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	Introduction
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	Many people will tell you that functional programming is tough to grasp, but I'm here to tell you it isn't. The hardest part is deciding to understand the concepts of functional programming, but once you've taken that step, the rest is plain sailing.

	Here, let me give you some examples of how functional programming works.

	Can you remember when you learned to drive?

	When you saw other people driving, you thought it looked easy. You thought you would have no trouble, but boy, were you wrong!

	You practiced hard and learned your local streets before you ventured further afield. You made mistakes but learned from them and eventually passed your test. License in hand, you drove whenever you could, and gradually your confidence increased. Then one day, you needed to buy a new car because yours had packed up. Or a friend asked you to drive their car.

	Think about what it was like to suddenly have to drive a completely different car. Did it feel as though you were driving for the first time again? It wouldn't have been anything like that. The first time you drove, everything was strange. It was the first time you had ever been in control of a vehicle. But the second car was different. Rather than starting over, all you had to do was answer a few questions – where is the ignition? How do I turn the lights or windscreen wipers on? Where are the indicators? How do I adjust the mirrors?

	After that, it's no different from driving your own car. 

	Ask yourself this – why did you find it so easy this time when the first time you drove was nothing short of a nightmare? Sure, a few things might have been implemented a little differently, and there might have been a few extra or different features. You might not have used those features in the first car. Maybe you didn't use them in the second car, but you did learn those features, so the next time you got in a new car, it didn't feel so strange. 

	 Learning a computer programming language is similar to this. The first language you learn is the hardest, but it gets easier to learn new ones. When you start learning a second programming language, you might ask yourself a few questions – how do I search an array? How is a module created? What parameters does the substring function have? 

	You have confidence that learning to drive the second, third, or even fourth programming language will be easier because it isn't that different from the first one – except it may have some features that make life easier for you. 

	What if you suddenly had to fly a spaceship? 

	You may have driven the same car for years, or you may have driven lots of different ones. What does that matter? Knowing how to drive a car won't help you know how to fly a spaceship – you'll be starting over from zero. And remember, all programmers start their count from zero.

	When you start training, you know that it won't be the same as learning to drive a car – a spaceship is completely different. 

	Physics hasn't changed – you navigate the spaceship the same way you navigate a car.

	Learning functional programming is exactly the same. Yes, things will be different, and you know that much of what you learned about programming will not work in functional programming.

	Think of it this way. When you learn a programming language, you learn to think. When you learn functional programming, you learn to think differently. And I promise you this – it will be so different that you likely won't ever go back to how you used to think. 

	So this is how it works – you must forget everything you know or thought you knew.

	You might hear people telling you to forget what you know all the time, but it is true in terms of functional programming. When you learn functional programming, it's like starting over again. But this time, you learn more effectively. While some concepts will be the same, it's best if you expect to have to learn it all from scratch.

	If your perspective is right, your expectations will be right, stopping you from quitting when things seem too tough.

	As a programmer, you'll do all kinds of things, but you won't be able to do most of them as a functional programmer.

	Remember when you had to reverse your car to get out of the driveway? But then you got in that spaceship, and it had no reverse. How can that be? How do you drive without being able to reverse? 

	It might interest you to know that a spaceship doesn't need to reverse because it can move about in 3D space. When you grasp that, you won't miss reverse and might start to think that your old car was incredibly limiting.

	I only ask you to be patient because learning functional programming will take a while.

	Time to forget everything you learned about imperative programming and dip your toes into the fast-forward world of functional programming.

	This book will walk you through some of the most important functional programming concepts, concepts you must learn and understand before you start using a functional language. 

	Do not rush. This book is in no particular order, and no chapter is linked to another. Dip around, read it in whatever order you want, and, when you understand it fully, use it as a guide when you need to brush up on certain skills. 

	Most importantly, ensure you understand every concept fully. There are exercises in some chapters to help you test your knowledge and lots of examples and code to help you. Please note that I have not used just one programming language throughout. Instead, I have used different ones – some functional, some imperative. This gives you an idea of how it all works regardless of the language you choose to work in.

