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Abstract: Blazor is a modern web framework by Microsoft that enables the development of interactive web applications using C# and
.NET. This paper investigates the best practices and performance optimization strategies for Blazor component libraries. Through a
detailed review of existing literature and empirical experiments, we outline key practices that enhance code reusability, maintainability,
and performance. The results of our experimentation demonstrate significant improvements in application efficiency and load times when
these best practices are implemented. The findings provide valuable insights for developers aiming to optimize Blazor applications.
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1. Introduction

Blazor, an innovative web framework developed by
Microsoft, represents a significant advancement in the
development of web applications. Traditionally, web
development has been dominated by JavaScript for client-
side interactions, which often necessitates the use of multiple
frameworks and libraries. Blazor disrupts this norm by
enabling developers to write client-side code using C#, a
language traditionally used for server-side development.
This unification under the .NET ecosystem simplifies the
development process, allowing for a more seamless
integration of client and server code.

Blazor operates on a component-based architecture, similar
to popular JavaScript frameworks like React and Angular.
Components in Blazor are self-contained units of
functionality that include both Ul and logic, promoting
modularity and reusability. This architecture not only
enhances the maintainability of code but also facilitates the
creation of rich, interactive web applications.

One of Blazor’s key features is its ability to run .NET code
directly in the browser using WebAssembly. WebAssembly
is a binary instruction format that enables high-performance
execution of code on web pages. By leveraging
WebAssembly, Blazor can execute .NET assemblies in the
browser, offering near-native performance and a consistent
development experience across different platforms.

However, as with any powerful framework, leveraging
Blazor to its full potential requires adherence to best
practices and an understanding of performance optimization
techniques. This is particularly important given the
increasing complexity of web applications and the demand
for responsive, fast- loading web experiences.

Performance optimization in Blazor involves several aspects,
including efficient state management, effective use of
lifecycle methods, and minimizing unnecessary re-renders.

State management is crucial for maintaining application state
across different components and pages. Inefficient state
management can lead to performance bottlenecks, increased
memory consumption, and a poor user experience.

Lifecycle methods in Blazor provide hooks into the com-
ponent lifecycle, allowing developers to perform operations
at different stages of a component’s existence. Proper use of
these methods can significantly impact the performance of an
application by reducing unnecessary computations and
optimizing resource usage.

In addition to these practices, Blazor developers must also be
mindful of the performance implications of JavaScript
interop, which allows .NET code to interact with JavaScript.
While powerful, excessive use of JavaScript interop can
intro- duce latency and reduce the performance benefits
offered by Blazor.

This paper aims to provide a comprehensive guide to best
practices and performance optimization strategies for Blazor
component libraries. By reviewing existing literature and
con- ducting empirical experiments, we identify key
practices that enhance the reusability, maintainability, and
performance of Blazor applications. Our findings serve as a
valuable resource for developers seeking to optimize their
Blazor applications and deliver high-performance web
experiences.

2. Related Work

Blazor’s component-based architecture has been the subject
of various studies focused on component reuse and state
management. Roth [1] provides an overview of Blazor’s
capabilities, highlighting its potential to streamline web
development by allowing developers to use C# for client-side
development. This foundational work sets the stage for
understanding the framework’s capabilities and limitations.

Sanderson [2] discusses performance best practices
specifically for Blazor WebAssembly. His work emphasizes
the importance of efficient rendering, state management, and
minimizing JavaScript interop to achieve optimal
performance. Sanderson’s guidelines are crucial for
developers aiming to maximize the efficiency of their Blazor
applications.

Miller [3] examines state management techniques in Blazor
applications, comparing local state management to global
state solutions like Fluxor. Miller’s analysis provides
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insights into the trade-offs between different state
management strategies, which are essential for building
scalable and maintainable applications. Rahman [4] offers
practical insights into optimizing Blazor WebAssembly
applications, focusing on aspects such as lazy loading,
caching, and network optimization. Rahman’s work provides
concrete examples of how to implement these optimizations,
making it a valuable resource for developers.

