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METHOD FOR AUTOMATIC TEST SUITE REDUCTION WITHOUT 
LOSS OF DETECTED DEFECTS

The paper proposes a method for automatic test suite reduction in regression testing of evolving software 
systems, which is based on preserving the defect detection capability of tests. Unlike conventional approaches 
focused on code coverage metrics or heuristic criteria, the proposed method treats the preservation of the set 
of detected defects as a hard constraint of the reduction process.

The proposed test suite reduction method is implemented as a sequence of interrelated steps, starting with the 
construction of a formalized mapping between tests and detected defects based on test execution results. This 
is followed by the identification of mandatory tests, a greedy selection of tests to cover the remaining defects, 
and a local optimization of the resulting test set with mandatory verification of defect detection preservation.

To validate the effectiveness of the proposed approach, a software prototype of an automatic test suite 
reduction tool was implemented. The prototype performs offline processing of automated testing results without 
interfering with the test execution process. It takes structured test execution data as input, including test 
identifiers, sets of detected defects, and test execution times, based on which the “test–defect” correspondence 
model is automatically constructed and stepwise test suite reduction is performed in accordance with the 
proposed algorithm.

An experimental study was conducted on three open-source software projects, where the size of the original 
test suites ranged from 320 to 740 tests and the number of reference defects ranged from 85 to 190. The 
experimental results demonstrated that the proposed method achieves a reduction of test suites by 41.3–57.8% 
and a decrease in total test execution time by 52.4–67.0% while fully preserving defect detection capability. 
A comparison with random and coverage-based test suite reduction approaches showed the superiority of the 
proposed method, as the defect preservation metric for baseline methods decreased to 0.82–0.91. The obtained 
results confirm the effectiveness of defect-oriented test suite reduction in modern automated regression testing 
processes.

Keywords: automated testing; test suite reduction; software quality; test process optimization; defect 
analysis.

Formulation of the problem. With the increas-
ing complexity of software systems and the inten-
sity of their evolution, the volume of automated test 
suites used to ensure software correctness and stabil-
ity also grows significantly. In modern development 
processes, particularly under continuous integration 
and delivery conditions, an excessive number of tests 
leads to longer change verification times, increased 
computational costs, and reduced maintainability of 
the testing infrastructure. Under such conditions, the 
problem of optimizing test suites without reducing 
testing quality becomes especially relevant.

Common approaches to test suite reduction are 
usually based on code coverage analysis or heuristic 
identification of duplicate test scenarios. However, 
such methods do not guarantee the preservation of the 

test suite’s ability to detect defects, since structural or 
coverage diversity of tests does not always correlate 
with their actual defect detection effectiveness. As a 
result, test reduction may lead to the loss of impor-
tant scenarios, which becomes apparent only at later 
stages of software system operation.

In this context, an approach oriented not toward 
formal test characteristics but toward their actual 
contribution to defect detection becomes particularly 
important. Establishing a correspondence between 
tests and detected defects enables the development of 
reduction methods that preserve the defect detection 
properties of the original test suite with respect to a 
given reference set. Such an approach makes it pos-
sible to combine a reduction in test suite size with 
controlled testing quality.
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Analysis of recent research and publications. 
The problem of test suite reduction is one of the key 
issues in modern regression testing, as it is directly 
related to reducing test execution time and com-
putational resource consumption without compro-
mising defect detection quality [1]. The relevance 
of this problem increases in continuous integration 
and delivery environments, where test suites evolve 
together with software systems.

A significant body of research has been devoted 
to the empirical analysis of test suite reduction in real 
projects. In [2], it is demonstrated that aggressive test 
suite reduction during software evolution can lead to a 
loss of defect detection capability, even when formal 
coverage criteria are preserved. Similarly, a compar-
ative analysis of adequate and inadequate reduction 
strategies conducted in [3] showed a strong depend-
ence of the results on the choice of test preservation 
criteria. These findings emphasize the need to focus 
not only on structural metrics but also on the defect 
detection properties of tests.