	And I've even included a bonus chapter on preparing for a functional programming interview, including a few sample questions and answers.

	Ready?

	Then let's dive in.



	
Chapter 1

	 

	Let’s Compare
Programming Paradigms
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	Before we start delving into functional programming, it would help if we compared different programming paradigms, looking at the four primary ones and their features. The definition of a paradigm is “a typical example of a model or pattern.” Each of our four paradigms has its own frameworks, patterns, features, and styles, all aimed at helping you solve specific problems. Why can't you use any paradigm to solve any problem? Because programming languages are considered tools, you know that one tool will not do every job. Some tasks are best solved using a functional approach, while others need object-oriented programming. 

	[image: Image]

	Let's look at the four main paradigms:

	Procedural Programming

	You will often hear this called Imperative Programming, and it is based on the concept of procedural calls. In a procedural call, a statement is structured into different procedures, which are also called functions or subroutines. These are a  series of step-by-step instructions telling a computer what it needs to do.

	Procedural languages are also classed as top-down languages, and you'll find that most early programming languages are classed as procedural, including COBOL and Fortran C. The following example is COBOL:

	IDENTIFICATION DIVISION.

	PROGRAM-ID. HELLO.

	PROCEDURE DIVISION.

	 DISPLAY 'Hello World!'.

	 STOP RUN.

	Procedural Programming Features:

	
		Procedural  programming is great for general-purpose programming

		It features coded simplicity, and compilers and interpreters are simple to implement

		There are plenty of books and online information and courses on tested algorithms, which makes these languages easy to learn and understand

		Portable source code

		No need to rewrite or copy code; one piece can be used in multiple places in your program

		The top-down approach makes tracking program flow easy



	Logical Programming

	The logical programming paradigm is firmly based on mathematical logic, where all statements in a program express one or more rules and/or facts about a problem. Each statement is a logical clause containing a head and a body. These statements are also declarative in nature rather than imperative, but what does this mean?

	Understanding how to use logical programming to solve problems means understanding the two primary building blocks – facts and rules. 

	Here's an example to help you understand how imperative and declarative programming differ.

	You go to a café and want to order a cup of coffee:

	Imperative Approach

	
		Go into the café

		Stand in the queue and wait to be asked for your order

		Place your order

		Ask for a takeaway

		Pay for the coffee

		Give them your loyalty card, so you get your points

		Collect your order and leave the café



	Declarative Approach

	
		Order a large white coffee to go



	An imperative approach provides a whole list of instructions, but in the declarative approach, you simply inform the system what you need, and it will come up with its own approach.

	Perhaps one of the most famous logical programming languages is Prolog, a paradigm with significant influence in several domains, including expert systems, proving theorems, AI (particularly Watson2 by IDM), and natural language processing. Ike SQL, Prolog has two primary aspects – data expression and data query. Logical programming, statements, and terms have inherited their basic constructs from logic, and there are three main statements:

	
		Facts – basic assertions are made about the problems domain

		Rules – inferences about the domain facts

		Queries – questions about the problem domain



	Logical Programming Features:

	
		Logical programming ensures knowledge can be expressed without needing to depend on implementation. This makes programs compressed, flexible, and easier to understand

		It ensures knowledge and use can be separated, for example, making changes to machine architecture without having to change a program or its code

		Alterations and extensions are possible in ways to naturally support specific knowledge forms, like the meta-level of higher-order knowledge

		We can use logical programming in a non-computational discipline, relying on precise means and reasoning of an expression.



	Functional Programming

	This programming paradigm provides a specific style of building a program's structure and all its elements. Computation is treated as a form of mathematical function evaluation, avoiding the need to change state and use mutable data.

	You only work with pure functions in functional programming, but what are these?

	A pure function's input is a list of arguments, and its output is a value. You could argue that because all functions can take values and return a value, they must all be pure. But that is not the case.

	Take a function that relies on a class member's data or a global variable. This is not a pure function. In cases like this, that function's return value does not entirely depend on the arguments it was given as an input; add to that, there may be side effects. What are these?

