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This study compares methods for evaluating 
software architecture. The work is aimed at improv-
ing the objectivity of such a comparison by using 
quantitative indicators obtained on the basis of a 
parametric model whose adequacy has been verified 
experimentally.

This paper proposes a methodology to quanti-
tatively compare methods for evaluating software 
architecture. This methodology enabled a compar-
ison between the architectural trade-off analysis 
method (ATAM) and decision support technology 
for architectural variations in the Command Query 
Responsibility Segregation (CQRS) architecture 
with the event sourcing approach (DSAV-CQRSES).

The methodology's feature is a parametric 
model built on the basis of an analysis of real proj-
ects, which makes it possible to substantiate the cor-
rectness of reference variation, as well as quanti-
tative evaluation of the methods, in particular by 
the duration of application and the discrepancy of 
results.

The proposed methodology has made it possible 
to quantitatively confirm the advantages of DSAV-
CQRSES over ATAM for solving the task of choosing 
the optimal variation of CQRSES architecture.

The duration of ATAM application was 32 hours 
with the participation of four specialists (total costs 
of 88 person-hours). The DSAV-CQRSES technolo-
gy was used by one specialist for 40 hours. With the 
average and limit parameters of the model, DSAV-
CQRSES robustly determined the recommended 
variation at a variance coefficient of 2.8%. In con-
trast, ATAM demonstrated lower accuracy and pro-
vided the correct choice in three out of five cases 
with a variation coefficient of 33.64%.

The results of the experiment could be used in 
practice to select tools for comparing variations in 
the CQRSES architecture
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1. Introduction 

As the complexity of software systems increases, the costs 
of their development and maintenance rise accordingly. Vari-
ous architectural patterns are used to address the complexity. 
Among the leading solutions stands out the combination of 
Command Query Responsibility Segregation (CQRS) and 
Event Sourcing (ES) [1, 2].

Current trends [3] show that the dynamics of system 
development require not only flexibility and adaptability to 
technologies but also the capability to expand architectural 
solutions or even migrate to another architecture. According 
to [4], the architecture must be ready to respond to changing 
requirements, as well as to feedback from developers and end 
users. Such a response should take the form of controlled, 
gradual changes in several dimensions (technical, data, secu-
rity, etc.). Changes should contribute to the evolution of the 
architecture in the direction of more effective ones and, at 
the same time, not violate any of the important architectural 
aspects.

The CQRS with ES architecture described in [2] has 
drawbacks. Attempts to eliminate these shortcomings in the 
context of real projects lead to the emergence of various vari-
ations of the architecture. On the one hand, these variations 
can be considered as modifications within the same concept. 
On the other hand, as independent architectures that origi-
nate from a more general one and retain the majority of its 
principles but differ in structural accents and a set of applied 
templates and methods. It is important to note that a modified 
architectural solution is an architectural variation only if it sig-
nificantly affects the quantitative and qualitative indicators of 
the system. For example, it provides a significant reduction in 
the cost of its creation and maintenance, a noticeable improve-
ment in its qualitative indicators (flexibility, productivity), etc. 

According to [5], to optimize costs, meet quality require-
ments, and minimize risks associated with the development 
and maintenance of the system, one of the key planning 
stages is a well-founded choice of an architectural solution.

In the literature [6–9] tackling the issues above, methods 
for evaluating and comparing software architectures are 
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mation about each method considered for each classification 
parameter, which can be used for quick familiarization with 
the methods and their comparison. Further expansion of the 
framework is aimed at improving the survey system (classifi-
cation of questions) and introducing new criteria [16].

In [8], a taxonomy of software architecture assessment 
methods is proposed, which is based on the conceptual clas-
sification scheme described in [7, 16]. The authors distinguish 
methods according to two main parameters: the artifacts to 
which the methods are applied, and the phases of the soft-
ware life cycle during which the assessment is performed. 
According to the artifacts, the methods are divided into those 
that assess the architecture of the system as a whole and 
those that focus on individual architectural styles or design 
patterns. According to the phases, the early design phase and 
the late development phase are distinguished.

Paper [9] gives an overview of software architecture as-
sessment methods with a focus on quality attributes. The ba-
sic criteria are the category of the method (scenario-oriented, 
experimental-oriented, etc.), the supported quality attributes, 
and information about practical application.

Similarly, by analyzing publications over 1990–2020, the 
authors of [6] offer a comparison with an emphasis on the 
problem of uncertainty (lack of knowledge/certainty about 
the factors and parameters that affect the assessment of 
the architecture). They offer a consistent terminology and 
classification scheme of approaches in terms of uncertainty 
accounting.

A common drawback of the considered approaches is the 
lack of quantitative comparison. Instead of a choice based on 
quantitative assessments, the decision to choose a method is 
largely based on the subjective interpretation of the results of 
a qualitative assessment by an expert. Also, the considered 
approaches do not provide a reasoned choice of the optimal 
method for a particular project. The reason for this is that 
such works are aimed at forming a generalized basis for 
choosing an assessment direction. The details of the applica-
tion and criteria for choosing a specific methodology within 
the chosen direction are usually not considered. This makes 
the considered studies inappropriate for a well-founded and 
objective confirmation of the superiority of one method over 
others for solving a specific problem. An option to overcome 
this limitation may be to conduct an experiment with multi-
ple application of several methods to one test task, quantita-
tive evaluation of the results and their comparison.

This is the approach used in papers [12, 13]. The aim 
of this approach is to confirm the advantages of the devel-
oped Quality-Driven Architecture Derivation and Improve-
ment (QuaDAI) method over ATAM when solving the task of 
building an architecture within the existing software product 
line (Software Product Line, SPL). This method is based on 
a series of experiments using ATAM and QuaDAI. Almost a 
hundred participants, mainly students and interns from several 
higher education institutions, took part in the experiments. 
The input data for applying the methods is a set of architectural 
solutions, for each of which the value of its impact on individual 
requirements of test projects was previously estimated. Partic-
ipants used both methods to select the optimal architectural 
solution for the test task and provided feedback on the ease of 
use. The approaches were compared on six parameters.

Two parameters were measured: the average time spent 
on the method and the effectiveness. Effectiveness reflects 
how accurately a participant with relatively low qualifica-
tions can choose the appropriate architectural solution using 

widely reported. The most widely used among them is the Ar-
chitecture Tradeoff Analysis Method (ATAM) [10], which is 
explained by its flexibility and openness. However, the appli-
cation of such methods for selecting architectural variations 
is limited. First, a significant part of such methods is based 
on expert assessments and qualitative generalizations. Sec-
ond, architectural variations usually have similar structural 
characteristics and differ only in individual mechanisms or 
design solutions. Third, the same variation may be optimal 
for a certain class of systems and unsuitable for others. Under 
such conditions, even minor errors in expert assessment can 
significantly affect the results of ranking alternatives, that 
increases the probability of choosing a suboptimal architec-
tural variation.

Thus, the existence of an objective procedure for selecting 
a variation based on input requirements and constraints is a 
relevant task in the field of development of modern complex 
information systems. In [11], a technology for determining 
optimal variations of CQRSES architecture (hereinafter, 
DSAV-CQRSES, Decision-making on CQRS with ES archi-
tectural variations) is described.

Taking into account the prevalence of methods for eval-
uating and comparing software architectures, the ques-
tion arises of the possibility and effectiveness of applying 
these methods to the task of selecting optimal variations 
of the CQRSES architecture and comparing them with 
DSAV-CQRSES.

2. Literature review and problem statement

Among the reviewed literature sources, no papers were 
found that directly deal with the comparison of methods for 
determining the optimal architectural variation. Available 
publications (except for [12, 13]), firstly, consider the task of 
comparing methods for selecting the optimal architecture. 
Secondly, those papers [6–9] are aimed at classifying meth-
ods by identifying their common features and differences 
to facilitate further selection of the method. At the same 
time, the task of reasonably determining a more accurate or 
more convenient method for a given type of project is not set. 
Thirdly, the comparison in the cited studies is mainly qual-
itative in nature and does not cover the details of practical 
application and criteria for choosing a specific methodology 
within the chosen direction.

Thus, the framework proposed in [7] focuses on identi-
fying similarities and differences between scenario-oriented 
methods for evaluating software architecture. The key prin-
ciple of scenario-oriented methods is to define scenarios for 
quality attributes and assess risks for each scenario separate-
ly [14]. The input data are information about the evaluation 
methods obtained from open sources, without conducting 
experiments. The framework specifies a set of classification 
parameters in the form of questions that cover both general 
and specific aspects. The general ones, for example, include 
the number of quality attributes (QAs) considered and the 
estimated person-days required to apply the method. The 
specific ones include questions about whether the method 
provides support or guidance on non-technical aspects (so-
cial, organizational, etc.) that arise in the evaluation process. 
It should be noted that the feasibility of the classification 
parameters was verified in [15] by surveying experts who 
provide qualitative assessment. The result of applying the 
framework is a comparative table that contains concise infor-
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a certain evaluation method. It was calculated as the Euclid-
ean distance between the n-dimensional vector of non-func-
tional requirements values for the architecture chosen by the 
participant and the optimal vector of possible values. Unfortu-
nately, the authors did not provide details on the specific values 
of the vectors and the method of obtaining them, as well as 
evidence that the reference architecture is the correct choice. 

