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Abstract 
The article includes a comprehensive model based on the functional dependence of the 
programming subject structural and parametric synthesis. The study includes special software 
as an object that is the result of modified application or standard software to propose the 
requirements of the particular industry, such as defense. After all, it is known that large software 
systems are created for various purposes, which must be high-quality, interoperable ets. This 
shows that information technology is becoming more widespread, and software is a key 
component. Such projects are costly, in which most of the funds are directed to the creation of 
the specific software product. Accordingly, the developing special software process is crucial. 
The research is based on statistics obtained from the ERP system. These data were processed 
and based on regression models for three levels of complexity of the special software and for 
and three qualification classes of the programmers for each of them. For a better approximation, 
the approach of a separate study of two parts was used, which show the degradation and growth 
of software performance. The regression model obtained by the method of least squares is the 
sum of exponential and logistic mathematic functions. This describes the process of developing 
and modifying special software and relevant the nature of the phenomenon. 
The parameters influencing the classification of programmers on the basis of the theory of 
program reliability for the construction of a similar stochastic dependence, which confirmed the 
adequacy of the regression function, are determined. The division into classes and refined 
coefficients of the deterministic function, taking into account the qualifications of performers, 
resource constraints made it possible to calculate the useful effect of special software based on 
the application of the hyperbolic tangent function. The obtained group dependences of the 
number of programmers allowed creating three-dimensional models in the limitations on the 
level of efficiency of special software, time, cost and structural composition of the team of three 
classes of programmers. Practical graph-analytical calculations on the use of the model of 
creation and modification of special software in the conditions of resource constraints are given, 
which allowed obtaining the range of optimal values of the rational selection of programmers in 
the team. 

Key words: special software, software quality, resource limitations, programmer classes, 
program performance level. 

Introduction            

Today, informatization is carried out in various 
areas in the defense industry around the world, 
especially where program and organizational 
components play a key role. Trends that are the 

impetus for this development is a network-centric 
concept of combat operations. It includes the core 
based on a software platform to which various 
subsystems are connected on the principle of 
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interoperability. The structure of construction for 
different NATO member countries is different, but 
the most common example is the С4ІSR 
(Command, Control, Communications, 
Computers, Intelligence, Surveillance and 
Reconnaissance) system. It combines at the 
software level various systems, such as GIS 
(Geographic Information System), ERP (Enterprice 
Resource System). This requires the mandatory of 
programmers to further developing or adjusting 
(to modify or adapt) to national and industry 
needs. The amount of the refinement is due to the 
specifics of the industry itself. When organizations 
purchase the rights to use standard large-scale 
software (such as ERP) for a particular industry, 
usually one installation is not enough. 

At the same time, the DevOps (development 
and operations) methodology has become 
widespread in the world, which includes a 
combination of a number of practices designed to 
revitalize the interaction of developers with IT 
professionals and bring their workflows closer to 
each other, and is based on the idea of the 
interdependence between the development and 
using of software to create and update programs 
and services swiftly. When creating complex 
software systems of narrow specification (defense 
or other industry) according to the methodology 
of software development described by industry 
standards, the stages of design, coding, testing, 
operation, including the processes of software 
development, implementation and maintenance. 
During these stages, the development, 
modification and evaluation of the quality of 
software code for the needs of a particular 
industry, it means that special software is created. 

According to general statistics, about 70% of 
the total amount spent during the life cycle of the 
software product is its maintenance. And also 50-
70% of the amount for its creation falls on the 
salaries of programmers. This raises questions 
about the skillful management of the software 
development and maintenance process. At the 
same time, there is ambiguity in the approaches to 
the selection of IT staff to support and maintain 
software systems with saving of the properties of 
quality, for instance, the reliability of the software 
component. These circumstances emphasize the 

importance of the researching on the organization 
process for development and modification of 
special software. 

The relevance of this study is determined by 
the need to comprehensively create methods and 
models for managing the development and 
modification of the program code of special 
software. This study is especially relevant along 
with the trends of transition to Agile methodology 
of software lifecycle management, where flexible 
management of subjects and objects of the 
programming in terms of the resource constraints 
are carried out. 

