


I F YOU ARE GOING TO TRY, GO ALL THE WAY, OTHERWISE DON ’T EVEN START.

CHARLES BUKOWSK I

AND THOSE WHO WERE SEEN DANC ING , WERE THOUGHT TO BE INSANE BY THOSE

WHO COULD NOT HEAR THE MUS IC .

FR I EDR ICH N IETZSCHE

AT SOME POINT, EVERYTH ING ’ S GONNA GO SOUTH ON YOU AND YOU ’RE GOING

TO SAY, TH IS I S I T. TH I S I S HOW I END. NOW YOU CAN E ITHER ACCEPT THAT, OR

YOU CAN GET TO WORK . THAT ’ S ALL I T I S . YOU JUST BEG IN . YOU DO THE MATH .

YOU SOLVE ONE PROBLEM AND YOU SOLVE THE NEXT ONE , AND THEN THE NEXT.

AND IF YOU SOLVE ENOUGH PROBLEMS , YOU GET TO COME HOME .

MARK WATNEY, SPACE P IRATE



F IONA HACKWORTH

PYTHON‐ I

PR IMERLABS



Copyright © 2021 Primerlabs

published by primerlabs

primerlabs.io/python-i

Licensed under the Apache License, Version 2.0 (the “License”); you may not use this file except in compliance
with the License. You may obtain a copy of the License at http://www.apache.org/licenses/LICENSE-2.0.
Unless required by applicable law or agreed to in writing, software distributed under the License is distributed
on an “as is” basis , without warranties or conditions of any kind, either express or implied.
See the License for the specific language governing permissions and limitations under the License.

First printing, July 2021

http://www.apache.org/licenses/LICENSE-2.0


Contents

1 Fundamentals of Computing 19
Representation 19
Processing Instructions 43
Writing Computer Programs 58

2 Python Programming Language 73
A Quick Tour of Python using Interactive Mode 73
A Quick Tour of Python using Script Mode 90
Objects & Literals 98
Identifiers 105
Operators 119

3 Functions, Namespace, and Scope 131
Functions 133
Namespace and Scope 154

4 Standard Type Hierarchy 169
Singletons 170
Numbers 172
Sequences 188
Lists 202
Tuples 211
Strings 212
Sets 222
Dictionary 236



6 python-i

5 Program Structure & Control Flow 247
Logical Lines & Physical Lines 248
Conditional Execution 253
Loops 258
Call Stack 271
Recursion 280
Exceptions 290

6 Iterators, Generators, & Comprehensions 303
The Iterator Protocol 304
Generator 306
Useful Iterators 316
Comprehensions 334

7 Files IO, Modules, & Packages 345
Input and Output 345
Working with Files and Directories 366
Modules & Packages 379

8 Zen of Python 393
Code Style Guidelines 393
Zen of Python 405
The way of Python 416

Glossary 429

Bibliography 443

Index 445



List of Figures

1.1 Pictograph of Hens 20
1.2 Tally marks representing five hens 20
1.3 Egyptian Numbering System 20
1.4 Hieroglyphs representing the number 3212 21
1.5 Three staffs, Two coil bones, Three coiled ropes, Five lotus flowers 21
1.6 Representing BAD GABE using light switches 32
1.7 Pixel Element 33
1.8 Binary Values corresponding to rows of image pixels in figure 1.7 33
1.9 2-bit Image 34
1.10 An image in different color depths 35
1.11 Sampling Audio Signals 36
1.12 Process of recording and playing sounds digitally 37
1.13 Analog Signal 41
1.14 Digital Signal Transmission 41
1.15 Streaming video through various communication channels 43
1.16 Memory Address 46
1.17 Components of a processor 49
1.18 Storing values during multiplication 50
1.19 1st step: Control unit fetching instruction from main memory 56
1.20 2nd step: Control unit decoding fetched instruction 56
1.21 3rd step: ALU executing instruction 57
1.22 Recipe for Egg Omelette 58
1.23 Communication is simplified using abstractions 63
1.24 Expanding on the abstractions to show the underlying abstraction pyra-

mid 64
1.25 Compiling a c program 70
1.26 Execution of a compiled program 70
1.27 With and without an interpreter 71
1.28 Execution of a Python program using Python interpreter 72

2.1 Objects in Python 105
2.2 Three References of the String object 109
2.3 Two References to the String Object 111
2.4 A single reference to the string object 111
2.5 String object deletion 112
2.6 Shallow Copying 116
2.7 Deep Copying 118

3.1 Area and Circumference of a circle 131



8 python-i

3.2 Namespace & Scope 164

4.1 Standard Type Hierarchy for Python Objects 169
4.2 String Slicing 195
4.3 Set Union 226
4.4 Set Difference 227
4.5 Set Intersection 228

5.1 Four physical Lines and one logical line 249
5.2 if-else conditional 254
5.3 While loop 259
5.4 For loop 262
5.5 Ball Holder stack 275
5.6 Stack Diagram of foobar.py 276
5.7 Call Stack Timeline 277
5.8 Quadratic Solver 279
5.9 Recursion Stack Overflow 282
5.10 Factorial Stack Diagram 285
5.11 Stacked Chart 292

6.1 Normal & Generator Function 308
6.2 Generator Function 311
6.3 Generator Expression 313
6.4 Map Iterator 319
6.5 Filter Iterator 321
6.6 Reduce Iterator 323
6.7 List Comprehensions 335



List of Tables

1.1 Roman Numerals 21
1.2 First 18 hexadecimal numbers 25
1.3 Representation of numbers in different numbering system 25
1.4 International Morse Code 29
1.5 Bit Patterns using three binary devices 31
1.6 ASCII Symbols 32
1.7 2-bit color map 34
1.8 Unconventional Code Signals 39
1.9 Conventional Code Signals 40
1.10 Examples of input & output devices 44
1.11 Shows the difference between primary memory and Secondary mem-

ory 46
1.12 Different storage elements in a computer 51
1.13 Sample instruction set for an imaginary processor 52
1.14 Mnemonic Assembly Opcodes 54
1.15 Memory addresses before executing instruction 55
1.16 Difference between Natural Language & Formal Language 63

2.1 Escape Sequences 80
2.2 Built-in Operators in Python 119
2.3 Arithmetic Operators 119
2.4 Combined Operations 121
2.5 Comparision Operators 122
2.6 Boolean Operators 125
2.7 Identity Operators 128

3.1 Some of the special methods and their functionality 166

4.1 Singleton types in Python 170
4.2 Base Prefix 173
4.3 Methods for Decimal objects 184
4.4 Container Types in Python 188
4.5 Common operations in sequences 191
4.6 Operations on a List object 203
4.7 Standard operations in String objects 213
4.8 Case modifiers in Strings 214
4.9 Count and Search Methods 214
4.10 Substring checking methods 215
4.11 Boolean Methods in String Objects 216



10 python-i

4.12 Set update methods 230
4.13 Augmented & Expanded Operations in set 231
4.14 Additional methods on a set object 233
4.15 Methods for retrieving objects from a dictionary 241

5.1 Three Sample Lists 265

6.1 Summary of Iterables and Iterators 306
6.2 Sample Stock Data 342

7.1 Modes in the open() function 351
7.2 File-objects methods 352
7.3 Methods available in the write mode 353
7.4 Sample Data We can represent the tabular data in the form of csv in the

following form. 355
7.5 Functions for serializing data using json module 361
7.6 Conversion from Python Objects to JSON 362
7.7 Functions for deserializing JSON formated strings or files. 364
7.8 Conversion table from JSON to Python Object 364
7.9 Methods and attributes of os.DirEntry object 370
7.10 Functions for creating directories 372
7.11 Functions for deleting a single file 374
7.12 Functions in the path submodule 374
7.13 Functions for copying, moving and renaming 377
7.14 Functions for our custom cases module 379

8.1 PEP8 Naming conventions 395



List of Listings

1.1 Fizzbuzz implmented in Python, fizzbuzz.py 69
1.2 Odd or Even implmented in C, OddEven.c 69
1.3 Odd or Even implmented in Python, OddEven.py 71

2.1 Counting Odd or Even numbers, oddEvenCounter.py 91
2.2 Creating our first module, secrets.py 96
2.3 Script to use the secrets module, example.py 97

5.1 Script demonstrating when Python encountering error, file1.py 247
5.2 Two logical lines & three physical lines , file2.py 249
5.3 Grocery Shopping Script , grocery.py 261
5.4 Script to get prime numbers below 20 , primes.py 268
5.5 Script which demonstrates for loop with else, for_else.py 270
5.6 Script which demonstrates while loop with else, while_else.py 271
5.7 Script to understand how functions work under the hood, foobar.py 276
5.8 Script which solves a quadratic equation, quadratic.py 279
5.9 Script demonstrating NameError , error.py 297
5.10 Script which takes input from user, user_input.py 297
5.11 Script demonstrating try-except-else , type_error.py 299

7.1 Script for a guessing game, guess.py 347
7.2 Script for checking commandline arguments, check_arguments.py 348
7.3 Script showing the use of unpacking, happy_family.py 348
7.4 Sample text from Epictetus, epictetus.txt 349
7.5 Script for writing text files, writer.py 354
7.6 CSV file for table 7.4, person_data.csv 356
7.7 CSV Generated using Python, person_info.csv 360
7.8 Script containing functions to convert to different cases, cases.py 380
7.9 Script containing greet() function , greeter.py 385
7.10 Script containing greet() function modified , greeter.py 385
7.11 A sample module, module1.py 387
7.12 Another sample module, module2.py 387
7.13 Sample __init__.py script, __init__.py 388
7.14 Yet another sample module, module3.py 389
7.15 Modified __init__.py, __init__.py 389
7.16 Modifying the __init__.py again, __init__.py 390
7.17 Updated pkg/module1.py again, module1.py 391
7.18 Updated pkg/module1.py once again, module1.py 391





CONTENTS 13

Dedicated to my family and friends





Preface

In the last year of my college, I tried to teach myself computer science
using various online resources. Then, I was a chemical engineering un-
dergrad with an interest in pursuing research in Machine Learning. So
naturally, there were a lot of grounds to cover. Not surprisingly, my
experience with learning on my own using online resources was disap-
pointing at best. The issue isn’t the lack of learning materials. There are
plenty of them. There are free e-books, classroom lectures, and even var-
ious online courses that offer students to audit the course for free. Yet,
the learning experience isn’t optimum.

If I were to phrase the problem of online learning experience into a
single sentence, it would be this:

Learning online isn’t designed for self-learners.

It doesn’t take the needs of the learners well into account. Let’s take a
few instances to understand.

1. A learner starting a 40-hour video lecture course will often find it
challenging to complete the course and eventually will quit midway.
Can the platform ensure that the learner can get back right on
seamlessly after a couple of days/months? If not, in most cases,
the effort in learning becomes wasted.

2. Another qualm is regarding note-taking. While watching a video
lecture, how does the platform expect the student to take notes?
Pausing and resuming video lectures (often played at 1.25x-1.5x
speed) breaks the learning flow. For classroom-based learning, note-
taking is highly useful. On the contrary, while learning online,
note-taking is often a distraction and a cause of anxiety among
learners.

3. What about remembering/reviewing the material covered? Uni-
versities force the students to go through the material with their
multiple spaced exams and quizzes. Exams ensure that the learners
review the things they have covered for at least a specific period.
Self-learners often lack this form of external stimulus. So, how do
online platforms ensure that the learners review the material? If
material is not reviewed, most of the effort spent on learning goes to
waste.

4. Several studies have proven the effectiveness of flashcards & spaced
repetition for better memory retention. But creating these cards is
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cumbersome. Can the platform make an easier way for the learners
to create cards to review quickly?

5. What about reflecting on the material? Does the platform enable
the learner to think deeply about the material? Reflecting on the
material is a great way to understand the material in depth. While
not reflecting leads to shallow learning of the material.

These are some of the instances which I faced during my online learning
experience. Later on, when I would interview fellow learners for Primer,
I found that these to be a recurring theme.

I had read The Diamond Age1 by Neal Stephenson in my teenage 1N. Stephenson. The Diamond
Age: Or, a Young Lady’s Illustrated
Primer. A Bantam spectra book. Ran-
dom House Publishing Group, 2003.
ISBN 9780553898200

years. In the book, Stephenson describes a book called Primer, which
converses with the learner and develops scenarios and stories to instruct
the learner according to the learner’s environment. During my endeavor
to teach myself computer science, I longed for an AI interactive tutor
like Primer. But, unfortunately, the exact implementation of Primer as
described in the book remains an impossible invention even with the
current technology. Yet, the idea of a ”book that talks” is an incredible
moonshot worth a try. As for all foolish undertakings, I believed that I
could build a prototype for Primer within a couple of months. Little did
I know, nearly five years of my life would go into this rabbit hole.

I started working on Primer in Aug 2016. Then it was a project that
I hoped to put on my grad school application and maybe convince the
admission committee to ignore my lack of appropriate credentials. How-
ever, as I spent more effort working on Primer, I lost interest in grad
school. Instead, I became fascinated with the problem of creating a new
learning medium. Eventually, I quit my job in Jan 2018 to work full-
time on Primer.

Primarily, I believe there are three problems a learning medium must
solve for effective learning for self-learners.

1. The problem of Attention The medium should make it easier for
learners to pay attention while learning.

2. The problem of Retention The medium should ensure that the
learner retains or has continued access to the material.

3. The problem of Reflection The medium should facilitate the learn-
ers to think deeply about the learning material.

I have developed Primer to solve these three problems. There are addi-
tional features on the platform, and indeed, we will add more features in
future. But the core problems that we solve will remain the same.

A new learning medium without learning materials is futile. There-
fore, I wrote Python-I as a demonstration of the capabilities of Primer.
Python is an elegant language, and this book is nothing but a humble
attempt at making it accessible to people.

Usually, a book opens up with an introduction on why to read the
book. In that sense, this preface is quite different. I want to start by say-
ing that you shouldn’t be reading this book. Or, more appropriately,
this book is not meant to be read directly, at least initially. You can, of
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course, read this book, but this is not how I intended it to be read. Ide-
ally, you should complete the Python-I course on Primer and generate
your version of the book. A version of the book which you can continu-
ally update for the rest of your life.

Python-I is the first instance of a personalized book. And if I may
add, in the entire human history. For a long time, authors wrote books
to cater to a wide range of audiences. It was rarely written for an audi-
ence of one. We at Primerlabs wish to change that. Python-I is a book
written for a single person. You.

I invite you to generate your version of Python-I with your thoughts,
questions, and notes. First, I would like you to have an intimate conver-
sation with the book. Then, I would like you to question the statements.
Finally, I would like you to think about the what-ifs, why-not, and
hows. I invite you to make this book your own. I am not the only author
here, for you are too.

Learning Python or anything, for that matter, isn’t easy. It’s a lifetime
struggle. And with Primer, let’s embark on a journey of a lifetime.

Siddharth Kanungo
7th July 2021





1
Fundamentals of Computing

Python is a programming language used to write programs or
set of instructions for a computer. Before jumping directly into learning
how to program a computer, it is useful to clarify what a computer is,
how it works, and how we can instruct it to perform a specific task.

A good starting point about understanding computers is knowing that
although computers process information differently from humans, we
can draw parallels between the two processes. For instance, if the only
language you understand is English, you will find it challenging to process
the meaning of a text written in another language, say Swahili. For your
brain to process the information, it must be provided in a representation
that you can comprehend.

Visual actions are something people can understand even if they don’t
speak the same language. It’s another representation that humans can un-
derstand apart from language. Similarly, computers can work with infor-
mation when delivered in a representation that they can ”understand”.

primer: However, saying computers understand information seems
a bit odd. Do you think computers really understand information
they are provided?

fiona: Yes, absolutely.

Saying that computers understand the information is a bit like saying
light switches understand that they are switching off or switching on the
lights. But for the sake of convenience, we will continue using the term.
When we say computers understand information, you can think of it as
the computer knows what’s to do with the information.

Representation
primer: Which form of representation do you think, computers can

understand?
fiona: Binary values such as 0 and 1.

The representation that a computer understands is usually in the
form of ones and zeroes. Everything on a computer that you see is first
expressed in the form of ones and zeroes for the computer to process it.
And then the computer represents it back to a representation that you can
understand. That’s how computing works, in a nutshell.
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primer: Can you name a couple of things that you see on a com-
puter?

fiona: Text, images and the browser.

You can see a bunch of text and images on a browser. You can watch
cat videos and listen to your favorite music on the computer. All of these
are represented in ones and zeroes for the computer to work with them.

To understand how computers work, we first need to understand
how we can represent texts, images, and sounds in the form of zeroes
and ones. However, even before that, we need to start with numbers and
understand how computers process numbers. Let’s take a look.

Representation of numbers
primer: Why do you think humans invented numbers?

fiona: To count things.

Numbers are universal to all human beings. Every human, irrespective
of what language they speak, counts things using numbers. Researchers
may have different opinions about when humans invented the numbers.
However, they generally tend to agree on the earliest utility of numbers:
Counting. Let’s take a look at how the current method of counting
numbers came into existence.

Early Number Systems The early humans needed a tool to count their
possessions, animals in a flock, or members in a tribe, and thus the num-
bers came into being. To communicate the amount of the object, they
could draw the same object that many times. These drawings are called
pictographs, a pictorial symbol for a word or phrase.

For instance, figure 1.1 represents a pictograph of 5 hens.
Figure 1.1: Pictograph of HensEventually, drawing multiple instances of the same object became

cumbersome. They switched over to drawing one instance of the object
while representing its quantity by lines. These were tally marks.

Figure 1.2: Tally marks representing five
hens

Figure 1.2 represents five hens using tally marks using a single pic-
tograph of a hen. The number of lines represents the amount of the
object. This system was useful for keeping small quantities but for larger
quantities proved to be cumbersome.

As early civilizations developed, they came up with different ways of
writing down numbers. Many of these systems, including Greek, Egyp-
tian, and Hebrew numerals, were essentially extensions of tally marks.
These systems denoted new symbols to represent a higher magnitude of
value.

In Egypt, for instance, a knot on the rope or coiled rope represented 100,
while two knots represented 500. These pictorial symbols are referred
to as hieroglyphs. Figure 1.3 shows some of the hieroglyphs and their
meaning and the value of the number they represented in the Egyptian
Numbering system.

Figure 1.3: Egyptian Numbering System
In the Egyptian numbering system, each symbol was repeated as many

times necessary. Then all were added to get the number. This type of
number system is called an additive system.
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An additive system is one in which the number represented by a particular set
of numerals is simply the sum of the numerals’ values. The Egyptian System is
considered the first additive system. The order is irrelevant for the numerals.

In figure 1.4, we represent the number 3212 using the Egyptian
numbering system.

Figure 1.4: Hieroglyphs representing the
number 3212Exercise 1 Hieroglyph

What number does the hieroglyph in figure 1.5 represent?

Figure 1.5: Three staffs, Two coil bones,
Three coiled ropes, Five lotus flowers

5323a) 7523b)

6743c) 5843d)

The representation of numbers in the additive system, too, was cum-
bersome for many numbers. Therefore, the Romans improved the overall
system by adding another rule.

If the symbol appearing is smaller than the previous, it should be subtracted
rather than added.

Let’s look at the Roman numeral system.

Roman Numeral System To understand the Roman Numerals, let’s get
familiar with some of its numerals. Table 1.1 shows some of the symbols
from the Roman Numerals Systems.

Number Roman

1 I
2 II
4 IV
5 V
7 VII
9 IX
10 X
12 XII
50 L
100 C
500 D

Table 1.1: Roman Numerals

Roman numerals are not a purely additive number system. Roman
numerals are usually written in order, from largest to smallest and from
left to right. More than three identical symbols never appear in a row.
Instead, a system to substraction is used.
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For instance,

Three = I + I + I = III

Four = V − I = IV

Eight = V + I + I + I = VIII

Nine = X − I = IX

We can write larger numbers using the Roman System while keeping
two rules in mind:

1. When a symbol appears after a larger (or equal) symbol, it is added

VI = V + I = 5 + 1 = 6

CXX = C + X + X = 100 + 10 + 10 = 120

2. If the symbol appears before a larger symbol, it is subtracted

IV = VI = 51 = 4

IX = XI = 101 = 9

Let’ take the DXLVII as an example.

• D is larger than X, therefore add 500

D = 500

• The next numeral, X, is smaller than L. Therefore we will take
both of them together and subtract X from L:

L − X = 40

• The next numeral is V . Since I is smaller than V , we will add the
remaining digits to get the value.

VII = 7

Adding all up, we get 547.

Exercise 2 Roman Numeral

What is the value of the following Roman numeral?

CCCLXVII

547a) 367b)

333c) 387d)
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In contrast to the numbering system, language became sophisticated
sooner. Humans could reference objects using a group of symbols or
vocalizing rather than drawing objects. There were only a finite number
of objects and actions that needed to be communicated in day to day life.
However, there was still the problem of numbers. Numbers are infinite.

We cannot assign each number a unique symbol as we will run out
of symbols, but the numbers wouldn’t end. The additive systems were
cumbersome to represent higher numbers.

primer: What do you think humans did to overcome that?
fiona: They created another numbering system.

The humans figured out how to use finite symbols to represent all
possible numbers in a compact notation.

The humans developed a positional system for numbers. Let’s take a
look.

Positional Numbering System The positional system allowed humans
to define some unique symbols for numbers and then reuse them by
assigning them different values based on their position in the sequence.

In a positional numeral system, we can represent numbers using an ordered set
of numerals symbols (called digits). The value of a numeral symbol depends on its
position.

Several civilizations developed positional notation independently,
including the Babylonians, the Chinese, and the Aztecs.

Around the 7th century, Indian mathematicians perfected the posi-
tional number system by introducing 0 (zero). The positional numeral
system, pretty the same as the one which we use today, used only ten
unique symbols and could represent any possible number.

The Italian mathematician Leonardo Bonacci, most popularly known
as Leonardo of Pisa or Fibonacci, is considered responsible for spreading
the use of Indian Numerals throughout Europe after the publication of
his book, Liber Abaci in the year 1202. In the book, he notes,

The method of the Indians (Latin Modus Indoram) surpasses any known
method to compute. It’s a marvelous method. They do their computations using
nine figures and the symbol zero.

The symbol 0 could act as a placeholder for the value that represents
nothing. The symbol 0 was the missing ingredient which the earlier
number system lacked. To understand, let’s look at the first ten whole
numbers1 we use today. 1Whole Numbers: Numbers which

does not include negative numbers,
fractions, or decimals.First ten whole numbers : 0, 1, 2, 3, 4, 5, 6, 7, 8, 9...

Each number is represented by a unique symbol or digit for the first ten
whole numbers. After the first ten whole numbers, the number is ten(10)
represented by 1 followed by 0.

The digits 1 and 0 representing 10 are not unique symbols anymore.
They have already been used to represent a quantity in the first ten
whole numbers. However, when the digit occupies a different posi-
tion, it represents a unique value. The numbers that follow the first ten
digits reuse the unique symbols to represent a different number.
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10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20...

Therefore, we can represent any number in this form by reusing only ten
unique digits or symbols.

primer: Why do you think there are only ten unique symbols in the
number system?

fiona: Maybe, because we have ten fingers in our hands, Primer.

It is very probable that there are only ten unique symbols because
humans have ten fingers, which were used for (finger) counting ear-
lier. Because we are using only ten unique symbols, this system is called
decimal numeral system.

The decimal numeral system is also called positional notation system
with base ten, where base (also called radix) means the number of unique
symbols.

You can create different systems by taking different unique symbols or
base.

The Babylonians developed a numbering system of base 60 or Sexa-
gesimal numbering system.

primer: Guess where the Babylonian’s numbering system is used.
fiona: In writing Latitudes and Longitudes?

The base 60 is still used, although in a modified form - for measuring
time, angles, and geographic coordinates. For instance, each day is made up of
60 minute hours and 60 second minutes.

primer: In computing, we use only a number two digits — 0 and 1.
What is the base of such a numbering system?

fiona: Base is two, Primer.

Since there are only two numerals (0 and 1) to represent every possible
number, the base is 2. The base two numbering system is called binary
numbering system.

Binary Numbering System The first binary number is 0, and the next is
1. The decimal number 2 is 10 in binary. Because we have exhausted
the number of unique symbols, we will increase the places. Therefore,
in binary the next number three is 11, four is 100 and five is 101. The
trick is cycling from 0 to 1 and increasing the number of digits on the
left-hand side.

Binary numbers are written in the group of four with 0 padding the
leading numbers. For instance, we can write five as 0101.

Exercise 3 Binary Numbers

Here are numbers 3 - 8 in binary jumbled. Why don’t you try to rear-
range them in ascending order?

0100a) 0111b) 1000c)

0110d) 0101e) 0011f )
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Hexadecimal Numbering System Another number system often used in
computing is the hexadecimal numbering system or base-16 system. The
16 unique numerals, in this case, ranges from 0-9 and A-F.

It might seem a bit confusing to understand how symbols A-F are
used in the numbering system. Table 1.2 shows the first couple of num-
bers in the hexadecimal numbering system.

Decimal Number Hexadecimal Number Decimal Number Hexadecimal Number

0 016 9 916
1 116 10 A16
2 216 11 B16
3 316 12 C16
4 416 13 D16
5 516 14 E16
6 616 15 F16
7 716 16 1016
8 816 17 1116

Table 1.2: First 18 hexadecimal numbers

To differentiate between numbers on different bases, we write in one
of the following ways:

1. add a subscript indicating the base to the end of the number. For
example, 716

2. add prefix indicating the base. Binary numbers have the prefix 0b

while hexadecimal numbers have the prefix 0x. For instance, 0x7.

As we use the decimal system of numbers in our day-to-day life, we
usually skip writing the decimal base. If you see a number without its
base specified, you can assume it’s in the decimal system.

Decimal - Base 10 Binary - Base 2 Hexadecimal - Base 16

8 0b1000 0x8
14 0b1110 0xE
103 0b1100111 0x67
143 0b10001111 0x8F
511 0b111111111 0x1FF

Table 1.3: Representation of numbers in
different numbering system

Table 1.3 shows numbers on all three bases. Each of the numbers in
a row is the same number represented with a different base. As you can
notice, we can represent a number in different base.

Exercise 4 Hexadecimal

What is the value of the number 0x68 in decimal?

104a) 105b)

106c) 102d)

In previous exercise, you can figure out the value of 0x68 by checking
table 1.3, where the value of 0x67 is shown. However, it’s not conve-
nient to refer to some table to figure out the decimal representation.
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It makes sense to learn a simple method to convert numbers from dif-
ferent bases into a decimal so that you can understand. Let’s understand
the positional notation system to understand how to convert numbers
from different bases to their decimal representation.

Positional Notation System In a positional notation system,

• the place value of each digit position is the value of its digit, multi-
plied by a power of the base.

• The power of the base is determined by the digit’s position index.

Depending on what position index they occupy, the digit’s place value
can be determined using the following formulae.

Place value of a digit = Value of the digit × (base)index (1)

The position index starts from 0 for the rightmost digit and increases by
one as it moves towards the left. If we add all the place values, we will
get the number in the decimal system.

For example, in decimal system, the number 456 can be read as Four
hundred and fifty six. We can represent the number 456 in the expanded
form as follows:

456 = 4 × 102 + 5 × 101 + 6 × 100

= 400 + 50 + 6

Here,

• base of the number is 10

• 4 occupies the 2nd index therefore it is read as 400

• 5 in it’s 1st index is read as 50

• 6 in its 0th index is read simply 6.

We can obtain the number represented in the decimal system by
adding all its digit’s place value.

(an...a0)b =
n∑
i=0

Place Value of ai =
n∑
i=0

a × bi (2)

where a is the place value of the digit, b is the base & i is the position index

Equation 2 shows the formula to get the expanded decimal system
representation of a number. We can represent any number in the ex-
panded form using 2. Here are a couple of numbers in the decimal
system and their expanded form.

510 = 5 × 100

7810 = 7 × 101 + 8 × 100

51210 = 5 × 102 + 10 × 101 + ×100
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Exercise 5 Placevalue
What is the place value of 5 in 5123?

5000a) 500b)

1000c) 100d)

We can convert a number in a different base to the decimal system by
adding the place value of each digit. Let’s start with converting binary
numbers into decimals.

Here are some numbers in binary and their corresponding representa-
tion in decimal.

10002 = 1 × 23 + 0 × 22 + 0 × 21 + 0 × 20 = 810

11102 = 1 × 23 + 1 × 22 + 1 × 21 + 0 × 20 = 1410

Similarly, we can convert the hexadecimal numbers into the deci-
mal system. The following shows the conversion of some hexadecimal
numbers into decimals.

6716 = 6 × 161 + 7 × 160 = 10310

8F16 = 8 × 161 + 15 × 160 = 14310

Exercise 6 Placevalue II
What is the place value F in 0xF5?

245a) 246b)

240c) 247d)

Summary In this section, we saw that every number could have various
representations. We can also represent other forms of information such as
text, image, and sound into a binary representation. In the next section,
we will look into how to do that.

Text, Image & Sound Representation in Binary
Consider the following scenario.

You went out on a solo adventure on a sailboat into the ocean. You have a
wind-powered boat without an engine. At some point during your voyage, you
enter into a windless patch of water, and the boat gets stuck. You get stuck for
weeks, with nothing in view but water. At the same time, your navigation and
communication devices run out of power. The only working equipment you have
left is a signal lamp.

One day, you see a group of ships passing at some distance from your boat
during the night. The question is, how do you ask for help?

The clue of the signal lamp reveals out that it needs to be used to ask for
help. But how exactly to use a signal lamp to do that?

primer: Fiona, what do you think? How can you ask for help to the
ships?

fiona: Use the signal lamp
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You can use the signal lamp to ask for help. However, you can not
simply randomly flash signals hoping that the ship will come to rescue
you. The way you can ask for help is by signaling S.O.S. using your
signal lamp.

S.O.S. is an internationally accepted distress signal used during emergencies.

Contrary to popular belief, S.O.S. doesn’t stand for anything. The
phrases “Save our Souls” and “Save Our Ships” are, in fact, backronym2 2Backronym: an acronym deliberately

formed from a phrase whose initial letters
spell out a particular word or words,
either to create a memorable name or as a
fanciful explanation of a word’s origin

rather than an acronym. When you flash distress signals 3, other boats

3Distress signal, also known as a distress
call, is an internationally recognized
means for obtaining help. A distress signal
indicates that a person or group of people,
ship, aircraft, or other vehicle is threat-
ened by serious or imminent danger and
requires immediate assistance.

will understand that you require help and will come to your aid, given
that they can see it.

At this point, two questions might be unclear.

1. How can flashing a signal lamp in a fixed pattern mean S.O.S.?
2. How to flash a signal lamp so that it means S.O.S.?

Before we answer these two questions that let’s take another scenario.

Suppose there is a multiple-choice based test. Each question has four options,
from which the only one is correct. You and your friend decided to develop a
communication strategy to cheat during the test.

primer: Keeping in mind that I am in no way encouraging cheating
off tests, how will you and your friend manage to exchange
answers?

fiona: By associating each answer with a particular gesture.

The obvious way is to use distinct gestures to symbolize different
options. An example would be scratching your hair to represent option A
or rubbing your eyes for option B, and so on. This method should help
you communicate effectively without raising suspicions.

primer: Let’s take a moment to reflect. We just created something
interesting here. What do you think we created when we used
gestures to symbolize an answer?

fiona: We created a code.

We created a code that could only be understood between you and
your friend. It is a secret language that you can speak with those who
understand its meaning.

We can formally define code as a system of words, letters, signals, or
symbols to transmit a message in secret form or a more convenient form.

The code you developed to exchange your friend’s answers was to
transmit a message in a secret form. One reason for coding is to enable
communication in places where ordinary plain language, spoken or
written, is difficult or impossible. Such as being stuck in a sailboat in the
middle of a windless ocean. Flashing S.O.S. using a signal lamp, in the
absence of other communication devices, is a convenient way to transmit
requests for help.

When you convert information into symbols, the process is called encoding.

To encode a message, you must first define or use an existing stan-
dardized coding system.

While the reverse process of encoding is decoding.
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primer: What do you think is decoding?

fiona: To convert back the encode message is called decoding.

Decoding is the process when you convert back the encoded symbols to retrieve
the original message.

When your friend scratches his head, you can understand that he
means the option A referring to your previously agreed code system. There
is no standardized system of cheating off in tests. Therefore, we usually
create our system and assign them value.

We will use a widely used coding system called Morse code to com-
municate in the middle of the sea.

Morse Code

Morse code is a method used to encode characters as standardized sequences of
two different signal duration.

These two signals are represented by dots (.) and dashes (_). The In-
ternational Morse Code encodes the 26 English letters A-Z, some non-
English letters, the Hindu-Arabic numerals, and a small punctuation set.
There is no distinction between upper and lower case letters. We can
take a look at the International Morse Code for 26 alphabets in table 1.4.

Alphabet Morse Code Alphabet Morse Code

A . _ N _ .
B _ . . . O _ _ _
C _ . _ . P . _ _ .
D _ . Q _ _ . _
E . R . _ .
F . . _ . S . . .
G _ _ . T _
H . . . . U . . _
I . . V . . . _
J . _ _ _ W . _ _
K _ . _ X _ . . _
L . _ . . Y _ . _ _
M _ _ Z _ _ . .

Table 1.4: International Morse Code

When you wish to send some messages using Morse Code, you will
first have to convert your message in the Morse Code using the Inter-
national Morse Code. Then you can send it through a communication
channel or store it in a storage medium.

The receiver can decipher or decode the information contained by
looking into the International Morse Code upon receiving the message.

Exercise 7 Morse Code

What is the value of the following code written in morse code?

_ _ _ _ . _

O.K.a) C.Q.b)

F.W.c) Q.I.d)
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Using the Morse code shown in table 1.4, we can encode alphabets
in dots and dashes and send signals. We will use the signal lamp as a com-
munication channel to transmit signals in our earlier case. Let’s figure out
how to use the signal lamp for communicating S.O.S.

In the International Morse Code, a dot is a single unit duration while
a dash is three units duration. For using the signal lamp for communicat-
ing, we can assign the following:

Flashing for a single second = dot

Flashing for three seconds = dash (3)

Now we are ready to send a message across for help. In the International
Morse Code shown in table 1.4, we can see that code for S is ... while
for O is _ _ _. So, we can encode our message of SOS in the following
form.

SOS = . . . _ _ _ . . . (4)

Using our method of using the signal lamp as a communication channel,
we can do the following:

1. Flash for a second three times consecutively

2. Flash for three seconds three times consecutively

3. Flash for a second three times consecutively

4. Repeat

If other ships receive your message, they will decode or interpret your
message and come for help. You might notice that it takes around 15-20
seconds for someone to understand your message. You can fasten it up by
proportionately reducing the signal lamp flashing duration.

Hopefully, now you have a little bit of an idea about code textual
information in other representations such as gestures, signals, or even
flashing.

Earlier, we primarily used Morse code in the telegraph. It’s not used
in computing anymore. However, you can say that Morse Code was an
inspiration for text encoding in modern computing.

primer: What does the Morse code using dots and dashes reminds
you of with relation to the number system?

fiona: Primer, it reminds me of the Binary numbering system us-
ing 0 and 1.

Representing text in Morse code using dots and dashes is similar to
representing any number using only two numerals, i.e., 0s and 1s. Earlier,
we saw that we could represent every number into binary representation
while using only two numerals (0 and 1).

Now that we understand how to code text in other representations,
let’s look into how we can encode text in a binary system for efficient
communication.
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Binary Representation of Text To convert text into binary, we first re-
quire defining a mapping of the basic alphabets and characters. One of
the examples of such mapping is the International Morse Code.

There are only two values a signal can take, dot and dash in a basic
variation of Morse code. Therefore we can presume it to be similar to
the binary number system.

The International Morse allows various combinations of dots and
dashes to represent the alphabet of the English Language. Although the
Morse Code is not binary in the strictest terms.

primer: Can you guess as to what the word binary means?

fiona: Something that can be only one of two things.

The word binary means having two possible states like the binary
numeral system. Each digit can be either 1 or 0. The states can also be
defined as on & off or true & false.

A device that can be on the two possible states is called a single binary or two-
state device.

primer: Can you think of an example of a binary device?

fiona: A lamp

An example of a binary device is an electronic switch that can either
be on or off. Another example would be a light bulb, which can be
turned on or off can act as a binary device. Earlier, we used a signal lamp
to act as a binary device by assigning the two states.

A single binary digit or single on/off value is called a bit (Binary
digit). A bit is also the basic unit of information or data. Therefore, a
single binary device is said to hold one bit of information.

Since a single bit can hold very little information, we often line many
bits to store information. For convenience, a group of eight bits is called
a byte. Each of these combinations can be assigned a symbol or informa-
tion, just like the Morse Code.

If we take the value of light switch being on as 1 and being off as 0, the
possible combinations or bit pattern of three switches is shown in table
1.5. We can store the symbols A-G using combinations of three light
switches.

Bit Pattern Decimal Number Assigned Meaning

0b000 0 Space
0b001 1 A
0b010 2 B
0b011 3 C
0b100 4 D
0b101 5 E
0b110 6 F
0b111 7 G

Table 1.5: Bit Patterns using three binary
devices

If you need to store all the alphabets in the English language and
punctuation marks, we will require more bits. Being a binary number,
they can also be represented in the form of their decimal counterpart.
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primer: Can you write the word in the BAD in the above character
encoding?

fiona: 0b 0010 0001 0100

Using table 1.5, let’s implement a bit pattern that encodes a word.
Binary numbers are usually grouped into a set of four, separated by

space. We can write the word BAD as 0b 0010 0001 0100.
Let’s implement a binary code using a bunch of binary devices.

Figure 1.6: Representing BAD GABE using
light switches

Figure 1.6 shows how the message BAD GABE can be represented using
light switches. Anyone who has access to the character encoding shown
in the the table above 5, will successfully decode the message. To include
the space character in BAD GABE, we can include 0b0000 into the pattern.
0b000 means three switched off bulbs.

Exercise 8 Bit Pattern

What text does the bit pattern 0b 0110 0100 1100 1010 represent according
to table 1.5?

CAFEa) ACEb)

GAFEc) FEDAd)

Text Representation in Computers Let’s take a look at how text is rep-
resented in computers. When any key on a keyboard is pressed, a signal
encoding a binary number is generated. According to a standardized
character encoding, this signal is processed by the computer. It results in
the typed character to appear on the screen.

Their several standardized character encoding, which encodes various
characters or symbols to a binary number. Let’s look at one called ASCII.

ASCII is a standardized code abbreviated from American Standard
Code for Information Interchange. Before computers, telegraphs were
mainly used for long-distance communication. Telegraphs used ASCII to
encode information to send it over the wire.

The ASCII code takes each character on the keyboard and assigns
it to a number. For instance, character A is assigned the number 65 or
the binary number 0b 0100 0001. Table 1.6 shows the association of the
symbols with numbers in ASCII.

Range of Numbers Assigned Symbols

33 - 47 Special Characters ( ! / + …)
48 - 57 Numbers ( 0 - 9)
65 - 90 Uppercase Alphabets ( A - Z)
97 - 122 Lowercase Alphabets ( a - z)

Table 1.6: ASCII Symbols

ASCII code is a 7-bit character set. The highest binary number you
can assign in ASCII is 0b 111 1111.

primer: How many characters can be assigned to numbers using
7-bits?

fiona: 128 characters can be assigned, Primer.
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You can only encode 27 or 128 unique symbols or characters using
7-bits. 128 symbols are quite less in comparison to our real-world needs.

If you wish to use the accents found in many European languages or a
larger set of alphabets such as Cyrillic, Devanagari Script, or Mandarin,
more bits are needed. A new set of standardized character encoding
called Unicode was created to overcome ASCII’s limitation. There are
several sets of encoding available under Unicode. One of the popular
Unicode character encodings is the UTF-8.

Unlike ASCII, UTF-8 uses several bytes. It can encode more than a
million symbols, which is quite enough for all Earth’s languages. Apart
from text and characters from different languages, the UTF-8 also en-
codes emojis.

primer: I hope you understood how the text elements are stored
in the form of binary. Would you like to guess as to how images
are stored in the form of binary? How do you think the computer
stores images in binary and displays them onto the screen?

fiona: The computer stores images in the form of pixels and then dis-
plays them onto the screen.

To understand how images are stored in binary, we need to look at
what a digital image is. In the next section, we will see how computers
display images.

Binary Representation of Images A computer breaks an image into tiny
elements called pixels to display it on a computer. A pixel (short for
picture element) is a small square representing only one color. Lots of these
pixels together can form a digital image.

Figure 1.7: Pixel Element

The computer represents each pixel with a binary value to store an
image. Depending on the number of bits in the binary value, we can
choose to represent a different number of colors. For instance, figure 1.7
shows an image with two colors: black and white and uses a single bit to
represent each pixel.

Therefore, every pixel in figure 1.7 is either 1 or 0. Depending on
whether the pixel has the value 1 or 0, it displayed as black or white,
respectively.

When we represent an image using only two colors, it is called a binary
image. Figure 1.7 shows that we can represent an image of F using pixels,
which take only 1 bit and can either be black (1) or white (0).

Computer stores an image in the form of binary values spanning
several lines. Each line is encoded from left to right and top to bottom.
The image in figure 1.7 can be stored using the following binary values
shown in figure 1.8.

Figure 1.8: Binary Values corresponding
to rows of image pixels in figure 1.7

For a computer to draw or interpret the image from the binary val-
ues, it needs more information other than the binary values. It requires
numbers of pixels present in a row or width of the image and the num-
ber of columns or the height of the image. It also requires the number of
bits used to represent each pixel. The number of bits used to represent
each pixel is called color depth. The resolution of an image is a way of
describing how tightly packed the pixels are.

The extra pieces of information such as color depth required for the
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computer to correctly display the image from binary numbers are called
image metadata.

Exercise 9 Image Metadata

What do you think is the color depth, height, and width of the image in
figure 1.8?

1-bit, 8 pixels height, 8 pixels
width

a) 2-bit, 16 pixels height, 16
pixels width

b)

1-bit, 9 pixels height, 10 pixels
width

c) 2-bit, 9 pixels height, 10 pixels
width

d)

In the previous exercise, the color depth is 1-bit, as only 1-bit is used
to represent each pixel while the image is 9 pixels high and 10 pixels
wide.

An image that uses 4 colours requires at least 2-bits ( 22 = 4 ) to
represent each pixel.

Figure 1.9: 2-bit Image

Figure 1.9 shows a 2-bit image along with its binary values of image
rows. In figure 1.9, the mapping of the colors for the corresponding bits
is shown in table 1.7.

Bit Pattern Color

00 White
01 Orange
10 Blue
11 Green

Table 1.7: 2-bit color map

The mapping of bits to colours is called colour bitmap. The metadata
for the above image in the figure 1.9 is as follows:

• colour depth: 2-bit is used to represent each pixel

• resolution: 6 pixels ( width ) x 7 pixels ( height ) = 42 pixels image
resolution

On providing the binary values and the metadata, a computer will
interpret the image and correctly render it.

A 2-bit color depth image can use only four colors. To represent
images accurately, we require a higher color-depth.

If we use 16-bits to represent a single pixel, it can represent 216 or
65,536. If we use 24-bits to represent a single pixel, it can represent 224or
16,777,216 colors.
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primer: Can you guess the number of colors the average human eye
can discern?

fiona: Maybe somewhere around 10k colors.

The average human eye can usually discern up to 10 million colors.
Therefore, using 24-bit color depth is usually sufficient for most practical
purposes.

Figure 1.10: An image in different color
depths

In figure 1.10, we can see the same image in various color-depths.
Because pixels are very tiny in size, even with 1-bit color depth, the
image detail is quite clear.

In this section, we briefly covered how computers convert images into
binary. In the next section, we will look into how computers convert
sounds into binary.

Binary Representation of Sound To convert sound into binary, we must
first capture it.

primer: Which device do you think is used for capturing sound?
fiona: A microphone

Capturing of sound is done using a microphone. A microphone is a type
of transducer that converts the sound wave into an electrical signal. A
transducer is a device that converts one form of energy to another.

primer: Can you think of a device that converts electrical signals
into sound?

fiona: A loudspeaker, Primer.

A loud speaker is a transducer that converts an electrical signal into
sound. Let’s look into how a microphone converts sound into electrical
signals.

A sound wave causes rapid air pressure variations, and a microphone
is sensitive to these minor fluctuations in air pressure. A sensor is at-
tached to the microphone whose electrical conductivity depends on the
air pressure. When current passes through the sensor, the flow of elec-
tricity varies according to the air pressure variations. A device measures
the fluctuating level of current called an Analog-to-digital converter
(A.D.C.).
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As sound waves are continuous, the A.D.C. takes precise measure-
ments at a large number of times per second ( for instance, 44,000 times a
second ) and creates a number representing the air-pressure at that time.
The number of measurements or time samples per second is called the
sampling rate. We measure the sampling-rate in kilo-Hertz ( kHz ). 1
Hz is one sample per second. Most CD-quality audio is sampled at 48
kHz or 48,000 samples per second.

We can then convert the collected samples into binary. They are
recorded to the nearest whole number. If we plot the time samples, we
will see that the sound wave now looks different because sampling does
not consider what the sound wave is doing between each time sample.
The sound loses quality as we are losing data between the time samples.

Figure 1.11 shows a graph of sample pressure variations and the
corresponding sampling to digitally reconstruct the wave:

Figure 1.11: Sampling Audio Signals

primer: How can we increase the quality of the reconstructred or
stored sound?

fiona: By taking more samples in a second

In figure 1.11, we can see that based on how often the audio signal’s
measurement, the better is the reconstructed signal.

The higher the sampling rate, the more accurate its reconstructed wave is.

To increase the quality and store the sound closer to the original, we
need to have more time samples closer together. We can collect more
detail about the sound this way. It does not lose as much quality when
it’s converted to digital and back to analog again.

primer: This is a brief overview of how sound is converted to
binary. Do you want to guess as to how the binary values are
played back?

fiona: BInary values are read and then sound is produced accord-
ing to the recorded values.
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The reverse process of recording sound is used to read the binary val-
ues and play the stored sound file.The stored binary values are read and
transmitted to a something called Digital-to-Analog converter (D.A.C.).

First, a device reads stored binary values. A Digital-to-Analog con-
verter generates a strong or weak current on a wire, depending on the
number. A speaker can reconstruct the sound vibrations from the electri-
cal audio signals. It is close to the original air vibrations during recording.

We can see the entire process of recording and playing the sound
waves in figure 1.12.

Figure 1.12: Process of recording and
playing sounds digitallyA point to note is that, when we measure the sound wave 48000 times

a second, the storage space required quickly becomes huge. There are
many compression techniques available that can shrink the size of the
data without loss of information. These are called data compression
techniques. This is a brief overview of how sound is stored in binary and
played back on the computer. Let’s do a short exercise.

Exercise 10 Sound
Can you re-arrange the order of how sound is recorded and played back?

A speaker can generate sound from the fluctuating current.a)

A.D.C. takes precise samples of the fluctuating at a large number of
times per second.

b)

Sound wave causes rapid air pressure variationsc)

The collected samples are stored in binary to the nearest whole
number

d)

The stored binary values are read and passed to the D.A.C.e)

Current passes through a microphone fluctuate according to the
fluctuating air pressure

f )

The D.A.C. generates current on a wire depending on the number
from the stored binary values.

g)

So far, we have covered how sound, images, texts, and numbers can
be converted into binary. At this point, you might be interested to know
why binary or base-2 is used. Why not ternary (base-3) or decimal?

primer: Guess of one good reason why we use binary instead of
other bases?

fiona: It is much easier to work with binary values.
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Why binary is used in Computers
There are several advantages of using binary in computers. Here are four
of the important reasons for using binary:

1. Versatile Representation

2. Binary devices are simple to build

3. Signals in the form of binary are unambiguous

4. We can create flawless copies of binary data.

Let’s look into each of these reasons in a bit more detail.

Versatile Representation The first advantage of using binary is we can use
it to encode various types of information.

We have already seen earlier that numbers and text, image, and sound
store in binary form. We can use patterns of bits to represent almost
anything that follows some sort of pattern.

Binary representation is versatile enough to accommodate different types of
data.

A more complex example would be videos in which images, along
with the sound, can be stored in binary form. This ability to be able to
represent almost anything is a major advantage of using binary.

primer: Before moving on to the next advantage, let me ask you
a question. A light switch is a device that has only two states on
and off. A light dimmer is a device with multiple states and is used
to control the brightness of the light. Which one do you think is
easier to build - A light dimmer or a light switch?

fiona: A light switch is easier to build.

Binary Devices A light dimmer must gradually and smoothly change the
current that reaches the light. It has more components than a light switch
and must be carefully assembled. A light switch with two possibles states
on and off is quite simple and easy to build compared to a light dimmer.
The second advantage of using binary is - binary devices are easier to
build.

This is also true for the tiny binary devices inside a silicon chip or
magnetic storage, which powers modern computing. Switches with
only two states are relatively easy to fabricate or produce. These binary
devices are cheap, small, and reliable, and often billions of them can fit
into a small area.

There are several ways to implement a bit pattern. Here are some
ways we can implement bit patterns:

• An electrical switch

• Voltage on a wire.

• A transistor

• A small part of the light-reflecting surface, for example, C.D.s.
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• Part of a radio signal.

• Part of an audio signal.

Earlier, we stored the message BAD GABE using twenty-four light-bulbs.
Twenty-four light-bulbs can hold only 24 bits of information. A group
of eight bits is called a byte.

Using light-bulbs to store information becomes expensive to keep
a larger amount of information as they occupy a larger size. The hard-
drives on a computer usually use which magnetic storage can hold more
than 512 Gigabytes of data or 512 000 000 000 bytes or 512 billion bytes
of information. That’s a lot of storage.

Unambiguous Signals There are three things you can do with informa-
tion. You can store information, transmit information or process/transform
information. The third advantage of using binary relates to information or
signal transmission.

primer: Before we move onto the advantage, what do you think the
word unambiguous mean?

fiona: It means clear and straightforward, I think.

The word unambiguous essentially means not open to more than one
interpretation.

The third advantage of using binary data is: Binary signal transmission
is unambiguous and is immune to noise.

Let’s take an example to understand this more.
Earlier, we suggested a hypothetical scenario where you and your

friend decided to create a code to exchange answers during a multiple-
choice questions based test. Suppose your friend suggested an unconven-
tional method of transmitting code signals corresponding to the answer,
shown in table 1.8.

Code Signals Answer

Motioning A using finger A
Motioning B using finger B
Motioning C using finger C
Motioning D using finger D

Table 1.8: Unconventional Code Signals

First of all, cheating off tests is not the right thing to do. Second,
if you must cheat, then the above method is a recipe for disaster. It’s
unclear, it is prone to confusion, and most importantly, it’s stupid.

primer: Can you figure out what’s exactly wrong with this method
of communication?

fiona: If you lose any part of the receiving code, then it’s diffi-
cult to decode the instruction.

When your friend is motioning, let’s say the letter A, to get the full
signal, you must observe the motion for the full duration. If you miss out
on the part of the signal, you will most probably miss out on the entire
information transmitted by the signal.

A better way is defining four different states corresponding to each
answer, which are unambiguous and don’t cause any confusion.
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Code Signals Answer

Scratching hair A
Touching the forehead with the tip of a pen B

Touching nose with the tip of a pen C
Touching chin using the tip of a pen D

Table 1.9: Conventional Code Signals

The signals mentioned in table 1.9 are a much effective way to com-
municate without any confusion. When your friend signals the answer
A by scratching his hair, you can understand it even if you miss out on
some portion of the movement.

Signals that continuously change values and can be anything in a range are called
analog signals.

The sound waves we saw in the figure 1.11 are continuous signals.
While signals that have a finite number of states are discrete signals.
Discrete signals change only at discrete instants of time. Such signals are
called discrete signals because they have a fixed number of definite states.

Binary signals are discrete signals.

The above two types of code signals differentiate between two types
of signal - discrete and analog signals. Analog signals continuously vary
with time. Their exact value at any particular instant is important for
the receiver. This is similar to the code signal mentioned in table 1.9.
Whereas in discrete signals, the receiver is interested in discrete states. As
you might notice in the able two examples, discrete signals are unambigu-
ous.

We can understand the noise immunity aspect of discrete signals using
another example.

Noise Immunity
primer: Earlier, I mentioned that the voltage on a wire could transmit

a signal. Can guess how to use the voltage on a wire to transmit
signals?

fiona: By fluctuating the voltage on a wire, we can transmit signals.

We can use the voltage on a wire to pass information in coded form.
If you wish to send information to someone using a wire, you can encode
a message into a fluctuating voltage. The receiver can record the voltage
over some time and decode our message.

However, when you transmit the analog signals over a communication
channel, it is most susceptible to external noises, which might cause a
loss of information. The transmitted analog signal and the received signal
often turn out to be quite different, as shown in figure 1.13.

Analog signals continuously change their value, and the information
they carry is the exact value at any instant. The exact value of an analog
signal at any time is essential. Therefore, analog signals are significantly
affected during imperfect transmission.

primer: To convert the analog signal into discrete binary signals, we
need to ensure that at any instant of time, a signal represents one of
two values. How do you think we can do that?
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Figure 1.13: Analog Signal

fiona: By using a threshold value.

Using a threshold value, we can convert an analog signal into binary
or digital signal. In such cases, a signal represents only one of the two
discrete states at a discrete-time interval. Once we convert the analog
signal into a digital signal, we can send information through it.

For instance, if the signal is above the threshold value, say 0.5, it can
be considered 1 and if below, then 0. The essential advantage of using
digital signals is that we longer need to worry about the signal’s exact
value. In figure 1.14, we can see this in action.

Figure 1.14: Digital Signal Transmission

In figure 1.14, you can see that even though there is noise in the
received signal, the reconstructed digital signal doesn’t incur any in-
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formation loss. The reconstructed digital signal is the same as the sent
digital signal. This is why digital signals are said to possess considerable
noise immunity.

Perfect Copies The fourth advantage of using binary is a continuation of
digital signal advantage.

primer: Lets say you downloaded a file from the internet using
a good internet connection. Do you think there is a loss of in-
formation when a file is downloaded from the internet to your
computer?

fiona: Nope. Usually, there isn’t a loss in information.

There is no or minimal information loss when a file is downloaded
from the internet. You might be so used to the fact that you take this for
granted. The files you download from the internet are perfect replicas of
the original files.

The fourth advantage of using binary is that we can make perfect copies using
binary.

When we use binary signals for transmission, the receiver is only
interested in the binary values. All it does is check if the signal is above or
below the threshold. The receiver can do this quite perfectly unless the
noise is not too great. For example, in figure 1.14, the original binary
signal and the reconstructed binary signal are identical even though there
is noise in the received signal. The original signal is recovered perfectly.

This process of recovering the original signal in digital signal transmission can be
repeated as many times as needed with a flawless perfect copy made each time.

Bit patterns are often copied back and forth between processor &
memory more than millions of times per second in computers. The
copies of stored information need to be perfect each time. In this partic-
ular case, binary signals are highly useful for creating perfect copies.

Information stored in binary form does not change when we copy it
from one medium to another. We can create an unlimited number of
such copies. The ability to make perfect copies without loss in informa-
tion is a compelling combination. The chances are that you are already
accustomed to this that it may not seem significant. When you try to
download a video or music file from the internet, the data has already
been copied (downloaded) many dozens of times, using various transmis-
sion and storage methods. Yet, it doesn’t affect your download, and you
get a perfect replica of the data.

Figure 1.15 shows a sample demonstration of how a simple download
of the video passes through various storage and transmission methods.

primer: I would like you to describe figure 1.15 briefly.

fiona: The information or some data file is recorded from the cam-
era onto the main storage of a computer. Then it transferred to an-
other computer using various computers.

In figure 1.15, we see that actual information does not change from
one medium to the next. Easier transmission and copying of data is a
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Figure 1.15: Streaming video through
various communication channels

significant part of computers’ advancement and the creation of multi-
billion dollars worth of various technology companies such as Google,
Facebook, Twitter, etc. This is a major part of the computer revolution,
perhaps even more important than computers’ actual computing.

In this section, we covered

• representations that computers understand

• representing text, image & sound in binary

• why binary is used for computers

In the next section, we will look into how computers process instruc-
tions and information represented in the binary.

Notes
a. Something about 1%
b. We can convert a number in a different base to the decimal sys-

tem by adding the place value of each digit.

Processing Instructions

Before moving on to understand how computers process information,
let’s look at the different parts of a computer system.
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primer: A computer system can be broadly classified into two
of its components. Do you want to guess which are these two
components I am referring to?

fiona: Software and hardware

A computer system consists of two parts computer hardware and
computer software. Let’s start with the computer hardware.

Computer Hardware

A computer system is primarily composed of the following hardware
components:

• Processor

• Input & Output Devices

• Memory Devices

primer: Let’s start with the processor. What do you think does the
processor do?

fiona: Processor process the instructions which are supplied to the com-
puter.

Processor A computer is a machine that can automatically carry out a
sequence of arithmetic or logical operations.

An example of an arithmetic operation is adding two numbers or
subtracting two numbers. While an instance of logical operation is to
check if two different quantities are the same.

The processor does the primary task of carrying out the instructions.
The rest of the computer systems’ function is to provide the information
or instructions that need to be processed and electrical power.

A processor has a small amount of memory that it uses to hold data
and instructions for processing. A computer processor accepts binary data
as input, processes it according to instructions stored in its memory, and
returns the output in the form of binary data. A processor does the most
critical work of the computer. Therefore, we often refer to a processor as
the brain of the computers.

primer: Next are input and output devices. What do you think is
the role of the input and output devices?

fiona: To supply data to the processor.

Input & Output Devices Input & Output devices help make the com-
puter system interact with the outside world by moving data into and out
of the system. Input & Output devices are commonly referred to as I/O
devices.

Input Devices Output Devices

Keyboard Monitor
Mouse Printer

Webcam Speaker
Networking Networking

Table 1.10: Examples of input & output
devices
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primer: In table 1.10, why do you think that networking is men-
tioned in both Input and Output Devices?

fiona: Because networking can supply data and also be used to move data out of the sys-
tem.

When you connect the computer to the internet or a local network,
you can move data into the system and move it out of the system. There-
fore, the network interface acts both as an input and output device.

primer: The third computer hardware we will look into is mem-
ory. Why don’t you guess what role the memory plays in the
computer?

fiona: Memory stores data required for the processor.

Memory Computers use memory to store data.
There are two types of memory, Main Memory and Secondary Mem-

ory.
Both the memory stores data in the form of bit patterns. Although

the way they implement bit patterns differs significantly. Let’s start with
main memory.

Main Memory Main memory is as vital as the processor chip to a com-
puter system. Fast computer systems have both a fast processor and a
large, fast memory.

A processor chip only has enough memory to hold a few instructions
of a program and data they need for processing. As a processor chip has
comparatively less memory, complete programs, data and instructions
required by the processor are stored in the main memory.

The main memory is intimately connected to the processor, therefore
moving instructions and data into and out of the processor is pretty fast.
The main memory consists of silicon chips, which has several million
transistors that can act as binary devices. These transistors are used to
store the bit pattern of incoming data and transmit it to the processor.

The main memory consists of a very long list of bytes. In modern
computers, each byte has an address that is used to locate it. Figure 1.16
shows a small part of the main memory.

Each box in this picture represents a block of memory capable of
storing two bytes. Each of this memory block has an address. In this
picture, the addresses are the integers to the left of the boxes: 0, 1, 2, 3,
4, …, and so on. Most computer memory addresses start at 0 and go up
in sequence until each byte has an address. These memory cells can be
accessed in any order or randomly, so the main memory is sometimes
called Random Access Memory (RAM). When a computer is said to
have 8 Gb of RAM, they usually talk about the main memory.

The data stored in the main memory can quickly and easily be
changed. For the data to persist, it requires constant electricity. Such
memory is also called volatile memory because the data stored evaporates
as soon as your machine loses power.

primer: If main memory loses all the data as soon as the machine
loses power, how do you think computers can store data?

fiona: They are stored in secondary memory or hard drives.
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Figure 1.16: Memory Address

Anything you wish to keep for the long term is kept in secondary
memory or storage. Let’s next look at the secondary memory.

Storage Secondary Memory or Storage is where data is stored for a long
term basis. Examples of storage devices include hard disks, DVDs &
portable hard disks. Unlike the main memory, the secondary memory
doesn’t require constant electricity to store the data.

Once you write some data onto the storage, it stays there even after
the computer is turned off. The secondary memory, which is usually
hard-disk inside a computer case, usually has larger storage than the main
memory.

The reason for the persistence of data is the way bits are implemented
in the secondary storage. For instance, a magnetic storage device has a
large shiny, circular plate of magnetic material called a platter, divided
into billions of tiny areas. Each area can be independently magnetized (
to store a 1) or demagnetized ( to store a 0). Therefore, the information
stored in this magnetic disk persists even after switching the power off.
All the disks and heads are sealed into a dust-free metal can.

Writing data to a hard disk is a slower operation compared to the
main memory.There are two types of memory in a computer due to the
different needs they fulfill.

Primary Memory Secondary Memory

Read/Write operation are faster Read/Write operation are slower
Relatively more expensive Relatively less expensive

Lower Capacity Larger Capacity
Directly connected to the processor Not directly connected to the processor

Table 1.11: Shows the difference between
primary memory and Secondary memory

Table 1.11 shows an important distinction between primary and sec-
ondary memory. In both the main and secondary memory, information
and data are stored as patterns of bits.
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Hard disks (and other secondary memory devices) are used for long-
term storage of large blocks of information, such as programs and data
sets. The data stored in the secondary memory is organized as files.

A file is a collection of information that has been given a name and is stored in
secondary memory. The information can be a program or can be data.

There are different types of computer files, designed for different
purposes. A file may be designed to store a picture, a written message,
a video, a computer program, or a wide variety of other kinds of data.
Some types of files can store several types of information at once.

The form of the information in a file is the same as with any digital
information — it consists of bits, usually grouped into eight bits. A group
of eight bits is called byte. Files are often quite large. Therefore their size
is measured in usually measured in kilobytes (kb) or megabytes (Mb).

primer: Data is stored in a computer in the form of bit patterns.
How do you think a user interacts with the data stored on the
computer?

fiona: Using computer softwares, a user can interact with the com-
puter.

We can interact with the files by using appropriate computer soft-
ware, which we will look into in the next section.

Computer Software

A computer software is a collection of data and instructions that tell the
computer’s physical hardware how to work. A set of instructions is called
a called computer program.

We can define computer software as a collection of data & instruc-
tions that tell the computer’s hardware how to function.

primer: As the processor processes all of the computer instructions,
how do you think the instructions are represented?

fiona: In the form of binary.

The instructions are written in or compiled to a representation that
the processor can understand, which is binary. Let’s look into the differ-
ent types of instructions in a computer.

There are two types of computer software.

• Applications are a set of programs that is designed for users to use
directly. Examples of such applications are Spreadsheet software,
Word Processor, Web Browsers, and Computer Games.

• System Programs are a set of programs and software platforms
which provide services to other software. The most important
example of a system program is an operating system.

An operating system or O.S. is a software program that enables the computer
hardware to communicate and operate with the computer software.

Let’s look at it in detail.
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Operating System An operating system (O.S.) performs all the basic tasks
like file management, memory management, handling input and output,
and controlling other devices such as a keyboard, printers, and display.

primer: An operating system is a vital part of any computer system.
Can you name an operating system?

fiona: Ubuntu

There are many operating systems available such as Linux, Windows,
macOS, etc. Most computer systems can potentially run several OSs,
such as Linux and Windows.

When a computer is started, the hardware first loads the operating
system and keeps it running. Once the operating system runs, the user
can begin interacting with applications and programs stored in the sec-
ondary storage.

The applications on a computer depend on the operating system
to help them manage tasks. When you press a key on the keyboard (
hardware ), the operating system’s job is to detect which key was pressed
and provide the application’s information. Upon receiving information
from the O.S., the application responds to the user input.

The following is a high-level overview of what happens when a user
interacts with an application.

1. The user clicks an application icon to start it.

2. The operating system first determines the application name.

3. Then, it determines the related files on the secondary memory / hard
disk where the application and its data are stored.

4. The operating system finds an unused section of main memory that
is large enough to hold the application data

5. The operating system makes a copy of the application and its data in
that portion of the memory

6. The operating system arranges further resources for the application

7. Finally, the operating system starts the application running.

8. As the application runs, operating system manages background
resources as well as providing input/output operations for the appli-
cations

We earlier mentioned that the main memory is directly connected
to the processor. Keeping the contents in the main memory helps the
processor execute the instructions written in the program faster.

Exercise 11 Operating System

Based on the above overview, can you rearrange the following operations
in opening a web browser?
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The browser starts running.a)

The OS finds an unused section large enough to hold the applica-
tion related data and files of the browser.

b)

The OS finds the files related to the browser application in the
storage.

c)

The OS copies the browser-related files onto the main memory.d)

The user clicks on the browser icon to start the applicatione)

The processor starts processing the instructions stored in the main
memory

f )

In this topic, we covered different components of a computer. Let’s
understand how the processor executes the instruction in the next sec-
tion.

The Processor Revisited

To understand how a processor executes the instruction stored in the
main memory, we will need to revisit the processor. There are different
types of processors available, but the three things are common in the
processors. A processor has a control unit (CU), an arithmetic logic unit
(ALU) and sets of registers. These components are shown in figure 1.17.

Figure 1.17: Components of a processor

Let’s start with the control unit.
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The Control Unit (CU) The control unit contains digital circuitry that
uses electrical signals to direct the computer system to carry out or ex-
ecute stored program instructions. The control unit does not execute
program instructions itself. It merely directs other parts of the system to
do so.

The control unit must communicate with both the arithmetic/logic
unit and memory.

primer: The next component that we will look into is the Arith-
metic Logic Unit (ALU). Why do you think the Arithmetic Logic
Unit (ALU) is called so?

fiona: Because it carries out the actual instruction provided by the com-
puter system.

The Arithmetic & Logical Unit ( ALU ) An arithmetic logic unit (ALU) is
a digital circuit used to perform arithmetic and logic operations.

Most of the processor operations are performed by one or more ALUs,
which reads data from registers. The arithmetic/logic unit (ALU) con-
tains the circuitry to perform various arithmetic operations such as ad-
dition, subtraction, multiplication, division, and logical operations. A
logical operation is usually a comparison. ALU can check for six logical
relationships: equal to, less than, greater than, less than or equal to, greater
than or equal to, and not equal.

The arithmetic and logical operations may seem insignificant, but
these operations are the building block of modern computing.

The ALU is heavily dependent on the registers for reading or storing
data.

primer: Can you think of an instance when you need to store data
in an arithmetic calculations?

fiona: When we multiply numbers, we often store values to pro-
cess afterwards

When you multiply two larger numbers, you often hold some infor-
mation outside and access it later.

Figure 1.18: Storing values during
multiplication

Figure 1.18 shows how values are stored during multiplication. Sim-
ilarly, the registers operate to hold information that is currently being
processed.

Now, let’s look at registers.

Registers Registers are temporary storage areas for instructions or data.
They are the smallest data holding elements that are built into the pro-
cessor itself. However, they are not a part of the main memory. Instead,
they are special storage locations that offer the advantage of speed.

Registers work under the control unit’s direction to accept, hold, and
transfer instructions or data and perform arithmetic or logical compar-
isons at high speed.

The fundamental difference between the register and memory is that
the register holds the data that the CPU is currently processing. The
memory contains program instruction and data that the program requires
for execution.



fundamentals of computing 51

Storage Elements Relative Access Speed Relative Capacity Relative Cost Permanent

Registers Fastest Lowest Highest No
Main Memory Fast Low/Moderate High No
Secondary Memory Slow Very High Low Yes

Table 1.12: Different storage elements in a
computer

Earlier, we mentioned two other memory devices, main memory, and
secondary memory. Table 1.12 illustrates how registers compare to the
other memory.

Now that we covered a processor’s components let’s see how the
processor interacts with the main memory.

Exercise 12 Processor

How do you think the processor interacts with the main memory?

A processor can read bit patterns from the main memorya)

A processor can write bit patterns to the main memoryb)

Both 1 and 2c)

None of the aboved)

There are two ways in which the processor interacts with the main
memory.

• It can write a bit pattern to a byte at a given memory address,
which results in the previous bit pattern in that location will be
destroyed. The new bit pattern is now saved for future use.

• It can read a bit pattern from a byte from a given memory address.
The processor gets the bit pattern stored at that location. The
contents of that location are NOT changed.

primer: What kind of information do you think are stored in the
form of bit patterns in the main memory?

fiona: The instructions of the program are stored in the main mem-
ory.

The memory addresses in the main memory hold Instructions and
data. The instructions are for the processor to execute while data are
pieces of information required by the processor to execute the instruc-
tion.

Instructions
primer: Given that you are aware that the computer executes

arithmetic operations, can you think of a sample operation for a
processor?

fiona: Multiplying two numbers.

A sample arithmetic operation can be an addition or division of two
numbers.

Let’s take a simple arithmetic operation, say multiplication.
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Exercise 13 Multiplication Operation
When you multiply two numbers, you usually write them in the follow-
ing syntax:

Multiplication Operation : a × b

What is the symbol x called in the multiplication operation?

Operanda) Operatorb)

Operazorc) Openheimerd)

In the previous exercise, the symbol × is called operator while a and b

are called operands.
primer: Now that we identified operator and operand using an

example, I would like you to define the terms operators and
operands in your own words.

fiona: Operators are functions that specify the operation that should take place be-
tween two or more data. The data provided are called operand(s).

An operator is a symbol that represents a specific operation, whereas
the operands are the inputs for operation.

Similarly, an instruction for a processor consists of operation code and
operand.

Opcode (an abbreviation of operation code) is the portion of an instruction that
specifies what operation is to be performed by the processor. Operand usually
specifies the data the operation is to be applied. The operands can represent a
memory address of the value, register, or value itself.

Instructions are patterns of bits that correspond to different com-
mands that a machine can carry out by physical design. Each type of
processor is designed to understand and perform a specific group of in-
structions. The group of instructions is called the instruction set of the
processor. Like the different languages that people understand, different
processors have their own instruction set, which they can understand.

Examples of commonly used instructions that a processor are addition,
multiplication, subtraction, fetching values from memory, jumping, and moving
bits.

Let’s look at a generic instruction to understand how processors exe-
cute instructions. We will take an imaginary processor with the instruction
set shown in Table 1.13.

Instruction Set Opcode in binary Opcode in hex

Multiplication 0b10001011 0x8B
Addition 0b10001010 0x8A

Subtraction 0b10001001 0x89

Table 1.13: Sample instruction set for an
imaginary processor

We know that the instructions need to be in binary for the processor to
read and understand. The language comprising of instructions and data
written in binary numbers that a processor can read and interpret is called
machine language, a language that the machine understands.

The first few characters of machine language instructions usually
represent the opcode(s), while the rest represents the operands. Let’s say we
want to execute the following instruction.
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Multiply the values in the memory address 0b1001000 and 0b111111 and store
the result in 0b1001110. The opcode for multiplication being 0b10001011.

We can represent the instruction in machine language in the following
form.

Sample Instruction :

opcode︷     ︸︸     ︷
10001011 1001000 111111 1001110︸                           ︷︷                           ︸

operands

The sample instruction’s initial part represents the opcode for multipli-
cation, while the operands represents the main memory addresses. The
sample instruction is written in machine language or binary. Although
we cannot make sense of it, it is something our imaginary processor will be
able to perform.

primer: Machine Language written in pure binary seems to take
a lot of space for so little instruction. Can you think of a more
compact representation of the instructions for the processor other
than binary?

fiona: By using hexadecimal instead of binary.

Earlier, we also read about the hexadecimal system. It turns out that
Machine language can also be expressed in hex-format (hexadecimal) -
the number system with base 16.

The binary system and hex are very interrelated with each other. It is
easy to convert from binary to hex and restore from hex to binary. We
can rewrite the above sample instruction in hex in the following way.

Sample Instruction in hex :

opcode︷︸︸︷
8b 48 3f 4e︸   ︷︷   ︸

operands

The instructions look more compact now but still unreadable for humans.
To understand the machine language instruction, we will need to refer to
the instruction set of our imaginary processor.

This is a tedious process.

primer: In the early days of computing, all the instructions were
hand-coded in machine language. Can you think of some disad-
vantages of coding directly in the machine language?

fiona: There might be some mistakes while typing memory address.

Machine Language instructions proved to be quite challenging for
humans.

One obvious disadvantage was the need to memorize the several
opcodes of the processor’s instruction set.

The second was the need to carefully write the exact memory ad-
dresses as it is prone to mistakes.

Researchers developed a new language to make it easier to work with
machine language, called assembly language. The assembly language
replaced the numerical operation codes with Mnemonics codes that was
much easier to remember and allowing symbolic address names instead
of a numerical memory address.
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Operation Numerical Opcode Assembly Opcode

Addition 8a ADD
Multiplication 8b MUL
Subtraction 8c SUB

Table 1.14: Mnemonic Assembly Opcodes

To understand mnemonic codes, let’s create some mnemonic codes
for our imaginary processor in the table 1.14.

Table 1.14 shows the assembly mnemonic opcodes corresponding
to each numerical opcode. Mnemonic codes make it easier for humans
to write instructions for a processor without memorizing the numerical
opcodes. Whenever you need to use the opcode for subtraction, you can
write SUB instead of writing the numerical opcode 0x8c.

We should note that the choice of the memory address in the above
code is arbitrary. Any address that is not already filled can be used for
storing or reading values.

Programmers using assembly language don’t have to worry about the
actual memory address because each data address is referred to by a name,
called symbolic names. You can store the memory address as a symbol
or strings of character and then use it instead of writing the full memory
address each time you require it. For instance, say we assign the memory
address 0x48 with the symbolic address name length. Whenever we wish to
refer to the address 0x48, we can use the address length instead.

primer: Earlier I mentioned that the processor could only pro-
cess machine language which binary or hexadecimal. How do
you think the processor can execute the instructions written in
assembly language?

fiona: They are first converted to binary before the proces-
sor can understand and carry out the instruction.

The short answer is that the processor doesn’t need to deal with the
assembly language directly.Before the assembly language instruction is
ready to be processed, it is first converted to the corresponding machine
language using assembler.

There are several assembly language variations, each designed to work
with a particular processor. We will rewrite our machine language
instruction into an imaginary assembly language designed to work with our
processor.

We can rewrite the above instruction again in an imaginary assembly
code by storing the three memory addresses in the symbolic address names
length, height, and area.

Sample Instruction in Assembly :

opcode︷︸︸︷
MUL length height area︸                 ︷︷                 ︸

operands

Now, the instruction is a bit clear. We can read the instruction as fol-
lows:

Multiply the values stored in length and height memory address and store the
result in memory address area.
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The main memory holds both instructions and data required for the
execution of the instruction. Let’s store the instruction at an arbitrary
memory address, 12f. We will also store operands value in the addresses
referenced by symbolic address length as 7 (0x7) and height as 20 (0x14).
Table 1.15 shows how our main memory might look before executing
the instruction.

Address Address in Decimal Symbolic Address Name Value

0x12f 303 0x8b 48 3f 4e
0x48 72 length 0x7
0x3f 63 height 0x14
0x4e 78 area 8c

Table 1.15: Memory addresses before
executing instruction

Exercise 14 Main Memory

Which of the following is true for the main memory shown in the table
1.15?

The memory address 0x12f holds the instructiona)

The memory address 0x48 holds the value of the operand length.b)

The memory address 0x3f holds the value of the operand height.c)

All of the above is true.d)

Let’s look at how a processor might execute this generic instruction
stored in the memory.

Using the assembly language suddenly made our, seemingly gibberish,
instruction readable. Now let’s look into how our imaginary processor
performs our sample instruction.

The Instruction Cycle Earlier, we mentioned that when a program is
executed, the operating system copies the main memory instructions.
The processor executes a single instruction in the following three phases.

Fetch - Decode - Execute
Let’s start with the first phase - Fetch.

Fetch In the fetch step, the control unit requests that the main memory
provide it with the instruction stored at a memory address indicated by the
control unit’s program counter. The process of fetching data is shown in
figure 1.19.

A program counter, also called the instruction pointer, is a register that
indicates where the computer is in its instruction sequence. It holds
either the memory address of the instruction currently being executed or
the address of the next instruction to be performed.

primer: What do you think the control unit does after receiving the
instruction from the main memory?

fiona: Control Unit asks the ALU to carry out the instruction
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Figure 1.19: 1st step: Control unit
fetching instruction from main memory

Decode Once the instruction is retrieved from the memory address,
the instruction is stored in the instruction register. Then the control unit
decodes the instruction in the instruction register.

Instruction registers are registers that hold the instruction being exe-
cuted by the processor. Figure 1.20 demonstrates the decoding step.

Figure 1.20: 2nd step: Control unit
decoding fetched instruction

The control unit decodes the instruction in the instruction register
into operands and opcodes and generates the ALU’s necessary signal to
execute the instruction. In our cases, it decodes that this is a multiplica-
tion operation that needs to happen. If any of the operands are memory
addresses, the values in the memory address are fetched and stored in a
register.

primer: What do you think the ALU does after receiving the signal
from the control unit?

fiona: It carries out the actual instruction

Execute The arithmetic/logic unit then executes the instruction de-
coded by the control unit. The ALU performs the actual operation on
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the operand as per the operation code or opcode. This phase of execution
is referred to as the Execute phase.

The control unit tells the ALU what operation to perform on that
data. The ALU stores the result in an output register. This is shown in
figure 1.21.

Figure 1.21: 3rd step: ALU executing
instruction

For our sample instruction, ALU performs the multiplication.
The ALU’s result from the multiplication is stored in the memory

address specified by symbolic memory address area. The control unit moves
the data between these registers, the ALU, and memory.

Repeat The program counter register is automatically incremented for
each instruction cycle to retrieve instructions sequentially from memory
normally. The previous steps are again repeated for the next instruction
provided by the program counter. The Fetch-Decode-Execute cycle
is called one instruction cycle. It is one of the basic operations that a
computer performs.

That’s a brief overview of how the processor executes a single in-
struction. The processor executing a simple instruction might seem a
little bit underwhelming. And most of the instruction sets are, in fact,
consist of simple operations.

Then how does the computer can possess such versatile capabilities,
you might think. That maybe has to do with the number of instructions
a computer performs in a second.

primer: Do you want to guess as to how many instructions does a
processor performs in a second?

fiona: Millions of instructions.

A modern processor executes over millions of instructions in a second.
The speed of a processor is often measured in Millions of instructions per
second (MIPS). A modern processor can do perform 100 thousand MIPS
or 100 billion instructions per second.



58 python-i

Executable Program A machine instruction consists of several bytes in
the main memory. A collection of machine instructions in the main
memory is called an executable program or machine language program.
The processor executes the corresponding operation for the machine
instruction one at a time, but can perform billions of them in a second.

All the little operations based on the instructions adds up to something
useful, such as playing a video or browsing the internet.

This also means that do something useful with the computer, we have
to provide a huge number of machine instruction. Although assembly
language is easier to work with than machine language, it is still tedious
to work with assembly language.

In this section, we covered how computers execute the instruction
provided in machine language. In the next section, we will understand
how we usually set instructions or computer programs that a computer
can execute without dealing with machine language.

Notes
a. Added a new note

Writing Computer Programs

A computer program is a set of instructions to perform specific tasks. In
computers, these sets of instructions are simply referred to as a program.

When a computer executes or performs a program, it follows its
instructions in a predefined manner. It is very much similar to the act of
cooking by following a recipe. Although the recipe has to be specifically
well defined otherwise, the program will not be executed or will execute
incorrectly in the case of computers.

You might question what a well-defined recipe or instruction means
and answer that let’s take the recipe for making an egg omelet shown in
figure 1.22.

Figure 1.22: Recipe for Egg Omelette

Depending on how well you understand the recipe and execute the
instructions, you might still end up with completely different results than
intended. This happens because instructions in figure 1.22 are still pretty
ambiguous, which leaves room for confusion.

For example, when the recipe says “Beat the eggs, salt & water in a
bowl” it doesn’t specify the exact procedure to beat the eggs or the order
in which we should follow the instruction.

Or how to “Heat the pan until hot”.

primer: Why do you think the instructions are ambiguous?

fiona: Because it doesn’t provide specific instructions as to how to cook the omelette.
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In our day-to-day communications, the intentional meaning behind
the words is usually inferred from multiple competing meanings.

Every sentence is written concerning a given context. The meaning of
the sentence is derived from the context in which it has been presented.

When we write instructions for the computer to perform a specific
task, we need to ensure no room for ambiguity. We need to specify
every detail of how to perform a task. It turns out that such a level of
specificity is quite difficult to achieve in English or any other natural
languages such as French, German, or Hindi. To instruct the computer to
perform a specific task, we require a specific type of language designed to
be unambiguous.

Such languages are called formal language. Examples of formal lan-
guages include notations used to describe mathematical axioms, proofs,
and equations.

The formal language in which we write a set of instructions for the
computer to perform a specific task is called programming language.

primer: We have already encountered two programming languages
in the earlier sections. Can you take a guess the programming
languages I am referring to?

fiona: Machine Language and Assembly Language

Machine Language and Assembly Language are both programming
languages used to write instructions for the computer.

Before covering formal languages in detail, let’s look at some of a lan-
guage’s basic characteristics. The following are the general characteristics
of a language.

1. The building blocks for any written language are symbols. In En-
glish, the alphabets, numbers, and punctuation constitute the sym-
bols of the language.

2. When a series of symbols are strung together, they form another
element of a written language called word. Only finite combinations
of symbols are accepted as a valid word.

3. Each valid word has an underlying meaning.

4. A set of words can be combined in an accepted manner to form a
sentence to express a statement, question, or command.

5. Based on a set of rules, a sentence might mean something or might be
complete gibberish.

These are the basics of a language. A language is characterized by
mainly two sets of rules relating to syntax and semantics.

• Syntax: Rules that tell which symbols are allowed to be used and
how to put them together to form valid expression.

• Semantics: Rules that tell you the meanings of valid expressions &
symbols.

primer: Before understanding these rules in detail, can you take a
guess what syntax means?
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fiona: Syntax means the valid way of arranging words and symbols.

In general, syntax refers to the arrangement of words and phrases to create well-
formed sentences in a language.

We can define syntax as rules that tell which symbols are allowed to be
used and how to put them together to form valid expression. Syntactic
rules let us know the validity of a word or a sentence.

primer: Can you now take a guess what semantics mean?
fiona: Semantics relates to the validity of meaning of syntacti-

cally arranged words.

The word semantic relates to meaning in a language. The rules of se-
mantics tell you the meanings of valid expressions & symbols.

The group of valid symbols used in a language is often referred to
as tokens. The rules about the order in which these tokens can be combined
is called structure. Syntactic rules govern the structure of sentences or
expressions, including the order of the valid symbols and group of such
symbols.

Therefore, rules relating to the syntax relates to the form of the lan-
guage. In contrast, semantic rules deals with the underlying meaning.

In natural languages, the syntactic rules are flexible and lenient. Be-
cause they are flexible, they have space for creating new words and
phrases such as:

• Sup? which is short for What’s up ?

• Peace out, bruh !, which is erm …… I have little idea what this
means but this is a valid expression in the English Language in
some parts of the world.

primer: What can you say about the syntactic and semantic rules of
formal languages as opposed to natural languages?

fiona: Syntactic and Semantic rules of formal languages are pretty strict.

For formal languages, the syntactic and semantic rules are precise
and strict. For instance, mathematical statements in formal notation are
considered correct only when they use the proper mathematical notation
(syntax). The resulting statement is meaningful (semantic).

Now, let’s look at formal languages.

Formal Languages
The rules are flexible and lenient for natural language because the rules
that govern natural languages are not human-made but evolve naturally
over a long period. In contrast, formal languages are created artificially.

For formal languages, the syntactic and semantic rules are precise and
strict.

Consider the following statement expressed in the formal language of
mathematics:

1 + 4 = 5 (A)

In statement A, tokens present in the expression are +, =, 1, 4, and 5.
These are valid symbols in mathematics, and the order in which these
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tokens are arranged also forms a valid expression. Therefore, it is syntac-
tically a valid mathematical expression.

The statement states that adding one to four results in five, which is
correct. Therefore semantically, this statement is also valid.

Here, tokens present in the expression are +,=, 1, 4, and 5. These are
valid symbols in mathematics, and the order in which these tokens are
arranged also forms a valid expression. Therefore, syntactically, it is a
valid mathematical expression.

primer: Is the statement A semantically correct? Why or why not?
fiona: Yes, Statement A is semantically correct.

The statement A states that adding one to four results in five, which is
correct. Therefore semantically, this statement is also valid.

Let’s take another mathematical statement.

1 + 4 = 7 (B)

primer: Is the statement B syntactically correct? Why or Why not?
fiona: Statement B is syntactically correct, Primer.

Similar to statement A above, statement B also has valid tokens and
correct structure. Therefore, statement B is syntactically correct.

primer: Is the statement B semantically correct? Why or why not?
fiona: Statement B is not semantically correct as it is wrong.

The statement B expresses that adding one to four results in seven,
which, as we know, is incorrect. Therefore, statement B is syntactically
correct, although semantically incorrect.

Let’s take another statement.

+ 1 3 = 4 (C)

primer: Is the statement C syntactically correct? Why or why not?
fiona: Statement C is syntactically incorrect because the or-

der of symbols is wrong.

Although statement C has valid tokens, they are arranged in a wrong
order, making it an invalid or syntactically incorrect expression.

primer: Is the statement C semantically correct? Why or why not?
fiona: Hard to tell.

In formal languages, syntactically incorrect statements often make it
difficult to understand the underlying meaning. Therefore, we cannot
comment if the statement C is semantically correct.

Let’s take a statement in the English Language.

Th1s $tatement has c0rrect $tructure but 1nvalid t0ken$. (D)

primer: Is the statement D syntactically correct? Why or why not?
fiona: Statement D is syntactically incorrect because the to-

kens are invalid.

Statement D shows a statement in the English language with invalid
tokens, but a correct structure makes it syntactically incorrect.
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primer: What about the meaning of Statement D? Is the statement
D semantically correct? Why or why not?

Although the sentence is syntactically incorrect, the sentence is still
valid semantically because we can understand it’s an underlying meaning.

This also shows how lenient natural languages are concerning their
rules relating to semantics.

Now let’s examine the expressiveness of natural and formal languages.
Take the following mathematical statement.

x =
√
(y + 2)3 (E)

Statement E shows a mathematical expression involving two unknown
variables x and y. If you were to read the expression in the English
language, it would be something similar to statement F.

The unknown variable x equals to the square root of the sum
of the unknown variable y and 2, raised to the power 3. (F)

The two statements E & F expresses the same meaning in a formal and
natural language.

primer: Can you comment on the expressiveness of formal lan-
guages compared to natural language?

fiona: Formal langauges are more expressive using fewer sym-
bols than natural language.

If you compare statement F with statement E, you can see that the
formal language of mathematics expresses the same thing in a more
concise manner.

It is easier to read and understand statement E than reading statement
F, given that you are familiar with the underlying rules.

Formal languages are more concise in expressing meaning than natural languages.

Natural languages are full of words and sentences whose meanings
depend on the context. Words might have a different meaning for differ-
ent situations. Natural language employs more words to provide context
to reduce the ambiguity, which makes expressing in the language more
verbose with many redundant parts.

Natural Languages also contain symbolism, idioms, metaphors, and alle-
gory, which makes the underlying meaning of the expression well-hidden
unless someone understands the actual meaning.

