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Abstract 

In the ever-evolving landscape of web development, WebAssembly stands out as a pivotal technology, prom-

ising to bridge the performance gap between web and native applications. This study delves into the performance 

characteristics of WebAssembly (Wasm) applications, comparing them with traditional JavaScript implementa-

tions to quantify the efficiency gains and potential trade-offs. Through comprehensive benchmarks and real-world 

case studies, this research highlights the scenarios where WebAssembly significantly outperforms JavaScript and 

identifies areas where improvements are needed, offering insights into the future of high-performance web appli-

cations.  
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Introduction. The introduction of WebAssembly 

(Wasm) into the web development landscape marks a 

pivotal evolution in the efficiency and capability of web 

applications. Engineered as a low-level binary format, 

WebAssembly enables code to be executed at speeds 

nearing that of native applications, a significant ad-

vancement over traditional JavaScript (JS) execution. 

This breakthrough addresses critical performance bot-

tlenecks encountered in web applications, particularly 

in contexts requiring heavy computation, such as video 

processing, gaming, and simulation.  

WebAssembly was initially designed to comple-

ment JavaScript by allowing developers to run perfor-

mance-sensitive code in the browser without abandon-

ing the vast ecosystem of JavaScript frameworks and 

libraries. It has rapidly evolved from a novel concept to 

a core component supported by all major browsers, re-

flecting a broad consensus on its utility and potential. 

By compiling high-level languages like C, C++, and 

Rust to a format that web browsers can execute effi-

ciently, WebAssembly bridges the gap between web 

and desktop application performance, redefining what 

browsers can achieve.  

This article not only traces the genesis and devel-

opment of WebAssembly but also critically examines 

its current implementation across various platforms and 

browsers. We explore its profound impact on the web 

development ecosystem, detailing how it integrates 

with existing web technologies and how it has been 

adopted by the developer community. Further, we 

delve into a comprehensive performance analysis of 

WebAssembly applications, comparing them against 

traditional JavaScript implementations across multiple 

dimensions such as execution speed, efficiency, and 

scalability. 

Background. The relentless pursuit of enhanced 

web performance has continually shaped the landscape 

of web development technologies. Within this evolving 

context, WebAssembly (Wasm) has emerged as a 

groundbreaking standard, poised to redefine the perfor-

mance capabilities of web applications. Initially con-

ceived to work alongside JavaScript, WebAssembly of-

fers a binary instruction format that enables code to run 

at near-native speeds within modern web browsers. 

Historically, web performance optimization strategies 

have ranged from resource minification and bundling 

to the adoption of advanced protocols like HTTP/2. The 

advent of Ajax marked a significant shift, transforming 

the web from a collection of static pages into a platform 

capable of supporting dynamic, application-like expe-

riences [1]. This evolution set the stage for increasingly 

complex web applications, which, in turn, highlighted 

the performance limitations inherent to JavaScript, es-

pecially for computationally intensive tasks. WebAs-

sembly's introduction was a response to these limita-

tions, providing developers with a tool capable of com-

piling code from high-level languages like C, C++, and 

Rust into a binary format that can be executed effi-

ciently by the web browser. This capability not only 

opens up new possibilities for web application devel-

opment but also enables the porting of existing desktop 

applications to the web without significant losses in 

performance. The potential of WebAssembly extends 

beyond mere performance improvements. It represents 

a paradigm shift in web development, where applica-

tions can achieve performance levels previously re-

served for native applications, all while maintaining the 

cross-platform accessibility that defines the web. This 

shift not only enhances user experiences but also broad-

ens the horizon for what can be achieved within the 

confines of a web browser [3]. 

Challenges and consdirations. Integrating 

WebAssembly into web applications presents a unique 

set of challenges. Despite its cross-browser support, 

discrepancies in browser implementations can impact 

the consistency and performance of WebAssembly ap-

plications. Additionally, the tooling for debugging and 

optimizing WebAssembly is still developing, which 
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may pose difficulties in diagnosing and refining appli-

cations. Security also becomes a complex issue due to 

the varied nature of the codebases that can be compiled 

to WebAssembly, requiring stringent security practices 

to manage potential vulnerabilities. Furthermore, there 

is a steep learning curve associated with WebAssembly 

for developers accustomed to high-level languages like 

JavaScript, not to mention the complexity added by in-

tegrating multiple programming languages within a sin-

gle application. 

