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Preface





Blockchain technology is changing the way industries work by making them more transparent, secure, and efficient.


This book, "Ultimate Hyperledger Fabric for DeFi with Blockchain," is a simple and practical guide for anyone interested in learning about decentralized finance (DeFi).


What you will learn in each chapter:


Chapter 1. Introduction to JavaScript and Node.js with Express: This chapter serves the basics of JavaScript, Node.js, and Express, which are the building blocks for blockchain applications.


Chapter 2. Getting Started with Blockchain: This chapter explains what blockchain is, how it works, and its main features, such as security and decentralization.


Chapter 3. Fundamentals of Ethereum and Smart Contract Development: This chapter introduces you to Ethereum and teaches you to write smart contracts using Solidity.


Chapter 4. Application Development on Ethereum: This chapter will talk about building decentralized apps (dApps) on Ethereum using smart contracts and web tools.


Chapter 5. Exploring Hyperledger Fundamentals: This chapter focuses on Hyperledger, an enterprise blockchain platform, and its main features.


Chapter 6. Setting Up a Hyperledger Fabric Network: This chapter navigates setting up a Hyperledger Fabric network step-by-step, from installation to configuration.


Chapter 7. Developing Chaincode for Hyperledger Fabric: This chapter teaches the readers how to write chaincode (smart contracts for Hyperledger) to manage blockchain operations.


Chapter 8. Building Applications on Hyperledger Fabric: This chapter delves into building apps that work with Hyperledger Fabric and interact with the blockchain network.


Chapter 9. Architecting a Decentralized Finance (DeFi) Application: This chapter aids one in designing financial systems using blockchain and Hyperledger Fabric.


Chapter 10. Interconnecting Blockchain, DeFi, NFTs, and Web3: This chapter explores how blockchain connects with DeFi, NFTs, and Web3 technologies.


Chapter 11. Implementing Real-Time Applications: This chapter focuses on how to apply blockchain in real-world projects using best practices.


This book is written in simple language, making it suitable for beginners and experienced developers. It begins with basic concepts and gradually progresses to advanced topics, demonstrating how blockchain can enhance traditional financial systems.


Whether you are a developer looking to improve your skills, an entrepreneur working on new ideas, or a student exploring blockchain, this book is for you. Thank you for choosing to read it.
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CHAPTER 1


Introduction to JavaScript and Node.js with Express



Introduction

Welcome to the world of JavaScript and Node.js with Express! In this easy-to-follow module, we will start with the basics of programming and set the stage for your journey into blockchain technology. JavaScript is essential for building all sorts of things on the web, including interactive websites, apps for phones and computers, and managing tasks on servers. We will cover the basics of JavaScript, such as functions, lists, objects, and asynchronous programming. Node.js brings JavaScript to servers, allowing you to create powerful applications beyond just web browsers. We will learn about its key components, which are crucial for tasks such as handling requests from the internet and managing asynchronous operations. Additionally, we will discuss Express, a helpful tool for building web servers and APIs, which can streamline development and allow you to focus more on enhancing user experience. By mastering these tools, we will be well-prepared to delve into blockchain development and explore its myriad possibilities.

Structure

In this chapter, we will discuss the following topics:


	Introduction to JavaScript

	JavaScript Functions

	Arrays and Objects

	Asynchronous JavaScript

	Introduction to Node.js

	
Building Web Servers with Express

	Routing and Middleware in Express

	Event Handling in Node.js and Express



Introduction to JavaScript

JavaScript serves as the foundation of modern software development, providing the means to create dynamic and interactive experiences not only on the web, but also in mobile applications, desktop applications, and even blockchain development. In this section, we will explore the fundamentals of JavaScript, understanding its versatile role across various domains of software development.

JavaScript Engine

The JavaScript engine serves as the backbone for executing JavaScript code by parsing and compiling it into machine-executable operations. It translates JavaScript into a format understandable by computers and adheres to ECMAScript standards. Various engines exist, including V8 (Chrome), Chakra (MS Edge), Nitro (Safari), and Spider Monkey (Firefox), with Brendan Eich credited as the creator and author of the first JavaScript engine. The engine’s working involves parsing code into tokens, forming an Abstract Syntax Tree (AST), and generating bytecode. A profiler/monitor observes and optimizes code, passing it to a Just-In-Time (JIT) compiler for optimization when applicable. The resulting optimized machine code is executed in a single-threaded manner, with the Web API utilized to circumvent single-threaded limitations.
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Figure 1.1: JS Engine workflow

To grasp the essence of JavaScript, developers must familiarize themselves with its fundamental concepts:


	
Variables and Data Types: In JavaScript, data types are essential for defining the kind of information a variable can hold. There are two main categories: primitive and non-primitive (also known as reference) data types.