This study analyzes the experience of 
developing, implementing and maintaining 
complex software systems. It has been found that 
in the development, modification and evaluation 
of the quality of special software, the property of 
“qualification of programmers” is the key term. It 
is based on the analysis of existing research, the 
author found a contradiction between the need to 
ensure the required level of performance of 
special software, on the one hand, and the lack of 
existing methods of resource management, on the 
other. On the other hand, we have the 
contradiction that consider the process of 
improving of the methods for developing special 
software based on models that take into account 
the qualifications of programmers and resource 
constraints is relevant. 

A significant contribution to the development 
of information technology to substantiate the 
theoretical and applied aspects of development 
and modification of special software was 
developed by A. Klimenko, S. Russell, G. Myers, T. 
Gilb, V. Golyan, K. Lavrishcheva, and others. But 
their research concerned the quality of software in 
terms of improving the reliability of software, the 
development of software engineering theory, and 
applied recommendations for the use of metrics in 
the creation of software. Sphere of management 
of the information systems with the use of 
optimization was investigated by V. Shevchenko, 
O. Barabash, Y. Kravchenko (Barabash, O., 
Kravchenko, Y., Mukhin, V., Kornaga, Y., 
Leshchenko, O., 2017; Shevchenko V. L., 2004). 

Weinberg (Weinberg G. M.) conducted 
experiments in which several groups of 
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programmers were given the same task, but 
different criterias for success were established. 
The author proposed to provide a basis for the 
study of human factors in software engineering, 
while summarizing the literature on the human 
factor in software engineering, but the search for 
better values in conditions of limited resources 
was not performed. 

Ruhe's work (Ruhe C., 2019) on the basis of 
empirical research is devoted to general 
optimization issues. To obtain input data, Ruhe 
suggests using a checklist of managed processes, 
including to analyze (evaluate) return on 
investment (ROI) and forecast the cost of the 
decision, but the factors of consideration of the 
qualification level were not given. 

The method presented by Klimenko (Klimenko, 
А., Klimenko, V., 2009) is devoted to solving the 
problem of optimizing the software development 
process by changing the number of developers. 
The disadvantage is the division between the two 
categories of a novice and an expert without 
group composite consideration of the 
qualification division by levels. As well as it is the 
lack of consideration of the impact of the 
profession of programming programmers on the 
speed and reliability of the formation of expert 
assessment of the quality of the prepared 
software. 

In his work (Russell, S., Bennett, T. D., Ghosh, 
D., 2019), Russell focuses on software engineering 
in the medical field, in particular, on software 
testing and software optimization on the example 
of reproducible software tests of the R package 
(Comprehensive R Archive Network packages). 
The disadvantage is the disregard for the 
profession of the programmer who prepared the 
program in its evaluation. 

The joint work of Kernighan B. W. and Plauger 

P. J., devoted to programming style (Kernighan B. 
W. Plauger P. J.) and is an example of practical 
programming assistance to achieve the highest 
quality performance of software. But the issues of 
resource constraints and the qualification division 
of specialists are superficial.  

A similar idea was used in compiling a series of 
research reports from CIRAD (A Study of 
Fundamental Factors) on work in the field of 
software operational reliability. Among the 
programming methods are considered, for 
example, conceptual grouping, modular 
construction; as the characteristics of the software 
that determine the ease of its operation, called 
consciousness, uniformity, compactness, 
intelligibility and others. The disadvantage is that 
the issues of resource constraints and expert 
evaluation are superficial. 

Myers' research is devoted to the problems of 
creating software metrics and analyzing its quality 
based on the criterion of reliability in the design of 
software systems (Myers G. J.). When assessing 
the reliability of the influence of the qualification 
factor of programmers is not fully disclosed. 

Haltead's work on the basics of software theory 
(Haltead M. H.) summarizes successful research 
aimed at establishing and experimentally verifying 
the overall complexity of software as a function of 
the number of different operators and operands 
and the frequency of their use. But the influence 
of the factor of qualification of programmers 
when working with software of different 
complexity is not disclosed. 

The purpose and objectives of the study: to 
increase the efficiency of the processes of 
development, modification and evaluation of the 
quality of special software, taking into account the 
qualifications of programmers and resource 
constraints. 