Methodology. To systematically assess the per-

formance of WebAssembly applications, our study em-

ployed a comprehensive benchmarking approach, jux-

taposing these with traditional JavaScript implementa-

tions across various metrics. This methodology 

involved the creation of a controlled testing environ-

ment, selection of representative test cases, and the de-

ployment of a multi-dimensional performance analysis 

framework.  

We established a standardized test environment to 

ensure consistency and reproducibility of results. This 

environment included:  

 Browsers: Latest versions of Chrome, Firefox, 

and Safari, to account for potential cross-browser per-

formance variances.  

 Hardware: Tests were conducted on identical 

hardware setups, featuring an Intel Core i7 processor 

with 16GB RAM, to minimize hardware-induced per-

formance disparities.  

Benchmark Design. Benchmarks were tailored to 

evaluate both computational performance and real-

world usability:  

Computational Benchmarks: Utilized synthetic 

tests to measure raw computational power, focusing on 

CPU-intensive tasks such as sorting algorithms (e.g., 

Quicksort), mathematical computations (Fibonacci se-

quence generation using dynamic programming), and 

graphics rendering (Mandelbrot set). The execution 

time T was measured for each task, providing a direct 

performance comparison between WebAssembly and 

JavaScript. 

𝑇 = 𝑡𝑓𝑖𝑛𝑖𝑠ℎ − 𝑡𝑠𝑡𝑎𝑟𝑡 ,  Where 𝑡𝑠𝑡𝑎𝑟𝑡 and 𝑡𝑓𝑖𝑛𝑖𝑠ℎ rep-

resent the timestamps at the beginning and end of the 

task execution, respectively.  

Real-World Application Benchmarks: Involved 

the deployment of full-scale web applications, includ-

ing a 3D game and a video encoding application, to 

evaluate performance in scenarios reflective of actual 

user experiences. Key metrics included load time L, de-

fined as the time from initiating the application load to 

full readiness for user interaction, and frame rate F for 

graphical applications, indicating the number of frames 

rendered per second [5]. 

𝐿 = 𝑡𝑟𝑒𝑎𝑑𝑦−𝑡𝑖𝑛𝑖𝑡,  

𝐹 =
1

𝑡𝑓𝑟𝑎𝑚𝑒
  1  Where 𝑡𝑟𝑒𝑎𝑑𝑦   is the timestamp 

when the application is fully loaded, 𝑡𝑖𝑛𝑖𝑡  is the initial 

load request timestamp, and 𝑡𝑓𝑟𝑎𝑚𝑒  is the average time 

taken to render a single frame.  

Performance Metrics. The study employed a range 

of metrics to provide a holistic view of performance, 

including:  

Execution Speed: Time taken to complete speci-

fied computational tasks or application functions.  

Memory Usage: Measured using the browser's 

performance monitoring tools to assess the efficiency 

of memory allocation and usage.  

Load Time: For real-world applications, the time 

from initiating the application load to full operational 

status was recorded.  

User Experience Metrics: Frame rate for graphical 

applications and responsiveness for interactive applica-

tions were evaluated to gauge the user-perceived per-

formance.  

This comprehensive methodology enabled a nu-

anced analysis of WebAssembly's performance, 

providing valuable insights into its capabilities and lim-

itations relative to traditional JavaScript-based imple-

mentations [6]. 

4. Performance Analysis. Our comprehensive 

evaluation of WebAssembly (Wasm) applications' per-

formance encompassed both computational bench-

marks and real-world application testing. This analysis 

facilitated a direct comparison with traditional JavaS-

cript (JS) implementations, revealing critical insights 

into the efficiency and potential use cases for Wasm in 

web development. 

Computational Benchmarks 

The core of our computational benchmarks fo-

cused on algorithmic and processing-intensive tasks. 

We defined a set of n computational tasks 

{C1, C2, . . . , Cn}, where each task Ci was executed both 

in Wasm and JS environments. The execution time 

TWasm,i and TJS,i  for each task in Wasm and JS, respec-

tively, were recorded. 