The third parameter – efficiency – was calculated as the 
ratio of effectiveness to the time of application. The remain-
ing three parameters were defined according to the Tech-
nology Acceptance Model: Perceived Ease of Use, Perceived 
Usefulness, and Intention to Use. They were evaluated based 
on the results of the experiment using a Likert scale question-
naire with a set of closed questions for each variable.

Although this method is closer to our task than those con-
sidered earlier, it cannot be directly applied to solve it. The 
task of the QuaDAI method is not to choose between several 
similar architectural solutions but to build an architectural 
solution that satisfies the product requirements within the 
transformations allowed by SPL. Within the framework of 
the experiment, the use of QuaDAI does not involve the cal-
culation of quantitative metrics for architectural solutions. 
Such metrics are given as input data. In the case of reproduc-
ing a similar experiment for DSAV-CQRSES, objective diffi-
culties will arise due to its scale, since such an experiment 
requires the involvement of a significant number of partici-
pants. The involvement of participants without proper quali-
fications and a limited sample of projects may lead to doubts 
about the objectivity of the results. Changing the composition 
of participants or the set of non-functional requirements may 
significantly affect the results of the experiment.

Other shortcomings in [12, 13] include the lack of val-
idation of reference architectural solutions. Such solutions 
are given a priori as input parameters of the experiment. In 
addition, the experiments do not provide for an explicit com-
parison according to the criterion of epistemic uncertainty 
(uncertainty of the result due to a deficit of knowledge at the 
stage of the modeling process), which is important for the 
analysis of architecture evaluation methods [6]. 

Given the high complexity of the full application of the 
methods, it is advisable to limit the research experiment to a 
comparison of ATAM with DSAV-CQRSES. DSAV-CQRSES 
is a scenario-oriented method that evaluates the architecture 
of the system as a whole (rather than individual architectural 
templates) and supports the simultaneous consideration of 
several quality attributes and the analysis of trade-offs be-
tween them. Therefore, it is advisable to compare it with a 
method based on similar principles. In this context, based on 
the results from [6, 8, 9, 16], ATAM was chosen as the most 
representative competitor. The principal argument in favor of 
choosing ATAM is the flexibility and openness of the meth-
odology, which makes it possible to apply it to a wide range of 
tasks and is confirmed by the widespread use of ATAM [6, 12].

All this allows us to state that it is advisable to conduct 
a study aimed at devising a methodology for comparing soft-
ware architecture evaluation methods and its application for 
comparing ATAM and DSAV-CQRSES methods. The meth-
odology should provide for the following:

– involving a limited number of experiment participants 
who are qualified specialists;

– obtaining results supported by quantitative indicators;
– taking into account the context of application, namely 

the selection of CQRS architecture variations with an ES 
team formed from DBBSoftware employees;

– substantiating the correctness of the selection of a refer-
ence architectural variation for a given context;

– comparing methods by the level of epistemic uncer-
tainty.

3. The study materials and methods

The purpose of our study is to devise a methodology for 
quantitative comparison of architectural decision analysis 
methods aimed at increasing the objectivity of the method se-
lection for determining the optimal variation of the CQRSES 
architecture. This will make it possible to optimize software 
development costs and reduce the risks of unforeseen archi-
tectural changes.

To achieve the goal, the following tasks were set:
– to build a parametric model of the system for which the 

optimal architectural variation is mCQRS (a variation based 
on a snapshot of the system state) [11], and to experimentally 
substantiate the adequacy of the parametric model as a re-
flection of actual projects;

– to conduct a series of experiments to assess the optimal-
ity of applying Classical CQRS and mCQRS variations to the 
system (which is reflected by the parametric model) using 
ATAM and DSAV-CQRSES technology;

– to compare ATAM and DSAV-CQRSES according to 
the following parameters: level of epistemic uncertainty; 
application time; number of stages; output artifacts; degree of 
automation of calculations; reproducibility of results.

4. The study materials and methods

4. 1. The object and hypothesis of the study
The object of study is to compare methods for evaluating 

software architecture.
The hypothesis of the study assumes the following: com-

pared to ATAM, DSAV-CQRSES has lower epistemic uncer-
tainty, requires less time for application, and provides higher 
reproducibility of results in the task of choosing between vari-
ations. This is due to the presence of a formalized comparison 
mechanism and the lack of reliance on expert assessment.

The following assumptions were adopted:
1) ATAM can be used to compare variations;
2) the parametric model provides a description of the sys-

tem sufficient for choosing an architectural variation.
Simplifications:
1) the parametric model is not a full-fledged system; it is 

a model designed to reflect the parameters of a representative 
system;

2) to simplify the experiment, when applying DSAV-CQRS-
ES, the use case classes are limited to five, and the prob-
lem-space-derived QA components are limited to three [17];

3) during the experiment, only two variations of the 
CQRS with ES architecture are considered: mCQRS and 
Classical CQRS.

4. 2. Methodology for comparing software architec-
ture assessment methods

To compare ATAM and DSAV-CQRSES, the following 
approach was used:

1. Select and analyze projects from the DBBSoftware 
knowledge base; determine the class of projects for which the 
study is being conducted.
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2. Based on the analysis of projects, select and classify 
use cases.

3. According to the parameters of the use case classes, 
build a parametric model in the form of a frame with slots 
that define mandatory and optional metrics.

4. Experimentally verify the adequacy of the model: im-
plement a prototype and ensure that the performance and de-
velopment/maintenance complexity indicators are consistent 
with the data of real DBBSoftware projects.

5. Determine the quality attributes by which architectur-
al variations of CQRS with ES are compared.

6. Apply ATAM to the parametric model; record the ap-
plication results and time costs.

7. Apply DSAV-CQRSES to the parametric model; record 
the results of the application and the time costs.

8. Compare ATAM and DSAV-CQRSES according to the 
following criteria: level of epistemic uncertainty, application 
time, number of stages, output artifacts, degree of automation 
of calculations, reproducibility of results.

4. 3. Method for categorizing use cases
In [18], use cases are grouped by complexity level 

(simple-medium-complex). In [19], they are categorized 
by types of operations on the entity, mainly within CRUD 
(create, read, update, delete). Given the specifics of pro-
cesses in variations of the CQRSES architecture, our paper 
proposes a classification based on the similarity of the 
algorithmic structure of the process and its purpose. The 
proposed algorithm for categorizing use cases consists of 
the following steps:

1. Collect a set of use cases from real systems. For each 
of them, record the purpose, input conditions, sequence of 
actions, expected result, subsystems involved, and execution 
frequency.

2. Bring the description of each use case to a single 
template (terminology, process boundaries, level of detail of 
steps). This eliminates ambiguities and improves the quality 
of subsequent grouping.

3. Divide the set of use cases into:
– repetitive, which are implemented according to a cer-

tain template (for example, creating new entities, such as 
user, doctor, patient);

– unique, which are implemented once within the system 
or constitute an exception (a typical example is user authori-
zation).

4. For a subset of repetitive use cases, perform clustering 
by similarity of the algorithmic structure of the process and 
the target purpose. This involves comparing:

– sequences of process steps (for example: “input data 
verification → data processing → data storage”);

– types of actions (creation, modification, extraction, 
search).

The result is classes within which use cases have a com-
mon “canonical” execution scheme.

5. For each class, determine a representative use 
case (standard) that reflects the typical structure and load. 
Add features to the class for further analysis: the average 
number of use cases in the system, execution frequency, ex-
pected data volumes, change frequency.

The result of the classification is:
– a list of unique use cases, allocated to a separate group. 

Such use cases are implemented once in each system. When 
selecting an architectural variation, they serve to validate 
candidates at the stage of their preparation. If the archi-

tectural variation makes it impossible to implement any of 
the unique processes, this is recorded and discussed by the 
evaluation team, and the corresponding variation can be 
removed from the list of candidates. Examples: user autho-
rization; implementation of an event routing mechanism via 
an event bus;

– a set of classes of repeating use cases. The description 
is represented in the form of a frame [20]. Table 1 gives an 
example of a description of a class of entity setup commands. 
Examples of relevant use cases in actual projects are “user 
setup”, “doctor setup”, “patient registration”, etc.

