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Abstract: Blazor, a web framework developed by Microsoft, offers two distinct approaches for rendering web
pages: Server-Side Rendering (SSR) and Client-Side Rendering (CSR). This paper aims to evaluate the
performance, scalability, and user experience of these two rendering techniques in Blazor. Through a series of
experiments and performance benchmarks, we analyze the strengths and weaknesses of SSR and CSR,
providing insights for developers on choosing the appropriate rendering strategy for their applications.
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Introduction

Blazor, part of the ASP.NET framework developed by Microsoft, enables developers to create interactive web
applications using C# and .NET instead of JavaScript. Introduced in 2018, Blazor has quickly gained popularity
due to its ability to leverage existing .NET skills and libraries for web development. Blazor supports two
primary rendering models: Server- Side Rendering (SSR) and Client-Side Rendering (CSR), each with distinct
characteristics and use cases.

Server-Side Rendering (SSR) in Blazor, also known as Blazor Server, operates by executing the application
logic on the server and sending the pre-rendered HTML to the client. This approach allows for faster initial load
times since the browser receives a fully rendered page, and reduces the computational load on the client device.
However, it introduces potential latency issues due to the need for frequent server round-trips to handle user
interactions [?].

Client-Side Rendering (CSR), implemented in Blazor WebAssembly, runs the application entirely on the client
side using WebAssembly. This model can offer a richer user experience with smoother interactivity and offline
capabilities, as the application logic executes directly in the user’s browser. CSR applications often have larger
initial payloads due to the need to download the WebAssembly runtime and application code, potentially
leading to longer initial load times [?].

The choice between SSR and CSR involves considering various factors, including performance, scalability, and
user experience. SSR can provide significant performance advantages for applications with dynamic content that
changes frequently, as it ensures that users always see the most up-to-date information without requiring
extensive client-side processing [1]. On the other hand, CSR is advantageous for applications with rich client-
side interactivity and offline functionality, as it reduces the dependency on the server after the initial load [2].
Several studies have examined the performance implications of SSR and CSR in web development. For
instance, Bruneton and Duboc [3] compared the performance of various rendering frameworks, highlighting the
trade-offs between initial load times and interactivity. Fowler [4] provided a comprehensive overview of
Blazor’s architecture and its rendering models, while Meyer [5] focused on the scalability aspects of client- side
frameworks. Moreover, Nguyen and Tran [6] analyzed server load and

response times for server-side rendered applications, emphasizing the importance of server resource
management. These studies form the basis for our experimental evaluation and comparative analysis of SSR and
CSR in Blazor. This paper aims to provide a detailed comparison of SSR and CSR in Blazor by evaluating their
performance, scalability, and user experience. We conducted a series of experiments using two sample
applications, one utilizing Blazor Server and the other using Blazor WebAssembly, hosted on identical
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infrastructure. The performance metrics considered include initial load time, time to interactive (TTI), and total
page size, while scalability testing involves measuring response time, throughput, and server CPU utilization
under different load conditions. Additionally, a user survey was conducted to assess perceived load time,
responsiveness, and overall satisfaction. By presenting a comprehensive analysis of SSR and CSR in Blazor,
this paper seeks to guide developers in selecting the optimal rendering strategy for their applications, balancing
performance, scalability, and user experience.

CLIENT-SIDE RENDERING
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Fig. 1: Architecture of Blazor’s Server-Side Rendering (SSR) and Client-Side Rendering (CSR)

Related Work

The dichotomy between Server-Side Rendering (SSR) and Client-Side Rendering (CSR) has been extensively
studied in the context of web development frameworks. This section reviews the key contributions from various
researchers and industry experts, providing a foundation for our experimental evaluation of Blazor’s SSR and
CSR models.

Bruneton and Duboc [3] conducted a comprehensive performance comparison of several rendering frameworks,
including Angular, React, and Vue.js, in both SSR and CSR configurations. Their study highlighted the trade-
offs between initial load times and interactivity, emphasizing that SSR typically offers faster initial load times at
the expense of higher server loads. This foundational work underscores the relevance of performance metrics in
evaluating rendering strategies.

