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Preface

In the fifth grade, I had my first programming lessons in some outside-school activity.
I still remember the teacher asking us to draw diamond shapes on the computer screen
using shape characters such as stars, etc. To be honest, that was one of the best times of my
life. Now I can see, why, after I finished my PhD in chemical engineering and a couple of
years of cancer research as a postdoc, I decided to take an entry level job as a programmer
working with computer languages. I guess my destiny has been determined by what was
memorable in my very early years.

Over many years of working as a programmer, especially after practicing in the field for a
couple of years, I started to benefit tremendously from two computer concepts other than
computer algorithms in general. One is functional programming, and another is recursion.
Both are things that I would never have thought I would learn, and both have changed my
ways of writing code, or may have even inspired me how to live my life.

If there is one thing in common with what I learned from them, it is, an open mind. There
are always multiple ways in life. Recursion is one of those ways. It is mysterious and
might have an intimidating reputation.

This book is about to show you the different way. Instead of focusing on the difference
between recursion and the normal way, the book wants to prove to you in the end that
recursion is a more natural way of human reasoning, especially in approaching complex
problem solving. In order to achieve that, the book will walk you through the problems of
recursion after explaining to you the key elements of recursion. The problem is categorized
mainly by the dimension as well as the main data structure used. The problems ranges from
common daily activities, interview questions, or even some mindblogging competition
problems. By the end of the book, you should be equipped with the right mindset to
write a recursion algorithm from scratch by yourself. Whether you are a novice or an
experienced learner, I hope this book will serve as a valuable resource in your journey of
exploring the possibilities of using recursion as one of your main reasoning toolsets.

Chapter 1: Introduction— In this opening chapter, we will talk about what we need to
have before reading this book. By the end of this chapter, you should be able to read code
from this book and run each of them on the fly. You will also get a sneak peek at what the
minimum features are required to support functional programming in general.

Chapter 2: What is Recursion? The chapter will define recursion in computer algorithms
by writing down our first recursion algorithm step by step. By the end of this chapter, you
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will be able to write the first recursion for the sum algorithm. You will also learn how to
read and understand a recursion in general. After that, you will learn how to measure the
recursion’s running time using the big O notation. In the end, we will visit the printed
results produced by the sum algorithm.

Chapter 3: Recursion as the Architect— This chapter will talk about the recursion’s
counterpart, iteration. We will put iteration and recursion side by side and study why we
this book suggests you start think in recursion on top of the iteration. By the end of this
chapter, you will understand in which area the iteration starts to run short in modeling
complex problems and why recursion can serve as the architect for common problems,
attributing to its flexibility of expressing complex structures freely. You will get to know
when is the best time to learn and practice the recursion setup. At the end of the chapter,
you will see how the recursion is run inside the computer compiler by using the function
stack, how we can run into stack overflow issues with large amount of function calls, as
well as how we suggest to deal with the stack overflow issue for recursion algorithms.

Chapter 4: Factorial and Power- This chapter asks you to apply what we have learned
so far to two basic problems, giving you a chance to practice constructing the recursion
from scratch. By the end of this chapter, you will write two recursion algorithms for the
factorial number and the power of a base. For each, you will get to calculate its running
times, support large integer number in the calculation, as well as running the algorithm
avoiding the stack overflow limit. You will also get a detailed description of the inner-
outer functions setup that we have been using so far to construct recursions. Last but not
least, the printout of the tabular version of the factorial number, power of two, power of
three and power of four are generated for quick reference by the rest of the book chapters.

Chapter 5: Fibonacci Sequence- This chapter asks you to write out the famous Fibonacci
sequence using the recursion. The problem is a bit more complicated and would require
us to apply a memoization technique to fully solve it in the end. In this chapter, you will
be able to generate a Fibonacci sequence with the recursion. You will get a chance to
understand why the sequence requires 2”n’ computational power to accomplish. You
will also learn how to apply memoization to reduce the computation to ‘O(n)’. You will
get to generate the Fibonacci numbers for larger ‘n” by supporting big integers, as well as
coming up with the linear recursion version to avoid the stack overflow issue. Finally, you
will learn how to print out all Fibonacci numbers in a tabular format.

