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This paper presents the design and implementation of a client request processing system using MP1.NET for
parallel processing and Entity Framework Core for efficient database management. The system is developed
to handle large volumes of client interactions, ensuring scalability, high performance, and effective resource
utilization. The architecture is based on distributed task processing, where a master process coordinates the
execution of tasks across multiple worker processes. This approach allows the system to efficiently process
client requests by distributing computational tasks, thus reducing response times and improving overall
throughput. To evaluate the system's performance, testing was conducted on databases of varying sizes,
ranging from 10,000 to 100,000 records. The results demonstrate significant acceleration in data processing
when multiple processes are utilized, though the performance gains become less linear as the complexity of
data coordination increases. The study highlights the benefits and limitations of parallel processing in
managing complex operations and underscores the importance of understanding the specific requirements of
parallel systems when utilizing MPI.NET and Entity Framework Core. The system's practical application is
demonstrated through the automation of steward request processing for mass events at Spartak-Moscow
Football Club. This case study illustrates the system's effectiveness in reducing manual workload and
optimizing operational efficiency in a real-world scenario. The findings suggest that while parallel processing
offers substantial advantages, careful consideration must be given to the nature of tasks and the architecture
of the system to maximize performance benefits.

1 INTRODUCTION

In the rapidly evolving digital landscape, companies
are increasingly facing demands for greater
efficiency, scalability, and responsiveness in their
systems designed to handle large volumes of
customer requests. As organizations grow and their
customer bases expand, the ability to process client
requests swiftly and accurately becomes a critical
factor in maintaining customer satisfaction and
optimizing business processes. The integration of
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MPILNET and Entity Framework Core into the
architecture of automated client request processing
systems represents a promising approach to
addressing these challenges by leveraging the
capabilities of parallel processing.

Modern enterprises often deal with vast amounts
of data and numerous customer interactions, which
necessitates systems that can efficiently handle
parallel task processing. Traditional methods of
sequential processing can lead to bottlenecks,
reducing overall system performance and slowing



down response times to customer inquiries. Such
inefficiencies can directly impact customer
satisfaction levels, result in missed opportunities, or
damage a brand's reputation.

MPI.NET, a managed library that enables parallel
programming within the .NET framework, offers a
solution to these challenges by distributing
computational tasks across multiple processors or
nodes. This distribution is crucial for scaling systems
without compromising their performance. When
combined with Entity Framework Core, a popular
Object-Relational Mapper that simplifies database
interactions in  .NET applications, MPILNET
facilitates efficient execution of parallel database
operations, such as queries, updates, and management
of large datasets.

MPI.NET offers several unique advantages for
parallel processing of client requests. Firstly, this
technology significantly increases the system's
throughput by distributing tasks across multiple
processors, enabling the simultaneous processing of a
larger number of requests. This is particularly
important for systems that need to scale in response
to growing client demand. Secondly, parallel
processing helps minimize delays associated with
handling individual requests, which is crucial for real-
time applications where latency can negatively
impact the user experience. Thirdly, MPLNET
optimizes the use of system resources by balancing
the load across available processors, ensuring
maximum efficiency and reducing the likelihood of
both underutilization of resources and overloading of
specific components.

Entity Framework Core is widely recognized for
its ability to simplify data access in .NET
applications,  abstracting  complex  database
operations into a more manageable and developer-
friendly form. When used in conjunction with
MPI.NET, it enhances the system's ability to manage
and process large volumes of data efficiently. The
integration allows for the execution of parallel
database queries, which is especially beneficial in
scenarios where client requests involve complex data
retrieval operations or significant computational
resources. For example, processing multiple
customer orders, performing bulk updates, or
conducting analytics based on customer data can be
optimized through the use of MPI.NET's parallelism
combined with the powerful data management
capabilities of Entity Framework Core.

