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1. Introduction to Advanced JavaScript
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CHAPTER 01 / COMPUTER SCIENCE




1.1 What is Advanced JavaScript?

Advanced JavaScript refers to the set of concepts, patterns, and language features that go beyond the basics of JavaScript syntax and simple DOM manipulation. It encompasses deep knowledge of the language’s mechanics, sophisticated use of its features, and mastery of modern development paradigms. Being proficient in advanced JavaScript is essential for building robust, performant, and maintainable applications—whether on the front end or back end.


Why Advanced JavaScript Matters

As JavaScript has evolved, so too have the requirements of modern web and server-side applications. Advanced JavaScript knowledge enables developers to:


	Write more efficient, readable, and maintainable code.

	Leverage modern features for improved performance and scalability.

	Debug, optimize, and secure complex applications.

	Collaborate effectively in large-scale, professional development environments.

	Make informed architectural decisions using the latest standards (e.g., ES6+).




💡 Pro Tip: Mastering advanced JavaScript unlocks the ability to contribute to open-source libraries, architect scalable systems, and ace technical interviews for senior engineering roles.





Core Areas of Advanced JavaScript

Advanced JavaScript covers several interconnected domains, including but not limited to:


	Execution Contexts and Scope: Understanding how JavaScript executes code, manages variable lifetimes, and handles closures.

	Asynchronous Programming: Mastery of callbacks, promises, async/await, and the event loop for non-blocking operations.

	Object-Oriented and Functional Programming: Using prototypes, classes, higher-order functions, and immutability.

	Memory Management: Identifying leaks, optimizing garbage collection, and profiling.

	Modules and Code Organization: Structuring large applications with ES Modules, CommonJS, and modern bundlers.

	Security and Testing: Preventing vulnerabilities and ensuring code quality with robust testing strategies.





How Advanced JavaScript Works

Unlike basic JavaScript, which focuses on syntax and simple logic, advanced JavaScript delves into the why and how behind the language’s behavior:


	Execution Contexts: Each function call creates a new execution context, dictating variable scope and the value of this.

	Closures: Functions retain access to their lexical scope even after their parent function has executed.

	Prototypal Inheritance: Objects inherit properties and methods through their prototype chain, allowing for efficient code reuse.

	Async Patterns: JavaScript’s single-threaded model uses the event loop and callback queue to manage asynchronous tasks without blocking the main thread.





Real-World Examples


	Building a Debounce Utility: Efficiently handling rapid user input (e.g., search box) using closures and timers.

	Modular Codebases: Structuring code with ES6 import/export statements for maintainability and scalability.

	Custom Iterators: Implementing the iterable protocol to create objects that work seamlessly with for...of loops.





Step-by-Step: Recognizing Advanced JavaScript in Practice


	Identify advanced features in code: Look for arrow functions, destructuring, spread/rest operators, async/await, and classes.

	Analyze code for scope and closure usage: Trace variable lifetime and accessibility, especially in nested functions.

	Evaluate code modularity: Check for use of modules and separation of concerns.

	Assess asynchronous handling: Determine if promises, async/await, or callbacks are used for non-blocking operations.





Tools, Technologies, and Standards


	ECMAScript (ES6+): The standard defining modern JavaScript features.

	Node.js: Enables advanced JavaScript on the server side.

	Bundlers (Webpack, Rollup): Support modular code and code splitting.

	Linters (ESLint): Enforce best practices and catch advanced anti-patterns.

	Debuggers (Chrome DevTools, VSCode): Essential for tracing advanced execution flows.





Common Edge Cases


	Scope Confusion: Misunderstanding variable hoisting or closure behavior can lead to bugs.

	Async Pitfalls: Improper error handling in promises or async functions may cause silent failures.

	Prototype Pollution: Overriding prototype properties can introduce security vulnerabilities.




⚠️ Common Pitfall: Many developers confuse block scope (let/const) with function scope (var), leading to unexpected variable behaviors in loops and callbacks.