Chapter 6: Climbing Stairs— This chapter continues to see multiple invocation behavior of
the recursive function. Moreover, the number of instances invoked can vary dynamically. In
this chapter, you will get to solve the climbing stairs problem by formulating the recursion
and constructing the boundary from all stair climbing scenarios. Later, we will write the
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recursion algorithm, apply the memoization optimization, add support to the big number,
and make sure we can climb as many stairs as possible. In the end, we will print out the
climbed stairs sequence for maximum steps up to 2, 3, and 4 in tabular format.

Chapter 7: Edit Distance- This chapter presents another interesting problem that you
might encounter at an interview or a competition. It is about changing a word into
another word. In this chapter, you will learn how to solve the edit distance problem using
recursion. You will get a chance to analyze this algorithm’s running time. Afterward, we
will apply the memoization optimization to speed up its running speed to ‘O(k),” and in
the end, we will further increase ‘k’ by using a linear recursion version that is derived from
dynamic programming.

Chapter 8: Paint Bucket- This chapter will start to explore topics relating to directions in
a two-dimensional space. This serves as a preliminary problem among the path-finding
problems that we will solve in later chapters of this book. In this chapter, you will get
to implement the famous Photoshop functionality paint bucket to fill an area using a
recursion. We will walk through the detailed paint process to analyze the running time
spent on the paint process. In the end, we will write a linear recursion version using a stack
to avoid stack overflow issues so that we can use it to paint a large map size.

Chapter 9: Permutation— This chapter dives into the backtracking of recursion in detail.
You will see it helps us set up an optimized, brutal force like infrastructure to build the
solution along the way and regularly falls back to previous backtracks when the solution
gets stalled. In this chapter, we will solve the permutation problem by selecting a number
of items from a list of items and seeing how many ways we can do that. We will see how we
can write code for a variable number of loops using the backtracking technique, especially
how we manage backtracks within the recursion. We will calculate the algorithm’s running
time and come to know what the brutal force is. Afterward, we will compare back-to-back
details of the backtracking and regular recursion. In the end, we will implement a linear
recursion for permutation with a stack.

Chapter 10: Knapsack 0/1- This chapter will continue to use backtracking to solve another
classical problem, the knapsack problem. In this chapter, we will solve the knapsack
problem by asking how many items can fit into a bag to be the most valuable collection.
We will first use the backtracking technique and figure out its running time. We will also
get a chance to see how to do the mutable recursion version, and a linear version using a
stack. We then revisit applying the regular recursion to solve the knapsack problem to see
the difference. We will apply the memoization technique to it in two dimensions this time.
In the end, we will solve the knapsack with a dynamic programming approach to achieve
faster performance.
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Chapter 11: Eight Queens— This chapter continues to apply the backtracking to a well-
studied problem called the eight queens puzzle, where we place queens on a chess board
and make sure they don’t attack each other. In this chapter, we will solve the N-queens
problem by placing ‘n” number of queens on a chess board and making sure they do not
attack each other horizontally, vertically, or diagonally. It is a fun problem, and we will use
the backtracking technique to find all possible ways to place the queens. Afterwards, we
will calculate the algorithm’s running time and fine-tune the diagonal check to speed up
the calculation. We also come up with an iterative solver for n-queen problem. In the end,
we will list all possible ways of placing queens for various queen sizes.

Chapter 12: Finding Path— This chapter continues our journey of using recursion and
backtracking. This time, we will apply them to another field: path-finding. In this chapter,
we will start to find a path between two locations on a map using the backtracking
approach. Then, we will study its running time and remove the stack overflow restriction
by using a stack. We will point out that the path we found is not necessarily the shortest
one and explain why it is not. In the end, we would like to attempt to find the shortest path
by finding all possible paths between two points.