	
Primitive Data Types: These are basic data types directly handled by the programming language. They are immutable, meaning their values cannot be changed once they are created. Examples include numbers, strings, Booleans, null, and undefined.

	
Non-Primitive (or Reference) Data Types: These are more complex data types, usually created by the programmer. They are mutable, meaning their values can be changed after they are created. Examples include objects and arrays.



let, var, const: These are keywords used to declare variables in JavaScript.


	
let: Declares a block-scoped variable that can be reassigned.

	
var: Declares a variable with function scope or global scope (if declared outside any function). It can be reassigned and re-declared within the same scope.

	
const: Declares a variable with a constant value that cannot be reassigned. It provides immutability to the variable.
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Figure 1.2: An example demonstrating the differences between primitive and non-primitive data types, as well as the behavior of let, var, and const, along with call by value and call by reference


	
Control Flow: JavaScript provides mechanisms for controlling the flow of program execution. This includes conditional statements such as switch, if, else if, and else, which allows you to execute different blocks of code based on certain conditions. Additionally, JavaScript offers loops such as for, while, and do-while, which enable you to execute a block of code repeatedly until a specified condition is met.

	
Conditional Statements: Conditional statements allow you to execute different blocks of code based on certain conditions.



Example:

// if statement

let num = 10;

if (num > 0) {

console.log("Number is positive");

}

// if-else statement

let age = 25;

if (age >= 18) {

console.log("You are an adult");

} else {

console.log("You are a minor");

}

// else if statement

let score = 75;

if (score >= 90) {

console.log("Grade A");

} else if (score >= 80) {

console.log("Grade B");

} else if (score >= 70) {

console.log("Grade C");

} else {

console.log("Grade D");

}

//switch statement

let day = 3;

switch (day) {

case 1:

console.log("Monday");

break;

case 2:

console.log("Tuesday");

break;

case 3:

console.log("Wednesday");

break;

case 4:

console.log("Thursday");

break;

case 5:

console.log("Friday");

break;

default:

console.log("Weekend");

}


	
Loops: Loops allow you to execute a block of code repeatedly until a specified condition is met.
// for loop

for (let i = 0; i < 5; i++) {

console.log("Iteration: " + i);

}

// while loop

let count = 0;

while (count < 5) {

console.log("Count: " + count);

count++;

}

// do-while loop

let x = 0;

do {

console.log("Value of x: " + x);

x++;

} while (x < 5);









In all these examples, the loop continues until the specified condition is false.

These control flow mechanisms are fundamental in programming, enabling you to write more dynamic and flexible code by determining the order of execution based on various conditions and looping over blocks of code multiple times.

JavaScript Functions

Functions in JavaScript encapsulate reusable blocks of code. They enable you to organize your code into modular components, making it easier to maintain and understand. Functions can accept parameters, which act as inputs to the function, and they can return values, allowing them to produce outputs.


	
Regular Functions: Regular functions in JavaScript are defined using the function keyword. They have their own context, which is determined by how they are called. Regular functions are more versatile and can be used as constructors, methods, or standalone functions. 
Example:

function add (a, b) {

return a + b;

}



	
Custom Functions: Custom functions are functions defined by the user to perform specific tasks. They can encapsulate reusable blocks of code, promoting code organization and reusability.
Example:

function greet(name) {

return `Hello, ${name}! `;

}

console.log(greet("Alice")); // Output: Hello, Alice!



	
First-Class Functions: In JavaScript, functions are first-class citizens, meaning they can be assigned to variables, passed as arguments to other functions, and returned from other functions. This property allows for functional programming paradigms.
Example:

const greet = function(name) {

return `Hello, ${name}! `;

};

const result = greet("John");

console.log(result); // Output: Hello, John!