The performance ratio 𝑅𝑖for each task was calcu-

lated as follows: 

𝑅𝑖 =
TJS,i 

TWasm,i 

 

A 𝑅𝑖 > 1indicates a performance advantage for 

Wasm over JS for the task, whereas 𝑅𝑖 < 1 suggests JS 

is more efficient for that particular task. 

Real-World Application Benchmarks 

For real-world application benchmarks, we con-

sidered m applications {𝐴1, 𝐴2, … , 𝐴𝑚}, encompassing 

a range of use cases from graphics rendering to data 

processing. Key performance metrics included applica-

tion load time 𝐿𝐴 and frame rate 𝐹𝐴 for graphical appli-

cations, measured in frames per second (FPS). 

The load time differential Δ𝐿𝐴𝑖, and frame rate im-

provement factor Δ𝐼𝐹𝐴𝑖
for each application 𝐴𝑖  were 

calculated as: 

Δ𝐿𝐴𝑖
= 𝐿𝐴𝑖,𝐽𝑆

− 𝐿𝐴𝑖,𝑊𝑎𝑠𝑚
 

𝐼𝐹𝐴𝑖
=

𝐹𝐴𝑖,𝑊𝑎𝑠𝑚

𝐹𝐴𝑖,𝐽𝑆

 

Where 𝐿𝐴𝑖,𝐽𝑆
 and 𝐿𝐴𝑖,𝑊𝑎𝑠𝑚

represent the load times 

for application 𝐴𝑖 in JS and Wasm, respectively, and 

𝐹𝐴𝑖,𝐽𝑆
 and 𝐹𝐴𝑖,𝑊𝑎𝑠𝑚

 are the corresponding frame rates. 

Aggregate Performance Analysis 

To derive an aggregate view of the performance 

impact of WebAssembly, we calculated the mean per-

formance ratio 𝑅̅ across all computational tasks and the 
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mean improvement factors 𝛥𝐿̅̅̅̅  and 𝐼𝐹̅  for real-world ap-

plications: 

𝑅̅ =
1

𝑛
𝛴𝑖=1

𝑛 𝑅𝑖 

𝛥𝐿̅̅̅̅ =
1

𝑚
𝛴𝑖=1

𝑚 𝛥𝐿𝐴𝑖
 

𝐼𝐹̅ =
1

𝑚
𝛴𝑖=1

𝑚 𝐼𝐹𝐴𝑖
 

These aggregate metrics provide a holistic assess-

ment of WebAssembly's performance, elucidating its 

strengths and areas for improvement when juxtaposed 

with traditional JavaScript implementations. The re-

sults underscored the scenarios where WebAssembly's 

near-native execution speeds offer the most significant 

benefits, particularly in computational-heavy tasks and 

applications demanding high graphical fidelity and re-

sponsiveness [4]. 

Statement of the problem and a solution 

method. The development of complex web applica-

tions has increasingly encountered performance limita-

tions due to the inherent constraints of JavaScript, the 

traditional language of the web. JavaScript, while 

highly flexible and supported universally by web 

browsers, operates within an interpreted environment 

which can lead to inefficiencies, particularly with CPU-

intensive tasks such as image processing, cryptographic 

operations, and physics simulations. These perfor-

mance bottlenecks significantly affect user experience, 

leading to slow response times and decreased interac-

tivity, especially in applications demanding high com-

putational resources. Moreover, as web applications 

grow in sophistication, mirroring desktop applications 

in functionality and complexity, the need for a more 

performant solution within the browser environment 

becomes critical. Developers have attempted various 

optimization techniques, such as JavaScript just-in-

time (JIT) compilation and asynchronous program-

ming, but these methods often provide incremental im-

provements and may still fall short of the requirements 

for modern web-based applications. 

Proposed Solution Method. WebAssembly of-

fers a compelling solution to these challenges. As a bi-

nary instruction format, it allows code to be executed at 

near-native speeds, significantly improving the perfor-

mance of web applications. The primary method of in-

tegrating WebAssembly into web development in-

volves the following strategic approach:  

1. Compilation of High-Level Languages: De-

velopers can write performance-critical components in 

languages like C, C++, or Rust, which are then com-

piled into WebAssembly. This process leverages the ro-

bust, established ecosystems of these languages, in-

cluding their performance optimizations and mature 

toolchains.  

