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ECMAScript 3 or ES3:

A Comprehensive Analysis of its Definition, History,
Features, and Legacy

1. Introduction: Understanding ECMAScript 3

ECMAScript, often abbreviated as ES, stands as a pivotal standard for scripting
languages, with JavaScript being its most widely recognized implementation.’ This
standard, meticulously documented by Ecma International in the ECMA-262
specification, ensures a level of interoperability across different web browsers and
other environments that support the language.’ The formal journey towards creating
this standard commenced in November 1996, driven by the burgeoning need for a
universal scripting language to enhance the interactivity of the World Wide Web.' The
very term "ECMAScript" was conceived as a compromise, a neutral designation
agreed upon by Netscape Communications and Microsoft, whose early, yet often
competitive, involvement was instrumental in shaping the language.’ At its core, the
ECMAScript specification meticulously defines the language's syntax—the precise
rules governing how code is structured and written—and its semantics—the
underlying meaning and behavior dictated by that code. It is crucial to distinguish
between "ECMAScript," the standard itself, and "JavaScript,” which, in the context of
web browsers, often encompasses not only the core language but also a rich
collection of Web APIs, such as the Document Object Model (DOM), that are essential
for creating dynamic and interactive web experiences.’

The standardization process of ECMAScript has evolved over time. Initially,
specifications were typically published every few years and were identified by major
version numbers, such as ECMAScript 3 (ES3) and ECMAScript 5 (ES5). However, with
the release of ECMAScript 6 (ES6), also known as ECMAScript 2015, the naming
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convention shifted towards annual releases denoted by the year of publication, for
example, ES2017.° These editions undergo a rigorous approval process by the ECMA
General Assembly on a yearly basis, reflecting a commitment to continuous
improvement and adaptation.® The ongoing maintenance and updating of the
ECMAScript standard are the responsibility of dedicated specification editors, with
the most current versions of the ECMA-262 document readily accessible on the TC39
(Technical Committee 39) website.? The initial impetus for standardizing JavaScript
can be traced back to Netscape's formal submission of the language to the European
Computer Manufacturers Association (ECMA) in an effort to foster a greater degree of
consistency and interoperability across the increasingly diverse landscape of web
browsers." The selection of the name ECMAScript was a strategic move to navigate
potential trademark issues associated with the widely recognized term "JavaScript".?
The primary goal of this standardization was to establish a common and unified
foundation for scripting languages, ensuring a more predictable and consistent
development environment across the various browser platforms.? The international
recognition of the ECMAScript standard is further underscored by its adoption as
ISO/IEC 16262.* Recognizing the need for the language in resource-constrained
environments, a specific subset of ES3 was also defined as the ECMAScript Compact
Profile (ES-CP or ECMA-327)." To ensure that implementations of the ECMAScript
standard adhere to the specifications, the Test262 test suite was developed as a
comprehensive conformance test.’

The evolution of ECMAScript began with the first edition (ES1) in June 1997, followed
by the second edition (ES2) in June 1998, which primarily focused on editorial
revisions to achieve full alignment with the ISO standard.® ECMAScript 3 (ES3), the
subject of this report, represents the third major iteration of the standard and was
formally adopted in December 1999.° Building upon the foundations laid by its
predecessors, ES3 was based on the implementation of JavaScript 1.2 as found in
Netscape Navigator 4.0 and introduced several pivotal features, most notably
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powerful regular expressions and significantly enhanced string handling capabilities.”
Following the release of ES3, there was a notable period of relative stability in the
ECMAScript standard, with the next major version, ES5, not appearing until 2009,
marking a decade of reliance on ES3.° During this interim, an ambitious project to
develop ECMAScript 4 (ES4) was initiated but ultimately abandoned in 2008 due to
fundamental disagreements concerning the language's complexity and scope.® ES5,
which eventually emerged, adopted a more incremental approach, prioritizing stability
and performance improvements while introducing key features such as strict mode
and native support for JSON.® A more transformative phase in ECMAScript's history
began with the release of ECMAScript 6 (ES2015), which brought about substantial
changes and enhancements to the language, including the introduction of lexical
block scoping through let and const, arrow functions, class declarations, modules,
and promises.® Since the advent of ES6, ECMAScript has transitioned to an annual
release cadence, with new versions being published every June, incorporating
features that have successfully navigated the rigorous multi-stage proposal process
managed by TC39.'

