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Abstract. The relevance of the study was due to the need to develop interpretable process-oriented models that allow 
assessing the growth of the reliability function depending on the distribution of efforts. The aim of the work was to 
model the processes associated with introducing, detecting, and correcting errors using algorithmic algebra and fuzzy 
logic. The proposed methodology for software reliability analysis was based on the theory of reliability of algorithmic 
processes. The logical-algorithmic model of the development process was built on the basis of linear, alternative, and 
iterative operator structures. The sequence of works without feedback is described by the linear structure. The verification 
and validation stages were described using alternative and iterative algorithmic structures. The process of checking 
and correction, when detected errors were immediately removed, and new errors were not introduced, was described by 
the alternative structure. The debugging process, during which new errors might be introduced, was described by the 
iterative structure. The logical-algorithmic model in the form of the fuzzy knowledge base made it possible to design 
software with the required levels of reliability and cost using improving transformations. The system of fuzzy logical 
equations connected the correctness levels of the working, checking, and correction operations with the possibility of 
correct execution of the development process. The allocation of efforts was formalised by the improving substitutions 
introduced in the logical-algorithmic model. The controllable variables associated with improving substitutions were 
interpreted as the quality of execution of the working, checking, and correction operations. The proposed fuzzy model of 
software reliability allows to assess the risks of the development process based on expert and experimental information 
about the reliability and time characteristics of the life cycle stages. The model was constructed by transferring reliable 
parts of the development process obtained from the histories of errors and defects of previous projects into a process-
oriented reliability model of the current project. The example of reliability analysis of the process of developing a mobile 
application for image aggregation was considered, where the influencing factors are the error-free execution of working, 
checking, and correction operations. The practical significance of the study lies in the development of a toolset that makes 
it possible to predict software reliability at different stages of the life cycle, to optimise the allocation of resources between 
error detection and correction, and to reduce the risks of unsuccessful decisions in design and debugging
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Introduction
The main goal of software development is to provide the 
best quality product within a limited time (cost). Function-
al reliability is the main criterion that requires modelling 

and analysis at various stages of development. As shown 
in the study D.  Hanagal & N.  Bhalerao  (2021), tradition-
al reliability growth models predict software failures, but 
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where deviations from the schedule are due to the errors 
in resource allocation. The work S. Butt et al.  (2023) pro-
posed an ontological model of the software testing process 
in the form of a knowledge graph, which establishes inter-
nal relationships between test cases and defects. Ontolog-
ical analysis of software systems includes the construction 
of an ecosystem of software artifacts at different levels of 
abstraction. In the study H. Ferreira et al. (2023), a concep-
tual reliability models of software-intensive systems using 
machine learning and cloud technologies is proposed. The 
model consisting of dozens of concepts and connections 
between them is aimed at understanding processes and 
events at the stages of software verification and validation. 

Constructing process-based software reliability models 
is computationally complex. The use of state-based models 
such as Markov chains is limited by the growth of the state 
space. The complexity of system behaviour limits the use 
of conceptual models based on the knowledge graph. At the 
same time, an approach aimed at transferring reliable com-
ponents of the previous system to the new one from the 
failure history of existing systems can be a solution when 
constructing process-oriented reliability models. Reliable 
components are formalised as development stages related 
to error detection and correction. In this case, the model 
parameters represent a distribution of efforts that is easily 
interpreted by developers and can be changed according to 
requirements. The aim of the research was to develop the 
interpretable process-oriented models of software reliabil-
ity based on the algebra of algorithms and fuzzy logic. 

Materials and Methods
The proposed methodology for software reliability analysis 
is based on the theory of reliability of algorithmic process-
es (Rotshtein et al., 2007). The uncertainty associated with 
development stages is described using fuzzy logic (Rot-
shtein & Rakytyanska, 2012). The principles formulated in 
the aforementioned studies were used to model the relia-
bility of the software development process. The description 
of events related to the introduction, detection, and re-
moval of errors is carried out using V.M. Hlushkov’s algebra 
of algorithms (Doroshenko et al., 2004). The logical-algo-
rithmic model consists of operators and logical conditions 
as well as operator and logical structures that describe 
discrete software development processes. In the theory of 
reliability of algorithmic processes, a distinction between 
working operators and correction operators is made. Logi-
cal conditions formalise the operations of checking the cor-
rectness of the execution of working and modifying opera-
tors. Workflows are described using the linear algorithmic 
structures associated with the introduction of errors. The 
processes of error detection and elimination are described 
by the alternative and iterative algorithmic structures. The 
logical-algorithmic description of the development pro-
cess is considered as an analogue of the fuzzy knowledge 
base. Then, the reliability model in the form of the system 
of fuzzy logical equations connects the possibilities of cor-
rect (incorrect) execution of the process and its elements 

do not allocate efforts to prevent them. Modelling events 
that lead to software failures requires the description of 
the software operation process and the definition of clus-
ters of influential factors (Sokol, 2025). Software reliability 
analysis requires identifying the structure and parameters 
of a reliability model obtained through process validation 
to ensure compliance with requirements. At the same time, 
as V. Pradhan et al. (2023) note, developers need interpret-
able reliability models that give them insight into where 
to focus their efforts to reduce the risk of defects. Under-
standing the interdependence of events and processes is 
critical to software reliability. Real-world scenarios involve 
the risk of missing errors in the system because the pro-
cesses of error detection and removal are imperfect. In the 
article M. Macak et al. (2022), process mining is defined as 
a set of methods aimed at extracting basic knowledge from 
processes to interpret data and understand the process in 
dynamics. The authors of research U. Samal et al. (2025) ar-
gued that the description of risks and uncertainties inher-
ent in development processes determines the use of fuzzy 
models of software reliability.

