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Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

The collection contains materials accepted by the organizing committee
for participation in the International Scientific and Practical Conference
"INFORMATION CONTROL SYSTEMS AND TECHNOLOGIES"
(ICST-ODESSA-2024).

The materials of the conference cover the main directions of
development in the field of artificial intelligence, development and analysis
of big data, blockchain and crypto technologies, control systems in robotic
systems, data security and cryptography, ICT in the network and
administration, information systems and technologies in Data Mining,
intelligent technologies management, mathematical modeling, methodology
and didactics of teaching and using ICT, application development, project
management. system analysis, software development. Conference materials
are presented in the following sections:

- Information control systems

- Intelligent systems and data analysis

- Modeling and software engineering

The conference materials were reproduced from the author's originals.
The organizing committee of the conference expresses gratitude to all the
participants of the conference and hopes for further fruitful cooperation
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Conference sections:

1. Information control systems

1. Blockchain and Crypto Technologies
2. Control Systems in Robotic Systems
3. Data Security and Cryptography
4. ICT in Network and Administration
5. Methodology and Didactics of Teaching and Using ICT

2. Intelligent systems and data analysis

6. Data Mining Technologies and Big Data
7. Intelligent control technologies
8. Artificial neural networks and machine learning
9. Applied intelligent systems
10. Intellectual models and knowledge engineering
technologies
11. Multi-agent systems and distributed computing

3. Modeling and software engineering

12. Mathematical and simulation modeling
13. Project management and risk assessment
14. Design and development of software applications
15. Software testing automation
16. Agile methodologies and business processes formalization
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PAHHS OLIHKA KLOC JAVA-3ACTOCYHKIB 3A
JTOIMOMOI' OO0 TPbOX®AKTOPHOI HEJITHIMHOI
PEI'PECIMHOI MOJEJII

O. Opexos, Ph.D. T. ®apionosa
Hayionanenuii ynieepcumem xopabnedyoysanns imeni aomipana Maxaposa,
Yxpaina

Abstract. The aim of the research is to build the three-factor nonlinear
regression model for early lines of code size estimation of Java-applications on the
basis of multivariate Johnson SB family normalizing transformations using Cross-
Validation technique. The obtained nonlinear regression model is verified with
quality criteria for regression models.

Keywords: software size estimation, nonlinear regression model, normalizing
transformation, Java.

Anomauia. Memoio OocnidxcenHa € nodyoosa mpvoxghakmopHoi HeniniliHoi
peepeciiinoi mooeni 0lisk OYiHKU po3Mipy psiOKie Kody Java-3acmocyHKi6é HA OCHOSI
b6acamogumipHux HopManizyioyux nepemeopens [oiconcona cimeticmea SB 3
BUKOPUCIAHHAM Memody nepexpechoz20-3ameepodicents. Ompumany HeniHitiny
peepeciiiny Mo0elb NepesipeHo 3a 00NOMO2010 KDPUMEPIE SKOCmi pecpecilHux
Mooernell.

Knwuoei cnosa: oyinka posmipy npoepamuozo 3abes3neueHHs, HeniHilUHa
peepecilina Mooenv, HopManizyloue nepemeopenns, Java.

The software size estimation plays a key planning role at the early stages
of software project planning for the successful implementation of software
projects. Software development effort estimation (SDEE) is one of the
significant indicators of budget, resources and duration planning of any
project for software development business. Software size in the total number
of code lines (KLOC) is widely used in SDEE parametric models such as
COCOMO, COCOMO |11, etc. It leads to the necessity to construct an
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appropriate model for Java KLOC estimation at the early stages of project
planning.

The aim of the research is to build the three-factor nonlinear regression
model for early KLOC estimation of Java-applications on the basis of
multivariate Johnson SB family normalizing transformations to increase the
accuracy of the Java-applications size estimation at the early stage of
software project planning using UML class diagram metrics.

The authors collected code metrics dataset of 571 open-source Java-
applications hosted on the GitHub platform using the CK tool
(https://github.com/mauricioaniche/ck). The obtained dataset was randomly
separated into training and testing samples with sizes of 286 and 285 rows.
The following metrics were selected to build the model: total quantity of
classes (CLASS) X, total number of unique method calls (RFC) X, and
average value of visible methods per class of the application (aVMQ) Xs.
Variance inflation factors (VIFs) technique indicates the absence of
multicollinearity between the factors of the regression model. For factors Xy,
X,, and Xs, the VIFs are equal to 6.09, 6.09 and 1.0 respectively.

The nonlinear regression models building technique [1, 2] is used to
build the three-factor nonlinear regression model. It includes detecting
outliers in nonlinear regression analysis of non-Gaussian data, bijective
normalizing transformations, Mahalanobis distance outliers detection,
residuals distribution verification and prediction interval detection.

Typically, the software code metrics have non-Gaussian distribution. To
normalize the training datasets we used Johnson normalizing translation of
SB family that is given by [3]:

o, s X
WP = Z=7+iin (7=5) o
where ¥(P) js non-Gaussian random vector P = {¥. X1, X5, ..., Xe¥  y,m, orad—
parameters of Johnson SB family normalizing transformation, @ <X<¢ +4,
n =0 4 =0, X -non-Gaussian random variable which X equals to Y, Xy, X,, Xa,
respectively.

Parameters of Johnson SB transformations (1) are estimated by the maximum
likelihood method. The estimators for the parameter Y are: W = —4.0611,
fly = —0.5013 @, = —0.6082 1, — 82315.0766; for X, Vx, = —45.7011
fix, = 48.6731 Gy, = —32.7353 y = 1635047 - 10'2 g0y . 7y, = —41.8031
fix, = 47.0422, Py, = 7110.32111 Ay, = 627.4514 - 10714 for  Xg:
Px, = —36.5209,7x, = 37.5829 ¢y, =—08413 i, = 952.1377 - 10°
the latest iteration.
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The linear regression model is built on the basis of the normalized multi
dimensional sample. _ R B B .
Zy=Z,+& = Dby+byZ,+Db,Z, + byZ; +e, @)

where ¢ is Gaussian random variable, ¢ ~ M(0, 6.2 ); Po» P1. b2, ba - estimators for
parameters of the linear regression model (2). The estimators are calculated by the
least square method: Do = —23.784722 b, = —0.005724 b, = —0.005062,
b, — —0.008718

The nonlinear regression models is built by applying inverse transformation to
(1) to the linear regression models (2): R
Y =yyi(Z, +2) 3)

where ¥+ is inverse Johnson SB transformation 4).
The obtained three-factor nonlinear regression model (3) is build in 19 iterations
and it is tested on training and testing datasets using regression models quality

criteria such as the coefficient of determination Rz, a mean magnitude of relative
error MMRE and percentage of prediction for magnitude of relative error level 0.25
PRED(0.25). The values of the quality criteria indicate good accuracy of the model,
the high values of for the testing sample confirms the model is not overfitted that
confirms robustness and reliability. R*, MMRE and PRED(0.25) yvajyes for the
training dataset are 0.9073, 0.1645, 0.7692 and testing dataset are 0.9016, 0.1617,
0.8175 respectively. The obtained three-factor nonlinear regression model solves an
important problem of Java-applications size estimation at the early stages of software
development project planning.
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