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Abstract: - Engineering component selection in automated and industrial systems is a complex and time-
consuming process due to heterogeneous technical parameters, compatibility constraints, and subjective 
decision-making. Existing CRM and product management systems are primarily oriented toward business 
processes and provide limited support for formalized engineering decision-making. 
This paper presents the development of a CRM system with a decision support module for engineering 
component selection based on the formalization of technical characteristics, compatibility rules, and selection 
criteria. A mathematical model is proposed to represent component attributes, requirement constraints, and 
compatibility relations, enabling automated filtering and ranking of feasible solutions. Based on the derived 
functional and non-functional requirements, a three-tier system architecture is designed to ensure performance, 
scalability, and maintainability. The system is implemented as a web-based solution with database-level 
filtering and standard CRM mechanisms, including role-based access control. Experimental evaluation shows a 
reduction in manual selection time by approximately 30–40 %, while ensuring full compliance with predefined 
compatibility constraints. The proposed approach improves decision repeatability and supports efficient 
engineering workflows in automated system design. 
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1 Introduction 
1.1 Relevance and Purpose of Work 
In the current era of digital transformation in 
industry and logistics, the role of information 
systems [1], [2], [3] that support engineering 
solutions at the stages of design, implementation, 
and operation of automated technical systems is 
expanding. One of the critical tasks is the rational 
selection of technical components, on which the 
reliability, accuracy, energy efficiency, and cost of 
automated solutions in industrial, warehouse, and 
cyber-physical systems directly depend.  

Within the scope of this study, technical 
components are understood to be sensors and 
actuators used in automated technical systems. 

The process of engineering selection for 
technical components is typically based on the 
analysis of numerous technical parameters, 
compatibility standards, operating conditions, and 
project constraints [4]. In the absence of specialized 
decision support tools, this process is labor-
intensive, poorly formalized, and largely dependent 
on the subjective experience of the engineer, which 

increases the risk of errors and irrational technical 
decisions. 

Modern Customer Relationship Management 
(CRM) systems are traditionally used to manage 
customer interactions, but their architecture, which 
is geared toward working with large volumes of 
structured data, user roles, business logic, and 
analytics, creates the conditions for using CRM 
approaches in engineering support and technical 
component selection tasks [5], [6]. At the same 
time, existing CRM solutions are not adapted to the 
specifics of engineering tasks, in particular to the 
multi-criteria analysis of the technical 
characteristics of sensors and actuators, 
compatibility testing, and system reliability 
assessment. 

This research is at the intersection of computer 
science, information systems, and applied 
engineering, covering issues of software system 
architecture, databases, and decision support 
algorithms. 

The relevance of this research is due to the need 
to develop a specialized CRM system focused on 
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supporting the engineering selection of automated 
system components. Such a system should provide 
centralized storage of technical data, formalization 
of selection algorithms, and a user-friendly interface 
for different categories of users. Of particular 
importance is the integration of algorithmic data 
processing methods and decision-making logic into 
the software architecture of the CRM system. 

Insufficient automation of engineering 
component selection leads to increased design time, 
difficulties in scaling solutions, limited repeatability 
of results, and increased costs during system 
implementation and operation. In addition, the lack 
of a centralized knowledge base complicates the 
analysis of component compatibility, reliability 
assessment, and configuration optimization for 
specific application conditions. 

These challenges point to the need for a software 
solution that combines CRM principles for 
managing structured data and users with powerful 
analytics to support engineering decisions. The main 
obstacle is the adaptation of the general CRM 
architecture to the specific requirements of technical 
selection, which requires expanding its functionality 
with modules for multi-criteria optimization, 
compatibility verification, and working with 
technical ontologies. 

Thus, there is a need to develop a CRM system 
to support the engineering selection of sensors and 
actuators, combining data management, 
requirements formalization, and automated decision 
support functions. Such a system allows structuring 
information about technical components, reducing 
the influence of the human factor, and increasing the 
overall efficiency of the design process. 

The purpose of this work is to develop a CRM 
system with a decision-making support module 
designed for the engineering selection of technical 
components of automated systems, which ensures 
increased efficiency. 

The main tasks are: 
1. Analysis of existing CRM solutions, 

identification of features. 
2. Formalization of requirements for a CRM 

system to support the selection of technical 
components. 

3. Development of the architecture and 
algorithms for the functioning of the CRM system. 

4. Implementation of the software part of the 
CRM system. 

 
1.2 Work-related Analysis 
Modern CRM systems are widely studied as tools 
for managing customer data, business processes, and 
analytics [7], [8]. Their architectural features – the 

use of relational databases, role-based access, 
modular structure, and scalability – create the 
prerequisites for applying CRM approaches in 
technically oriented information systems. However, 
existing studies mainly focus on the business 
aspects of CRM (increasing customer loyalty, 
optimizing sales) and do not consider the possibility 
of adapting such systems to the tasks of engineering 
analysis and selection of technical components. 

Traditional CRM systems, focused on business 
processes, are designed to manage customer data, 
automate sales and marketing communications [9], 
[10], [11]. Their architecture is optimized for 
working with structured records about customers, 
deals, and interaction history, and their key logic is 
focused on the sales funnel, reminders, and 
conversion analysis. In contrast, the task of 
engineering component selection requires working 
with technical parameters, compatibility standards, 
and ontologies of sensors and actuators, where 
multi-criteria optimization algorithms, compatibility 
checks, and reliability assessments for specific 
operating conditions play a key role. Therefore, the 
existing gaps lie in the fundamental incompatibility 
of data models, logic mechanisms, and performance 
criteria. Traditional CRMs are not adapted to 
processing complex technical ontologies, integrating 
with engineering knowledge bases, or implementing 
technical decision-making algorithms, which 
necessitates deep adaptation or the development of a 
specialized solution. 

Despite this functional mismatch, the basic CRM 
architecture offers a valuable foundation for 
specialized engineering systems. The key concept is 
the management of «relationships» and entity 
lifecycles [12]. 

Among the most popular commercial CRM 
solutions are Salesforce [13], Microsoft Dynamics 
365 [14], HubSpot [15], [16], as well as local 
systems for the Ukrainian market, in particular KEY 
CRM [17], [18] and amoCRM [19], [20].  

The authors in [13] describe Salesforce as a 
leading customer relationship management system. 
In response to the growth in data volumes, 
Salesforce has emerged as a key tool that helps 
companies effectively use customer information to 
improve customer engagement. Such systems offer 
advanced customer management, marketing 
automation, and analytics functionality, but their 
focus on commercial processes makes them 
unsuitable for technical tasks without significant 
customization.  

Work [13] is devoted to researching how 
generative artificial intelligence (GenAI) is 
implemented in CRM to improve its effectiveness. 
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Work [17] describes KEY CRM, which is used 
in various small and medium-sized businesses, 
including online stores that sell through 
marketplaces (Rozetka, Prom, Allo). 

Works [19] and [20] describe AmoCRM as a 
specialized platform for customer relationship 
management, whose architecture and functionality 
are specifically optimized for automating and 
improving sales processes. Its main focus is on the 
effective execution of the sales cycle, which 
includes a funnel, analytics, and communication 
tools to maximize conversion and close deals. This 
positions the system as a solution that aims 
primarily to improve the efficiency of sales 
departments. 

One of the well-known cloud-based customer 
relationship management systems is Zoho CRM [5], 
[21], [22]. Research [21] shows that Zoho CRM 
offers an integrated ecosystem for business process 
automation, including modules for sales, marketing, 
and customer support management. The study [22] 
describes the AI assistant Zia, which uses machine 
learning for data analysis and forecasting. However, 
like other universal CRMs, Zoho is focused on 
commercial processes and does not include 
functionality for the technical selection of 
components based on engineering parameters. 

