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Abstract

This paper investigates the design, implementation, and architectural evaluation of a multi-vendor
e-commerce platform developed using React.js. The study is driven by the growing need for scalable
and maintainable digital marketplace systems capable of supporting multiple vendors, dynamic
product catalogs, and interactive user experiences within a unified environment. The research focuses
on the role of modern frontend technologies in improving system performance, modularity, and
usability. In particular, the impact of component-based architecture, centralized state management,
client-side routing, and RESTful API integration is examined from both structural and functional
perspectives. A layered client-server architecture is proposed, consisting of presentation, business
logic, and data management layers, in order to ensure separation of concerns, extensibility, and
efficient communication between system modules. The functional responsibilities of administrators,
vendors, and customers are clearly distinguished, and the interaction between major software
components is analyzed in terms of interoperability and scalability. To strengthen the methodological
basis of the study, formalized performance indicators related to response time, interface
responsiveness, and data consistency are introduced. The results of the architectural analysis indicate
that React.js provides a suitable technological foundation for the development of modular and
scalable marketplace platforms due to its reusable component model, Virtual DOM optimization, and
compatibility with contemporary frontend development ecosystems. The findings offer both practical
and methodological guidance for future web-based commercial platform design.
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React JS asashh Multi-Vendor Elektron Ticarat Platformasinin
Dizaym vo Tadqigati

Xiilasa

Bu mogalado React.js istifado edilmoklo hazirlanmis goxsaticili elektron ticarat platformasinin
layiholondirilmoasi, hoyata kegirilmasi vo arxitektura baximindan giymaotlondirilmasi todqiq edilir.
Todqiqat vahid miihit daxilindo ¢oxsayli saticilari, dinamik mohsul kataloglarini vo interaktiv
istifadaci tocriibasini dostokloyo bilon miqyaslana bilon vo texniki baximdan miisayiot oluna bilon
rogomsal marketplace sistemlorino artan tolobatdan iroli golir. Arasdirma miasir frontend
texnologiyalarinin ~ sistemin  performansmin, modullugunun vo istifadeye yararliliginin
artirilmasindaki roluna yonalmisdir.
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Xiisusilo komponent asasl arxitekturanin, morkozlosdirilmis voziyyat idarsetmosinin, miistori torofli
marsrutlasdirmanin vo RESTful API inteqrasiyasinin tasiri hom struktur, hom do funksional baximdan
aragdirilir. Sistem modullar1 arasinda mosuliyyst bolgiisiinii, genislona bilmani vo somoarali slagoni
tomin etmok mogsadils togdimat, biznes montiqi vo verilonlorin idars olunmasi soviyyalarindon ibarat
coxlayli client-server arxitekturasi toklif olunur. Administratorlarin, saticilarin vo miistorilorin
funksional vozifslori aydin sokilds forqlondirilir, asas proqram komponentlori arasindaki qarsiliqh
olago iso qarsiligh islokliys vo miqyaslana bilmoayo gors tohlil edilir. Todqigatin metodoloji asasini
giiclondirmok {clin cavab miiddsti, interfeys reaksiyast vo molumat ardicilligi ilo bagh
formallasdirilmis performans gostoricilori taqdim edilir. Arxitektura tohlilinin naticolori gostorir ki,
React.js yenidon istifads oluna bilon komponent modeli, Virtual DOM optimallasdirilmasi vo miiasir
frontend inkisaf ekosistemlori ilo uygunlugu sayesinds modullu vo miqyaslana bilon marketplace
platformalarinin hazirlanmasi ii¢lin uygun texnoloji asas yaradir. Alinmis naticalor golocok veb asasl
kommersiya platformalarinin layihslondirilmasi iigiin hom praktik, hom do metodoloji istigamatverici
rol oynayir.

Acar sozlar: coxsaticili elektron ticarat, React.js, marketplace arxitekturasi, frontend inkisafi,
REST API, Redux, migyaslana bilma, istifadag¢i interfeysinin performansi

Introduction

In recent years, advances in information and communication technologies have fundamentally
reshaped the organization of trade and service activities. Conventional business models are
increasingly giving way to digital platforms that enable broader market reach, faster transaction
cycles, and more efficient interaction between suppliers and consumers. Within this transformation,
e-commerce platforms have emerged as a core element of the digital economy by providing flexible
and scalable environments for commercial operations. Among the major forms of digital commerce,
multi-vendor marketplace systems are particularly significant because they allow multiple
independent sellers to operate within a unified platform while supporting diverse products, services,
and user interactions.