Summary Table: Advanced vs. Basic JavaScript









	Feature/Concept
	Basic JavaScript
	Advanced JavaScript





	Variables
	var
	let, const, destructuring



	Functions
	Simple declarations
	Closures, arrow functions, currying



	Objects
	Simple objects
	Prototypes, classes, inheritance



	Asynchronous Code
	Callbacks
	Promises, async/await, event loop



	Code Organization
	Script files
	Modules, bundlers, code splitting



	Error Handling
	Basic try/catch
	Custom errors, async error handling










1.2 The Role of JavaScript in Modern Development

JavaScript has evolved from a simple scripting language for animating web pages into the backbone of modern web, mobile, and even desktop application development. Its ubiquity and versatility make it a foundational technology in today’s software ecosystem, enabling both client-side and server-side programming.


Why JavaScript Matters


	Universal Runtime: JavaScript runs natively in every major web browser, making it the de facto language for web development. Its adoption has expanded to servers (Node.js), mobile devices (React Native), and even IoT devices.

	Rich Ecosystem: The npm registry, with over 2 million packages, provides solutions for almost every imaginable problem, accelerating development and innovation.

	Community and Support: A vast, active community ensures continuous evolution, abundant learning resources, and rapid support for new standards and APIs.





JavaScript’s Roles in the Development Stack


	Client-Side (Front-End) Development

	Dynamic UIs: JavaScript manipulates the Document Object Model (DOM) to create interactive, responsive interfaces.

	Single-Page Applications (SPAs): Frameworks like React, Vue, and Angular use JavaScript to deliver app-like experiences in the browser.

	Progressive Web Apps (PWAs): Service workers and modern APIs enable offline capabilities and push notifications.




	Server-Side (Back-End) Development

	Node.js: Enables JavaScript to run on servers, handling HTTP requests, databases, and business logic. This allows for full-stack JavaScript development.

	APIs and Microservices: JavaScript is used to build RESTful APIs and scalable microservice architectures.




	Cross-Platform and Mobile Applications

	React Native, Ionic, NativeScript: Allow developers to write JavaScript code that runs on iOS and Android, sharing logic and components across platforms.

	Electron: Enables building cross-platform desktop applications using JavaScript, HTML, and CSS.




	Automation, Tooling, and DevOps

	Build Tools: Webpack, Gulp, and Rollup automate bundling, minification, and asset optimization.

	Testing: Frameworks like Jest and Mocha enable comprehensive test suites for JavaScript code.

	Continuous Integration (CI): JavaScript scripts automate deployment, linting, and testing pipelines.








Real-World Examples


	Gmail and Google Docs: SPAs built with JavaScript frameworks deliver seamless, app-like user experiences.

	Netflix: Uses Node.js for server-side rendering and API management, optimizing performance at scale.

	Slack Desktop App: Built with Electron, leveraging JavaScript to unify the codebase across Windows, macOS, and Linux.





Step-by-Step: JavaScript in a Modern Web App


	User requests a page in the browser.

	HTML, CSS, and JavaScript are delivered from the server.

	JavaScript initializes the app, rendering UI components and fetching data via APIs.

	User interactions (clicks, inputs) trigger JavaScript event handlers, updating the DOM dynamically.

	Background tasks (e.g., data sync, push notifications) are managed using service workers and asynchronous APIs.





Key Technologies and Standards









	Area
	Technologies/Standards
	Example/Use Case





	Front-End
	React, Vue, Angular, Web Components
	Building interactive UIs



	Back-End
	Node.js, Express, Koa
	RESTful APIs, server rendering



	Mobile/Desktop
	React Native, Electron
	Cross-platform apps



	Tooling
	Webpack, Babel, ESLint
	Build, transpile, lint code



	Modern JS Features
	ES6+, TypeScript, WebAssembly
	Async/await, modules, type safety






💡 Pro Tip: Mastering both the browser and server-side JavaScript environments (e.g., DOM APIs vs. Node.js core modules) is essential for full-stack development and exam success.





Edge Cases and Considerations


	Browser Compatibility: Not all browsers implement the latest JavaScript features equally. Tools like Babel transpile modern code for wider support.

	Security: JavaScript’s ubiquity makes it a frequent target for XSS and other attacks. Adhering to secure coding practices is crucial.

	Performance: Inefficient DOM manipulation or poorly managed asynchronous code can degrade user experience, especially on mobile devices.