Table 1

Description of the entity setup command class

Parameter (Slot) Essence

Typical structure

input validation → command 
formation → command execution 

→ new entity setup → event 
publishing

Number of use cases in the first 
version 7–10 use cases

Factor of use cases that change 
during the monitoring period ≈ 68%

Number of use cases added 
during the monitoring period 4–7 use cases

Frequency of execution of use 
cases

15–25% of total record operation 
calls

Representative use case

Set up a doctor. Involves  
advanced validation of input data 

using third-party services and 
forming relationships with other 

entities

Monitoring period 12 sprints (approximately 
6 months)

The first version is considered a minimum viable prod-
uct (MVP). The monitoring period is a certain amount of 
time after the MVP release.

5. Results of comparing the methods for software 
architecture evaluation

5. 1. Parametric model of a class of projects
For experimental research, projects were selected in 

which the initial implementation was performed using the 
Classical CQRS variation. During operation and further 
analysis of these projects, it was found that the initially se-
lected variation did not meet the specified requirements, in 
particular regarding the system’s ability to be modified. As 
a result, migration to the mCQRS variation was performed. 
The selection of projects from the DBB Software knowledge 
base was justified by the fact that they clearly demonstrate 
the differences between the variations and the practical 
need for a reasoned choice of the optimal architectural 
solution.

The sample includes 5 projects: 3 from the medical do-
main and 2 from the marketing domain. All projects are 
characterized by high requirements for scalability, fault 
tolerance, and performance. The intensity of read operations 
significantly exceeds the intensity of write operations. Read 
queries implement complex business logic (for example, 
sorting objects by aggregated attributes of entities associated 
with them).
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Based on the analysis of selected projects, an algorithm 
for categorizing use cases based on the similarity of the al-
gorithmic structure of the process and the intended purpose 
was applied. As a result, seven classes of use cases were iden-
tified (Fig. 1). These include:

– create entity setup commands;
– data entity update commands; 
– data reading requests;
– processes for achieving consistency for the correspond-

ing entities (hereinafter referred to as consistency processes);
– processes for achieving consistency for related entities; 
– processes for rebuilding projections that depend on one en-

tity (hereinafter referred to as projection rebuilding processes);
– processes for rebuilding projections that depend on 

several entities.

For each class, the number of use cases, aggregates, 
and entities was calculated, as well as the duration of MVP 
preparation. Additionally, the ratio of tasks for adding 
new use cases and changing existing ones was estimated 
during the 12 sprints after the MVP release. The duration 
of one sprint is two working weeks. Time intervals and 
quantitative indicators were aggregated from the historical 
data of the Git version control system and the archive of 
the GitLab task board.

In order to simplify the experiment, the model was 
built for five of the seven classes. Entity setup commands, 
data update commands, data read requests, consistency 
processes, and projection reconstruction processes were 
considered. A description of these use case classes is given  
in [21].

 
  

Fig. 1. Classification of use cases
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According to [22], a parametric model is given by a finite 
set of attributes structured in the form of an ordered scheme 
that allows for topological ordering; variable attributes are 
considered as parameters. On the other hand, in [23, 24] 
a parametric model is defined as a parameterized class of 
functions F(x; θ), where θ is a finite-dimensional vector of 
parameters, the values of which uniquely define a specific 
representative of this class.

Within the framework of our study, a parametric model is 
used to describe a class of projects with similar parameters for 
which it is appropriate to use the same architectural variation. 
The model parameters Θ, given by the frame, form a general-
ized description of the project, sufficient for comparing and 
selecting architectural variations.

The model parameters are divided into two groups: system 
Θs ⊂ Θ and context (project) Θc ⊂ Θ. System parameters char-
acterize the structure and operating conditions of the system. 
Context parameters describe the conditions of development and 
maintenance (in particular, resources, priorities, and project 
constraints).

Both groups of parameters are used as input data for 
methods of evaluating and comparing software architec-
tures. At the same time, system parameters are used in the 
parametric model function (1). This function checks wheth-
er the test system S can be considered as an implementa-
tion of a project from the class specified by the parametric 
model. If the values of the corresponding system parameters 
belong to the intervals of system parameters specified by 
the model Θi ∈ Θs, then system S corresponds to this class 
of projects

( ) ( ) ( )
1

min , max ,,  , 
n

i i i i i si
f S s s SΘ Θ Θ Θ

=
 = ∧ ∈ ∈ ∈  	 (1)

where S is the set of system parameters; si is the value of the 
i-th system parameter; n is the number of system parameters 
of the model; Θs is the set of system parameters of the model; 
Θi is the interval of values of the i-th model parameter.

The proposed model is based on data on already im-
plemented projects. The values of the model parameters 
are determined by the aggregated characteristics of the 
classes of use cases of the analyzed projects. Additionally, 
the metrics of these projects collected using the New Relic 
platform, designed for monitoring and analyzing telemet-
ric data, were used. Individual model parameters were 
calculated based on the specified metrics. In particular, 
the ratio of read and write operations was calculated based 
on the data on the number of requests. Also, the share of 
tasks for modification during the monitoring period was 
calculated from formulae (2), (3):

,add add
i

i

t t= ∑  ( ),modif add init
i i i

i

t m t t+⋅= ∑ 		  (2)

,
modif

modif
modif add

tp
t t

=
+

				    (3)

where init
it  is the average number of use cases implemented 

during the development of MVP; add
it  – average number of 

tasks for adding use cases during the monitoring period; 
m – proportion of use cases that are modified after creation; 
tadd, tmodif – total number of tasks for adding and modifying 
use cases during the monitoring period; pmodif – proportion of 
tasks for modifying use cases from the total number of tasks 
during the monitoring period.

The parameters are summarized in Table 2.

Table 2

Parametric model of a class of projects for which the optimal 
architectural variation is mCQRS

Parameter Measurement 
unit Value 

System settings
Number of commands in the MVP stage unit 34–45

Create class commands unit 7–10
Update class commands unit 27–35

Number of requests in the MVP stage unit 16–29
Number of event handlers in the MVP 

stage unit 36–52

Number of projections in the MVP stage unit 12–22
Read request intensity request/min 2200–2500

Write request rate request/min 91–247
Read request rate % 91–96
Write request rate % 4–9
Event write rate event/min 98–336

Average number of events per unit event/unit 43–142
Response time for read and write  

requests (p95) ms 43–66

Response time for read and write  
requests (p99) ms 148–387

Record request success rate  % > 99,909 
Read request success rate  % > 99,923 

Contextual (project) parameters
Frequency of change of event types 1/sprint 1–3

Frequency of deletion of user data in 
accordance with the requirements by 

the General Data Protection Regulation 
(GDPR) [25]

1/sprint 0,5–0,66

Relative business priority of ease of 
development and maintenance versus 

system performance
point (0–100) > 50

Duration of MVP development sprints 6–8
Support period for which evaluation is 

performed sprints 12

Adding new functions (during the moni-
toring period)  % ~ 38

Modifying functions (during the  
monitoring period)  % ~ 62

Estimated labor costs for modifying one 
system process (changing logic or  

fixing errors)
person-hour < 2

Estimated work costs for adding a new 
entity along with typical use cases for 

processing it. The work includes:  
1 creation process, 3–5 update processes, 

4–7 consistency processes, 2–4 read  
queries, and 1 projection rebuild process

person-hour < 8

This parametric model covers the parameters necessary for 
conducting the experiment within the framework of this work. 
To solve other tasks, the model can be expanded with addition-
al parameters. In particular, it can include parameters related 
to quality attributes, such as security or availability. For exam-
ple, system availability at the level of 99.9% means an allowable 
downtime of approximately 8 hours 46 minutes per year.

To substantiate the adequacy of the formed parametric 
model of the class of projects for which the mCQRS variation 
is optimal, two approaches to validation are considered.

The first approach consists in forming a significant num-
ber of new projects and implementing them in accordance 
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with the specified model parameters. The disadvantages of 
this approach are significant costs of time and resources. In 
addition, increasing the number of projects does not guaran-
tee the adequacy of the model, since there is still a probability 
of the appearance of a new project with characteristics that 
go beyond its limits and require a revision of the parameter-
ization.

The second approach involves building a typical software 
system, the parameters of which are coordinated with the 
parameters of the model, and its functionality is formed by 
selecting and generalizing the characteristic functions of 
actual projects, grouped by classes of use cases.

Parametric model implementation plan:
1. Based on the model 

parameters, form a ser-
vice-level agreement (SLA) 
[26]. Determine the operat-
ing conditions and the com-
position of the development 
team.

2. Within the second 
approach, design two test 
systems: one using the Clas-
sical CQRS variation, the 
other – mCQRS. Implement 
a set of functions that cor-
responds to the specified 
model parameters in terms 
of volume and structure.

3. Evaluate the param-
eters of the test systems. 
Using formula (1), confirm 
that these systems can be 
considered as implementa-
tions of a project from the 
class specified by the para-
metric model.