Luffy keeps trying to get it working,
but I think he’s beating a dead horse. (G)

Statement G says something about beating a dead horse which is an id-
iom meaning to waste effort on something when there is no chance of succeeding.
Someone unfamiliar with the idiom might take the statement at its face
value and think Luffy is literally beating a dead horse.
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In contrast to natural languages, statements and expressions in formal
languages are unambiguous and have a well-defined meaning. Because
the formal language is straightforward, the expressions are less verbose
and concise. Also, a statement in formal languages precisely means what
it expresses.

Natural Language Formal Language

Ambiguous Unambiguous
More redundant and verbose Less Redundant and concise

Obfuscate the actual meaning by
employing symbolism

Precisely means what it expresses

Evolves naturally Artificially created for a specific domain
Rule related to syntax and semantics

are flexible
Rules pertaining to syntax and semantics are
precise

Examples - English, Hindi, French, and
Japanese.

Examples - Chemical Equations,
Programming Languages, and Mathematical
formulae.

Table 1.16: Difference between Natural
Language & Formal Language

The differences between Natural & Formal Languages are sum-
marised in Table 1.16. In the next section, we will dive into more about
the semantics of expressions in a formal language.

Semantics As we stated before, the semantics of a language relates to the
meaning of symbols, tokens, and expressions. Consider the recipe of an
omelet shown in figure 1.22. To follow the recipe, we must understand
what each instruction means.

I mentioned it earlier that the recipe is not well-defined. This is be-
cause the recipe instructions hide many details, which is believed to be
commonly understood by everyone.

For example, the instruction relating to heating the pan assumes that
everyone knows how to heat a pan and what a pan is. This simplified
instruction comprises a bunch of other hidden instructions to make it
generalized.

This process of simplifying instructions or communication of leaving out all
concrete details and extracting the essential features is called abstraction.

Abstractions help in hiding away a lot of underlying inferred mean-
ing. Effective communication about things in the abstract requires an
intuitive or shared experience between the communicator and the com-
munication recipient.

Figure 1.23: Communication is simplified
using abstractions

Let’s take figure 1.23 as an example, in which a person is instructing
his friend to bring him a glass of water. The section in the figure 1.23
without abstractions (or more accurately using lesser abstractions) expands
on the instruction to highly specific steps.

primer: At this point, can you describe what abstraction means in
your words from whatever you have understood so far?

fiona: Abstraction means to hide away details that are under-
stood by everyone.
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Abstraction hides away many details of communications. If we start
adding more details and specificity to the sentence, we will realize that
we can do this for a very long time. Let’s expand upon the original
statement by adding more details to it.

Abstraction Pyramid When we expand upon each word, we get an ab-
straction pyramid. The further we go down in the pyramid, the more we
have to unpack the words’ specific meaning. This can go on forever in
natural languages, as humans communicate in shared abstractions, which
cannot be explicitly detailed.

For example, take the conversation shown in figure 1.23. We can
expand upon the original statement by adding more details to it as shown
in the figure 1.24.

Figure 1.24: Expanding on the abstrac-
tions to show the underlying abstraction
pyramid

For formal languages, especially programming languages, it is a
higher-level thinking tool, possibly an end to the abstraction pyramid.

primer: Before learning more about the abstractions in programming
languages, let me ask you a question. What forms the foundation
for instructions written using programming languages?

fiona: Machine Language forms the foundation for instructions us-
ing programming language.

Semantics in Programming Language
Machine language is the only language that a processor then executes
directly without a previous transformation. Also, each instruction is
written in machine language often corresponds to a specific instruction
for a processor to execute. So, it is safe to say that machine languages
form the basis on which higher abstractions can be formed.

Programming languages are used to instruct the computer to perform specific
tasks or computations.

Being a formal language, the instructions for performing the tasks are
completely detailed, and rules for deriving their meaning are precise.
When you write a program using a programming language, the com-
puter first reads those instructions and performs them. Performing an
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instruction of a program is called the execution of the instruction. Every
instruction of the program should be properly detailed for the computer
to execute it.

For example, let’s say we want to write a program that accepts two
numbers, multiplies them, and prints the result. Before we can instruct
the computer to do that, the definition of numbers in terms of bit pat-
terns in memory, how to take inputs from the keyboard, how to multiply
two numbers, and how to print the result on the screen must be under-
stood or known by the computer.

However, if every single time we need to multiply two numbers, we
were to define what numbers are and what multiplication means, that
would be a bit of drudgery. Software development in programming
languages employs many tactics that hide away a lot of implementation
details so that we can focus on solving problems at hand.

An example would be the one we encountered in the earlier sec-
tion. We converted an instruction in machine language to our imagi-
nary assembly language. We did this by storing the three memory ad-
dresses in the symbolic address names length, height, and area and using the
mnemonic opcode MUL.

Sample Instruction in hex :

opcode︷︸︸︷
8b 48 3f 4e︸   ︷︷   ︸

operands

Sample Instruction in Assembly :

opcode︷︸︸︷
MUL length height area︸                 ︷︷                 ︸

operands

The amount of implementation details a language takes to care for
us determines how easy or difficult it is to program in that language.
Even though assembly languages provide a very little abstraction over
the machine language, it is still much easier to work with than machine
language. This is pretty similar to the process of abstraction we saw in
figure 1.24.

Based on the levels of abstraction that the languages employ, the
programming languages are divided into high-level programming languages
and low-level programming languages.

primer: Guess as to what low-level languages mean?
fiona: Low-level langauges provide lesser level of abstraction to pro-

gram the computer.

Low-level Programming Languages The low-level programming languages
provide little or no abstraction from a computer’s instruction set. The
commands or functions in the language map closely to processor instruc-
tions.

The term low-level indicates the low abstraction between a language
and the instruction set understood by the computer, which is why low-
level languages are sometimes also described as being close to the hardware.
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primer: What are some low-level languages that we have already
covered?

fiona: Machine Language and Assembly language

We are already familiar with the low-level programming languages:
Machine Language and Assembly language.

We earlier mentioned that each processor has a somewhat different
instruction set based on its internal architecture. This is often referred to
as instruction set architecture (ISA) or computer architecture or simply
architecture.

An instruction set architecture is an abstract model of a computer.
A realization of an I.S.A., such as a central processing unit (CPU), is
called an implementation. Instructions in machine languages directly
correspond to the specific instruction set architecture.

The machine language program maps closely to the instruction set of
a particular processor of a family of processors. Because assembly de-
pends on the machine code instructions, every assembler has its assembly
language designed for precisely one specific computer architecture.

A program is said to be portable if the same code works in different
environments - for example, different processors or different operat-
ing systems. Programs written in low-level languages tend to relatively
non-portable due to being optimized for a certain type of processor’s
architecture. Furthermore, it requires memorizing or looking up numer-
ical opcodes or mnemonic codes for every instruction and is difficult to
modify.

Programmers rarely write programs directly in machine code be-
cause it requires attention to numerous details that a high-level language
handles automatically.

Examples of High-level languages are Python, C, C++, Java, and Lisp.

primer: I earlier mentioned that the low-level languages have low
abstraction. In contrast to low-level languages, high-level languages
have higher or stronger abstractions. What do you think a high
level of abstraction means?

fiona: High-level abstraction means you can write instruc-
tions which are closer to human language than the machine lan-
guage.

High-level Programming Languages The high-level programming lan-
guages lets you express instructions without worrying about the im-
plementation details. When you drive the car, you only need to work
with a couple of things, such as brakes, accelerators, and gears. You don’t
worry about how every tire or the underlying engine works.

The underlying working of the car is the implementation detail.
That’s an example of working with higher-level abstraction.

Exercise 15 Taxi

High-level abstraction can also be understood by taking the example of
getting a taxi or cab in a city. Can you rearrange the order of things that
were needed to be done to get a taxi?
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If the answer is negative, wait for another taxi and repeat all the
above steps.

a)

If they answer in the affirmative, get inside the taxi.b)

Show your hands up to signal the taxi to stop.c)

Go outside near the street and wait for an unreserved taxi to show
up.

d)

Ask the taxi driver if they can take you to your destination.e)

The previous exercise is a high-level overview of how to get a taxi.
Now, contrast this with the cab sharing app called Uber. One of the
earliest pitch by the founders of Uber was this:

You push few buttons, and a black car shows up at your doorstep.

primer: Fiona, take a look at the pitch of Uber app. Where do you
think the implementation details go?

fiona: The implementation details are taken care of by the Uber app.

The implementation details are taken care of by the Uber App. The
app user can deal with scheduling cabs and choosing a destination with-
out performing any previous steps to get a taxi.

It’s worth noting that the user interacts with a taxi’s abstraction, not a
physical taxi itself. In a way, the Uber App is a higher abstraction on the
top of the activity of getting a taxi.

primer: Can you think of another example that provides an abstrac-
tion on the top of physical activity?

fiona: Shopping online using virtual cart.

E-commerce companies such as Amazon provide an option to shop
around on their website and add them to a virtual cart. Contrast this
with going into a mall and doing the shopping while dragging around a
physical cart. It’s only fitting to say that E-commerce, such as Amazon,
provides an abstraction on shopping while hiding the implementation
details.

Similarly, higher-level languages take care of the implementation
details and provide you a framework to work towards problem-solving
rather than dealing with the implementation details.

Let’s revisit the earlier sample instruction where we wrote the in-
structions for multiplying two numbers in our imaginary machine lan-
guage.

Exercise 16 Machine Language

Which of the following is true for a programmer writing a sample in-
struction for multiplying two numbers in our imaginary machine lan-
guage?

The programmer needs to look up the opcode or mnemonic code
for multiplication.

a)
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The programmer needs to convert the input into binary or hex-
adecimal representation

b)

The programmer needs to store the converted input’s value in two
unused memory addresses

c)

All of the above.d)

The implementation details for the multiplication of two numbers are
too many in a machine language. Let’s contrast to how something similar
is done in the higher-level languages.

We can perform the same calculation in Python in the following
manner.

1 >>> 7 * 20
2 140

This is it. It will be helpful if you notice the following.

1. No need to look up memory addresses to store value.

2. No need to change the representation of the numbers to binary or
hexadecimal.

3. No need to look up the correct opcode for the operation.

4. And much more readable.

You can certainly see how convenient it is to work with a higher-
level. In contrast to low-level programming languages, higher-level may
use natural language elements, be easier to use, or may automate (or even
hide entirely) significant areas of computing systems (such as. memory
management), making the process of developing a program simpler and
more understandable than when using a lower-level language.

The amount of abstraction provided defines how high-level a program-
ming language is. Rather than dealing with registers, memory addresses
and call stacks, high-level languages deal with names, lists, objects, com-
plex arithmetic or Boolean expressions, functions, loops, and other ab-
stract computer science concepts, with a focus on usability over optimal
program efficiency.

We will look into all these concepts subsequently in later chapters.
For now, the only thing you need to know is high-level programming
languages make it easier to write instructions for computers, which
coincidentally are easy to read and maintain.

For instance, listing 1.1 shows a sample program written in the high-
level language Python.

At this point, you don’t need to know what this program does. However,
you can notice that the program is very much readable.

primer: I mentioned earlier that the processor could only process
instructions in machine language. How do you think the processor
understands the instruction written in the above form?

fiona: The instruction is converted to machine language.
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1 for num in range(51):

2 # Divisible by both 3 & 5
3 if num % 3 == 0 and num % 5 == 0:
4 print("fizzbuzz")
5 continue

6 # Divisible by only 3
7 elif num % 3 == 0:
8 print("fizz")
9 continue

10 # Divisible by only 5
11 elif num % 5 == 0:
12 print("buzz")
13 continue
14 else:
15 print(num)

Script 1.1: Fizzbuzz implmented in
Python, fizzbuzz.py

When instructions are written for a computer in a language other
than machine code, it is called source code. The source code needs to be
converted to a representation that the processor can execute.

Based on how the source code is converted, programming languages
are classified into compiled and interpreted.

Compiled Languages Let’s look into compiled languages first.
Often, high-level languages generate an executable program entirely

by compilation.
Compilation is a process of converting the source code into machine language.

To understand how compilation works, let’s take a program written in
C programming. The program takes user input and prints if the number is
odd or even.

1 #include <stdio.h>
2 int main() {

3 int num;
4 printf("Enter an integer: ");

5 // Read the User's input
6 scanf("%d", &num);

7 // True if num is perfectly divisible by 2
8 if(num % 2 == 0)
9 printf("The number %d is even.", num);

10 else
11 printf("The number %d is odd.", num);

12 return 0;
13 }

Script 1.2: Odd or Even implmented in
C, OddEven.c

primer: Guess what the above program does?
fiona: The program takes user input and prints if the num-

ber is odd or even.

Listing 1.2 is stored in a text editor with a filename OddEven.c. The
source code first needs to be converted into an executable program con-
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taining machine language instruction before the processor can execute
it. This is done using a C compiler program for C programming language.
This is figure shown in figure 1.25.

Figure 1.25: Compiling a c program

The C compiler converts the source into an executable file that can be
executed directly by the processor. It takes the source code file as input
and produces a machine language program as output. Figure 1.26 shows
how the program is executed.

Figure 1.26: Execution of a compiled
program

As we mentioned earlier, a machine language program is called an
executable program, or sometimes, just executable. In the above case, the
executable program is called OddEven.exe and can be saved on the hard
disk. The processor copies the program’s executable version into the
main memory to run the program and executes the instructions.

primer: The entire source code is compiled to a corresponding
executable file. How does the programmer modify the compiled
program?

fiona: Programmer needs to rewrite the source code and com-
pile it again.

For compiled languages such as C, the programmer needs to modify
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the source code written in the OddEven.c file and re-compile to generate
the corresponding executable file to modified source code.

Interpreted Languages In an interpreted language, the source code is
converted into another representation, not necessarily machine language.
The program is executed with the help of an interpreter program.

primer: Before going into details, let me ask you a question. What’s
the difference between an interpreter and a translator?

fiona: Interpreters are real-time translation.

Usually, translators accept a document, for instance, written in
Swahili, and they translate the whole document into another language,
say English. The compilation is similar to the end-to-end translation of a
document.

While interpreters, who are people, interpret what the person is say-
ing at that particular instance in real-time.

Figure 1.27 is an example of such interpreter interpretation between
two roommates.

Figure 1.27: With and without an
interpreter

In interpreted languages, such as Python, the source code is inter-
preted to something else, which in Python is called bytecode representa-
tion.

Let’s rewrite listing 1.2 into Python.

1 try:
2 num = int(input('Enter an integer : '))
3 if num % 2 == 0:
4 print("The number {} is even.", num)
5 else :
6 print("The number {} is odd", num)
7 else:
8 print("Please enter an integer")

Script 1.3: Odd or Even implmented in
Python, OddEven.py

A python interpreter is required to run the program. Therefore, to
execute the OddEven.py file, we would need a Python interpreter. This is
done using the following command:

1 > python OddEven.py

The python interpreter reads the instructions one by one and executes
them.

Figure 1.28 shows how the python interpreter executes source code
written in Python.

primer: If a programmer wishes to modify a python program, how
does he do that?

fiona: They can edit the OddEven.py to make the changes.

The programmer can modify the source code in OddEven.py and re-run
the program using an interpreter. There is no extra step of compiling,
unlike compiled languages. This is a crucial difference between inter-
preted and compiled language.

primer: If I were to ask you now to define python programming
language in your own words, how will you define it?
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Figure 1.28: Execution of a Python
program using Python interpreter

fiona: Python is a high-level programming language.

Python is a high-level, interpreted programming language. This brings
us to the end of our chapter on fundamentals of computing.And starting
the next chapter, we will start our journey into learning Python.



2
Python Programming Language

Famous martial artist and actor Bruce Lee once said

If you want to learn to swim, jump into the water. On dry land, no frame of mind is ever
going to help you.

Programming is one of such a similar endeavor. As we move along,
it is highly recommended that you execute the code and tinker with
the program to understand it better. Simply, reading the code won’t be
much useful than writing code and executing it.

From this chapter onwards, we will be looking at a lot of Python
code. I hope you have followed the guide and correctly set up the
python development environment.

A Quick Tour of Python using Interactive Mode

Python has two modes: script and interactive. In normal mode or script
mode, a file with .py extension is executed or run using the Python
interpreter. These files are referred to as Python script or script, hence
the name script mode.

Interactive mode is a command-line shell that gives immediate feed-
back for each statement. We will start learning Python using the Interac-
tive mode. Depending on which operating system you use, start Python
in the interactive mode accordingly.

Interactive Mode

The interactive mode contains a prompt where you provide the expres-
sion or statement you wish Python to evaluate.

1 >>> # Prompt

Prompt in Python is shown using three consecutive > symbols, as
shown above.

When you write an expression or statement, the interpreter evaluates
the expression or statement and outputs the result in the next line.

To understand this, let’s start using Python as a calculator and see how
you can work with numbers in Python.
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Numbers The first thing you should know about Python is: Almost
everything is an object, and every object has a type. Let’s first look into
the type of objects which Python considers as numbers and use Python as
a calculator using them.

Try executing the following commands and check if you get the same
result.

1 >>> 4 + 5
2 9
3 >>> 4 + 74*5
4 374
5 >>> 74 - 5*5
6 49
7 >>> 50/8
8 6.25

The operators +, -, * and / can be used for addition, subtraction,
multiplication, and division.

Python also contains the modulo operator (%), which returns the
division’s remainder.

Exercise 1 Roman Numeral

What is the remainder when you divide 50 by 8?

0a) 2b)

4c) 6d)

The remainder of a division is often useful in programming. We can
check the remainder of a division operation using the module operator %.

1 >>> 50 % 8 # Modulo Operator gets the remainder
2 2

If you use the division operator /, it returns the quotient. This form of
division is called true division.

1 >>> 50 / 8 # True Division
2 6.25

Python also provides floor division operator (//), which discards the
quotient’s fractional part.

1 >>> 50 // 8 # Floor Division discards fractional part
2 6

In the above code samples, comments start with hash operator (#).
Comments are discarded by Python while executing the source code.

primer: If Python discards comments, why do you think program-
mers write them?

fiona: Programmers write comments to clarify the code for them-
selves and other programmers.

Programmers write comments to clarify the code and make it easier
to understand what the code is doing for other programmers and even
themselves.
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There is a difference between the number 6.25 and 6 in the above
codes sample. For Python, these two objects are of different types be-
longing to two different classes. However, both of them are considered
numbers.

The numbers 50, 8, 6 are of type int or integers while numbers such
6.25 have type float or floating-point numbers. The main distinguishing
characteristic between integer and floats is that floats have a decimal part
along with a decimal marker (.).

You can check the type of an entity in Python by using the built-in
function type().

1 >>> type(50) # Integer
2 <class 'int'>
3 >>> type(50.0) # Float
4 <class 'float'>

Exercise 2
What do you think is the type of the following expression? Try it out in
Python.

1 >>> type(25 + 25.1)

'<class 'int'>'a) '<class 'str'>'b)

'<class 'float'>'c) '<class 'tuple'>'d)

To evaluate the expression 25 + 25.1, Python converts the integer type
object 25 to float type object 25.0.

Then it adds both the number to get the resulting float object 50.1,
which is a float.

We can also get powers of a number by using the ** operator.

36 = 729 (1)

Statement 1 states that the sixth power of 3 is 729, and we get the
same result when we evaluate Python’s expression.

1 >>> 3**6
2 729

Exercise 3
What does the following expression evaluate to?

1 >>> 2**-1

0.2a) 0.4b)

0.5c) 4d)

You can also group expressions before applying operators to it using
parenthesis () or parens for short.

Using parens, you can control the outcome of the expression.
There is a hierarchy of operators from which Python decides which

expression to evaluate first. In the code below, the results differ depend-
ing on which operation Python performs earlier. Python performs the
operations in the innermost parens earlier than the outer one.
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1 >>> 2**(5//2+1)
2 8
3 >>> 2**5//2+1
4 17
5 >>> 2**(5//(2+1))
6 2
7 >>> 2**5//(2+1)
8 10

Exercise 4 Parens

What is the result of the following operation?
1 >>> ((4**2)//5) - 1

0a) 1b)

2c) 3d)

You can assign names to an object or expression in Python by the assign-
ment operator (=). The names are also be called identifiers or variables.

1 >>> guests = 340 # Assigning name `guests` the integer 340
2 >>> tables = 2*3 # Assigning name `tables`: 6

After you assign a name to an object, the interpreter displays no result
and skips over to the next prompt. You can type the name and press the
Enter key if you want to look up the object referenced by the name.

1 >>> guest_number
2 340
3 >>> tables
4 6

The type of names guest_number and tables corresponds to the type of
the object it refers to; therefore, both are of type int or integers.

1 >>> type(guest_number)
2 <class 'int'>
3 >>> type(tables)
4 <class 'int'>

You can also use operators on the names as you would have done for
numbers.

1 >>> guest_numbers + 50
2 390
3 >>> tables / 2
4 3
5 >>> guest_numbers // tables
6 56

In this case, Python figures out the object’s value referenced by the
name and then proceeds to operate.

Exercise 5

What is the final value of name guests in the following code sample?

1 >>> guests = 300
2 >>> guests = guests / 5
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30.0a) 40.0b)

50.0c) 60.0d)

In Python, we can also compare two objects.
We use the assignment operator (=) to assign names to objects while

using the double equal sign ( == ) to check if two object’s values are equal.
Let’s check out some comparisons in Python.

1 >>> tables = 2*3
2 >>> tables == 6 # Is the name `tables` has value equal to 6?
3 True # Yes

When you use the == operator, it is similar to asking Python if the two
values are the same. Because this is a yes or no question, Python returns
either True or False.

You can also check if a value is less than or greater than another value
using < and > operators.

1 >>> 6 < 2**4 # Is 6 less than 2**4 ?
2 True # Yes
3 >>> 7 < 5*1 # Is 7 less than 5*1?
4 False # No

Exercise 6

What is the type of True or False object?

'<class 'str'>'a) '<class 'bool'>'b)

'<class 'complex'>'c) '<class 'list'>'d)

The True or False values in Python have the type bool. The type bool

is short for Boolean. We can check the type of the True or False object
using the type() function.

1 >>> type(True)
2 <class 'bool'>

The underscore symbol (_) acts as a built-in name available in the
interpreter, which returns the last result, useful when doing subsequent
calculations.

1 >>> 1 + 4
2 5
3 >>> _ # Refers to 5
4 5
5 >>> _ *5
6 25
7 >>> _ + 40 # Refers to 25
8 65
9 >>> _ / 13 # Refers to 65

10 5.0

If you assign the underscore (_) name another value, it overwrites or
masks its built-in functionality.
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Exercise 7
What will Python evaluate in the following code sample?

1 >>> 1 + 4
2 5
3 >> _ = 56
4 >>> 24 * 5
5 120
6 >>> _

120a) 50b)

5c) 56d)

The Python interpreter throws an error if you try to refer to an un-
defined or unassigned name. We should define every name first before
evaluating it in Python.

1 >>> lizard

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

NameError: name 'lizard' is not defined

A NameError means that Python couldn’t find the name you refer to.

In the previous code, the name lizard is not defined. Therefore,
Python raises NameError. A mistyped name or undefined function name
usually causes such an error.

Exercise 8
What do you think is the result of the following object?

1 >>> animal = "Lion"
2 >>> anmal

Liona) Raises SyntaxErrorb)

Raises NameErrorc) Raises ZeroDivisionErrord)

Apart from the int and float, Python also supports other types of
numbers, such as Fractions, Decimal, and Complex numbers. All of these are
together are part of the numeric data-types of Python. We will cover them
in detail later on.

Strings Often, you require text characters to be displayed for users.
Python can handle text characters in the form of strings. Python inter-
prets any set of characters inside matching single quotes (') or double quotes
(") as a string.

1 >>> "Hi, There !" # String using double quotes
2 'Hi, There !'
3 >>> 'Helloooo' # String using single quotes
4 >>> type('Helloooo')
5 <class 'str'> # Type

A string object has type str. If you don’t provide matching quotes,
Python will raise an error.
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1 >>> 'A cat's life is the best'

File "<stdin>", line 1
'A cat's life is the best'

^
SyntaxError: invalid syntax

If you wish to use a single quote in your string, use double quotes
to create the string. Similarly, if you wish to use double quotes in the
string, then use single quotes.

1 >>> "A cat's life is the best"
2 "A cat's life is the best"
3 >>> 'The cat said, "Worship me, hooomans !"'
4 'The cat said, "Worship me, hooomans !"'

The single and double quotes are special characters in Python.

primer: Why do you think the quotes are considered special
characters in Python strings?

fiona: Because they are used to define strings in Python

As single and double quotes are used to create strings, they are con-
sidered special characters. Due to their special functionality, the usage
of single and double quotes is illegal inside single and double-quoted
strings, respectively.

Now, let’s look at how we can display the characters on the screen.

Printing Strings
The built-in function print() produces a more readable string format and is
mostly used to display characters on the screen.

1 >>> "Hello World."
2 'Hello World'
3 >>> print("Hello World")
4 Hello World

We can assign names to strings to refer to them later on. To print
multiple strings, we can provide multiple strings to the print() function
separated by a comma.

1 >>> first_name = "Ted"
2 >>> last_name = "Chiang"
3 >>> print(first_name, last_name)
4 Ted Chiang

When you provide comma-separated arguments to the print() func-
tion, they are displayed with a space between them, by default.

Exercise 9
What is the output of the following Python code?

1 >>> greet = "Hey,"
2 >>> name = "Luffy"
3 >>> print(greet, name, "!")

Hey, Luffy!a) greet Luffy!b)

Hey, Luffy !c) HeyLuffy!d)
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Escape Sequences
To insert characters that are illegal in a string, we can use an escape char-
acter or sequence. Escape sequences are used to insert a set of characters
with some special meaning for a Python string in the print() function.
Escape sequences usually start with a backslash \ followed by a charac-
ter. We can insert the double quotes (") using its corresponding escape
character \".

1 >>> "This is called \"escaping\""
2 'This is called "escaping"'

By escaping the special characteristics of double quotes ("), we can use
the quotes inside a double-quoted string.

Other escape characters that are often used inside the string are shown
in table 2.1.

Code Result

\\ Backslash(\)
\' Single Quote (')
\" Double Quote (\")
\n ASCII Linefeed (LF)
\r ASCII Carriage Return (CR)
\v ASCII Vertical Tab
\t ASCII Horizontal Tab

Table 2.1: Escape Sequences

Similar to the quotes, the backslash (\) has a special characteristic
inside strings. It lets you write a string spanning multiple lines by adding
the backslash at each line’s end. The resulting string doesn’t contain any
new lines.

1 >>> line_1 = "This is \
2 ... going to be a \
3 ... quite a long line, \
4 ... isn't it?"
5 >>> line_1
6 "This is going to be quite a long line, isn't it?"

Whenever you insert the backslash character inside a string, Python
interpreters it as the line-continuation character and skips over it. To
insert the backslash character, we need to instruct Python to ignore its
special characteristic and use it as it is.

To escape the special characteristic of the backslash, we can use the
escape sequence \\.

1 >>> line_2 = "This is also \
2 ... a long line \
3 ... with a backslash (\\)" # Escape Sequence
4 >>> print(line_2)
5 This is also a long line with a backslash (\)

Carriage Return & Line Feed
ASCII defines two special characters for newlines Line Feed (LF) and
Carriage Return (CR).

A line feed means moving one line forward. The escape code is \n.
The line feed moves the cursor down to the next line without returning
to the line’s beginning.
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1 >>> print("Hello\nWorld")
2 Hello
3 World

A carriage return moves the cursor to the beginning of the line with-
out advancing to the next line. The escape code is \r. If there is some
text written in the line, this would mean overwriting the text.

1 >>> print("Cool I am \rFool")
2 Fool I am

Text editors in Windows still use both as \r\n in text files. Unix-based
OSs use mostly only the \n.

The separation comes from the times of typewriter when we used to turn the
wheel, displacing the paper to change the line, and move the carriage to restart
typing from the beginning of a line. This was two steps.

Exercise 10
What is the output of the following code?

1 >>> print("Deus vult\rSo What !")

'Deus Vult'a) 'So What !'b)

Nonec) 'Deus vult So What!'d)

Horizontal & Vertical Tabs
ASCII defines two types of tabs: horizontal(\t) and vertical (\v). Their
usage in strings is shown below.

1 >>> print("I need\t some\t horizontal\t space")
2 I need some horizontal space
3 >>> print("I\v need\v some\v vertical\v space")
4 I
5 need
6 some
7 vertical
8 space

Multiline Strings
When we want our strings to span multiple lines, we can do so using the
escape sequence for the newline \n.

1 >>> print("Hi there. \nGood day to you.")
2 Hi there.
3 Good day to you.

Another way to create multi-line strings is by using using triple
quotes: """...""" or '''...'''.

1 >>> poem = """
2 Beyond this place of wrath and tears
3 Looms but the Horror of the shade,
4 And yet the menace of the years
5 Finds and shall find me unafraid.

6 It matters not how strait the gate,
7 How charged with punishments the scroll,
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8 I am the master of my fate,
9 I am the captain of my soul.

10 -- WILLIAM ERNEST HENLEY, Invictus
11 """
12 >>> print(poem)
13 Beyond this place of wrath and tears
14 Looms but the Horror of the shade,
15 And yet the menace of the years
16 Finds and shall find me unafraid.

17 It matters not how strait the gate,
18 How charged with punishments the scroll,
19 I am the master of my fate,
20 I am the captain of my soul.

21 -- WILLIAM ERNEST HENLEY, Invictus

Concatenating Strings
Earlier, we used the + operator to add two numbers in Python. We can
also use the + operator on strings. Let’s try to figure out the possible
usage of the + operator regarding strings using an exercise.

Exercise 11
Which of the following is the output of the following code?

1 >>> quantity = "5"
2 >>> item = "apples"
3 >>> quantity + item

5applesa) 5 applesb)

applesapplesapplesapplesapplesc) None of the aboved)

We can concatenate or add together two strings using the + operator.

1 >>> "16" + "$"
2 '16$'
3 >>> quantity = '5 '
4 >>> item = 'apples'
5 >>> quantity + item
6 '5 apples'

However, do not try to concatenate a numeric type with a string.
If you try to add a number with a string, Python will raise TypeError,
informing you that it is unsupported.

1 >>> 5 + "apples"
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: unsupported operand type(s) for +: 'int' and 'str'

As you can notice from the above code, adding an integer type to a
string is not supported in Python.

Two or more strings next to each other are automatically concate-
nated.

1 >>> "Hello" "World" "!"
2 'HelloWorld!'
3 >>> "I" 'ron' 'Man'
4 'IronMan'
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Repeating Strings

We can repeat strings n number of times by using the * operator.

1 >>> "Me"*10
2 'MeMeMeMeMeMeMeMeMeMe'
3 >>> ("You & " + "I, ")*5 + " in this beautiful world !"
4 'You & I, You & I, You & I, You & I, You & I, in this beautiful world !'

String Length

Strings are a sequence or collection of characters. If you wish to know the
number of characters in a given string, you can use the built-in len()

function.

1 >>> greet = "Hello There. How are you doing?"
2 >>> len(greet)
3 31

Exercise 12 Repitition

What is the result of the following code sample?

1 >>> len("Hi"*10)

21a) 22b)

19c) 20d)

The len() function gives the total number of elements in a collection.
The len() is a common operation across all collections in Python. An-
other common operation across many collections uses the position index of
the element inside the collection to access the element.

Indexing in Strings

Accessing an element in a collection by using its position index is called
indexing. Python provides a way to access each character in the string by
indexing.

The first character of a string has index 0 and can be accessed using a
square bracket ([]).

1 >>> course = "Python - I"
2 >>> course[0] # Return the character at 0 index
3 'P'
4 >>> course[7] # Return the character at 7th index
5 '-'

If you use negative index, Python returns an element starting from the
string’s end.

1 >>> course = "Python - I"
2 >>> course[-1] # Return the last character
3 'I'
4 >>> course[-3] # Return the third last character
5 '-'

As the index starts from 0, we can get the last element by subtracting
one from the string’s lengths.
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1 >>> course = "Python - I"
2 >>> course[len(course) - 1] # Returns the last character
3 'I'

The negative index can be thought of as subtracting the index from
the string’s length.

1 >>> course[-1] == course[len(course) -1]
2 True
3 >>> course[- 5] == course[len(course) -5]
4 True

Exercise 13 Index

What do you think happens with the following code?

1 >>> course = "Python - I"
2 >>> course[100]

Raises IndexErrora) Raises SyntaxErrorb)

””c) Raises KeyErrord)

If you use an index greater than the length of the range of valid index
range, Python raises an IndexError.

primer: What do you think is the valid index range for a string of
length 6?

fiona: -6 to 5

The valid index range of a string of length six is the integers from
-6 to 5. For a general string str, we can say that the valid index range
includes integers from -len(str) to len(str)-1.

If you use an index apart from those integers, Python will raise an
IndexError.

1 >>> greet = "Hello"
2 >>> greet[100]
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 IndexError: string index out of range

Slicing a String

We can get a substring of a given string by slicing the string. Getting
a subset of a collection’s elements by specifying the starting and ending
index is called slicing.

Slicing = (start-index, end-index, step-size)
If you don’t provide the start-index, Python assumes it to be 0, while it

assumes the end-index as the last element in the container.

1 >>> course = "Python - I"
2 >>> course[1:]
3 'ython - I'
4 >>> course[:4]
5 'Pyth'
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The default step-size is 1. If you provide a step size, say n, and start
index a, Python returns the elements at the following indices.

a,a + n,a + 2n,a + 3n, ....a,a + n,a + 2n,a + 3n, ....

For instance,

1 >>> course[1::2]
2 'yhn-I'

Let’s do a quick exercise.

Exercise 14 Slicing

Which of the following is the following slicing operation’s code output?
1 >>> title = "P00RUUIQQMVVETTR"
2 >>> title[::3]

'PRIMER'a) 'PRIQRT'b)

'UUIQTR'c) 'PUQVTR'd)

Objects which contain references to other objects are called container
or collection objects. Python string is a collection of characters. Other
collections include such as Lists, Dictionaries, Tuples etc.

List

A collection of comma-separated elements between square brackets is
called List. There are no constraints on what type of items you can add
to a list.

1 >>> names = ["Julius", "Octavious", "Brutus", "Cassius"]
2 >>> names
3 ['Julius', 'Octavious', 'Brutus', 'Cassius']

You can add even different types of objects inside lists too.

1 >>> a_list = [5, 0.4, "0.5"]

We can also concatenate lists with other lists.

1 >>> names + ["Casca", "Cato", "Quintus"]
2 ['Julius', 'Octavious', 'Brutus', 'Cassius', 'Casca', 'Cato', 'Quintus']

Exercise 15
1 >>> names = ["Julius", "Octavious", "Brutus", "Cassius"]
2 >>> names[3]

'Julius'a) ’Octavious’len()b)

'Brutus'c) 'Cassius'd)

Similar to strings, lists support indexing and slicing. The number of
items in a list can be obtained by the built-in len() function. Let’s check
out some examples below.
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1 >>> names[0]
2 'Julius'
3 >>> names[-2]
4 'Brutus'
5 >>> names[:3]
6 ['Julius', 'Octavious', 'Brutus']
7 >>> len(names)
8 4

The code listing below shows slicing operation in lists.
1 >>> names[0:4]
2 ['Julius', 'Octavious', 'Brutus', 'Cassius']
3 >>> names[1:4]
4 ['Octavious', 'Brutus', 'Cassius']

If you wish to change the list item at a specific index, you can assign it
to a different item.

1 >>> names
2 ['Julius', 'Octavious', 'Brutus', 'Cassius']
3 >>> names[-1] = "Calpurnia"
4 ['Julius', 'Octavious', 'Brutus', 'Calpurnia']

Python reassigns the specific index to the new item you provided.

Exercise 16
What do you think is the result of the following code?

1 >>> full_name = "Julios Caesar"
2 >>> full_name[4] = 'u'

1. Changes the full_name to ‘Julius Caesar’

2. Raises TypeError

The operation of modifying elements is not supported in the strings.
If you try to modify a string, Python raises TypeError.

1 >>> name = "Julios Caesar" # Oops got the spelling wrong.
2 >>> name[4]
3 'o'
4 >>> name[4] = 'u' # Let's try to change the spelling
5 Traceback (most recent call last):
6 File "<stdin>", line 1, in <module>
7 TypeError: 'str' object does not support item assignment

In Python, there are types of objects whose value can be changed after
it’s the creation and some whose value cannot be changed.

The type of objects that can be modified is called mutable type. The
type of objects that cannot be modified is called immutable type. In
Python, strings, numbers are examples of immutable type while lists are an
example of mutable type.

Slice Assignment
In Python, you can assign new lists to slices of a list. This is called slice
assignment.

You can use slice assignment to modify multiple list items or remove
multiple items entirely. Slice notation works similarly to those of the
strings that we covered earlier.
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1 >>> two_powers = [1, 2, 4, 8, 10, 12, 128]
2 >>> two_powers[3]
3 8
4 >>> two_powers[4:-1] = [16, 32, 64] # Assigning slices to list
5 >>> two_powers
6 [1, 2, 4, 8, 16, 32, 64, 128]
7 >>> two_powers[3:5] = [] # Assigning slices to blank list
8 >>> two_powers
9 [1, 2, 4, 128]

10 >>> two_powers[:] = [] # Assigning entire list to blank list
11 >>> two_powers
12 []

Exercise 17

What do you think will be the result of the following code?

1 >>> characters = ['Luffy', 'Sanji', 'Zorro']
2 >>> characters[::2] = ['Nami', 'Robin']

['Nami', 'Sanji', 'Robin']a) ['Luffy', 'Nami', 'Sanji',

'Robin', 'Zorro']

b)

['Nami', 'Luffy', 'Sanji',

'Zorro', 'Robin']

c) Raises ValueErrord)

Slice assignment works a little bit differently than slice indexing. Let’s
try to understand the code in the previous exercise.

1 >>> characters = ['Luffy', 'Sanji', 'Zorro']
2 >>> characters[::2]
3 ['Luffy', 'Zorro'] # Slice
4 >>> characters[::2] = ['Nami', 'Robin'] # Replace the above slice
5 >>> characters
6 ['Nami', 'Sanji', 'Robin']

As you can see, Python replaces the slices with the new list object. It
leaves the objects, not in the slice, untouched.

primer: Describe the slice assignment operation in your own words.
fiona: In slice assignment, Python replaces elements of slices with the el-

ements of new list object.

Nested List

Apart from that, you can also put lists inside another list. This is called
a nested list. We can access each item in the nested list using the nested
list index, followed by the item’s index in the nested list. Let’s take an
example to understand more.

Suppose we have a list b, which has two lists inside it.

1 >>> b = ['a', 'b', [1,2,3], [0.1, 0.2, 0.3] ]

To access the first list [1,2,3], we can use its position index 2.

1 >>> b[2]
2 [1, 2, 3] # Nested List

To access an element inside the nested, we can again use the bracket
notation with the index.
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1 >>> b[2][0]
2 1 # Nested List item 1

Similarly, we can access the second nested list.

1 >>> b[3]
2 [0.1, 0.2, 0.3]
3 >>> b[3][-1]
4 0.3

Exercise 18
What is the value of the below code?

1 >>> b = ['a', 'b', [1,2,3], [0.1, 0.2, 0.3] ]
2 >>> b[2][2]

2a) 0.3b)

3c) 0.2d)

Successive square bracket notations can access nested lists and their
elements. You can think of referencing via index as a name in itself.

To understand the idea better, let’s look at the following code sample.

1 >>> pow_of_2 = [2, 4, 8, 16]
2 >>> pow_of_3 = [3, 9, 81, 243]
3 >>> combined = [0, 1, pow_of_2, pow_of_3]

We can access any element of the nested lists pow_of_2 and pow_of_3

from the combined list itself.

1 >>> combined[2][2] # Accessing pow_of_2
2 4
3 >>> combined[2][3] # Accessing pow_of_2
4 8
5 >>> combined[3][0] # Accessing pow_of_3
6 3
7 >>> combined[3][3] # Accessing pow_of_3
8 9

In mathematics, a matrix is rectangular array of numbers. We can
represent a matrix of numbers such as the following:

A =


1 2 3
4 5 6
7 8 9


We can represent the above matrix in Python as follows.

1 >>> matrix_A = [[1,2,3],
2 [4,5,6],
3 [7,8,9]]
4 >>> matrix_A
5 [[1, 2, 3], [4, 5, 6], [7, 8, 9]]

Now, we can access items inside the matrix using Indexing.
1 >>> matrix_A[1][1]
2 5
3 >>> matrix_A[0][0]
4 1
5 >>> matrix_A[2][2]
6 9
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Exercise 19

How do you think the matrix_A can be updated so that the second ele-
ment of the second row becomes 0?

matrix_A[2] = [4, 0, 6]a) matrix_A[2][2] = 0b)

matrix[3][3] = 0c) matrix[1][1] = 0d)

Tuples

Tuples are container objects that cannot be modified after being created, unlike
lists.

Tuples are created by enclosing comma-separated items enclosed in
a pair of parenthesis () instead of square brackets [] or simply comma-
separated items.

The code listing below shows some ways to create a tuple object.

1 >>> a = (1,2,3) # Tuple within a pair of parenthesis
2 >>> a
3 (1,2,3)
4 >>> b = 1,2,3 # Tuple using comma-separated items
5 >>> b
6 (1,2,3)

To access elements inside tuples, we can use indexing similar to lists.

1 >>> b[2] # Indexing
2 3
3 >>> b[-1]
4 3

Tuples also support slicing operations.

1 >>> b[1:] # Slicing
2 (2, 3)

As we cannot modify tuple after creation, they are immutable objects
similar to strings. When you try to do an index-based assignment in
tuples, Python raises an error.

Exercise 20 Tuple

What is the output of the following code?

1 >>> a = 1, 2, 3
2 >>> a[2] = 5

Tuple a becomes 1, 2, 5a) Raises TypeErrorb)

Raises ValueErrorc) Raises SyntaxErrord)

When you try to modify a tuple, Python raises TypeError, informing
you that TypeError: 'tuple' object does not support item assignment.
You can try it out in your Python console to check.

Let’s now look at Python dictionaries.
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Dictionary
In Python, dictionary is a container object, which is used to store items
corresponding to a key. The keys are used to access the items. For exam-
ple,

1 >>> a = { 'name': "Primer", "value": 100} # Dictionary Object
2 >>> a["name"]
3 'Primer'
4 >>> a["value"]
5 100

You can add or modify the dictionary directly by using the corre-
sponding key of the object.

1 >>> a["name"] = "Primerlabs" # Modify
2 >>> a
3 {'name': 'Primerlabs', 'value': 100}
4 >>> a["utility"] = "Learning" # Add new key-value pair
5 >>> a
6 {'name': 'Primerlabs', 'age': 100, 'utility': 'Learning'}

There are no restrictions on what values you can add to a dictionary.
We have covered a quick tour of Python using an interactive shell.

Now, let’s look into a sample Python script in the script Mode.

Notes
a. This is a sample note

Questions
a. This is a sample question?

This is the answer, I think.

A Quick Tour of Python using Script Mode
primer: In this section, we will again take a quick tour in Python,

though, in the script mode. Before that, can you recall what’s the
difference between interactive mode and script mode in Python?

fiona: In interactive mode, we can use Python interactively.

In interactive mode, Python gives feedback immediately for each
statement. In script mode, we will have to write a script, usually in a .py

extension. Then execute the file using the Python interpreter.
Let’s take the following sample script.
You can open any text editor and create the above file. Save it with

the name oddEvenCounter.py. To run the Python script, we will need
to use the Python interpreter and ensure that you can access a working
Python environment as described in the guide.
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1 # store the given list of number
2 number_list = [8, 31, 27, 29, 48, 56]

3 # keep count of odd and even numbers
4 odd_numbers, even_numbers = 0, 0

5 for num in number_list:

6 # checking condition
7 if num % 2 == 0:
8 even_numbers += 1 # x += 1 is equivalent to x = x + 1

9 else:
10 odd_numbers += 1

11 print("Even numbers : ", even_numbers)
12 print("Odd numbers : ", odd_numbers)

Script 2.1: Counting Odd or Even
numbers, oddEvenCounter.py

You should see the following on your screen when you save the pro-
gram in a file and run this script using the Python interpreter.

1 >>> python oddEvenCounter.py
2 Even numbers : 3
3 Odd numbers : 3

The program shown in listing 2.1 is a small script written in Python.
Even if you are not aware of the Python programming language’s com-
plete syntax, you can still somewhat guess what the program is doing.

Readability is one of Python’s biggest strengths, making it easier for
beginner programmers to start with Python.

primer: Guess what the above program does?
fiona: The program prints the number of even and odd num-

bers in a list of number.

The above Python script counts the numbers of odd and even in a
given list.

Let’s walk through the code and discuss the syntax of Python. As you
might recall, a programming language is guided by two essential rules:
syntax and semantics. Let’s look at syntax, which is the structure of the
code.

Comments

The script starts with a comment.

1 # store the given list of number

We can write comments in Python using the # ( hash ) symbol.
Python discards anything written after the # symbol. Comments serve as
hints or clues to understanding the code written by a programmer.

Sometimes, what a piece of code does is not clear from simply read-
ing. In such cases, programmers should write comments explaining why
that piece of code is required.

An excellent way to write comments is to focus on why the code block is needed
rather than what it does.
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Multi-line Comment
Many programming languages support multi-line comments. The code
listing below shows multi-line comments in javascript programming
language.

1 /*
2 In javascript,
3 this is a block comment.
4 It spans multiple lines.
5 */

primer: How do you think we can add a multi-line comment in
Python?

fiona: We can repeatedly write # symbols spanning multi-lines.

Python doesn’t support multi-line block comment out of the box.
We can add Multi-line comments by writing successive # symbols span-
ning several rows. The code listing below shows how to write a multi-
line comment in Python.
# This is a multi-line comment
# that extends to three lines of
# code.

Comments following a Python statement in the same line is called an
inline comment.
even_numbers += 1 # shorthand for x = x + 1 where x = even_numbers

Assignment Operation
The next line in the script is an assignment operation. We are assigning
the name number_list to a list of numbers on the assignment operator’s (=)
right-hand side.

In Python, the end of the line(EOL) signifies the termination of a
Python statement.
number_list = [8, 31, 27, 29, 48, 56]

In case you want to continue writing a statement to the next line, you
can use the backslash \ marker to do this.

1 a = 79*9 - 2*26 + 1 \
2 + 6
3 print(a) # Output: # 666.0

We can also extend a statement to the next line by wrapping the
whole expression with parenthesis ().

1 a = ( 79*9 - 2*26 + 1
2 + 6 )

3 print(a) # Output: # 666.0

Assignment Styles
The next line is also an assignment statement in which we are assigning
two different variables, the same value 0. There are different assignment
styles which we can look into.

In the first assignment style, as shown in the script, we can assign two
names by assigning them to a tuple of length two.
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odd_numbers, even_numbers = 0, 0 # Assignment Style 1

We can also terminate a Python statement by using semi-colon ; and
rewrite the above statement as

1 odd_numbers = 0 ; even_numbers = 0 # Assignment Style 2

The above code is equivalent to assigning in two different lines.

1 odd_numbers = 0
2 even_numbers = 0

As we are assigning the same value to multiple variables, we can also
use the following expression.

1 odd_numbers = even_numbers = 0 # Assignment Style 3

Depending on the context, we should use one of the three assignment
operations shown above.

Exercise 21 Unpacking
What is the result of the following code?

1 >>> a, b, c = (1, 2, 3)
2 >>> a ** (b*c)

7a) 14b)

1c) 0d)

Code Blocks
The next lines of codes in script 2.1 relate to looping over the elements
in the number list. The one thing that stands out in this text unit is that
all lines are indented apart from the first line. Let’s take a look.

1 for num in number_list:

2 # checking condition
3 if num % 2 == 0:
4 even_numbers += 1 # x += 1 is equivalent to x = x + 1

5 else:
6 odd_numbers += 1

Indentation signifies an essential feature of Python - whitespace is
meaningful in Python. Python uses leading whitespace (spaces and tabs)
at the beginning of a line to compute the line’s indentation level, which
is used to determine the grouping of statements or code block.

Appropriate indentation and whitespace signify if a piece of code is inside a code
block.

In other languages, code blocks are often demarcated by curly braces
{} instead. Take the case of JavaScript.

1 if (hour < 1800) {
2 greeting = "Good day"; // Code Block
3 } else {
4 greeting = "Good evening"; // Code Block
5 }
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The same is shown in Python using indentation.

1 if hour < 1800 :
2 greeting = "Good day" # Code Block
3 else:
4 greeting = "Good evening" # Code Block

Using indentation for grouping is looks elegant and contributes a lot
to the average Python program’s clarity. Using whitespace to demarcate
code blocks enhances readability. At the same time, indentations are
prone to syntax errors.

Using indentation has some rules that need to be kept in mind.

• Every Python code block is preceded by a colon : on the previous
line.

1 if True:
2 # do something

• In code, all sibling Python statements need to have the same in-
dentation level; otherwise, Python complains about inconsistent
indentation.

1 print("Hi there")
2 print("How are you ?") # Wrong Indentation respect to sibling

Exercise 22 Whitespace

Given that whitespace is important in Python, what do you think about
the following code?

1 a=41+1 #1
2 a = 41 + 1 #2
3 a = 41 + 1 #3

All valida) Some valid, some invalidb)

Statement 1 is valid, and the
other two are invalid

c) Statement 2 is validd)

While Python is strict about whitespace usage in its code blocks,
Python disregards the whitespace inside the line itself.

All of the three variations with different whitespace in the previous
exercise are still valid expressions in Python.

The primary reason is to increase the readability of the Python state-
ment.

Loops

Let’s continue our discussion on the above script 2.1.

number_list = [8, 31, 27, 29, 48, 56]
...

for num in number_list:

...
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The objects which Python can iterate over are called an iterable.
Python uses the keyword for to iterate through an iterable (iter-able). In
this case, the iterable happens to be a list.

The for keyword loops over the list in the above code, assigning the
element as num while executing the code block inside the for a loop.

Control Flow Statements
if num % 2 == 0:

even_numbers += 1 # x += 1 is equivalent to x = x + 1
else:

odd_numbers += 1

Inside the for loop, we check each number in the list to determine if
they are odd or even by using the test of divisibility1. 1Numbers that are divisible by two are

called even numbers while those which
are not are divisible by 2 are called odd
numbers.

primer: How can we know if a number is odd or even?
fiona: If a number is divisible by 2 then its an even number other-

wise its an odd number

A number is said to be even if it is divisible by 2. This means the
remainder upon division by two is 0. To test for divisibility by 2, we use
the modulo operator (%), which we introduced earlier.

The modulo operator checks if the current number in the loop, refer-
enced by the name num, checks if the remainder is 0. If the number is di-
visible by 2, then the object’s value with the name even_numbers increases
by 1. Otherwise, the value of the object with the name odd_numbers is
increased by 1.

In programming, objects which are used to keep count are often called
counter variable or counters.

The if and else statements are called conditionals and are part of
control flow statements in Python. The code block inside if is executed
only if the condition supplied is True.

if num % 2 == 0:
...

If the condition is False, then the code block inside the else block is
executed. Let’s do a short exercise.

Exercise 23 Modulo
What is the result of the following code sample?

1 >>> if 15 % 5 == 0:
2 ... print("15 is divisible by 5")
3 ... else:
4 ... print("15 is not divisble by 5")

15 is divisible by 5a) Raises ValueErrorb)

15 is not divisible by 5c) Raises TypeErrord)

Parentheses
The last lines of codes remaining relate to the print function. To invoke
the print() function, we can use the parentheses ().
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...
print("Even numbers : ", even_numbers)
print("Odd numbers : ", odd_numbers)

A function accepts a tuple of arguments inside the parentheses. The
print() function takes a string as the first argument to print on the screen
, i.e., "Even numbers" followed by the value of the object referenced by the
name even_numbers. The next print() function calls works similarly.

Earlier, we extended statements to multi-line by using parentheses.
1 a = ( 79*9 - 2*26 + 1
2 + 6 )

In Python, parentheses are used for grouping and calling or invoking a
function.

1 >>> x = (45*56)/(45)
2 >>> 56.0

We will learn more about functions in the next chapter.

Exercise 24 Greeting
What is the result of the following code?

1 >>> greet1 = ("Hi There !")
2 >>> greet2 = ("\rHow are you?")
3 >>> print(greet1, greet2)

Hi There! How are you?a) How are you?b)

Hi There!c) Hi There! How are you?d)

Built-in functions print() and type() are always available to the pro-
grammer in Python. However, Python has many standard functions that
we need to import first to use them.

These are defined in standard modules of Python.

Module
Modules refers to a file containing Python statements and definitions.

A file containing Python code, for example, secrets.py, is a module,
and its module name would be secrets.

1 secret = 42 Script 2.2: Creating our first module,
secrets.py

A program in the same directory as that of secrets.py can access the
definitions of secrets.py using the import keyword.

To test this out, create a file name secrets.py with the code shown
above, and in the same directory, create example.py. Your directory/folder
structure will be looking at something like this.

/

secrets.py

example.py

The script 2.3 shows the how to import the secrets module into
another script.

Executing the example.py should show you the following.
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1 import secrets

2 print("The secret was", secrets.secret)

Script 2.3: Script to use the secrets
module, example.py

1 The secret was 42

You can break larger files into smaller manageable and organized files
using modules to provide reusability of code in a project. The import

keyword is used to access definitions stored in modules.

Standard Modules
Python has tons of standard modules which comes along with the
Python interpreter. One of the standard modules is the random module,
which you can use to generate random numbers or distributions.

1 >>> import random # Standard Module

After importing a module, you can access the definitions stored inside
it using the dot notation.

One useful function inside the random module is the randint(a, b)

function, which generates a random integer between two integers a and
b, every time you invoke it.

1 >>> import random
2 >>> random.randint(1, 5)
3 4
4 >>> random.randint(1, 5)
5 3

Another way to use the definition inside a module is to import the
definition explicitly using the from keyword. Doing so, let’s us use the
function without the module name.

1 >>> from random import randint
2 >>> randint(1, 5)
3 4

Let’s do a short exercise.

Exercise 25 Random Number
What the result of the following code?

1 >>> import random
2 >>> random.randint(1, 10) % 2 == 0

Truea) Falseb)

Will vary each time you
execute

c)

This brings us to the end of the quick tour of Python. This was a
very small overview of Python to help you get a feel of Python as a
programming language.

In the next section, we will look into the fundamentals of Python
Programming Languages.
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Objects & Literals

In a programming language, there are specific constant values that form
the building blocks of that language. In the example in the previous
section, we stored a bunch of numbers in a list.

number_list = [8, 31, 27, 29, 48, 56]
...

We also divided each number by 2 to check if the number is even or
odd.

...
if num % 2 == 0:

...

We did this with the assumption that the symbols such as 8 represents
the number 8, which we can divide by other numbers. For this program
to run correctly, the Python interpreter must not change the value of the
symbol 8 to say, 5. Doing so would be a mess.

Therefore, Python defines certain items that describe a constant value
and are interpreted as they appear. These are called literal constant or
literals.

Assignment to a literal is prohibited in Python.

1 >>> 8 = 5
2 File "<stdin>", line 1
3 SyntaxError: can't assign to literal

Earlier, we saw that the Python interactive interpreter evaluates the
expression or the name and returns its result or value.

1 >>> 3 + 5 # Expression
2 8
3 >>> prime_numbers = [2, 3, 5, 7, 11]
4 >>> prime_numbers # Name
5 [2, 3, 5, 7, 11]

For literals, the Python interpreter returns the same object.

1 >>> 1
2 1
3 >>> 0.1
4 0.1
5 >>> "Hello"
6 'Hello'

Literals are a sequence of one or more characters written exactly as
you want Python to interpret.

There are two types of literals that we are interested in - string and
numeric literals. Let’s take a look at String Literals.
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String Literals
String literals or strings represent a sequence of characters surrounded by a matching
pair of either single quotes (') or double quotes (").

Let’s do a short exercise.

Exercise 26 String Literal
What is the result of the following code?

1 >>> "Hello" = "World"

Raises SyntaxErrora) Raises TypeErrorb)

Raises ValueErrorc) Raises KeyErrord)

In the previous exercise, "Hello" is a string literal. When you try to
assign "Hello" = "World", Python informs you that you cannot assign it to
a literal.

Mostly strings are used for writing text. The following code listing
shows some of the string literals that you can create.

1 "A" # String with a single character
2 'Hello World' # String with multiple characters using single quotes
3 "100 $" # Strings with non-letter characters
4 " " # Strings with blank characters
5 "" # Empty String

As we covered before, Python interprets any sets of characters wrapped
in matching-quotes as a string, and Python interprets it as it is.

1 >>> "Hello"
2 'Hello'
3 >>> '1000'
4 '1000'
5 >>> """This is
6 ... a mutli-line
7 ... string literal"""
8 'This is \na multi-line\nstring literal.'

When we wrap a number with quotes, Python also considers it a
string. Python cannot divide this string by another number as the string’s
division by a number is unsupported.

1 >>> "100" # String
2 '100'
3 >>> 100/2 # Normal Division
4 50.0
5 >>> "100"/2 # Will raise error
6 Traceback (most recent call last):
7 File "<stdin>", line 1, in <module>
8 TypeError: unsupported operand type(s) for /: 'str' and 'int'

Exercise 27
What do you think is the result of the following code?

1 >>> "Hello" - "ello"

‘H’a) Raises TypeErrorb)

Raises SyntaxErrorc) Raises ValueErrord)
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Although, Python does allow the use of multiplication operator (*) to
repeat the string literal.

1 >>> " +-+ " * 3
2 ' +-+ +-+ +-+ '

And you can also add together string literals.

1 >>> "Hello " + "World"
2 'Hello World'

As we covered before, Python interprets any sets of characters wrapped
in matching-quotes as a string, and Python interprets it as it is.

1 >>> "Hello"
2 'Hello'
3 >>> '1000'
4 '1000'

Next, let’s look at numeric literals.

Numeric Literals
A literal containing only digits (0-9), an optional sign character (- or +), and a
possible decimal point is called a numerical literal.

There are three types of numeric literals: integers, floating-point
numbers, and imaginary numbers.

Integer Literals
Integers without quotes are interpreted by Python to be integer literals.

Note that leading zeros in a non-zero integer number is not allowed.
Also, when there is no sign, it is assumed that the number is positive.

1 >>> 12
2 12
3 >>> -45
4 -45
5 >>> 123_45 # underscore is valid
6 123456
7 >>> 000123 # Throws Syntax Error

For readability, sometimes large numbers are grouped by separating
with commas. For example, 1,000,000 is easier to read as a million instead
of just 1000000. In Python, you cannot use a comma inside an integer
literal as Python interprets it as a tuple.

1 >>> 1,203
2 (1,203)

Although Python doesn’t support commas inside a numeric literal,
you can use underscore (_) for the literal readability.

1 >>> 1_000_000
2 1000000
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Exercise 28

What is the value of the following expression?

1 >>> 1,245 + 45

1,250a) 1250.0b)

(1, 290)c) Raises TypeErrord)

In the previous exercise, the expression 1, 245 is a tuple. Therefore
the addition of 45 works with regards to tuple, which we will cover in
the later sections. Let’s look at the next type of literal: floating points.

Floating-Point Literals

A floating-point value or float is a numerical literal that contains a dec-
imal point. In a floating-point, there is no fixed number of digits before
and after the decimal point. That is, the decimal point can float. Unlike
floating-points, fixed-point representations have the number of digits
before and after the decimal point fixed.

1 >>> 34.0
2 34.0
3 >>> 0.45_59
4 0.4559

You can add multiple 0s in the floating-point literals’ front or end,
which is still valid.

1 >>> 000000003.5400000000
2 3.54

You can also write floating-points in exponential notation. When you
write integers in exponential notation, they become a floating-point. In
Python, e or E is used to write in scientific notation in the powers of 10.
Therefore, we can write,

12e2 = 12 × 102 = 1200
1e-2 = 1 × 10−2 = 0.01
4E-2 = 4 × 10−2 = 0.04
1e4 = 1 × 104 = 10000.0

To write in exponential notation, you can write e or E followed by
the specified power of 10 at the end of a number. We can show the
exponential or scientific notation in the following way:

1 >>> 12e2 # 1200 written in exponential notation
2 1200.0
3 >>> 1e-2 # 0.01 written in exponential notation
4 0.01
5 >>> 1e4 # 10000 written in exponential notation
6 10000.0
7 >>> 4E-2 # E can also be used instead of e
8 0.04
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Exercise 29 Euler’s constant
What is the result of the following code?

1 >>> e

Raises NameErrora) 10b)

100c) 2.71828d)

The exponentiation notation requires it to be between two numbers.
We can write in exponential notation only in the format {number}e{number}.
Any other format will result in Python raising NameError.

Another type of literals is just used to define complex numbers.

Complex Numbers
A complex number is a number that can be expressed in the form a +

bi, where a and b are real numbers, and i is a solution of the following
equation.

x =
√−1

Because no real number satisfies this equation, i is called an imaginary
number or iota. In Python, we can use an imaginary number literal to
create a complex number.

Imaginary Number Literals
An imaginary number literal yields a complex number with a real part
of 0.0. If a numeric literal contains j or J preceding a number, it is inter-
preted by the interpreter as a complex number.

1 >>> 1.5j
2 1.5j
3 >>> type(1.5j)
4 <class 'complex'>
5 >>> 3.14_15_93j
6 3.141593j

Python uses j or J instead of conventional i to represent iota.

Exercise 30 Iota
What is the result of the following code?

1 >>> 100j**2

10000a) -10000b)

(-10000+0j)c) Raises NameErrord)

Literals form the basic building blocks of programming in the Python
language.

Writing the Python interpreter’s literal value creates an object with
the literal value. Earlier, though, we mentioned that everything in
Python is an object; we didn’t detail what it means. Let’s look into the
concept of an object in Python next.
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Objects
In Python, objects are abstractions for data.

All data in a Python program is represented by objects or by relations
between objects.

In Python, an object is an entity that contains data along with asso-
ciated attributes and methods. The object attributes give information
about the object, while the object’s functions are called its methods.

We will look at understanding more about object attributes and meth-
ods in the next sections. For now, the useful thing to know is that in
Python, almost everything is an object. Keywords such as for, if are not
objects but part of the Python language.

Every object has an identity, a type, and a value. Let’s look at objects
in Python in a bit more detail.

Object Identity
Once you instantiate an object, Python assigns it a permanent identity.

In the first chapter, we saw that the computer stores data in the main
memory with a corresponding memory address for the processor to
locate the data. You may think of the object’s identity as the object’s
address in memory, although it’s not the same. The identity of an object
is an integer. This integer is guaranteed to be unique and constant for
this object during its lifetime.

We can check the identity of a created object using the id() function.
The id() function produces a unique number identifying a specific value
object in memory.

1 >>> id(12)
2 10914848 # Will be different for everyone
3 >>> id("Hello World")
4 140197441748912 # Will be different for everyone

Earlier, we used double equality (==) to check if two objects have
the same value. You can use the is operator to check if two objects are
identical or the same.

Two objects are said to be the same if they have the same id.

Let’s understand using Python code.
1 >>> a = "Hello World"
2 >>> b = [a]
3 >>> b[0] is a
4 True
5 >>> id(b[0]) == id(a)
6 True

Exercise 31 Identity
What is the result of the following code?

1 >>> pirates = ["Luffy", "Zorro"]
2 >>> guests = ["Luffy", "Zorro"]
3 >>> pirates is guests, pirates == guests

(False True)a) (False True)b)
(True True)c) (True False)d)
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Object Type
The previous exercise mentions the names pirates, and guests refer to
two different list-objects having the same value.

Every object has a specific type, which also determines the opera-
tions that the object supports. For example, an object with the type int

supports division by another int type object, but an object with the type
string doesn’t.

The object’s type also dictates which possible values the object can
take.

The built-in function type() returns an object’s type, which is an object
itself. Like it’s identity, an object’s type is also unchangeable.

1 >>> type("Hello World")
2 <class 'str'> # String
3 >>> type(121)
4 <class 'int'> # Integer
5 >>> type(12.0)
6 <class 'float'> # Float
7 >>> type(2j)
8 <class 'complex'> # Complex

There are many types of objects available in Python. Integer, String,
Float, Complex are part of the basic primitive data types. The type()

function returns an object having the type type.
As we mentioned earlier, container objects hold other references to

other objects.

1 >>> number_list = [8, 31, 27, 29, 48, 56]
2 >>> type(number_list)
3 <class 'list'> # List type Object
4 >>> type({"apples": 4, "bananas": 6})
5 <class 'dict'>
6 >>> type(('Rose', 'Lily', 'Sunflower'))
7 <class 'tuple'>

Exercise 32 List Object
What is the output of the following code?

1 >>> type([1, 2, 3])
2 <class 'list'>
3 >>> type(_)

'<class 'type'>'a) '<class 'list'>'b)

Raises SyntaxErrorc) Raises TypeErrord)

Object Value
The value of some objects can change. As we saw earlier, objects whose
value can change are said to be mutable objects. At the same time, those
objects whose value you cannot modify once you create them are called
immutable. Its type determines an object’s mutability. For instance, num-
bers, strings, and tuples are immutable, while dictionaries and lists are muta-
ble. Figure 2.1 describes an object in Python.

We know that strings are immutable objects whose value, id and type
don’t change once created. However, consider the following code:
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Figure 2.1: Objects in Python

1 >>> number = "Six hundred Sixty Six"
2 >>> number
3 'Six hundred Sixty Six'
4 >>> type(number)
5 <class 'str'>
6 >>> id(number)
7 139751547135152 # Will be different for everyone

We assigned the name number to the string object with the type str and
a permanent id. Let’s reassign the name number to another object.

1 >>> number = 666
2 >>> number
3 666
4 >>> type(number)
5 <class 'int'> # Type changed
6 >>> id(number)
7 139751547506800 # Id changed

Here, type, id, and value of the name number changed.
The change of id, type, and value is because names in Python act as a

reference to objects but are not objects themselves. Let’s explore more
about naming objects in the next section.

Identifiers

As we mentioned earlier, in Python, almost everything is an object. Liter-
als are objects with constant values. When we assign a name to an object,



106 python-i

we can refer to the object and its attributes using the name. However,
the name itself is not the object. When you call the built-in function
type() or id() on a name, it gives the type, or id of the object referred to
by the name.

primer: Why do you think we assign names to objects?
fiona: To refer them later in the program

The primary purpose of assigning names to objects is to be able to
reference them later. The name that we give to objects is called an iden-
tifier, variable, or merely name.

An identifier is a sequence of one or more characters used to name a given
program element.

Naming an object
We name an object by writing the name we want to assign on the left-
hand side, followed by the assignment operator (=) and the object we
want to name.

1 >>> name = "Tom Sawyer"
2 >>> age = 12
3 >>> friends = ["Joe Harper", "Huckleberry Finn"]

Here we are naming the object Tom Sawyer as name. In Python, names/identifiers
don’t have a type; objects do. The type of the name becomes the type of
the object it references whenever we bind a name to an object.

1 >>> type(name)
2 <class 'str'> # String
3 >>> type(age)
4 <class 'int'> # Integer
5 >>> type(friends)
6 <class 'list'> # List

Let’s try to execute the following two codes:

1 >>> 15 = 12 # Raises SyntaxError
2 >>> "Tom Sawyer" = "Joe Harper" # Raises SyntaxError

In both cases, Python raises SyntaxError, informing it is impossible to
assign to literal.

1 SyntaxError: can't assign to literal

primer: Guess why Python prohibits such an assignment.
fiona: Because it will lead to confusion later on in the program

Python considers numbers and strings literals to be objects with a
constant value that cannot be modified and changed. When we assign 15

= 12, we wish to instruct Python to assign the name 15 to the number 12.

The use of a numeric literal as a name isn’t allowed in Python.

When we earlier stated that strings and number literals are immutable
or their value cannot be changed, this is what we meant.

The assignment operator is also used to modify mutable collection objects
such as lists.
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1 >>> a = [1,2,3]
2 >>> a[2] = 50
3 >>> a
4 [1, 2, 50]

When we access an object present inside a collection, it is similar to
how an identifier references an object. Collection objects hold references
to objects, not the object itself.

Let’s do a small exercise to understand more about the object refer-
ences.

Exercise 33 Container
What is the result of the following code?

1 >>> a = [1,2,3]
2 >>> b = [a]
3 >>> a = []
4 >>> print(b)

a) [[1, 2, 3]]b)

[[]]c) Raises ValueErrord)

In the previous exercise, when we assign a to the list b, what we are
doing is assigning b[0] to the object referenced by a, i.e. [1, 2, 3].

1 >>> b = [a] # b = [[1,2,3]]

So, later on, when a is reassigned to another object, b[0] still references
to the object [1, 2, 3]. The code in the exercise above might confuse
you a bit. However, as we go along, it will all start to makes sense.

The way naming and referencing works in Python is important to
know, especially if coming from other languages such as C. Let’s check
out how reassigning names work in Python.

Reassigning Identifiers
Once we assigned a name or an identifier to an object, we can reassign it
to a different object.

1 >>> age = 14
2 >>> age
3 14 # type: integer
4 >>> age = 13.5
5 >>> age
6 13.5 # type: float
7 >>> age = "Thirteen years old"
8 >>> age
9 'Thirteen years old' # type: string

In the above code, we assign the same name age to three distinct
objects with different types. At each assignment, the name age ceases to
refer to the previous object and refers to the new object assigned.

primer: We can see that the name age can be re-assigned to differ-
ent objects without restrictions. But what happens to the previous
objects that the name used to refer to?

fiona: We cannot access the previous characters anymore

To understand what happens to previously referred objects, we need
to look into object lifecycle and references. Let’s look into it next.
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Object Lifecycle
In any given program, objects are created, live for a while, and then destroyed.

The time between an object’s creation (also known as instantiation or
construction) until the object is no longer used and is destructed or freed
is called the object life-cycle.

During a program, when an object is no longer required, it is removed.
This process is called garbage collection. Depending on programming lan-
guage, garbage collection can be automatic or manual. Python peri-
odically frees and reclaims memory blocks that are no longer in use by
automatically deleting unwanted objects.

Reference

Python implements garbage collection by storing the number of refer-
ences of a given object called the reference count. When the reference
count of a given object reaches zero, Python automatically removes the
object.

To check the reference count of an object, we can use the getrefcount()

function from the sys standard module available in Python.
Let’s consider the following case.

1 >>> from sys import getrefcount
2 >>> book = "Alice in the world" # A string object is created
3 >>> id(a)
4 140157471175352 # Will be different for everyone
5 >>> getrefcount(a)
6 2 # Initial Reference count of the string object

The name book is assigned to a string literal 'Alice in the wonderland'.
If we want to refer to this object, we can use the name book. There-
fore, the name book is a reference to the string object 'Alice in the

wonderland'.
When you call the getrefcount() function with the argument book,

the function returns the number of current references to the string object
'Alice in the wonderland'.

primer: The references show 2 instead, but we expected 1 that of
the name book. Can you think of a reason you are getting this
extra one reference?

fiona: Maybe because we are calling the function getrefcount us-
ing the object

The count returned is generally one higher than you might expect
because it includes the object’s temporary reference as an argument to
the getrefcount() function.

When we use the object name inside a function invocation as an
argument, it counts as a reference.

Therefore, the total number of references to the string object book is 2.
Let’s increase our references to our string object by adding another

name. We will assign the string object referenced by the name book to the
name currently_reading.

1 >>> currently_reading = book # Assign str object new name
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In the above code sample, when assigned currently_reading = book, it
might seem that we created a copy of book and assigned it to currently_reading.
That’s not actually what’s happening. When we assign currently_reading

= book, we add another name currently_reading to the object referred to
by book.

We can check that both the names, book, and currently_reading refer
to the same object by checking their Ids or using the is operator. In
python, is operator is used to check if two objects are same.

1 >>> id(currently_reading)
2 140157471175352 # refers to the same object as `book`
3 >>> currently_reading is book # `is` operator checks two objects are same
4 True

As we can see, both the name currently_reading and book are referenc-
ing the same string object. Now, let’s check the reference count on the
string object.

1 >>> getrefcount(book)
2 3 # Reference count increased

We can see that the reference count of the string object has increased.
When we assign the name currently_reading to the name book, the string
object gets a new name, currently_reading, increasing its reference.

Now, let’s add another reference to the string object.
1 >>> reading_list = [currently_reading] # Add to a list
2 >>> reading_list
3 ['Alice in the wonderland']

We included the string object’s reference into a newly created list ob-
ject with the name reading_list. Figure 2.4 shows the current references
to the string object.

Figure 2.2: Three References of the
String object

We can check if the list object item references the same string object as
the name book and currently_reading.

1 >>> id(reading_list[0]) # reading_list[0] refers to the same object
2 140157471175352
3 >>> reading_list[0] is book # checks if two objects are same
4 True
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In the code above, we can see that item in the reading_list list object
references the same string object. Now let’s check the reference count of
the string object.

1 >>> getrefcount(reading_list)
2 4 # Reference count increased

As we expected, the reference count of the string object Alice in the

world increases.

primer: At this point, can you list all the references of the string
object 'Alice in the wonderland'?

fiona: Reading_list, currently_reading and book

Out of four references, three belongs to the names book, currently_reading,
and reading_list[0].

The fourth one is a temporary reference due to passing the object to
the getrefcount() function.

Deleting Names

The del keyword is used to delete statements in Python. The deletion of
a name removes the binding of that name from the object it references to.
If the name is unbound, a NameError exception is raised whenever you try
to access the name.

Let’s delete the name currently_reading.

1 >>> del currently_reading # Delete the name currently_reading

We can verify by referring to the name in the console.

1 >>> currently_reading
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 NameError: name 'currently_reading' is not defined

The del statement removes the name, not the object.
The object is removed automatically by Python’s garbage collection if

there are no references available to access it. Speaking of references, let’s
take a look at updated string object’s reference in figure 2.3.

Let’s take a look at the effect of the deleted name currently_reading.

1 >>> book # Can still access the object via `book`
2 'Alice in the wonderland'
3 >>> getrefcount(book) # Reference count decreased
4 3
5 >>> reading_list # deleting currently_reading doesn't affect
6 ['Alice in the wonderland']

The string object Alice in the wonderland can be still be referenced via
book and reading_list[0]. Let’s re-assign the list reading_list to an empty
list and check the book object’s reference count.

1 >>> reading_list = [] # Assign reading_list to a blank list
2 >>> getrefcount(book)
3 2 # Reference count decreased



python programming language 111

Figure 2.3: Two References to the String
Object

Figure 2.4: A single reference to the string
object
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The reference count again decreased when removed the reference
from the list object reading_list. We can see the updated references in
the figure 2.4.

When all the references of an object are gone, the object is automati-
cally garbage collected by Python. If we delete the name book, we won’t be
able to refer to the string object. The final number of references is shown
in the figure 2.5.

Figure 2.5: String object deletion

Python increases the reference count for an object in the following
ways:

1. When we assign an object to a name.

2. When we add an object to a container object. Such as appending to
a list or adding as a property on a class instance.

3. When we pass the object as an argument to a function.

When we deleted the name currently_reading, using the statement del
currently_reading, the list reading_list was unaffected.

primer: Would things be different if we had deleted the name book
with which we created the string object? Putting the question
more general, if we delete the name with which an object is
created, will other references to the object be affected?

fiona: No, Primer. It shouldn’t really affect other references.

Let’s check by creating an integer object and assigning it the name a.

1 >>> from sys import getrefcount
2 >>> a = 786 # Create a integer object and name it `a`
3 >>> id(a)
4 10914944
5 >>> getrefcount(a)
6 2

Let’s add a couple of more references to the same object.
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1 >>> b = a
2 >>> c = [b]
3 >>> getrefcount(a)
4 4

We can verify that all three names a, b, and c refer to the same object
using the id() function.

1 >>> id(a) = id(b) = id(c[0])
2 True

Now, let’s delete the name a with which we first created the object.

1 >>> del a

Let’s check if the b and c are still present.

1 >>> b # Still Exists
2 786
3 >>> c # Still Exists
4 [786]

We can see that the names b and c still retain their reference to the
object.

This brings to an important point.

In Python, no particular name or reference owns the objects they refer to; the
names always share the objects.

The sharing of the objects in Python becomes more important when
we are dealing with mutable objects.

primer: Can you take a guess why?
fiona: Maybe because changes to an object via one name influ-

ences other

When different names share the mutable object, changes made via
one name is reflected in all the names.

This is quite obvious because they refer to the same object.
Let’s take a mutable list object instead of immutable strings and num-

bers to better understand this idea.
Let’s assign a list object to the name a.

1 >>> a = [1, 2, 3] # Create a list object and assign it to the name `a`

Now, let’s add another name, b to the same list object.

1 >>> b = a # Add another name to the list object
2 >>> b is a # Check both b and a referring the same object
3 True

Now, let’s change the content of the mutable list object using b.

1 >>> b[0] = 99 # Change the list object content using b
2 >>> b
3 [99, 2, 3]

Now, let’s check the content of the list object referenced by a.

1 >>> a # a also changes as same object is modified
2 [99, 2, 3]
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We can see that the object was shared among the names a and b. The
same mutable list object can be modified either by the name a or b.

When you modify mutable objects, it could sometimes result in some
unwanted effect on your overall program. Therefore, do exercise caution
while trying to work with mutable objects.

primer: Interestingly, why do you think shared immutable objects
don’t have this issue?

fiona: Immutable objects cannot be modified, therefore they don’t have this is-
sue

Primarily because immutable objects cannot be modified. That’s why
they are called immutable in the first place.

Copies

Earlier, we saw that when using the expression b = a, it doesn’t create a
copy of the object. Instead, it adds a new reference to the object.

When we modify a mutable object through one of its references,
the object’s other references reflect the same modifications as they all
point to the same object. To avoid unwanted updates to an object, we
can create a copy of an object rather than add a new reference. A copy
is sometimes needed, so one can change the copy without changing the
original object. Let’s look into how we can copy objects in Python.

There are two types of copy operations to copy mutable container
objects such as lists:

1. Shallow Copy
2. Deep Copy

Shallow Copy We can perform a copy operation either by -

1. using the copy() function from a built-in module copy ,
2. or by creating a new container object with the same children objects.

Let’s first use the copy() from the standard module to create a list
object copy.

1 >>> from copy import copy
2 >>> a = [1, 2, 3]
3 >>> c = copy(a) # Creating object using `copy`
4 >>> c
5 [1, 2, 3]
6 >>> c == a
7 True # `c` contains same elements as `a`
8 >>> c is a
9 False # `c` refers to a different object

In the above code, we created a copy of the list object a, which is a
different list object than a but contains the same elements as a. Now, let’s
modify c and see if it affects the list object a.

1 >>> c[2] = 10
2 >>> c
3 [1, 2, 10] # `c` is modified
4 >>> a
5 [1, 2, 3] # `a` is unchanged
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As we can see, modifying a copy of the object doesn’t affect the origi-
nal object.

We can also copy a list object by copying the elements into a new list
object. To do that, you might recall that the slice notation can be used to
extract all the list elements.

Exercise 34 Slice All elements
Which of the following slice notation returns all the elements of the list
object a.

a[0:len(a)-1]a) a[0: -1]b)

a[0::-1]c) a[:]d)

The slice notation a[:] returns all the list object’s elements a[:]. Let’s
create a new list object with the same elements as a.

Let’s create a list object a copy it’s elements to d using slice notation.
1 >>> a = [1, 2, 3]
2 >>> a[:] # Return all the elements
3 [1, 2, 3]
4 >>> d = a[:] # `d` is a new list object with same elements as `a`
5 >>> d
6 [1, 2, 3]
7 >>> d is a # `d` and `a` are two different objects
8 False

Let’s see if modifying the original list object a affects the newly copied
list object‘.

1 >>> a[2] = 20 # Modified list object `a`
2 >>> a
3 [1, 2, 20]
4 >>> d
5 [1, 2, 3] # List object `d` is unchanged

We can see that changing the original list object a does not affect the
newly copied list object. We saw two ways of copying the list object.
However, both of these two instances of copying fail to explain why this
is called shallow copying.

primer: Before I explain why this form of copying is called shallow,
I would like to give you a hint to figure it out yourself. We are
only copying the list, not the objects contained inside them. Now,
would you like to guess as to why this is called shallow copying?

fiona: I think if there is an mutable object inside the copy, it is shared among the copies.

Let’s figure out why this is called shallow copying.
We will need to take another instance but with slightly different

elements.
Consider the copying operation of a nested list object such as x shown

below.
1 >>> from copy import copy
2 >>> x = [[1, 2], [3, 4]]
3 >>> y = copy(x) # Copy x
4 >>> y
5 [[1, 2], [3, 4]]
6 >>> y is x # y and x are different objects
7 False
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Now, let’s modify the newly created list object ’y‘.

1 >>> y[0][1] = 1000
2 >>> y
3 [[1, 1000], [3, 4]] # y is changed
4 >>> x
5 [[1, 1000], [3, 4]] # x is also changed

In this case, updating the copied object y results in x being modified as
well. The reason for this is even though we are creating new container
objects by copying, the elements in the container are still shared.

We can verify this by checking the elements of the two list-objects.

1 >>> y[1] is x[1] # underlying object is shared
2 True

When we create a new copy using any list copying methods, Python
shares the underlying objects while creating a new data-structure or
container object. This form of copying is called shallow copying.

A shallow copy means constructing a new container object and then populating it
with references to the original object’s objects. It means that any changes made to a
copy of the object reflect in the original object.

Figure 2.6: Shallow Copying

When the underlying collection objects in a collection are shared, it
makes sense that modifying the underlying mutable object reflects in
all the collections that hold the same object. Figure 2.6 shows shallow
copying in Python.

We just covered how shallow copying can affect lists with mutable
objects. To avoid this, we need to deep copy a collection object.

primer: Can you guess how deep copying works?

fiona: We will be creating copies of the container objects as well in the deep copy-
ing.
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Deep Copy
In a deep copy, Python recursively copies the collection object.

It first constructs a new collection object and then populates it with
the copies of the children’s objects of the original collection object rather
than populating it with references.

Python’s copy module has a deepcopy() function, which we can use to
deep copy a collection.

Let’s take a look at how it works.

1 >>> from copy import deepcopy
2 >>> a = [[1,2,3], [4,5,6]]
3 >>> b = deepcopy(a) # Create a new list object
4 >>> b
5 [[1,2,3], [4,5,6]] # `b` is a copy of `a`

Let’s check if both the objects are infact same.
1 >>> b is a # `b` and `a` refers to two different objects
2 False

As you can see, these are two different objects. Let’s check if the
children of both objects are same.

1 >>> b[0] is a[0] # children objects are also different
2 False

Let’s modify the copy and check.
1 >>> b[0][1] = 20 # Let's modify b
2 >>> b
3 [[1,20,3], [4,5,6]]
4 >>> a
5 [[1,2,3], [4,5,6]] # `a` is not affected

In the above code sample, we can see that the deep copying of a
collection object creates another collection object with the same values as
the original object.

When we modify a nested collection object of b, the original collec-
tion object referenced by a is not affected. Figure 2.7 describes deep
copying in Python.

primer: We have covered both deep copying and shallow copying.
When does deep copying collection make sense?

fiona: When we have nested mutable object containers

When you have a collection object with mutable elements, and you
would like to protect them from unwanted or accidental updates, deep
copying is the way to go.

With this, we have to come to the end of this section. In the next
section, let’s look into some rules and conventions to name objects.

Identifiers
An identifier is assigned to objects and expressions in Python primarily to refer to
them later.

Python also uses a set of identifiers or reserved words that have pre-
defined meanings called keywords. The following are the keywords that
Python uses for its internal purpose.
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Figure 2.7: Deep Copying

1 False def if raise
2 None del import return
3 True elif in try
4 and else is while
5 as except lambda with
6 assert finally nonlocal yield
7 break for not
8 class from or
9 continue global pass

There are specific rules that we need to follow to write an identifier in
Python.

1. Identifiers may contain letters and digits, but can not begin with a
digit. For example, 3apples is an invalid identifier, while apples3 is
valid.

2. The underscore character _ is also allowed to aid in the readability
of long identifier names. For example, number_of_daily_customers is
easy to read.

3. We cannot use keywords as identifiers.

4. We cannot use special symbols such as !, @, #, $, %,^, or * used in
an identifier.

5. The identifier can be of any length.

6. Spaces are not allowed as part of an identifier.

In Python, we can store the reference to objects using identifiers. To
work with the objects, Python has a list of built-in operators that we will
look into in the next section.
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Operators

Python provides the types of built-in operators shown in table 2.2.

Name Operators

Arithmetic Operators +, -, *, /
Assignment Operator =
Comparison Operators <, >, ==

Logical Operators or Boolean Operators and, or, not
Identity and Membership Operators is, is not, in, not in

Table 2.2: Built-in Operators in Python

primer: Before we start, let’s revisit the definition of an operator.
Can you recall what an operator is?

fiona: Operator is used to specify a particular operation

Earlier, we defined operator, which are symbols that represent a spe-
cific operation.

We can state that operators in Python are symbols that instruct the
Python interpreter to perform specific mathematical or logical manipula-
tions.

Let’s start with the Arithmetic operator.

Arithmetic Operator
Earlier, we have played around with the arithmetic operators in the
quick tour of the Python section. Table 2.3 shows the list of arithmetic
operators available in Python.

Operator Name Description

a + b Addition Sum of a and b
a - b Subtraction Difference of a and b
a * b Multiplication Product of a & b
a / b Division Quotient of a by b
a // b Floor Division Quotient ofa and b, removing decimal parts
a % b Modulus Remainder after division of a by b
a ** b Exponentiation a raised to the power of b

Table 2.3: Arithmetic Operators

In the code sample below, we can see how arithmetic operators work.

1 >>> 4 + 5 # Addition
2 9
3 >>> 4 - 1 # Subtraction
4 3
5 >>> 4 * 2 # Multiplication
6 8
7 >>> 11 / 4 # True Division
8 2.75
9 >>> 11 // 4 # Floor Division
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10 2
11 >>> 11 % 4 # Modulus
12 3
13 >>> 2 ** 4 # Exponentiation
14 16
15 >>> ( ((1*2) + 3) ** 4) / 4 - 5 # Using parentheses to group elements
16 151.25

Exercise 35
What is the value of the following expression in Python?

1 >>> a, b, c = 12, 9, 3
2 >>> ((a + b**c) + (a**c + a))//b

275a) 375b)

475c) 575d)

Assignment Operator
The assignment operator (=) is used to (re)bind names to objects and to
modify attributes or items of mutable objects.

We have earlier (re)assigned names to objects.
1 >>> name = "Primer" # Bind `name` to the `str` object
2 >>> age = 1000 # Bind `age` to the `int` object
3 >>> name = "Primerlabs" # Rebind name to the 'str' object

We can assign multiple names to various objects simultaneously.
1 >>> a, b, c = 10, 20, 30
2 >>> print(a, b, c)
3 10 20 30

We can also swap two names to interchange their object reference.
1 >>> country, captial = "Khartoum", "Sudan"
2 >>> print(country, capital)
3 Khartoum Sudan # Ooops. Got it wrong.
4 >>> country, capital = capital, country # Let's swap the variables
5 >>> print(country, capital)
6 Sudan Khartoum # Fixed it. :)

Although multiple assignments seem a simultaneous operation, the
assignment occurs left-to-right, i.e., the left name is updated first, and
then the right name is updated. The simultaneous update can confuse
the programmer. Let’s take an example.