This report aims to provide a comprehensive and in-depth analysis of ECMAScript 3. It
will delve into the definition and historical context surrounding its development,
explore its key features and syntax specifications, compare and contrast it with
subsequent versions, examine its common use cases and applications, investigate its
limitations and drawbacks, research its current relevance in the ever-evolving
landscape of web development, and finally, consider the security implications
associated with its continued use.

2. The Genesis of ES3: Historical Context

The inception of JavaScript in May 1995 by Brendan Eich at Netscape
Communications marked the beginning of a transformative era for the World Wide
Web, with the language reportedly being developed in a mere ten days.’ Initially
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codenamed Mocha, it was subsequently renamed LiveScript before settling on the
name JavaScript, a strategic marketing decision intended to capitalize on the
burgeoning popularity of Sun Microsystems' Java, despite the fundamental
differences between the two languages.® The primary motivation behind JavaScript's
creation was to introduce dynamic capabilities to web browsers, thereby enriching the
predominantly static content of HTML and fostering more interactive user
experiences.' However, the web development landscape became more complex with
Microsoft's introduction of its own JavaScript implementation, known as JScript, for its
Internet Explorer browser. This divergence in language implementations led to a
period often referred to as the "browser wars," where the inconsistencies between
Netscape's JavaScript and Microsoft's JScript created significant challenges for web
developers striving to ensure their websites functioned correctly across different
browsers." During the mid-1990s, Netscape Navigator held a dominant position in the
web browser market %, but by the early 2000s, Microsoft's Internet Explorer had
gained significant traction and eventually surpassed Netscape in market share.™

Recognizing the growing need for a standardized scripting language to ensure a more
consistent web development experience, Netscape Communications took the initiative
by submitting JavaScript to the European Computer Manufacturers Association
(ECMA) in November 1996, thereby commencing the formal standardization process.’
Microsoft, while also maintaining its own JScript implementation, actively participated
in these standardization efforts. However, the early sessions were often marked by a
degree of tension and competing priorities between the two dominant players in the
browser market." The name "ECMAScript" itself emerged as a direct consequence of
these dynamics, serving as a politically neutral term that avoided direct association
with either Netscape's or Microsoft's proprietary technologies.' Despite their
differences, both JavaScript and JScript provided the foundational technologies and
served as the primary source material upon which the ECMAScript standard was
ultimately built.’
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To facilitate the development and ongoing maintenance of the ECMAScript standard,
ECMA International established Technical Committee 39 (TC39)." This committee
operates based on the principle of consensus, ensuring that all participating member
organizations have a voice in the evolution of the language specification, and it retains
the authority to modify the standard as it deems necessary to meet the changing
needs of the web and software development.®* The process for introducing new
features into the ECMAScript standard involves a structured, multi-stage proposal
system, with each stage representing increasing levels of maturity and completeness
of the proposed feature.’ The first edition of the ECMAScript standard (ES1) was
officially released in June 1997, marking the initial formal step in standardizing the
language.’ The editor credited with the creation of the first edition was Guy L. Steele
Jr..?* Subsequent editions, including the second (ES2) and the third (ES3), were edited
by Mike Cowlishaw.?®

ECMAScript 3, the focus of this analysis, was formally adopted by the ECMA General
Assembly in December 1999." The editorial work on the ES3 specification is primarily
attributed to Mike Cowlishaw, who built upon the foundational work of the earlier ES1
and ES2 standards.” The content and features of the ES3 specification were largely
informed by the implementation of JavaScript 1.2 as it existed in Netscape Navigator
4.0, reflecting the dominant browser technology and scripting capabilities of that
era.” The development of the ECMA-262 standard, which encompasses all editions of
ECMAScript including ES3, was a collaborative undertaking that involved numerous
individuals from a diverse range of organizations within the computing and technology
industries. Key contributors to this effort included prominent figures such as Brendan
Eich, the original inventor of JavaScript, Mike Cowlishaw, the editor of ES3, and many
other representatives from companies such as Netscape, Microsoft, IBM,
Hewlett-Packard, and Sun Microsystems.?