4. Evaluate the complexity of the implementation. Check 
the systems’ compliance with the SLA requirements.

Definition of the SLA of a project implementing the para-
metric model:

– Performance SLA (according to the Apdex method-
ology [27]);

– satisfactory response time for write requests (p95) – 
100 ms;

– allowable response time for write requests (p99) – 400 ms;
– SLA of development speed;
– modification of one system process (change of logic or 

correction of errors) – up to 2 person-hours;
– addition of a new entity together with typical use cases 

of its processing – up to 8 person-hours. The scope of work 
includes: 1 setup process, 3–5 update processes, 4–7 consis-
tency processes, 2–4 read requests, and 1 projection recon-
struction process;

– SLA of service availability;
– the share of successful requests is not less than 99.9% of 

the total number of requests.
Operating conditions:
– approximate load: 100 requests per minute for writing 

and 2300 requests per minute for reading;
– deployment: server with 8 GB of RAM and 2 vCPUs 

(virtual Central Processing Unit).
Determine the team of developers of test systems:
– team composition: 1 developer;

– role: backend developer;
– qualification level: senior developer (senior) on the scale 

of junior – middle – senior [28];
– commercial experience: 11 years;
– education: Master’s degree in computer systems and 

networks;
– experience with CQRSES: 7 years.
The designed systems are available for viewing in an 

open repository at the link given in [29]. To confirm the 
quality of the system code, the SonarCloud service was used. 
In terms of security, reliability, and maintainability, the sys-
tems received the highest scores, the code coverage by tests 
is 85.5%. Code quality metrics are available at [30].

During the development of systems implementing the 
parametric model, the time spent on the implementation of 
individual components was measured. Based on the results, 
plots of the time (in minutes) required for the implementation 
of each individual process were constructed (Fig. 2).

The plots show similar dynamics (except for read re-
quests). The resulting curves can be conditionally divided 
into three phases:

Phase 1. The development of the first few processes of 
each category requires a significant amount of time, as it 
involves the initial implementation of the basic components. 
During the implementation of components for subsequent 
processes, the existing code is usually reused, while simulta-
neously refining and improving the initial implementations.

Phase 2. Then there is an interval of maximum efficiency, 
due to the reuse of components. At this stage, a critical mass 
of dependences has not yet been formed, which makes it dif-
ficult to make changes.

Phase 3. With the accumulation of components and 
interdependences, the development pace decreases. Due to 
the higher structural complexity of Classical CQRS, within 
this variation, a tendency towards an increase in the dura-
tion of process implementation is observed; for mCQRS, a 
corresponding trend is practically not observed. This is most 
clearly seen in the plots in Fig. 2, a, c, d.

Load testing was carried out for both developed systems. 
100 iterations were performed for each system. In each iter-
ation, requests were sent to each system in accordance with 

   
  

a                                                     b                                                     c 
 

  
  

d                                                                              e 

Fig. 2. Duration of development of functional components during design of systems 
implementing a parametric model: a – setup; b – reading; c – reconstruction of projection; 	

d – updating; e – achieving consistency
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the SLA requirements: 2300 read requests and 100 write 
requests per minute.

According to the test results, the parameter values for 
each system parameter of the model were determined. 
Both systems have the same number of commands, re-
quests, event handlers, and projections in accordance with 
the parametric model implementation plan. The intensity 
and ratio of read and write requests were set in accordance 
with the SLA requirements. The intensity of event record-
ing was defined as the ratio of the total number of events 
generated during testing to the number of iterations (100). 
The response time for the p95 and p99 percentiles was 
also calculated. The proportion of successful requests was 
100% for both systems.

According to formula (1), the compliance of both systems 
with the system parameters of the model was confirmed. The 
results are given in Table 3. The range of model parameter 
values is taken from Table 2.

The systems were checked for compliance with SLA 
requirements. For this purpose, the average values of devel-
opment labor parameters were calculated. The calculation 
was performed based on measurements of the time spent on 
implementing individual components of the test systems. The 
results are summarized in Table 4.

Table 4 

Compliance of systems with SLA requirements

Metric Phase Classical 
CQRS mCQRS Thresh-

old value
Productivity

p95, ms 3 58 65 100
p99, ms 3 156 297 400

Labor costs for development

Average duration of modification 
of one system process, min

2 26,6 20,2 60
3 40,8 18,2 60

Adding a new typical use  
case to the system, h

2 6,82 5,45 8
3 10 5,1 8

Successful request rate, % 3 100 100 99,9

According to the results of the SLA compliance assess-
ment, it was found that for mCQRS all indicators meet the 
specified constraints. For Classical CQRS, most indicators 
also meet the specified constraints. At the same time, the 
labor costs for adding a new typical use case to the system 
slightly exceed the specified threshold value. Such an excess 
is expected, since the SLA requirements are formed on the 
basis of the contextual parameters of the model, which corre-
sponds to the mCQRS variation. This additionally confirms 
that the test systems can be considered as implementations 
of a project from the class specified by the parametric model. 

Thus, the experimental results indicate the adequacy of 
the parametric model for describing the class of actual proj-
ects. They also confirm that for projects whose parameters 
correspond to the specified parametric model, the mCQRS 
variation is more appropriate than Classical CQRS according 
to the considered metrics.

5. 2. Results of experiments 
to determine the optimal archi-
tectural variation

Key QAs for CQRS with ES are 
derived as follows.

First, despite the importance of 
the full spectrum of QA, in profes-
sional sources on CQRS with ES, 
the main advantages of this archi-
tecture are termed productivity and 
scalability [31, 32]. The key disad-
vantages are associated with the in-
troduction of additional complexity 
into the system [33]. Accordingly, 
architectural variations are mainly 
aimed at achieving two goals: re-
ducing complexity and increasing 
performance, that is, reducing the 
cost of development and mainte-
nance and accelerating the system. 
Analysis of examples of actual proj-
ects revealed that complexity di-
rectly affected the requirements for 
team qualifications and the costs of 

design and implementation. At the same time, performance 
requirements often set strict limits. If the performance indi-
cators did not meet them, the architecture had to be signifi-
cantly modified or replaced with another solution.

Second, approaches like ATAM explicitly prioritize only 
the riskiest quality attributes using a “utility tree” and trade-
off analysis instead of exhaustively evaluating every attribute 
listed in standard quality models [10].

Third, according to [34], quality attributes are most 
suitable for architectural evaluation when they have high 
explainability and reproducibility. In the context of CQRS 
with ES, where variations represent implementations of the 
same approach, many factors (e.g., testability, connectivity, 
deployability, etc.) tend to be nearly identical and are provid-
ed as mandatory infrastructure requirements. Thus, in this 
context, such attributes have low explainability.

Thus, in our study, the evaluation is limited to two quality 
attributes – performance and complexity – due to their high 
discriminating power between variations and their direct re-
lationship to project costs and risks. The remaining qualities 
were considered as strict requirements for the system and did 
not significantly influence the choice.

Table 3

Compliance of systems with a parametric model

Parameter Measurement 
unit

Value 
range

Classical 
CQRS mCQRS

Number of commands in the MVP stage unit 34–45 38 + 38 +
Create class commands unit 7–10 7 + 7 +
Update class commands unit 27–35 31 + 31 +

Number of requests in the MVP stage unit 16–29 20 + 20 +
Number of event handlers in the MVP stage unit 36–52 46 + 46 +

Number of projections in the MVP stage unit 12–22 12 + 12 +
Read request rate request/min 2200–2500 2300 + 2300 +
Write request rate request/min 91–247 100 + 100 +
Read request rate  % 91–96 95,8 + 95,8 +
Write request rate  % 4–9 4,2 + 4,2 +
Event write rate event/min 98–336 109 + 109 +

Average number of events per unit event/unit 43–142 109 + 109 +
Read and write request response time (p95) ms 43–66 58 + 65 +
Read and write request response time (p99) ms 148–387 156 + 297 +

Write request success rate  % > 99,909 100 + 100 +
Read request success rate  % > 99,923 100 + 100 +
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Application of ATAM.
Five teams of three specialists each were used to apply the 

ATAM method. Information on the positions and experience 
of the participants is given in Table 5.

Table 5

Information about the positions and experience of specialists 
who carried out the assessment using the ATAM method

Specialist ID Position Experience, years
1, 4, 7, 13

Senior Developer
over 10

10, 11 8
6, 9, 12

Mid-level developer
6–7

2, 3, 5, 8, 14, 15 3–5

According to [10], the ATAM method application plan is 
as follows:

– presentation of the ATAM method for teams;
– definition of business drivers and goals;
– presentation of the architecture;
– identification of candidate solutions;
– construction of a “utility tree”;
– analysis of candidate solutions;
– definition and prioritization of scenarios;
– analysis of candidate architectural solutions;
– presentation of results.
8 person-hours were spent on preparing presentations of the 

ATAM method, architecture, and candidate solutions. The pre-
sentation was held for all teams in parallel; materials are avail-
able in [35]. Additionally, business drivers and business goals 
were identified within the framework of a joint session. 8 hours 
were spent on conducting this session with the participation of 
16 specialists.