Compared with single-vendor e-commerce systems, multi-vendor platforms require a more
sophisticated architectural framework. Such systems must accommodate multiple user categories,
including administrators, vendors, and customers, while simultaneously ensuring stable performance,
secure data exchange, and coherent business logic. They also require the efficient management of
dynamic product catalogs, user sessions, transaction processes, and communication across multiple
software layers. As vendor participation and user activity increase, the architectural quality of the
platform becomes a critical determinant of scalability, maintainability, and overall operational
efficiency (Kravari & Bassiliades, 2018; Sharma & Lijuan, 2015). At the same time, expectations for
modern web applications have become considerably higher. Users increasingly demand responsive
interfaces, intuitive navigation, real-time interaction, and seamless transitions between pages and
functional modules. For this reason, the development of contemporary marketplace systems depends
not only on a reliable backend infrastructure but also on an efficient frontend architecture capable of
delivering a high-quality user experience. In this context, frontend technologies have assumed a
central role in the design of large-scale web applications (Huang & Wang, 2022; Shehzad et al., 2017,
Emmanni, 2024; Fowler et al., 2015).

React.js is widely regarded as one of the most effective frontend libraries for the development of
interactive and modular web interfaces. Its component-based programming model makes it possible
to divide the user interface into reusable and independent elements, thereby simplifying both system
development and long-term maintenance. In addition, the Virtual DOM mechanism improves
rendering efficiency by reducing unnecessary updates to the actual Document Object Model and, as
a result, enhances interface responsiveness and overall application performance (React, n.d.;
Emmanni, 2024). When combined with technologies such as Redux for centralized state management,
React Router for client-side navigation, and RESTful APIs for communication between the frontend
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and backend layers, React.js provides a strong technological foundation for scalable and maintainable
e-commerce systems (React Router, n.d.; React Redux, n.d.; Redux Toolkit, n.d.).

The significance of the present study is associated with the increasing demand for multi-vendor
digital commerce platforms capable of supporting high user activity, extensible functionality, and
efficient software organization. Although numerous practical solutions for marketplace development
have already been introduced, the architectural analysis of React.js-based systems remains an
important research direction, particularly in relation to modularity, interoperability, and performance-
oriented design. A systematic examination of such platforms contributes to a deeper understanding of
how modern frontend ecosystems can improve the structural and functional quality of web-based
commercial systems (Fowler et al., 2015; Ferreira et al., 2024).

The aim of this paper is to investigate the architectural design principles and implementation
features of a multi-vendor e-commerce platform developed with React.js. The study focuses on the
layered organization of the system, the interaction among its major software modules, and the role of
frontend technologies in ensuring usability, responsiveness, and scalability. Furthermore, formalized
indicators related to response time, interface responsiveness, and data consistency are considered in
order to strengthen the methodological basis of the research.

The remainder of the paper is organized as follows. First, the general architectural structure of the
proposed system is presented. Next, the principal software modules and user categories are analyzed.
Subsequently, performance-related indicators and structural characteristics are discussed from a
functional perspective. Finally, the main findings are summarized, and the practical significance of
the study for the future development of web-based marketplace systems is outlined.

Research

This study examines the design, modular organization, and architectural evaluation of a multi-
vendor e-commerce platform developed with React.js. The primary objective of the research is to
analyze the interaction between frontend and backend components in multi-user marketplace systems,
with particular emphasis on scalability, interface responsiveness, and data consistency. In
contemporary digital commerce environments, modular design, component-based programming, and
layered architectural principles are widely regarded as essential for ensuring maintainability,
extensibility, and long-term operational stability (Emmanni, 2024; Fowler et al., 2015).