As noted in the study C. Thieme et al. (2020), risk as-
sessment is performed by embedding software functional 
failures and their propagation effects into traditional risk 
analysis models such as fault trees and event trees. Risk 
prediction is performed using defect density analysis based 
on the coordinate model combined with fault informa-
tion. In practice, the use of combinatorial models such 
as fault trees or event trees is limited by the complexity 
of system behaviour. To manage the number of states for 
software components, Markov chains that model software 
behaviour using object-oriented modelling templates are 
proposed by R. Calinescu et al. (2021). The transition prob-
abilities between different system states can be obtained 
from the operating environment. In the study V. Yakovyna 
& I. Symets (2021), a Markov model of software reliability 
is proposed that allows predicting the maximum number of 
operational states using the representation of a higher-or-
der Markov process by an equivalent first-order process 
with additional virtual states. In a dynamic and uncertain 
environment, the entropy characterises the probability 
of transition to the next state of the system. U. Samal & 
A.  Kumar  (2024) considered software reliability models 
with detection and elimination of multiple failures that oc-
cur stochastically during testing stages. Reliability models 
of debugging stages are focused on evaluating the intensi-
ty of failures depending on the frequency of errors. In the 
study X. Chen & Y. Deng (2024), a software risk assessment 
model is proposed that can measure the uncertainty asso-
ciated with stochastic testing and debugging processes by 
introducing belief entropy. Statistical modelling is aimed 
at identifying and ranking factors associated with the oc-
currence, detection, and elimination of errors. To consider 
risk factors, a conceptual model based on expert recom-
mendations on project management is developed by B. Du-
arte  et al.  (2021). The conceptual model connects influ-
encing factors and their interaction with on-time delivery, 
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included in the logical-algorithmic description. Improv-
ing transformations embedded in the logical-algorithmic 
model ensured the increase in the reliability and cost of 
the development process. Controllable variables associated 
with improving transformations allowed generating vari-
ants of the development process with the required level of 
quality under time constraints. Software for software relia-
bility analysis was developed in Python.

Logical-algorithmic models  
of the development process 
The software development process was described in the 
system of V.M. Hlushkov’s algorithmic algebras using the 
typical operator and logical structures (Doroshenko  et 
al.,  2004). The linear structure described a sequence of 
works without checking operations and feedback. Checking 
operations corresponded to the stages of verification and 
validation aimed at detecting errors. Correction operations 
corresponded to the debugging stages aimed at removing 
errors. The alternative structure described the branched 
process of “work – checking (testing) – correction without 
feedback”, when errors were detected and immediately re-
moved from the system; the iterative structure described 
the cyclical process of “work – checking (testing) – correc-
tion with feedback”, when new errors can be introduced 
during debugging. The process of developing a null version 
of software with sequential implementation of stages was 
described by a linear algorithmic structure of the form:

L0
 = A1 A2...An,                                   (1)

where 𝐴𝑖 is the working operator corresponding to the 𝑖-th 
development stage; 𝑖 = 1,…, 𝑛; 𝐿0 is the equivalent operator 
corresponding to the linear structure of the null version.

The software development process is associated with 
the introduction of errors of the j-type, j = 1,…, m, which 
are subject to detection and removal at the stages of veri-
fication and validation. It was assumed that ei

 = {ei1,…, eiki
} 

be the set of errors introduced during the execution of the 
working operator Ai, k1

 + ⋯ + kn
 = m. The processes of verifi-

cation and validation of the working operator Ai with the 
detection and removal of errors ei were described by the 
following algorithmic structures (Rotshtein  et al.,  2007; 
Rotshtein & Rakytyanska, 2012):

⮛ alternative algorithmic structure “work  – check-
ing – correction without feedback” 

𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖[𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖]  (
𝜔𝜔𝜔𝜔𝑖𝑖𝑖𝑖

𝐷𝐷𝐷𝐷 ∨ 𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖)  ;                             (2)

⮛ iterative algorithmic structure “work – checking – 
correction with feedback”

𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖[𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖] {
𝜔𝜔𝜔𝜔𝑖𝑖𝑖𝑖

𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖}  ,                                  (3)

where ωi is the logical condition for checking the correct-
ness of the execution of the working operator Ai, ωi

 = 1(0) if 
the operator Ai is performed correctly (incorrectly); D is the 

identical operator which is interpreted as fixing the results 
of checking; Ui is the correction operator during the execu-
tion of which detected errors are immediately removed and 
new errors are not introduced; Ri is the correction operator 
during the execution of which new errors may be intro-
duced; Bi Ci are the equivalent operators corresponding to 
the alternative and iterative algorithmic structures.

Software quality management was carried out with the 
help of improving substitutions introduced into the logi-
cal-algorithmic model. Improving substitutions aimed at 
increasing software reliability are interpreted as the qual-
ity of performing working, checking, and correction oper-
ations (Rotshtein & Rakytyanska, 2012). Improving substi-
tutions model the allocation of efforts to reduce the risk of 
introducing errors during the development stage; reducing 
the risk of missing errors at the testing stage; reducing the 
risk of leaving errors in the system or introducing new er-
rors at the debugging stage. The distribution of efforts was 
formalised by adding the following improving substitu-
tions into the logical-algorithmic models (1)-(3):

𝐿𝐿𝐿𝐿 = (𝐴𝐴𝐴𝐴1)𝑿𝑿𝑿𝑿1(𝐴𝐴𝐴𝐴2)𝑿𝑿𝑿𝑿2 . . . (𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛)𝑿𝑿𝑿𝑿𝑛𝑛𝑛𝑛   ;                       (4)

𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 = (𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖)𝑿𝑿𝑿𝑿𝑖𝑖𝑖𝑖  (
(𝜔𝜔𝜔𝜔𝑖𝑖𝑖𝑖)𝒀𝒀𝒀𝒀𝑖𝑖𝑖𝑖

𝐷𝐷𝐷𝐷 ∨ (𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖)𝒁𝒁𝒁𝒁𝑖𝑖𝑖𝑖)  ;                       (5)

𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖 = (𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖)𝑿𝑿𝑿𝑿𝑖𝑖𝑖𝑖 {
(𝜔𝜔𝜔𝜔𝑖𝑖𝑖𝑖)𝒀𝒀𝒀𝒀𝑖𝑖𝑖𝑖

(𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖)𝒁𝒁𝒁𝒁𝑖𝑖𝑖𝑖
∗
}  ,                           (6)

where Xi
 = (xi1, xi2,…, xiki

) is the vector of parameters that 
determine the quality of execution of the working operator 
(Ai) to reduce the risk of introducing the error eij; Yi

 = (yi1, 
yi2,…, yiki

) is the vector of parameters that determine the 
quality of execution of the checking operator (ωi) to reduce 
the risk of missing the error eij at the stages of verification 
and validation; Zi

 = (zi1, zi2,…, ziki
) and Zi

* = (zi1
*, zi2

*,…, ziki
* ) are 

the vectors of parameters that determine the quality of ex-
ecution of the correction operators (Ui and Ri) to reduce the 
risk that the error eij will not be corrected and will remain 
in the system and new errors will be introduced. The pa-
rameters xij, yij, zij, zij

* ∈  {1, 3, 5, 7, 9}, which are chosen in 
accordance with Saaty’s scale (Saaty, 1994; Rotshtein & 
Rakytyanska, 2012), are interpreted as severity ranks of 
the errors eij at the working stages and priority ranks at the 
stages of checking and correction.