An alternative to the CRM approach is 
specialized product lifecycle management (PLM) 
systems, such as Siemens Teamcenter [23], PTC 
Windchill [24], and Dassault ENOVIA [25]. 
Research [23] shows that PLM systems are effective 
for managing BOM engineering specifications and 
technical documentation in post-project stages. 
However, these systems are designed for other 
purposes and users. PLM systems are aimed at 
design engineers, work mainly with CAD models at 
the detailed design stage and do not include 
customer relationship management functionality. 
For tasks involving the engineering selection of 
sensors and actuators at the project concept stage, 
with the possibility of client and manager 
involvement, such systems are unsuitable without 
significant customization and high licensing costs. 

The studies in the field of CRM systems focus on 
the fact that each of the above CRM platforms is 
distinguished by its unique functionality and 
architectural solutions, which determine its target 
audience and optimal areas of application in the 
business environment. This diversity allows 
companies to choose the solution that best suits the 
specifics of their operations, industry requirements, 
and strategic goals, thereby ensuring more effective 
adaptation of the technology to specific business 
processes. However, analysis of these works shows 

that Salesforce, Microsoft Dynamics 365, and 
HubSpot, like most universal CRMs, do not have 
specialized modules for working with technical 
ontologies of sensors and executive mechanisms. 
Such CRMs do not contain built-in algorithms for 
multi-criteria analysis based on parameters such as 
accuracy, energy efficiency, temperature range, etc. 

 
 

2 Formalization of the Problem and 

Requirements for the CRM System 
In this work, the CRM system is considered not in 
the classical marketing sense, but as an information 
platform for managing engineering data, users, and 
decision-making support processes for selecting 
technical components of automated systems. 

The functions of automatic component selection, 
multi-criteria analysis of technical characteristics, 
compatibility checking, and technical suitability 
assessment are implemented in the form of 
specialized engineering subsystems integrated into 
the CRM environment. 

Thus, CRM acts as a basic architectural shell that 
provides centralized storage of structured technical 
data, a role-based access model, engineering process 
management, and decision support within the scope 
of component selection. 

The process of selecting technical components 
for automated systems is a complex multi-stage task 
that requires simultaneous consideration of a large 
number of technical, operational, and design 
parameters. To ensure that this process can be 
algorithmized within the information system, it must 
be formalized. 

Let the set of types (classes) of technical 
components available in the system be К: 

 
К  = {k1, k2, … , km} ,                       (1) 

 
where ki – types (classes) of technical 

components, for example, pressure sensor, 
temperature sensor, actuator, etc. Here, 𝑚 is the 
number of component types (classes). 

Let us define a finite set of specific technical 
components available in the CRM system catalog С: 

 
С  = {𝑐1, 𝑐2, … , 𝑐𝑛} ,                       (2) 

 
where с𝑖 – specific technical components; 
𝑛 – total number of components in the database. 
Each component с ∈ С is described by a vector of 

technical specifications: 
 

h(c)  = (  ℎ1(𝑐) , ℎ2(𝑐) , … , ℎр(c) ) ,        (3) 
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where ℎ𝑗(𝑐) is the value of the j-th characteristic 
for component 𝑐; 

р – the total number of characteristic types in the 
system. 

The user query is formed as a set of 
requirements: 

 
R  = {𝑟1, 𝑟2, … , 𝑟𝑘} ,                       (4) 

 
where rj – separate requirement. Each 

requirement is a logical condition or a constraint 
imposed on the characteristics of components; 

𝑘 – number of requirements. 
The set of requirements R is divided into two 

disjoint subsets: 
- hard constraints 𝑅ℎ𝑎𝑟𝑑 ⊆ R – requirements that 

must be satisfied mandatorily (for example, 
component type, operating temperature range). A 
component that fails to satisfy at least one 
requirement 𝑅ℎ𝑎𝑟𝑑 is considered unacceptable; 

- soft criteria (optimization criteria) 𝑅𝑠𝑜𝑓𝑡 =

𝑐𝑟1, 𝑐𝑟2, …, 𝑐𝑟𝑞 ⊆ R – requirements that define the 
desirable properties of a component (for example, 
maximizing accuracy, minimizing cost). They are 
used to rank the acceptable components. 

Thus 𝑅 = 𝑅ℎ𝑎𝑟𝑑  ∪  𝑅𝑠𝑜𝑓𝑡 , and Rhard ∩ Rsoft =  ∅. 
The basic component selection task consists of 
finding all elements of set 𝑐 that satisfy the system 
of hard constraints 𝑅ℎ𝑎𝑟𝑑: 

 
С∗ = {с ∈ С | ∀𝑟𝑗 ∈ 𝑅ℎ𝑎𝑟𝑑 ∶ с 𝑠𝑎𝑡𝑖𝑠𝑓𝑖𝑒𝑠 𝑟𝑗} .     (5) 

 
After the initial selection of individual 

components that meet the project's technical 
requirements, it becomes necessary to verify their 
ability to work together in a single system. The task 
of compatibility verification involves determining 
whether the selected technical components can 
function together to form a correct and operational 
technical configuration. 

Let the set of components selected for a single 
project be: 

 
С 𝑝𝑟𝑜𝑗 = {𝑐1, 𝑐2, … ,  𝑐𝑠} ⊆ 𝐶,                (6) 

 
where 𝑐1, 𝑐2 – are the components of the project; 
𝑠 is the number of components in the project. 
To formalize compatibility, let us introduce a 

binary compatibility relation: 
 

BCR ⊆ 𝐶 × 𝐶,                       (7) 
 
it is a subset of the Cartesian product of the set of 

components with itself. 

The pair (𝑐𝑖, 𝑐𝑗)  ∈ BCR means that component 
𝑐𝑖 is technically compatible with component  𝑐𝑗 
when used together. 

The relation can be asymmetric: the fact that a 
pair (𝑐𝑖, 𝑐𝑗)  ∈ BCR (i.e., component 𝑐𝑖 is 
compatible with 𝑐𝑗) does not necessarily imply that 
the pair (𝑐𝑖, 𝑐𝑗) also belongs to BCR. For example, 
this applies to a relationship of the type «the output 
of 𝑐𝑖 connects to the input of 𝑐𝑗» – the reverse 
connection may be technically impossible. 

A configuration С 𝑝𝑟𝑜𝑗 is considered technically 
compatible if and only if the compatibility condition 
is satisfied for every pair of distinct components 
within the project: 

 
∀𝑐𝑖, 𝑐𝑗 ∈ С 𝑝𝑟𝑜𝑗, 𝑖 ≠ 𝑗 ∶ (𝑐𝑖, 𝑐𝑗) ∈ BCR.        (8) 

 
In a real system, the BCR ratio is not explicitly 

stored for every possible pair of components (which 
would lead to a quadratic increase in data volume). 
Instead, it is determined dynamically based on a set 
of technical rules and component attributes. 

Compatibility rules can be of the following 
types: 

1. Interface compatibility: Output interface type 
(𝑐𝑖) ∈ List of supported inputs (𝑐𝑗). 

2. Electrical compatibility: Operating voltage (𝑐𝑖) 
= Supply voltage (𝑐𝑗) or Current consumption (𝑐𝑖) ≤ 
Maximum output current (𝑐𝑗). 

3. Protocol compatibility: Communication 
protocol version(𝑐𝑖) = Protocol version(𝑐𝑗). 

4. Mechanical/Spatial compatibility: Fastening 
type (𝑐𝑖) = Fastening type (𝑐𝑗) (for certain classes of 
components). 

The verification of compatibility for a 
component set С 𝑝𝑟𝑜𝑗 can be represented as a 
Constraint Satisfaction Problem (CSP). Let us 
define: 

- a set of variables: X  = {𝑥1, 𝑥2, … , 𝑥𝑠}, where 
each variable 𝑥𝑖 corresponds to a component 𝑐𝑖 ∈
 С 𝑝𝑟𝑜𝑗; 

- domains of the variables: 𝐷𝑖 – the set of 
allowable values for variable 𝑥𝑖, containing all 
characteristics of component 𝑐𝑖  that affect 
compatibility (interface type, voltage, protocol, 
etc.); 

- a set of constraints: Constraints – a collection 
of predicates defined on subsets of variables. Each 
constraint encodes a compatibility rule. For 
example, for a pair of components (𝑥𝑎, 𝑥𝑏) that 
must be connected, the constraint takes the form: 
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InterfaceType(𝑥𝑎. output) ∈ 
 

∈ SupportedInterfaces(𝑥𝑏 . input). 
 