	
Higher-Order Functions: High-order functions are functions that take other functions as arguments or return functions as their results. They enable powerful abstractions and allow for functional composition. Common higher-order functions in JavaScript include map, filter, and reduce. 
Example:

const numbers = [1, 2, 3, 4, 5];

// Example of map: applying a function to each element of an array

const squaredNumbers = numbers.map(x => x * x);

console.log(squaredNumbers); // Output: [1, 4, 9, 16, 25]

// Example of filter: filtering elements based on a condition

const evenNumbers = numbers.filter(x => x % 2 === 0);

console.log(evenNumbers); // Output: [2, 4]

// Example of reduce: combining elements of an array into a single value

const sum = numbers.reduce((acc, curr) => acc + curr, 0);

console.log(sum); // Output: 15



	
Built-In Functions: Built-in functions are functions provided by the JavaScript language or by built-in objects. 
Example:

const randomNumber = Math.random(); //Generates a random number

console.log(randomNumber);



	
Arrow Functions: Arrow functions are a concise way to write function expressions in JavaScript. They have a shorter syntax compared to regular functions, which can make code more readable. They do not have their own "this", "arguments", "super", or "new.Target". They inherit these from the enclosing lexical context. Arrow functions are best suited for non-method functions. They are not ideal for methods within objects because they do not have their own "this" context. 
Example:

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



	
Call by Value: In call by value, the value of the variable is passed to a function. This means any change made to the parameter within the function do not affect the original variable outside the function. This is typically how primitive data types behave in JavaScript.

	
Call by Reference: In call by reference, a reference (memory address) to the variable is passed to a function. This implies that any alterations made to the parameter within the function directly impact the original variable outside the function. This behavior is typically observed in JavaScript for non-primitive data types.
Example:

// Call by Value

function increment(num) {

num += 1;

console.log("Inside function:", num); // Output: Inside function: 11

}

let originalNum = 10;

increment(originalNum);

console.log("Outside function:", originalNum); // Output: Outside function: 10

// Call by Reference

function changeValue(obj) {

obj.key = "new value";

}

console.log("Before function:", obj); // Output: Before function: { key: 'value' }

changeValue(obj);

console.log("After function:", obj); // Output: After function: { key: 'new value' }





Arrays and Objects

Arrays in JavaScript are used to store multiple values in a single variable which can hold different types of data including strings, numbers, objects, and even other arrays.

Syntax: let arrayName = [value1, value2, value3, …];

Example: let fruits = ["apple", "banana", "orange"];

Key Points:


	
Indexed: Arrays are zero-indexed, meaning the first element is accessed with index 0, the second with index 1, and so on.

	
Dynamic: You can add or remove elements dynamically using methods such as push(), pop(), shift(), unshift(), and so on.

	
Length: You can find the length of an array using the length property.

	
Iterating: Arrays can be iterated over using loops such as, forEach(), map(), filter(), and so on.

	
Methods: Arrays have built-in methods for various operations such as, sorting, searching, slicing, and so on.



Objects in JavaScript are used to store key-value pairs. They are collections of properties where each property has a key (also known as a name or identifier) and a value.

Syntax:

let objectName = {

key1: value1,

key2: value2,

key3: value3,

…

};

Example:

let person = {

name: "John",

age: 30,

city: "New York"

};

Key Points:


	
Key-Value Pairs: Objects consist of key-value pairs where each key is unique within an object.

	
Dynamic Properties: You can add, modify, or delete properties dynamically.

	
Accessing Properties: Properties of an object can be accessed using dot notation (objectName.property) or bracket notation (objectName["property"]).

	
Iterating: You can iterate over an object’s properties using loops, such as for…in loop, or methods like Object.keys(), Object.values(), and Object.entries().

	
Use Cases: Objects are often used to represent real-world entities, such as a person, a car, a book, and so on.



Example:

// Accessing array elements

console.log(fruits[0]); // Output: "apple"

// Modifying array

fruits.push("grapes");

console.log(fruits); // Output: ["apple", "banana", "orange", "grapes"]

// Accessing object properties

console.log(person.name); // Output: "John"

// Modifying object

person.age = 35;

console.log(person); // Output: { name: "John", age: 35, city: "New York" }

Arrays and objects are fundamental data structures in JavaScript, and understanding them is crucial for effective programming.