Chapter 13: Tree Traversal- This chapter will start to understand the tree traversal
that drives the underlying visiting order of each function instance for the recursion. By
following different visit orders, we can find the shortest path between two locations more
efficiently. In this chapter, we will introduce two traversal orders for navigating nodes
among a tree: the depth-first order and the breadth-first order. We will write an algorithm
that gives us the depth-first order traversal, including two variations such as the preorder
and the postorder. Then, we will understand how a queue can turn a depth-first order
into a breadth-first order traversal. We will apply breadth-first order to our path-finding
problem to find the shortest path. In the end, we make a brief comparison between the
depth-first order and the breadth-first order.

Chapter 14: Shortest Route— This chapter navigates a map again and wants to collect
items that we can find along the way, and in the end, make sure we take the shortest route
of doing that. We will use the shortest distance algorithm we wrote in the previous chapter
to come up with a map explorer to find all items. We will then apply the backtracking we
learned to find all possible routes and select the shortest one among them. Next, we will
figure out the running time of finding all routes and then apply a memoization scheme
based on the past routes to speed up the calculation. Ultimately, we will explain the
heuristics for finding a shorter path in general.

Kup ksigzke


http://helion.pl/page354U~rt/e_42io_ebook

Code Bundle and Coloured Images

Please follow the link to download the
Code Bundle and the Coloured Images of the book:

https://rebrand.ly/j4nzj22

The code bundle for the book is also hosted on GitHub at
https://github.com/bpbpublications/Think-in-Recursion-in-Algorithmic-Programming.

In case there’s an update to the code, it will be updated on the existing GitHub repository.

We have code bundles from our rich catalogue of books and videos available at
https://github.com/bpbpublications. Check them out!

Errata

We take immense pride in our work at BPB Publications and follow best practices to en-
sure the accuracy of our content to provide with an indulging reading experience to our
subscribers. Our readers are our mirrors, and we use their inputs to reflect and improve
upon human errors, if any, that may have occurred during the publishing processes in-
volved. To let us maintain the quality and help us reach out to any readers who might be
having difficulties due to any unforeseen errors, please write to us at :

errata@bpbonline.com

Your support, suggestions and feedbacks are highly appreciated by the BPB Publications’
Family.

Did you know that BPB offers eBook versions of every book published, with PDF
and ePub files available? You can upgrade to the eBook version at www.bpbonline.
com and as a print book customer, you are entitled to a discount on the eBook copy.
Get in touch with us at :

business@bpbonline.com for more details.

At www.bpbonline.com, you can also read a collection of free technical articles,
sign up for a range of free newsletters, and receive exclusive discounts and offers
on BPB books and eBooks.

Kup ksigzke


http://helion.pl/page354U~rt/e_42io_ebook

xi

Piracy

If you come across any illegal copies of our works in any form on the internet,
we would be grateful if you would provide us with the location address or
website name. Please contact us at business@bpbonline.com with a link to
the material.

If you are interested in becoming an author

If there is a topic that you have expertise in, and you are interested in either
writing or contributing to a book, please visit www.bpbonline.com. We have
worked with thousands of developers and tech professionals, just like you, to
help them share their insights with the global tech community. You can make
a general application, apply for a specific hot topic that we are recruiting an
author for, or submit your own idea.

Reviews

Please leave a review. Once you have read and used this book, why not leave
a review on the site that you purchased it from? Potential readers can then see
and use your unbiased opinion to make purchase decisions. We at BPB can
understand what you think about our products, and our authors can see your
feedback on their book. Thank you!

For more information about BPB, please visit www.bpbonline.com.