Configuration С 𝑝𝑟𝑜𝑗 is considered compatible if 

and only if there exists an assignment of values to 
the variables from their respective domains such 
that all constraints in the set Constraints are 
satisfied. This constitutes a formalization of the 
binary compatibility relation BCR (formula 7) via a 
computable CSP model. 

The practical implementation of compatibility 
verification is carried out by applying rules of types 
1-4 (interface, electrical, protocol, and 
mechanical/spatial compatibility) to all pairs of 
components in the project configuration. 

If the set of feasible components С∗ resulting 
from the basic selection turns out to be too large for 
effective analysis, a mechanism is required to 
determine the best options. The ranking task 
involves ordering the elements of set С∗ according 
to their degree of compliance with the original 
project requirements. 

Let 𝑞 = |𝑅𝑠𝑜𝑓𝑡| be the number of soft criteria. 
For each soft criterion 𝑐𝑟𝑗 ∈ Rsoft, a fitness (or 
utility) function is defined: 

 
𝑓𝑗(𝑐) ∶ 𝐶 → R,                         (9) 

 
which evaluates how well component 𝑐 satisfies 

the j-th criterion. 
For practical implementation, a scalarization 

method using a weighted sum is applied, which 
transforms the multi-criterion problem into a single-
criterion one. A user or expert assigns weight 
coefficients 𝑤𝑗 for each criterion 𝑐𝑟𝑗 , where: 

 

∑ 𝑤𝑗  = 1
𝑞

𝑗=1

, 𝑤𝑗  ≥ 0.                 (10) 

 
For each component с𝑖 ∈ С∗, an integral fitness 

score is calculated: 
 

F(𝑐𝑖, 𝑅) =  ∑[𝑤𝑗 ∙ 𝑣𝑗(𝑐𝑖)]

𝑞

𝑗=1

,          (11) 

 
where 𝑣𝑗(𝑐𝑖) is the normalized value of 

component 𝑐𝑖 for criterion 𝑐𝑟𝑗. 
Normalization 𝑣𝑗(𝑐𝑖) is performed using a three-

level scale based on the fitness function 𝑓𝑗(𝑐𝑖) (12): 
 

𝑣𝑗(𝑐𝑖) = 

={

1, 𝑖𝑓 𝑓𝑗(𝑐𝑖) fully satisfies the requirement, 
0,5,   𝑖𝑓 𝑓𝑗(𝑐𝑖) partially satisfies the requirement, 

0, 𝑖𝑓 𝑓𝑗(𝑐𝑖) does not satisfies the requirement. 
 

 
The result of solving the ranking problem is a list 

sorted in descending order of 𝐹(𝑐𝑖,𝑅): 
 

С𝑟𝑎𝑛𝑘𝑒𝑑 = 𝑠𝑜𝑟𝑡 (𝐶∗, 𝐹, 𝑑𝑒𝑠𝑐𝑒𝑛𝑑𝑖𝑛𝑔) ,    (13) 
 
the top positions are occupied by technical 

components with the maximum fitness score. 
Thus, the formal task of engineering component 

selection is transformed into a multi-criteria 
optimization problem with decision support (Multi-
Criteria Decision Support), which combines: 

- hard constraints (𝑅ℎ𝑎𝑟𝑑) → basic selection 
(formulas 4-5); 

- compatibility verification (BCR) → CSP model 
(formulas 6-8); 

- soft criteria (𝑅𝑠𝑜𝑓𝑡) → ranking (formulas 9-13). 
The system not only filters out unacceptable 

options but also provides the engineer with well-
founded recommendations for optimal component 
selection based on formalized criteria and automated 
compatibility verification. 
 
 
3 Development of CRM System for 

Engineering Component Selection 
3.1 Functional and Non-Functional 

Requirements Analysis 
Developing an effective CRM system for 
engineering recruitment requires a clear definition 
of its requirements in the context of the identified 
shortcomings of existing approaches. To formalize 
these requirements, a methodology based on the 
ISO/IEC/IEEE 29148:2018 standard was applied, 
which provides for a clear division into functional 
(FR) and non-functional (NFR) requirements. Key 
requirements have been formulated to directly 
address the problems described in the introduction: 
labor intensity, subjectivity, and lack of 
formalization. 

Functional requirements (FR) directly derived 
from the formal selection task: 

FR1. Advanced search and multi-criteria filtering 
of components. The system shall provide an 
intuitive interface for forming requests R and 
implementing the basic selection task (formulas 4-
5). The search shall support filtering of sensors and 
actuators by technical characteristics from the 
characteristics vector h(c) (for example, 
measurement range, accuracy, output signal type, 
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communication interface), operating conditions, and 
manufacturer. This will eliminate the labor-intensive 
manual analysis of catalogs and ensure the efficient 
formation of the set 𝐶∗ of admissible components. 

FR2. Project Management and Selection History. 
The system shall automatically save the history of 
user queries and selected components, with the 
capability to create, save, and reuse typical 
configurations С 𝑝𝑟𝑜𝑗. This facilitates process 
formalization, knowledge accumulation, and 
efficient work with complex technical solutions. 
Each project stores the structure of selected 
components along with their quantity through an 
intermediate relationship model. 

FR3. Automated Component Compatibility 
Verification. To implement the compatibility 
verification task (formulas 6-8), the system must 
contain a mechanism for automatic or semi-
automatic verification of selected sensors and 
actuators for compatibility based on electrical, 
interface, and software parameters. This means the 
practical implementation of the binary compatibility 
relation BCR through a computable CSP model 
using rules of types 1-4 (interface, electrical, 
protocol, and mechanical compatibility). 
Automation of verification reduces subjectivity and 
the risk of errors when forming technical 
configurations. 

FR4. Ranking and Decision Support. The system 
shall implement a ranking algorithm based on the 
weighted sum (formulas 10-13), which formalizes 
the fitness function F(𝑐𝑖, 𝑅). A user or expert 
assigns weight coefficients 𝑤𝑗 for each soft criterion 
𝑐𝑟𝑗 ∈ 𝑅𝑠𝑜𝑓𝑡  (e.g., accuracy, cost, energy efficiency), 
where ∑ 𝑤𝑗 = 1𝑞

𝑗=1 . 
For each component 𝑐𝑖 ∈ 𝐶∗, an integral score is 

calculated using formula (11), where the normalized 
value 𝑣𝑗(𝑐𝑖) is determined according to the three-
level scale (see Section 2, formula 12).  

The result is a list С𝑟𝑎𝑛𝑘𝑒𝑑 (formula 13), sorted 
in descending order of F(c𝑖 , 𝑅). The system should 
also provide the capability for interactive adjustment 
of criterion weights with instant recalculation of 
ratings and visualization of results in the form of 
tables and charts. 

Among the key non-functional requirements 
(NFR), the following should be highlighted: 

NFR1. Usability. The system interface must be 
intuitive for design engineers, requiring minimal 
training. The role-based access model should ensure 
interface adaptation to specific usage scenarios 
(client, manager, administrator) without excessive 
information. 

NFR2. Performance. The system's response time 
for standard search and filtering operations should 
not exceed 2-3 seconds, even when working with a 
catalog of tens of thousands of components. The 
calculation of the fitness function F(c𝑖, 𝑅)  and the 
formation of the list С𝑟𝑎𝑛𝑘𝑒𝑑 must be performed in 
real-time to ensure interactivity when changing the 
weight coefficients. 

NFR3. Scalability. The system architecture must 
allow for scaling of the component database 
(increasing n in formula 2) and user accounts 
without significant performance degradation. The 
three-tier architectural model should enable 
horizontal scaling at the business logic and data 
storage levels. 