The relevance of applying MPI.NET and Entity
Framework Core in the development of automated
client request processing systems lies in their ability
to improve scalability, enhance performance, and
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ensure efficient resource utilization. In a context
where businesses face challenges associated with
managing large volumes of customer interactions,
these technologies provide a robust foundation for
creating systems capable of meeting the demands of
the modern corporate environment. By leveraging
parallel processing with MPI.NET alongside the data
management features offered by Entity Framework
Core, developers can create solutions that not only
address current needs but are also prepared for future
growth and technological advancements. This
approach represents a significant step forward in the
design of high-performance, scalable systems
necessary for maintaining competitiveness in today's
digital economy.

As a practical application area for the developed
system, the task of automating the reception and
approval of steward requests for mass events at the
company Spartak-Moscow Football Club has been
selected. This task involves the use of the Microsoft
SQL Server database management system and the
ASP.NET Core web application development
platform with the C# programming language. The
relevance of the chosen application area is driven by
the need to create a new information system for
handling tasks related to steward management during
sports events, as these tasks are currently performed
manually, leading to inefficient use of human
resources. Given that this task is atypical and highly
specific, the possibility of acquiring an off-the-shelf
system is not feasible, making custom development
the optimal solution.

The goal of this work is to enhance the processing
of client requests using MPI.NET and Entity
Framework Core libraries. To achieve this goal, the
following objectives have been set and addressed:
developing the core system requirements, designing
the structure of the test database, generating the test
database, conducting system testing with various
database volumes, and formulating practical
recommendations for the use of the selected software
components of the system.

2 FUNCTIONAL
REQUIREMENTS

In the economic sphere, large companies have
increasingly recognized that with the advancement of
information technologies, it has become possible to
automate a range of routine tasks that previously
consumed significant resources, including labor,
time, and finances. The speed at which tasks such as



analytical processes and report generation are
completed directly affects the productivity levels of
both individual departments and the organization as a
whole. The economic rationale behind automating the
process of receiving and approving steward
applications lies in the potential to save employees'
time on tasks that can be automated.

The system is designed to handle various types of
input information, including personal data of the
stewards, details from their applications, information
about current events, and attendance records. The
participants involved in this process include
department employees and senior stewards. The
output data generated by the system includes
notifications regarding the status of applications,
information on absences, and employment contracts.

The system must accommodate the needs of
different user roles, including administrators, senior
stewards, and stewards, each of whom have specific
functions that the system must support.
Administrators have the ability to assign roles to
users, such as "Steward" and "Senior Steward," view
data on all stewards and senior stewards, create
contracts, add and modify reference information,
view all existing applications, create and modify
current events, edit applications, assign stewards to
senior stewards, view audit logs, remove roles from
users, and change personal data. Senior stewards are
able to log into the system, modify their personal data,
create applications, view applications submitted by
assigned stewards, edit applications, and view current
events. Stewards are allowed to register in the system,
select the "Steward" role, log in, view applications
related to them, create and modify their own
applications, and update their personal data.

In line with the functional tasks of the information
system for automating the receipt and approval of
steward applications, and the requirements set for its
design, the system was developed using a domain-
driven design approach. This approach ensures good
scalability and allows for the extension of the
product’s functionality as needed. The information
system is structured into layers according to the
principles of "Clean Architecture,” with each layer
containing several components, which are logical
elements or projects within the solution. The key
components of the system include those that manage

auxiliary public classes, business logic, data
processing  rules, infrastructure  interfaces,
application-level interfaces, application services

implementation, application logic across different
platforms, infrastructure and data  access
implementation, and the root of the composition with
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controllers, exception handling, and application
settings.

