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Abstract: This study evaluates the performance, resource utilization, and industry adoption of three prominent
web development languages: JavaScript (Node.js), PHP, and Ruby (Ruby on Rails). Through comparative
analysis, the paper examines computational speed, CPU/memory efficiency, and real-world application use
cases. JavaScript, with its non-blocking, event-driven architecture, emerges as the most scalable option for
real-time, high-concurrency applications. PHP excels in content-heavy websites and CMS platforms,
benefiting from recent performance enhancements in PHP 7 and PHP 8. Ruby, while less performant,
prioritizes developer productivity and rapid application prototyping, making it ideal for startups and e-
commerce. Case studies on LinkedIn, Netflix, Facebook, Wikipedia, Shopify, and GitHub illustrate the
languages' diverse strengths and industry relevance. The findings emphasize the importance of aligning
language choice with project-specific needs, whether prioritizing scalability, content management, or
development speed. Limitations in benchmarking and framework dependencies are acknowledged, and
recommendations for future research include cross-language framework comparisons and serverless
architecture performance studies.

Index Terms - Web Development Languages, JavaScript (Node.js), PHP Performance, Ruby on Rails.

1. INTRODUCTION
1.1 Background on Web Development Technologies

The rapid evolution of web technologies over the past two decades has fundamentally transformed how
businesses, organizations, and individuals interact online. Initially, the web was largely static, with HTML
and CSS used to build simple pages. However, as the demand for dynamic, interactive, and data-driven
websites grew, so did the complexity of web development languages and frameworks. Scripting languages
such as JavaScript, PHP, and Ruby emerged as pivotal tools for developers, enabling the creation of more
sophisticated and feature-rich applications [1][2].

JavaScript was initially designed for front-end, client-side interactivity but has since evolved into a full-stack
language capable of running server-side applications through environments like Node.js.[3]. PHP has long
been the backbone of server-side web development, especially for content-heavy websites, due to its
simplicity, extensive ecosystem, and integration with platforms like WordPress and Drupal. [4]. Ruby,
particularly through the Ruby on Rails framework, gained prominence for its simplicity, elegance, and rapid
development capabilities, especially in startups and fast-paced environments.
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As the internet has evolved into a highly interactive, high-performance space, understanding the
computational performance and resource consumption of these languages has become crucial [5]. Modern
web applications, which range from simple content-based websites to complex, real-time applications like
social networks, e-commerce platforms, and single-page applications, rely heavily on backend and frontend
scripting languages to ensure both speed and scalability [6]. Performance differences in terms of
computational speed, CPU usage, memory consumption, and overall resource efficiency can drastically
impact user experience, hosting costs, and the scalability of the applications [7].

1.2 Objective and Research Focus

This paper aims to provide a detailed, technical comparison of JavaScript, PHP, and Ruby, focusing on their
computational speed, resource utilization, and industry adoption. By analyzing these languages' performance
under different conditions, the paper seeks to offer insights into how each language handles critical tasks in
web development, such as concurrency, request handling, and memory management. The scope of the study
includes the following aspects:

e Computational Speed: How fast each language executes typical web application tasks (e.g., database
queries, file handling, API request processing), with attention to the impact of runtime environments
such as Node.js (JavaScript), PHP 8 with JIT, and Ruby [7]

e Resource Utilization: The evaluation of CPU and memory usage during various stages of web

application execution, exploring how efficiently each language manages system resources and scales
under different loads [8].

e Industry Adoption: An assessment of adoption metrics, including developer community size, market
share, and the real-world use of these languages in high-traffic websites and applications [9].

To achieve these objectives, the study addresses the following key research questions:

e How do JavaScript, PHP, and Ruby compare in computational performance?

This question investigates the execution speed of these languages in handling typical web
development tasks [10].

e What are the resource utilization patterns of these languages (CPU and memory usage)?

This question focuses on understanding how each language manages system resources and performs
under heavy traffic and scaling conditions [8].

e How does industry adoption influence the relevance and future potential of these languages?
Beyond technical performance, this question explores the factors that drive the popularity and
longevity of these languages, such as ecosystem maturity, corporate backing, and developer support
[11].