Thus, the proposed CRM system is designed to 
become a key tool that transforms the complex and 
informal process of engineering component 
selection into an efficient, structured procedure. The 
implementation of the formal model (formulas 1-13) 
through the functional requirements FR1-FR4 will 
not only reduce design time but also improve the 
technical and economic indicators of the automated 
systems themselves (reliability, accuracy, cost), 
thereby enhancing the competitive advantages of 
enterprises in the digital economy. 

 
3.2 Development of the architecture of the 

CRM system  
In the process of developing a CRM system to 
support the engineering selection of technical 
components, a key stage is the formation of its 
software architecture, capable of ensuring effective 
work with large volumes of structured technical 
data, the implementation of decision support 
algorithms, and the interaction of different 
categories of users. The system architecture must 
meet the requirements of scalability, modularity, 
component reuse, maintainability, and information 
security, which are critical for modern engineering 
information systems. 

Taking these requirements into account, a three-
tier architectural model was chosen, which provides 
a clear logical distinction between the presentation 
layer, the business logic layer, and the data layer 
(Figure 1).  

This approach is common in enterprise-level 
systems and allows interface solutions to be isolated 
from computational logic and physical data storage, 
which simplifies further development and 
modification of the system. 
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Fig. 1: Architecture of the CRM system for 
engineering selection of technical components 

Source: created by the authors.  

The presentation layer is responsible for user 
interaction with the CRM system and implements 
the interface for accessing its functional capabilities. 
The proposed architecture provides separate 
interfaces for customers, managers, and 
administrators, allowing for the implementation of a 
role-based access model and the adaptation of 
functionality to the tasks of each user category. 

The client interface allows you to create and 
view engineering projects, work with a catalog of 
sensors and actuators with support for multi-criteria 
filtering, and generate queries to the decision 
support system. The manager interface is focused on 
order support, analysis of technical configurations, 
working with statistical data, and communication 
with clients. The administrative interface 
implements functions for managing users, the 
component base, categories, and access policies. 

A separate visualization module is used to 
visualize the results of engineering analysis and 
analytical calculations, generating graphs, tables, 
and summary reports. Data exchange between the 
presentation layer and the server side is carried out 
using standard web protocols (HTTP/HTTPS) and 
JSON data transfer formats, as well as WebSocket 
connections for implementing interactive scenarios. 

The presentation layer is responsible for user 
interaction with the CRM system and implements 
the interface for accessing its functional capabilities. 
The proposed architecture provides separate 
interfaces for customers, managers, and 
administrators, allowing for the implementation of a 
role-based access model and the adaptation of 
functionality to the tasks of each user category. 

The client interface allows you to create and 
view engineering projects, work with a catalog of 
sensors and actuators with support for multi-criteria 
filtering, and generate queries to the decision 
support system. The manager interface is focused on 
order support, analysis of technical configurations, 
working with statistical data, and communication 
with customers. The administrative interface 
implements functions for managing users, the 
component base, categories, and access policies. 

A separate visualization module is used to 
visualize the results of engineering analysis and 
analytical calculations, generating graphs, tables, 
and summary reports. Data exchange between the 
presentation layer and the server side is carried out 
using standard web protocols (HTTP/HTTPS) and 
JSON data transfer formats, as well as WebSocket 
connections for implementing interactive scenarios. 

The business logic level is the central element of 
the CRM system and implements functionality 
related to processing user requests, data 
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management, and supporting engineering decisions. 
It is at this level that algorithms for multi-criteria 
selection of sensors and actuators, component 
compatibility checks, and analysis of their technical 
characteristics are concentrated. 

The business logic of the system includes 
modules for processing engineering requests, project 
management, inventory accounting, and generating 
analytical indicators. The analytical module collects 
statistical data on component usage, generates 
aggregate indicators, and builds diagrams, allowing 
for the evaluation of technical solutions' 
effectiveness. 

A separate component of the architecture is the 
Component Selection Module, which is a software 
implementation of the mathematical decision 
support model formalized in Section 2 (formulas 1-
11). The module is implemented at the business 
logic level using a rule-based approach. This 
module provides processing of user text queries 
through tokenization and extraction of key 
parameters using regular expressions, multi-criteria 
filtering of components through SQL queries to the 
database, as well as automated verification of the 
compatibility of selected sensors and executive 
mechanisms based on specified technical criteria. 

Information security is ensured through 
authentication, authorization, session management, 
and protection against typical web threats. Placing 
security functions at the business logic level allows 
for centralized control of access to data and system 
functionality. 

The data storage level is designed for centralized 
storage of information about users, technical 
components, projects, orders, and engineering 
analysis results. The PostgreSQL relational database 
management system is used as the basis for 
implementing this level, which ensures reliability, 
support for complex queries, and data integrity. 

The database structures information about 
sensors and actuators, taking into account their 
technical characteristics, categories, subcategories, 
and compatibility parameters. In addition, data on 
customer projects, configuration change history, 
component selection results, and analytical 
indicators are stored. This organization of data 
creates a basis for reusing accumulated knowledge 
and improving the soundness of engineering 
decisions. 

The proposed three-tier architecture directly 
addresses NFR2 (performance) through database-
level filtering and NFR3 (scalability) by decoupling 
presentation, logic, and data layers. 

 
 
 

3.3 Core Algorithms and System 

Implementation 
The CRM system is implemented using web 
technologies. The backend is built on the Django 
framework, the frontend is based on standard web 
development technologies (HTML, CSS, 
JavaScript) using built-in Django mechanisms for 
templates, and the database is PostgreSQL. The 
automated component selection module is 
implemented as a rule-based algorithmic system 
using text query processing mechanisms 
(tokenization, parameter extraction via regular 
expressions) and multi-criteria component filtering 
via SQL queries to the database. 

Based on the architectural solutions outlined in 
the previous section and formalized requirements, 
key algorithms for the functioning of the CRM 
system were developed. These algorithms cover the 
entire cycle of user interaction with the system, 
from authentication and working with the 
component catalog to placing and processing orders. 
Each algorithm is presented in the form of a 
flowchart with a detailed explanation of its logic. 

The effective functioning of a CRM system in 
the context of engineering recruitment requires a 
clearly defined sequence of actions for each type of 
user. The fundamental element that ensures security 
and personalization is the authentication and 
authorization module (Figure 2). This module is 
responsible for verifying the user's identity and 
granting them access to the system's functionalities 
and data in accordance with their assigned role. 

The algorithm begins with loading the login 
page. The user selects an action: if they have an 
account, they enter their username and password; if 
not, they register and are automatically assigned the 
role of «client». 

When the credentials are entered, the system 
verifies their correctness. If there is an error, a 
message is displayed, and the user is returned to the 
login form. 

Upon successful authentication, the system 
determines the user's role and redirects them to the 
appropriate dashboard: customer or manager. 

The algorithm for user interaction with the 
component catalog (manual component selection) 
(Figure 3) implements the process of incremental 
(step-by-step) formation of the technical 
configuration of the project by sequentially selecting 
and adding sensors and actuators. 
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Fig. 2: Algorithm for user authorization and 
registration in the CRM system 

Source: created by the authors. 

 
The algorithm begins with opening the 

component catalog, where the user is given access 
to the full range of technical elements of the system. 

At the next stage, the customer uses navigation 
tools: filtering by categories, subcategories, and 
brands, or performs a text search by the name of a 
specific component. This ensures the quick finding 
of the necessary items among a large number of 
positions. 

After applying filters or searching, the system 
displays relevant results. The user selects a 
component and proceeds to view its detailed card, 
which contains technical specifications, images, and 
other related information. 

Having decided to add a component, the 
customer initiates the appropriate action. At this 
stage, the system checks for existing projects in the 
user's account. 

