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Foreword

This is a document ot be used in A202/A598 or A290-Javascript or even C211
(which is a language neutral class) to accompany the Eloquent JavaScript text
written by Marijn Haverbeke. Specifically this (very short) text only focuses
on those aspects that are likely to be more challenging to a beginner. There’s
more to say or write here and we’ll do that in due time for now all we want is to
establish that there will be a foreword. Incidentally our advice is to not print
this document, but to read it online, since it’s likely to change a lot from now
(early October 2017) to the end of the year.
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Chapter 1

Introduction

Human languages allow words and
phrases to be combined in many ways,
which allows us to say many different
things.

Computer languages, though typically
less grammatically flexible, follow a sim-
ilar principle.

The fundamental rules are typically
simple and clear. But programs built on
top of these rules tend to become com-
plex enough to introduce their own rules
and complexity.

There will be times when reading this
book feels terribly frustrating12. Even if
you are not new to programming, there
will be a lot of new material to digest.

Much of this material will then be com-
bined in ways that require you to make
additional connections.

Keep at it. Learning is hard work, but
everything you learn is yours and will
make subsequent learning easier.

To some of us, writing computer pro-
grams is a fascinating activity. A pro-
gram is a building of thought. It is
costless to build, it is weightless, and
it grows easily under our typing hands.

But without care, a program’s size and
complexity will grow out of control, con-
fusing even the person who created it.
The art of programming is the skill of
controlling complexity.

Here’s our first program:

var total = 0, count = 1;

while (count <= 10) {

total += count;

count += 1;

}

console.log(total);

Here’s how we run it:

-bash-4.2$ cd ~/a202-workspace/

-bash-4.2$ nano -w one.js

-bash-4.2$ node one.js

55

-bash-4.2$

12Meaningful reference: http://javascript.crockford.com/popular.html

http://javascript.crockford.com/popular.html


Consider the following program:

-bash-4.2$ pwd

/u/dgerman/a202-workspace/booklet

-bash-4.2$ ls -l

total 4

-rw-r--r-- 1 dgerman faculty 382 Oct 8 01:12 two.js

-bash-4.2$ cat two.js

var stdin = process.openStdin();

process.stdout.write("enter> ");

stdin.addListener("data",

function(input) {

if (input.toString().trim() == "bye")

process.exit();

var data = input.toString().trim(), result = "";

for (var i = 0; i < data.length; i++)

result += "(" + data.charAt(i) + ")";

console.log(result);

process.stdout.write("enter> ");

}

);

-bash-4.2$

A lot of it looks very complicated!

Here’s how it runs: Interesting; user input is blue.

-bash-4.2$ node two.js

enter> hello

(h)(e)(l)(l)(o)

enter> 1234

(1)(2)(3)(4)

enter> 1 + 2

(1)( )(+)( )(2)

enter> bye

-bash-4.2$

Quite manageable, if you focus on just

the part inside the box .

Furthermore, the part in brown is (after
careful examination) quite obvious.

How else can we provide arbitrary input
to some code we write?

We could define a function, then invoke
with various input as argument(s).



Can we see some examples of functions
at this stage?

First chapter defines two1 (and the
book’s code sandbox2 has plenty more).

In how many ways can we run our code? So far: three. You’ve seen two already.
The third one involves writing code di-
rectly in the online book3.

There are more, but let’s go back to our
first style (format) and discuss it.

Is this about the design recipe4?

-bash-4.2$ pwd

/u/dgerman/a202-workspace/booklet

-bash-4.2$ ls -ld four.js

-rw-r--r-- 1 dgerman faculty 519 Oct 8 19:52 four.js

-bash-4.2$ cat four.js

// range: int int int -> array of int

// creates an array of ints from start to stop

// example: range(3, 9, 2) --> [3, 5, 7, 9]

// example: range(3, 11, 5) --> [3, 8]

function range(start, end, step) {

if (step == null) step = 1; // step is optional

var array = [];

if (step > 0) {

for (var i = start; i <= end; i += step)

array.push(i);

} else {

for (var i = start; i >= end; i += step)

array.push(i);