⚠️ Common Pitfall: Assuming JavaScript behaves the same in all environments. For example, window is undefined in Node.js, and certain APIs (like fs) are unavailable in browsers.





Summary

JavaScript’s role in modern development is comprehensive, spanning client, server, and even native platforms. Understanding its ecosystem, tooling, and best practices is foundational for any advanced JavaScript practitioner.




1.3 Evolution from ES5 to ES2023

The evolution of JavaScript from ECMAScript 5 (ES5) to ECMAScript 2023 (ES2023) marks a transformative journey in the language’s capabilities, syntax, and performance. Understanding this progression is essential for advanced JavaScript developers, as codebases, libraries, and frameworks often blend features from multiple ECMAScript versions. Mastery of these changes enables you to write modern, robust, and maintainable code, and to make informed decisions about browser compatibility and tooling.


Why ECMAScript Evolution Matters


	Backward Compatibility: Modern features often coexist with legacy code. Knowing what’s available in each version helps avoid breaking changes.

	Productivity & Readability: New syntax (like arrow functions or async/await) reduces boilerplate and improves code clarity.

	Performance & Security: Updates often bring optimizations and safer defaults.

	Tooling & Ecosystem: Transpilers (e.g., Babel) and bundlers (e.g., Webpack, Rollup) rely on ECMAScript standards for compatibility.




📝 Exam Tip: Be able to identify which ECMAScript version introduced a given feature, and know which features require transpilation for legacy browser support.





Key Milestones in ECMAScript Evolution

Below is a summary table highlighting major features introduced in each ECMAScript edition from ES5 (2009) to ES2023:









	Version
	Year
	Major Features Introduced





	ES5
	2009
	strict mode, Array.prototype.forEach, Object.create, JSON



	ES6 (ES2015)
	2015
	let, const, arrow functions, classes, modules, promises, template literals, destructuring, default/rest/spread, generators, Map/Set, Symbol



	ES7 (ES2016)
	2016
	Array.prototype.includes, exponentiation operator (**)



	ES8 (ES2017)
	2017
	async/await, Object.values/entries, string padding, trailing commas in functions



	ES9 (ES2018)
	2018
	Rest/spread for objects, asynchronous iteration (for await...of), Promise.finally



	ES10 (ES2019)
	2019
	Array.prototype.flat/flatMap, Object.fromEntries, optional catch binding, string trimming



	ES11 (ES2020)
	2020
	Nullish coalescing (??), optional chaining (?.), dynamic import, BigInt, globalThis



	ES12 (ES2021)
	2021
	Logical assignment, numeric separators, Promise.any, WeakRefs, String.replaceAll



	ES13 (ES2022)
	2022
	Top-level await, class fields, private methods/accessors, at() method, RegExp match indices



	ES14 (ES2023)
	2023
	Array find from last (findLast, findLastIndex), change array by copy methods (toReversed, toSorted, etc.)







How ECMAScript Features Work: Concrete Examples


	let/const (ES6):

let x = 10; // block-scoped
const PI = 3.14; // block-scoped, immutable


Use let and const instead of var for better scoping and immutability.


	Arrow Functions (ES6):

const add = (a, b) => a + b;


Arrow functions have lexical this binding.


	Async/Await (ES8):

async function fetchData() {
  const res = await fetch('/api/data');
  return res.json();
}


Simplifies asynchronous code, replacing many uses of .then().


	Optional Chaining (ES11):

const street = user?.address?.street;


Prevents runtime errors if a property in the chain is null or undefined.


	Top-level Await (ES13):

// Inside an ES module
const data = await fetch('/api/data').then(r => r.json());







Step-by-Step: Adopting Modern ECMAScript


	Assess Environment: Check browser/node versions for native support (see caniuse.com).

	Transpile if Needed: Use Babel or TypeScript for backwards compatibility.

	Use Linters: ESLint can enforce ECMAScript version rules.

	Polyfill New APIs: For missing features (e.g., Promise, Array.prototype.flat), use polyfills like core-js.




💡 Pro Tip: Always consult the ECMAScript specification or MDN documentation for edge-case behaviors and browser support.