3. Dissecting ES3: Key Features and Syntax
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ECMAScript 3 laid the groundwork for a robust scripting language with a set of
fundamental syntax elements. Variables were declared using the var keyword, and
their scope was limited to the function in which they were defined.' The language
supported several primitive data types, including Number for representing numeric
values, String for sequences of characters, Boolean for logical true or false values,
Null to indicate the intentional absence of a value, and Undefined to signify that a
variable has been declared but not yet assigned a value.® Additionally, the Object type
allowed for the creation of more complex data structures capable of holding
properties and methods.? ES3 provided a comprehensive set of operators, including
arithmetic operators for performing mathematical calculations, assignment operators
for assigning values to variables, comparison operators for evaluating relationships
between values, logical operators for combining boolean expressions, and bitwise
operators for manipulating data at the level of individual bits.?” Control flow within ES3
scripts was managed through a variety of statements that enabled conditional
execution of code blocks using if, else, and switch statements, as well as the creation
of loops for repetitive tasks using for, while, and do-while statements.®

A significant addition in ECMAScript 3 was the introduction of regular expressions, a
powerful tool for pattern matching and text manipulation.® These patterns could be
defined either as regular expression literals, enclosed in forward slashes (e.g., /abc/),
or by using the RegExp constructor (e.g., new RegExp("abc")).®' ES3 regular
expressions supported a wide range of syntax for matching specific characters,
including character sets, quantifiers to specify the number of occurrences, and
anchors to define positions within the string.?” Methods such as test(), which returned
a boolean indicating if the pattern was found in a string, and exec(), which returned an
array with the match details or null if no match was found, provided the means to
utilize these patterns in scripts.®

For handling runtime errors, ES3 introduced the try...catch statement.® Code that
might potentially throw an error could be placed within a try block. If an error
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occurred during the execution of this code, control would immediately pass to the
catch block, which contained instructions on how to handle the error.? The catch block
received an error object, providing information about the type and nature of the
error.®® ES3 also supported an optional finally block, which could follow the try and
catch blocks. The code within the finally block was guaranteed to execute regardless
of whether an error occurred or was caught, making it suitable for cleanup tasks.®°

ECMAScript 3 provided support for object-oriented programming through a
prototype-based inheritance model.’ In this paradigm, objects could inherit properties
and methods from other objects, known as prototypes, forming a chain of inheritance.
The this keyword in ES3 referred to the object in which the current code was being
executed, often the object that owned the method being called.” The specific value
of this was dynamically determined based on how the function was invoked.”®
Although ES3 lacked the class syntax introduced in later versions, developers could
simulate classes using constructor functions and by manipulating the prototype
property of these functions.”

Arrays in ES3 were supported as ordered collections capable of holding values of any
type." Basic array operations included accessing elements by their index and
determining the size of the array using the length property.”” Functions in ES3 were
treated as first-class citizens, allowing them to be assigned to variables, passed as
arguments to other functions, and returned as values.' ES3 supported both function
declarations and function expressions, providing flexibility in how functions could be
defined and used."® The concept of closures was also part of ES3, enabling functions
to retain access to variables from their outer scope even after the outer function had
completed its execution.’

4. ES3 Compared: Evolution to ES5 and ESé

ECMAScript 5, released in 2009, introduced several key features and improvements
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over ES3.° One of the most significant additions was “strict mode," a directive that
enforced stricter parsing and error handling, leading to more robust and maintainable
code. ES5 also brought native support for JSON (JavaScript Object Notation), a
lightweight data-interchange format, with built-in methods for parsing JSON strings
and converting JavaScript objects to JSON. The capabilities for working with arrays
were significantly enhanced with the introduction of methods like forEach, map, filter,
reduce, every, some, indexOf, lastindexOf, and isArray, providing more functional and
concise ways to manipulate array data. ES5 also added the String.trim() method for
easily removing whitespace from the beginning and end of strings. Furthermore, ES5
introduced the ability to define getters and setters for object properties, allowing for
more controlled access and modification of object attributes. Finally, ES5 provided
more fine-grained control over the properties of objects through new methods in the
Object namespace, such as defineProperty, create, and keys.

