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ABSTRACT 

This article examines the impact of microfrontend architecture on the per-
formance and scalability of web applications. The relevance of the study is 
due to the increasing complexity of client applications and the need to en-
sure independent development and deployment of functional modules. The 
paper provides a comparative analysis of three architectural approaches: 
monolithic implementation, integration of modules using iframes, and mi-
crofrontends based on a modular federation mechanism. The experimental 
part includes the development of a test application and the measurement 
of key performance metrics – first render time, number of HTTP requests, 
volume of transferred resources, and total load time. The results show that 
modular federation provides a more balanced combination of performance 
and modularity compared to alternative solutions, especially as the system 
grows in scale. Conclusions are drawn about the feasibility of using micro-
frontend architecture in large and dynamically developing web projects. 
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In software engineering, the term "monolith" describes an application assembled into 

a single logical unit, where all components and services are deployed and operate within 

a common infrastructure platform. In such a system, modules and services operate in a 

Introduction 

Modern web applications are characterized by increasingly complex functionality and 
growing demands on the speed of software system development. The evolution of devel-
opment approaches has led to a transition from sequential implementation of functional 
capabilities to parallel work by several teams on different aspects of the application [1-3]. 
With a clear division between the client level, the server part, and the data storage layer, 
it becomes possible to develop system components simultaneously while minimizing inter-
team dependencies. 

This decomposition helps make development more efficient and cuts down on the 
time it takes to bring new features to market. Abstracting the interaction between applica-
tion layers lets you modify individual components without significantly affecting the rest of 
the system. On the server side, this trend is implemented by transitioning from a monolithic 
architecture to a microservice model, which involves dividing a large application into au-
tonomous specialized services coordinated through a single interaction mechanism. This 
approach reduces deployment time and improves the manageability of complex systems. 

Similar processes are also observed at the client application level. The growth in the 
volume of front-end code and the increase in the number of development teams have 
necessitated architectural solutions that provide modularity, isolation, and independence 
in the deployment of the user interface. One such solution is the microfrontend architec-
ture, which involves the structural decomposition of the interface into autonomous func-
tional modules. 

Despite the active implementation of the microfrontend approach, its impact on the 
performance characteristics of web applications, including loading performance and sys-
tem scalability, requires quantitative assessment. In engineering practice, it is important to 
determine how the architectural decomposition of the client side affects loading time, the 
volume of transmitted resources, and network activity [4-6]. 

The purpose of this study is to analyze and experimentally evaluate the impact of 
microfrontend architecture on the performance and scalability of web applications com-
pared to alternative client-side models. The paper reviews existing approaches to micro-
frontend implementation and identifies their advantages and limitations in terms of perfor-
mance characteristics. 

Architectural models of front-end applications 

The current stage of development in the software industry is characterized by a wide-
spread shift away from monolithic architecture in favor of a microservices approach. To 
understand the reasons for this transition, it is necessary to consider the fundamentals of 
both paradigms. 

Monolithic architecture 
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common infrastructure environment and are typically developed within a single code base. 
A typical monolithic solution structure includes the following parts: 

• A us r authentication and authorization mechanism that provides access control.
• A busi ess logic core that implements the main data processing scenarios.
• A presentation layer that forms the user interface and interacts with the server side

via HTTP requests. 
• Integration modules responsible for data exchange with third-party services via net-

work protocols and REST interfaces. 
• Monitoring and notification components designed to log events and handle failures.
Despite the active spread of microservice architecture, monolithic solutions are still 

widely used in industrial development [7]. Their advantage is relative simplicity in the early 
stages of the system lifecycle. A single code base and centralized configuration simplify 
dependency control and version management. 

However, as functionality grows and the number of development participants in-
creases, the limitations of this approach become apparent. Supporting a large-scale mon-
olithic system becomes difficult, and making changes requires coordination between mul-
tiple teams. Key disadvantages of monolithic architecture include: 

• Increased consumption of computing resources and longer build times as the code
base expands. 

• R duced system visibility and increased maintenance complexity.
• Increased risk of complete unavailability in the event of a single component failure.
• Limited flexibility when implementing new technological solutions, as changes affect

the entire system [8]. 