Edge Cases & Compatibility


	Legacy Browsers: Features like let/const, arrow functions, or optional chaining are unsupported in IE11 and older environments.

	Transpilation Limitations: Some features (like proxies or certain async patterns) cannot be fully polyfilled due to engine limitations.

	Module Syntax: import/export is only natively supported in ES modules; older environments require bundlers or transpilers.





Real-World Example

Suppose you’re maintaining a React app started in 2016 (ES6 era). You want to use optional chaining and nullish coalescing. Check your target browsers, update Babel to support ES2020, and add necessary polyfills. Run your test suite to catch any polyfill gaps or syntax errors.






1.4 Key Concepts and Terminology

A solid grasp of advanced JavaScript requires fluency with its core concepts and precise terminology. This section defines and contextualizes the most important terms you’ll encounter throughout advanced JavaScript, why they matter, and how they interrelate. Mastery of this vocabulary is essential for reading documentation, understanding codebases, and succeeding on certification exams.


Essential Concepts

1. Execution Context - The environment in which JavaScript code is evaluated and executed. - Types: Global, Function, and Eval contexts. - Each context creates a scope chain, variable object, and this binding.

2. Scope - The accessibility of variables and functions at various parts of code. - Types: Global, Function (local), and Block scopes (with let/const). - Determines variable lifetime and visibility.

3. Hoisting - JavaScript’s behavior of moving declarations (not initializations) to the top of their scope. - Applies to var, function declarations, but not let/const or function expressions.

4. Closures - Functions that retain access to their lexical scope, even after the outer function has finished executing. - Enables data encapsulation and function factories.

5. Prototypes and Inheritance - JavaScript objects inherit properties and methods via the prototype chain. - Every object has an internal [[Prototype]] (__proto__), and functions have a prototype property. - Enables inheritance and property delegation.

6. Asynchronous Programming - JavaScript is single-threaded, but supports async operations via callbacks, Promises, and async/await. - Event loop manages task execution and concurrency.

7. First-Class Functions - Functions are treated as values: assignable to variables, passed as arguments, and returned from other functions. - Enables higher-order functions and functional programming patterns.

8. Strict Mode - A restricted variant of JavaScript activated with "use strict". - Eliminates silent errors, throws exceptions for unsafe actions, and disables some legacy features.

9. ES6+ Features - Refers to ECMAScript 2015 (ES6) and later additions (e.g., let, const, arrow functions, classes, modules, destructuring, spread/rest, async/await).



Common Terminology









	Term
	Definition
	Example/Context





	Primitive
	Immutable data types: string, number, boolean, null, undefined, symbol, bigint
	let x = 42;



	Reference Type
	Objects, arrays, and functions—assigned and compared by reference
	let arr = [1,2,3];



	Callback
	A function passed as an argument to another function, invoked after an operation completes
	setTimeout(() => {...}, 1000);



	Promise
	An object representing the eventual completion or failure of an async operation
	fetch('api/data').then(res => ...)



	Event Loop
	Mechanism that manages execution of multiple chunks of code, handling async events
	Non-blocking I/O in browsers and Node.js



	Module
	Encapsulated code unit, imported/exported using import/export (ES Modules)
	import {foo} from './foo.js'



	Transpiler
	Tool that converts modern JS (ES6+) to older versions for compatibility
	Babel, TypeScript



	Polyfill
	Code that implements a feature on older environments where it’s not natively available
	Array.prototype.includes polyfill



	Immutable
	Data that cannot be changed after creation (e.g., strings, using Object.freeze)
	const obj = Object.freeze({a: 1});



	Side Effect
	When a function modifies state outside its scope or interacts with external systems
	Modifying a global variable inside a function






💡 Pro Tip: For interviews and exams, be prepared to define terms like “closure,” “hoisting,” and “prototype chain” and to give succinct code examples.





Real-World Examples


	Closure Example:

function makeCounter() {
  let count = 0;
  return function() {
    return ++count;
  }
}
const counter = makeCounter();
counter(); // 1
counter(); // 2



	Hoisting Example:

console.log(foo); // undefined
var foo = 42;



	Prototype Chain:

const animal = { eats: true };
const rabbit = Object.create(animal);
console.log(rabbit.eats); // true







Step-by-Step: Distinguishing Scope and Context


	Scope answers: “Where is this variable accessible?”

