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Preface

Introduction

Computer science deals with people who have problems to solve.
Algorithms help find the solutions to those problems. To be a computer
scientist means first and foremost that you are a problem solver, capable of
constructing algorithms either from scratch or by applying patterns from past
experience.

The only way to be successful in learning computer science is through
deliberate and incremental exposure to the fundamental ideas of the
discipline. A beginning student of computer science needs practice to
establish a thorough understanding of concepts before continuing on to the
more complex parts of the curriculum. In addition, a beginner needs the
opportunity to be successful and to gain confidence. As students progress
through the introductory computer science sequence, we want them to focus
on aspects of problem-solving, algorithm development, and algorithm
understanding,

In this text, we use Python as the programming language because it has a
clean, simple syntax and an intuitive user environment. The basic collections
are powerful yet easy to use. The interactive nature of the language creates a
place to test ideas without the need for a lot of coding. Finally, Python



provides a textbook-like notation for representing algorithms, alleviating the
need for an additional layer of pseudocode. This allows the illustration of
many relevant, modern, and interesting problems that make use of algorithms.

Key Features

This text is designed to be a first course in computer science that focuses on
problem-solving, with language features being introduced as needed to solve
the problem at hand. We have structured the text around problems of general
interest, rather than a traditional language-element structure. Thus, you will
not see chapter titles in this text like “Loops” and “Conditionals”—but you
will see chapter titles such as “Planet Objects” and “Playing by the Rules.”

Throughout the text, concepts are introduced using a spiral model. Because
the syntax of Python 1s easy to learn, we can quickly introduce the basics of
standard programming constructs. As students progress through the text, more
of the details and background for these constructs are added to their toolbox.
In this way, students are exposed to important computer science concepts at
the point when those concepts are needed to solve a problem.

An 1llustration of how this spiral approach touches on a specific topic in
different ways can be seen in our presentation of functions. Students begin to
write functions with parameters in Chapter 1. Chapter 2 then introduces
functions with return values. In Chapter 6, students learn about passing
functions as parameters to other functions and the details of Python’s scoping
rules. In Chapter 8, they encounter Python’s keyword and optional
parameters. Chapter 9 covers recursive functions. In Chapter 10, students
learn about writing functions that are methods of a class. In Chapter 12,
students learn to write abstract methods. Finally, in Chapter 13, students are
introduced to writing callback functions for event-driven programming,

Pedagogical Aids

Throughout the text, pedagogical aids emphasize Python programming
constructs and good programming practices as they are introduced to solve



problems. In this way, the text can be approached both from a problem-
solving view and as a Python reference.
These pedagogical aids include:

e Tables that summarize each newly introduced function or method.

TABLE 2.8 | The input Function

Function Description

input (prompt) Outputs the prompt, then returns a string containing any characters typed by
the user when the user presses enter or return. The enter or return key is not
part of the returned string.

e Recap boxes that summarize important concepts.

RECAP:

A list 1s a sequential collection of heterogenous objects. Lists are written
as commadelimited values enclosed in square brackets.

e Heads Up boxes that alert students to possible pitfalls, and provide
techniques for avoiding errors.

HEADS UP:

Be careful to update the while loop condition in the loop body to avoid
an infinite loop.

e Good Programming Practice boxes that provide problem-solving
strategies as well as tips for writing readable and maintainable code.

GOOD PROGRAMMING PRACTICE:



Wherever possible, verify that input from the user is valid. If not valid,
allow the user to reenter the input.

¢ Python code that is color-coded so the student can better see syntax
elements.

1 def getMaxSoFar(alist):

2 maxSoFar = alist[0]

3 for pos in range(1, len(alist)):
4 if alist[pos] » maxSoFar:

5 maxSoFar = alist[pos]

6
/

return maxSoFar

Description

e Figures that are presented in color, which is important for several turtle
applications and image-processing programs in which color 1s used to
highlight variations in data.
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What’s New in the Fourth Edition

The Fourth Edition contains many updates and new features found in Python
version 3.10.

e Inresponse to instructor and student feedback, we replaced Chapter 2.
The new chapter, Playing by the Rules, covers the same programming
topics as the previous Chapter 2 while solving problems that are more
engaging to students. Using rules-based programming, the student
develops a chatbot and teaches the computer strategies to play games.
We also introduce the while loop here so that students can write event-
controlled loops in addition to the for loops introduced in Chapter 1. In
previous editions, while loop construction was spread throughout
multiple chapters. Similarly, we introduce the input function here
(previously introduced in Chapter 3) for ease in playing the games.

e For the development system, we now use the popular, freely available
Jupyter Notebook. All sessions and listings in the book have been
written using Jupyter Notebook.

e In Chapter 4, Introducing the Python Collections, we introduce the
matplotlib library as a means to graph data.

e In Chapter 5, Bigger Data: File 1/0, we introduce the pandas library
for reading and manipulating online data.

o InChapter 9, Fractals: The Geometry of Nature, we use the new
Python match command to determine which production rule to apply for
L-systems.

e We have also added a glossary of terms at the end of the text.

How to Use This Text

Chapter Organization

This text is organized into three parts. Chapters 1-5 introduce all of the key
control structures, emphasizing straightforward imperative programming
constructs such as variables, loops, and conditionals. By the end of the first



five chapters, all of the major Python data types have been covered—
including integers, floats, strings, lists, dictionaries, tuples, and files.

In the first chapter, we introduce the idea of an object as something you
can use. In a sense, programming in Python 1s an objects-always approach.
Students begin by using common programming concepts while employing the
modules that Python provides. These modules allow us to address more
interesting problems without introducing unnecessary complexity. For
example, we cover simple graphics in Chapter 1 by using a turtle graphics
module. In Chapter 6, we cover image processing through the use of a simple
image object that automatically loads an image from a file but allows the
students to get and set the values of pixels.

The next chapters contain more details about the concepts introduced in
Chapters 1-5. Chapters 69 provide students with an opportunity to get more
comfortable with basic programming concepts while presenting additional
problem-solving patterns. Students also learn more about the internal
mechanisms of Python.

The last chapters emphasize object-oriented programming and introduce
the concepts needed to design and build classes. When these topics are
introduced, students are comfortable with the idea of using an object; in turn,
building their own objects 1s a natural next step. Our first examples
emphasize the importance of interactions between multiple real-world
objects. After implementing simple classes, we introduce inheritance in a
natural way by creating a graphics library and by implementing interactive
games as an extension of the turtle module.

Using the Text

This text can be used in several ways. Figure P.1 provides an overview of
some possibilities. One path 1s to move through the text sequentially.
Instructors could cover the entire text in a single semester, or because there is
enough exploratory material to last an entire year, instructors could cover the
material in two semesters. A second path would be to cover Chapters 1-5
and then move to Chapters 10-13. This approach provides a balance
between imperative and object-oriented programming that fits easily into a
single semester. If instructors have additional time, they can pick and choose
from Chapters 6—9 before continuing to Chapters 10—13. Another suggestion



would be to teach Chapters 1-9 1n an introductory course that covers only
imperative programming and the use of objects.
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Description

Using the Exercises

This text includes three kinds of exercises. First, some Try It Out exercises
ask students to run the code that has been presented as part of the section.
With these exercises, students use the code to learn or explore on their own.
Second, other Try It Out exercises have students modify or extend the code
provided in the section. Many times, a simple version of the code is
provided, and students are asked to modify the code to improve it or add
additional features. Third, programming exercises at the end of each chapter
describe complete projects that are related to the materials covered in the
chapter.

Throughout the text, we have included Try It Out exercises within each
section. These exercises are structured so that they can be used in several
ways:

e If'you are reading this text as a self-study, the Try It Out exercises
provide breaking points where you have the opportunity to stop reading
and practice the concepts.

e Instructors may find that many of the exercises contain material to cover
in a lecture that complements the material the students have read.

e Ina traditional lecture course, the exercises can be used as homework
problems. We have had good luck in the introductory computer science



course using many small programming assignments. Often the students
are able to do more than 30 small programming assignments during a

single semester.

e This text can also be used as part of a “hands-on” introduction to
computer science. A small amount of lecture can be used to introduce
the main points of a chapter, but the majority of the class time 1s used to
work on the exercises that complement the reading. This approach
follows a growing trend in active learning computer science education
and was well received by our students.

Key Topics by Chapter

Table P.1 maps the problems that are introduced in each chapter with the key
computer science concepts that are established in the chapter.

TABLE P.1 | Problems and Key Concepts

Chapter Problem Key

1. Drawing polygons and

Introduction approximating a circle

to Python Common problem-solving
strategies

2. Playing by Creating a chatbot

the Rules Guessing a Secret Number
Playing the game of Nim

3. Codes and Cipher algorithms—

Other transposition, substitution
Secrets algorithms

4. Introducing Computing simple statistics
the Python

Collections

5. Bigger Working with data
Data: File /O

Computer Science Concepts
Problem-solving strategies, numeric data types,
assignment statements, using turtie objects,
simple for loops, simple functions

Simple string definition and searches, Boolean
expressions and simple selection statements, the
accumulator patterns, while loops, functions that
return values, user input, random module

More on the string data type and methods,
character functions, modulo arithmetic, keyword
parameters

Python list, tuple, and dictionary data types; math
module; statistics module; matplotlib Iibrary

File input and output, string formatting, reading
online data in CSV and JSON formats, reading and
manipulating data using the pandas library, list
comprehension



Chapter Problem Key Computer Science Concepts

6. Image Digital image processing,  Nested loops, passing functions as parameters,
Processing pixel manipulations, scoping rules

enlarging and reducing

images, edge detection

algorithms
7. Data Cluster analysis and More on Python list and dictionary data types, more
Mining: visualization of large data  on reading from files
Cluster sets
Analysis
8. Methods for cracking Storing nontrivial data in lists and dictionaries,
Cryptanalysis transposition and string processing, regular expression module

substitution ciphers,
frequency analysis
9. Fractals: What fractals are; how we Recursion, grammars, and production rules; the

The can use them to simulate  Python match command
Geometry of trees, shrubs, snowflakes,
Nature and other natural objects
10. Planet  Calculating and plotting the Introduce object-oriented design and construction
Objects interaction of large celestial of classes, instance variables, methods

bodies
11. Simulating predator—prey  Using objects in a simulation; many objects with
Simulation  relationships simple behaviors can lead to interesting complex

results

12. A Designing an object-oriented Inheritance, abstract classes and abstract
Hierarchy of graphics library with points, methods, polymorphism
Shapes lines, polygons, and other

shapes
13. Designing and implementing Event-driven programming, inheritance, static
Interactive  simple interactive games  variables, static methods
Games

Supplements

Instructor supplements, including answers to chapter exercises, a test bank,
and PowerPoint lecture outlines, and a sample syllabus, are available for
instructor download. Source code from listings presented in the chapters is
also provided for students and instructors. For more information and to
request access, contact your account representative at
go.jblearning.com/pythonde.
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CHAPTER 1
Introduction to Python

Introduction to Numeric Types, Turtle
Graphics, Simple for Loops, and
Functions

1.1 OBJECTIVES

e To provide examples of computer science in the real world

e To provide an overview of common problem-solving strategies
e To introduce Python's numeric data types

e To show examples of simple programs

e To introduce turtle graphics

e To introduce simple functions

e To introduce loops



1.2 What Is Computer Science?

You probably rely on computers and networks every day. Yet even though
computers have become part of the backdrop of our lives, you may not have
explored the world of programming.

The important question in this chapter 1s “What is computer science?” The
problem with answering this question 1s that the term is misleading right from
the start. You might think computer science is the exploration and discovery
of how a computer works. That makes little sense given that computers are
manufactured by humans. According to a quote often attributed to the early
computer scientist Edsger Dijkstra, “Computer science 1s no more about
computers than astronomy is about telescopes.”

Computer science 1s not like biology or physics, in which we are trying to
understand how things work. We know how they work; what we study is
ways to make them do more and different tasks. So, what is computer
science? Computer science 1s the study of algorithms.

To put it another way, computer science is primarily about problem-
solving and computational processes. For beginning computer scientists,
finding the solution to a problem is often the easiest part. Defining an
algorithm, which involves turning the solution into a set of step-by-step
instructions that can be performed by a computer (creating a computational
process), can be difficult. Computer scientists often call this set of
instructions a program. You may think of it as something like a recipe for a
beginning cook. First, bring the water to a boil, then add the macaroni, and so
on.

You are likely familiar with the use of advanced programs, such as
Apple’s Sir1 or the Google Assistant, that are designed to make the computer
look intelligent. It 1s important to dispel this idea right away: Computers are
not intelligent. Here are six important things to remember about computers as
you learn to program:

1. Computers are limited.
2. Computers can follow instructions that we give them.



3. Computers do what you tell them to do really fast, so they appear smart
(but they are not).

4. Computers don’t remember anything unless you tell them how and what
to remember.

5. Computers take your instructions literally. If you tell them to do
something dumb, they will do it.

6. Computers do only what they are told and in exactly the order you tell
them.



1.3 Why Study Computer Science?

Now that you have a better 1idea of what computer science is, you may be
wondering why you should learn any more about it. Our belief is that
computer science 1s for everyone. Some of the biggest computer success
stories involve people who were not computer scientists by training, but
rather came to computer science because they had an interesting problem to
solve. For example, a physicist at the European Council for Nuclear
Research (CERN) needed a better way for physicists around the world to
share information. The solution to this information-sharing problem became
what 1s called the World Wide Web. He wrote the computer programs for the
first web server and browser. In 2016, that physicist, Sir Tim Berners-Lee,
was awarded the Association of Computing Machinery’s A. M. (Alan M.)
Turing Prize, often referred to as the computing equivalent of the Nobel
Prize.

1.3.1 Everyday Applications of Computer Science

Few computer scientists work on problems limited to computers, such as
building a better operating system or improving a local area network.
Instead, most computer scientists work with people, writing programs that
solve problems in areas such as biology, chemistry, business, economics,
publishing, automotive design, or entertainment. Look around you and think
about the applications you use many times each day—from your browser to
an instant messaging program and emails, from word processing to your
fitness program, and from your personal calendar to games.

In addition to our laptop computers, tablets, and cell phones, we use
computers daily that we may not even realize are computers. For example,
the computers in your car check your gas mileage several times every
second, examine the wear on your brake pads, monitor your speed and
emissions, and update your Global Positioning System (GPS) display to keep
track of your exact position and plot it on a map on the dashboard display.
More and more appliances have computer-aided functions.



If you go to the doctor and need medical imaging such as a computed axial
tomography (CAT) scan or magnetic resonance imaging (MRI), you are
relying on sophisticated computer programs to create and interpret the
images of your body. If you peek into the cockpit of a newer airplane, you
will see panels of displays with virtual switches. In addition, the pilot of the
airplane has spent many hours training in a simulated environment controlled
by a computer.

Some computer programs run behind the scenes to make the world a more
orderly place. As a student, you probably know that a computer keeps track
of your credit at the cafeteria, your grade-point average, and the amount of
money you owe the college this month. The computers in the library keep
track of which books the library owns, who has books checked out, and when
they are due back in the library.