ECMAScript 6 (ES2015), released in 2015, represented a monumental leap forward in
the evolution of JavaScript.’ It introduced block-scoped variables using let and const,
which helped to mitigate the issues associated with var's function scope. Arrow
functions provided a more concise syntax for writing functions and also addressed
some of the complexities of the this keyword. ES6 brought a more structured
approach to object-oriented programming with the introduction of classes, although
JavaScript's underlying prototype-based inheritance model remained. For better code
organization and modularity, ES6 introduced a native module system with the import
and export keywords. Handling asynchronous operations was greatly improved with
the introduction of Promises, offering a more elegant alternative to callbacks. ESé also
included template literals for easier string interpolation, destructuring for convenient
value extraction from arrays and objects, default and rest parameters for functions,
the spread operator for expanding iterables, iterators and the for...of loop for iterating
over various data structures, generators for simplifying the creation of iterators, new
collection types like Map and Set, and symbols for creating unique object properties.
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Feature ES3 (1999) ES5 (2009) ES6 (2015)
Strict Mode No Yes Yes
JSON Support No Yes Yes
Array Methods No Yes Yes
(forEach, map, filter,
reduce, etc.)
String.trim() No Yes Yes
Getters/Setters No Yes Yes
Object Property Limited Yes Yes
Control
let and const No No Yes
Arrow Functions No No Yes
Classes No No Yes
Modules No No Yes
Promises No No Yes
Template Literals No No Yes
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Destructuring No No Yes
Maps and Sets No No Yes
Symbols No No Yes

5. Applications in Practice: Use Cases of ES3

ECMAScript 3 served as the foundational scripting language for client-side web
development for a significant period, powering the interactivity of web pages across a
wide range of browsers prevalent in the early to mid-2000s, including Internet
Explorer, Netscape Navigator, and the initial versions of Firefox, Chrome, and Safari." It
played a crucial role in enabling Dynamic HTML (DHTML) techniques, allowing
developers to dynamically modify the content and styling of web pages in response to
user interactions and other events.'* The Asynchronous JavaScript and XML (AJAX)
methodology, which significantly enhanced the responsiveness of web applications,
heavily relied on ES3's capabilities, particularly the XMLHttpRequest object, to
facilitate background communication with servers and update specific parts of a web
page without requiring a full reload.** ES3 was also extensively used for implementing
fundamental client-side functionalities such as form validation to ensure the integrity
of user input before submission, creating basic animations to improve user
engagement, and handling a variety of user interactions, including mouse clicks,
keyboard inputs, and form submissions.”’

While the widespread use of JavaScript for server-side scripting gained prominence
with the advent of Node.js (which utilizes more modern JavaScript engines), there
were earlier server-side JavaScript environments that likely leveraged ES3 interpreters
or similar technologies." Notably, Google Apps Script, in its initial iterations, was based
on the ECMA-262 3rd Edition, providing a specific example of ES3's application in a

10



Advanced Research Paper ES3

ECMAscript 3 "Qwirey

Date: March 28 2025
Revision: v8

non-browser, server-like environment for automating tasks and extending the
functionality of Google's suite of productivity applications.'’

During the ES3 era, a number of significant web development frameworks and
libraries emerged to address the challenges of cross-browser compatibility and to
streamline common development tasks. Prominent examples include libraries such as
jQuery, Prototype, Dojo Toolkit, and Mootools. These tools, built upon the foundation
of ES3, offered developers abstractions that helped to normalize the inconsistencies
found across different web browsers' JavaScript implementations, especially in areas
like Document Object Model (DOM) manipulation and event handling.® While
AngularJS gained significant traction later, its initial versions were built upon the
principles and capabilities provided by ES3 and ES5, further illustrating the evolving
landscape of JavaScript frameworks."*® Moreover, Dynamic HTML (DHTML) itself can
be considered an early form of "framework" or a collection of techniques that heavily
utilized ES3 to create more interactive and dynamic web experiences.'*

Beyond the realm of web development, the ECMAScript standard, including the core
features of ES3, found applications in various other domains. The existence of the
ECMAScript Compact Profile (ES-CP), a specification specifically designed as a strict
subset of ES3 for use in resource-constrained devices, suggests its potential
application in embedded systems and other environments where computational
resources were limited." Additionally, ActionScript, the scripting language employed
by Adobe Flash for creating interactive multimedia content, and JScript, Microsoft's
implementation of ECMAScript used in environments such as Windows Script Host for
system scripting and automation, were both based on the ECMAScript standard,
including the features defined in ES3, and were utilized in numerous non-web
contexts.' Furthermore, ECMAScript for XML (E4X) was introduced as an extension to
ECMAScript, providing specific functionalities for working with and manipulating XML
documents, indicating its potential use in applications that involved XML data

11
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processing.”