The key business driver 
was determined to be the mod-
ifiability of the system since a 
prompt response to a dynamic 
and highly competitive market 
is required. Business goals in-
cluded business support and pro-
cess automation, in particular, 
recording customers, sending 
notifications, displaying custom-
er information with the ability 
to search and view the history 
of interaction with the customer.

Quality attributes were an-
alyzed separately by each team. 
Fig. 3, 4 show generalized descrip-
tions of quality attributes with the 
separation of incentives, parame-
ters, and responses in accordance 
with ATAM recommendations.

Each team separately con-
structed a utility tree. Fig. 5 
shows the generalized utility tree.

After analyzing the candi-
date solutions, each team, based 
on expert assessment, deter-
mined the priorities for each leaf 
of the utility tree (Table 6) ac-
cording to two criteria:

– the importance of the node 
for the success of the system;

– the level of risk associated with achieving a given level 
of indicator (that is, an assessment of the difficulty of achiev-
ing the corresponding performance or ability to modify).

The assessment was performed on a three-level scale: 
low – medium – high (L/M/H).

Table 6 

Priorities of the leaves in the utility tree on the L/M/H scale

Leaf of the tree of utility 
Team 

1 2 3 4 5
Performing update operations 

under normal load M, M M, L M, L M, L M, M

Performing update operations 
during peak load M, H L, M L, M L, M L, M

Performing read operations 
under normal load M, L M, L M, L M, L M, L

Performing read operations 
under peak load M, H L, L L, M M, H L, H

Reconstruction of one projection L, L M, M M, L H, M L, L
Reconstruction of all projections L, L M, H M, M M, H L, M
Adding a typical write process H, L M, L H, L H, M M, L

Adding a non-typical write 
process L, M M, M L, H L, M L, M

Adding a typical read process H, L M, L H, L H, M M, L
Changing business logic in an 

existing process without  
changing event contracts

M, L H, M H, M H, L M, L

Event type evolution M, L M, L L, L L, L M, H
Data deletion according to 

GDPR L, M M, L L, M L, L L, L

Adding a new aggregate M, L M, M H, H M, L M, M

 

 
  

Fig. 3. Stimuli, parameters, and responses of the quality attribute “Performance”
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Separately, a list of scenarios was generated based on the 
results from Scenario Brainstorming (Table 7). All 16 special-

ists participated in the session, as ATAM recommends this 
approach for large groups.

 

 
  Fig. 4. Stimuli, parameters, and responses of the quality attribute “Modifiability”
 

 
  

Fig. 5. A generalized utility tree built on the basis of the utility trees generated by each team
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Table 7

Scenarios identified during Scenario Brainstorming

No. Type Scenario description

1
Growth  

development  
scenario

Adding a typical process: regular work; team 
level; 1 aggregate; 1–2 projections;  

labor intensity ≤ 8 man-hours; ≤ 5 modules 
changed

2 Development 
scenario

Changing business logic in an existing process: 
regular work; aggregate method, event handler, 

1 projection; labor intensity ≤ 4 man-hours; 
≤ 1 release; no change to event contracts

3 Development 
scenario

Adding new functionality to the system up to 
10 commands and queries; read/write API, 

aggregate(s), projections (2–3), indexes;  
labor intensity ≤ 20 man-hours.

4 Development 
scenario

Event type evolution (v → v+1): working  
system; event repository, handlers, migration 

tools; processing versions v−1…v+1;  
downtime < 30 min; reconciliation of all  

projections ≤ 24 h; no loss of events

5 Use case  
scenario

GDPR data deletion request execution: produc-
tion system; event store, snapshots, projections; 
user data deleted or anonymized; completion 
≤ 2 h; full convergence of projections ≤ 24 h

6 Research  
scenario

Migration mCQRS ↔ classic CQRS with ES  
within the same context: planning period; mi-

gration pipelines; parallel mode with correctness 
check; duration ≤ 2 sprints; window ≤ 14 days; 

downtime < 30 min

7 Use case  
scenario

Read operation execution under peak load: API, 
projection and cache layers; response time  

≤ 280 ms

8 Use case  
scenario

Update operation execution under normal load: 
command handler, repository, event store, snap-

shots, event bus; acknowledgement ≤ 100 ms

9 Use case  
scenario

Performing an update operation at peak load: 
command handler, repository, event store, 

sna shots, event bus; acknowledgement ≤ 400 s

10 Use case  
scenario

Processing dependent events, no false states in 
critical threads; detected missynchronizations 
are eliminated automatically or by rebuilding 

projections

11 Use case  
scenario

Full rebuilding of projections in the produ tion 
system; rebuilding duration ≤ 24 hours

12
Exploratory  

research  
scenario

Data loss in case of failure during a query to 
the event store

13 Research  
scenario

10x increase in system workload. What changes 
does the system architecture require, other than 

changing or scaling the deployment  
infrastructure?

14 Research  
scenario

How does accumulating a large number of 
events (> 1000 for each unit) in the event store 

affect performance?

15 Development 
scenario

Development of a non-standard process: team 
level; 1 unit; 1–2 projections; labor intensity 

≤ 40 man-hours; ≤ 5 modules changed

Each team separately voted on the scenarios. Each team 
member chose the five scenarios they considered most im-
portant. The results of the voting are given in Table 8.

Scenarios that were voted for by at least two experts 
within the team were considered priority. For each such 
scenario, sensitivity points, compromise points, and risks 
were identified. The data obtained are summarized and 
given in Table 9.

Table 8 

Voting results on the importance of scenarios

No. Scenario
Team

1 2 3 4 5
1 Adding a typical process 2 1 2 3 1

2 Changing business logic in an existing 
process 0 2 2 2 1

3 Adding new functionality to the system 0 2 3 0 2
4 Evolution of an event type 1 1 0 0 3
5 Deleting data according to GDPR 1 0 0 0 0

6 Migration mCQRS ↔ Classical CQRS  
within the same context 1 0 0 0 0

7 Performing a read operation under peak load 2 0 1 2 2

8 Performing an update operation under 
normal load 3 1 1 0 2

9 Performing an update operation under 
peak load 2 1 1 1 0

10 Processing dependent events 1 2 2 2 2

11 Complete reconstruction  
of projections 0 2 1 3 0

12 Data loss in case of failure during  
a query to the event store 1 1 0 2 0

13 Increase in the standard load on the system 
by 10 times 0 0 1 0 1

14 Impact of accumulation of a large number 
of events on system performance 0 2 0 0 0

15 Development of a non-standard process 1 0 1 0 1

Based on the considered sensitivity points, compromise 
points, and risks, the teams selected the optimal CQRSES 
architecture variation for application (Table 10).

In order to quantitatively assess the impact of nega-
tive factors (by analogy with [36]) on the decisions of the 
experiment participants, the weight of these factors (w) 
was calculated using formula (4) and is given in Table 11. 
A larger value of w corresponds to a larger total weight 
of factors acting against the choice of the corresponding  
variation

( )( ),i i
i

w v f S= ⋅∑ 				    (4)

where w is the weight of negative factors; Si is the scenario; vi 
is the number of votes for scenario Si; f(Si) is the function for 
calculating the sum of negative factors for scenario Si within 
the corresponding variation.

The discrepancy of values is estimated using the standard 
deviation and the coefficient of variation, calculated from 
formulae (5) to (7):
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where n is the number of values, s is the standard deviation, 
Cv is the coefficient of variation.
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Table 10

Distribution of sensitivity points, compromise points, and 
risks by team and selected variation

Team Sensitivity points, Compromise points, Risks Selected variation
1 1, 2, 7, 8, 9, 10 Classical CQRS
2 1, 3, 4, 11, 12, 13, 14, 17 mCQRS
3 1, 2, 3, 4, 11, 12 mCQRS
4 1, 2, 3, 7, 11, 12, 13, 14, 15, 16 mCQRS
5 1, 4, 5, 6, 7, 8, 11, 12 Classical CQRS

Table 11

Assessment of sensitivity points, tradeoff compromise 
points, and risks by teams and variations

Team 1 2 3 4 5 s Cv,  %
Against Classical CQRS 3 6 5 8 5 1.82 33.64

Against mCQRS 4 2 1 4 4 1.41 47.14

The duration of application of the ATAM method is given 
in Table 12.