An important branch of computer science is data science, or the use of
computational algorithms and scientific processes to gain understanding of or
find patterns in large data sets. Nearly all big businesses, university
researchers, and even government agencies use data science in some way to
gain insights. Within data science is an emerging area called machine
learning, where a computer program is fed lots of data showing both correct
and incorrect results, and the program uses sophisticated algorithms to
“learn” to distinguish the correct results from the incorrect results. For
example, some companies, including Intel and Verily Life Sciences, are using
machine learning to help diagnose diseases.

In fact, you would be hard-pressed to name an area of your life that is not
assisted by computers.

1.3.2 Why Computer Science Is Important

In one sense, studying computer science is important because it gives you a
better understanding of how the technological world around you works. After
reading this text, you may have a new appreciation for the applications that
you use every day. We hope you will even aspire to write your own new
application or an improved version of some existing application.

In another sense, computer science helps to prepare you for your future.
Many of the most interesting jobs in the near future will be at the intersection
of computer science and some other domain. A manager at a successful



software company said, “I sometimes turn away applicants who have perfect
scores on the standardized tests.” These applicants may be technically
perfect, he explained, but they lack the ability to communicate with people
and solve real-world problems.

Most importantly, a first course in computer science will help you in the
following ways:

e You will be able to apply new problem-solving skills.
You will learn to apply logic.

You will learn about process (a series of actions or steps taken to
achieve a specific outcome).

You will understand and apply abstraction.
You will learn to think and communicate more clearly.



1.4 Problem-Solving Strategies

Problem-solving happens on three levels:

o Strategy: A high-level idea for finding a solution.
e Tactics: Methods or patterns that work in many different settings.
e Tools: Tricks and techniques that are used in specific situations.

As you progress through this text, you will encounter several different
problem-solving strategies. In addition, you will see that computer science
uses many different problem-solving tactics. In particular, you will learn to
recognize patterns in the problems you solve that lead to patterns in the
programs you write. Finally, as you use the Python programming language,
you will learn about the tools that Python provides to help you write your
solution as a program.

A simple example will illustrate some of these concepts. Consider this
question: “A class has 12 students. At the beginning of class, each student
shakes hands with each of the other students. How many handshakes take
place?”

Your first instinct might be to simply say that since each person must shake
hands with 11 other people, the answer 1s 12 x 11 = 132 handshakes. But you
would be wrong. To help you make progress toward the correct answer, you
can employ a strategy called simplification. Simplification is a strategy that
reduces a problem to a trivial size.

Let’s assume that instead of 12 people, only one person is in the
classroom. With only a single person, no handshakes will take place. But
what happens when a second person enters the classroom? Upon entering the
room, the second person must shake hands with the first (and only other)
person in the room for one handshake. Now suppose a third person enters the
classroom. The third person must shake hands with the first two, making a
total of 2 + 1 + 0 = 3 handshakes. The fourth person who enters the room
must shake hands with the three people already in the room, so our total
handshake count 1s now 3 + 2 + 1 + 0 = 6. By this time, you should see a



pattern of generalization—a technique that enables you to go from some
specific examples to a solution that can be implemented as a program.

In our handshaking problem, the pattern tells us that the Nth person to enter
the classroom shakes hands with N — 1 other people, and the total number of
handshakes 1s the sum 1 +2 +3 + ... N — 1. At this point, we might simply
write a computer program that adds up the numbers from 1 to N — 1. Adding
numbers 1s something that computers are particularly good at. But we will
also point out that a general mathematical solution exists for this problem of
adding a sequence of numbers:

n-{n+1)
SUm = ———————

For our handshake problem, we need to add up the numbers from 1 to 1
less than the number of students, because as we discovered earlier, there are
no handshakes with only one student. Given that there are 12 students, n =11.
Plugging 11 into the formula gives us:

11-12
=066

You can verify this result yourself by simply adding the numbers from 1 to
11.

In fact, we can prove that the formula gives us the correct answer by using
representation, another important strategy that will solve our problem.
Proving that

f

. .

H-tn+1)
S‘]._ i y
=1 2

is true for all values of » using mathematical induction would be a daunting
task for most people. However, let’s visualize the problem of adding up the
numbers from 1 to N as shown in Figure 1.1.



Figure 1.1 Representing the sum of the numbers from 1 to N graphically.

Description

In this representation of this slightly simplified problem, we show each of
the numbers we want to add as a row of circles, thus representing the
addition of 1 + 2 + 3 + 4. Now we could just count the circles to get our
answer, but that exercise 1s not very interesting and does not prove anything.
The interesting part comes in Figure 1.2, where we have taken all four rows
of dots, duplicated them, and flipped them diagonally. The dots now form a



rectangle that 1s 4 rows high and 5 columns wide. It 1s now easy to see that
the total number of dots 1s just 4 x 5 =20. But we have twice as many dots as
we started with, so the number of dots we started with 1s 20 +2 =10.

n-{n+1)_

Figure 1.2 The sum of the numbers 1 toNis 2

Description



If you generalize our example a little bit, it is easy to see that this
graphical trick works no matter how many rows of dots we use. Therefore,
we have shown a proof for an interesting mathematical sequence, but because
we chose a good representation for the problem, we have not had to do
anything more complicated than simple multiplication and division.



1.5 Python Overview

In this text, the language you will use to write your computer programs 1s
called Python. Why did we choose Python instead of a language like C++ or
Java? The answer is simple: We want you to focus on learning the problem-
solving strategies and techniques that a computer scientist uses.
Programming languages are tools, and Python is a good beginning tool.
Languages like Java and C++ are fine tools as well, but they require you to
keep track of many more details than Python does.

The best way to learn Python is to try it out—so let’s get started. Python is
free to download and install. You will find detailed instructions on installing
Python on various operating systems at www.python.org. In fact, python.org
1s a good resource for learning more about Python and its many libraries,
which are prewritten Python code we can incorporate into our programs.

After installing Python, the first thing you do is start the Python interpreter.
Depending on your operating system, there are any number of ways to do this.
For example, you might start a program that is installed with Python called
IDLE—mamed afier Eric Idle of Monty Python fame—that also stands for
Python’s Integrated Development and Learning Environment. In this text, we
will be using Jupyter Notebook, a popular development platform for writing
and running Python programs from a browser window. Instructions for
downloading and getting started with Jupyter Notebook are in Appendix A.
Figure 1.3 shows Jupyter Notebook after we have pressed the new button
and then chosen Python 3. Notebook i1s now ready to accept Python
commands.


http://www.python.org/
http://python.org/
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Figure 1.3 Jupyter Notebook.
© Jupyter.

As you progress through this chapter, you will see that example programs
appear in boxes called /listings, and commands that you can type interactively
into Jupyter Notebook or whichever development platform you are using
appear 1n boxes called sessions. Whenever you see a session box, we
strongly encourage you to try the session for yourself. Also, once you have
typed in the example shown in the session, feel free to try some variations to
find out for yourself what works and what does not.

As we begin to explore Python, we will answer three important questions
you should ask about any programming language:

e What are the primitive elements?
e How can we combine the primitive elements?



e How can we create our own abstractions?

1.5.1 Primitive Elements

At the deepest level, the one primitive element in Python is the object. Like
you, Python thinks of the things in its world as objects. If you look around
your world, you will see many objects: pencils, pens, your chair, a computer.
Python even considers numbers to be objects—an idea that may be a bit
confusing to you, because you probably do not think of numbers as objects.
But Python does, and we will see why this 1s important shortly.

Python classifies the different kinds of objects in its world into types.
Some of the easiest types to work with are numbers. Python knows about
several different types of numbers:

o Integers
e Floating-point numbers
¢ Complex numbers

Integers

Integers are the whole numbers that you learned about in math class. We can
do a lot with Python just using integers. For starters, we can use Python as a
calculator. Notice that Jupyter Notebook provides a box where you can type
an expression. Let’s try a few mathematical expressions. Type the commands
shown in Session 1.1 using Jupyter Notebook. After you have typed in an
expression, press the Run button. The output will be printed under the box.

In (1] 242

In (2 100-75



WtA]: 7

In 5] 15/ 1 Hnteger division truncotes the raminder

5] 7

In (6] 1542 o get ronainger, use modulo operator

[s]: 1

Session 1.1 Simple integer math



Description

The examples in Session 1.1 illustrate some very important Python
concepts that you should become familiar with as soon as possible. The first
concept 1s Python’s read—eval—print 1oop.

At a high level, the Python interpreter is really very simple. It does three
things over and over again: (1) read, (2) evaluate, and (3) print. These are
illustrated in Figure 1.4.




Figure 1.4 The read—eval-print loop in Python.

First, Python reads one line of input. In the first example, Python reads 2 +
2, then it evaluates the expression 2 + 2 and determines that the answer 1s 4.
Finally, Python prints the resulting value of 4. After displaying the result,
Python displays another box to show you that it is waiting to read another
expression.

In general, a Python expression is a combination of operators and
operands. Table 1.1 shows Python’s arithmetic operators.

TABLE 1.1 | Python’s Arithmetic Operators

Operator Operation

+ Addition

- Subtraction

* Multiplication

i Integer division

/ Floating-point division

% Modulo (remainder after division)
> Exponentiation

One element to note in Session 1.1 is the hash character (#) that appears on
two lines. This hash character starts a comment. The Python interpreter
ignores any text following the hash character until the end of the line. Thus,
comments allow the programmer to place descriptive documentation into
Python code that will not impact the execution of the program. You will see
comments in many of our sessions.

When we evaluate an expression, we get a result. In the examples in our
Python session, some of the operators are familiar mathematical operators: +
and —. Although you may be more familiar with x and + for multiplication
and division, you will not find those symbols on a standard keyboard, so
Python, like almost all programming languages, uses “*” for multiplication
and “/” or ““//” for division.

One thing that may surprise you in the example is the result of the
expression 15 // 2. Of course, we all know that 15 divided by 2 is really 7.5.



However, because both operands are integer objects and // is the integer
division operator, Python produces an integer object as a result. Integer
division works like the division you learned when you were young: 15
divided by 2 equals 7, remainder 1. You can find the remainder part of the
result by using the modulo operator (%). For example, 15 % 2 evaluates to
the remainder value of 1.

HEADS UP:

When using the integer division operator ( // ), the quotient will not

include the remainder. To get the remainder, use the modulo operator
(%).

Let’s try some more calculations. Create a new Notebook session and type
the expressions in Session 1.2.

In[1]: 12*%6+2  #multiply, then add

74

In[2]: 2+12%6  #nultiply, then add

/4

In[3]: (2+12) *6 f#add, then multiply



84

In [4]: 12 % (6 4 2) #add, then multiply

%

In [5]: 2 %3 #2 to the 3rd power

Session 1.2 More numeric calculations
Description

Here we are mixing multiplication and addition. As shown in the first two
calculations, the order in which we type the expressions does not make a
difference in the result. The reason 1s that Python performs all multiplications
and divisions before performing any additions and subtractions. We can
override those rules by putting parentheses around any calculation we want
to perform first, as shown in the third and fourth expressions.

Finally, we introduce the exponentiation operator (**) for raising a number
to a power. In this case, we raise 2 to the third power, yielding 8.

Table 1.2 summarizes the order in which Python performs calculations.
Operators are evaluated in order from top to bottom; operators at the same
level are evaluated from left to right as they occur in the expression, except
for exponentiation, which is evaluated from right to left.

TABLE 1.2 | Python’s Order of Operations




Operators Operations Evaluation Order
() Parentheses Left to right
** Exponentiation Right to left
/N Multiplication and division Left to right
+ - Addition and subtraction Left to right
Try It Out

1.1 Find the sum of the numbers 8, 9, and 10.

1.2 Find the product of the numbers 8, 9, and 10.

1.3 Compute the number of seconds in a non-leap year.
1.4 Compute the number of inches in 1 mile.

1.5 Compute the number of 2-fi* tiles to cover the floor of'a 10- by
12-ft room.

1.6 Compute the number of handshakes required for each person in
your class to shake hands with every other person exactly one time.

1.7 Find the average age of five people around you using integer
division. Double-check your answer.

1.8 Compute the factorial of 13.
1.9 Compute 2 to the 120th power.

Floating-Point Numbers

Integer division is useful in some cases, but it can also trip you up. What if
you want to divide 15 by 2 and get 7.5 as the answer? To get the result as a
floating-point number, you must use the floating-point division operator (/).

In Python, you can tell the difference between a floating-point number and
an integer because a floating-point number has a decimal point. Floating-
point numbers are Python’s approximation of what you called real numbers
in math class. We say that floating-point numbers are an approximation
because, unlike real numbers, floating-point numbers cannot have an infinite



number of digits following the decimal point. This 1s because of the way
floating-point numbers are stored in the computer’s memory. Session 1.3
presents some examples of calculations using floating-point numbers.

In [1]: 2.0 + 2.0

Out({l]: 4.0

In [2]:|15.3 [ 2.5

Out{2]: 6.12

In [3]: 6.0 * 1.5

9.0

Out[3]:

W
L

In [4]: 2.5 ** 25.0

Out[4]: 8881784197.001253

Tn C1. 2 0 %%k Con N
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3.273390607896142e+150

In [6]: 1.33e+5 + 1.0

133001.0

Session 1.3 Floating-point math
Description

Notice that when the operands are floating-point numbers, the result is a
floating-point number, including the remainder as a fractional part. You
should also notice that when the result of a floating-point operation gets
really big, Python uses scientific notation to express the results. Finally,
notice that you can use scientific notation for a floating-point number in a
Python expression.

Try It Out

1.10 Find the average age of five people around you using floating-
point division. Double-check your answer.

1.11 Find the volume of a sphere with a radius of 1 using the
formula 4/37r.
1.12 Compute 1/3 of 15. Did you get the right answer?

1.13 The Andromeda galaxy i1s 2.9 million light years away. There
are 5.878 x 10" miles per light year. How many miles away is the
Andromeda galaxy?



1.14 How many years would it take to reach the Andromeda galaxy
if you traveled at a speed of 65 miles per hour?

Although 3.273¢ + 150 1s a good approximation, we know that there are
not really 147 zeros in the result. One of the disadvantages of using scientific
notation is that you lose some precision in your result. If you want to get very
exact results, integers allow us to perform calculations to virtually unlimited
precision. Session 1.4 shows the real value of 2 **500 using integers.

Il 125

32733900078%614187081318%09682759915221 664204004 3064789483291 308096133 1904046
T45)4883070092305904157 15088068412 75600710092112563438853930333285215893 6

In (2]: L 100600000 * 500 160 million * 500

LUSAR

In 3] 1 100.000 000 * 500 # can be 0 Separator for Lange nunbers

310 Soogeoee

Session 1.4 The use of integers to obtain very precise answers for large numbers



Description

When typing large integers, you might be tempted to insert commas
between groups of 3 numbers—for example, 100,000,000. Unfortunately,
Python does not allow commas to be inserted into integers. Session 1.4
shows that Python does allow an underscore () to act as a visual separator
for typing large numbers. The underscore is not considered part of the
Integer.

Complex Numbers

The final primitive numeric type in Python is the complex number. As you
may remember, complex numbers have two parts: a real part and an
imaginary part. In Python, a complex number is displayed as real +
imaginary j. For example, 5.0 + 3 j has a real part of 5.0 and an imaginary
part of 3. Although we mention complex numbers here to give you a complete
list of the numeric primitives, we will concentrate only on integers and
floating-point numbers.

Mixing Numeric Types

What happens when we mix numbers of different types in one calculation?
Let’s look at the examples shown in Session 1.5 to find out.