6. The Limitations of ES3: Why Modern JavaScript Evolved

ECMAScript 3, while a significant step in standardizing JavaScript, possessed several
limitations in its language features and syntax that increasingly hindered the
development of more complex and sophisticated web applications. One of the
primary shortcomings was the function-level scope of variables declared using the
var keyword. This scoping behavior often led to issues such as variable hoisting,
where variables could be accessed before their actual declaration in the code, and
the unintentional creation of global variables, which could result in naming conflicts
and make codebases harder to manage and debug, particularly in larger projects.’
Furthermore, ES3 lacked the more concise and structured syntax for object creation
and manipulation that was introduced in subsequent versions of the standard.
Features like classes, enhanced object literals providing shorthand for method and
property definitions, and destructuring for easily extracting values from arrays and
objects were absent, making object-oriented programming more verbose and less
intuitive.’

Asynchronous programming in ES3 was predominantly handled using callbacks, a
pattern that could quickly lead to deeply nested and convoluted code structures,
often referred to as "callback hell," especially when dealing with multiple sequential or
parallel asynchronous operations. This approach made it significantly harder to
manage the flow of asynchronous logic and handle errors effectively compared to the
more structured and readable solutions offered by Promises and the async/await
syntax introduced in later versions.?® ES3 also did not provide built-in support for more
advanced and commonly used data structures like Maps and Sets, which were
introduced in ES6 and offered more efficient and convenient ways to handle key-value
pairs and collections of unique values compared to the traditional use of plain
JavaScript objects for these purposes.' Furthermore, the capabilities for string

12
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manipulation in ES3 were relatively limited compared to the more extensive set of
methods and features that were added in subsequent ECMAScript standards.® Finally,
ES3 lacked a native module system, which made it increasingly challenging to
organize code into reusable and encapsulated components and to manage
dependencies effectively as web applications grew in size and complexity.’

Despite the standardization of ES3, achieving consistent cross-browser compatibility
remained a notable challenge for web developers. Subtle variations in how different
browser engines implemented the ES3 specification could lead to inconsistencies in
the behavior and rendering of web applications across various browsers. This often
required developers to resort to writing browser-specific code or relying on external
JavaScript libraries, such as jQuery, that aimed to abstract away these inconsistencies
and provide a more uniform development experience.® During the "browser wars" era,
the intense competition between Netscape and Microsoft sometimes led to browser
vendors prioritizing proprietary features over strict adherence to web standards,
including ECMAScript, which further complicated the issue of cross-browser
compatibility.™

JavaScript engines have undergone significant evolution since the ES3 era, with
modern engines incorporating sophisticated performance optimizations like
Just-In-Time (JIT) compilation.® These advancements were either not as prevalent or
as refined in the engines that primarily supported ES3. Moreover, ES3 lacked certain
language features that contribute to improved performance in modern JavaScript,
such as Typed Arrays for efficient handling of binary data.’

Finally, ES3 lacked native support for many of the contemporary web development
paradigms and APIs that are now considered standard practice. For instance,
component-based architectures, popularized by frameworks like React, Angular, and
Vue.js, heavily leverage features introduced in ES6 and later, such as classes, modules,
and template literals.* The absence of built-in support for numerous modern Web

13
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APIs further limited the capabilities of ES3 for creating rich and interactive web
experiences.