 

 
Fig. 3: Algorithm for selecting components from the 
catalog and forming the technical composition of 
the project (manual selection of components) 

Source: created by the authors. 
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analytics. After adding one technical component, the 
system asks the user if they want to continue 
working with the catalog. If so, the process returns 
to the filter and search stage, allowing other 
components to be added to the same project. If not, 
the algorithm ends, and the generated project is 
saved in the system for further order placement or 
consultation with a manager.One of the key 
elements of the developed CRM system is the 
component selection algorithm, which implements 
decision support functions through the formalization 
and automation of the process of selecting sensors 
and actuators in accordance with the specified 
project requirements. This algorithm implements the 
logic of multi-criteria analysis based on rules and 
reduces the influence of subjective factors in 
technical decision-making (Figure 4). 

 
Fig. 4: Algorithm for automated component 
selection with decision support 

Source: created by the authors. 

The algorithm begins with the formation of the 
user's engineering request. Requirements can be 
specified in a structured form (using a form with 
technical parameters) or in free text format. For text 
requests, the system performs tokenization and 
keyword extraction using a dictionary of technical 
terms. Next, regular expressions are applied to 
identify numerical parameters (measurement ranges, 
voltages, frequencies) and their relationship to the 
corresponding component characteristics. At this 
stage, the input data is normalized and converted to 
an internal formalized representation. 

In the next stage, the system performs initial 
filtering of components through SQL queries to the 
PostgreSQL database according to mandatory 
criteria such as component type, operating 
parameter range, operating conditions, and 
availability in stock. This significantly reduces the 
search space and increases the performance of the 
algorithm. 

The algorithm for automated component 
selection will be described in more detail in 
subsequent works. 

The algorithm for automated component 
selection will be described in more detail in 
subsequent works. 

Next, a compatibility check module is 
implemented, which analyzes the electrical, 
interface, and logical parameters of the selected 
components. Incompatible options are automatically 
filtered out, reducing the risk of incorrect 
configurations in the early stages of design. The 
final stage involves forming a ranked list of 
components based on the degree of compliance with 
the specified criteria. 

The stage of forming a ranked list of 
components, presented in a general form in Figure 
4, is implemented by a separate evaluation and 
sorting algorithm. The detailed structure of this 
stage, including the calculation of the integral 
fitness function F(c𝑖, 𝑅) and the ordering of the set 
of admissible components 𝐶∗, is shown in Figure 5. 

The algorithm for forming a ranked list of 
technical components, presented in Figure 5, 
implements the stage of evaluating and ordering 
feasible alternatives obtained after preliminary 
filtering and compatibility verification. The input to 
the algorithm is the set of compatible components 
𝐶∗, the system of optimization criteria 𝑅𝑠𝑜𝑓𝑡, and the 
corresponding weight coefficients 𝑤𝑗, which reflect 
the relative importance of each criterion in the 
decision-making process. 
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Fig. 5: Algorithm for forming a ranked list of 
technical components based on the fitness function 
F(c𝑖, 𝑅), which implements the «Formation of a 
ranked list» stage 

Source: created by the authors. 

 
After algorithm initialization, a sequential 

selection of each component сі from the set 𝐶∗ is 
performed. For the current component, the initial 
value of the integral suitability score 𝐹і = 0 is set, 
after which an internal evaluation loop over all 
optimization criteria is launched. Within this loop, 
each criterion 𝑐𝑟𝑗 ∈ 𝑅𝑠𝑜𝑓𝑡 is sequentially selected, 
and the corresponding actual value of the 
component's technical characteristic ℎ𝑗(сі) is 
determined. 

The obtained value is normalized using the given 
utility function, resulting in a dimensionless score 
𝑣𝑗(сі) that reflects the degree of satisfaction of the 
corresponding criterion. The normalized score is 
multiplied by the weight coefficient 𝑤𝑗, and the 
weighted contribution is added to the current value 
of the component's integral fitness function. This 

process is repeated until all criteria from the set 
𝑅𝑠𝑜𝑓𝑡 have been processed. 

After completing the evaluation for all criteria 
for the current component, its final integral score 𝐹і 
is obtained and saved for further analysis. A similar 
procedure is performed for each component from 
the set 𝐶∗, resulting in a set of alternatives with 
corresponding numerical suitability scores. 

At the final stage of the algorithm, the 
components are sorted in descending order of the 
values of the integral fitness function 𝐹і. This allows 
the alternatives to be ordered according to their 
degree of compliance with the specified project 
criteria. The result of the algorithm's operation is a 
ranked list of technical components С𝑟𝑎𝑛𝑘𝑒𝑑, in 
which the top positions are occupied by components 
with the highest generalized quality score. The 
formed list is used by the decision support system to 
provide the engineer with substantiated 
recommendations for selecting optimal technical 
components. 

Let us describe the process of analyzing the 
computational complexity of the ranking algorithm. 

Let N = |𝐶∗| be the number of component 
candidates after filtering, and Q = | 𝑅𝑠𝑜𝑓𝑡| be the 
number of soft optimization criteria. Computing the 
integral score F(c𝑖, 𝑅) for one component requires 
evaluation over all Q criteria, which constitutes 
O(Q) operations. Since this procedure is performed 
for all N components, the overall complexity of the 
scoring stage is O(N ⋅Q). The next stage – sorting N 
elements – has a complexity of O( N log N) when 
using efficient algorithms (e.g., quicksort). Thus, the 
total computational complexity of the ranking 
algorithm is O(N ⋅Q + N log N). In practical 
engineering selection scenarios, the number of 
criteria Q is small and fixed (typically 5–10), so the 
dominant term in the complexity is O( N log N). 
This ensures high performance of the algorithm 
even when working with catalogs containing tens of 
thousands of components and directly satisfies the 
non-functional requirement NFR2 (Performance) 
specified in section 3.1. 

To illustrate the practical efficiency, let's 
consider a specific example. 
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response time, reliability). Calculating the integral 
scores F(c𝑖, 𝑅) for all components requires 
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normalized values 𝑣𝑗 and their weighted 
summation). The subsequent sorting step requires 
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approximately 500 × log₂(500) ≈ 4,483 comparison 
operations when using the quicksort algorithm. 
According to profiling results on the test server 
(Intel Xeon E5-2680, 16 GB RAM, PostgreSQL 
14), the complete computation and formation cycle 
of the ranked list С𝑟𝑎𝑛𝑘𝑒𝑑 is executed in 
approximately 0,7 seconds. This fully satisfies the 
NFR2 requirement of a response time of less than 3 
seconds and enables interactive operation when 
adjusting the weight coefficients 𝑤𝑗. 

In addition to automated selection tools, an 
important aspect of the CRM system is well-established 
communication between users. To this end, the system 
implements a chat algorithm (Figure 6) that enables 
direct messaging between the client and manager within 
the framework of a specific project or order. 

 
Fig. 6: Algorithm for chat between client and 
manager in CRM system 

Source: created by the authors. 

The algorithm begins when the client opens the 
chat tab via the system's navigation menu. This 
initiates the loading of the communication interface, 
where the user can create a new dialogue or 
continue an existing one. 

The client formulates and writes their message in 
the text input field. After finishing writing, the user 
initiates the sending of the message by pressing the 
corresponding button. 

At the sending stage, the system checks the 
current status of the dialogue. If the chat was 
previously closed (for example, after the previous 
interaction ended), the system automatically updates 
its status, switching the dialogue to active 
communication mode. This makes it possible to 
resume communication without having to create a 
new chat. 

After updating the status or confirming the active 
state, the message is saved in the correspondence 
history. The entire history of the message exchange 
is recorded in the database, which guarantees the 
preservation of the dialogue context and provides 
the ability to review it later. 

The saved message becomes available for 
viewing by the manager. The system waits for a 
response from the company representative. If the 
manager responds, the interaction continues, and the 
system checks again whether the customer wishes to 
continue the dialogue. 

If the customer has additional questions or needs 
clarification, they can write a new message, and the 
process returns to the message-writing stage. This 
creates a cyclical dialogue structure that supports 
multiple exchanges of information. 

If the customer does not wish to continue the 
conversation or has received a comprehensive 
response, the dialogue can be terminated. At the 
same time, the entire history of the message 
exchange remains stored in the system, allowing 
you to quickly return to previous requests if 
necessary. 