Microservices architecture 
Microservice architecture is seen as a natural stage in the development of the service-

oriented approach (SOA), focused on increasing the flexibility and manageability of 
complex software systems. Although the ideas behind SOA were formed much earlier, the 
independent conceptualization of microservices took place in the early 2010s [9]. The 
approach is based on the principle of decomposing a software system into a set of 
autonomous, loosely coupled components, each of which implements a limited business 
function and interacts with others through clearly defined interfaces. This division by 
subject area simplifies system maintenance, modernization, and scaling [10]. 

A key feature of microservice architecture is the independence of the service lifecycle. 
Each component can be developed, tested, and deployed in isolation, which reduces the 
risks associated with making changes. The failure of a single service does not usually lead 
to complete system unavailability, but is limited to the degradation of a specific functionality, 
which increases the overall stability of the solution. 
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Advantages of the microservice approach: 
• Continuous delivery and deployment are greatly simplified because the application

is divided into small services, each of which performs a limited set of functions [11]. 
• Ensuring parallel work of teams, as areas of responsibility are clearly delineated and

the number of conflicts during code integration is reduced. 
• Increased fault tolerance through isolation of failures and the ability to localize

problems within a single service. 
• The limited scope of service responsibility facilitates the development of modular

and integration tests. 
• The choice of programming language, frameworks, and architectural solutions can

be made individually for each service, provided that uniform interaction protocols are 
followed [12]. 

• D velopment can be scalable and organized between multiple teams.

Monoliths vs. microservices 
Considering the advantages and limitations discussed above, it can be noted that in 

a number of practical situations, the microservice approach is preferable. When the load 
on a specific functional area of the system increases, only those services that are 
responsible for that area are scaled, which allows for the efficient distribution of resources 
and ensures the required level of performance [13]. 

Horizontal scaling in a microservice architecture can be done quickly because 
individual services are small and start up fast. Scalability is also possible in monolithic 
applications, but in this case, the resources for the entire system increase, leading to 
higher consumption of computing power.  

Figure 1 compares the principles of layer separation in monolithic and microservice 
architectures. 

Fig. 1. Monolith and microservices architecture 
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Microfrontends 

With the current development of cloud web applications and the transition of business 
logic to microservice architecture, front-end applications are becoming increasingly 
complex and loaded. A significant part of the logic is gradually being transferred to the 
client side, which increases the complexity of supporting and developing such applications 
[14]. Just as dividing a backend monolith into microservices brings significant benefits, a 
similar approach is appropriate for the user interface. This allows the interface to be broken 
down into independent modules that function autonomously while remaining part of a 
single application shell [15]. Microfrontends are a solution to this problem. 

Fig. 2. Cross-functional teams with microfronteds 
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The frontend ecosystem is constantly evolving, with new frameworks and tools 
emerging to make developers' work easier. At the same time, there is growing interest in 
modern, optimized tools that accelerate development and improve application 
performance. There are many approaches to organizing front-end applications, including 
single-page applications (SPA) and server-side rendering (SSR). However, most existing 
solutions are monoliths that load in parts but are not technologically independent and 
cannot be deployed autonomously [16]. 

As shown in Figure 2, an application with microfrontends is a composition of functions 
or microapplications that together form a larger application. Independent modules are 
controlled by cross-functional teams. Thus, there is a loose coupling between applications, 
and they coexist using well-defined contracts. Such micro-applications or functions can 
belong to one or more application packages, which reinforces the idea of reuse. A perfect 
example of a micro-frontend module is a shopping cart used in several e-commerce 
solutions developed by the same company. 

Experimental evaluation of architectural strategies 
for implementing microfrontends 

To obtain an objective quantitative assessment of the impact of different 
microfrontend architecture implementation strategies, an experimental study was 
conducted to compare the performance characteristics of client applications built using 
different architectural approaches. 

As part of the experiment, a test web application was developed (Figure 3), 
representing a typical interface with several functional blocks (navigation, content display 
area, user interaction widget). The architectural complexity of the application was 
deliberately limited in order to minimize the influence of extraneous factors and focus on 
differences caused specifically by the architectural model. 

The application was implemented in three variants: 
• A monolithic single-page application (single code base and build process).
• Architecture using iframe to isolate functional modules.
• Microfrontend architecture based on the Module Federation mechanism.
Thus, both the traditional centralized model and two variants of client-side 

decomposition were compared: isolated integration via iframe and integration at the build 
level through the sharing of dependencies. 