To automate the process of receiving and
approving steward applications for mass events at
Spartak-Moscow Football Club, the system requires
several steps to be followed. Initially, the
administrator must log into the system and complete
any necessary reference information, enter the details
of employees who are not yet authorized, and assign
them roles. Employees then log into the system using
their credentials and verify their permissions. If there
are any access issues, they are expected to contact the
administrator. To create an application, a steward
must register in the system, specify their interest in
working at mass events, and upon logging in, access
a page where they can submit their application and
view upcoming events. On this page, they can also
monitor the status of their application. Once
applications are submitted, employees have the
ability to edit, approve, or reject them, as well as
assign stewards to the appropriate senior stewards.
Following the event, there is an option to generate a
contract for payment. Senior stewards also have the
capability to submit applications, view details of the
stewards assigned to them, and manage their
applications.

This comprehensive system design ensures that
all necessary functions are available to the various
user roles, supporting efficient and streamlined
operations within the organization.

3 TEST DATABASE

The test database for the automated steward request
processing system is structured to support the
comprehensive management of events, users, and
associated processes. The database schema is
designed to capture various attributes across different
entities, ensuring that all necessary information is
available for processing and decision-making.

The event types table includes attributes such as
the event type identifier, name, description, read-only
flag, activity status, version, user identifier who
created the record, creation date, last modification
date, user identifier who made the last modification,
and the deletion date of the user. The key fields in this
table are the event type identifier (primary) and the
user identifier (foreign).

In the events table, attributes include the event
type identifier, name, description, activity status,
read-only flag, version, user identifier who created
the record, creation date, last modification date, user
identifier who made the last modification, deletion



date, soft delete flag, attendance tracking, rating
calculation coefficient, event start and end dates,
location identifier, and event type identifier.

The categories table captures attributes such as the
category identifier, name, description, activity status,
read-only flag, version, user identifier who created
the record, creation date, last modification date, user
identifier who made the last modification, deletion
date, soft delete flag, wage rate, and rating calculation
coefficient.

For contracts, the table includes attributes such as
the contract identifier, name, description, activity
status, read-only flag, version, user identifier who
created the record, creation date, last modification
date, user identifier who made the last modification,
deletion date, soft delete flag, event and steward
identifiers, and payment field.

The sections table comprises attributes like the
section identifier, name, description, activity status,
read-only flag, version, user identifier who created
the record, creation date, last modification date, user
identifier who made the last modification, deletion
date, soft delete flag, external identifier, and zone
identifier.

The venues table includes attributes such as the
venue identifier, name, description, activity status,
read-only flag, version, user identifier who created
the record, creation date, last modification date, user
identifier who made the last modification, deletion
date, soft delete flag, and address.

Attributes in the places table include the place
identifier, name, description, activity status, read-
only flag, version, user identifier who created the
record, creation date, last modification date, user
identifier who made the last modification, deletion
date, soft delete flag, external identifier, and section
identifier.

The requests table captures attributes including
the request identifier, name, description, activity
status, read-only flag, version, user identifier who
created the record, creation date, last modification
date, user identifier who made the last modification,
deletion date, soft delete flag, steward identifier,
status identifier, event identifier, attendance status
identifier, category identifier, points awarded for the
event, payment for the event, QR code, place
identifier, and steward photo.

In the statuses table, attributes include the status
identifier, name, description, activity status, read-
only flag, version, user identifier who created the
record, creation date, last modification date, user
identifier who made the last modification, deletion
date, soft delete flag, external identifier, and color.
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The attendance statuses table includes attributes
such as the attendance status identifier, name,
description, activity status, read-only flag, version,
user identifier who created the record, creation date,
last modification date, user identifier who made the
last modification, deletion date, soft delete flag,
external identifier, and color.

The zones table includes attributes like the zone
identifier, name, description, activity status, read-
only flag, version, user identifier who created the
record, creation date, last modification date, user
identifier who made the last modification, deletion
date, soft delete flag, external identifier, and venue
identifier.

Finally, the users table lists attributes such as the
user identifier, creation date, user identifier who
created the record, last modification date, user
identifier who made the last modification, deletion
date, soft delete flag, first name, last name, middle
name, photo URL, activity status, external identifier,
email, email confirmation status, password hash,
phone number, and phone number confirmation
status.

