work.

4 EXPERIMENTS
For comparison of equation (3) with another equation
for the prediction ellipsoid for the normalized WMC,
DIT, and NOC metrics, we built the corresponding equa-
tion in the form

(Z_Z)T Sil(Z—Z)z X32‘,(x > (10)

where xia is the quantile of the Chi-Square distribu-

tion with 3 degrees of freedom and a significance level
o . Other notations are the same as in (3).

In our case, there are no multivariate outliers in three-
dimensional non-Gaussian data since the SMD values for
all 121 data points normalized using (6) are less than the
quantile of the Chi-Square distribution, which equals
12.84 for the 0.005 significance level.

To determine OOD complexity due to the identifica-
tion of classes of open-source Web apps created using
PHP frameworks by (10), we need to use in (10) the quan-

tile xia for the 0.05 significance level. The quantile xia

equals to 7.81 for the 0.05 significance level.

Like applying (3), we can use equation (10) to deter-
mine the OOD complexity due to the identification of
classes of open-source Web apps created using PHP
frameworks. To do this we also need to calculate the
SMD value for normalized data. If the SMD value for
normalized data is greater than 12.84, then this data point
is the three-variate outlier. In this case, we cannot deter-
mine OOD complexity by (10). If the SMD value for
normalized data is greater than 7.81 and less than 12.84, it
means that the app has high complexity due to the identi-
fication of classes. Otherwise, there is no high complexity
due to the identification of classes for the Web app cre-
ated using the PHP framework.

We developed the computer program implementing
built equations (3) and (10) to conduct experiments. The
program was written in Python.

5 RESULTS

The results of determining OOD complexity level
(CL) due to the identification of classes for ten open-
source Web apps created using various PHP frameworks
are shown in Table 2. We selected two such apps for each
framework, for which normalized metrics have SMD val-
ues of both maximum and minimum. We denoted the
SMD value for normalized metrics as SMD; in Table 2.
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Also, we denoted metrics WMC, DIT, and NOC at the
app level as X, X,, and X3, respectively.

The SMD; values from Table 2 indicate there is no
high complexity due to the identification of classes for
eight apps (rows 3—10) because its SMD; values are less
than 7.81. These are the following apps: Wildflower,
Croogo, AdaptCMS, Wallabag, Yii2-podium, Yupe,
Classroombookings, and Electronic invoicing and ware-
house management system.

Wildflower (https://github.com/klevo/wildflower) is a
CakePHP Content Management System. Croogo
(https://github.com/croogo/croogo) is a CakePHP-
powered Content Management System. AdaptCMS
(https://github.com/adaptcms/AdaptCMS) is an open-
source CMS that is made using the Laravel framework for
complete control of your website. Wallabag
(https://github.com/wallabag/wallabag) is a web applica-
tion that allows you to save web pages for later reading
and that is created using the Symfony framework. Yii2-
podium (https://github.com/bizley/yii2-podium) is a Yii2
forum module project. Yupe
(https://github.com/yupe/yupe) is an open-source Yii-
framework-based online e-commerce solution. Class-
roombookings (https://github.com/class-
roombookings/classroombookings) is an open source has-
sle-free room booking system for schools that is made
using the Codelgniter framework. The electronic invoic-
ing and warehouse management system
(https://github.com/kirilkirkov/Electronic-Invoicing-And-
Warehouse-Management-System) is a Codelgniter and
Bootstrap self-hosted open-source app.

Table 2 — OOD complexity levels of ten apps

N App Name Xi X5 X; | SMDy CL
1 |Apiato 1.55] 2.33] 0.83] 9.63 high
2 [Ilios 8.82| 1.22]0.86] 8.59 high
3 |Wildflower 60.34| 1.56/0.95| 7.77 no high
4 |Croogo 9.8] 1.64|0.75] 0.53 no high
5 |AdaptCMS 6.93] 1.46]/0.71] 0.21 no high
6 |Wallabag 7.75| 1.4110.70] 0.12 no high
7 |Yii2-podium 16.41] 2.17)0.79| 4.86 no high
8 [Yupe 10.07| 1.59/0.83] 1.23 no high
9 |Classroombooking 16.34| 1.35/0.79] 1.55 no high
10 |Electronic invoicing and |49.43| 1.27[ 0.57| 4.59 no high

warehouse management

system

In contrast, two apps (Apiato and Ilios) have high
complexity due to the identification of classes because
their SMD, values are greater than 7.81 and less than
12.84. Apiato (https://github.com/apiato/apiato) is a
framework for building scalable and testable APi-centric
apps with PHP, built on top of Laravel. Ilios
(https://github.com/ilios/ilios) is the Curriculum Man-
agement System for Health Professions that is made using
the Symfony framework.