}

return array;

}

console.log( "[" + range(2, 9, 3) + "] expected: [2,5,8]");

-bash-4.2$ node four.js

[2,5,8] expected: [2,5,8]

-bash-4.2$

1http://eloquentjavascript.net/code/
2http://eloquentjavascript.net/code/intro.js
3http://eloquentjavascript.net/
4Short answer: yes. Long answer: absolutely yes (see C211, next page).

http://eloquentjavascript.net/code/
http://eloquentjavascript.net/code/intro.js
http://eloquentjavascript.net/


Do you remember the design recipe5? How could I forget it6?

Can we see it in action again? Sure, let’s review sum.

-bash-4.2$ cat five.js

// range code here as before

// sum : array of int -> int

// sums up the elements in the array

// example: sum([1, 2, 3]) -> 6

// example: sum([1, 2, -1, 0]) -> 2

function sum(array) {

var total = 0;

for (var i = 0; i < array.length; i++)

total += array[i];

return total;

}

console.log( "1 + 2 + 3 = " + sum([1, 2, 3]) )

-bash-4.2$ node five.js

1 + 2 + 3 = 6

-bash-4.2$

Time to call it a chapter, and to list
some challenges.

Breaking News7: Brendan Eich8 will
visit IU and give a talk9 on Oct. 19.

How is this related to the introductory
chapter in Eloquent Javascript?

Brendan Eich invented10 the Javascript
programming language.

5https://www.cs.indiana.edu/classes/c211-dgerman/sum2017/studyGuide.pdf
6The design recipe refers to recommended milestones in the development of a function: first

decide on your data representation and state it. Give some examples of your representational
choices. Provide a name for the function and a signature. Add a purpose statement (syntax
can only reveal that much). Provide examples of input and output, then choose a function
template (in C211 and HtDp2e we have structural recursion, generative recursion and/or
accumulator passing style as the three main templates that can solve any problem). Finally,
flesh out the function template and provide the tests. The design recipe is a disciplined routine
to fall back on when you don’t immediately know how to proceed. It’s also the civilized thing
to do if you (or others) will have to look over your code at a later date.

7The time now is: Thu Oct 12 13:38:22 EDT 2017
8https://en.wikipedia.org/wiki/Brendan Eich
9The talk is scheduled for 4:00 pm, on 10/19/17, in State Room West, IMU

10“As I’ve often said, and as others at Netscape can confirm, I was recruited to Netscape
with the promise of ‘doing Scheme’ in the browser.” (cf. brendaneich.com/2008/04/popularity)

https://www.cs.indiana.edu/classes/c211-dgerman/sum2017/studyGuide.pdf
https://en.wikipedia.org/wiki/Brendan_Eich


Summary and Challenges This chapter has introduced the language and the
environment(s) to be used in this class, and has given several examples of code
and functions. As practice, you can now try writing a function that sums the
digits in a number or one that identifies and reports the vowels in a string. As
an example if fun is a function of one variable (an integer) that sums the digits
in its argument here’s how it might work for you:

-bash-4.2$ node one.js

fun( 324506 ) = 0 + 3 + 2 + 4 + 5 + 0 + 6

fun( 0 ) = 0

fun( 7 ) = 0 + 7

fun( 12 ) = 0 + 1 + 2

-bash-4.2$

It doesn’t matter if you actually create the expression (the way I did above) or
simply return its value. Likewise, you are free to choose the actual behavior of
all the challenges in this text unless explicitly indicated otherwise. Thus, the
second program could behave like this:

-bash-4.2$ node one.js

nuf( waterfall ) = wtrfll

nuf( How are you doing today? ) = Hw r y dng tdy?

-bash-4.2$

With respect to my implementation I am sharing this with you:

-bash-4.2$ cat one.js

// code for nuf was here

function isConsonant(token) {

if (! /^[aeiou]$/.test(token)) // ahem...

return token;

else

return "";

}

var n = "waterfall";

console.log( "nuf(", n, ") = ", nuf(n) );

n = "How are you doing today?"

console.log( "nuf(", n, ") = ", nuf(n) );

-bash-4.2$

A third challenge would be: assuming you only have range and sum (discussed
earlier) can you define an expression (not a new function) that generates an array
of a certain size and whose elements are integers, uniformly chosen randomly
from a certain interval [lo, hi]?