Asynchronous JavaScript

Asynchronous JavaScript refers to a programming paradigm in which operations can be executed independently of the main program flow. This means that while certain operations are being performed, the program doesn’t need to wait for them to finish before moving on to execute other tasks. This is particularly useful for handling tasks such as network requests, file I/O, or any operation that might take some time to complete.

In JavaScript, asynchronous behavior is typically achieved through callbacks, promises, or async/await syntax.

// Simulating an asynchronous operation (e.g., fetching data from a server)

function fetchData(callback) {

setTimeout(function() {

const data = 'Here is your data';

callback(data); // Invoke the callback with the fetched data

}, 2000); // Simulating a 2-second delay

}

console.log('Start');

fetchData(function(data) {

console.log('Data fetched:', data);

});

console.log('End');

//output

Start

End

Data fetched: Here is your data

// Function simulating an asynchronous operation (fetching data)

function fetchData() {

return new Promise(function(resolve, reject) {

// Simulating an asynchronous operation with setTimeout

setTimeout(function() {

const data = 'Here is your data';

// Resolve the promise with the fetched data

resolve(data);

}, 2000); // Simulating a 2-second delay

});

}

console.log('Start');

// Using the promise returned by fetchData

fetchData()

.then(function(data) {

// This function is executed when the promise is resolved

console.log('Data fetched:', data);

return 'Additional data'; // Returning a value to chain promises

})

.then(function(additionalData) {

// This function is executed after the previous 'then' block

console.log('Additional data:', additionalData);

})

.catch(function(error) {

// This function is executed if there's an error during the promise execution

console.error('Error fetching data:', error);

})

.finally(function() {

// This function is executed regardless of whether the promise is resolved or rejected

console.log('Promise completed.');

});

console.log('End');

The preceding example demonstrates the basic usage of promises in JavaScript, including handling of successful resolutions, chaining multiple asynchronous operations, handling errors, and executing cleanup logic.

Introduction to Node.js

Node.js was created by Ryan Dahl in 2009 and is built on Chrome’s V8 JavaScript engine. It allows developers to use JavaScript to write command-line tools and for server-side scripting—running scripts server-side to produce dynamic web page content before the page is sent to the user’s web browser.

One of the key features of Node.js is its event-driven, non-blocking I/O model, which makes it lightweight and efficient, suitable for handling a large number of concurrent connections. This model enables Node.js to handle asynchronous operations seamlessly, making it ideal for real-time applications such as chat applications, gaming servers, and collaborative tools.

Installation of Node.js

Before we can dive into the world of Node.js development, we need to set up our environment by installing Node.js on our system. Node.js is available for various operating systems including Windows, macOS, and Linux.

Installing Node.js on Windows:


	
Download: Visit the official Node.js website (https://nodejs.org) and download the Windows installer (.msi) for the recommended version.

	
Run the Installer: Double-click the downloaded installer file and follow the installation wizard.

	
Verification: After installation, open a command prompt and type node -v to verify that Node.js has been installed correctly. You should see the version number of Node.js printed to the console.



Installing Node.js on macOS:


	
Homebrew Installation: If you have Homebrew installed, you can install Node.js via the terminal by running brew install node.

	
Direct Download: Alternatively, you can download the macOS installer (.pkg) from the official Node.js website and follow the installation instructions.

	
Verification: After installation, open a terminal window and type node -v to verify that Node.js has been installed correctly.



Installing Node.js on Linux:


	
Using Package Manager: Depending on your Linux distribution, you can install Node.js using the package manager. For example, on Ubuntu, you can run sudo apt install NodeJS npm.

	
Direct Download: Alternatively, you can download the Linux binaries from the official Node.js website and follow the installation instructions provided.

	
Verification: After installation, open a terminal and type node -v to verify that Node.js has been installed correctly.



With Node.js successfully installed on our system, we are now ready to start building powerful and scalable applications using JavaScript on the server-side. In the upcoming chapters, we will explore the various features and capabilities of Node.js, along with practical examples to help solidify our understanding.