Join our book's Discord space

Join the book's Discord Workspace for Latest updates, Offers, Tech happenings around the
world, New Release and Sessions with the Authors:

https://discord.bpbonline.com

of

Kup ksigzke


http://helion.pl/page354U~rt/e_42io_ebook

xii

Table of Contents

1. Introduction. . . . . . . . 1
INETOAUCHON ..ttt sttt 1
SEIUCEUTE ..ttt ettt ettt b e s bt bt e bt et et et et e st e st e sbesbe e bt ene e st eneenes 1
ODJECHIVES ... 1
Before starting reCUrSION .........cciuiviiiiiiiiiiic e 2
Making sense of COde ........cociiiiiiniiiiiiiiii s 2
Functional programming..........ccccceeeiiiiiiiiiice e 3

FUNCHON SCOPE....ocvvvviiiiciiiiiiciicictc s 3
FUNCHOM S VATIADIC ..ottt 4
DeStrUCHUTING .o.vcviviieiiiciciiicictcc s 5
CONCIUSION 1.ttt ettt ettt ettt ettt et et b et e st eb e st et esesseneese s et esesseneesessansenens 6
EXETCISES ..ottt ettt bbbt et b bbbt nee 6

2. What is Recursion?...... 7
INETOAUCHON ..ttt ettt 7
SETUCEUTE ettt ettt sb s bbbttt et e st e st st e s bt sbeebeebe e e emeenee 7
ODJECHIVS ...ttt 8
INtroduction t0 FECUTSION ..c..eueruiriiiriiiccrice ettt 8
FUNCHON INSEANCES. ...ttt sb e st 9
Get tO KNOW TECUTSION ...c.uiuieiiiiiieierieeieet ettt ettt sttt et e neas 11
Recursion’s running time..........cooviiiiiiiniiicc e 14
SUuMMation reSUltS HISEd. ......oivuiriiiiiieiee e 17
CONCIUSION 1.ttt ettt ettt ettt e et et et et e se e b e s enesse s eneebe s eneebenseneesesenens 19
EXETCISES ..ttt sttt s a ettt et 19

3. Recursion as the Architect......... 21
INETOAUCHON ...ttt ettt 21
SEIUCEUTE ..ttt ettt s bbbt ettt et e s be b e s b e ebesbe e st e st enteneen 21
ODJECHIVES ...t 22
Simple iteration as 1-2-3 ... 22

Kup ksigzke


http://helion.pl/page354U~rt/e_42io_ebook

Iteration inside fOlders ... 24
Folders are hard to be iterated ..ot 27
Unknown number of I00PS.........cccoiiiiiiiiiiii e 28
Recursion as the architect ........ccveciiciriccccc s 29
Common recurSion Pro|DIEMIS ........ccccviiviviciiiciiiiiiiiciisee e 29
WHhen t0 [ear1t TECUTSION .........cocucucuiuiiiiiiiiiicicicicicicct s 31
Tree 1ePIeSeTEALION .....cuvuvvveveieiieiiiiitcie et 32

Path filAding ......ccccovviviiiiiiiiiiiiiiiiic 33

AdOPE TECUTSION SCLUP ...t 34
HOW 18 TECUISION TUNT ...ooiiiiiiiiiiiiiiicic e 35
The function SEACK ...........cccoveiviviciiiiiiiiiiiicici e 35
SHACk OVETFIOW TSSUE. ...t 37
Overcome the Stack OVETlOT ...........cccvvieiiiieiiieiiiiiiiicccc s 39
CONCIUSION ...t 40
EX@ICISES w..vviiiiiiiiiiniiic e 40
. Factorial and Power.... . . . . . . 41
INErOAUCHON ... 41
SEUCHUTE .o 41
ODJECLIVES ...ttt 42
Factorial NUMDET .........ccccuiiiiiiiiic e 42
Factorial’s TUNTING FIME..........coveviiiiiiiiieieieicccc e 44
Large factorial MUMBET ...........ccccvviviviiiniiiiiiiiiiciitiecset s 45
POWer Of @ DaSE......cccuiiiiiiiiiiii e 47
Inner-outer fUnCions SEHUP.........cceveveviviiieieieieieiciccce s 49
Power’s TUNNING HIIIE .......covvvieiiiiiciiiiiiiiiciict s 50
LATGe POTW UMDY ...t s 54
Factorial and power numbers printed .........ccccoooiiiiiiiiccs 55
FACLOTIAL SETIES ... 55
POTWEY Of FUDO0 ... 56
POWET Of tRYE ... 58
POWET Of fOUT ... 58
CONCIUSION ...t 59
EXEICISES vttt 59