Table 12

Duration of ATAM use

Activity Number  
of specialists

Duration, 
hours

Labor  
intensity,  

person-hours

Preparation  
of architectural  

candidate solutions
1 8 8

Presentation  
of ATAM and  

candidate solutions
4 8 32

Comparison and  
decision making 3 16 48

Together 4 32 88

Table 9

Sensitivity points, compromise points, and risks

No. Description Type Variation
1 Complexity of adding functionality ↔ write speed Tradeoff point of compromise Between variations

2 The duration of adding a typical process can exceed SLA limits, especially for 
Classical CQRS Sensitivity point Classical CQRS

3 The duration of changing business logic in an existing process can exceed 
SLA limits, especially for Classical CQRS Sensitivity point Classical CQRS

4 The duration of adding new functionality to the system can exceed SLA  
limits, especially for Classical CQRS Sensitivity point Classical CQRS

5
For mCQRS, there is a risk that when event types change, developers will not 
provide correct support for previous versions. In this case, reproducing events 

(if necessary) may be difficult or impossible
Risk mCQRS

6
З and due to the lack of a well-established process for deploying a new event 

store in Classical CQRS, the evolution of the event type is highly complex 
(compared to mCQRS)

Sensitivity point Classical CQRS

7

Both variations do not provide built-in means of prioritizing read requests 
during peak load. It is assumed that caching and denormalized data 

structures reduce the risk of loss of service availability. At the same time, 
it is advisable to provide mechanisms for prioritization, scaling, and queue 

management

Sensitivity point Both variations

8 Update execution times can exceed SLA limits, especially for mCQRS Risk mCQRS

9
Update operations can take longer than SLA limits. An additional factor for 

mCQRS is the need to not only commit events to the event store but also 
create or update records in the snapshot database

Risk mCQRS

10
Both variations do not provide built-in means of prioritizing write requests 
during peak load. It is advisable to provide scaling and queue management 

mechanisms, as well as request prioritization policies
Sensitivity point Both variations

11
The consequences of incorrect processing of dependent events are usually 

eliminated by rebuilding projections; in Classical CQRS, such an operation is 
usually more complicated

Risk Classical CQRS

12
Both variations do not offer a ready-made solution to the problem  

of processing dependent events. If such dependences exist, specialized mech-
anisms for their coordination should be considered

Sensitivity point Both variations

13 A complete reconstruction of projections in Classical CQRS can take  
a significant amount of time (more than 24 hours) Risk Classical CQRS

14 For mCQRS, full recovery of the database and projections by replaying events 
(if necessary) is not guaranteed Sensitivity point mCQRS

15 In both variations, there is a risk of data loss in the event of a failure while 
writing to the event store or snapshot database Risk Both variations

16
To prevent data loss, it is advisable to use reliable delivery and storage  

mechanisms, such as message queues or backup stores. In mCQRS, imple-
menting such mechanisms can be easier due to the separation of stores

Sensitivity point Classical CQRS

17
The impact of accumulating a large number of events on performance in 

Classical CQRS needs further empirical confirmation. For mCQRS,  
this impact is expected to be less pronounced

Sensitivity point Classical CQRS
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DSAV-CQRSES application.
According to [11], the process of applying DSAV-CQRSES 

technology to support decision-making regarding the choice 
of a CQRS architecture variation from an ES architecture is 
as follows:

– preparation of architectural variations for evaluation;
– familiarization with the technology;
– identification of quality attributes;
– evaluation of quality attributes, which includes:
– formalization of architectural variations;
– evaluation of processes;
– determination of metrics that require the development 

of a representative test project (RTP);
– evaluation of variations;
– cost-benefit analysis;
– comparison of variations;
– provision of recommendations.
12 hours were spent on preparing architectural vari-

ations for evaluation and familiarization with the tech-
nology.

Quality attributes (complexity and performance) were 
decomposed according to [17]. Based on the use case class-
es, the operational components of quality attributes were 
identified:

– complexity of developing / modifying use cases for the 
entity setup command class;

– complexity of developing / modifying use cases for the 
data update command class;

– complexity of developing / modifying use cases for the 
data read request class;

– complexity of developing / modifying use cases for the 
consistency achievement process class;

– complexity of developing / modifying use cases for the 
projection reconstruction process class.

The components determined by the problem space were 
defined taking into account the typical problems of the 
CQRSES architecture described in [11], namely:

– performance of read operations;
– performance of write operations;
– complexity of implementing use cases of event type 

evolution;
– complexity of implementing use cases of deleting user 

data in accordance with GDPR requirements.
To calculate the components of the quality attribute “Com-

plexity”, the processes of the evaluated architectural variations 
were formalized using the knowledge representation frame-
work model [11]. The description format is consistent with the 
representation of the use case class structure given in [37]. The 
resulting formalized descriptions are given in [38].

The development and modification complexity compo-
nents include two components: design complexity and imple-
mentation complexity.

The design complexity is calculated using the cognitive 
functional complexity method [39], which is based on a 
process flowchart and involves assigning a unit of cognitive 
weight (CWU) to each block. The complexity of the business 
logic of individual functions is not taken into account during 
the calculations since it is the same for both variations. De-
tails of the calculations are provided in [38]; the results are 
given in Table 13.

Table 13

Design complexity

Activity 
Classical CQRS (CWU) mCQRS (CWU)

Development Modification Development Modification
1 2 3 4 5

Create setup command class activities
Command formation 2 2 2 2
Command validation 4 1 4 1

Command routing 1 1 1 1
Creating an aggregate 3 3 3 3
Saving the aggregate 6 0 10 0

Publishing events 2 0 2 0
Total 18 7 22 7

Update command class activities
Command formation 2 2 2 2
Command validation 4 1 4 1

Command routing 1 1 1 1
Receiving the aggregate 24 8 10 4
Aggregate status update 6 6 6 6

Saving the aggregate 16 6 10 0
Publishing events 2 0 2 0

Total 55 24 35 14
Activities of the process class of achieving consistency

Event routing 1 1 1 1
Event processing 21 4 12 4

Sending notifications 4 2 4 2
Total 27 7 17 7

1 2 3 4 5



Information technology

37

In these calculations, the complexity of the activity of 
the projection reconstruction process for Classical CQRS is 
taken as the lower limit. The complexity of the reconstruction 
depends on the number of event types to which the projection 
is subscribed. The calculations assume 4–6 event types, while 
in actual projects for individual projections their number can 
reach dozens.

The assessment of the complexity of the implemen-
tation was performed based on the actual time spent on 
creating RTP functional components, which in our work 
is the implementation of the parametric model (Table 14). 
For each component, the implementation time in minutes 
was recorded, and the average implementation time was 
calculated based on aggregated values grouped by use case 
classes.

The values of the development/modification complexity 
components were calculated by aggregating the values of de-
sign complexity and implementation complexity according to 
the overall complexity calculation algorithm [11]. The results 
are given in Table 15.

The performance metric was calculated based on the 
server response time indicators (Table 16) obtained during 
the operation of the system under experimental conditions. 

The system was deployed on a server with 8 GB of RAM 
and 2 vCPUs. The metric was calculated using the following 
algorithm:

1. By analogy with [40], stakeholders determine accept-
able performance parameters (classes). For each class, a score 
is determined that characterizes the performance level. This 
work uses the gradation given in Table 17.

2. Using fuzzy logic methods [41], for each variation, 
a performance estimate is calculated based on the aver-
age server response time metric using formulae (8), (9). 
A graphical representation of the calculations is shown 
in Fig. 6:
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where p is the performance indicator; sL, sR are the scores 
of the left and right threshold values; t is the average server 
response time; tL, tR are the left and right threshold values; 
μL, μR are the membership functions of the value t to the 
corresponding classes.

Data read request class activities
Forming a request 2 2 2 2
Request validation 4 1 4 1

Getting a projection 4 4 4 4
Converting a projection to a DTO 2 2 2 2

Total 12 9 12 9
Activities of the projection reconstruction process class

Processing the request 1 1 1 1
Getting information about the projection 4 4 – –

Getting a snapshot 4 0 6 2
Getting events 4 0 – –

Building a Classical CQRS projection 24 12 4 2
Updating a projection in the database 4 0 4 0

Total 41 17 15 5
User data deletion activities in accordance with GDPR requirements

Creating an event repository 1 – – –
Implementing the transformation function 2 – – –

Starting data migration 3 – – –
Anonymizing data in a snapshot – – 1 –

Anonymizing data in an event store – – 1 –
Rebuilding projections 3 – 1 –

Testing 2 – 1 –
Total 11 – 4 –

Event type version update operation activities
Creating an event repository 1 – – –

Adding a new version of the event type 1 – – –
Implementing the transformation function 2 – – –

Starting data migration 3 – – –
Updating event type version in snapshot – – 2 –

Rebuilding projections 3 – 1 –
Testing 2 – 2 –
Total 12 – 5 –

Continuation of Table 13
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Thus, the performance score for mCQRS is 2.93, and for 
Classical CQRS – 3.68.

The values of the metrics of the quality attribute compo-
nents are normalized relative to each other and a matrix (10) 
is formed. The correlation of the normalized metrics is given 
in Fig. 7 and in Table 18:

1 2

1 2

      ,n

n

QACQAC QAC

QAC QAC QAC

mm m
A

c c c
 …

=   … 

 

1,
i iQAC QACm c+ =  1; ,i n ∈  			   (10)

where mQAC and cQAC are normalized metrics of quality attri-
bute components for the evaluated variations.