7. ES3 in the Present: Relevance and Usage Today

Despite the significant advancements in ECMAScript since its release, ES3 still
maintains a degree of relevance in specific contexts. Large enterprise-level
applications, particularly those with long development cycles and strict requirements
for backward compatibility, often with older web browsers like Internet Explorer 8, may
still have substantial portions of their codebase written in ES3."" Additionally, certain
specialized environments, such as some embedded systems or proprietary software
platforms with limited computational resources, might still rely on JavaScript
interpreters that primarily support the ES3 standard or its compact profile.*
Furthermore, legacy web applications that have not undergone significant
modernization efforts might still contain considerable amounts of ES3 code.™

In scenarios where maintaining compatibility with extremely outdated web browsers,
such as Internet Explorer 6, 7, or 8, is a critical requirement, developers might still find
it necessary to target ES3 or to transpile modern JavaScript code to an
ES3-compatible level."? Similarly, specific embedded systems or legacy platforms with
JavaScript engines that only support the ES3 standard might necessitate writing code
that adheres to its specifications.*

When working with existing ES3 code or when the need arises to target ES3
environments, several strategies can be employed. Modern JavaScript code can be
transpiled to ES3 using tools like Babel, which converts newer syntax and features into
equivalent ES3 code.’ Polyfills, which are code snippets that provide implementations
of newer JavaScript features in older environments, can also be used to bring
functionalities from ES5 and later to ES3, although this might come with performance
considerations.' In some cases, developers might opt to use JavaScript libraries that

14
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were specifically designed to be compatible with ES3 to ensure broader support.™' For
long-term maintainability and to leverage the advantages of more modern JavaScript
features, gradually migrating ES3 codebases to newer ECMAScript versions is often
the most recommended approach.®

8. Navigating the Past: Security Considerations with ES3

Given its age, JavaScript engines that primarily support ES3 may contain known
security vulnerabilities that have been addressed in more recent versions.® ES3
inherently lacks some of the security features and browser security mechanisms
introduced in later ECMAScript standards to mitigate common web security threats.
Furthermore, codebases that still rely on ES3 may also depend on older versions of
JavaScript libraries and frameworks, which themselves might contain security
vulnerabilities that have since been discovered and patched in newer releases.

When maintaining or interacting with ES3 code, it is crucial to keep the JavaScript
engine (browser or runtime environment) as up-to-date as possible within the
system's constraints, as newer versions often include patches for known
vulnerabilities. Any third-party libraries or frameworks used in the ES3 codebase
should be thoroughly vetted for known security flaws and updated to the latest
available versions if feasible. Implementing robust server-side security measures is
also essential to compensate for potential client-side vulnerabilities that might exist in
ES3 code. In certain scenarios, isolating ES3 code within sandboxed environments can
help limit the potential impact of security breaches.

For applications where security is a paramount concern, the most effective long-term
strategy is to prioritize the modernization or complete replacement of ES3 codebases
with versions that adhere to more recent ECMAScript standards, such as ES5 or later.
These newer standards often include important security enhancements and are
supported by actively maintained JavaScript engines that receive regular security

15
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updates. If a full upgrade is not immediately feasible, rewriting critical,
security-sensitive portions of the code in a more modern JavaScript version can be a
viable interim step.

9. Conclusion: Reflecting on ES3's Legacy

ECMAScript 3, adopted in 1999, represents a significant milestone in the
standardization of JavaScript, providing core language features that powered the
early interactive web. Its introduction of regular expressions and structured error
handling marked a substantial advancement over previous versions. While ES3 served
as a stable and widely used standard for nearly a decade, the evolution of web
development and the increasing complexity of web applications necessitated further
advancements in the language. Subsequent versions, ES5 and ES6, introduced a
wealth of new features and syntax improvements that addressed many of the
limitations of ES3, leading to more robust, efficient, and developer-friendly code.

ES3's legacy persists today primarily in older systems, particularly in enterprise
environments with strict backward compatibility requirements, and in specific
resource-constrained or embedded systems. Working with ES3 in the present often
involves strategies like transpiling and polyfilling to bridge the gap with modern
JavaScript. However, the age of the standard also raises security considerations,
highlighting the importance of careful maintenance and a potential need for
modernization.

In conclusion, ECMAScript 3 played a crucial role in the history of the web, providing a
foundational scripting language that enabled early web interactivity. While modern
JavaScript has evolved significantly, understanding ES3 offers valuable context into
the language's origins and the driving forces behind its continued development.
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