	Context (value of this) answers: “What object is this referring to in this function call?”

	Use let/const for block scoping; understand var is function-scoped.

	Remember: Arrow functions do not have their own this—they inherit from the enclosing scope.




⚠️ Common Pitfall: Confusing scope (variable visibility) with context (this binding). They are related but distinct concepts.



Familiarity with these concepts and terms is foundational for tackling advanced JavaScript topics and passing professional certification exams.






2. Deep Dive into JavaScript Fundamentals
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CHAPTER 02 / COMPUTER SCIENCE




2.1 Execution Contexts and Call Stack

Understanding execution contexts and the call stack is foundational to mastering advanced JavaScript. These concepts underpin how JavaScript code is parsed, executed, and how variables and functions are resolved at runtime. Mastery here enables you to debug complex issues, reason about scope and closures, and optimize performance.


What is an Execution Context?

An execution context is an abstract concept describing the environment within which JavaScript code is evaluated and executed. Every time a script runs, a new execution context is created. There are three primary types:


	Global Execution Context (GEC): Created when the JavaScript engine first runs your code. There is only one global context per script.

	Function Execution Context (FEC): Created whenever a function is invoked. Each function call gets its own execution context.

	Eval Execution Context: Created by code run inside an eval() statement (rarely used and discouraged).



Each execution context consists of: - Variable Environment: Stores variable and function declarations. - Lexical Environment: Tracks identifier-variable mapping (scope chain). - This Binding: Determines the value of this within the context.



The Call Stack: How JavaScript Manages Execution

JavaScript is single-threaded and uses a call stack (also known as the execution stack) to keep track of execution contexts. The call stack is a LIFO (Last-In, First-Out) data structure.

How it works: 1. When the script starts, the GEC is created and pushed onto the stack. 2. When a function is called, a new FEC is created and pushed onto the stack. 3. When a function returns, its context is popped off the stack, and control returns to the previous context.

Visualization Example:

function foo() {
  bar();
}
function bar() {
  console.log('Hello');
}
foo();


Call Stack Steps: 1. GEC is created and pushed. 2. foo() is called: FEC for foo is pushed. 3. bar() is called inside foo: FEC for bar is pushed. 4. console.log executes. 5. FEC for bar is popped after execution. 6. FEC for foo is popped after execution. 7. GEC remains until the script ends.


💡 Pro Tip: If the call stack grows too large (e.g., through infinite recursion), you’ll get a “Maximum call stack size exceeded” error—a common runtime bug.





Real-World Example: Stack Trace in Error Handling

When an error occurs, JavaScript provides a stack trace showing the call stack at the point of failure. For instance:

function a() { b(); }
function b() { c(); }
function c() { throw new Error('Oops!'); }
a();


The error’s stack trace will show the chain of function calls leading to the exception, invaluable for debugging.



Step-by-Step: Tracing Execution Contexts


	Script Starts: GEC is created.

	Variable/Function Declarations: Hoisted into the Variable Environment.

	Function Invocation: FEC is created, with its own Variable Environment and scope chain.

	Nested Calls: Each new function call creates and pushes a new FEC.

	Return/Completion: FEC is popped; control moves to the previous context.





Tools and Technologies


	Browser DevTools: Use the “Call Stack” panel in Chrome/Firefox DevTools to view current stack frames during debugging.

	Node.js Debugger: Use node inspect and breakpoints to trace stack frames in server-side JavaScript.





Edge Cases and Nuances


	Recursion: Recursive functions rapidly grow the call stack; exceeding the limit causes stack overflow.

	Async Code: Asynchronous callbacks (setTimeout, Promises) do not create new execution contexts on the stack immediately; they are handled by the event loop and callback queue.

	Strict Mode: Alters the default this binding inside functions, affecting the execution context.




⚠️ Common Pitfall: Developers often confuse the call stack (which manages synchronous execution) with the event loop (which handles asynchronous callbacks). Remember: async code is not pushed to the call stack until it’s ready to execute.