The process of software development, testing, and de-
bugging was described by an equivalent algorithmic struc-
ture obtained by replacing sections of the initial algorithm 
(1) with the improving substitutions (4)-(6). The rules of im-
proving transformations (4)-(6) made it possible to represent 
the generation of variants of the logical-algorithmic model 
as inference in a formal grammar (Rotshtein et al., 2007):

G = 〈Vt, Vn, L0, I〉,                                  (7)

where Vt is the set of operator and logical functional units 
(terminals), {Ai, Ui, Ri} and {ωi}, i

 = 1,…, n; Vn is the set of 
operator functional structures (nonterminals), {Bi, Ci}; L0 is 
the null version of the logical-algorithmic model; I is the 
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set of improving substitutions: {(Ai)
Xi, (Ui)

Zi, (Ri)
Zi} for the 

working and correction operators;  {(ωi)
Yi} for the logical 

conditions; {L, Pi, Qi} for the operator structures.
Thus, by selecting improving substitutions, the formal 

description of the development process was synthesised 
that ensures acceptable levels of software faultlessness and 
development time. The functional network corresponding 
to the null version of the development process is trans-
formed until a logical-algorithmic description is found that 
satisfies the reliability and cost requirements. The sequen-
tial algorithmic structure was chosen as a null option. Each 
improving substitution meant replacing some operator or 
logical fragment of the functional network by another frag-
ment with an increased level of reliability at the expense of 
additional costs. 

Fuzzy model of software reliability
The level of correctness of the software development pro-
cess was assessed using the system of fuzzy rules. An ana-
logue of the fuzzy knowledge base and a carrier of the relia-
bility model is the logical-algorithmic description of events 
associated with the occurrence, detection, and elimination 
of the causes of incorrect operation of the software system. 
The inputs of the process-oriented model are the reliabili-
ty-time estimates of working, checking, and correction op-
erators. At the output of the process, two classes of situa-
tions corresponding to correct (µ1) and incorrect (µ0 = 1 – µ1) 
execution of the task are identified. Then, for the sequen-
tial algorithmic structure (4) with improving transforma-
tions (5), (6), the correctness of completion of the stage Ai, 
i = 1,…, n, is described by a system of fuzzy rules:

IF the working operator Ai is executed correctly 
OR errors are correctly detected and removed during 

checking ωi and Ui correction , 
AND no new errors have been made,
OR errors are correctly detected and resolved during 

correction Ri.
(with the possibility of introducing new errors)
THEN the stage  is completed correctly. 
The following system of fuzzy logical equations that 

connects the levels of fuzzy correctness of operators and 
logical conditions with the classes of decisions correspond-
ing to correct (µ1) and incorrect (µ0 = 1 – µ1) execution of the 
task is derived from the fuzzy knowledge base:
for the alternative structure

μPi
1  = μAi

1 (Xi)
 ⋅ μωi

1 (Yi)
 + μAi

0 (Xi)
 ⋅ μUi

1 (Zi);                 (8)

for the iterative structure

μQi
1 = μAi

1 (Xi)
 ⋅ μωi

1 (Yi)
 + μAi

0 (Xi)
 ⋅ μRi

1 (Zi
*) +

+ μAi
00 ⋅ [μRi

00 + μRi
10] ⋅ μRi

1 (Zi
*) + ⋯

+ [μAi
00]q ⋅ [μRi

00 + μRi
10]q ⋅ μRi

1 (Zi
*),                        (9)

where the risk of repeated correction is

μAi
00 = 1-[μAi

1 (Xi)
 ⋅ μωi

1 (Yi)
 + μAi

0 (Xi)
 ⋅ μRi

1 (Zi
*)],           (10)

where μAi
1 (μAi

0), μωi
1 (μωi

0), and μUi
1 (μUi

0) are the possibilities of 
correct (incorrect) execution of the working (Ai), checking 
(ωi), and correction (Ui) operators; μRi

1 (μRi
00, μRi

10) is the distri-
bution of fuzzy correctness of the cyclic correction opera-
tor Ri; q is the number of verification and correction cycles 
for the iterative structure; μPi

1 (μPi
0) and μQi

1 (μQi
0) is the pos-

sibility of correct (incorrect) execution of the equivalent 
operators Pi and Qi.

The reliability of working, checking, and correcting 
operators was modelled on the basis of expert and exper-
imental data on the distribution of errors of various types 
(interface errors, errors in the logic of the program, errors 
in the processing of parallel data flows, etc.). Following the 
m-ary concept of errors (Rotshtein et al., 2007), the possi-
bility of identifying and correcting errors of the j-th type, 
j = 1,..., ki, was considered at the i-th stage. Managing the 
risks of introducing and omitting errors when executing 
working, checking, and correction operators was carried 
out using controllable variables as follows:

𝜇𝜇𝜇𝜇𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
1 (𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖) = ∏ �1 − [𝜇𝜇𝜇𝜇𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

0 ]𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�𝑘𝑘𝑘𝑘𝑖𝑖𝑖𝑖
𝑗𝑗𝑗𝑗=1   ,

𝜇𝜇𝜇𝜇𝜔𝜔𝜔𝜔𝑖𝑖𝑖𝑖
1 (𝑌𝑌𝑌𝑌𝑖𝑖𝑖𝑖) = ∏ �1 − [𝜇𝜇𝜇𝜇𝜔𝜔𝜔𝜔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