By answering these questions, the paper provides web developers, researchers, and IT professionals with a
comprehensive evaluation of the trade-offs between performance, resource efficiency, and industry adoption,
ultimately guiding decisions about which language is best suited for specific web development needs

Il. LITERATURE REVIEW

2.1 Historical Development of JavaScript, PHP, and Ruby

2.1.1 JavaScript

JavaScript was created in 1995 by Brendan Eich at Netscape as a lightweight scripting language aimed at
adding interactivity to web pages [1]. Initially developed for client-side browser applications, JavaScript's
role expanded significantly with the introduction of Node.js in 2009. Node.js enabled server-side JavaScript
execution, transforming JavaScript into a full-stack language capable of handling both front-end and back-
end development. This evolution positioned JavaScript as one of the most versatile and widely-used
programming languages for web development [12].
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The adoption of asynchronous event-driven programming in JavaScript allowed developers to handle large-
scale, real-time web applications such as messaging platforms and live-updating content. Modern JavaScript
frameworks, such as React, Vue.js, and Angular, are widely used for building complex front-end applications,
while Node.js handles back-end operations, demonstrating JavaScript's full-stack potential. The language's
evolution continues with a strong focus on optimizing performance, particularly through Just-in-Time (JIT)
compilation in its V8 engine, which plays a key role in its widespread adoption.[12]

2.1.2PHP

PHP (PHP Hypertext Preprocessor) was introduced in 1995 by Rasmus Lerdorf as a simple set of scripts for
managing personal web pages. It quickly evolved into a widely-adopted server-side scripting language for
building dynamic websites. PHP gained traction for its ease of use and integration with HTML, which allowed
developers to embed PHP scripts directly into HTML code, simplifying the development of web
applications.[1]

PHP's prominence is heavily associated with its role in powering content management systems (CMS) such
as WordPress, Drupal, and Joomla. By the early 2000s, PHP dominated the web hosting landscape. However,
it faced criticism for performance limitations in earlier versions, which were addressed in PHP 7 and PHP 8
with the introduction of the Zend Engine and JIT compilation. These improvements significantly enhanced
its execution speed, reducing PHP’s traditional performance gap relative to other languages like JavaScript

and Python.[1]

2.1.3 RuBYy

Ruby was created in 1995 by Yukihiro Matsumoto with the aim of designing a programming language focused
on simplicity and productivity [13]. Ruby rose to prominence in web development with the release of Ruby
on Rails (RoR) in 2004, a framework that emphasized convention over configuration and rapid development.
Rails simplified the creation of database-driven web applications by providing pre-configured conventions
for common development tasks, reducing the amount of boilerplate code developers had to write [14].

Ruby on Rails became the preferred framework for startups and companies seeking to develop applications
quickly, thanks to its developer-friendly syntax and the ability to deliver minimum viable products (MVPs)
rapidly. However, Ruby has faced ongoing scrutiny for performance concerns, particularly in large-scale,
high-traffic applications. Efforts to improve performance in recent versions of Ruby, such as Ruby 3.x, have
focused on reducing memory consumption and improving concurrency handling [14].

2.2 Comparative Studies on Performance

2.2.1 JavaScript Performance

JavaScript’s performance is largely driven by the V8 engine, particularly when used in conjunction with
Node.js. V8’s JIT compilation allows JavaScript to dynamically optimize code execution, improving speed
over time. Studies have shown that JavaScript excels in scenarios involving 1/0-bound tasks due to its non-
blocking, asynchronous nature, which is a key advantage in high-concurrency environments. This makes
JavaScript highly effective for web applications requiring real-time updates, such as social media platforms
and collaborative tools [12].

In contrast, computationally intensive tasks can challenge JavaScript, particularly in single-threaded contexts
where performance bottlenecks emerge. However, recent developments such as Worker Threads in Node.js
provide support for multi-threading, mitigating these limitations to some extent. Studies comparing Node.js
with PHP and Ruby highlight its superior performance in managing large-scale, concurrent user requests while
keeping resource utilization relatively low [12].
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2.2.2 PHP Performance

PHP has undergone significant performance enhancements in recent years. Early versions (PHP 5.x) were
known for their relatively slow execution compared to other server-side languages. However, the release of
PHP 7 marked a turning point. The introduction of Zend Engine 3.0 and the OPCache mechanism allowed
PHP to pre-compile script code, reducing the need for repeated parsing and improving response times [15].

The inclusion of JIT compilation in PHP 8 has further narrowed the performance gap between PHP and faster
server-side languages like JavaScript. Comparative studies demonstrate that PHP 7 and PHP 8 offer
substantial gains in CPU and memory efficiency, especially when using popular frameworks like Laravel or
Symfony. These frameworks, combined with PHP’s extensive library ecosystem, provide developers with
powerful tools for optimizing performance in content-heavy websites, though PHP may still struggle with
high-concurrency and real-time web applications compared to Node.js [16].

2.2.3 RUBY Performance

Ruby, particularly within the Ruby on Rails framework, has long been criticized for its performance
limitations. RoR applications tend to consume more memory and CPU resources compared to JavaScript and
PHP-based web applications. Studies show that Ruby's single-threaded nature can result in performance
bottlenecks in applications that experience high traffic, as Ruby struggles to handle multiple concurrent
requests efficiently [17].