Measurement methodology and metrics system 
To ensure the comparability of results, a single set of metrics was defined, reflecting 

both technical and user aspects of performance, which corresponds to modern 
approaches to evaluating the quality of web applications [17]: 

• time to first paint (First Paint)
• number of HTTP requests
• total volume of resources loaded
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• total application load time
Practical significance of the selected metrics: 
• Time to first paint – the speed at which the interface starts working as perceived by

the user 
• HTTP requests – show the load on the network and server
• Resource volume – directly affects network bandwidth and data transfer time
• Load time – reflects the overall readiness of the application for operation
 The measurements were taken using the built-in developer tools of the Google 

Chrome browser, which ensured a consistent testing environment. The analysis was 
performed under identical network connection and hardware configuration conditions, 
which allowed to eliminate the influence of external factors. 

Fig. 3. Simple application layout 

Analysis of the results 
The experimental data obtained (Table 1) indicate significant differences between the 

architectural approaches under consideration, both in terms of absolute indicators and 
their relative deviations. 

As shown by the results of testing a simple web application (Table 1), a solution based 
on modular federation has significant advantages over implementation of microfrontends 
via iframe. 

• The monolithic implementation demonstrated the minimum number of HTTP
requests (13) and the smallest amount of transferred resources (5.4 MB), as shown in 
Table 1. This result is explained by centralized assembly and the absence of duplicate 
dependencies. However, as theoretical scaling assumptions show, as the functionality of 
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the system increases, the monolithic model inevitably leads to an increase in the size of 
the final bundle and complicates maintenance, which reduces its effectiveness in the long 
term.  

• The approach using iframe showed the worst values for most metrics (Table 1). The
number of HTTP requests increased to 34, and the volume of downloaded resources 
reached 16.6 MB, which is more than three times higher than the monolith. The increase 
in network activity is due to the fact that each isolated part of the application loads its own 
dependencies independently of other modules. The lack of a common library pool leads 
to code duplication and increased overhead. In addition, isolation via iframe creates 
additional costs for initialization and cross-context interaction.  

• The microfrontend architecture based on modular federation demonstrated a
compromise but most balanced result. According to Table 1, the resource volume was 6.6 
MB, which is 60% less than the iframe approach, and the total load time was reduced to 
0.774 seconds, which is 42% faster than the monolithic implementation. Despite an 
increase in the number of requests compared to the monolith (26 vs. 13), modular 
federation provides more efficient load distribution thanks to the mechanism of 
asynchronous on-demand module loading.  

Table 1 
Comparative analysis of the performance of different architectural approaches 

Factor Monolith IFrame Microfrontends 
Deviation of MF from 

monolith 

First Paint, ms 418 1222 540 +29 % 

Number of HTTP requests 13 34 26 +100 % 

Volume of resources, MB 5,4 16,6 6,6 +22 % 

Total loading time, s 1,35 1,12 0,774 –42 %

Interpretation of results in terms of scalability 
The experiment was conducted on a relatively simple application prototype, but even 

under these conditions, the quantitative indicators (Table 1) demonstrate differences that 
allow the results to be extrapolated to larger systems. In an industrial environment, as the 
number of functional modules increases and business logic becomes more complex, 
monolithic architecture is characterized by increased build times, larger final bundles, and 
slower delivery of changes, due to the high degree of component interdependence and 
centralized deployment process.  

In contrast, the microfrontend approach provides both organizational scalability, 
through the decomposition of areas of responsibility between independent teams, and 
technical scalability, through the autonomous deployment and updating of individual 
modules.   
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Therefore, although a monolithic solution remains the simplest and most economical 
for small systems, as the application grows in scale, the advantages of microfrontends 
become more pronounced, manifesting themselves in reduced loading times, support for 
partial initialization of functionality, and ensuring an independent component lifecycle. 

Conclusion 

This paper provides a theoretical and experimental assessment of the impact of 
microfrontend architecture on the performance and scalability of web applications. A 
comparison of the monolithic model, implementation via iframe, and a modular federation-
based approach revealed differences in key performance characteristics. 

Experimental results showed that modular federation provides the most balanced 
combination of performance and modularity: with a slight increase in the number of 
requests compared to the monolith, there is a reduction in total loading time and a 
significant decrease in resource consumption compared to the iframe approach. Monolith 
remains an effective solution for small systems, but as complexity increases, its limitations 
become more pronounced. 

Thus, microfrontends represent a promising architectural model for large and 
dynamically developing web applications, where team independence, deployment 
flexibility, and long-term system scalability are important. 
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