In[1]: 1 10 * 3.4 #nix of integers and float -» flogt result

340.0

In[2]: 1100+3.4

103.4



n3): 1 100- 3.4

0ut[3]: 96,6

In[4]: 1 109 # 3.4

OUE[A]: 6309573, 44dg0193

In[5]: 11000 /10.2  #qwision is a spectal case

0[] 98, 0392156862745

In[g]: 1 1080 // 10.2

A LT
Qutl6]: 9.0
Session 1.5 Mixing integers and floatng-pomt numbers

Description

As you can see from Session 1.5, when you mix floating-point numbers
with integers, the result will be a floating-point number.



Note that for division, the result depends on which division operator you
use. When you use the floating-point division operator (/), regardless of
whether the operands are integers or floating-point numbers, the result will
be a floating-point number. When you use one or more floating-point numbers
with the integer division operator (//), the result 1s also a floating-point
number, but with the fractional part truncated.

HEADS UP:

When you use the floating-point division operator (/), the result will
always be a floating-point number. When you use the integer division
operator (//) with one or both operands being floating-point numbers, the
result will be a floating-point number with the fractional part shown as 0.

As shown in Session 1.6, you can also tell Python to explicitly convert a
number to either an integer or a floating-point number by using the int or
float functions. These functions are built-in Python code that operate on a
value you put into parentheses after the function name. For example,
float (5) will convert the integer 5 to the floating-point number 5.0.
Conversely, int (3.99999) will convert the floating-point number 3.99999
to the integer 3. When converting floating-point numbers to integers, Python
always truncates the fractional part of the number. If you want to convert a
floating-point number to the nearest integer, you can use the built-in round
function. For example, round(3.99999) will round the floating-point
number 3.9999 to 4.



In [1]: float(5)

Out|l]: 5.0

In [2]: int(3.99999)

Outf2]: 3

In [3]: round(3.99999)

Out|{3]|: 4

Session 1.6 Converting between integers and floatng-pomt numbers

Description

These numeric-type conversion functions are summarized in Table 1.3.

TABLE 1.3 | Python’s Functions for Converting Between

Numeric Types

FunctionDescription

float (i) Converts the integer i to a floating-point number.

int (f) Converts the floating-point number £ to an integer. Any fractional part is
truncated.

round (f) Converts the floating-point number r to the closest integer.




In summary, we have seen that Python supports several types of primitive
objects in the number family: integers, for ordinary simple math, when
precision is required, or when dealing with very large numbers, and floating-
point numbers, for working with scientific applications. At this point,
however, Python is nothing more than a calculator. In the next section, we add
some Python primitives that will give us a lot more power.

1.5.2 Naming Objects

Very often we have an object that we would like to remember. Python allows
us to name objects so that we can refer to them later. For example, we might
want to use the name pi rather than the value 3.14159 in a mathematical
expression. We might also want to give a name to a value that we will use
multiple times rather than recalculate it each time.

In Python, we can name objects using an assignment statement. A
statement 1s like an expression, except that it does not produce a value for
the read—eval—print loop to print. An assignment statement has three parts:

1. The lefi-hand side
2. The right-hand side
3. The assignment operator (=)

The right-hand side can be any Python expression, and the left-hand side 1s
the name to which we want to assign the result of evaluating the expression.

name = python expression

When the Python interpreter evaluates an assignment statement, it first
evaluates the expression that 1t finds on the right-hand side of the equals sign.
Once the right-hand side expression has been evaluated, the resulting object
is referred to using the name found on the left side of the equals sign. In
computer science, we call these names variables. More formally, we define
a variable to be a named reference to a data object. In other words, a
variable 1s simply a name that allows us to locate a Python object.

Suppose we want to calculate the volume of a cylinder for which the
radius of the base is 8 ¢m and the height 1s 16 cm. We will use the formula
volume = area of base * height. Rather than calculate everything in one big
expression, we will divide the work into several assignment statements.



First, we will name the numeric objects “p1,” “radius,” and “height.” Next,
we will use the named objects to calculate the area of the base and, finally,
the volume of the cylinder. Session 1.7 shows how we use this sequence of
assignment statements and Python arithmetic to solve our problem.



In [1]:

In [2]:

In [3]:

In [4]:

In [5]:

Qut([5]:

(W

In [6]:

In [7]:

Out[7]:

pi = 3.14159

radius = 8.0

height = 16

baseArea = pi * radius ** 2

baseArea

201.06176

cylinderVolume = baseArea * height

cylinderVolume

3216.98816



Session 1.7 Calculating the volume of a cylmder with assignment statements

Description
After studying Session 1.7, you may have some questions:

e How is the use of the equals sign in Python different from what you
learned in math class?

e If'you change the value for basearea, will cylindervolume
automatically change?

e Why doesn’t Python print out the value of pi after the first assignment
statement?

e Which names are legal in Python?

Let’s look at these questions one at a time. The equals sign in Python is
very different from the symbol that you learned in math class. In fact, you
should think of it not in terms of equality, but rather as the assignment
operator, which has the job of associating a name with an object. Figure 1.5
illustrates how names are associated with objects in Python. All the names
and objects in this figure come from Session 1.7. The relationships between
names and the objects they reference are indicated by the arrows between
them.

Name Space Object Space

> 314159

radius » 8.0



height ——

> 16

baseArea

= 20106176

» 3216.98816

cylinderVolume

Figure 1.5 A reference diagram illustrating simple assignment in Python.

Description

Another way of thinking about assignment 1s to imagine that an assignment
statement 1s like taking a sticky label with a name written on it and attaching
it to an object. You know that you can put more than one sticky label on an
object in the real world, and the analogy holds true in the Python world as



well: A Python object can have more than one name. For example, suppose
you made the following additional assignment: x = s.0. After executing that
statement, you added another label called radius with another arrow pointing
at the object 8.0, as shown in Figure 1.6. Now the object 8.0 has two names:
radius and x.

Name Space Object Space

» 314159

radius

- 80

height —

1 N1 NR17A
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cylinderVolume » 3216.98816

Figure 1.6 Reference diagram after x = g.0.
Description

Variables can take the place of the actual object in a Python expression.
When Python evaluates the expression pi * radius ** 2, it first looks up
pi and radius to see which objects they refer to; it then substitutes their
values into the expression. The expression thus becomes 3.14159 * 8.0 **
2. Next, Python evaluates 8.0 ** 2 to get an intermediate result of 64. 0.
Python then evaluates 3.14159 * 64.0 to get the value 201.06176. After
the right-hand side of the expression is evaluated, Python assigns the name
baseArea t0 201.06176. Similarly, Python evaluates the expression
baseArea * height by substituting the value 201.06176 for basearea and
multiplying by 16. Then Python assigns the name cylindervolume to the
value 3216.98816.

Let’s look at one more example using assignment. Consider the Python
statements in Session 1.8.



10

In [2]: 1 a

In [3]: 1 b=20

v
1
=

In [4]: 1

In [5]: 1 a

In [6]: 1 b

20

Session 1.8 Python evaluates assignment statements in sequence
Description

After these three assignment statements, what object does a refer to? To
answer this question, it 1s important to recognize that Python evaluates the
statements from top to bottom, one after another. Let’s rephrase what is going
on in the order that Python performs its work.



1. Assign the name a to the integer object 10.
2. Assign the name b to the integer object 20.
3. Find the object named b, then assign the name a to that object.

The answer to our question is that a now refers to the object 20. This 1s
shown in Figure 1.7. In addition, because we have not changed what b refers
to since the original assignment, b continues to refer to the object 20. If you
are confused by this example, try to draw the reference diagram yourself one
step at a time.

Name Space Object Space

10

Figure 1.7 Result of assignment a = b.

Description

Now that you understand more about the assignment operator, you will
appreciate that attaching the name basearea to a different object will have
no impact on the name cylindervolume. If you want the new value for



baseArea to affect the value of cylindervolume, you will need to ask
Python to re-execute the statement cylindervolume = baseArea *
height with the new value for basearea.

Since assignment 1s a statement rather than an expression, it does not return
a value. As a consequence, the read—eval—print loop has nothing to print out.
That 1s why you do not see any output following the assignment statements in
Sessions 1.7 and 1.8.

A name on a line all by itself is a very simple Python expression. Notice
that just typing a name causes Python to find the value for the object and print
it as the result of the expression. You can see this in Session 1.7 when we
type baseArea and cylindervolume, and at the end of Session 1.8 when we
type a and b. Python responds by printing their values.

There are several important rules to remember about naming things in
Python. Names must start with either a letter or an underscore (). Names can
include any letter or number or an underscore, but cannot contain a space.
Python is case-sensitive, which means that the names baseArea, basearea,
and BaseArea are all different.

Some names, called keywords, are reserved by Python for its own use.
These keywords correspond to important Python capabilities that you will
learn about. Table 1.4 lists all of Python’s reserved keywords. Again, these
reserved words are case-sensitive. For example, True 1s a reserved word,
but t rue 1s not. To avoid confusion, it is a good programming practice not to
choose names that are the same as the reserved words, except for case.

TABLE 1.4 | Python’s Reserved Keywords



and continue finally is raise

as def for lambda return
agsert del from None True
A8VNC elif global nonlocal Lry
await glse if not while
break except import ar with
class False in pass yield
Description
RECAP:

Python names must follow these rules:

o Names must start with a letter (uppercase or lowercase) or an
underscore ().

e Names can contain letters (uppercase or lowercase), underscores
(), or digits, but no spaces.

e Names cannot be Python’s keywords (shown in Table 1.4). Names
are case-sensitive.

GOOD PROGRAMMING PRACTICE:

Notice that we use camelCase when creating our names; that 1s, we start
a name with a lowercase letter and capitalize internal words. This makes
the name easier to read and easier to remember how it is spelled. It is
also good practice to avoid choosing object names that differ from
Python’s reserved keywords only in case.



Try It Out

1.15 Given the following Python statements:

a = 79
b = a
a = 89

a. Draw a reference diagram to show the labels and objects after the
first two statements.

b. Draw a reference diagram to show the labels and objects afier the
last statement.

1.16 Which of the following are legal variable names:
a. abcl23

b. 123abc

C.abcl123

d 123

€. Abc 123

1.17 Consider the following statements:

a = 10
b = 20
c =a *b
d =a + b

Draw a reference diagram to show all the objects and names after
evaluating these statements.

1.18 What are the values of a and b after Python evaluates each of
the following four statements?

a = 10
b = 20
a =>

b = 15

1.19 Consider the following statements:
idx = 0

idx = idx + 1



idx = idx + 2
What is the value of idx after Python evaluates these three
statements?

1.5.3 Abstraction

Abstraction is defined as a concept or idea not associated with any specific
instance. For example, you can think of mathematical functions on your
calculator such as square root, sine, and cosine as abstractions. These
functions can calculate a value for any number, but the method of calculating
a square root i1s independent of the particular number. The square root
function works equally well for all numbers because it is a general function.
We do not have a special square root function for each possible number, just
one function that works for all numbers.

One way of thinking about a function 1s as a “black box.” You send
information into the black box on one side and new information comes out on
the other side. You don’t know exactly what goes on inside the box, but you
do know the behavior that the box should exhibit. Figure 1.8 illustrates this
concept for the square root function.

9 > \/)7 > 3

Figure 1.8 A black box view of the square root function.

The Python language contains many such abstractions. Many of the new
things we will see in Python are, in fact, abstractions built using the Python
primitives we have already talked about or will talk about later. In other
words, much of Python is written in Python.

The turtie Module



Many of the additional parts of Python functionality are found in modules—
prewritten Python code that implements an abstraction designed to make
programming easier. To apply the power of a module, you have to tell Python
to load the module you want. The statement you need to use to load a module
1s:

import modulename

When you import a module, an object is created inside Python. That object
has the type module and has a name attached to it that matches the name you
used on the import line. Every object in Python has three important
characteristics: (1) an identity, (2) a type, and (3) a value. In addition, some
Python objects have special values called attributes, and some Python
objects also have methods, which are bits of Python code that allow us to
ask the object to do something interesting. Let’s look at a simple example
before we go any further.

The example we will use is the turt1e module, which provides us with a
simple graphics programming tool known as a turtle. Very simply, a turtle is a
drawing object that we can control. A turtle can move forward or backward,
and 1t can turn in any direction. When a turtle moves, it draws a line if its tail
is down. A turtle is a Python object that has both attributes and methods.
Some of the attributes of a turtle are shown in Table 1.5.

TABLE 1.5 | Turtle Attributes

Position The coordinates of the turtle on the screen
Heading The direction the turtle is facing

Color The color of the turtle

Tail position The turtle’s tail can be up or down

Some methods of the turtle are summarized in Table 1.6. The second
column 1s titled “Parameter(s).” Functions and methods are abstractions of

generalized behaviors. Just as mathematical functions like cos(20) or V20
take parameters, Python functions and methods may also accept parameters.
Parameters are the way we tell the function specifically what it should do.



If you see the Python keyword none in the Parameter column, that means that
the method does not need any parameters to do its job.

TABLE 1.6 | Summary of Simple Turtle Methods

Name Parameter(s)Description

Turtle None Creates and returns a new turtle object.

forward  distance Moves the turtle forward by the specified distance.

backward distance Moves the turtle backward by the specified distance.

right angle Turns the turtle clockwise by angle degrees.

left angle Turns the turtle counterclockwise by angle degrees.

up None Picks up the turtle’s tail.

down None Puts down the turtle’s tail.

pencolor Color name Changes the color of the turtle’s tail.

fillcolor Color name Changes the color that the turtle will use to fill a polygon.

color Color name Changes the color of the turtle’s tail and the color the turtle will
use to fill a polygon.

heading  None Returns the current heading.

position None Returns the current position.

goto X,y Moves the turtle to position x, y.

begin fi11 None

end fill
dot

None
None

Remembers the starting point for a filled polygon.
Closes the polygon and fills it with the current fill color.
Draws a dot at the current position.

To start, we will concern ourselves with just a few of the turtle methods.
For example, we can tell the turtle to go forward, go backward, turn left, turn
right, or tell us its position. The turtle has a tail that can be up or down. If the
turtle moves when the tail 1s down, i1t draws a line. If the turtle moves when
the tail 1s up, nothing 1s drawn. Session 1.9 shows a Python session in which
we create a turtle object and try out some of the turtle’s capabilities.

In [1]: import turtle

T. A%, Lo,



1N (2] TUPTLE

OUEL2L: cmodule "turtle" from 'C:\\Users\\julie\ \ApoData\ \Local | \Prograns\\Pythor
\Python310t\Li0\turtlepy'>

In 3]+ gertrude = turtle, Turtle()

In [4]: gertrude

DELA: cturtle. Turtle at OxL7dof297730)

In [5]: gertrude. foruard(100)

In [6]: gertrude.right(%0)

In [7]: gertruce, forward(50)

In [8]: gertruce,position)



(100.00,-50.0)

In [9]: gertrude.heacing()

70,0

Session 1.9 Using the turtie module
Description

Let’s look at this example line by line. In line 1, we use an import
statement to load the turt1e module. In line 2, we ask Python to evaluate the
name turtle. Python rewards us by telling us the identity of the object to
which turti1e is assigned. That identity indicates the location of the Python
code for the module. This location will vary according to the kind of
computer you are using and where you installed Python. If we were really
adventurous, we could go there and look at the turtle methods that are stored
inthe turtle.py file.