1 >>> x = [10, 20]
2 >>> i = 0
3 >>> i, x[i] = 1, 40 # Left is updated first, then right
4 >>> x

primer: What do you think is the final value of ‘x‘ in the code
below?

fiona: [40, 20]

The answer is [10, 40]. We can test it out in the interpreter as follows:
1 >>> x = [10, 20]
2 >>> i = 0
3 >>> i, x[i] = 1, 40 # Left is updated first, then right
4 >>> x
5 [10, 40] # Expected [40, 20]
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Had Python simultaneously updated the object, the object referenced
by x would have been changed to [40, 20].

We saw earlier that we could use the names with arithmetic opera-
tions for more straightforward calculations.

1 >>> hours_in_a_day = 24
2 >>> days_in_a_week = 7
3 >>> hours_in_a_week = hours_in_a_day * days_in_a_week
4 >>> print(hours_in_a_week)
5 168

We can also update the objects by using operators on their value.
1 >>> age = 13
2 >>> age = age + 1
3 >>> print(age)
4 14
5 >>> age = age - 5
6 >>> print(age)
7 9

This type of combined operation, where we are updating the object’s
value and assigning it to a new value, is reasonably common in program-
ming. The combined operation is so common that Python has a built-in
update operator for all arithmetic operations.

1 >>> age = 13
2 >>> age += 1 # 14
3 >>> age -= 5 # 9
4 >>> age /= 4 # 2.25
5 >>> age *= 16 # 36.0
6 >>> age //= 3 # 12.0
7 >>> age **= 2 # 144.0

These built-in operators act as shorthand for their own expanded
version, as shown in the table 2.4.

Combined Operation Expanded Operation

a += b a = a + b
a -= b a = a - b
a *= b a = a * b
a /= b a = a / b
a //= b a = a // b
a %= b a = a % b
a **= b a = a ** b

Table 2.4: Combined Operations

Exercise 36 A Series of Unfortunate Events
What is the value of a at the end of the following code?

1 >>> a, b = 10, 20
2 >>> b -= a
3 >>> b //= 4
4 >>> b **= a
5 >>> b *= 7
6 >>> b += 14
7 >>> b

1024a) 49000b)
7182c) 10d)

For the previous exercise, sometimes it pays off to read the question
properly. Next, we will look into comparison operators in Python.
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Comparison Operators
Usually, when you make a comparison statement, the statement can
either be True or False.

primer: Can a comparison statement be neither True nor False?
fiona: Sometimes, when the comparison is not possible, the state-

ment can be neither true or false.

A comparison statement can be neither True nor False happen when
we compare two objects which cannot be compared, such as “An apple
is greater than the color green”. This is an absurd statement with no way
of comparing these two objects. We can say that the comparison is not
supported between these two objects. A comparison in Python works
similarly. Let’s look at comparison operators in detail.

A Boolean value is either true or false.

In Python, the two Boolean values are True and False.
A boolean expression is one that evaluates to produce a result that is either True or

False.

Comparison operators are used to writing Boolean expressions.
Table 2.5 shows some of the comparison operators that Python pro-

vides.

Operation Meaning

< strictly less than
<= less than or equal
> strictly greater than
>= greater than or equal
== equal
!= not equal

Table 2.5: Comparision Operators

For numbers, this is quite straightforward:
1 >>> x, y = 10, -12
2 >>> x > y
3 True
4 >>> z = 5*2
5 >>> x == z
6 True
7 >>> y >= 5
8 False

We can also use the comparison operators with strings.
1 >>> name = "Primer"
2 >>> "Pri" + "mer" == name
3 True

primer: What do you think the result of the following Python
comparison statement would return?

fiona: Not supported

1 >>> 'Python' > 'javascript'

The answer is True.
1 >>> 'Python' > 'javascript'
2 True

When you use ( > , < , <= , <= , == , != ) to compare two strings,
Python compares two strings lexicographically.
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Lexiocographic ordering
The lexicographic or lexicographical order is the ordering of words based
on the alphabetical order of their component letters.

The way Python compares is by comparing the Unicode code point of
each character of the string. Python provides a built-in function ord() to
get the Unicode code point of a single string character.

1 >>> ord('a')
2 97
3 >>> ord('A')
4 65
5 >>> ord('[')
6 91
7 >>> ord('1')
8 49

To retrieve the character from a Unicode code point, you can use the
built-in function chr().

1 >>> chr(97)
2 'a'
3 >>> chr(65)
4 'A'
5 >>> chr(91)
6 '['
7 >>> chr(49)
8 '1'

When Python compares two strings, it sequentially compares each of
their corresponding characters.

1 >>> string_1 = 'Mantle'
2 >>> string_2 = 'Mandate'
3 >>> string_1 > string_2
4 True

In the above example, Python first compares the first character, M. As
they are equal, it proceeds to the next character a, which is again equal,
and the same goes for the third character n. The fourth character is the
tiebreaker for the string as t has a higher Unicode code point. Therefore
the literal string Mantle is higher lexicographically than the literal Mandate.

1 >>> ord('t')
2 116
3 >>> ord('d')
4 100 You can remember string comparison

as the way how an English dictionary
arranges the words.primer: What do you think happens when you execute the follow-

ing code?
1 >>> "Hello World" > 0.5

fiona: This operation is not supported

This is one example out of many when the comparison is not defined.
If you try out in the interpreter, you will find Python raising TypeError
with the following message.

TypeError:'>' not supported between instances of 'str' and 'float'

However, you can still check for equality or inequality between these
two types of objects.

The next type of operator in our list is a Logical Operator.
But before going into that, we need to understand the truth value

first.
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Truth Value Testing

In Python, we can test any object for its truth value using the built-in
bool() function. The truth value of any object is either True or False.

1 >>> bool(1231)
2 True
3 >>> bool("Hello World")
4 True
5 >>> bool([1,2,3])
6 True

By default all objects are considered to have Boolean value True with
exception to the following few built-in objects:

• Python constants which are defined to be false: None and False

• zero of any numeric literal: 0, 0.0, Decimal(0), Fraction(0, 1)

• empty sequences and collections: '', (), {}, set(), range(0)

1 >>> bool(None)
2 False
3 >>> bool(0.0)
4 False
5 >>> a = "" # Empty String
6 >>> bool(a)
7 False
8 >>> b = [] # Empty List
9 >>> bool(b)

10 False

The if statement in Python checks if the condition provided is either
True or False. We can test any object for its truth value. Therefore we
can provide any object as a condition to an if statement.

Objects are tested for their truth values mainly at control flow state-
ments such as if and while conditions. Earlier in the script 2.1, we wrote
a conditional statement to check if a given number is even.

Python executes the code block inside an if statement, only it finds the
when the condition(s) to be True.

1 >>> x = 24
2 >>> if x % 2 == 0: # condition
3 ... print("x is even")
4 x is even

Python evaluates the condition used in the if statement to return
either True or False. Thus, it checks the truth value of the expression.

1 >>> x = 24
2 >>> bool(24 % 2 == 0)
3 True

Exercise 37 Truth

Which of the following has the truth value of True in Python?

[]a) 0.00b)

Falsec) "A"d)
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Boolean Operators

We can form complex Boolean expressions by using Boolean operators,
also known as logical operators. In Python, the Boolean operators are
or, and and not. Table 2.6 shows the Boolean operations ordered by
descending priority.

Operation Result Priority

x or y if x is False, then y, else x 1
x and y if x is False, then x, else y 2
not x if x is false, then True, else False 3

Table 2.6: Boolean Operators

The evaluation using the and / or operators follow these rules:

• In the expression x and y, Python first evaluates x. If x is false,
Python returns its value. Otherwise, Python evaluates y and re-
turns the resulting value.

• In the expression x or y, Python first evaluates x. If x is true,
Python returns its value. Otherwise, Python evaluates y and re-
turns the resulting value.

• The operator not yields True if its argument is false, False otherwise.

Exercise 38 Or Operator

What is the result of the following code output?

1 >>> [] or [1, 2, 3]

[]a) [1, 2, 3]b)

Truec) Falsed)

In the expression [] or [1, 2, 3] in the above exercise, Python first
evaluates []. [] is an empty list with the truth value False. Therefore
Python returns [1, 2, 3].

Exercise 39 And Operator

What is the result of the following code?

1 >>> 0.00 and 5.00

0.00a) 5.00b)

Falsec) Trued)

In the expression 0.00 and 5.00, Python first evaluates 0.00. As 0.00 is
False, Python returns its value; otherwise, Python would have evaluated
5.00 and return 5.00.
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Exercise 40

What is the output of the following code?

1 >>> given_numbers = []
2 >>> print(given_numbers or 'No numbers provided')

[]a) No numbers providedb)

Falsec) Trued)

As an empty list object [] is False, Python returns the second value,
therefore, Python returns No numbers provided.

Exercise 41

What about the following code?

1 >>> given_numbers = [1, 2]
2 >>> print(given_numbers or 'No numbers provided')

[1, 2]a) No numbers providedb)

Falsec) Trued)

Since the first object is a non-empty list [1, 2], Python returns the list
object.

Python doesn’t evaluate the second item at all. Let’s do another exer-
cise to use compound Boolean expression using logical operators.

Exercise 42

We can form a compound Boolean expression by using logical operators.
In this exercise, we will use the in operator.

The keyword in is a membership operator that checks if a collection
has a particular item and returns a boolean value accordingly. What do
you think is the result of the following code output.

1 >>> guests = ['Luffy', 'Zorro', 'Sanji'] # Length = 3
2 >>> if len(guests) > 4 or 'Luffy' in guests:
3 ... print("Open the doors")

Open the doorsa) Trueb)

['Luffy', 'Zorro', 'Sanji']c) Falsed)

The condition len(guests) > 4 doesn’t evaluate to True while the
condition ‘'Luffy' in guests evaluates to True.

Therefore, the if condition is met, Python executes the code block
inside it, printing Open the doors.

Exercise 43

What will be the output of the code below?
1 >>> guests = ['Luffy', 'Zorro', 'Sanji']
2 >>> if len(guests) > 4 and 'Luffy' in guests:
3 ... print("Open the doors")
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Open the doorsa) Trueb)

['Luffy', 'Zorro', 'Sanji']c) Nothing happensd)

The print() function inside the if code block is not executed in the
above code.

In the compound Boolean condition len(guests) > 4 and 'Luffy' in

guests, both the conditions need to be true for Python to execute the
code block.

Therefore the print() function is not executed.

Boolean and Comparison Operator

We can chain Boolean expressions using logical operators in multiple
ways—for instance, the following compound statements.

1 >>> age = 15
2 >>> 13 <= age < 21 # True
3 >>> 15 < age <= 21 # False

The above code sample is correct in Python because Python expands
the expression into the following code :

1 >>> age = 15
2 >>> 13 < age < 21
3 >>> 13 < age and age < 21

What is the output of the below code?

1 >>> guests = ['Luffy', 'Zorro']
2 >>> if 2 < len(guests) < 4:
3 ... print("Serve a pizza")
4 ... elif len(guests) <= 2:
5 ... print("Serve two tacos")
6 ... else:
7 ... print("Too many guests")

1. Serve a pizza

2. Serve two tacos

3. Too many guests

4. Returns nothing

Like and, or, and not, Python also contains intuitive operators we
can use to check for identity and membership. Let’s look at identity
operators next.

Let’s look into identity and membership operator next.

Identity and Membership Operator

Table 2.7 shows the identity and membership operators in Python.
The identity operators is and is not, check for object identity. As we

mentioned earlier, comparing the identities of the two objects is different
than checking their equality. Objects can have equal value and still have
a different identity. Let’s understand using code examples.
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Operator Description

a is b True if a and b are identical objects
a is not b True if a and b are not identical objects
a in b True if a is a member of b

a not in b True if a is not a member of b

Table 2.7: Identity Operators

1 >>> x = [21, 22, 42]
2 >>> y = [21, 22, 42]
3 >>> x == y # True
4 >>> x is y # False
5 >>> x is not b # True

What do identical objects look like? Here is an example:

1 >>> x = [21, 22, 42]
2 >>> y = x
3 >>> x is y # True
4 >>> id(x) == id(y)
5 True

The difference between the two cases here is that in the first, a and b

point to different objects, while in the second, they point to the same ob-
ject. As we saw in the previous section, Python identifiers are references
to the object.

The is operator checks whether the two names point to the same
container object rather than referring to what the container contains.

Exercise 44

What is the result of the following code?

1 >>> a = [1, 2, 3]
2 >>> b = [a]
3 >>> b[0] is a

Truea) Falseb)

In the previous exercise, b is a list object that contains the references
to the object a at position 0. Therefore, both b[0] and the name a refer to
the same list object.

Hence b[0] is a evluates to True.

Membership Operators Container objects hold references to other objects.
The objects they hold are sometimes referred to as the members of the
object. Membership operators check for membership within container
objects.

1 >>> 2 in [1,2,4,6] # Is 2 present in the list?
2 True
3 >>> 3 not in [3, 4, 5] # Is 3 not present in the list?
4 False
5 >>> 'good' in 'good year' # Is there is any `good` in `good year`
6 True

As you can notice, checking for membership is pretty straightforward
and intuitive in Python.
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Exercise 45
What is the output of the following code?

1 >>> (1 in [3, [1]], [2] in [2])

(False, False)a) (True, True)b)

(True, False)c) (False, True)d)

We can come to the end of this chapter. In the next chapter, we
will look into one of the essential parts of a programming language:
Functions.





3
Functions, Namespace, and Scope

In this chapter , we will learn more about functions in Python. We
have already encountered some functions earlier in the last chapter.

primer: Can you list some of the functions that we have encoun-
tered?

fiona: Len(), getrefcount() and randint()

We have already encountered a couple of built-in functions such
print(), len(), round() and, ord(). Let’s write a program to understand
function more.

We will create a program that calculates the circumference and area of
a circle of a given radius.

In geometry, the circumference would be the circle’s length if it were
opened up and straightened out to a line segment. We usually refer to the
area enclosed by the circle as the area of the circle.

Figure 3.1: Area and Circumference of a
circle

The area and circumference of a circle are given in the following:

Area of circle = πr2

Circumference of circle = 2πr

Let’s write a Python program that calculates the area and circumfer-
ence with a given radius. To do that, we first need to define the mathe-
matical constant Pi (π) in Python.
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1 >>> pi = 3.14

Python also has a predefined mathematical constant Pi (π) in the
standard math module that we can use directly. The pi defined in the
standard library has a lot more precision.

1 >>> from math import pi
2 >>> pi
3 3.141592653589793

We can get the area and circumference of a 50-meter radius circle in
the following way.

1 >>> r = 50 # in metres (m)
2 >>> area = pi * (r**2)
3 >>> circumference = 2*pi*r

Now that we got our result, we can display it nicely using the print()

function.

1 >>> print("The area is", area, "squared metres and the circumference
is", circumference, "metres")↪→

2 The area is 150.79644737231007 squared meters, and the circumference
is 314.1592653589793 meters↪→

primer: Although we correctly printed the result, the displayed
string is unreadable. How can we make the result look a bit more
readable?

fiona: Round off the results to make it more readable

The text looks unreadable due to a large number of decimal digits.
Python provides a built-in round() function to round off decimal dig-
its. We can round off many decimal digits by using the built-in round()

function. The round() function takes a floating-point number as the first
argument and a second optional argument to specify the decimal’s preci-
sion.

1 >>> area
2 150.79644737231007
3 >>> round(area, 2) # Lets round off the digits to 2 decimal
4 150.8

If we do not provide the decimal precision, Python rounds off the
number to the nearest integer.

1 >>> round(area) # Rounds off to nearest integer
2 151

After using the rounding off excess decimal digits, our result looks
way neater.

1 >>> print("The area is", round(area,2), "squared metres and the
circumference is", round(circumference,2), "metres")↪→

2 The area is 150.8 squared meters, and the circumference is 314.16
meters↪→

We can rewrite the entire program to look like the following code
listing.
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1 >>> from math import pi
2 >>> r = 50
3 >>> area = round(pi*(r**2), 2)
4 >>> circumference = round(2*pi*r)
5 >>> print("Area :", area, "squared metres")
6 Area : 7853.98 squared metres
7 >>> print("Circumference :", circumference, "metres")
8 Circumference : 314 metres

The steps that we took for the program can be written as follows :
1. Define or import the value of pi.
2. Define the radius
3. Calculate the area using the formulae and round off to 2 decimal digits
4. Calculate the circumference using the formulae and round off to 2 decimal

digits.
5. Print the area and circumference.

We successfully wrote a program to calculate and display the result.
primer: Let’s say we want to calculate the area and circumference

of other radii such as 10, 20, and 30 in the interactive Python
interpreter. Which of the above steps will we need to repeat?

fiona: We will need to repeat all of the above steps

To calculate for other radii in the interactive interpreter, we will have
to repeat all the steps. However, one of the vital programming principles
is to reuse code for as much as possible.

To reuse code, we need to package a set of statements that perform
a specific task and then invoke or call it whenever we require it.These
packaged callable units of statement are called functions.

Let’s look into how we can write a custom function.

Functions

In Python, we define functions using the keyword def and writing the
function’s name. We refer to the code block within the function defini-
tion as the function body.

1 >>> def first_contact():
2 ... print("Hello Aliens !")
3 ... print("This is Earth speaking.")

In the above code, we define our first function first_contact(). Its
function body consists of printing just two lines greeting the aliens.

Calling or invoking the function signals Python that you want to
execute the code block inside the function definition.

When we define a function, Python doesn’t execute the statements
in the function body. If you want Python to perform the function body,
you need to call or invoke the function. We can invoke the function by
typing a pair of closing parentheses at the function name’s end.

In the code listing below, we invoke the first_contact() function
that we defined earlier. You can see that Python prints our two lines of
greetings.

1 >>> first_contact() # Function is invoked
2 Hello Aliens!
3 This is Earth speaking.
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We can invoke the function as many times as possible, which saves us
from much repetitive work.

Exercise 1 Parenthesis
We invoke the function using a pair of parentheses such as first_contact().
What do you think happens when there is a bit of whitespace between
the parentheses?

1 >>> first_contact( )

Raises SyntaxErrora) Raises TypeErrorb)

Executes without errorc) Raises NameErrord)

Python ignores the whitespace inside the function argument and
invokes the function normally.

Function Arguments
We write functions to perform some specific tasks. Sometimes, the task
requires additional value or data during the function call. In these cases,
we need to change the function definition to accept additional values.

The additional values that we provide to a function in the function
call or values that a function anticipates during a function call are called
function arguments or function parameters.

Let’s define a function add() that accepts two arguments and prints the
sum of these arguments on the screen.

1 >>> def add(x, y):
2 print(x + y)

We can call our add() function along with the arguments in the fol-
lowing way.

1 >>> add(5, 6)
2 14
3 >>> add(10, -8)
4 2

primer: What do you think happens when you execute the code
add(5, 6, 7)?

fiona: Python throws an error

The positional order and number of arguments should match those
that the function anticipates according to its definition.

In the case of a mismatch, Python raises a TypeError exception, as we
can see from the code below.

1 >>> add(5, 6, 7) # Wrong number of arguements
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: add() takes 2 positional arguments but 3 were given

The message accompanying the TypeError clearly states that add()
takes two positional arguments, but three were given.

The message and the error type are useful clues for fixing any problem
you might encounter while programming.
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primer: Let’s return to the program we wrote that calculates the
area and circumference for a given radius. Suppose we wish to
convert the program into a generalized function that can calculate
for any given circle. What should we take as a function argument?

fiona: We should take the radius of the circle as function argument

The only thing that varies in the calculation is the radius (r).
Therefore, it makes sense to take the radius of the circle as the func-

tion argument to create a generalized function.
Let’s take a look at how we can write such a function.
To define a function, we will again use the def keyword, followed by

the function name. We will name our function, measure_circle.

1 >>> from math import pi
2 >>> def measure_circle(r): # radius in ft
3 area = pi*(r**2)
4 circumference = 2*pi*r
5 print("Area: {} sq.ft \nCircumference: {} ft"
6 .format(round(area, 2), round(circumference, 2)))

Whenever we invoke the measure_circle() function with a radius, it
prints the area and circumference.

1 >>> measure_circle(10)
2 Area: 314.16
3 Circumference: 62.83
4 >>> measure_circle(20)
5 Area: 1256.64
6 Circumference: 125.66

Thus, we have created a function that we can reuse for later purposes.

primer: Consider the round() function.
We can use the function with a decimal number and the precision
value such as round(area, 2). We can also skip the precision
value and use round(area), which floors it to the nearest integer.
Earlier I mentioned that to invoke a function, we have to supply
all the function arguments. How do you think we can skip an
argument for the round() function?

fiona: Because the second argument for round() function is op-
tional

Default Arguments
We can skip an argument during a function call if we assign it a default
value at the time of function definition.

When we assign a default value to a function argument in the func-
tion definition, the argument becomes optional during the function call.

Let’s create a new function with the name greeter. It takes an argu-
ment name and prints a string using the name argument.

1 >>> def greeter(name):
2 print("Hello", name, "!" )
3 >>> def greeter('Luffy')
4 Hello Luffy !

We can make the name argument optional by assigning a default value
in the function definition. Let’s redefine our greeter() function.

1 >>> def greeter(name = "Primer"): # Default value assigned
2 print("Hello",name, "!")
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Now, we can skip the name argument and invoke the greeter() func-
tion. When we provide no value to the name argument at the time of
function call, the greeter function uses the value assigned during the func-
tion definition.

1 >>> greeter() # Function call without optional argument
2 Hello Primer !
3 >>> greeter('Charlie') # Functional call with optional argument
4 Hello Charlie!

Let’s add another default argument title and try to modify the
greeter() function to have name as a non-default argument as shown
below.

1 >>> def greeter(title="Sir", name)
2 print("Hello", title, name, "!")

When we enter the interpreter’s above code, Python raises SyntaxError,
informing us that we cannot have non-default arguments following de-
fault arguments.

1 >>> def greeter(title="Sir", name):
2 print("Hello", title, name, "!")
3 File "<stdin>", line 1
4 SyntaxError: non-default argument follows default argument

primer: Why do you think Python prohibits having non-default
arguments following default arguments?

fiona: Not sure Primer

In Python, when you define optional arguments, the arguments that
follow (in the positional order) also become optional and require a default
value.

If you fail to assign all the optional arguments of a function, Python
raises a SyntaxError exception.

Therefore keep in mind that to place optional or default arguments
after required or non-default arguments.

In the above code sample, the function argument title has a default
value assigned, making it optional. At the same time, name is a required
argument. We can fix the error by either rearranging the arguments,

1 >>> def greeter(name, title="Sir"): # Arguments are rearranged
2 print("Hello", title, name, "!")
3 >>> greeter("Humphrey Appleby") # only `name` provided
4 Hello Sir Humphrey Appleby !
5 >>> greeter("Humprey Applyby", "Mr.") # both are provided
6 Hello Mr. Humprey Applyby!

Or making the name argument optional as well.
1 >>> def greeter(title="Sir", name="Humphrey Appleby"): # Both are optional
2 print("Hello", title, name, "!")
3 >>> greeter() # No Arguments
4 Hello Sir Humphrey Appleby !
5 >>> greeter("Mr.") # Only `title` provided
6 Hello Mr. Humphrey Appleby!

The function’s default arguments are references to an object. We
can check this by using the built-in getrefcount() function of the sys

module. Let’s create a new function, current_feeling(), which takes the
argument feeling. We then assign the string object referenced by the
name mood as a default value for the feeling argument.
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1 >>> from sys import getrefcount
2 >>> mood = "Happy"
3 >>> getrefcount(mood)
4 2
5 >>> def current_feeling( feeling = mood ):
6 print("Feeling", mood)
7 >>> getrefcount(mood)
8 3

If you assign the object as a default argument, the argument acts as a
reference similar to a name.

The getrefcount(mood) function returns 3 as the default argument
feeling adds another reference to the object referenced by the name
mood. As you might recall, invoking a function using an object’s reference
temporarily increases its reference count.

We can invoke the function in the following way.
1 >>> current_feeling() # without arguments
2 Feeling Happy

Let’s reassign the name mood to Sad.
1 >>> mood = "Sad"

Let’s invoke the function again.
1 >>> current_feeling()

primer: We reassigned the name mood to another string. What do
you think the result of the above function call?

fiona: The output will be Feeling Sad

Even if we reassign the name mood to some different object later on
in the program, the default argument will always refer to the object
referenced by the name mood at the function definition, which is Happy.

Python assigns the default arguments of a function to the objects you
assign during the function definition.

So, the above code would result in the following.
1 >>> current_feeling()
2 Feeling Happy
3 >>> mood = "Sad" # Reassigning the `name`
4 >>> current_feeling()
5 Feeling Happy # Refers to the earlier assigned String object

While working in Python, it is useful to figure out the objects referred
to by the names. It becomes important, especially when dealing with
mutable objects.

primer: When you assign a mutable object to a function argument
in the definition, you should take extra precautions. Can you think
of reasons why?

fiona: Because the changes to the mutable object stay for subse-
quent function calls

Mutable Default Values A mutable object assigned as a default function
argument may lead to unintended behavior. Let’s understand by creating
a function number_list() that takes two arguments, num1 and num2 and an
optional argument items.

The items argument has the default value assigned to an empty list
([]) object. The number_list function takes the two arguments and stores
their product and sum in the list object referenced by the items argument.
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1 >>> def number_list(num1, num2, items=[]):
2 items += [num1*num2, num1 + num3] # [Product, Sum]
3 return items

Let’s invoke the function.

1 >>> number_list(1, 2)
2 [2, 3] # Expected Result

The first time we call the function, the result seems fine. Let’s call the
function again.

1 >>> number_list(3, 4)
2 [2, 3, 12, 7] # Returns previous result as well

The next time we call the function with some different arguments,
the result is incorrect.

primer: The number_list() returns the previous result as well.
Why do you think it does that?

fiona: Because each time the function is invoked, the list gets up-
dated

The empty list object referenced by the optional argument items is
modified by the first function call.

As Python always assigns the default argument values to the objects
you supplied during the function definition, the default argument items
still refer to the same list object that is no longer empty after the first function
call.

Python continues to update the initially empty list object in the first
and subsequent function calls.

Let’s see how we can avoid this type of behavior.
To avoid this type of behavior, we can rewrite the function definition

using a None type object as a default function argument. The None object is
null, and there is only one None object in Python.

1 >>> def number_list (num1, num2, items = None):
2 if items is None:
3 items = []
4 items += [num1*num2, num1 + num2]
5 return items

In case you don’t provide any argument to the items during the func-
tion invocation, we are creating a new empty list and assigning it toitems.

Now, let’s call the function again.

1 >>> number_list(1, 2)
2 [2, 3]
3 >>> number_list(3, 4)
4 [12, 7] # Expected Result

We can understand why we should take a bit of precaution while
working with mutable objects. In the next section, we will continue
looking into functions in Python in more detail.
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Named Arguments

Let’s create a function name sample_function() which takes arguments:
age, height and weight as shown below.

1 >>> def sample_function(age, height, weight)
2 print("Age:", age, "years old")
3 print("Height:", height, "centimetres")
4 print("Weight:", weight, "kilograms")

We can invoke the sample_function() using positional arguments
by supplying arguments in the same order as defined in the function
definition.

1 # Function invocation with arguments in the same order
2 >>> sample(12, 180, 75) # (age, height, weight)
3 Age: 12 years old
4 Height: 180 centimetres
5 Weight: 75 kilograms

Positional arguments are arguments that need to be included in the
same positional order as in the function definition.

So far, while invoking a function, we provided arguments in the same
order as in the function definition.

We can also invoke a function by naming each argument while assign-
ing a value. The function arguments named while invoking a function
are called keyword or named arguments.

1 >>> sample(weight=75, age=12, height=180 )
2 Age: 12 years old
3 Height: 180 centimetres
4 Weight: 75 kilograms

Notice that we don’t need to conform to the order in which we
defined the function arguments in the function definition.

While supplying function arguments while invoking a function,
you must assign all the required or non-default function arguments.

In case you omit any of the required arguments, Python raises a
TypeError exception.

You can invoke a function with both keyword and positional argu-
ments together, given,

• that ensure that positional arguments appear earlier than keyword argu-
ments,

• that you provide the required arguments with values,
• and define no argument more than once.

Exercise 2 Positional & Keyword

Let’s create another function sample_function_2() which takes 4 argu-
ments:a, b, c and d.

1 >>> def sample_function_2 (a, b, c, d):
2 return (a + ((b+d)**c))
3 >>> sample_function_2(1,2, a = 1, d=4)
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What is the output of the above code?

Raises TypeErrora) 44b)

66c) 214d)

The code in the previous code results in an error as we provide the
value for argument a twice. As a appears first in the positional argu-
ments, the first argument is taken as the value of a. Therefore, we end up
defining a twice.

We can check in the Python interpreter as well.
Python raises a TypeError for the above code.

1 >>> sample_function_2(1,2, a=1, d=4)
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: sample_function_2() got multiple values for argument 'a'

primer: Let’s again invoke the function in the following way.

1 >>> sample_function_2(d = 1, c=2, 4, 5)

What do you think happens when you execute the above code?
fiona: The code will execute, Primer.

In the above function call, positional arguments follow keyword argu-
ments. This is not supported in Python. Let’s check in the interpreter as
well.

Python raises SyntaxError as the positional argument follows the key-
word argument.

1 # SyntaxError: positional argument follows keyword argument
2 >>> sample_function_2(d = 1, c=2, 4, 5)
3 File "<stdin>", line 1
4 SyntaxError: positional argument follows keyword argument

The below code listing executes correctly.
1 >>> sample_function_2(1, d=1, c= 3, b =4 )
2 126 # No Error

As Python provides the option to provide keyword arguments during
the function call, we recommend giving descriptive function arguments
name during the function definition.

Exercise 3
Which of the following do you think is the correct and recommended
way to invoke the getPersonDetails()

1 def getPersonDetails(name, age):
2 # Function body

getPersonDetails('Luffy', 16)a)

getPersonDetails('Luffy', age=16)b)

getPersonDetails(name='Luffy', age=16)c)

getPersonDetails(age=16, 'Luffy')d)

Using keyword arguments while invoking a custom function makes
the code more readable.
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The return keyword
You can use the keyword return with the object you want the function
to return after a function invocation. The return keyword also marks the
boundary till which Python will execute the function’s code block.

If your function definition contains the return keyword, Python does
not execute anything after the return statement. We can see this in the
code below.

1 >>> def return_5():
2 print("This line will be executed")
3 return 5
4 print("This line will not be executed")
5 >>> return_5
6 This will be executed
7 5

Python executes the first print() function but ignores the next as it is
present after the return keyword.

To capture the object’s reference returned by a function, you can
assign the function call to a name. For example, the built-in function
len() returns the length of a collection. We can store the length of a
string and refer to it later.

1 >>> sample_string = "This is a perfectly fine string"
2 >>> length_of_sample_string = len(sample_string)
3 >>> length_of_sample_string
4 31

When a function doesn’t return any values, the function returns None
object. Built-in statement print() , for example, doesn’t return any value.
If you assign a name to the print() function call, it will be assigned to the
None object.

1 >>> a = print("Hello World")
2 Hello World
3 >>> a is None
4 True
5 >>> type(a)
6 NoneType

Exercise 4
What is the result of the following code?

1 >>> def greet():
2 return "Hello World"
3 >>> print(greet())

Nonea)

Hello Worldb)

<function greet at 0x7f9aff152c80>c)

None of the aboved)

You can directly call a function to pass its return values as arguments
to another function. However, try to avoid writing code that uses func-
tion calls during another function invocation, leading to lesser read-
ability. Sometimes, we need to return more than one value or multiple
values from a function simultaneously. Let’s see how we can do just that.
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We can return multiple values from a function by returning a tuple
of the values using the return keyword. As we mentioned before, values
separated by a comma are assumed to be tuples in Python.

1 >>> def sum_product_difference(x, y):
2 return x+y, x*y, y-x
3 >>> sum_product_difference(4, 5)
4 (9, 20, 1)

Multiple return values returned in a tuple can be assigned to different
names.

Python allows assigning different names to individual elements in a
tuple. This is called tuple unpacking.

1 >>> addition, product, difference = sum_product_difference(4, 5)
2 >>> addition
3 9
4 >>> product
5 20
6 >>> difference
7 1

In chapter 2, we simultaneously assigned three names.

1 >>> a, b, c = 10, 20, 30
2 >>> print(a, b, c)
3 10 20 30

This is done by unpacking the tuple (10, 20, 30) and assigning them
names.

Now, let’s unpack the tuple returned differently.

1 >>> _, product, _ = sum_product_difference(4, 5)
2 >>> product
3 20

primer: In the above code, we used _ to assign two tuple elements.
What use case do you think this can have?

fiona: Not sure, Primer

Sometimes, we are interested in only some elements of a tuple. We
can assign a dummy name such as _ to that particular tuple while drop-
ping the unneeded elements. Packing and unpacking forms an important
part of Python. Let’s understand them in a bit more detail.

Packing & Unpacking Tuples
Unpacking in Python refers to an operation that consists of assigning an
iterable such as tuple, list, or set to a tuple or list of names in a single
assignment statement. Simultaneously, packing refers to the operation
when we collect several values in a single container. Let’s first understand
tuple unpacking.

In Python, we can put a tuple of names on the left side of an assign-
ment operator (=) and a tuple of values on the right side. According to
their position in the tuple, the right values are automatically assigned to
the variables on the left.

For instance:

1 >>> a, b, c = (10, 20, 30)
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Here, according to the position of a, b, c, they are assigned the value
10, 20, 30 respectively. As we can create tuple object without parenthesis, the
code shown below are equivalent.

1 >>> (a, b, c) = (10, 20, 30)
2 >>> (a, b, c) = 10, 20, 30
3 >>> a, b, c = 10, 20, 30 # Mostly used while unpacking

Even though all the above syntax is valid, the last one is mostly used
for unpacking operation.

Let’s take another code instance.

1 >>> x, y = 10, 20, 30

primer: What do you think is the result of the code operation?

fiona: It will result in error as there are not enough elements in the tu-
ple to unpack.

The number of names in the tuple on the left-hand side is two, while
there are three elements tuple to unpack on the right-hand side.

To unpack an iterable, there must be an equal number of names on the
left-hand side to unpack.

Therefore, Python doesn’t allow this assignment and raises ValueError.
When the tuple of names has more elements than the tuple of values,

Python raises a ValueError with the message too many values to unpack

(expected 2).

1 >>> x, y = 10, 20, 30
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 ValueError: too many values to unpack (expected 2)

When the tuple of values has fewer elements than the tuple of names,
Python again raises ValueError, albeit with the message not enough values

to unpack.

1 >>> x, y = 10,
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 ValueError: not enough values to unpack (expected 2, got 1)

The length of the tuple of names on the left-hand side must be equal
to the length of tuple of values on the right side. The exception to this is
the use of the unpacking operator or (*) asterisk. Let’s take a look.

It is tedious to assign individual names to elements for a tuple with a
length greater than 4. For instance, let’s take the example of the follow-
ing tuple.

1 >>> long_tuple = (1, 2, 3, 4, 5, 6, 7)

Now, let’s say we are interested in the second and last element of the
tuple, and we wish to assign it to a name so that we can refer to it again.
By unpacking the tuple, we can assign the name as follows.

1 >>> _, second_element, _, _, _, _, last_element = long_tuple
2 >>> second_element, last_element
3 2, 7
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As you can see, this way of unpacking becomes tedious. Python pro-
vides a better way to unpack using the asterisk (*) operator, and we can
see it below.

1 >>> _, second_element, *rest, last_element = long_tuple
2 >>> _
3 1
4 >>> second_element
5 2
6 >>> last_element
7 7

The first element, second and last element of the tuple is assigned the
names.

primer: Where did the rest of the tuple go?

fiona: The rest of the tuple went into the ‘rest‘ name.

The rest of the elements are stored in a list and assigned to the name
rest. Prefixing * to a name, for instance, *rest, is a special syntax to help
unpack tuples, lists, and sets.

Earlier, we used the asterisk(*) operator to multiply two numbers and
also to repeat a container object.

1 >>> 4 * 5
2 20
3 >>> [1, 2]*4
4 [1, 2, 1, 2, 1, 2, 1, 2]

Python also uses the asterisk operator (*) to unpack elements from a
container.

In the code listing below, we use *b while unpacking a tuple. Python
groups elements between the second and last elements list and assign
them to the name b.

1 >>> _, second_element, *b, last_element = long_tuple
2 >>> b
3 [3, 4, 5, 6]

The special unpacking syntax using asterisk works on lists, tuples, and
sets. To understand how it works, let’s look at more examples.

1 >>> a, *b = (1, 2, 3, 4, 5) # Assign first element to a and rest to b
2 >>> a
3 1
4 >>> b
5 [2, 3, 4, 5]

Here, a is assigned to the first element of the list, while b is a list with
the rest of the elements.

1 >>> *c, d = (1, 2, 3, 4, 5) # Assign all elements except the last one to c
2 >>> c
3 [1, 2, 3, 4]
4 >>> d
5 5

In the above code, d is assigned to the last element, while c is assigned
to a list with elements before the last element.
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Exercise 5 Asterisk
What’s the value of the g in the following code.

1 >>> e, f, *g, h, i = (1, 2, 3, 4, 5)

[2, 3, 4]a) [1, 2, 3, 4, 5]b)

3c) [3]d)

In the above exercise, the tuple is unpacked to elements e, f, g, h, i.
As we used *g instead of g, a list containing the third element of the

tuple is assigned to the name g.
The special syntax of using unpacking operator works only in list or

tuple and cannot be used standalone. Let’s understand this.
Suppose we wish to unpack every element to the name z. You might

think *z will work, but it won’t.

1 >>> *z = [1, 2, 3, 4, 5]
2 File "<stdin>", line 1
3 SyntaxError: starred assignment target must be in a list or tuple

To use the *name syntax, we have to provide a tuple of names. We can
do that by converting the left-hand side as a tuple, as you can see below.

1 >>> *z, = [1, 2, 3, 4, 5] # Left side should be list or tuple. Notice the comma (,)
2 >>> z
3 [1, 2, 3, 4, 5]

The left side of the assignment must be a tuple or a list. That’s why
we use a trailing comma to create a single item tuple consisting of *z.

Earlier, we used _ to name the useless elements of a tuple. We can use
the _ along with the unpacking operator to drop unneeded values.

1 >>> *_, a, b = [None, (), None, 4, 5]
2 >>> _
3 [None, (), None]

primer: Based on examples you have seen so far, can you try to
articulate how the asterisk * operator works in unpacking?

fiona: It assigns elements of list between two or more ele-
ments in the * attached identifier

During unpacking of a list, set or tuple, the special syntax *arg_name

packs the remaining elements into the arg_name provided.
In case no other elements are unpacked, the special syntax packs every

element to a new name.
If no elements remain, the *arg_name results in an empty list.

Exercise 6
What’s the output of the below code?

1 >>> a, b, *c = [1, 2]
2 >>> c

[]a) ()b)

Raises TypeErrorc) Raises ValueErrord)
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Variable-length arguments

*args So far, we have defined functions with a fixed number of argu-
ments. Sometimes, we may wish to write a function that can accept any
number of arguments.

primer: We have already used such a built-in function to accept
any number of comma-separated arguments. Can you guess which
one?

fiona: The print() function

The print() function can accept any number of arguments. We can
provide any number of arguments, and Python will display all of them on
the screen.

Let’s provide the print() function with many values as function argu-
ments.

1 >>> print(1, 2, 3, 4, 5, 6, 7, 8, 9)
2 1 2 3 4 5 6 7 8 9
3 >>> print(1, 2, 3, 4)
4 1 2 3 4
5 >>> print(1, 2, 3)
6 1 2 3

The print() function takes a variable-length argument list. We can
create our custom function, accepting a variable-length argument list
using the asterisk operator (*).

The asterisk operator (*) is used for special syntax *args to create
a function that can accept a variable-length argument list. Adding an
asterisk to an argument name enables the function to accept any number
of arguments and store in a tuple object that can be referenced by the
argument name.

In the following function, we define a variable-length argument items
with an asterisk.

1 >>> def foo(*items):
2 return items # Return the tuple object

We can invoke the foo() function in the following way:

1 >>> foo("Hello", 1, 2) # Three Arguments
2 ('Hello', 1, 2)
3 >>> foo([1,2,3], "Another Item") # Two Arguments
4 ([1, 2, 3], 'Another Item')
5 >>> foo() # Zero Arguments
6 () # Empty Tuple

Exercise 7 *args

What’s the output of the following code?

1 >>> def bar(*items):
2 return items
3 >>> bar()

[]a) ()b)

Nonec) Raises ValueErrord)
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The *args syntax in a function argument returns a tuple instead of
a list. You can convert the tuple() object into a list by using the built-
in list() function. Converting to a list object leads to some interesting
applications. Let’s take a look.

Let’s write a new function that takes any number of items and stores
them in a cart.

1 >>> def shopping_cart(*items, cart=None):
2 if cart is None:
3 cart = []
4 return cart + list(items)

Now, let’s invoke our function.

1 # Function call with 2 items
2 >>> shopping_cart("Nachos", "Soda")
3 ['Nachos', 'Soda']

4 # Function call with 4 items
5 >>> shopping_cart("Pizza", "Burger", "Pasta", "Salad")
6 ['Pizza', 'Burger', 'Pasta', 'Salad']

7 # Functional call with 0 items
8 >>> shopping_cart()
9 []

Although we can name the variable-length argument anything, we call it
*args by convention.

The *args syntax is used to pass a non-keyword variable-length
argument list to the function, which is useful when we don’t know
in advance how many arguments we need to pass in.

Time for an exercise.

Exercise 8

What’s the output of the following code?

1 >>> def foo(*args):
2 return args
3 >>> foo(hello="Hola")

{'hello': 'Hola'}a) Raises TypeErrorb)

['Hola']c) []d)

The *args syntax is used only for non-keyword arguments. If you try to
pass keyword arguments to *arg, Python raises TypeError as shown below.

1 >>> def foo(*args):
2 return args
3 >>> foo(hello="Hola")
4 Traceback (most recent call last):
5 File "<stdin>", line 1, in <module>
6 TypeError: foo() got an unexpected keyword argument 'hello'

We can use double asterisks (**) if we want to pass keyword variable-
length arguments to a function.
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**kwargs Let’s see keyword variable-length arguments in action to
understand better.

1 >>> def get_form_value(**keywords):
2 return keywords
3 >>> get_form_value(username="primer",
4 password="correctHorseBatteryStaple",
5 first_name="Primer",
6 last_name="labs")
7 {'username': 'primer', 'password': 'correctHorseBatteryStaple',

'first_name': 'Primer', 'last_name': 'labs'}↪→
8 >>> get_form_value(username="primer", password="qwerty")
9 {'username': 'primer', 'password': 'qwerty'}

In the above code sample, we can see that function get_form_value()

stores every keyword arguments into a dictionary that can be accessed
using the variable-argument name keywords.

The variable-argument by convention is named **kwargs short for
keyword-arguments. If you pass a positional argument to function with the
only argument **kwargs, Python will again raise the TypeError exception.

1 >>> def foo(**kwargs):
2 return kwargs
3 >>> foo(12)
4 Traceback (most recent call last):
5 File "<stdin>", line 1, in <module>
6 TypeError: foo() takes 0 positional arguments but 1 was given

Exercise 9

What’s the output of the following function?

1 >>> def bar(*args, **kwargs):
2 return args, kwargs
3 >>> bar("Cakes", "Latte", name="Queen")

(('Cakes', 'Latte'), {'name':

'Queen'})

a) [('Cakes', 'Latte'), {'name':

'Queen'}]

b)

('Cakes', 'Latte', {'name':

'Queen'})

c) Raises TypeErrord)

As shown in the previous exercise, often, *args and **kwargs can be
used together in a function. In such a case, we place *args earlier than the
**kwargs in the function definition. If the function has any required argu-
ment, then they should come earlier than *args in the first definition.

*args & **kwargs together

Let’s assume we have a function that has a required argument and takes
variable-length keywords (**kwargs) and non-keyword (*args) arguments.

Then, the function definition resembles the syntax below.

1 >>> def foobar(reqd_arg, *args, **kwargs):
2 # do something

If the function has more than one required argument, then all of them
should come before *args.
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1 >>> def foobar_2(reqd_arg1, reqd_arg2, reqd_arg3, *args, **kwargs):
2 # do something

You should keep in mind that the *args and **kwargs are conventions,
and we can use any other name instead of it. For instance, take a look at
the person_details function shown below.

1 def person_details (name, *friends, **details):
2 return [friends,details]

Let’s invoke the function.
1 >>> person_details("Luffy", "Zorro",
2 "Sanji", "Nami", "Chopper",
3 favorite_hat="Strawhat",
4 ship="Going Merry", likes="Robots")
5 [('Zorro', 'Sanji', 'Nami', 'Chopper'), {'favorite_hat': 'Strawhat',

'ship': 'Going Merry', 'likes': 'Robots'}]↪→

Another use of asterisk operator is unpacking an iterable inside con-
tainer. For instance,

1 >>> a = [1, 2, 3]
2 >>> [*a, 4, 5, 6] # Unpacks the value of the list
3 [1, 2, 3, 4, 5, 6]

Similarly, the double-asterisk operator ** unpacks a dictionary when
used inside another dictionary.

1 >>> a = {"name": "Luffy", "friends":["Zorro"]}
2 >>> {**a, "ship" : "Going Merry" } # Unpacks the dictionary
3 {'name': 'Luffy', 'friends': ['Zorro'], 'ship': 'Going Merry'}

Exercise 10
Take a look at the code below.

1 >>> def person(name, *args, **kwargs):
2 return {"name": name, "friends": list(args), __A__} # What's A?

3 >>> person("Luffy", "Zorro", "Sanji", ship="Going Merry", likes="Robots")
4 {'name': 'Luffy', 'friends': ['Zorro', 'Sanji'], 'ship': 'Going Merry', 'likes': 'Robots'}

What’s the value of ‘__A__?

**kwargsa) kwargsb)

kwargs[1:2]c) kwargs[0]d)

Side Effects
Next, let’s look at an important point regarding passing arguments to a
function. We earlier saw that when we invoke a function, the function
arguments become the name or references to the underlying passed
objects. This means the function can modify the items.

To understand better, let’s first define a function add_5_at_end().
1 >>> def add_5_at_end(itemlist):
2 itemlist.append(5)
3 return itemlist

Now, let’s pass a mutable object such as the list x to the above func-
tion.
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1 >>> x = [1, 2, 3]
2 >>> add_5_at_end(x)
3 [1,2,3,5] # Returns a list with 5 appended to the end
4 >>> x
5 [1,2,3,5] # Original x object is modified as well

In the above code sample, we can see that the function modifies or
mutates the list object referenced by the name x.

Functions that mutate their input arguments or other parts of the
program are said to have side-effects.

Generally, we should avoid functions having side effects, as it leads to
errors when the program’s size grows.

We can get over this issue, by rewriting the function as follows:

1 >>> def add_5_at_end(itemlist):
2 return itemlist + [5]
3 [1,2,3,5] # Adds 5 to the end of list
4 >>> x
5 [1,2,3] # Original objects is unaffected

We can also remove the side-effects of the add_5_at_the_end() func-
tion by mutating a copy of the input value rather than the object itself.
Let’s modify the function below.

1 >>> import copy
2 >>> def add_5_at_end(itemlist):
3 # Create a deepcopy of the object
4 duplicate = copy.deepcopy(itemlist)
5 # Mutate the `duplicate`
6 duplicate.append(5)
7 return duplicate

Let’s again try to pass arguments to the function.

1 >>> x = [1,2,3]
2 >>> add_5_at_end(x)
3 [1,2,3,5] # Adds 5 to the end of list
4 >>> x
5 [1,2,3] # Original objects is unaffected

Exercise 11

What’s the output of the code below?

1 >>> cart = []
2 >>> def add_to_cart(*items, cart=cart):
3 cart += items
4 return cart

5 >>> add_to_cart("Phone", "Shoes", "Dosa")
6 ['Phone', 'Shoes', 'Dosa']
7 >>> add_to_cart("Book")

['Phone', 'Shoes', 'Dosa',

'Book']

a) ['Book']b)

Nonec) []d)
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Anonymous Functions
So far, all of our functions have a name that we can use to invoke them.
But we can also create functions in Python, which do not require a name
to invoke them.

Until now, we have been defining the functions using the following
format.

1 def function_name ( arg1, arg2, ... )
2 # Function Body

This format of defining regular functions has four key components :

1. The def keyword

2. A function name or identifier

3. The arguments or parameters for the function

4. The function body

In Python, we can define small functions that don’t need a name
called Lambda Functions or Lambdas or Lambda Expression using the
lambda keyword. Because lambda functions do not require a name, we
can them anonymous functions, although we can assign a name to a
lambda.

The format for defining lambda is a bit different from regular func-
tions. It has three essential parts:

• The lambda keyword

• The parameters

• An expression

A lambda function can have any number of parameters. Still, the
lambda function body can only contain one expression. The func-
tion body defined within lambda must be a valid expression.

Multiple statements and other non-expression statements, such as if,
return, and while, cannot appear in a lambda expression.

lambda p1, ...,pn : expression

Let’s see a lambda expression in action.
1 # A regular function that adds 1 to the input
2 >>> def add_1(x):
3 return x + 1

4 # Corresponding lambda
5 >>> lambda x : x + 1
6 <function <lambda> at 0x7f883ce30700>

7 # Function invocation
8 >>> add_1(3)
9 4

10 # Lambda invocation
11 >>> (lambda x : x + 1)(3)
12 4
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Exercise 12 Lambda

What is the output of the following code?

1 >>> lambda x : x**2
2 <function <lambda> at 0x7f883ce46af0>
3 >>> _(3)

Raises ValueErrora) Raises SyntaxErrorb)

Raises TypeErrorc) 9d)

Earlier, we learned that the underscore _ character in the interactive
python interpreter returns the last returned value. We can also invoke
the lambda function, as shown in the previous exercise. Let’s assign the
lambda expression to a name and invoke the function.

Let’s create a lambda that accepts two parameters and returns their
sum. We will name the lambda as add.

1 >>> add = lambda x, y: x + y # Assigning name to a lambda
2 >>> add(97, 3) # Invoking the lambda
3 100

Although we can add names to lambdas, we really shouldn’t, as it goes
against lambdas’ purpose.

When you require a function for a short period or one-time use,
you can think about using lambda functions.

For example, the built-in function filter() works in the following
way:

• The built-in function filter() takes a function as the first argu-
ment and an iterable (such as list, tuple, etc.) as the second.

• The filter() function is invoked using for every item in the iterable
and returns either True or False.

• Python discards every item in the iterable for which the filter()

function returns False, and thus the iterable is filtered.

Let’s filter out a list of numbers by retrieving only those numbers
which are divisible by 3. To do that, let’s define a function div_by_3()

and a list object a as shown below.

1 >>> def div_by_3(x):
2 return not x % 3
3 >>> a = [ 12, 4, 6, 9, 25, 100, 102, 77, 55 ]

Now, when you invoke the filter() function using the div_by_3() and
the list a, it returns a filter object which can be converted to list using the
list() function. This is shown below.

1 >>> filter(div_by_3, a)
2 <filter object at 0x7fd5eaaf00f0> # Returns a filter object
3 >>> list(filter(div_by_3, a)) # Convert to list
4 [12, 6, 9, 102]
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In the above code sample, the function div_by_3() is defined only to
filter the list a, and we will not possibly require it in the later parts of the
program. In such cases, we can define a lambda function and pass it to the
filter function instead.

1 >>> a = [ 12, 4, 6, 9, 25, 100, 102, 77, 55 ]
2 >>> list(filter(lamdba x : not x % 3, a)) # Lambda function
3 [12, 6, 9, 102]

We can see that lambda expressions can be useful in writing small
functions for one-time use.

A good rule of thumb while using lambda is that if you find yourself
trying to write a function that a lambda expression doesn’t support, it is a
sign that a regular function would be better suited.

Lambda expressions are often difficult to read and are sometimes
unnecessarily clever.

The style guide of Python, PEP 8, reads:

Always use a def statement instead of an assignment statement that
binds a lambda expression directly to an identifier.

This strongly discourages using a named lambda, mainly where func-
tions should be used and have more benefits.

Exercise 13
What’s the output of the following code?

1 >>> a = [1, 2, 3, 4, 5, 6, 7, 8]
2 >>> list(filter(lambda x: not (x - 4), a))

[4]a) [1, 2, 3, 5, 6, 7, 8]b)

[1, 2, 3, 4, 5, 6, 7, 8]c) []d)

Documentation
When we define a function, it is usually an excellent idea to write de-
scribing its usage. In Python, it is common for a function body’s first
statement to be a documentation string or doc-string. Let’s write a func-
tion powers_of(x) and also writes its doc-strings.

1 >>> def powers_of(x):
2 """Returns five powers of a given number in the form of a list.
3 For example:
4 >>> powers_of(3)
5 [3, 9, 27, 81, 243]
6 >>> powers_of(2)
7 [2, 4, 8, 16, 32]
8 """
9 return [x**1, x**2, x**3, x**4, x**5]

The docstring of a function can be accessed using the built-in function
help().

1 >>> help(powers_of)
2 Help on function powers_of in module __main__:
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3 powers_of(x)
4 Returns five powers of a given number in the form of a list.
5 For example:
6 >>> powers_of(3)
7 [3, 9, 27, 81, 243]
8 >>> powers_of(2)
9 [2, 4, 8, 16, 32]

We have introduced many built-in functions as of now such as:len(),
print(), filter() and round().

You can check the documentation on these functions by using the
help() built-in function. This brings us to the end of this section. In the
next section, we will look into namespace and scope in Python.

Namespace and Scope

As of now, we assign names to Python objects so that we can reference
them later. When we reference the names later, Python figures out
the objects assigned to the name and returns (or executes, in case of
a function call) the object. Figuring out how objects and names are
assigned to each other is an important function of Python.

primer: Can you guess how Python might be managing the names
and objects?

fiona: Using a dictionary like object

Whenever we assign a name to an object, Python stores the name
assignment in a namespace.

A namespace is a mapping from names to objects, and when we
assign a name to an object, Python stores the name assignment in a
namespace.

Python implements most namespaces as dictionaries. For every name
you enter in the interpreter, Python looks for them in the namespace and
returns the corresponding value.

When we start the Python interpreter, it already has a namespace called
built-in Namespace with some predefined names present. This is how
Python recognises the names of built-in functions such as print(), len(),
slice() and built-in errors such as NameError, SyntaxError etc.

When you import modules, Python stores the names from the mod-
ules in the Global Namespace.

A function also creates a namespace where it stores the names defined
in the function body, called Local Namespace.

One of the primary purposes of a namespace is to avoid name-based
conflicts. Let’s say we have already defined the name pi.

1 >>> pi = "3.14"
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We wish to use the pi constant from math module. If we directly
import the constant, the pi name will cease to refer the string object and
refer to the constant instead. You can check it out.

1 >>> from math import pi
2 >>> pi
3 3.141592653589793

The pi string object we defined earlier is overwritten by importing the
pi constant.

At any given moment in a given namespace, a name refers to a
single object.

Different namespaces can use an identical name and map it to a differ-
ent object.

We can use the name pi for constant and the string object in the fol-
lowing way:

1 >>> pi = "3.14"
2 >>> import math
3 >>> math.pi
4 3.141592653589793

Whenever we specify the pi, Python understands we are referring to
the string object. To access the mathematical constant, we can use the
dot notation on the math module.

primer: A namespace is essentially a system to ensure that all the
names in a program are unique and can be used without any
conflict. Name conflicts happen all the time in real life. Can you
think of an instance of such name-based conflict?

fiona: When two people share the name, such conflict can occur

Sometimes, when two people have an identical first name, we refer to
their surname or environment to specify which one we meant.

It helps us differentiate between John Doe and John Lennon, or Jay, the
neighbor, and Jay, the co-worker.

In the real-world, surnames and environments often act as a names-
pace.

Not every namespace, which may be used in a program, is accessible at
any moment during the script’s execution. Namespaces are often created
at different points in time and therefore have different lifetimes.

The namespace containing the built-in namespace is created when the
Python interpreter starts up, and is never deleted. The built-in names-
pace is present from the beginning to the end.

The global namespace of a module is generated when the module
is read in. Global namespaces normally last until the script ends, i.e., the
interpreter quits.

When a function is called, a local namespace is created for this func-
tion. This namespace is removed either if the function ends, i.e., returns,
or if the function raises an exception.

Here are the namespaces we have introduced so far:

• Local Namespace: Includes names inside a function. It is created
when you invoke the function and lasts until it returns or com-
pletes execution.
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• Global Namespace: Includes names from various imported mod-
ules you are using in a script and lasts until the script ends.

• Built-in Namespace: Includes built-in functions and built-in
exception names.

The important thing to know about namespaces is that there is no
relation between names in different namespaces; for instance, two dif-
ferent modules may both define a function max() without confusion. To
use both the function max(), the user must prefix with the module name.
Let’s say the module mod1, and mod2 both include the function max(),
then:

1 >>> import mod1, mod2
2 >>> mod1.max() # Invoke the `max` in mod1
3 >>> mod2.max() # Invoke the `max` in mod2

Python uses something called scoping rules to access the namespace and
determine the referenced object. In order the understand the scoping
rules, let’s first look into scope.

Scope
primer: What do you think the word scope means?
fiona: The extent of the something

The word scope usually means the extent of the area that something deals
with or to which it is relevant. Whenever someone starts on a new project,
they usually define the scope of the project. This is done to prioritize and
draw a boundary on relevant things.

In programming, the word scope something quite similar.

A scope is a textual region of a Python program where a namespace
is directly accessible.

The Built-in and Global namespace are available throughout a Python
program. The Local Namespace of a function is available only inside the
function body.

We can better understand the local namespace by checking the cur-
rent names in the local scope using the built-in function dir(). If you
pass no parameters to the function dir(), it returns a list of names in the
current local scope.

When we boot up the interactive python interpreter, the following
are present in the scope.

1 >>> dir()
2 ['__annotations__', '__builtins__', '__doc__', '__loader__',

'__name__', '__package__', '__spec__']↪→

To check the list of names present in the built-in namespace, you can
use dir(__builtins__).

1 >>> dir(__builtins__)
2 # Result Shortened
3 ['ArithmeticError', 'AssertionError', 'AttributeError',

'BaseException', 'BlockingIOError', 'BrokenPipeError',
'BufferError', 'BytesWarning', 'ChildProcessError'...'zip']

↪→
↪→
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You can see that Python stores the built-in functions and exceptions
in the built-in namespace. We can access all of the objects directly with-
out using a prefix.

When you assign a new name to an object in the interpreter, it appears
in the scope.

1 >>> lucky_number_15 = 15
2 >>> dir()
3 # Shortened result
4 ['__builtins__', ... , '__spec__', 'lucky_number_15']

We can now directly access the lucky_number_15 throughout our pro-
gram unless we remove it using the del keyword.

Let’s import the math module.

1 >>> import math

primer: How do you think the current scope is going to get af-
fected?

fiona: The math module is going to be added to the scope

If you import a module from the Python standard library, it also
appears in the current scope. Python creates Global namespaces for each
imported modules.

1 >>> import math
2 >>> dir()
3 ['__builtins__', ... , '__spec__', 'lucky_number_15', 'math']

The name math is a global or module namespace present in the current
scope. The math contains various names of the objects and functions,
which, if directly imported, may overwrite our custom definitions with
identical names. Therefore, the global namespace is convenient to access
the names within the module.

We can check the names defined in the Global namespace by using the
dir() function.

1 >>> dir(math)
2 ['__doc__', '__loader__', '__name__', '__package__', '__spec__',

'acos', 'acosh', 'asin', 'asinh', 'atan', 'atan2', 'atanh',
'ceil', 'copysign', 'cos', 'cosh', 'degrees', 'e', 'erf', 'erfc',
'exp', 'expm1', 'fabs', 'factorial', 'floor', 'fmod', 'frexp',
'fsum', 'gamma', 'gcd', 'hypot', 'inf', 'isclose', 'isfinite',
'isinf', 'isnan', 'ldexp', 'lgamma', 'log', 'log10', 'log1p',
'log2', 'modf', 'nan', 'pi', 'pow', 'radians', 'sin', 'sinh',
'sqrt', 'tan', 'tanh', 'tau', 'trunc']

↪→
↪→
↪→
↪→
↪→
↪→
↪→

You can use the names defined in the global namespace defined by
a module by prefixing the module name and accessing the name using
the dot notation. For example, we can access the factorial() function
defined in the math module in the following way.

1 >>> math.factorial(5)
2 120

You can have another name, factorial, defined in the current scope.

1 >>> factorial = "FACTORIAL"
2 >>> dir()
3 ['__builtins__', ... , '__spec__', 'a', 'math', 'factorial']
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We can see that the string object with the name factorial is in the
current scope and therefore directly accessible. Simultaneously, the
factorial function from the math needs to be accessed by prefixing the
math module.

Whenever we assign a name, Python directly adds it to the current
scope, as we can see using the dir() function. Python doesn’t necessarily
make all the names we always define directly accessible.

Let’s create a secret_text() function which has the secret defined
inside its body.

1 >>> def secret_text():
2 secret = "This is a secret text"
3 return secret
4 >>> secret_text()
5 'This is a secret text'

Now, let’s check up the current scope using the dir() function.

1 >>> dir()
2 ['__builtins__', ... , 'secret_text']

We can see that only the function name secret_text is available in
the current scope, and we can invoke the function name. However,
the name secret we defined in the function body is not available in the
current scope.

We can verify this by referencing the name directly.

1 >>> secret
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 NameError: name 'secret' is not defined

As the name is not present in the current scope, Python raises NameError.

primer: Although we correctly defined the name secret, Python
can still not find it in the current scope. In which scope do you
think the name secret exists?

fiona: The scope of secret_text() function

Local Namespace
Python stores the name secret in the Local Namespace of the function
secret_text(). We can check the local namespace’s scope using the built-
in function dir() inside the function definition.

Let’s rewrite the secret_text() function to print the output of dir()
whenever it is invoked.

1 >>> def secret_text():
2 ... secret = "This is a secret text"
3 ... print(dir())
4 ... return secret
5 ...
6 >>> secret_text()
7 ['secret']
8 'This is a secret text.'

When the dir() function is invoked inside a function, it returns
the local scope. The local scope returns the names present in the local
namespace created by the function secret_text().
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We can understand this more by starting a fresh session and creating
another function, secret_numbers() with the dir() function inside the
function definition. Inside the function, we have defined a couple of
names such as a, b, c, d, e, secret_sum.

1 >>> def secret_numbers(a, b, c = 15):
2 d, e = 4, 5
3 secret_sum = a + b + c + d + e
4 print(dir()) # to check the local scope
5 return secret_sum

Let’s first check the current scope accessible from the interpreter
prompt.

1 >>> dir()
2 ['__builtins__', ... , '__spec__', 'secret_numbers']

As you can see only, the function secret_numbers() is directly accessi-
ble. Let’s check the local scope by invoking the function.

1 >>> secret_numbers(1, 2)
2 ['a', 'b', 'c', 'd', 'e', 'secret_sum'] # Local Names inside the

function↪→
3 27 # Result

The new names assigned inside the function body d, e, and secret_sum

are present in the local scope of the function and the function arguments
a, b, and c.

As you can see, the function’s scope returns the names defined either
in the function body or function arguments.

primer: Do you think the names that we define outside the func-
tion are not accessible from inside the function definition?

fiona: I think we can access the names outside the function defini-
tion

The answer is: it depends.
The names defined in the global namespace and built-in namespace

are always accessible.
When you refer to a name, Python searches for the name first in

local scope, then in the global namespace, and, finally, in the built-in
namespace.

At the top or outermost level, any name that we define becomes a
global name accessible throughout the program. If the name is defined
in another function’s local scope, it is not accessible from within the
function.

However, a nested function can access its parent function scope. Let’s
learn more about nested functions.

Nested Functions
In Python, you can also put a function defined inside another function
definition. The enclosed function is called a nested function.

Take a look at the following code listing.
1 >>> def outer_func():
2 print("Hi from Function 1")
3 def inner_func():
4 print("Hello from Function 2")
5 inner_func()
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We created a function outer_func() which has another function
inner_func() defined within it. The inner_func() defined is above code is
a nested function.

In the function definition of the outer_func(), we have invoked the
inner_func(). While we have invoked the inner_func() in the outer_func()

definition, it is not executed until we invoke the outer_func(). Thus,
when we invoke the outer_func(), the nested function is invoked as well.

1 >>> outer_func()
2 Hi from Function 1
3 Hello from Function 2

Each function creates its local namespace where the names defined in-
side the function body are stored. When you invoke a function, Python
searches for any name it encounters, during the invocation, in the local
namespace first. We can test this out by an example.

Let’s define three objects with the name a present in different scopes.

1 >>> a = 0
2 >>> def outer_func():
3 a = 15
4 print("Outer function a:", a)
5 def inner_func():
6 a = 100
7 print("Inner function a:", a)
8 inner_func()

We can see which value does the name a refers to by invoking the
outer_func().

1 >>> outer_func()
2 Outer function a: 15
3 Inner function a: 100

Exercise 14

Continuing from the above code listing, what is the value of the follow-
ing:

1 >>> print("Global a:", a) # The global a

Global a: 0a) Global a: 15b)

Global a: 100c) NameErrord)

The value we assigned to the name a in the global scope is unchanged.
The global name a value remains unchanged even though we assigned
two different values inside the functions. The apparent discrepancy in
the result is due to the way Python searches for names.

Let’s look into that next.
Python searches for the value of a name in the following way:

• First, Python searches the innermost scope, which contains the local
names.

• Then Python searches scopes of enclosing outer functions from the
nearest enclosing to the last enclosing scope next.
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• Then, the next-to-last scope includes names from Global namespace

• The outermost scope includes names from Builtin Namespace

• If Python is unable to find the name in any scopes, it raises a
NameError exception.

Exercise 15
What do you think is the result of the following code?

1 >>> a = 10
2 >>> def outer_func():
3 a = 15
4 del a
5 def inner_func():
6 print(a)
7 >>> outer_func()

10a) NameErrorb)

Returns nothingc) 15d)

In the previous exercise, as the inner function is not invoked, the
output returns nothing.

One reason for defining nested functions is to protect the nested function
from outside by hiding them. Another reason is to avoid name-based
conflicts with other names.

If you try calling inner_func() from outside the outer_func(), Python
will raise NameError exception as the nested function inner_func() is avail-
able only inside the function’s local scope of the function.

1 >>> inner_func()
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 NameError: name 'inner_func' is not defined

At this point, all you need to know is that Python supports nested
functions. We will cover its primary advantages in the subsequent courses
on Python.

We can reference the values of the names outside function local scope.
For example,

1 >>> a = 10
2 >>> def outer_func():
3 b = 15
4 def inner_func():
5 c = 100 + a + b
6 print("Value of c:", c)
7 print("Value of a:", a)
8 print("Value of b:", b)
9 inner_func()

In this function, the nested function inner_func() references to a and b

outside of its local scope. We can see the result of invoking the function
as below:

1 >>> outer_func()
2 Value of a: 10
3 Value of b: 15
4 Value of c: 125
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We can see from the above code that Python allows referencing the
names outside the local scope of a function. Python doesn’t allow to
modify a name which is not available in the local scope. We can verify
this by writing a sample function.

Let’s first define an object with the name a and create a function
increase_a_by_5(), which increases the global name a by 5.

1 >>> a = 2
2 >>> def increase_a_by_5():
3 a = a + 5
4 return a

Now, let’s invoke the function increase_a_by_5().

1 >>> increase_a_by_5()
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 File "<stdin>", line 2, in increase_a_by_5
5 UnboundLocalError: local variable 'a' referenced before assignment

As you can see, when you try to modify the name a, which is not
present in the local namespace, we get an UnboundLocalError exception.
The error message is local variable 'a' referenced before assignment.

This shows that Python does not allow modifying a name that is
present outside its local scope.

In Python, when you modify a name, it first checks if it’s present in
the current local scope. If the name is not present inside the local scope,
Python raises the UnboundLocalError exception.

We will understand how to modify names outside of the local scope
in the next section.

global keyword

To modify a name present in the global scope from inside a function
definition, we must use the global keyword. The way it works is that
we must first tell Python that we are referencing a global name and then
modifying it. For the previous example, we can modify it by adding a
global keyword.

1 >>> a = 2
2 >>> def increase_a_by_5():
3 global a # Using global name `a`
4 a = a + 5
5 print("Value of `a` changed")

Let’s re-invoke our function.

1 >>> increase_a_by_5()
2 Value of `a` changed
3 >>> a
4 7

The global name a is modified.

Exercise 16

Take a look at the following code sample.
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1 >>> def outer_func():
2 z = 10
3 def inner_func():
4 global z
5 z = z*5
6 print("Value of z:", z)
7 inner_func()
8 >>> outer_func()

We have defined z inside the outer_func() while modifying it inside
the nested function. What do you think happens when you execute the
code?

Value of z: 10a) raises NameErrorb)

raises UnboundLocalErrorc) Value of z: 50d)

If we try to modify the name present in the outer scope but not in global
scope, python will still raise UnboundLocalError.

nonlocal Keyword
To modify a name that is not present in the global scope but present in a
nested function’s outer scope, we need to use the nonlocal keyword. The
nonlocal keyword tells Python that the name is neither local nor global
rather exists in the outer scope of a function. Let’s see it in a bit of detail.

When we execute the above code in the previous exercise, Python
raises UnboundLocalError, as we can see below.

1 >>> def outer_func():
2 z = 10
3 def inner_func():
4 z = z*5
5 print("Value of z:", z)
6 inner_func()
7 >>> outer_func()
8 Traceback (most recent call last):
9 File "<stdin>", line 1, in <module>

10 File "<stdin>", line 5, in outer_func
11 File "<stdin>", line 4, in inner_func
12 UnboundLocalError: local variable 'z' referenced before assignment

In the above code listing, we cannot modify the name z as it belongs
to the local scope of outer_func() and not present in the global scope. To
modify the name z, we will use the nonlocal keyword.

1 >>> def outer_func():
2 z = 10
3 def inner_func():
4 # Bind `z` to a name `z` in outer scope
5 nonlocal z
6 z = z*5
7 print("Value of z:", z)
8 inner_func()
9 >>> outer_func()

10 Value of z: 50

We can use the nonlocal keyword to bind to a name that is not
present in either local or global scope.

In case there are two same names in the enclosing outer scopes, the
name is bind to the name present in the nearest enclosing scope. We can
see it in the code below.



164 python-i

1 >>> def outer_func():
2 y = 1
3 def inner_1():
4 y = 15
5 def inner_2():
6 nonlocal y # Bind to `y` in the
7 y *= 5 # y = y*5
8 print("The value of y in inner_2:", y)
9 inner_2()

10 print("The value of y in inner_1:", y)
11 inner_1()
12 print("The value of y in outer_func:", y)
13 >>> outer_func()
14 The value of y in inner_2: 75
15 The value of y in inner_1: 75
16 The value of y in outer_func: 1

In the above example, we can see that even though both inner_1() and
outer_func() has the name y in their local scope, the keyword nonlocal

binds the name y to the name stored in the inner_1() function’s local
scope. The name y of the inner_function_1() is modified as the nearest
enclosing scope of the function inner_2()is inner_1().

primer: Based on the above examples, can you summarise how
Python searches for the names in nested functions?

fiona: Python first looks in the local namespace, then looks at the non-
local namespace such as parent functions. Then It looks at global names-
pace and finally built-in namespace

Figure 3.2: Namespace & Scope

The way Python searches for names can be acronymed as L-E-G-B.

Local scopes, Enclosing Scopes, Global Scopes and finally Built-in
scopes.

The figure 3.2 summarizes what we have learned so far. Here are a
couple of things you should remember about Python’s global and local
scope.

Here are a couple of things you should remember about Python’s
global and local scope.
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• If a name is assigned a value anywhere within the function’s body,
it’s assumed to be present in Local Namespace unless explicitly
declared as global or nonlocal.

• To use a name present in the global scope, we use the global key-
word

• There is no need to use the global keyword outside a function.

• The nonlocal keyword binds to the name in the nearest local func-
tion scope.

So far, we have covered using built-in functions present in the Built-in
Namespace and creating our functions.

Apart from these functions, every object in Python has certain built-
in functions depending on its type. These are called object methods or
methods.

primer: Can you think of some of the built-in functions for a list
type object that we have already covered?

fiona: The append() function of a list object

We saw earlier that a list type could be modified using the append()

function. The append() function is called object method or simply
method of the list type object.

We will look into methods in the next section.

Methods and Attributes
In Python, almost everything is an object having methods and attributes.
A method is a function that belongs to an object, while an attribute is a
value associated with the object.

The methods and attributes can be accessed using dot notation. For
example, if an object foo has a method bar and attributes doo, it can be
invoked by foo.bar(). At the same time, we can access the attributes via
foo.doo.

1 >>> def foo():
2 pass

Now, let’s check up its documentation.
1 >>> help(foo)
2 Help on function foo in module __main__:

Nothing is returned because we forgot to provide a documentation
string while defining the function. We can get the documentation of a
function by using its __doc__ attribute.

1 >>> foo.__doc__ # Returns nothing

Later on, we can set the __doc__ attribute of the function directly.
1 >>> foo.__doc__ = "Does absolutely nothing"
2 >>> help(foo)
3 Help on function foo in module __main__:

4 foo()
5 Does absolutely nothing
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Now, we have helpful documentation for our dummy foo() function.
Different types of objects have different methods.

We had seen an example of a list method earlier when we used
append() to add an item to a list.

1 >>> a = [1, 2, 3]
2 >>> a.append(40) # Append method of a list
3 >>> a
4 [1, 2, 3, 40] # The list is modified

primer: Can you think of a method for a string type object?

fiona: String has an upper() function

We earlier used the upper() method to capitalize strings.
To get a list of strings of available methods and attributes of an ob-

ject, built-in function dir(object) can be used. A description of avail-
able methods and attributes for objects can be seen using the built-in
help(object) function.

Let’s take a look.
When we invoke the dir() function by supplying an object, it returns

the list of available methods and attributes. For instance,

1 >>> dir([])
2 ['__add__', '__class__', '__contains__', '__delattr__', '__delitem__',

'__dir__', '__doc__', '__eq__', '__format__', '__ge__',
'__getattribute__', '__getitem__', '__gt__', '__hash__',
'__iadd__', '__imul__', '__init__', '__init_subclass__',
'__iter__', '__le__', '__len__', '__lt__', '__mul__', '__ne__',
'__new__', '__reduce__', '__reduce_ex__', '__repr__',
'__reversed__', '__rmul__', '__setattr__', '__setitem__',
'__sizeof__', '__str__', '__subclasshook__', 'append', 'clear',
'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',
'reverse', 'sort']

↪→
↪→
↪→
↪→
↪→
↪→
↪→
↪→
↪→

You can see that that a list type object has lots of attributes and meth-
ods.

There are several special types of attributes with the syntax __foo__.
The methods with the syntax __foo__ are called dunder (double un-
derscores) methods or magic methods or special methods.

Special Methods

In Python, you can create custom types of objects using classes. We will
learn more about special methods and implement them when we cover
creating your custom objects using class in the next course. For now, let’s
understand the basic overview of such methods.

When you create a new type of object, you may want to take advan-
tage of Python’s built-in operators and functions. Python has a lot of
special methods designed to implement intuitive comparisons between
objects using operators.

Special Method Description

__eq__ Defines behaviour for equality operator
__ge__ Defines behaviour for greater-than-or-equal-to operator , >=
__lt__ Defines behaviour for less-than operator , <

Table 3.1: Some of the special methods
and their functionality
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If you want to create a new object type, say Foo, and wish to compare
one type of Foo object with another, you can define the special methods
to take advantage of the comparison operators (<>).

We don’t need to delve deeper into this right now, as we will cover
it in future courses.

And this brings us to the end of the topic as well as the chapter.
Earlier, we covered some basic types of Python. In the next chapter,

we will cover the built-in types and their methods in much more detail.





4
Standard Type Hierarchy

Figure 4.1: Standard Type Hierarchy for
Python Objects

primer: In earlier chapters, we have encountered different types
of Python objects. Can you name some of the types that we have
already encountered?

fiona: Lists, tuples and string objects

Strings, lists, tuples, integers, floats, and dictionary are some of the
types that we have already encountered.

In this chapter, we will organize and classify them into fewer cate-
gories to make sense of the Python type system. This classification of
Python built-in types is called Standard Type Hierarchy.

We can classify various built-in Python types under different cate-
gories. We can see one such classification in the figure 4.1.

We can classify the built-in types under,

• Singletons
• Numbers
• Collections
• Callables

We will look at each one of them, starting with Singletons.
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Singletons

The Singletons are built-in types that have a single value, and there exists
only a single object having the type. The list of built-in singleton types is
the list in the table 4.1.

Type Name Truth Value

NoneType None False
NotImplementedType NotImplemented True

elipsis Elipsis or ... True

Table 4.1: Singleton types in Python

Let’s look at the first singleton: NoneType.

None There exists only one object with the type NoneType in Python,
and we can access it through the built-in name None. We use the None

object to signify the absence of value in many cases.

primer: We have already covered a use case where Python uses the
None object to denote the absence of any value. Can you recall
which use case?

fiona: When a function doesn’t have a return statement, it re-
turns None.

Functions that do not explicitly return anything return the None object
by default. Let’s check it out using a code sample.

As you might recall, the print() function doesn’t return any value.
Therefore, if we assign its function call to a name, we will get a NoneType

object.

1 >>> greet = print("Hello")
2 Hello
3 >>> type(greet)
4 <class 'NoneType'>

As there is only one instance of None object through Python, we can
use the identity operator is to verify.

1 >>> greet is None
2 True

If we try to assign a different object to the name None, Python raises
SyntaxError. This is because None is one of Python’s keyword.

1 >>> None = "Something else"
2 File "<stdin>", line 1
3 SyntaxError: can't assign to keyword

A NoneType is one of few built-in objects whose truth value is False.

1 >>> bool(None)
2 False

Exercise 1
What’s the output of the code below?

1 >>> if not None:
2 print("Hello World")
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Hello Worlda) raises NameErrorb)

raises ValueErrorc) The if block doesn’t executed)

As the truth value of the None is False, not None always executes as
True. Hence the code in the previous exercise always executes. The next
singleton type is the NotImplementedType object.

NotImplemented There exists only one object with the type NotImplementedType

in Python. We can access it through the built-in name NotImplemented.
1 >>> type(NotImplemented)
2 <class 'NotImplementedType'>

Unlike None, you can reassign the name NotImplemented to something
else.

1 >>> NotImplemented = "Something else"
2 >>> NotImplemented
3 'Something else'

Although Python wouldn’t complain about this re-assignment, you
should not reassign or overwrite the name NotImplemented.

The truth value of a NotImplementedType object is True.
1 >>> bool(NotImplemented)
2 True

We can return the NotImplementd object for special binary methods
such as __eq__(), __lt__() or __add__() to iindicate the operation is not imple-
mented with respect to other type. We will cover this in more detail when
we cover creating custom objects in subsequent courses.

The next singleton type is Ellipsis.

Ellipsis Ellipsis type object has a single value, and there is only a single
object in Python with this value. We can access this object through the
literal ... or the built-in name Ellipsis. The truth value of an Elipsis

type object is True. One of the usages of the Ellipsis is to indicate incom-
plete function definition.

1 >>> def foo():
2 ...
3 >>> foo()

primer: In the above code, we use the Ellipsis literal (...) to
denote incomplete function definition. Do you think we can use a
string literal instead of Ellipsis?

fiona: Yes, we can use any string literal

We can use any string literal instead of ... Ellipsis.
For example, in the below code listing, we use a string object.

1 >>> def foo():
2 "Incomplete Code"
3 >>> foo()

However, many developers prefer using the Ellipsis object to indicate
an incomplete function code as per a not-so-strict convention. Similarly,
sometimes programmers use the pass keyword to indicate an empty code
block or future implementation.
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1 >>> def foo():
2 pass # Empty function

In Python, the pass keyword is a null statement. Unlike comments,
the python interpreter does not ignore a pass statement. However, noth-
ing happens when Python executes the pass statement. Python built-in
types do not generally use the Ellipse object.

Like the None object, the ... object is also a keyword and cannot
assign a new value. The truth value of Ellipsis is True.

1 >>> ... = "Something Else"
2 File "<stdin>", line 1
3 SyntaxError: can't assign to Ellipsis

That brings us to the end of Singleton types. Next, we will look into
the standard types in Python, which are used to represent numeric types.

Numbers
primer: We have already covered some of the numeric literals used

to create numbers. Can you recall which ones?
fiona: Int, float and bin

Integer literals, Floating-point literals and Imaginary number literals
to create numeric type objects.

Python uses four built-in numeric types: Booleans, integers, complex
numbers, and floating-point numbers for representing numbers. Addi-
tional two numeric types: Decimals and Fractions are available upon
import.

We can group Booleans and Integers as Integral, while we can group
other numeric types under Non-Integral.

Integral numeric types represent elements from the mathematical set
of integers (positive and negative). Let’s start with Integers.

Integer These represent numbers in an unlimited range, subject to avail-
able (virtual) memory only. You can create an object with an integer
type using integer literal or using the built-in int() function.

1 >>> a = 13 # Creating an integer object using integer literal
2 >>> b = int(12) # Creating an integer using `int()` function

The int() function can convert a string literal containing integer to an
integer object. For example,

1 >>> int("666")
2 666 # Integer

primer: Guess why the int() function is called a constructor?
fiona: Because it is used to constructor object of a specific type.
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In Python, constructors are used to construct an object of specific class
or type. The built-in int() function is a constructor, which is used to
create integer objects.

You can also convert integers from different number bases to inte-
gers in base-10. The built-in int() function has the following function
signature.

int(x = 0,base = 10) → integer object

We can convert a number from a base other than 10 by enclosing in a
string or adding an appropriate prefix depicting the base.

1 >>> int() # without arguments
2 0
3 >>> int("1010", 2) # Convert the 1010 from base 2
4 10
5 >>> int("100", 8) # Convert 100 from base-8
6 64
7 >>> int("10E", 16) # Convert 10E from base-16
8 270

We can also directly convert a number is represented in other base,
which has been prefixed to represent its base. To recall, table 4.2 shows
some of the prefixes used to depict the base that the Python interpreter
understands.

Base Number Prefix Example

2 Binary 0b 0b100
8 Octal 0o 0o100
10 Decimal No Prefix 100
16 Hexadecimal 0x 0x10E

Table 4.2: Base Prefix

You can create an integer literal directly using the base prefix, and
Python will automatically convert to its base-10 counterpart. In the
built-in function int(), if you use an integer literal with a base prefix,
you don’t have to specify the base.

1 >>> 0b1010 # Integer with Binary Prefix
2 10
3 >>> 0o100 # Integer with Octal Prefix
4 64
5 >>> 0x10E # Integer with Hexadecimal Prefix
6 270
7 >>> int(0b100) # Integer with Binary Prefix
8 10
9 >>> int(0o100) # Integer with Octal Prefix

10 64
11 >>> int(0x10E) # Integer with Hexadecimal Prefix
12 270

To convert numbers from base-10 to different bases, you can use the
built-in functions bin(), oct(), and hex() for binary, octal decimal, and
hexadecimal, respectively. For instance, to convert a decimal number
fourteen to binary, you can pass the 14 integer to the bin() function, and
Python will return the corresponding binary representation.

primer: What do you think will be the output of the expression
hex(270) on Python?
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fiona: It should be 0x10E

In the previous code listing, we converted numbers from different
bases to decimal base. We can see that the 0x10E is 270 in the decimal.
Therefore, hex(270) will be equal to be 0x10E.

We can verify this using the interpreter.

1 >>> bin(10)
2 '0b1010' # String object representing base-2
3 >>> oct(64)
4 '0o100' # String object representing base-8
5 >>> hex(270)
6 '0x10e' # String object representing base-16

In computing, bit-length is the number of bits required to represent an
integer object in binary. You can use the built-in method bit_length() of
an integer.

1 >>> bin(24)
2 '0b11000' # 5 bits required to represent the number
3 >>>(24).bit_length() # Integer literal must be wrapped with parens
4 5
5 >>> a = 24
6 >>> a.bit_length()
7 5

Exercise 2 Bit Length

What do you think will be the bit length of the number 29?

9a) 10b)

8c) 5d)

Integer Caching Earlier, we saw that when we create an object and assign
it a name, the reference count of the object increases. However, some-
thing interesting happens when we assign names to integers. Let’s take a
look at the code sample below.

Let’s create two objects with the value 257 and name them a and b.

1 >>> a = 257 # Assign `a` to an integer object with value 257
2 >>> b = 257 # Assign `b` to an integer object with value 257

Now, let’s if check both names refer to the same object.

1 >>> a is b # Check if both of them refer to the same object.
2 False

Therefore, Python creates different objects with the same value, 257.
Now, let’s repeat the experiment with 256.
We will define two names, c and d, and assign them to 256.

1 >>> c = 256 # Assign `c` to an integer object with value 256
2 >>> d = 256 # Assign `d` to an integer object with value 256

Now, let’s check if both the names (c and d ) refer to the same object.

1 >>> c is d
2 True # Hmmm. Both are pointing to the same object.
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So, what’s going on here?
Python assigns names to the same object with the value 256 while

assigning names to different objects with integer value 257. This is not a
bug.

Python caches small integers, which are integers between -5 and 256.
Python instantiates the integers between -5 and 256, which are likely
to be used repeatedly in a program. In Python, the cache of integers
between -5 and 256 is called small integer cache. The official Python
docs refer to this as follows:

The current implementation keeps an array of integer objects for all integers between -5 and
256. When you create an int in that range, you get back a reference to the existing object.

Note: Depending on your environment and Python compiler, you
might get different results. Small integer cache is for your understanding
only, and do not try to use this in a program as the number of caches
might change.

Caching Caching is a process where we store information that is likely
to be frequently accessed for easier access.

primer: Can you think of another instance in your day-to-day
interaction with a computer where caching is done for easier access
later on?

fiona: While browsing, the browser caches a lot of static assets.

When you visit a website, your browser takes pieces of the page and
stores them on your computer’s hard drive.

The browser stores assets such as Images (logos, pictures, backgrounds,
etc.), HTML, CSS and Javascript file.

In short, it typically caches what are known as static assets - parts of a
website that do not change from visit to visit.

Caching speeds up browsing a website. Once you’ve downloaded an
asset, it is kept on your hard-drive storage unless you clear the cache.

The next time you visit the website, part of the website is loaded from
your hard-drive than your remote server. Retrieving files from your
storage will always be faster than retrieving them from a remote server.

Python does a similar thing with the small-integer cache. It already
instantiates some of the integers that are most likely to be used.

The next integral type is Boolean.

Boolean
The Boolean type has two possible values: True and False. Booleans are
classified under Integral types.

primer: What is the implication for boolean being classified under
integral types?

fiona: We can use Boolean for arithmetic operations just like inte-
gers

The implication is that Boolean inherits the characteristics of integers
and essentially are integers. The type bool is a subclass of type int, i.e.,
Boolean extend from the integer int type.
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We can verify this using the built-in function isinstance().
The built-in isinstance() function checks if a given object is an in-

stance of a class or a subclass.
1 >>> type(False)
2 <class 'bool'>
3 >>> isinstance(False, int) # Check if False is an instance of type `int`
4 True
5 >>> isinstance(False, bool) # Check if False is an instance of type `bool`
6 True

The integer value of True is 1, while for False, it is 0.
1 >>> int(True)
2 1
3 >>> int(False)
4 0

As Boolean extend from type int, they behave effectively as integers.
1 >>> True + 5
2 6
3 >>> False - 5
4 -5

You can use them as an index key to access an item in a container, and
Python won’t complain.