0 ]𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�𝑘𝑘𝑘𝑘𝑖𝑖𝑖𝑖
𝑗𝑗𝑗𝑗=1   ,                   (11)

𝜇𝜇𝜇𝜇𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖
1 (𝑍𝑍𝑍𝑍𝑖𝑖𝑖𝑖) = ∏ �1 − [𝜇𝜇𝜇𝜇𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

0 ]𝑧𝑧𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�𝑘𝑘𝑘𝑘𝑖𝑖𝑖𝑖
𝑗𝑗𝑗𝑗=1   ,

𝜇𝜇𝜇𝜇𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖
1 (𝑍𝑍𝑍𝑍𝑖𝑖𝑖𝑖∗) = ∏ �1 − [𝜇𝜇𝜇𝜇𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

00 + 𝜇𝜇𝜇𝜇𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
10 ]𝑧𝑧𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

∗
�𝑘𝑘𝑘𝑘𝑖𝑖𝑖𝑖

𝑗𝑗𝑗𝑗=1   ,              (12)

where μAi
1 (μAi

0L) is the possibility of avoiding (introduc-
ing) the error eij when executing the working operator Ai;  
μωij

1 (μωij
0 ) is the possibility of detecting (missing) the error eij 

when checking the truth of the logical condition ωi; μUij
1 (μUij

0 ) 
is the possibility of removing (leaving in the system) the 
error eij when executing the correction operator Ui; μRij

1 (μRij
00, 

μRij
10) is the possibility of removing (leaving in the system) 

the error eij and introducing new errors when executing the 
correction operator Ri.

Fuzzy correctness of the multistage development pro-
cess described by a sequence of the alternative and itera-
tive algorithmic structures was defines as follows: 

μ1 = ∏n
i = 1(μSi

1 (Xi, Yi, Zi, Zi
*)), Si ∈ {Pi, Qi}.            (13)

The execution time of the working (tAi
), checking (tωi

), 
and correction (tUi

, tRi
) operations was calculated in pro-

portion to the development time of the null version of the 
working operator tAi

0 as follows:

𝑡𝑡𝑡𝑡𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖(𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖) = (1 +
max
𝑗𝑗𝑗𝑗

(𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗)

𝑥𝑥𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
)𝑡𝑡𝑡𝑡𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
0   , 𝑡𝑡𝑡𝑡𝜔𝜔𝜔𝜔𝑖𝑖𝑖𝑖(𝑌𝑌𝑌𝑌𝑖𝑖𝑖𝑖) =

max
𝑗𝑗𝑗𝑗

(𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗)

𝑦𝑦𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑡𝑡𝑡𝑡𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
0   ,

𝑡𝑡𝑡𝑡𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖(𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖)(𝑍𝑍𝑍𝑍𝑖𝑖𝑖𝑖) =
max
𝑗𝑗𝑗𝑗

(𝑧𝑧𝑧𝑧𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗)

𝑧𝑧𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑡𝑡𝑡𝑡𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
0   ,                      (14)

where the maximum quality ratings are xmax, ymax, zmax
 = 9.

The execution time of the algorithms (4)-(6) was esti-
mated as follows:
for the alternative structure

𝑡𝑡𝑡𝑡𝑃𝑃𝑃𝑃∗ = ∑ (𝑡𝑡𝑡𝑡𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖(𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖) + 𝑡𝑡𝑡𝑡𝜔𝜔𝜔𝜔𝑖𝑖𝑖𝑖(𝑌𝑌𝑌𝑌𝑖𝑖𝑖𝑖) + 𝑡𝑡𝑡𝑡𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖(𝑍𝑍𝑍𝑍𝑖𝑖𝑖𝑖))𝑛𝑛𝑛𝑛
𝑖𝑖𝑖𝑖=1   ;               (15)

for the iterative structure
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𝑡𝑡𝑡𝑡𝑄𝑄𝑄𝑄∗ = ∑ (𝑡𝑡𝑡𝑡𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖(𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖) + 𝑞𝑞𝑞𝑞�𝑡𝑡𝑡𝑡𝜔𝜔𝜔𝜔𝑖𝑖𝑖𝑖
(𝑌𝑌𝑌𝑌𝑖𝑖𝑖𝑖) + 𝑡𝑡𝑡𝑡𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖(𝑍𝑍𝑍𝑍𝑖𝑖𝑖𝑖

∗)� )𝑛𝑛𝑛𝑛
𝑖𝑖𝑖𝑖=1   ,          (16)

where tP
*, tQ

* is the execution time of the equivalent operators 
corresponding to the alternative and iterative structures.

Thus, correlations (8)-(13) define the fuzzy model of 
software reliability growth. The increase in software reli-
ability was achieved by managing risks of incorrect per-
formance of the task. Parameters of working, checking, 
and correction operators determine the efforts aimed at 
reducing the risks of errors at all stages of development. 
The growth of the reliability function is ensured by intro-
ducing the quality indicators of working, checking, and 
correction operations in accordance with the Saaty’s scale. 
Fuzzy logical equations model the increase in the level of 
fuzzy correctness depending on the distributed efforts. The 
development time determined by correlations (15), (16) is 
calculated in accordance with the priority ranks of working, 
checking, and correction operators.

 
Results and Discussion
Example: Risk assessment 
of the mobile application development.
The problem of reliability analysis of a mobile applica-
tion for image aggregation is considered (Rakytyanska & 
Prus 2024). It is assumed that a logical-algorithmic mod-
el of the development process is given, where risk assess-
ments of the working, checking, and correction operations 
can be obtained on the basis of already completed projects. 
The problem of reliability analysis was formulated as fol-
lows. For the given logical-algorithmic model, it is neces-
sary to minimise risks of introducing, missing, and leav-
ing errors in the system by distributing efforts to perform 
working, checking, and correction operations. The devel-
opment time should not exceed 16 weeks. 