Fritz [5] expands on the topic by discussing ASP.NET Core
Blazor performance best practices. He covers various
techniques, including component reuse, efficient data
binding, and leveraging Blazor’s lifecycle methods to
enhance performance. Fritz’s comprehensive approach
provides a holistic view of performance optimization in
Blazor.

Buhler [6] explores efficient and reusable component
development with Blazor, stressing the importance of
modularity and encapsulation. His work aligns with the
broader principles of software engineering, advocating for
clean, maintainable code that can be easily tested and reused.

Abhijeet [7] provides a detailed guide on enhancing Blazor
performance through best practices, such as optimizing
rendering and reducing the overhead of JavaScript interop.
His practical tips are geared towards developers looking to
fine- tune their applications for better performance.

Freeman [8] in his book “Pro ASP.NET Core 3: Develop
Cloud-Ready Web Applications Using MVC, Blazor, and
Razor Pages,” delves into advanced Blazor topics, including
performance tuning and best practices for building cloud-
ready applications. Freeman’s work is a comprehensive
resource that bridges the gap between theory and practice.

Agrawal [9] discusses state management and performance
tips in Blazor, offering strategies to handle state efficiently
and improve application responsiveness. His work highlights
the nuances of state management in complex applications.

Smith and Doe [10] in their conference paper “High-
performance web applications with Blazor,” present case
studies and performance benchmarks, providing empirical
data to support best practices. Their research offers valuable
insights into the practical impacts of different optimization
strategies. Lee [11] explores the benefits of WebAssembly in
Blazor, particularly its impact on performance and cross-
platform compatibility. Lee’s analysis underscores the
significance of WebAssembly in enhancing Blazor’s
capabilities.

Brown [12] discusses building modular applications with
Blazor, focusing on component design and reuse. His work
provides practical advice for developers looking to create
scalable and maintainable Blazor applications.

Wang [13] offers insights into Blazor performance
improvements and best practices, emphasizing the
importance of profiling and monitoring to identify
performance bottlenecks. Wang’s practical approach helps
developers understand and address performance issues in
their applications.

Johnson [14] discusses advanced techniques in Blazor for
optimal performance, covering topics such as server-side
rendering and pre-rendering. Her work provides advanced
insights for developers looking to push the boundaries of
Blazor’s performance.

White [15] explores modern web development with Blazor
and .NET 5, discussing how new features in .NET 5 can be
leveraged to enhance Blazor applications. White’s work is
particularly relevant for developers looking to stay updated
with the latest advancements in Blazor.

Taylor [16] discusses effective state management in Blazor
applications, offering practical tips for managing state in
large, complex applications. His work complements other
studies on state management by providing a hands-on
perspective.

Martinez [17] addresses the challenges of JavaScript interop
in Blazor, providing strategies to reduce overhead and
improve performance. His practical tips are essential for
developers dealing with interop-heavy applications.

These studies collectively provide a comprehensive under-
standing of Blazor’s best practices and performance
optimization strategies. They highlight the importance of
modularity, efficient state management, and minimizing
JavaScript interop, among other practices. Our work builds
on these foundations, offering empirical evidence to support
the adoption of these best practices in Blazor component
libraries.

3. Experimentation

Our experimentation involved creating multiple Blazor ap-
plications with varying implementations of best practices.
We focused on component reusability, state management,
life- cycle methods, asynchronous programming, event
handling, dependency injection, and styling. Performance
was measured using metrics such as load time, CPU usage,
and memory consumption.

1) Setup

We developed three sample Blazor applications to compare

the effects of different optimization strategies:

a) A basic application with no performance optimizations,
serving as the control.

b) An application implementing best practices for
component design, including state management and
lifecycle methods.

c) An application incorporating advanced performance
optimizations such as virtualization, lazy loading, and
optimized data handling.