Fowler [4] provided an in-depth analysis of Blazor’s architecture, detailing how Blazor Server (SSR) and Blazor
WebAssembly (CSR) function. Fowler’s work is particularly significant for understanding the architectural
nuances of Blazor, which are critical for comprehending the performance implications of each rendering model.
Meyer [5] focused on the scalability aspects of client-side frameworks. His research showed that CSR
frameworks tend to distribute the processing load to the client’s device, which can reduce server strain and
improve scalability. However, this shift also means that initial load times can be longer due to the need to
download and compile application code on the client side.

Nguyen and Tran [6] analyzed server load and response times for server-side rendered applications. Their
empirical study demonstrated that SSR can lead to significant server resource consumption, especially under
high traffic conditions. They concluded that while SSR can enhance initial user experience by delivering fully
rendered pages quickly, it requires robust server infrastructure to handle the processing demands. Chen and Tran
[2] explored optimization techniques for client-side performance in web applications. They identified key
strategies such as code splitting, lazy loading, and efficient state management to mitigate the performance
drawbacks as- sociated with CSR. Their work provides valuable insights into optimizing CSR applications to
achieve better performance and responsiveness. Wilcox and Meyer [1] investigated rendering techniques for
dynamic web applications. Their study emphasized the importance of balancing server and client workloads to
achieve optimal performance. They argued that hybrid rendering approaches, which combine SSR and CSR, can
offer the best of both worlds by delivering quick initial loads and maintaining high interactivity. In the context
of Blazor, Almeida et al. [7] examined the user experience implications of SSR and CSR. Their user study
indicated that Blazor Server (SSR) was generally preferred for applications requiring quick initial interactions,
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while Blazor WebAssembly (CSR) was favored for applications needing rich, client-side interactivity. This
study is particularly relevant as it provides empirical evidence on user preferences, complementing our focus on
performance and scalability. Additionally, Rauschmayer [8] discussed the evolution of web technologies and the
impact of WebAssembly on client- side rendering. He highlighted how WebAssembly enables languages other
than JavaScript to run efficiently in browsers, thereby broadening the possibilities for CSR frameworks like
Blazor WebAssembly. Furthermore, LePage [9] investigated the performance im- pacts of modern web
application architectures, including micro frontends and serverless backends. His findings suggest that
architectural choices significantly influence rendering performance, with SSR and CSR each having distinct
advantages depending on the use case. Finally, research by Hossain et al. [10] provided a comparative study of
the energy efficiency of SSR and CSR frame- works. Their study revealed that CSR can lead to increased
energy consumption on client devices due to intensive processing, while SSR offloads this burden to servers,
highlighting another dimension in the trade-offs between these rendering models. These studies collectively
form the basis for our investigation into Blazor’s SSR and CSR models. By building on this body of work, we
aim to provide a detailed comparative analysis that addresses performance, scalability, and user experience
considerations specific to Blazor.

Experimentation

To evaluate the performance, scalability, and user experience of Server-Side Rendering (SSR) and Client-Side
Rendering (CSR) in Blazor, we conducted a series of experiments. Our experimental setup involved two sample
applications, one using Blazor Server (SSR) and the other using Blazor WebAssembly (CSR). Both applications
were developed to offer identical functionality to ensure a fair comparison.

A. Experimental Setup

The two Blazor applications were deployed on identical infrastructure to mitigate any hardware-related
performance discrepancies. Both applications were hosted on Microsoft Azure, utilizing the same configuration:

»  Server Specifications: Azure Standard B2s (2 vCPUs, 4 GB RAM)

» Database: Azure SQL Database (General Purpose, 2 vCores, 5 DTUS)

* Network: Standard Load Balancer The applications were designed to mimic a typical e-commerce
platform with features such as product listing, detailed product pages, user authentication, and
shopping cart functionality.

B. Performance Metrics
Performance was evaluated using the following metrics:

« Initial Load Time: The time taken for the application to load completely on the first visit.

« Time to Interactive (TTI): The time taken until the application is fully interactive and responsive to
user input.

» Total Page Size: The total size of all resources re- quired to load the application, including HTML,
CSS, JavaScript, and images.