The logical-algorithmic model of the development 
process looks as follows:

A* = A0 [e0]ω0

D ∨ U0)...A2 [e2]ω2

(D ∨ U2) A3 [e3]ω3

{R3} A4 [e4]ω4

(D ∨ U4) 

A5 [e5]ω5

(D
 
∨

 
U5) A6 [e6]ω6

{R6}...A15 [e15]ω15

{R15}

A16 [e16]ω16

(D ∨ U16)...A19 [e19]ω19

(D ∨ U19).            (17)

Here A0 – requirements analysis; e0
 = {e0.1}, where e0.1 – 

requirements incorrectly defined by the customer;
A1 – development of technical specifications for soft-

ware design; e1
 = {e1.1,…, e1.5}, where e1.1 – incorrect formula-

tion of technical requirements; e1.2 – lack of clear software 
goals; e1.3 – improper distribution of roles and responsibil-
ities; e1.4 – changing requirements; e1.5 – incomplete detail-
ing of the project;

A2 – development of technical specifications for pro-
gramming; e2

  =  {e2.1,…, e2.4}, where e2.1  – misunderstand-
ing of technical aspects; e2.2 – inconsistency of resources 
and deadlines; e2.3 – lack of quality control; e2.4 – failure to  
consider risks;

A3  – development of UI/UX design; e3
  =  {e3.1,…, e3.7}, 

where e3.1 – inconsistency with user needs; e3.2 – complex 

and confusing interface; e3.3  – poor readability and con-
trast; e3.4 – non-optimised images; e3.5 – lack of process-
ing of user paths; e3.6 – ignoring updates and trends; e3.7 – 
non-adaptive design;

A4 – analysis of implementation methods; e4
 = {e4.1, e4.2}, 

where e4.1 – neglect of resources; e4.2 – neglecting expansion 
needs;

A5 – analysis of architectural solutions; e5
 = {e5.1, e5.2}, 

where 5.1 – disregarding software functionality; e5.2 – ne-
glecting expansion needs;

A6  – software architecture development; e6
  =  {e6.1,…, 

e6.3}, where e6.1 – errors in the analysis of architectural solu-
tions; e6.2 – suboptimal performance; e6.3 – dissatisfaction 
with security needs;

A7 – interface development; e7
 = {e7.1,…, e7.5}, where e7.1 – 

design pattern mismatch; e7.2 – using the wrong style ele-
ments; e7.3 – inappropriate animations; e7.4 – non-adaptive 
interface; e7.5 – errors in the text;

A8 – development of software modules; e8
 = {e8.1,…, e8.4}, 

where e8.1 – errors in the program code; e8.2 – third-party li-
brary errors; e8.3 – errors in the work algorithms of software 
modules; e8.4 – unoptimised code;

A9  – development of image processing module; 
e9

 =  {e9.1,…, e9.4}, where e9.1 – processing algorithm errors; 
e9.2 – internal library error; e9.3 – hardware processing algo-
rithms are not supported; e9.4 – overloading of the comput-
ing resources of the device;

A10 – database development; e10
 =  {e10.1,…, e10.3}, where 

e10.1 – database normalisation is broken; e10.2 – wrong data 
types; e10.3 – incorrect types of relationships between tables;

A11 – connecting logic to the interface; e11
 = {e11.1, e11.2}, 

where e11.1 – inconsistency of the interface with the pro-
gram logic; e11.2 – interface design errors;

A12 – software testing; e12
 = {e12.1,…, e12.5}, where e12.1 – 

using the wrong user flow during testing; e12.2 – there is 
no verification of software operation on different devices; 
e12.3 – no smoke testing; e12.4 – there is no verification of the 
problem in several approaches; e12.5 – no testing with poor 
or no internet connection;

A13 – error correction; e13
 = {e13.1,…, e13.4}, where e13.1 – 

incorrectly formulated ways of reproducing the error; 
e13.2 – not following all paths to reproduce the error; e13.3 – 
no playback error with correct playback paths; e13.4 – there 
is no verification of the entire software module when the 
software code changes in it;

A14 – checking the requirements of the technical task; 
e14

 = {e14.1, e14.2}, where e14.1 – inconsistency of the current 
design with the requirements; e14.2 – non-compliance of 
the software functionality with the requirements of the 
technical task;

A15 – verification of the software product by the cus-
tomer; e15

 = {e15.1, e15.2}, where e15.1 – non-compliance of the 
software with the primary requirements; e15.2 – non-com-
pliance of the interface with the primary requirements;

A16  – preparation for publication; e16
  =  {e16.1,…, e16.4}, 

where e16.1 – there is no full testing of the software before 
publication; e16.2  – uncorrected critical software errors; 
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e16.3 – errors in the description of the user terms of service 
provision; e16.4 – there is no testing of alpha and beta ver-
sions of the software;

A17  – checking requirements before publishing to 
AppStore, Google Play; e17

  =  {e17.1,…, e17.4}, where e17.1  – 
non-compliance with the requirements of applica-
tion stores; e17.2  – misrepresentation of user data; e17.3  – 
non-compliance with the requirements to be effective after 
publication; e17.4  – non-compliance with country-specific 
publication requirements;

A18  – publication; e18
  =  {e18.1, e18.2}, where e18.1  – error 

when uploading the application assembly to the applica-
tion store; e18.2  – publication of the application without 
taking into account analytical data;

A19 – support; e19
 =  {e19.1,…, e19.3}, where e19.1 – no re-

sources for support; e19.2 – critical bug fixes are missing; 
e19.3 – no support for new platform requirements.

In (16), the stages A0 – A2, A4, A5, A16 – A19 are described 
by the alternative algorithmic structures without feedback, 
and the stages A3, A16 – A19 are described by the iterative 
algorithmic structures with feedback. Risk assessments for 
the working, checking, and correction operators are giv-
en in Table 1. Error distribution ranges were obtained on 
the basis of expert and experimental data. To estimate the 
fuzzy correctness of the operators and operator structures 
in (16), the histories of errors and defects of 56 already 
completed projects in the field of mobile application de-
velopment were considered. The reliability of working op-
erators (μAi

1) is determined based on fuzzy estimates of the 
frequency of introducing errors of various types. The reli-
ability of checking (μωi

1 ) and correction (μUi
1 , μRi

1) operators 
is determined based on fuzzy estimates of the frequency of 
detection and correction of errors of various types. Given 
the fuzzy correctness (μ1), the risk (μ0 = 1 – μ1) is calculated.