From Table 18 it is seen that the weights of individual pro-
cesses, in particular setup commands and read requests, are 
almost the same. For other processes, the difference between 
the variations was about 0.13–0.15. At the same time, the indi-
cators corresponding to the components of the problem space 
were characterized by significant deviations – 0.50 and 0.22. 
This result is justified by the fact that the mCQRS variation is 
focused on reducing the complexity of solving tasks in the CQRS-
ES problem space.

Table 14 

Implementation complexity

Activity Classical CQRS, 
minutes

mCQRS, 
minutes

Create setup command class activities
Command formation 3.67 3
Command validation 3.5 1.83

Command routing 1.83 1.33
Creating an aggregate 13.67 8
Saving the aggregate 7 2.67

Publishing events 2.17 1.17
Total 31.83 18

Update command class activities
Command formation 3.32 3
Command validation 3.1 3.03

Command routing 1.68 1.26
Receiving the aggregate 12.9 3.71
Aggregate status update 10.39 10.19

Saving the aggregate 5.74 4
Publishing events 1.68 1.19

Total 38.81 26.39
Activities of the process class of achieving consistency

Event routing 1.91 1.3
Event processing 17.18 11.7

Sending notifications 2.82 2.21
Total 21.91 15.21
Data read request class activities

Forming a request 2.83 2.33
Request validation 3.83 2.92

Getting a projection 8.67 7.42
Converting a projection to a DTO 3 3.42

Total 18.33 16.08
Activities of the projection reconstruction process class

Processing the request 4 4.43
Getting information about the projection 2.29 0

Getting a snapshot 5.86 6.57
Getting events 5 0

Building a Classical CQRS projection 36.43 19.29
Updating a projection in the database 4.86 4.14

Total 58.43 34.43
User data deletion activities in accordance with GDPR requirements

Creating an event repository 12 0
Implementing the transformation function 11 0

Starting data migration 4 0
Anonymizing data in a snapshot 0 3

Anonymizing data in an event store 0 1
Rebuilding projections 16 4

Testing 8 3
Total 51 11

Event type version update operation activities
Creating an event repository 12 0

Adding a new version of the event type 13 0
Implementing the transformation 

function 15 0

Starting data migration 4 0
Updating event type version in snapshot 0 8

Rebuilding projections 16 5
Testing 18 7
Total 63 20

Table 15

Total complexity

Process
Classical CQRS mCQRS

Development Modification Development Modification
Create  

commands 
set up

27.68 26.18 27.35 25.10

Update  
commands 42.04 33.54 34.00 30.50

Achieving 
consistency 20.26 14.50 15.50 13.50

Data read 
request 18.00 17.50 17.80 17.30

Projection 
rebuild  

rearrange-
ments

38.83 33.33 28.69 26.69

Deleting 
user data in 
accordance 
with GDPR 

requirements

25.14 – 16 –

Event type 
version 
update

42.04 – 13.87 –

Table 16

Average server response time

Variation Read requests, ms Write requests, ms
Classical CQRS 43 132

mCQRS 43 210

Table 17

Performance rating scale based on average server response time 

Satisfaction 
level

Unsatisfac-
torily Minimally Reasonably Good Perfectly

Threshold, 
 ms < 400 < 350 < 200 < 100 < 50

Score 1 2 3 4 5
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Fig. 6. Graphical representation of performance metric calculation

Table 18

Comparison of normalized variation metrics

QA component Classical CQRS mCQRS Difference 
Complexity 

Create setup commands (development) 0.4970 0.5030 0.0060
Create setup commands (modification) 0.4895 0.5105 0.0211

Update commands (development) 0.4471 0.5529 0.1057
Update commands (modification) 0.4763 0.5237 0.0475

Achieving consistency (development) 0.4334 0.5666 0.1331
Achieving consistency (modification) 0.4821 0.5179 0.0357

Data read requests (development) 0.4972 0.5028 0.0056
Data read requests (modification) 0.4971 0.5029 0.0057

Rebuilding projections (development) 0.4249 0.5751 0.1502
Rebuilding projections (modification) 0.4447 0.5553 0.1106

Update event type version 0.2481 0.7519 0.5038
Delete user data according to GDPR requirements 0.3889 0.6111 0.2222

Performance
Data read operations 0.5000 0.5000 0
Data write operations 0.5567 0.4433 0.1135 

 
  Fig. 7. Comparison of normalized variation metrics



Eastern-European Journal of Enterprise Technologies ISSN-L 1729-3774; E-ISSN 1729-4061	 3/2 ( 141 ) 2026

40

Based on the parametric model, the weight vector w (11) 
is formed:
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where wQAC is the normalized weight of the quality attribute 
component; n is the number of components.

According to formulae (12) to (14) for the analytic hier-
archy process (AHP) method [42], the relative estimates of 
variations were calculated:

,r Aw= 					     (12)

1 1

1 1
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1,mCQRS ClassicalCQRSr r+ = 				    (14)

where rmCQRS and rClassicalCQRS are relative estimates of the 
applicability of the evaluated variations for the system de-
scribed by the parametric model.

The rmCQRS and rClassicalCQRS values depend on two qual-
ity attributes (complexity and performance), each of which 

is represented by a set of components (Table 18). The rela-
tive estimates of variations were calculated separately, tak-
ing into account only the quality attribute of complexity: 

complexity
mCQRSr  and .complexity

ClassicalCQRSr  The obtained values were used to 
calculate the predicted performance gain (ipmCQRS) accord-
ing to formula (15):

1 100,
complexity

mCQRS
mCQRS complexity

ClassicalCQRS

r
ip

r

 
= − ⋅   

 
.complexity complexity

mCQRS ClassicalCQRSr r> 	 (15)

For the average and marginal values of the para-
metric model, the results of applying the DSAV-CQRS-
ES technology to support decision-making regard-
ing the choice of a CQRSES variation, as well as 
the predicted performance gain, are summarized  
in Table 19. 

The divergence of values is estimated using the stan-
dard deviation (s) and the coefficient of variation (Cv), 
calculated using formulae (5) to (7).

The time spent on applying the DSAV-CQRSES tech-
nology was measured separately for each stage and is given 
in Table 20.

In our work, instead of RTP, a parametric model imple-
mentation is used, and the requirements for RTP accuracy 
are lower than for the model implementation. Therefore, 
when estimating the RTP development time, only the first 
two aggregates implemented within the parametric model 
are taken into account.

Table 19

Results of DSAV-CQRSES technology application

Model parameter values Ease of development / performance Projected productivity growth, % Classical CQRS, % mCQRS,  %

Minimum
90 / 10

28.15
44.51 55,49

80 / 20 45.18 54,82
50 / 50 47.20 52,80

Average
90 / 10

34.36
43.46 56,54

80 / 20 44.25 55,75
50 / 50 46.62 53,38

Maximum
90 / 10

38.89
42.73 57,27

80 / 20 43.61 56,39
50 / 50 46.22 53,78

Standard deviation (s) 1,54 1,54
Coefficient of variation (Cv), % 3,44 2,8

Table 20

Duration of application of DSAV-CQRSES technology

Activity Number of specialists Duration, hours Labor intensity, 
person-hours

Preparation of architectural candidate solutions

1

8 8
Introduction to DSAV-CQRSES technology 4 4

Complexity calculation 4 4
RTP development 21 21

Performance measurement 1 1
Calculate overall complexity and performance 1 1

Calculate recommended solution score and predicted performance gain 1 1
Total 40 40
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5. 3. Comparison of software architecture evalua-
tion methods

The results of the comparison of ATAM and DSAV-CQRS-
ES technology are summarized in comparative Table 21.

The comparison showed that although the DSAV-CQRSES 
application takes about 8 hours longer than ATAM, the total 
labor intensity was 2.2 times less since the procedure is per-
formed by one person. At the same time, to increase objectiv-
ity within the team, it is advisable to add a short discussion 
of the results and making a joint decision based on them (in 
our case, about 2 hours for 4 specialists).

When comparing the initial artifacts, the presence of 
RTP was noted among the materials generated by the 
DSAV-CQRSES technology. RTP serves as the basis for 
further design and development of the system and reduces 
complexity at the initial stage.

The reproducibility of the results was also assessed. The 
DSAV-CQRSES technology, which relies on quantitative met-
rics, recommended the mCQRS variation in 100% of cases, 
while ATAM, which is based on expert assessment, provided 
the correct choice only in 60% of cases.

There is no direct evidence of the influence of participant 
experience, but errors in the application of ATAM occurred 
in teams with predominantly less experienced specialists. 
This may indicate higher requirements for the competence of 
performers to reliably apply ATAM for the task of comparing 
CQRSES variations.