Summary Table: Execution Context Types










	Context Type
	When Created
	Scope Chain
	this Binding





	Global Execution Context
	Script load
	Global
	Global object



	Function Execution Context
	Function invocation
	Lexical + parent
	Depends on caller



	Eval Execution Context
	eval() invocation
	Local
	Inherited





Mastery of execution contexts and the call stack is essential for advanced debugging, understanding variable scope, and writing robust, performant JavaScript.




2.2 Scope, Hoisting, and Closures

Understanding scope, hoisting, and closures is fundamental to mastering advanced JavaScript. These concepts govern variable accessibility, lifecycle, and the powerful patterns that underpin much of modern JavaScript programming.




Scope

Scope defines the visibility and lifetime of variables, functions, and objects in some particular part of your code during runtime. JavaScript uses lexical (static) scoping, meaning scope is determined at the time of writing code, not at execution.

Types of Scope: - Global Scope: Variables declared outside any function or block are globally scoped. Accessible from anywhere in your code. - Function Scope: Variables declared with var inside a function are local to that function. - Block Scope: Variables declared with let and const are scoped to the nearest enclosing block ({ ... }), such as inside loops or conditionals.

Example:

let x = 'global';
function foo() {
  let y = 'function';
  if (true) {
    let z = 'block';
    console.log(z); // 'block'
  }
  // console.log(z); // ReferenceError: z is not defined
}



💡 Pro Tip: Always prefer let and const over var for predictable block scoping and to avoid subtle bugs.







Hoisting

Hoisting is JavaScript’s default behavior of moving declarations to the top of their containing scope during the compilation phase. However, only the declarations are hoisted, not the initializations.

How it works: - var declarations are hoisted to the top of their function or global scope and initialized with undefined. - let and const declarations are hoisted but not initialized. They reside in a “temporal dead zone” until their declaration is evaluated. - Function declarations are fully hoisted (both name and body), enabling use before their actual definition. - Function expressions and arrow functions assigned to variables behave like variable hoisting.

Example:

console.log(a); // undefined
var a = 5;

console.log(b); // ReferenceError
let b = 10;

foo(); // 'bar'
function foo() {
  console.log('bar');
}



⚠️ Common Pitfall: Accessing let or const variables before declaration triggers a ReferenceError due to the temporal dead zone.







Closures

A closure is the combination of a function and the lexical environment within which that function was declared. Closures allow inner functions to access variables from an outer function even after the outer function has finished executing.

Why Closures Matter: - Enable data privacy and encapsulation. - Facilitate powerful patterns like currying, partial application, and module patterns. - Essential for asynchronous programming (e.g., callbacks, event handlers).

How Closures Work: 1. When a function is created, it captures references to variables in its lexical scope. 2. If the function is returned or passed elsewhere, it retains access to those variables.

Example:

function makeCounter() {
  let count = 0;
  return function() {
    count++;
    return count;
  }
}
const counter = makeCounter();
console.log(counter()); // 1
console.log(counter()); // 2


Here, the inner function forms a closure over count, preserving its state across calls.

Real-World Use Case: - Event Listeners: Maintaining state for specific DOM elements. - Module Pattern: Encapsulating private data in libraries.





Step-by-Step: Identifying and Using Closures


	Define an outer function with local variables.

	Return or pass an inner function that references those variables.

	Invoke the inner function outside the outer function’s execution context.



Example:

function greet(name) {
  return function(message) {
    return `${message}, ${name}!`;
  }
}
const greetJohn = greet('John');
console.log(greetJohn('Hello')); // "Hello, John!"






Edge Cases and Best Practices


	Loop Closures: When using closures inside loops, prefer let for block scoping to avoid all closures sharing the same variable.

	Memory Leaks: Unintentional closures can retain references to large objects, preventing garbage collection.

	Debugging: Use tools like Chrome DevTools to inspect closures and scope chains.




📝 Exam Tip: Be prepared to trace variable resolution in nested functions and predict the output of code involving hoisting and closures.







Summary Table










	Concept
	Scope Type
	Hoisted?
	Use Case Example





	var
	Function/Global
	Yes
	Legacy code, function scoping



	let
	Block
	Yes*
	Loops, block scoping



	const
	Block
	Yes*
	Immutable references



	Function Declaration
	Function/Global
	Yes
	Utility/helper functions



	Closure
	Lexical
	N/A
	State retention, data privacy





* Hoisted but not initialized (temporal dead zone).