	Side effects are when an application's state changes so that the changes can be seen outside the function, aside from the return value. For example, if you modify a global variable, other object property, external variable, or any variable inside the scope chain of the parent function.

	Functional Paradigm Features:

	Functional programs only have several primary features:

	
		Pure functions - As discussed above, where an array is given as an input, the output will also be an array. This is a new array, and the original input array remains unmodified. Where pure functions are concerned, the output only depends on the input, nothing else.



	The example below is in Scala and it shows a function taking some values and returning the sum of those values:

	scala> def add(a:Int,b:Int) = a + b

	add: (a: Int, b: Int)Int

	The add function has no side effects because it didn't change any of the provided input values. Instead, a second pure function was used – the + operator – and the call resulted in the sum of the values being returned. The add function is pure. 

	
		Recursion – recursive functions call themselves during the execution process. Doing this allows a function to repeat itself as often as needed, outputting a result at the end of every iteration. The example below shows a recursive function:



	Function Count (integer N)

	 if (N <= 0) return “Must be a Positive Integer”;

	 if (N > 9) return “Counting Completed”;

	else return Count (N+1);

	 end function

	Function Count() counts recursively to the number 10 from a number between 1 and 9. For example, Count(2) returns 3, 4, 5, 6, 7, 8, 9, 10, while Count(8) would return 9, 10. 

	Recursive functions are commonly seen in computer and data science because they provide a way of writing effective programs without needing reams of code. However, they do have a downside; if a recursive function is not written properly, it can cause unexpected results, such as the dreaded infinite loop. The above example terminates the function if the number is 0 or lower or 9 or higher. Recursion can go into an infinite loop if you do not add proper cases to stop execution into the function. This means the program will continually repeat until it crashes or the system hangs up. 

	
		Referential Transparency – when an expression can be replaced with its corresponding value with no changes to how the program behaves, the expression is classed as referentially transparent. When one of these is evaluated, you get the same value for fixed arguments. Functional programming will only consider referentially transparent functions, and they are much easier to read and understand. 



	int add(int a, int b)

	 {

	 return a + b

	 }

	int mult(int a, int b) 

	 {

	 return a * b;

	 }

	int x = add(2, mult(3, 4));

	Can you see the referentially transparent method in this example? It is mult because we can replace calls to it with its corresponding return value. Let's try this, using 12 in place of mult(3, 4):

	int x = add(2, 12)

	Conversely, we can replace add(2, 12) with 14, its corresponding value:

	int x = 14;

	
		Its functions are first-class and may also be higher-order – programming languages are considered to contain first-class functions when the language's functions are treated the same way as variables. For example, functions can be passed to other functions as arguments, may be returned by another function, and may be assigned to variables as values. Higher-order functions take one or more first-class functions as parameters.

		Immutable variables – variables cannot be modified after initialization in functional programming. Instead, you must create new variables, ensuring state is maintained during runtime. One example of an immutable object is a string:



	var name = “Callie”

	var uppd = name.toUpperCase()

	In this, var name has a value of Callie, while uppd has a value of CALLIE.

	Fortran C and Lisp are the two oldest high-level programming languages. Lisp is functional because its functions are first-class objects. However, it is not a pure-function language because Lisp operations may have side effects.  

	The programming languages with support for functional programming include:

	
		Clojure

		Common Lisp

		Erlang

		Haskell

		JavaScript

		Lisp

		ML

		OCaml

		Racket

		Scala



	Here a few code examples in Lisp:

	Evaluating a number’s (n) factorial:

	(defun factorial (n)

	(if (<= n 1)

	1

	(* n (factorial (-n 1)))))

	Iterative version use Loop Macro from Common Lisp:

	(defun factorial (n)

	(loop for I from 1 to n

	for fac=1 then (* fac i)

	finally (return fac)))

	A recursive function:

	(defun –reverse (list)

	(let ((return –value ‘()))

	(dolist (e list) (push e return-value))

	return-value))

	Object-Oriented
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