An important feature of the algorithm is the 
automatic sorting of chats by date of last activity, 
which simplifies the manager's work with a large 
number of inquiries and ensures that current 
dialogues are processed first. 

After discussing the technical details and 
agreeing on the configuration with the manager via 
chat, the customer proceeds to the final stage – 
placing an order. The algorithm of this process 
(Figure 7) formalises the user's actions in converting 
a technical project into a commercial order. 

The algorithm begins with the user navigating to 
the «My Projects» tab via the system navigation 
menu. 
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Fig. 7: Algorithm for placing an order by a customer 
in the CRM system 

Source: created by the authors. 

 

The screen displays a table containing a list of all 
projects created by the user, indicating their names, 
creation dates, and current statuses. This table 
allows you to quickly navigate among existing 
projects. 

The user selects one of the projects that they plan 
to place an order for and initiates its opening. 

After opening the project, the system displays its 
complete structure, including a list of added 
components, their quantity, and technical 
characteristics. At this stage, the user decides 
whether changes need to be made to the project. 

If you need to change the composition, you go to 
edit mode, where you can add new technical 
components, delete existing ones, or adjust their 
quantity. After you finish editing, the system moves 
on to the next stage. 

If no changes are needed, the user immediately 
proceeds to the final order review stage, where they 
can view the final configuration before placing the 
order. 

After confirming that the order is correct, the 
user clicks the «Place order» button. 

The system records the order in the database, 
assigning it the appropriate status and storing all 
information about the composition, number of 
components, and customer data. 

From this moment on, the order becomes 
available for viewing by the manager, who can start 
processing it, assign themselves as responsible, and 
continue interacting with the customer through other 
channels of the system. 

The algorithm ends after the order is successfully 
recorded and transferred to the active orders section. 

After the customer places an order, it is sent to 
the processing system, where responsibility for its 
execution is transferred to the manager. The order 
processing algorithm by the manager (Figure 8) 
implements centralized logic for managing request 
statuses and provides control at all stages of 
execution. 

The algorithm begins with the manager going to 
the «Sales» section, where a table with all orders 
available in the system is displayed. 
The manager performs a search or applies filters to 
find the necessary orders. The table functionality 
supports filtering by status, customer names, dates, 
and other parameters for quick navigation. 

After finding the required order, the manager 
selects it from the list for further processing. 

The system checks whether a manager has been 
assigned to this order. If a manager has already been 
assigned, the manager returns to the search or filter 
to find another order. If no manager has been 
assigned, the manager can assign themselves to this 
order, and the changes are recorded in the system. 

After assigning a manager, the system checks the 
validity of the order. If the order is invalid or the 
customer has canceled it, the manager cancels the 
order, after which it is removed from active 
processing. 

If the order is valid, the manager proceeds to a 
detailed review, where the complete order 
composition is displayed with a list of components 
and their quantities. 
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Fig. 8: Algorithm for processing user orders by the 
manager 

Source: created by the authors. 
At this stage, the manager assesses whether the 

order composition needs to be adjusted. If changes 
are necessary, he makes adjustments – changes the 
quantity of components, adds new ones, or deletes 
existing items. All changes are automatically saved 
in the system. 

After completing the adjustments or if no 
changes are needed, the manager returns to the 
«Sales» section, where they decide on the further 
status of the order.  

The system asks whether the order fulfillment is 
complete. If the order still requires processing or 
awaits additional actions, the manager assigns it the 
status «In Progress». This status indicates that the 
order is in the process of active handling.  

If all necessary actions are completed, the 
components are selected, and the order is ready for 
shipment or transfer to the warehouse, the manager 
assigns it the status «Completed». 

After the status is set to «Completed», the order 
execution is finalized. The order moves to the 
completed section and becomes available for further 
work in the warehouse module, where the 
components will be written off.  

The algorithm ends after the status is 
successfully changed and all changes are recorded 
in the system database.  

Once the manager has finished processing the 
order and changed its status to «Completed», the 
system automatically initiates an update of the 
warehouse inventory. The algorithm for this process 
(Figure 9) ensures synchronization between 
commercial operations and the accounting of 
material assets, automatically writing off 
components from the warehouse. 

The algorithm is activated at the moment the 
order is assigned the status «Completed». This 
status serves as a trigger to start the process of 
updating stock levels. After the «Completed» status 
is set, the system automatically initiates the 
procedure of deducting components from the current 
warehouse inventory. All technical components 
included in the completed order are subject to 
subtraction from the total quantity of items available 
in stock.  

Simultaneously with the write-off, the system 
creates a record of component movement of the 
«Write-off» type. This record logs information in 
the database about the volume of written-off 
components, their nomenclature, and the transaction 
date, ensuring transparency and the ability to track 
all warehouse stock operations.  
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Fig. 9: Algorithm for updating balances when the 
order status changes 

Source: created by the authors. 

 

After the write-off procedure is completed, the 
system checks whether the order has been canceled 
after its execution. This can happen if the customer 
refuses an already prepared order or if other 
unforeseen circumstances arise. 

If the order is not canceled, the algorithm 
completes, and all changes remain recorded in the 
system.  

If the order is canceled after execution, the 
system initiates the process of returning the product 
to the warehouse. At this stage, a reverse process to 
write off is triggered. 

The quantity of components that were previously 
written off is returned to the warehouse stock. The 
system adds this quantity to the current inventory, 
restoring the previous state of component 
availability.  

A new movement record of the type «Return 
After Cancellation» is created to document this 
operation. This record documents the fact that the 
components have been returned to the warehouse, 
which allows maintaining a complete history of 
operations and provides the ability to audit all 
changes in warehouse inventory.  

The algorithm is completed after the inventories 
are successfully updated and the corresponding 
component movement records are saved in the 
system database.  

The developed algorithms form a complete 
functional cycle of the CRM system to support the 
engineering selection of components. The 
implemented architecture ensures the automation of 
key business processes: from user authentication 
and working with the component catalog to order 
processing, handling by managers, and automatic 
updating of inventory levels. The rule-based 
automated selection module allows processing both 
structured requests through forms and free-text 
requests, enhancing the system's flexibility. 
Integration of all components based on a three-tier 
architecture provides reliability, scalability, and the 
possibility of further system functionality 
expansion. 

The logic of all the described algorithms and 
functional modules of the system is based on a well-
designed data structure. Below is a description of 
the key entities of the relational database that 
implement the business model of the CRM system 
and ensure its operation.  

The CRM system uses a PostgreSQL relational 
database with the following main entities:  

- Users – stores user accounts with role-based 
access control (administrator, manager, client). Each 
user has credentials, contact information, and an 
assigned role that determines the available 
functionality; 

- Components – central catalog containing 
sensors and actuators with technical specifications. 
Key attributes: item number, category (equipment, 
transport, sensors, actuators), subcategory, brand, 
technical parameters (temperature range, load 
capacity, interface type, IP protection class), and 
prices. Components are organized hierarchically 
through category-subcategory relationships; 

- Projects – configurations created by clients that 
combine several components. Projects serve as 
templates for orders and store the quantity of 
components through an intermediate entity, 
ProjectComponent (many-to-many relationship); 

- Orders – formalized requests based on projects. 
Each order tracks its status (new, in progress, 
completed, canceled), assigned manager, creation 

Start 

Assigning order status «Completed» 
section 

Deducting components from 
inventory 

Saving movement record of type 
«Write-off» 

Is order 
cancelled after 
completion? 

Assigning status 
«In Progress» 

Initiating product 
return to warehouse 

No Yes 

Returning quantity to inventory 

Creating movement record of type 
«Return after cancellation» 

End 
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date, and the associated project structure. Changing 
the status automatically triggers the movement of 
components in the warehouse; 

- Chats & Messages – a bidirectional 
communication system between clients and 
managers. Chat entities store the status 
(open/closed) and automatically open when clients 
send messages to closed conversations. Messages 
have timestamps and support read receipts; 

- Inventory management consists of the entities 
Movement (individual warehouse operations) and 
MovementBatch (group operations). Each 
movement records the type (incoming/outgoing), 
quantity, date, and associated component. Stock 
levels are calculated dynamically by summing 
incoming and outgoing movements. The database 
schema ensures data integrity through foreign key 
constraints, supports complex filtering queries, and 
provides efficient reporting. The modular structure 
of the database allows for further expansion of 
system functionality without the need to modify its 
core architecture. 