2.3 The Event Loop and Asynchronous Model

The event loop is a foundational concept in JavaScript, crucial for understanding how asynchronous operations are handled in a single-threaded environment. Mastery of the event loop and the asynchronous model is essential for writing performant, non-blocking JavaScript code—especially in web applications and Node.js.


The JavaScript Execution Model

JavaScript is single-threaded, meaning it executes one command at a time. However, modern applications require handling tasks like user input, network requests, and timers without blocking the main thread. This is achieved through the event loop and asynchronous APIs.



How the Event Loop Works

The event loop coordinates the execution of synchronous code, asynchronous callbacks, and event handling using several key components:


	Call Stack: Where JavaScript code is executed, one frame at a time.

	Web APIs (in browsers) / Node APIs: Provide asynchronous capabilities (e.g., setTimeout, AJAX, file I/O).

	Callback Queue (Task Queue): Stores callbacks ready to be executed after the stack is empty.

	Microtask Queue: Holds promises’ .then/.catch/.finally callbacks and mutation observer callbacks.



The event loop continuously checks if the call stack is empty. If so, it pushes the next task from the callback queue (or microtask queue, which has higher priority) onto the stack for execution.


Step-by-Step: Event Loop Operation


	Execute all global synchronous code (added to the call stack).

	When an asynchronous operation (e.g., setTimeout, Promise) is encountered:

	The operation is handed off to a Web API or equivalent.

	Once completed, its callback is queued (task queue for timers/events, microtask queue for promises).




	After the call stack is empty, the event loop:

	Drains the microtask queue first (executes all microtasks).

	Then takes the first task from the callback queue and pushes it onto the stack.




	This cycle repeats indefinitely.





Visual Representation








	Component
	Role





	Call Stack
	Executes current code



	Web/Node APIs
	Handle async operations (timers, HTTP, etc.)



	Callback Queue
	Queues event/timer callbacks



	Microtask Queue
	Queues promise/mutation observer callbacks (higher prio)



	Event Loop
	Orchestrates the above, moving tasks to the stack








Real-World Example

console.log('A');

setTimeout(() => {
  console.log('B');
}, 0);

Promise.resolve().then(() => {
  console.log('C');
});

console.log('D');


Output:

A
D
C
B

Explanation: - 'A' and 'D' are logged synchronously. - The promise callback ('C') is a microtask, so it runs before the timer callback ('B'), even though both are scheduled for “as soon as possible”.


📝 Exam Tip: Microtasks (e.g., promises) always run before the next task from the callback queue, regardless of timer values.





Tools and Standards


	ECMAScript Specification: Defines the event loop, microtask, and task concepts (see ECMA-262 §8.4 Jobs and Job Queues).

	Browser Developer Tools: Chrome DevTools’ “Performance” tab visualizes the call stack and asynchronous events.

	Node.js: Implements its own event loop using the libuv library; see Node.js Event Loop Guide.





Common Edge Cases


	Multiple Microtasks: All microtasks are executed before any further tasks, which can starve the task queue if microtasks keep scheduling more microtasks.

	setTimeout(fn, 0): The callback is never truly immediate; it waits for the stack and all microtasks to clear first.

	Node.js process.nextTick: Runs before other microtasks, giving even higher priority than promises.




⚠️ Common Pitfall: Assuming setTimeout(..., 0) executes before promises or immediately after the current code—promises always take precedence via the microtask queue.





Practical Guidance


	Use promises and async/await for clearer asynchronous code flow.

	Avoid long-running synchronous code to keep the event loop responsive.

	Be wary of recursive microtasks (e.g., chaining .then() indefinitely), which can block the event loop.





Summary Table: Task vs. Microtask










	Source
	Queue Type
	Example
	Priority Order





	setTimeout, events
	Task Queue
	setTimeout(fn, 0)
	Lower



	Promises, queueMicrotask
	Microtask Queue
	Promise.resolve().then(fn)
	Higher



	process.nextTick (Node.js)
	Next Tick Queue
	process.nextTick(fn)
	Highest (Node only)





Mastering the event loop and asynchronous model is essential for writing efficient, bug-free JavaScript that scales to real-world complexities.