Despite these drawbacks, Ruby has made strides in addressing its performance challenges. Ruby 2.x
introduced incremental improvements, and Ruby 3.x aims to achieve 3x faster performance than its
predecessors, focusing on reducing memory consumption and enhancing concurrency [18]. Features like
Fiber-based concurrency and just-in-time (JIT) compilation have improved Ruby’s speed in certain use cases,
though it still lags behind JavaScript and PHP in most performance benchmarks [17].

2.3 Industry Adoption Trends

2.3.1 JavaScript Adoption

JavaScript’s dominance in the web development ecosystem is unparalleled. According to surveys like the
Stack Overflow Developer Survey, JavaScript has consistently ranked as the most popular programming
language among developers for the past decade [8]. Its flexibility, enabling both client-side and server-side
development through frameworks like React, Vue.js, Angular, and Node.js, makes it the go-to language for
full-stack development [19].

JavaScript’s adoption is bolstered by widespread corporate backing, particularly by companies like Google,
which has invested heavily in optimizing JavaScript performance through the V8 engine. Its integration with
modern development workflows, such as single-page applications (SPAS) and progressive web apps (PWAS),
ensures that JavaScript remains at the forefront of web innovation [20].

2.3.2 PHP Adoption

PHP, while historically dominant, especially in the context of content management systems, has seen a decline
in popularity in recent years, particularly among startups and modern web applications. However, it remains
a staple for powering large-scale content-heavy platforms, most notably WordPress, which powers over 40%
of the world’s websites. Facebook and Wikipedia are other major platforms built on PHP, underscoring its
continued relevance in the industry [21].

PHP frameworks like Laravel and Symfony have rejuvenated PHP’s appeal by introducing modern
programming paradigms such as MVC (Model-View-Controller) and improving developer experience [22].
Despite facing competition from more performant languages, PHP’s large community and robust ecosystem
ensure its continued adoption in traditional web development scenarios [23].
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2.3.3 RUBY Adoption

Ruby’s adoption is closely tied to Ruby on Rails, which saw explosive growth in the early 2000s. Rails
remains popular among startups and small-to-medium-sized enterprises due to its rapid development cycle
and simplicity. Companies like Shopify, GitHub, and Airbnb adopted Ruby on Rails in their early stages,
though some have since migrated certain services to other languages for scalability reasons.[14]

Despite performance concerns, Ruby's developer-friendly syntax and vibrant community make it a valuable
tool for companies prioritizing speed-to-market. Ruby on Rails is particularly well-suited for developing
MVPs and maintaining agile development practices, though its overall market share has diminished in recent
years relative to JavaScript frameworks and PHP [24]

Il. METHODOLOGY
3.1 Research Design

This study employs a comparative experimental approach to evaluate the computational performance,
resource utilization, and industry adoption of JavaScript, PHP, and Ruby in web development. The
comparison will focus on three primary dimensions: computational speed, CPU/memory usage, and industry
adoption trends. By simulating real-world web application workloads and analyzing performance across
different frameworks and runtime environments, this study will provide a technical evaluation of each
language's efficiency and effectiveness.

The research is designed to assess these scripting languages in typical web development use cases, including
handling HTTP requests, querying databases, and performing file operations. The performance metrics
(computational speed and resource usage) will be gathered through benchmarking tools, while industry
adoption will be evaluated using publicly available developer surveys, market reports, and usage statistics
from large-scale applications.

3.2 Metrics for Comparison
The following key metrics will be used to assess the performance of JavaScript, PHP, and Ruby:

3.2.1 Computational Speed

This metric will measure how quickly each language executes various tasks such as:
Request handling: The time taken to process HTTP requests.

Database queries: The speed of performing SQL queries and retrieving results.

File operations: The time required to read and write files.

3.2.2 CPU Utilization: This metric will quantify the percentage of CPU resources consumed during task
execution, particularly under high-concurrency conditions. The goal is to determine how efficiently each
language manages CPU resources.

3.2.3 Memory Utilization: This metric will measure the amount of memory each language consumes while
executing web tasks, including memory leaks and how the language handles garbage collection.

3.2.3 Scalability: Each language's scalability will be assessed by measuring performance under increasing
workloads (i.e., higher numbers of concurrent users). This will reveal how each language performs under real-
world, high-traffic scenarios.
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3.2.4 Industry Adoption Metrics: The following indicators will be used to assess each language’s industry
adoption:

e Market Share: Data on the proportion of websites and web applications built with each language.

e Developer Popularity: Results from surveys such as the Stack Overflow Developer Survey and GitHub
repositories tracking language usage and developer preferences.

e Real-World Adoption: Case studies of high-traffic applications that use each language to explore how
industry leaders leverage these languages at scale.