1 >>> a = [1,2,3,4]
2 >>> a[True] # same as a[1]
3 2
4 >>> a[False] # same as a[0]
5 1

However, it would be best not to use True and False as integers as it
will confuse other developers.

primer: What are some ways we can construct Boolean objects?
fiona: Using comparison operators, we can construct Boolean ob-

jects.

Boolean can be constructed by:

• Boolean expressions using comparison operators such as 5 > 6

• using built-in bool() function which we earlier used to test truth
values such as bool([1,2])

The Booleans objects are constants and part of Python’s reserved
keyword, which means you cannot reassign their value to something else.

1 >>> True = "Not True"
2 File "<stdin>", line 1
3 SyntaxError: can't assign to keyword

In the next section, we will go into more details about non-integral
types.

Non-integral Types
primer: Can you recall some of the non-integral types of numbers

mentioned earlier?
fiona: Floats, decimal and Complex numbers

Floating-point numbers, decimals, complex numbers and fractions are classi-
fied under non-integral. We will start with floating-point numbers.
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Floating Types As you might recall, a floating-point value or float is a
numerical literal that contains a decimal point. The floating-point type can
store fractional numbers.

They can be defined either in standard decimal notation or in expo-
nential notation.

1 >>> 1.50 # Standard Decimal Notation
2 1.5
3 >>> 15e-1 # Exponential Notation
4 1.5

We can create Floating-point number objects from floating-point
literals or the float() constructor.

1 >>> 3.4e3 # Float literal
2 3400.0
3 >>> float(3.4e3) # `float` constructor
4 3400.0

We can convert an integer to float using the float() constructor.

1 >>> a = 2
2 >>> a # integer
3 2
4 >>> float(a)
5 2.0 # float

Similarly, we can convert a float into an integer with an int() con-
structor. The int() constructor removes the decimal part and returns the
integer number.

1 >>> int(3.1451)
2 3

Upon division, numbers often produce floats with many decimal
digits, which might not be what you want while printing.

1 >>> a = 45/7
2 >>> print("45 upon division by 7 yields ", a)
3 45 upon division by 7 yields 6.428571428571429

You can control the precision of a float by using the built-in round()

function.

1 >>> round(3.45871, 3) # Rounds off to 3 decimal places
2 3.459
3 >>> round(3.45871 , 2) # Rounds off to 2 decimal places
4 3.46
5 >>> round(3.45871 , 1) # Rounds off to 1 decimal places
6 3.5

Exercise 3 Round Pi

How does Python evaluate the following expression?

1 >>> round(3.45871)

Errora) 4b)

3.5c) 3d)
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You might recall that the built-in round() function rounds off to the
nearest integer when no precision is specified.

If you wish to get the nearest integer lower than the value or greater
than the value, you can use the floor() and ceil() function from the math

module, respectively.
Let’s see them in action.
We will first import the ceil() and floor() functions from the math

module.

1 >>> from math import ceil, floor

Now, let’s get the nearest integers of 3.56.

1 # Get the nearest integer lower than the value
2 >>> floor(3.56)
3 3

4 # Get the nearest integer higher the the value
5 >>> ceil(3.56)
6 4

You can use basic arithmetic operations on the floats with other floats
or even integers.

1 >>> 3 + 0.5 # Addition
2 3.5
3 >>> 3 - 0.5 # Subtraction
4 2.5
5 >>> 3 / 0.5 # Division
6 6.0
7 >>> 3 * 0.5 # Multiplication
8 1.5

And compare with other floats or integers.

1 >>> 3 > 0.5
2 True
3 >>> -0.5 > 0.5
4 True

However, you should take a bit of caution when using equality floats.
For example,

1 >>> 0.1 + 0.2 == 0.3
2 False

primer: 0.1+0.2 should be equal to 0.3. Why do you think
Python gives the wrong result?

fiona: 0.1 and 0.2 are not exactly what they appear

To put it simply, a floating-point number doesn’t always exactly
represent the number it seems to be representing. For instance, the actual
value of float 0.1 is slightly more than 0.1. To understand why we need
to know how Python stores floating numbers.

Issues and Limitations of using Fractions in Python Python implements the
Floating-point numbers in the computer hardware as binary fractions.
Earlier, we saw how can integers in base-10 be represented as base-2
numbers. Similarly, we can also represent fractions in the form of binary
fractions.
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In base-10, we can represent the decimal fraction of 0.125 as

0.125 = 1 × 10−1 + 2 × 10−2 + 5 × 10−3 (2)
Similarly, the binary fraction 0b0.001 can expressed as follows:

0b0.001 = 0 × 2−1 + 0 × 2−2 + 1 × 2−3

=
0
2
+ 0

4
+ 1

8
= 0 + 0 + 0.125
= 0.125

(3)

Both 0.125 and 0b0.001 have the same values, although written in
different notations. However, representing the fractions in binary poses a
particular challenge.

We cannot precisely represent most decimal fractions as binary fractions.

To understand why, let’s first look at the decimal value of the fraction
4/3 in the decimal system.

4
3
= 1.33333333... (4)

The value of the fraction results in an infinitely repeating decimal
part.

primer: Is there any representation that can accurately represent the
4/3 in the decimal notation?

fiona: Nope, their isn’t any such number

The fraction 4/3 results in an infinitely repeating decimal; therefore,
we cannot represent 4/3 exactly in decimal representation.

We can round off or approximate the value of the fraction 4/3 to
finite digits of the decimal part to use the value. To do this, we will use
the built-in round() function.

The listing below shows the three different approximations of the
fraction 4/3.

1 >>> round(4/3, 2)
2 1.33
3 >>> round(4/3,3)
4 1.333
5 >>> round(4/3, 4)
6 1.3333

No matter how many digits you round off, the result will never be
equal to the fraction 4/3; rather will be an increasingly better approxima-
tion of 4/3. Thus, we cannot represent the fraction 4/3 in the form of a
decimal number with a finite number of digits.

Similarly, no matter how many base-2 digits you use, the decimal
value 0.1 cannot be represented precisely as a binary fraction. In base-2,
the 1/10 fraction has an infinitely repeating fractional part.

1
10

= 0b0.000110011001100110011001100110011... (5)

Any higher number of bits will get you a closer approximation to the
value of 0.1 but never exact.
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Representation error refers to the fact that most decimal fractions cannot be repre-
sented accurately as binary fractions.

Representation error is the chief reason why Python and other pro-
gramming languages such as C++, Java often won’t display the exact
decimal number you expect.

The Institute of Electrical and Electronics Engineers, Inc. (IEEE) defined
standards for floating-point representations and computational results to
deal with the problem relating to the inexact conversion of decimal frac-
tions into binary usually referred to as IEEE-754. Almost all machines
use the IEEE-754 floating-point arithmetic, and almost all platforms
map Python floats to IEEE-754 specified 53-bit precision.

This means that when you input 0.1 float in Python, the underlying
machine strives to convert 0.1 to the closest fraction to the form J/2N,
where J is an integer containing exactly 53 bits.

decimal number =̃
J

2N
(6)

We can understand this better using an example. Let’s convert the
decimal number 0.1 or 1/10 to the closest figure that we can represent
with 53-bit precision.

J

2N
=̃

1
10

J =̃
2N

10

(7)

In equation 7, to find the value of J, we need to figure out N’s value
with the keeping in mind that it can represent the integer with exactly
53-bits.

primer: To find the value of N, we need to find an integer that can
be represented using exactly 53-bits. How do you think we can
figure out how many bits does an integer has?

fiona: We can do so by trial and error

We can use the built-in method integer method bit_length().
Earlier, we checked a built-in Python method, bit_length() of inte-

gers, to check the numbers of bits required to represent a number. Let’s
check for different values of N for which the value of J will have exactly
53 bits.

1 >>> int(2**54/10).bit_length()
2 50
3 >>> int(2**55/10).bit_length()
4 52 # Less than 52
5 >>> int(2**56/10).bit_length()
6 53 # Equals 53
7 >>> int(2**57/10).bit_length()
8 54 # Exceeds 53

Thus 56 is the only value for N that leaves J with exactly 53 bits.
Equation 7 can be written as

J =̃
256

10
(8)
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We can get the value of J in Python using the built-in divmod() func-
tion. The divmod() function takes number and divisor as arguments and
returns a tuple containing the value quotient and remainder ( x//y, x%y ).

1 >>> divmod(2**56, 10)
2 (7205759403792793, 6) # ( Quotient, Remainder )

The remainder 6 is more than half of the divisor 10, so to get the
value of J, let’s add 1 to the quotient.

1 >>> J = 2**56 // 10 + 1
2 >>> J
3 7205759403792794

To get the approximate value of 0.1, we will divide J by 256.

1 >>> 2**56
2 72057594037927936
3 >>> J / 2**56
4 0.1 # The approximate value of 0.1 that computer stores

Therefore the best possible approximation to 1/10 in IEEE-754 stan-
dard is

1
10

=̃
7205759403792794
72057594037927936

=̃
3602879701896397
36028797018963968

(9)

To see the value of the fraction out to 55 decimal digits, we can mul-
tiply the fraction by 1055.

1 >>> 3602879701896397 * 10 ** 55 // 2 ** 55
2 1000000000000000055511151231257827021181583404541015625

The exact number stored in the computer for the float 0.1 is:

0.1000000000000000055511151231257827021181583404541015625.

primer: So, when we input 0.1, Python uses the above number
instead of using exactly 0.1. Do you think it affects calculations
involving fractions?

fiona: For most purpose, it really shouldn’t affect any calculation.

Fractions are stored approximately to the exact number. As you can
see, the numbers are accurate to a lot of significant digits. Therefore, for
most practical purposes, it won’t affect your calculations.

Instead of displaying the full decimal value, many programming
languages, including Python, round off the number to 17 significant
digits. To verify, we can check the digits till 17 digits using the built-in
format() function.

The format() function takes another argument that specifies the pre-
cision value. You can read more about the format() using the help()

function.

1 >>> format(0.1, '.17f')
2 '0.10000000000000001'
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We can see that Python interprets 0.1 as something other than the
fraction 1/10, which is a close approximation. For 0.3 also, Python stores
an approximation rather than the exact value.

1 >>> format(0.3, '.17f')
2 '0.29999999999999999'

Whenever you input 0.1 into the interpreter, Python interprets to
the closest approximation. Python rounds off the float to a single-digit
giving an illusion that it’s the same as the fraction when it’s not. To
check which fraction is used to represent a decimal number, Python has
a method as_integer_ratio() for floats, which returns a pair of integers
whose ratio is exactly or approximately equal to the original float and
with a positive denominator.

1 >>> 0.1.as_integer_ratio()
2 (3602879701896397, 36028797018963968) # Same as we obtained
3 >>> 0.5.as_integer_ratio()
4 (1, 2) # 0.5 = 0b0.1

Now that we have covered how python stores and works with floats, it
might be a bit clear why 0.1 + 0.1 + 0.1 is not equal to 0.3 in Python.

This limitation of Python impacts business applications and fields that
require precise arithmetic calculations.

primer: Can you think of such fields that require highly precise
arithmetic calculations?

fiona: Accounting and financial trading

Fields such as accounting and finance mostly require positively require
highly-precise and accurate calculation.

To overcome the limitation of the floating-point, Python has another
numeric type, Decimal, which can be used for exact addition. Decimal,
for floating-point numbers with user-definable precision.

Let’s look into them next.

Decimals We saw earlier that numbers like 0.1 don’t have an exact rep-
resentation in binary floating-point numbers. In contrast to the built-in
floating-point type number, the numeric type Decimal can represent
numbers accurately. As the Decimal type can represent numbers accu-
rately, the corresponding arithmetic operations are accurate as well.
Decimal type objects can be created by first importing the Decimal con-
structor from the decimal module.

1 >>> from decimal import Decimal # Need to import
2 >>> a = Decimal('0.1')

We can check for earlier operations.
1 >>> 0.1 + 0.1 + 0.1 == 0.3
2 False # Inexact addition
3 >>> a + a + a == Decimal('0.3')
4 True # Exact

As you can see, the Decimal type in Python lets us do exact addition in
Python.

The decimal module also incorporates a notion of significant places.
To preserve significance, the coefficient digits do not truncate trailing
zeros.
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1 >>> 1.30 + 1.50
2 2.8 # Discards 0
3 >>> Decimal('1.30') + Decimal('1.50')
4 Decimal('2.80') # Retains 0
5 >>> 2.60 * 2.50
6 6.5 # Discards 0
7 >>> Decimal('2.60') * Decimal('2.50')
8 Decimal('6.5000') # Four significant 0s

Contrary to the built-in floating-point arithmetic in Python, the Dec-
imal type works how people expect it to work. This Decimal Arithmetic
Specification on which the type is based on states that

… based on a floating-point model which was designed with people in mind,
and necessarily has a paramount guiding principle – computers must provide an
arithmetic that works in the same way as the arithmetic that people learn at school.

We can construct decimal instances from integers, strings, or floats.
Construction from an integer or a float performs an exact conversion of
that integer or float value.

1 >>> Decimal(1) # Decimal object from integer
2 Decimal('1')
3 >>> Decimal(0.5) # Decimal object from float
4 Decimal('0.5')
5 >>> Decimal(str(2**5)) # Decimal object from string
6 Decimal('32')

Earlier, to get higher precision of the float 0.1, we multiplied the
stored fraction with 1055. We can create a decimal object from a floating-
point.

1 >>> from decimal import Decimal
2 >>> a = Decimal.from_float(0.1) # Convert using built-in method
3 >>> a
4 Decimal('0.1000000000000000055511151231257827021181583404541015625')
5 >>> Decimal(0.1) # Convert directly from a float

We can see that the exact conversion of 0.1 to decimal results in the
actual value that Python interprets for the float.

primer: As you can see, the Decimal numeric type is pretty handy.
But typing out Decimal every time seems a bit tedious. Can you
suggest a method to avoid typing Decimal every time we need to
use it?

fiona: Assigning decimal to another name

We can always assign a new name to a function and refer to it. In
Python, we can also rename a function import from a module. Thus, we
can name Decimal as D for convenience.

1 >>> from decimal import Decimal as D
2 >>> D('0.1') # Creating objects using name `D`
3 Decimal('0.1')

In the above listing, we are renaming the Decimal() function directly
at the time of import. This is also the recommended way to avoid name-
clashes in Python.

Python implements both binary and decimal floating-point in terms
of published standards. While the built-in float type exposes only a
small portion of its capabilities, the decimal module exposes all essential
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parts of the standard. For instance, the decimal module exports an object
getcontext(), which has several configurations in place which you can
modify.

1 >>> from decimal import Decimal as D, getcontext
2 >>> getcontext()
3 Context(prec=28, rounding=ROUND_HALF_EVEN, Emin=-999999, Emax=999999,

capitals=1, clamp=0, flags=[Inexact, FloatOperation, Rounded],
traps=[InvalidOperation, DivisionByZero, Overflow])

↪→
↪→

Right now, the precision is 28 (prec=28) stored in the context object.
Let’s change it to 4.

1 >>> D(1)/D(3)
2 Decimal('0.3333333333333333333333333333') # 28 digits
3 >>> getcontext().prec = 4
4 >>> D(1)/D(3) # 4 digits
5 Decimal('0.3333')

For calculations in accounting and financial transactions, you might
want tighter control on precision and rounding off values. You can check
additional details in the python documentation for the decimal module1. 1https://docs.python.org/3/library/decimal.html

primer: So far, I hope you got a basic idea between Decimal
types and Floating-point numeric types in Python. Can you
summarise the main difference between these two numeric types?

fiona: Decimal object works as expected while Floating-point has some se-
rious issues.

The Decimal numeric types have some methods available to them.
You can check the complete list of methods available using the

help(Decimal) statement on the Python Interpreter after importing it
from the decimal module.

Some methods available in the decimal object are shown in the table
4.3.

Method Description

as_integer_ratio() Return a pair (n, d) of integers that represent the given Decimal instance as a fraction, in lowest terms and
with a positive denominator.

from_float() Converts a float to a decimal number, exactly.
exp() Return the value of the (natural) exponential function ex at the given number.
normalize() Normalise the number by stripping the rightmost trailing zeros and converting any result equal to

Decimal('0') to Decimal('0e0').
sqrt() Return the square root of the argument to full precision.
as_integer_ratio() Round to the nearest integer

Table 4.3: Methods for Decimal objects

The below code sample shows the usage of these methods.
1 >>> Decimal('1.3').as_integer_ratio() # Fraction
2 (13, 10)
3 >>> Decimal.from_float(0.3) # Create Decimal from

float↪→
4 Decimal('0.299999999999999988897769753748434595763683319091796875')
5 >>> Decimal(1).exp() # e**1
6 Decimal('2.718281828459045235360287471')
7 >>> Decimal('144').sqrt() # Square root
8 Decimal('12')
9 >>> Decimal('12.5333').to_integral_value() # Get the nearest integer

10 Decimal('13')

We can check additional methods and their description in the Python
documentation.
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Exercise 4
What is the value of the following expression?

1 >>> from decimal import Decimal
2 >>> Decimal.from_float(10).sqrt().to_integral_value()

Decimal('3')a) Decimal('4')b)

Decimal('10')c) Raises Errord)

Fractions Another numeric type that we often use in the real world is
fractions.

In Python, the fractions module provides support for rational number
arithmetic.

To create a fraction object in Python, we will first need to import the
Fraction function or constructor from the fractions module.

1 >>> from fractions import Fraction

You can construct a fraction number from a pair of integers, another
fraction number, decimal object, float, or string. The fraction returns the
numerator and denominator in the lowest form.

1 >>> from fractions import Fraction
2 >>> Fraction(15, -6) # From pair of integers
3 Fraction(-5, 3)
4 >>> Fraction(0.5) # From float
5 Fraction(1, 2)
6 >>> Fraction() # Without arguments
7 Fraction(0, 1)
8 >>> Fraction('7e-6') # From string
9 Fraction(7, 1000000)

10 >>> from decimal import Decimal
11 >>> Fraction(Decimal('3.3')) # From Decimal Object
12 Fraction(33, 10)

Let’s check the value of float 0.1 in the form of a Fraction.

1 >>> Fraction(0.1) # Will return fraction used by python
2 Fraction(3602879701896397, 36028797018963968)
3 >>> Fraction(Decimal('0.1')) # Will return fraction 1/10
4 Fraction(1, 10)

You can see that the fraction returns the exact fraction approximate
used to represent 0.1 float in Python. Like other numeric types, Fractions
are immutable. The numerator and denominator are available as attributes
to the fraction object.

1 >>> a = Fraction(1, 10)
2 >>> a.numerator
3 1
4 >>> a.denominator
5 10

Exercise 5 Fraction
What do you think is the result of the following expression?

1 >>> from fractions import Fraction
2 >>> Fraction(1, 10) + Fraction(9, 10)
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1a) Fraction(11, 10)b)

Fraction(1, 1)c) Raises Errord)

Fractions expectedly interact with the arithmetic operators.
You can add, subtract and multiply fractions with numbers, and it re-

turns the result in the form of a Fraction object. Let’s add two fractions.

1 >>> Fraction(1, 10) + Fraction(9, 10) # Addition
2 Fraction(1, 1)

The fractions object is always returned in the lowest form.

1 >>> Fraction(7, 6) - Fraction(4,6) # Subtraction
2 Fraction(1, 2)

This also applies to multiplication.

1 >>> Fraction(1, 10) * 5 # Multiplication
2 Fraction(1, 2) # Lowest Form

And because Python does not store exact fractions in floats, it is rec-
ommended to create fractions from Decimal objects.

1 >>> Fraction(11,10 ) + Fraction(Decimal('0.9'))
2 Fraction(2, 1)

You can view more methods of fractions in the documentation for the
fractions module2. 2https://docs.python.org/3/library/fractions.html

Exercise 6

What do you think is the result of the following expression?

1 >>> from fractions import Fraction
2 >>> (Fraction(2, 1)*Fraction(1, 2)) + Fraction(Decimal('0.5'))

Fraction(3, 2)a) Fraction(1, 1)b)

Fraction(1.5)c) 1.5d)

Complex Numbers The last numeric type that we will look at is complex
numbers in Python.

primer: Can you recall what complex numbers are?
fiona: Numbers having imaginary part are called complex numbers

A complex number is a number that can be expressed in the form a + bi,
where a and b are real numbers, and i is a solution of the equation xš = 1.
Because no real number satisfies this equation, i is called an imaginary
number.

z =

complex number︷             ︸︸             ︷
a︸︷︷︸
real

+ ib︸︷︷︸
imaginary

(10)

Complex numbers can be constructed using a complex constructor.
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1 >>> complex(3, 4) # Using constructor
2 3 + 4j # Complex Number
3 >>> 3 + 4j # Imaginary Literal
4 3 + 4j # Complex Number

Some of the the attributes of the complex numbers are :
1 >>> z = 3 + 4j
2 >>> z.real # Real Part of Complex Number
3 3.0 # type: <class 'float'>
4 >>> z.imag # Imaginary part of Complex Number
5 4.0 # type: <class 'float'>

The complex conjugate of a complex number is the number with an identical real
part and an imaginary part equal in magnitude but opposite in sign. For example, if
a and b is real, then the complex conjugate of a + bi is a − bi.

We can write a function that takes a complex number as input and
returns its conjugate.

1 >>> def conjugate(comp):
2 return complex(comp.real, -comp.imag)

We can use the above function in the following way.
1 >>> a = complex(1, 2)
2 >>> b = conjugate(a)
3 >>> b
4 (1.0, -2.0)

Fortunately, a complex number has a built-in method conjugate() that
gives the conjugate of any complex number.

1 >>> z = 3 + 4j
2 >>> z.conjugate()
3 ( 3 - 4j)

The magnitude of a complex number is the square root of the sum of
the square of its real and imaginary parts.

Magnitude of z =
√
a2 + b2 (11)

In Python, we can get the square root of any number using the sqrt()

from the math module. We can write a function that returns the magni-
tude of a complex number in the following way.

1 >>> import math
2 >>> def magnitude(comp):
3 return math.sqrt(comp.real**2 + comp.imag**2)

So, we can use our custom defined function as:
1 >>> z = 3 + 4j
2 >>> magnitude(z)
3 5.0

You can use the built-in Python’s abs() to get the magnitude of a
complex number. The abs() function works similarly as to our magnitude()
function we defined above.

1 >>> z = 3 + 4j
2 >>> abs(z) # math.sqrt(a**2 + b**2 )
3 5.0

For performing calculations using complex numbers, python provides
the cmath module. You can check out the Python documentation3 to 3https://docs.python.org/3/library/cmath.html
know more about it in detail.
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Exercise 7 Magnitude
What do you think is the output of the following expression?

1 >>> z1 = 3+4j
2 >>> z2 = 3-4j
3 >>> type(abs(z1 + z2))

'<class 'float'>''a) '<class 'int'>''b)

'<class 'complex'>''c) '<class 'decimal'>''d)

In the next section, we will look into collections type objects that are
used to store other data types.

Collections
Let’s look into container objects available in Python.

primer: Can you recall some of the container objects available in
Python?

fiona: Lists, tuples and dictionary

We earlier encountered lists, tuples and dictionaries.
The Collection types act as a container for storing references to other

objects. We can classify the built-in python containers into three groups
as shown in table 4.4.

Container Examples

Sequences Types Lists, Tuples, Strings
Set Types Sets and Frozen Sets

Mapping Types Dictionary

Table 4.4: Container Types in Python

There are many more collection type objects present in the Python
standard library. For now, we will look into the ones which we are most
likely to use.

Sequences

Let’s start with sequence types. Python objects stored in the sequences
are ordered sequentially.

primer: What do you think sequentially ordered objects mean?
fiona: Each element is assigned a sequentially increasing posi-

tion which can be used to access them

Sequentially ordered objects mean that Python sequentially assigns
each object a unique position or index. The objects can be accessed using
their position or index in the sequence.
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The three basic sequence types are lists, tuples, and strings. Sequences
are built-in containers that store the ordered set of Python objects.

Ordered sets of objects can be accessed using the format s[i] where s is
the sequence name while i is the object’s index. Accessing an item in a
container object using an index is called indexing. The index starts from
0 for the left-most item and increases by one as it moves towards the
right. If you use a negative integer, Python will start from the rightmost
element with the last element being −1, the second last being −2, so on.

We have already encountered strings, lists, and tuples. Let’s look at
them in more detail.

1 >>> a = ["Eena", "Meena", "Deeka"] # List Sequence
2 >>> a[0] # Accessing first element
3 'Eena'
4 >>> b = ("Daai", "Daam", "Nika") # Tuple Sequence
5 >>> b[-1] # Accessing last element
6 'Nika'
7 >>> c = "Maaka naaka naaka" # String Seqeunce
8 >>> c[3] # Accessing fourth element
9 'k'

Exercise 8

What does the following expression evaluate to?

1 >>> z = [0, 1, 2, 3, 4, 5]
2 >>> z[2]

1a) 2b)

3c) 4d)

primer: Suppose we have a list : z = [1, 2, 3].
And you run the command z[100] using the Python interpreter.
How do you think Python will respond?

fiona: Python will throw IndexError

Python raises an IndexError error with the message list index out of

range. You can think of an index as a reference that can be used to access
the object. Let’s check with an example.

We will create two string objects and check their reference counts.

1 >>> from sys import getrefcount
2 >>> first_ship, second_ship = "Going Merry", "Thousand Sunny"
3 >>> getrefcount(first_ship)
4 2

To recall, that getrefcount() function provides the number of the
references to a given object. The number returned is one greater than
actual as the function call temporarily references the object.

Now, let’s put both of our ships into a list container and check the
reference count.

1 >>> ships = [first_ship, second_ship]
2 >>> ships[0]
3 'Going Merry'
4 >>> getrefcount(first_ship)
5 3
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The reference count increased as we have another way to reference
the string object using the list position index.

Another thing to keep in mind is that the index can change if the
container’s content is changed.

To understand, let’s take the following example where we delete an
element of the list. We can delete an element of a list by using the del

keyword.

1 >>> a = [0, 1, 2, 3, 4]
2 >>> a[2]
3 2
4 >>> del a[2] # delete the element at index 2
5 >>> a
6 [0, 1, 3, 4]
7 >>> a[2]
8 3

The index 2, which was earlier assigned to number 2, is reassigned to
integer 3 after integer 2 is removed from the sequence.

Exercise 9
What do you think is the final value of the name z after the following
operation?

1 >>> z = "Loud Musiic"
2 >>> del z[9]

Loud Muiica)

Loud Musicb)

Loud Musiic)

Raises TypeError: 'str' object doesn't support item deletiond)

Unlike list objects, strings and tuple objects cannot be modified once
created. Whether an object can be modified after creation relates to
mutability. Next, let’s look into the mutability of sequences.

Mutability Immutable sequences are containers whose values don’t
change after we create them. Strings and Tuples are immutable sequences,
while List objects are mutable sequences.

We can assign items in a list object to a different value after it’s cre-
ation.

1 >>> a = [10, 30, 30, 40] # List object created
2 >>> a[1] = 20
3 >>> a
4 [10, 20, 30, 40] # List object modifed

We cannot modify items in a Tuples sequence.

1 >>> b = (1, 2, 3)
2 >>> b[1] = 2 # Cannot modfiy a tuple sequence
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 TypeError: 'tuple' object does not support item assignment

Similarly, Strings also cannot be modified once created.
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1 >>> c = "Hxllo World"
2 >>> c[1] = "e" # Cannot modify a string sequence/literal
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 TypeError: 'str' object does not support item assignment

Immutable sequences such as tuples and strings can be hashed or used
as keys for dictionaries. In contrast, mutable sequences such as lists cannot
be used.

1 >>> a = { "name": "Foo", (1, 2) : "Bar" }
2 >>> a[(1,2)] # Using a tuple as dictionary key
3 'Bar'
4 >>> a["name"] # Using a string as dictionary key
5 'Foo'

Storing tuples as dictionary keys are useful in certain cases. Python
will allow it as long as each element of a tuple is immutable.

If a tuple has a mutable element, Python will raise TypeError.

1 >>> a = {(1, []) : "Foo"} # Empty list is mutable
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: unhashable type: 'list'

primer: What do you think are some of the advantages of im-
mutable objects against mutable objects?

fiona: We don’t have to worry about side-effects and can safely pass them around

The immutable objects are safer to pass around, knowing that they can-
not be modified. On the other hand, mutable objects can be modified via
any of their references, leading to an incorrect result.

Also, Python has many optimizations in place for immutable objects,
which makes working with them, a lot faster. That’s all you need to
know about immutability for now.

Common Operations for Basic sequences
There are several common operations applicable to the basic sequences.

Let’s look into sequences in a bit more detail.

Operation Syntax Description

Indexing s[i] Returns item stored in ith index
Membership x in s or x not in s True if an item of s is equal to x, else False
Concatenation s + t Adds up two equal type sequences
Replication s * n or n * s Equivalent to adding s to itself n times
Length len(s) Returns the total number of items
Slicing s[start : stop : step] Returns a slice of items from the sequence with step
Counting s.count(x) Returns the total instances of item x in s
Searching s.index(x,[,i j]]) Returns the index of first instance x in s
Comparison s1 < s2 or s1 == s2 Lexicographically comparison of corresponding items
Min-Max max(s) or min(s) Smallest or largest item of s
Sorting sort() Sorts the elements in ascending or descending order
Any-All any(s) or all(s) True if any/all items are True
Sum sum(s) Returns the sum for a sequence of integers
Unpacking x,y,z = s corresponding item can assigned using unpacking

Table 4.5: Common operations in se-
quencesWe already looked at Indexing operation. Let’s look into other opera-

tions with examples.
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primer: Suppose you have to check if an item is present in a se-
quence. Which of the operation from table 4.5 would you use?

fiona: Membership operation

We can use the membership operation.

Membership The x in s operator tests whether the object x is present in
the sequence s. For strings, in and not in operators accept substrings.

1 >>> 1 in (1,2,3) # Checking containment in Tuple
2 True
3 >>> 0 not in [1,2,3,0] # Checking containment in List
4 False
5 >>> 'gre' in 'great kindness' # Checking containment in String
6 True

primer: Often, we wish to know the position of an element in a
sequence. Which of the operation from table 4.5 can you use to
get the index of the element?

fiona: Searching Operation

We can use the search or index operation to get an element’s position
in a sequence. Python provides a built-in method index() for retrieving
the index of the first occurrence inside the sequence if it exists. If the
element is not present inside the sequence, Python raises ValueError.

Let’s take an example.

1 >>> a = (1, 2, 1, 3, 2, 4, 5, 2)
2 >>> a.index(2)
3 1

The index() method also takes optional arguments i and j for the start
and end index of the sequence’s‘ to search, which is similar to searching
the sequence’s sub-sequence.

Therefore, the statement s.index(x, i, j) is equivalent to s[i:j].index(x).

1 >>> a = [1, 2, 1, 3, 2, 4, 5, 2]
2 >>> a.index(2, 5) # Start search from 5th item
3 7
4 >>> a.index(2, 2, 5) # Start search from 2nd item till 5th item
5 4

If no element exists inside the sequence, the index method returns
ValueError.

1 >>> "Team".index("I") # There is no 'I' in 'Team'
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 ValueError: substring not found

primer: Can you figure out how to get the length of the sequence in
Python?

fiona: Using the len() function

We can get the total number of items in a sequence obtained using the
built-in function len(). Let’s see a couple of examples.

Let’s start with tuples.

1 >>> a = (1,2,3) # Tuple
2 >>> len(a)
3 3
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Similarly, we can get the length of lists and strings.

1 >>> b = [] # List
2 >>> len(b)
3 0
4 >>> first_name = "Rochinate" # String
5 >>> len(first_name)
6 9

primer: Given that you know how to get the length of a sequence,
how can you find the index of the last element.

fiona: The index of the last element is one less than the length of a se-
quence

Indexing in Python starts at 0. We can get the index of the last ele-
ment in a sequence using the expression: len(s) - 1. We can also use -1

to access the same.

primer: We often need to add two or more sequences to create new
sequences. Which operation(s) from the table 4.5 can be used to
do this?

fiona: Concatenation operation

We can use concatenation or replication to create new sequences from
sequences. Concatenation is the operation of linking elements together in
series. Let’s look at both of them in detail.

Concatenation The same type of sequences can be concatenated to form
a new objects.

1 >>> (1,2) + (3,4,5) # Concatenating two tuples
2 (1,2,3,4,5)
3 >>> [1,2] + [3,4,5] # Concatenating two lists
4 [1,2,3,4,5]
5 >>> "1 2 3 " + "4 5" # Concatenating two strings
6 '1 2 3 4 5'

Concatenating immutable sequences always results in a new object.

Replication When you multiply a number n greater than 0 to sequence, it
is equivalent to adding the sequence to itself n times.

1 >>> 5 * (1,2) # Replicating a tuple
2 (1, 2, 1, 2, 1, 2, 1, 2, 1, 2)
3 >>> [1,2,3] * 3 # Replicating a tuple
4 [1, 2, 3, 1, 2, 3, 1, 2, 3]
5 >>> "Da-da Na-da " * 3 # Replicating a tuple
6 'Da-da Na-da Da-da Na-da Da-da Na-da '

When you multiply a sequence with 0, it becomes an empty sequence.

1 >>> (1,2,3) * 0
2 ()

Values of n less than 0 are treated as 0 and yields an empty sequence of the same
type as s.

1 >>> (1,2,3) * -5 # Replicating with a negative
number↪→

2 () # Empty Tuple
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Exercise 10
What is the output of the below Python expressions?

1 >>> a = [1,2,3]
2 >>> b = [a]
3 >>> c = 4 * b # 4 copies of elements of b
4 >>> c
5 [[1, 2, 3], [1, 2, 3], [1, 2, 3], [1, 2, 3]]
6 >>> a[0] = 100
7 >>>> c

[[100, 2, 3], [100, 2, 3],

[100, 2, 3], [100, 2, 3]]

a) [[1, 2, 3], [1, 2, 3], [1, 2,

3], [1, 2, 3]]

b)

[[4, 8, 12], [4, 8, 12], [4,

8, 12], [4, 8, 12]]

c) Raises ValueErrord)

The replicated elements here are shallow copies of sequence. If you
change the reference element, the change will be reflected across all
repeated elements.

To better understand, let’s take an example.

1 >>> a = [1,2,3]
2 >>> b = [a]
3 >>> c = 4 * b # 4 copies of elements of b
4 >>> c
5 [[1, 2, 3], [1, 2, 3], [1, 2, 3], [1, 2, 3]]
6 >>> a[0] = 100
7 >>>> c
8 [[100, 2, 3], [100, 2, 3], [100, 2, 3], [100, 2, 3]] # All items will change

So, keep in mind that replicating a sequence results in shallow copies
of the elements. Next, we will look at the slicing operation in sequences.

Slicing As sequence types contain ordered items, the slicing operation
returns a set of items within the defined starting index and ending index.

Slice Operation → s[i : j : k] (12)
where, i is start index, j is end index and k is the step

For example, for a tuple s with value (0,1,2,3,4,5,6,7,8,9),

s[3 : 7 : 1] = ©«
indices︷                     ︸︸                     ︷

0, 1, 2, 3, 4, 5, 6︸   ︷︷   ︸
slice

, 7, 8, 9
ª®®¬ = (3, 4, 5, 6) (13)

The slicing operation returns a set of items from the start index to the
end index, not including the end index. The step dictates which elements
to take after the first one. By default, the step is one that means the slice
returns consecutive elements. In contrast, for step 2, the slicing operation
will return every alternate item with a start and end index.

When we use the optional step argument, other than 1, to slice a list,
it is called an extended slice.

Figure 4.2 shows various slices of the string sequence PRIMER.
We can test a few examples of slicing operations in Python.
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Figure 4.2: String Slicing
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1 >>> (0, 1, 2, 3, 4, 5, 6, 7, 8, 9)[3:7] # Slicing with step 1
2 (3, 4, 5, 6)
3 >>> [0, 1, 2, 3, 4, 5, 6, 7, 8, 9][0:7:2] # Slicing with step 2
4 [0, 2, 4, 6]
5 >>> "IansNinsDasdIasaAas"[0:-1:4] # Slicing with step 4 and negative index
6 'INDIA'

Exercise 11
What is the result of the following slicing operation?

1 >>> a = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
2 >>> a[::2]

[0, 2, 4, 6, 8]a) [1, 3, 5, 7, 9]b)

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]c) [1, 3, 5, 7]d)

In the exercise above, list a starts from 0, skips element, picks 2, skips
element, picks 4, and so forth. Slicing can seem complicated and un-
intuitive sometimes. Let’s understand more in detail.

Step can be understood in the following way. When you wish to get
the slice s[i:j:k] of a sequence s, python returns the items s[i], s[i +

k], s[i+2*k], ... , s[i + n*k] where n*k is less than the length of the
seqeunce len(s).

So, for a list s = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9], with the slice s[0:7:2],
python returns the items s[0], s[2], s[4], s[6].

The slicing operator s[i:j] extracts a subsequence from s consisting
of the elements with index k, where i <= k < j. If Python finds no such
elements satisfying the condition, it returns an empty sequence of the
same type.

The steps can also be negative.

• If the step is positive and if the starting index i is omitted, Python
assumes the start index to be 0.

• If the step is positive and if the ending index j is omitted, Python
assumes the end index to the length of the sequence len(s)

• If the step is negative and if the starting index i is omitted, Python
assumes sets the starting index to the length of the sequence or
len(s).

• If the step is negative and if the ending index j is omitted, Python
sets the end index to 0.

Few examples of slicing are shown in the below code listing.

1 >>> a = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
2 >>> a[:]
3 [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
4 >>> a[::2]
5 [0, 2, 4, 6, 8]
6 >>> a[::-2]
7 [9, 7, 5, 3, 1]
8 >>> a[5::-1] # Negative Index
9 [5, 4, 3, 2, 1, 0]

10 >>> a[3:5:-1]
11 []
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Exercise 12
What’s the value of the following expression?

1 >>> a = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
2 >>> a[5::-1]

[5, 4, 3, 2, 1, 0]a) [4, 3, 2, 1, 0]b)

[6, 5, 4, 3, 2, 1, 0]c) []d)

Counting
To count the number of occurrences of an element in a sequence, we can use the
built-in count() method.

For strings, the count() method can also take a substring. If the item
doesn’t exist, the count() method simply returns 0. Let’s take a look at
some examples.

Let’s create a tuple of elements.
1 >>> a = (0, 1, 2, 2, 2, 5, 6, 2, 8, 9)
2 >>> a.count(2)
3 4

If the item doesn’t exist, the count() method simply returns 0.
1 >>> a.count(99)
2 0 # No element exists

For lists, it works similarly.
1 >>> [1,1,1,3,4,5].count(1)
2 3

For strings, the count() method can also take a substring.
1 >>> "This is a very long sentence".count('e')
2 4
3 >>> "This is a very long sentence".count('is')
4 2

Exercise 13 Count Substrings
What is the output of the following Python code?

1 >>> "Mississippi".count("is")

0a) 1b)

2c) 3d)

Comparison In an earlier chapter, we saw that we could compare string
literals lexicographically.

primer: Can you rephrase what lexicographically means?
fiona: In the same order as that of dictionary

Lexicographic order is ordering words based on the alphabetical order
of their component letters.

Python lexicographically compares primitive sequences against other
sequences. Let’s take a look at how this works.

Lexicographical comparison between built-in collections works as
follows:
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• For two collections to compare equally, they must be of the same
type and same value.

1 >>> [1, 2, 3] == [1,2,3]
2 True
3 >>> (0, 0.1, 0.2) == (0, 0.1, 0.2)
4 True

• Collections that support order comparison have the same order as
their first unequal elements. For example, [1,2,a] <= [1,2,b] has
the same value as a <= b.

1 >>> [1, 2, 80] > [1, 2, 81]
2 False
3 >>> (9, 8, 7) > (9, 8, 0)
4 True

• If a corresponding element does not exist, the shorter collection is
ordered first

1 >>> [1, 2, -9] > [1, 2]
2 True

Exercise 14
In the following code, what is the value of (A, B, C)?

1 >>> (7,) > (1,2)
2 (A)
3 >>> [1] == [1,0]
4 (B)
5 >>> "Hello" < "hello"
6 (C)

True, True, Truea) True, False, Trueb)

True, False, Falsec) False, False, Falsed)

Min-Max Previously, we saw that basic sequences could be compared
against the same type of sequences. The built-in functions min() and
max() allows the user to get the least or the maximum value of the item
stored in a sequence. Let’s take a look at some examples.

Let’s create a tuple of numbers.
1 >>> a = (1, 2, 3, 4, 5, 6, 7, 8)

Now, let’s call max() and min() on the tuple to get the maximum value
and minimum value correspondingly.

1 >>> a = (1, 2, 3)
2 >>> max(a)
3 3
4 >>> min(a)
5 1

For the functions min() and max(), all the items should be of the same
type.

1 >>> b = [1, "Hello", (1,2,3)]
2 >>> max(b)
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 TypeError: '>' not supported between instances of 'str' and 'int'
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The maximum or minimum value for a string returns the character
having the highest or lowest character value.

1 >>> max("Hello World")
2 'r'
3 >>> min("Hello World")
4 ' '
5 >>>

Exercise 15 Maximum Item Value

What is the value of the following Python code?

1 >>> max([(1, 2, 3), (1,), (1, 2, 4), (1, 3, 1) ])

(1, 2, 3)a) (1,)b)

(1, 2, 4)c) (1, 3, 1)d)

Sorting Often you would require to sort the list in ascending or de-
scending order of item values. Python provides a built-in function
sorted() to help you do just that.

The sorted() creates a new list object from a sequence in which
Python sorts items in ascending or increasing order.

1 >>> a = (100, 20, .3, -0.123 ) # Tuple
2 >>> sorted(a)
3 [-0.123, 0.3, 20, 100] # A new sorted List object in ascending

order↪→

The sorted() function takes an optional keyword argument reverse
with the default value False. To get sorted items in descending order,
you can include the keyword argument reverse=True.

1 >>> b = ( 11, 2, 355, 123 ) # Tuple
2 >>> sorted(b, reverse=True)
3 [355, 123, 11, 2] # Sorted item in descending order.

For strings as arguments, the sorted() function returns a lexicographi-
cally ordered list of characters.

1 >>> sorted("Hello World")
2 [' ', 'H', 'W', 'd', 'e', 'l', 'l', 'l', 'o', 'o', 'r']

For the sorted function to work, all the containing items in a sequence
should be of same types of items which can be compared against other stored
items.

1 >>> sorted([(), (1,2), (1,2,3), (1,23)]) # List of Tuples
2 [(), (1, 2), (1, 2, 3), (1, 23)]

For instance, the sorted() function will raise TypeError if you use a mix
of strings and integers as we cannot compare them directly.

1 >>> sorted([1,2,3,"sas"])
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: '<' not supported between instances of 'str' and 'int'
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Exercise 16 Sorted
What’s the output of the following expression?

1 >>> type(sorted("CABBAGE"))

<class 'list'>a) <class 'str'>b)

<class 'tuple'>c) <class 'int'>d)

Any-All Earlier, we mentioned that in Python, we could test every
object for truth value. There are many programming cases where you
would like to check if any item has a truth value True or if all items have
a truth value True. For that purpose, python provides built-in functions
any() and all().

1 >>> a = [0, 0, 0]
2 >>> any(a) # Check if any of the items in a has truth value True
3 False
4 >>> b = ("", [], ()) # Empty sequences have truth value False
5 >>> any(b)
6 False
7 >>> c = [1,2,0]
8 >>> all(c) # Check if all items in `c` have truth value True
9 False

10 >>> d = (100, 200, 300)
11 >>> all(d)
12 True

Exercise 17 Any
What’s the output of the following expression?

1 >>> e = ("", [], ())
2 >>> any(e)

Truea) Falseb)

As you might recall, all empty sequences have the truth value, False.
You can verify by checking the result of bool("") or bool([]) in the
interpreter. Therefore, the above exercise results in False.

Another operation that is often used with lists is summing up all of its
elements. Let’s look into it next.

Sum Python contains a built-in function sum() to get the sum of nu-
meric items in a sequence. For instance,

1 >>> a = [1, 2, 3, 4, 5]
2 >>> sum(a) # Sum all the elements of list `a`
3 15

We can do the same for a tuple.

1 >>> b = (0.3, 0.4, 0.5)
2 >>> sum(b)
3 1.2

The sum() requires each item type to support the addition opera-
tion + with other item types. The sum() function doesn’t support string
sequences. If you try to add strings, it will show a TypeError.
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1 >>> c = ["Hi", "There"]
2 >>> sum(c)
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 TypeError: unsupported operand type(s) for +: 'int' and 'str'

primer: In the last example, the error message shows TypeError:
unsupported operand type(s) for +: 'int' and 'str'.
But we didn’t provide any integers to add. Can you guess why
Python prints such a message?

fiona: It takes an initial value to add numbers to

When we sum all the list elements, we usually assume a starting value,
usually called accumulator. This value is usually set at 0, and we keep
elements adding to it. And when the list is exhausted, the accumulator’s
final value is returned as the total value.

The sum() function allows you to modify the accumulator. It takes an
accumulator argument start whose default value is 0. You can initialize
the sum() to start from other numbers as well.

1 >>> c = [0.3, 0.6, 0.9]
2 >>> sum(c, 10) # add the sum of `c` list to 10
3 11.8

You can also sum tuples if you use a different starting value.

1 >>> e = [(3, 4), (5, 6)]
2 >>> sum(e, (1, 2))
3 (1, 2, 3, 4, 5, 6)

However, note that you still cannot add strings using the sum() func-
tion.

Unpacking Next, we come to the unpacking of sequences.

primer: We have already encountered unpacking earlier. Why
don’t you take a guess what unpacking of sequences mean?

fiona: Assigning one or multiple elements from a sequence to iden-
tifiers is called unpacking

When we put objects into containers, it can be thought of as packing
objects inside a container. If we wish to refer to each item in a container,
we can use indexing to access via their position.

Python provides a shorter syntax to assign to individual items in a
stored container. This is referred to as unpacking sequences.

Let’s create a list with tuples.

1 >>> a = [(1,2,3), (4, 5,6), (7,8,9)]

Now, we can obviously name individual tuple items using the index.
For instance,

1 >>> first = a[0] # (1,2,3)
2 >>> second = a[1] # (4,5,6)
3 >>> third = a[2] # (7,8,9)

However, Python provides a much concise way to extract and assign
individual items in a container.
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1 >>> first, second, third = a
2 >>> first
3 (1,2,3)

As I mentioned before, unpacking works when there is an equal num-
ber of names corresponding to the sequence items.

1 >>> a, b, c = (1, 2, 3, 4) # Won't work
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 ValueError: too many values to unpack (expected 3)

You can also unpack characters from a string sequence.

1 >>> a, b, c, d, e = "hello"
2 >>> a
3 'h'

Next, we will look into Python lists in more detail.

Lists

In the previous section, we saw the operations that are common to all the
sequences. We will now look at operations for lists.

primer: Can you recall the key difference between lists and
tuples?

fiona: Lists are mutable containers whereas tuples are im-
mutable container objects.

In Python, built-in list objects are mutable while tuple is immutable.
This difference leads to several operations allowed in list while not
permissible in tuple. Let’s look at the list first.

In Python, you can use a pair of square brackets or use the list()

constructor to create lists. The list constructor can take other sequences
to create a list object.

1 >>> a = (1, 2, 3) # Tuple iterable
2 >>> list(a) # Creating a list from a tuple
3 [1, 2, 3]

As strings are also iterables, we can construct lists from strings.

1 >>> b = "Hello" # String iterable
2 >>> list(b) # Creating a list from a string
3 ['H', 'e', 'l', 'l', 'o']

Let’s look at some of the methods and operations of List object avail-
able in Python in table 4.6.

primer: Can you tell which operation from table 4.6 can be used to
replace the elements of a given list?

fiona: Slice operation can be used to replcae the elements of a given list.
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Operation Syntax Description

Item assignment s[i] = x Item at i of s is replaced by x
Slice assignment s[i:j:k] = t Slice of s from i to j is replaced by sequence t
Item Deletion del x[i] Removes the item at i
Slice Deletion del s[i:j:k] Removes the items of slice from the list
Append s.append(x) Appends x to the end of the sequence
Insertion s.insert(i, x) Inserts x into s at the given index i
Clear s.clear() Removes all the items from s
Copy s.copy() Creates a shallow copy of s
Extend s.extend(t) Extends s with the contents of sequence t
Pop s.pop([i]) Retrieves the item at i and removes it from s
Reverse s.reverse() Reverses the items of s
Remove s.remove(x) Remove the first item from s where s[i] is equal to x
Replication s *= n Updates s with its content repeated n times
Sorting s.sort() Updates s with sorted list of items

Table 4.6: Operations on a List object

Assignment and Deletion Lists are mutable container objects which can
be modified. We can modify the items directly by accessing the item
using indexing and reassigning using the assignment operator (=).

1 >>> a = [1, 3, 3]
2 >>> a[1] = 2 # Modify the second item
3 >>> a
4 [1, 2, 3]

Similar to item modification, a slice of list object s can also be reas-
signed to other sequences t using the form,

s[i : j] = t

The slice assignment will replace the contents of the slice object with
the contents of sequence t.

1 >>> a = [10, 2, 3, 4 50, 60]
2 >>> a[1:4] = [20, 30, 40] # the step `k` in slice is default 1
3 >>> a
4 [10, 20, 30, 40, 50, 60]

We can replace the contents of the slice with any arbitrary length
sequence. It doesn’t need to be the same as the slice length.

1 >>> c = [1, 5, 6]
2 >>> c[1:3]
3 [5,6] # slice to be replace
4 >>> c[1:3] = [2, 3, 4, 5, 6, 7]
5 >>> c
6 [1, 2, 3, 4, 5, 6, 7]

Let’s do a quick exercise to check if you understand the slice assignment.

Exercise 18
What’s the output below?

1 >>> z = [3, 6, 9, 11, 14, 17, 21]
2 >>> z[3:6] = [12, 15, 18]
3 >>> z

[3, 6, 9, 11, 14, 17, 21]a) [3, 6, 9, 12, 15, 18, 21]b)

[3, 6, 9, 11, 15, 18, 17, 21]c) [3, 6, 9, 12, 15, 18]d)
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So far, we have been assigning slices to the list. We can also assign
content from sequences other than lists.

1 >>> b = [1, 5]
2 >>> b[0:1] = (1, 2, 3, 4) # Contents from sequence
3 >>> b
4 [1, 2, 3, 4, 5]

We can do the same with string sequences as well.

1 >>> c = ["g","t"]
2 >>> c[1:2] = "reat"
3 >>> c
4 ['g', 'r', 'e', 'a', 't']

If you wish to insert two or items replacing a single item, using a slice
will be the best approach.

1 >>> b = [1, 40, 50, 60, 70]
2 >>> b[0:1] = [10, 20, 30]
3 [10, 20, 30, 40, 50, 60, 70]

primer: We can also assign content to an extended slice of a list. Do
you recall what an extended slice is?

fiona: If the step size of a slice is other than 1, then it is called an ex-
tended slice.

Slices with a step argument other than the default step 1 are called extended slices.

To assign to an extended slice, the length of the list to be assigned
must be equal to the slice object’s length. For instance,

Let’s take a list.

1 # We would like to modify the 3rd, 5th, and last item
2 >>> c = [1, 5, 1, 9, 1, 13, 1]

Now, we wish to modify the 3rd, 5th, and the last item of the list. We
can get the slice using a step size 2. Let’s check if we can get our desired
slice.

1 >>> c[2::2] # Get the slice object
2 [1, 1, 1]

Now that we have our desired slice let’s assign it to our desired se-
quence.

1 >>> c[2::2] = [7, 11, 15] # Slice Assignment
2 >>> c
3 [1, 5, 7, 9, 11, 13, 15]

If you try to assign a sequence with a length different from the slice
objects, Python will raise ValueError.

1 >>> c[2::2] = [7, 11, 15, 17]
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 ValueError: attempt to assign sequence of size 4 to extended slice of size 3
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Exercise 19 Slice Replacement

What is the value of the following statement?

1 >>> d = [1, 4, 3, 9]
2 >>> d[1::2] = [2, 4]
3 >>> d

[1, 2, 3, 4, 9]a) [1, 2, 3, 4]b)

[1, 2, 4, 3, 4]c) [2, 4, 3, 9]d)

primer: What if we wish to delete multiple items from a list? How
do you think we can do that?

fiona: We can delete slices of list objects

Deletion We know that we can delete the items in a list by using the del

keyword.

1 >>> a = [1, 2, 3, 7, 4, 5, 6]
2 >>> del a[3] # Delete the 4th item
3 >>> a
4 [1, 2, 3, 4, 5, 6]

We can delete the slice object using either the del keyword or assign-
ing the slice to an empty list.

1 >>> b = [1, 19, 7, 5, 6, 2, 3, 4]
2 >>> b[1:5] # slice needed to be deleted
3 [19, 7, 5, 6]
4 >>> del b[1:5] # Same as b[1:5] = []
5 >>> b # list object modified
6 [1, 2, 3, 4]

Therefore, you can delete the slice object using either using the del or
assigning the slice to an empty list.

However, to delete an extended slice, we can use only the del key-
word.

1 >>> c = [1, 3, 2, 4, 3, 5, 4, 7, 5]
2 >>> c[1::2] # slice needed to be deleted
3 [3, 4, 5, 7]
4 >>> del c[1::2] # Delete the slice
5 >>> c # List object modified
6 [1, 2, 3, 4, 5]

Exercise 20 Slice Delete

What is the final value of d in the following code?

1 >>> d = [1, 2, 3, 4, 5]
2 >>> d[1:4] = [5, 4, 3, 2]
3 >>> del d[2::2]

[1, 5, 3, 5]a) [1, 2, 4]b)

[1, 2, 3]c) [1, 5, 4 , 2]d)
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Append, Insertion, and Extend If you wish to add items to a list, you
can use the + operator to concatenate two lists. However, concatenation
leaves the two lists unchanged. We can understand this in the code
below.

1 >>> a = [1, 2, 3]
2 >>> b = [4, 5, 6]
3 >>> a + b
4 [1, 2, 3, 4, 5, 6]
5 >>> a
6 [1, 2, 3]

To modify the list object, Python provides a built-in method append()

for the list object, which adds items at the end of the list.
1 >>> c = [1, 2]
2 >>> c.append(3)
3 >>> c
4 [1, 2, 3] # list modified

Exercise 21 Append
What is the output from the following statements?

1 >>> d = [1, 2, 3]
2 >>> d.append((1, 2))

Raises TypeErrora) [1, 2, 3, 1, 2]b)

[1, 1, 2]c) [1, 2, 3, (1, 2)]d)

The append() method takes only a single argument; therefore, it can
add only a single object at the end of the list. To add multiple values, lists
have a built-in method extend(), which adds another sequence’s contents
at the end of the list.

1 >>> d = [1, 2, 3]
2 >>> d.extend((1, 2)) # Add contents from the tuple to the list
3 >>> d
4 [1, 2, 3, 1, 2] # List modified

The s.extend(t) method is the same as using the augmented assign-
ment operator += for concatenation. For instance, we can extend a list
using the following method.

1 >>> d = [1, 2, 3]
2 >>> d += [1, 2] # Same as d = d + [1, 2]
3 >>> d
4 [1, 2, 3, 1, 2]

We can extend the list from various sequences.
1 >>> c = [1, 2, 3]
2 >>> c.extend([4, 5, 6]) # Similar as c += [4,5,6]
3 >>> c
4 [1, 2, 3, 4, 5, 6]
5 >>> c.extend((7, 8)) # Extending from Tuples
6 >>> c
7 [1, 2, 3, 4, 5, 6, 7, 8]
8 >>> c.extend("NO") # Extending from Strings
9 >>> c

10 [1, 2, 3, 4, 5, 6, 7, 8, 'N', 'O']

There is a caveat that you need to know about the extend operation
and concatenation. To understand this, let’s do an exercise.
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Exercise 22 Identities

What is the output of the following operation?

1 >>> x = y = z = [1, 2] # All names point to same list object
2 >>> x += [3, 4]
3 >>> y = y + [3, 4]
4 >>> x is y, x is z, z

(True, True, [1, 2, 3, 4])a) (False, True, [1, 2, 3, 4])b)

(False, True, [1, 2])c) (True, True, [1, 2])d)

Augmented assignment operator += along with append() and extend()

modifies the same object. However, if we use the expanded form of +=,
the name is reassigned to a different object.

Let’s take a list object a.

1 >>> a = [1, 2, 3]
2 >>> id(a)
3 139958920005384

Let’s modify the list using the augmented assignment operator (+=).

1 >>> a += [4] # Add elements
2 >>> a
3 [1, 2, 3, 4]
4 >>> id(a)
5 139958920005384 # Same object

Now, let’s modify the object using the expanded form of the assign-
ment operator.

1 >>> a = a + [5]
2 >>> a
3 [1, 2, 3, 4, 5]
4 >>> id(a)
5 139958920005128 # Different object

This discrepancy can be explained by the way the operators work
behind the scene.

primer: Can you recall what magic methods are?
fiona: Magic methods are special methods that allows ob-

jects to take advantage of Python’s comparision ops.

To recall, Magic or Special methods allows objects to use various
operators such as +, -, +=, etc. Whenever you use an operator such as +
to add two objects, Python executes the function __add__() behind the
scene for the object.

The + operator uses the __add__ magic method, which doesn’t modify
any operands. Therefore, the expression, s = s + [a], returns a new object
and is reassigned to the name.

On the other hand, the += operator calls the __iadd__ magic method
that modifies the arguments in-place. This is a tricky bit of information
you should be keeping in mind.

For lists, it is easier to remember that += is a shorthand for list.extend() to avoid
such erroneous behavior.
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In-place methods modify the objects which call it. For example,
when we call when we append an element to a list, the list object is
modified.

1 >>> a = [1, 2]
2 >>> a.append(3)
3 >>> a # list modified in-place
4 [1, 2, 3]

While non-in-place methods don’t modify their object. Instead, they
return a copy of that object.

1 >>> name= "luffy"
2 >>> name.upper() # returns a copy
3 'LUFFY'
4 >>> name
5 'luffy'

Both append() and extend() methods insert items at the end of the list.

primer: How can we insert elements at a particular position inside
the list?

fiona: Using insert() method

One method we can use is the slice assignment.
The slice assignment removes the item at the start index. Therefore,

we need to ensure to keep the element we are replacing in the sequence
content.

1 >>> a = [4, 1]
2 >>> a[0:1] = [a[0], 3, 2] # Insert multiple items at a given

index↪→
3 [4, 3, 2, 1]

This method allows us to insert multiple items at a given index.
To insert an element at a particular position or index, Python provides

a built-in method insert(). The insert(<index>, <object>) method takes
two arguments, index and the object, and inserts the object before the
index.

1 >>> d = [1, 3, 4]
2 >>> d.insert(1, 2) # Insert `2` before the second item
3 >>> d
4 [1, 2, 3, 4]
5 >>> d.insert(len(d), 5) # Insert `5` at the end
6 >>> d
7 [1, 2, 3, 4, 5]

Like the append() method, the insert() method inserts only a single
item. To insert multiple items, we can assign list items to slice.

The append() and extend() method can be replicated using a slice
assignment.

1 >>> a = [1, 2, 3, 4]
2 >>> a[len(a):] = [5] # Same as a.append(5)
3 >>> a
4 [1, 2, 3, 4, 5]
5 >>> a[len(a):] = [6, 7, 8] # Same as a.extend([6, 7, 8])
6 [1, 2, 3, 4, 5, 6, 7, 8]
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Exercise 23
What is the output of the following code?

1 >>> z = [1, 2, 3]
2 >>> z[len(z):] = [4, 5, 6]
3 >>> z

[1, 2, 3, 4, 5, 6]a) [1, 2, 4, 5, 6]b)

[4, 5, 6]c) [1, 2, 3, [4, 5, 6]]d)

Python also provides methods to remove elements from the list. Ear-
lier, we used the del keyword to remove elements. Let’s take a look at
other ways to do the same.

Clear, Remove and Pop To remove all the items of a given list s, Python
provides a built-in method clear() for list-objects. This is the same as
deleting the entire list slice using the del keyword.

1 >>> a = [1, 2, 3]
2 >>> a.clear() # Same as del s[:]
3 >>> a
4 []

To remove a given item without specifying its index, you can use the
built-in method remove(<object>).

The method takes an object as an argument and removes the first item
in the list, which matches the object’s value.

1 >>> a = [1, 2, 1, 2, 3, 4]
2 >>> a.remove(1) # [2, 1, 2, 3, 4]
3 >>> a.remove(2) # [1, 2, 3, 4]
4 >>> a
5 [1, 2, 3, 4]

The method s.remove(x) raises ValueError when x is not found in
the list s. Sometimes, you require to return an item and simultaneously
remove it from the list. The built-in method pop() takes the index of the
element as an argument. It returns the element while removing it from
the list.

1 >>> a = [1, 2, 3]
2 >>> a.pop(1) # Return the item at position 1
3 2
4 >>> a # Item removed from the list
5 [1, 3]

Exercise 24 Pop
How does Python evaluate the last line in the below code?

1 >>> z = [1, 2, 1, 2, 1, 3, 4, 5, 6]
2 >>> z.pop()
3 6
4 >>> z.pop()
5 5
6 >>> z.remove(1)
7 >>> z.remove(4)
8 >>> z.remove(6)

Raises ValueErrora) [2, 1, 2, 1, 3]b)

[2, 1, 2, 1, 3, 6]c) [1, 2, 1, 3]d)
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Copy and Replication Python provides a built-in method copy() to copy
the list. This is the same as the slice s[:].

Let’s take a look. Let’s create a list a which value [1, 2, 3]. Now, let’s
copy the list a to the name b.

1 >>> a = [1, 2, 3]
2 >>> b = a.copy() # Same as a[:]
3 >>> b
4 [1, 2, 3]

To replicate items in a list, we can the augmented assignment operator
*=.

1 >>> a = [1, 2, 3]
2 >>> a *= 3 # Same as a = a*3
3 >>> a
4 [1, 2, 3, 1, 2, 3, 1, 2, 3]

As we earlier mentioned, both copy and replication produces shallow
copy of the items stored in the list.

Exercise 25 Copy
What’s the final value of the a?

1 >>> a = [[], [1,2,3]]
2 >>> b = a.copy() # Create a list `b` with same contents as `a`
3 >>> b
4 [[], [1,2,3]]
5 >>> b[1][1] = 100 # Modify a item stored in `b`
6 >>> b
7 [[], [1, 100, 3]] # `b` is modified
8 >>> a

[[], [1, 2, 3]]a) [[], [1, 100, 3]]b)

Reverse
primer: How can we completely reverse the list?
fiona: Using slice assignment with -1 as the step size

Suppose you want to completely reverse the list. This can be achieved
using extended slice objects with the step −1.

1 >>> a = [1, 2, 3, 4]
2 >>> a[::-1] # Slice object with step -1
3 [4, 3, 2, 1]
4 >>> a
5 [1, 2, 3, 4] # The original list is intact

The thing to be noted is that the slice object returns another list.
1 >>> a = [1, 2, 3, o4]
2 >>> b = a[::-1]
3 >>> a is b
4 False

We can modify the same list object using a python built-in method
reverse().

1 >>> a = [1, 2, 3, 4]
2 >>> a.reverse()
3 >>> a # The object is modified
4 [4, 3, 2, 1]
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Exercise 26 Reverse
What is the output of the last line of the code below?

1 >>> a = [1, 2, 3, 4]
2 >>> b = a[::-1]
3 >>> a.reverse()
4 >>> a == b

Truea) Falseb)

Sorting Earlier, we used the built-in function sorted() to sort the items
in a list. The sorted() function doesn’t change the order of the items in a
list; rather, it returns a copy of the list with the items rearranged.

We can change the items of a list object using a built-in python
method sort(). The sort() method, similar to the sorted() function,
accepts a keyword argument reverse to get the items in descending order.

1 >>> a = [3, 5, 2, 1, 4]
2 >>> a.sort() # Sorts the list in ascending order
3 >>> a
4 [1, 2, 3, 4, 5]
5 >>> a.sort(reverse=True) # Sorts the list in descending order
6 [5, 4, 3, 2, 1]

Exercise 27 Reverse Sort
What’s the value of the sorting operation below?

1 >>> z = [(1, 2), (1, 2, 3), (3, 2, 1), (3, 2)]
2 >>> z.sort(reverse=True)
3 >>> z

[(3, 2, 1), (3, 2), (1, 2, 3),

(1, 2)]

a) [(1, 2), (1, 2, 3), (3, 2),

(3, 2, 1)]

b)

[(1, 2), (1, 2, 3), (3, 2, 1),

(3, 2)]

c) [(1, 2, 3), (1, 2), (3, 2),

(3, 2, 1)]

d)

To make sense of the previous exercise, you might recall that the
tuples are compared lexicographically.

Next, let’s look into tuples in more detail. However, since tuple is
immutable, there are not many specific operations for a tuple.

Tuples

Tuples are immutable sequences, and we can create them in several ways:

• Using a pair of parentheses to denote the empty tuple: ()

• Using a trailing comma for a singleton tuple: a, or (a,)
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• Separating items with commas: a, b, c or (a, b, c)

• Using the tuple() built-in constructor : tuple() or tuple(sequence)

To illustrate, let’s look at the following code sample.

1 >>> a = () # Empty Tuple
2 >>> b = 1, # Singleton tuple same as b = (1, )
3 >>> c = 1, 2, 3 # Tuple containing values b = (1, 2, 3)
4 >>> d = tuple([1, 2, 3]) # (1, 2, 3)
5 >>> e = tuple("Hello") # ('H', 'e', 'l', 'l', 'o')

The tuple(iterable) constructor builds a tuple whose items are the
same and in the same order as iterable items. Tuple implements all the
common sequence operations, as shown earlier. Python reuses the same
empty tuple object throughout the program execution. Let’s take an
example to understand more.

1 >>> a = () # Empty Tuple 1
2 >>> b = () # Empty Tuple 2
3 >>> a is b
4 True # a and b both refer to the same object in memory

primer: Why do you think Python reuses the same empty tuple
object throughout the program?

fiona: Because an empty tuple object is immutable so to save re-
sources, it reuses the same empty tuple.

Since tuples are immutable, we cannot modify them after they have
been created. Therefore, Python reuses the object. But then what hap-
pens with the empty mutable containers? Let’s take a look.

For empty mutable sequences such as list, Python creates new objects.

1 >>> x = []
2 >>> y = []
3 >>> x is y
4 False # x and y both refer to the different object in

memory↪→

Tuples are immutable, so once created, their value doesn’t change. In
the next section, let’s take a look at another immutable sequence: Strings.

‘

Strings
primer: Before we start, can you define string sequences?
fiona: String sequences are collection of characters

In chapter 1, we learned about Unicode characters.

Strings are immutable sequences of Unicode code points or characters.

We can create string sequences in several ways:
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• String literal using single quotes ''

• String literal using double quotes""

• Triple quoted string literal """ """

• String constructor str()

1 >>> a = "Can embed 'single quotes' " # Double quotes
2 >>> b = 'Can embed "double quotes" ' # Single quotes
3 >>> c= """Can span
4 multiple lines
5 of text
6 """ # Triple quote
7 >>> d = str(14.3) # Returns the string version of the object

String literals that have whitespace between them will be converted to
a single string literal.

1 >>> e = "Hello" "World" # 'HelloWorld'

Although a string is composed of characters, there is no character type in
Python.

A single character is referred to as a string with a length of 1.

Exercise 28 Character

What is the output of the last line of the code below?

1 >>> a = "ABC"
2 >>> b = "ABC"
3 >>> a[0] is b[0]

Truea) Falseb)

Every character has a constant value that is shared among strings.
Similar to list objects, strings have specific methods for them. Let’s take
a look at them.

String Methods String sequences implement all of the standard sequence
operations and have additional methods of their own. Table 4.7 shows
some of the essential methods categorized by their functionality.

Method Type Description

Case Modifiers Modifies the cases of the characters in a string
Count and Search Checks the count of characters or search for a substring
Boolean Methods Check if any or all digits are specified to a format

Join and Split Join or Splits the string using a delimiter
Strip Strips the string of a substring

Format Formats the string to include a name

Table 4.7: Standard operations in String
objects

Let’s check each of them in a bit more detail. We will start case modi-
fiers.
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Method Description

str.capitalize() Return a copy of the string with its first character capitalized and the rest lowercase.
str.lower() Return a copy of the string with all the cased characters converted to lowercase
str.swapcase() Return a copy of the string with uppercase characters converted to lowercase and vice versa.
str.title() Return a title case version of the string where words start with an uppercase character, and the remaining

characters are lowercase
str.upper() Return a copy of the string with all the cased characters converted to uppercase

Table 4.8: Case modifiers in Strings

Case Modifers A string str can change the case of some or all of its
characters using built-in methods. Table 4.8 illustrates some of such
methods.

We can check the usage of a method in a code listing below.

1 >>> "hello world".capitalize() # 'Hello world'
2 >>> "HELLO WORLD".lower() # 'hello world'
3 >>> "Hello World".swapcase() # 'hELLO wORLD'
4 >>> "hello world".title() # 'Hello World'
5 >>> "hello world".upper() # 'HELLO WORLD'

primer: What is the difference between the capitalize() and the
title() method?

fiona: The title() method makes the first letter of every word capi-
tal.

The difference between the method capitalize() and title() is that
the capitalize() methods change the case of the first letter of the string.
In contrast, the title() method changes every word’s first letter in a
string.

Count and Search Methods We can search for the position of a substring
or count the substring instances using these built-in Python string meth-
ods. These methods are shown are in table 4.9.

Method Description

str.count(sub, start, end) Returns count of non-overlapping occurrences of substring sub
str.find(sub, start, end) Return the lowest index in the string where substring sub is found
str.rfind(sub, start, end) Return the highest index in the string where substring sub is found
str.index(sub, start, end) Same as find() but raises ValueError when string not found
str.rindex(sub, start, end) Same as rfind() but raises ValueError when string not found

Table 4.9: Count and Search Methods

Earlier, we saw the count() method in the common operations of se-
quences. In strings, we can take substrings and count their non-overlapping
occurrences. The non-overlapping occurrences mean that the substring
doesn’t share its characters with earlier found occurrences.

We can also use the optional start and end arguments to define a slice
of string to search.

1 >>> "ananananana".count("ana")
2 3 # `ana` n `ana` n `ana`
3 >>> "ananananana".count("ana", 0, 4)
4 1

Exercise 29
What is the value of the following code in Python?
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1 >>> a = "She sells seashells by the sea-shore"
2 >>> a.count("se")

0a) 1b)

2c) 3d)

Find and Index The find() method searches for a string and returns the
lowest position where the substring is found. You can also provide an
optional start and end range to define a slice to search in.

1 >>> "ananananana".find("ana")
2 0
3 >>> "ananananana".find("ana", 4)
4 4

To get the highest position to find the substring, Python provides
another method, str.rfind(sub, start, end).

1 >>> "ananananana".rfind("ana")
2 8
3 >>> "ananananana".rfind("ana", 4)
4 4

When a substring is not found in a given string, the method returns -1.

1 >>> "ananananana".find("man")
2 -1

Unlike find() and rfind(), the built-in index() and rindex() method
return a ValueError when a substring is not found. Next, we will look
into boolean methods associated with strings.

primer: Can you recall what boolean functions are?

fiona: Functions which return either True or False is called Boolean Func-
tion

Functions which can return either True or False are called Boolean
Functions.

String sequences in Python have methods that check if the given
string satisfies a particular condition and return True or False. These
methods are called Boolean Methods.

Boolean Methods Earlier, we saw the membership operator ( in ) in
Python, which checks if a given substring exists in Python. Python
strings also have startswith() and endswith(), which check if a substring
exists in the beginning and end of the string, respectively. Table 4.10
shows such methods.

Method Description

str.endswith(suffix, start, end) Check if a suffix present at the end of the string
str.startswith(prefix, start, end) Check if a prefix present at the beginning of the string

Table 4.10: Substring checking methods

Let’s take an example to illustrate both the methods.
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1 >>> a = "Happiness"
2 >>> "ess" in a
3 True
4 >>> a.endswith("ess")
5 True
6 >>> a.startswith("Ha")
7 True

You can use optional start and end arguments to select a slice of the
string. We can also provide a tuple of suffixes and prefixes. The methods
will return True if one of the items in the tuple satisfies the condition.

1 >>> b = "Emptiness"
2 >>> b.endswith(("mess", "chess", "ness", "less"))
3 True

The other methods relate to the type of characters and their cases used
to construct the string. Table 4.11 lists such methods.

Method Description

str.isalnum() Return True if all characters in the string are alphanumeric and there is at least one character
str.isalpha() Return True if all characters in the string are alphabetic and at least one character.
str.isascii() Return True if the string is empty or all characters in the string are ASCII, False otherwise.
str.isdecimal() Return True if all characters in the string are decimal characters and there is at least one character
str.isdigit() Return True if all characters in the string are digits and there is at least one character.
str.isidentifier()Return True if the string is a valid identifier according to the language definition.
str.islower() Return True if all cased characters in the string are lowercase and at least one cased character.
str.isnumeric() Return True if all characters in the string are numeric characters, and there is at least one character
str.isspace() Return True if there are only whitespace characters in the string and there is at least one character, False

otherwise.
str.istitle() Return True if the string is a title-cased string and there is at least one character
str.isupper() Return True if all cased characters in the string are uppercase and at least one cased character.

Table 4.11: Boolean Methods in String
Objects

Exercise 30 String Booleans

What is the output of the following code?

1 >>> a = " ".isspace()
2 >>> b = "Hello World".istitle()
3 >>> c = "Hello World".isalpha()
4 >>> d = "helloworld".islower()
5 >>> a, b, c, d

(True, True, True, True)a) (True, False, False, True)b)

(True, False, True, False)c) (True, True, False, True)d)

Next, we will look into the join and split methods in Python.

Join and Split We can join the string objects stored in a list using the
string method str.join(). The method takes a sequence of string objects
and joins them to create a new string object. The separator between the
items in the sequence is the string object, which calls this method. For
instance,

1 >>> a = ["This", "is", "ancient", "alien", "tech"]
2 >>> "-".join(a) # Join the items in a separated by `-`
3 'This-is-ancient-alien-tech'
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We can also split a string into different substrings separated by a de-
limiter string. For example,

1 >>> "Eena,Meena,Deeka".split(",") # Split the string by comma
2 ['Eena', 'Meena', 'Deeka']

The split method accepts a positional argument, maxsplit, which takes
an integer determining how many splits should take place.

1 # Split once
2 >>> "Eena, Meena, Deeka, Daai, Daam, Nika".split(",", 1)
3 ['Eena', 'Meena, Deeka, Daai, Daam, Nika']

4 # Split thrice
5 >>> "Eena, Meena, Deeka, Daai, Daam, Nika".split(",", 3)
6 ['Eena', 'Meena', 'Deeka', ' Daai, Daam, Nika']

Exercise 31 Sting Split & Join
What is the output of the following code?

1 >>> a = ["Hey", "there", "Delilah", "!"]
2 >>> b = "-".join(a)
3 >>> c = b.split("-", 2)
4 >>> c

['Hey', 'there', 'Delilah-!']a) ['Hey', 'there-Delilah-!']b)
['Hey-there-Delilah-!']c) ['Hey', 'there', 'Delilah',

'!']

d)

Next, we will look at stripping strings.

Strip The str.strip(chars) method returns a copy of the string object
with the leading and trailing characters removed. It takes an optional
chars argument, which specifies the set of characters to be removed. If
omitted or None, the method removes whitespace.

1 >>> "-----| Great Wall of China |-----" .strip("-| ") # Notice the space char as well
2 'Great Wall of China'

The method removes characters from the leading end until reaching
a string character that is not present in the set of characters in chars. A
similar action takes place on the trailing end.

If you wish to strip only leading or trailing characters, you can use
methods str.lstrip(chars) or str.rstrip(chars), respectively.

1 >>> "-----| Great Wall of China |-----".lstrip("-| ")
2 'Great Wall of China |-----'
3 >>> "-----| Great Wall of China |-----".rstrip("-| ")
4 '-----| Great Wall of China'

Exercise 32 String Strip
What’s the output of the below code?

1 >>> a = "*_* ()_() Brown (o)_(o) Flower ()_() *_*"
2 >>> a.strip("_()*")

' ()_() Brown (o)_(o) Flower

()_() '

a) 'Brown (o)_(o) Flower'b)

Brown 0 0 Flowerc) ()_() Brown (o)_(o) Flower

()_()

d)
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Formatting One of the most useful operations on string objects is for-
matting. To understand this, let’s take an example of the printing powers
of a given number and some descriptive text.

1 >>> print("The product of 2 and 5 is", 2*5)
2 The product of 2 and 5 is 10

For some other numbers, we can write.
1 >>> print("The product of 4 and 8 is", 4*8)
2 The product of 4 and 8 is 32

You might notice that while we are repeating the text and changing
the number. This is a case where the formatting string is effective.

1 >>> text = "The product of {} and {} is {}"
2 >>> text.format(2, 5, 2*5)
3 'The product of 2 and 5 is 10'
4 >>> text.format(4, 8, 4*8)
5 'The product of 4 and 8 is 32'

Formatting lets you define some replacement fields inside the string
literal which you can fill up with values from objects later on.

Exercise 33 Format Strings
What’s the output of the below code?

1 >>> text = "The {} {} {} jumps over the {} {}"
2 >>> text.format("quick", "brown","fox","lazy","dog")

'The quick brown fox jumps

over the lazy dog'

a) 'The brown quick fox jumps

over the lazy dog'

b)

'The fox brown quick jumps

over the lazy dog'

c) 'The quick brown dog jumps

over the lazy fox'

d)

String Formatting String formatting is an important part of programming
in Python. Python provides several ways to format a string.

We will start with formating simple string literals.
1 >>> text = "{} apple a {}, keeps the {} away"
2 >>> text.format('An', 'day', 'doctor')
3 'An apple a day, keeps the doctor away'

The {} closed curly braces define the replacement fields or place-
holders, which expect value from the argument tuple provided to the
format() method. The position of the arguments corresponds to the
position of the replacement fields. The first argument goes to the first
replacement field, the second goes to the second, so on and so forth.

If the length of the argument tuple to the format() method is lesser
than the replacement fields, Python will raise IndexError.

1 >>> text.format('An', 'apple')
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 IndexError: tuple index out of range

primer: Like function arguments, the replacement fields or place-
holders can be positional or named. Can you guess as to what is a
positional placeholder?

fiona: Placeholders which correspond to the position of the pro-
vided arguments
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Positional Placeholders

When the position of the arguments corresponds to the replacement fields’ position,
the replacement fields are said to be positional placeholders.

You can define the replacement fields with a position to specify which
item from the argument tuple is to be taken.

1 >>> text = "{3} you {0}, {2} shall you {1} !"
2 >>> text.format("sow", "reap", "so", "As")
3 'As you sow, so shall you reap !'

If there is a mismatch of index specified and the argument tuple,
Python will raise an error. If you wish to reuse the same variable again,
you can do it by specifying positional placeholders.

1 >>> text = "O {0}! my {0}! our fearful trip is done."
2 >>> text.format("Captain")
3 'O Captain! my Captain! our fearful trip is done.'

primer: The other placeholder is named placeholder. Do you want to
guess as to what a named placeholder?

fiona: When we provide keyword arguments for replace-
ment fields, it is called named placeholder

Named Placeholders

Placeholder with keys or names is called named placeholders.

The str.format() method also accepts keyword arguments. We can
specify the placeholders with keys and provide the format() method
named arguments against those keys.

1 >>> text= "My best friends are {fr1} and {fr2}"
2 >>> text.format(fr1="Dinesh", fr2="Gilfoyle")
3 'My best friends are Dinesh and Gilfoyle'

We can use a mix of named and positional placeholders. Just keep
in mind while providing method arguments that positional argument
cannot follow keyword arguments.

1 >>> text = """We are here to {}
2 at the odds
3 and live our lives
4 so well that {}
5 will {} to take us.
6 ---
7 {first} {last}
8 """
9 >>> formatted_text = text.format("laugh", "Death", "tremble",

10 first="Charles",
11 last="Bukowski")
12 >>> print(formatted_text)
13 We are here to laugh
14 at the odds
15 and live our lives
16 so well that Death
17 will tremble to take us.
18 ---
19 Charles Bukowski
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Exercise 34 Named Placeholders

What’s the output of the following code?

1 >>> text = "The {0} brown {2} {verb} {1} the lazy {noun}"
2 >>> text.format("quick","over", "fox", verb="jumps", noun="dog")

'The quick brown fox jumps over the lazy dog'a)

'The quick brown over jumps fox the lazy dog'b)

'The quick brown fox dog over the lazy jumps'c)

Raises IndexErrord)

Number Formatting You can format the numbers using a set of place-
holder formats in a string literal. We can define the precision of floating
points in the string literal using the following syntax:

: (width).(precision)f
Here the width specifies the number of places the decimal should

occupy. If the width exceeds the number of digits, the position is filled
with space. The precision specifies the number of significant digits to
display in the string literal. For instance,

1 >>> "{}".format(22/7)
2 '3.142857142857143'
3 >>> "{:5.1f}".format(22/7) # Occupy 5 places and 1 decimal digit
4 ' 3.1'
5 >>> "{:5.3f}".format(22/7) # Occupy 5 places with 3 decimal digit
6 '3.143'

If the length of the precision is greater than the width, then the preci-
sion becomes the width.

1 >>> "{:1.7f}".format(22/7) # Occupy 1 place with 7 decimal digits
2 '3.1428571' # Occupies 9 places instead of 2 digit

The integers can also be formatted to display a number with a comma
separator.

1 >>> "{:,}".format(1e9)
2 '1,000,000,000.0' # Comma Separated Value

Format values to different bases A number can be formatted to be repre-
sented in different number bases such as decimal (d), hexadecimal (x),
octal ( o), or binary ( b ).

1 >>> print("Decimal:{0:d} Hex:{0:x} Octal:{0:o} Binary:{0:b}
".format(124))↪→

2 Decimal:124 Hex:7c Octal:174 Binary:1111100

We can see additional details about string formatting on the Python
documentation4 page. 4https://docs.python.org/3/library/string.html



standard type hierarchy 221

Exercise 35 Format π
What’s the output of the following code?

1 >>> from math import pi
2 >>> "Value of pi: {:2.5f}".format(pi)

'Value of pi: 3.14159'a) 'Value of pi: 3.1415'b)

'Value of pi: 3.141'c) 'Value of pi: 3.142'd)

There is another way to format strings, which is much more conve-
nient to use: f-strings.

F-Strings
A formatted string literal or f-string is a string literal that is prefixed with f or F.

F-strings was introduced from Python 3.6 to make string formatting
easier. The f-strings tend to lot less verbose than using the str.format()

method. Let’s see a couple of examples to understand more.
1 >>> first_name = "Monkey"
2 >>> middle_name = "D."
3 >>> last_name = "Luffy"
4 >>> f"Hello, {first_name} {middle_name} {last_name} !"
5 'Hello Monkey D. Luffy !'

We can also use expressions inside the replacement fields in f-string.
1 >>> f"{45*5}" # Can evaluate expressions directly
2 '225'

And you can also call functions or methods inside the replacement
fields in an f-string.

1 >>> name = "MONKEY D. LUFFY"
2 >>> f"Hello, {name.title()} !" # Can call method directly
3 'Hello, Monkey D. Luffy !'

You can also write multi-line f-strings.
1 >>> name, age, dream = "Monkey D. Luffy", "16", "Pirate King"
2 >>> text = (
3 ... f"Hi, I am {name}! "
4 ... f" I am {age} years old."
5 ... f" I will be the {dream}."
6 ... )
7 >>> text
8 'Hi, I am Monkey D. Luffy! I am 16 years old. I will be the Pirate King. '

You have to prefix each line with f to write multi-line strings using
double or single-quoted strings.

You can also use triple-quoted f-strings.
1 >>> text = f"""
2 ... Hi, I am {name}!
3 ... I am {age} years old.
4 ... I will be the {dream}.
5 ..."""
6 >>> print(text)

7 ... Hi, I am Monkey D. Luffy!
8 ... I am 16 years old.
9 ... I will be the Pirate King.
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Exercise 36

What’s the output of the below code?

1 >>> pirate = {
2 'name': 'Luffy',
3 'age': 16
4 }
5 >>> f'The pirate named {pirate['name']} is {pirate['age']} years old.

'↪→

'The pirate named Luffy is 16 years old. 'a)

'The pirate named Luffy is {pirate['age']} years old. 'b)

'The pirate named {pirate['name']} is {pirate['age']} years old.

'

c)

Raises SyntaxErrord)

You should avoid using the same type of quotations around the dic-
tionary keys as you do with f-strings.

This brings us to the end of the section of strings and sequences. Let’s
look at sets in the next section.

Sets

You might have read about sets and set theory at some point while learn-
ing mathematics. The basics of set theory are quite simple and can be
easily understood by everyone.

primer: Before we dive deep into sets, can you define a set used in
the real world?

fiona: A set is a collection of objects

In the real world, a set is a group or collection of things that belong
together or resemble one another or are usually found together—for
example, A set of teeth.

Mathematically, it’s the definition is more precise.

A set is a collection of distinct objects. These distinct objects are referred to as mem-
bers of the set.

Previously we saw sequences are ordered collections of objects. A set is
an unordered collection of unique objects. Unlike sequences, sets do not
provide any indexing or slicing operations. The elements of the set must
be of an immutable type.

We can create Python sets in several ways,

• Built-in set constructor which takes an iterable, set(<iter>)
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• Using curly braces, {1,2,3}

For instance,

1 >>> a = set([1, 2, 3, 2, 4, 5 ,6, 6 ,1 ,3 ,5]) # List with duplicate items
2 >>> a
3 {1, 2, 3, 4, 5, 6} # Set with distinct items

When you construct a set from an iterable, Python removes duplicate
items and creates a set of unique items from the given list. This is also
applicable to string sequences.

1 # Distinct characters in the string
2 >>> b = set("mississippi missouri")
3 {'o', 'i', 'u', 'r', 'm', 'p', ' ', 's'}

You can notice that the strings’ resulting set is unordered, and the
original order specified by the sequence is not necessarily preserved.

Exercise 37 Set
What is the output of the below code?

1 >>> c = {1, 2, 3, 2, 4, 5 ,6, 6 ,1 ,3 ,5}
2 >>> c

{1, 2, 3, 4, 5, 6}a)

{1, 2, 3, 2, 4, 5, 6, 6, 1, 3, 5}b)

{}c)

{1, 2, 3, 2, 4, 5, 6}d)

The code listing in the above exercise demonstrates the construction
of sets using curly braces.

When you define a set using curly braces {}, Python automatically re-
moves the duplicate objects. However, unlike the set() constructor, the
iterable is not broken down to their constituent objects while being de-
fined using curly braces {}. The objects inside curly braces {} are placed
into the set intact, even if they are iterable.