Stage Working
operator Checking operator Correction without 

feedback
Correction 

with feedback

Ai μAij
0 μωij

0 μUij
0 μRij

00 μRij
10

A0 0.392 0.464 0.214 - -

A1 0.115-0.428 0.185-0.396 0.120-0.275 - -

A2 0.196-0.410 0.142-0.339 0.107-0.250 - -

A3 0.250-0.375 0.160-0.285 - 0.071-0.160 0.053-0.107

A4 0.160-0.267 0.178-0.250 0.089-0.178 - -

A5 0.214-0.357 0.196-0.304 0.185-0.214 - -

A6 0.304-0.410 0.214-0.392 - 0.089-0.178 0.071-0.142

A7 0.232-0.446 0.285-0.464 - 0.107-0.267 0.053-0.125

A8 0.125-0.392 0.196-0.428 - 0.160-0.250 0.125-0.178

A9 0.214-0.464 0.125-0.375 - 0.142-0.232 0.107-0.160

A10 0.107-0.250 0.196-0.267 - 0.089-0.214 0.071-0.125

A11 0.285-0.392 0.178-0.304 - 0.178-0.232 0.089-0.160

A12 0.196-0.428 0.214-0.339 - 0.160-0.304 0.107-0.142

A13 0.304-0.446 0.267-0.410 - 0.125-0.160 0.071-0.125

A14 0.107-0.160 0.089-0.125 - 0.071-0.089 0.053-0.071

A15 0.125-0.178 0.107-0.160 - 0.107-0.214 0.053-0.089

A16 0.089-0.232 0.125-0.178 0.071-0.160 - -

A17 0.196-0.267 0.160-0.214 0.107-0.178 - -

A18 0.160-0.214 0.142-0.196 0.053-0.071 - -

A19 0.107-0.178 0.125-0.214 0.089-0.142 - -

Table 1. Risk assessments for the working, checking, and correction operators

Source: created by the authors

When calculating the reliability of algorithmic struc-
tures using formulas (8), (9), the risk of incorrect comple-
tion of development stages for preliminary risk assess-
ments is 10-25%. This means that without proper resource 
allocation, the possibility of cascading and interactive ef-
fects as the consequences of errors propagation steadily 
increases. As a result, the goals of the project cannot be 
achieved within the established time frame. Assessments 
of the correctness of software development stages after ef-
forts distribution are given in Table 2. Risk management is 

carried out based on formulas (11), (12) by dividing efforts 
(xij, yij, zij) to reduce the risks of introduction (μAij

0 ), imperfect 
detection (μωij

0 ), and incomplete correction (μUij
0 , μRij

0 ) of the 
set of errors ei

 = {eij
}, j = 1,…, ki. The result of the effort dis-

tribution is a stable growth of the reliability function due 
to the correct execution of the working (μAi

1 ), checking (μωi
1 ), 

and correction (μUi
1 , μRi

1 ) operators. Estimates of the correct 
completion of each stage (μPi

1 , μQi
1 ) associated with correct-

ness of the execution of the alternative or iterative struc-
ture, are obtained using formulas (8), (9). 
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The obtained results demonstrate the correct ranking 
of risks during the performance of working, verification, 
and correction operations. The possibility of correct com-
pletion of the project is estimated using formula (13). Risk 
assessments during the analysis of requirements and de-
velopment of technical specifications at the stages A0-A2 
amount to approximately 1%. Risk assessments during the 
analysis of user’s design, implementation methods, and ar-
chitectural solutions at the stages A3-A5 are less than 1.5%. 
Risk assessments during the development and testing at 
the stages A6-A15 are around 5%. Risk assessments in prepa-
ration for publication and support at the stages A16-A19 are 
less than 2%. Reducing the risk of incorrect completion of 
the previous stage Ai – 1 allows avoiding the effects of cas-
cading and interaction when spreading the consequences 
of errors ei

 = {eij
}, j = 1,…, ki, at the stages Ai, Ai + 1,…, An.

The schedule for the execution of the sequential dis-
crete process (16) is shown in Figure 1. The calendar plan 
was calculated using formulas (14), (15) taking into account 
the costs of checking and correction in accordance with the 
distribution of efforts. To comply with time constraints, 
the start of each stage was chosen as early as possible. 
The development of technical specifications at the stages 
A0-A2 takes 1-2 weeks. The development of user’s design 
and architectural solutions at the stages A3-A5 takes ap-
proximately 4 weeks. The duration of the development and 
testing stages A6-A15 is around 12 weeks. The final stages 

of preparation for publication A16-A19 take no more than 2 
weeks. When calculating the calendar plan, contextual his-
tories of already completed projects were used, where the 
duration of the development and testing stages makes up 
80% of the project time. The time spent on detecting and 
correcting errors was estimated in proportion to the devel-
opment time of the null version of the stage, depending on 
the priority of the errors. As a result of proper distribution 
of efforts, the software development period does not ex-
ceed 16 weeks, which guarantees timely delivery.

Within the given schedule, the progress of the project 
in the form of the cumulative flow diagram can be predict-
ed using the system of fuzzy rules and assessments of cor-
rect execution of the operators and logical conditions (Ta-
bles 1, 2). The number of tasks in development and testing 
is known for each week of the calendar plan. The decision 
to accept the task (or return it for revision) is made based 
on the possibility of correct execution of the working and 
checking operators μA

1
i, μω

1
i, The decision about the suc-

cessful revision is made based on the possibility of correct 
execution of the debugging operators μU

1
i, μR

1
i. The decision 

about the successful completion of the stage is made based 
on the possibility of correct execution of the alternative 
or iterative structure μP

1
i, μQ

1
i that allows to estimate the 

number of completed tasks and the number of tasks in the 
queue. The experimental and model cumulative flow dia-
grams are shown in Figure 2.