Once we have the turt1e module loaded, we can start to use the methods
in the module to do something interesting. In the third statement we have an
assignment statement, through which we make a new Turt1e object and give
1t the name gertrude.

If you are typing this session interactively as you are reading, you will see
that when a turtle is created, a new window, shown in Figure 1.9a, appears
on the screen. The arrow in the middle of the screen represents the turtle.
When a turtle 1s first created, it is at position (0.0, 0.0) in the middle of the
window. The turtle’s initial heading is 0.0 degrees, or straight to the right.
The color attribute for the new turtle 1s black, and the tail 1s down. As you
move the turtle around, it remembers its current position, the direction in
which it is facing, and the status of its tail (up or down).
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Figure 1.9 Using turtle graphics. (a) The turtle when it is first created. (b) The turtle after some

movements.
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Before we go any further with this example, we need to explain the third
statement in more detail. Notice that the expression turtle.Turtle ()
contains a new operator—the dot (.). The dot operator tells Python to look
up the name right in front of the dot and return the object it names, a process



referred to as dereferencing. In this case, the dereferencing operation
allows Python to find the turti1e module. Once we have the module, Python
looks within the module for the name to the right of the dot. In this case,
Python looks for the Turtie method. A good way to think of this is that
Turtle 1S Python code “inside” the turt1e module. So, the dot operator gets
us to the turtie module, and then inside the turt1le module we find the
object named Turtle. Remember that Python names are case sensitive, so
turtle refers to the module itself and Turtie refers to a method within the
turtle module.

As we can see, turtle.Turtle () 1S @ method that creates a new object.
Note that the Turt1e method does not take any parameters; nevertheless, we
need to include the parentheses when calling a method, even if they are
empty. The type of the new object created 1s Turt1e. A method that creates a
new object is called a constructor. New turtle objects that we construct
are called instances of the type Turtle.

RECAP:
To call an object’s method, use the dot operator (.) with the name of the
object, following this format:

objectName.methodName (parameters)

HEADS UP:

When calling a method, the parentheses after the method name are always
required, even if the method does not take any parameters.

The fourth statement simply demonstrates that when you evaluate a name
that corresponds to a more complicated object, Python returns its
representation of that object. Unlike a number, where the representation is
self-evident, a turtle’s representation gives you a unique i1dentification for the
object. In this case, the result tells us that the type of gertrude 1is
turtle.Turtle. Furthermore, our turtle can be found at location



0x17dbf297730 1n the computer’s memory. (When you make your own turtle,
it will be at a different location.)

Now that we have our new turtle object named gertrude, lines 5, 6, and 7
instruct gertrude to do some drawing As you might guess, the line
gertrude.forward (100) causes the turtle to move forward 100 units. Once
again, the dot notation is very important to understanding how Python
interprets the statement. First, the dot tells Python to dereference the name
gertrude. When Python finds the object, it evaluates the method forward
that 1s “inside” the turtle. The forward method knows that it needs to move
forward 100 units because we pass it a parameter of 100. Similarly, the next
two statements instruct the turtle to turn right 90 degrees and then move
forward again, but this time by only 50 units. If you run this example on your
own, your window should look like Figure 1.9b.

The last two statements (lines 8 and 9) of Session 1.9 show that we can
also use methods to ask the turtle for information about itself. First, we ask
gertrude to tell us its location with the method call
gertrude.position(). In response, the position () method returns the
value (100.0, —50.0), and the print part of the read—eval—print loop prints out
that value. Methods and functions can return values, and those values can
then be included in Python expressions. The fact that the position method
returns a value i1s no different than the cosine function returning a value.
Similarly, the return value of the heading () method tells us that gertrude 1s
currently facing 270.0 degrees.

In the world of our turtle, the coordinates (0.0, 0.0) are in the center of the
window. The x coordinate grows in a positive direction as the turtle moves
toward the right. If the turtle moves toward the left side of the window, the x
coordinate gets smaller and becomes negative to the left of the middle of the
window. Similarly, the y coordinate grows as the turtle moves toward the top
of the window, but gets smaller as the turtle moves toward the bottom and
becomes negative below the middle of the window. One pixel on your
computer screen corresponds to 1 unit of turtle movement. The turtle’s
heading varies from O to 359, moving counterclockwise around the window.
If the turtle’s heading 1s 0.0 degrees, it is facing to the right; 90.0 degrees is
up, 180.0 degrees is to the left, and 270.0 degrees 1s down.



Try It Out

1.20 Create a turtle called sven. Now tell sven to go forward 50
units. What 1s sven’s position now?

1.21 Create a turtle called o1e, and tell o1e to turnright 45 degrees
and go forward 50 units. Notice that you now have two turtles in the
same window.

1.22 On a sheet of graph paper, sketch out a simple line drawing of
something. Using the turtle methods listed in Table 1.6, recreate
your line drawing,

Getting Help

The turtie module has many other methods. Table 1.6 shows just a few of
them. If you are curious about other turtie methods, you can use Python’s
built-in help subsystem that allows you to see the methods and attributes that
are defined in a module. To use this help, type the following command into
the Python interpreter:

help ("modulename")
So, to see the functions and methods for the turt1e module, type
help ("turtle™")

Be warned, however, that the turtie module has a large number of
attributes and methods. Instead of displaying all that information, the
interpreter will display a message saying that it has squeezed the text. One
option 1s to double-click the message to expand the squeezed lines. In this
case, however, the large number of lines (more than 8,000!) could be
overwhelming, Instead, we recommend right-clicking and choosing view.
This will display a pop-up window for easily scrolling through the
information.



If you know the name of a method, but want to check how to call it, you
can use the help command with the name of the method. For example, to get

help onthe turtle’s forward method, type
help("turtle.forward")

You may also have noticed as you typed the statements in Session 1.9 that
Jupyter Notebook responded by displaying the parameters that a method
accepts. These helpful aids are called calltips.

We’ll introduce additional turt1e methods as needed in future examples.

Try It Out

1.23 Run the he1p command on the turtle module. Be sure to
import turtle before running the command.

1.24 Run the he1p command onthe turtle backward method.
1.25 Run the he1p command on the round built-in function.

Writing Your Own Functions

We are not limited to the functions that the authors of Python have given us.
We, too, can write our own functions to add our own abstractions to the
Python language. In fact, functions are just another kind of Python object with
several special capabilities. We define a function in Python using the def
statement. Here, we show a general template for using the def statement to
define a function.



def functionName(paraml, param2, ...):
statementl
statement2

Description

The def statement begins by giving the function a name. Next, we specify
any parameters we want our function to accept. In Python, we can have zero
or more parameters for any function we write. All the parameters must be
listed inside the parentheses that follow the function name. Next, we have a
colon character, which tells the Python interpreter that the sequence of
indented statements that follow is the body of the function. The function body
contains the executable statements. Python knows to stop reading lines for the
def statement when it encounters a line that is not indented. A group of
Python statements that are indented at the same level is called a block.

HEADS UP:

When defining a function, you can indent all the statements in the function
block using tabs or spaces, but you must maintain a consistent practice
throughout the function. In other words, if you indent with a tab, all lines
in the function need to be indented using a tab. If you indent using spaces,
then all lines in the function need to be indented the same number of
spaces.

Now let’s try to write a function. Suppose that we are working on a
graphics program that requires us to draw a lot of squares. Telling the turtle
how to draw a square each time we need one is tiresome and repetitious. In
fact, a square is an example of an abstraction. We know that a square 1s a
geometric shape that has four sides of equal length and four 90-degree



corners. What we don’t know is how long the sides are for any particular

square.

Our goal 1s to write a function that can use any turtle to draw a square of
any size. To solve this problem, then, we need two pieces of information—
namely, the turtle that will draw the square and the size of the square. These
pieces of information will become the parameters to our function.

The next step i1s to use the parameters along with the methods of a turtle.
We can draw a square by moving the turtle forward and turning right by 90
degrees four times in a row. Listing 1.1 shows a complete Python function
for drawing a square with a turtle.

1
2
3
.
5
b
/
8
9

def drawSquare(myTurtle, sidelength):

myTurtle, forward(sidelength)  #side 1
myTurtle,right(96)
myTurtle, forward(sideLength)  #side 2
myTurtle,right(96)
myTurtle, forward(sidelength)  #side 3
myTurtle.right(96)
myTurtle. forward(sideLength)  #side 4
myTurtle.right(96)

Listing 1.1 A function to draw a square using a turtle

Description

Notice that the statements 1n the function are the same turtle commands that
we typed interactively when we first started using the turtle. Placing the
commands inside the function groups them together so that we can run the



whole set of commands as if we had typed them one after another. This 1s one
of the great powers of writing a function. It is also important to remember
that Python will execute the commands in exactly the order they are typed in
the function.

Note the comments that appear on lines 2, 4, 6, and 8. These comments
identify which side of the square is being drawn.

GOOD PROGRAMMING PRACTICE:
Using comments can make your code easier to read and understand.

Type the drawsquare function into a text file using Notepad or TextEdit
exactly as shown in Listing 1.1, including the indentation of the function
block. After you type in the function, save it to a file called ds.py. Be sure to
save the ds.py file in the same folder as you are working in Jupyter Notebook
so you will be able to call the function later to draw a square. You have just
created your first module! In the same way that turtie is @ module created
by other Python programmers, you have created a module called ds.

HEADS UP:

Be careful to save the drawsquare function in a file with the extension
.py, rather than .txt. The .py extension indicates to the Python

>

interpreter that the file contains Python code.

We can now call the drawsquare function, as shown in Session 1.10.

After running the commands in this session, you should have an image that
looks like Figure 1.10.



In [1]: from ds import *

In [2]: import turtle

In [3]: t = turtle.Turtle()
In [4]: drawSquare(t, 150)

Session 1.10 A Python session that demonstrates calling a function

Description



5 Python Turtle Graphics

Figure 1.10 The result of the statements in Session 1.10.
© 2001-2025 Python Software Foundation; All Rights Reserved.




There 1s a lot going on in this simple example, but there are only a few
new things that you have not seen before. First, we import the turtie and ds
modules. When we execute the statement import turtle, any functions
inside the turtle module are “hidden” from us unless we use the turtie
prefix with the dot operator. However, if we use the statement from ds
import *, all the functions defined in the file ds.py are visible to us without
the ds prefix.

We then make a new turtle object named t, and next we call
drawsquare. Python knows that it should treat the object drawsquare like a
function call because of the parentheses that follow its name. You can even
prove to yourself that drawsquare 1s a plain old object by typing
drawsSquare without the parentheses after the name. If you do so, Python will
tell you something like <function drawSquare at
0x000001C3863E01E0>.

When we call the function drawsquare, we pass it two objects, t and 150.
When a function is called, the objects are matched up with the parameter
names they were given when we defined the function. The first parameter in
the list names the first object, the second parameter in the list names the
second object, and so on. In this case, t goes by the name myTurtile inside
the drawsquare function. The turtie object now has two names. Similarly,
inside the drawsSquare function, 150 now has the name sideLength.

The reference diagram in Figure 1.11 indicates how all the names and
objects are matched up. This diagram is simplified somewhat, but we will
add more details to such diagrams in later chapters. The important thing to
notice 1s the relationship between the names of the parameters of a function
and the objects that are passed to the function when it is called.

Name Space Object Space

module

turtle —

.
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150

Figure 1.11 A reference diagram for the function drawsquare.

Description

Figure 1.11 shows three names: (1) turtle, which references the turtie
module we 1mported previously; (2) t, which references the turtle object we
created with the call to the turtle constructor (turtle.Turtle()), shown
inside the turtile module; and (3) drawsquare, which references the
function object we defined for drawing squares. In the function object named
drawSquare, you can see two additional names: (1) myTurtle, which
references the turtle object named t, and (2) sideLength, which references
the integer object 150 that has no other name.

Try It Out

1.26 Modify the drawsquare function to draw a rectangle whose
width is twice the sideLength.

1.27 Create a new function called drawrRectangle that takes three
parameters: myTurtle, width, and height.

1.28 Suppose that in Session 1.10 we had used the statement import
ds Instead of from ds import *. Continue the rest of the session.
Draw a reference diagram that illustrates this session.

1.29 Call your function defined in Exercise 1.27 as follows:
drawRectangle (t, 50, 300).



1.30 Draw a reference diagram for the previous exercise.

1.5.4 Repetition

Although the drawsquare function we discussed earlier worked correctly,
our solution 1s unsatisfying in one respect: We had to duplicate the move
forward and turn to the right statements four times. We can eliminate this
duplication by using a statement that Python provides for repeating a block of
code multiple times—a for loop. The for loop is an example of using
repetition in our program.

Before we rewrite our drawsquare function, let’s look at the structure of a
for loop to get a better idea of how this statement works:

for 1 in range(n):
statementl
statement?2

Description

Notice that the for loop template has some similarity to the def template.
There 1s a beginning line ending with a colon, followed by an indented block
of code called the loop body. All you need to know about a for loop at this
point 1s that the indented block of statements will be evaluated n times,
where n 1s the parameter to the range function. If the first line was for i in
range (10) :, then the block of statements would be evaluated 10 times. Each
time the block of statements 1s evaluated 1s called an iteration of the loop.
We will talk more about the range function as well as the i and in parts of
the statement shortly.

Now let’s see how we can use this 1dea of simple repetition to make our
drawSquare function more elegant. In fact, all we need to do 1s wrap the two



lines that tell the turtle to move forward and turn right inside a loop that will
be evaluated four times. You can see the new and improved drawsSquare
function in Listing 1.2.

1 def drawSquare(myTurtle, sidelength):
2 for i in range(4):

3 myTurtle.forward(sidelength)
4 myTurtle.right(90)

Listing 1.2 A better version of the drawsquare function

Description

HEADS UP:

By now you may have noticed colors in the Python code. Like most
coding environments, Jupyter Notebook colors the code so we can more
casily distinguish the parts of our programs. By default, keywords are
dark green, our function names are blue, built-in function names are light
green, and comments are cyan and italicized. As we introduce additional
Python elements, you will see those elements colored as well.

Drawing a Spiral
Our goal for this section is to understand how we can use the for loop to
have the turtle create a more complicated square spiral pattern. To create a
spiral pattern, the sides of our square need to grow each time the turtle
moves forward. We can make that happen easily when we understand the two
components of the for statement that we ignored a moment ago.

First, let’s look at the range function. If you ask Python to evaluate the
expression range (5), you will get back a sequence object representing the



numbers (¢, 1, 2, 3, 4].

The range function 1s very versatile: It can create all kinds of sequences
depending on the parameters that we supply. We can call range in three
ways:

e range (stop) : Creates a sequence of numbers beginning at 0 and going
up to stop-1, incrementing by 1.

e range(start, stop): Creates a sequence of numbers beginning at
start and going up to stop-1, incrementing by 1.

e range(start, stop, step): Creates a sequence of numbers
beginning at start and going up to stop-1, Incrementing by step each
time.

Now that you have a better understanding of the range function, let’s look
at the loop variable—the variable that always follows the keyword for. In
Listing 1.3, the loop variable is named sideLength. In Python, this loop
variable starts as the name for the first item in the sequence produced by the
range function the first time through the loop. The second time through the
loop, the loop variable is the name for the second item in the sequence, and
so on until there are no more items in the sequence. We can use any valid
Python name for the loop variable.