Chapter 2

Values, Types, Operators

What is a type? A type is a set of values11.

There are six basic types of values in
Javascript: numbers, strings, Booleans,
objects, functions and undefined values.

This chapter introduces the atomic el-
ements of Javascript programs, that is,
the simple value types and the operators
that can act on such values.

The main thing to do with numbers is
arithmetic.

When operators appear together with-
out parentheses, the order in which they
are applied is determined by the prece-
dence of the operators.

Some values in Javascript are considered
numbers but don’t behave like normal
numbers.

Infinity and -Infinity represent the
positive and negative infinities. An-
other special number is NaN12.

Tell me more about arithmetic with nor-
mal, regular numbers.

Representation is finite13 so accuracy is
sometimes lost.

Try 4.35 * 100 Or 0.1 + 0.1 + 0.1

11We also need to take into account the operators defined on that set.
12Stands for “not a number”. You get NaN when you divide 0 (zero) by zero.
13Just think what happens when you want to calculate the value of 1

3
.
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Consider now these expressions: Note how this session is interactive.

-bash-4.2$ node

> 5 // a number is an expression

5

> 3.14 // a floating point number is a number with fractional part

3.14

> 2 + 3 * 4 // operators bind values into an expression

14

> (2 + 3) * 4 // parentheses force a specific order of evaluation

20

> typeof 5 // here’s a unary operator, that produces a type

’number’

> typeof 2.71828 // e

’number’

> 2 / 0 // you should not ever divide by zero

Infinity

> -1 / 0 // notice the sign

-Infinity

> Infinity + 1 // don’t rely too much on Infinity arithmetic

Infinity

> typeof Infinity // no surprise here

’number’

> Number("23") // this will convert the string into a number

23

> 0 / 0 // this is the worst kind of division

NaN

> typeof NaN // Nan (not a number) is a number

’number’

> Infinity - Infinity // another ridiculous calculation

NaN

> console.log(" // \\\\\n _\\\\()//_\n/ // \\\\ \\\n | \\__/ |");

// \\

_\\()//_

/ // \\ \

| \__/ |

-bash-4.2$

undefined

>

> ^D -bash-4.2$

The next basic data type is the string. Visible in the last example above14.

14“Spider-Pig, Spider-Pig/Does whatever a Spider-Pig does.”



Relational operators <=, ==, != etc.
work for strings like for numbers.

"tom" < "tim" evaluates to false.

There is only one value in Javascript
that is not equal to itself.

NaN == NaN evaluates to false.

undefined and null both denote the
absence of a meaningful value.

They are themselves values, but they
carry no information.

8 * null evaluates to 0 This is called “type coercion”.

"5" - 1 evaluates to 4 “The principle of least surprise”.

"five" * 2 evaluates to NaN Because it literally makes no sense.

false == 0 evaluates to true Because 0, NaN and the empty string ""

count as false while all other strings
and numbers count as true

When null or undefined occurs on ei-
ther side of the == operator, it produces
true only if both sides are one of null
or undefined.

That last piece of behavior is often use-
ful when you want to test whether a
value has a real value instead of null

or undefined.

What do === and !== do? They prevent type conversion.

null || "what" evaluates to "what" So does "what" || null

"what" || "ever" evaluates to "what" "ever" && "more" evaluates to "more"

Turn the page now for some challenges. Nouns and sentence fragments thus far.



Here are some challenges at the end of the chapter.

1. Assuming a is a variable that holds a boolean, simplify these expressions:

• a == false

• a != false

• a || !a

• a && !a

• a && true

• a && false

• a || true

• a || false

Here’s the answer to the first question:

a | a == false | !a

------+-------------+----

true | false | false

false | true | true

We identify the independent variables (in this case, just one: a) and we write
down the truth table for the expression we need to simplify. We then try to
think of an expression that behaves the same, that is, maps the values of the
independent variable into the same values. In this case it seems obvious that
!a behaves the same as a == false so it is an equivalent, shorter expression,
therefore the simplification we were looking for.