This detailed structure ensures that all relevant
data is captured and managed efficiently, providing a
robust foundation for the automated processing of
steward requests and related operations.

4 MPI PROCESSES

In the context of the developed client request
processing system, the interaction of MPI processes
plays a critical role in enabling parallel processing
and enhancing the system's performance. The system
architecture is built using MPIL.NET for parallel
programming and Entity Framework Core for
database interaction.

The client request processing system is based on
the principle of distributed task processing, where a
master process manages and coordinates the
execution of tasks across multiple worker processes.
This approach allows the system to scale efficiently
and maintain high performance when handling large
volumes of client requests.

When a client initiates a request, the master
process receives it and divides it into several subtasks
that can be executed in parallel. For example, in the
case of request processing, the client’s request may
involve searching, updating, or deleting records in the
database, which includes tables such as "Audit Log,"
"Events,” "Requests,” and others. Each of these
operations requires one or more database queries,
which can be parallelized using MP1.NET.



The master process distributes these subtasks
among the worker processes. Each worker process,
upon receiving a task, interacts with the database
through Entity Framework Core, performing
necessary operations such as reading, updating, or
inserting data. Entity Framework Core abstracts the
database operations, allowing worker processes to
execute queries at the object level, ensuring data
security and ease of use.

After completing the subtasks, the worker
processes send the results back to the master process.
The master process aggregates all the received results
and forms a final response, which is then sent to the
client. In the event of errors during processing, the
worker processes report them to the master process.
The master process can then decide to retry the task,
handle the error, or relay the error message to the
client, ensuring the system's reliability.

Tables such as "Requests,” "Events,” and
"Categories” contain large volumes of data that are
frequently modified and queried. Thanks to the use of
parallel processes, operations on these tables can be
performed simultaneously by multiple worker
processes, significantly reducing the time required to
process requests.

Entity Framework Core allows worker processes
to efficiently manage complex data operations, such
as filtering, aggregation, and joining data from
multiple tables. The use of foreign keys in tables like
"Audit Log" and "Requests" helps maintain data
integrity and simplifies the execution of related
operations across tables.

Within this architecture, parallel processing using
MPLNET and Entity Framework Core provides a
high level of scalability and system performance,
which is particularly important in the face of
continuously growing data volumes and increasing
numbers of client requests. This system is capable of
adapting to changes in load and efficiently handling
large volumes of data, making it a reliable solution
for modern information systems.

Figure shows in a simplified form the mechanism
of interaction of MPI-processes in the developed
system.
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Figure 1: Sequence diagram for client request processing.

5 TESTING

To evaluate the scalability and performance of the
client request processing system developed using
MPINET and Entity Framework Core, testing was
conducted on databases of varying sizes. The primary
goal of this testing was to determine the impact of
data volume on the efficiency of parallel processing
and the execution time of key system operations.

The testing was performed on three different
database sizes: 10,000, 50,000, and 100,000 records.
For each database size, the execution time of several
operations was measured, including data generation
(using the "create™ command), updating data on the
server (using the "save" command), changing the
status of all users to "offline” (using the "soff"
command), and counting the number of requests
submitted by the first 100 users (using the "sum"
command). Each operation was tested in two
scenarios: with a single process and with four
processes, allowing for an assessment of the benefits
of parallel processing as data volume increased. The
testing was conducted on a platform with the
following specifications: an Intel Core i7 processor
with a frequency of 3.85 GHz, 32 GB of DDR4 RAM,
and the Windows 11 Pro operating system.

For the database with 10,000 records, data
generation with a single process took 10 seconds,
while with four processes, the time was reduced to 2.8
seconds, demonstrating nearly linear acceleration.
However, for the database with 50,000 records,
generation time increased to 50 seconds with a single
process and 14.2 seconds with four processes. For the
database with 100,000 records, execution time was
100 seconds for a single process and 30 seconds for
four processes. Although performance improved, it
was observed that as data volume increased, the
overhead associated with process coordination began
to slow down the performance gains, making the
acceleration less linear.