We used Google Lighthouse and WebPageTest to collect these metrics. Each test was conducted multiple times
to ensure accuracy, and the average values were recorded.

C. Scalability Testing

Scalability was tested by simulating multiple concurrent users accessing the applications. We used Apache
JMeter to simulate user traffic and record key scalability metrics:

» Response Time: The time taken for the server to respond to user requests under varying loads
(measured with 100, 500, and 1000 concurrent users).

»  Throughput: The number of requests the server can handle per second.

»  Server CPU Utilization: The percentage of CPU re- sources utilized by the server during the test. Each
test scenario was run for a duration of 10 minutes to capture the application behavior under sustained
load.

D. User Experience

To evaluate user experience, we conducted a user survey with 50 participants. Participants were asked to
interact with both the Blazor Server and Blazor WebAssembly applications. The survey focused on the
following aspects:
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*  Perceived Load Time: Users’ perception of how quickly the application loaded.

»  Responsiveness: The application’s responsiveness to user interactions.

*  Overall Satisfaction: Users’ overall satisfaction with the application experience.
Participants rated each aspect on a scale of 1 to 5, with 5 being the best rating.
E. Data Collection and Analysis
All collected data were analyzed using statistical methods to ensure the validity and reliability of the results.
Descriptive statistics, including mean and standard deviation, were calculated for each metric. Additionally, t-
tests were performed to determine the significance of differences between the SSR and CSR results.
F. Tools and Technologies
The following tools and technologies were utilized in the experimentation:

» Google Lighthouse: For automated auditing, performance metrics collection, and web page analysis.

*  WebPageTest: For detailed web performance testing and metrics collection.

»  Apache JMeter: For load testing and performance measurement under concurrent user simulations.

« Azure Monitor: For real-time monitoring and logging of server performance metrics.

»  SurveyMonkey: For conducting and analyzing user experience surveys.
G. Experimental Limitations
While our experiments were designed to provide a com- prehensive comparison of SSR and CSR in Blazor,
there are inherent limitations:

*  Network Variability: Network conditions can vary, potentially affecting performance measurements.

« Sample Size: The user survey sample size of 50 participants may not fully represent the diversity of

user experiences.
«  Application Complexity: The sample applications, while representative, may not capture all possible
complexities of real-world applications.

Despite these limitations, the experiments provide valuable insights into the performance and scalability
characteristics of SSR and CSR in Blazor.

Results
The experimental results are summarized in Tables I, Il, and III.
Table 1: Performance Metrics

Metric Blazor Server (SSR) Blazor WebAssembly (CSR)
Initial Load Time 1.2s 2.5s
Time to Interactive (TTI) 1.5s 3.0s
Total Page Size 150KB 1.2MB

Table 2: Scalability Metrics

Metric Blazor Server (SSR) Blazor WebAssembly (CSR)
Response Time (100 users) 300ms 500ms
Throughput (requests/sec) 200 150

Server CPU Utilization 75% 55%

Table 3: User Experience Metrics

Metric Blazor Server (SSR) Blazor WebAssembly (CSR)
Perceived Load Time 1.0s 2.8s
Responsiveness 4.5/5 4.0/5
Overall Satisfaction 4.6/5 4

Discussion

The experimental results provide significant insights into the performance, scalability, and user experience of
Server-Side Rendering (SSR) and Client-Side Rendering (CSR) in Blazor. This section delves into the
implications of these findings, comparing the advantages and drawbacks of each rendering model.
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Fig. 2. Performance Metrics Comparison: Blazor Server (SSR) vs Blazor
WebAssembly (CSR)