Core Concepts of Node.js:


	
npm (Node Package Manager): npm is the official package manager for Node.js, providing access to a vast ecosystem of open-source libraries and tools. Developers can use npm to install, manage, and share packages and dependencies for their Node.js projects. npm also allows developers to publish their own packages and contribute to the Node.js ecosystem. 
Example:

# Install a package using npm

npm install lodash



	
Modules: Node.js uses a module-based architecture, where each file in a Node.js application is treated as a module. Modules encapsulate related functionality and allow for better code organization and reusability. Node.js provides a built-in module system and also allows developers to create and use custom modules using the 'require()' and exports keywords. 
Example:

// File: mymodule.js

const sayHello = () => { console.log('Hello from my module!'); }; module.exports = { sayHello };

// File: app.js

const myModule = require('./mymodule');

myModule.sayHello();



	
CommonJS Modules: Node.js follows the CommonJS module specification for defining modules. Each module has its own scope, and the variables and functions defined within a module are private by default. Modules can export functions, objects, or variables using the 'module.exports' or exports object, which can be imported by other modules using the require() function. Example:
// File: mymodule.js

const myFunction = () => {return 'Hello from my module!';};

exports.myFunction = myFunction;

// File: app.js

const myModule = require('./mymodule');

console.log(myModule.myFunction());



	
Streams: Streams are a fundamental concept in Node.js for handling data flow. Streams allow data to be read from a source and processed or written to a destination in small, manageable chunks, rather than loading the entire dataset into memory at once. This makes streams memory-efficient and allows for the processing of large datasets without consuming excessive memory. Node.js provides built-in modules for working with streams, such as fs for file system operations and http for handling HTTP requests and responses. 
Example:

const fs = require('fs');

// Create a readable stream to read from a file

const readableStream = fs.createReadStream('input.txt', 'utf8');

// Create a writable stream to write to a file

const writableStream = fs.createWriteStream('output.txt');

// Pipe the readable stream to the writable stream

readableStream.pipe(writableStream);

console.log('File content is being copied…');



	
Single-Threaded Event Loop: Node.js operates on a single-threaded event loop model. This means that all I/O operations are performed asynchronously, allowing Node.js to handle multiple requests simultaneously without creating new threads for each request. The event loop continuously checks for events and executes callbacks when events occur, making Node.js highly efficient and scalable. 
Example:

const http = require('http');

// Create a simple HTTP server

const server = http.createServer((req, res) => {

res.writeHead(200, {'Content-Type': 'text/plain'});

res.end('Hello, World!\n');

});

// Start the server and listen on port 3000

server.listen(3000, () => {

console.log('Server is running on http://localhost:3000');

});



	
Non-Blocking I/O: Node.js uses non-blocking, event-driven I/O operations to handle input/output operations asynchronously. This allows Node.js to efficiently handle I/O-bound tasks, such as reading from or writing to the file system or making network requests, without blocking the execution of other code. As a result, Node.js can handle multiple requests simultaneously, making it suitable for building high-performance web servers and network applications. 
Example:

const fs = require('fs');

// Asynchronous file read operation

fs.readFile('example.txt', 'utf8', (err, data) => {

if (err) {

console.error('Error reading file:', err);

return;

}

console.log('File content:', data);

});

console.log('Reading file asynchronously…');



	
Asynchronous and Event-Driven: Node.js is designed to be asynchronous and event-driven, which means that it uses non-blocking I/O operations. This enables Node.js to handle a large number of concurrent connections efficiently without getting blocked, making it suitable for building real-time applications such as chat applications or streaming services. 
Example:

const fs = require('fs');

// Asynchronous file read operation

fs.readFile('example.txt', 'utf8', (err, data) => {

if (err) {

console.error('Error reading file:', err);

return;

}

console.log('File content:', data);

});

console.log('Reading file asynchronously…');



	
JSON Method: In JavaScript, JavaScript Object Notation (JSON) methods are used to work with JSON data. Here are some commonly used JSON methods:

	
JSON.parse(): This method is used to parse a JSON string and convert it into a JavaScript object.
const jsonString = '{"name": "John", "age": 30}';

const jsonObject = JSON.parse(jsonString);

console.log(jsonObject); // { name: 'John', age: 30 }



	
JSON.stringify(): This method is used to convert a JavaScript object into a JSON string.
const jsonObject = { name: 'John', age: 30 };

const jsonString = JSON.stringify(jsonObject);

console.log(jsonString); // '{"name":"John","age":30}'





These two methods are fundamental for working with JSON data in JavaScript. They enable you to convert between JSON strings and JavaScript objects easily.