Within the scope of the study, the proposed system was structured as a layered client-server
architecture composed of the presentation layer, business logic layer, and data layer. This arrangement
supports the separation of concerns, enables the independent development of functional modules, and
facilitates future scalability and integration with external services (Fielding, 2000; Kravari &
Bassiliades, 2018). The frontend of the platform was implemented using React.js, where a
component-based approach was adopted to organize the user interface dynamically. Through this
structure, interface elements such as product cards, product lists, order pages, shopping cart modules,
user dashboards, and administrative panels can be implemented as reusable software comp onents,
thereby improving maintainability, interface consistency, and structural adaptability during system
evolution (Emmanni, 2024; Ferreira et al., 2024; React, n.d.).

User roles were also explicitly defined as part of the architectural design of the system. Three
principal categories were identified within the platform: administrator, vendor, and customer. The
administrator is responsible for overall system supervision, approval of vendor accounts, and
monitoring of product-related operations. The vendor manages the store environment, adds products,
tracks orders, and updates stock information. The customer interacts with the system through product
search, order placement, payment processing, and personal account operations. This functional
division reflects a common role-oriented organization in multi-vendor e-commerce systems, where
the clear allocation of responsibilities contributes to operational transparency, usability, and more
secure process management (Kravari & Bassiliades, 2018; Shehzad et al., 2017).

On the frontend side, client-side routing was implemented through React Router in order to ensure
efficient interaction between the user and the system. This approach eliminates full-page reloads
during navigation and, as a result, improves application responsiveness and the continuity of user
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interaction (React Router, n.d.). At the same time, the adoption of a centralized state management
strategy was considered appropriate for handling shared data across different parts of the application.
In this context, Redux or a similar state management mechanism can be employed to manage
shopping cart data, user sessions, selected products, and different stages of the ordering process.
Centralized state control strengthens data synchronization, reduces inconsistencies across interface
components, and contributes to more predictable application behavior in complex usage scenarios
(React Redux, n.d.; Redux Toolkit, n.d.).

On the backend side, the business logic and data processing functions of the system were
organized through REST API-based services. The frontend application communicates with the server
by sending HTTP requests, while the server processes these requests and returns responses in JSON
format. This approach not only enables the technological independence of system modules, but also
simplifies integration with external services and third-party platforms. In particular, user
authentication, product management, order processing, and payment-related operations were defined
as the core functional services of the backend layer (Fielding, 2000; Express.js, n.d.). In addition,
secure token-based authorization mechanisms can be employed to protect communication between
the client and server layers and to manage user sessions in a more reliable manner (Jones et al., 2015).

The database model incorporates the principal information structures of the marketplace system.
Within the scope of the study, the main data entities were defined as Users, Vendors, Products, Orders,
and Payments. The correct establishment of relationships among these entities is essential for
maintaining data integrity, ensuring efficient query execution, and preserving operational consistency.
For instance, a single vendor may manage multiple products, a single customer may create multiple
orders, and each order may be associated with a corresponding payment record. Such relationships
should be explicitly taken into account in the database design in order to ensure a stable and logically
coherent system structure (MongoDB, n.d.).

To evaluate the architectural efficiency of the system, several formalized performance indicators
were introduced. First, the relative system performance indicator can be expressed as follows:

N.
Pys = —— (1)
Tavg

where P, ¢denotes the relative system performance, N,.is the number of processed requests within
a given time interval, and T, 4is the average response time of the requests. According to this
expression, the processing of a greater number of requests within a shorter average response time
indicates a higher level of system efficiency.

To assess interface responsiveness, the delay between the user request and the visual rendering of
the updated interface may be defined as:

Ryi = trender — trequest ()

where Ry ;represents the interface response time, tyeqyes:is the moment at which the user request
is initiated, and t,.,q4er1s the moment at which the updated component is displayed on the screen.
This indicator is regarded as one of the principal technical parameters affecting user experience in
modern web applications (Huang & Wang, 2022; Shehzad et al., 2017).

Data consistency is also of critical importance in marketplace platforms. In particular, the
consistency between shopping cart contents, product quantities, order statuses, and payment records
is one of the key factors determining system reliability. The data consistency indicator may be
expressed as follows:

N,
Cy = —x 100% 3)
N¢
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where Cjdenotes the percentage of data consistency, N.is the number of successfully executed
and contradiction-free operations, and Nis the total number of operations. A higher value of this
indicator demonstrates greater reliability of the system in terms of information integrity and
transaction coherence.