Table 2. Fuzzy correctness of development stages after distribution of efforts among working,  
checking, and correction operators

Source: created by the authors

Stage Working
operator Checking operator Correction without feedback Correction with feedback

Ai xij μAi
1 yij μωi

1 zij
μUi

1 μPi
1 zij

* μRi
1 μQi

1

A0 5 0.940 7 0.995 7 0.998 0.996 - - -

A1 5-7 0.986 7-8 0.998 6-8 0.999 0.998 - - -

A2 4-5 0.972 6-7 0.998 6-7 0.997 0.996 - - -

A3 4-5 0.980 5-6 0.998 - - - 5-6 0.997 0.995

A4 3-4 0.981 4-5 0.997 3-4 0.998 0.996 - - -

A5 4-5 0.984 5-6 0.997 5-6 0.995 0.997 - - -

A6 5-6 0.978 6-7 0.996 - - - 6-7 0.997 0.996

A7 5-6 0.963 5-7 0.996 - - - 7-8 0.999 0.996

A8 4-6 0.974 6-7 0.997 - - - 7-8 0.996 0.995

A9 4-5 0.950 5-6 0.996 - - - 6-7 0.995 0.992

A10 3-4 0.984 4-5 0.998 - - - 5-6 0.999 0.997

A11 3-4 0.973 4-5 0.995 - - - 4-5 0.996 0.995

A12 5-6 0.936 6-8 0.998 - - - 7-8 0.996 0.994

A13 5-6 0.990 6-7 0.996 - - - 7-8 0.998 0.996

A14 3-4 0.982 4-5 0.998 - - - 4-5 0.997 0.996

A15 3-4 0.990 4-5 0.997 - - - 4-5 0.998 0.995

A16 2-3 0.947 2-3 0.995 2-3 0.996 0.995 - - -

A17 2-3 0.981 3-4 0.998 2-3 0.994 0.997 - - -

A18 2-3 0.954 3-4 0.997 3-4 0.998 0.996 - - -

A19 2-3 0.968 4-3 0.998 2-3 0.997 0.995 - - -
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Comparison of the experimental and model dynam-
ics of the project indicates stable software quality man-
agement. As a result of the correct distribution of efforts, 
the number of completed tasks is steadily increasing; the 
number of tasks in development and testing remains sta-
ble; the number of tasks in the queue is steadily decreasing. 
In practice, dynamics of a real project allows for short-term 

horizontal sections indicating the resolution of problems. 
In case of periods of decline, the model can predict the 
recovery of the chart. Thus, the proposed model demon-
strates the ability to correctly approximate the progress of 
real projects under conditions of risks and uncertainty.

Software developed in Python for software reliabil-
ity analysis is an intelligent system that implements a  

Figure 1. Development process schedule
Source: created by the authors

Figure 2. Experimental (a) and model (b) cumulative flow diagram
Source: created by the authors

a)

b)
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logical-algorithmic model of the development process. The 
system is integrated with the analytical module by forming 
fuzzy rules that take into account the possibility of occur-
ring, detecting, and correcting errors at different stages of 
the software life cycle. The system allows modelling the 
processes “work – checking – correction” using improving 
substitutions and assessing the level of correctness based 
on a system of fuzzy logical equations. The controllable 
variables embedded in the logical-algorithmic model for-
malise the distribution of efforts according to task priority. 
Visualisation tools make it possible to analyse the dynam-
ics of the project depending on the distributed efforts. For 
practical application, the model is integrated with reposi-
tories of error and defect histories, automatically adapting 
the parameters of fuzzy rules based on empirical data from 
previous projects. 

Discussion of the results of evaluating  
the effectiveness of the software reliability model
This paper proposes a software reliability model that al-
lows generating improving transformations of the devel-
opment process in the form of linguistic rules to prevent 
the risks of software defects. Such rules are the carrier of 
the software quality management model, as they give prac-
titioners the opportunity to distribute efforts under limited 
time conditions. The logical-algorithmic model of software 
reliability is obtained on the basis of an intelligent analysis 
of software development processes. The process-oriented 
model predicts the risks of software defects based on as-
sessments of the correct execution of the process elements, 
such as the stages of development, testing, and debugging. 
The principal difference is the integration of the controlla-
ble variables into the logical-algorithmic description of the 
software life circle that allows managing the development 
risks. Improving substitutions allow to simulate events 
that ensure software reliability growth at the development 
stages. As a result, the proposed approach, which is similar 
to knowledge distillation, allows transferring reliable parts 
of the previous projects into a process-oriented reliability 
model of the current project.

Distillation-based models of software reliability aim to 
define action plans based on software analytics and practi-
tioner findings. In the study B. Littlewood et al. (2020), fail-
ure rate data of existing software is used as a prior distri-
bution when assessing the reliability of a new system. This 
approach ensures transferring reliable components of the 
previous system to the new one from the history of failures 
of existing systems. The article A.  Filippetto  et al.  (2021) 
consider a database of failures and defects of already com-
pleted projects as a context history. The failure history of 
existing software is used to assess the reliability of a new 
system by modelling scenarios using distance-based sim-
ilarity measures. In the work M. Asif & J. Ahmed (2020), 
a decision support system is developed that automatically 
generates rules to reduce software risks based on frequent 
failure patterns. A rule-based machine learning approach 
is used to establish relationships between risk factors and 

software reliability, where the previous failure cases and the 
corresponding action plan are associated with rules. N. Al-
nahdi & R. Alnanih (2024) consider an information model 
that integrates usability testing and reliability analysis at 
the stage of interface design to enhance the system per-
formance based on user experience. The conceptual model 
is adjusted to identify risks using expert recommendations 
for minimising risks observed during the implementation 
of similar projects. The work D. Rajapaksha et al. (2022) pro-
poses a defect prediction model for the automatic develop-
ment of planning strategies using a qualitative study and 
empirical assessment of the impact factors determined by 
the software development methodology. Current planning 
actions are generated in the form of rules-based explana-
tions and associated risk thresholds. The rule-based model 
proposed by T.  Hovorushchenko  (2021) predicts the risks 
of software defects based on many factors obtained from 
the analysis of experimental data. The risk management 
model generates planning strategies directly in the form of 
expert recommendations. R. Ouriques et al. (2023) use the 
approach based on the grounded theory to generate expla-
nations regarding the compliance of the current state of 
the project with the requirements. The intelligent process 
analysis allows reconstructing the sequence of events that 
can cause software failure. As noted in the study J. Díaz et 
al.  (2023), modelling condition-event relationships using 
the grounded theory requires transparency and replica-
bility, which improve the trustworthiness of the generated 
recommendations. Qualitative data analysis in empirical 
software research takes into account the perspectives of a 
group of experts to structure codified knowledge based on 
a consistent interpretation of events. 