Kup ksigzke


http://helion.pl/page354U~rt/e_42io_ebook

Xiv

5. Fibonacci Sequence.....

6. Climbing Stairs

7. Edit Distance

INtroduction ..o
SEUCHUTE v
ODJECHIVES ...ttt
Fibonacci SEQUENCE........c.coueuiiviiiiiniiiiiiciccee e
Pathway in the power Of tWo .......cccccuviiinniiciiccccrcceeene

Memoization for the TeCUTSION .........ccueueveieiiiiiiiiicicieieieieieiesscne

Large Fibonacci HUMDET ..........c.ccccvviveciniviiniiciiiiiiciciciecc
Fibonacci sequence printed ...........cccocoviiiiiiiiniiiiiin,
CONCIUSION ..o

EXOICISES ettt e e e et

INtroduction ..o
SEUCHUTE .o
ODJECHIVES ...ttt
ClmDbING StAITS ....coveuiiiiiiieiiiiciecece e
The stairs boUndary.............cccevvvvviiiiiinincciiiiiicee e
Any step You Can take ...........ccceveveieviviiiiieeeiii
Climbing’s running time..........ccccvueeeininiinciicnieinccccees
Spurt to the finish [ine............ccccocevvvviiiiinincciiiiiiccccccc
Climbing a large number Of StATTS...........ccocvvvveeseiiiiicicciiens
Climbing stairs [INEATIY..........ccccocveciviviiiiiiiiiiiiciciciec
Climbing stairs sequence listed...........ccccoeeiiiiiniiiiiiiiiiiiins
Stairs With MAXSIEP=2.......c.cccvvvreeiriiiiiiiiiiccceeeeie s
Stairs With MAXSIEP=3......cccccevivvvviniiiiiiiieiiiece
Stairs With MAXSIEP=4.....ccocveireeireiineeieeiieeeeeeeee e,
CONCIUSION ..o

EXOICISES ettt e e e e et e e e eaaaneee s

TNELOAUCHON ettt raaae s
1o 4 D 1 1 ¢ <SR

ODJECHIVES ...

Kup ksigzke

61

61
61
62
62
65
69
73
75
77
77

79

79
79
80
80
81
84
86
87
88
90
92
93
94
94
95
95


http://helion.pl/page354U~rt/e_42io_ebook

X0

Edit dISANCE. ....evivieeietieiieieietect ettt ettt et st e st et e reeet e st e s esbessessessesseeseessessessansensans
Edits” running tme .......cccoeiiriiiniiiiiiiiccccc e
Memoization in tWo-diMENSION. .......ccecveierieierierieeeee ettt ste et see e eseeseeeessesensens
Linear edit diSTANCES .......cccecueriiriiriiciieiieteeeetetesie sttt et ese et e bessessesseeseeseessessessensensans
CONCIUSION .ttt ettt ettt st sttt et et e b et e besbesbesbe e bt eat et ensenseneans

S el < SRR

8. Paint Bucket.. teersrneeeeeeesssnnnnnane

INETOAUCHON ..ttt ettt et ettt e e st e sseeseeseesnensensensensens
SEIUCEUTE ettt ettt ettt e et eteeste e beesbeessesbeenseensesssenseenseensesssenseensanns
ODJECHIVES ...t
Paint BUCKEL ..c.viviiieeieiieeeeeet ettt ettt ettt ettt beeseesa e s essessesans
Paint Defore it Ari€S ....cevecieeierierieeiecieeieeeeeee ettt ettt se e e esn e aeaesens
Paint’s Tunning tiMe ...
Paint Jarger area..........ccccciiiiiiiiiic e
CONCIUSION .ttt ettt ettt et et e et et e st e e beeteeseestessessessessassesseeseeseessensessensansans