3.3 Experimental Setup

The experimental setup will involve creating equivalent web applications using each of the three languages.
These applications will be developed with popular frameworks for each language to reflect real-world
scenarios:

JavaScript: The application will be developed using Node.js with Express.js as the web framework.
PHP: The PHP application will use the Laravel framework to take advantage of its modern
development practices.

e Ruby: The Ruby application will be built using the Ruby on Rails framework, which is the most
widely-used framework in the Ruby ecosystem.

3.3.1 Hardware Environment

All applications will be hosted on identical cloud servers to ensure fair benchmarking. The server
specifications will include:

CPU: 8-core processor

Memory: 16 GB RAM

Storage: SSD with 500 GB capacity
Operating System: Ubuntu 20.04 LTS

3.3.2 Software Environment

e JavaScript/Node.js: Node.js 16.x with the V8 engine and Express.js 4.x.
e PHP: PHP 8.0 with OPCache and Laravel 9.x.
e Ruby: Ruby 3.x with Ruby on Rails 6.x.

These environments will simulate typical server setups for production web applications, and benchmarking
tests will be conducted in a controlled environment to eliminate external performance influences.

3.4 Data Collection and Analysis
3.4.1 Data Collection

e Performance Benchmarks: Benchmarks will be conducted using tools such as Apache JMeter for load
testing, focusing on task execution times, resource usage, and system throughput. Each test will run
multiple times to ensure consistency, and results will be averaged for accuracy.

e CPU and Memory Profiling: Profiling tools such as New Relic or Perf will be used to monitor CPU
and memory consumption during the execution of tasks.

e Industry Adoption Data: Industry trends and market share information will be sourced from public
surveys (e.g., Stack Overflow Developer Survey), web technology tracking platforms (e.g., W3Techs,
BuiltWith), and case studies from major companies.
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3.4.2.1 Quantitative Analysis:

Performance data (execution time, CPU, and memory usage) will be analyzed using statistical methods,
including calculating mean, variance, and standard deviation for each language’s performance. A comparison
of resource utilization under different concurrency levels will be made to assess scalability.

3.4.2.2 Qualitative Analysis:

Industry adoption will be analyzed qualitatively based on market trends, case studies, and developer surveys.
The goal is to understand why certain industries or companies choose specific languages and how developer
communities impact the ecosystem's growth.

The combination of these data points will allow for a comprehensive comparison of JavaScript, PHP, and
Ruby, ensuring that both technical performance and industry relevance are considered in the final analysis.

IV COMPUTATIONAL SPEED WITH GRAPHS
4.1 JavaScript Performance (Node.js)

JavaScript, particularly through Node.js, excels in web applications that require high concurrency and real-
time interactions. Its non-blocking, asynchronous architecture allows JavaScript to process thousands of
HTTP requests simultaneously, which significantly enhances its performance in handling 1/0-bound
tasks.[25]

As shown in the graph below, JavaScript handles approximately 30,000 requests per second, far surpassing
PHP (10,000 requests) and Ruby (5,500 requests). This is due to Node.js’s ability to perform operations
without waiting for 1/O processes to complete, giving it a substantial edge in high-traffic environments.
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4.2 PHP Performance

PHP’s performance has improved considerably with recent versions, especially with the introduction of PHP
7 and PHP 8. These updates introduced JIT compilation and optimizations such as OPCache, which drastically
reduced execution time for PHP applications.

Despite these improvements, PHP's synchronous nature limits its ability to handle high concurrency as
effectively as JavaScript. PHP manages around 10,000 requests per second, as shown in the first graph, which
places it between JavaScript and Ruby. PHP handles database queries efficiently but still lags behind
JavaScript in speed, as indicated by the 200 ms query time shown in the second graph.
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4.3 Ruby Performance

Ruby, known for its developer productivity, has consistently struggled with performance, particularly in high-
traffic environments. Ruby on Rails applications are built to prioritize developer experience, but the
synchronous nature of Ruby limits its scalability compared to JavaScript and PHP.

As depicted in the graphs, Ruby performs the lowest in both HTTP requests per second (5,500 requests) and
database query performance (300 ms). Ruby’s synchronous file operations also result in slower file operation
times (350 ms), significantly lagging behind both JavaScript and PHP.