2. Assuming n is a variable that holds an integer, simplify these expressions:

• (n < 5) || (n < 25)

• P(n) = (n < 5) && (n < 25)

• (n > 3) || (n < 5)

• (n > 3) && (n < 5)

• (n > 20) ? true : (n > 10)

• (n < 10) ? true : (n > 20)

• (n < 10) ? ((n > 5) ? true : false) : (n < 20)

Let’s solve one of these to see how we need to proceed.



We choose the second one, that we also labeled P(n). We start by listing the
points of interest (this time the full range of values the independent variable
can take is too large, so we just focus on POIs).

n | 5 25

-----------+---------------------------------------

(n < 5) | T T T T T F F F F F F F F F F F F F F

-----------+---------------------------------------

(n < 25) | T T T T T T T T T T T T F F F F F F F [1]

-----------+---------------------------------------

P(n) | T T T T T T T T T T T T F F F F F F F [2]

So in this case we can immediately tell [1] and [2] are identical. Thus

(n < 5) || (n < 25)

can be simplified to just

(n < 5)

3. Can you simplify (n < 3) || <n > 5 if n is an integer?

4. What does the following code fragment do?

var a = Math.floor(Math.random() * 100) - 50

var b = Math.floor(Math.random() * 100) - 50

console.log( a + " " + b )

a = a + b

b = a - b

a = a - b

console.log( a + " " + b )

5. Try to anticipate what each one of these statements prints:

console.log( Number("32") + 6 )

console.log( isNaN(3/0) )

console.log("sunderland".charAt(3));

console.log("sunderland".charAt("sunderland".length-1))

console.log("sunderland".substring(1, 6))

console.log("sunderland".substring(6))





Chapter 3

Program Structure

A fragment of code that produces a
value is called an expression. Expres-
sions can nest like subsentences in hu-
man languages.

If an expression corresponds to a sen-
tence fragment, a JavaScript statement
corresponds to a full sentence in a hu-
man language.

Words with a special meaning, such as
var, are keywords, and they may not be
used as variable names.

The collection of variables and their val-
ues that exist at a given time is called
the environment.

A function is a piece of program
wrapped in a value. Executing a func-
tion is called invoking, calling, or ap-
plying it. Values given to functions are
called arguments.

The alert function can be useful as
an output device when experiment-
ing. Most JavaScript systems provide
a console.log function that writes its
arguments to some text output device.

Though variable names cannot contain
period characters, console.log clearly
has one. This is because console.log

isn’t a simple variable15.

Showing a dialog box or writing text to
the screen is a side effect. Functions
may also produce values, and in that
case, they dont need to have a side effect
to be useful.

15It is actually an expression that retrieves the log property from the value held by the
console variable.
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When a function produces a value, it is
said to return that value.

Anything that produces a value is an
expression in JavaScript which means
function calls can be used within larger
expressions.

Write code that calculates and confirms:

n∑
k=1

k = 1 + 2 + ... + n =
n2 + n

2
=

n(n + 1)

2

Write code that calculates and confirms:

n∑
k=1

k2 = 12 + 22 + ... + n2 =
n(n + 1)(2n + 1)

6

Write code that calculates and confirms:

n∑
k=1

k3 = 13 + 23 + ... + n3 =

( n∑
k=1

k

)2

=
n2(n + 1)2

4

Before 1582 a year was leap if the year was divisible by 4. Starting from 1582,
if the year is divisible by 100, it must also be divisible by 400. Thus, the year
1700 is not a leap year, but 2000 is. However, 1500 is leap year since it was
before 1582, the adoption year of Gregorian calendar. Write a program (code)
to determine if a year is leap or not. Try to reduce the entire program to a
boolean expression that depends on the given year.

Write a function that receives a string and extracts and returns a random char-
acter from it. Try to solve the problem without defining and/or using any
variables inside the function.