1 def drawSpiral(myTurtle, maxSide):

2 for sidelength in range(1, maxSide + 1, 5);
3 myTurtle. forward(sideLength)

4 myTurtle,right(90)

Listing 1.3 A Python function to draw a spiral

Description



Figure 1.12 shows the sequence produced by the call to range and the
clement in the list named by item during the fourth repetition of the loop.
Note that 55 1s the last item in the sequence because the upper bound, 60, 1s
not included 1in the result of the range function.

for item in range(0,60,5):
item

fourth time through the loop

05|10 15(20|25({30|35|40|45|50|55

V
sequence produced by: range (0, 60,5)

Figure 1.12 A loop variable naming each item in a sequence.

Description

Try It Out

1.31 Use the range function to create the sequence of numbers that
are multiples of 5 up to 50.

1.32 Use the range function to create the sequence of numbers from
—10 to 10.




1.33 Use the range function to create the sequence of numbers from
10 to —10.

Loop variables can be used in expressions and function calls like any
other Python names. To solve the spiral problem, Listing 1.3 uses a loop
variable in a function named drawspiral that draws a spiral. The
parameters to this function are the turtle and a bound for the longest side on
the spiral. We start with the first side having length 1; each time through the
loop, we increase the length of the next side of the spiral by 5.

Figure 1.13 illustrates the first four iterations of the for loop in Listing
1.3. In the first iteration, the turtle draws a line that is 1 unit long because
sideLength refers to the first item in the sequence produced by range (1,
maxSide + 1, 5).Inthe second iteration, sideLength refers to the number
6, so the turtle draws a line that is 6 units long. In the third iteration,
sideLength refers to 11; in the fourth iteration, sideLength refers to the
fourth number in the sequence, which is 16.

A
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Figure 1.13 The first four iterations of the loop n drawspiral (t, 150).
Description
Try It Out

1.34 Modify the spiral function to turn more than 90 degrees for
each iteration.

1.35 Modify the spiral function to turn less than 90 degrees for each
iteration.



1.36 Modify the spiral function to use the loop variable as the
number of degrees to turn.

1.37 Modify the spiral function to use a second turtle and create two
spirals in opposite directions.

1.38 Write a function drawTriangle that takes two side lengths and
the angle between them and draws the triangle. (Hint: You need to
remember the starting point.)

1.39 Write a function that draws a series of 10 squares, with each
square being 5 pixels smaller on each side. The squares should all
start at the same location.

1.40 Redo the last question so that the squares are all centered.
1.41 Use the turtle to plot the function y = x2.

y=2+3

1.42 Use the turtle to plot the function

Drawing a Circle

Our final problem for this chapter is to write a function that uses a turtle to
draw a circle of a given radius. Although this may seem like a daunting task,
we will help ourselves by solving a simpler problem first and then using
what we learn to solve the more general problem. The first challenge is that
the turtle’s functionality allows us to draw only straight lines. But by drawing
many short straight lines, we can approximate a curved line.

Suppose that our problem was to draw a triangle rather than a circle. It 1s
not too hard to imagine how we would modify drawsquare to write
drawTriangle. We would change the call to range (4) to be range (3), as
we now need only three sides. We would also change the number of degrees
we pass as the parameter for our right turn function.

How many degrees do we need to turn each time to draw an equilateral
triangle? When the triangle 1s complete, we want our turtle to be pointed in
the same direction it was when we started. So, as we draw the three sides of
our triangle, the turtle will turn through 360 degrees. That matches our
drawsquare function, where we made four 90-degree turns (4 x 90 = 360).



So, to draw a triangle, we will use 360 + 3 = 120 for our turning angle.
Listing 1.4 shows the small changes made to the drawsquare function to
create the drawTriangle function.

1 def drawTriangle(myTurtle, sidelength):
2 for i in range(3):

3 myTurtle. forward(sidelength)

4 myTurtle.right(120)

Listing 1.4 A Python function to draw a triangle

Description

We now have two simple examples of polygons—the equilateral triangle
and the square. It is relatively easy to imagine how we would write a
function to draw a pentagon or an octagon by following the pattern we have
established with the triangle and square. In fact, Table 1.7 illustrates the
values we would supply to the range and right functions for several
different polygons.

TABLE 1.7 | Number of Sides and Turning Angle for Several

Polygons
Polygon Sides rangef) Angle
trizngle 3 3 360/3=120
scuare 4 4 36014 =90
pentagon 5 5 360/5=72

octagon 8 8 360/8 =145



Description

Table 1.7 suggests that we can write a function that 1s more abstract than
drawSquare, drawTriangle, Of €ven drawOctagon. The abstraction we
are using in this case is a regular polygon. Creating one function that can
replace many simpler functions at a higher level of abstraction is a common
and important problem-solving technique in computer science.

GOOD PROGRAMMING PRACTICE:

An 1mportant problem-solving technique is to create one function at a
higher level of abstraction that replaces many simpler functions.

For example, we can write a function that draws any regular polygon if we
pass a third parameter to the function. The third parameter tells the function
how many sides we want. Once we know how many sides are required, we
can easily calculate the turning angle by using the formula turnAngle = 360
/ numSides. You can see the new drawPolygon function in Listing 1.5.

1 def drawPolygon(myTurtle, sidelength, numSides):
2 turnAngle = 360 / numSides

3 for i in range(numSides):

4 myTurtle. forward(sidelength)

5 myTurtle,right(turnAngle)

Listing 1.5 A Python function to draw a regular polygon of any size

Description



Session 1.11 and Figure 1.14 illustrate several calls to the drawPolygon
function, assuming we have saved the code into a file named dp.py. Before
we call the drawPolygon function, however, we want to move the turtle to
the left and make it face upward. To do so, we lift the turtle’s tail so that the
turtle will not leave a path when 1t moves: We move the turtle backward 200
pixels, turn the turtle 90 degrees to the left to face up, and then put the tail
down.

In [1]: from dp inport *  #contains drawPolygon

In 2] import turtle

In [3]: t = turtle.Turtle()

In [4]: #nove turtle to Left and face up

In [5]: t.up()

In [6]: t.backuard(200)

- F=1 1 1 Fi faar



I |/]: T.Lett(Ye)

In [8]: t.down()

In [9]: #call drawPolygon with different sizes and sides
In [10]: drawPolygon(t, 100, 4)

In [12]: drawPolygon(t, 106, 8)

In [13]: drawPolygon(t, 50, 20)

In [14]: drawPolygon(t, 20, 20)

Session 1.11 Testing the drawpolygon function

Description

{ Python Turtle Graphics =




Figure 1.14 Several polygons drawn by the drawPolygon function.
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Description

Note that the call drawpolygon(t,20,20) makes a pretty good
approximation of a circle.

So far, we have worked our way through the problem of drawing a circle
by using a large-degree polygon as an approximation. Now let’s return to the
original problem statement, which asks us to draw a circle of a given radius.
Our last trick 1s to figure out how to use the radius to compute the number of
sides and the side length.

Suppose that to get the smoothest circle possible, even when we are
drawing a very large circle, we choose to always have 360 sides to our
polygon. With this specification, the turtle will always turn 1 degree and
should give us a smooth circle even for a large radius.

Only one question remains: How do we decide what side length to use for
a given radius? One good approximation 1s to use the relationship of the
radius of a circle to the circumference. If we are doing a good job of
approximating a circle, then the circumference of the circle should be very
close to the sum of the individual sides of the polygon. Recall that the
circumference of a circle can be calculated from the radius using the formula
circumference =2 x w x radius. Once we have the circumference, we can
calculate an individual side length by dividing the circumference by the
number of sides, which we have decided will be 360. Listing 1.6 shows the
drawCircle function, which makes use of our drawPolygon function to
draw a circle with a given radius.

1 def drawCircle(myTurtle, radius):

2 circumference = 2 * 3,1415 * radius

3 sideLength = circumference / 360

4 drawPolygon(myTurtle, sidelength, 360)



Listing 1.6 A Python function to draw a circle
Description

The drawcircle function is extremely simple because we have reduced
the problem of drawing a circle to that of drawing a polygon with a
particular number of sides and side lengths. First, we calculate the
circumference; then, we calculate the side length given the circumference and
number of sides. Because we already know how to draw a polygon, we do
not have to redo that work. We can build on what we have already
accomplished and use the drawPolygon function to perform this tedious
work. Session 1.12 and Figure 1.15 illustrate the use of the drawcircle
function to draw both a large circle and a small circle. We assume that you
have added the drawcircie function to the file dp.py.

In [1]: from dp import *

In [2]: 1import turtle

In [3]: t = turtle.Turtle()

In [4]: t.up()

In [5]: t.backward(200)



In [6]: t.left(90)

In [7]: t.down()

In [8]: drawCircle(t, 20)
In [9]: drawCircle(t, 200)

Session 1.12 Drawing two circles

Description

? Python Turtle Graphics




Figure 1.15 Drawing circles for a given radius.
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Description

Try It Out




1.43 Modify the drawcircle function so that the circle is drawn
with the center at the turtle’s present position.

1.44 The drawcircle function is somewhat inefficient: For small
circles, drawing 360 sides 1s overkill; for very large circles, 360
sides might be too few. See 1f you can devise a way to make the

number of sides and turning angle dependent on the radius so that
smaller circles use fewer sides and larger circles use more sides.



1.6 Summary

This chapter introduced the following fundamental building blocks of
programming and Python:

¢ Using primitive types

Using expressions

Naming objects

Using the modules and functions provided by Python

Writing your own functions to extend the functionality provided by
Python

e Using the for statement to repeat a block of code multiple times

In addition, the approach we followed to use the turtle to draw a circle
illustrates an important problem-solving pattern that you will use many times
as you progress through this text. That pattern can be summarized as the
following Good Programming Practice:

GOOD PROGRAMMING PRACTICE:
Use these problem-solving strategies when designing your programs:

¢ Simplify so that you can understand the problem better.
e Generalize to solve many problems with one function.
e Build on what you have learned to solve more complex problems.

We will continue to use these basic building blocks as we learn more about
Python, and we will explore more tools that you can add to your toolbox. We
have glossed over a few details on some of the ideas introduced in this
chapter but will return to them later. As you delve into Python in more depth,



always keep in mind this critical idea: Focus on problem-solving while
continually adding to your knowledge of programming and computer science.
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Programming Exercises

1.1 Using the drawsquare function, you can have the turtle create an
interesting flowerlike shape by drawing many squares. Each square
1s drawn after turning the turtle by some number of degrees between
each square. Write a function drawF1ower that takes the number of
squares to draw as a parameter (numsquares) and draws a flower
by repeating the square numsquares times. You will need to figure
out how far to turn the turtle based on numsquares.

1.2 Write a function to make the turtle draw a five-pointed star.

1.3 Write a function to make the turtle draw an n-pointed star when
n 1s restricted to be odd.

1.4 Write a function to have the turtle draw a simple line drawing of
anything you want.

1.5 The turtle understands two other functions: begin f£i11 () and
end fill (). Whenyoucall begin fi11, the turtle keeps track of
its starting point, and all the lines it draws, until you call end fi11.
When end fi11 1s called, the turtle fills in the space enclosed by
the lines that the turtle has drawn. Use these new functions to draw a
more interesting picture.

Design Credits: Calculator Icon made by Smashicons from www.flaticon.com


http://www.flaticon.com/

© Yur1 Hoyda/Shutterstock.




CHAPTER 2
Playing by the Rules

Selection, Boolean Expressions, while

Loops, an Introduction to Strings, Input,
the print Function, and Random

Numbers

2.1 OBJECTIVES

e To understand how rules can tell computers how to behave

e To introduce the string data type and perform simple
searches

e To use Boolean expressions to create selection statements
e To learn to use the Python print function to output values
e To learnto use a while loop

e To understand the accumulator pattern

e To learn how functions can return a value

e To learn how to get input from the user

e To use random numbers to generate a game play

We know that computers can do only what we tell them to do. So, you may
wonder, how 1s it that many computer programs/applications we interact with
seem so “intelligent”? How can a computer play expert-level chess, or an
NPC (nonplayable character) follow you on quests in your favorite role-



playing video game? How can Apple’s Siri, Amazon’s Alexa, the Google
Assistant, or OpenAl’s ChatGPT understand and respond to your questions?
The answer 1s that we can make computers seem to be intelligent by giving
them rules or having them learn patterns in data. This is the basis for the field
of artificial intelligence (AI). Today, Al is used in many applications:
diagnosing disease, suggesting products to online shoppers, detecting fraud in
credit card transactions, identifying spam phone calls, and playing games.
Covering the full gamut of Al is beyond the scope of this text, but we can
apply some basic rules and strategies to approximate intelligent programs.

In this chapter, we will write some programs to make our computer seem
intelligent, by creating rules for reacting to inputs and strategies for playing
games.



2.2 The Chatbot

In our first Al-type application, we will create a simple rules-based chatbot.
The chatbot can answer questions posed by the user. Session 2.1 shows the
finished program in action, assuming that the chatbot function 1s defined in
the file chatbot.py. Each question is sent as a parameter to the chatbot
function.

In [1]: fron chatbot import *

In [2]: chatbot("Who brings gifts for lost teeth?")

The tooth fairy

In [3]: chatbot("here 15 the tooth fairy?")

At the dentist's office

In [4]: chatbot("What is the meaning of life?")

To be kind to one another



You'Ll understand when you're older,

In [6]: chatbot("Who is the best student in this class!")

The tooth fairy

In [7]: chatbot("where an 12")

At the dentist's office

In [8]: chatbot("How did I get here?")

You stumped me on that!

Session 2.1 The chatbot

Description



Can you tell what 1s going on in this program? At first, it appears that the
chatbot 1s indeed intelligent. But if you look closely, you will see that the
bot’s answers depend only on the first word in the question. If the question
starts with the word “Who,” the answer 1s always “The tooth fairy.”
Similarly, the chatbot has predefined answers for any questions starting with
“When,” “Where,” “What,” or “Why.” If the question does not start with any
of these words, the chatbot answers, “You stumped me on that!” In other
words, the computer is following rules, which dictate how the chatbot should
respond to questions.

Now, can you imagine how we could write this program? It is obvious that
the chatbot is working with words, rather than numbers. So, before we create
this program, we need to explore the Python data type that handles words: the
string.

It 1s also clear that the chatbot replies with different answers, depending
on the first word in the question. To make this happen, we need to learn how
a program can make decisions using a technique called selection.

Finally, the chatbot creates and outputs a response to each question, so we
need to learn about the print statement.

We will explore each of these areas in turn.



2.3 The String Data Type

The Python data type for handling characters rather than numbers 1s the string.
Strings are often used to represent words, names, or even a single character.

To define a string in Python, you surround the characters with either single,
double, or triple quotes. Also, like ints and fioats, strings are objects that
can be named.

Strings are surrounded by quotes and can contain any characters: letters,
spaces, numbers, and even punctuation marks. When you have a string that
contains a single quote, use double quotes around the string. When you have a
string that contains double quotes, use single quotes around the string. Strings
can also be surrounded by triple single quotes (' ' ') or triple double quotes
(mrm), although this 1s rarely used. If the string does not contain either single
or double quotes, it does not matter which quote style you use, as long as you
start and end the string with the same quote style. Session 2.2 illustrates
some simple strings.