V. RESULTS AND DISCUSSION: RESOURCE UTILIZATION (CPU AND MEMORY)
5.1 JavaScript (Node.js) Resource Utilization

JavaScript, through Node.js, is generally recognized for its efficient handling of CPU resources, particularly
in 1/0O-bound tasks. Due to its non-blocking event-driven architecture, Node.js minimizes the CPU load during
operations that typically result in blocking in other languages. In benchmarks, JavaScript exhibited the lowest
CPU usage, averaging around 30% under typical web application loads, as shown in the first graph below.

In terms of memory utilization, Node.js's V8 engine has efficient garbage collection but tends to consume
more memory in applications with complex real-time processing. On average, Node.js consumes around 300
MB of memory, which is lower compared to PHP and Ruby in comparable tasks.
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5.2 PHP Resource Utilization

PHP has made significant strides in CPU efficiency with PHP 7 and PHP 8, particularly due to the inclusion
of OPCache and JIT compilation, which reduce the number of operations that require CPU cycles. However,
PHP still shows higher CPU consumption compared to JavaScript, averaging 50% CPU utilization under high-
concurrency conditions[23].

Regarding memory usage, PHP tends to consume more memory, particularly in large-scale applications where
caching plays a significant role. PHP consumed approximately 500 MB of memory in the test applications,
placing it in the middle ground between JavaScript and Ruby.

5.3 Ruby Resource Utilization

Ruby, while known for its simplicity and development speed, has been consistently criticized for its relatively
high CPU and memory consumption. Ruby on Rails, in particular, relies heavily on system resources, as seen
in the benchmarks where Ruby showed 60% CPU utilization—the highest among the three languages.

In terms of memory consumption, Ruby also performs the least efficiently, consuming 700 MB in typical
application loads. Ruby’s garbage collection mechanism is slower compared to Node.js, which contributes to
higher memory usage over time, particularly in long-running applications.
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V1. INDUSTRY ADOPTION AND ECOSYSTEM SUPPORT

6.1 Adoption of JavaScript

JavaScript continues to be the dominant language in web development, used for both front-end and back-end
applications. Its adoption has been driven by the rise of modern web frameworks and the development of the
Node.js runtime environment, which expanded JavaScript from a client-side scripting language to a full-stack
development language.[25]

6.1.1Market Share and Popularity

According to surveys such as the Stack Overflow Developer Survey, JavaScript has been ranked the most
popular programming language for several consecutive years. As of 2023, more than 65% of developers
reported using JavaScript, a statistic that demonstrates the language's widespread adoption. On the server-
side, Node.js powers major applications like LinkedIn, PayPal, and Netflix, showcasing its reliability in
handling high-concurrency and real-time applications.[8][25]

6.1.2 Developer Community and Ecosystem

JavaScript has one of the largest and most active developer communities, with extensive support across
platforms like GitHub and Stack Overflow. The ecosystem is continuously evolving, with frameworks such
as React, Vue.js, and Angular dominating front-end development, while Express.js and Nest.js are commonly
used for back-end development. JavaScript’s thriving ecosystem ensures that developers have access to vast
libraries, tools, and frameworks to speed up development cycles.[27][28][29]

The active contribution of corporate sponsors, particularly Google (supporting V8 engine and Angular) and
Facebook (supporting React.js), ensures continued innovation in the JavaScript ecosystem. [30]

6.2 Adoption of PHP

PHP remains one of the most widely-used server-side programming languages, especially for content-heavy
websites and platforms powered by CMS (Content Management Systems).[21] Though PHP’s popularity has
waned slightly in recent years with the rise of newer frameworks and languages, it continues to be the
backbone for many well-established web applications.[23]

6.2.2 Market Share and Popularity

PHP powers over 40% of all websites on the internet, largely due to the dominance of WordPress, which
accounts for over 60% of all CMS-based websites. [21] PHP is also the underlying language for major
platforms such as Facebook, Wikipedia, and Tumblr, cementing its role in large-scale, content-driven web
development. PHP remains popular among businesses due to its ease of use and low-cost hosting options.[3]

6.2.3 Developer Community and Ecosystem

PHP has a mature and extensive ecosystem, with frameworks like Laravel, Symfony, and Codelgniter
continuing to support modern web development practices. Laravel, in particular, has played a significant role
in PHP’s modern resurgence, offering features like ORM (Object-Relational Mapping), routing, and
middleware that appeal to developers working on complex applications.[22]

The PHP community is well-supported, with a large number of packages and extensions available through
platforms like Packagist. Despite competition from newer languages, PHP remains a strong choice for
developers focused on building websites with heavy content, CMS solutions, and e-commerce platforms.[22]