Material and methods           

Methods of observation, system analysis and 
expert evaluation were used to analyze the 
approaches to the qualification division of the 
programmers and approaches to the 
assessment of the quality of the special 
software. There are deterministic and stochastic 
research methods for using to study of the 

software development and modification 
processes. To build a mathematical model of the 
functional dependence of the level of recovery 
of programs used the methods of regression 
analysis and comparison. Methods of the theory 
of research of operations, mathematical 
modeling are used for construction of 
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probabilistic dependences of working special 
software for N programmers. It was used for the 
development and modification of special 
software by different classes of programmers 

with resource constraints, optimization 
methods and system analysis during the 
development of models for finding the optimal 
solution. 

Results and discussion           

Analysis of software life cycle models. General 
processes of software development and 
modification during software life cycle (LC) are 
described in the standards ISO / IEC 12207, ISO / 
IEC 15404, ISO / IEC 9126, ISO / IEC 25010, etc., 
structured by levels and directions. But they are 
not related to the existing methods and tools of 
software engineering for software development. 
This makes it possible to compare them with the 
usual paradigms and methods of the development 
(object, component, service, etc.). 

The software life cycle of software is a set of 
separate working stages that is carrying out in a 
given order during a period of time that begins 
with the decision on software development and 
finishes with the termination of software use 
(Lavryshcheva K. M.). 

The main models of the life cycle are 
waterfall (cascade) or sequential (waterfall), 
model V, model Rapid Application Development 
(RAD), Agile, iterative, spiral (Boehm) model and 
the model of the evolutionary prototyping. Their 
analysis and purpose are given in (Golian, V., 
Kravchenko, O., 2019; Bhuvaneswar, T., 
Prabaharan, S., 2013). It is known that each of 
the models of the lifecycle software includes the 
main and additional stages of software 
development and modification. But in a number 
of analyzed algorithms of the lifecycle software 

creation – there is no factor of qualification 
division of the programmers during 
development, modification and quality check. 

A programmer – is a professional who writes 
and adjusts programs for computers 
(Kvalifikatsiyni kharakterystyk) (any computing 
devices), i.e. programming. The breadth of the 
subject area and the quality of skills for each 
programmer are individual. Therefore, it is 
common practice to classify them by 
professional level. 

The study will consider a programmer of 
different qualifications, who develops and 
modifies special software, which is a type of 
application software (Stasev, Y., Sidchenko, S., 
Zalkin, S., 2006). Special software is a set of 
programs that are developed to create 
information technology for a specific functional 
purpose. 

In the course of the research, statistical data 
on the number of developed and modified 
running programs depending on the 
qualification level of programming subjects from 
ERP system logs were collected and processed. 
Next, a regression analysis of the function of the 
relative level of performance of special software 
on a given time interval by the method of the 
least squares, examples of programmers of II 
and III classes are shown in Fig.1. 

 

Figure 1 – Regression analysis of corrected errors of the special software by programmers of II 
(left) and III (right) classes for the whole period 
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The sum of exponential (for the first part of 
the curve – left to extremum) and logistic SL-
type (for the second part of the curve – right of 
extremum) functions is recognized as a 
regression function that would correspond to 
the nature of the research (Shevchenko, V., 
Fedoriienko, V., Kirpichnikov, Y., Golovchenko, 
О., 2019). The first (exponential) function 
degrades, and the second (logistic) grows (fig. 
1): 

𝑓(𝑥) = 𝑎 ⋅ 𝑒(𝑏⋅𝑥) +
𝑠

1+𝑒
−
2
𝑡
⋅(𝑥−𝑘)

.           (1) 

As a factor of gradation of complexity of the 
special software it is offered to use its division 
into three levels (s = 1 – a simple level of 
complexity, s = 2 – complex, s = 3 – the most 
complex). It is formed on the basis of quality 
metrics of hybrid software and load logs on the 
technical component of the system. The values 
of the coefficients of the regression function (1) 
for programmers of I, II and III classes are 
calculated for all three complexities of the SDR, 
an example for the most complex software is 
given in the table below. 

