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Becoming Functional  

– Several Questions

Functional programming (or FP) has been around since the earliest days of computing and is going 
through a sort of revival because of its increased use with several frameworks and libraries, most 
particularly in JavaScript.

In this chapter, we shall do the following:

•	 Introduce some concepts of FP to give a small taste of what it means

•	 Show the bene�ts (and problems) implied by the usage of FP and why we should use it

•	 Start thinking about why JavaScript can be considered an appropriate language for FP

•	 Go over the language features and tools that you should be aware of to fully take advantage of 
everything in this book

By the end of this chapter, you’ll have the basic tools that we’ll be using throughout this book, so let’s 
get started by learning about FP.

What is functional programming?

If you go back in computer history, you’ll �nd that the second oldest programming language still in 
use, Lisp, is based on FP. Since then, there have been many more functional languages, and FP has 
been applied more widely. But even so, if you ask people what FP is, you’ll probably get two widely 
dissimilar answers.

A bit of trivia

For trivia or history bu�s, the oldest programming language still in use is Fortran, which 
appeared in 1957, a year before Lisp. Quite shortly a�er Lisp came another long-lived language, 
COBOL, for business-oriented programming.









































2
Thinking Functionally  

– A First Example

In Chapter 1, Becoming Functional, we went over what FP is, mentioned some advantages of applying 
it, and listed some tools we’d need in JavaScript. For now, let’s leave the theory behind and start by 
considering a simple problem and how to solve it in a functional way.

In this chapter, we will do the following:

•	 Look at a simple, e-commerce-related problem

•	 Consider several usual ways to solve it (with their associated defects)

•	 Find a way to solve the problem by looking at it functionally

•	 Devise a higher-order solution that can be applied to other problems

•	 Work out how to carry out unit testing for functional solutions

In future chapters, we’ll be returning to some of the topics listed here, so we won’t be going into too 
much detail. We’ll just show how FP can give a di�erent outlook on our problem and leave further 
details for later.

A�er working through this chapter, you will have had a �rst look at a common problem and at a way 
of solving it by thinking functionally, as a prelude for the rest of this book.

Our problem – doing something only once

Let’s consider a simple but common situation. You have developed an e-commerce site; the user can 
�ll their shopping cart, and in the end, they must click on a Bill me button so that their credit card 
will be charged. However, the user shouldn’t click twice (or more), or they will be billed several times.



























3
Starting Out with Functions  

– A Core Concept

In Chapter 2, �inking Functionally , we discussed an example of FP thinking, but now, let’s look at 
the basics and review functions.

In this chapter, we’ll do the following:

•	 Discuss functions in JavaScript, including how to de�ne them, with a particular focus on 
arrow functions

•	 Learn about currying and functions as �rst-class objects

•	 Explore several ways of using functions in an FP way

A�er going through all this content, you’ll be up to date with the generic and speci�c concepts relating 
to functions, which are, a�er all, at the core of FP!

All about functions

Let’s start with a short review of functions in JavaScript and their relationship to FP concepts. We 
will begin with something that we mainly mentioned in the Functions as �rst-class objects section of 
Chapter 1, Becoming Functional, and again in a couple of places in Chapter 2, �inking Functionally , 
and then go on to several considerations about their usage in actual coding. In particular, we’ll be 
looking at the following:

•	 Some basic concepts about lambda calculus, which is the theoretical basis for FP

•	 Arrow functions, which are the most direct translation of lambda calculus into JavaScript

•	 Using functions as �rst-class objects, a key concept in FP





















































4
Behaving Properly  

– Pure Functions

In Chapter 3, Starting Out with Functions, we considered functions as the critical elements in functional 
programming (FP), went into detail about arrow functions, and introduced some concepts, such as 
injection, callbacks, poly�lling, and stubbing. In this chapter, we’ll have the opportunity to revisit or 
apply some of those ideas.

In this chapter, we will do the following:

•	 Consider the notion of purity  and why we should care about pure functions—and impure 
functions as well!