Unlike process-based models that examine clusters 
of factors influencing condition-event relationships, the 
proposed model uses a time series approach. Correction 
of the execution of the multidimensional discrete process 
with the m-ary concept of errors is carried out by selecting 
improving substitutions. The number of model parameters 
is reduced to the number of error types ki at each stage Ai, 
i = 1,…, n. Then, the following groups of risks are consid-
ered: risks of introducing errors during development; risks 
of missing errors during testing; risks of leaving errors in 
the system or introducing new errors due to imperfect de-
bugging. In particular, to assess the risks of the mobile ap-
plication development process, from 2 to 7 risk factors or 
types of errors were considered at each stage of the life cy-
cle A0, ... , A19. Therefore, in order to manage the quality of 
development, it is sufficient to distribute efforts for the cor-
rect completion of the stages, where the processes of intro-
ducing, detecting, and removing of errors are described by 
the algorithmic structures “work – checking – correction”. 
Improving transformations formalised by the controllable 
variables are associated with the thoroughness of develop-
ment due to the increase of the working time or the skills 
of developers. The application of the proposed model is 
limited to discrete algorithmic processes, where risk man-
agement is carried out within the time frame of each stage.
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Conclusions
This article proposes an approach to modelling the relia-
bility of the software development process based on the al-
gebra of algorithms and fuzzy logic. The multidimensional 
discrete process of the software development is described 
using the modified system of V.M. Hlushkov’s algorithmic 
algebras. The algorithmic description of events related to 
the introduction, detection, and removal of errors is con-
sidered as the fuzzy knowledge base “work – checking – cor-
rection”. The linear structure describes a sequence of works 
without feedback. The alternative structure describes the 
process of testing and correction where errors are detected 
and immediately removed from the system. The iterative 
structure describes the debugging process with the possi-
bility of introducing new errors. The logical-algorithmic 
model makes it possible to develop algorithms with the re-
quired levels of correctness and cost based on expert and 
experimental reliability assessments obtained at the stages 
of the software life cycle.

A fuzzy model of software reliability growth is pro-
posed. The reliability model in the form of the system of 
fuzzy logical equations connects the possibility of correct 
(incorrect) execution of the process and the assessments 
of correctness of the working, checking, and correction 
operators. Software reliability analysis is associated with 
assessing the risks that arise during development, verifica-
tion, and validation due to non-compliance with design re-
quirements. Risk management is carried out with the help 
of improving substitutions embedded into the logical-al-
gorithmic model. Improving substitutions allow modelling 

the distribution of efforts to reduce the risk of introducing 
errors during the development stage; the risk of missing 
errors at the testing stage; the risk of leaving errors in the 
system or introducing new errors at the debugging stage. 
The growth of the reliability function and the progress of 
the project are ensured by the introduction of indicators of 
the quality of execution of operators and logical conditions 
in accordance with Saaty’s scale. The synthesis of the fuzzy 
knowledge base that ensures acceptable levels of software 
risks and development time is carried out by selecting con-
trollable variables associated with improving substitutions.

Further research involves training the reliability mod-
el on experimental data in the form of histories of errors 
and defects. This approach consists in building and train-
ing membership functions of fuzzy correctness for the op-
erators and logical conditions as well as rule weights for 
the algorithmic structures. A model trained by transferring 
reliable elements of the development process from the 
training dataset to the logic-algorithmic model will make 
it possible to predict the project dynamics depending on 
the distributed efforts.
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Анотація. Актуальність дослідження зумовлена необхідністю розробки інтерпретабельних процес-
орієнтованих моделей, які дозволяють оцінити зростання функції надійності залежно від розподілу зусиль. 
Мета роботи полягала в моделюванні процесів, пов’язаних із внесенням, виявленням та виправленням помилок 
засобами алгебри алгоритмів та нечіткої логіки. Запропонована методологія аналізу надійності програмного 
забезпечення базувалася на теорії надійності алгоритмічних процесів. Логіко-алгоритмічна модель процесу 
розробки побудована на основі лінійної, альтернативної та ітеративної операторних структур. Послідовність 
робіт без зворотного зв’язку описана лінійною структурою. Етапи верифікації та валідації описані за допомогою 
альтернативної та ітеративної алгоритмічних структур. Процес перевірки та виправлення, коли виявлені помилки 
негайно усувалися, а нові помилки не вносилися, описано альтернативною структурою. Процес налагодження, 
під час якого можуть вноситись нові помилки, описано ітеративною структурою. Логіко-алгоритмічна модель у 
вигляді нечіткої бази знань дозволила проектувати програмне забезпечення з необхідними рівнями надійності 
та витрат, використовуючи покращувальні перетворення. Система нечітких логічних рівнянь пов’язувала рівні 
правильності робочих, контрольних та доробочних операцій з можливістю правильного виконання процесу 
розробки. Розподіл зусиль формалізовано за допомогою покращувальних підстановок, введених у логіко-
алгоритмічну модель. Керувальні змінні, пов’язані з покращувальними підстановками, інтерпретувалися 
як якість виконання робочих, контрольних та доробочних операцій. Запропонована нечітка модель 
надійності програмного забезпечення дозволила оцінити ризики процесу розробки на основі експертної та 
експериментальної інформації про надійність та часові характеристики етапів життєвого циклу. Нечітка модель 
була побудована шляхом перенесення надійних частин процесу розробки, отриманих з історій помилок та 
дефектів попередніх проєктів, у процес-орієнтовану модель надійності поточного проєкту. Розглянуто приклад 
аналізу надійності процесу розробки мобільного додатку для агрегації зображень, де впливовими факторами 
є безпомилкове виконання робочих, контрольних і доробочних операцій. Практичне значення дослідження 
полягає у створенні інструментарію, що дає змогу прогнозувати надійність програмного забезпечення на різних 
етапах його життєвого циклу, оптимізувати розподіл ресурсів між виявленням і виправленням помилок та 
зменшувати ризики невдалих рішень у проєктуванні і налагодженні
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