Building Web Servers with Express

Express is a minimalist web framework for Node.js that simplifies the process of building web servers and web applications. Here is an overview of how it works:


	
Installation: You first need to install Express in your Node.js project using npm or yarn:
npm install express



	
Setup: After installing Express, you import it into your Node.js application:
const express = require('express');

const app = express();



	
Routing: Express provides a simple and elegant way to define routes for your web server. You can define routes for different HTTP methods (GET, POST, PUT, DELETE, and so on) and URL paths:
app.get('/', (req, res) => {

res.send('Hello, World!');

});



	
Middleware: Express allows you to use middleware functions to modify the request and response objects. Middleware functions can perform tasks such as parsing request bodies, logging, authentication, and so on.
app.use(express.json()); // Parse JSON bodies



	
Starting the Server: Finally, you start the Express server by listening on a specified port:
const port = 3000;

app.listen(port, () => {

console.log(`Server is running on port ${port}`);

});





Express simplifies the process of building web servers by providing a clear and concise API for handling HTTP requests and responses.

Routing and Middleware in Express

Routing in Express refers to the process of mapping HTTP requests to specific handlers based on the request method and URL path. Middleware functions are functions that have access to the request and response objects, and they can modify them, terminate the request-response cycle, or call the next middleware function in the stack. Here is how routing and middleware work in Express:


	
Routing: You define routes using methods such as app.get(), app.post(), app.put(), and so on. Each route can have one or more handler functions that are executed when the route matches the incoming request.

	
Middleware: Middleware functions are added to the Express application using app.use() or specific route methods. Middleware functions can perform tasks such as logging, authentication, error handling, and so on. They are executed in the order they are added to the application, and they can modify the request and response objects.

	
Order of Execution: Middleware functions are executed in the order they are added to the application. The request passes through each middleware function in the stack until one of them sends a response or calls the next() function to pass control to the next middleware function.



Routing and middleware are essential concepts in Express for handling HTTP requests and adding extra functionality to your web server.

Example:

const express = require('express');

const app = express();

// Route for handling GET requests to the home page

app.get('/', (req, res) => {

res.send('Welcome to the home page!');

});

// Route for handling POST requests to a login endpoint

app.post('/login', (req, res) => {

// Logic for handling login

res.send('Login successful!');

});

// Route for handling PUT requests to update user information

app.put('/users/:id', (req, res) => {

const userId = req.params.id;

// Logic for updating user information

res.send(`User with ID ${userId} updated successfully!`);

});

// Route for handling DELETE requests to delete a user

app.delete('/users/:id', (req, res) => {

const userId = req.params.id;

// Logic for deleting user

res.send(`User with ID ${userId} deleted successfully!`);

});

// Start the server

const port = 3000;

app.listen(port, () => {

console.log(`Server is running on port ${port}`);

});

In this example:


	We defined routes for handling GET, POST, PUT, and DELETE requests.

	Each route specifies a URL path and a handler function that gets executed when a request matches that path.

	Parameters can be extracted from the URL using req.params.

	The response is sent back to the client using res.send().



Event Handling in Node.js and Express

Node.js and Express are built on an event-driven architecture, which enables efficient handling of asynchronous events. Here is how event handling works in Node.js and Express:


	
Event Emitters: In Node.js, many objects are instances of EventEmitter, which allows them to emit events and register listeners for those events. For example, the http.Server object in Node.js is an instance of EventEmitter, and it emits events like 'request' when a new HTTP request is received.

	
Event Loop: Node.js has a single-threaded event loop that continuously listens for events and executes callback functions when events occur. This event-driven architecture allows Node.js to handle large numbers of concurrent connections efficiently.

	
Event Handling in Express: Express builds on top of Node.js’s event-driven architecture. It provides its own event system for handling events such as routing events, middleware events, and so on. You can also define custom events and event listeners in your Express application using the EventEmitter API.



Event handling is a fundamental concept in Node.js and Express, enabling asynchronous programming and efficient handling of I/O operations.