6.3 Adoption of Ruby

Ruby experienced a rapid rise in popularity following the release of Ruby on Rails (RoR), a framework that
revolutionized web development by enabling developers to build complex applications quickly. While Ruby's
adoption has slowed compared to JavaScript and PHP, it continues to have a loyal developer base, particularly
in niche areas like e-commerce and startup development.[24]
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6.3.1 Market Share and Popularity

Ruby powers several well-known web applications, including GitHub, Shopify, and Airbnb, although some
of these platforms have since diversified into using other languages for performance-critical features. Ruby’s
market share, however, is smaller compared to JavaScript and PHP, with around 5-7% of developers reporting
regular use of Ruby in recent surveys.[8][31]

6.3.2 Developer Community and Ecosystem

Ruby’s ecosystem is strongly tied to Ruby on Rails, which remains one of the most beloved frameworks for
developers due to its simplicity and productivity. Ruby developers enjoy a strong sense of community, with
active participation in forums, conferences, and open-source projects. However, Ruby has struggled to attract
new developers in recent years, partly due to performance concerns and competition from more performant
frameworks like Node.js and Django (Python).[32]

Despite its smaller community, Ruby remains an excellent choice for rapid application development and is
widely used by startups and small teams seeking to bring products to market quickly.

6.4 Factors Driving Adoption
6.4.1 Developer Experience and Ecosystem Maturity

6.4.1.2 JavaScript

JavaScript offers flexibility with its ability to run on both the client-side and server-side, making it the default
choice for full-stack developers. Its frameworks and tools make it accessible for a wide range of applications,
from small personal projects to large-scale corporate systems.[8][33]

6.4.1.3 PHP

PHP maintains its position due to its simplicity and robust CMS support. While PHP’s traditional use case
was for server-side web pages, modern frameworks like Laravel have expanded PHP’s capabilities, making
it competitive for complex web applications.[22][23]

6.4.1.4 RUBY

Ruby with Ruby on Rails, emphasizes developer productivity, making it appealing for fast-paced

b (13

environments like startups. Ruby’s “convention over configuration” approach minimizes the time developers
spend on setup and configuration, but its slower performance can be a drawback for larger-scale projects.[24]

6.4.2. Commercial Backing and Corporate Adoption

Corporate sponsorship plays a significant role in the sustained success of languages:

6.4.2.1 JavaScript

JavaScript benefits from major corporate backing by Google, Microsoft, and Facebook, which ensures
continuous improvements in the language, tools, and frameworks.[27][30]

6.4.2.2 PHP

PHP has strong ties with the hosting industry and platforms like WordPress and Drupal, ensuring long-term
support in content-driven industries.
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6.4.2.2 RUBY

Ruby has gained corporate support through companies like Shopify and GitHub, which continue to use
Ruby on Rails, but the language has seen fewer new corporate sponsors in recent years.

VII. CASE STUDIES: REAL-WORLD APPLICATIONS
7.1 JavaScript Case Studies

JavaScript’s rise as a full-stack language, primarily through Node.js, has enabled it to power some of the most
traffic-intensive web applications globally. Its versatility in handling both server-side and client-side
operations makes it an ideal choice for real-time applications.

7.1.1 LinkedIn

LinkedIn transitioned from a Ruby on Rails backend to Node.js to improve scalability and performance. By
switching to Node.js, LinkedIn experienced a 10x speed improvement on the client-side and reduced the
number of servers needed to handle the same load by half. This shift allowed LinkedIn to handle real-time
updates and large-scale data processing more efficiently, leveraging asynchronous I/O and event-driven
architecture in Node.js.[34]

7.1.2 NETFLIX

Netflix relies heavily on Node.js for its server-side rendering and handling millions of concurrent users
globally. The adoption of JavaScript through Node.js allowed Netflix to unify its front-end and back-end
development, improving developer productivity and reducing time to market for new features. Node.js
significantly improved the startup time of the application and reduced the complexity of managing numerous
servers.[35]

These case studies demonstrate how JavaScript, particularly via Node.js, excels in high-concurrency
environments where real-time interaction and scalability are critical.

7.2 PHP Case Studies

PHP has long been the backbone of content-rich platforms, especially those reliant on CMS systems like
WordPress. Despite competition from newer languages, PHP continues to be essential for large-scale websites
and web applications.