Write code that produces scalable patterns such as:

*

*

*

*

*

* *

* *

* *

* * * * * * * * * * * *

*

*

*

*

*

*

*

*

The pattern above is a size 17. The pattern below is a size 12:

*

*

*

*

* *

* *

* * * * * * * * *

*

*

*

*

*





Chapter 4

Functions

Consider the following code:

var scalable_z = function (size) {

var z_row = function (row) {

var line = "";

for (var col = 0; col < size; col++) {

line += (row == 0 ||

row == size - 1 ||

row + col == size-1 ||

row == Math.floor(size/2) &&

size/3 <= col &&

2 * size/3 >= col

) ? "* " : " ";

} // end of for

return line;

} // end of z_row

for (var row = 0; row < size; row++) {

console.log( z_row(row) );

} // end for

console.log("\n\n");

} // end scalable_z

// scalable_z(15);

scalable_z( 9);

scalable_z(23);

Think about it, understand it, turn the page to see what it prints:

19



So the size of the first Z is 9, the size of the second one is 23.

* * * * * * * * *

*

*

*

* * * *

*

*

*

* * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * *

*

*

*

*

*

*

*

*

*

*

* * * * * * * *

*

*

*

*

*

*

*

*

*

*

* * * * * * * * * * * * * * * * * * * * * * *



Chapter 5

Objects and Arrays

Objects and arrays (which are a specific kind of object) provide ways to group
several values into a single value. Conceptually, this allows us to put a bunch
of related things in a bag and run around with the bag, instead of trying to
wrap our arms around all of the individual things and trying to hold on to
them separately. Most values in JavaScript have properties, the exceptions
being null and undefined. Properties are accessed using value.propName or
value["propName"]. Objects tend to use names for their properties and store
more or less a fixed set of them. Arrays, on the other hand, usually contain
varying numbers of conceptually identical values and use numbers (starting from
0) as the names of their properties. There are some named properties in arrays,
such as length and a number of methods. Methods are functions that live in
properties and (usually) act on the value they are a property of. Objects can
also serve as maps, associating values with names. The in operator can be used
to find out whether an object contains a property with a given name. The same
keyword can also be used in a for loop (for (var name in object)) to loop
over an objects properties.

21



Here’s an idea for a sort based on merge (and a helper function rest):

(sort seq) = (merge (longest seq)

(sort (rest seq)))

Here longest returns the longest prefix already sorted and rest returns
what’s left. Here’s how this works step by step with annotations as to why we
got there:

(sort [4, 5, 2, 3, 1, 7, 6]) is...

because (longest [4, 5, 2, 3, 1, 7, 6]) is [4, 5]

and (rest [4, 5, 2, 3, 1, 7, 6]) is [2, 3, 1, 7, 6]

(merge [4, 5] (sort [2, 3, 1, 7, 6])) which is...

because (longest [2, 3, 1, 7, 6]) is [2, 3]

and (rest [2, 3, 1, 7, 6]) is [1, 7, 6]

(merge [4, 5] (merge [2, 3] (sort [1, 7, 6])) which is...

because (longest [1, 7, 6]) is [1, 7]

and (rest [1, 7, 6]) is [6]

(merge [4, 5] (merge [2, 3] (merge [1, 7] (sort ([6]))))) which is...

because (sort [6]) is [6]

(merge [4, 5] (merge [2, 3] (merge [1, 7] [6]))) which is...

(merge [4, 5] (merge [2, 3] [1, 6, 7])) which is...

(merge [4, 5] [1, 2, 3, 6, 7]) which is...

[1, 2, 3, 4, 5, 6, 7]



Chapter 6

Higher-order Functions

• Arrays have many functions built in (as properties). One of them is map.
Use map to define a function buildList of two arguments that produces
an array of a given number of random integers between -50 and 50. Not
sure you need this (or any) hint but heres how I call my function:

console.log(

buildList( 10,

function(element) {

return Math.floor( Math.random() * 100 ) - 50;

}

)

); // [45, 38, -6, -34, 12, 40, -41, -49, -42, -48]

• Consider an array generated by the method described above. Write the
shortest amount of code that filters such an array by only keeping the
negative elements in it.