Example:

const express = require('express');

const EventEmitter = require('events');

const app = express();

// Create an event emitter instance

const eventEmitter = new EventEmitter();

// Event handler for 'newOrder' event

const handleNewOrder = (order) => {

console.log('New order received:', order);

};

// Register the event handler

eventEmitter.on('newOrder', handleNewOrder);

// Route for placing a new order

app.post('/order', (req, res) => {

const order = req.body;

// Process the order

// …

// Emit a 'newOrder' event

eventEmitter.emit('newOrder', order);

res.send('Order placed successfully!');

});

// Start the server

const port = 3000;

app.listen(port, () => {

console.log(`Server is running on port ${port}`);

});

In this example,


	We created an instance of EventEmitter to handle custom events.

	
An event handler handleNewOrder is defined to handle the newOrder event.

	The event handler is registered using eventEmitter.on().

	Inside the route handler for placing a new order, we emit a newOrder event with the order details using eventEmitter.emit().

	When the newOrder event is emitted, the event handler handleNewOrder gets executed.



Conclusion

This chapter has provided a solid foundation for understanding JavaScript, Node.js, and the Express framework which are essential tools for modern development. Through an exploration of JavaScript’s fundamentals, its role in development, and the capabilities of Node.js in enabling server-side JavaScript execution, readers have gained insight into the powerful synergy between these technologies. Furthermore, the introduction to Express has equipped readers with the knowledge of how to efficiently build applications, leveraging its robust features and middleware architecture.

Moving forward, this understanding serves as a cornerstone for developing dynamic and scalable applications. With JavaScript, Node.js, and Express at their disposal, developers are empowered to create innovative solutions that meet the demands of today’s digital landscape.

On a separate note, let us now delve into the fundamentals and key features of blockchain technology in the next chapter.

Multiple Choice Questions


	What is JavaScript used for?

	Server-side programming

	Client-side scripting

	Database management

	Operating system development





	Which of the following is NOT a built-in data type in JavaScript?

	String

	Number

	Array

	Tuple





	
In Node.js, which module is commonly used for interacting with the file system?

	fs

	http

	url

	path





	Which of the following Express methods is used to handle HTTP GET requests?

	
app.post()

	app.get()

	app.put()

	app.delete()





	What does npm stand for in Node.js?

	Node Package Manager

	Node Process Manager

	Node Programming Module

	Node Project Manager





	Which of the following is NOT a valid way to install Express in a Node.js project?

	npm install express

	npm add express

	yarn add express

	npm install --save express





	What does the "require" function do in Node.js?

	It imports a module

	It exports a module

	It creates a new module

	It deletes a module





	
Which HTTP status code represents a successful response in Express?

	200

	400

	500

	404





	What is the purpose of middleware in Express?

	To define routes

	To handle errors

	To perform additional processing on requests

	To serve static files





	Which of the following is NOT a core module in Node.js?

	http

	fs

	express

	os







Answers


	a, b

	d

	a

	b

	a

	b

	a

	a

	c

	c









CHAPTER 2


Getting Started with Blockchain



Introduction

The emergence of blockchain technology has been remarkable in reshaping various industries beyond its initial use in cryptocurrencies such as Bitcoin. Blockchain operates as a decentralized and shared ledger system, offering secure and transparent transactions without the need for intermediaries. This chapter aims to unravel the core principles of blockchain technology. We will explore its unique features and how it functions. By the end, readers will have a clear understanding of how blockchain is revolutionizing the way transactions are conducted and why it is gaining widespread attention across industries. Whether you are new to blockchain or have some prior knowledge, this chapter will provide a solid foundation for comprehending its significance and potential applications. Let us embark on this journey to explore the transformative power of blockchain technology together.

Structure

In this chapter, we will discuss the following topics:


	Foundational Concepts of Databases

	Categorization of Databases

	Intermediary Concept

	Conceptualizing Blockchain Fundamentals

	Core Structure of Blockchain

	Progression of Blockchain Networks

	Hierarchical Structure in Blockchain Networks

	Bitcoin within the Blockchain Ecosystem

	Managing Records in the Bitcoin Blockchain

	
Utilizing Hyperledger in Blockchain Environments

	Varieties of Nodes in Blockchain Systems

	Composition of Blocks in Blockchain

	Extraction Process in Blockchain Systems

	Consensus Mechanism: Proof of Work

	Ensuring Data Integrity in Blockchain Systems

	Hurdles in Consensus Mechanisms

	Achieving Byzantine Fault Tolerance

	Implementing Smart Contracts

	Components for Deploying Smart Contracts

	Comparison Between Blockchain and Conventional Architectures



Before we delve into the fundamentals of blockchain, it is essential to grasp the basic concepts of intermediaries and databases and then compare blockchain with traditional database systems.