•	 Examine the concept of referential transparency

•	 Recognize the problems implied by side e�ects

•	 Show some advantages of pure functions

•	 Describe the main reasons behind impure functions

•	 Discover ways to minimize the number of impure functions

•	 Focus on ways of testing both pure and impure functions

Pure functions

Pure functions behave the same way as mathematical functions and provide various bene�ts.  
A function is pure if it satis�es two conditions:

•	 Given the same arguments, the function always calculates and returns the same result: �is 
should be true no matter how many times it’s invoked or under which conditions you call it. 
�is result cannot depend on any outside information or state, which could change during 











































5
Programming Declaratively  

– A Better Style

Up to now, we haven’t really been able to appreciate the possibilities of functional programming (FP) 
as it pertains to working in a higher-level, declarative fashion. In this chapter, we will correct this and 
start producing shorter, more concise, and easier-to-understand code, by using some higher-order 
functions (HOFs) —that is, functions that take functions as parameters, such as the following:

•	 reduce()  and reduceRight()  to apply an operation to a whole array, reducing it to  
a single result

•	 map()  to transform one array into another by applying a function to each of its elements

•	 flat()  to make a single array out of an array of arrays

•	 flatMap()  to mix together mapping and �attening

•	 forEach()  to simplify writing loops by abstracting the necessary looping code

We’ll also be able to perform searches and selections with the following:

•	 filter()  to pick some elements from an array

•	 find()  and findIndex()  to search for elements that satisfy a condition

•	 A pair of predicates, every()  and some() , to check an array for a Boolean test

Using these functions will let you work more declaratively, and you’ll see that your focus will shi� to 
what you need to do and not so much to how it’s going to be done; the dirty details are hidden inside 
our functions. Instead of writing a series of possibly nested loops, we’ll focus on using functions as 
building blocks to specify our desired result.

We will use these functions to work with events in a declarative style, as we’ll see in Chapter 11, 
Implementing Design Patterns, when we use the observer pattern. We will also be able to work in a 
�uent  fashion, in which the output of a function becomes the input of the next one, a style we will 
look at later.



















































































6
Producing Functions  

– Higher-Order Functions

In Chapter 5, Programming Declaratively, we worked with some declarative code so that we could 
gain understandability and more compact, shorter code. In this chapter, we will go further toward 
higher-order functions (HOFs) and develop our own. We can roughly classify the results that we 
are going to get into three groups:

•	 Wrapped functions: �ese keep their original functionality while adding some kind of new 
feature. In this group, we can consider logging (adding log production capacity to any function), 
timing (producing time and performance data for a given function), and memoization of 
functions and promises (caching results to avoid future rework).

•	 Altered functions: �ese di�er in some key points from their original versions. Here, we can 
include the once()  function (we covered this in Chapter 2, �inking Functionally ), which 
changes the original function so that it only runs once; functions such as not()  or invert() , 
which alter what the function returns; arity-related conversions, which produce a new function 
with a �xed number of parameters; and throttling and debouncing functions for performance.

•	 Other productions: �ese provide new operations, turn functions into promises, allow enhanced 
search functions, decouple methods from objects, transform them into plain functions, and 
go the other way around, converting functions into methods. We shall leave a special case – 
transducers – for Chapter 8, Connecting Functions.

Wrapping functions – keeping behavior

In this section, we’ll consider some HOFs that provide a wrapper around other functions to enhance 
them in some way but without altering their original objective. In terms of design patterns (which 
we’ll be revisiting in Chapter 11, Implementing Design Patterns), we can also speak of decorators. �is 
pattern is based on the concept of adding some behavior to an object (in our case, a function) without 
a�ecting other objects. �e term decorator is also popular because of its usage in frameworks, such 
as Angular, or (in an experimental mode) for general programming in JavaScript.



































































7
Transforming Functions  

– Currying and Partial Application

In Chapter 6, Producing Functions, we saw several ways of manipulating functions to get new 
versions with some changes in their functionality. In this chapter, we will go into a particular kind of 
transformation, a sort of factory method that lets you produce new versions of any given function.

We will be considering the following:

•	 Currying: A classic FP theoretical function that transforms a function with many parameters 
into a sequence of unary functions

•	 Partial application: Another time-honored FP transformation, which produces new versions 
of functions by �xing some of their arguments

•	 Partial currying (a name of my own): Can be seen as a mixture of the two previous transformations

�e techniques in this chapter will provide you with a di�erent way of producing functions from 
other functions. To be fair, we’ll also see that some of these techniques can be emulated, possibly with 
greater clarity, by simple arrow functions. However, since you are liable to �nd currying and partial 
application in all sorts of texts and web pages on FP, it is important that you know their meaning 
and usage, even if you opt for a simpler way out. We’ll look at several applications of the ideas in the 
following sections.