• Yet another built in function for arrays is reduce (also known as fold or
foldl from C211). Write a function that takes an array as argument and
uses reduce to return it in reverse order.

• Consider an array of random integers between 10 and 30. Sort the array
such that the elements less than or equal to 21 come first, in descending
order, followed by the others in ascending order.

23



Here’s the expression we were asking about in the first chapter:

range(1, 10).map( function(element)

return Math.floor( Math.random() * 100 ) - 50;

)

Here’s what we get if we run this nine times in a row:

-bash-4.2$ node five.js

[ 27, -18, 26, 12, 20, -2, 30, -17, 22, -40 ]

[ -21, -5, 27, -30, 42, -49, 15, -48, 45, 16 ]

[ -26, 2, -33, -38, 44, -33, -27, 36, 4, -36 ]

[ 20, -36, -20, -13, 25, 19, 19, -2, 41, -7 ]

[ 23, 41, -45, 18, -45, 44, 18, 46, -45, -25 ]

[ -34, -42, -18, 3, -3, 44, -1, -38, 36, 25 ]

[ -39, -14, 46, -42, -26, -16, 30, 44, 16, 31 ]

[ -39, 14, -22, 10, 27, 19, 13, -44, -22, 31 ]

[ 48, -38, -48, 37, -1, -43, -1, 16, 21, -18 ]

-bash-4.2$



Chapter 7

Secret Life of Objects

Consider the following code:

-bash-4.2$ pwd

/u/dgerman/a202-workspace

-bash-4.2$ ls -ld twelve.js

-rw-r--r-- 1 dgerman faculty 438 Sep 6 11:50 twelve.js

-bash-4.2$ cat twelve.js

class Horse {

constructor(name) {

this.name = name;

}

talk() {

console.log( "I am a Horse, my name is " + this.name );

}

}

var a = new Horse("Leslie");

a.talk();

That’s modeling (read more about it here). Modeling can be done in stages, via
the class extension mechanism. That will immediately give us: polymorphism,
inheritance, dynamic method lookup, constructor chaining. This does not mean
we don’t care for, or stop using the prototype based object model. It simply
means that we bring this object model up first then we continue to pursue the
material in the book.

For practice consider defining the following classes: Point, Line, Triangle,
Circle, Rectangle. A Point is a pair of two integers, called coordinates. Point
objects can determine how far apart they are. Lines are pair of Points in the
plane and can report their length(). A Circle is a location (for its center)
with a size (radius). A Triangle is completely determined by its vertices (Point
objects) and its area can be easily calculated using Heron’s formula (relies on

25
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the three sides, which are Line objects). A Rectangle is a location (a Point

that determines its top left corner) with width and height. Consider creating a
Shape super class for Circle, Rectangle and Triangle.

We go back to our previous example and we can define a class Unicorn.

class Unicorn extends Horse {

constructor(name) {

super(name); // constructor chaining

}

talk() {

super.talk();

console.log("Je suis une licorne, je m’appelle: " + this.name);

}

}

var b = new Unicorn("Francois");

b.talk();

-bash-4.2$ node twelve.js

I am a Horse, my name is Leslie

I am a Horse, my name is Francois

Je suis une licorne, je m’appelle: Francois

-bash-4.2$



Chapter 8

Regular Expressions

1. How do you check that a string is a non-empty sequence of digits?

2. How does that change if the string is allowed to be empty?

3. How does that change if the string should made be of anything but digits?

4. What is a pattern modifier and what does it do?

5. How do you locate the first occurrence of three consecutive digits in a
string?

6. How can you find out the current time in Javascript?

7. What’s a boundary marker and where is it useful?

8. What does the pipe character do for you?

9. How do you replace every character in a string with a question mark?

10. How do you wrap a set of parens around each character in a string?

11. Consider a string made of only digits. How do you swap every pair of
adjacent digits?

12. Same question where you replace each pair of adjacent digits by their sum.

13. A string contains words separate by blank spaces. How do you extract the
first word?

27
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