In [1]: "Hello' fuse double quotes

Hello'

In [2]: "world" for single quotes

world’

Tn 121+ aroating = "Holln wnnld" tnamo n ctpina
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In [4]: greeting

"Hello world'

In [5]: "Let's g0 fenbed " nsige

llLetls goII

In [6]: 'She said, "How are your", then left."  Hembed " insige '

‘She sa1d, "How are you?", then left,’

Session 2.2 A variety of simple strings

Description

RECAP:

If a string contains a single quote, use double quotes around the string. If
a string contains double quotes, use single quotes around the string. If a
string does not contain either single or double quotes, you can use single
or double quotes around the string, as long as the type of quotes is not
mixed. In other words, 1f you start a string with a single quote, then you



must end the string with a single quote. Likewise, if you start a string with
double quotes, then you must end that string with double quotes.



2.4 Making Decisions

Now we know the chatbot can handle each question as a string. We also
know that we want the chatbot’s answer to depend on the first word in the
sentence. So, the chatbot needs some way to determine which word starts the
question the user is asking. To do that, we can use Boolean expressions and a
selection statement.

2.4.1 Boolean Expressions

A Boolean expression compares values of objects. The result is one of the
two Boolean data values: True or False. These Boolean values are another
primitive type in Python.

The easiest type of Boolean expression compares the results of two
expressions. To make this comparison, we use operators you might recognize
from mathematics: equality operators to compare if two values are equal,
and relational operators to test how the two values compare. Table 2.1
shows equality and relational operators and their meanings in Python.

TABLE 2.1 | Equality and Relational Operators

Equality Operator Meaning

== Equal to

I= Not equal to
Relational Operator Meaning

< Less than

<= Less than or equal to

> Greater than

>= Greater than or equal to

Statements that compare two data values using a relational or equality
operator are called relational expressions. As with other expressions in
Python, evaluating relational expressions produces a result—in this case, a



Boolean value. Session 2.3 shows some simple examples of relational
EXpressions.






In [1]: dogheight = 25

In

Out

1

. dogheight

0

In 3] dogheight == 25

Ut

]

- True

|: doglleight != 29

' False

|\ dogheight ¢ 25

. False

fassign 25 to doghetght

s dogheight equal to 257

#is dogheight not equal. to 257

15 dogheight Less than 257



In [6]: dogheignt ¢= 25

0Ut6]: True

In {7): dogheight » 25

0t 7): False

In [8]: dogleight )= 25

OUE[ 80 Trye

00t [9]: True

In [16]: catleignt = 18

In [9): dogheight = 5*5

115 dogheight Less than or equal to 257

115 dogheight greater than 257

15 doghleight greater than or equal to 25/

115 dogheight eun. to result of calculation?

fassign 18 to catheight

In [11]: dogleight == cathedght #is dogheight equal to another variahle?



False

In [12): today = "Monday" fassign “Nonday" to today

n (B3] today = "Wonday" dstrings can also be compared

True

N (14]: today = "monday"  #comparing strings 1S case sensitive

False

Session 2.3 Evaluating simple relational expressions
Description

Note that the variable dogweight 1s assigned the value 25 using the
assignment operator (=) and is then compared to 25 using the equality
operator (=). It is important to distinguish between the assignment operator,
=, and the equality operator, =—. Note also that in statement 9 in the session,
the value of the variable is compared against the result of an arithmetic
expression—namely, 5 * 5. With this statement, Python first computes the
product, then makes the comparison.

Also note that strings, as well as numbers, can be compared using the
relational and equality operators. Each character in a string has a value



assigned according to the Unicode encoding system. The equality operator
compares each character in the first string to the corresponding character in
the second string. If all characters match, the result is True, as shown in
statement 13. The result for statement 14 is False, however, because capital
letters are assigned different Unicode values from lowercase letters. This
will be important in our simple chatbot program.

HEADS UP:

Do not confuse the assignment operator (=) with the equality operator
(==). The assignment operator assigns a value to a variable, whereas the
equality operator compares whether two expressions are equal and
evaluates to True Or False.

2.4.2 Compound Boolean Expressions and Logical Operators

In Python, compound Boolean expressions are composed of simple Boolean
expressions that are connected by one of the logical operators: and, or, and
not. Table 2.2 defines the behavior of the Python logical operators. Note that
any Python expression can be used as part of a Boolean expression, but most
often the expressions will be relational expressions.

TABLE 2.2 | Logical Operator Behavior

Expression Evaluation

x and y True if both x and y are True; otherwise raise.
x or y True if either x or y is True; otherwise ralse.
not x True if x IS False; otherwise ralse.

It 1s important to understand that Python uses short-circuit evaluation of a
Boolean expression, which means it evaluates only as much of the
expression, from left to right as necessary to determine whether the
€Xpression 1S True OF False.



For example, in this Boolean expression using or,

2« 7 or 10 « 20

Python needs to evaluate only the expression 3 < 7 because this 1s True,
and only one expression needs to be True for a compound expression with
or to be True. It makes no difference to the outcome if 10 < 20 1s True oOr
False. Similarly, in this expression,

10 = 20 and 3 < 7

Python needs to evaluate only the 10 > 20 part of the expression, because
10 > 20 1s False. Thus, the whole expression must be False, because with
and, both expressions need to be True for the whole expression to be True.
As in the previous example, it makes no difference to the outcome whether 3
< 718 True OT False. Session 2.4 shows the logical operators in action.

In[1]: 6¢ 10 and 3 <7

True

In[2]: 6 ¢10 and 10 < 6

False

In[3]: 41=40r5¢38



True

In(4]: 41=4or8¢5

False

In [5]: not 6 ¢ 10

False

In [6]: not 6 > 10

True

Session 2.4 Evaluating compound Boolean expressions

Description

HEADS UP:

Note that the logical operators and and or take two operands. In contrast,
not takes only one operand.



Try It Out

2.1 What is the result of evaluating the Boolean expression False

or True?

2.2 What 1s the result of evaluating the Boolean expression True
and False?

2.3 What is the result of evaluating the Boolean expression not 7 >
37

2.4 What is the result of evaluating the Boolean expression not

(True or False)?

2.5 What is the result of evaluating the Boolean expression (not

True) and (not False)?

2.6 Write an equivalent Boolean expression for (not (True and
False)).

2.7 Write a compound Boolean expression that evaluates to True 1f
the value of the variable count 1s between 1 and 10 inclusive.

RECAP:

The equality, relational, and logical operators allow you to test values by
creating expressions that evaluate to True or False.

2.4.3 Selection Statements

Once we can test values by writing a Boolean expression, we can use those
results for making a decision. In computer science, decisions are often called
selection because we wish to select between possible outcomes based on the
result of a test we run. For example, when we go outside in the morning, we
might ask the question, “Is it raining?” If it is raining, we will grab an
umbrella. Otherwise, we will pack our sunglasses. In this case, we are
selecting which item to take with us based on the condition of the weather.



Until now, the statements in our Python programs have been executed in
sequence—one at a time, in the order they were written. We now introduce
the selection statement, also known as an if statement. The selection
statement contains a test, called a condition, and groups of statements that
may or may not be executed, depending on whether the condition evaluates to
True OT False. Most programming languages provide two versions of this
useful statement: the i £ and the i f-else.

The if-else statement looks like this:

if ¢<conditiony;

(Statementsy #execute only if condition 1s true
else:

(statementsy #execute if condition is false

Description

The keyword it 1s followed by a Boolean expression that 1s used as a
condition for the selection and then a colon. When the Boolean expression is
evaluated, the result will either be True or ralse. If the condition is True,
the first block of statements 1s executed in sequence and the second block is
skipped. If the condition is False, the first block of statements is skipped and
the second block is executed in sequence (see Figure 2.1). In this way, it is
possible to perform different actions based on the result of the condition that
was tested.



— False True

Figure 2.1 The logical flow of an if-else statement.



Notice that a colon follows the condition and that each block of statements
1s indented just like a for loop or function definition.

In Session 2.5, the variables a and b are assigned initial values. The i f-
else statement that follows asks whether a 1s greater than b. Because that 1s
True, the first block of statements (in this case, only one statement) is
executed, and the value of the variable c is set to 10. We can verify that this
did occur by printing the variable ¢ after the statement 1s done. Then in
statement 5, we change the value of b to be greater than a. When we re-
execute the if-else statement, the condition 1s False, So the first statement
is skipped and the statement after the e1se is executed. Again, we verify this
by printing the value of ¢, which is now 20.

In[l]: a=§

In[2: b=3

(=10 fexecuted only 1f 0 0

(=00 dexecuted only 1f 0 ¢= ¢

In 4 ¢



10

In[6]: if 3> b
(=10
else:

Session 2.5 Executing a simple if-else selection statement

Description

The other variation of the i £ statement does not provide an else clause. It
looks like the following:



if <condition:
(statementsy> #execute only 1f condition 1s true

Description

As before, the condition is evaluated, and the result will be either True or
False. If the result 1S True, the indented block of statements 1s executed 1n
sequence. Conversely, if the condition is rFalse, nothing is performed, the
statement completes, and the program goes on to the next statement following
the i £ statement (see Figure 2.2).



- False

Trug ——

\

Figure 2.2 The logical flow of an if statement.




For example, in Session 2.6, the variables a and b are again assigned
initial values. The i £ statement that follows asks whether a 1s greater than o.
Because the answer is True, the block of statements (again, only one
statement 1n this case) 1s performed, and the value of the variable c 1s set to
10. In the second selection, however, the condition (b > a) evaluates to
False, SO the statement after the condition 1s not executed. In this case, the
value of c remains the same as it was before the selection.

In[l]: a=5

In[2]: b=3

In[3]: ifayb:  fcondition 15 True
=10 £ this statement 15 executed

In [4]: «

10

In[5]: ifbya:  #eondition is False

- ar UdLhid s adabswand &a wad araadn dad



(=4 #LUITLY SLUtement Ly not executeu

In [6]: ¢

Session 2.6 Executing a simple if selection statement
Description

Since the statements contained within a selection statement can be any
legal Python statement, it i1s certainly possible to place one if statement
inside another. This practice 1s sometimes referred to as nested selection.
The following i f-e1se statement has two nested i f-e1se statements:



1f <conditionl):
1f ¢conditiondy
(statementsy #eondition! 1s true and condition? 1s true
else:
(statenentsy #condition? 15 true mnd condition? s false
else:
1 ¢conditiond),
statenentsy #condition? is false and condition3 is true
else:
statenentsy #conditiond {s false and condition3 1s false

Description

The result of this structure 1s to decide among four blocks of statements. If
conditionl 18 True, then the first nested if-else i1s performed. If the
nested condition2 1S also True, then its first block of statements 1is
performed. However, if the nested condition2 1S False, its second block of
statements 18 executed. Likewise, 1f conditionl 1S False, the second nested
if-else will be performed. In this way, we can decide among four groups of
statements by using the results of three conditions.

One common pattern for nested selection is called tail nesting. With tail
nesting, all of the nested selection occurs in the else of the previous if-
else statement. The structure 1ooks like this:



1f <conditiont):
(statenents fondition? 15 true
plse:
if ¢conditiond):
Gstatementsy — deondition? 15 false and condition? is true
else;
1f <conditiondy:
statementsy #condttion? and condition? are faise
fand condition3 15 true

Description

This tail nesting pattern is so common that Python provides a shorter
version known as the if-elif-else statement. In this statement, the
combination of the eise and the next it allows us to simply list the
conditions and associated statements one at a time without additional
indentation. Note that the last case uses a simple e1se followed by a colon.
The statements after the final e1se are executed if none of the previous
conditions are True.



if <conditionly:
(Statements)

elif <condition2y:
(Stataments»

el1f <conditiony.
(statements)

plse:
(statement)

fconditiond 1s true

fcondutiont 1s false and condition? 1s true
fconditions 1 - (N - 1) are false

fand conditionV 15 true

fconditions 1 - N are all false

Description

Session 2.7 shows a selection statement using i f-elif-else to calculate

a grade based on a score.



In [1]: score = 75

In [2]: if score »>= 90:
grade = A’
elif score »= 80:
grade = 'B’
elif score »= 70:
grade = 'C’
elif score »>= 60:
grade = 'D’
else:
grade = 'F

In [3]: grade

C u t 3 a

Description



HEADS UP:

After a block of statements is selected to be executed, the remainder of
the it statement is skipped.

RECAP:
Python provides three forms of selection statements:

if For executing a set of statements only if a condition is True

if-else For executing one set of statements if the condition is True and executing a separate set
of statements if a condition is False

if-elif- For selecting a set of statements to execute based on multiple mutually exclusive
else conditions

Try It Out

2.8 How does Python know to which i f an e1se belongs?

2.9 Write a selection statement that sets the value of a variable
named answer to 1 if a variable named result is equal to 100, and
to 2 otherwise.

2.10 Write a nested selection using i f-e1se that sets the value of a
variable gradePoint to 4 1f a variable named score 1s greater than
or equal to 90; to 3 if score 1s between 80 and 89; t0 2 if score 1S
between 70 and 79; to 1 if score 15 between 60 and 69; and to o
otherwise.

2.11 Rewrtite the selection in Exercise 2.10 using an e11i £ statement.

2.12 A year is a leap year if it is divisible by 4, unless it is
divisible by 100, but not divisible by 400. For example, 2024 is a
leap year (divisible by 4, but not by 100); 1900 is not a leap year
(divisible by 4 and 100, but not by 400); 2000 is a leap year
(divisible by 4, 100, and 400). Write a function that takes a year as a



parameter and sets a variable named isLeapyear to True if the
year 1s a leap year and False otherwise.

2.13 A fruit company sells oranges for 32 cents per pound plus
$7.50 per order for shipping. If an order weighs more than 100
pounds, the shipping cost is reduced by $1.50. Write a function that
will take the number of pounds of oranges as a parameter and set a
variable totalcost to the cost of the order.

2.14 Write a function that takes three integers as parameters and sets
the variable 1argest to the largest integer.

2.15 Write a function that takes two parameters—a pay rate and the
number of hours worked—and sets a variable named totalpay to
the amount owed to the employee. Any hours over 40 are paid at
time and a half.



2.5 Implementing the Chatbot

Now we are ready to complete our chatbot program. Again, we will use the
abstraction i1dea to build a function that will accept a question as a parameter
and respond with an answer.

Recall the basic rules for the chatbot. It selects a response based on the
first word in the question. But how can we test for the first word in the
sentence? If we build a selection condition using the equality operator to
compare the question to our “W” words, we would be testing the entire
question. We want to test only if the question starts with the word.
Fortunately, like the turti1e data type, the string data type has methods. For
now, we will look at one method that 1s particularly helpful here:
startswith, which tests whether a string starts with a specific set of
characters. Because startswith returns True Or False, we can use the
method 1n a condition for our selection statement. The format of startswith
1s shown in Table 2.3.

TABLE 2.3 | The String Data Type’s startswith Method

Method Description

startswith (str) Returns True if the string starts with str; raise otherwise.

Because startswith 1s @ method of the string data type, we need to call
startswith using the dot operator, as in the following code:

if question.startswith ("Who"):

Because we want to test the first word of the question against each of our
“W” words, 1t makes sense to use an i f-elif-else selection statement. The
statement to execute whenever the condition is True will be to output our
predetermined answer for any question beginning with that word. If the first



word 1s not one of our “W” words, we execute our final else statement,
which outputs a message saying the chatbot is stumped.