Foundational Concepts of Databases

A database is an organized collection of data, typically stored and accessed electronically from a computer system. Databases are crucial for storing, managing, and retrieving data efficiently. Some key concepts include:


	
Data: Information stored in the database, organized into tables, rows, and columns.

	
Database Management System (DBMS): Software that enables users to interact with the database. Examples include MySQL, PostgreSQL, MongoDB, and Oracle.

	
Structured Query Language (SQL): A language used to communicate with and manipulate databases. SQL is commonly used for relational databases.

	
NoSQL: A term referring to databases that do not use traditional SQL for querying and organizing data. NoSQL databases are often used to handle large volumes of unstructured data or for distributed computing.



Categorization of Databases

Databases can be categorized based on various criteria, including their data model, deployment method, intended use, consistency model, access method, and infrastructure management.


	
Based on Data Model:

	
Relational Databases: Organize data into tables with rows and columns, using structured query language (SQL) for querying.

	
NoSQL Databases: Designed for unstructured or semi-structured data and offers flexibility and scalability. Types include document-oriented, key-value, column-oriented, and graph databases.





	
Based on Deployment Method:

	
Traditional On-premises Databases: Installed and maintained on local servers within an organization’s premises.

	
Cloud Databases: Hosted and managed by cloud service providers, offering scalability, flexibility, and reduced infrastructure management overhead.

	
Hybrid Databases: A combination of on-premises and cloud-based databases, offers flexibility and data integration options.





	
Based on Intended Use:

	
Operational Databases: Designed for day-to-day operations, such as transaction processing and data storage.

	
Analytical Databases: Optimized for complex queries and data analysis, often used in decision support systems and business intelligence applications.

	
Data Warehouses: Repositories for storing and managing large volumes of historical data from various sources, typically used for reporting and analysis.





	
Based on Consistency Model:

	
Consistency: Ensures that all nodes in a distributed database have the same data simultaneously.

	
Availability: Guarantees that every request receives a response about whether it was successful or failed.

	
Partition Tolerance: Ensures that the system continues to operate despite network failures that may cause messages between nodes to be lost or delayed.





	
Based on Access Method:

	
Online Transaction Processing (OLTP): Optimized for handling large numbers of transactions from multiple users in real-time.

	
Online Analytical Processing (OLAP): Designed for complex queries and data analysis, typically involving historical data.





	
Based on Infrastructure Management:

	
Centralized Databases: Data is stored and managed in a single location, often with a single point of control. This approach can offer simplicity but it might lack fault tolerance and scalability.

	
Decentralized Databases: Data is distributed across multiple locations, with each location having its own control. This can provide resilience and scalability but may introduce challenges in data consistency and coordination.

	
Distributed Data Centers: Networked data centers spread across different geographical locations, often used to enhance reliability, performance, and disaster recovery capabilities.

	
Blockchain Databases: Utilize a decentralized and distributed ledger technology where data is stored across a network of computers (nodes) in a chronological and immutable chain of blocks. Blockchain databases are often used in applications requiring transparency, security, and trust, such as cryptocurrency transactions, supply chain management, and smart contracts.















	
Type


	
Description


	
Examples


	
Comparison





	
Centralized


	
Data is stored and managed in a single location or server. Access to the database is controlled centrally. Changes to the data are made directly to the central database.


	
MySQL, PostgreSQL, Oracle


	
Centralized systems are prone to data security issues due to a single point of vulnerability. They may experience significant delays due to bottlenecks. They have lower costs as redundancy is minimized. They have a single point of failure but are easier to maintain. They are highly unstable, and if the central server fails, the entire network collapses. They have low scalability and are easy to set up.





	
Decentralized


	
Data is distributed across multiple locations or servers, but there is still a central authority managing access and updates to the database.


	
Blockchain


	
Decentralized systems offer moderate security; data can be reconstructed from parallel servers if backed up properly. They generally offer quicker response times. They require substantial processing overheads for proper coordination among servers. They have fewer points of failure but are more complex to maintain than centralized systems. They offer better stability; the network can continue operating at a reduced level if any one server fails. They are moderately scalable and are more challenging to set up.
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