2. Integration with JavaScript: WebAssembly 

modules are designed to be integrated seamlessly into 

existing JavaScript applications. This integration al-

lows WebAssembly to handle performance-intensive 

tasks while JavaScript manages UI/UX and interactions 

with web APIs. The interoperability between JavaS-

cript and WebAssembly ensures that developers can in-

crementally adopt WebAssembly without needing to 

overhaul existing applications.  

3. Optimization and Testing: Rigorous bench-

marking and performance testing are essential to opti-

mize WebAssembly implementations. This involves 

comparing the WebAssembly module’s performance 

against its JavaScript counterpart, identifying bottle-

necks, and refining the code. Tools and frameworks de-

veloped specifically for WebAssembly can assist in 

profiling and debugging these applications.  

4. Deployment and Iterative Improvement: Once 

optimized, WebAssembly applications can be deployed 

as part of web applications. Continuous monitoring and 

iterative improvements based on real-world usage data 

can further enhance the performance and user experi-

ence. 

Conclusion. WebAssembly represents a trans-

formative advancement in the landscape of web devel-

opment, significantly enhancing the performance of 

web applications where traditional JavaScript has fallen 

short. Its ability to execute at near-native speeds pro-

vides clear benefits in scenarios that require heavy 

computation, such as video processing, gaming, or any 

application that demands high levels of interactivity 

and responsiveness.  

Despite these advantages, WebAssembly is not a 

universal remedy for all web performance issues. It ex-

cels in specific use cases where the overhead of tradi-

tional JavaScript becomes a bottleneck, making it an 

excellent choice for optimizing parts of an application 

rather than replacing entire systems. Developers must 

carefully assess the needs of their projects to determine 

where the introduction of WebAssembly can provide 

the most benefit without introducing unnecessary com-

plexity.  

This study has laid the groundwork for under-

standing WebAssembly's performance characteristics 

through rigorous testing and analysis. It has highlighted 

the scenarios in which WebAssembly outperforms Ja-

vaScript, providing a quantitative basis for its adoption 

in performance-critical applications. However, the 

broader implications of integrating WebAssembly in-

volve not only technical considerations but also strate-

gic decisions related to development workflows, tool-

ing, and long-term maintenance.  

For developers, researchers, and technologists, the 

insights gained from this study are invaluable in navi-

gating the evolving web ecosystem. They offer a 

roadmap for leveraging WebAssembly's capabilities to 

enhance application performance while being mindful 

of the potential challenges and pitfalls. As the web con-

tinues to evolve, the role of WebAssembly is likely to 

expand, opening new horizons for innovative web ap-

plication development that pushes the boundaries of 

what can be achieved within a browser environment.  

In conclusion, WebAssembly is a potent tool for 

optimizing web applications, yet its deployment should 

be approached with a strategy that balances perfor-

mance gains against application complexity and devel-

opment overhead. This nuanced approach will enable 

developers to harness the full potential of WebAssem-

bly in advancing the frontiers of high-performance web 

applications. 

 

  



Norwegian Journal of development of the International Science No 131/2024 137 

References: 

1. "Bringing the Web up to Speed with 

WebAssembly" by Haas et al. (2017)  

2. "WebAssembly: A New World of Native Web 

Applications" (2017) 

3. "WebAssembly: High Performance 

Applications on the Web" (2018) 

4. "Comparative Performance Analysis of 

WebAssembly and JavaScript" (2019) 

5. "Programming WebAssembly with Rust" by 

Kevin Hoffman (2019) 

6. "WebAssembly in Action" by Gerard Gallant 

(2019) 

7. "The Road to WebAssembly" by Lin Clark 

(blog post, 2017). 

8. Papers from computing conferences such as 

ACM's SIGPLAN conference on Systems, 

Programming, Languages, and Applications: Software 

for Humanity (SPLASH), notably around (2018-2022) 

9. Journals like the ACM Transactions on the 

Web, which might feature studies on WebAssembly's 

performance and evolution, articles from (2017-

present) 

10. "Inside WebAssembly: The Future of Fast 

Web Apps" by Colin Eberhardt (2020) 

  