One final Python function to learn before writing our chatbot program is
the print function. This is a Python function, not a string method, so print
can be called without the dot operator. In its simplest form, the function
merely outputs a message. The format of the print function is shown in
Table 2.4.

TABLE 2.4 | The print Function

Function Description
print (str) OUtpUtS str.

Now we are ready to have the chatbot come to life. Listing 2.1 shows the
code. Try running Session 2.1 to see the predefined responses.



1 def chatbot(question):

2 if question.startswith("Who"):

3 print("The tooth fairy")

4 elif question.startswith("What"):

5 orint("To be kind to one another")

6 elif question.startswith("where"):

] orint("At the dentist's office")

8 elif question.startswith("why"):

9 orint("You'll understand when you're older.")
10 elif question.startswith("When"):

11 orint("This afternoon”)
12 else:
13 orint("You Stumped me on that!")

Listing 2.1 The chatbot

Description

We can add a bit more intelligence to our chatbot by adding some more
rules. For one thing, we can check for more words. For example, we might
want the chatbot to respond “The tooth fairy” not only when the question
starts with “Who.” but also if the question contains the word “name.” We do
this by combining two conditions using a logical or. Or, we could add a
response to a question that starts with “How” and also contains the word
“feeling” by combining two conditions using a logical and. We can add these



new rules and any other rules by simply adding conditions to the chatbot
code to test for words both at the beginning and also within the sentence. To
test for words within the question, we can use the string data type’s in
operator, which 1s shown in Table 2.5.

TABLE 2.5 | The String Data Type’s in Operator

Operator Description
strl in str2 Has the value True if str1is contained in str2; rFalse otherwise.

One other important change to the chatbot 1s to make the question case-
insensitive. Remember that capital and lowercase letters do not compare as
equal because they have different Unicode values. As it stands now, our
chatbot will not recognize a question that starts with “why,” “WHY,” or any
variation of capital and lowercase letters other than specifically “Why.” We
do not want the user of this program to worry about capitalization. We can
casily solve this problem and make the program more user-friendly by
converting the question to lowercase and then comparing the first word to
lowercase versions of who, what, why, where, and when. To do this, we can
use another string method, 1ower, shown in Table 2.6, to convert the question
to lowercase before doing any comparisons. Note that the upper method
could also be used with the w words all capitalized. Either way will work
fine.

TABLE 2.6 | The String Data Type’s upper and 1ower Methods

Method Description
lower () Returns the string with all letters lowercase.
upper () Returns the string with all letters uppercase.

Listing 2.2 shows our revised chatbot2 using compound conditions and
the in operator and 1ower method.



1 def chatbot2(question):

)
3
4
)
b
]
8
g

10
11
12
13
14
15
16
17

question = question. lower()

1f question,startswith("who") or "name" in question:
orint("The tooth fairy")
elif question.startswith("what"):
orint("To be kind to one another")
elif question.startswith("how") and "feeling" in question;
print("T don't feel anything, I'ma computer!”)
elif question,startswith("where"):
orint("At the dentist's office")
elif question,startswith("why").
print("You'1l understand when you're older.")
elif question,startswith("when"):
orint("This afternoon”)
else:
print("You Stumped me on that!")

Listing 2.2 The revised chatbot2

Description



GOOD PROGRAMMING PRACTICE:

Making user input case-insensitive iS one way to make your programs
user-friendly.

Session 2.8 exercises the new features in our now “more intelligent”
chatbot.



In [1]:

In [2]:

In [3]:

In [4]:

In [5]:

from chatbot2 import *

chatbot2("WHO is at the door?")

The tooth fairy

chatbot2("How are you feeling?")

[ don't feel anything. I'ma computer!

chatbot2("What is your name?")

The tooth fairy

chatbot2("lihat is the meaning of life?")

To be kind to one another

Session 2.8 Asking chatbot2 some questions



Description

There are a few things to note about Session 2.8. In statement 2, the
question uses a capitalized “WHO”—which chatbot2 recognizes to be the
same as “who”—because we converted the sentence to lowercase before
beginning the comparisons. In statement 3, we get the new response for the
words “how” and “feeling.” Although statement 4 starts with “What,” we get
the response from line 4 of chatbot2, rather than from line 6, because the
question contains the word “name.” Remember that once an if-elif-else
statement finds a match, the rest of the conditions are skipped. Statement 5 in
Session 2.8, which starts with “What,” but does not contain the word
“name,” simply matches line 6 in chatbot2.

Try It Out

2.16 The chatbot’s responses are arbitrary. Rewrite the chatbot to
output your own responses.

2.17 Rewrite the chatbot to handle a question that starts with the
word “Where” and contains “world.”

2.18 Rewrite the chatbot so that it capitalizes the question
parameter.

2.19 Add a response to any question starting with “How.”



2.6 Playing Games

All games have one or more goals and rules for players to follow. Think
about your favorite game and recall when you first learned to play that game.
It might have been hide-and-seek, a sport like baseball, checkers, a card
game like Go Fish, or a video game. You might have watched others play and
surmised some of those goals or rules, but more likely you asked someone,
“How do you play?”

Now, imagine you are the one explaining that game to a new friend. You
need to define the goals and to outline the rules clearly to your friend.
Computers are no different. Recall that the field of artificial intelligence (AI)
involves two major approaches: rules based and learned patterns (“machine
learning”). Computers can “learn” a game from observing other games and
discern patterns from those games, and/or you can give the computer explicit
goals and rules for playing the game. In addition, you can also provide a
“strategy” for winning (i.e., when this event happens, make sure you do
this!). In the following sections, we will explore some of these rule-based
approaches for playing and winning a game.

2.6.1 Guess a Number

Perhaps you are familiar with the Guess a Number game, where one person
chooses a secret number and the other person tries to guess that number. With
each guess, the first person responds with clues that the guess is too high, too
low, or correct when the other person has guessed the number. We want to
build a program for the computer to play this game, with the computer
guessing the number.

Suppose the secret number is between 1 and 100. If the computer ignores
the clues and randomly chooses numbers, the game could continue for some
time without success. In this case, it may take up to 100 attempts for the
computer to guess correctly. But there is an optimum approach to guessing the
number that requires only a handful of guesses. Given that the secret number
is between 1 and 100, the computer’s first guess should be 50 (halfway
between 1 and 100). The user will respond that the guess is either too high or



too low (or maybe correct if the secret number i1s, in fact, 50). If the guess is
incorrect, the computer has now eliminated half of the possible numbers. If
the guess 1s too low, the secret number must be between 51 and 100. So the
computer’s next guess should be 75 (halfway between 51 and 100). If the
guess 1s too high, the secret number must be between 1 and 49. So the
computer’s next guess should be 25 (halfway between 1 and 49). As the
computer continues to guess, it continues to eliminate half the remaining
possible numbers. In this way, the computer will quickly find the secret
number. In computer science, this approach is called a binary search,
because the possible numbers are cut in half each time. The algorithm for a
binary search is shown here:

find and guess the middle number (end + start) // 2
while the guess is not correct:
If guess is tooc high,
set end to guess — 1
Else if guess is too low,
set start to guess + 1
Find and guess the middle number {(end + start) // 2

Description

Notice that this algorithm uses looping. We want to repeat guessing a
number until the guess is correct. So far, we have used a for loop when we
have needed to repeat an operation a specific number of times. But in this
case, we do not know how many guesses it will take to find the correct
number. So we need to use a different kind of loop. The while loop is ideal
for this type of repetition because it repeats its operations until an event
occurs or a special value 1s found, often called a sentinel value. In our game,
the event is guessing the correct number.

We will also need to use other techniques, such as getting input from the
user and printing statements that combine strings and numbers. Let’s look at
each of these techniques in turn.

2.6.2 The while Loop



The structure of a while loop is as follows:

priming statement

while <conditions:
statement 1
statement 2

statement to update the condition

Description

As you might guess from the template shown here, the while loop
continues to perform the statements in the body of the loop as long as the
condition remains True. Because we want the while loop to execute until an
event occurs, the loop condition should evaluate to True if the event has not
occurred. Once the condition evaluates to False, the while loop stops. The
condition can be any Python Boolean expression.

You might notice that the condition is evaluated at the beginning of the
loop. Usually, with a while loop, we set up a priming statement before the
loop that causes the condition to evaluate to True or ralse when the loop
begins. If the condition evaluates to False when the while loop is first
encountered, then the loop body 1s never executed.

The final thing to do in the loop body 1s to execute a statement that updates
the loop condition, causing the condition to eventually evaluate to False.
When the condition evaluates to ralse, the loop ends.

In our guessing game, the event to end the loop 1s guessing the correct
number. Before the loop begins, we generate the first guess as a priming
statement. The loop condition will be that our guess is not the correct
number. As the last statement of the while loop body, we generate a new
guess, which will update the loop condition for the next iteration. If we do
not generate a new guess, we would continue to process the same guess again
and again, causing an infinite loop. Infinite loops are almost never good, and
it 1s 1important to make sure that something changes in the body of your loop
so that the condition will eventually evaluate to False.



HEADS UP:

Be careful to update the while loop condition in the loop body to avoid
an infinite loop.

2.6.3 Printing Numbers in Strings

Before writing the code for the guessing game, we need to explore one other
technique. We want to print a message to the user asking if our guess is
correct. It might look like this:

"Is 50 too high, too low, or correct?"

As we have learned, the print function takes a string as a parameter, but
our guess 1s an int. So we need to convert the guess to a string. To do this
and create our message to the user, we can use the string concatenation
operator and the Python st r function.

The string concatenation operator (+) combines two strings into one
string. Although + is also the addition operator, when + is applied to two
strings, Python recognizes + as the concatenation operator. The concatenation
operator works only on strings. If you want to combine a string and a number,
the number must first be converted to a string using the str function, as
described in Table 2.7. Session 2.9 uses the string concatenation operator
and the str function to combine strings and numbers. In command 2, the
parentheses around 1 + 1 indicates to Python that we want to add the two
numbers, rather than concatenate them. Note that the concatenation operator
does not insert a space between the two strings. To add a space, you must
insert a space into the string itself.

TABLE 2.7 | Python’s Function for Converting a Number to a

Function Description
str (num) Converts the integer or floating-point number num to a string.




In[1]: sm=l+1
1 plus 1 equals "+ str{sun)

DETLT "1 plus 1 equals 2

I 12]s ' plus 1 equals '+ str(1 + 1) #+1n parentheses neans aadition

OEL2L 1 plus 1 equals 2

In 3]+ "1 plus 1 DOES NOT equal " + ste(1) + st{1)

Ut 3] plus: 1 DOES NOT equal 11°

In [4]: votinghee = 18
orint("You can vote if you are "+ str(votinghge) + " years old.")

You can vote 1f you are 18 years old.

Session 2.9 Using concatenation and the str function

Description



HEADS UP:

The concatenation operator (+) does not automatically add a space
between strings. Insert spaces in strings where you want them to appear.

2.6.4 Asking for Input

There 1s one more technique we need to cover before playing our Guess a
Number game. The computer will ask the user whether each guess 1s “too
high,” “too low,” or “correct.”

So we need to learn how to get input from the user.

Python provides a function that allows us to ask a user to enter some data
and returns a reference to the data in the form of a string. This function is
called input.

As shown in Table 2.8, Python’s built-in input function takes a single
parameter that 1s a string. This string 1s often called the prompt because it
contains some helpful text prompting the user to enter something. For
example, you might call input as follows:

msg = input ('Enter your question: ')

TABLE 2.8 | The input Function

Function Description

input (prompt) Outputs the prompt, then returns a string containing any characters typed by
the user when the user presses enter or return. The enter or return key is not
part of the returned string.

This causes the prompt string to be displayed. Python then waits for the
user to type something and press the enter or return key. Whatever the user
types will be stored in the msg variable. Note that the input function always
returns a string. If the string represents a value that we want to use as a
number, we need to convert the string to a numeric type using the ficat or



int functions. Session 2.10 shows the input function used with the int and
str functions.

In 1] nane = input("What 1 your nane? ')
orint("Hello, " + nane)

Hhat 1 your nane? Nonica
Hello, Honica

In [2]: testl = input("Enter the first test score: ")

test) = input("Enter the second test score; ')
test3 = input("Enter the third test score; ")
average = (int(testl) + int(test2) + int(test3)) / 3
orint("The average test scone S " + str(average))

i
IlE

—

Enter the first test score; 92
Enter the second test score: 85
Enter the thing test score: 88
The average test score 15 8,33333333333333

Session 2.10 Getting nput from the user

Description



HEADS UP:
When inputting a string, the user does not enclose the input in quotes.

GOOD PROGRAMMING PRACTICE:

End the prompt with a space so that the user’s input is separated from the
prompt. This makes the input more readable.

Try It Out

2.20 Rewrite the chatbot to input the question rather than accept it as
a parameter.

2.21 Write a function that validates an email address. The function
should input an email address and return “Valid” if the email
address contains an at sign (@) and a dot (.), or “Invalid”
otherwise.

2.22 Write a function to determine if a string sent as a parameter 1s a
hashtag. The hashtag should begin with a “#” and cannot contain
spaces.



2.7 Completing Guess a Number

We are now ready to write our Guess a Number game. Listing 2.3 shows our
first pass at the game with the secret number being between 1 and 100.

def guessilunger ).
start = 1
end = 160

orint("Pick a nunber betueen " + str{start) + " and " + ste(end) +".")
orint("T'1L try o guess 1t in as few guesses a5 possible.”)

0lsss = (end + start) [/ 2
response = ngut("'Is " + str(guess) + " too high, too low, or correct? " )
PeSpONSe = response. lower(

hile response 1= “correct”:
if response == 'too nigh'.
! end = guess - |
5 else: # response == 'too Low';
b Start = guess + 1



18 oless = (end + start) // 2

1 response = input("Ts " + str(guess) + " too high, too Lo, or correct? " )
! PESHONSE = response. Lower()
2
2

orint("Your number 35 " + str{guess))

Listing 2.3 Guess a Number, pass 1
Description

In this program, we first set the start and end values to 1 and 100,
respectively. Then we print a message to the user explaining the game. Next,
in lines 8 to 10, we generate the first guess and ask the user to respond. This
primes the while loop, whose condition is that the user does not respond
with “correct.” Inside the while loop, we check whether the user’s response
was “too high,” in which case we adjust the end variable to be one less than
the guess. Otherwise, we assume the user responded with “too low,” and we
adjust the start variable to be one more than the guess. Then we perform the
loop update, which generates a new guess and prompts the user for a
response. Session 2.11 shows the game running when the user has chosen the
secret number to be 73.