A bit of theory

�e concepts we’ll discuss in this chapter are in some ways very similar, and in other ways quite di�erent. 
It’s common to �nd confusion about their real meanings, and plenty of web pages misuse terms. You 
could even say that all the transformations in this chapter are roughly equivalent since they let you 
transform a function into another one that �xes some parameters, leaving other parameters free, and 
eventually leading to the same result. Okay, I agree; this isn’t very clear! So, let’s start by clearing the air 
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•	 Then, if any parameters are left in args2 , it also appends them to those of args1 , 
producing allParams

•	 Finally, if allParams  does not include any more undefined  values and is su�ciently long, 
it calls the original function

•	 Otherwise, it partializes itself to wait for more parameters

An example will make it more clear. Let’s go back to our trusty make3()  function and construct a 
partial version of it:

const make3 = (a: string, b: number, c: string): string =>

  `${a}:${b}:${c}`;

const f0 = partial(make3) ;

const f1 = f0(undefined, 2) ;

�e f1()  function gets [undefined, 2]  as parameters. Now, let’s create a new function:

const f2 = f1("A") ;

What happens? �e previous list of parameters ([undefined, 2] ) gets merged with the new list 
(a single element—in this case, ["A"] ), producing a function that now receives "A"  and 2 as its �rst 
two arguments. However, this isn’t yet ready, because the original function requires three arguments. 
We can write the following:

const f3 = f2("Z") ;

�en, the current list of arguments would be merged with the new argument, producing ["A",2,"Z"] . 
Since the list is now complete, the original function will be evaluated, producing "A:2:Z"  as the 
�nal result.

�ere are signi�cant similarities between the structure of this code and the other higher-order function 
we wrote earlier in the Currying with bind() section:

•	 If all the arguments have been provided, the original function is called

•	 Otherwise, if some arguments are still required (when currying, it’s just a matter of counting 
arguments by checking the function’s length  property; when doing partial application, 
you must also consider the possibility of having some undefined  parameters), the higher-
order function calls itself to produce a new version of the function, which will wait for the 
missing arguments

Let’s get now to a TypeScript version with its data typing.

























8
Connecting Functions  

– Pipelining, Composition,  
and More

In Chapter 7, Transforming Functions, we looked at ways to build new functions by applying higher-
order functions. In this chapter, we will go to the core of FP and learn how to create sequences of 
function calls and how to combine them to produce a more complex result out of several simpler 
components. To do this, we will cover the following topics:

•	 Pipelining: A way to join functions, similar to Unix/Linux pipes

•	 Chaining: A variant of pipelining, but restricted to objects

•	 Composing: A classic operation with its origins in basic computer theory

•	 Transducing: An optimized way to compose map, filter , or reduce  operations

Along the way, we will be touching on related concepts, such as the following:

•	 Pointfree style, which is o�en used with pipelining and composition

•	 Debugging of composed or piped functions, for which we’ll whip up some auxiliary tools

•	 Testing for these functions, which won’t prove to be of high complexity

Armed with these techniques, you’ll be able to combine small functions to create larger ones, which 
is a characteristic of FP and will help you develop better code.

Pipelining

Pipelining and composition are techniques that are used to set up functions to work in sequence so 
that the output of a function becomes the input for the following function. �ere are two ways of 



































































9
Designing Functions  

– Recursion

In Chapter 8, Connecting Functions, we considered yet more ways to create new functions out of 
combining previous existing ones. Here, we will get into a di�erent theme: how to design and write 
functions in a typically functional way, by applying recursive techniques.