Table – Parameters of function (1) for the dependence of the software performance on the 
qualification classes of programmers (for the complexity rate of the software s = 3) 

Qualification class of 

the programmers 

(software complexity) 

Coefficients of function (1), their values 

a b s t k 

І class (s=3) 103,7 -0,1453 98,74 41,61 58,35 

ІІ class (s=3) 93,08 -0,08997 97,99 68,50 81,66 

ІІІ class (s=3) 118,00 -0,1415 42,16 43,26 57,94 

 
A general algorithm and a model for 

assessing the reliability of special software 
software components of the information system 
were developed to verify the adequacy of the 
found regression functions. This model is based 
on the probabilistic dependence of running 
programs based on the method of queuing 
system with queue. The Monte Carlo method 
was used to generalize iterations with the 
section of programmers by class. The 
parameters of the intensity of errors in the 
special software programmer were proposed as: 

for the Class I: input = 0.1; Class II: input = 0.3; 

Class III: input = 0.7 (Shevchenko, V., 
Fedoriienko, V., Kirpichnikov Y. and others, 
2013); Shevchenko, V., Fedoriienko, V., 
Kirpichnikov, Y., Golovchenko, О., 2014). 

In general, no discrepancies were found 
between the model of special software 
performance and the simulation model of 
special software reliability according to the 
Monte Carlo method. 

For the class III programmer, the initial 
complexity of the software is too high and it is 

impossible to bring it to the level of uncorrected 
errors (100% mark). Moreover, a very popular 
decision of the responsible persons to quickly 
launch special software into operation is the 
readiness of the software after recovery or time 
limit (Fig. 2). 

 
Figure 2 – Models of efficiency of special 

software, Er, depending on time T, (restriction 
T = 100 days), taking into account qualification 
of executors and complexity of the software s = 

3 (restriction Er = 50%) 
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We present a time period in the form of an 
estimate of direct costs of programmers, which 
is more than 50% of the cost of the entire 
informatization project. This value corresponds 
to Agile sprints during software development. 
The transition from resource constraint time to 
cost is equal to: 

𝑊 = ЗП ⋅ 𝑡 + УВ ⋅ 𝑡 + 𝑓(𝑡),  (2) 

where W – is the cost of the project in money, 
ЗП – is the programmer's salary, t is the project 
execution time, УВ – is the lost benefit, 𝑓(𝑡) =
𝑐𝑜𝑛𝑠𝑡 – are the constant additional payments. 
The found dependence (1) is listed in cost 
indicators and is shown in fig. 3. 

Assume that there is a given number of 
programmers of the project team, it is necessary 
to determine their ratio by class. Let their total 
number be known and equal to 10 people. (the 
number is taken from the experiment based on 
the waterfall model of the software life cycle). 

To determine the maximum productivity of 
the programmer, it is proposed to find the value 
of the partial useful effect, which is the highest 
level of development of the logistics function 
(1). Namely, the search for the ordinates of the 
points of contact. The use of the partial useful 
effect of recovery of special software is due to 
the subsequent transition of the logistic SL-
shaped curve of the programmer of the i-th class 
in the saturated state in the upper part of the S-
shaped asymptotic bend. Here the performance 
of the programmer is expected to fall. We take 
the value of the relative level of efficiency of 
programs as a useful effect. Then the total effect 
is calculated as: 

𝐸𝑓0 = 𝐸𝑓1𝑁1 + 𝐸𝑓2𝑁2 + 𝐸𝑓3𝑁3, (3) 

where Ef1, Ef2, Ef3 – partial useful effects of the 
programmers of different classes, or the value of 
Y of the maximum values of the effects of the 
curves SLi of each of the three classes of 
programmers. This consistent approach allows 
you to see the growth of the effect of additive 
curtailment of achievements (recovery of 
programs) of each of the programmers. 

Given the maximum number of programmers 
allowed in each of the classes, it is possible to 
plot the dependences of integer values using the 

hyperbolic tangent function. For a different 
number of programmers, we substitute the 
corrected values of the parameters of the 
logistics SL-like function, and, accordingly, we 
obtain the value of the hyperbolic tangent 
function for the logistics function, which will 
take the form: 

𝑓(х)0 = 𝑡ℎ(𝐸𝑓0).  (4) 

Adding the values of the SL and nN functions 
will allow you to search for tanh(Ef) functions 
with the different numbers of programmers. 
For example, for the first-class programmers, 
the dependence of group benefits will take the 
form of Fig. 3. 