Systematization of existing approaches has been 
addressed in several survey studies. In [4], a system-
atic review of search-based test suite reduction meth-
ods is presented, their classification is proposed, and 
limitations related to scalability and result stability 
are outlined. The study in [5] examines the evolution 
of optimization practices for automated and manual 
testing in industrial settings, which makes it possible 
to consider test suite reduction as a component of the 
broader problem of test process optimization.

A separate group consists of methods based on 
heuristic and optimization algorithms. In [6], greedy 
test suite reduction strategies are empirically investi-
gated, showing that they can achieve significant test 
reduction but do not always guarantee preservation of 
defect detection capability. The trade-off between the 
degree of reduction and testing quality is analyzed in 
detail in [7], where an approach to balancing these 
opposing objectives of reduction is proposed.

With the development of data analysis meth-
ods and artificial intelligence, approaches based on 
machine learning have emerged. In [8], the applica-
tion of unsupervised learning methods for test suite 
reduction is investigated, enabling the automatic iden-
tification of redundant tests without explicitly defined 
selection rules. Similar ideas of scalable optimization 
are further developed in [9, 10], where black-box test 
minimization methods based on test code similarity 
and language models are proposed.

An important research direction is the use of infor-
mation from software repositories. In [11], the possi-
bility of reducing the number of tests by leveraging 

models built on historical repository data is demon-
strated. The study in [12] focuses on the phenome-
non of test deletion in Java applications and shows 
that test suite reduction in development practice often 
occurs informally, without explicit guarantees of test-
ing quality preservation.

Existing approaches to test suite reduction can 
be conventionally divided into several main groups. 
Coverage-based methods focus on preserving struc-
tural code coverage but do not guarantee the preser-
vation of the defect detection capability of tests. His-
tory-based approaches use information about defects 
detected in previous versions of the software; how-
ever, their effectiveness depends on the completeness 
of historical data. Mutation-based methods rely on 
artificially generated defects as a reference for test-
ing quality and provide a closer relationship with the 
defect detection properties of tests, but they are char-
acterized by high computational cost. An analysis of 
these approaches shows that none of them, in their 
basic form, combines effective test reduction with a 
guaranteed preservation of the set of defects detected 
by the original test suite.

A comparison of test suite reduction with other 
testing optimization strategies, such as test selection 
and test prioritization, was conducted in [13], showing 
that different approaches have fundamentally different 
implications for large-scale systems. In the context 
of modern CI/CD processes, infrastructural solutions 
have attracted attention, in particular the SCM-driven 
testing and benchmarking approach presented in [14], 
which provides a basis for integrating test suite reduc-
tion into industrial development pipelines.

Some studies focus on specialized application 
domains. In particular, [15] proposes a test suite 
reduction method for smart contracts, which confirms 
the universality of the test reduction problem and the 
possibility of adapting it to specific classes of soft-
ware systems.

Overall, the analysis of the literature indicates that 
existing test suite reduction approaches provide dif-
ferent trade-offs between reduction effectiveness and 
the preservation of testing quality. At the same time, 
most methods do not guarantee complete preservation 
of the set of defects detected by the original test suite 
or require significant computational resources. This 
determines the relevance of further research aimed 
at developing automatic test suite reduction methods 
that are directly oriented toward the defect detection 
properties of test suites.

Task statement. The objective of this study is to 
develop a method for automatic test suite reduction 
that forms a minimized subset of tests while fully pre-
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serving the set of defects detected by the original test 
suite. The proposed method is oriented toward prac-
tical use in automated testing processes and allows 
for experimental validation on real software projects.

Outline of the main material of the study. Let 
a software system be given for which a complete 
automated test suite T={t1, t2, …, tn} has been con-
structed. The execution of each test ti is character-
ized by a finite execution time and may lead to the 
detection of one or more software defects. The set of 
defects that can be detected during testing is denoted 
as D={d1,d2,…,dm}.