In order to present the system architecture more clearly, the use of schematic representations and
tabular forms was considered appropriate during the study. First, the principal system modules and
their functional responsibilities are presented in Table 1.

Table 1.
Main system components and functions of the marketplace platform

Component Primary function Applied approach or
technology
Organization of the user React.js, component-based
Frontend .
interface structure
Management of navigation

Routing module React Router

between pages
Management of the global

State management .. Redux / Context API
application state
Backend API Execution of business logic REST API
and data exchange
Database Storage and management of Relational or document-
data oriented database model
Authentication User login and authorization .
JWT, session management
module control
Payment module Processmg' of payment API integration
operations
Admin panel System supervision and Role-based control panel

administrative control

As shown in Table 1, the system is organized in the form of interconnected modules, each of
which performs a specific functional responsibility. This modular approach facilitates software
maintenance, simplifies error localization, and supports the future extensibility of the platform. In
addition, the separation of concerns between the interface layer, routing mechanisms, state control,
backend services, and data storage contributes to greater architectural clarity and system scalability
(Fielding, 2000; Fowler et al., 2015; Emmanni, 2024).

Figure 1 illustrates the logical sequence of data flow and interaction among the principal
components of the proposed system.

Figure 1. General data flow diagram of the marketplace platform
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As shown in Figure 1, every user-generated action is initially formed at the frontend interface,
transmitted to the backend through an API request, processed according to the corresponding business
rules, and subsequently returned to the interface in a rendered form. This logical sequence ensures
the separation of concerns among system modules, improves the transparency of data flow, and
supports the analysis of system behavior and functional interaction.

The overall architectural organization of the proposed system can be illustrated in Figure 2.

Figure 2. Layered architecture model of the multi-vendor e-commerce platform

The proposed layered architecture is composed of three principal levels: the presentation layer,
implemented as a React.js-based frontend responsible for interface rendering and user interaction; the
business logic layer, which incorporates REST API services, authentication mechanisms, and product
and order management functions; and the data layer, which stores and manages information related
to users, vendors, products, orders, and payments. This architectural arrangement indicates that the
functional elements of the platform are organized as distinct yet interoperable layers. Such separation
enhances architectural clarity, improves maintainability, supports modular extensibility, and
contributes to the overall stability and adaptability of the system throughout both development and
operational use (Fielding, 2000; Kravari & Bassiliades, 2018).

StrgfFrom a structural perspective, the findings of the study indicate that a React.js-based multi-
vendor marketplace platform can be developed as a scalable and user-oriented software system
through modular organization, reusable components, client-side routing, and centralized state
management. Furthermore, backend connectivity established through REST API services facilitates
integration with external services and supports the scalability of the overall software architecture.
From this standpoint, the proposed approach may be regarded as methodologically and practically
appropriate for the design and implementation of contemporary e-commerce systems (Emmanni,
2024; Fowler et al., 2015; React Router, n.d.; React Redux, n.d.).

Conclusion

1.The study demonstrated that the proposed multi-vendor e-commerce platform can be effectively
organized on the basis of a layered client-server architecture consisting of the presentation, business
logic, and data layers. This architectural model ensures the separation of concerns among system
components and supports a more structured and maintainable software design.

2.The findings confirmed that React JS provides a suitable technological foundation for the
development of modular and scalable marketplace systems. Its component-based programming
model improves code reusability, interface consistency, and maintainability, while the Virtual DOM
mechanism enhances rendering efficiency and interface responsiveness.

3.The use of React Router and centralized state management was shown to improve the continuity
and predictability of user interaction within the platform. These technologies contribute to smoother
navigation, better synchronization of shared application data, and more stable frontend behavior in
complex user scenarios.

4.The backend organization based on REST API services and structured database entities provides
an efficient basis for communication, data exchange, and transaction processing. In particular, the
functional integration of authentication, product management, order handling, and payment-related
processes supports interoperability and system extensibility.
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5.The introduction of formalized indicators for system performance, interface responsiveness, and

data consistency strengthens the methodological value of the study. These indicators not only support
the architectural evaluation of the proposed platform but also provide a useful reference framework
for the future design and assessment of similar web-based commercial systems.
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