1 >>> set("Hello") # Creating sets using built-in set() func
2 {'e', 'o', 'l', 'H'}
3 >>> {'Hello'} # Creating sets using curly braces
4 {'Hello'}

A set can be empty. However, you cannot define an empty set using
curly braces {}

primer: Why doesn’t Python allow you to define an empty set using
curly braces {}?

fiona: Curly braces {} imply an empty dictionary

The reason is Python interprets empty curly braces as empty dictio-
nary objects.

1 >>> a = {}
2 >>> type(a)
3 <class 'dict'>



224 python-i

Therefore, the only way to define an empty set is by using the set()

constructor.

1 >>> b = set()
2 >>> type(b)
3 <class 'set'> # Set
4 >>> b
5 set() # Empty Set

The truth value of an empty set is False.

1 >>> c = set()
2 >>> c or 1
3 1
4 >>> c and 1
5 set()

To verify an empty set’s truth value, we can use the bool() function.

1 >>> bool(set()) # Truth Value
2 False

As we mentioned above, the set elements must be immutable. Muta-
ble containers such as Lists and Dictionaries are not allowed in a set. At
the same time, tuples are allowed in sets.

So, the below code is a perfectly acceptable set.

1 >>> a = {(1,2,3),"Hello", 1, 1}
2 >>> a
3 {1, 'Hello', (1, 2, 3)}

While the below set is unacceptable as it includes a mutable dictio-
nary.

1 >>> b = {{}, 1, 2 }
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: unhashable type: 'dict'

Similarly, Python raises an error for the below set as it includes a list

object.

1 >>> c = {[1, 2, 3], 1, 2}
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: unhashable type: 'list'

Exercise 38

What’s the result of the following code?

1 >>> set([1, 2, 3, 4, (1, 2, 3)])

{1, 2, 3, 4, (1, 2, 3)}a) {1, 2, 3, 4, [1, 2, 3]}b)

Raises TypeErrorc) {1, 2, 3, 4}d)
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Membership and Copy Operation on Sets Sets in Python also support
several built-in functions and operations. Let’s start with getting the
length of a set.

Like sequences, we can determine the number of members in a set by
using the built-in len() function.

1 >>> x = {'a', 'b', 'c'}
2 >>> len(x)
3 3

To check if a member exists in a set, the operators in and not in can be
used.

1 >>> 'a' in x
2 True
3 >>> 'c' not in x
4 False

You can also create a copy of a set using a built-in method s.copy(),
which returns a shallow copy of the set items.

1 >>> s1 = {1, 2, 3}
2 >>> s2 = s.copy()
3 >>> s2
4 {1, 2, 3}

Exercise 39
What’s the output of the below code?

1 >>> s1 = set("Hello World")
2 >>> " " in s1, len(s1)

(True, 8)a) (True, 7)b)

(False, 7)c) (False, 8)d)

Mathematical Operations on Sets We can implement certain mathematical
operations on sets of its built-in method. The following mathematical
operations are usually performed on sets:

1. Union
2. Difference
3. Intersection
4. Symmetric Difference
5. Disjoint
6. Superset
7. Subset

We will understand these operations along with the description of
each operation. Let’s start with Union operation.

Union
For two sets s1, s2, a set of all objects that a member of s1or s2 or both is referred
to as union of sets.

In Python, the union of two or more sets can be computed using the
built-in union operator | or built-in union() method.
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Figure 4.3: Set Union

1 >>> s1, s2, s3 = {1, 2, 3}, {4, 5}, {6, 7}
2 >>> s1 | s2 | s3 # Union of sets s1, s2 and s3 using

operator↪→
3 {1, 2, 3, 4, 5, 6, 7}
4 >>> s1.union(s2, s3) # Union using method
5 {1, 2, 3, 4, 5, 6, 7}

The resulting set comprises all elements present in any of the specified
sets.

Exercise 40

What’s the output of the code below?

1 >>> len(set("Hello") | set("World"))

7a) 8b)

9c) 6d)

Difference

The set difference of s1 and s2 is the set of all members of s1 that are not members
of s2.

In Python, the difference of two sets can be obtained either using
operator - or built-in set method difference().

1 >>> s1, s2 = {1, 2, 3}, {1, 3}
2 >>> s1 - s2 # Difference using operator
3 {2}
4 >>> s1.difference(s2) # Difference using method
5 {2}

The resulting set from the s1 − s2 operation returns the set containing
members present in s1 but not s2. When there are multiple sets defined,
the operation is performed from left to right.
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Figure 4.4: Set Difference

1 >>> s1, s2, s3, s4 = {1, 2, 5, 7}, {1, 3}, {2, 3}, {1, 5}
2 >>> s1 - s2 - s3 - s4 # Difference using operator
3 {7}
4 >>> s1.difference(s2, s3, s4) # Difference using method
5 {7}

In the above code listing, the operation s1 − s2 is performed first,
which results in 2, 5, 7. Then s3 is subtracted from the resulting set to
obtain 5, 7. Finally s4 is subtracted from 5, 7 to get 7.

Exercise 41

What’s the output of the code below?

1 >>> text1 = "the five boxing wizards jump quickly"
2 >>> text2 = "the quick brown fox jumps over the lazy dog"
3 >>> len(set(text1) - set(text2))

0a) 10b)

13c) 5d)

In the previous exercise, both the sentences are pangrams5. Now, let’s 5A pangram is a unique sentence in
which every letter of the alphabet is used
at least once.

take a look at intersection operation on sets.

Intersection

Intersection of the sets s1 and s2 is the set of all objects that are members of both s1
and s2.

In Python, the intersection of two or more sets can be obtained using
the operator & or the built-in set method intersection().

1 >>> s1, s2, s3 = {1, 2, 3, 5}, {3, 5}, {1, 3, 5, 7}
2 >>> s1 & s2 & s3 # Intersection using operator
3 {3, 5}
4 >>> s1.intersection(s2, s3) # Intersection using method
5 {3, 5}
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Figure 4.5: Set Intersection

Exercise 42 Intersection

What’s the output of the code below?

1 >>> s1 = set([1, 2, 3]).intersection(set([1, 4, 5]), set([2, 3, 6]))
2 >>> s1

set()a) {3}b)

{3, 1}c) {1, 2, 3}d)

Symmetric Difference-
The symmetric difference of sets s1 and s2 is the set of all objects that are a member
of precisely one of s1 and s2 and not in both sets.

In Python, the symmetric difference of two or more sets can be deter-
mined using the operator ^ or the symmetric_difference() method.

1 >>> s1, s2 = {1, 2, 3}, {4, 5, 2, 3 }
2 >>> s1 ^ s2 # Symmetric Difference using operator
3 {1, 4, 5}
4 >>> s1.symmetric_difference(s2)
5 {1, 4, 5} # Symmetric Difference using method

Exercise 43 Symmetric Difference

What’s the output of the code below?

1 >>> s1, s2 = {1, 2, 3, 6}, {7, 3, 2, 1}
2 >>> s1 ^ s2

{1, 2, 3}a) {6, 7}b)

set()c) {1, 2, 3}d)

Disjoint Two sets s1 and s2, are said to be disjoint sets if they have no
common element.

primer: What can you say about the intersection of disjoint sets?
fiona: Intersection of disjoint sets should result in an empty set

As disjoint sets have no common members, the intersection results in
an empty set.
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We can also state that two sets are said to disjoint if the intersection results in an
empty set.

Python provides a built-in method for set type objects, isdisjoint(),
to check two or more sets are disjoint.

1 >>> s1, s2 = {"Apples", "Berries"}, {"Grapes", "Peach"}
2 >>> s1.isdisjoint(s2) # Check if sets are disjoint
3 True
4 >>> s1 & s2 # Intersection should be empty
5 set()

No operator corresponds to the built-in set method isdisjoint().

Exercise 44 Disjoint
What’s the output of the code below?

1 >>> s1, s2 = set([1, 2, 3]), set([2,3, 4])
2 >>> s3 = s1 - s2
3 >>> s3.isdisjoint(s1)

Truea) Falseb)

Subset
A set s1 is considered a subset of another set s2 if every object of s1 is a member of
s2.

In Python, you can check if a set s1 is a subset of another set s2, using
either the built-in set method s1.issubset(s2) or using the operation
s1 <= s2.

1 >>> s1 , s2 = {1, 2, 3}, {4, 1, 2, 3, 5}
2 >>> s1 <= s2 # Checking subset using operator
3 True
4 >>> s1.issubset(s2) # Checing subset using method
5 True

A set s1 can be considered a subset of itself because it contains every
member of itself. We can check this in Python as well.

1 >>> s1 = {1, 2, 3}
2 >>> s1 <= s1 # s1 can be subset of itself
3 True

A proper subset of a set s1 is defined as a subset that is not identical to the set s1.

So, a set s1 is considered a proper subset of s2 if every element of s1
is a member of s2, and s1 and s2 are not equal. We can check if a set is a
proper subset of another using the operator <.

1 >>> s1, s2 = {1, 2, 3}, {1, 2, 3, 4}
2 >>> s1 < s2
3 True

Exercise 45 Proper Subset
What’s the output of the code below?

1 >>> s1 = {1, 2, 3}
2 >>> s1 < s1

Truea) Falseb)

A set cannot be a proper subset of itself. Next, we will take a look at a
superset.
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Superset

A set s1 is considered a superset of another set s2 if s1 contains every element of
s2.

A superset is the opposite of a subset. In Python, we can check if a set
s1 is a superset of a set s2 using the operator >= or the built-in set object
method s1.superset(s2). A set is also considered a superset of itself.

1 >>> s1, s2 = {1, 2, 3, 4}, {1, 2, 3}
2 >>> s1 >= s2 # Checking superset using operator
3 True
4 >>> s1.superset(s2) # Checking superset using method
5 True
6 >>> s1 >= s1 # s1 can be a superset of itself
7 True

A proper superset is the same as a superset except that the two sets
cannot be identical. In Python, we can check if a set is a superset of
another set using the operator >.

1 >>> s1, s2 = {1, 2, 3, 4}, {1, 2, 3}
2 >>> s1 > s2 # Checking proper superset
3 True
4 >>> s1 > s1 # s1 can not be a superset of itself
5 False

Exercise 46 Proper Superset

What’s the output of the code below?

1 >>> s1 = {1, 2, 3}
2 >>> s1 > s1

Truea) Falseb)

Once again, a set cannot be a proper superset of itself.
Next, we will look at the ways how to modify a set.

Modifying Sets Even though sets only contain immutable objects, sets
themselves can be modified to include or remove items or members.
We can use the operations we listed in the earlier sections to update an
existing set using augmented assignment operators. Table 4.12 shows set
update methods.

Operation Name Method Augmented Operator

Union Update s1.update(s2) | =
Intersection Update s1.intersection_update(s2) &=
Difference Update s1.difference_update(s2) -=

Symmetric Difference Update s1.symmetric_difference(s2) ^=

Table 4.12: Set update methods

The augmented operator, as you might recall, is the short-hand form
of the expanded form. This is shown in the table 4.13.

Let’s start with the Union Update Method.
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Augmented Operation Expanded Operation

s1 |= s2 | s3 s1 = s1 | s2 | s3
s1 &= s2 & s3 s1 = s1 & s2 & s3
s1 -= s2 - s3 s1 = s1 - s2 - s3
s1 ^= s2 ^ s3 s1 = s1 ^ s2 ^ s3

Table 4.13: Augmented & Expanded
Operations in set

Union Update Method Let’s say you wish to update a set s1 with its
union with other sets s2 and s3. We can do that using the assignment
operator.

1 >>> s1, s2 = {1, 2} ,{3, 4, 5, 6}
2 >>> s1 = s1 | s2 # Update s1 to union of sets of s1 and s2
3 >>> s1
4 {1, 2, 3, 4, 5, 6}

Python provides an augmented operator |= to make this assignment.
1 >>> s1, s2 = {1, 2} ,{3, 4, 5, 6}
2 >>> s1 |= s2 # Update s1 using augment assignment
3 >>> s1
4 {1, 2, 3, 4, 5, 6}

Python also provides a built-in set object method, update() to update a
set to a set’s union.

1 >>> s1, s2 = {1, 2} ,{3, 4, 5, 6}
2 >>> s1.update(s2) # Update s1 using method
3 >>> s1
4 {1, 2, 3, 4, 5, 6}

You can include multiple sets, and it will take to update the set to the
union of all provided sets.

1 >>> s1, s2, s3, s4 = {1}, {2}, {3, 4}, {5, 6}
2 >>> s1.update(s2, s3, s4) # Same as s1 |= s2 | s3 | s4
3 >>> s1
4 {1, 2, 3, 4, 5, 6}

Exercise 47 Anagrams
What’s the output of the below code?

1 >>> s1, s2, s3 = set("aligned"), set("dealing"), set("leading")
2 >>> s1 |= s2 | s3
3 >>> s1 == s2, s1 == s3

(True, True)a) (False, True)b)

(True, False)c) (False, False)d)

In the previous exercise, the three words aligned, dealing, leading

are anagrams of each other. Therefore, even after updating the set s1
with union with s2 and s3, it leads to no change in the set.

Next, let’s check out the intersection update method.

Intersection Update Method A set (s1) can be updated with intersec-
tions with other sets using augmented assignment &= or built-in set object
method intersection_update(). The intersection update s1.intersection_update(s2)

or s1 &= s2 updates s1, resulting in s1 having objects found in both s1
and s2. Let’s take an example.
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1 >>> s1, s2 = {1, 2, 3}, {2, 3, 4}
2 >>> s1.intersection_update(s2) # Same as s1 &= s2
3 >>> s1
4 {2, 3}

Exercise 48
What’s the output of the following code?

1 >>> s1, s2, s3 = set("aligned"), set("dealing"), set("leading")
2 >>> s1 &= s2 & s3
3 >>> s1 == s2, s1 == s3

(True, True)a) (False, True)b)

(True, False)c) (False, False)d)

The previous exercise’ answer shouldn’t be surprising if you recall
that the three words are anagrams.

Next, we will take a look at the difference update method.

Difference Update Method A set s1 can be updated with the differences
with other sets using augmented assignment operator -= or built-in set
object method difference_update(). The difference update s1.difference_update(s2)

or s1 -= s2 results in removing objects from s1 which are found in s2 as
well.

1 >>> s1, s2 = {1, 2, 3}, {2, 3, 4}
2 >>> s1.difference_update(s2) # Same as s1 -= s2
3 >>> s1
4 {1}

Exercise 49 Difference Update
What’s the output of the code below?

1 >>> s1, s2, s3 = set("aligned"), set("dealing"), set("leading")
2 >>> s1.difference_update(s2, s3)
3 >>> s1 == s2, s1 == s3, s2 == s3

(True, True, True)a) (False, True, True)b)

(True, False, True)c) (False, False, True)d)

Once again, as the three words are anagrams, their difference update
results in an empty set.

Next, we will look at the symmetric difference update method.

Symmetric Difference Update Method A set s1 can be updated with sym-
metric differences with other sets using augment assignment operator ^=

or built-in set object method symmetric_difference().
The symmetric difference update s1.symmetric_difference(s2) or s1 ^=

s2 results in a set s1 updated to a set with objects either in s1 or s2 but not
both.

1 >>> s1, s2 = {1, 2, 3}, {2, 3, 4}
2 >>> s1.symmetric_difference(s2) # Same as s1 ^= s2
3 >>> s1
4 {1, 4}
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Exercise 50
What’s the output of the code below?

1 >>> s1, s2, s3 = {1, 2, 3}, {2, 3, 4}, {3, 4, 5}
2 >>> s1 ^= s2 ^ s3
3 >>> s1

set()a) {2}b)

{1, 3, 5}c) {4}d)

As the 3 is the only element common in all three sets, the set s1 gets
updated to {3}. Apart from the above methods, the set objects have
additional methods. Let’s take a look at them.

Additional Methods for Set Table 4.14 lists some additional methods
available on a set object.

Method Description

s.add(<obj>) Adds an immutable to a set
s.remove(<obj>) Remove the object from the set. Raises KeyError if element not found in the list
s.discard(<obj>) Same as remove method but no Exception is raised when object not found
s.pop() Randomly returns an object from a set and removes it
s.clear() Removes all objects from the set

Table 4.14: Additional methods on a set
object

Adding Items to a set The method s.add() adds an immutable object to a
set.

1 >>> s = {1, 2, 3, 4}
2 >>> s.add(5)
3 >>> s
4 {1, 2, 3, 4, 5}

Removing items from a set The s.remove(obj) method removes the object
from the set and raises KeyError if the object is not present inside the set.

1 >>> s = {1, 2, 3, 4, 5, 6}
2 >>> s.remove(2) # {1, 3, 4, 5, 6}
3 >>> s.remove(56) # Object missing, will raise Keyerror
4 Traceback (most recent call last):
5 File "<stdin>", line 1, in <module>
6 KeyError: 56

The s.discard(obj) method works the same as s.remove(obj), but it
doesn’t raise any KeyError when the object is not found in the set.

1 >>> s.discard(56) # Object missing, will not raise error

Like list objects, Set objects also have a pop() method, which retrieves
an object from the set while simultaneously removing it from the set.

1 >>> s.pop() # {2, 4, 5}
2 1 # Might be different for you.

Removing all elements from a set Python provides the s.clear() method
for setting objects to remove all the elements in a set.

1 >>> s.clear()
2 >>> s
3 set()
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Exercise 51
What’s the most likely final value of the set s?

1 >>> s = set("zebra")
2 >>> s.discard("z")
3 >>> s.pop()
4 'e'
5 >>> s.add("t")
6 >>> s.add("r"); s.clear();
7 >>> s

set()a) {'b', 'a', 'r', 't'}b)

{'b', 'a', 'r', "e"}c) {'b', 'a', 'r'}d)

Frozen Sets The sets in Python are mutable objects. Python also pro-
vides another built-in type called frozenset, which is pretty much similar
to set object except a frozenset is immutable. We can define a frozenset
using the frozenset(<iter>) constructor.

1 >>> f = frozenset([1, 2, 3, 4])
2 >>> f
3 frozenset({1, 2, 3, 4})

All non-mutating operations for a set are also applicable to a frozenset.
1 >>> f.add(3)
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 AttributeError: 'frozenset' object has no attribute 'add'
5 >>> f.remove(2)
6 Traceback (most recent call last):
7 File "<stdin>", line 1, in <module>
8 AttributeError: 'frozenset' object has no attribute 'remove'

The set object methods s.add(), s.remove(<obj>) , s.discard(<obj>),
s.pop() and s.clear() are not present for frozenset objects.

Also the update methods of set such s.update() , s.intersection_update(),
s.difference_update() and s.symmetric_update() are not available for
frozenset objects as frozensets are immutable.

1 >>> f1, f2 = frozenset("hello"), frozenset("world")
2 >>> f1.update(f2)
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 AttributeError: 'frozenset' object has no attribute 'update'

Exercise 52 FrozenSet
What’s the output of the following?

1 >>> s1, s2 = frozenset("hello"), frozenset("world")
2 >>> s1 |= s2
3 >>> s1

frozenset({'e', 'o', 'h', 'l', 'w', 'r', 'd'})a)

frozenset({'e', 'o', 'h', 'l', 'w', 'r', 'd', 'l'})b)

set({'e', 'o', 'h', 'l', 'w'})c)

frozenset({'e', 'o', 'h', 'l', 'w'})d)
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primer: Updates related methods (s.update(), s.intersection_update()
etc) are not available on frozenset. Although the corresponding
augmented operators work fine. Can you guess why this so?

fiona: Because frozen sets are immutable

The augmented update operators return a new object and reassign the
set name to the newly returned set objects. Let me elaborate.

Let’s take a look at what happens when we use the augmented update
operator on frozen sets.

1 >>> f1 = f2 = frozenset([1, 2, 3]) # Two names for the same object
2 >>> f3 = frozenset([2, 4, 5])
3 >>> f2 |= f3 # Union Update
4 >>> f2
5 frozenset({1, 2, 3, 4, 5}) # f2 gets reassigned
6 >>> f1
7 frozenset({1, 2, 3}) # Original object is intact

In the above code sample, the object referenced by f2 didn’t get up-
dated or modified; rather, the name f2 got reassigned to the union of the
sets f2 and f3.

As sets are mutable, they cannot be used as keys for a dictionary.
Frozensets, being immutable, can be used as keys for a dictionary.

primer: Let’s recall that we cannot include mutable objects in sets.
Given that sets are themselves mutable, how can you create a set of
sets?

fiona: We cannot

It is impossible to create sets of sets as sets are themselves mutable.

In this case, FrozenSets can be used to create set objects.
For instance,

1 >>> f1, f2, f3 = frozenset([1, 2]), frozenset([4]), frozenset([3])
2 >>> s = {f1, f2, f3}
3 >>> s
4 {frozenset({3}), frozenset({4}), frozenset({1, 2})}

Comparisons Both set and frozenset support set to set comparisons. We
can compare sets in the following way:

• Two sets are equal if every element of each set is contained in the
other, which means each is a subset of the other.

• A set is less than another set if and only if the first set is a proper
subset of the second set.

• A set is greater than another set if and only if the first set is a proper
superset of the second set.

Exercise 53

What’s the output of the following code?

1 >>> s1, s2, s3 = set([1, 2, 3]), set([1, 2]), set([1])
2 >>> s = [s1, s2, s3]
3 >>> sorted(s)
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[{1}, {1, 2}, {1, 2, 3}]a) [{1, 2, 3}, {1, 2}, {1}]b)

[{1, 2, 3}, {1}, {1, 2}]c) [{1, 2}, {1}, {1, 2, 3}]d)

With this, we have come to the end of sets in Python. In the next
section, we will cover dictionaries.

Dictionary

In this section, we will take a look at the dictionary object.

primer: Can you state what dictionaries are used for?
fiona: To store objects corresponding to a key

Dictionaries are used for storing objects against custom keys.

A dictionary is a standard mapping object in Python used for storing values against
keys.

Python provides one standard mapping object, the dictionary. We can
create a dictionary in several ways:

• Comma-separated list of key: value pairs within braces

1 >>> d1 = {'a': 1, 'b' : 2, 'c' : 3} # Using curly braces

• Using dict() constructor

The built-in dict() constructor take one of the following form for
arguments:

1. Keyword arguments, a = 1, b = 2

1 >>> d2 = dict(a = 1, b = 2, c = 3) # Using keyword arguments

2. Mapping object, {'a':1, 'b':1}

1 >>> d3 = dict({ 'a': 1, 'b' : 2, 'c' : 3 }) # Using Mapping

3. Iterable object with each item also being iterable with length two,
[(a, 1), (b,2)]

1 >>> d4 = dict([('a', 1), ('b', 2), ('c', 3)]) # Using Iterable

We can verify that all four dictionary objects created above have the
same value.

1 >>> d1
2 {'a': 1, 'b': 2, 'c': 3}
3 >>> d1 == d2 == d3 == d4
4 True
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Creating a dictionary using a dict() constructor with keyword argu-
ments requires that the keys be valid python identifiers.

1 >>> x = dict(for=1) # Will raise error as `for` is a reserved name
2 File "<stdin>", line 1
3 x = dict(for=1)
4 ^
5 SyntaxError: invalid syntax
6 >>> x = {"for" : 1} # No error

This limitation is not imposed on other methods of creating a dictio-
nary.

1 >>> x = {"for" : 1} # No error

Exercise 54
What’s the result of the below code?

1 >>> d = dict([(1, Harry), (2, Luffy), (3, Ted)])

Raises NameErrora)

{1: 'Harry', 2: 'Luffy', 3: 'Ted'}b)

{3: 'Harry', 2: 'Luffy', 1: 'Ted'}c)

{1: 'Harry', 3: 'Luffy', 2: 'Ted'}d)

For the previous exercise, keep in mind that the string characters must
be wrapped in quotes.

We have now learned how to create dictionary objects. Let’s now
look at how access values in a dictionary object.

Accessing Dictionary Values Let’s create a dictionary object with some
countries along with their capitals.

1 >>> capitals = {
2 "Afganistan" : "Kabul",
3 "Bhutan" : "Thimpu",
4 "Canada" : "Ottawa",
5 "Denmark" : "Copenhagen",
6 "Estonia": "Tallinn"
7 }

We can verify that this is indeed a dictionary.
1 >>> capitals
2 {'Afganistan': 'Kabul', 'Bhutan': 'Thimpu', 'Canada': 'Ottawa', 'Denmark': 'Copenhagen', 'Estonia': 'Tallinn'}
3 >>> type(capitals)
4 <class 'dict'>

We can retrieve objects stored in sequences such as lists and tuples
using the index position.

In contrast, we retrieve objects stored in dictionaries by the key against
which the object is stored. We have stored the capitals against the country
names. Therefore, the capital are values while the country names are keys
against which values are stored.

We will use the country name as the key in a square bracket notation to
access individual countries’ capitals.

1 >>> capitals["Bhutan"] # Get the value associated with Bhutan
2 'Thimpu'

Note that we mentioned earlier that
sequences contain ordered elements,
while elements in sets and dictionaries
are unordered. From Python 3.7, Python
guarantees the dictionaries item to be
stored in the insertion order.
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Exercise 55

What’s the value of the code below?

1 >>> capitals
2 {'Afganistan': 'Kabul', 'Bhutan': 'Thimpu', 'Canada': 'Ottawa',

'Denmark': 'Copenhagen', 'Estonia': 'Tallinn'}↪→
3 >>> capitals[0]

Kabula) Thimpub)

Afganistanc) Raises KeyErrord)

In the above exercise, since there are no keys with the value 0, Python
raises KeyError.

In the code listing in the previous exercise, the keys are stored as
strings. We can use other immutable objects such as tuples, frozen sets, or
numbers, etc. in Python, to be used as a dictionary key to store objects in a
dictionary. The keys of a dictionary need not be of the same type.

1 >>> a, b = (0, 1) , frozenset([0, 1])
2 >>> c = {
3 1: "Number",
4 a: "Tuple",
5 b: "Frozen Set"
6 }
7 >>> c[1] # Key type : Number
8 'Number'
9 >>> c[a] # Key type : Tuple

10 'Tuple'
11 >>> c[b] # Key type : Frozenset
12 'Frozen Set'

Exercise 56

We can store tuples and frozen sets as dictionary keys. What’s the output
of the following code?

1 >>> a = (1, 2, 0)
2 >>> d = {0: "Zero", 1: "One", 2: "Two", a: "Tuple"}
3 >>> d[a[0]]

'Zero'a) 'One'b)

Raises KeyErrorc) 'Tuple'd)

The key a[0] first evaluates to 1, then the expression becomes d[1],
which is One. We can also add new key: value pairs or modify existing
values in a dictionary. Let’s take a look at how.

Adding and updating dictionary values Earlier, we created a dictionary
object named capitals. We can add more key:value pairs to the already
created object by using the assignment operator.

1 >>> capitals["Fiji"] = "Suva"
2 >>> capitals["Germany"] = "Berlin"
3 >>> capitals # Dictionary object updated
4 {'Afganistan': 'Kabul', 'Bhutan': 'Thimpu', 'Canada': 'Ottawa',

'Denmark': 'Copenhagen', 'Estonia': 'Tallinn', 'Fiji': 'Suva',
'Germany': 'Berlin'}

↪→
↪→
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You can also create an empty dictionary and add values to it after-
ward. You can add dictionaries or lists or tuples as objects too.

1 >>> person = {}
2 >>> person["name"] = "John Doe"
3 >>> person["friends"] = ["Eena", "Meena", "Deeka"]
4 >>> person["food"] = {"Beverage" : "Lemonade", "Indian" : "Dosa"}
5 >>> person
6 {'name': 'John Doe', 'friends': ['Eena', 'Meena', 'Deeka'], 'food':

{'Beverage': 'Lemonade', 'Indian': 'Dosa'}}↪→

To access a sublist or subdictionary, an additional index or key is
required.

1 >>> person["food"]["Indian"]
2 'Dosa'
3 >>> person["friends"][2]
4 'Deeka'

If you try to assign to a key that is already present in the dictionary
keys, Python overwrites the previous value stored.

1 >>> person = { "name": "Jane Doe"}
2 >>> person
3 {'name': 'Jane Doe'}
4 >>> person["name"] = "James Doe" # key:value pair is updated
5 >>> person
6 {'name': 'James Doe'}

There cannot be two identical keys in a dictionary.

Exercise 57

What’s the output of the code below?

1 >>> person = {'name': 'Luffy' }
2 >>> person["age"] = 16
3 >>> person = {'ship': 'Thousand Sunny'}
4 >>> person

{'ship': 'Thousand Sunny'}a) {'name': 'Luffy'}b)

{'name': 'Luffy', 'age': 16}c) {'age': 16}d)

Earlier, we saw that immutable objects could be keys to a dictionary.
The limitation imposed by Python is that only those hashable can be used
as dictionary keys.

An object is hashable if it has a hash value, which never changes during its lifetime
and can be compared to other objects.

To check the hash value of an object, we can use Python’s built-
in hash() function. The hash() function returns the hash-value of a
hashable object and raises TypeError when an object is unhashable.

For instance, for an immutable tuple:

1 >>> a = (1, 2)
2 >>> hash(a)
3 3713081631934410656 # Different for you

While for instance for the mutable list,
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1 >>> a = [] # Mutable Container
2 >>> hash(a)
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 TypeError: unhashable type: 'list'

This is the same TypeError when you try to use a list as a dictionary
key.

1 >>> person, a = {}, []
2 >>> person[a] = "Something"
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 TypeError: unhashable type: 'list'

All the built-in immutable objects we have covered so far are hashable.
Immutable containers such as tuples and frozensets are hashable, only if
their elements are hashable.

So, for now, you can assume that immutable objects can be used as
dictionary keys while mutable objects cannot.

Unlike the limitation of using only hashable and non-identical ob-
jects for keys, no such restrictions are imposed on the values stored in
a dictionary. You can put any objects as the value inside a dictionary
corresponding to a key.

Exercise 58
1 >>> a, b, c, d = [0, 1, 2, 3]
2 >>> d = {a: "Luffy", b: "Zorro", c: "Sanji", d: "Nami"}
3 >>> __A__ # What's the expression?
4 'Nami'

In the above code, what’s the value of __A__ for which Python prints
Nami?

d[a]a) d[d]b)

d[3]c) d[2]d)

Built-in Methods of Dictionary Similar to sequences, dictionary objects
also contain some built-in methods which are applicable only for dictio-
nary objects. Let’s take a look at them in detail.

Retrieving Dictionary Items Earlier, we saw that we could access or re-
trieve a dictionary item using the key of the value stored in square brack-
ets.

1 >>> person = {"name" : "John Doe", "age" : 26}
2 >>> person["name"]
3 'John Doe'

If we use any key for which no value has been stored in the dictio-
nary, Python raises an error.

1 >>> person['weight']
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 KeyError: 'weight'
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The dictionary objects also expose a method d.get(<key>, <default>),
which retrieves the item us and fails silently if the key doesn’t exist in the
dictionary.

1 >>> person.get("name") # Retrieving item using get method
2 'John Doe'
3 >>> person.get("weight") # Fails silently
4 >>>

The built-in method d.get(k, d) accepts an optional argument that
can return a default value if no key is found.

1 >>> person.get("weight", "No record of weight available for the
person.")↪→

2 'No record of weight available for the person.'

Exercise 59
What’s the output of the below code?

1 >>> pirate = dict(name="Luffy", age="15")
2 >>> pirate["Ship"] = "Going Merry"
3 >>> pirate.get("ship", "Sorry")

'Sorry'a) 'Going Merry'b)
Raises KeyErrorc)

Python has additional built-in methods to retrieves the entire list
of keys, values, or both of a given dictionary. Table 4.15 below shows
additional methods for retrieving objects from a dictionary.

Method Description

d.keys() Returns a dict-view of dictionary’s keys
d.values() Returns a dict-view of dictionary’s values
d.items() Returns a dict-view of dictionary’s items (key, value) pairs

Table 4.15: Methods for retrieving objects
from a dictionary

Let’s create a dictionary to see how the above methods work.
1 >>> person = {
2 "name" : "John",
3 "age" : 26,
4 }

The d.keys() returns all the dictionary keys, while the d.values()

return all the dictionary values. The d.items() method returns all key-
value tuple.

1 # Get all the keys of the dictionay
2 >>> person.keys()
3 dict_keys(['name', 'age'])

4 # Get all items in list of tuples
5 >>> person.items()
6 dict_items([('name', 'John'), ('age', 26)])

7 # Get all the values of the dictionary
8 >>> person.values()
9 dict_values(['John', 26])

The objects returned by dict.key(), dict.values() and dict.items()

are view objects. They provide a dynamic view of the dictionary objects,
which means any changes to the source dictionary result in changes to
the view objects.
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Exercise 60

What’s the output of the following code?

1 >>> person = {
2 "name" : "John",
3 "age" : 26,
4 }
5 >>> a = person.keys() # Name the view object `a`
6 >>> a
7 dict_keys(['name', 'age'])
8 >>> person["weight"] = 125 # Dictionary modified
9 >>> a # Check the view again

dict_values(['John', 26])a)

dict_keys(['name', 'age'])b)

dict_keys(['name', 'age', 'weight'])c)

dict_values(['John', 26, 125])d)

As I mentioned earlier, the view objects are dynamic and provide the
most updated view of the dictionary objects. However, often we want to
work with common containers such as lists and tuples instead of view
objects.

We can convert dictionary view objects to list, tuples, or sets using
their corresponding constructors. Let’s continue with the person dictio-
nary from the last exercise.

1 >>> list(person.items())
2 [('name', 'John'), ('age', 26), ('weight', 125)]
3 >>> set(person.keys())
4 ('name', 'age', 'weight')
5 >>> tuple(person.values())
6 ('John', 26, 125)

As you can notice, the view objects get converted to the correspond-
ing containers.

The dictionary view object also supports membership operation. You
can use the built-in len() function to get the length.

1 >>> len(person.items())
2 3
3 >>> 'age' in person.keys()
4 True
5 >>> 126 not in person.values()
6 True
7 >>> ('age', 26) in person.items()
8 True

We can also use the membership and length operation directly on dic-
tionaries. At the same time, while checking membership on dictionaries,
python checks if the given object exists in the dictionary keys.

1 >>> len(person)
2 3
3 >>> "age" in person # 'age' exists in d.keys()
4 True
5 >>> 26 in person # 26 is present in values not keys
6 False
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Exercise 61
What’s the output of the below code?

1 >>> scores = {
2 "A": 26,
3 "B": 21,
4 "C": 23
5 }
6 >>> "B" in scores , 26 in scores.values(), (23, "C") in scores.items()

(True, True, False)a) (True, False, True)b)

(False, True, False)c) (True, True, True)d)

The d.items() returns items in the form of (key, value) tuple. Next,
let’s look into how we can modify the dictionary items.

Modify and Remove Dictionary Items Earlier, we reassigned dictionary
items using curly square brackets. For example

1 >>> person = {"age" : 26} # Create a dictionary
2 >>> person["age"] = 36 # Assign the `age` key to 36

instead↪→
3 >>> person # Dictionary modified
4 {'age': 36}

A dictionary object can also be updated using its built-in object
method d.update(). The update() method accepts

• a keyword argument

• iterable of key/value pairs of tuples or other iterable of length two

Let’s check out how a dictionary can be updated using an iterable
consisting of key/value pairs. First, let’s recreate the person dictionary.

1 >>> person = {"name" : "John", "age" : 36, "weight": 125}
2 >>> person
3 {'name': 'John', 'age': 36, 'weight': 125}

Let’s store the new key/value pairs.

1 >>> new_values = [('name', "James"), ('age', 28), ('weight', 136),
('city', 'Berlin')]↪→

Now, let’s modify the person dictionary items using d.update()

method.

1 >>> person.update(new_values)
2 >>> person
3 {'name': 'James', 'age': 28, 'weight': 136, 'city': 'Berlin'} # Dict updated

The below code listing shows a dictionary can be updated using key-
word arguments.

1 >>> person = {"name" : "John", "age" : 36, "weight": 125}
2 >>> person.update(name="John", age=28, weight=136, city="Berlin")
3 >>> person
4 {'name': 'John', 'age': 28, 'weight': 136, 'city': 'Berlin'} # Dict updated

The d.update() method is useful to update as many items of a dictio-
nary simultaneously.
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primer: Next, we will look at how to remove elements of a dic-
tionary. Can you guess how we can remove elements from a
dictionary?

fiona: Using del the keyword

Like previous containers, the items in a dictionary can be removed
using the del keyword and clear() method. Let’s take a look.

To remove a single item, we can use the del keyword. For instance,

1 >>> person
2 {'name': 'John', 'age': 28, 'weight': 136, 'city': 'Berlin'}
3 >>> del person["city"] # Remove the key `city`
4 >>> person # `city` object removed
5 {'name': 'John', 'age': 28, 'weight': 136}

To remove every item stored in a dictionary, Python provides a built-
in method, d.clear().

1 >>> person
2 {'name': 'John', 'age': 28, 'weight': 136}
3 >>> person.clear() # Remove all items stored
4 >>> person
5 {}

primer: We can change the value of a key in a Python dictionary.
Can you think of a way to rename the key in a Python dictionary?

fiona: Deleting the key and then assigning the new key correspond-
ing to the stored object

One obvious way is to assign the new key to the value stored in the
old key in the dictionary and then remove the old key. However, there is
a much better way which we will look at next.

Retrive and Modify Dictionary Similar to sequences, dictionaries in
Python also have the d.pop(<key>, <default>) method, which retrieves
while removing the item at the same time.

1 >>> d = {1: 'Apple', 2: 'Ball', 3: 'Carrots' }
2 >>> d.pop(2)
3 'Ball'
4 >>> d
5 {1: 'Apple', 3: 'Carrots'}

If a key is not found in the dictionary, then the method pop() raises
KeyError.

1 >>> d.pop(4)
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 KeyError: 4

The pop() method accepts a default argument which can be returned
instead of Exception when a key is not found in the dictionary.

1 >>> d.pop(5, "Key is not present.")
2 'Key is not present.'

Like the method pop(), dictionary objects also have a method d.popitem(),
which returns and removes an arbitrarily selected item from the dictio-
nary.
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1 >>> d = {1:"Apple", 2: "Ball", 3:"Carrots", 4:"Dogs"}
2 >>> d.popitem()
3 (4, 'Dogs')
4 >>> d
5 {1: 'Apple', 2: 'Ball', 3: 'Carrots'}

If the dictionary is empty, the popitem() method raises KeyError.

primer: Now that we have covered d.pop and d.popitem(),
can you think of a better way to rename a key in the Python
dictionary?

fiona: D[”new_key”] = d.pop(old_key)

We can rename a key by using : d["new_key"] = d.pop("old_key"). The
pop() method returns the value while deleting the item at the same time.

So far, we covered the different built-in types of collections objects,
such as - sequences, mappings, and set objects. The built-in collections
module also provides several collections objects which can be used as
container objects. Let’s take a look.

Specialized Containers Some of the specialized container type presents
are as follows:

• namedtuple is useful for creating tuple subclasses with named fields

• deque is a list-like container that can pop on either end

• ChainMap is a dictionary-like object for creating a single view of
multiple mappings

• Counter is used for counting hashable objects

• defaultdict is like a dictionary, but unspecified keys have a user-
specified default value

You can read more about their usage in the official python documen-
tation of the collections6 module. 6https://docs.python.org/3/library/collections.html

Next, let’s look into another category of built-in types: Callables.

Callables
primer: Can you take a guess what callables are?
fiona: Objects that we can call using parens are called callables

A callable is anything you can call using parenthesis and optionally
passing arguments.

primer: What are some callables we have already encountered so
far?

fiona: Functions, constructors, methods

Functions and Methods are some of the callables that we have seen.
Callable types are objects that support the function call operation.

The list of callable type in Python is as follows:

• User-defined functions
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• Built-in methods

• Built-in functions

• Generators

• Class Instances

• Classes

• Instance Methods

In the previous chapter, we covered functions and methods in general.
In this course, we won’t be covering details about classes and instances.

We will learn about Generators in detail in Chapter 6.
Apart from these types, Python has several other types that are used

for internal purposes. We would not be covering those.
In the next chapter, we will dive deep into the Program Structure and

Control Flow.



5
Program Structure & Control Flow

In Python , we structure programs as a sequence of statements. When
you execute a Python program, the interpreter executes each statement
until there are no statements to execute or it encounters an error while
executing an instruction. We can test this out by writing a simple python
script.

1 print("This statement will be executed")
2 (1,2).append(1)
3 print("This statement will not be executed")

Script 5.1: Script demonstrating when
Python encountering error, file1.py

We can execute the script using the command python file1.py.

primer: Guess what happens when we execute the script?
fiona: The first print statement will be executed while the sec-

ond print() statement will not be executed

Python encounters the following error while executing the script.
In the above code listing, Python executes the first print statement

and encounters an error while executing the second.

primer: Why do you think that is the case?
fiona: Tuples don’t have append() method

In the second statement, we try to append a number to a tuple().
Tuples don’t have a method to append an element, and therefore Python
raises AttributeError.

primer: What about the third statement? Do you think it is going to
be executed?

fiona: It won’t be executed

As I mentioned before, Python executes a program or script as a series
of statements. If it encounters an error at a statement, the next statements
are not executed by Python.

When executing the script file1.py, we will get the following output:

1 This statement will be executed
2 Traceback (most recent call last):
3 File "file1.py", line 2, in <module>
4 (1,2).append(1)
5 AttributeError: 'tuple' object has no attribute 'append'
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In the above code listing, Python executes the first print() function
and encounters an error while executing the second. Therefore, it skips
the third one.

So far, we saw that each statement occupied a single line. We can
write multiple statements in a single line by separating them with a ;

semicolon. For instance, a = 10; b = 10

A statement can be written in a separate line or written over multiple
lines in a Python program. For example, in the following script, we
create a list containing days spanning multiple lines.

1 days_names = [ "Monday", "Tuesday",
2 "Wednesday", "Thursday",
3 "Friday", "Saturday",
4 "Sunday"]

Even though the script’s statements above span multiple lines, Python
considers the assignment operation a single line or specifically a single
logical line. The multiple lines you and I see in the above code are called
physical lines.

Exercise 1 Logical lines

How many logical lines and physical lines are present in the code below?

1 >>> person = {
2 "name": "Luffy", "friends": ["Zorro", "Sanji"],
3 "position": "Captain"
4 }

Logical Lines: 4, Physical Lines: 4a)

Logical Lines: 4, Physical Lines: 1b)

Logical Lines: 1, Physical Lines: 4c)

Logical Lines: 1, Physical Lines: 1d)

Let’s understand more about how Python interprets the program
using logical lines in the next section.

Logical Lines & Physical Lines

Python interpreter breaks down the script or program into a stream of
tokens, and this process is called tokenizing. Using the tokens generated,
Python breaks down the program in different logical lines. A logical line
is what Python sees as a single statement. For instance,

1 i = 10
2 print(i)

In the above code, we can see two statements spread over two lines.
Each statement above is a logical line. However, we can also write the
two statements above in a single line.

1 i = 10; print(i);
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Figure 5.1: Four physical Lines and one
logical line

In this case, there are two statements in a single line, but Python sees
two logical lines. The line which you see when you write the program is
called a physical line.

A physical line is a sequence of characters terminated by an End-of-
Line (EOL) sequence. End-of-Line (EOL) sequence moves the cursor
both down to the next line and to the beginning of that line. Earlier,
when we wanted to print strings spanning multiple lines, we used the
sequence \n to do so.

1 >>> print("This spans \nthree lines. \nHurray ")
2 This spans
3 three lines.
4 Hurray

As we mentioned earlier, the Python interpreter converts the script
into stream of tokens. In the generated tokens, Python denotes the end of a
logical using token NEWLINE.

Let’s write a program to understand this more.

1 animal = [ "cat",
2 "dog"]
3 print("My favorite animal is a {}".format(animal[1]))

Script 5.2: Two logical lines & three
physical lines , file2.py

The output of the script 5.2 is as shown below:

1 My favorite animal is a dog.

Exercise 2
How many logical and physical lines are in the script file2.py?

1 animal = [ "cat",
2 "dog"]
3 print("My pet animal is a {}".format(animal[1]))

Logical lines: 1, Physical lines: 3a)

Logical lines: 2, Physical lines: 3b)

Logical lines: 3, Physical lines: 3c)

Logical lines: 1, Physical lines: 1d)

We can also confirm that the above exercise is correct by verifying the
tokens generated. Python provides a way to check the tokens generated
by a source program using the tokenize module.

You can directly run the tokenize module on a python script from the
command prompt using the -m flag, as shown below.
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1 python -m tokenize [-e] [filename.py]

It is tokenizing the source program of file2.py results in the following
output.

1 0,0-0,0: ENCODING 'utf-8'
2 1,0-1,6: NAME 'animal'
3 1,7-1,8: EQUAL '='
4 1,9-1,10: LSQB '['
5 1,11-1,16: STRING '"cat"'
6 1,16-1,17: COMMA ','
7 1,17-1,18: NL '\n'
8 2,3-2,8: STRING '"dog"'
9 2,8-2,9: RSQB ']'

10 2,10-2,11: NEWLINE '\n'
11 3,0-3,5: NAME 'print'
12 3,5-3,6: LPAR '('
13 3,6-3,32: STRING '"My favorite animal is {}"'
14 3,32-3,33: DOT '.'
15 3,33-3,39: NAME 'format'
16 3,39-3,40: LPAR '('
17 3,40-3,46: NAME 'animal'
18 3,46-3,47: LSQB '['
19 3,47-3,48: NUMBER '1'
20 3,48-3,49: RSQB ']'
21 3,49-3,50: RPAR ')'
22 3,50-3,51: RPAR ')'
23 3,51-3,52: NEWLINE '\n'
24 4,0-4,0: ENDMARKER ''

In the output, the first column represents the line and column number
of the token. The second column provides the token name. At the same
time, the last shows the value of the token.

In the tokens, we can see that there are only two NEWLINE] tokens even

though there are three lines in the source code. The token \mintinline]python[NL]
is used to indicate a non-terminating newline.

Python generates NL tokens when a logical line of code spans over multiple physical
lines.

Python considers the assignment statement to the name animal] that

spans two physical lines as a single logical line. The \mintinline]pythonNL
token type represents newline characters (\n or \r\n) that do not end log-
ical code lines. Newlines that do end logical lines of Python code are
indicated using the NEWLINE token.

Python encourages the use of a single statement per line, which makes
the code more readable. Therefore, write a single logical line in a single
physical line.

If you want to specify more than one logical line on a single physical
line, you have to specify this using a semicolon explicitly (;) , indicating
the end of a logical line/statement. The token generated by ; semicolon is

OP.Earlier, we wrote two logical lines on a single physical line using a
semicolon (;), indicating the end of a logical line/statement. Python
implicitly assumes that each physical line is a logical line unless we use
a semicolon (;). Python generates all the logical lines from one or more
physical lines. Use more than a single physical line only if the logical line
is long.

Avoid semicolon (;)
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Exercise 3 Tokens
How many NL tokens are generated from the script below.

1 a = [1,
2 2]
3 b = [3, 4]
4 c = b + c

1a) 2b)
3c) 4d)

Often two or more physical lines are joined together to form a logical.
Let’s see understand how line-joining works in Python.

Explicit Line Joining
We can join two or more physical lines into a logical line using backslash
characters (\), also called the line continuation character. For instance,
we can write the statement 45 + 5 + 50 over multiple lines in the follow-
ing way.

1 >>> 45 \
2 ... + 5 \
3 ... + 50
4 100

When a physical line ends with a backslash, which is not a part of a
string literal or comment, Python joins the line to form a single logical
statement. Joining two or more physical lines using the line continuation
character is called explicit line joining. We are explicitly telling Python to
join these lines together. In explicit line joining, you cannot add com-
ments after the backslash character (\) .

For instance, this code expression is valid.
1 >>> a = 45 \
2 ... + 5
3 >>> a
4 50

While the following code is invalid,
1 >>> a = 45 \ # naming 45 + 5 as `a`
2 ... + 5
3 File "<stdin>", line 1
4 a = 45 \ # naming 45 + 5 as `a`
5 ^
6 SyntaxError: unexpected character after line continuation character

Adding anything after the backslash character is prohibited in Python.

Exercise 4
Will this piece of code correctly execute in Python?

1 >>> list_of_countries = ["India", "Bhutan" ] + \ ["Sri Lanka"] \
2 ... + ["Japan", "Russia"]

Yesa) Nob)

Python raises SyntaxError when if you put character(s) after the line
continuation character. The other form of lines joining in Python is done
implicitly, meaning in a way that is not directly expressed. Let’s have a
look.
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Implicit Line Joining

Python allows the splitting of certain expressions over multiple physical
lines. These expressions don’t require a backslash character (\) at the
end of their line to form a single logical line. The following are such
expressions:

1. expressions within a parenthesis (), brackets [] or braces {}

2. function arguments

3. triple-quoted string literal

For instance.

1 >>> (45 + # Parenthesis
2 ... 5
3 ... + 50)
4 100
5 >>> [40, # Brackets
6 ... 50,
7 ... 60,
8 ... 70]
9 [40, 50, 60, 70]

10 >>> { # Braces
11 ... "name" : "John Doe",
12 ... "age": 26
13 ... }
14 {'name': 'John Doe', 'age': 26}
15 >>> """This string
16 ... spans
17 ... multiple
18 ... lines"""
19 'This string\nspans \nmultiple \nlines'# Triple-quoted literals

In any of the above formats, expressions can span over multiple physi-
cal lines. Python joins multiples physical lines to a single logical line. The
automatic joining of numerous physical lines by Python is called implicit
line joining.

Essential characteristics of the implicitly joined lines are as follows:

1. can carry comments, except for triple-quoted strings

2. indentation of continuation lines is not important

3. blank lines are allowed

The ability to add comments is really useful sometimes to increase
code-readability.

1 >>> guests = [
2 "Tyrion", # Imp
3 "Harry", # Wizard
4 "Luffy", # Pirate
5 ]
6 >>> guests
7 ['Tyrion', 'Harry', 'Luffy']

Adding comments to function arguments is useful to understand the
high-level overview of the function quickly. You can add comments to a
function arguments as follows:
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1 >>> def my_func(arg1, # A Comment
2 ... arg2, # Another Comment
3 ... arg3 # Yet another comment
4 ... ):
5 ... pass

primer: As you can see, we can add comments to the function
arguments. How do you think it’s helpful in programming?

fiona: It’s easier to make sense of the code later on

Adding comments to function arguments is useful to understand the
high-level overview of the function quickly.

Earlier, we mentioned the Python executes every statement in order
until

• either there are no more statements to execute

• or Python encounters an error while executing a statement

Apart from that, there are particular statement(s) or code block whose
execution is dependent on some conditions. When Python executes a
code depending on some condition, it is called conditional execution.

Conditional Execution

We can control the usual order of execution of statements by using some
particular Python keywords. In Python, statements using the keywords
if-else, while, and for implement control flow constructs. Let’s learn
more control-flow statements in the next section.

Control Flow

In programming, control flow refers to the order of execution of state-
ments in a program. Most programming languages allow you to control
the flow of executions of statements.

primer: What is the default way in which Python executes state-
ments?

fiona: It executes one statement after another until no state-
ments remain

Python executes one statement after another from top to bottom
without skipping any statements. Two important methods of controlling
the flow of execution are conditionals execution or loops. Let’s take a
look at conditional execution.

When we instruct Python to execute a block or piece of code only when it satisfies
a condition, it is called conditional execution.
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Conditional execution is implemented in Python using if-else state-
ments. In-fact, most programming languages contain if-else statements.
The keywords, if, else, and elif control code execution flow.

The general syntax of if-else statements or simply if statements is the
following:

1 if condition1:
2 # Execute this code block
3 elif condition2:
4 # Execute this code block
5 elif condition3:
6 # Execute this code block
7 else:
8 # If none of the above conditions are true
9 # Execute this code block

In the above code, Python evaluates the conditions one by one until
it finds a True condition. Python executes the code block corresponding
to that condition. If none of the conditions are True, Python executes the
code block inside the else statement.

Figure 5.2: if-else conditional

Figure 5.2 shows a diagram representing the flow of execution of
statements in Python.

The elif and else statements are optional.
Both if] and \mintinline]pythonelif keyword requires conditions to

check if they can execute their code block. The conditions are usually
in the form of Boolean expressions, which means the expressions upon
evaluation will either return True or False.

For instance,

1 >>> a = 5
2 >>> if a < 6:
3 ... print("a is less than 6")
4 ...
5 a is less than 6
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In the above code listing, the expression a < 6 is the Boolean expression
provided as a condition for the if statement.

Exercise 5

What do you think is the output when the following script is run?

1 text = "The quick brown fox."

2 if 'a' in text:
3 (1, 2).append(3)
4 print("The letter a is present in text")
5 elif 'b' in text:
6 print("The letter b is present in text")
7 elif 'c' in text:
8 (1, 2).append(3)
9 print("The letter c is present in text")

10 else:
11 (1, 2).append(3)
12 print("No result Found")

The letter a is present in the
text

a) The letter b is present in the
text

b)

No result Foundc) Raises AttributeErrord)

The code in the previous exercise outputs The letter a is present in text.

primer: Do you notice anything interesting in the last exercise?

fiona: The first condition has errorneous code block

Appending an integer to a tuple should have caused Python to raise
AttributeError. However, Python evaluates an if-elif code block only
when the condition evaluates to True. Python executes the code block
in the else statement if the conditions provided to all the other if-else

statements are False.
Therefore, Python doesn’t raise any errors while executing the script

above.
We mentioned earlier that we could test any object in Python for its

truth value. You can put any object as a condition for if-else statements.
When you place an object as a condition for if-else statements, Python
evaluates it to be the same as using the built-in bool(<obj>) function on
the object.

1 >>> b = [10, 20]
2 >>> if b: # Condition evaluates to bool(b)
3 ... print(b[0])
4 ...
5 10

The following code block demonstrates using a dictionary key as a
condition for the if statement.

1 >>> customer = {"name": "John", "member": True}
2 >>> if customer["member"]:
3 ... print("{} is a premium member".format(customer["name"]))
4 ...
5 John is a premium member
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Exercise 6
What’s the output of the following code?

1 >>> a = []
2 >>> if len(a):
3 ... print("We can use objects as conditions")
4 ... else:
5 ... print("This shouldn't be printed")
6 ...

This shouldn’t be printeda) Raises Error.b)

We can use objects as conditionsc) Doesn’t print anythingd)

To solve the previous exercise, we will recall that Python evaluates 0
as False.

primer: Do you recall some other objects that Python evaluates as
False?

fiona: Empty collection objects and None

Python evaluates empty containers such as sets, dictionaries, and
lists as False. So far, we have seen a single condition for an if-else

statement.
primer: How can we have a code block evaluated only when two or

more conditions evaluate True simultaneously?
fiona: We can use logical operators to chain boolean expressions

We can chain multiple conditions using logical operators to create
complicated condition tests and control flow. We can also nest if-else
statements within one another. Let’s take an example to understand
more.

In mathematics, the triangle inequality theorem states that a triangle is
valid if the sum of two sides is higher than the third side.

For a triangle with sides a, b and c to exists, the following conditions must be met.
a + b > c

c + a > b

b + c > a

where a, b, and c are non-negative integers

Let’s write a function that checks if three sides can be a side of a
triangle. It accepts sides of a triangle as three positional arguments a,b
and c and returns whether these line-segments can form a triangle or not.

1 >>> def check_sides(a, b, c):
2 # Checks if sides are non-zero negative integers
3 if all((a > 0, b > 0, c > 0)):
4 # Triangle Inequality Theorem
5 if a + b > c and a + c > b and c + b > a:
6 print("{}, {} and {} can form a triangle"
7 .format(a, b, c))
8 else:
9 print("{}, {} and {} cannot form a triangle"

10 .format(a, b, c))
11 else:
12 print("Sides of a triangle cannot be negative or zero")
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In the above code listing, we can see that the two if statements are
nested. The outer if statement checks if all the sides are greater than 0.
Simultaneously, the inner if statement checks if the sum of each of the
two sides is greater than the third side.

Let’s test our newly created function.

1 >>> check_sides(3, 4, 5)
2 3, 4 and 5 can form a triangle
3 >>> check_sides(10, 20, 300)
4 10, 20 and 300 cannot form a triangle
5 >>> check_sides(10, -20, 300)
6 Sides of a triangle cannot be negative or zero

Our function check_sides() is working as expected.

Exercise 7
What’s the output of the following script?

1 a, b = (), ()
2 c, d = [], []
3 if a is b:
4 if c is d:
5 d.append(1)
6 else:
7 d.append(2)
8 else:
9 d.append(3)

10 print(d)

[1, 2]a) [3]b)

[2]c) []d)

Ternary expression
There exists a compact form of if statement to write a conditional ex-
pression in a single statement. It’s called Ternary expression.

Ternary expression in Python is equivalent to ternary operation found
in the C programming language. The following is the syntax of the com-
pact if statement:

1 [on_true] if [boolean_expression] else [on_false]

The ternary form requires

• a boolean_expression

• on_true value which is returned if the Boolean expression returns
True

• on_false value which is returned if the Boolean expression returns
False

For example.

1 >>> a, b, = 10, 30
2 >>> smaller = a if a < b else b # 10

Here,
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• on_true value : a

• on_false value : b

• boolean_expression : a < b

Unlike the earlier if-else statements, we cannot use the elif key-
word. You can use the ternary if statement to execute simple one-line
expressions conditionally.

We can chain a couple of ternary if statements to create the same
effect as nested if statements.

1 >>> a, b, c = 4, 2, 5
2 # Returns the largest of all three
3 >>> a if a > b and a > c else b if b > c else c
4 5

However, for your sanity and others, avoid using multiple ternary expressions in the
same line.

Exercise 8

What’s the output of the following script?

1 if 1 if 1 < 2 else 2 :
2 print("Even this works")
3 else:
4 print("Not really")

Not reallya) Even this worksb)

Raises SyntaxError.c) Raises ValueError.d)

This brings us to the end of the conditional execution.
Python executes the code block in an if statement once. Python also

contains control-flow statements that can execute a group of statements
repeatedly. We call these control flow statements as loops. We will learn
more about loops in detail in the next section.

Loops

In programming, to repeatedly execute a group of statements, a loop
statement is used. In Python, we use for and while keywords to imple-
ment loops in Python.

A loop is a shape that bends around and crosses itself. Let’s learn our
first loop - the while loop.
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While Loop

The while statement creates a loop in Python using the following syntax.

1 # Until the condition evaluates to `True`
2 while condition:
3 # Execute this code block

Figure 5.3: While loop

Like the if statement, the while statement has a condition associated
with it. Python executes the code block inside the while statement until
the condition evaluates False.

1 >>> counter = 5 # Assign name counter to 5
2 >>> while counter :
3 ... print(counter)
4 ... counter -= 1 # Decrease the value of name by 1
5 ...
6 5
7 4
8 3
9 2

10 1

In the above code block, the condition provided to the while statement
is the object referenced by the name counter. As we might recall, most
numbers’ truth value is True, except 0.

After completing the code block’s execution inside the while, Python
checks if the condition associated still evaluates True. Until the condition
evaluates to False, Python continuously executes the code block.

A single execution of the code block inside the while loop is called an iteration.

In the above code block, to make the condition evaluate to False,
we decrease the value referenced by the name counter by one each time
it executes the code block. At some point, the name counter’s value
becomes 0, which has a truth value of False, and thus Python exits the
loop.
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primer: The above loop is finite as the condition associated with
the while loop eventually evaluates to False. What do you think
happens when the condition doesn’t evaluate to False?

fiona: The loop executes indefinitely

If you don’t make provisions to make the condition to become False

eventually, Python will execute the code block inside the while loop
indefinitely. In programming, a loop code block that goes on endlessly is
called an infinite loop.

primer: Can you think of a small change in the above code listing to
make it an infinite loop?

fiona: Removing the statement which updates the counter

We can remove the statement counter -= 1 to make the code an infi-
nite loop.

Before implementing a while loop, you should ensure that the con-
dition eventually evaluates False. Python can’t determine if a condition
will subsequently become False or not.

If you executed an infinite loop, it might cause the console or termi-
nal to become unresponsive. Then you can close an unresponsive console
or terminal directly by usually (Ctrl + c or Cmd + c).

Exercise 9 Infinte Loop
Is the following code an example of an infinite loop?

1 >>> grocery_list = ["Apples", "Oranges", "Bananas", "Soda"]
2 >>> while grocery_list:
3 ... print(grocery_list.pop())
4 ...

Yes, this is an infinite loop.a) No, this is not a loop.b)

Earlier, we saw that the list object has a method s.pop(), which retrieves
a randomly selected element and removes it from the list. We also know
that the truth value of an empty list is False. Equipped with these two
sets of information, we can see that the previous exercises’ code isn’t an
infinite loop.

The output of the code in the above exercise is as follows:

1 >>> grocery_list = ["Apples", "Oranges", "Bananas", "Soda"]
2 >>> while grocery_list:
3 ... print(grocery_list.pop())
4 ...
5 Soda
6 Bananas
7 Oranges
8 Apples

In the above code listing, after the grocery_list list become empty, it
evaluates to False, and Python exits out of the while loop.

primer: In the above code sample, the grocery_list becomes
empty due to using the pop() method. Can you think of a way to
access each element without modifying the list element itself ?
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fiona: Using a counter variable to access the list object using index-
ing

We can define the name counter as the condition for the while loop
and then use it as an index to access each element of a list or sequence.
Let’s check an example.

Take a look at the script below.

1 grocery_list = ["Apples", "Oranges", "Bananas", "Soda"]
2 counter = len(grocery_list) - 1 # Index starts from 0

3 print("The following items are on my grocery list:")

4 while counter + 1:
5 print(grocery_list[counter]) # Access the item using `counter` as index
6 counter -= 1

Script 5.3: Grocery Shopping Script ,
grocery.py

We can check out the output of the code 5.3 below.

1 >>> python3 grocery.py
2 The following items are on my grocery list:
3 Soda
4 Bananas
5 Oranges
6 Apples

As you can see, we can initialize a counter to iterate or loop through
all the items in a list. The while loop condition is counter + 1 instead of
counter. Otherwise, it would skip over the item at the 0 index.

Exercise 10

Present below is a Python script.

1 guests = ["Luffy", "Zorro", "Chopper", "Sanji"]
2 counter = len(guests)

3 while counter:
4 print(f'{guests[counter-1]} just arrived !')
5 counter -= 1

Which of the following statement is not printed as output?

Sanji just arrived !a) Chopper just arrived !b)

Luffy just arrived !c) All the above statements are
printed

d)

primer: As you can see, we can use indexing to iterate through
a list of items in a while loop. But what about containers that
don’t support accessing items using indexing such as sets and
dictionary? Can you take a guess how do we iterate over
elements in sets and dictionary?

fiona: No idea, Primer

We can access the elements of sets and dictionaries using for loops.
Let’s understand in detail about for loops.
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For Loops
Objects that support iteration are said to be iterable.

This definition is not much helpful. Let’s try another definition of
iterables.

An iterable is any Python object capable of returning its members one at a time,
permitting it to be iterated over in a for loop.

That’s much better. Now, we can start with understanding for loops.
The for statement iterates over an iterable until there are no more

elements available.

Figure 5.4: For loop

We can see the general syntax of a for loop below.
1 for i in iterable :
2 # Execute this code block

In the statement, the name i is often referred to as iteration variable.
With each iteration, the iteration variable is assigned a new value pro-
vided by the iterable. You can think of it as the iterable returning one of
the members assigned to the iteration variable i for a while. Let’s look at
an example.

1 >>> a = [1, 2, 3, 4, 5]
2 >>> for i in a:
3 ... print(i)
4 ...
5 1
6 2
7 3
8 4
9 5

In the above code sample, the for loop iterates over the list a. Python
first assigns the iteration variable i to the value 1, which is the first item
occupied in the list a in the first iteration. In the next iteration, it is
assigned the next item in the list, and so forth.
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Exercise 11

Below is a python script.

1 person = { "name" : "John Doe", "age" : "16", "country" : "Bhutan" }
2 for detail in person:
3 print(f'{detail.title()} : {person[detail]}')

Which of the following statement will be printed upon executing the
above script?

Country: Bhutana) Bhutan: Countryb)

country: Bhutanc) Raises NameError: name 'detail'

is not defined.

d)

The iteration variable in a for loop can be assigned any valid name.
It doesn’t necessarily need to be i. You can use this to make your code
more readable.

Let’s look at a couple of more things about the iteration variable.

• The scope of the iteration variable is not private to the for loop
statement. If another name exists with the same name as the itera-
tion variable, Python overwrites it.

• The last value assigned to the iteration variable will remain at-
tached even after loop completion.

We can check this by an example.

1 >>> grocery_list = ["Apples", "Oranges", "Bananas", "Soda"]
2 >>> item = "Nachos"
3 >>> for item in grocery_list:
4 ... print(item)
5 ...
6 Apples
7 Oranges
8 Bananas
9 Soda

10 >>> item
11 'Soda' # Last item of the list

You can see that the name item assigned to the string Nachos is reas-
signed to the last element of the list after the iteration.

primer: In a while loop, we can define a counter variable and
use it to iterate over a sequence. Can we do the same index-based
looping in for loops?

fiona: Yes, we can using a sequence of numbers

As for loops take an iterable object, we need to define our sequence of
numbers first before we can loop over it. To iterate over a sequence, the
built-in function range() can be used to generate a sequence of numbers
corresponding to the length of the sequence to use index-based looping.

Let’s look at range() function next.
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Range The function signature of range() function is range(start, stop,

step) where the start and step arguments are optional. The range func-
tion generates a produces a sequence of numbers from and including the
start parameter to the stop parameter. The start argument defaults to 0

while the step parameter defaults to 1. For instance,
1 >>> range(9) # same as range(0, 9, 1)
2 range(0, 9)

You can view the sequence generated by the range() by converting it
to a list or tuple.

1 >>> tuple(range(9))
2 (0, 1, 2, 3, 4, 5, 6, 7, 8)

The range() function returns a '<class 'range'>' object, a type of
iterable that can be used for iteration.

1 >>> for i in range(10, 50, 5):
2 ... print(i)
3 ...
4 10
5 15
6 20
7 25
8 30
9 35

10 40
11 45

Exercise 12
Which of the statement is printed out due to the execution of the fol-
lowing script:

1 alphabets = 'ABCDEFG'
2 counter = 1
3 for letter in alphabets:
4 print(counter, ":", letter)
5 counter += 1

7 : Ga) A : 1b)

1 : Gc) F: 4d)

As shown in the above exercise, you often will require the element’s
position index in an iterable along with the element value.

Many programming languages do this by keeping a separate variable
to keep track of the iteration count and increasing it by one during each
iteration. We can understand it better using an example.

The format of using an iteration count to keep track of the position
index of the iterable is shown below:

1 index = 0
2 for a in s:
3 # Code block
4 index += 1

The name index acts as a counter that stores the current iteration value
in the above code. Keeping a counter to track the position of the element
in the iteration is a common programming paradigm. Python provides a
built-in function enumerate() for the same.
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Enumerate The built-in enumerate() which provides a tuple of pair
values containing, (index, iterable[index]). We can understand it better
in the code listing below.

1 >>> grocery_list = ["Apples", "Oranges", "Bananas", "Soda"]
2 # i is a tuple (index, grocery_list[index])
3 >>> for i in enumerate(grocery_list):
4 ... print(i)
5 ...
6 (0, 'Apples')
7 (1, 'Oranges')
8 (2, 'Bananas')
9 (3, 'Soda')

The enumerate() function also accepts an optional argument start,
which defaults to 0 and can be used to give a user-defined starting index.
We can even unpack the tuple using two iteration variables.

1 >>> for index, val in enumerate(grocery_list, 1):
2 ... print("{}. {}".format(index, val))
3 ...
4 1. Apples
5 2. Oranges
6 3. Bananas
7 4. Soda

The enumerate() function is a useful function for creating an indexed
list.

Exercise 13
What is the value of the following operation?

1 >>> person = {'name': "John", "age": 16 }
2 >>> list(enumerate(person))

[(1,'John'), (2, 16)]a) [(0, 'name'), (1, 'age')]b)

[(1, 'name'), (2, 'age')]c) [(0, 'John'), (1, 16)]d)

You can convert the enumerate(<iterable>) object into sequences such
as lists or tuples using their respective constructors.

Often, you need to iterate over two or more iterables or sequences in
parallel. Let’s take a look at how we can do this in Python.

Zip
Suppose you have three separate lists containing a person’s name, city, and
the food they prefer. This is shown in the table 5.1.

Name City Food

Thomas Sowell Barcelona Tacos
Li Xiu Tokyo Noodles
Joe Doe Pondicherry Dosa

Dark Puckerberg Melbourne Bear

Table 5.1: Three Sample Lists

We wish to generate a print all of the person’s details in a single string.
We can do that by simultaneously looping over three lists and iterating
over items using a while loop. Let’s see this in action. Let’s first convert
our tabular data in table 5.1 into Python lists.
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1 >>> names = ["Thomas Sowell", "Li Xiu",
2 "Joe Doe", "Dark Puckerberg"]
3 >>> city, food = ["Barcelona", "Tokyo",
4 "Pondicherry", "Melbourne"],
5 ["Tacos", "Noodles",
6 "Dosa", "Bear"]

1 >>> i = 0 # Counter variable
2 >>> while i < min(len(names),len(city), len(food)): # Till `i` equals the shortest of three lists
3 print("{}. {} from {} likes {}.".format(i+1, names[i], city[i], food[i]))
4 i += 1
5 1. Thomas Sowell from Barcelona likes Tacos.
6 2. Li Xiu from Tokyo likes Noodles.
7 3. Joe Doe from Pondicherry likes Dosa.
8 4. Dark Puckerberg from Melbourne likes Bear.

In the above code example, we are iterating for three lists simultane-
ously and increasing our iteration variable i by 1 in each iteration.

This pattern of iterating over two or more lists in pretty common in
programming, so Python provides a built-in function zip() to merge two
or more lists to form a list of tuples. The above identifiers: names, city,
and food can be zipped together to form a new object containing the tuple
of objects from each list. For instance,

1 >>> zip(names, city, food) # Returns a zip iterable
2 <zip at 0x7f5eaf293d48>
3 >>> list(zip(names, city, food)) # Convert the zip object into a

list↪→
4 [('Thomas Sowell', 'Barcelona', 'Tacos'),
5 ('Li Xiu', 'Tokyo', 'Noodles'),
6 ('Joe Doe', 'Pondicherry', 'Dosa'),
7 ('Dark Puckerberg', 'Melbourne', 'Bear')]

We can rewrite the above while loop using the zip() function in the
following way.

1 >>> for name, city_name, food_name in zip(names, city, food):
2 print("{} from {} likes {}".format(name, city_name,

food_name))↪→
3 Thomas Sowell from Barcelona likes Tacos
4 Li Xiu from Tokyo likes Noodles
5 Joe Doe from Pondicherry likes Dosa
6 Dark Puckerberg from Melbourne likes Bear

Exercise 14
Continuing from the above names, what’s the __A__ stands for in the
following code listing?

1 >>> for __A__ in list(enumerate(zip(names, city, food))):
2 print("{}. {} from {} likes {}".format(idx+1, name, city_name,

food_name))↪→
3 1. Thomas Sowell from Barcelona likes Tacos
4 2. Li Xiu from Tokyo likes Noodles
5 3. Joe Doe from Pondicherry likes Dosa
6 4. Dark Puckerberg from Melbourne likes Bear

idx, (name, city_name, food_name)a)

index, (name, city_name, food_name)b)

[idx, (name, city_name,food_name)]c)

idx, name, city_name, food_named)
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To include the index, we can use the enumerate() function after zip-
ping the function. Note that the enumerate() creates a nested tuple; there-
fore, we need to unpack the nested tuple.

When you zip two or more iterables, it creates a list of tuples. Let’s
understand the previous exercise in detail.

1 >>> names = ["Thomas Sowell", "Li Xiu", "Joe Doe", "Dark Puckerberg"]
2 >>> city = ["Barcelona", "Tokyo", "Pondicherry", "Melbourne"]
3 >>> food = ["Tacos", "Noodles", "Dosa", "Bear"]

When we zip the above lists, we get the following.

1 >>> list(zip(names, city, food))
2 [('Thomas Sowell', 'Barcelona', 'Tacos'), ('Li Xiu', 'Tokyo',

'Noodles'), ('Joe Doe', 'Pondicherry', 'Dosa'), ('Dark
Puckerberg', 'Melbourne', 'Bear')]

↪→
↪→

If we need the index, we can use the enumerate() function on top of
the zip().

1 >>> list(enumerate(zip(names, city, food)))
2 [(0, ('Thomas Sowell', 'Barcelona', 'Tacos')),
3 (1, ('Li Xiu', 'Tokyo', 'Noodles')),
4 (2, ('Joe Doe', 'Pondicherry', 'Dosa')),
5 (3, ('Dark Puckerberg', 'Melbourne', 'Bear'))]

You can notice that each item is of the nested tuple format, (index,
(names, city, food)).

When we want to iterate over the nested tuple, we need to unpack
the tuple first.

1 # Unpacking nested tuple
2 >>> for index, (name, city_name, food_name) in list(enumerate(zip(names, city, food))):
3 print(f"{index}. {name} from {city_name} likes {food_name}")
4 1. Thomas Sowell from Barcelona likes Tacos
5 2. Li Xiu from Tokyo likes Noodles
6 3. Joe Doe from Pondicherry likes Dosa
7 4. Dark Puckerberg from Melbourne likes Bear

Exercise 15
What’s the output of the following code?

1 >>> for index, num in enumerate(range(9)):
2 ... print(list(range(index, num)))
3 ...

9 empty listsa)

9 lists with an increasing number of elementsb)

9 lists with a decreasing number of elementsc)

Raises an errord)

Break Statement
We can break out of a loop in the middle of an ongoing iteration using
the break keyword.

The break statement exits out of the innermost for or while loop.
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The break statement prematurely exits the loop, and the rest of the
loop doesn’t iterate over the remaining iterables. For instance,

1 >>> guest_names = ["Adam", "James", "Sid",
2 "David", "Harry", "Tyrion", "Luffy"]
3 >>> for idx, name in enumerate(guest_names):
4 ... if name == "Sid":
5 ... print("Wait, why is Sid invited?")
6 ... break
7 ... print("{} is invited".format(name))
8 ...
9 Adam is invited

10 James is invited
11 Wait, why is Sid invited?

The Python stops looping over the guest_names iterable in the above
code listing when it is the string object Sid. After the loop exits, Python
doesn’t iterate over the items after the Sid anymore.

For nested loops, the break statement breaks out of the innermost loop.
Let’s write a nested loop to get the prime numbers in the first 20 numbers
to see this in action.

1 not_prime = set()
2 for n in range(2, 20):
3 for x in range(2, n):
4 if n % x == 0:
5 not_prime.add(n)
6 break
7 prime_numbers = set(range(2, 20)) - not_prime
8 print(prime_numbers)

Script 5.4: Script to get prime numbers
below 20 , primes.py

The output of the above code is shown below:

1 {2, 3, 5, 7, 11, 13, 17, 19}

primer: As you can see, many things are happening in the above
code samples. Do you want to attempt trying to explain the code
written in listing 5.4?

fiona: The program tries to find out prime numbers between 2 and 20

In mathematics, a prime number is a number that is divisible only
by one and the number itself. So, all we need to check is if a number is
divisible by any number lower than itself.

In the above code listing, for every number between [2, 20), we are
checking if it is divisible by a number other than one and itself. We can
do this in the following way:

• For a number n between 2 and 20, check if there exists a number x
in the range(2, n), which perfectly divides the number.

• If we find such a number x, the number n is added to the set
not_prime, and the innermost loop exits using the break statement
and continues the iteration for n+1.

• After the iteration is complete, we can subtract the set of numbers
in the range(2, 20) from the set not_prime.

• The new set is assigned the name prime_numbers.
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Exercise 16
Reorder the code according to the code written in listing 5.4

Return the difference between the set of numbers in the range(2,

20) and not_prime as prime_numbers.
a)

Loop over range(2,20) with iteration variable nb)

create an empty set with the name not_prime.c)

An if condition check if n is divisible by x.d)

If n is divisible by x, add n to the set not_prime and break.e)

Loop over over range(2, n) with iteration variable x.f )

Continue Statement
To jump to the next iteration in a loop, we can use the continue key-
word. The continue keyword skips the remainder of the loop body. Let’s
say we want to skip executing the code-block for a particular item in a
list. We can put it in an if condition along-with a continue statement.

For example, in the below code example, we wish to skip printing the
string object Sid.

1 >>> guest_names = ["Adam", "James", "Sid", "David",
2 "Harry", "Tyrion", "Luffy"]
3 >>> for idx, name in enumerate(guest_names):
4 ... if name == "Sid": # Ignore Sid
5 ... continue
6 ... print("{}.Inviting {}".format(idx+1, name))
7 ...
8 1.Inviting Adam
9 2.Inviting James

10 4.Inviting David
11 5.Inviting Harry
12 6.Inviting Tyrion
13 7.Inviting Luffy

The loop iterates over the guest_names list and prints a string in the
above code listing. In the loop, the if statement checks if the name itera-
tion variable equals Sid, in which case, the execution of the remainder of
the loop code is skipped, and iteration continues for the next item in the
iterable. You can also notice that the index 3 is missing from the printed
statements.

Exercise 17
Which of the following numbers will be present in the following script’s
output?

1 for num in range(10, 20):
2 if not num % 3:
3 continue
4 else:
5 print(num)

10a) 12b)

15c) 20d)
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Loops with else clause
Like if statements, loops can also have an else clause. We can use the
else clause in loops in the following situations:

1. for loop terminates through exhaustion of the iterable

2. The condition associated with the while loop becomes from True to
False

3. The loop wouldn’t execute at all
Python doesn’t execute the else clause when a break statement terminates a

loop.

We can see each of the cases in the following code listing.

1 for x in []: # Loop 1
2 print("Loop # 1")
3 else:
4 print("Else statement executed for loop 1")

5 for x in [1]: # Loop 2
6 print("Loop # 2")
7 else:
8 print("Else statement executed for loop 2")

9 for x in range(2): # Loop 3
10 print("Loop # 3")
11 if x == 0:
12 break
13 else:
14 print("Else statement executed for loop 3")

Script 5.5: Script which demonstrates for
loop with else, for_else.py

The output of the script 5.5 is shown below:
1 >>> python for_else.py
2 Else statement executed for loop 1
3 Loop # 2
4 Else statement executed for loop 2
5 Loop # 3

In the above code sample, the else statements get executed for Loop 1
and 2 but not for 3 as loop three terminates through the break statement.

Exercise 18
Is the else clause executed in the following script?

1 guest_names = ["Adam", "James", "David", "Harry", "Tyrion", "Luffy"]
2 for idx, name in enumerate(guest_names):
3 if name == "Sid":
4 print("Wait, why is Sid invited !")
5 break
6 print(f"{name} is invited")
7 else:
8 print("Sid is not invited")

Yes, it is.a) No, it isn’t.b)

As the string object Sid isn’t present in the list guest_name, the break

statement is never executed. Therefore, the else clause is executed.
Let’s take a look at a while loop with an else clause. In the script

below, there are three different while loops.
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• first one, where the condition is False; therefore, the code block
isn’t executed, but the else is executed.

• second one, where the condition is initially True but then becomes
False, and the else clause is executed.

• third one, where the code block exits using a break statement, and
the else clause is not executed.

1 i = 1; j = 2 # For loop 2 & 3
2 while 0: # Loop 1
3 print("Loop # 1")
4 else:
5 print("Else statement executed for loop 1")

6 while i: # Loop 2
7 print("Loop # 2"); i -= 1
8 else:
9 print("Else statement executed for loop 2")

10 while j: # Loop 3
11 print("Loop # 3"); j -= 1
12 if j == 1:
13 break
14 else:
15 print("Else statement executed for loop 3")

Script 5.6: Script which demonstrates
while loop with else, while_else.py

The output of the code listing 5.6 above is shown below:

1 Else statement executed for loop 1
2 Loop # 2
3 Else statement executed for loop 2
4 Loop # 3

In the python script in file6.py, Loop 2 and 3 execute while the else
statement for Loop 1 and 2 executes. This is similar to the results we got
for for loops.

This comes to the end of loops in Python. In the next section, we will
cover the call stack in Python.

Call Stack

We have seen that Python executes the statements in a program from top
to bottom unless the statements involve control-flow constructs such as
loops and if-else statements.

This is not a complete description of how Python executes the pro-
gram. It is missing out on details about function calls.

primer: What do you think happens when Python encounters a
function call?
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fiona: Python goes inside the function defintion and executes it

A function body is not executed until it is called.

Each time you call a function, Python takes a detour from the exe-
cution flow to go to that function code’s function body. Let’s do a small
exercise.

Exercise 19
Take, for instance, the following script.

1 def foo(): #1
2 print("Line 2") #2
3 #3
4 def bar(): #4
5 foo() #5
6 print("Line 6") #6
7 foo() #7
8 #8
9 def foobar(): #9

10 bar() #10
11 foo() #11
12 print("Line 12") #12
13 #13
14 print("Line 14") #14
15 foobar() #15

What’s the output when you run the above program?

Line 2 Third Timea)

Line 12b)

Line 14c)

Line 2 Second Timed)

Line 6e)

Line 2 First timef )

From the previous exercise, we can see that Python doesn’t seem to
execute the statements sequentially. Let’s take a deeper look at the code
listing in the previous exercise to understand more.

The output of the above program is as follows:
1 Line 14
2 Line 2
3 Line 6
4 Line 2
5 Line 2
6 Line 12

Python executes the script using the following heuristic:

1. Execute the first line that is not part of a function definition

2. After executing the line, move on to the next line of code

3. If the next line of code is part of a control statement such as if-else,
loops, function calls, or function returns, Python executes them
differently.
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Earlier, we saw how control statements affect the flow of executions
in Python. Now, we will focus on understanding how function calls and
function returns are executed.

• When Python encounters a function call, it jumps from that line of
code to the first line of code inside the function definition.

• When Python returns from a function call, it continues after the
line, which invoked the function call that sent it to the function.

Therefore, Python executes the above script in the following way:

1. Executes the print statement in line 14

2. Calls the function foobar() at line 15

1. Goes to line 10 and calls the bar() function

1. Goes to line 5 and calls thefoo() function
1. Executes the print statement in line 2
2. Returns from foo() to line 5

2. Executes the line print statement in line 6
3. Calls the foo() function at line 7

1. Executes the print statement in line 2
2. Returns from foo() to line 7

4. Returns to line 10

2. Call the foo() function at line 11

1. Executes the print statement in line 2
2. Returns from foo() to line 11

3. Executes the print statement in line 12

4. Returns to line 15

3. End of Program

At this point, you might be wondering, how does Python keep track
of where to jump when it returns from a function or how does it picks
up from where it left.

primer: Guess how Python keeps track of where it has jump next
after returning from a function?

fiona: Python stores function calls in a stack

To understand how Python keeps track of function calls, we first need
to understand something called the stack.

Stack
A stack is an ordered collection of items where new items and removal of existing
items always occur at the same end.



274 python-i

In such ordering, the most recent item to add is the one that is in a
position to be removed first. This ordering principle is called LIFO (
last-in, first-out). Newer items are near the top, while the older items
are near the base of the stack.

Many examples of stacks occur in our everyday world. A concrete
example of a stack will be a tennis balls container with only one side open.
In our tennis ball container, new balls can be added only from one end,
while the last item added will be removed first.

primer: How can we create a Python container that works like a
stack?

fiona: Creating a list container and using only append() and pop() meth-
ods to add and remove objects

We can implement a stack in Python using a list object in Python if
we only use the append() method to add items to the pop() method to
retrieve and remove an element from the list. Let’s create a list object
called the ball_holder.

1 >>> ball_holder = []

For the list object ball_holder to function like a stack, we can use only
two of its methods:

• append() method to add elements

• pop() method to retrieve and remove elements

1 >>> ball_holder = [] # []
2 >>> ball_holder.append('Ball 1') # ['Ball 1']
3 >>> ball_holder.append('Ball 2') # ['Ball 1', 'Ball 2']
4 >>> ball_holder.append('Ball 3') # ['Ball 1', 'Ball 2', 'Ball

3']↪→
5 >>> ball_holder.pop() # ['Ball 1', 'Ball 2']
6 >>> ball_holder.append('Ball 4') # ['Ball 1', 'Ball 2', 'Ball

4']↪→
7 >>> ball_holder.pop() # ['Ball 1', 'Ball 2']
8 >>> ball_holder.pop() # ['Ball 1']
9 >>> ball_holder.pop() # []

We can visualize the tennis ball stack using the figure 5.5.

Exercise 20

What does the output of the following code listing look like?

1 ball_holder = ['Ball 1']
2 ball_holder.append('Ball 2')
3 ball_holder.append('Ball 4')
4 ball_holder.append('Ball 3')
5 print(ball_holder.pop())
6 print(ball_holder.pop())
7 ball_holder.append('Ball 5')
8 print(ball_holder.pop())
9 ball_holder.append('Ball 6')

10 ball_holder.append('Ball 7')
11 print(ball_holder.pop())
12 ball_holder.append('Ball 8')
13 print(ball_holder.pop())
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Figure 5.5: Ball Holder stack

Ball 7a)

Ball 4b)

Ball 3c)

Ball 8d)

Ball 5e)

The output of the code in the above exercise is shown below:
1 Ball 3
2 Ball 4
3 Ball 5
4 Ball 7
5 Ball 8

Now that we have some idea about stacks, let’s look at how Python
executes a function call.

Call Stack

The Python interpreter uses a stack to run a Python program. The stack
is commonly referred to as call stack or run-time stack or stack. The call
stack consists of call frames which store information about each func-
tion call. A call frame is how Python keeps track of execution while a
function call progresses. The call stack works in the following way:

• Whenever a function is called in Python, a new call frame is pushed onto
the call stack.
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• Every time the function call returns, its call frame is popped or deleted from
the call stack.

The module in which the program runs has the bottom-most frame.
It is called the global frame or the module frame. Let’s write another
script to understand call frames.

1 def foo():
2 print("Last")

3 def bar():
4 print("Second)

5 def foobar():
6 bar()
7 foo()

8 print("First")
9 foobar()

Script 5.7: Script to understand how
functions work under the hood, foobar.py

The script 5.7 returns the following output:

1 First
2 Second
3 Last

We can visualize the way Python executes the script using the figure
5.6.

Figure 5.6: Stack Diagram of foobar.py

Exercise 21
Let’s take a look at the script 5.7 again..

1 def foo():
2 print("Last")

3 def bar():
4 print("Second)

5 def foobar():
6 bar()



program structure & control flow 277

7 foo()

8 print("First")
9 foobar()

Reorder the statements according to which Python executes them.

Returns from the bar() function 5a)

Returns from the foobar() function body 9b)

Executes print("First") 1c)

Goes into the first line of foobar() function 2 bodyd)

Returns from the foo() function body 8e)

Executes print("Second") 4f )

Goes into the first line of bar() function body 3g)

Goes into the first line of foo() function body 6h)

Executes print("Last") 7i)

As we can see, Python adds call frames to the call stack whenever it
encounters a function call.

After the function call returns, Python removes the frame from the
call stack and adds the next function call into the call stack.

Figure 5.7 shows snapshots of the call stack during the execution
above.

Figure 5.7: Call Stack Timeline

In the figure 5.7, you can see how the frames are added and removed
after their execution.
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Exercise 22
Take a look at the code below:

1 def foo():
2 print("Foo")

3 def foo_foo():
4 print("Foo-Foo") # Curently Executing

5 def bar():
6 foo()
7 foo_foo()

8 def foobar():
9 bar()

10 foo()

11 foobar()

Python is currently executing the line 6 ( print("Line 6")). Can you
reorder the below frames to resemble the call stack?