For each test, a set of defects that it is capa-
ble of detecting is defined. Accordingly, a mapping 
detect:T→2D is introduced, where detect(ti)⊆D 
denotes the subset of defects detected by test ti​. In 
practice, the set D is formed on the basis of histor-
ical defects of the software system or the results of 
mutation testing, which allows it to be treated as a 
reference for the defect detection capability of the test 
suite.

For an arbitrary subset of tests T′⊆T, the set of 
defects detected by this subset is defined as follows:

K T detect t
t T

�� � � � �
� �


.

Similarly, K(T) characterizes the defect detection 
capability of the complete test suite.

The task of automatic test suite reduction consists 
in finding a subset T′⊆T that satisfies the following 
conditions:

–	 preservation of defect detection capability: 
K(T′)=K(T), that is, the reduced test suite detects all 
defects from the reference set D that were detected by 
the original test suite (i.e., K(T));

–	 cost minimization: the subset T′ is minimal in 
cardinality or minimizes the total test execution time.

Thus, the test suite reduction problem is formal-
ized as a constrained optimization problem in which 
the condition K(T′)=K(T) is treated as a hard con-
straint. Since the set covering problem is NP-hard, 
a heuristic approach is adopted in this work that 
combines greedy selection with local optimization, 
providing an acceptable trade-off between reduction 
quality and computational complexity.

The proposed test suite reduction model is based 
on representing the relationship between tests and 
defects in the form of a binary matrix.

M m m
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​ Each row of the matrix corresponds to an indi-

vidual test, and each column corresponds to a defect 
from the set D.

Within this model, the test suite reduction prob-
lem is reduced to a set covering problem, in which it 
is necessary to select the minimum number of rows 
of the matrix M that ensure coverage of all columns 
covered by the original test suite T (i.e., the set K(T)). 
To account for practical aspects of testing, weighting 
coefficients reflecting test execution time or cost may 
be introduced into the model.

The proposed problem formulation guarantees 
preservation of the defect detection capability of the 
test suite only with respect to a given reference defect 
set D (accordingly, preservation is ensured for K(T) 
derived from D). At the same time, this model pro-
vides a formalized basis for constructing algorithms 
for automatic test suite reduction with controlled 
quality, making it suitable for practical use in auto-
mated testing processes.

The automatic test suite reduction method is based 
on the analysis of the defect detection properties of 
tests and the construction of a minimized subset of 
tests that preserves the set of defects detected by the 
original suite. The method consists of five sequential 
steps, each aimed at the gradual reduction of the test 
suite while maintaining control over the quality of the 
reduction.

Step 1. Construction of the “test–defect” map-
ping. At the first stage, the mapping detect:T→2D is 
constructed, which determines which defects from 
the reference set D are detected by each test t∈T. This 
mapping is built based on the results of test execu-
tion in a controlled environment. Historical defects 
of the software system or defects generated through 
mutation testing may be used as sources of reference 
defects. The result of this step is a binary “test–defect” 
correspondence matrix, which serves as the input data 
for subsequent test suite reduction.

Step 2. Identification of mandatory tests. At the 
second stage, tests are identified without which it is 
impossible to preserve the defect detection capability 
of the original test suite. A test is considered manda-
tory if it is the only test that detects a certain defect 
from the set K(T). Formally, a test ti is included in 
the set of mandatory tests Treq if there exists a defect 
dj∈K(T) such that dj∈detect(ti) and dj∉detect(tk) for 
all tk∈T∖{ti}. All mandatory tests are automatically 
included in the reduced test suite, and the correspond-
ing defects are considered covered.

Step 3. Greedy test selection. After identifying the 
mandatory tests, a greedy selection of additional tests 
from the set T∖Treq is performed to cover the remain-
ing defects. At each iteration, the test that detects the 
largest number of yet-uncovered defects is selected.