Each application was developed using .NET 5 and Blazor
WebAssembly. The applications were hosted on the same
server to ensure consistency in testing conditions. The test
environment included a standard desktop setup with a quad-
core processor and 16 GB of RAM, running Windows 10.

2) Metrics
The performance of each application was evaluated using the
following metrics:
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a) Load Time: The time taken from initiating the
application to full render in the browser.

b) CPU Usage: The average CPU utilization during the
application’s runtime, measured using Windows
Performance Monitor.

c) Memory Consumption: The average memory usage
during the application’s runtime, also measured using
Windows Performance Monitor.

Additionally, we measured user experience-related metrics,
such as Time to Interactive (TTI) and First Contentful Paint
(FCP), using Google Lighthouse.

3) Procedures

Each application was tested under the same conditions:

a) Initial Load Test: Evaluated the load time and initial
resource usage.

b) Interaction Test: Simulated user interactions such as
navigating between pages, updating data, and triggering
events.

c) Stress Test: Simulated high user load by running
multiple instances of the application concurrently.

Each test was repeated three times to account for variability,
and the average values were recorded.

4) Best Practices Implemented

In the second and third applications, we implemented the

following best practices:

a) Component Reusability: Components were designed to
be modular and reusable, with clear separation of
concerns.

b) Efficient State Management: Utilized Fluxor for global
state management and local state for individual compo-
nents.

c) Lifecycle Methods: Leveraged lifecycle methods such
as ‘OnlnitializedAsync’ and ‘OnAfterRenderAsync* for
initialization and post-render operations.

d) Asynchronous Programming: Used async/await for data
fetching and other 1/O operations to avoid blocking the
Ul thread.

e) Event Handling: Delegated event handling to methods
and used ‘EventCallback‘ for type-safe event
propagation.

f) Dependency Injection: Registered services in the DI
container and used the ‘@inject’ directive for
dependency injection.

g) Styling and Theming: Employed scoped CSS and CSS
isolation to prevent style conflicts and enhance
maintain- ability.

For the third application, additional optimizations included:

a) Virtualization: Implemented virtualization for long lists
to improve performance by only rendering visible items.

b) Lazy Loading: Used lazy loading for components and
data to reduce initial load time.

c) Caching: Implemented caching strategies to store
frequently accessed data, reducing the need for repeated
data fetches.

d) Network Optimization: Enabled compression and
utilized HTTP/2 to improve data transfer efficiency.

e) Build Optimization: Employed Ahead-of-Time (AOT)
compilation and tree shaking to reduce the application
size and improve load times.

4. Results

The results of our experimentation are summarized in Table
I. Applications implementing best practices and performance
optimizations showed marked improvements in all measured

metrics.

Table I: Performance Metrics Comparison

Application | Load Time (s) | CPU Usage (%)| Memory (MB)
Basic 3.2 25 120
Best Practices 2.1 18 100
Optimized 15 12 80

In addition to these metrics, the Time to Interactive (TTI) and
First Contentful Paint (FCP) metrics showed significant
improvements in the optimized application, indicating a
better user experience.

5. Discussion

The experimentation demonstrates that adhering to best
practices in Blazor component libraries significantly
improves application performance. Components that
encapsulate their state and behavior are more reusable and
maintainable. Efficient state management, both local and
global, is crucial for performance. Lifecycle methods and
asynchronous programming enhance responsiveness and
reduce Ul blocking. Event handling and dependency
injection further contribute to cleaner and more efficient
code.

Styling with scoped CSS and CSS isolation prevents global
style conflicts and enhances maintainability. Rendering
optimizations such as conditional rendering and
virtualization improve load times and reduce resource
consumption. Minimizing JavaScript interop and optimizing
data loading through lazy loading and caching also play vital
roles.

6. Conclusion

This paper highlights the importance of best practices and
performance optimization in Blazor applications. The empir-
ical results support the adoption of recommended strategies
to enhance application efficiency. Future work could explore
additional optimization techniques and their impacts on
larger, more complex Blazor applications.
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