Assume that the bottom-most frame is the first call frame to be added
to the call stack.

Module Framea)

foo_foo() Frameb)

print("Foo-Foo") Framec)

foobar() Framed)

bar() Framee)

Call Frames
The call frames contains information such as the local namespace and
variables inside a function. To understand, let’s take another example.

We will create a script that solves a quadratic equation of form ax2 +
bx + c. The discriminant method can calculate the solution of the two
roots of a quadratic equation. The following shows the formulae for
obtaining a quadratic equation’s roots using discriminant(∆).

Roots of equation =
−b ±√(∆)

2a
where ∆ = b2 − 4ac

Let’s say we want to solve the equation.

x2 + 2x + 1 = 0

We can do so using the following script.

Note that we have to use the cmath module instead of math as the roots can be
imaginary.

The output of the script 5.8 above is shown below:
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1 # Solve the quadratic equation
2 # ax**2 + bx + c = 0
3 # using discriminant method
4 import cmath # Roots can be complex

5 a = 1
6 b = 2
7 c = 1

8 def quadratic_solver(a,b,c):
9 # calculate the discriminant

10 d = (b**2) - (4*a*c)

11 # find two solutions using disrciminant
12 x1 = (-b-cmath.sqrt(d))/(2*a)
13 x2 = (-b+cmath.sqrt(d))/(2*a)

14 return (x1, x2)

15 sol_1, sol_2 = quadratic_solver(a, b, c)
16 print(f'The solution is {sol_1} and {sol_2}')

Script 5.8: Script which solves a quadratic
equation, quadratic.py

1 The solution is (-1+0j) and (-1+0j)

primer: The quadratic solver script returns the correct output. Can
you describe briefly how does the script work?

fiona: Nope, too big for me.

Figure 5.8: Quadratic Solver

In the above script, we define the quadratic equation’s coefficients and
provide it to the quadratic_solver() function. The function calculates
the solution using the discriminant method and returns a tuple of two
solutions. Let’s look at how Python executes the above script.

The diagram in figure 5.8 depicts the stack diagram for the quadratic
equation solver script. You can notice the following:

1. The module frame contains the global names such as a, b, c, cmath

2. While the quadratic_solver() frame is executed, its call frame is
added on top of the module frame.

3. The quadratic_solver() frame contains the local variables such a, b,

c, d, x1, x2.
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4. After the quadratic_solver() returns, it’s call frame and the informa-
tion it contained is removed from the stack.

The advantage of using the stack to store data is that memory is auto-
matically managed for you. But the size of the stack is limited or finite.
At some point, you are going to run out of space to hold additional call
frames. This problem is often faced when you recursively call a function.
Let’s understand more in the next section.

Notes
a. A Sample Note

Questions
a. How to create questions?

This is how

Recursion

Recursion occurs when a thing is defined in terms of itself. Recursive
definitions are self-referential.

For instance, in his book Gödel, Escher, Bach1, Douglas Hofstader gives 1D.R. Hofstadter. Gödel, Escher, Bach:
An Eternal Golden Braid. Harvester studies
in cognitive science. Penguin, 2000. ISBN
9780140289206

an interesting example of a recursive definition.

Hofstadter’s Law: It always takes longer than you expect, even when you take into
account Hofstadter’s Law.

In programming, recursion is one of the most interesting problem-
solving methods.

The word recursion has roots in the Latin word recursiō, which means
the act of running back or again or return. In programming, we define a
recursive function as follows:

A function is said to be recursive when it calls itself from within its code definition.

When you call a function inside its definition, it becomes a recursive
function. Let’s look at one of such recursive functions below.

1 def recur_func():
2 recur_func()

3 recur_func()

primer: In the above script, we define a function recur_func() to
invoke the function itself. What do you think happens when you
execute the above program?

fiona: Python executes the function indefinitely
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You might have guessed that Python encounters an error while exe-
cuting the script.

primer: In the previous topic, we discussed how Python uses call
stacks to hold information regarding function calls. What do you
think happens in the call stacks during the execution of the above
recursive function?

fiona: The call stacks gets filled up

The Python interpreter’s call stack is finite and can store a limited
number of call frames. When the stack is full, and you attempt to add
additional frames, it is called stack overflow.

Stack overflow means that a Python program has run out of memory to hold the
frames in the call stack.

When the Python Interpreter experiences stack overflow, it causes the
interpreter to crash or freeze. To avoid the stack overflow, Python sets
a limit for the total number of frames that the call stack can hold. This
limit is called the recursion limit. It is usually much lower than the actual
number that can cause a stack overflow.

You can find out the recursion limit using the getrecursionlimit()

function from the sys module.

1 >>> import sys
2 >>> sys.getrecursionlimit()
3 1000

Usually, Python sets the limit is 1000 (the maximum number of
frames that the call stack can hold). However, it might differ for differ-
ent Python interpreters. You can set the recursion limit of your Python
interpreter to any other number you like using the setrecursionlimit()

function from the sys module. Although, if you set the number higher
than the actual frames the interpreter call stack can hold, it might cause
Python to crash while executing a recursive function.

When we try to execute recur_fun(), the number of call frames hit the
recursion limit.

1 >>> def recur_func():
2 ... recur_func()
3 >>> recur_func()
4 Traceback (most recent call last):
5 File "<stdin>", line 1, in <module>
6 File "<stdin>", line 2, in recursive_function
7 File "<stdin>", line 2, in recursive_function
8 File "<stdin>", line 2, in recursive_function
9 [Previous line repeated 996 more times]

10 RecursionError: maximum recursion depth exceeded

While executing the above script, Python invokes recur_func() re-
peatedly due to the function’s recursive nature. As a result of the re-
peated invocation, the interpreter call stack is filled with recur_func() call
frames till the recursion limit. Any additional invocation of recur_func()
results in Python raising RecursionError.

Recursion Error is raised when the number of call frames in the call stack is equal to
the recursion limit and Python attempts to add another call frame to the stack.
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We can visualize the execution using the stack diagram shown in
figure 5.9. In the figure 5.9, we can see that the module frame occu-
pies the bottom-most frame while the rest 999 frames are occupied by
the recur_func() frame. Adding another recur_func() call frame causes
Python to raise RecursionError.

Figure 5.9: Recursion Stack Overflow

primer: Functions that invoke themselves in their definition are
susceptible to raising RecursionError. How can we ensure that
recursive functions don’t raise RecursionError?

fiona: We can ensure that at function calls returns value before hit-
ting the recursion limit

While working with recursive functions, we need to think about
breaking off the recursion. We can do so by organizing the recursive
function definition inside an if-else statement.

We can rewrite our previous recur_func() as follows:

1 def recur_func(count=0):
2 count = count + 1
3 if count < 5:
4 print(f"Recursion Count: {count}")
5 recur_func(count)
6 else:
7 print("Recursion Completed")

8 recur_func()

We get the following by executing the script.
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1 Recursion Count: 1
2 Recursion Count: 2
3 Recursion Count: 3
4 Recursion Count: 4
5 Recursion Completed

While using recursion as a problem-solving method, the general idea
is to think about the ending first. In the updated version of recur_func(),
we use a count object to keep track of the recursion along with an if

statement. This ensures that the function doesn’t repeatedly call itself
indefinitely and eventually returns from the function call.

At this point, you might be wondering if there is any actual use of
recursion in programming. There are many instances where recursion
proves to be a practical approach. In the next section, we will take a look
at one such problem: Factorial.

Factorial

The factorial of a given non-negative number n is the product of all the natural
numbers between 1 and n.

The factorial of a negative number doesn’t exist, and the factorial of 0
is 1. Mathematically it is shown in the below equation.

Factorial of a natural number n is n! =
n∏
1

n

From the equation, we can think of factorial as follows:

4! = 4 × 3 × 2 × 1 = 24
5! = 5 × 4 × 3 × 2 × 1 = 120

6! = 6 × 5 × 4 × 3 × 2 × 1 = 720

That’s pretty much everything that you need to know about factorials
right now. The code below shows a function that accepts a given number
and returns it’s factorial.

1 def factorial(n):
2 result = 1
3 for num in range(1, n + 1):
4 result *= num
5 return result

Let’s check out the values of the interpreter.

1 >>> factorial(4)
2 24
3 >>> factorial(5)
4 120
5 >>> factorial(6)
6 720

primer: Can you explain how the factorial function works?

fiona: For each number, the function multiplies all the number be-
low it and 1
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The factorial(n) function uses loops over a range of (1, n+1). In each
iteration, it uses the name result to store the natural numbers’ product.
After completing the loop, it returns the name result as the factorial of
the number.

The above solution for obtaining the factorial works fine. However,
we can use recursion to solve the problem.

The first thing to create a recursive function is that we have to represent the func-
tion in terms of itself.

Let’s take a look at the factorials once more. In the formula for ob-
taining the factorial of a number, you can notice the following:

6! = 6 × 5!
5! = 5 × 4!
4! = 4 × 3!
3! = 2 × 1!
1! = 1 × 0!

0! = 1

This indicates that,
the factorial of a number is equal to the product of the number and the factorial of
the preceding number.

Mathematically, we can state the following:

For a natural number,
n! = n × (n − 1)!

If we think about this with respect out function factorial(), we can
write:

factorial(n) =
{
n × factorial(n − 1), if n ≥ 1
1, if n = 0

You can see that we have successfully defined the factorial() function
in terms of itself. Now, let’s rewrite the factorial().

1 def factorial(n):
2 if n == 0:
3 return 1
4 return n*factorial(n-1)

You can notice that we are calling the factorial() inside its definition.
This is a recursive function. To ensure that the recursion doesn’t go on
forever, we have set the limit condition at n = 0, which returns 1.

Let’s test out our newly written factorial() function in the inter-
preter.

1 >>> factorial(4)
2 24
3 >>> factorial(5)
4 120
5 >>> factorial(6)
6 720
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As you can see, the function gives the output as expected.
primer: Can you describe in your own words how the new factorial

function works?
fiona: Nope, it seems difficult

When you invoke the factorial() function with the argument n, it
first checks if the n = 1. If not, it calls the factorial() function again, but
this time with the argument n-1. It does this until the function argument
is 0, upon which it returns 1.

We can understand the way our above code works using the stack
diagram shown in figure 5.10.

Figure 5.10: Factorial Stack Diagram

Because we are using recursion inside the function, we are always at
risk of exceeding the call stack frames set by Python. This might not be
significant for lower values of n, but it indeed becomes problematic for
higher values.

For instance, if your interpreter has the recursion limit set at 1000, the
factorial function above will work for n = 996. Still, it will not work for n
>= 997. If you try to test out the factorial for 998, Python might give the
following output.

1 >>> factorial(998)
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 File "<stdin>", line 4, in factorial
5 File "<stdin>", line 4, in factorial
6 File "<stdin>", line 4, in factorial
7 [Previous line repeated 995 more times]
8 File "<stdin>", line 2, in factorial
9 RecursionError: maximum recursion depth exceeded in comparison

You can set the recursion limit to a higher number, using the sys.setrecursionlimit()

function to bypass the error. However, doing so is not recommended.

Exercise 23
What’s the output of the following script?
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1 def func_1(n):
2 if n == 0:
3 return 1
4 return func_1(n-1)**n

5 print(func_1(6))

720a) 120b)

24c) 1d)

Any value raised to the power of 1 will return 1.
Let’s look at another problem that we can solve using recursion: Fi-

bonacci’s Sequence.

Fibonacci’s Sequence
In mathematics, a sequence starts from 0 and 1 where each number is the sum of the
two preceding ones called Fibonacci Sequence. The numbers in the sequence are
called Fibonacci Numbers.

The Fibonacci sequence is represented in the following way:

Fn = Fn−1 + Fn−2Given, F0 = 0, F1 = 1

You might recall Leonardo of Pisa, also known as Fibonacci, posthu-
mously. In the 1202 book Liber Abaci, he introduced the world to
counting using the Hindu system of counting. In the same book, Fi-
bonacci introduced the sequence to Western European Mathematics.

Note that the sequence had already been described by Indian Mathematician
Acharya Pingala in the early 200 BC.

The beginning of the sequence is as follows.

0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, ...

If you want to write Fibonacci sequence on your own, you will find
yourself doing the following:

Given, F0 = 0 & F1 = 1,
F2 = F1 + F0 = 1 + 0 = 1
F3 = F2 + F1 = 1 + 1 = 2
F4 = F3 + F2 = 2 + 1 = 3
F5 = F4 + F3 = 3 + 2 = 5

We will write a program that generates the Fibonacci sequence. We
are going to approach this problem by breaking it into two functions.

1. We will write a function fib() that gives the nth Fibonacci (Fn)
number.

2. We will write another function fib_seq() that generates n-length
Fibonacci sequence using the fib() function

We will focus on writing the fib() function first. But before that, let’s
do a small exercise.
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Exercise 24
What’s the output of the following code?

1 seq = []
2 (n1, n2) = (0, 1) # initialize first two numbers

3 seq.append(n1)

4 next_num = n1 + n2 # sum of two preceding numbers
5 (n1, n2) = (n2, next_num)
6 seq.append(n1)

7 next_num = n1 + n2 # sum of two preceding numbers
8 (n1, n2) = (n2, next_num)
9 seq.append(n1)

10 next_num = n1 + n2 # sum of two preceding numbers
11 (n1, n2) = (n2, next_num)
12 seq.append(n1)

13 next_num = n1 + n2 # sum of two preceding numbers
14 (n1, n2) = (n2, next_num)
15 seq.append(n1)

16 print(seq)

[1, 1, 2, 4]a) [1, 1, 3, 5]b)

[1, 1, 2, 3, 5]c) [0, 1, 1, 2, 3]d)

Take a look at the code in the previous exercise. You will realize that
it is generating the Fibonacci sequence itself. In the code, we sum up the
previous two terms to get the next_num and then update n1 and n2. This is
the central part of the nth Fibonacci number generating algorithm.

We can state the algorithm for generating the nth Fibonacci number as
following:

1. Define the first two numbers of the sequence: n1 = 0, n2 = 1

2. The next number in the sequence next_num can be obtained by
adding n1 and n2.

3. Before moving on to get the next number, update the values of n1
and n2 as follows:

1. n1 = n2

2. n2 = next_num

4. Repeat steps two and 3 to get the next number in the sequence.

Now that we have figured out the algorithm, let’s write the nth Fi-
bonacci number generating function fib():

1 def fib(n):
2 if n < 0:
3 print('Please enter a positive integer')
4 elif n in (0, 1):
5 return 0 if n == 0 else 1
6 else:
7 count = 0
8 (n1, n2) = (0, 1) # first two terms
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9 while count < n:

10 # sum of two preceding numbers
11 next_num = n1 + n2
12 # update value for the next loop
13 (n1, n2) = (n2, next_num)

14 count += 1
15 return n1

Let’s test out our function in the interpreter.

1 >>> print(fib(2))
2 1
3 >>> print(fib(3))
4 2
5 >>> print(fib(4))
6 3
7 >>> print(fib(5))
8 5
9 >>> print(fib(6))

10 8

As you can see, our function is returning the correct values.

primer: Now that we can generate the nth Fibonacci number in the
sequence, how can we get the entire n-length sequence?

fiona: Not sure

As we have already created the fib() function, we can quickly write a
function to generate the n − length Fibonacci sequence.

We can proceed to write a function that generates n-length Fibonacci
sequence as follows:

1 def fib_seq(n):
2 sequence = []
3 count = 0
4 while count < n:
5 sequence.append(fib(count))
6 count += 1
7 print(*sequence) # unpacking the list object

We can unpack a list using the asterisk operator inside the print()

function.
Let’s try it out on the interpreter.

1 >>> fib_seq(2)
2 0 1
3 >>> fib_seq(3)
4 0 1 1
5 >>> fib_seq(4)
6 0 1 1 2
7 >>> fib_seq(5)
8 0 1 1 2 3
9 >>> fib_seq(6)

10 0 1 1 2 3 5

As you can see, the fib_seq() function works as expected.

primer: Can you take a moment to describe how the fib_seq()
function works?

fiona: Not sure, Primer.
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Previously, we rewrote the factorial() function using recursion.
We can do the same for our fib() function. However, first, we need to
understand how to represent the current fib() in terms of itself.

Mathematically, we can write the following about the Fibonacci
numbers:

Fn = Fn−1 + Fn−2

where, F0 = 0, F1 = 1

If we think about this with respect out function fib(), we can write:

fib(n) =

fib(n − 1) + fib(n − 2), if n > 1
1, if n =1
0, if n =0

We have successfully defined the fib() function in terms of itself.
Now we can rewrite the fib() function using recursion.

1 def recur_fibo(n):
2 if n <= 1:
3 return n
4 else:
5 return(recur_fibo(n-1) + recur_fibo(n-2))

That’s it. An elegant solution, isn’t it?
Now, let’s test out our function in the interpreter.

1 >>> print(fib(2))
2 1
3 >>> print(fib(3))
4 2
5 >>> print(fib(4))
6 3
7 >>> print(fib(5))
8 5
9 >>> print(fib(6))

10 8

The result is as we expected. If you test out the fib_seq() function
with the recursive fib() function, you will find that it also works fine like
the previous factorial() function.

Keep the recursion limit in mind while invoking the fib() function.

primer: You just witnessed two different recursive functions used
in solving problems. Can you take a moment to describe the main
steps of writing recursive functions?

fiona: I am not sure, Primer

While creating a recursive function,

• First, try to represent the function in terms of itself.

• Second, keep the end of the function invocation in mind. Other-
wise, you will end up invoking the function indefinitely.

Hopefully, how Python leverages stacks to execute function is clear
to you now. Incidentally, call stacks are also helpful while tracking errors
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in the application. We will take a look at errors & exceptions and how to
handle them in the next section.

Exceptions

We mentioned earlier that Python terminates the program upon encoun-
tering any errors while executing the statements. In this section, we will
delve deep into errors and exceptions in Python.

primer: Can you think of some errors that we have already faced
earlier?

fiona: NameError, ValueError and SyntaxError

We have faced many errors till now, such as NameError, AttributeError,
IndexError etc. Let’s look into errors in Python in more detail.

Errors in Python are of at least two types:

1. Syntax Errors

2. Exceptions

Let’s start with Syntax Errors.

Syntax Errors

Syntax errors, also called parsing errors, are the kind of errors where
you deviate from the syntax that Python programming language under-
stands. In the first chapter, we mentioned that programming languages
are formal languages that adhere to a strict syntax. Python has a strict
syntax and will complain when you write something; it doesn’t allow or
understand. For instance,

1 >>> print("Hello World)
2 File "<stdin>", line 1
3 print("Hello World)
4 ^
5 SyntaxError: EOL while scanning string literal

In the code listing above, Python expects the string literal to have
a matching double quote before the parenthesis. Python will repeat
the offending line in syntax errors and put a little arrow mark where it
encountered the error. In the case of a script, Python prints the file name
and line number to locate the error.

Syntax errors are easier to fix.
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Exercise 25

How can we fix the below code?

1 >>> a = {"name: "Joe", "age": 16"} # code to fix
2 File "<stdin>", line 1
3 a = {"name: "Joe", "age": 16"}
4 ^
5 SyntaxError: invalid syntax

Surround name with matching
quotes

a) Surround 16 with matching
quotes

b)

Surround both name and 16

with matching quotes
c)

Exceptions

Errors apart from the syntax errors, are called exceptions in Python.

Exceptions are errors caused by a syntactically correct expression or statement that
python encounters while executing the program.

For instance, an undefined name will raise NameError.

1 >>> print(my_name)
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 NameError: name 'my_name' is not defined

Another example is TypeError when adding two incompatible types of
objects.

1 >>> (1, 2, 3) + [4, 5, 6]
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: can only concatenate tuple (not "list") to tuple

In the above code listing, Python encounters NameError and TypeError

exceptions. Upon encountering exceptions, Python provides some addi-
tional information about the errors for you to fix them.

There are different types of exceptions in Python, and Python prints
the type in the error message. Python assigns Standard exceptions to
built-in identifiers. You can read about all the built-in exceptions in the
python documentation2 2https://docs.python.org/3/library/exceptions.html

Exercise 26

Which of the following will raise a Syntax Error?

print("Hello World)a) '20' + 20b)

-0.5*3c) (10 * (1/0)d)

When Python encounters an error inside a function, it returns a report
containing function calls that led to a particular error. Because Python
uses a stack to store function call, the report is called stack trace or stack
traceback or simply traceback.
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Stack Trace Let’s write another code example. In the code below, we
define a function hello(), which takes the required argument name.

1 >>> def hello(name):
2 ... print(f"Hi {name}")

If we call the hello() function while not providing an argument,
Python will raise an error.

1 >>> hello()
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: hello() missing 1 required positional argument: 'name'

Since the first stack frame is the module frame, the traceback location
is written in <module>.

Now, let’s take another example. We will define two additional func-
tions and modify the definition of the hello() function in the following
manner.

1 def hello(name):
2 print(f"Hi {foo(name)}") # calls `foo()` on the name

3 def foo(name):
4 return bar(name) # calls `bar()` on the name

5 def bar(name):
6 return name.upper() # returns the uppercased string

Now, let’s test our function.

1 >>> hello("Luffy")
2 Hi LUFFY

Great. It works.

primer: What do you think will happen if we pass an integer to the
hello() function?

fiona: Python will throw an error

The upper() method employed in the bar() function definition is
available only on string objects. If we pass int objects to the hello()

function, Python will raise AttributeError.
Now, let’s pass an integer as an argument to the hello() function.

1 >>> hello(12)
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 File "<stdin>", line 2, in hello
5 File "<stdin>", line 2, in foo
6 File "<stdin>", line 2, in bar
7 AttributeError: 'int' object has no attribute 'upper'

As we expected, Python raises AttributeError.
In this case, you can notice the stack traceback printed in the error

message. We can think of the call stack of the above function as some-
thing shown in figure 5.11.

Figure 5.11: Stacked Chart

If you compare the call stack diagram shown in figure 5.11 and the
stack trace, you will find the resemblance—python prints out the call
stack when it encounters an error.
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primer: Why do you think Python lists out the call stack?
fiona: To make it easier to figure out

In the stack traceback, Python lists out the call stack to narrow down
the search while figuring out how and where the error occurred.

primer: What about the error message AttributeError: 'int'
object has no attribute 'upper? What do you think is the
utility of printing out the error message?

fiona: To help you determine what sort of error Python encoun-
tered

The error message AttributeError: 'int' object has no attribute,

'upper' helps us understand what caused the error.
Now, let’s look at some of the standard exceptions that you might

come across, along with the reasons they get raised.

Common Exceptions and when to expect them Let’s look at some of the
common exceptions that you might come across, along with the reasons
they get raised.

Let’s go through each one of them to understand them more.

NameError The NameError is raised when you have referenced an iden-
tifier, function, class, module, or other names that don’t exist in your
code. The Python documentation states

NameError is raised when a local or global name is not found. Raised when a local
or global name is not found.

Example:

1 >>> a = 1
2 >>> aaaaaaa # Causes `NameError` as not defined

IndexError Python raises IndexError when you attempt to retrieve an
index from a sequence such as list or tuple, and the index isn’t present in
the sequence. The Python documentation states:

Raised when a sequence subscript is out of range.

Example:

1 >>> a = (1, 2, 3)
2 >>> a[4] # Causes IndexError

ValueError Python raises ValueError when you provide an incorrect
value of an object. It is more often encountered while you attempt to
unpack more items from a sequence. Python documentation states:

Raised when an operation or function receives an argument with the right type but
an inappropriate value. The situation is not described by a more specific exception
such as IndexError.

Example:

1 >>> a, b, c = [1, 2]
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 ValueError: not enough values to unpack (expected 3, got 2)
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AttributeError Python raises AttributeError when you try to access an
undefined or non-existent attribute on an object. The Python documen-
tation states:

Raised when an attribute reference or assignment fails. (When an object does not
support attribute references or attribute assignments, TypeError is raised.)

Example:

1 >>> a = 1
2 >>> a.attr
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 AttributeError: 'int' object has no attribute 'attr'

ImportError Python raises ImportError when something goes wrong with
an import statement.

Raised when the import statement has trouble trying to load a module. Also raised
when the “from list” in from ... import has a name that cannot be found.

Example:

1 >>> from math import mat # Non-existent function import
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 ImportError: cannot import name 'mat' from 'math' (unknown location)

KeyError Python raises KeyError when you try to access a key that isn’t in
a dictionary.

Raised when a mapping (dictionary) key is not found in the set of existing keys.

Example:

1 >>> person = {"name" : "Luffy"}
2 >>> person["age"]
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 KeyError: 'age'

TypeError Python raises a TypeError exception whenever an operation is
performed on an incorrect/unsupported object type.

Raised when an operation or function is applied to an object of inappropriate type.
The associated value is a string giving details about the type mismatch.
Passing arguments of the wrong type (e.g., passing a list when an int is expected)
should result in a TypeError, but passing arguments with the wrong value (e.g., a
number outside expected boundaries) should result in a ValueError.

Some general cases where Python raises TypeError:
1. Unsupported operation between two types

1 >>> (1,2) + [3]
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 TypeError: can only concatenate tuple (not "list") to tuple

2. Calling a non-callable object
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1 >>> name = "Luffy"
2 >>> name()
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 TypeError: 'str' object is not callable

3. Iterating through a non-iterable
1 >>> age = 16
2 >>> for x in age:
3 ... print(x)
4 Traceback (most recent call last):
5 File "<stdin>", line 1, in <module>
6 TypeError: 'int' object is not iterable

Exercise 27
The code below will encounter an error upon execution.

1 >>> a = lambda x: x + 1
2 >>> a((1,2))

Can you guess which one?

TypeErrora) ValueErrorb)

NameErrorc) IndexErrord)

At some point, while designing programming, you are bound to en-
counter some form of exceptions. It is useful to learn how to handle
those exceptions, which will do in the next section.

Handling Exceptions
In Python, there are two types of programming flavors regarding error-
handling:

• Look before you leap ( LBYL )

• Easier to ask for forgiveness than permission ( EAFP )

Look before you leap In the look before you leap ( LBYL ) style of handling
errors, the programmer checks for exceptional cases or edge cases before
executing a statement.

To illustrate the LBYL style, let’s write a program that divides 100
from each integer from −5 to 5 and prints out the result.

1 >>> for num in range(-5, 5):
2 ... print("{:.1f}".format(100/num))
3 -20.0
4 -25.0
5 -33.3
6 -50.0
7 -100.0
8 Traceback (most recent call last):
9 File "<stdin>", line 2, in <module>

10 ZeroDivisionError: division by zero

In the above code listing, we can see that Python faces an error while
dividing 100 by 0 and raises the exception ZeroDivisionError. Now be-
cause we are aware that 0 is present in the range(−5, 5), we can add
statements to ignore 0 to avoid this exception altogether.
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1 >>> for num in range(-5,5):
2 ... if num == 0:
3 ... continue # Ignore 0 and continue
4 ... print("{:.1f}".format(100/num))
5 ...
6 -20.0
7 -25.0
8 -33.3
9 -50.0

10 -100.0
11 100.0
12 50.0
13 33.3
14 25.0

In the above code listing, we avoided encountering errors as if prohib-
ited division by 0. The code listing demonstrates the look before your leap
way of handling exceptions.

primer: Why do you think this sort of error handling is called Look
before you Leap?

fiona: Because we are premptively looking out for possible er-
rors and handling them

Because we are checking for potential errors beforehand, this error
handling style is called Look before you leap.

Easier to ask for forgiveness The other style of handling exception in-
volves letting Python encounter errors and then dealing with them. This
style of handling exceptions is called Easier to ask for forgiveness than
permission( EAFP ).

We can write programs to handle selected exceptions using the
try-except clause. We can rewrite our previous program as follows :

1 >>> for num in range(-5, 5):
2 ... try:
3 ... print("{:.1f}".format(100/num))
4 ... except ZeroDivisionError:
5 ... print("Sorry, cannot divide by 0")
6 -20.0
7 -25.0
8 -33.3
9 -50.0

10 -100.0
11 Sorry, cannot divide by 0 # Asking for forgiveness
12 100.0
13 50.0
14 33.3
15 25.0

The way the try statement works are as follows:

• First, Python executes the code block in the try clause

• If no exception occurs, Python skips the code block in the except

clause

• If an exception occurs during the execution of a statement in the
try clause code block, then the rest of the code block statements
are skipped.
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• In case you write the name of the exception in the except clause,
the except clause catches the exception, and Python executes the
code block in the clause. This is called handling the exception.

• If an exception occurs, which does not match the exception named
in the except clause, Python passes it to outer try-except state-
ments.

• If there are no handlers for the exception present, the exception
becomes an unhandled exception, and the execution stops with a
message.

primer: There is a lot to take in from the above. First, can you
figure out why this form of handling is called Easier to ask for
forgiveness than permission?

fiona: Because let Python encounter the error and then handle it

In the EAFP style of error handling, we let Python encounter errors
and handle the errors accordingly. Rather than preemptively checking
if we can execute an operation ( asking for permission ), we let Python
execute the operation and deal with the errors.

Python displays an error message upon encountering an error (ask-
ing for forgiveness ) and handles it appropriately. Let’s see some more
examples of using try-except statements.

You should use the try-except statements when you have reasons
to believe that Python might encounter errors while executing. If you
know the type of error that might arise, you can write the except clauses’
errors. For instance,

1 try:
2 print(details) # 'details` not defined
3 except NameError as err:
4 print(f"Encountered NameError: {err}")

Script 5.9: Script demonstrating
NameError , error.py

In the script 5.9 above, we are aware that the name details is not
defined, and therefore it will raise NameError. We can print the error
message by writing NameError as err in the except clause. The following
is the output of the script 5.9 above:

1 >>> python3 Error.py
2 Encountered NameError: name 'details' is not defined

While taking inputs from the user, error handling can ensure that the
user’s input is correct. To take input from the user, we use the built-in
function input().

1 while True:
2 try:
3 x = int(input("Enter a number: "))
4 break
5 except ValueError:
6 print("Sorry! Not a valid number. Please try again...")

Script 5.10: Script which takes input from
user, user_input.py

The int() function only accepts numeric string or numeric literals. It will
raise ValueError when you input other characters such as alphabets.

The output of the script 5.10 above is shown below:
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1 >>> python3 Error.py
2 Please enter a number: abc
3 Oops! That was no valid number. Try again...
4 Please enter a number: ^_^
5 Oops! That was no valid number. Try again...
6 Please enter a number: 1

primer: let’s say we remove the except clause from the UserInput.py.
What do you think will happen when the user types an incorrect
input?

fiona: Python will complain of error

Every try statement requires a corresponding except clause. Therefore,
Python will raise SyntaxError and abruptly stop the program. Next, let’s
look at how to handle multiple exceptions in Python.

Multiple Exceptions Handling A try-except statement may have multiple
except clauses to specify a handler for different exceptions. Python
executes only one handler for any given exception.

You can pass various exceptions in the form of a tuple to the except

clause or chain distinct except clauses to handle separately. The last
except clause may omit the exception name(s) to catch any exception
that occurs.

The last except clause acts as a wildcard handler to catch any error that arises.

1 # Passing exceptions in tuple
2 try:
3 # Do Something
4 except(TypeError, NameError, ValueError):
5 # Handle Exceptions

6 # Separately handling exceptions
7 except TypeError:
8 # Do this
9 except NameError:

10 # Do this
11 except ValueError:
12 # Do this
13 except:
14 print("Unexpected Error: ", )

You can also choose not to do anything or silently pass after catching
the error in the except clause.

1 try:
2 # Do Something
3 except TypeError:
4 pass # Do nothing

However, it is a pretty bad idea to do nothing in the wildcard excep-
tion clause. The wildcard exception clause allows all sorts of errors to
pass away, which becomes a headache when you are trying to debug in a
large application silently. Don’t do it, ever. Seriously.

1 try:
2 # Do something
3 except:
4 pass # VERY BAD IDEA. DON'T DO IT.
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Exercise 28
What’s the output of the below script?

1 try:
2 a = [1, 2, 3] - [1, 2]
3 print(a)
4 except ValueError:
5 print("Something went wrong")
6 except NameError:
7 print("Something else went wrong")
8 except:
9 print("Unknown thing went wrong")

Something went wronga) Something else went wrongb)

Unknown thing went wrongc) [3]d)

The else clause
The try-except exception handling can also have an else clause that Python
executes when it encounters no exceptions.

The else clause must follow except clauses. We can see the general
syntax of using the try-except-else clause in the code listing below.

1 try:
2 # Do something
3 except Exception, e:
4 # Catch Errors
5 else:
6 # Execute this code if no exception is raised.

An instance of the try-except-else clause is shown below.

1 # Block 1
2 try:
3 print("Trying to remove 3 from the list [1,2,3]")
4 a = [1,2,3] - [3] # Will result in TypeError
5 except TypeError:
6 print("Subtracting two lists directly is not supported")
7 else: # Will not be executed
8 print("Removed 3 from the list successfuly")

9 # Block 2
10 try:
11 print("Trying to remove 3 from the list [1,2,3]")
12 a = [1,2,3].remove(3) # Will be executed without exception
13 except:
14 print("Unexpected Error occured")
15 else: # Will be executed
16 print("Removed 3 from the list successfuly")

Script 5.11: Script demonstrating
try-except-else , type_error.py

1 Trying to remove 3 from the list [1,2,3]
2 Subtracting two lists directly is not supported
3 Trying to remove 3 from the list [1,2,3]
4 Removed 3 from the list successfully

In the script 5.11 above:

• the first try clause tries to remove two lists, which causes the
TypeError Exception to be raised. As Python raises an exception
from the try block, it doesn’t execute the else clause for the first
block.
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• The second try clause executes successfully without exceptions;
therefore, Python executes the else block.

Exercise 29

What’s the output of the following script?

1 try:
2 a = [1, 2, 3, 4]
3 b = [1, 2, 3]
4 a.remove(b)
5 else:
6 print("Everything ran successfully")
7 except ValueError:
8 print("Something went wrong here")
9 except SyntaxError:

10 print("Wrong Syntax")
11 except:
12 print("Unexpected Error Occurred")

Unexpected Error Occurreda) Wrong Syntaxb)

Something went wrong herec) Raises SyntaxError.d)

finally clause The try statement can take an additional finally clause,
which Python executes irrespective of whether it encounters an excep-
tion. Some things to note:

• If the except clause handles a raised exception, the finally clause
executes after handling the exception.

• If an exception is raised but not handled, the finally clause exe-
cutes, and the exception is re-raised.

• If Python encounters no exceptions, finally code block executes
nonetheless.

Primarily, we use the finally clause to handle external resources such
as files, network connections, or databases. We need to free these re-
sources regardless of whether an operation is successful or not. These are
cleanup operations after the execution of statements.

We can see the general syntax of using a try-except-else-finally

statement block in the following code listing.

1 try:
2 # Do Something
3 except Exception as e:
4 # Handle Exceptions
5 else:
6 # Executes if no exception is raised
7 finally:
8 # Executes always

Exercise 30

Which of the following statements will not be printed after the script’s
execution?
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1 try:
2 a = [1, 2, 3, 4]
3 print(a)
4 b = [1, 2, 3]
5 a.remove(b)
6 except ValueError:
7 print("Something went wrong here")
8 except:
9 print("Unexpected Error Occurred")

10 else:
11 print("Everything ran successfully")
12 finally:
13 print("Phew!")

Something went wrong herea) Phewb)

Everything ran successfullyc) [1,2,3,4]d)

raising exceptions using raise Earlier, we saw how useful these error
messages have been. The exceptions raised by Python give clues and
hints to what went wrong. The same is pretty valuable when you write
your Python programs with informative exceptions.

When you raise information exceptions, your application users can
quickly figure out what caused their errors. In Python, you can raise
exceptions with the raise statement. For instance,

1 >>> raise RuntimeError("Oops, something went wrong")
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 RuntimeError: Oops, something went wrong

To understand how this is useful, let’s revisit the function that gives
the factorial of a given number. We can write the factorial of a number
as follows:

1 >>> def factorial(n):
2 ... if n == 0:
3 ... return 1
4 ... return n*factorial(n-1)

Now, let’s use the same function to get factorial numbers.

1 >>> factorial(5)
2 120
3 >>> factorial(7)
4 5040
5 >>> factorial(-2) # Error will be raised for negative numbers
6 Traceback (most recent call last):
7 File "<stdin>", line 1, in <module>
8 File "<stdin>", line 4, in factorial
9 File "<stdin>", line 4, in factorial

10 File "<stdin>", line 4, in factorial
11 [Previous line repeated 995 more times]
12 File "<stdin>", line 2, in factorial
13 RecursionError: maximum recursion depth exceeded in comparison

Our factorial() works well for positive integers; however, it will
throw an exception when someone uses a float or a negative integer.
For someone who is using our function, the RecursionError is not a useful
message. Therefore, we will rewrite our factorial function to raise an
error when a negative number or a floating-point number is given.
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1 >>> def factorial(n):
2 ... if n == 0:
3 ... return 1
4 ... if n < 0:
5 ... raise ValueError("Number cannot be negative")
6 ... if type(n) == float and not n.is_integer():
7 ... raise ValueError("Number cannot be decimal")
8 ... return n*factorial(n-1)

In our function factorial(), we made the following changes:

• It raises a ValueError exception when the argument number is
negative.

• It raises a ValueError exception when the argument number is a
non-integer float.

Raising these two errors will help the users to get more useful error
messages.

For instance,

1 >>> factorial(2.3)
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 File "<stdin>", line 7, in factorial
5 ValueError: Number cannot be decimal
6 >>> factorial(-2)
7 Traceback (most recent call last):
8 File "<stdin>", line 1, in <module>
9 File "<stdin>", line 5, in factorial

10 ValueError: Number cannot be negative

That’s how we use the raise statement to raise meaningful errors.
This brings us to the end of the chapter.
In the next chapter, we will start looking at some of the coolest things

Python offers: Iterators, Generators, and Comprehensions.
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Iterators, Generators, & Comprehensions

In Python , we can loop over sequences such as lists, tuples using for

loop, or while loop using index position. For instance, the code listing
below shows how we can loop over a list using the while loop.

1 >>> guests = ['Luffy', 'Zorro', 'Sanji' ]
2 >>> i = 0
3 >>> while i < len(guests):
4 ... print(guests[i]) # Iterating using index position
5 ... i += 1
6 Luffy
7 Zorro
8 Sanji

We can also use the for loop to iterate over unordered collections such
as sets and dictionaries.

1 >>> guests = {'Luffy', 'Zorro', 'Sanji'} # Set Object
2 >>> guests = {'Luffy', 'Zorro', 'Sanji'}
3 >>> for guest in guests:
4 ... print(guest)
5 ...
6 Zorro
7 Luffy
8 Sanji

Unlike sequences, we cannot use the index position in a while loop to
iterate over set and dict objects.

1 >>> guests = {'Luffy', 'Zorro', 'Sanji'} # Set of Guests
2 >>> guests[0]
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 TypeError: 'set' object does not support indexing

As you can see from the above code listing, the set objects don’t sup-
port indexing.

However, there exists a way to iterate over collections such as set and
dict using the while loop. To understand that, we need to know how
Python implements iteration underneath.

The way Python implements iteration is called Iterator protocol.

Let’s understand the iterator protocol in the next section.
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The Iterator Protocol
primer: Before we start looking at the iterator protocol, can you

recall what iterables are?
fiona: Objects that can return one time at a time

Earlier, we defined that any object you can loop over with a for loop
is called an iterable.

This definition doesn’t explain much about what an iterable is. The
proper definition of an iterable is as follows:

An object capable of returning its member one at a time is called an iter-able.

To get a member from an iterable, one at a time, Python provides a
built-in function iter(). When we provide an iterable as an argument to
the iter() function ( which in returns call the __iter__() dunder method
on the object ), it returns something called iterator.

1 >>> guests = {'Luffy', 'Zorro', 'Sanji'}
2 >>> iter(guests)
3 <set_iterator object at 0x7f7983d1dab0>

The above code listing provides the guests set to the iter() returns a
set_iterator object. But what’s an iterator?

• An iterator is an object representing a stream of data. When you
repeatedly call the built-in next() on the iterator object, it returns
the stream’s next items.

• When no more items are available in the stream of data, the
StopIteration exception is raised instead.

To understand this, let’s continue our code from above.

1 >>> guests = {'Luffy', 'Zorro', 'Sanji'}
2 >>> guest_iterator = iter(guests)
3 >>> next(guest_iterator)
4 'Zorro' # Sets are unordered
5 >>> next(guest_iterator)
6 'Luffy'
7 >>> next(guest_iterator)
8 'Sanji'
9 >>> next(guest_iterator) # No more items left in the set

10 Traceback (most recent call last):
11 File "<stdin>", line 1, in <module>
12 StopIteration

In the above code listing, we can see how the iterator returned from
guests can provide one object at a time using built-in iter() and next()

functions.

primer: Do you recall what dunder methods are?
fiona: Special methods in Python are called dunder methods

Earlier, we mentioned that objects could have special methods or
dunder methods to support special operations or protocol. For example,
for items to respond to the + operator, they need to have their __add__()

dunder method defined.
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1 >>> [1, 2] + [3] # Same as [1, 2].__add__([3])
2 [1, 2, 3]

Similarly, for an object to be iterable, it needs to have the dunder
method, __iter__() defined. It’s the __iter__() method, which returns an
iterator from an iterable.

The built-in objects such as sequences, sets, and dictionaries have the
dunder method __iter__() defined, which lets us use in for loop.

Now that we have gained a bit of insight into how Python implements
iterations let’s try to write a while loop to iterate over a set of objects.

1 >>> guests = {'Luffy', 'Zorro', 'Sanji'}
2 >>> guest_iterator = iter(guests) # Same as guests.__iter__()
3 >>> while True:
4 ... try:
5 # Same as guest_iterator.__next__()
6 ... guest = next(guest_iterator)
7 ... print(guest)
8 ... except StopIteration as e:
9 ... break

10 Zorro
11 Luffy
12 Sanji

The while loop we wrote is pretty close to what happens under the
hood when we iterate on an iterable using a for loop. Although, when
using iterables with the for loop, we don’t need to call the iter() func-
tion or handle the StopIteration error as the for statement does that
automatically for us.

We can describe the iterator protocol as the following:

• First, obtain the iterator of the object using the iter() function or
the dunder method <iterable>.__iter__().

• Call the built-in function next() or the dunder method <iterator>.__next__()on
the iterator object.

• Run the code block inside the for block

• Repeat the next invocation until the iterator raises StopIteration

Let’s redefine our redefine the terms iterable and iterator.

Iterable: An object that allows the iteration is called an iter-able. The iterable is
required to have an __iter__() method defined that returns an iterator.

Iterator : The iterator is required to have both an __iter__() method and a
__next__() method.

Let’s do a small exercise.

Exercise 1
What’s the output of the following code?

1 >>> person = {"name" : "John Doe", "age": 15, "country" : "Japan"}
2 >>> list(person)
3 ['name', 'age', 'country']
4 >>> person_iterator = iter(person)
5 >>> list(person_iterator)
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['name', 'age', 'country']a) ['John Doe', 15, 'Japan']b)

Raises StopIterationErrorc) Raises ValueErrord)

We can use container constructors such list(), tuple() and set() to
create container filled with items from the iterator object.

This is because iterators return itself as an iterator.
When we call the iter() function on an iterator, we get the iterator

back. This means iterators are also iterables.

1 >>> iterator1 = iter([1, 2, 3])
2 >>> iterator2 = iter(iterator1)
3 >>> iterator1 is iterator2
4 True

So far, we can summarise everything we have learned about iterables
and iterators in the table 6.1.

Iterables Iterators

Must have __iter__()
method defined

Must have __iter__() and __next__() method
defined

Anything that can be passed to
iter() without error is an
iterable

Can be passed to the next() function to get the next
item until there are none left.

Iterators are also iterables Returns themselves when passed to the iter()
function

Anything that can be used in
for loop is iterable

Raises StopIteration when passed to the next()
function if no more elements left or the iterator is
exhausted

Table 6.1: Summary of Iterables and
Iterators

In this section, we covered the difference between iterators and it-
erables. In the next topic, we will look into how we can create custom
iterators.

Generator

The simplest way to create an iterator in Python is to create a generator
function. Let’s take a look in detail at a generator function.

Generator Function
A generator function is a function that uses the yield keyword.

A generator function can create the generator object that produces a
sequence of values that we can use in an iteration.

For instance, let’s say we have the following requirements:
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• we would like to create a function cube() which takes a list of
numbers as an argument

• it returns the cube of elements from the list, one at a time upon
each invocation.

We can create a generator function that accepts a sequence of numbers
and returns a generator object, which will return one number at a time.

1 >>> def cube(numbers):
2 ... for num in numbers:
3 ... yield num**3

Let’s invoke our newly created generator function cube() to get a
generator object.

1 >>> a = [2, 3, 4]
2 >>> cube(a)
3 <generator object cube at 0x7f9a414a0360>

The yield keyword’s presence makes our function cube() into a gener-
ator function. Before explaining how the keyword yield works, let’s see
how we can use our generator object.

primer: Can you guess as to how we get items from the generator
object?

fiona: By calling next() function on the generator object

The generator object can be passed to the built-in function next() to
get the next item of the sequence. When the generator object has no
more items, it raises the StopIteration exception. Let’s take a look at the
generator cube() in action below.

We will assign the generator object the name cube_generator.
1 >>> cube_generator = cube(a) # a = [2, 3, 4]
2 >>> next(cube_generator)
3 8
4 >>> next(cube_generator)
5 27
6 >>> next(cube_generator)
7 64
8 >>> next(cube_generator)
9 Traceback (most recent call last):

10 File "<stdin>", line 1, in <module>
11 StopIteration

As you can see, the object returned by a generator function is an iterator.
We can confirm this by calling the iter() function on the generator
object.

1 >>> cube_gen1 = cube(a) # Create a generator object
2 >>> cube_gen1 is iter(cube_gen1) # An iterator returns itself when `iter()`
3 True

Because the generator object is an iterator, we can use the for loop to
iterate over the generator object.

1 >>> b = [12, 14, 16]
2 >>> for num in cube(b):
3 ... print(num)
4 1728
5 2744
6 4096

We learned how to use the generator function to create a generator
object, an iterator. Let’s do a small exercise.
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Exercise 2
Which of the following will not be present in the code’s output below? Calling a function square() doesn’t

automatically make it one.
1 >>> def square(numbers):
2 ... for num in numbers:
3 ... yield num*2
4 >>> for num in square([1, 2, 3, 4]):
5 print(num)

1a) 4b)

9c) 6d)

The yield statement
If a function has a yield statement in it, it stops being a usual function.
With the yield statement, the function becomes a generator function,
and it will return a generator object when called. As we saw in the pre-
vious section, the generator object can be iterated to execute it until
Python executes the yield statement.

The keyword return is used to return values from a function, at which
time the function then loses its local state. Thus, the next time we call
that function, it starts over from its first statement.

While yield maintains the state between function calls, it resumes
from where it left off when we call the next() method again.

If Python executes a yield statement in a generator function, then the
next time we call the same generator, Python picks right back up after
the last yield statement.

1 >>> def reveal_award_winner(): # Generator function
2 ... print("The award for the best ed-tech company goes to ...")
3 ... print("...drumroll sound...")
4 ... yield "Primerlabs"
5 >>> reveal = reveal_award_winner() # Generator object
6 >>> winner = next(reveal) # Executes statements and

yields↪→
7 The award for the best ed-tech company goes to ...
8 ...drumroll sound...
9 >>> winner # The yielded value

10 'Primerlabs'

Figure 6.1: Normal & Generator Func-
tion

In the above code listing, the generator function reveal_award_winner()

works in the following way:
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• The mere presence of the keyword yield makes the function
reveal_award_winner() a generator function.

• The generator function reveal_award_winner() when called returns a
generator object which assigned the name reveal.

• When passed to the next() function, the reveal generator object
executes the code block inside the generator function and returns
or yields the value Primerlabs, which Python assigns to the name
winner.

• We can check the value yielded using the name winner.

• If you try to further pass the same reveal generator object to the
next() function, Python raises the StopIteration exception indicat-
ing that the generator object is exhausted.

1 >>> next(reveal)
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 StopIteration

Exercise 3

What’s the value of __A__ of the following code listing?

1 >>> def spoiler():
2 ... print("In the end, it is revealed that...")
3 ... yield, "Mrs. Spinster, the sweet old lady."
4 ... yield "..in-fact had a huge role,"
5 ... yield "in stopping the murder."
6 >>> spoil_me = spoiler()
7 >>> next(spoil_me)
8 In the end, it is revealed that...
9 Mrs. Spinster, the sweet old lady

10 >>> next(spoil_me)
11 __A__ # A

'Mrs. Spinster, the sweet old

lady',
a) 'in stopping the murder.'b)

'..in-fact had a huge role.'c) Raises StopIterationError.d)

Finite Sequence Generator We can write a generator function that gener-
ates a sequence of numbers before it exhausts. These generator functions
are called finite sequence generators.

Let’s create a finite sequence generator to understand more.
A number x is a divisor of a number y if x perfectly divides y. Perfect

division means y upon division by x leaves no remainder.
Let’s create a generator function, generate_divisors(num), which re-

turns the divisors of a given number num one at a time.

1 >>> def generate_divisors(num): # Generator Function
2 ... for x in range(2, num):
3 ... if num % x == 0:
4 ... yield x # Yield x if remainder is zero
5 >>> for x in generate_divisors(88):
6 ... print(x, end= " ")
7 2 4 8 11 22 44
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The code listing above works in the following way:

1. The generate_divisors(num) generator function loops for each num-
ber in the range(2, num) yields a number that perfectly divides the
given num.

2. When we call the generator function generate_divisors(88), it re-
turns a generator object, which we can iterate over using a for loop.

3. The for loop iterates over the generate_divisors(88) generator object
and print the yielded divisor.

We can write a function that calls the generate_divisors(num) gener-
ator function. We won’t need to write a for loop whenever we want to
check out the divisors’ list.

1 >>> def divisors(num):
2 ... divisors_list = []
3 ... for x in generate_divisors(num): # Loop over the generator
4 ... divisors_list.append(x) # add to the list
5 ... if len(divisors_list) == 0:
6 ... print("The number {} is a prime".format(num))
7 ... else:
8 ... print("The divisors of {} are ".format(num))
9 ... print(divisors_list)

10 >>> divisors(102)
11 The divisors of 102 are
12 [2, 3, 6, 17, 34, 51]
13 >>> divisors(103)
14 The number 103 is a prime

We created a divisors(num) that returns a non-prime number’s divisors
or let us know if a given number is prime. The working of a generator
function is described in figure 6.2.

Exercise 4
Let’s continue with our generate_divisors(num) generator function. What
is the output of the following code listing?

1 >>> next(generate_divisors(88))
2 2
3 >>> next(generate_divisors(88))

2a) 4b)

8c) Raises StopIterationError.d)

Each time you invoke a generator function, you create a new genera-
tor object that executes the generator function code from the beginning.
We can also write a generator function that can indefinitely generate a
sequence. This generator acts as an infinite iterator or infinite sequence
generator.

Infinite Sequence Generator To illustrate, we can write a function that
will indefinitely generate a prime number.

Earlier, we wrote a generator function to get the list of divisors for a
given number. This time, we will write a helper function has_divisors()

to check if a function has divisors other than 1 and itself. The function
has_divisors() is shown in the code listing below.
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Figure 6.2: Generator Function

1 >>> def has_divisors(num):
2 ... for x in range(2, num):
3 ... if num % x == 0:
4 ... return True # if any divisor found
5 ...
6 ... return False # if no divisors found

To write a prime number generator, we would take a default start-
ing value at 3. We will raise ValueError if someone tries to use a float
or a value less than three as an argument. Our generator function
generate_prime() is as shown below.

1 >>> def generate_prime(start = 3):
2 ... if start < 3 :
3 ... raise ValueError("Number cannot be less than 3")
4 ... elif type(start) == float:
5 ... raise ValueError("Number cannot be float")
6 ... num = start
7 ... while True:
8 ... if not has_divisors(num):
9 ... yield num

10 ... num += 1

primer: Would you like to summarise the generate_prime()
function?

fiona: I am not sure, Primer.

Our little function generate_prime() is dependent on our previous
function has_divisors(). The generate_prime() function can continuously
return new prime numbers while saving the last number is returned.

The generator function generate_prime() works in the following way:
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• When we pass the generator object to the next() function, the
generator function assigns the name num to the start argument,
which defaults 3.

• Next, it starts a while loop, which checks the given number has di-
visors using the previously written function has_divisors() above.

• If the given number num has a divisor, Python executes the rest of
the while loop code, and the num is increased by 1.

• If the given number num doesn’t have any divisor, Python stops the
while loop and returns the num.

• If we pass the same generator object again to the next function,
the generator object resumes from the while loop after the yield

statement. The value of the name num increases by 1.

• The above steps get repeated indefinitely.

Let’s see our generator function in action.

1 >>> a = generate_prime() # Generator Object
2 >>> next(a)
3 3
4 >>> next(a)
5 5
6 >>> next(a)
7 7
8 >>> next(a)
9 11

10 >>> next(a)
11 13

In the above code listing, we can see that the next() function, us-
ing the generator object returned by calling the generator function
generate_prime(), returns a new prime number on every invocation.

If you wish to use the generate_prime() function with a for loop, you
should ideally provide a break statement as well.

primer: If you wish to use the generate_prime() function with
a for loop, you should ideally provide a break statement as well.
Why do you think that is the case?

fiona: Otherwise, Python will execute the code indefinitely

We need to write the for loop with a break statement; otherwise, the
for loop will run indefinitely. The code below has a break statement in
the if condition, which results in the loop’s exiting.

1 >>> for x in generate_prime():
2 ... if x == 307: # We know that 307 is prime
3 ... break
4 ... print(x, end =" ")
5 ...
6 3 5 7 11 13 17 19 23 29 31 37 41 43 47 53 59 61 67 71 73 79 83 89 97

101 103 107 109 113 127 131 137 139 149 151 157 163 167 173 179 181
191 193 197 199 211 223 227 229 233 239 241 251 257 263 269 271 277
281 283 293

↪→
↪→
↪→
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Exercise 5 Prime Generator
What’s the output of the following code listing, which uses the generate_prime()

function we created earlier?
1 >>> next(generate_prime(33))

37a) 33b)

41c) 43d)

So far, we saw how we could create an iterator using a generator
function. We can also create an iterator using something called generator
expression. Let’s look into that in the next section.

Generator Expressions
In Python, the following form’s generator functions can be written
concisely using generator expressions syntax.

1 def generator_function(iterable):
2 for item in iterable:
3 if condition_expression:
4 yield item

The corresponding generator expression looks like below:
1 generator_function = ( item for item in iterable if condition_expression )

Figure 6.3: Generator Expression

The general syntax of generator expression is as follows:
1 ( f(x) for x in iterable if cond(x) )

To understand, let’s create a generator function square(), which
returns each number’s square in a given range one at a time.

1 >>> def square(start = 10): # Generator Function
2 ... for num in range(start):
3 ... yield num**2
4 >>> for x in square(14):
5 ... print(x, end=" ")
6 0 1 4 9 16 25 36 49 64 81 100 121 144 169
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We can write the same generator function square() in the generator
expression format in the following way:

1 >>> a = (num**2 for num in range(14)) # Generator Expression
2 >>> for x in a:
3 ... print(x, end = " ")
4 0 1 4 9 16 25 36 49 64 81 100 121 144 169

We can see that the generator expression works in the same as the
generator function square(). We can also include the if condition insides
the generation expression as well.

Exercise 6
The following generator returns the multiple of 7 within a particular
range of numbers at a time.

1 >>> def multiple_of_7(num):
2 ... for num in range(num):
3 ... if num % 7 == 0:
4 ... yield num
5 >>> for x in multiple_of_7(100):
6 ... print(x, end = " ")
7 0 7 14 21 28 35 42 49 56 63 70 77 84 91 98

We can rewrite the generator function multiple_of_7 in the generator
function in the following way.

1 >>> for x in ___A____: # A
2 ... print(x, end = " ")
3 0 7 14 21 28 35 42 49 56 63 70 77 84 91 98

What is __A__ in the above code?

(num for num in range(100) )a)

(if num % 7 == 0 num for num in range(100) )b)

(for num in range(100) yield num if num % 7 == 0 )c)

(num for num in range(100) if num % 7 == 0 )d)

As you see, the corresponding generator expression is much more
concise than and can be directly be consumed by the for loop.

We can pass the generator expression as an argument to the built-in
function all or any function as generator expressions are iterables. Let’s
take a look.

Generator expressions represent a generator object or iterator, which
can be readily consumed by the for loop. We can check this by creating a
small generator expression.

1 >>> a = (x for x in range(4))
2 >>> a
3 <generator object <genexpr> at 0x7f9a413d74c0>
4 >>> for x in a:
5 ... print(x, end=" ")
6 0 1 2 3

Generator expressions are iterators, which in turn are iterable. We can
pass them to other objects which accept an iterable as an argument.

For instance, the built-in function sum() takes an iterable as an argu-
ment and returns the numbers’ sum.
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Exercise 7
Which of the following is the generator expression to get the sum of
squares for even numbers in the range (0, 25)?

sum((x**2 for x in range(25) if x % 2 == 0 ))a)

sum((x**2 for x in range(25)))b)

sum((x*2 for x in range(25) if x % 2 == 0 ))c)

sum((for x in range(25) x**2 if x % 2 == 0 ))d)

In the previous exercise, we wrote a generator that generates the
square of even numbers and gets its square for a given range, and passes it
to the sum() function to get the sum of all its number.

As you can see from the above code listing, generator expressions
provide a concise way to generate numbers.

However, Python provides a way to makes it even more straightfor-
ward and compact.

We can drop the parentheses surrounding a generator expression if we use the
generator expression as a single argument to a function.

So, we can rewrite the above code listing can by dropping the paren-
thesis surrounding the generator expression.

1 >>> sum(x**2 for x in range(25) if x % 2 == 0)
2 2600

Generator expressions allow for more complexity. For instance, the
generator expression syntax below.

1 (f(x) for x in sequence if condition)

is identical to the generator function:

1 def generator_function():
2 for x in sequence:
3 if condition:
4 yield f(x)

We can add the generator expression to multiple nesting levels to
accommodate complicated logic requirements at the cost of readability.

1 # Multiple conditions in a generator expression
2 (f(x)
3 for x in s1 if cond1
4 for x in s2 if cond2
5 for x in s3 if cond3
6 )

can be converted to generator function as

1 def generator_function():
2 for x in s1:
3 if cond1:
4 for x in s2:
5 if cond2:
6 for x in s3:
7 if cond3:
8 yield f(x)
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However, we should avoid multiple-nested generator expressions or
functions like the ones shown above at all costs. This code will quickly
become too difficult to understand for others and, more importantly,
yourself.

Generator expressions are pretty useful for writing short generators.
In contrast, anything that requires sophisticated logic handling, generator
functions might be a good idea.

primer: At this point, can you rephrase the differences between
generator expressions and generator functions?

fiona: Generator expression is a shorter syntax to write com-
pact generator functions.

We have covered iterators and how can we create one using gen-
erators. We also looked into the syntactic sugar of defining compact
generators using generator expression. In the next section, we will cover
some useful built-in iterators in Python.

Useful Iterators

We earlier encountered some built-in iterators such as enumerate() and
zip() to iterate over multiple lists. Python provides other iterators in the
module itertools that are particularly useful in many scenarios. In this
section, we will take a look at the built-in iterators in a bit of detail.

primer: Do you recall what enumerate iterators are used for?
fiona: Enumerate iterator is used to get the position-index as well as the item from an it-

erable

Enumerate
The enumerate function is useful to loop over an iterable as it returns the index
and its value.

For instance,
1 >>> name_list = ["Luffy", "Zorro", "Sanji"]
2 >>> for index, name in enumerate(name_list):
3 ... print("{}. {}".format(index + 1, name))
4 1. Luffy
5 2. Zorro
6 3. Sanji

primer: How can we get the position as well item without
enumerate() iterator?

fiona: By keeping a counter variable and updating it during ev-
ery iteration

We can use the indexing to get the position and the item in a con-
tainer. Let’s take a look.

Getting position as well as index is a common operation that people in
other programming languages perform in the following way:
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1 >>> name_list = ["Luffy", "Zorro", "Sanji"]
2 >>> for i in range(len(name_list)):
3 # Using index to iterate
4 ... print("{}. {}".format(i + 1, name_list[i]))
5 1. Luffy
6 2. Zorro
7 3. Sanji

We have seen that container objects such as dictionaries and sets don’t
support indexing but are iter-able. We can use any iterable using a for a
loop. To get the index position and its value, the enumerate function is
pretty useful.

1 >>> for index, name in enumerate({"Luffy", "Zorro", "Sanji"}): # Set Enumeration
2 ... print("{}. {}".format(index + 1, name))
3 1. Sanji
4 2. Zorro
5 3. Luffy

We have covered earlier how we can create our iterators using gener-
ators. To understand how the enumerate iterator works underneath, let’s
write our generator, enum, which mimics the enumerate function.

primer: Can you try to guess how enumerate iterator might work
under the hood?

fiona: Must have a yield statement and a counter variable to store the po-
sition index

As the enumerate is an iterator, we have to use the yield statement. We
will also need to hold the information about the item’s position in an
object, which we will increment after the yield. Let’s take a look at how
we can create our enumnerate iterator.

1 >>> def enum(iterable):
2 ... position = 0
3 ... for i in iterable:
4 ... yield (position, i)
5 ... position += 1

We can try to test our enum generator by iterating over a set.

1 >>> for index, name in enum({"Luffy", "Zorro", "Sanji"}): # Using `enum` generator
2 ... print("{}. {}".format(index + 1, name))
3 1. Sanji
4 2. Zorro
5 3. Luffy

We can see that our generator function enum returns a result similar to
that of the enumerate function.

The built-inenumerate function is implemented in c programming
language in Python and is more optimized than our generator. But
creating our iterator imitating the enumerate function gives us the idea of
how we can make the same functionality.

primer: Next, we will take a look at the zip() iterator. Do you
recall what zip iterator does?

fiona: It allows us to parallel loop over multiple iterables
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Zip
Earlier, we encountered the built-in function zip(), which we can use to
iterate through two or more iterable simultaneously.

1 >>> a, b, c = [1, 2, 3, 100, 200], [4, 5, 6], [7, 8, 9, 1000]
2 >>> for x, y, z in zip(a, b, c):
3 ... print(x, y, z)
4 1 4 7
5 2 5 8
6 3 6 9

The zip iterator creates a zip_object which generates elements from two or more
iterables for parallel iteration.

The zip function returns a iterator object whose __next__() method
returns a tuple with i-th element comes from the i-th iterable argument.
For instance, the first element comes from the first iterable; the second
comes from the second iterable, and so on.

The __next__() method continues until the shortest iterable in the argu-
ment sequence is exhausted. Then it raises the StopIteration exception.

You can use the zip_longest function in the itertools module if you
wish to iterate through the longest iterable sequence. Let’s see how it
works.

1 >>> a, b, c = [1, 2, 3, 100, 200], [4, 5, 6], [7, 8, 9, 1000]
2 >>> from itertools import zip_longest
3 >>> for x, y, z in zip_longest(a, b, c):
4 ... print(x, y, z)
5 1 4 7
6 2 5 8
7 3 6 9
8 100 None 1000
9 200 None None

The zip_longest() function works similar to the zip function. How-
ever, unlike zip, it is exhausted when the longest iterable object is ex-
hausted. The missing values are, by default, entered as None. You can
specify your default value for missing items using the fillvalue argu-
ment.

1 >>> for x, y, z in zip_longest(a, b, c, fillvalue=0):
2 ... print(x, y, z)
3 1 4 7
4 2 5 8
5 3 6 9
6 100 0 1000
7 200 0 0

In the above code sample, we can see how the missing values corre-
sponding to the shorter iterable is replaced by the fillvalue 0.

Exercise 8
Which of the following number will not be present in the code’s output
below?

1 >>> from itertools import zip_longest
2 >>> for x, y in zip_longest(range(5), range(15), fillvalue=4):
3 ... print(x+y)

17a) 18b)
24c) 16d)
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Map, Filter, and Reduce
In Python, you can code using object-oriented style programming or
functional programming as well. We will cover both of these styles in-
depth in later courses. For now, you should be aware these are different
styles of programming.

Python provides three special functions that are widely used in func-
tional programming style.

• map

• filter

• reduce

Let’s start with map() function.

Map
We can use the map() function to apply a function on all the elements of a specified
iterable. The map() function returns a map object, which is an iterator.

The general syntax of the map object is the following.
1 map(function, iterables, ...)

To understand the map function, let’s look into an example.

Figure 6.4: Map Iterator

Suppose we have a list of string objects, and we wish to get a corre-
sponding list with the string’s length. In Python, we can find the string’s
length using the built-in len() function. We can use the map function by
applying the len() function to all the list elements.

1 >>> guest_names = ["James", "Joffery", "Jack", "Jimmy", "Jenny"]
2 >>> map(len, guest_names)
3 <map object at 0x7f05dda32ef0>
4 >>> list(map(len, guest_names))
5 [5, 7, 4, 5, 5] # List of length of each string

Similarly, let’s change the case of each of the strings to the uppercase.
String objects have the upper() method, which changes all characters’
cases in a string to uppercase.
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To access the method, we can create another function to apply to the
elements of the list.

1 >>> def to_upper_case(x):
2 ... return x.upper()
3 >>> list(map(to_upper_case, guest_names))
4 ['JAMES', 'JOFFERY', 'JACK', 'JIMMY', 'JENNY']

Sometimes, in an actual program, we have to write one-time use
functions such as the to_upper_case() function.

primer: You might recall that Python provides a particular tool for
creating a one-time use function. Can you guess which one?

fiona: Lambda function

We can create a nameless or anonymous function called lambda func-
tions, which we can use for one-time use. Let’s write a lambda function
to convert to the upper-case.

1 >>> list(map(lambda x: x.upper(), guest_names))
2 ['JAMES', 'JOFFERY', 'JACK', 'JIMMY', 'JENNY']

The lambda functions start with the lambda keyword following by the
argument and statement. In this example, we essentially created a func-
tion that applies the string method upper() to string object arguments. As
you can see, lambda functions can be pretty useful in such scenarios.

The function passed to the map() function can also take more than
one argument. In this case, we can pass another iterable with identical or
greater size can to the map function.

We can create a short function add_numbers() to return the sum of the
numbers.

1 >>> def add_numbers(x,y,z):
2 return x + y + z
3 >>> list(map(add_numbers, range(10, 20), range(20, 30), range(30,

40)))↪→
4 [30, 32, 34, 36, 38, 40, 42, 44, 46, 48]

In the above map() function, there is a single function (add_numbers()),
which can accept three arguments. These three arguments are provided
by three iterables (range(10, 20), range(20, 30), range(30, 40)) provided as
an argument to the map()function.

We can also create a concise version of the code above using the
lambda function.

1 >>> list(map(lambda x, y, z: x+y+z, range(10, 20), range(20, 30),
range(30, 40)))↪→

2 [130, 132, 134, 136, 138, 140, 142, 144, 146, 148]

Exercise 9

Let’s say we have a list of names.

1 >>> names = ["Luffy", "Sanji", "Zorro", "Chopper"]

We want to add "Pirate" to each name in the list above. Which of the
following code will let us do that?
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list(map(lambda x: "Pirate " + x, names))a)

list(map(lambda x, y: x, y, "Pirate", names))b)

list(map(lambda x: names + x, "Pirate"))c)

list(map(lambda x: names + x, names))d)

We can filter elements in an iterable in Python using the built-in
filter() function. Let’s take a look at the filter() function next.

Filter The filter(f, iterable) function takes a function and iterable as
an argument. The filter() function returns an iterator for which f(item)

is True. If the function f is None, the filter() function returns the item
which evaluates to True.

Figure 6.5: Filter Iterator

For instance, we can create a list of numbers between 0 and 100, which
are divisible by 7.

1 >>> list(filter(lambda x: x % 7 == 0, range(100)))
2 [0, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91, 98]

In the above code listing, we provide the lambda function lambda x: x

% 7 == 0, which returns True or False based on whether a given number is
divisible by 7. It returns the list of numbers for which the above lambda
function returns True.

Let’s see what happens when we provide None instead of a function.

1 >>> a = [False, 1, 0, (), [], "", "Primerlabs"]
2 >>> list(filter(None, a)) # Convert the filter object to a list
3 [1, 'Primerlabs']

In the above code statement, we pass the None argument as function
and the list object a. The filter function filters out all the items in the
list a whose truth value is False.

Exercise 10

What’s the output of the following?
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1 >>> words = ['glyph', 'flyby', 'hello', 'crypt', 'apple']
2 >>> vowels = set('aeiou')
3 >>> list(filter(lambda word: not bool(vowels.intersection(word)),

words))↪→

['glyph', 'flyby', 'hello', 'crypt', 'apple']a)

['glyph', 'flyby', 'crypt']b)

['hello', 'apple']c)

[]d)

Often you need to apply a function to an iterable and reduce it to a
single cumulative value. Python offers the function reduce() to help you
do that. Let’s take a look next.

Reduce We use the reduce(f, iterable) function to apply a particular
function f to all of the iterable’s elements. We have to import it from
the functools module to use the reduce function. Let’s understand the
reduce() function using an example.

1 >>> from functools import reduce
2 >>> reduce(lambda x, y: x + y, range(5))
3 10

In the above code sample, the function lambda x, y: x + y is applied to
all the elements in the iterable range(101). In the above code, the range(5)

has the elements {0, 1, 2, 3, 4} as elements. The reduce function works
in the following way :

• The first two elements, 0 and 1, are passed as arguments to the
function f(0, 1), which results in 1.

• The next element, 2 and the previous result, 1, are passed to the
function f(1, 2), which results in 3.

• The next element 3 and the previous result, 3, are passed to the
function f(3, 3), which results in 6.

• Finally, the last element 4 and the previous result 6 are passed to the
function f(6, 4), which results in the 10.

We can understand the reduce iterator better using figure 6.6.
The reduce function in the above gives the sum of the elements of

iterable. To find the sum of the first 100 numbers, we can check using
the following code listing.

1 >>> reduce(lambda x, y: x + y, range(101)) # Sum of first 100 numbers
2 5050
3 >>> sum(range(101)) # Using `sum` function
4 5050

Generally, the reduce() function accepts a function and an iterable and
returns a single value calculated as follows:

1. Initially, Python calls the function with the first two items from the
iterable and returns a partial result



iterators, generators, & comprehensions 323

Figure 6.6: Reduce Iterator

2. Python again calls the function with the partial result obtained in
step 1 and the next value in the iterable.

3. Python repeats the process until there are no more items in the
sequence

The syntax of the reduce function is as follows:
1 reduce( function, iterable, initial ) -> value

When we provide the initial value, Python calls the function with
the initial value and the first item in the iterable.

In Python 2, the reduce() function was available as a built-in function.
However, a decision was taken to move it the functools module as there
were more optimised functions available for the use cases that reduce was
earlier used to solve such as sum(), any(), all(), max(), min(), and len().

We will understand deeply about reduce() in an upcoming course. For
now, let’s take a popular use case of reduce. We will find the maximum
and minimum element’s value in an iterable.

primer: Can you think of a way to write a program to find the
maximum value of an integer in a list of integers?

fiona: We can start from the first value and store it as the maxi-
mum value. Then we compare it to the second number and if its greater, we re-
place the max value with the second number. We can re-
peat this until we exhaust the list.

One way is to start with the first two elements and store the greater
value as a partial result. Then compare the partial result with the third
element and store the greater value as the partial result. Then repeat the
process until there are no more elements to compare. Let’s take a look.

If you have been paying attention, you can see the similarities be-
tween the reduce function and the way of finding the max() value I de-
scribed above. To use reduce(), we will first define our custom com-
parison function find_max(). We will add some print() function calls
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in the custom function to look at what the reduce() function is doing
underneath.

1 >>> def find_max(a, b):
2 ... if a == b:
3 ... print(f"{a} is the same as {b}. Greatest value: {a}")
4 ... return a
5 ... greater, lesser = (a, b) if a > b else (b, a)
6 ... print(f"{lesser} is less than {greater}."
7 f"Greatest value: {greater}")
8 ... return greater

Now, let’s import reduce(), define a list of numbers, and use the
reduce() function on the list of numbers with our custom defined
find_max() function.

1 >>> from functools import reduce
2 >>> b = [10, 12, 45, 23, 23, -56, 43.50, 45, 5]
3 >>> reduce(find_max, b)
4 10 is less than 12. Greatest value: 12
5 12 is less than 45. Greatest value: 45
6 23 is less than 45. Greatest value: 45
7 23 is less than 45. Greatest value: 45
8 -56 is less than 45. Greatest value: 45
9 43.5 is less than 45. Greatest value: 45

10 45 is the same as 45. Greatest value: 45
11 5 is less than 45. Greatest value: 45
12 45 # Final result: Maximum value

The above code listing shows how the max() function works under-
neath.

Hopefully, the reduce() function has started to make a bit of sense
to you. We will cover the functional programming tools such as map(),
filter(), and reduce() in an upcoming course. So, for now, the basic idea
of how these three works are quite adequate.

primer: Before we move on next, can you rephrase the find_max
function in your own words?

fiona: It seems a bit complicated, sorry !

We will continue looking at other iterators available in the next sec-
tion.

Infinite Iterators
Infinite Iterators are iterators that cannot be exhausted or can generate new values
indefinitely.

The itertools module provides the following infinite iterators:

• count

• cycle

• repeat

Let’s check these iterators in a bit of detail. We will begin with the
count iterator.
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Count The count() function returns a count_object iterator which
returns consecutive values when passed to the next() function. The
count() function has the following syntax,

1 count(start=0, step=1) -> count object iterator

For instance,

1 >>> from itertools import count
2 >>> for i in count(100, -5):
3 ... if i = 0:
4 ... break
5 ... print(i, end=" ")
6 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5

If you don’t give a break statement in the above code, the for loop will
run indefinitely.

Exercise 11
The following generator function counter() is equivalent to the count

infinite iterator. What are A, B, C?

1 >>> def counter(start = 0, step = 1): # 0 1 2 3 4 5 ...
2 ... num = __A__
3 ... while True:
4 ... yield __B__
5 ... num += __C__

A: start, B, step, C: numa)

A: start, B, num, C: stepb)

A: num, B, step, C: stepc)

A: num, B, step, C: startd)

The count function is equivalent to the following generator function.

1 >>> def counter(start = 0, step = 1): # 0 1 2 3 4 5 ...
2 ... num = start
3 ... while True:
4 ... yield num
5 ... num += 1

We can create an infinite iterator that cycles through a finite iterable.
The cycle iterator from the itertools modules helps you do that. Let’s
take a look.

Cycle The cycle(iterable) function accepts an iterable as an argument.
It returns elements from the iterable while saving a copy of each element.
When the iterable is exhausted, the function returns elements from the
saved copy indefinitely.

For instance,

1 >>> from itertools import cycle
2 >>> s = ""
3 >>> for x in cycle('ABC'): # A B C A B C A B C ...
4 ... s += x + " "
5 ... print(s)
6 ... if len(s) > 10: # Breaking condition
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7 ... break
8 A
9 A B

10 A B C
11 A B C A
12 A B C A B
13 A B C A B C
14 A B C A B C A
15 A B C A B C A B

If you don’t give a break statement, the code will run indefinitely in
the above code listing. We can implement the cycle iterator can using a
while loop in the following way:

1 def cycle(iterable):
2 saved = []
3 for element in iterable:
4 yield element
5 saved.append(element)
6 while saved:
7 for element in saved:
8 yield element

The way our implementation of cycle function, my_cycle() works is as
follows:

1. Initially, it returns elements from the iterable, one at a time, using
the yield statement in a for loop.

2. The for loop also saves elements into a list container saved.

3. Eventually, there are no elements to iterate over in the for loop.

4. Then, the my_function starts returning elements from the saved list
using a while loop indefinitely.

Exercise 12
Here is a script which tracks users mood each day. What is the value of A
so that the loop breaks off after seven days of recording?

1 from itertools import cycle

2 days = ["Mon", "Tue", "Wed", "Thu", "Fri", "Sat", "Sun"]

3 for day in cycle(days):
4 diary = []

5 if len(diary) > 7:
6 print("I don't want to know anymore")
7 print(diary)
8 __A__

9 mood = input("What's your mood today? : ")
10 diary.append({day, mood})

continuea) returnb)
breakc) The for loop won’t break offd)

In the previous exercise, we re-initialize the name diary to be set to
an empty list at the beginning of each iteration. Therefore, the for loop
will never break.

The next infinite iterator from the itertools module is the repeat

iterator. Let’s take a look.
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Repeat The repeat(object, times) function accepts an object and times

as arguments. It returns the object repeatedly corresponding to the times

argument.

1 >>> from itertools import repeat
2 >>> for x in repeat(10, 3): # Return the object 3 times
3 ... print(x)
4 10
5 10
6 10

We can use a repeat iterator to provide a constant stream of values for
map and zip iterators.

1 >>> from itertools import repeat
2 >>> list((map(lambda x, y: x*y, range(11), repeat(3))))
3 [0, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30]

In the above code,

• the function supplied to the map function accepts two arguments.

• The first iterable range(11) provides the first argument while the
repeat(3) provides the second argument for the map function.

• As the repeat(3) object is an infinite iterator, Python maps the
shortest of the two iterable.

• The resulting list has all the elements of range(11) multiplied by 3 as
we specified by the lambda we provided.

Exercise 13

What’s the value of __A__, for which we get the following code output?

1 >>> from itertools import repeat
2 >>> list(zip(__A__, repeat('Mississipi'))) # A
3 [(-3, 'Mississipi'), (-2, 'Mississipi'), (-1, 'Mississipi'), (0,

'Mississipi'), (1, 'Mississipi'), (2, 'Mississipi'), (3,
'Mississipi')]

↪→
↪→

range(-3, 4)a) [-3, -2, -1, 0, 1, 2, 3, 4]b)

range(0, 7) - 3c) range(-4, 3)d)

That brings us to the end of the section on infinite iterators. Next, we
will look at a select group of iterators called Combinatoric Iterators.

Combinatoric Iterators
The combinatoric iterators generate the sequence, which is a combination of items
in the iterables subjected to some constraints.

To understand these types of iterators, let’s look into the combinatoric
iterators provided by Python: Product, Permutations, and Combinations.
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Product
In mathematics, the cartesian product of two sets A and B, denoted by A x B, is the
set of all ordered pairs (a, b) where a is an element of A and b is an element of B.

Mathematically, we can represent the cartesian product of two sets, A
and B, as follows.

A × B = {(a,b)|a ∈ A and b ∈ B}
One can similarly define the cartesian product of n sets, also known as

n-fold cartesian product.
To illustrate the usefulness of Cartesian product, let’s create a list

from a deck of cards. To do that, we need to define the suits or the type
of cards and the ranks for the cards.

1 >>> suits = {'�', '�', '�', '�'} # Set of Suits
2 >>> ranks = {'A', 'K', 'Q', 'J', '10', '9', # Set of Ranks
3 '8', '7', '6', '5', '4', '3', '2'}

To create a list of cards in the form of a tuple of the format (rank,
suit), we can use a nested for loop.

1 >>> deck = []
2 >>> for suit in suits:
3 for rank in ranks:
4 deck.append((rank, suit))
5 >>> len(deck)
6 52

The itertools module provides a function product(*iterables,

repeat=1) equivalent to the nested for-loop.
We can use the product function to rewrite our above code for gener-

ating the deck.
1 >>> from itertools import product
2 >>> card_deck = []
3 >>> for suit, rank in product(suits, ranks):
4 card_deck.append((rank, suit))
5 >>> len(card_deck)
6 52

The product function provides the cartesian product suits x ranks.

Exercise 14
What’s the output of the following code?

1 >>> from itertools import product
2 >>> males = ["Luffy", "Zorro", "Sanji"]
3 >>> females = ["Robin", "Nami", "Boa"]
4 >>> len(list(product(males, females)))

9a) 12b)

18c) 6d)

To calculate the product of an iterable with itself, we can provide an
optional argument, repeat, to specify the number of repetitions.

For instance, product([1, 2, 3], repeat=2) means same as product([1,
2, 3], [1, 2, 3]).

Let’s say we want to generate a list of coordinates, ranging in x, y, and

z. We can use the product function to do that in the following way.
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1 >>> coordinates = []
2 >>> for x, y, z in product(range(5), repeat=3):
3 coordinates.append((x, y, z))
4 >>> print(coordinates)
5 [(0, 0, 0), (0, 0, 1), ..., (4, 4, 2), (4, 4, 3), (4, 4, 4)] #

Shortened for brevity↪→

primer: As you can see, the product function is quite useful in
generating the Cartesian product of sets. Can you think of a use
case for the product function?

fiona: I cannot as of now.

We usually use nested for loops to generate pairs of elements from two
or more iterables. We can use the product function to generate instead.

Next, let’s look into another combinatoric iterator: Permutations.

Permutations
In mathematics, permutation refers to arranging the members of a set into a se-
quence or order.

To understand permutations better, let’s take an example of 3 people
running a race, the possible order of result if no two-person finishes at
the same time.

1 >>> persons = ["Luffy", "Zorro", "Sanji"]
2 >>> from itertools import permutations
3 >>> list(permutations(persons))
4 [('Luffy', 'Zorro', 'Sanji'), ('Luffy', 'Sanji', 'Zorro'), ('Zorro',

'Luffy', 'Sanji'), ('Zorro', 'Sanji', 'Luffy'), ('Sanji', 'Luffy',
'Zorro'), ('Sanji', 'Zorro', 'Luffy')]

↪→
↪→

In the above code listing, we generated a list of possible combinations
of different race results.

The item occupying the first position in the tuple represents the first
position; the second position represents the second, and the third position
represents the last position.

When the order matters in a combination of items, it is called permutations.

The permutations function of the itertools module provides an itera-
tor that returns all the possible combinations when order matters.

The function permutations has the function signature permutations(iterable,

r=None). We can provide the r argument to specify the length of possible
combinations.

For example, suppose five persons are running a race. In that case, we
can determine the number of possible first two positions by specifying
the argument in the permutations function.

1 >>> persons = ["Luffy", "Zorro", "Sanji", "Usopp", "Chopper"]
2 >>> list(permutations(persons, 2))
3 [('Luffy', 'Zorro'), ('Luffy', 'Sanji'), ('Luffy', 'Usopp'), ('Luffy',

'Chopper'), ('Zorro', 'Luffy'), ('Zorro', 'Sanji'), ('Zorro',
'Usopp'), ('Zorro', 'Chopper'), ('Sanji', 'Luffy'), ('Sanji',
'Zorro'), ('Sanji', 'Usopp'), ('Sanji', 'Chopper'), ('Usopp',
'Luffy'), ('Usopp', 'Zorro'), ('Usopp', 'Sanji'), ('Usopp',
'Chopper'), ('Chopper', 'Luffy'), ('Chopper', 'Zorro'),
('Chopper', 'Sanji'), ('Chopper', 'Usopp')]

↪→
↪→
↪→
↪→
↪→
↪→

4 >>> len(list(permutations(persons, 2)))
5 20
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Mathematically permutations of r length elements without repetitions
from a set of n elements are represented as P(n, r).

P(n, r) = n!
(n − r)!

The ! denotes the factorial notation, which we covered in the previ-
ous chapter. We can check if the code is correct by putting the length of
the list persons, which is 5, and the value of r as 2.

P(5, 2) = 5!
(5 − 2)! =

5 × 4 × 3!
3!

= 5 × 4 = 20

Exercise 15
What’s the value of the following code output?

1 >>> from itertools import permutations
2 >>> len(list(permutations('Fire', 2)))

12a) 24b)

18c) 6d)

Combinations
In mathematics, when the order of the elements while choosing doesn’t matter, it is
called combinations.

Suppose we need to choose some gifts from a list of gifts without
repetitions. The number of possible gifts that we can select is called
combinations.

We can use nested a for loop or even the product function we learned
earlier.

1 >>> from itertools import product
2 >>> gift_options = ['Primer Subscription', 'RC Car', 'Lego',

'Crayons']↪→
3 >>> possible_gifts = []
4 >>> for gift1, gift2 in product(gift_options, repeat=2):
5 if gift1 != gift2 and (gift2, gift1) not in possible_gifts:
6 possible_gifts.append((gift1, gift2))
7 >>> possible_gifts
8 [('Primer Subscription', 'RC Car'), ('Primer Subscription', 'Lego'),

('Primer Subscription', 'Crayons'), ('RC Car', 'Lego'), ('RC Car',
'Crayons'), ('Lego', 'Crayons')]

↪→
↪→

9 >>> len(possible_gifts)
10 6

In the above code listing,

• we defined our possible gift options in the list gift_options and
created an empty list possible_gifts to store possible combinations.

• Then, we used the product function to generate possible combi-
nations of the iterable gift_options with itself by using the repeat

argument.

• We unpack the values returned by the product iterator in the names
gift1 and gift2.
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• At each iteration, we check if gift1 and gift2 are not equal and
have not been already added to the list possible_gifts.

• If a set of gifts satisfy the conditions, we add them to the list.

Python provides the combination(iterable, r) function in the itertools

module to make the same thing more manageable.
1 >>> from itertools import combinations
2 >>> for x, y in combinations(gift_options, 2):
3 ... possible_gifts.append((x, y))
4 >>> possible_gifts
5 [('Primer Subscription', 'RC Car'), ('Primer Subscription', 'Lego'),

('Primer Subscription', 'Crayons'), ('RC Car', 'Lego'), ('RC Car',
'Crayons'), ('Lego', 'Crayons')]

↪→
↪→

6 >>> len(possible_gifts)
7 6

Mathematically, we can represent the combinations as C(n, r) where n

is the length of the set of elements to choose from while r is the number
of items to choose from.

C(n, r) = P(n, r)
r!

=
n!

r!(n − r)!
We can check if we got the correct result by putting n as four and r as

2 in the above equation.

C(4, 2) = 4!
2!(4 − 2)! =

4 × 3 × 2!
2!2!

= 6

We can see that we got the same result as mathematically.
In the iterators, there are several other functions available that provide

iterators useful for looping. You can check what these functions are and
implement them at the official python documentation.

Exercise 16
What’s the output of the following?

1 >>> from itertools import combinations
2 >>> len(list(combinations('Luffy', 2)))

10a) 12b)

15c) 25d)

Why Iterators
So far, we have looked into the following:

• What are iterators?

• How can we create our iterators?

• Which are all the functions available in Python, which return
iterators?

Now, let’s try to understand why iterators are particularly useful.
primer: Why don’t you try to guess what makes iterators particu-

larly useful?
fiona: We can use them in for loops.

https://docs.python.org/3/library/itertools.html#itertools.combinations
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Clean Code

One of the primary usage of iterators that we can use them in a for loop.
The Python syntax of a for statement is easier to read and understand
than the index-based looping techniques.

For instance, let’s compare the two ways of looping in the following
code.

1 persons = [ ... ] # List of Persons

2 # Index Based Looping
3 for i in range(len(persons)):
4 # Do Something using `persons[i]`

5 # The recommended way of looping in Python
6 for person in persons:
7 # Do something with `person`

The second for loop is more readable in the above code, thus con-
tributing to cleaner code. As we earlier, mentioned many container
objects which are iterables but don’t support indexing. Iterators allow
iteration on those objects in a much painless way.