 
Figure 3 – Dependence of working programs of 

special software on the number of class I 
programmers with time constraints on 

decision-making to start work on the recovery 
of special software (vertical line) 

 
Directly parallel to the ordinate axis (Fig. 4), 

shows the extremum of the point of dynamic 
dependence (1) of the performance of special 
software restored by a programmer of a certain 
class at the intersection with the curves. 

Approbation of the model of dynamic 
dependence of recovery of special software by 
the programmer of the i-th class in value of cost 
indicators is expressed in application of the 
found partial useful effects of executors and 
includes calculations of the real data taken from 
typical ERP system which served as an 
environment for experiment. 

To find the points of intersection, we equate 
the function of the hyperbolic tangent to the 
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limiting direct level of efficiency 𝑦 = 𝑙, where l = 
0.5 = 50% (partial case of the considered 
condition) for each value 𝑁𝑛 = {1,  10}. 

𝑦 = 𝑡ℎ(𝑆𝐿𝑖 ⋅ 𝑁𝑛).  (5) 

To visualize the time and cost indicators, Fig. 
4 shows a combined graph of the partial 
beneficial effects of dynamic and cost 
dependencies of three classes of programmers.  

 
Figure 4 – Model for determining the maximum 

cost efficiency to ensure a given level of 
software performance, Er = 40%, T = 100 (days), 

for s = 3 
 

The model of dependence of the spent 
calendar time on correction of errors in SDR on 
combinations of programmers of various 
specialty is shown in fig. 5. At the heart of three-
dimensional graphs, the X and Y axes reflect the 
values of the number of programmers of I and II 
classes, Z – the values of the partial useful 
effects.  

 
Figure 5 – Special software performance model 
(calendar time) depending on the structure of 

the programmer team (reversion) 

For convenience of calculation of time and 
expenses, it is necessary to normalize indicators 
of calendar time:  

Nrt = Тсom / Тnorm,   (6) 

where Nrt – is the time norm, Тcom – calendar 

time, Тnorm – normalized time. 

Graphic models of development and 
modification of special software using the 
hyperbolic tangent function from the sum of 
known achievable effects of programmers in the 
indicators of the cost of regulatory time are 
shown in Fig. 6. 

 
Figure 6 – Special software performance model 
(normalized time) depending on the structure 

of the team of the programmers 
 
The completeness of the relief of the three-

dimensional figure of the value dependence on 
the plane is revealed by the contour graph (Fig. 
7 a). The Z axis (Fig. 7 b) shows the cost, W, of 
wages for different combinations of the 
programmers of the different professional level 
(classes) provided the total number of their 
working places in the team N0 = 10 
(programmers). 

The search for the optimal team structure 
with restrictions on the size of individual classes 
of programmers (class I programmers should be 
N1≤2 (people), class II programmers should be 
N2≤6) in units of cost costs are shown in Fig. 7, 
a. The general view of the three-dimensional 
model is shown in Fig. 7, b. 

Fig. 7 shows the search for the optimal 
command structure while limiting the size of the 
individual classes of the programmers. 
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а)                                                        

 

 

b) 

Figure 7 – Contour type of the cost dependence on combinations of the programmers of three 

classes in one team (a) and reversible type of the dependence of the remuneration of the team of 

the programmers on error correction (b) 

Conclusions             

Thus, the model of development and 
modification of SDRs taking into account the 
qualifications of programmers and resource 
constraints is built taking into account five 
criteria (1 – the number of programmers in three 
qualification classes; 2 – software complexity; 3 
– level of software performance; 4 – time; 5 – 
cost). The use of this model has reduced costs by 
choosing of the best option for the use of 
specialists and resources of the organization – 
time and money. 

The constructed models first of all contain a 
practical component. Namely, the significance 
of the obtained results lies in the development 
of the specific engineering solutions using the 

proposed method and models to optimize the 
process of creating, modifying and accepting the 
results of the experts in the industrial special 
software operation. The presented models 
allow to choose the composite composition of 
the different programmers depending on the 
expected time and cost of special software 
development and modification, which allows to 
increase the level of special software 
implementation at the coding, testing and 
operation stages of the software lifecycle by 
reducing costs by 3-6% of the rational use of the 
programmers and resources of the 
organization's budget. 
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