💡 Pro Tip: Use the Chrome DevTools “Async” stack traces feature to debug asynchronous code and understand callback execution order.






2.4 Strict Mode and Its Implications

Strict mode is a feature introduced in ECMAScript 5 (ES5) that enables a restricted variant of JavaScript. Its primary purpose is to catch common coding errors, prevent unsafe actions, and pave the way for future ECMAScript versions by eliminating problematic language features. Enabling strict mode is done per script or per function, simply by declaring "use strict"; at the top.


Why Strict Mode Matters

Strict mode matters for several reasons:


	Error Prevention: It throws errors for silent failures (e.g., assigning to undeclared variables), helping developers catch mistakes early.

	Security: It prevents or throws errors for actions that are likely to be insecure, such as accessing the global object unintentionally.

	Optimization: Some JavaScript engines can optimize code better when in strict mode, as it removes certain ambiguities.

	Future Compatibility: It disables or changes features that are deprecated or may be removed in future ECMAScript versions.





How to Enable Strict Mode

Strict mode can be enabled in two scopes:


	Global Scope (Entire Script):

"use strict";
// All code in this script runs in strict mode



	Function Scope:

function myFunction() {
  "use strict";
  // Only this function runs in strict mode
}






💡 Pro Tip: Always place "use strict"; as the very first statement in a script or function. Any code before it will not be in strict mode.





Key Changes in Strict Mode

Strict mode enforces several significant changes. Here are the most exam-relevant:


	No Implicit Globals: Assigning a value to an undeclared variable throws a ReferenceError.

"use strict";
foo = 10; // ReferenceError: foo is not defined



	Read-Only Properties: Assigning to read-only properties throws an error.

"use strict";
const obj = {};
Object.defineProperty(obj, "x", { value: 42, writable: false });
obj.x = 9; // TypeError



	No this Coercion to Global: In functions, this remains undefined if not set, instead of defaulting to the global object.

"use strict";
function f() { return this; }
f(); // undefined



	Duplicate Parameter Names Disallowed:

"use strict";
function sum(a, a, c) {} // SyntaxError



	Octal Literals Forbidden: Leading zeros are not allowed for octal numbers.

"use strict";
let x = 010; // SyntaxError



	delete on Unqualified Identifiers Throws: You cannot delete variables, functions, or function arguments.

"use strict";
var x = 1;
delete x; // SyntaxError



	No with Statement: The with statement is entirely disallowed.

"use strict";
with (obj) {} // SyntaxError







Real-World Example

Consider a legacy codebase with accidental global variables:

function updateData() {
  data = fetchData(); // No 'var', 'let', or 'const'
}


Without strict mode, data becomes a global variable if not previously declared, possibly causing hard-to-trace bugs. With strict mode, this throws a ReferenceError, prompting the developer to declare the variable properly.



Common Edge Cases


	Third-Party Libraries: If you include non-strict scripts in your project, only the scripts or functions with "use strict"; are affected.

	Modules: All ES6 modules are in strict mode by default—no need to specify it.

	eval: In strict mode, variables and functions declared inside eval do not leak into the surrounding scope.





Step-by-Step: Applying Strict Mode Safely


	Add "use strict"; at the top of your file or function.

	Run your tests to identify code that breaks due to strict mode violations.

	Refactor code to fix errors (e.g., declare variables, remove with statements).

	Repeat for each file/function in your codebase.





Tools and Standards


	ECMAScript 5 and later: Strict mode is part of the ES5 standard (ECMA-262).

	Linters: Tools like ESLint can enforce strict mode and flag non-compliant patterns.

	Browsers: All modern browsers fully support strict mode.




⚠️ Common Pitfall: Forgetting to declare variables (with var, let, or const) in strict mode leads to runtime errors that can break your application.








EPUB/media/ygbs-cover-front.png
C@CYBELLIUM [IJ STUDY GUIDE

\_/

COMPUTER SCIENCE

MASTERING
JAVASGRIPT

ADVANCED JAVASCRIPT






EPUB/media/file0.png





EPUB/media/file1.png