Iterators can generate infinite sequences

The other advantage of working with iterators is that they can generate
sequences indefinitely. We earlier, saw that functions such as count(),
cycle() and repeat() can provide infinite iterators. Being able to work
with such infinite generating sequences can be an advantage in many
programming scenarios.

Saving Resources by Lazy Evaluation

Another advantage of using iterators is that it saves memory resources.
When we create a list of some objects, Python creates a list that contains
the resulting data.

While with an iterator or generator, Python creates an object that
knows how to produce the data on demand. There is not much visible
difference in speed of execution and memory usage for smaller contain-
ers of objects. However, for more massive data, the iterators save both
time and memory.

We can better understand the concept by checking out the range()

function in more detail. Let’s do a small exercise first.

Exercise 17

What’s the output of the following code?

1 >>> range(10)
2 range(0, 10)
3 >>> type(range(10))

'<class 'dict'>'a) '<class 'range_iterator'>'b)

'<class 'tuple'>'c) '<class 'range'>'d)
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When we invoke the range function using valid arguments, it returns a
range object. It has some interesting properties, so let’s learn more about
the range object.

The Curious Case of Range Iterable Let’s create a range object using the
range() function.

1 >>> range(10)
2 range(0, 10)
3 >>> type(range(10))
4 <class 'range'> # Range Object

When we invoke the range function, it returns a range object. How-
ever, the range(0, 10) doesn’t create the full list; instead, it knows how to
get the sequence objects on-demand. 3You can convert the range iterable
by passing it to the list constructor to construct a list.

1 >>> list(range(10))
2 [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

It is especially useful when you work with large numbers. For ex-
ample, we can define a range object that can generate many numbers, as
shown below.

1 >>> range(10**30) # 10^18 trillion
2 range(0, 1000000000000000000000000000000)

It allows us to use the range object in the iteration.

1 >>> for x in range(10**30):
2 ... if x == 1000:
3 ... print("Reached 1000. Stopping now.")
4 ... break
5 Reached 1000. Stopping now.

In the above code object, we iterated on the range for over 1000 ob-
jects. The rest of the objects’ memory would have gone to waste had
Python created the entire list.

Interestingly, the range objects are lazy iterables but not iterators. We
can check this by calling the next() function on a range object.

1 >>> a = range(10)
2 >>> next(a)
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 TypeError: 'range' object is not an iterator

When a range object is passed to the iter() function, it returns an
range_iterator object.

1 >>> a = range(10)
2 >>> b = iter(a) # type: <class 'range_iterator'>
3 >>> next(b)
4 0

We can also get the length of the range using the len() function.

1 >>> a = range(10)
2 >>> len(a)
3 10
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Whenever in doubt, if a function returns an iterator, you can call the
next() function.

So far, we have covered the Iterators and Generators in detail. In the
next section, we will look into constructing container objects such as lists,
sets, and dictionaries.

Comprehensions

A standard operation in programming is to apply a function to all of the
list items, creating a new list object. For instance, we want to create a
new list with the cube of all containing items for a given list of numbers.

primer: How will you proceed to solve this?

fiona: We can use the map() function, we learned earlier

We can do this by using a for loop or using the map function. Let’s
take a look.

Let’s say we have a list of integers with the name nums.

1 >>> nums = [1, 4, 5, 6, 7, 8, 9, 21]

We can create a for loop and append each integer cube to another list.

1 >>> cubes = []
2 >>> for num in nums:
3 ... cubes.append(num**3)
4 >>> cubes
5 [1, 64, 125, 216, 343, 512, 729, 9261]

We can also do the same using a map function in the following way.

1 >>> list(map(lambda x : x**3, nums))
2 [1, 64, 125, 216, 343, 512, 729, 9261]

primer: As you can see, both for loops and the map function gets
the same result. Which of the two methods you like better, and
why?

fiona: I like the map function better

Applying a function and creating new lists is so common in program-
ming that Python provides a special syntax for constructing lists. It is
called list comprehension. Let’s look into list comprehensions in the next
section.

List Comprehension
List comprehensions are a way of transforming an iterable into a list. During the
transformation of the iterable, you can choose which element to keep and transform
by subjecting them to certain conditions.
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Before diving deep into the how-list comprehensions work, let’s dive
right ahead and re-create the above cube list, which we created earlier
using map and for loop using list comprehensions.

1 >>> nums = [1, 4, 5, 6, 7, 8, 9, 21]
2 >>> [num**3 for num in nums] # List Comprehension
3 [1, 64, 125, 216, 343, 512, 729, 9261]

In the above code, we use list comprehension to create the required
list. In Python, list comprehensions construct a list object using the gen-
eral syntax shown in figure 6.7.

1 [ f(x) for x in iterable if condition ]

Figure 6.7: List Comprehensions

Every comprehension is characterised by three features:

• Transformation using f(x)

• Iteration using for x in iterable

• An optional condition using if statment

So, for our above code list comprehensions,

• transformation: f(num) = num**3

• iteration : num in nums

• condition: N/A

The syntax of list comprehensions is pretty much similar to that of
generator expressions. The difference between generator expressions and
list comprehensions is that list comprehensions create a list object with
the values. In contrast, generator expressions return a generator object
that is capable of generating the value.
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Exercise 18
What is the output of the following code?

1 >>> [num + 2 for num in range(1, 9) if num % 2 == 0 ]

[4, 6, 8, 10]a) [3, 5, 7, 9]b)
[2, 3, 4, 5]c) [1, 2, 3, 4]d)

Let’s explore list comprehension using another example. Earlier, we
used the filter function to find all the 7 multiples within 0 and 100.

1 >>> list(filter(lambda x: x % 7 == 0, range(100)))
2 [0, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91, 98]

Let’s perform the same operation using list comprehensions.
1 >>> [num for num in range(100) if num % 7 == 0]
2 [0, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91, 98]

In the above, list comprehensions,

• transformation f(num) = num

• iteration num in range(100)

• condition if num % 7 == 0

We can write a list comprehension corresponding to a for loop, but we cannot
write every for loop in the form of list comprehension.

Exercise 19
Take a look at the following code.

1 >>> names = ["Luffy","Zorro", "Siddharth", "Sanji", "Sid"]
2 >>> [f"{name} is invited" for name in names if "Sid" not in name ]

Which of the following is not invited?

Siddhartha) Luffyb)
Zorroc) Sanjid)

There are times where lists comprehension is an easier way to do
things, while sometimes it makes sense to use something else. Let’s check
out in the next section when it is good to create an object in a list com-
prehension.

When to use List Comprehensions
Whenever you are required to construct a new list of objects using transformed
items from an iterable optionally subjected to some conditions, you can think about
using a list comprehensions to get the job done.

We can see the general syntax of this type of requirement in the
following way.

1 new_list = []
2 for item in iterable:
3 if condition :
4 # trans_function is defined elsewhere
5 new_list.append(trans_func(item))

We can rewrite the above for loop to a list comprehension in the
following way.

1 new_list = [trans_func(item) for item in iterable if condition]
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Exercise 20 Comprehension

Below is a Python code written using the for loop.

1 >>> names = ["lUFFY", "sANJI", "zORRO", "sIDDHARTH", "sID"]
2 >>> invited_guests = []
3 >>> for name in names:
4 ... if "sID" not in name:
5 ... invited_guests.append(name.title())
6 >>> invited_guests
7 ['Luffy', 'Sanji', 'Zorro']

What’s the equivalent code using list comprehensions?

[name.title() for name in names if "sId" not in name ]a)

[name.title() for name in names if "sID" not in name ]b)

[name.upper() for name in names if "sID" not in names ]c)

[name.title() for names in name if "sID" not in names ]d)

As you can see, the list of comprehensions is often a good idea for
creating a list instead of a single for loop. The list comprehensions also
work for nested loops, which we will look at in the next section.

Nested Loops Earlier, we created a deck of cards using a nested loop and
the product function of the itertools module.

1 >>> suits = {'�', '�', '�', '�'} # Set of Suits
2 >>> ranks = {'A', 'K', 'Q', 'J', '10', '9', # Set of Ranks
3 '8', '7', '6', '5', '4', '3', '2'}
4 >>> deck = []
5 >>> for suit in suits: # Creating a deck of cards using `for`
6 for rank in ranks:
7 deck.append((rank, suit))

We can recreate the same in list comprehensions in the following way
using the product function:

1 # Using product function
2 >>> deck = [(rank, suit) for (rank, suit) in product(suits, ranks)]

As you can see, list comprehension is relatively compact using the
product function.

Exercise 21

We saw that we could use nested for loops to generate card decks.

1 >>> suits = {'�', '�', '�', '�'} # Set of Suits
2 >>> ranks = {'A', 'K', 'Q', 'J', '10', '9', # Set of Ranks
3 '8', '7', '6', '5', '4', '3', '2'}
4 >>> deck = []
5 >>> for suit in suits: # Creating a deck of

cards using `for`↪→
6 for rank in ranks:
7 deck.append((rank, suit))

What of the following is the equivalent code in list comprehension?
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[(rank, suit) for rank, suit in (suits, ranks)]a)

[(rank, suit) for suit in suits for rank in ranks]b)

[(ranks, suits) for suits in suits for ranks in ranks]c)

[(rank, suit) for suit, rank in suits, ranks]d)

We can write equivalent nested for loops by writing them one after
another in a list comprehension. In the above exercise, the for loop’s
ordering doesn’t matter as the iteration occurs in two separate iterables,
i.e., suits and ranks. If there is a nested for loop for nested sequences, the
ordering of the for loop matters.

To understand, let’s take a nested list of guests.

1 >>> hogwarts, westeros = ["Harry", "Ron", "Hermoine"], ["Tyrion",
"Daenerys", "Jon"]↪→

2 >>> enterprise = ["Picard", "Data", "Spock"]
3 >>> invited_guests = [hogwarts, westeros, enterprise]
4 >>> unwanted_guests = ['Ron', 'Jon', 'Data']
5 >>> invited_guests
6 [['Harry', 'Ron', 'Hermoine'], ['Tyrion', 'Daenerys', 'Jon'],

['Picard', 'Data', 'Spock']]↪→

Our invited_guests object is a list of lists in the above code listing,
while the unwanted_guests lists contain guests we don’t want to invite.
Now, we plan to flatten the list, which means to construct a single list of
items of the nested elements in the list while filtering out unwanted_guests.

To do that, let’s implement a nested for loop.

1 >>> filtered_guests = []
2 >>> for nested_guests in invited_guests:
3 for guest in nested_guests:
4 # To remove unwanted_guests
5 if guest not in unwanted_guests:
6 filtered_guests.append(guest)
7 >>> filtered_guests
8 ['Harry', 'Hermoine', 'Tyrion', 'Daenerys', 'Picard', 'Spock']

We can rewrite the above nested for loop using list comprehensions.

1 >>> filtered_guests = [guest for nested_guests in invited_guests for
guest in nested_guests if guest not in unwanted_guests]↪→

2 >>> filtered_guests
3 ['Harry', 'Hermoine', 'Tyrion', 'Daenerys', 'Picard', 'Spock']

In the above code listing, the ordering of the for is more relevant.
Nested list comprehensions work in the following way:

• The outermost for statement comes first, i.e. for nested_guests in

invited_guests

• The condition associated with the outermost for statement comes
next, which is not present in our case.

• The next to outermost for statement is written next

• The condition associated with the for statement is written next if
any

• The above step is repeated until there aren’t any more for loops.



iterators, generators, & comprehensions 339

We can also rewrite the nested list comprehension over multiple lines
to make it more readable.

1 >>> filtered_guests = [
2 guest
3 for guest in nested_guests
4 for nested_guests in guests
5 if guest not in unwanted_guests
6 ]

The general syntax of writing bunch of nested for loops is as follows:

1 [ f(x)
2 for x in iterable1
3 if condition1
4 for y in x
5 if condition2
6 for z in y
7 if condition3
8 ...
9 ]

We have now covered the basic ideas relating to the list comprehen-
sions. While using list comprehensions can seem a wonderfully lovely
idea, you might be tempted to use it everywhere, which might result in
messy unreadable code.

So exercise a bit of restraint for your new love of list comprehensions.

Let’s do a small exercise.

Exercise 22

We have the following for loop to get the list person’s name and resident

status.

1 >>> persons = [{"name": "John", "resident" :True},
2 {"name": "Devi", "resident" :False},
3 {"name": "Kelly", "resident" :True},
4 {"name": "Mary", "resident" :False},
5 {"name": "Ravi", "resident" :False}
6 ]
7 >>> resident_names = []
8 >>> for person in persons:
9 ... if person["resident"]:

10 ... resident_names.append(person["name"])
11 >>> resident_names
12 ['John', 'Kelly']

What is the equivalent list comprehension for the same?

[person["name"] for person in

persons if person["resident"]]

a) [person["resident"] for person

in persons

b)

[person["resident"] for person

in persons if person["name"]]

c) [person["name"] for person in

persons

d)

In Python, we can also use similar comprehensions to create set ob-
jects. We will look into them in the next section.
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Set Comprehensions

Set Comprehensions to work similarly as List Comprehensions. The only
difference is that we wrap them in curly braces {} instead of brackets [].

The general syntax for set comprehension is as follows.

1 { f(x) for x in iterable if condition }

Let’s create a set that squares the number for a range of numbers.

1 >>> {num**2 for num in range(10)}
2 {0, 1, 64, 4, 36, 9, 16, 49, 81, 25}

The above code listing creates a set of items from a number within the
range(10). Let’s do a small exercise.

Exercise 23

What is the output of the following code?

1 >>> {abs(num) for num in range(-5, 5)}

{0, 1, 2, 3, 4, 5}a)

{0, 1, 2, 3, 4, -1, -5, -4, -3, -2}b)

{0, 1, 2, 3, -1, -5, -4, -3, -2}c)

{0, 1, 2, 3, 4, 5, -1, -4, -3, -2}d)

The above exercise will make sense if you recall that the set can only
contain distinct objects.

Next, let’s try to create a set of primes from a set of the first 100 nat-
ural numbers using set comprehension. We had earlier created such a set
by using a for loop.

1 >>> prime_numbers = set()
2 >>> for num in range(2, 101):
3 for x in range(2, num):
4 # Any divisors between 2 and the number?
5 if num % x == 0:
6 break
7 else:
8 # No divisors found, must be a prime
9 prime_numbers.add(num)

10 >>> prime_numbers
11 {2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61,

67, 71, 73, 79, 83, 89, 97}↪→

We can write the same thing in a set comprehension.

1 >>> {num for num in range(2, 101) if all( num % y for y in range(2,
num) )}↪→

2 {2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61,
67, 71, 73, 79, 83, 89, 97}↪→

The code might seem a bit confusing, so let’s break it down.

• transformation f(num) = num

• iteration for num in range(2, 101)
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• condition if all(num %y for y in range(2, num))

Let’s further break down the condition part as well:

• the condition part consists of a generator expression (num % y for y

in range(2, num)).

• We are checking if a given number is divisible by any number less
than itself and greater than two.

• We can use the built-in all() function on the generator expression
as generator expressions are iterables.

• The all() function returns False if there are any False values
present in the iterable

• If there is a divisor present, the iterable will contain 0, making the
all() function False.

• Therefore, only those numbers that don’t have divisors in the given
range will be returned.

primer: The above code for generating prime using set comprehen-
sions is a bit complex. Why don’t you try to write what you think
the above code is doing in your own words?

fiona: I sure will not.

We can also use comprehension to construct a dictionary. Let’s look
into it in the next section.

Dictionary Comprehensions
Dictionary comprehensions have the following syntax.

1 {f(key):f(value) for key, value in iterable(key,value) if condition }

The characteristics of the dictionary comprehensions are

• transformation f(key): f(value)

• iteration for key, value in iterable(key, value)

• condition if condition

The iteration part usually uses an iterable which contains items of
length two or more, although it is not required.

Let’s create a dictionary to illustrate.
1 >>> squares = [(x, x**2) for x in range(10)] # Create a list of 2-length tuple
2 >>> squares_dict = {key: value for key, value in squares } # Squares dict
3 >>> squares_dict
4 {0: 0, 1: 1, 2: 4, 3: 9, 4: 16, 5: 25, 6: 36, 7: 49, 8: 64, 9: 81}

We created an iterable squares consisting of tuple(num, num**2) using
list comprehension in the above code. We then provided it to our dic-
tionary comprehension. Note that it is the same as directly passing the
iterable squares to the dict constructor.

1 >>> dict(squares)
2 {0: 0, 1: 1, 2: 4, 3: 9, 4: 16, 5: 25, 6: 36, 7: 49, 8: 64, 9: 81}

Time for an exercise.



342 python-i

Exercise 24

We have the following code.

1 >>> males = ["Luffy", "Zorro", "Sanji"]
2 >>> females = ["Boa", "Robin", "Nami"]
3 >>> pairing = dict(list(zip(males,females)))
4 >>> pairing["Robin"]

What’s the output of the last line?

Zorroa) Luffyb)

Sanjic) Raises KeyErrord)

So, let’s do a more complicated comprehension to understand the
dictionary comprehension. Let’s calculate the number of vowels in a
given text.

Let’s say we have the following text.

1 >>> text = """Once upon a midnight dreary, while I pondered, weak and
weary,↪→

2 Over many a quaint and curious volume of forgotten lore,
3 While I nodded, nearly napping, suddenly there came a tapping,
4 As of some one gently rapping, rapping at my chamber door.
5 """

We can get the number of vowels in the following way:

1 >>> vowels = {'a', 'e', 'i', 'o', 'u'}
2 >>> vowels_count = {vowel:text.count(vowel) for vowel in vowels }
3 {'o': 14, 'e': 22, 'a': 18, 'i': 10, 'u': 6}

primer: In the above code listing, we used the string method count
to count each vowel in the text. Why don’t you rephrase the code
in your own words?

fiona: Seems too complicated

Let’s take another example where we use a condition in the dictio-
nary comprehension. This time we will deal with stock data.

Suppose we have a bunch of stock data as shown in table 6.2. We
want to extract only a subset of the stock data.

Date Open High Low Close

2013-02-08 15.07 15.12 14.63 14.75
2013-02-21 13.62 13.95 12.9 13.37
2013-03-05 14.01 14.05 13.71 14.05
2013-03-15 16.45 16.54 15.88 15.98
2013-03-27 16.48 16.77 16.33 16.65
2013-04-09 16.07 16.1 15.67 15.7

Table 6.2: Sample Stock Data

We represent the data as a python dictionary.

1 >>> stocks = {
2 '2013-02-08': {'open': 15.07, 'high': 15.12, 'low': 14.63, 'close': 14.75},
3 '2013-02-21': {'open': 13.62, 'high': 13.95, 'low': 12.9, 'close': 13.37},
4 '2013-03-05': {'open': 14.01, 'high': 14.05, 'low': 13.71, 'close': 14.05},
5 '2013-03-15': {'open': 16.45, 'high': 16.54, 'low': 15.88, 'close': 15.98},
6 '2013-03-27': {'open': 16.48, 'high': 16.77, 'low': 16.33, 'close': 16.65},
7 '2013-04-09': {'open': 16.07, 'high': 16.1, 'low': 15.67, 'close': 15.7}
8 }
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What we want is the following:

• the dates in which the stock closed at a higher value than the price
at which they opened

• we want only the opening and closing price.

Let’s do this using dictionary comprehension.

1 >>> filtered_data = {
2 # Transformation
3 date: {"open" : stock["open"], "close" : stock["close"]}
4 for date, stock in stocks.items() # Iteration
5 if stock["open"] < stock["close"] # Condition
6 }
7 >>> filtered_data
8 {'2013-03-05': {'open': 14.01, 'close': 14.05},
9 '2013-03-27': {'open': 16.48, 'close': 16.65}}

primer: As you can see in the dictionary, comprehensions make
it easier to transform and filter dictionaries. Write about the
dictionary comprehension in your own words.

fiona: I don’t think I will, Primer

Constructing Tuples
So far, we have checked out the list, set, and dictionary comprehen-
sions. You might be wondering if there is a similar way of constructing
tuples. The answer is Python doesn’t provide any tuple comprehension
method. However, you can create a tuple using the tuple() constructor
and passing a generator expression. Let’s take a look.

Suppose we want to create a tuple of multiples of 7 within the first
100 natural numbers. We can do this by creating a generator expression
and passing it to the tuple constructor.

1 >>> tuple(num for num in range(101) if num % 7 == 0)
2 (0, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91, 98)

As you might remember, generator expressions don’t require paren-
thesis if we pass them as a single value to a function. This way of con-
structing tuples is as close to a tuple comprehension; you can get in Python.

In this chapter, we covered in detail, iterators, generators, and com-
prehensions. In the next chapter, we will look into getting data into/
from outside in Python.
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An useful program usually needs to interact with the outside world.
Such interaction can involve receiving data or sending data outside the
program. Data received from outside is called input data while the data
the program sends outside is called output data. Together input and
output operations are often referred to as I/O (Input/Output) operations.

primer: How do you think you can provide inputs to a computer?
fiona: We can provide inputs using input devies such as key-

board and mouse

The input may directly come from the user via the keyboard, an ex-
ternal file, or even the internet. We can display output directly to the
console, which we have been doing so far using the print() function. A
program can also output data by storing data in a file, database, or send-
ing data through the internet. Let’s look into some basic I/O operations
in Python.

Input and Output

In primary input and output operations, let’s look into how we can get
user data using the keyboard and output data into the console screen.

Getting User Data using input

Programs that require input data from the user can use the built-in func-
tion input(<prompt>). The input function reads a line of input from the
keyboard. When a program has an input statement, Python pauses the
program execution to allow the user to type a line of input. After the
user types all the characters and presses the Enter key, Python returns the
typed character as a string object.

Let’s look at the usage of the input function.

1 >>> your_name = input()
2 Primer # User Input
3 >>> your_name # User Input is stored in the name `your_name`
4 'Primer'

You can also include an optional prompt argument to the input()

function. The prompt argument displays a text string as a prompt to the
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user before pausing the program execution to read input. We can rewrite
the above code listing to include a prompt.

1 >>> your_name = input("May I know your name: ")
2 May I know your name: Primer # Prompt is shown before the input
3 >>> your_name
4 'Primer'

The input function always returns a string. If you wish to get a nu-
meric value from the input data, you will need to convert the string to
an appropriate type. We can convert the string type using numeric types
such as int or float built-in functions.

1 >>> your_age = input("May I know you age : ")
2 May I know you age : 16
3 >>> your_age
4 '16' # String
5 >>> int(your_age)
6 16 # Integer

We can convert the input directly to the given type by passing it to the
built-in functions int or float.

1 >>> your_birth_year = int(input("May I know your year of birth : "))
2 May I know your year of birth : 2001
3 >>> your_birth_year
4 2001 # Integer

Exercise 1

Take a look at the following code.

1 >>> options = ["A", "B", "C", "D"]
2 >>> choice = input()
3 '1' # User input: 1
4 >>> choice = __X__
5 >>> options[choice]
6 'B'

What is the value of __X__ for which the above code is correct?

int(choice)a) int(input)b)

int('B')c) None of the aboved)

Let’s understand the input function by creating a small program.
Let’s create a program that asks the user to guess a random integer by
providing hints.

The output of the script 7.1 above is the following:

1 Guess a number between 1 and 99: 34
2 Your guess is high
3 Guess a number between 1 and 99: 25
4 Your guess is high
5 Guess a number between 1 and 99: 10
6 Your guess is low
7 Guess a number between 1 and 99: 11
8 You got it correct. It is 11

primer: Do you mind writing a small walk-through of the
guess.py in your own words?

fiona: I don’t think so, Primer.
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1 from random import randint # To generate a random integer

2 secret_number = randint(1, 99) # A random secret number

3 while True:
4 try:
5 guess = int(input("Guess a number between 1 and 99: "))
6 except ValueError: # In case user types strings
7 print("Your guess must be number")
8 except KeyboardInterrupt: # In case user quits abruptly
9 print("Quitting the game. Thank you for playing.")

10 break
11 else: # Will run if no exceptions are raised
12 if guess < secret_number:
13 print("Your guess is low")
14 if guess > secret_number:
15 print("Your guess is high")
16 if guess == secret_number:
17 print("You got it correct. It is

{}".format(secret_number))↪→
18 break

Script 7.1: Script for a guessing game,
guess.py

The guess.py script is an excellent demonstration of how the input()

function can create interactive Python programs. Let’s take a look at
how it works.

The guessing_game script works in the following way:

• Python assigns a randomly generated integer between 1 and 99 to
secret_number.

• The condition for the while loop remains True unless the user cor-
rectly guesses the secret_number or purposely quits the program by
pressing Ctrl+c.

• The try block gets the input and converts it to an integer using the
int function

• If the user inputs anything other than a number, Python raises
ValueError, which is caught by the except handler

• The else clause only runs when the try block doesn’t raise any
exceptions.

• If the user guesses correctly, the program ends.

Now that we have a bit of an idea about getting input data through
the input function. Let’s do an exercise.

Exercise 2 Mood Diary

Take a look at the following code.

1 while True:
2 try:
3 mood = input("What's your mood : ")
4 if mood.strip().lower() == 'q' or mood.strip().lower() == 'exit':
5 print("Thank you for sharing.")
6 break
7 print(f"Aha ! You are {mood}")
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8 except KeyboardInterrupt:
9 print("Thank you for sharing.")

10 break

How can you quit the above script once you have started?
Typing exit and pressing
Enter.

a) Typing Q and pressing Enter.b)

Typing EXIT and pressing
Enter.

c) All of the aboved)

Reading Command Line Arguments
When we execute a python script using the command line, Python lets
you access the command line arguments using the sys module. To un-
derstand, let’s create a small python script and save it as check_arguments.py.

The check_arguments.py script below is a small script that simply prints
out sys.argv to the screen.

1 import sys
2 print(sys.argv)

Script 7.2: Script for checking command-
line arguments, check_arguments.py

If you execute the python script 7.6 directly, you will receive the
following output.

1 > python check_arguments.py
2 ['check_arguments.py'] # Can be accessed by `sys.argv[0]`

The sys.argv module lets you access the list of command-line argu-
ments passed to a Python script. The first argument is the script name,
which depends on the operating system as to whether this is a full path-
name or not. Let’s add some more arguments.

1 > python check_arguments.py hello world 1 2 3
2 ['check_arguments.py', 'hello', 'world', '1', '2', '3']

All the arguments separated by space are presented as a python list that
can be accessed using their respective index.

Exercise 3 Happy Family
Say we have the following script.

1 import sys
2 if len(sys.argv) == 4:
3 _, dad, mom, son= sys.argv
4 print(f"{dad} is married to {mom} and {son} is their son")

Script 7.3: Script showing the use of
unpacking, happy_family.py

The output of the above script 7.3
1 python3 happy_family.py __A__
2 Luffy is married to Boa, and Toffee is their son

What is the __A__ in the output of the above?
Luffy Boa Toffeea) Boa Luffy Toffeeb)
Toffee Luffy Boac) Luffy Toffee Boad)

Now, let’s look into how we can read files in Python.
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Reading and Writing Files

One common use of programs is to read, and write files. Python provides
the built-in function open() to allow you to open a file for reading as well
as writing a file. The open() function returns a file object with various
reading and writing operations methods. We will look into the file object
later. First, let’s look into how we can use the open() function.

Opening Files To start reading files in Python, let us create a plain text
file named epictetus.txt and save the following text.

How long are you going to wait before you demand the best for yourself and, in no
instance, bypass the discriminations of reason?
You have been given the principles that you ought to endorse, and you have en-
dorsed them. What kind of teacher, then, are you still waiting for to refer your
self-improvement to him?
You are no longer a boy but a full-grown man. If you are careless and lazy now and
keep putting things off and always deferring the day after which you will attend to
yourself, you will not notice that you are making no progress, but you will live and
die as someone quite ordinary.
From now on, then, resolve to live as a grown-up who is making progress, and
make whatever you think best a law that you never set aside. And whenever you
encounter anything difficult or pleasurable, or highly or lowly regarded, remember
that the contest is now: you are at the Olympic Games, you cannot wait any longer,
and that your progress is wrecked or preserved by a single day and a single event.
That is how Socrates fulfilled himself by attending to nothing except reason in
everything he encountered. And you, although you are not yet a Socrates, should
live as someone who at least wants to be a Socrates.

Script 7.4: Sample text from Epictetus,
epictetus.txt

In the same folder, start a Python interpreter. To read the epicteus.txt

file in Python, use the following code listing.

1 >>> text_file = open("epictetus.txt") # Open the file

If the above code runs and doesn’t result in the FileNotFoundError

exception, it means Python could successfully open the file.
Opening a file in Python doesn’t mean the same thing as opening it

in the text editor. The open function returns a file-object iterator, which
knows how to get the text file data.

primer: How do we test if an object is an iterator?
fiona: We can call the next() function on the object

To check if the text_file is an iterator, let’s pass the object to the
next() function.

1 >>> next(text_file)
2 'How long are you going to wait before you demand the best for

yourself and in no instance bypass the discriminations of reason?
\n'

↪→
↪→

The above code illustrates that the text_file object is an iterator. We
will check into more of its method later on.

The first thing you should know after learning to open a file is how to
close the file. In Python, we can close the file using the close() method
available on the file-object.
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1 >>>> text_file.close() # File is closed

Once you close the file, invoking the next() using the file-object will
raise ValueError.

1 >>> next(text_file)
2 Traceback (most recent call last):
3 File "<stdin>", line 1, in <module>
4 ValueError: I/O operation on closed file.

In Python, you should always close the file you open.

When the script or application is terminated, Python closes the file on
its own. However, there is no guarantee when that will happen. In the
meantime, this can cause some unwanted behavior, including resource
leaks.

It is in your best interest to always make sure that your code be-
haves in a way that is well-defined while trying to reduce un-
wanted behavior.

When you are working with files, there are two main ways that you
can use to ensure that the files are closed properly, even when encoun-
tering an error.

The first way is to use the try-finally clause to work with files.
1 text_reader = open('epictetus.txt')
2 try:
3 # Operations using the file-object
4 finally:
5 text_reader.close() # Always executes

primer: In the previous code, we are using the try-finally clause
to close an opened file. What happens in the finally clause
when the try encounters an error?

fiona: The finally clause still executes its code block

Even if Python encounters an error, it always executes the finally

clause. This block ensures that Python always closes the file properly
after executing the statements.

The second way to close the file properly is to use the with statement
to open a file.

1 with open('epictetus.txt') as text_reader:
2 # Operations using the file-object

After Python executes the code inside the with statement, the with

statement automatically closes the file.

Similar to the finally clause, the with statement closes files even when
Python encounters an error.

primer: Which of the two ways of opening files you like better and
why?

fiona: I like the with statement better as it is less verbose

Although you can use any of the two methods, we recommend
using the with statement to allow for a cleaner code while handling
any unexpected errors.

Next, let’s look at the file objects.
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File Objects The open() function takes an argument mode, specifying how
the file is opened and returns a file-object. The default mode is r, which
means open for reading in text mode. The available modes are as shown in
the table 7.1.

Character Meaning

r open for reading (default)
w open for writing, overwriting the file first

rb or wb Open, read and write in binary mode

Table 7.1: Modes in the open() function

When we earlier opened a file without specifying the mode, Python
assumed we wanted to open in r reading mode. Let’s read the contents
of the file epictetus.txt in Python.

1 >>> with open('epictetus.txt') as text_reader: # Same as
open('epictetus.txt', 'r')↪→

2 ... for line in text_reader:
3 ... line
4 'How long are you going to wait before you demand the best for

yourself and in no instance bypass the discriminations of reason?
\n'

↪→
↪→

5 '\n'
6 ...
7 #### Output Shortened

As the text_reader file-object is an iterator, we can use the for state-
ment to loop over the object. The official documentation describes the
file-object as the follows:

An object exposing a file-oriented API (with methods such as
read() or write()) to an underlying resource. Depending on how
it was created, a file object can mediate access to a real on-disk file
or another type of storage or communication device (for example,
standard input/output, in-memory buffers, sockets, or pipes.). File
objects are also called file-like objects or streams.

There are three types of file-objects:

• raw binary files

• buffered binary files

• text files

For this course, we will focus only on file-objects, which are of type
text-files.

primer: However, what do you think are raw binary files?

fiona: Application data are stored in the form of raw binary files.

Binary files are files where the format is made up of non-readable
characters usually stored in binary format. Binary files can range from
image files like JPEGs or GIFs, audio files like MP3s or binary document
formats like PDF. In Python, files are opened in read mode by default.
Now, take a look at how to read files.
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Method Description

read() Reads and returns entire file
readable() Return whether object opened for reading
readline() Read and return a line
readlines() Returns a list object with lines from the file

Table 7.2: File-objects methods

Reading Files The file objects have methods relating to reading opera-
tions for files shown in table 7.2.

read The read(size=-1) method reads from the file based on the number
of size bytes provided as an argument. If you pass no arguments or the
arguments that you give are either None or -1 as an argument, then the
entire file is read and returned as a string.

1 >>> with open('epictetus.txt') as reader:
2 ... print(reader.read(30))
3 ...
4 How long are you going to wait

In the above code listing, we are passing 30 as a size argument to
specify the bytes to return.

readable To check whether we opened the file for reading, we can use
the readable() method, which returns either True or False.

1 >>> with open('epictetus.txt', 'w') as reader:
2 # Open in `write` mode
3 ... reader.readable()
4 ...
5 False

readline The readline(size=-1) method returns bytes specified by the
size argument. Python reads the entire line if the size is -1 or None or not
provided.

1 >>> with open('epictetus.txt') as reader:
2 ... reader.readline()
3 ...
4 'How long are you going to wait before you demand the best for

yourself and in no instance bypass the discriminations of reason?
\n'

↪→
↪→

readlines The readlines method reads from the file object and returns
them as a list object.

1 >>> with open('epictetus.txt') as reader:
2 ... reader.readlines()
3 ...
4 ['How long are you going to wait before you demand the best for

yourself and in no instance bypass the discriminations of reason?
\n', ..., 'That is how Socrates fulfilled himself by attending to
nothing except reason in everything he encountered. And you,
although you are not yet a Socrates, should live as someone who at
least wants to be a Socrates.'] # List Truncated

↪→
↪→
↪→
↪→
↪→

Exercise 4 Epictetus
For which value of __A__, the following code returns a list object?
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1 >>> with open('epictetus.txt') as reader:
2 ... type(reader.__A__())
3 ...
4 <class 'list'>

readlinesa) readlineb)

readablec) readd)

Iterating over lines As we mentioned earlier, the file-object is an iterator.
So, we can read lines using the iterator itself. We can use a for loop to
iterate over the file-object iterator to read the lines.

1 >>> with open('epictetus.txt') as reader:
2 ... for lines in reader:
3 ... print(lines)
4 ...
5 How long are you going to wait before you demand the best for yourself

and, in no instance, bypass the discriminations of reason?↪→

6 ### Lines Truncated

Exercise 5

What’s the output of the following code?

1 try:
2 reader = open('epictetus.txt', 'w')
3 s = ""
4 for lines in reader:
5 s += lines
6 print(len(s))
7 finally:
8 reader.close()

1238a) 1233b)

1235c) Raises Errord)

As we opened the file in writing mode bypassing w mode, Python
raises an error while reading it.

Now that we have covered how to read files, let’s look into writing
into files.

Writing Files We can write into a file only when we open it in the
write mode. If you open a file in the write mode, Python overwrites
and removes all the previously stored content. Table 7.3 specifies the
methods available to write into the file.

Methods Description

write(text) Writing text to the stream
writelines(lines) Writes the sequence lines to the file.

writable() Returns whether object was opened for writing

Table 7.3: Methods available in the write
mode
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1 >>> with open('epictetus.txt') as reader:
2 ... text = reader.readlines()
3 >>> with open('numbered_epictetus.txt') as writer:
4 ... for index, line in enumerate(epictetus):
5 ... writer.write("{}. {}".format(index + 1, line))

Script 7.5: Script for writing text files,
writer.py

write The write(text) can be used to write strings to a file. The fol-
lowing code listing below illustrates writing to a file. Let’s add a se-
rial number to each line in epictetus.txt by writing into a new file
numbered_epictetus.txt.

The output of the script 7.5 above is as follows
1.How long are you going to wait before you demand the best for

yourself and, in no instance, bypass the discriminations of
reason?

↪→
↪→
2.
3.You have been given the principles that you ought to endorse, and

you have endorsed them. What kind of teacher, then, are you still
waiting for to refer your self-improvement to him?

↪→
↪→
4.
...

In the above code,

• we read all lines from the epictetus.txt and name it text.

• Then, we open a new file, numbered_epictetus.txt in the write

mode and write using the write() function.

• If you check the directory, you can see that Python creates a new
file, numbered_epictetus.txt with each line number listed in the first
few characters of the line.

We can also work with two different files at the same time while
using with statements.

1 >>> with open('epictetus.txt') as reader, open('numbered_epictetus_2.txt') as writer:
2 ... for index, line in enumerate(reader.readlines())
3 ... writer.write("{}. {}".format(index + 1, line))

The above code listing produces the same file as we saw earlier.

Exercise 6

You might notice that the output numbers blank lines as well. We need
to remove the blank lines.

1 with open('epictetus.txt') as __A__, open('numbered_epictetus_2.txt', 'w') as __B__:
2 text = [line + "\n" for line in reader.readlines() if line != "\n"]

3 for index, line in enumerate(__C__):
4 writer.write(f"{index+1}.{line}")

The above code removes the lines containing newline characters and
an additional newline for spacing between paragraphs. What are the
values of A, B, and C?

A: reader, B: writer and C: texta)
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A: reader, B: writer and C: reader.readlines()b)

A: writer, B: reader and C: textc)

A: text, B: writer and C: readerd)

Similar to the readlines method for reading files, file objects also have
writelines. Let’s take a look.

writelines The writelines method writes sequences to a file. Let’s look
into an example to understand more.

1 >>> with open('squares_and_cubes.txt', 'w') as writer:
2 a = [(x, x**2, x**3) for x in range(10)]
3 writer.writelines(["The square and cube of {} are {} and {} respectively.\n"
4 .format(x, y, z) for x, y, z in a ])

In the above code listing, we pass a list constructed by list compre-
hension as an argument to the writelines method. Once you have ex-
ecuted the code above and check the directory, you will find a text file
squares_and_cubes.txt with the following text.

1 The square and cube of 0 are 0 and 0, respectively.
2 The square and cube of 1 are 1 and 1, respectively.
3 The square and cube of 2 are 4 and 8, respectively.
4 The square and cube of 3 are 9 and 27, respectively.
5 ...

primer: The writelines and write are two main writing text
methods in Python files. Can you think of the main difference
between these two methods?

fiona: Writelines() function is used to write sequences while write() func-
tion is used to write strings

The write() function accept only string arguments while writelines()

function takes sequences as arguments.
Python can also work with files such as csv files, which we can open

in spreadsheet software such as Microsoft Office, Google Sheets, or
LibreOffice Calc. Let’s look into how we can do that.

Reading and Writing CSV
A csv file is a type of plain text file that uses a special formating
structure to represent tabular data. The csv stands for Comma
Separated Values.

Let’s look at an example of a csv file.
Suppose we have a table of data shown in the table 7.4.

Name City Age

John Berlin 45
Mark London 34
Liu Shanghai 45

Balakrishna Chennai 33
Sofia Istanbul 34

Table 7.4: Sample Data We can represent
the tabular data in the form of csv in the
following form.

In the csv, each line corresponds to one row of the table while a
comma separates each cell. Because we use a comma to separate each
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1 name,city,age
2 John,Berlin,45
3 Mark,London,34
4 Liu,Shanghai,45
5 Balakrishna,Chennai,33
6 Sofia,Istanbul,34

Script 7.6: CSV file for table 7.4, per-
son_data.csv

piece of data, csv is called Comma Separated Values, and the comma is
called delimiter. You can use other delimiters as well, such as hyphen -,
or space.

Save the file with the text shown above with the name person_data.csv

and start an interpreter in the same directory.

Reading CSV File The csv module exposes a handy function reader(<file-object>)

which can parse a given csv file. Let’s see it in action.

1 >>> import csv
2 >>> with open('person_data.csv') as csv_file:
3 ... csv_reader = csv.reader(csv_file)
4 ... print(list(csv_reader))
5 [['name', ' city', ' age'], ['John', ' Berlin', ' 45'], ['Mark', '

London', ' 34'], ['Liu', ' Shanghai', ' 45'], ['Balakrishna', '
Chennai', ' 33'], ['Sofia', ' Istanbul', ' 34']]

↪→
↪→

In the above code listing,

• we open the file person_data.csv using with statement as csv_file.

• To parse the csv file we pass the csv_file to the reader() function
of csv module.

• The reader() function returns an iterator, which upon each itera-
tion returns a row of the csv file.

Let’s parse and store the data in a Python dictionary using dictionary
comprehension.

1 >>> from csv import reader
2 >>> with open('person_data.csv') as csv_file:
3 ... csv_reader = reader(csv_file)
4 ... person_dict = {
5 ... name:{"city" : city, "age": int(age)} # Convert to int
6 ... for index, (name, city, age) in

enumerate(tuple(csv_reader))↪→
7 ... if index != 0 # Skip first line
8 ... }
9 >>> person_dict

10 {'John': {'city': ' Berlin', 'age': 45}, 'Mark': {'city': ' London',
'age': 34}, 'Liu': {'city': ' Shanghai', 'age': 45},
'Balakrishna': {'city': ' Chennai', 'age': 33}, 'Sofia': {'city':
' Istanbul', 'age': 34}}

↪→
↪→
↪→

Parsing csv using Python is pretty useful, especially when working
with a large amount of data.

Exercise 7
The following script generates text from the person_data.csv file we
earlier created.
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1 import csv

2 with open('person_data.csv') as csv_file:

3 lines = [f"{age} year old {name} is from {city}"
4 for (name, city, age) in list(__A__)[1:]] # A

5 for line in lines:
6 print(line) # Prints in the form '45 year old John is from Berlin ...'

What is the value of __A__ in the above code?

csv.reader(csv_file)a)

csv_fileb)

reader(csv_file)c)

writer(csv_file)d)

Apart from the reader function, the csv module has a DictReader func-
tion, which helps read csv files and store them directly as Python dictio-
naries. Let’s look into it in the next section.

Reading CSV using DictReader The DictReader(fileobject, fieldnames)

maps the information in each row to a dictionary whose keys are pro-
vided to the function using an optional fieldnames parameter. The
fieldnames parameter is a sequence. If you omit the fieldnames, Python
uses the first row of the file-object values as the fieldnames.

Let’s read the persons_data.csv using DictReader function of csv mod-
ule.

1 >>> from csv import DictReader
2 >>> with open('person_data.csv') as csv_file:
3 ... csv_reader = DictReader(csv_file)
4 ... for row in csv_reader:
5 ... print("{} year old {} belongs to {}"
6 ... .format(row["age"], row["name"], row["city"]))
7 45 year old John belongs to Berlin
8 34 year old Mark belongs to London
9 45 year old Liu belongs to Shanghai

10 33 year old Balakrishna belongs to Chennai
11 34 year old Sofia belongs to Istanbul

In the above code listing, the csv_reader is an iterator resulting from
DictReader. Python references each line item in a row using it’s column
name. We have not provided the optional fieldnames parameter.

Let’s provide a fieldnames parameter to the DictReader function.
1 >>> with open('person_data.csv') as csv_file:
2 next(csv_file) # Skip first row
3 csv_reader = DictReader(csv_file, fieldnames=["Nom", "Ville",

"Âge"])↪→
4 print(list(csv_reader))
5 [{'Nom': 'John', 'Ville': 'Berlin', 'Âge': '45'}, {'Nom': 'Mark',

'Ville': 'London', 'Âge': '34'}, {'Nom': 'Liu', 'Ville':
'Shanghai', 'Âge': '45'}, {'Nom': 'Balakrishna', 'Ville':
'Chennai', 'Âge': '33'}, {'Nom': 'Sofia', 'Ville': 'Istanbul',
'Âge': '34'}]

↪→
↪→
↪→
↪→

When we passed the fieldnames parameter with our custom column
names, the DictReader function generates dictionary objects with the
specified keys. Note that we have to skip the first row

manually; otherwise, it would have been
added to the dictionary object as well.
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Exercise 8

What is the value of __A__ in the below code?

1 >>> from csv import DictReader
2 >>> with open('person_data.csv') as csv_file:
3 next(csv_file)
4 csv_reader = DictReader(csv_file, fieldnames = __A__ ) #

A↪→
5 for row in csv_reader:
6 print(f"{row['age']} year old {row['first_name']} is from

{row['location']}")↪→
7 45 year old John is from Berlin
8 34 year old Mark is from London
9 45 year old Liu is from Shanghai

10 33 year old Balakrishna is from Chennai
11 34 year old Sofia is from Istanbul

["first_name", "location","age"]a) ["age", "name","location"]b)

["location", "first_name","age"]c) ["name", "city","age"]d)

We can also use the csv module to write csv files in Python. Let’s take
a look.

Writing a Python List to csv file Let’s say we have the following list of
data.

1 >>> person_details = [
2 ['John Doe', 'Berlin', 'Germany', 45],
3 ['Mark Waugh', 'London', 'United Kingdom', 34],
4 ['Liu Xi', 'Shanghai', 'China', 45],
5 ['Balakrishna Ram', 'Chennai', 'India', 33],
6 ['Sofia Khan', 'Istanbul', 'Turkey', 34]
7 ]

To save the list object as a csv object, we can use the writer function
from the csv module.

1 >>> with open('person_details.csv', mode='w') as csv_file:
2 csv_writer = csv.writer(csv_file)
3 csv_writer.writerow(['firstname', 'lastname', 'city',

'country', 'age'])↪→
4 for person in person_details:
5 csv_writer.writerow([
6 person[0].split()[0], # Firstname
7 person[0].split()[1], # Lastname
8 person[1], # City
9 person[2], # Country

10 person[3] # Age
11 ]
12 )

The writer function takes the file-object as an argument and exposes a
function writerows, which can write a row to the csv file.

In the above code, we first write the column names in the first row.
It is a practice to write the column name for respective columns in the
first row of a csv file. Then for each item in the person_details, we write
a row in the csv file.

If you can successfully run the code, you should see a file resembling
below.



files io, modules, & packages 359

1 firstname,lastname,city,country,age
2 John,Doe,Berlin,Germany,45
3 Mark,Waugh,London,United Kingdom,34
4 Liu,Xi,Shanghai,China,45
5 Balakrishna,Ram,Chennai,India,33
6 Sofia,Khan,Istanbul,Turkey,34

If you can generate such a file, you have successfully written a python
list object to a csv file.

Exercise 9
Let’s say we need the data in the csv file in the following format.

1 Name, Location, Age
2 John Doe, Berlin-Germany, 45 years old
3 ...

The following code achieves the same.
1 import csv
2 person_details = [
3 ['John Doe', 'Berlin', 'Germany', 45],
4 ... ] # Shortened for brevity

5 with open('person_details.csv', mode='w') as csv_file:
6 csv_writer = csv.writer(csv_file)
7 csv_writer.writerow(['Name', 'Location', 'Age'])
8 for person in person_details:
9 csv_writer.writerow([

10 person[0], # name
11 __A__, # City - Country (A)
12 person[3] # Age
13 ]
14 )

What is the value of __A__?

f"{person[1]}-{person[2]}"a) person[1]b)

f"{person[2] - person[1]}c) person[2]d)

The writerow function of the csv module is useful if you want to write
sequences of data row into a csv file. If you wish to write sequences of
dict objects into csv, the module offers another function. Let’s take a
look.

Writing a Python Dict to csv file Let’s say we have a list of dictionary
objects, as shown below.

1 >>> persons_info = [{'firstname': 'John',
2 'lastname': 'Doe',
3 'city': 'Berlin',
4 'country': 'Germany',
5 'age': 45},
6 {'firstname': 'Mark',
7 'lastname': 'Waugh',
8 'city': 'London',
9 'country': 'United Kingdom',

10 'age': 34},
11 {'firstname': 'Liu',
12 'lastname': 'Xi',
13 'city': 'Shanghai',
14 'country': 'China',
15 'age': 45},
16 ]
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We can write the dictionary list object to a csv file using the DictWriter

function.
1 >>> from csv import DictWriter
2 >>> with open('persons_info.csv', 'w') as csv_file:
3 ... fieldnames = ['firstname', 'lastname', 'city',

'country', 'age']↪→
4 ... writer = DictWriter(csv_file, fieldnames=fieldnames)
5 ... writer.writeheader()
6 ... for person in persons_info:
7 ... writer.writerow(person)

The DictWriter function accepts file-object and fieldnames as required
parameters. The fieldnames argument is used by the DictWriter to de-
termine the keys and values from the python dictionaries and write the
header row. The above code generates the following csv file.

1 firstname,lastname,city,country,age
2 John,Doe,Berlin,Germany,45
3 Mark,Waugh,London,United Kingdom,34
4 Liu,Xi,Shanghai,China,45

Script 7.7: CSV Generated using Python,
person_info.csv

Exercise 10
We write the following script to generate a csv file.

1 from csv import DictWriter

2 pirates = [{"captain": "Luffy", "name": "Zorro", "group": "Strawhat"}]

3 with open('pirates_info.csv', 'w') as csv_file:
4 fieldnames = ['name', 'captain', 'group']
5 writer = DictWriter(csv_file, fieldnames=fieldnames)

6 writer.writeheader()

7 for pirate in pirates:
8 writer.writerow(pirate)

What’s the order of the items in the generated csv file?

Luffy, Zorro, Strawhata) Strawhat, Zorro, Luffyb)

Zorro, Luffy, Strawhatc) Strawhat, Luffy, Zorrod)

As mentioned before, we use the files in the csv formats primarily to
exchange data between different applications. There is another com-
monly used data exchange format called JSON. Let’s take a look next.

Reading and Writing json

JSON is a data format widely used to exchange data. JSON stands
for JavaScript Object Notation and was inspired by a subset of
JavaScript Programming language.

It has become a language-agnostic or language-independent data
format due to its simplicity. Like files written in csv format, files written
in JSON format are both readable by machines and humans. JSON is a
format that encodes objects in a string.
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Serialization is the process of encoding JSON while decoding data is
called deserialization.

Say have a python dictionary object.

1 {foo: [1, 2, 3], bar: "Hello"}

You can serialize it into a string in the JSON format.

1 '{"foo": [1, 2, 3], "bar": "Hello"}'

This string can be stored or sent anywhere using the internet. The
receiver can then recover the underlying data by deserialization. For
instance, we can decode the above string in JavaScript in the following
way. You can try it out in the browser console.

1 // Try out in your browser console.
2 > JSON.parse('{"foo": [1, 2, 3], "bar": "Hello"}')
3 foo: (3) [1, 2, 3]
4 bar: "Hello"

The python list object becomes the equivalent array object in
JavaScript.

primer: As you can see, the JSON format is quite useful in exchang-
ing data. How does it differ from csv?

fiona: CSV is comma separated while JSON is not

CSV and JSON are both forms of structured data.
The primary difference is that CSV is a flat data format, which means

you only need to know two values, the row number, and column num-
ber, to get any value in the file.

JSON is a hierarchical data format. This means values can be nested
underneath each other. You may need to know some pieces of informa-
tion to get different values in the file.

Python has a built-in module, JSON, which can be used to encoding
and decoding the JSON format. Let’s look into how we can serialize data.

Serialise Data in JSON Python JSON module has functions, shown in
table 7.5, to serialize data in the JSON format.

Function Description

json.dumps(obj) Serialise python object to a JSON formatted str
json.dump(obj, fp) Serialise python object to a file-object fp

Table 7.5: Functions for serializing data
using json module

The JSON encodes the Python objects to the corresponding JSON
objects. By default, Python converts objects using the conversion table
shown in Table 7.6.

primer: You can notice all Python objects are converted to the
corresponding JSON formats of the same object in the above table
7.6. What is the reason that the JSON format has its data types
defined?

fiona: So, it is easier to convert back in other langauges
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Python JSON

dict object
list, tuple array

str string
int, float number
True true
False false
None null

Table 7.6: Conversion from Python
Objects to JSON

You might recall that JSON is a data exchange format. Most pro-
gramming languages have their implementation of lists, dictionaries, and
Boolean.

Therefore, to exchange data between programs written in two or
more languages, it makes sense to convert them to a common data format
(i.e., JSON format) for convenience.

We will start working with the JSON format by converting Python
objects into JSON format. Let’s look into how we can write JSON to a
string.

Writing json to a string using dumps The dumps function lets you encode a
Python object directly into the JSON formatted string.

1 >>> import json
2 >>> a = {"foo": (1, 2, 3, None, True), "bar": "Hello"}
3 >>> json.dumps(a)
4 '{"foo": [1, 2, 3, null, true], "bar": "Hello"}'

We can see that the dumps function converts python objects to the
JSON format’s respective objects in the above code.

For larger JSON string, it is often useful to print with indenting for
better readability. It is a hierarchical data format. Printing with auto-
indenting is called pretty printing because, well, it looks pretty.

Let’s convert to a JSON and pretty-print the JSON.

1 >>> person_details
2 {'name': 'John Doe', 'age': 44, 'family': ['Jane Doe', 'Another Doe',

'Yet Another Doe'], 'preferences': {'color': 'blue', 'music':
'country folk'}}

↪→
↪→

3 >>> print(json.dumps(person_details)) # Without
indenting↪→

4 {"name": "John Doe", "age": 44, "family": ["Jane Doe", "Another Doe",
"Yet Another Doe"], "preferences": {"color": "blue", "music":
"country folk"}}

↪→
↪→

The json.dumps() function takes an optional argument indent and
prints the JSON array elements and object members at the particular
indent.

1 >>> print(json.dumps(person_details, indent=4)) # Pretty print
2 {
3 "name": "John Doe",
4 "age": 44,
5 "family": [
6 "Jane Doe",
7 "Another Doe",
8 "Yet Another Doe"
9 ],

10 "preferences": {
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11 "color": "blue",
12 "music": "country folk"
13 }
14 }

Exercise 11
Take a look at the following code listing.

1 >>> import json
2 >>> gift = __A__(name="RC Car", qty=4)
3 >>> json.dumps(gift)
4 '{"name": "RC Car", "qty": 4}'

What is the value of __A__?

dicta) tupleb)

listc) setd)

We looked at how we can generate JSON-formatted strings. Let’s
look at how we can directly write JSON-formatted strings to a file.

Writing json to a file using dump The dump function from the json module
lets us encode an object as JSON formatted stream to a file-like object
which supports the write operation.

1 >>> import json
2 >>> a = {"foo": (1, 2, 3, None, True), "bar": "Hello"}
3 >>> with open('sample.json', 'w') as writer:
4 ... json.dump(a, writer)

The above results in creating a file sample.json in the same directory
with the following text.

1 { "foo": [1, 2, 3, null, true], "bar": "Hello" }

The dump and dumps function use the same conversion table shown
in table 7.6 to convert Python objects to corresponding JSON format.
They also take additional arguments, which we can see in the Python
documentation1 of the module. 1https://docs.python.org/3/library/json.html

JSON Module

Exercise 12
Let’s say we wish to generate the following json file.

1 {
2 "foo": [1, 2, 3, null, true],
3 "bar": "Hello"
4 }

We have written the following code listing, which generates the above
file.

1 import json
2 sample = {"foo": (1, 2, 3, None, True), "bar": "Hello"}
3 with open('sample2.json', 'w') as writer:
4 json.dump(__A__)

What’s the value of __A__ in the above code sample?
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sample, writer, indent=2a) writer, indent=4, sampleb)

sample2, writer, indent=2c) sample2, writer, indent=2d)

We have seen how to serialize Python objects to JSON data format.
Let’s see how we can deserialize JSON objects to obtain python objects.

Deserialize Data in JSON We can use the functions shown in table 7.7
to deserialize JSON formatted strings or JSON files.

Function Description

json.loads(s) Deserialize string s to a Python object
json.load(fp) Deserialize a file-like object fp to Python object

Table 7.7: Functions for deserializing
JSON formated strings or files.

By default, loads and load use the conversion table shown in table 7.8
to construct Python objects from a JSON formatted file or string.

JSON Python

object dict
array list
string str

number(int) int
number(real) float

true True
false False
null None

Table 7.8: Conversion table from JSON to
Python Object

primer: Compare the deserialization table 7.8 with the serialization
table shown in table 7.6. Do you find anything particularly odd?

fiona: Tuples are converted back in the form of list

When we convert a tuple object into JSON, it is converted into an
equivalent JSON array object. However, when we convert back the
same JSON array into Python, it is converted to a list object instead of a
tuple.

Now, let’s look into deserialization in a bit more detail.

Deserialize objects from a json string using loads We have dumped a
python object to JSON formatted string and load it back using the loads

function.

1 >>> import json
2 >>> b = {"foo" : [(1.25, 2.4, 3/5), False]}
3 >>> c = json.dumps(b) # '{"foo": [[1.25, 2.4, 0.6], false]}'
4 >>> json.loads(c)
5 {'foo': [[1.25, 2.4, 0.6], False]}

The loads function converts a JSON formatted string to a python
object using the JSON-to-Python conversion table shown in table 7.8.

We can note that the loads function converts the array object in JSON
format to the list object instead of the tuple object.
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Exercise 13
What’s the output of the following code?

1 >>> import json
2 >>> a = {"foo": [1/3, 2/3, 3/3]}
3 >>> b = json.dumps(a)
4 >>> c = json.loads(b)
5 >>> c == a

Truea) Falseb)

We have learned to deserializing objects from a JSON-formatted
string. Let’s look into how to deserialize objects from the json file.

Deserialize objects from a json file using load We can also deserialize
python objects directly from a JSON file using the load function. To
illustrate, let’s create and store a JSON file.

1 >>> import json
2 >>> person_details
3 {'name': 'John Doe', 'age': 44, 'family': ['Jane Doe', 'Another Doe',

'Yet Another Doe'], 'preferences': {'color': 'blue', 'music':
'country folk'}}

↪→
↪→

4 >>> with open('person_details.json', 'w') as writer:
5 ... json.dump(person_details, writer)
6 ...

The json.dump() function serialize python objects into the file person_details.json.
Now, let’s load it back and print on the screen using the json.load()

function.

1 >>> import json
2 >>> with open('person_details.json') as reader:
3 ... loaded = json.load(reader)
4 >>> loaded
5 {'name': 'John Doe', 'age': 44, 'family': ['Jane Doe', 'Another Doe',

'Yet Another Doe'], 'preferences': {'color': 'blue', 'music':
'country folk'}}

↪→
↪→

We are deserializing python objects from JSON formatted file and
naming it loaded to access it later in the above code listing. As you can
see, this can be useful in many scenarios.

There are additional features of the JSON module that can read on
the official python documentation.

In this section, we covered how to write and read files using Python.
Next, let’s look into how to work with files and directories in Python.

Notes
a. It is in your best interest to always ensure that your code behaves in a well-

defined way while trying to reduce unwanted behavior.
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Working with Files and Directories
primer: In this topic, we will look into working with files and

directories using Python. Can you think of various operations that
we can perform on files and directories?

fiona: We can delete, rename, create and move files and folders

There are several operations that we perform on files and directories.
However, in this topic, we will learn in detail only a few operations.

The following is a list of useful functionalities related to the files and
directories that we can perform using Python.

1. Getting the current working directory

2. Listing contents of a directory

3. Creating new directories

4. Deleting Files and Directories

5. Copying, Moving and Renaming Files and Directories

primer: We start looking into how we can achieve each one of
them using Python. Before we do, can you define what a directory
is?

fiona: Directory is a folder which contains other files

Simply put, a directory is a file that acts as a folder for other files and
can also contain other directories.

If you run the Python Interpreter in a directory, that directory is
referred to as current working directory (cwd) of Python.

Let’s look at how we can get the current working directory in Python.

Getting Current Working Directory

We can obtain the current working directory using the getcwd() function
from the os module.

1 >>> import os
2 >>> os.getcwd()
3 '/home/primer' # Ouput on Unix based OS

The getcwd() function returns a string representing the current work-
ing directory. The result will be different for you, depending on your
underlying operating system. The file system in a windows varies from
that of a UNIX based operating system. Operating systems such as
Ubuntu, Arch, Debian, and even Mac OS are UNIX-based operating
systems.

Windows-based OS stores store files in folders in different data drive
such as C:, D: or E:. Unix-based OS is ordered in a tree structure, starting
with the root directory denoted by /.

The UNIX based OSes use forward slash to separate / directories
while windows use backward slash \. Linux creates the Home di-
rectory at /<name> while for windows, it is usually C:\Documents and

Settings\<name>.
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Exercise 14
Take the following code listing. What’s the output of the last statement?

1 >>> import os
2 >>> os.getcwd()
3 '/home/primer'
4 >>> len(getcwd().split('/'))

3a) 2b)

1c) Raises NameErrord)

I hope you got some idea about the different file-systems in differ-
ent families of OSs. Next, let’s look into how to list the content of a
directory.

Listing contents of a Directory
We will be working from a directory, my_directory, which has the fol-
lowing contents in it.

my_directory/

my_world/

details.json

expenses/

weekly_expenses.csv

months_expenses.csv

automating_boring_work.py

Create an empty folder named my_directory and create some files and
folders, as shown in the above structure. Start an interpreter inside the
folder my_directory.

1 >>> import os
2 >>> os.getcwd()
3 '/home/primer/my_directory' # On Unix-based

The rest of the topic will assume that you are working on Python
Interpreter out of this particular directory.

To list out contents of the current directory, we can use the following
two functions:

• os.listdir(path='.')

• os.scandir(path='.')

Let’s look at each of the functions starting with os.listdir()

Listing directory using os.listdir() To get the list of files and folders in
the current working directory, we can use the os.listdir() function by
supplying it with a path string. The os.listdir() returns a list containing
entries in the directory given by the path argument.

1 >>> import os
2 >>> current_directory = os.getcwd() #

'/home/primer/my_directory'↪→
3 >>> os.listdir(current_directory)
4 ['automating_boring_work.py', 'my_world', 'expenses']
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The os.listdir() has default argument path=".".
The operating system uses the . character to refer to the current di-

rectory. At the same time, we can use the .. characters to refer to the
parent directory of the current directory.

If we call os.listdir() without any arguments, we will get the same
result as above.

1 >>> import os
2 >>> os.listdir() # Same as os.listdir('.')
3 ['automating_boring_work.py', 'my_world', 'expenses']

Exercise 15

What will be the output of the following code listing?

1 >>> import os
2 >>> os.listdir('.')
3 '/home/primer/my_directory'
4 >>> os.listdir('..')

Will show entries in the folder primera)

Will show entries inside the folder my_directoryb)

Will show entries inside the folder homec)

Will raise an errord)

As I mentioned previously, .. is used to go back to the parent directory.
Now that we can list entries in a directory, there are two main ways to

list entries of directories present outside or inside the current directory.
Let’s take a look.

Suppose we want to access the my_world directory.

• Absolute Path The directory is referenced starting from the root
folder such '/home/primer/my_directory/my_world'

• Relative Path We can reference the file starting from its relative
position to the current directory ./my\_world. We can even omit
the . that reference to it only as ./my\_world as the directory is a
subdirectory of the current directory.

Let’s see if both of these give the same result.

1 >>> import os
2 >>> os.listdir('/home/primer/my_directory/my_world') # Absolute Path
3 ['details.json']
4 >>> os.listdir('./my_world') # Relative Path #1
5 ['details.json']
6 >>> os.listdir('my_world') # Relative Path #2
7 ['details.json']

We can see that both absolute and relative paths provide the same
output.
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Exercise 16

What’s the output of the following code?

1 >>> import os
2 >>> os.getcwd()
3 '/home/primer/my_directory'
4 >>> os.listdir(os.getcwd() + '/' + 'expenses')

['months_expenses.csv',

'weekly_expenses.csv']

a) ['months_expenses.csv']b)

['details.json']c) Raises Errord)

Another function that also allows us to list our directories is the
scandir from the os module. Let’s take a look.

Listing directory using os.scandir() The os.listdir() returns a list of
items that can be slow for many operations. A new function os.scandir()

was introduced Python 3.5 onwards, which returns an iterator instead of a
list.

For instance,

1 >>> import os
2 >>> os.scandir() # Current Directory
3 <posix.ScandirIterator object at 0x7ff2ce925bd0> # Iterator

The os.listdir() functions simply returns the list of entries while
os.scandir() returns attributes of the entries as well. The scandir iterator
returns the os.DirEntry object for each file or directory entry, which
provides information about the entry.

Earlier, we used the open() function with the with statement and
mentioned that the with statement automatically closes the files
after use. This is because the function open() supports context
manager protocol. When an iterator supports the context manager
protocol, the iterator automatically frees up the handled resources
when the iterator is exhausted.

The os.scandir() supports context manager protocol and therefore
can be used using with statement. We will learn more about in context
manager protocol in later courses.

Let’s take a look at the os.DirEntry objects.

1 >>> import os
2 >>> for entry in os.scandir():
3 ... print(entry)
4 <DirEntry 'automating_boring_work.py'> # DirEntry Object
5 <DirEntry 'my_world'>
6 <DirEntry 'expenses'>

The attributes and methods of os.DirEntry is shown in table 7.9
which are useful for additional information about the entries.

Let’s list the names of all the files and folders present in the current
directory and their type.
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Methods and Attributes Description

name The entry’s base filename, relative to scandir path argument.
path The entry’s full path name

is_dir() Return True if this entry is a directory
is_file() Return True if this entry is a file

Table 7.9: Methods and attributes of
os.DirEntry object

1 >>> with os.scandir() as entries: # with statement can be used
2 ... for entry in entries:
3 ... print(f"Entry Name: {entry.name}") # Print entry name
4 ... print(f"Entry Path: {entry.path}") # Print path of the entrie
5 ... print("Entry Type: {}".format("File" if entry.is_file() else "Directory")) # Print whether file
6 ... print("{}".format("="*30)) # Divider
7 Entry Name: automating_boring_work.py
8 Entry Path: ./automating_boring_work.py
9 Entry Type: File

10 ==============================
11 Entry Name: my_world
12 Entry Path: ./my_world
13 Entry Type: Directory
14 ==============================
15 Entry Name: expenses
16 Entry Path: ./expenses
17 Entry Type: Directory
18 ==============================

The entry.path depends on the path argument provided to scandir()

function. If we pass the current directory’s absolute path, we will get the
absolute path of each entry as well.

1 >>> with os.scandir('/home/primer/my_directory') as entries:
2 ... for entry in entries:
3 ... print(f'Entry Absolute Path: {entry.path}')
4 Entry Absolute Path:

/home/primer/my_directory/automating_boring_work.py↪→
5 Entry Absolute Path: /home/primer/my_directory/my_world
6 Entry Absolute Path: /home/primer/my_directory/expenses

As you can see, using a scandir is a better choice when working with
Python’s files and directories.

Exercise 17
What’s the output of the following:

1 >>> import os
2 >>> os.getcwd()
3 '/home/primer/my_directory'
4 >>> with os.scandir() as entries:
5 ... [entry.name for entry in entries if entry.is_dir() ]

['my_world', 'expenses']a) ['automating_boring_work.py',

'my_world', 'expenses']

b)

['automating_boring_work.py']c) []d)

Listing all files and sub-directories Earlier, we represented the tree-
structure of our folder with all of its sub-directories listed out. We can
replicate the same using scandir(). Let’s create a function that lists out
the files and sub-directory of a given folder.
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We will name our function list_all(), which takes two arguments,
path and indent.

1 >>> def list_all(path=".", indent=0):
2 with os.scandir(path) as entries:
3 for entry in entries:
4 if entry.is_dir():
5 # Directory
6 print("{}+ {}".format("\t"*indent, entry.name))
7 # Recursion
8 list_all(path=entry.path, indent=indent + 1)
9 else:

10 # File
11 print("{}- {}".format("\t"*indent ,entry.name))

When we call the function list_all for the current directory, it gives
the following result.

1 >>> list_all()
2 - automating_boring_work.py
3 + my_world
4 - details.json
5 + expenses
6 - weekly_expenses.csv
7 - months_expenses.csv

primer: I would like you to write in your words what the function
list_all() is doing under the hood?

fiona: I am not sure Primer

In the list_all function, we use recursion to get files and directories
of each directory. We represent the files using - while representing the
directories using the + symbol.

We wrote a custom function, list_all(), to get all the files and direc-
tories entries in a given folder. Python provides a function os.walk() that
we can use to check out the files and directories. Let’s take a look.

Walking through Directories
The function os.walk(top) returns an iterator that returns entries names
in the path top by walking the file tree.

Each directory in the tree rooted at directory path top, including top

itself, yields a 3-tuple object consisting of (dirpath, dirnames, filenames).
The os.walk(top, topdown=True) accepts an optional argument topdown

whose value is True by default.
If the optional argument is not specified or True, the 3-tuple is gen-

erated for a directory top is specified before it’s sub-directories. Python
generates the directories in a top-down approach.

Let’s check out an example.

1 >>> import os
2 >>> for dirpath, dirnames, filenames in os.walk('.'):
3 ... # Top-down
4 ... print(dirpath,dirnames, filenames)
5 . ['my_world', 'expenses'] ['automating_boring_work.py']
6 ./my_world [] ['details.json'] # Entries in the './my_world'
7 ./expenses [] ['weekly_expenses.csv', 'months_expenses.csv']

In the above code, we can see that the above code returns the list
of files filenames and directory dirnames in directory path dirpath. It
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starts with the path provided, which is the current directory in the above
code (.). It then goes to respective folders and gets the list of files and
directories.

If the topdown argument is False, the 3-tuple object for the directory
top is generated after the 3-tuple object for all of its subdirectories have
been created. This is the bottom-up approach. Let’s take a look.

1 >>> import os
2 >>> for dirpath, dirnames, filenames in os.walk('.', topdown=False): # Bottom-up
3 ... print(dirpath,dirnames, filenames)
4 ./my_world [] ['details.json']
5 ./expenses [] ['weekly_expenses.csv', 'months_expenses.csv']
6 . ['my_world', 'expenses'] ['automating_boring_work.py']
7 # Root directory is listed at last

primer: Can you write the differences between the bottom-up and
topdown approach as you have understood so far?

fiona: Well, the topdown, the root directory is listed out first while in the bottom-
down the constituents directories are listed out earlier.

Let’s look into how we can create directories using Python.

Making Directories

At some point, you would want to create directories using Python. The
os module provides two functions that can help you create directories
which is shown in table 7.10.

Function Description

os.mkdir() Create a single directory
os.makedirs() Create multiple directories

Table 7.10: Functions for creating direc-
tories

Let’s look into how it works.

Creating a directory using mkdir The os.mkdir(path) accepts a path argu-
ment and creates a directory in the path. If the directory already exists,
Python raises the FileExistsError exception.

1 >>> import os
2 >>> os.mkdir('my_new_dir') # Directory Created
3 >>> os.mkdir('my_new_dir') # Raises Exception
4 Traceback (most recent call last):
5 File "<stdin>", line 1, in <module>
6 FileExistsError: [Errno 17] File exists: 'my_new_dir'

You can use loops to create multiple directories.
Let’s create ten new directories within our newly created my_new_dir

directory.

1 >>> for num in range(10):
2 ... os.mkdir('my_new_dir/dir_{}'.format(num))

If you check in the my_new_dir directory, you will find ten directories
with names ranging from dir_0 to dir_9.

The above code requires that the directory my_new_dir exists before it
can create other directories.
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Exercise 18

What is the output of the following?

1 >>> import os
2 >>> os.listdir()
3 ['automating_boring_work.py', 'my_world', 'expenses']
4 >>> os.mkdir('2020/April/10/1200-1300')

Creates successfullya) Raises FileNotFoundErrorb)

Raises FileExistsErrorc) Raises SyntaxErrord)

For many endeavors, you want to create intermediate-level directories
using a single command.

We can do so using os.makedirs. Let’s look into that function next.

Creating directories using makedirs Let’s say you want to create directories
with the following structure.

2020/

April/

10/

1200-1300/

We can do this using the os.makedirs(name, exist_ok=False).

1 >>> import os
2 >>> os.makedirs('2020/April/10/1200-1300')
3 >>> os.makedirs('2020/April/10/1200-1300') # Will raise

FileExistsError↪→

You can check in the current directory that Python has created the
tree-level directories shown above. If you call the makedirs function
again with the same set of arguments, it will raise the FileExistsError

exception.
If you want to override the exception, the function makedirs accepts

exist_ok, which is by default False.

1 >>> import os
2 >>> os.makedirs('2020/April/10/1200-1300', exist_ok=True) # Won't raise Exception

The makedirs is useful when you want to create intermediate folders
such as we created above.

primer: Can you think of the main difference between the
makedirs and mkdir function of the os module?

fiona: Makedirs() lets us create intermediate folders

I guess we have learned how to create directories using Python. For
the next trick, let’s learn how to delete files and directories using Python.

Deleting Files and Directories

To delete files and directories, Python provides a lot of built-in functions.
Let’s start with deleting a single file using Python.
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Function Description

os.remove(path) Removes the file path
os.unlink(path) Remove the file path

Table 7.11: Functions for deleting a single
file

Deleting Single Files To delete single files, Python provides two identical
functions in the os module which is shown in table 7.11.

Both remove(path) and unlink(path) are semantically identical func-
tions meaning they have the same functionality. We can use the unlink

command to remove files on the Unix-like operating system, hence the
name.

Let’s create two blank empty files and then remove them using
Python.

1 >>> with open('blank_1.txt', 'w') as file1, open('blank_2.txt', 'w') as file2:
2 ... pass

The above code creates two empty files, blank_1.txt and blank_2.txt

in the current directory. Now, let’s remove these files.

1 >>> import os
2 >>> os.remove('blank_1.txt') # Removes file
3 >>> os.unlink('blank_2.txt') # Removes file

If you successfully execute the code above, Python would have suc-
cessfully removed the files.

Suppose you try to pass a file-path that doesn’t exist or is a directory.
In that case, the above two functions will raise FileNotFoundError or
IsADirectoryError, respectively. Therefore, while removing files, we need
to ensure that:

1. the path exists

2. the path is not a directory

We can check both of these functions using the path sub-module of
the os module. The path module has some interesting functions, some of
which we can see in the table 7.12.

Function Description

os.path.exists(path) Return True if path refers to an existing path
os.path.isfile(path) Return True if path refers to an file, False if doesn’t exists or is not a file
os.path.isdir(path) Return True if path refers to a directory
os.path.abspath(path) Returns the absolute version of path
os.path.relpath(path,
start=os.curdir)

Returns the relative file path either from current directory or optional start directory

Table 7.12: Functions in the path sub-
module

The functions exists() and isfile() in the os.path module is useful
while deleting a given file. Usually, we should check if the path exists
using the function isfile as it checks both if a path exists and is a file.

1 import os
2 file_path = "some_file"
3 if os.path.isfile(file_path):
4 os.remove(file_path)
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The FileNotFoundError , IsADirectoryError can be caught using OSError

exception. We can use the try-except block to handle any errors resulting
from remove operation safely.

1 import os
2 file_path = 'some_file'
3 try:
4 os.remove(file_path)
5 except OSError as e:
6 print(f'Error while removing {dir_path} : {e.strerror}')

Exercise 19
What is the output of the code below?

1 >>> import os
2 >>> os.listdir() # Same directory as earlier
3 [ 'automating_boring_work.py', 'my_world', 'expenses',]
4 >>> for file in os.listdir():
5 if os.path.isfile(file):
6 os.remove(file)
7 >>> len(os.listdir())

2a) 3b)

4c) 0d)

There is a difference between deleting empty directories and directo-
ries having files in them. Let’s check how to remove empty directories in
the next section.

Deleting Empty Directories To delete empty directories, we can use the
function os.rmdir(path). When the path argument to the rmdir() function
doesn’t exist or is not empty, FileNotFoundError or OSError exception is
raised, respectively.

We can use the following code to safely remove a directory by han-
dling errors in an except block using OSError exceptions.

1 import os
2 dir_path = "some_directory"
3 try:
4 os.rmdir(dir_path)
5 except OSError as e:
6 print(f'Error while removing {dir_path} : {e.strerror}')

When you try to remove a non-empty directory some_directory, the
above program throws the following message:

1 Error while removing some_directory: No such file or directory

Exercise 20
Below is a code for removing all the empty directories inside the current
working directory.

1 # DON'T EXECUTE THIS CODE
2 # YOU MIGHT END UP DELETING IMPORTANT
3 # AND THEN MAIL ME SAYING I CAUSED IT :(

4 import os
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5 for dirpath, dirnames, filenames in os.walk('.'):
6 for dirname in dirnames:
7 try:
8 os.rmdir(__A__) # What's A?
9 print(f'Removed empty dir: {__A__}')

10 except OSError as e:
11 print(f'Error while removing {__A__} : {e.strerror}')

What is the value of A?

dirnamea) dirpathb)

filenamesc) dirnamesd)

We checked out how to delete empty directories. Now, let’s look into
how to delete non-empty directories in the next section.

Deleting Non-Empty Directories Python has a built-in shutil module,
which contains several functions relating to file collections. To delete the
non-empty directories, you can use the rmtree() function in the built-in
module shutil.

Let’s create some empty files in a folder.

1 >>> import os
2 >>> os.mkdir('test_dir')
3 >>> for tempfile in ["test_dir/file_{}.txt".format(num) for num in

range(10)]:↪→
4 ... with open(tempfile, 'w') as writer:
5 ... pass

The above code will create a director test_dir and populate it with
some empty files. We can delete the folder test_dir in the following way:

1 >>> import shutil
2 >>> shutil.rmtree('test_dir') # Folder is deleted

Python deletes the folder test_dir and its contents when the shutil.rmtree()

function is invoked. We use the shutil.rmtree to delete directories,
empty or otherwise.

The shutil module also offers other functions that we can use to
copy, move, and rename files and directories. We will look into that in
the next section.

Copying, Moving and Renaming Files and Directories
Often, we need to copy, move, and rename a set of files and folders. The
shutil module provides functions for doing that, and I have listed them
in the table 7.13:

Let’s look into each of the functions starting with copying files.

Copying Files The shutil module provides two functions to copy files
and directories: copy and copy2. The copy2() function is identical to copy()

except it also attempts to preserve file metadata such creation date or last
modified date.

Let’s create two folders dir_1 and dir_2 and create an empty file
test.txt in dir_1 directory.
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Function Description

shutil.copy(src, dst) Copies the file src to the file or directory dst.
shutil.copy2(src, dst) Identical to copy() except also attempts to preserve file metadata
shutil.copytree(src, dst) Recursively copy an entire directory tree rooted at src to a directory named dst and return the destination

directory
shutil.move(src, dst) Recursively move a file or directory src to another location dst and return the destination directory
shutil.rename(src, dst) Rename the file or directory src to dst

Table 7.13: Functions for copying,
moving and renaming

1 >>> import os
2 >>> os.mkdir('dir_1'); os.mkdir('dir_2')
3 >>> with open('dir_1/test.txt', 'w') as writer: # Create a file
4 ... writer.write('Hello World')

We can copy the fiile test.txt in the dir_1 using either shutil.copy()

or shutil.copy2().

1 >>> import shutil
2 >>> shutil.copy2('dir_1/test.txt', 'dir_2/test_copy.txt') # same as `shutil.copy`
3 'dir_2/test_copy.txt' # Returns path to newly created file

After running the above code, you can check that the directory dir_2

to find a newly created file, test_copy.txt. In the shutil.copy(src, dst)

function, the argument src should be a file path while dst can be file
path or directory.

If you put the dst argument as a directory, the name of the newly
created file will be taken from the base filename of the src file path.

1 >>> import shutil
2 >>> shutil.copy2('dir_1/test.txt', '.') # dst is current directory
3 './test.txt' # file is copied to current directory.

In the above code, we provided the argument dst to be the current
directory (.); therefore, we copied the file in the current directory. Now
let’s look into how to copy directories. Let’s do an exercise.

Exercise 21
Take a look at the code below.

1 >>> import shutil, os
2 >>> os.makedirs('dir1/dir2/dir3')
3 >>> with open('dir1/text1.py', 'w') as writer:
4 writer.write('print("Hello World")')
5 >>> shutil.copy2(__A__, __B__) # What's A and B?
6 'dir1/dir2/dir3/text1.py'

What are __A__ and __B__?

A: 'dir1/text1.py', B: 'dir1/dir2/dir3'a)

A: 'dir1/text1.py', B: 'dir1/dir2/dir3/text1_copy.py'b)

A: 'dir1/dir2/dir3/text1.py', B: 'dir1/text1.py'c)

A: 'dir1/dir2/dir3', B: 'dir1/text1.py'd)

We can also copy and move files directories using Python. Python’s
shutil provides a copytree() function to do that. Let’s take a look.



378 python-i

Copying Directories The shutil.copytree(src, dst) function copies an
entire directory along with its content rooted at path src to a directory
specified by path dst. Earlier in the previous exercise, we created the
directory dir_1 with a file test.txt. Let’s copy the entire directory to a
new directory, dir_3.

1 >>> import shutil
2 >>> shutil.copytree('dir_1', 'dir_3')
3 'dir_3' # Directory copied

The shutil.copytree(src, dst) function creates a new directory at dst
if the directory doesn’t exist. If a directory exists at path dst, Python will
raise FileExistsError.

Moving Files and Directories The shutil.move(src, dst) moves a file or
directory at src to another file path specified by dst and returns the path
to the newly moved file. If the destination dst is an existing directory,
then src is moved inside that directory.

Let’s move the entire directory dir_1 inside a dirs folder.

1 >>> import shutil
2 >>> shutil.move('dir_1', 'dirs/dir_1') # if `dirs` directory doesn't

exist↪→
3 'dirs/dir_1'

You can check using the files and directories that the directory dir_1

no longer exists and has been successfully moved to the dirs directory.
Suppose the destination is in the same directory as that of the source

file or directory. In that case, Python uses os.rename() to rename files and
folders. Otherwise, Python copies files and directories from src to dst,
and then Python removes them.

Let’s look into renaming files and directories in the next section.

Rename Files and Directories The function os.rename(src, dst) can be
used to rename files and folders. Let’s create a directory with some tem-
porary files.

1 >>> import os
2 >>> os.mkdir('logs')
3 >>> for tempfile in [f'logs/LoG_{num}.txt' for num in range(10)]:
4 ... with open(tempfile) as writer:
5 ... pass
6 >>> os.listdir('logs')
7 ['LoG_3.txt', 'LoG_1.txt', 'LoG_8.txt', 'LoG_4.txt', 'LoG_0.txt',

'LoG_5.txt', 'LoG_9.txt', 'LoG_6.txt', 'LoG_7.txt', 'LoG_2.txt']↪→

This spelling LoG_x almost hurts the eyes. We need to rename all the
LoG_x format files to log_x. Let’s rename each file using os.rename(src,

path)

1 >>> with os.scandir('logs') as entries:
2 for entry in entries:
3 os.rename(entry.path, entry.path.replace('LoG', 'log'))
4 >>> os.listdir('logs')
5 >>> os.listdir('logs')
6 ['log_2.txt', 'log_9.txt', 'log_5.txt', 'log_0.txt', 'log_1.txt',

'log_8.txt', 'log_7.txt', 'log_4.txt', 'log_3.txt', 'log_6.txt']↪→
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That looks much better.
We have finally completed basic operations related to files and direc-

tories using Python. In the next section, we will look into working with
modules and creating modules & packages in Python.

Modules & Packages

So far, we have been importing standard built-in modules. We can write
a custom module too.

primer: Before we look into how we can create our modules, user,
would you like to define a module?

fiona: A python file containing definitions is called a module

If you write definitions in a file, you can use them in the interactive
interpreter or another script by importing them. Such a file is called a
module. The name of the file is the module name with the suffix .py.

Let’s create a module and add some definitions to it.
We will create a cases module that will define functions that can

convert strings to different case styles shown in the table 7.14.

Case Name Example Description

Snake Case snake_case Punctuation is removed, and spaces are replaced by single underscore _, and words are lowercased.
Camel Case CamelCase Spaces and Punctuation are removed, and the first letter of each word is capitalized.
Kebab Case kebab-case Punctuation is removed, and spaces are replaced by a single hyphen - and words are lowercased.

Table 7.14: Functions for our custom
cases moduleLet’s write functions to convert a given string to different cases and

save it in a cases file as shown in script 7.8. This file is a module that we
can import using the import keyword followed by the filename cases.

primer: We wrote the functions for converting the case of strings to
camel case, kebab case, and the snake case. Can you write how the
camel_case function works in your words?

fiona: Not really

In the came_case(), we use a list comprehension to generate a list of
words to provide to the str.join() method.

To import our newly created module cases, we will have to start a
Python interpreter in the same directory. Then we can directly import
our module cases.

The code below uses the function snake_case() from our newly cre-
ated module cases.

1 >>> import cases
2 >>> string = "The quick brown fox jumps over the lazy dog"
3 >>> cases.snake_case(string)
4 'the_quick_brown_fox_jumps_over_the_lazy_dog' # Snake Case
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1 def snake_case(str, sep=" "):
2 """
3 Converts a given string to snake_case

4 Parameters:
5 str -- Required string to convert to snake case
6 sep -- Optional delimiter for the passed string; defaults to " "
7 """

8 return "_".join([x.lower() for x in str.strip().split(sep)])

9 def kebab_case(str, sep=" "):
10 """
11 Converts a given string to kebab_case

12 Parameters:
13 str -- Required string to convert to kebab case
14 sep -- Optional delimiter for the passed string; defaults to " "
15 """

16 return "-".join([x.lower() for x in str.strip().split(sep)])

17 def camel_case(str, sep=" "):
18 """
19 Converts a given string to camelCase

20 Parameters:
21 str -- Required string to convert to camel case
22 sep -- Optional delimiter for the passed string; defaults to " "
23 """

24 return "".join([x.lower() if not index else x.capitalize()
25 for index, x in enumerate(str.strip().split(sep)) ])

Script 7.8: Script containing functions to
convert to different cases, cases.py
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We can also directly import functions from the module cases using
the from keyword.

1 >>> from cases import kebab_case, camel_case
2 >>> string = "The quick brown fox jumps over the lazy dog"
3 >>> kebab_case(string)
4 'the-quick-brown-fox-jumps-over-the-lazy-dog'
5 >>> camel_case(kebab_case(string), sep="-")
6 'theQuickBrownFoxJumpsOverTheLazyDog'

As you can see, we can import definitions from the module we de-
fined earlier and used it.

primer: Suppose you were to create a module and import it into a
Python interpreter. How would you proceed?

fiona: Create the file and start interpreter in the same directory

As you might have guessed, we can simply create a module_name.py and
start the interpreter in the same directory to access the module. There
are certain other directories as well, where you can store your modules,
and you will be able to import them in Python.

In the next section, let’s understand how Python imports modules.

Module Search

We imported the module, cases using the import statement.

1 >>> import cases

When the interpreter executes the import foo statement,

• it first searches for a built-in module with the name foo.

• If no such built-in module exists, the interpreter searches for a file
named foo.py in a list of directories given by the sys.path.

Let’s have a look at the list of the directories provided by sys.path.

1 >>> import sys
2 >>> sys.path # The output might be different for you
3 ['', '/usr/lib/python38.zip', '/usr/lib/python3.8',

'/usr/lib/python3.8/lib-dynload',
'/usr/local/lib/python3.8/dist-packages',
'/usr/lib/python3/dist-packages']

↪→
↪→
↪→

The directories are given by sys.path is initialized from:

• the directory containing the input script or the current directory
when using the interpreter

• The list of directories given by the environment variable: PYTHONPATH

• The installation-dependent directory configured at the time of
installation

To ensure that Python is able to import your defined module, you
should put it in the directories listed above.
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Exercise 22

Let’s say you created a script called math.py with the following content.