A visual representation of the described modular 
structure and the relationships between entities is an 
entity-relationship diagram (ER diagram). Below 
(Figure 10) is an ER diagram of the CRM system 
architecture, which visualizes the key data objects, 
their attributes, and the relationships that implement 
the functionality of engineering selection.  

 

 
Fig. 10: ER diagram of the CRM system 
architecture for the engineering selection of 
technical components 

Source: created by the authors. 

 

Figure 10 shows the ER diagram of the CRM 
system, reflecting the modular relational database 
architecture. The diagram illustrates the key entities, 
their attributes, and relationships that provide the 
functionality for engineering component selection, 
project management, orders, inventory management, 

and user communication. The database structure 
follows the principles of normalization, ensures data 
integrity, and supports scalability without altering 
the underlying architecture. 
 
 
4 Research Results and Discussion 
The key outcome of the study is the successfully 
implemented three-tier architecture, which provided 
a clear separation of responsibilities and enhanced 
system maintainability. Developing the server-side 
using the Django framework allowed for the 
effective translation of formalized requirements into 
specific business models in Table 1.  
 

Table 1. Development of the server-side based on 
the Django framework 

Architectural 
solution 

Technical 
implementation 

Achieved 
effect 

Flexible data 
model for 
components 
and 
configuration
s 

- the 
Component 

model with 
fields category 
and subcategory 

(selection from 
CHOICES); 
- an 
intermediate 
ProjectCompon

ent model for 
the many-to-
many 
relationship 
between Project 
and Component 

with a quantity. 

- provided 
the ability for 
multi-criteria 
filtering by 
category, 
subcategory, 
and technical 
parameters; 
- 
implemented 
storage of the 
project bill of 
materials 
(BOM) with 
a specific 
quantity of 
each 
component. 

Automation 
of warehouse 
inventory 
updates 

- overriding the 
save() method 
of the Order 
model; 
- automatic 
creation of 
records in the 
Movement 

model when the 
order status 
changes to 
«Completed» 
(write-off) or 
«Cancelled» 
(return). 

- eliminated 
manual work 
and the risk 
of human 
error when 
adjusting 
balances;  
- guaranteed 
data 
integrity, 
meaning 
orders and 
stock status 
are always 
synchronized
. 
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Effective 
calculation of 
current 
balances 

- a static method 
get_stock() of 
the Movement 
model, which 
calculates the 
balance as the 
difference 
between the 
sum of receipts 
(in) and write-
offs (out) for a 
specific 
component; 
- the stock 
property in the 
Component 

model 
(computed 
field). 

- avoiding 
data 
duplication – 
no need for a 
separate field 
current_quan

tity, which 
requires 
constant 
synchronizati
on; 
- full audit 
trail, 
meaning the 
balance is the 
result of all 
historical 
transactions, 
ensuring 
transparency; 
- 
performance 
because the 
aggregate 
queries to the 
database are 
optimized. 

Source: created by the authors. 

 
Thus, the presented architectural solutions 

demonstrate the transition from describing 
requirements to their software implementation. Each 
item in Table 1 addresses a specific challenge: the data 
model formalizes knowledge, automation eliminates 
routine tasks, and inventory calculations build trust in 
the system through transparency. This is not just a 
technical implementation – it is the creation of a digital 
foundation for engineering solutions.  

Choosing Django and PostgreSQL proved to be 
optimal for rapid prototyping with complex logic. 
The Movement/MovementBatch model provided full 
audit traceability of changes, which is critical for 
logistics systems. A future step could be moving 
part of the logic into separate services 
(microservices architecture) for even better 
scalability. 

The next critical stage of the research was the 
implementation of a safe and ergonomic interface 
for different categories of users. While the server 
architecture is responsible for the integrity of 
business logic and data, the access control system 
and interface design determine the practical 
usability of the system for end users – engineers, 
managers, and administrators.  
Implementing a role-based access model using a 

custom Django user model with a role field allowed 
for a clear and secure management system to be 
created. Empirical testing confirmed its 
effectiveness: 

- for the client, the interface (Figure 11, a) is 
focused on self-service tasks: catalog search, project 
formation, communication via chat. This helps 
reduce the workload on managers at early stages; 

- for the manager, the dashboard (Figure 11, b) 
aggregates key performance indicators. Centralized 
interfaces for working with chats, orders, and 
analytics ensure prompt task resolution. The «Quick 
Actions» and «Notes» modules enhance personal 
efficiency; 

- for the administrator, the panel (Figure 11, c) 
provides full control over data, users, and inventory, 
serving a «back-office» function. 

 

 
а) 
 

 
b) 
 

 
с) 

Fig. 11: CRM system user interfaces for different 
roles: a) client; b) manager; c) administrator 

Source: created by the authors. 
 

A more detailed description of the client 
interface, manager dashboard, and administrator 
panel will be provided in our subsequent studies. 
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Such differentiation has led to the creation of 
intuitive and ergonomic interfaces, adapted to 
specific usage scenarios. This meets the non-
functional requirement NFR1 (Usability). The 
absence of redundant information in each interface 
reduces the user's cognitive load and shortens the 
learning time. The proposed model can be extended 
by adding more detailed permissions within roles.  

To verify the correctness of the implemented 
logic, 24 automated test scenarios were created and 
executed (Figure 12). The testing covered critical 
aspects of the system, including order and inventory 
logic (8 tests), chat functionality (6 tests), access 
control (5 tests), and data integrity (5 tests). The 
tests confirmed the correctness of the automatic 
creation of Movements when the order status 
changes. The correctness of automatically reopening 
a closed chat upon receiving a new message from a 
client was also verified, which is implemented in the 
algorithm of the Message.save() method. It was 
separately checked that users with different roles 
have access only to the views assigned to them. In 
addition, the correctness of relationships between 
key models was tested, for example, the process of 
adding components to a project through the 
intermediate ProjectComponent model. 

 

 
Fig. 12: CRM System Testing Results 

Source: created by the authors. 

 

The results of all tests showed 100 % successful 
execution in 0,665 seconds (Figure 12), empirically 
confirming the stability, compliance with 
requirements, and technical reliability of the system 
core.  

Having established the technical correctness of 
the system, it is reasonable to assess its practical 
value compared to existing market solutions. 
Comparison with general-purpose CRMs 
(KeyCRM, Zoho CRM, SuiteCRM) based on 
specialized criteria (Table 2) revealed the 
competitive advantages of the developed solution.  
 
 
 
 

Table 2. Comparison Matrix of CRM System 
Functionalities 
№ Criterion Proposed 

CRM 
Key 

CRM 
Zoho 
CRM 

W 
 

A. Basic CRM functionality 
1 Customer 

management 
+ + + 0,077 

2 Role-based 
access 

+ + + 0,077 

3 Communicati
on with 
clients 

+ + + 0,062 

4 Analytics 
and reporting 

+ + + 0,062 

B. Engineering functionality 
5 Catalog of 

technical 
components 

+ + +/- 0,115 

6 Automated 
component 
selection 

+ - - 0,154 

7 Compatibility 
check 

+ - - 0,115 

8 BOM 
Management 

+ +/- +/- 0,092 

C. Technical capabilities 
9 Warehouse 

management 
+ + +/- 0,077 

10 Data Import 
(YAML/CSV) 

+ +/- +/- 0,053 

11 API та 
інтеграції 

- + + 0,062 

12 Customization + +/- +/- 0,054 

Considered 
assessment 

0,938 0,632 0,536  

Source: created by the authors. 