We will be covering the following topics:

•	 Understanding what recursion is and how to think in order to produce recursive solutions

•	 Applying recursion to some well-known problems, such as making a change or the Tower of Hanoi

•	 Using recursion instead of iteration to re-implement some higher-order functions from 
earlier chapters

•	 Writing search and backtrack algorithms with ease

•	 Traversing data structures, such as trees, to work with �lesystem directories or with the 
browser DOM

•	 Understanding mutual recursion and applying it to problems such as correctly evaluating 
arithmetical expressions

•	 Getting around some limitations caused by browser JavaScript engine considerations

Using recursion

Recursion is a key technique in FP, to the degree that some languages do not provide for iterations or 
loops, and work exclusively with recursion (Haskell, which we already mentioned, is a prime example 
of that). A fundamental fact of computer science is that whatever you can do with recursion, you can 
do with iteration (loops), and vice versa. �e key concept is that there are many algorithms whose 
de�nition is far easier if you work recursively. On the other hand, recursion is not always taught, and 
many programmers, even a�er knowing about it, prefer not to use it. �erefore, in this section, we 
shall see several examples of recursive thinking so that you can adapt it for your functional coding.



























































10
Ensuring Purity  
– Immutability

In Chapter 4, Behaving Properly, when we considered pure functions and their advantages, we saw 
that side e�ects such as modifying a received argument or a global variable were frequent causes of 
impurity. Now, a�er several chapters dealing with many aspects and tools of FP, let’s talk about the 
concept of immutability – how to work with objects in such a way that accidentally modifying them 
will become harder or, even better, impossible.

We cannot force developers to work in a safe, guarded way. Still, if we �nd some way to make data 
structures immutable (meaning that they cannot be directly changed, except through some interface 
that never allows us to modify the original data and produces new objects instead), then we’ll have 
an enforceable solution. In this chapter, we will look at two distinct approaches to working with such 
immutable objects and data structures:

•	 Basic JavaScript ways, such as freezing objects, plus cloning to create new ones instead of 
modifying existing objects

•	 Persistent data structures, with methods that allow us to update them without changing the 
original and without the need to clone everything either, for higher performance

Warning!

�e code in this chapter isn’t production-ready; I wanted to focus on the main points and not 
on all the myriad details concerning properties, getters, setters, lenses, prototypes, and so on 
that you should take into account for a full, bulletproof solution. For actual development, I 
recommend going with a third-party library, but only a�er checking that it really applies to 
your situation. We’ll be recommending several such libraries, but of course, there are many 
more that you could use.







































11
Implementing Design Patterns 

– The Functional Way

In Chapter 10, Ensuring Purity, we saw several functional techniques to solve di�erent problems. 
However, programmers used to employing OOP may �nd that we have missed some well-known 
formulas and solutions o�en used in imperative coding. Since design patterns are well known, and 
programmers will likely already be aware of how they are applied in other languages, it’s important 
to look at how a functional implementation would be done.

In this chapter, we shall consider the solutions provided by design patterns that are common in OOP, 
to see their equivalent in FP. �is will help you transition from OOP to a more functional approach 
and learn more about FP’s power and methods, by seeing alternative solutions to problems.

In particular, we will study the following topics:

•	 �e concept of design patterns and what they apply to

•	 A few OOP standard patterns and what alternatives we have in FP if we need one

•	 �e Observer pattern, which leads to reactive programming, a declarative way of dealing with events

•	 FP design patterns, not related to the OOP ones

In this chapter, we won’t be worrying much about typing and TypeScript because we’ll want to focus 
on the patterns, minimizing and abstracting everything else.

Understanding design patterns

One of the most relevant books in so�ware engineering is Design Patterns: Elements of Reusable 
Object-Oriented So�ware (1994), written by the Gang of Four (GoF) – Erich Gamma, Richard Helm, 
Ralph Johnson, and John Vlissides. �is book presented about two dozen OOP patterns and has been 
recognized as highly important in computer science.
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old interface for new code, so it will match what you already have. If you are working with modules, 
it’s clear that the same type of solution that worked for Façade will work here, so we don’t have to 
study it in detail. Now, let’s continue with a well-known pattern, which we saw earlier in this book!

Decorator or Wrapper

�e Decorator pattern (also known as Wrapper) is useful when you want to add additional responsibilities 
or functionalities to an object in a dynamic way. Let’s consider a simple example, which we will illustrate 
with some React code. (Don’t worry if you do not know this framework; the example will be easy to 
understand. �e idea of using React is because it can take advantage of this pattern very well. Also, 
we have already seen pure JavaScript higher-order function examples, so it’s good to see something 
new.) Suppose we want to show some elements on the screen, and for debugging purposes, we want 
to show a thin red border around an object. How can you do it?