1 pi = "I am pi, the irrational number"

You started an interpreter in the same directory as that of math.py and
wrote the following code.

1 >>> from math import pi
2 >>> pi

What’s the output of the code above?

3.141592653589793a) 'I am pi, the irrational

number'

b)

Raises NameErrorc) Raises ValueErrord)

Python first looks for the module in the built-in directory and finds
the standard math module. Therefore, it imports the standard module
instead of our custom math.py module.

Next, let’s look more at importing definitions.

Importing Definitions

The cases module had three function definitions. A module can contain
other definitions of objects and expressions, and its content is made
available with the import statement. We can import the content in several
ways and use the definitions in several ways.

Importing Modules We can import the module name foo and then access
the definition bar by dot notation.

1 >>> import cases
2 >>> cases.snake_case() # Accessing Definition using dot-notation
3 >>> cases
4 <module 'cases' from '/home/primer/Python-I/cases.py'>

We can import several modules using an import statement and separat-
ing them with a comma.

1 >>> import foo, bar, foobar

Importing Modules with a different name We can import modules with a
different name using the as keyword in the import statement.

1 >>> import cases as c
2 >>> c
3 <module 'cases' from '/home/primer/Python-I/cases.py'>
4 >>> c.snake_case("Hello World")
5 'hello_world'

In the above instance, we are naming the cases module as c. In this
case, Python doesn’t add the name cases to the current namespace. The
imported module has attributes _name__ and _file__, which gives the
module’s name and path, respectively.
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1 >>> import cases as c
2 >>> c.__name__
3 'cases'
4 >>> c.__file__
5 '/home/primer/Python-I/cases.py'

primer: Can you think of any particular advantage of importing
modules with a different name?

fiona: Makes it less verbose to type it out. For instance, while creat-
ing decimal objects

By importing modules with a different name, we can avoid name-
collisions with other functions with a similar name. Other advantages
include for convenience purposes such as from decimal import Decimal as

D, we looked in Chapter 2. Let’s look at how to import definitions from
modules directly.

Importing definitions from modules directly We can also import the mod-
ule’s definitions directly using the from keyword in the import statement.

1 >>> from cases import snake_case, camel_case, kebab_case

In this case, the function definitions imported are directly available as
callable in the current namespace.

1 >>> kebab_case("Hello World")
2 'hello-world'

Importing every definition from modules We can use the wild card operator
* to import every definition. We can rewrite the above import statement
as follows.

1 >>> from cases import * # Import everything

The wild card operator * imports all names present in the module
apart from those beginning with an underscore (_).

primer: You really shouldn’t import every definition using * in your
program. Can you think of a particular reason why?

fiona: To avoid name-collision with existing names

When you import modules and all their definitions, you overwrite
any pre-existing with the same name. Importing every definition also
limits the names you can assign to new objects.

We don’t recommend importing * from the module as it leads to
poor code readability. Although you can use it in the interactive
interpreter.

primer: Can you guess the function used to check the list of the
definition of a module?

fiona: Using the dir() function
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List of definitions in a module using dir function Earlier, we used the dir()

function to check the name-space. This dir() function also returns all
the properties and methods, even built-in properties, which are the
default for an object.

When used on module objects, it returns the list of definitions as well
as other attributes. Let’s take a look.

1 >>> import cases
2 >>> dir(cases)
3 ['__builtins__', '__cached__', '__doc__', '__file__', '__loader__',

'__name__', '__package__', '__spec__', 'camel_case', 'kebab_case',
'snake_case']

↪→
↪→

The names starting with _ double underscores are special or dunder
methods of a module. We can also see that the three functions that can
be accessed using the module are camel_case, kebab_case, and snake_case.

Reloading the module While keeping the interactive interpreter running,
let’s add another function, say meow_case() to our cases.py and save it.
cases.py

1 ...
2 def meow_case(str):
3 return 'Meow'

Now, let’s re-import the cases module.

1 ... # Continued from previous session
2 >>> import cases # Re-import cases
3 >>> cases.meow_case('Hello World')
4 Traceback (most recent call last):
5 File "<stdin>", line 1, in <module>
6 AttributeError: module 'cases' has no attribute 'meow_case'

For reasons of efficiency, a module is only loaded once per interpreter
session. Suppose you make any changes to the cases.py file and check
in the interactive interpreter. In that case, you will need to reload the
module or restart the interpreter. To reload the module, use a function
called reload() from module importlib.

1 >>> import cases, importlib
2 >>> importlib.reload(cases) # reload the cases module
3 <module 'cases' from '/home/primer/Python-I/cases.py'>
4 >>> cases.meow_case('Hello World')
5 'Meow'

The reload() function takes only a module object. Therefore, reload-
ing a function whose definition has been changed but has been imported
directly cannot work.

1 >>> from cases import camel_case
2 >>> importib.reload(camel_case) # Reloading imported function will not work
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 File "/usr/lib/python3.8/importlib/__init__.py", line 140, in reload
6 raise TypeError("reload() argument must be a module")
7 TypeError: reload() argument must be a module
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Executing Modules as Scripts
primer: so far, we have been importing definitions from the cases

module. What do you think happens when you execute the cases
module directly as a script?

fiona: It won’t run

When we can execute the cases module as the script, nothing happens
as the cases.py module has only function definitions.

1 > python3 cases.py # Nothing happens

There is a difference between executing the module as a script and
importing it as another file.

To understand the difference, let us create a script greeter.py.

1 def greet(name="World"):
2 print(f"Hello {name}")

Script 7.9: Script containing greet()
function , greeter.py

Let’s execute the greeter.py file as a script.
1 > python greeter.py # Nothing happens

Let’s import the greeter in the interactive interpreter.
1 # Changing the name of the imported module
2 >>> import greeter as G
3 >>> G.__name__
4 'greeter' # Original module name

When we execute a Python script, it runs it as __main__ irrespective of
its filename. The file’s name is always accessible in the module using the
__name__.

Therefore, we can use __name__ == "__main__" condition in an if state-
ment to check if the module is being run in the script mode.

Earlier, we saw that we could access the command-line arguments
using the sys.argv module. Let’s rewrite the greeter module to add some
more functionality while executing in the script mode.

1 import sys
2 def greet(name="World"):
3 print(f"Hello {name}")

4 if __name__ == "__main__":
5 try:
6 greet(sys.argv[1])

7 except IndexError:
8 # Exception Handling when no command arguments
9 greet()

Script 7.10: Script containing greet()
function modified , greeter.py

Statements inside the if block will only execute if you execute the
module in the script mode. Let’s execute the greeter as a script.

1 > python3 greeter.py
2 Hello World

Now that our greeter module accepts command line arguments. Let’s
try some out.
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1 > python3 greeter.py
2 Hello World
3 > python3 greeter.py there
4 Hello there
5 > python3 greeter.py "there. What is up?"
6 Hello there. What is up?

Exercise 23

Take a look at the script below.

1 import sys

2 def read_file(filename):
3 with open(f'{filename}') as reader:
4 return " ".join(reader.readlines())

5 if __name__ == "__main__":
6 try:
7 print(read_file(sys.argv[1]))
8 except:
9 print("Please enter a valid filename")

What does the above Python script do?

Reads the file name and outputs the number of characters in ita)

Reads the file given as argument and prints out the contentb)

Reads the file and outputs the number of words in itc)

Reads the file and outputs the number of characters in it.d)

We can also access the standard modules can from the command line.
To execute standard modules, we need to use the -m flag, followed by the
module name.

Earlier, we used the tokenize module to get the tokens generated for
a file. Let’s tokenize the greeter.py file contents using the following
command.

1 python3 -m tokenize greeter.py

Executing the above command might result in the following output.

1 0,0-0,0: ENCODING 'utf-8'
2 1,0-1,3: NAME 'def'
3 1,4-1,9: NAME 'greet'
4 1,9-1,10: OP '('
5 1,10-1,14: NAME 'name'
6 1,14-1,15: OP '='
7 1,15-1,22: STRING '"World"'
8 ... # Shortened for brevity

You can look for other standard modules that which we can execute
as a script.

primer: We have looked into how to read files using Python
by passing them into the command line. Can you think of an
application using such features?

fiona: We can pretify our json files
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One of the applications is formatting json files. Earlier, we used in-
dented a json file to make it more readable. We can create a custom
script to which can help us do generate well-indented json files.

This also brings an end to our lesson on modules. Now that we have
covered the module, let’s look into how we can handle a collection of
modules or packages in the next section.

Packages
In Python, packages are a way of structuring a collection of modules
in Python using dotted module names.

We can create a sample package pkg by creating an empty folder
named pkg to understand Python packages. Create two empty files,
module1.py and module2.py, in the newly created pkg folder. Now, let’s
write the files with the following content.

1 def greet():
2 print("Hi from module1")

Script 7.11: A sample module, module1.py

1 def greet():
2 print("Hi from module2")

Script 7.12: Another sample module,
module2.py

Now, your directory structure should look something like this.
pkg/

module1.py

module2.py

Open an interactive interpreter in the same directory as where folder
pkg is placed.

1 >>> import pkg.module1, pkg.module2
2 >>> pkg.module1.greet()
3 Hey from module 1
4 >>> pkg.module2.greet()
5 Hey from module 2

In the code listing, we can see that both module1 and module2 define the
greet() function; however, using the dot-notation to access each function
helps us avoid name clashes.

We can also import the modules directly while giving them a different
name to avoid name-clash.

1 >>> from pkg.module1 import greet as greet1
2 >>> from pkg.module2 import greet as greet2

We can also import the modules directly from the package.

1 >>> from pkg import module1, module2

Exercise 24
Continuing from the previous package pkg we created, which of the
following is the correct way to import the greet() function from module1?
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from pkg import module1.greeta)

from pkg.module1 import greetb)

from pkg from module1 import greetc)

from pkg import module1 as module.greetd)

If a file named __init__.py is present in a package directory, Python
invokes it when the package or a module in the package is imported.

You can use this for the execution of package initialization code.
Let’s understand what initialization means next.

Package initialization
An __init__.py file was required to make Python treat directories con-
taining modules as packages earlier in Python 2.7. The __init__.py was
required even though it was empty. However, from Python 3.3 onward,
the __init__.py file is not required.

But it’s quite useful in certain scenarios. Let’s take a look.

If an _ _init__.py file is present in the package directory, Python
invokes it when we import the package or module in the package.

In the simplest case, __init__.py can just be an empty file. Let’s initial-
ize our pkg package we earlier created by adding an __init__.py file in the
pkg directory and the following content.

1 print(f"Initializing Package {__name__} ")
2 guest_names = ["Luffy", "Zorro", "Sanji"]

Script 7.13: Sample __init__.py script,
__init__.py

Now our directory tree would look as below.
pkg/

__init__.py

module1.py

module2.py

Let’s import the pkg package again by opening an interactive inter-
preter in the same location as the pkg directory.

1 >>> import pkg
2 Initializing Package pkg # __init__.py invoked
3 >>> pkg.guest_names
4 ["Luffy", "Zorro", "Sanji"]

When we import the package pkg, the statements inside it’s __init__.py
is automatically executed. We can also access the guest_name list ob-
ject present in the __init__.py using dot-notation. The pkg package is a
name-space.

Names defined in the __init__.py act global names for the package,
which can be accessed by any of the modules inside the package
directory.

To illustrate, let’s import the guest_names in a new module3.py inside
the pkg directory.

Now, let’s test it out in our interactive interpreter.
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1 from pkg import guest_names

2 def greet_guests(guests=guest_names):
3 for guest in guests:
4 print(f"Hello there, {guest}")

Script 7.14: Yet another sample module,
module3.py

1 # Imported from package-level namespace
2 >>> from pkg import module3
3 >>> module3.greet_guests()
4 Hello there, Luffy
5 Hello there, Zorro
6 Hello there, Sanji

Exercise 25

If we import package pkg on a freshly opened interpreter and pass it
to the dir() function, as shown below, which of the following will be
present?

1 >>> import pkg
2 >>> dir(pkg)

module1a)

module2b)

module3c)

guest_namesd)

Python doesn’t automatically import all the modules in the package
when the package is imported.

Although the names defined in the __init__.py are automatically
imported.

If we simply import the package pkg, we will not be able to access the
modules contained in it.

1 >>> import pkg
2 Initializing Package pkg
3 >>> dir(pkg)
4 ['__builtins__', '__cached__', '__doc__', '__file__', '__loader__',

'__name__', '__package__', '__path__', '__spec__', 'guest_names']↪→
5 >>> pkg.module1
6 Traceback (most recent call last):
7 File "<stdin>", line 1, in <module>
8 AttributeError: module 'pkg' has no attribute 'module1'

We can automatically import modules by importing them in the __init__.py

file. To automatically import modules from pkg, we will change the
__init__.py to look like below.

1 import pkg.module1, pkg.module2, pkg.module3
2 print(f"Initializing Package {__name__} ")
3 guest_names = ["Luffy", "Zorro", "Sanji"]

Script 7.15: Modified __init__.py,
__init__.py

Now, let’s save the __init__.py file, restart our interpreter, and import
the package again.
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1 >>> import pkg
2 Initializing Package pkg
3 >>> dir(pkg)
4 ['__builtins__', '__cached__', '__doc__', '__file__', '__loader__',

'__name__', '__package__', '__path__', '__spec__', 'guest_names',
'module1', 'module2', 'module3', 'pkg']

↪→
↪→

As you can see, the modules are automatically imported now.
Now, we can run functions inside our package pkg.

1 >>> pkg.module1.greet()
2 Hi from module1

The __init__.py let’s us automatically import modules into the pack-
age namespace but not into the current namespace.

Let’s restart our interpreter and import the package pkg again.

1 >>> import pkg
2 Initializing Package pkg
3 >>> dir() # Current Namespace
4 ['__annotations__', '__builtins__', '__doc__', '__loader__',

'__name__', '__package__', '__spec__', 'pkg']↪→

We can check the current namespace by calling the dir() function. As
you can see, only the package pkg is present in the namespace. To import
all the definitions from the package, we can use the * wildcard operator.

1 >>> from pkg import *
2 >>> dir()
3 ['__annotations__', '__builtins__', '__doc__', '__loader__',

'__name__', '__package__', '__spec__', 'guest_names', 'module1',
'module2', 'module3', 'pkg']

↪→
↪→

All the modules we have imported in the __init__.py are imported
into our current namespace. We can invoke them directly, as shown
below.

1 >>> module1.greet()
2 Hi from module1

primer: Let’s remove the __init__.py entirely, restart the in-
terpreter and run from pkg import *. Do you think all the
modules are still going to be imported to the local namespace?
Why or Why not?

Python, by default, doesn’t implicitly import any underlying module
in a package.

Therefore, none of the modules in the package pkg are going to be
imported.

We can decide which modules will be imported while using the *

operator by specifying them in __all__ in the __init__.py. Let’s take a
look.

Let’s again create an __init__.py file with the following code.

1 guest_names = ["Luffy", "Sanji", "Zorro"]
2 __all__ = ['module1', 'module2']

Script 7.16: Modifying the __init__.py
again, __init__.py

Save the file, restart the interpreter, and let’s import everything from
the package once again.
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1 >>> from pkg import *
2 >>> dir(pkg)
3 ['__annotations__', '__builtins__', '__doc__', '__loader__',

'__name__', '__package__', '__spec__', 'module1', 'module2']↪→

Since we specified only module1 and module2 in the __all__, module3 and
guest_names were not imported into the local namespace.

We can also use __all__ in the module to specify what objects can be
imported while using the wildcard operator.

To understand, let’s modify the module1.py to look like the below.

1 def greet():
2 print("Hi from module1")

3 def _secret_number():
4 return 42

5 def not_so_secret_number():
6 return 43

Script 7.17: Updated pkg/module1.py
again, module1.py

Save the file and restart the interpreter. Let’s now use the * wildcard
operator to import every object from the module1 module.

1 >>> from pkg.module1 import *
2 >>> dir()
3 ['__annotations__', '__builtins__', '__doc__', '__loader__',

'__name__', '__package__', '__spec__', 'greet',
'not_so_secret_number']

↪→
↪→

As you can see, both the greet and not_so_secret_number are imported,
but not _secret_number. If we don’t specify__all__ in the module, Python
imports everything except names starting with an underscore (_).

Let’s again change our module1. module to add __all__, and your
module should look below.

1 __all__ = ["greet"]

2 def greet():
3 print("Hi from module1")

4 def _secret_number():
5 return 42

6 def not_so_secret_number():
7 return 43

Script 7.18: Updated pkg/module1.py
once again, module1.py

Let’s save the file and restart the interpreter.

1 >>> from pkg.module1 import *
2 >>> dir()
3 ['__annotations__', '__builtins__', '__doc__', '__loader__',

'__name__', '__package__', '__spec__', 'greet']↪→

As you can see, only the object specified in __all__, i.e., greet(), is
imported.

primer: Can you summarise the function of __all__?

We can say that __all__ is used by both packages and modules to
specify what to import when import * is invoked.
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• For a package, when __all__ is not defined, import * does not
import anything.

• While for a module, when __all__ is not defined, import * imports
everything except names starting with an underscore.

We can also contain packages inside another package to an arbitrary
depth.

A nested package is called a sub-package.

Sub-package

Let’s create a new directory, main_pkg, with the following structure.
main_pkg/

sub_pkg1/

mod1.py

mod2.py

sub_pkg2/

mod3.py

mod4.py

You can add the following to each module (mod1-4) in the above.

1 def greet():
2 print(f"Hello from {__name__}")

Restart the interpreter and use the following code listing. Importing
sub-packages works similarly to the dot notation.

1 >>> import main_pkg.sub_pkg1.mod1 # Notation
1↪→

2 >>> main_pkg.sub_pkg1.mod1.greet()
3 Hello from main_pkg.sub_pkg1.mod1

4 >>> from main_pkg.sub_pkg1 import mod2 # Notation
2↪→

5 >>> mod2.greet()
6 Hello from main_pkg.sub_pkg1.mod2

7 >>> from main_pkg.sub_pkg2.mod3 import greet # Notation
3↪→

8 >>> greet()
9 Hello from main_pkg.sub_pkg2.mod3

10 >>> from main_pkg.sub_pkg2.mod4 import greet as mod4_greet # Notation
4↪→

11 >>> mod4_greet()
12 Hello from main_pkg.sub_pkg2.mod4

You can also add _init_py to each sub-package and the top-level
main_pkg package to initialize the package.

That brings us to the end of this topic on modules and packages. We
have covered most of the useful tools you will require to program using
Python.

In the next chapter, we will look over the conventions used in the
Python community and how to experience the Zen of Python.
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Zen of Python

A computer program is read more often than it’s written.

This is a pearl of well-established wisdom in the programming com-
munity.

primer: Can you think of any reasons why it is so?
fiona: Because we need to read more code to write them

To understand why it is so, we can think of a program that needs to be
updated to include additional functionalities. To write new or additional
code, you will have to read the previous code to assess the impact of the
new code on existing functionalities. Therefore, programs that are easy
to read makes additional code easy to write and maintain.

primer: We have covered quite a bit of Python so far. What is the
one feature you like the most?

fiona: Readability of Python

One of the most important features Python programmers like about
Python is its high readability. And one reason why Python code is highly
readable is due to the widely accepted and followed Code Style Guide-
lines, conventions, and idioms in the Python community.

primer: What do you think are code style guidelines?
fiona: Guidelines to write consisitent code

Code style guidelines are a set of rules or guidelines used when writing the source
code for a computer program.

In earlier chapters, we have encountered numerous such conventions
or recommended way of doing things in Python. In this chapter, we will
take a look in detail.

Code Style Guidelines

So far, we have written very simple scripts in Python. To build some-
thing complex, such as a text editor, a computer game, or an Operating
System, you will require a group of programmers who can work together
to develop a program. However, individual programmers have their way
of doing things. For instance, a programmer might like to write names in
camel_case while another might think snakeCase is much better.

When both of these programmers work together, they might end up
with inconsistent naming styles, such as shown below.
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1 userName = "Luffy" # Snake Case
2 user_id = 102 # Camel Case
3 has_user_enrolled = False # Camel Case
4 isUserMember = True # Snake Case
5 is_user_admin = True # Camel Case

The naming style doesn’t affect program execution; however, incon-
sistent naming styles leads to poor code readability.

Let’s see how does the code looks when everything is in the same
naming style.

1 user_name = "Luffy"
2 user_id = 102
3 has_user_enrolled = False
4 is_user_member = True
5 is_user_admin = True

You can see that having consistent naming styles is easier to read and
follow through than those with inconsistent naming styles.

Naming styles are among many avenues in programming, which could
lead to inconsistent written code. This could lead to less readable code.
Other avenues include function doc-strings styles, inline comments,
module importing styles and, maximum line length. Therefore, while
working in teams, programmers define a style guide that every team
member can refer to write code in a consistent style.

Exercise 1 Style Guide
How does a style guide help in a programming project?

Helps write code in a consistent style, which is easier to read codea)

Automatically detects a bugb)

Gives the feeling of doing a lot when you are doing littlec)

Helps in contributing to world peaced)

A style guide is all about consistency.
Using a style guide in a project helps suppress individual program-

mers’ tendency to write things in their way. Let’s take a look at the offi-
cial style guide of Python.

We have already seen many standard modules built-in Python. Be-
cause Python is an open-source project, thousands of programmers con-
tribute pieces of code to make it more useful. To make it easier for every
participating open-source contributor to write consistent code, Python
has a well-defined style guide.

This style guide was developed after a lot of discussion among the
core contributors via a Python Enhancement Proposal (PEP). PEP is
how the contributors propose new changes to the Python programming
language.

The following defines the importance of a PEP.
PEP stands for Python Enhancement Proposal. A PEP is a design document provid-
ing information to the Python community or describing a new feature for Python
or its processes or environment.
Whenever particular new features are added, or existing features are modified
in Python, a detailed proposal is put forward and discussed. Once a consensus is
reached, the community moves to implement the proposal if accepted.



zen of python 395

The Python style guide is popularly referred to as PEP - 8.
PEP 8 (also spelled PEP8 or PEP-8) is a document that provides

guidelines and best practices on how to write Python code. The en-
tire Python community does its best to adhere to the guidelines laid out
within this document. Though, some projects may sway from it from
time to time.

We will not be covering the whole PEP8 document. Rather we will
take a look at some of the important style guidelines that PEP8 suggests.

We can classify the guidelines into the following groups:

• Naming Conventions

• Code Layout

• Indentation

• Comments

• White Space

We will start with Naming Conventions.

Naming Conventions
primer: Let me ask you a question. How does naming conventions

help in writing readable code?
fiona: Naming conventions makes it easier to identify ob-

jects and functions

While programming using Python, you will have to name many
different objects, such as identifiers, functions, or modules. Choosing
readable and reasonable names will save you time and effort later on.
Writing better names helps in figuring out what a function or identifier
does from the name itself.

Table 8.1 shows different naming conventions prescribed in the
PEP8.

Object Naming Convention Examples

Identifiers Use a lowercase single letter, word, or words. Separate words with underscores to improve
readability.

y, customer_age

Function Function names should be lowercase, with words separated by underscores as necessary to
improve readability.

detect_age, greet

Method Use the function naming rules: lowercase with words separated by underscores as necessary to
improve readability.

method , my_method

Class Class names should normally use the CapWords convention. MyClass
Module Modules should have short, all-lowercase names. Underscores can be used in the module name if

it improves readability.
module.py,
my_module.py

Package Python packages should have short, all-lowercase names, although the use of underscores is
discouraged.

getsum, mypackage

Constant Constants are usually defined on a module level and written in all capital letters with underscores
separating words

CONSTANT,
MY_CONSTANT

Table 8.1: PEP8 Naming conventions

A constant is an identifier whose value is not changed in the program.
You cannot create constants in Python, but if you name an identifier
with all capital letters, it is assumed by other developers that it is a con-
stant.

Another thing to keep in mind is the names to avoid.
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Never use the characters l (lowercase letter L), O (uppercase letter O), or I (up-
percase letter I) as single-character variable names. In many fonts, these characters
are indistinguishable from the numerals one and zero. This can lead to confusion.
When you need to use l, use L instead.

Let’s do an exercise.

Exercise 2 PEP
In the following piece of code, which object doesn’t follow PEP 8 guide-
lines regarding naming conditions.

1 LOWER_AGE_LIMIT = 18
2 UPPER_AGE_LIMIT = 25

3 def CheckValidAge(age):
4 age_condition = LOWER_AGE_LIMIT < age < UPPER_AGE_LIMIT
5 return "Valid age" if age_condition else "Invalid age"

Function CheckValidAge()a) Constant LOWER_AGE_LIMITb)

Identifier age_conditionc) Class CheckValidAge()d)

Code Layout
How you structure your code also determines its readability. The fol-
lowing are some of the guidelines to create more readable code.

Maximum Line Length
Limit all lines to a maximum of 79 characters.

Programmers often work with multiple files open side-by-side. Lim-
iting long lines of text to 79 characters enables them to easily review
code. The preferred way of wrapping long lines is by using Python’s
implied line continuation inside parentheses, brackets, and braces.

For instance, let’s say you have an if statement with a long list of
conditions.

1 if (this_is_first_cond and this_is_second_condition and
this_is_third_condition and this_is_fourth_condition):↪→

2 # do_something()

As codes inside parentheses follow implicit line continuation, we can
wrap them as follows.

1 if (this_is_first_cond
2 and this_is_second_condition
3 and this_is_third_condition
4 and this_is_fourth_condition):
5 # do_something()

You can also use backslashes wherever it seems appropriate. For in-
stance,

1 with open('/really/long/file/path/read') as file_1, \
2 open('/really/long/file/path/write', 'w') as file_2:
3 file_2.write(file_1.read())

However, you should mostly use the implicit line continuation using
parentheses whenever possible. For instance, below is an example of
using parentheses in the place of backslash (\).
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1 # Wrong:
2 from deep.module.inside.package import some_function,

some_other_function, \↪→
3 and_some_other_function

4 # Correct:
5 from deep.module.inside.package import (
6 some_function, some_other_function, and_some_other_function)

Let’s do a short exercise.

Exercise 3 Multi-line

Which is a better way to write multi-line strings?

1 # Using Backslash
2 aurelius_says = """Never let the future disturb you. \
3 You will meet it, if you have to, with the same weapons of \
4 reason which today arm you against the present."""

5 # Using Implicit line continuation
6 aurelius_says = (
7 "Never let the future disturb you."
8 "You will meet it, if you have to, with the same weapons of "
9 "reason which today arm you against the present."

10 )

Using a backslasha) Using implicit line continuationb)

We can break long lines over multiple lines by wrapping expressions in parentheses

These should be used in preference to using a backslash for line continu-
ation.

Line Breaks While wrapping long lines to fit inside the max 79 chars
limitation, you might encounter the following scenario. Let’s say we
have the following code:

1 # Wrong:
2 # operators sit far away from their operands
3 income = (gross_wages +
4 taxable_interest +
5 (dividends - qualified_dividends) -
6 ira_deduction -
7 student_loan_interest)

For decades the recommended style was to break after binary opera-
tors. But this can hurt readability in two ways:

• the operators tend to get scattered across different columns on the
screen,

• and each operator has moved away from its operand and onto the
previous line.

Here, the eye has to do extra work to tell which items are added and
subtracted. To solve this readability problem, mathematicians and their
publishers follow the opposite convention.

Donald Knuth explains the traditional rule in his Computers and Type-
setting1 series: 1D.E. Knuth, D. Knuth, D. Bibby,

and American Mathematical Society.
The TeXbook. Computers & typeset-
ting. Addison-Wesley, 1986. ISBN
9780201134476
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Although formulas within a paragraph always break after binary operations and
relations, displayed formulas always break before binary operations.

Following the tradition from mathematics usually results in more
readable code:

1 # Correct:
2 # easy to match operators with operands
3 income = (gross_wages
4 + taxable_interest
5 + (dividends - qualified_dividends)
6 - ira_deduction
7 - student_loan_interest)

Exercise 4 Imports

Which of the following is the recommended way to import modules.?

1 # All modules on the same line
2 import os, sys

3 # Separate Line for each module
4 import os
5 import sys

All modules on the same linea) Separate Line for each
module

b)

Imports

Imports should usually be on separate lines

PEP8 guidelines state Imports should usually be on separate lines.
Keeping imports on separate lines improves readability. Let’s take a look
in detail.

If you are importing multiple modules from a package, you can list
them out in the same line.

Although if you are importing multiple modules from a package, you
can list them out in the same line.

1 # Correct:
2 from subprocess import Popen, PIPE

Imports are always put at the top of the file, just after any module comments and
docstrings, before module globals and constants.

And we should group them in the following order:

1. Standard library imports.

2. Related third party imports.

3. Local application/library specific imports.

As we previously mentioned, wildcard imports are not recommended.

Wildcard imports (from <module> import *) should be avoided, as they make
it unclear which names are present in the namespace, confusing both readers and
many automated tools.
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Exercise 5
What should be the order of the imports in the following code?

1 from mypackage.module_name import some_function # 1
2 import os # 2
3 import sys # 3

2, 3, 1a) 2, 1, 3b)

1, 2, 3c) 3, 1, 2d)

Indentation
The Python style guide recommends using four spaces indentation level.

Use 4 spaces per indentation level.

However, there are certain cases where the indentation level should
be vertically aligned to the previous level. Continuation lines should
align wrapped elements either vertically using Python’s implicit line
joining inside parentheses, brackets, and braces.

Let’s see understand vertical alignment using an example.
1 # CORRECT
2 # Aligned with opening delimiter.
3 foo = long_function_name(var_one, var_two,
4 var_three, var_four)

5 # WRONG
6 # Not aligned with the opening delimiter
7 foo = long_function_name(var_one, var_two,
8 var_three, var_four)

If you are defining a function with no arguments on the first line,
then further indentation should be used to clearly distinguish itself as a
continuation line.

1 # CORRECT:
2 # More indentation included to distinguish this from the rest.
3 def long_function_name(
4 var_one, var_two, var_three,
5 var_four):
6 print(var_one)

7 # WRONG:
8 # Further indentation required as indentation is not distinguishable.
9 def long_function_name(

10 var_one, var_two, var_three,
11 var_four):
12 print(var_one)

When you are defining multi-line tuples, lists, then closing brace/bracket/parenthesis
on multi-line constructs may either line up under the first non-white-
space character of the last line of list. For instance,

1 my_list = [
2 1, 2, 3,
3 4, 5, 6,
4 ]
5 result = some_function_that_takes_arguments(
6 'a', 'b', 'c',
7 'd', 'e', 'f',
8 )
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Or it may be lined up under the first character of the line that starts
the multi-line construct. For instance,

1 my_list = [
2 1, 2, 3,
3 4, 5, 6,
4 ]
5 result = some_function_that_takes_arguments(
6 'a', 'b', 'c',
7 'd', 'e', 'f',
8 )

Exercise 6 Multi-line Tuple
What’s the recommended way to write multi-line tuples.

1 # Style 1
2 result = some_function_that_takes_arguments(
3 'a', 'b', 'c',
4 'd', 'e', 'f',
5 )

6 # Style 2
7 result = some_function_that_takes_arguments(
8 'a', 'b', 'c',
9 'd', 'e', 'f',

10 )

Style 1a) Style 2b)

Both can be usedc)

Comments
We have earlier looked at how we should write comments. To recall,
comments should focus on why the code block is required rather than what it does.

The following are a few recommendations regarding comments in PEP8.

1. Comments that contradict the code are worse than no comments. Always
make it a priority to keep the comments up-to-date when the code changes!

2. Comments should be complete sentences. If a comment is a phrase or sen-
tence, its first word should be capitalized, unless it is an identifier that begins
with a lower case letter (never alter the case of identifiers!).

3. If a comment is short, the period at the end can be omitted. Block comments
generally consist of one or more paragraphs built out of complete sentences.
Each sentence should end in a period.

Apart from these general guidelines, PEP8 has some specific guidelines
for block and inline comments.

Block Comments
Block comments generally apply to some (or all) code that follows them and are
indented to the same level as that code.

Here is a block comment which describes the for-loop. Notice that
the block comment is indented in the code-block.

1 for num in range(14):
2 # Loop over `num` 14 times to generate the
3 # multiplication table of number 7
4 print(f'{num}x7 = {num*7} ')



zen of python 401

Inline Comments
Use inline comments sparingly.

Inline comments are unnecessary and, in fact, distracting if they state
the obvious.

For instance,

1 x = x + 1 # Increment x

You should write why the code exists rather than what the code does.

1 x = x + 1 # Compensate the border

Exercise 7 LCM

What is a good comment in place of __A__?

1 # Python Program to find the L.C.M. of two numbers
2 def compute_lcm(num_1, num_2):
3 "Computes the L.C.M. of two numbers provided as input."

4 # select the greater number
5 greater = num_1 if num_1 > num_2 else num_2

6 while True:
7 # __A__
8 if ((greater % num_1 == 0) and (greater % num_2 == 0)):
9 lcm = greater

10 break
11 greater += 1

12 return lcm

## Break if the number is divisible by both numbersa)

## An if statement with two conditionsb)

## Increases the greater number.c)

## Break if L.C.M is found.d)

Document Strings We earlier mentioned that documentation strings, or
doc-strings, are strings enclosed in quotation marks that appear on the
first line of any function or method. We can also use them while creating
classes.

PEP8 makes the following recommendations while using doc-strings.

• Write doc-strings for all public modules, functions, classes, and
methods.

• The first line should be a short description.

• If there are more lines in the doc-string, the second line should
be blank to separate the summary from the rest of the description
visually.

• The """ that ends a multiline docstring should be on a line by itself.
For instance,
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1 """Return a foobang

2 Optional plotz says to frobnicate the bizbaz first.
3 """ # Mark that the ending quotes are on their line

• For one-liner doc-strings, please keep the closing """ on the same
line.

• Leave a blank space after the one line doc-string

1 def foo():
2 """Important function""" # One Line doc-string
3 pass

Exercise 8 HCF
What should be the doc-string at the __A__?

1 # Python program to find H.C.F of two numbers
2 def compute_hcf(num_1, num_2):
3 "__A__"

4 # Select the smaller number
5 smaller = num_1 if num_1 < num_2 else num_2

6 for i in range(1, smaller+1):
7 # If i is a divisor of both numbers, assign it as HCF
8 if((num_1 % i == 0) and (num_2 % i == 0)):
9 hcf = i

10 return hcf

"Computes the L.C.M. of two numbers provided as input"a)

"Computes the H.C.F. of two numbers provided as input"b)

"Computes the smaller number of the two and checks if both input

numbers are divisible by it"

c)

"Computes the H.C.F using a for-loop"d)

White Space
In a code structure, we can use whitespace (blank spaces) effectively to
increase the code’s readability. If pieces of code are cramped together,
then the code becomes difficult to read. On the contrary, if there is too
much whitespace, it can also be difficult to understand. Let’s see what
PEP8 recommends to leverage whitespace to increase code readability.

Blank Lines
Surround top-level function and class definitions with two blank lines.

Let’s take a look at an example.

1 def top_level_function():
2 return None

3 def an_important_top_level_function():
4 return None
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5 def another_important_top_level_function():
6 return None

Mark that all the functions are separated by two blank lines.

Use blank lines in functions, sparingly, to indicate logical sections.

We can use blank lines to make the code block inside a function
definition more readable. For instance, the following is a function that
returns the list of prime numbers between two intervals.

1 def prime_numbers_between(lower, upper):
2 """Python function to return all the prime numbers
3 within an interval specified by lower and upper
4 """
5 not_prime = set()
6 for n in range(lower, upper):
7 for x in range(2, n):
8 if n % x == 0:
9 not_prime.add(n)

10 break
11 prime_numbers = set(range(lower, upper)) - not_prime
12 return prime_numbers

We can rewrite the above code with some whitespace to add more
readability.

1 def prime_numbers_between(lower, upper):
2 """Python function to return all the prime numbers
3 within an interval specified by lower and upper
4 """
5 not_prime = set()
6 for n in range(lower, upper):
7 for x in range(2, n):

8 if n % x == 0:
9 not_prime.add(n)

10 break

11 prime_numbers = set(range(lower, upper)) - not_prime

12 return prime_numbers

As you can notice, adding blank spaces makes the code look cleaner.
The return statement also has a separate blank line on top of it to show
exactly what is being returned.

White Space in Expressions and Statements In some cases, adding whites-
pace can make the code harder to read. PEP8 shows specific cases where
whitespace is inappropriate.

Avoid trailing whitespace

The whitespace at the end of a line is called trailing whitespace.
The most important place to avoid whitespace is at the end of a line.

It is invisible, and therefore, it can cause errors that can be difficult to
trace. Other than that, the following are other examples of whitespace.

Immediately inside parentheses, brackets, or braces
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1 # CORRECT:
2 spam(ham[1], {eggs: 2})

3 # NOT RECOMMENDED:
4 spam( ham[ 1 ], { eggs: 2 } )

Between a trailing comma and a following close parenthesis

1 # CORRECT:
2 foo = (0,)

3 # NOT RECOMMENDED:
4 bar = (0, )

Immediately before a comma, semicolon, or colon

1 # CORRECT:
2 if x == 4: print x, y; x, y = y, x

3 # NOT RECOMMENDED:
4 if x == 4 : print x , y ; x , y = y , x

Immediately before the open parenthesis that starts the argument list of a function
call

1 # CORRECT:
2 spam(1)

3 # NOT RECOMMENDED:
4 spam (1)

Immediately before the open parenthesis that starts indexing or slicing

1 # CORRECT:
2 dct['key'] = lst[index]

3 # NOT RECOMMENDED:
4 dct ['key'] = lst [index]

More than one space around an assignment (or other) operator to align it with
another

1 # CORRECT:
2 x = 1
3 y = 2
4 long_variable = 3

5 # NOT RECOMMENDED:
6 x = 1
7 y = 2
8 long_variable = 3

Don’t use spaces around the = sign when used to indicate a keyword argument or a
default parameter value.

1 # CORRECT:
2 def complex(real, imag=0.0):
3 return magic(r=real, i=imag)

4 # NOT RECOMMENDED:
5 def complex(real, imag = 0.0):
6 return magic(r = real, i = imag)

Exercise 9

What’s wrong with the following code?
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1 def FOO():
2 a = input("Enter a number")
3 b = input("Enter another number")
4 return max( a , b )

Follows the wrong naming convention for the function namea)

No vertical whitespaceb)

Lots of whitespace in the function call of max() functionc)

All of the aboved)

Another equally important set of guidelines that the community
follows is the Zen of Python. It is a set of 19 aphorisms written by a core
python member that succinctly encodes guiding principles for Python’s
design.

Let’s look at the Zen of Python next.

Zen of Python

A literary style emerged in ancient philosophical schools of Zen-Buddhism
and Taoism. In this style, subtle enlightened thoughts were not commu-
nicated directly rather encoded in self-paradoxical riddles. Because the
exact intent behind the verses was not communicated, their sole purpose
was to be meditated upon.

Below is an example of such verse from the Tao Te Ching.

When people see some things as beautiful, other things become ugly. When people
see some things as good, other things become bad.
– Lao Tzu

The simplicity of the prose obscures the deeper hidden intent behind
it. Only when someone takes some time to think about the meaning
mindfully, they would understand the meaning.

primer: What do you think the above verses from Tao Te Ching
mean?

fiona: It means we should stop judging things

In the late 90s, programming-related queries were posted on online
mailing-lists for various people to participate. Mailing lists are similar to
internet forums but mostly filled with nerds. A fellow Python program-
mer once requested a brief document written in the Zen literary style,
which explained the spirit of the python programming language. Let’s
take a look at the request first.

The following text2 shows part of the request: 2https://mail.python.org/pipermail/python-
list/1999-June/001951.html Python Mail
Archive
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Would both Guido and Tim Peters be willing to collaborate on a short paper –
call it “The Python Way” for lack of a better title – which sets out the 10-20
prescriptive they might offer to those who come to Python from other languages
and immediately want to find a way to bend it into uncomfortable positions?
What I have in mind is sort of a very brief Strunk-&-White-like “Elements of
Style” for Python, which suggests fundamental idiomatic recommendations for
operating within the spirit of the language.
A distillation of Python Zen is what I’m talking about – something to go off and
contemplate …

Tim Peters, a core contributor of Python, took to task to jot down 20
sets of aphorisms, which was termed as the Zen of Python. The follow-
ing is the text:

Beautiful is better than ugly. Explicit is better than implicit. Simple is better than
complex. Complex is better than complicated. Flat is better than nested. Sparse is
better than dense. Readability counts. Special cases aren’t special enough to break
the rules. Although practicality beats purity. Errors should never pass silently.
Unless explicitly silenced. In the face of ambiguity, refuse the temptation to guess.
There should be one– and preferably only one –obvious way to do it. Although
that way may not be obvious at first unless you’re Dutch. Now is better than never.
Although never is often better than *right* now. If the implementation is hard to
explain, it’s a bad idea. If the implementation is easy to explain, it may be a good
idea. Namespaces are one honking great idea – let’s do more of those!

This little piece of document, which was possibly created in a mo-
ment of playfulness, gained wide acceptance in the Python community.
So much so that Python interpreter contains an easter egg that prints out
Zen of Python upon importing this.

1 >>> import this
2 The Zen of Python, by Tim Peters

3 Beautiful is better than ugly.
4 Explicit is better than implicit.
5 Simple is better than complex.
6 Complex is better than complicated.
7 ...

Now, these lines were not to be explained directly. As the requester
rightfully points out, it is something to go off and contemplate.

Therefore, I don’t have an intention to state the meaning of each
aphorism explicitly. Doing so would mean revealing my ignorance.
However, what I do wish to do is show you the spirit of Python using an
example. You should note not taking any authoritative value of interpre-
tation rather one of the possibilities of interpretation out of many.

Let’s start looking at some instances to understand more.

Beautiful is better than ugly

Exercise 10

The code below does the TASK in two ways. Which of the following two
codes is more beautiful?

1 """
2 Print alphabets list in reverse order
3 """

4 alphabets = ['A', 'B', 'C', 'D', 'E']
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5 # CODE - 1
6 for i in range(len(alphabets)-1, -1, -1): # Index-based Looping
7 print(alphabets[i])

8 # CODE - 2
9 for alphabet in reversed(alphabets): # Looping over elements

10 print(alphabet)

Code - 1a) Code - 2b)

Although beauty is a matter of subjective interpretation, I hope you
can recognize the elegance of the Code-2. You can read the code and get
what it might be doing without thinking hard. Therefore, Code-2 is more
beautiful and better.

Try to avoid using index-based looping.

Explicit is better than implicit
In the following code, let’s explore various ways to import and use the
sqrt() function from the math module.

1 """
2 Print the square root of number 42
3 """

4 # Never do it
5 from math import *
6 print(sqrt(42))

7 # Correct
8 from math import sqrt
9 print(sqrt(42))

10 # Recommended
11 import math
12 print(math.sqrt(42)) # Writing alongwith module-name makes

it more readable↪→

Never import using the wildcard operator * to import all the names
in a module. This might be useful for prototyping and testing. It is a
terrible idea to do it on a real-world program. The reason is it implicitly
imports sqrt() function from the math module.

Someone who is not familiar with the math module might not be
able to discern if sqrt() is imported or is a built-in function. Implicitly
importing is a bad idea.

The two other import methods, such as from math import sqrt and
import math, the second one is often recommended in many instances
as it leads to readable code. However, when you import from nested
sub-packages or longer module names, the first one makes more sense.

This aphorism essentially encourages writing code explicitly with-
holding the urge to use obscure language features.

1 # CODE - 1
2 def guest_list(*args):
3 guest_1, guest_2 = args
4 return dict(**locals())

5 # CODE - 2
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6 def guest_list(guest_1, guest_2):
7 return {'guest_1': guest_1, 'guest_2': y}

1. Code - 1

2. Code - 2

In the second code above, guest_1 and guest_2 are explicitly retrieved
in the function definition, and an explicit dictionary is returned. The
programmer using the function knows exactly what to do by reading the
first and last lines, which is not the case with the first case.

Simple is better than complex. Complex is better than complicated.
Some of the problems are simple and straightforward. Some are com-
plex. Similarly, your solution can be simple or complex. For instance,
some problems are specifically designed to be solved by list comprehen-
sions. Solving it using list comprehensions makes a simple solution.

1 # From 1 to 100, return a list of numbers
2 # that are even multiples of 7 while subtract by two

3 def even_multiples(): # Complex Solution
4 multiples = [] # Assignment
5 for num in range(1, 100): # loop
6 if num % 14 == 0: # Conditional
7 multiples.append(num - 2) # Assignment and Update
8 return multiples

9 def even_multiples_2(): # Simple Solution
10 return [num - 2 for num in range(1, 100) if num % 14 == 0 ]

You might say the first-way writing is also simple and straightforward
and for those you are not aware of the list comprehensions, this is quite
true. However, compared to list comprehensions, the first solution uses
multiple statements. It is relatively less easy to decipher than list compre-
hensions, given you get familiar with the list comprehensions.

For this code above, list comprehension makes absolute sense. But for
many cases, list comprehension becomes a bad idea. Let’s say you wish to
write a FizzBuzz program.

1 """
2 Write a function `FizzBuzz` program.
3 """

4 def fizzBuzz():
5 result = []
6 for x in range(1, 100):
7 if x % 15 == 0:
8 result.append("FizzBuzz")
9 elif x % 5 == 0:

10 result.append("Buzz")
11 elif x % 3 == 0:
12 result.append("Fizz")
13 else:
14 result.append(x)

15 return result
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16 def fizzBuzz_2():
17 return ["FizzBuzz" if x % 15 == 0
18 else "Fizz" if x % 3 == 0
19 else "Buzz" if x % 5 == 0
20 else x
21 for x in range(1, 100)]

In this case, list comprehensions become a complicated solution using
multiple nested if-else ternary operators. The fizzBuzz_2 function is
compact; however, using so many if-else renders itself unreadable at this
point.

The following is the thumb rule for determining the simplicity of
programs:

• simple solutions are easier to read and understand,

• complex involves statements which could have been avoidable

• complicated are not easier to read and understand and include state-
ments that could have been avoidable.

Do keep in mind that simple and complex are relative terms.

Exercise 11
Which of the following is a simple solution?

1 # Sum of natural numbers up to positive integer `num`
2 # Code - 1
3 def sum_upto(num):
4 if num < 0:
5 print("Enter a natural integer")
6 else:
7 sum = 0
8 # use while loop to iterate until zero
9 while(num > 0):

10 sum += num
11 num -= 1

12 # Code - 2
13 def sum_upto(num):
14 return sum(range(num+1))

Code - 1a) Code - 2b)

The second code uses the sum() function to express in simpler terms.
Therefore, it is a simple solution.

Flat is better than Nested
Let’s write a program that classifies if a given organism in a photo. We
won’t be writing the full code rather just a pseudo-code to understand
how writing such a classifier will look.

1 """
2 Write a function that classifies animals
3 """
4 def animal_classifier(animal):
5 if has_backbone(animal): # Vertebrate
6 if blood(animal) == 'Warm': # Warm-blooded Animals



410 python-i

7 if has_feathers(animal): # Skin is feathers
8 return 'Bird'
9 else: # Skin is hairy or fur

10 return 'Mammal'
11 else: # Cold-blooded Animals
12 if not survive_on_land(animal):
13 return 'Fish'
14 else:
15 if has_moist_skin(animal):
16 return 'Amphibians'
17 else:
18 return 'Reptiles'
19 else: # Invetebrates
20 if has_legs(animal):
21 return 'Anthropod'
22 else:
23 return 'Worms'

The above animal classifier is has a lot of nested if-else statements.
We can rewrite the above code to have a less nested structure in the
following way.

1 """
2 Write a function that classifies animals
3 """
4 def animal_classifier(animal):
5 if has_backbone(animal):
6 return detect_vetebrate(animal)
7 else:
8 detect_invetebrate(animal)

9 def detect_vetebrate(animal):
10 if blood(animal) == 'Warm':
11 return 'Bird' if has_feathers(animal) else 'Mammal'
12 else:
13 return detect_cold_blood(animal)

14 def detect_cold_blood(animal):
15 if not survive_on_land(animal):
16 return 'Fish'
17 elif has_moist_skin(animal):
18 return 'Amphibian'
19 else:
20 return 'Reptile'

21 def detect_invetebrate(animal):
22 return 'Anthropod' has_legs(animal) 'Worm'

The above code achieves the same thing, but it is more concise, com-
pact, and more readable.

Flat is better than nested.

primer: Would you like to describe the meaning of aphorism Flat is
better than Nested from the above example?

fiona: Nested if statements should be avoided in favor of flat state-
ments

Sparse is better than dense

We had earlier written a prime number generator. Let’s write another
one to understand our next aphorism.

Our previous generator function was the following:
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1 def generate_prime(start = 3):
2 if start < 3 :
3 raise ValueError("Number cannot be less than 3")
4 elif type(start) == float:
5 raise ValueError("Number cannot be float")
6 num = start
7 while True:
8 if not has_divisors(num):
9 yield num

10 num += 1

11 def has_divisors(num):
12 for x in range(2, num):
13 if num % x == 0:
14 return True
15 return False

We can rewrite the above by separating them into few lines as pre-
scribed by the PEP8 recommendation we saw earlier.

1 def generate_prime(start = 3):
2 num = start
3 if start < 3 :
4 raise ValueError("Number cannot be less than 3")

5 elif type(start) == float:
6 raise ValueError("Number cannot be float")

7 while True:
8 if not has_divisors(num):
9 yield num

10 num += 1

11 def has_divisors(num):
12 for x in range(2, num):

13 if num % x == 0:
14 return True

15 return False

Adding few blanks as whitespace in the code makes it easier to read.
Do not try to fit more code in one line or cramp together a bunch of
lines.

primer: Why don’t you interpret the aphorism Sparse is better than
dense in your own words?

fiona: Having more whitespace is better for readability

Readabiility Counts

Often you need to write functions that accept several parameters. You
might be tempted to use positional arguments instead of named argu-
ments to write faster. This leads to poor readability of the code.

We can illustrate this using the following functions. The create_avatar()

function can be invoked in the following way.

1 >>> create_avatar("Luffy","Black", "Red", "Golden",)
2 >>> create_avatar("Zorro", "Green", "White")
3 >>> create_avatar("Sanji", "Golden", "Black")
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In the above code, we can determine that the create_avatar() takes
three or four arguments, although what each of the arguments cor-
responds to is not clear. Now, let’s invoke the function with named
arguments.

1 >>> create_avatar(name="Robin",
2 hair_color="Black",
3 shirt_color="Black",
4 hat_color="Black")

Don’t you think invoking with named arguments is much more read-
able?

Your code will find it easier for someone to read your code when
invoking your custom functions with explicitly named arguments. It
might be faster using just the positional arguments. Still, it is peanuts
compared to the collective amount of time saved in the long run by using
named arguments. A good readable code saves time.

Exercise 12
Let’s say you write the following function:

1 def design_shirt(size, color, brand, hoodie=False):
2 # Shirt Designing Code

Which of the following is the preferred way of invoking the function?
1 # Code - 1
2 >>> design_shirt(size=32, color="black", brand="Juju", hoodie=True)

3 # Code - 2
4 >>> design_shirt(32, "black", "Juju", True)

Code - 1a) Code - 2b)

Special cases aren’t special enough to break the rules.
Our next aphorism might seem a bit contradictory. We can interpret it
because their rules, guidelines, and conventions are there to boost the
community’s efforts to enforce consistency. As R.W.Emerson noted:

However, a foolish consistency is the hobgoblin of little minds.

There are times when the guidelines and conventions are not applica-
ble. PEP 8 marks the following cases where it is a good reason to ignore
the guidelines.

1. Applying the guideline would make the code less readable, even for someone
used to reading code that follows this PEP.

2. To be consistent with surrounding code that also breaks it (maybe for historic
reasons) – although this is also an opportunity to clean up someone else’s mess
(in true XP style).

3. Because the code in question predates the introduction of the guideline, and
there is no other reason to be modifying that code.

4. When the code needs to remain compatible with older versions of Python
that don’t support the style guide’s feature.

primer: What do you think the above aphorism Practicality beats
purity means?

fiona: Sometimes, we can ignore the conventions

The next aphorism relates to error handling we covered earlier.
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Errors should never pass silently. Unless explicitly silenced
Let’s take a look at what it means. Take the following code.

1 for num in range(-2, 2):
2 print(10/num)

The above code will result in raising ZeroDivisionError when num

becomes 0. We can catch the exception in a try-except clause.
1 for num in range(-2, 2):
2 try:
3 print(10/num)
4 except:
5 pass # Silencing the errors

Although the above code avoids raising an error, the except block
captures every error in Python and silently passes it. This is a pretty bad
practice.

You should explicitly name the exceptions you are prepared to re-
cover from and only catch those. In this case, the better approach is the
following code.

1 for num in range(-2, 2):
2 try:
3 print(10/num)
4 except ZeroDivisionError:
5 print("Division by Zero is not allowed")

Completely avoid using pass in except blocks and always specify which
exceptions you expect to deal with. Errors should never pass silently.

Whenever you find an error, you should do something to handle it,
such as logging it in a txt file, etc. At least, it informs you that there used
to be an error. In general, you should explicitly define exceptions you
want to catch to avoid catching unwanted exceptions.

You should know what exceptions you ignore.
Errors should never pass silently. Unless explicitly silenced.

primer: What do you think will happen if you let all errors pass
silently?

fiona: Your program will stop functioning without your knowledge

If you let all errors pass silently, you might not be able to correct de-
bug when your program fails due to an unanticipated error. Sometimes,
you might not even be aware your program is failing. Therefore it is a
really bad idea. Let’s move on to the next aphorism.

Refuse the temptation to guess
While building programs, programmers often make a lot of guesses or
have assumptions. Let’s take the following code example.

1 """ Find the square root of the user-provided number """

2 import math

3 def find_squareroot():
4 number = int(input("Enter the number to find the square-root: "))
5 result = "Square-root for {} is {:.2f}"
6 .format(number, math.sqrt(number))

7 print(result)
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The above has the underlying assumption that the user will always
provide inputs that are integers. If the user enters non-integral characters,
the program will raise crash and raise an exception. We can easily bypass
our assumption by ensuring that the program can handle cases when the
user provides invalid input.

1 from math import sqrt

2 def find_squareroot():
3 try:
4 number = int(input("Enter the number to find the square-root:

"))↪→

5 except ValueError:
6 print("Please enter valid integer")
7 find_squareroot()

8 else:
9 result = "Square-root for {} is {:.2f}"

10 .format(number, sqrt(number))
11 print(result)

primer: What’s your interpretation of the above aphorism In the
face of ambiguity, refuse the temptation to guess?

fiona: Try to think about edge cases

If the implementation is easy to explain, it may be a good idea
Python interpreter contains an easter egg which prints out the Zen of
Python upon importing this. Python has a handy standard module
inspect having a getsource() function, which lets you see a given mod-
ule’s source code.

Let’s take a look at the source code of the this module.
The following shows the source code of the this module.

1 >>> import inspect, this
2 ... # output of zen of python from importing `this`
3 >>> print(inspect.getsource(this))
4 s = """Gur Mra bs Clguba, ol Gvz Crgref

5 Ornhgvshy vf orggre guna htyl.
6 Rkcyvpvg vf orggre guna vzcyvpvg.
7 Fvzcyr vf orggre guna pbzcyrk.
8 Pbzcyrk vf orggre guna pbzcyvpngrq.
9 Syng vf orggre guna arfgrq.

10 Fcnefr vf orggre guna qrafr.
11 Ernqnovyvgl pbhagf.
12 Fcrpvny pnfrf nera'g fcrpvny rabhtu gb oernx gur ehyrf.
13 Nygubhtu cenpgvpnyvgl orngf chevgl.
14 Reebef fubhyq arire cnff fvyragyl.
15 Hayrff rkcyvpvgyl fvyraprq.
16 Va gur snpr bs nzovthvgl, ershfr gur grzcgngvba gb thrff.
17 Gurer fubhyq or bar-- naq cersrenoyl bayl bar --boivbhf jnl gb qb vg.
18 Nygubhtu gung jnl znl abg or boivbhf ng svefg hayrff lbh'er Qhgpu.
19 Abj vf orggre guna arire.
20 Nygubhtu arire vf bsgra orggre guna *evtug* abj.
21 Vs gur vzcyrzragngvba vf uneq gb rkcynva, vg'f n onq vqrn.
22 Vs gur vzcyrzragngvba vf rnfl gb rkcynva, vg znl or n tbbq vqrn.
23 Anzrfcnprf ner bar ubaxvat terng vqrn -- yrg'f qb zber bs gubfr!"""

24 d = {}
25 for c in (65, 97):
26 for i in range(26):
27 d[chr(i+c)] = chr((i+13) % 26 + c)
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28 print("".join([d.get(c, c) for c in s]))

The implementation of the this module is shown above. You might
find it difficult to believe, but this is the same text you see when im-
porting this. The name s in the source code stores the text of the zen

of python encrypted in ROT-13 or (Rotate by 13 places ) cipher. To get
the underlying text, you have to substitute each character with the 13th
letter after in the alphabet.

The following shows the cipher key.

a < − > n

b < − > o

c < − > p

...
m < − > z

A < − > N

B < − > O

C < − > P

...
M < − > Z

Therefore, the nested for loops in the source code decipher the ci-
phered text and print out the result.

Surely, this seems to be an overkill for something which could have
been much more straightforward. But it will make sense if you realize
that Tim Peters penned down the Zen of Python with a sense of humor.
Because the text captured the essence of programming in Python briefly,
it was adopted by the Python community.

Therefore it makes sense that the source code of the this module
is written in this incomprehensible way, defying all the points and as
opposed to all the principles Zen of Python itself seems to be purporting.
This is a case of programming humor.

However, the take away is pretty straight forward.

If the implementation is hard to explain, it’s a bad idea. (unless it is a joke, of course) If
the implementation is easy to explain, it may be a good idea.

So far, we have seen both the PEP8 guidelines as well as the Zen of
Python. You should take them as guiding principles to write better code
in Python. In the next and final topic of the book, we will look at some
additional case studies to understand Python’s way.
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The way of Python

A programming idiom is a way to write code to accomplish a task.

There are many ways to accomplish the same task in Python, but there is usu-
ally one preferred way to do it. This preferred way is called idiomatic Python or
Pythonic.

Over the years, the Python community has identified some of the best
practices of using Python.

primer: What is an example of best practice in Python that comes
to your mind?

fiona: Using ‘for‘ statement instead of index based looping

An example would be following the PEP8 convention of writing
constants in all caps, such as MAX_OVERFLOW. This makes it easier for others
to recognize that an identifier is a constant. Let’s look at some additional
features of Pythonic code.

When an experienced Python programmer complains of code not
being Pythonic, they usually mean either of the following:

• the lines of code don’t follow the common guidelines (as specified
by PEP8 or similar document)

• the lines of code fails to express what it is trying to perform in a
more readable way

• the lines of code fail to take advantage of a feature of Python,
which is designed for the same operation.

The Zen of Python states,

There should be one– and preferably only one –obvious way to do it

The way to write Pythonic code is not obvious for programmers
starting with Python, therefore, as beginners, you must acquire them.
Let’s look at some of these idioms to get an idea about how Python
works. We will start with the first case of the swapping of two values refer-
enced by two identifiers.

Swapping two values

We have following two objects, which store countries and their respec-
tive capitals in two lists. Unfortunately, we have stored the capitals in
countries and countries in capitals.

1 countries = ["New Delhi", "Washington D.C.", "London"]
2 capitals = ["India", "USA", "UK"]

We need to swap the values of country with capitals and vice versa.

primer: What will be your approach to solve the problem?

fiona: Countries, capitals = capitals, countries
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If you come from a different programming background, you might be
tempted to use a temporary name to achieve the task.

For example, storing the value of capitals in a temporary name temp

and then assigning the value of countries to capitals and finally assigning
the temporary name temp to capitals.

The following shows how two values can be swapped using a tempo-
rary name.

1 # Not Pythonic
2 temp = capitals
3 capitals = countries
4 countries = temp

Although this will give you the desired result, this is not the way of
Python. Whenever you wish to swap values between two variables, you
should use a tuple to make your intention clearer.

1 # Pythonic
2 (countries, capitals) = (capitals, countries)

You can also do the same for three or more objects. Suppose we have
the following names which need to be swapped.

1 country = ["New Delhi", "Washington D.C.", "London"]
2 capitals = ["Mahatma Gandhi", "Hollywood", "Colonization"]
3 major_language = ["India", "USA", "UK"]
4 famous_for = ["Hindi", "English(US)", "English(UK)"]

We can swap the variables as follows:

1 (country, capitals, major_language, famous_for) = (major_language,
2 country,
3 famous_for,
4 capitals)

Exercise 13
What is the final value of w?

1 >>> w, x, y, z = -2, 1, 10, 5
2 >>> (y, z, x, w) = (z, x, y, z+x-2*w)
3 >>> w

What is the final value of w?

-2a) 1b)

10c) 5d)

Using tuples conveys what we wish to achieve more expressively.
When you write code in a way that makes your intention clear, it is
easier to maintain. Now, let’s look at another idiom.

Unpacking values
Sometimes, you want to store values from a sequence in a name for easier
access later on.

1 >>> person = ["Harry", "Potter", "Wizard", None, None, None,
"Hogwarts"]↪→
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You might be tempted to use indexing to store items from the list.

1 # Not Pythonic
2 >>> first_name = person[0]
3 >>> last_name = person[1]
4 >>> occupation = person[2]
5 >>> school = person[6]

However, in Python, it is recommended to use unpacking to get
individual elements.

1 # Pythonic
2 >>> (first_name, last_name, occupation, *_ , school ) = person

You can use the (*) operator along with underscore (_) to ignore
the values. Although you can use any other name instead of _, it is a
convention to use _ to imply discarded values.

Exercise 14

What’s the value of the phone, occupation, _ in the following code list-
ing?

1 >>> person = ["Harry", None, "Potter", None,
2 "Wizard", None, None, None, "Hogwarts"]
3 >>> (first_name, middle_name, last_name, phone, occupation,

birth_place, *_, school_name) = person↪→

None, "Wizard", [None, None, None]a)

"Potter", None, Noneb)

"Wizard", None, "Hogwarts"c)

None, "Wizard", [None, None]d)

In Python, readability and expressiveness are given utmost importance.
As we saw earlier, a general convention of Python is to write one state-
ment per line so that it’s easier to read and understand later on. Let’s
look at it in detail.

One Statement per line

You might be tempted to cramp two short sentences in the same line. It’s
not the way of Python.

1 # Not Pythonic
2 age = current_year - birth_year ; print(f'He is approx {age} years

old')↪→

3 # Pythonic
4 age = current_year - birth_year
5 print(f'He is approx {age} years old')

This is also true for if statements with a short code block. You might
be tempted to put the condition and the code block on the same line, but
it is a bad practice and not recommended.
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1 # Not Pythonic
2 if age > 18: print("You are allowed to enter")

3 # Pythonic
4 if age > 18:
5 print("You are allowed to enter")

We often need to test the truth value of an identifier in the if condi-
tion. For instance,

1 # Not Pythonic
2 if something == True:
3 # do something

4 if something_else == ():
5 # do something

6 if other_thing == None:
7 # do something

In Python, we don’t need to explicitly compare a value to True, None,
0, or empty collections. We can add it to the condition and let Python
determines its Boolean value. Recall that None, zeroes in any numeric
types, and empty sequences and collections have the truth value False.
So, we can write the following code instead.

1 # Pythonic
2 if something:
3 # do something

4 if not something_else:
5 # do something

6 if not other_thing:
7 # do something

primer: What do you think the expression one statement per line
means?

fiona: You should write one expression per one physical line

One way to think about it is the following.

Each line should ideally express a single idea.

We can understand this idea better using another example.
Let’s take another instance. Let’s suppose we have an if statement

with compound conditions that might continue to the next line.
The following code listing demonstrates the same.

1 # Not Pythonic
2 if person["age"] > 18 and person["age"] < 25 person["height_in_cms"] >

170 and person["weight_in_kgs"] > 70 and person["weight_in_kgs"] <
95:

↪→
↪→

3 # do something

In this case, we can break the conditions, store them in an identifier,
and refer them in the if statement separately.

The following code listing demonstrates the same.

1 # Pythonic
2 age_condition = person["age"] > 18 and person["age"] < 25
3 height_condition = person["height_in_cms"] > 170
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4 weight_condition = person["weight_in_kgs"] > 70 and
person["weight_in_kgs"] < 95↪→

5 if age_condition and height_condition and weight_condition:
6 # do something

Avoid extended statements.
Another common use-case is to check a name against several values in

an if condition.

1 # Not Pythonic
2 if name == "LUFFY" or name == "ZORRO" or name == "SANJI":
3 # do something

Repeating the name can make the statement unnecessarily verbose.
We should use a temporary collection to express the intention more
clearly.

1 # Pythonic
2 if name in ('LUFFY', "ZORRO", "SANJI"):
3 # do something

Avoid verbosity

Exercise 15
Are the two codes below equivalent?

1 guests = ["Nami", "Robin", "Boa", "Rebecca"]
2 undesired_guests = ("Luffy", "Sanji", "Zorro")

3 # Code - 1
4 undesired_absent = all(guest not in undesired_guests for guest in

guests)↪→
5 if undesired_absent:
6 print("Ladies only")

7 # Code - 2
8 for guest in guests:
9 if guest in undesired_guests:

10 break
11 else:
12 print("Ladies only")

Yesa) Nob)

The first one uses a generator expression inside the built-in all(). In
contrast, the second one uses the else statement and the for statement.
Both Code-1 and Code-2, in the above exercise, are equivalent.

Let’s look at another popular Python idiom: creating a list of n-length
objects.

Often, we need to create an n-length list of the same object. We can
write things directly, but it’s a bit cumbersome.

1 # Not Pythonic
2 bunch_of_ones = [1, 1, 1, 1, 1, 1, 1, 1, 1]

We can also use a for loop.

1 # Not Pythonic
2 bunch_of_ones = []
3 for i in range(8):
4 bunch_of_ones.append(1)
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Or even list comprehension to do the same.

1 ## Not Pythonic
2 bunch_of_ones = [1 for num in range(8)]

Rather than typing it or using loops or using comprehensions, we can
easily do so using the * operator.

1 # Pythonic
2 bunch_of_ones = [1]*9

However, when we want to create an n-length list of empty list ob-
ject, using the * operator is not a good idea. It would create N references
to the same list object.

1 >>> bunch_of_lists = [[]]*5
2 >>> bunch_of_lists[1].append(1)
3 >>> bunch_of_lists
4 [[1], [1], [1], [1], [1]]

Unless you want copies of the same object, we should use the list
comprehension to generate a list of an n-length empty list object.

1 # Not Pythonic
2 bunch_of_lists = [[]]*5

3 # Pythonic
4 bunch_of_lists = [[] for L in range(4)]

Time for a short exercise.

Exercise 16

What’s the output of the below code?

1 >>> [1, 2, []*2]* 2

[1, 2, [], 1, 2, []]a) [2, 4, [], []]b)

[1, 2, [], [], 1, 2, [], []]c) [2, 4, [], [], [], []d)

A common pattern while accessing a dictionary element is to check
if it exists and then tries to access it. A dictionary object has a has_key()

method to check if a key exists. Although a better way exists to access a
dictionary element, let’s take a look.

Accessing a dictionary key

If we are not aware of what keys are presented in a given dictionary, we
might end up raising KeyError.

1 >>> person = {"name" : "Luffy"}
2 >>> person["age"]
3 Traceback (most recent call last):
4 File "<stdin>", line 1, in <module>
5 KeyError: 'age'

We can use the has_key() method of dictionary objects to check if a
key exists and then try to retrieve it, although this is not Pythonic.
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1 person = {"name" : "Luffy"}

2 # Not Pythonic
3 if person.has_key('age'):
4 print(f"His age is {person['age']} ")
5 else:
6 print(f"His age is not known")

Python dictionary objects have a get() method, which you can use to
check for keys instead.

1 # Pythonic
2 person.get('name', 'Name not known') # Returns `Luffy`
3 person.get('age', 'Age not known') # Returns `Age not known`

You can also use the in operator to check if a given key exists inside a
dictionary.

1 if 'age' in person:
2 print(f"His age is {person['age']} ")

Let’s take another short exercise.

Exercise 17
Will the following code execute?

1 person = {"name" : "Luffy"}

2 if 'Luffy' in person.values():
3 print("Hurray")
4 else:
5 print(':(')

Hurray.a) :(b)

Let’s move on to the next idiom. If you work on large sets of data,
generator expression often is much faster than list comprehensions. Let’s
take an example to understand more.

Let’s say you wish to find the minimum of a particular attribute
of an object amidst a huge list of objects—for instance, countries and
population size.

1 >>> countries = [{"name": "India", "population": 1.3e9 }, ...]

To find the minimum, you can use the built-in min() function by
using list comprehension.

1 # Not Pythonic
2 lowest_population_country = min([(country.population, country.name)
3 for country in countries])

However, a better way would be to use generator expression instead.
1 # Pythonic
2 lowest_population_country = min(((country.population, country.name)
3 for country in countries))

primer: Can you think of reasons why generator expressions are
preferred over list comprehensions?

fiona: Generator expressions don’t create a list unlike comprehen-
sions

Both list comprehensions and generator expressions follow almost
the same syntax. However, a list comprehension creates a new list that
requires more memory while a generator returns an iterator. Next, let’s
look at the last idiom we will cover: Reading from a file.
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Reading from a file
As we mentioned in the last chapter, there are two ways to open a file.

You can use the try-finally clause to read the file and ensuring that it
is automatically closed.

1 # NOT RECOMMENDED
2 try:
3 file_reader= open('some_text.txt')
4 # do something
5 finally:
6 file_reader.close()

You can also use the with open statement to automatically close the
files for you after reading. Using the with open to read files is recom-
mended over manually closing files.

1 # Pythonic
2 with open('some_text.txt') as file_reader:
3 # do something

And this brings us to the end of this chapter as well as this course.

primer: Before finishing up, let me ask you a question. Can you
recall which protocol allows the with statement to close the file
after reading automatically?

fiona: The context manager protocol

The answer is context manager protocol. We didn’t cover the context
manager protocol in detail in this course. We also left out the many im-
portant topics such as classes, object-oriented programming, networking,
etc., in Python. We will cover them in the next courses on Python.

In this course, we have managed to pack some very interesting fea-
tures of Python.

I don’t expect you to understand or remember 100 % of it by now.
That would be crazy. No one learns a subject simply by completing a
course on it once.

Therefore, before parting, I would like to make some suggestions to
strengthen your course learning.

• Return to this book and review it once in a while.

• When you do end up reviewing, try to write concepts in your own
words.

• Come up with new questions and seek its answer.

• Consult the Zen of Python often.

• Read good Python code.

• Write code often and a lot.

And most importantly, enjoy the adventure. I hope you had a good
time learning Python. You can always contact me at feedback@primerlabs.io.
I would love to hear about your experience.

And with this, see you next in the course.
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Glossary

Syntax

Syntax is the set of rules, principles, and processes that govern the
structure of sentences in a given language, usually including word
order.

Semantics

Semantics is the set of rules that tell you the meanings of valid expres-
sions & symbols.

Low-level programming languages

A low-level programming language is a programming language that
provides little or no abstraction from a computer’s instruction set
architecture—commands or functions in the language map closely to
processor instructions. Generally, this refers to either machine code or
assembly language.

high-level programming languages

A high-level programming language is a programming language with
strong abstraction from the details of the computer.

In contrast to low-level programming languages, it may use natural
language elements, be easier to use, or may automate (or even hide
entirely) significant areas of computing systems.

Examples: Java, C++ and Python

compiled

A compiled language is one that is primarily compiled to machine
code which is executed natively by the CPU on most standard hard-
ware. Examples: C, C++.

interpreted Languages

An interpreted language is a type of programming language for which
most of its implementations execute instructions directly, without first
compiling a program into machine-language instructions. The pro-
gram is executed with the help of an interpreter program. Examples:
Python
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abstraction
This process of simplifying instructions or communication of leaving
out all concrete details and extracting the essential features is called
abstraction. Abstractions help in hiding away a lot of underlying in-
ferred meaning.

source Code
When instructions are written for a computer in a language other
than machine code, it is called source code. The source code is often
transformed by an assembler or compiler into binary machine code
that can be executed by the computer.

file
A file is a collection of information that has been given a name and is
stored in secondary memory. The information can be a program or
can be data.

transducer
A transducer is a device that converts one form of energy to another.

operating system
An operating system or O.S. is a software program that enables the
computer hardware to communicate and operate with the computer
software.

instruction set
The complete set of all the instructions in machine code that can be
recognized and executed by a central processing unit.

opcode
In computing, opcode is the portion of a machine language instruc-
tion that specifies the operation to be performed. It is an abbreviated
from operation code and it is also know as instruction code.

symbolic address
An addressing scheme whereby reference to an address is made by
some convenient symbol that (preferably) has some relationship to the
meaning of the data expected to be located at that address.
It serves as an aid to the programmer.

code
A code is a system of words, letters, signals, or symbols to transmit a
message in secret form or a more convenient form.
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character encoding
A character encoding tells the computer how to interpret raw zeroes
and ones into real characters. It usually does this by pairing numbers
with characters. Words and sentences in text are created from charac-
ters and these characters are grouped into a character set.

color depth
The number of bits used to hold a screen pixel. Also called “pixel
depth” and “bit depth,” the color depth is the maximum number of
colors that can be displayed.

additive number system
An additive system is one in which the number represented by a par-
ticular set of numerals is simply the sum of the values of the numerals.
The additive system of numeration is one of the oldest and most
primitive types of numeration systems. The Egyptian System was the
first additive system.

positional numeral system
In a positional numeral system, we can represent numbers using an
ordered set of numerals symbols (called digits) in which the value of a
numeral symbol depends on its position.
For each position a unique symbol or a limited set of symbols is used.

operator
Operators are symbols that instruct the Python interpreter to per-
form specific mathematical or logical manipulations. Examples are
arithmetic and logical operators.

boolean expression
A Boolean expression is an expression that produces a result that is
either True or False. Comparison operators such (<, >, ==) are used
for writing Boolean expressions.

lexicographic order
The lexicographic or lexicographical order is the ordering of words
based on the alphabetical order of their component letters.

garbage collection
In any given program, objects are created, live for a while, and then
destroyed. The time between an object’s creation (also known as
instantiation or construction) until the object is no longer used and is
destructed or freed is called the object life-cycle. During a program,
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when an object is no longer required, it is removed. This process is
called garbage collection.
Depending on programming language, garbage collection can be
automatic or manual. Python periodically frees and reclaims memory
blocks that are no longer in use by automatically deleting unwanted
objects.
Python implements garbage collection by storing the number of refer-
ences of a given object called the reference count. When the reference
count of a given object reaches zero, Python automatically removes
the object.
To check the reference count of an object, we can use the getrefcount()

function from the sys standard module available in Python.

literals
Literals are objects with a constant value that cannot be modified and
changed and which literally means what it represents. Examples are
string and numeric literals.

container objects
Container or collection objects are used to store multiple objects.
Container objects hold references to objects, not the object itself.
Examples are tuples, lists, and dictionaries.

shallow copy
In shallow copy, Python shares the underlying objects while creating a
new data-structure or container object.
A shallow copy means constructing a new container object and then
populating it with references to the original container’s objects. It
means that any changes made to a copy of the object reflect in the
original container.

deep copy
In a deep copy, Python recursively copies the collection object.
It first constructs a new collection object and then populates it with
the copies of the children’s objects of the original collection object
rather than populating it with references.

object
In Python, objects are abstractions for data.
All data in a Python program is represented by objects or by relations
between objects. In Python, an object is an entity that contains data
along with associated attributes and methods. The object attributes
give information about the object, while the object’s functions are
called its methods.
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mutability
The mutability of an object determines whether an object can be
modified once you create it.

Objects whose value can change are said to be mutable objects. Those
objects whose value you cannot modify once you create them are
called immutable.

For instance, numbers, strings, and tuples are immutable, while dictio-
naries and lists are mutable.

identity
Once you create an object, Python assigns it a permanent number
called id or identity.

You may think of the object’s identity as the object’s address in mem-
ory, although it’s not the same. The identity of an object is an integer.
This integer is guaranteed to be unique and constant for this object
during its lifetime.

We can check the identity of a created object using the id() function.

code block
White space is any section of a document that is unused or space
around an object. In Python, leading whitespace is used to denote
code-blocks.

In other languages, curly brackets or parenthesis () is common. When
you indent in a line, it becomes a child of the previous line. In addi-
tion to the indentation, the parent also has a colon at the end of the
statement.

NameError
Python raises a NameError when it tries to use a variable or function
name that hasn’t been defined at this point.

Usual Causes: A mistyped variable or function name.

Escape sequences
Escape sequences are used to insert a set of characters with some
special meaning for a Python string in the print() function. Escape
sequences usually start with a backslash followed by a character. We
can insert the double quotes (”) using its corresponding escape charac-
ter.

namespace
A namespace is a mapping from names to objects. Python implements
most namespaces as dictionaries.
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When we start the Python interpreter, it already has a namespace
called Built-in Namespace that has some predefined names present.
This is how Python recognizes the names of built-in functions
such as print(), len(), slice() and built-in errors such as NameError,
SyntaxError etc.
When you import modules, Python stores the names from the mod-
ules in the Global Namespace.
A function also creates a namespace where it stores the names defined
in the function body, called Local Namespace.

scope
A scope is a textual region of a Python program where a namespace is
directly accessible.
The word scope usually means the extent of the area that something
deals with or to which it is relevant.

named arguments
In Python, we can invoke a function by naming each argument while
assigning a value. The function arguments which are named while
invoking a function are called keyword or named arguments. While
using named arguments during a function invocation, the position of
the arguments does not matter.

functions
Functions are packaged callable units of statements. They are used to
reuse code that performs a specific task by invoking them whenever
we require it.

default arguments
Function arguments that are supplied default values at the time of
function definition are called Default Arguments. Default arguments
are optional to supply while invoking the function.

positional order
In positional order during the function call, arguments are supplied
in the same order in which they were defined during the function
definition.
Keep in mind to place ((optional or default** arguments after required
or non-default arguments.

hash value
An object is hashable if it has a hash value, which never changes
during its lifetime and can be compared to other objects. To check the
hash value of an object, Python’s built-in hash() function can be used.



glossary 435

The hash() function returns the hash-value of a hashable object and
raises TypeError when an object is unhashable.

view objects
The objects returned by dict.key(), dict.values() and dict.items() are
view objects. They provide a dynamic view of the dictionary objects
which means any changes to the source dictionary, results in changes
to the view objects as well.

callable
A callable is anything you can call using parenthesis and optionally
passing arguments.
The list of callable type in Python is as follows:

• User-defined functions
• Built-in methods
• Built-in functions
• Generators
• Class Instances
• Classes
• Instance Methods

sets
A set is a collection of distinct objects. These distinct objects are re-
ferred to as members of the set. In Python, a set is an unordered col-
lection of unique objects. Unlike sequences, sets do not provide any
indexing or slicing operations.
Moreover, the elements of a set must be of an immutable type.
We can create Python sets in several ways,

• Built-in set constructor which takes an iterable, set(<iter>)
• Using curly braces,

FrozenSets
Python provides a built-in type called frozenset, which is pretty much
similar to set object except a frozenset is immutable.
We can define a frozenset using the frozenset(<iter>) constructor.
All non-mutating operations for a set are also applicable to a frozenset.
The set object methods s.add(), s.remove(<obj>) , s.discard(<obj>),
s.pop() and s.clear() are not present for frozenset objects.
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pangrams
Pangrams are words or sentences containing every letter of the alpha-
bet at least once.

replacements fields
Replacement fields (also called placeholders) are used while formatting
string literal, in which you can fill up values from objects later on.
The closed curly braces define the replacement fields, which expect
value from the argument tuple provided to the format() method.
The position of the arguments corresponds to the position of the
replacement fields. The first argument goes to the first replacement
field, the second goes to the second, so on and so forth.
Like function arguments, the replacement fields or placeholders can be
positional or named.

in-place update
In-place methods modify the objects which call it. For example,
when we call when we append an element to a list, the list object is
modified.
While non-in-place methods do not modify their object. Instead,
they return a copy of that object.

indexing
Accessing an item in a container object using an index is called in-
dexing. The index starts from 0 for the left-most item and increases
by one as it moves towards the right. If you use a negative integer,
Python will start from the rightmost element with the last element
being -1, the second last being -2 so on.

Representation error
Representation error refers to the fact that most decimal fractions
cannot be represented accurately as binary fractions.
Representation error is the chief reason why Python and other pro-
gramming languages such as C++, Java often won’t display the exact
decimal number you expect.

IEEE-754
The Institute of Electrical and Electronics Engineers, Inc. (IEEE) de-
fined standards for floating-point representations and computational
results to deal with the problem relating to the approximate conver-
sion of decimal fractions into binary, usually referred to as IEEE-754.
Almost all machines use the IEEE-754 floating-point arithmetic, and
almost all platforms map Python floats to IEEE-754 specified 53-bit
precision.
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This means that when you input 0.1 float in Python, the underlying
machine strives to convert 0.1 to the closest fraction to the form J/2N

, where J is an integer containing exactly 53 bits.

decimalnumber =
J

2N

singleton
Singletons are built-in types that have a single value, and there exists
only a single object having the type.
Examples of singleton types are: None, NotImplemented, and ellipsis.

NoneType
There exists only one object with the type NoneType in Python, and
we can access it through the built-in name None.
Functions that do not explicitly return anything, return the None
object by default.

NotImplementedType
Being a singleton, there exists only one object with the type NotIm-
plementedType in Python.
As its name suggests, we often return the NotImplemented object
for special binary methods such as getrefcount() function from the
__eq__(), __lt__() or __add__()__ to indicate the operation is not im-
plemented with respect to other type.

constructor
In Python, constructors are used to construct an object of specific class
or type. For example, For example, the built-in int() function is a
constructor, which is used to create integer objects.

small integer cache
Python caches small integers, which are integers between -5 and 256.
Python stores the integers between -5 and 256, which are likely to be
used repeatedly in a program.
The cache of integers between -5 and 256 is called small integer
cache.

SyntaxError
Syntax errors, also called parsing errors, are the kind of errors where
you deviate from the syntax that Python programming language
understands.

Exceptions
Errors apart from the syntax errors, are called exceptions in Python.
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Stack Trace
Python uses a stack to store function call, the report is called stack
trace or stack traceback or simply traceback.

TypeError
Python raises a TypeError exception whenever an operation is per-
formed on an incorrect/unsupported object type.

recursion
Recursion occurs when something is defined in terms of itself.

recursion limit
When the Python Interpreter experiences stack overflow, it causes the
interpreter to crash or freeze. To avoid the stack overflow, Python sets
a limit for the total number of frames that the call stack can hold. This
limit is called the recursion limit.
It is usually much lower than the actual number that can cause a stack
overflow. You can find out the recursion limit using the getrecursion-
limit() function from the sys module.

stack overflow
Stack overflow means that a Python program has run out of memory
to hold the frames in the call stack.

call stack
The Python interpreter uses a stack to keep track of a Python pro-
gram. The stack is commonly referred to as call stack or run-time
stack or simply stack.

LIFO
LIFO (last-in, first-out) is an ordering principle in which newer items
are near the top, while the older items are near the base of the stack.

call frame
The call stack consists of a call frame that stores information about
each function call. A call frame is how Python keeps track of exe-
cution while a function call progresses. The call stack works in the
following way:

• Whenever a function is called in Python, a new call frame is
pushed onto the call stack.

• Every time the function call returns, its call frame is popped or
deleted from the call stack.
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module frame
The module in which the program runs has the bottom-most frame.
It is called the global frame or the module frame.

while-loop
The while statement creates a loop in Python.

for-loop
The for statement iterates over an iterable and executes its code block
until there are no more elements available in the iterable.

break clause
The break statement exits out of the innermost for or while loop.
The break statement prematurely exits the loop, and the loop doesn’t
iterate over the remaining iterables.

continue clause
The continue keyword skips the remainder of the loop body. It is
used to jump to the subsequent iteration in a loop. Let’s say we want
to skip executing the code-block for a particular item in a list. We can
put it in an if condition along-with a continue statement.

control flow
In programming, control flow refers to the order of execution of
statements in a program.

conditional execution
When we instruct Python to execute a block or piece of code only
when it satisfies a condition, it is called conditional execution. Condi-
tional execution is implemented in Python using if-else statements.

ternary expression
Ternary expression are statements used to write compact one line
conditionals.

logical & physical lines
A logical line is what Python sees as a single statement.
In the above code, we can see two statements spread over two physi-
cal lines. Each statement above is a logical line.
We can also write the two statements above in a single physical line.
In this case, there are two statements in a single line, but Python sees
two logical lines. The line you see when you write the program is a
physical line.
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explicit line joining
When a physical line ends with a backslash, which is not a part of
a string literal or comment, Python joins the line to form a single
logical statement. Joining two or more physical lines using the line
continuation character is called explicit line joining.
We are explicitly telling Python to join these lines together. In ex-
plicit line joining, you cannot add comments after the backslash char-
acter

cartesian product
In mathematics, the Cartesian product of two sets A and B, denoted
by A × B is the set of all ordered pairs (a,b) where a is an element
of A and b is an element of B. One can similarly define the Cartesian
product of n sets, also known as n-fold Cartesian product.

Combinatoric Iteratorsr
The combinatoric iterators generate the sequence, which is a combi-
nation of items in the iterables subjected to some constraints.

iterables
An object capable of returning its member one at a time is called an
iter-able. You can also think of iterable as any object that you can loop
over with a for loop.
More succinctly, we can define Iterables as follows: An object that
allows the iteration is called an iter-able. The iterable is required to
have an __iter__() method defined that returns an iterator.
Examples: tuples, lists, dictionary objects.

iterator
An iterator is an object representing a stream of data. The iterator is
required to have both an __iter__() method and a __next__() method.
When you repeatedly call the built-in next() on the iterator object,
it returns the stream’s successive items. When no more items are
available in the stream of data, the StopIteration exception is raised
instead.

module
If you write definitions in a file, you can use them in the interactive
interpreter or another script by importing them.
Such a file is called a module. The name of the file is the module
name with the suffix .py.

packages
In Python, packages are a way of structuring a collection of modules
in Python using dotted module names.
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directory
A directory is a file that acts as a folder for other files and can also
contain other directories.

Absolute Path & Relative Path
In absolute path, the directory is referenced starting from the root
folder such /home/primer/my_directory/my_world

In relative path, we can reference the file starting from its relative
position to the current directory ./my_world.

I/O
Data received from outside is called input data while the data the pro-
gram sends outside is called output data. Together input and output
operations are often referred to as I/O (Input/Output) operations.

JSON
JSON is a data format widely used to exchange data. JSON stood for
JavaScript Object Notation and was inspired by a subset of JavaScript
Programming language.

Serialization & Deserialization
Serialization is the process of encoding objects into JSON format
while decoding objects from JSON format is called deserialization.

PEP
PEP stands for Python Enhancement Proposal. A PEP is a design doc-
ument providing information to the Python community or describing
a new feature for Python or its processes or environment.

style guide
Code style guidelines are a set of rules or guidelines used when writ-
ing the source code for a computer program.
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