The time required to update data on the server for
the database with 10,000 records was 8 seconds with
a single process and 2.5 seconds with four processes,
showing linear acceleration. For the database with
50,000 records, execution time was 40 seconds and
12 seconds, respectively, indicating near-linear
acceleration. However, for the database with 100,000
records, execution time was 80 seconds for a single
process and 25 seconds for four processes. Here, it is
evident that increasing the number of processes
provided significant  acceleration, but the
improvement was not strictly linear due to the
complexities of data synchronization between
processes.

For the database with 10,000 records, the "soff"
command completed in 1 second with a single
process and 0.4 seconds with four processes. For
50,000 records, the time was 5 seconds and 1.7
seconds, respectively, and for 100,000 records, it took
10 seconds for a single process and 3.5 seconds for
four processes. In this case, the performance gains
were limited by the overhead associated with
coordination, and there was less improvement
compared to other operations because the operation
itself was less complex and benefited less from
parallelism.

Counting the number of requests for the database
with 10,000 records took 4 seconds with a single
process and 1.5 seconds with four processes. For the
database with 50,000 records, the time was 20
seconds and 6 seconds, respectively. For 100,000
records, execution time was 40 seconds for a single
process and 14 seconds for four processes. This
operation showed significant acceleration, but it was
also constrained by the overhead of processing large
volumes of data, leading to a slight deviation from
linear growth.

The testing demonstrated that the use of MPL.NET
with Entity Framework Core generally provides
significant acceleration in parallel data processing.
However, the acceleration is not always strictly
linear, especially as data volume increases. For
operations such as data generation and database
updates, the acceleration was close to linear, but as
process coordination became more complex, the
performance gains from increasing the number of
processes began to diminish.

For less complex operations, such as changing
user statuses, the performance improvement was
limited, as these operations were less conducive to
parallel execution. In these cases, the overhead of
process coordination had a greater impact than the
operations  themselves, resulting in  smaller
performance gains.
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Therefore, the testing results indicate that the
efficiency of parallel processing depends not only on
the data volume but also on the complexity and nature
of the operation being performed. This underscores
the importance of carefully selecting the number of
processes and understanding the specifics of the tasks
when developing parallel systems using MPL.NET
and Entity Framework Core.

6 CONCLUSION

The development and implementation of a client
request processing system utilizing MPI.NET and
Entity Framework Core have demonstrated
significant potential for improving the scalability and
performance of systems that manage large volumes of
data and client interactions. By leveraging parallel
processing, the system efficiently distributes
computational tasks across multiple processors,
thereby reducing response times and increasing
throughput. The results from the conducted tests,
which involved databases of varying sizes, confirm
that parallel  processing offers  substantial
performance improvements, particularly in data-
intensive operations.

However, the findings also indicate that the
performance gains from parallel processing are not
strictly linear, particularly as the complexity of data
coordination increases with larger data volumes. This
emphasizes the need for careful consideration of the
number of processes and the specific nature of the
tasks when designing parallel systems. The system's
architecture, based on distributed task processing
with a master-worker model, provides a robust
foundation for handling complex operations and
adapting to varying workloads.

The practical application of this system in
automating the processing of steward requests for
Spartak-Moscow Football Club highlights its
effectiveness in reducing manual effort and
optimizing operational efficiency. This case study
validates the system's ability to handle real-world
scenarios, where the demands for quick and accurate
processing of client requests are critical.

In conclusion, the integration of MPI.NET with
Entity Framework Core presents a viable solution for
developing high-performance, scalable systems in
today's data-driven environment. Future work could
explore further optimization techniques and the
application of this architecture to other domains
requiring efficient parallel processing of large
datasets. The insights gained from this study provide
a valuable foundation for the continued advancement



of automated systems capable of meeting the
demands of modern enterprises.
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