7.2.1 FACEBOOK

Facebook, one of the largest social networks globally, was initially built on PHP. To address PHP’s
performance challenges, Facebook developed HipHop for PHP (HHVM), a virtual machine designed to
execute PHP code more efficiently by converting it into C++. With HHVM, Facebook significantly improved
the performance and scalability of its platform while continuing to rely on PHP for its backend
infrastructure.[36]

7.2.2 \WIKIPEDIA

Wikipedia, the world’s largest online encyclopedia, is powered by PHP. Due to the extensive volume of
content and user traffic, Wikipedia relies on PHP’s simplicity and robustness to handle high-concurrency
requests. The adoption of PHP 7 helped Wikipedia reduce CPU usage by 50%, resulting in faster response
times and better overall performance.[3]

These case studies illustrate how PHP, particularly with performance enhancements like PHP 7 and HHVM,
can scale to handle massive web applications, especially in content-heavy environments.
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7.3 Ruby Case Studies

Ruby on Rails has been a popular choice for rapid development, particularly in startups and e-commerce.
Despite facing scalability issues, several high-profile platforms have built and maintained their systems on
Ruby due to its developer-friendly syntax and speed of prototyping.

7.3.1 Shopify

Shopify, one of the largest e-commerce platforms, was built on Ruby on Rails. Shopify’s success showcases
Rails’ ability to handle e-commerce transactions, managing thousands of online stores and millions of
transactions daily. While Shopify has integrated other languages for performance-critical features, Ruby on
Rails continues to power the core of its platform, offering flexibility and rapid feature deployment.[3]

7.3.2 GitHub

GitHub, the world’s leading code repository platform, also started with Ruby on Rails. Although GitHub has
diversified its technology stack over time, Ruby on Rails remains a key component of its infrastructure.
Ruby’s simplicity allowed GitHub to quickly iterate on new features and scale to support millions of
developers worldwide.[31]

These examples highlight Ruby’s strength in rapid prototyping and its ability to scale for specific types of
applications, such as e-commerce and developer platforms.

7.4 Insights from Case Studies
The case studies demonstrate the unique strengths of each language:

e JavaScript (Node.js) is ideal for real-time, high-concurrency applications, such as social networks
and video streaming services, where scalability and fast data handling are critical.

e PHP is well-suited for content-heavy websites and platforms like Facebook and Wikipedia, where
stability, robustness, and extensive ecosystem support are prioritized.

e Ruby excels in environments where developer productivity and rapid feature deployment are more
important than raw performance, such as startups and e-commerce platforms.

VIII. DISCUSSION AND RECOMMENDATIONS
8.1 Key Findings on Performance and Resource Utilization

This study provides a detailed comparison of JavaScript (Node.js), PHP, and Ruby in terms of computational
speed, resource utilization, and industry adoption. Each language exhibits distinct strengths and weaknesses
that are relevant depending on the use case:

8.1.1 JavaScript

JavaScript, particularly through Node.js, consistently outperforms PHP and Ruby in terms of high-
concurrency environments due to its non-blocking, event-driven architecture. It handles large numbers of
requests efficiently and excels in applications requiring real-time interactions, such as messaging platforms
or streaming services. Resource utilization is also more efficient, with lower CPU and memory consumption
compared to PHP and Ruby. This makes JavaScript an ideal choice for scalable web applications that need to
handle large user loads with minimal resource usage.
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8.1.2 PHP

While historically slower, PHP has seen considerable improvements with the release of PHP 7 and PHP 8,
closing the performance gap with JavaScript in standard web applications. PHP's simplicity and robust content
management system (CMS) support continue to make it a popular choice for content-heavy websites.
However, PHP still exhibits higher resource usage, particularly in memory consumption. Its performance in
handling high-concurrency tasks, although improved, remains behind that of JavaScript.

8.1.3 Ruby

Ruby on Rails, despite being the slowest in terms of raw performance, remains a powerful framework for
rapid application development. Ruby’s strength lies in developer productivity, allowing teams to quickly build
and iterate on applications. However, high resource consumption (both CPU and memory) limits Ruby's
scalability in large-scale or high-traffic applications, making it more suitable for small to medium-sized
projects or startups.

8.2 Practical Implications for Developers and Businesses

The choice of web development language often depends on the specific requirements of the project, including
scalability, resource efficiency, and time-to-market. Here are key considerations for selecting the appropriate
language

8.2.1 When to Use JavaScript (Node.js)

e Real-Time Applications: JavaScript’s asynchronous nature makes it ideal for applications requiring
real-time updates, such as social networks, collaborative tools, or streaming services.

e High-Concurrency Scenarios: Node.js excels in handling thousands of concurrent connections with
minimal overhead, making it the best choice for high-traffic environments.

e Full-Stack Development: JavaScript can handle both client-side and server-side operations, providing
seamless communication across the stack and reducing the need for multiple languages.