6 DISCUSSION
We apply the three-variate BCT to build the prediction
ellipsoid equation for the normalized WMC, DIT, and
NOC metrics for determining OOD complexity due to the
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identification of classes of open-source Web apps created
using PHP frameworks since the distribution of the three-
dimensional data is not Gaussian on that the Mardia mul-
tivariate normality test based on measures of the multi-
variate skewness and kurtosis indicates. This is also the
reason we use the statistical technique based on the multi-
variate normalizing transformations and the SMD for
normalized data to detect three-variate outliers in the
three-dimensional non-Gaussian data. According to [17,
20], we apply the 0.005 significance level for three-
variate outlier detection. Also, we use the 0.05 signifi-
cance level for both equations as (3) and (10). The use of
both equations has led to the following results. Only two
apps have high complexity. These are apps Apiato and
Ilios (respectively, rows 1 and 2 in Table 2). All other 119
apps have no high complexity because the SMD values
for their normalized metrics are less than 7.82. Note, that
we used the 0.05 significance level that is usually as-
signed, although this value may be discussed.

The advantages of the proposed prediction ellipsoid
equations (3) and (10) include the possibility of determin-
ing OOD complexity due to the identification of classes
of open-source Web apps created using PHP frameworks.
Also, the above equations take into account, firstly, the
correlation between the normalized WMC, DIT, and NOC
metrics, and secondly, that their three-variate distribution
is not Gaussian.

Concerning the considered prediction ellipsoid equa-
tions for the normalized WMC, DIT, and NOC metrics
for determining OOD complexity due to the identification
of classes of open-source Web apps created using PHP
frameworks, two limitations should be acknowledged and
addressed concerning the data sample from 121 open-
source apps in PHP. The first limitation concerns the
processing of the data sample for open-source apps devel-
oped using PHP frameworks only. The processing of
other data samples, for example, for commercial apps
may affect the volume of the prediction ellipsoids. In such
cases, equations (3) and (10) remain to be confirmed or
changed. The second limitation concerns the following
restrictions on software metrics at the app level: the inter-
val for WMC is from 1.55 to 67.84, the interval for DIT is
from 1.06 to 2.33, and the interval for NOC is from 0.32
to 0.95. In addition to the above restrictions, the SMD
value for normalized WMC, DIT, and NOC metrics at the
app level cannot be greater than 13.85 for equation (3)
and cannot be greater than 12.84 for equation (10).

CONCLUSIONS

The important problem of determining the OOD com-
plexity due to the identification of classes of the open-
source Web apps created using the PHP frameworks is
solved.

The scientific novelty of obtained results is that the
mathematical model in the form of the prediction ellipsoid
equation for the normalized WMC, DIT, and NOC met-
rics at the app level to determine the OOD complexity due
to the identification of classes of the open-source Web
apps created using the PHP frameworks is firstly built
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based on the three-variate Box-Cox transformation. This
model takes into account the correlation between the
WMC, DIT, and NOC metrics at the app level.

The practical significance of the obtained results is
that the software realizing the constructed model is devel-
oped in Python. The empirical study allows us to recom-
mend the built model for use in practice.

Prospects for further research may include the use
of other data sets to confirm or change the prediction el-
lipsoid equation for determining the OOD complexity due
to the identification of classes and implement the algo-
rithms developed in [22] for the classification of mass
problems of production subject domains to design the
Web apps which are created using the PHP frameworks.
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BU3HAYEHHS CKJIAJJHOCTI OB’€EKTHO-OPIEHTOBAHOTI'O ITPOEKTYBAHHS 3ABJISAIKU II[EHTqu)IKAIIIi
KJIACIB BEB-3ACTOCYHKIB 3 BIIKPUTHM KOAOM, CTBOPEHHX 3A JJOIOMOI'OIO PHP-®PEMMBOPKIB

Ipuxoabko A. C. — acnipaHT kadeIpn MaTeMaTHIHOTO 3a0e3IeUeHHsT KOMIT IoTepHnX cucteM OJechKoro HaliOHaJIbHOTO YHi-
Bepcutety iMeHi I. I. MeunnkoBa, Oneca, Ykpaina.

MaunaxoB €. B. — 1-p TexH. Hayk, npodecop, 3aBixyBad kageapu MaTeMaTHIHOTO 3a0e3MeueHHs] KOMIT FoTepHHX cucteM Onech-
KOT0 HalioHanbHOTo yHiBepcuteTy iMeHi I. I. MeunukoBa, Ozneca, Ykpaina.