To account for practical aspects of testing, a 
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weighted utility function may be used that combines 
the defect detection capability of a test with its exe-
cution cost:

score t
detect t D

cost t
uncovered� � � � ��

� �
�

�
,

where Duncovered⊆K(T) is the set of defects not covered 
at the current iteration, and cost(t) denotes the exe-
cution time or another cost characteristic of the test. 
The procedure is repeated until all defects from the 
set K(T) are fully covered.

Step 4. Local optimization of the result. After 
forming the initial reduced test set, a local optimi-
zation stage is applied, aimed at further decreas-
ing the number of tests. At this stage, each test is 
temporarily removed from the set and it is verified 
whether the condition K(T′)=K(T) is preserved. If 
the removal of a test does not lead to the loss of any 
elements from the set K(T) (i.e., defects detected 
by the original test suite), the test is permanently 
removed from the reduced set. This step makes 
it possible to eliminate redundant tests that may 
have been included at the previous stage due to the 
greedy nature of the algorithm.

Step 5. Verification of reduction correctness. The 
final stage consists in verifying the correctness of the 
obtained reduced test suite. For this purpose, the sets 
of defects detected by the original and the reduced 
test suites are compared. The reduction is considered 
correct if the equality K(T′)=K(T) holds. If this con-
dition is violated, the reduction is considered incor-
rect, indicating inconsistency in the input data or in 
the construction of the mapping detect. If the defect 
preservation requirement is satisfied, the reduced test 
suite can be integrated into the automated testing pro-
cess as a replacement for the full test suite.

To verify the feasibility of the proposed method, a 
software prototype was developed for automated test 
suite reduction based on the defect detection proper-
ties of tests. The implementation of the prototype is 
oriented toward integration with existing automated 
testing processes and does not require modification of 
the source code of the software system.

The test suite reduction prototype is implemented 
as a standalone tool that takes test execution results as 
input and produces a reduced test suite as output. The 
implementation is based on the Python programming 
language and is realized as a separate console mod-
ule that performs offline processing of testing results. 
Input data are provided in the form of structured files, 
in which the following information is recorded for 
each test: a unique test identifier, the set of defects 
detected during its execution, and the test execution 

time. To ensure compatibility with different testing 
environments, tabular data representations in CSV 
format are supported (for the “test–defect” matrix and 
execution metadata), as well as export/import capa-
bilities in JSON format for integration with pipelines 
and artifact storage systems.

The architecture of the prototype consists of the 
following main components:

–	 a data collection module responsible for 
importing test execution results, including informa-
tion about detected defects and test execution time;

–	 a model construction module that forms the 
detect mapping and the corresponding “test–defect” 
matrix;

–	 a test reduction module that implements the 
proposed test suite reduction algorithm;

–	 a validation module intended to verify the cor-
rectness of the reduction and to control the preserva-
tion of defect detection capability;

–	 a reporting module that generates reduction 
results in a format convenient for analysis.

Such a component-based decomposition ensures 
the extensibility of the prototype and enables its 
adaptation to different testing environments.

The input data of the prototype are provided in 
the form of structured files that describe test execu-
tion results. For each test, the following informa-
tion is recorded: the test identifier; the set of defects 
detected during test execution; and the test execution 
time or another cost-related characteristic. Based on 
these data, the detect mapping and the corresponding 
test–defect correspondence matrix are automatically 
constructed.

The reduction algorithm is implemented in 
accordance with the steps described in the previous 
section. At the stage of identifying mandatory tests, 
the uniqueness of defect coverage is analyzed. Next, a 
greedy test selection strategy is applied, with the pos-
sibility of taking into account weighting coefficients 
corresponding to execution time costs. The final stage 
involves local optimization and verification of the 
correctness of the reduction. To ensure reproducibil-
ity of results, all intermediate data and algorithmic 
decisions are stored in the internal structures of the 
prototype and can be reanalyzed if necessary.