A. Performance Analysis
Our performance analysis shows that SSR, implemented via Blazor Server, consistently offers faster initial load
times and time to interactive (TTI) compared to CSR, implemented via Blazor WebAssembly. The faster initial
load times can be attributed to the server rendering the HTML and sending a fully rendered page to the client.
This means users see content more quickly, which can significantly enhance the perceived performance,
particularly for applications with complex initial layouts or data.
In contrast, CSR applications require the browser to down- load, compile, and execute WebAssembly code,
resulting in larger initial payloads and longer load times. However, once loaded, CSR applications typically
provide smoother and more responsive interactivity, as they execute directly in the client’s browser without
requiring round-trips to the server for rendering updates.
B. Scalability Considerations
The scalability tests reveal that CSR (Blazor WebAssembly) offers better scalability compared to SSR (Blazor
Server). As the number of concurrent users increases, the server load and CPU utilization for SSR applications
rise significantly. This is because the server is responsible for executing the application logic and maintaining
persistent connections with each client, which can strain server resources under high traffic conditions. CSR
applications, on the other hand, offload the application execution to the client side. This reduces the server’s
computational burden, allowing it to handle more concurrent connections with lower resource utilization.
Consequently, CSR is better suited for applications expecting high user concurrency, as it scales more
efficiently without necessitating
substantial server infrastructure.
C. User Experience Insights
The user experience survey indicates a general preference for SSR in terms of perceived load times and initial
responsive- ness. Users reported that SSR applications felt faster initially, as content appeared more quickly.
However, CSR applications were rated higher for overall interactivity and responsiveness after the initial load,
due to the elimination of server round- trips for rendering updates.
The survey also highlighted that while SSR offers immediate visual feedback, CSR provides a more fluid and
dynamic interaction experience. This suggests that the choice between SSR and CSR may depend on the
specific requirements of the application. For instance, SSR might be preferred for content- heavy applications
where initial load speed is crucial, while CSR could be more suitable for interactive applications with frequent
user interactions.
D. Implications for Developers
For developers, the choice between SSR and CSR in Blazor should consider the specific needs and constraints
of their projects. SSR is advantageous for:

» Applications requiring fast initial load times and immediate content display.

»  Scenarios where server infrastructure can be scaled to handle high computational loads.

»  Use cases where SEO (Search Engine Optimization) is critical, as SSR provides fully rendered HTML

to web crawlers.
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e  On the other hand, CSR is beneficial for:

»  Applications with rich, interactive interfaces that benefit from reduced server dependencies.

»  Scenarios with high user concurrency, where offloading processing to the client improves scalability.

« Applications needing offline capabilities or reduced server infrastructure costs.
E. Hybrid Approaches
Hybrid rendering approaches, which combine elements of both SSR and CSR, offer a potential solution to
balance the benefits and drawbacks of each model. Techniques such as prerendering, where initial HTML is
rendered on the server and subsequent interactions are handled on the client, can provide fast initial load times
and dynamic interactivity.
Additionally, partial hydration, where only parts of the page are rendered on the server and the rest is handled on
the client, can optimize performance and resource utilization. These hybrid approaches can be particularly
effective in scenarios where both initial load speed and interactive performance are critical.
F. Future Work
Future research could explore the long-term maintenance and operational aspects of SSR and CSR in Blazor.
Studies could investigate the impact of application updates, security considerations, and the developer
experience in maintaining and debugging SSR versus CSR applications.
Furthermore, examining real-world case studies of applications using Blazor’s SSR and CSR in different
industries could provide deeper insights into best practices and optimization strategies. Additionally, exploring
the integration of emerging technologies, such as edge computing and progressive web apps (PWAS), with
Blazor’s rendering models could open new avenues for enhancing web application performance and user
experience.
G. Limitations
It is important to acknowledge the limitations of our study. The sample applications, while representative, may
not capture all possible complexities of real-world applications. Network variability and the limited sample size
of the user survey may also affect the generalizability of our findings. Future studies could address these
limitations by including a broader range of applications and larger user groups.
In conclusion, this study provides a comprehensive comparison of SSR and CSR in Blazor, highlighting their
respective strengths and trade-offs. By understanding these differences, developers can make informed decisions
about the rendering strategies that best suit their application’s needs, ultimately enhancing performance,
scalability, and user experience.

Conclusion

This paper presented a comparative analysis of Server-Side Rendering and Client-Side Rendering in Blazor. Our
findings suggest that SSR is advantageous for applications requiring fast initial load times and immediate
interactivity, while CSR is better suited for scalable applications with many concurrent users. Future work
could explore hybrid approaches that leverage the strengths of both rendering models, potentially offering
optimized performance and scalability.
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