 

Note. W – the weight of the criteria, determined 
by an expert method taking into account the 
specifics of engineering component selection. 
Criteria 6-8 received the highest weights (0,20 and 
0,15) as they are unique for the target application. 

The rating «+/-» equals 0,5 points and is 
assigned in cases when: 

- the functionality requires additional modules or 
settings; 

- the implementation is incomplete or limited 
compared to a full solution; 

- there is basic support, but without 
specialization for technical tasks. 

The rating «+» equals 1, and the rating «-» 
equals 0. 

Thus, the overall score is calculated by 
multiplying the numerical value of the rating by the 
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weighting coefficient and then summing all these 
values. The comparison conducted using the 
weighted rating method (Table 2) clearly 
demonstrates that the proposed specialized CRM 
system significantly outperforms the general 
platforms KeyCRM and Zoho CRM in terms of 
overall effectiveness for engineering component 
selection tasks, achieving the maximum weighted 
score of 0,938. 

To confirm the improvement in the efficiency of 
engineering selection, an experimental validation 
was conducted with 5 users (design engineers). The 
methodology was as follows. Each participant 
completed 3 typical component selection tasks: 
using the traditional method (Excel spreadsheets + 
PDF catalogs); using the developed CRM system.  

Thus, each design engineer completed 3 typical 
component selection tasks for real projects: 

1. Selection of a temperature sensor for a 
refrigerated chamber with an operating range of -30 
°C to +5 °C. 

2. Choice of an actuator for a conveyor line with 
a maximum load of up to 50 kg. 

3. Configuration of a warehouse monitoring 
system, which includes five sensors and a control 
controller. The results are provided in Table 3.  

 
Table 3. Comparative evaluation of component 
selection efficiency 

Metric Traditio
nal 

method 

Proposed 
CRM 

Result 

Average 
selection time 

38 min 15 min ↓ 61 % 

Number of 
compatibility 

errors 

18 % 5 % ↓ 72 % 

BOM 
Formation Time 

12 min 3 min ↓ 75 % 

Source: created by the authors. 

 

The improvement values represent the relative 
reduction of time and errors achieved by the 
developed CRM system compared to the traditional 
selection approach.  
The developed CRM system ensures a 61 % 
reduction in engineering selection time and a 72 % 
decrease in the number of errors, confirming the 
achievement of the stated goal of increasing 
efficiency. 

The system architecture is designed with 
scalability and extensibility principles in mind. The 
three-tier model with a clear separation of 
presentation, business logic, and data layers enables 
future integration with external CAD/PLM/ERP 

systems via a RESTful API. The current version 
focuses on implementing the critical core 
functionality (FR1-FR3): specialized engineering 
component selection, compatibility verification, and 
component ranking. This aligns with an iterative 
development approach, where the core decision 
support capabilities are realized in the first version, 
creating a foundation for subsequent integrations. 

Thus, the developed CRM system not only 
automates standard business processes but also acts 
as an engineering decision support tool. The 
formalization of component characteristics, 
compatibility rules, and ranking criteria reduces 
subjectivity in engineering selection, improves 
repeatability of decisions, and decreases the time 
required for component configuration. This directly 
fulfills the stated goal of increasing the efficiency 
and reliability of engineering component selection 
for automated systems. 

 
 

5 Conclusion 
This study was dedicated to the development and 
investigation of a specialized CRM system designed 
to support the engineering selection of technical 
components of automated systems. Unlike 
traditional CRM solutions, which are primarily 
focused on marketing and commercial processes, 
the proposed system is viewed as an information 
platform for managing engineering data, users, and 
decision-support processes related to the selection of 
technical components.  

During the course of this work, the following 
main results were obtained. 

Formalization of the engineering component 
selection problem. In Section 2, a formal 
formulation of the technical component selection 
problem is proposed in the form of a multi-criteria 
analysis and optimization problem. Sets of 
components C, types K, characteristics H, and 
requirements R are defined. The process of basic 
selection (formulas 1-5), compatibility checking 
through the BCR relation (formulas 6-8), and 
ranking based on the fitness function F(c𝑖, 𝑅) 
(formulas 9-11) are formalized. The resulting model 
provides a mathematical foundation for algorithmic 
implementation of automated engineering selection 
within an information system.  

Formalization of requirements for the CRM 
system. Section 3.1 defines the functional (FR1-
FR4) and non-functional (NFR1-NFR3) 
requirements for the system in accordance with the 
ISO/IEC/IEEE 29148:2018 standard. Functional 
requirements include: multi-criteria search and 
filtering (FR1), project management and selection 
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history tracking (FR2), automated compatibility 
checking (FR3), and component ranking (FR4). 
Non-functional requirements include usability 
(NFR1), performance < 3 seconds (NFR2), and 
scalability (NFR3). 

Development of the architecture of a CRM 
system for engineering selection support. In section 
3.2, a three-tier CRM system architecture is 
developed, which combines the classic functionality 
of managing users, projects, and orders with 
specialized engineering subsystems for automatic 
component selection, compatibility checking, and 
results ranking. This approach allows the integration 
of decision support algorithms into the standard 
CRM environment without disrupting its basic 
architecture.  

Software implementation of the system. Section 
3.3 describes the implementation of a CRM system 
based on the Django framework and the 
PostgreSQL relational database. A set of algorithms 
has been implemented, covering the full lifecycle of 
engineering selection: from requirements formation 
and component selection to compatibility 
verification, project creation, specification (BOM) 
generation, and automatic inventory operations 
management. The chosen technological platform 
ensures scalability, modularity, and the possibility 
of further functionality expansion. 

Chapter 4 presents an experimental evaluation of 
the effectiveness of the developed CRM system 
involving design engineers performing typical 
component selection tasks. A comparative analysis 
with the traditional approach (using spreadsheets and 
PDF catalogs) showed a significant improvement in 
engineering selection efficiency. In particular, the 
average time for component selection was reduced by 
61 %, the number of compatibility errors decreased by 
72 %, and the time required to generate a bill of 
materials (BOM) was reduced by 75 %.  

The conducted comparative analysis 
demonstrated that the developed CRM system 
outperforms general-purpose CRM platforms due to 
the presence of specialized engineering functionality 
aimed at automated selection, compatibility 
analysis, and support for technical decision-making. 

The novelty can be considered as:  
1. Formalization of the problem of engineering 

component selection as a multi-criteria optimization 
problem with decision support (formulas 1–13), 
which is adapted to a CRM architecture for the first 
time. 

2. Developing a hybrid approach to automated 
component selection, combining a rule-based 
system with the processing of structured and text 

user queries and automated compatibility checking 
according to the BCR relationship. 

3. Development of a specialized CRM 
architecture for engineering tasks that integrates 
modules for multi-criteria analysis, compatibility 
checking, and ranking into a single data 
management information system.  

4. Providing a quantitative assessment of the 
efficiency of the selection and ranking algorithms. 
The scientific contribution of the work lies in 
formalizing the engineering component selection 
problem as a multi-criteria optimization task with 
compatibility constraints, which is modeled as a 
CSP. To solve this problem, a detailed ranking 
algorithm based on a weighted sum with an 
analyzed computational complexity of 
O( N log N) is proposed, ensuring its practical 
effectiveness for working with large-scale catalogs 
containing tens of thousands of components. 

Unlike existing CRM solutions focused on 
business processes, the proposed approach 
introduces an engineering-oriented decision support 
model with clearly defined computational 
complexity and experimentally validated 
effectiveness. 

The practical significance of the results obtained 
lies in the possibility of implementing the developed 
CRM system in engineering and design 
organizations to reduce design time, decrease the 
number of errors, and increase engineers' 
productivity. 

Directions for further research include 
integrating the system with CAD/PLM platforms via 
a RESTful API, expanding the automatic selection 
subsystem using machine learning methods, 
developing an ontological model for the 
compatibility of technical components, and scaling 
the system to the enterprise level.  

Thus, the research goal has been achieved: the 
developed CRM system with a decision support 
module provides increased efficiency in the 
engineering selection of technical components for 
automated systems. 
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