The output of the prototype is a reduced test suite 
presented as a list of test identifiers. In addition, a 
report is generated that includes the following infor-
mation: the number of tests before and after reduc-
tion; the total execution time of the full and reduced 
test suites; confirmation of the preservation of defect 
detection capability; and a list of defects covered by 
each test in the reduced suite. The obtained results 
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can be used for further analysis of the method’s effec-
tiveness and for integrating the prototype into auto-
mated testing pipelines.

Figure 1 presents the prototype interface of the 
test suite reduction tool, which supports loading input 
data, configuring reduction parameters, and running 
the algorithm in an automated mode. The interface 
also provides visualization of key reduction results, 
including the number of selected tests, the reduction 
ratio, execution time savings, and the defect detection 
preservation metric. 

The implementation of the prototype is oriented 
toward offline analysis of test execution results and 
does not require direct intervention in the test exe-
cution process. At the same time, the quality of the 
reduction directly depends on the completeness and 
representativeness of the reference defect set. In the 
event of changes in the program code or the emer-
gence of new defects, the prototype requires re-exe-
cution with updated input data.

The experiments were conducted on three open-
source software projects that have automated unit 
tests and available defect data. For each project, a 
complete test suite T and a reference defect set D 
were formed based on the results of mutation testing. 
The size of the test suites and the number of defects 
varied depending on the project, which made it pos-
sible to evaluate the stability of the method under dif-
ferent conditions.

The objective of the experimental study was to 
quantitatively assess the effectiveness of the proposed 
method for automatic test suite reduction and to ver-
ify the preservation of its defect detection capabil-
ity. The evaluation was performed by comparing the 
characteristics of the full and reduced test suites using 
a set of formalized metrics.

The following metrics were used to analyze the 
results:

–	 test suite reduction ratio 

R
T

T
� �
�

�
��

�

�
��
�

1 100* %;

–	 test execution time savings

TS
time t

time t
t T

t T

� �
� �
� �

�

�
��

�

�
��

�

�

��
�

1 100* %;

–	 preservation of defect detection capability

DP
K T

K T
�

� �
( )

.

'

Table 1 presents the aggregated experimental 
results for each of the studied projects.

The results of the experimental study summa-
rized in Table 1 demonstrate the effectiveness of the 
proposed method for automatic test suite reduction 
across all considered software projects. The initial 
test suites contained from 320 to 740 tests, whereas 

Fig. 1. Prototype interface for defect-preserving test suite reduction and reduction results
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after applying the method their size was reduced to 
188–312 tests depending on the project. Thus, the test 
reduction ratio increased from 41.3% for project P1 to 
57.8% for project P3.

The analysis of time characteristics showed that 
the reduction in the number of tests was accompanied 
by an even more significant decrease in the total test 
execution time. For project P1, the test execution time 
was reduced from 1240 s to 590 s, corresponding to a 
time saving of 52.4%. In project P2, the total execution 
time decreased from 1980 s to 810 s (59.1%), while 
for project P3 it was reduced from 2650 s to 875 s,  
providing the maximum time saving of 67.0%.

At the same time, the defect detection capability 
of the test suites was fully preserved for all projects. 
The number of defects in the reference set was 85, 
132, and 190 for projects P1, P2, and P3, respectively, 
and in all cases the reduced test suites detected the 
complete set of defects, as confirmed by the defect 
preservation metric DP equal to 1.0.

For comparison, an analysis was conducted using 
baseline approaches, including random test reduc-
tion and coverage-based reduction. In these cases, 
defect detection preservation was not guaranteed, and 
the value of the DP metric decreased to 0.82–0.91 
depending on the project.

The obtained results indicate that the proposed 
method makes it possible to significantly reduce the 

size and execution time of test suites without loss of 
defect detection quality, which is particularly important 
for practical application in automated testing processes.