Feedback by specialists from teams that made errors in 
the application of ATAM:

– Specialist 1 (Team 1). During the application of ATAM, 
they concluded that mCQRS might not meet the performance 
requirements due to possible delays in updating the event 
store and the state snapshot database, so they decided to use 

Classical CQRS. However, further measurements showed 
that these concerns were unfounded: the system met the SLA 
performance requirements;

– Specialist 3 (Team 1). The estimated indica-
tors of the system’s flexibility and modifiability 
turned out to be insufficiently accurate due to the 
high uncertainty of the input data; more detailed 
metrics are required to correctly distinguish vari-
ations;

– Specialist 13 (Team 5). Significant doubts 
were raised about the implementation of synchro-
nization of dependent events. Without the elabo-
ration of RTP and the specification of the projec-
tion reconstruction mechanism, the participants 
assumed that in mCQRS, due to the lack of an 
explicit mechanism for replaying events (replay), 
the implementation would be significantly more 
complicated than in Classical CQRS. In the end, for 
performance reasons, we preferred Classical CQRS.

6. Discussion of results based on comparing 
the software architecture evaluation methods

Our results show that for the task of choosing 
between CQRSES architecture variations, the spe-
cialized DSAV-CQRSES technology provides more 
consistent and reproducible results than the gener-
al-purpose ATAM method.

Firstly, this is explained by the difference in 
the level of formalization of the two approaches. 
ATAM involves building a utility tree, identifying 
scenarios, sensitivity points, trade-off points, and 
risks based on expert analysis. The corresponding 
stages are shown in Fig. 3–5 and Tables 6–10. This 

procedure is flexible, but its result significantly depends on 
the experience of the participants, the completeness of the 
considered scenarios, and the way of interpreting architec-
tural risks. In the experiment, this was manifested in the 
fact that different teams, working with the same input data, 
provided different recommendations for choosing an archi-
tectural variation.

Secondly, general-purpose methods are not tied to spe-
cific architectural paradigms and therefore take into account 
the specifics of CQRSES to a limited extent. In contrast, 
DSAV-CQRSES is purposefully focused on a narrow class of 
systems (CQRSES): the method is not universal, but it provides 
higher consistency of results in this context. This is confirmed 
by the range of results (Table 21). In particular, the coefficient 
of variation calculated from formulae (5) to (7) for mCQRS 
based on the results of ATAM application is 33.64% (Table 11), 
while for DSAV-CQRSES it is 2.8% (Table 19).

Third, the level of abstraction in general-purpose meth-
ods makes it difficult to distinguish nuances critical to vari-
ations – for example, working with state snapshots, event 
replay strategies, synchronization of dependent events. In 
DSAV-CQRSES, these parameters are embedded in the eval-
uation parameters.

Fourth, ATAM relies heavily on expert judgment (Ta-
bles 6, 8), which increases the dependence on the human 
factor and increases the divergence of results. DSAV-CQRS-
ES uses quantitative metrics (Tables 13–18 and formulae (8) 
to (15)), which reduces epistemic uncertainty and improves 
reproducibility (Epistemic Choice Uncertainty, Table 21).

Table 21

Results of comparing ATAM and DSAV-CQRSES technology

Parameter АТАМ DSAV-CQRSES
Number of 

stages 9 actions within 2 phases 12 actions within 2 phases

Application 
time

4 specialists involved;  
duration – 32 hours; labor 

intensity – 88 person-hours

1 specialist involved;  
duration – 40 hours; labor intensi-

ty – 40 person-hours

Starting 
artifacts

System design documentation 
with identified risks, sensitivity 
points, and compromise points

System design documentation; 
evaluation of recommended 

solution; evaluation of predicted 
performance gains; RTP

Calculation 
automation

Information on the automation 
of calculations is not provided 

in the available sources. The use 
of language models to support 

the evaluation process can 
be considered as a promising 

direction

Automated calculation of overall 
complexity and performance; data 

preparation and MAI  
execution; calculation  

of predicted performance gains

Epistemic 
uncertainty 

of choice

Three teams chose mCQRS; 
one chose Classical CQRS; 

another was hesitant at first, 
but eventually chose Classical 

CQRS as well

The mCQRS variation is recom-
mended for both average and 

extreme values of the parametric 
model

Disparity of 
outcomes

The coefficient of variation 
for the number of sensitivity 
points, compromise points, 

and risks considered is 47.14% 
for mCQRS and 33.64% for 

Classical CQRS

The coefficient of variation for 
the recommendation to use 

mCQRS is 2.8%, and for Classical 
CQRS it is 3.44%
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In addition, the difference between the methods was 
manifested not only in the final choice of architectural 
variation but also in the complexity of the application. 
ATAM required the participation of several specialists and 
group sessions (Table 12), while DSAV-CQRSES was ap-
plied by one specialist using formalized calculations (Ta-
ble 20). Therefore, despite the longer calendar duration of 
individual stages of DSAV-CQRSES, the total labor costs 
were lower. 

Compared to similar studies [12, 13], the proposed 
method comparison approach involves substantiating the 
adequacy of input data for the experiment and involv-
ing specialists with at least three years of experience in 
software development in its conduct. This increases the 
practical relevance of the conclusions obtained. In addi-
tion, unlike [6–9], this approach provides the possibility 
of quantitatively reflecting the advantages and limitations 
of the studied methods. The representation of results is 
structurally similar to [7] but, in contrast, is supplemented 
by quantitative indicators of the application of methods in a 
given project context.

The main limitations of our study include, first of all, the 
context of its application. The results relate to architectural 
variations of CQRSES. Accordingly, the adequacy of the con-
clusions was confirmed primarily within the studied class 
of architectural solutions. Another limitation is the number 
of applications of the ATAM method within the experiment. 
This is due to the high complexity of such assessments, 
in particular, the need to involve a significant number of 
specialists and significant time costs for the analysis of test 
systems.

A certain drawback of the study is the lack of a mecha-
nism for summarizing the results to a single integral indica-
tor. In its current form, the results are represented in the form 
of a table of individual characteristics. Further development 
of this study may involve eliminating the specified drawback 
by integrating multi-criteria analysis methods. However, 
the implementation of such an approach is associated with 
certain difficulties, in particular, with the lack of clarity in 
determining the weight coefficients.

7. Conclusions 

1. A parametric model has been built for a class of 
systems for which the optimal variation is mCQRS; its ade-
quacy has been experimentally substantiated. A feature of 
the model is the combination of formalized classes of use 
cases with system and contextual parameters that charac-
terize both the structure of the computer system and the 
conditions of its development and maintenance. Unlike 
the description of a separate test case, the model specifies 
a generalized class of real systems through intervals of 
parameter values.

2. A series of experiments to determine the optimal 
variation of the CQRSES architecture using ATAM and 
DSAV-CQRSES technology showed that according to the 
results of five ATAM applications, the accuracy was 60%, 
the coefficient of variation of the results was 33.64%, and the 
total labor intensity was 88 person-hours. According to the 
results of nine DSAV-CQRSES applications, the accuracy 
was 100%, the coefficient of variation of the results was 2.8% 
(which is 12 times less), and the total labor intensity was 
40 person-hours (2.2 times less).

The key factor in reducing epistemic uncertainty and in-
creasing objectivity when applying DSAV-CQRSES is the ab-
sence of expert assessment as a component of the comparison 
procedure. Thus, by the set of indicators of accuracy, repro-
ducibility, and labor intensity, DSAV-CQRSES demonstrates 
higher objectivity of decision-making support when choosing 
the optimal variation of CQRSES.

3. Using the proposed methodology, a comparison of 
ATAM to DSAV-CQRSES was carried out. The advantage of 
the methodology is the combination of a qualitative compar-
ison of the methods with a quantitative assessment of their 
application according to the following parameters: the level 
of epistemic uncertainty, application time, number of stages, 
output artifacts, the degree of automation of calculations and 
reproducibility of results. The methodology also includes 
substantiation of the correctness of the reference architec-
tural variation and involvement of qualified specialists for 
experimental application of candidate methods. The results 
of our study indicate that the applied methodology allows for 
objective comparison of approaches to software architecture 
assessment within the class of projects corresponding to the 
parametric model.
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Use of artificial intelligence

AI tool was used:
– Model and number of AI: ChatGPT 5.2;
– Where exactly it was used? - The entire manus- 

cript;
– What exactly was done using AI tools?
– identification and correction of grammatical and punc-

tuation errors, in parallel with other tools (e.g., Reverso 
Context);

– finding sources for a literature review;
– How the authors checked the results provided by AI 

tools;
– the authors reviewed the suggested grammar and 

punctuation edits and applied them selectively;
– the authors assessed the relevance of the suggested 

sources by reading the recommended articles;
– result provided by the AI tool did not influence the con-

clusions of the study.
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