EXOICISES vttt e ettt e e e ettt e e e e s et e e e e e s eeabaaeeeeeesnteeeeeeeennaaes

9. Permutation. . . . . . teerrrneeeeeeesssnnnnnane

INErOAUCHON ..ottt
SEIUCKUTE ..ot
ODJECHIVES ...t
Permutation with backtracking ..........ccccccueiiiciniiiniiniciiiciiccccceceeans
Variable number 0f [00PS .........cccovvviiiiiiiiiiiiiiiiiiicicccccc
Applying backtracking teChNIQUE.................covvevviiiiiiiiiiieieiec
Managing DACKETACKS. ...
Permutation running time ............cocooveiiiiiiiii
Brute force SEHUP......c.cuvviiiiiiciciciciciitci
Backtracking versus regular reCursion.........cccceeviiiiiiiiinnn e
Permutation from reQUIar 1eCUTSION ........ccccovvveviiiiciiiiiiiiiicicicecccc s
Linear permutation with @ stack.........ccccccueiiiiiniiiniiiiiicicccccecccecas
CONCIUSION ..ottt

O S o 1< IR

Kup ksigzke


http://helion.pl/page354U~rt/e_42io_ebook

xvi

10. Knapsack 0/1. reeseeneateneaaasans 161
INErOAUCHON ..o 161
SEUCHUTE v 161
ODJECHIVES ...ttt 162
Knapsack with backtracking ........c.cevveecceceueieininiiicceeieieee e 162

Knapsack’s runmning time ...........cccvcciiiiiiiiiiiiiiiiiiccic s 170
Mutable Knapsack 1eCUTSION. ...........cvuvueueieieiiiiiiiciceee s 172
Linear Knapsack SOIUION ..........ccccuvviviviiniiiciiiiiiiiisiciicct st 174
Knapsack in regular reCursion ... 175
Memoization in two diMensIONS ...........ccceeveveviiieiieieeeciscee s 177
Dynamic knapsack SOIUION ..........ccccvvviviieiiiniiiiiiiiiiciiiccict e 180
CONCIUSION ..o 185
EXEICISES vttt 185

11. Eight Queens . . . . . S 187
INErOAUCHON ... 187
SEIUCKUTE ..o 187
ODJECHIVES ...t 188
Eight QUEENS.......ouiiiiii s 188
Queen’s attacking MOAES.........cccouvuiiiiiiiiniiiii e 192
N Queens’ running time .......ccciviiiiiiiiiii e 200
Linear N QUEEINS SOLVET ........cuiiuieiieiecieeteeete e ete et e eteeeteeteeeseeteeeteeseeasesssesseeseesseessenseens 206
N Queens results printed ... 208
CONCIUSION ..o 209
EXEICISES vttt 209

12. Finding Path. . . . . . S 211
INtrOdUCHON . 211
SEIUCKUTE ..o 211
ODJECHIVES ... 212
Find path 0N @ Map .......ccciiiiiiiicc s 212
Path finding’s running time..........ccovveuririiiiiniiiicececeee e 220
Not the shortest path ..........cccciiii 222
All roads lead t0 ROME. ...t 225

Kup ksigzke


http://helion.pl/page354U~rt/e_42io_ebook

Running time of finding all PAtRS ............ccovvveeieiiiiiiiiicceeeccccce e 229
CONCIUSION ..ot 231
EX@ICISES «..vviiiiniictiiicicct s 231

13. Tree Traversal . . . . . cererenenenensssaeaens 233
INErOdUCHON ..o 233
SEUCHUTE .o 233
ODJECHIVES ..ot 234
Tree traversal.......cooiiiiii 234

Move parent node after children node............ccoovvvcviiiniiiiiiiiiciic 237

Reverse CHIlATen LSt ..........ccvueueieieiciiiiiiiicicce et 238
Depth firSt OFAer......c.cuiiiiiiiciccece e 240