AHOTANLIA

AkTyanabHicTb. [Ipo6iema Bu3HaUCHHS CKIAAHOCTI 00’ €KTHO-OpieHTOBaHOTO npoekTyBaHHs (OOIT) mporpamuoro 3adesmneueH-
HS 3 BIAKPUTHM BUXiJHHM KOJOM, BKJIIOYalOYH BeO-porpamu, CTBOpEHi 3a qonomMoroio ¢peiiMBopkiB PHP, € BaxxnnBoro, OCKiNbKH
CBOTOJIHI pOrpaMHe 3a0e3MedeHHs 3 BIAKPUTHM KOZOM CTa€ BCe MOIYJIIPHIMINM i BUKopucTaHHS (peiiMBopkiB PHP pobuts po3po-
OKy 3acToCyHKIB mBHANION0. O6’€KTOM IOCIKEHHS € nponec Bu3HadeHHs ckiragHocTi OOIT Be6-3aCTOCYHKIB 3 BIAKPUTHM KOJIOM,
CTBOpeHHUX 3a fornomoroto ¢peitmBopkis PHP. TIpenmerom nociifkeHHs: € MaTeMaTH4HI Mozei il Bu3HaueHHs ckiaguocti OOIT
3aBISKH ieHTH(iKaLii Ki1aciB Be0-3aCTOCYHKIB 3 BIIKPUTHM KOJIOM, CTBOPEHUX 3a goroMororo ¢peiimBopkis PHP.

Meta. Metoro poboTH € mo0yaoBa MaTeMaTH4HOI Moieli [uist Biu3HaueHHs ckiagnocti OOII 3aBmsiku ineHTudikamii kiacis BeO-
3aCTOCYHKIB 3 BiJKPUTUM KOJOM, CTBOPSHHX 3 BUKOpUCTaHHAM (peiimBopkiB PHP, Ha 0CHOBI TPHBHMIPHOTO HOPMATi3yHO4YOro mnepe-
TBOpeHHs bokca-Kokca my1st miABUIIEHHS OCTOBIPHOCTI Bu3HaueHHA cKinaaHicTh OOII mux 3acTOCyHKIB.

Meton. Marematnyna Mozenb Uit Bu3HadeHHs ckiaagHocTi OOII 3aBasku ineHTHdiKaMii K1aciB Be0-3aCTOCYHKIB 3 BIIKPHTUM
KOJIOM, CTBOPEHHX 3a Joromoromo ¢peiimBopkis PHP, nodynoBana y ¢opmi piBHSHHS enincoina MporHo3yBaHHs AJIsI HOpMali3oBa-
uux Merpuk WMC, DIT i NOC Ha piBHI 3acTocyHKY. Mu 3acTocoByemMo TpuBHMipHe neperBopeHHst bokca-Koxca mas Hopmamizamit
HaBe/ICHHUX BUILE METPHK. MeToJ| MaKCHMaJIbHOT ITPaBIONOAIOHOCTI BHKOPHCTOBYEThCS IJIsl OOUNCIICHHSI OLIHOK IIapaMeTpiB TPHBHU-
MmipHoro neperBopenHs bokca-Kokca.

Pe3yabraTn. [IpoBeseHo nopiBHsAHHS M00YJOBaHOI MOZENI Ha OCHOBI KBaHTHJIsL F-po3noaity 3 piBHSIHHSM eJilcoiga IporHo3y-
BaHHS Ha OCHOBI KBaHTHWJISl PO3MO/ILTY Xi-KBapar.

BucHoBku. MatematiuHa Mozens y (opmi piBHSHHS €INIINCOiAa MPOTHO3YBaHHSA A HopMmaiizoBaHux mMetpuk WMC, DIT Ta
NOC na piBHiI mporpamu st BusHaueHHs ckiagHocti OOIl gepes igeHTH]IKALiIO KiIaciB BeO-3aCTOCYHKIB 3 BIIKPHUTHM KOIOM,
CTBOPEHUX 3a gornomororo ¢peiimBopkis PHP, y nepme mobynoBana Ha ocHOBI TpuBUMipHOTO HepeTBopeHHs! bokca-Kokca. 15 Mo-
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Jerb BpaxoBye kopesiiro Mk Merpukamu WMC, DIT Ta NOC na piBHi nporpamu. [lepcnekTHBY HOJANBIINX JOCITIKEHb MOXYTh
BKJIIOYATH BUKOPUCTAHHS IHIIMX HAOOPIB JaHUX Ul MiATBEPIUKEHHS ab0 3MIiHM PIBHSHHS €JINCOiia IMPOrHO3yBaHHS AJIsl BU3HAYCH-
Hs1 cxiagHocti OOII 3aBasku ineHTH(IKaLii KiaciB Be0-3aCTOCYHKIB 3 BIIKPUTUM KOJOM, CTBOPEHHX 32 JOIOMOI0I0 (peiiMBOPKiB
PHP.
KJIFIOYOBI CJIOBA: cknaaHicTh 00’ €KTHO-OPIEHTOBAHOTO NPOSKTYBaHHS, iACHTU(IKALIS KIIaciB, mporpaMHe 3a0e3rneueHHs 3
BIIKPUTHM KOAOM, BE0-3aCTOCYHOK, €IIICOIA MPOTHO3yBaHHs, nepeTBopeHHs bokca-Kokca, rimbuna nepeBa ycmaakyBaHHS, Kilb-
KICTh JIiTCH, 3Ba)KCHI METOAM Ha KJIAC.
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