If you were using OOP, you would have to create a new subclass with the extended functionality. For 
this particular example, you might provide some attribute with the name of some CSS class that would 
provide the required style, but let’s keep our focus on OOP; using CSS won’t always solve this so�ware 
design problem, so we want a more general solution. �e new subclass would know how to show 
itself with a border, and you’d use this subclass whenever you wanted an object’s border to be visible.

With our experience with higher-order functions, we can solve this di�erently by wrapping the original 
function within another one, which would provide extra functionality.

Note that we have already seen some examples of wrapping in the Wrapping functions – keeping behavior 
section of Chapter 6, Producing Functions. For example, in that section, we saw how to wrap functions 
to produce new versions that could log their input and output, provide timing information, or even 
memorize calls to avoid future delays. On this occasion, we are applying the concept to decorate a 
visual component, but the principle remains the same.

Let’s de�ne a simple React component, ListOfNames , that can display a heading and a list of people, 
and for the latter, we will use a FullNameDisplay  component. �e code for those elements would 
be as shown in the following fragment:

const FullNameDisplay = ({ first, last }) => {

  return (

    <div>

      First Name: <b>{first}</b>

      <br />

      Last Name: <b>{last}</b>

    </div>

  );

};
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Family Description

Transforming

�e other very commonly used family, which includes operators to transform 
the values in a sequence. Some of the many possibilities include these:

•	 buffer()  and bufferTime()  to collect values and emit them as 
an array

•	 groupBy()  to group values together based on some property

•	 map()  to apply a given mapping function to every element in the sequence

•	 partition()  to split an observable into two, based on a given predicate

•	 pluck()  to pick only some attributes from each element

•	 reduce()  to reduce a sequence of values to a single one

•	 scan()  works like reduce()  but emits all intermediate values

•	 toArray()  collects all values and emits them as a single array

Utilities

A sundry collection of operators with di�erent functions, including the following:

•	 tap()  to perform a side effect, similar to what we saw in the Tapping 
into a �ow section in Chapter 8, Connecting Functions

•	 delay()  to delay sequence values for some time

•	 finalize()  to call a function when an observable completes or 
produces an error

•	 repeat()  is just like retry()  but for normal (that is, non-error) cases

•	 timeout()  to produce an error if no value is produced before a 
given duration

Wow, that’s a lot of operators! We have excluded many, and you could even write your own, so be sure 
to look at the documentation. By the way, understanding operators is easier with marble diagrams; 
we won’t be using them here, but read reactivex.io/documentation/observable.
html  for a basic explanation, and then check out rxmarbles.com  for many interactive examples 
of operators and how they function.

Let’s �nish this section with a couple of examples of the possibility of application for your own coding.

Detecting multi-clicks

Suppose you decided, for some reason or another, that users should be able to triple-click or four-click 
on something, and the number of clicks would somehow be meaningful and produce some kind of 
result. Browsers do very well detecting single- or double-clicks and letting you respond to them, but 
triple- (or more) clicks aren’t available so easily.











12
Building Better Containers  

– Functional Data Types

In Chapter 11, Implementing Design Patterns, we went over how to use functions to achieve di�erent 
results. In this chapter, we will look at data types from a functional point of view. We’ll be considering 
how we can implement our own data types, along with several features that can help us compose 
operations or ensure their purity so that our FP coding will become simpler and shorter.

We’ll be touching on several topics:

•	 Data types from a functional point of view. Even though JavaScript is not a typed language, a 
better understanding of types and functions is needed, to complement our usage of TypeScript.

•	 Containers, including functors and the mystifying monads, to structure a data �ow.

•	 Functions as structures, in which we’ll see yet another way of using functions to represent 
data types, with immutability thrown in as an extra.

With that, let’s get started!

Specifying data types

Even though JavaScript is a dynamic language, without static or explicit typing declarations and controls, 
it doesn’t mean you can simply ignore types. Even if the language doesn’t allow you to specify the 
types of your variables or functions, you still work—even if only in your head—with types. Specifying 
types has advantages, as follows:

•	 TypeScript can detect compile-time errors, avoiding many bugs.

•	 It will help if you move from JavaScript to a more functional language, such as Elm (see elm-lang.
org ).
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