Depth-firSt PreOTACT .......vvueuivereieieiiiecicicieee e s 240

Depth-first POSEOTAET ........c.cccveveviiiiiiiiiiiiicieiecc e 241
Breadth firSt Order ... s 242

SHACK AN QUEUE ...t s 245
Finding the shortest path ..........cccccciiiiiiiiiiccccan 247
Depth-first versus breadth-first...........cccccoceeiiiiiiiiiicccccces 253
CONCIUSION ..o 254
EXEICISE ..viiiiiiiiiiiiicic s 254

14. Shortest Route . . . . . rerernsneneneaeaeaeaeanas 255
INErOAUCHON ... 255
SEIUCHUTE ..o 255
ODJECHIVES ...t 255
SNOTEESE TOULE......eeeeeiteecie et ssaes 256

Making a map explorer ...t 257

Backtracking to find all FOULES...............covueruciiiiiiiiiiiciciccccctcc s 263

Recursion to find SHOTtest TOULE ...........ccvveurueveieiciiiciicccce e 268
Running time of finding all TOUtes ..........cccccriiiiiiiiiiiiiiiice 271

Memoization based 01 PASE TOULES ..........ceevirieuiiirieiiiiieiiiieiiteceiee s 272
Heuristics on finding the shortest route .............cccovviiiiiciiiiiiicicccs 275
CONCIUSION ..ot 278
EX@TCISES «..vviiiiiiieticictccet e 278
Index ..279-281

Kup ksigzke


http://helion.pl/page354U~rt/e_42io_ebook

Kup ksigzke


http://helion.pl/page354U~rt/e_42io_ebook

CHAPTER 1
Introduction

Introduction

This book is all about recursion, an intuitive way of thinking. In this opening chapter, let
us discuss what we need to know before reading it, such as how to read the code. We will
also touch on functional programming, which is the basis of the book’s code.

Structure

This chapter covers the following topics:
* Before starting recursion
* Making sense of code
¢ Functional programming
o Function scope
o Function as variable

o Destructuring

Objectives

By the end of this chapter, you should be able to read code from this book and run each
of them on the fly. You will also get a sneak peek at the minimum features required to
support functional programming in general.
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2 Think in Recursion in Algorithmic Programming

Before starting recursion

Recursion is a way of thinking. It is the skill of unfolding a complex structure into self-
similar scopes. Each scope appears to play its role in an atomic fashion within an isolated
space but manages to communicate in between and, in the end, allow us to answer
questions on a larger scale. This is what makes recursion intriguing and powerful.

The human brain is more powerful than you think. The growth of the brain is mostly
driven by needs. It can function the way you allow it to. So, you can train yourself in other
ways of thinking if you choose to.

Have you wondered how some people turn out smarter than the rest? It is not normally
believed that one person is born smarter than another. What really happens is how the
brain develops after birth, especially what skills people develop at an early age.

The skill of thinking in recursion can be developed. Not only are we unlikely born to think
that way, but it is one kind of logical reasoning that is developed based on the complexity
we embrace as we interact with the world. This need to search for a qualified model to
capture complex environments comes later in life.

This book explains how recursion plays a major part in human reasoning. It shows you
how to write a recursion program through basic examples and how it can be applied to
solve real problems. Along the way, we introduce more advanced techniques used in
recursion so that we can use them to solve more difficult problems, either through brutal
forces or their variations.

It will be quite a journey. By the time you finish half the book, you should be able to write
a recursion from scratch by yourselves, and by the time you finish it, you should be able
to think in recursion.

Making sense of code

The codes in this book are all written in JavaScript. They are published online in a readable
and runnable notebook format on observablehq.com. The following link is the group link
for all chapters:

https://observablehq.com/collection/@windmaomao/think-in-recursion/2

This modern online site displays the code along with comments written in Markdown, so
you can read along while you run the code. The button to run is on the arrow key to the
right of each code piece. In case you change any code, you can use the button to rerun it.
Please refer to the following figure:
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