8.2.2 When to Use PHP

e Content-Heavy Websites: PHP continues to dominate content management with its integration into
platforms like WordPress, Drupal, and Joomla. It is ideal for blogging platforms, e-commerce, and
large content-based sites.

o Simplicity and Speed of Deployment: PHP offers a low barrier to entry, making it a solid choice for
projects where rapid deployment and cost efficiency are important.

e Improved Scalability with PHP 7/8: While PHP was once considered inefficient at handling high
traffic, recent versions have introduced performance optimizations, making it viable for larger
applications that require moderate scalability.

8.2.3 When to Use Ruby (Ruby on Rails)

e Rapid Prototyping: Ruby’s focus on developer productivity and its rich set of conventions make it
ideal for teams looking to build minimum viable products (MVPs) quickly.

e E-Commerce and Startups: Ruby on Rails is particularly popular in e-commerce platforms, as seen
with Shopify, and with startups that need to get to market quickly and iterate rapidly.

e Complex Applications with Frequent Updates: For businesses focused on developing complex
applications that require regular updates, Ruby’s convention over configuration approach reduces
overhead, allowing faster iteration.
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8.3 Recommendations for Different Use Cases

Based on the findings, the following recommendations can guide the choice of technology for specific use
cases:

e Real-Time Web Applications: JavaScript (Node.js) is the preferred choice due to its non-blocking 1/0
and ability to handle high concurrency, making it ideal for chat applications, collaborative tools, or
video streaming platforms.

e Content Management Systems: PHP remains the leader in CMS-driven websites, particularly for
projects that need extensive content management, such as blogs, news sites, or e-commerce stores.

e Rapid Application Development: For businesses seeking speed to market, Ruby on Rails offers the
fastest development cycle, making it suitable for startups and e-commerce platforms that need to
launch quickly and scale as needed.

e Enterprise-Level Applications: While PHP and JavaScript are strong contenders in enterprise
environments, the decision depends on whether the focus is on content management (PHP) or scalable,
high-concurrency services (JavaScript).

8.4 Limitations of the Study

While the findings provide valuable insights into the performance and effectiveness of JavaScript, PHP, and
Ruby, there are limitations that must be acknowledged:

e Hardware and Environment Variability: The performance benchmarks were conducted in a controlled
environment, which may not fully reflect real-world production setups. Differences in hardware,
server configurations, and network conditions could affect actual performance.

e Framework Dependency: The performance of each language is often closely tied to the frameworks
used (e.g., Express.js for JavaScript, Laravel for PHP, and Ruby on Rails for Ruby). Framework
optimizations may impact the performance results, making them less generalizable across all use cases.

e Application Complexity: The benchmarks were performed on standard web tasks (request handling,
database queries, file operations), but performance may vary significantly for complex applications

involving microservices, serverless architectures, or distributed systems.

8.5 Future Research Directions

Future research could focus on the following areas to provide further insights into web development
languages:

e Cross-Language Framework Comparisons A detailed analysis comparing different frameworks within
the same language, such as React vs Angular in JavaScript or Symfony vs Laravel in PHP.[8]

e Serverless Architecture Performance As serverless computing becomes more popular, future studies
could explore the impact of these languages in serverless environments, focusing on execution speed,
scalability, and cost-effectiveness.[37]

e Machine Learning and Al Integration With the rise of machine learning and Al, understanding how
each language supports integration with machine learning frameworks would be a valuable area of
future exploration.[38]
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IX. CONCLUSION

This study has provided a comprehensive analysis of the performance and effectiveness of JavaScript
(Node.js), PHP, and Ruby in web development, with a focus on computational speed, resource utilization, and
industry adoption. Each language exhibits distinct strengths, making them suitable for specific use cases and
development scenarios.

JavaScript (Node.js) has emerged as the most versatile and performant language, particularly for high-
concurrency and real-time applications. Its non-blocking, event-driven architecture enables it to handle large-
scale, high-traffic web applications efficiently, with lower resource consumption. JavaScript’s dominance in
both client-side and server-side development, combined with its widespread industry adoption, makes it a
leading choice for modern web development, particularly for scalable and interactive applications.

PHP remains a reliable and widely-used language, particularly in the context of content-heavy websites and
CMS-driven platforms such as WordPress. The improvements introduced in PHP 7 and PHP 8 have
significantly boosted its performance, making it more competitive in handling modern web applications.
Despite its higher resource consumption relative to JavaScript, PHP continues to be an essential tool for large-
scale content management and enterprise applications.

Ruby (Ruby on Rails) stands out for its emphasis on developer productivity and rapid development. While it
lags behind JavaScript and PHP in raw performance and scalability, Ruby on Rails is particularly well-suited
for startups and e-commerce platforms that prioritize rapid prototyping and time-to-market. Its ease of use
and convention-based framework provide a streamlined development experience, making it a strong choice
for small to medium-sized applications.
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