Conclusions. The article addresses the problem 
of automatic test suite reduction in regression testing 
with a focus on preserving the defect detection capa-
bilities of tests. An analysis of modern approaches 
has shown that most existing test reduction methods 
are based on structural or heuristic criteria and do 
not provide guarantees of fully preserving the set of 
detected defects.

A formalized model of test suite reduction is pro-
posed, based on representing the correspondence 
between tests and defects in the form of a matrix, as 
well as a method for automatic test suite reduction 
that combines the identification of mandatory tests, 
greedy selection, and local optimization under the 
condition of strict preservation of defect detection 
capability. To validate the proposed method, a soft-
ware prototype was implemented, oriented toward 
integration with existing automated testing processes.

The experimental results confirmed the effec-
tiveness of the proposed approach, demonstrating a 
significant reduction in the number of tests and their 
execution time while fully preserving defect detec-
tion capability. Further research should be directed 
toward accounting for defect evolution and integrat-
ing the method into CI/CD processes.

Table 1
Test suite reduction results

Metric P1 P2 P3

Number of tests (T) 320 540 740
Number of tests (T′) 188 271 312
R, % 41.3 49.8 57.8
Execution time T, sec 1240 1980 2650
Execution time T′, sec 590 810 875
TS, % 52.4 59.1 67.0
Number of defects (D) 85 132 190
DP 1.0 1.0 1.0
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ВИЯВЛЮВАНИХ ДЕФЕКТІВ

У статті запропоновано метод автоматичного скорочення тестових наборів у регресійному тес-
туванні програмних систем, що ґрунтується на збереженні дефект-виявлювальної здатності тес-
тів. На відміну від поширених підходів, орієнтованих на показники покриття або евристичні крите-
рії, запропонований метод розглядає збереження множини виявлюваних дефектів як жорстку умову 
редукції.

Запропонований метод автоматичного скорочення тестового набору реалізується як послідовність 
взаємопов’язаних кроків, що починаються з побудови формалізованого відображення між тестами 
та виявлюваними дефектами на основі результатів виконання тестів. Далі здійснюється виділення 
обов’язкових тестів, жадібний відбір тестів для покриття решти дефектів і локальна оптимізація 
отриманого набору з обов’язковою перевіркою збереження дефект-виявлювальної здатності. 

Для перевірки працездатності запропонованого підходу реалізовано програмний прототип інстру-
мента автоматичного скорочення тестових наборів, який здійснює офлайн-обробку результатів 
автоматизованого тестування без втручання у процес виконання тестів. Прототип приймає на вході 
структуровані дані про результати тестування, зокрема ідентифікатори тестів, множини вияв-
люваних дефектів і часові витрати на виконання тестів, на основі яких автоматично формується 
модель відповідності «тест–дефект» і виконується поетапна редукція тестового набору відповідно 
до запропонованого алгоритму.

Проведено експериментальне дослідження на трьох програмних проєктах з відкритим вихідним 
кодом, де розмір початкових тестових наборів становив від 320 до 740 тестів, а кількість еталон-
них дефектів – від 85 до 190. Результати експериментів показали, що запропонований метод забез-
печує скорочення тестових наборів на 41,3–57,8 % та зменшення сумарного часу виконання тестів 
на 52,4–67,0 % за повного збереження дефект-виявлювальної здатності. Порівняння з випадковою 
редукцією та редукцією тестових наборів на основі покриття засвідчило перевагу запропонованого 
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підходу, оскільки для базових методів значення показника збереження дефектів знижувалося до 0,82–
0,91. Отримані результати підтверджують доцільність використання дефект-орієнтованої редукції 
тестів у сучасних процесах автоматизованого регресійного тестування.

Ключові слова: автоматизоване тестування, скорочення тестових наборів, якість програмного 
забезпечення, оптимізація процесів тестування, аналіз дефектів.
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