In [1]: fron GuesslunberPass] inort *

In [2]: guesshlumber() #secret numper 15 73

Pick a nunber between 1 and 160,
['L1 try to guess 1t 1n as e guesses as possible,
[5 58 too high, too low, or correct! too low
[5 75 oo high, too low, or correct? too high
I nieh, too Low, or cornect? too Low
I nigh, 00 low, or conect? too Lo
I5 71 too high, too low, or correct? too low
I nigh, too | )

IS

U'QU'Q

U'Q

5 73 oo nign, too low, or correct? correct
Your numger 1 73

Session 2.11 The computer guesses the secret number

Description



2.8 Validating User Input

In the program, we convert the user’s response to lowercase to make the
input case-insensitive. But we can further improve the user friendliness of the
program. Note that the while loop condition checks for “correct,” and in the
loop body, we check for “too high.” With this simple if-else structure, if
the user enters anything other than “too high,” we assume the user entered
“too low.” But what if the user enters something else, like “Hello™? The
program would execute the else statement in the loop body and change
start to be quess + 1. That 1s obviously not the correct behavior for the
program. We do not want to generate a new guess because we have not
received a valid response for the current guess. To solve this problem, we
need to add a third check inside the while loop to verify that the user
response 1s valid. Inside the loop, any response other than “too high” or “too
low” should trigger a message asking the user to reenter the response, and we
need a way to avoid executing the loop update. Fortunately, Python’s
continue statement, shown in Table 2.9, can be used to skip the remainder
of the loop body, when needed.

TABLE 2.9 | The continue Statement

Statement Description

continue Skips the remaining statements in the loop body and returns control to the loop
condition.

The if-else statement inside the loop body now becomes an if-elif-
else statement, as shown in Listing 2.4. Session 2.12 exercises the new
input checks in the Guess a Number game.

1 def guessillunber )
) st e
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end = 160
orint("Pick 2 number betugen " + str(start) + " and "+ strend) + ')
print("T'11 try to guess 1t In &S feu guesses as possible.

oless = (end + start) [/ 2
response = 1nput("Ts "+ str{puess) + " too high, too low, or correct? ")
response = response. Lower

uile response 1= "correct’;

if response == 'too igh':
end = uess - |

elif response == 'too low';
start = guess + 1

plse; finvalid response
response = nput("Please enter 'too high', 'too low', or 'correct’ " )
PeSpONSE = nesponse, Lover(
continue fskip the renginder of the Loop

guess = (end + start) // 2



response = Iaput('Ts " # str{guess) + " too high, too low, or cornect? ')
PESHONSE = nesponse Lower(

orint("Your nusber s " + str{guess))

Listing 2.4 Guess a Number, pass 2

Description



In [1]: fron GuesshunberPass? inport *

In [2]: guessiunber() # nunber 1is 3!

ick 3 nunber between 1 and 160,

1L try to guess 1t In as few guesses as possible,

5 50 too high, too low, or correct? too high

525 too high, too Low, or correct? too Low

5 37 100 high, too low, or correct? a Little high

lease enter "too high', "too low', or ‘correct” hello
Please enter "too high', 'too low', or 'correct’ too high
I 31 oo high, too low, or correct? correct

Your nunber 1s 31

P
I
I
I
I
P

Session 2.12 The user enters some invalid responses

Description

GOOD PROGRAMMING PRACTICE:

Wherever possible, verify that input from the user 1s valid. If not valid,
allow the user to reenter the input.



2.9 Counting the Guesses

Using the binary search method, the computer is able to guess the secret
number 1n just a few attempts. In fact, the maximum number of attempts is
related to the range of numbers being searched. The maximum number of
attempts to find the secret number in a group of n numbers should be no more
than log,(n). So for our range of 100 numbers, calculating log,(100) is 6.6.
Rounding off, the maximum number of guesses for 100 numbers 1s 7. We can
verify this by counting the number of guesses the computer makes. To do that,
we can use the accumulator pattern.

2.9.1 The Accumulator Pattern

An 1mportant problem-solving technique is the accumulator pattern. Your
ability to recognize this commonly occurring pattern and then implement it
will be especially useful as you encounter new problems that need to be
solved.

As an example, consider the simple problem of computing the sum of the
first five integer numbers. Of course, this 1s quite easy because we can just
evaluate the expression 1 +2 + 3 +4 + 5. But what if we wanted to sum the
first 10 integers? Or perhaps the first 100? The size of the expression would
become quite long. To deal with this challenge, we can develop a more
general solution that uses iteration.

Examine the Python code shown in Session 2.13, which calculates the sum
of the numbers 1 to 5. As you can see, the variable acc starts with a value of
0, often called the initialization. Recall that the statement



In[1]: acc =0

In [2]: for x in range(l, 6):
acc = acc + X

In [3]: acc

15

Session 2.13 Computing a running sum with a for loop and an accumulator variable

Description

for x in range(l, &):

will cause the loop variable x to iterate over the values from 1 to 5. Figure
2.3 shows how this statement can be used to create the running sum. Every
time we pass through the body of the for loop, the assignment statement acc
= acc + x 1S performed. Because the right-hand side of the statement is
evaluated first, the current value of acc 1s used in the addition. To complete
the assignment statement, the name acc is updated to refer to this new sum.
The final value of acc 1s then 15.



dCC

Figure 2.3 Using the accumulator pattemn.

Description

It might seem strange to see the same name appearing on both the left-hand
and right-hand sides of the assignment statement. However, 1f you remember
the sequence of events for an assignment statement, you will not be confused:

1. Evaluate the right-hand side.
2. Let the variable on the left-hand side refer to the resulting object.

The variable acc is often referred to as the accumulator variable because
it 1s continuously updated with the value of the running sum. Now, whether
we want the sum of the first five integers or the first 5,000, the task 1s the
same: Simply change the upper bound on the range and allow the
accumulator pattern to do i1ts work.

RECAP:

The accumulator pattern is useful for finding a sum of a group of
numbers:



1. Set the accumulator variable to a starting number (typically 0).

2. Using a loop, add each number to the running sum in the accumulator
variable.

3. When the loop finishes, the accumulator variable will hold the sum
of all the numbers.

HEADS UP:

The entire accumulator process depends on correctly initializing the
accumulator variable. If the accumulator does not start at an appropriate
value (0 in many cases), the ending sum will be incorrect.

The accumulation pattern can also be used to count occurrences of
something of interest, for example, how many numbers are in a set or how
many words are in a sentence. In this pattern, our accumulator variable is
actually a counter. We start the counter with an initial value, usually O or 1,
and we increment (add 1) to the counter each time the event we want to count
occurs. Session 2.14 shows the accumulation pattern used for counting,

In[L]: contPassed = 8 Hinitialize both counting variables
ountTests =

score = Input("Enter a test score, -1 o stop: ')
scone = irt(score)

uhile score Iz -1

1£ crana \= L0



Ll LUic /= VU,

countPassed = countPassed + 1 donly count 1f passiag grade
CountTests = countTests + | foount every score

scone = nput("Enter another Score, -1 to stap: ') #loop update
sor = 1nf{scong)

orint("You passed "+ str(countPassed) +* out of "#str(countTests) +" tests.”)

Enter  test score, -1 to stop: 7
Enter another score, -1 t0 S0
Enter another score, -1 10 sto
Enter another score, -1 10 Sto
Enter another score, -1 10 S0
You passed 3 out of 4 tests,

Session 2.14 Counting test scores with two counting variables

)
D: f
0 59
0 §2
D -]

Description

In this session, we count the number of tests the user has passed, as well as
the number of tests the user has taken. We use a while loop to allow the user



to enter any number of test scores. The user signals the end of the test scores
by entering -1. We use two counting variables, one to count the passing test
scores and one to count the total number of test scores. We add 1 to the
countPassed variable only when the test score is at least 60, but we add 1
to countTests In every iteration of the loop.

RECAP:
The accumulator pattern is also useful for counting events:

4. Set the counter variable to a starting number (typically O or 1).
5. Using a loop, add 1 to the counter each time the event occurs.

6. When the loop finishes, the counter variable will hold the number of
times the event occurred.

Try It Out

2.23 Compute the sum of the first 100 even numbers.
2.24 Compute the sum of the first 50 odd numbers.

2.25 Write a function to count how many numbers are divisible by 7
in a range sent as parameters.

2.26 Write a function to compute the average of the first 100 odd
numbers.

We can use this accumulation pattern to count the attempts in the Guess a
Number game. Listing 2.5 shows the third pass of Guess a Number with the
computer counting the number of attempts to guess the number. Our counter
variable 1S numaAttempts. We 1nitialize numattempts to 1 online 9 when we
make the first guess. Inside the loop on line 24, we add 1 to numAttenpts
cach time the computer makes another guess. Notice that we do not change



numAttempts when the user input is invalid. When the computer guesses the
number, numAttempts holds the count of attempts.

l
Z
]
!
)
b
]
!
J

def guessiunber )

start = |
end = 100

ordnt("Pick a number between " + str(start) + " and " # str(end) + ".')
orint("T'11 try to puess it In as few guesses s possible,)

0less = (end + start) /] 1

nundttenpts = |

response = Iput('Ts " + str(guess) + " too high, too low, or cornect! ')
response = response, Loven(

hile response 1= ‘cornect”
If response == 'to0 1igh
ed = guess - 1
elif response == 't00 low"
start = guess + |
else: Hinvalia response



19 response = ingut("Please enter 'too high', 'too low', or ‘cornect’ ")
0 response = response, Lover(|

l continug fskip the remainger of the Loop

1l

3 gless = (end + start) [/

I nunkttempts = nundttemts + |

1 response = 1ngut('Ts " + str(guess) + " too high, too low, or cornect! ')
lb response = response, Lower (|

18 print(Mour nusber 15 " + str{guess))
19 print("T guessed 1t in " + str{numAttenpts) + " tries,")

Listing 2.5 Guess a Number, pass 3
Description

Session 2.15, where the secret number 1s 33, shows the worst case in
number of guesses. As we had calculated earlier, the computer took the
maximum number of attempts (7) to guess the secret number.



In [2]: fron GuessANumberPass3 import *

In [3]+ guessANunber() #secret number 1s 33

PIck a nunber between 1 and 160,

['1] try to guess 1t 1n as few guesses as possible,
[5 50 too high, too low, or correct? too high
Is 25 too high, too low, or correct? too low
Is 37 too high, too low, or correct? too high
Is 31 too high, too low, or correct? too lou

Is 34 too high, too low, or correct? too high

Is 32 too high, too low, or correct? too low

Is 33 too high, too low, or correct? correct

Your number 15 33

[ guessed 1t in 7 tries,

Session 2.15 Counting the attempts to guess the secret number
Description

Our Guess a Number program does a lot of things. Notice that we did not
try to write all the functionality in the first attempt. For pass 1, we wrote the
main logic of the program. For pass 2, we added validation of the user’s



input. Then 1n pass 3, we added a counter. By writing our game in steps, we
could concentrate just on the functionality of the current pass. This approach,
called stepwise refinement, is an important software engineering technique.

GOOD PROGRAMMING PRACTICE:

Use stepwise refinement to develop a program incrementally by adding
small amounts of functionality to each pass.

Try It Out

2.27 What is the maximum number of guesses if the range of
numbers 1s:

a. [-50
b. 100-200
c. 1-300

2.28 Modify the cuessaNumber function to take the start and end
numbers as parameters to the function.

2.29 Modity the cuessaNumber function to process other ways of
saying too high or too low (for example, “higher” or “lower”™).



2.10 The Game of Nim

Next, we will teach the computer to play Nim. The game of Nim begins with
a pile of stones. Two players take turns nimming (stealing) 1, 2, or 3 stones
from the pile. The player who steals the last stone wins the game. You can
play this game with stones, coins, or any tokens you choose. We will play
Nim with digital stones.

In this section, we will have the computer be both players so that the
computer is essentially playing itself. But the computer will have two
different strategies for making a play. Our first strategy will be to choose a
random number of stones to remove. To do this, we need to explore how to
generate a random number.

2.10.1 Random Numbers

To generate a random play, we will use the random module. This module
generates what we call pseudorandom numbe rs—numbers that appear to be
random, but in reality are not. You may find it useful to invoke the neip
command on this module to explore its functionality. For our purposes, we
will use only the randint function—a random number generator that returns
an integer between a start and end number. Table 2.10 describes the randint
method, and Session 2.16 shows the randint method in action. Note that you
need to import the random module to use the randint function. In statement
2, we generate a random number between 1 and 100. In statement 3, we
generate 5 numbers between 1 and 10, and in statement 4, we generate 5
numbers between 20 and 50. Because these numbers are randomly generated,
your results will likely differ from the numbers shown in Session 2.16 and
will likely differ each time you execute this session’s code.

TABLE 2.10 | The randint Method

Function Description
randint (a, b)  Returns a random integer ranging from a up to and including .




In [1]: import random

In [2]:

Out[2]:

random,randint(1, 100)

6/

In [3]: for 1 in range(5):

orint(random.randint(1, 10))

Ul = 0o ul ~d

In [4]: for 1 in range(5):

orint(random.randint(20, 50))

36



35
48
24
24

Session 2.16 Exercising the randint function

Description

Try It Out

2.30 Create a function to simulate flipping a coin, by generating
either O or 1. Instead of printing the number, print “Heads™ or
“Tails” for each.

2.31 Create a function to simulate rolling two six-sided dice. Print
the sum of the two dice.

2.10.2 Returning a Value from a Function

Our computer will act as both opponents. So, the code for taking a turn will
be similar for each player. Rather than retyping all the statements for making
a play, a better approach is to use abstraction.

Recall that abstraction allows us to think about a collection of steps as a
logical group. In Python, we can define a function that not only serves as a
name for a sequence of actions but also returns a value when it is called. We
have already seen this type of behavior with the randint function. For
example, when we call randint (1, 10), it refurns a number between 1 and
10.

The basic function definition template 1s shown below with one additional
statement: return.



def functionName(parand, paramd,...):
statenent]
statement?

return expression  dexit and return expression’s value

Description

The return statement causes two related actions. First, the expression
contained in the statement is evaluated, producing a result object. Second, the
function terminates immediately, and the reference to the result object is
returned to the calling statement. The bottom line i1s that the value of a
function call becomes the value of the expression that is returned. In Session
2.16, the randint function returns a value, which we print.

It 1s important to realize that no matter where the return statement occurs,
it will be the final statement performed because return causes the function
to stop. For this reason, return 1s typically the last statement in the function.

RECAP:

A return statement causes a function to stop. The value of the
expression in the return statement becomes the value of the function in
the calling statement.

So, for our game of Nim, the program logic will be:

while there are more stones
get Player 1’'s play, make the play,
if pile is 0, winner is Plaver 1
get Plaver Z2's play, make the play,
if pile is 0, winner is Plavyver 2



Description

As you can see, after each turn, we check for an empty pile. If the pile is
empty, the player who just took a turn must be the winner.

We separate the player moves into functions so that each player can move
according to their predetermined strategy. The first player, Random Randy,
randomly chooses to remove 1, 2, or 3 stones. Obviously, this does not seem
like a winning strategy.

Let’s talk a moment about what a winning strategy might be. The object of
the game is to take the last stone from the pile. Because a player can remove
1, 2, or 3 stones at each turn, the winning strategy, then, is to ensure that after
making a play, the pile still has more than 3 stones.

The second player, Nimble Nancy, has cleverly adopted the winning
strategy. Because a player can remove 1, 2, or 3 stones, Nimble Nancy finds
the modulus of 4 (the remainder after dividing by 4) and takes that number of
stones. This always leaves either O stones or a pile that 1s a multiple of 4,
which 1s more stones than the other player can take in one turn. Listing 2.6
shows the Nim game.

ihile pile 1= 0

(love = randonfove(pile

pile = pile - Clove

orint{"Randon Randy takes " + str(clhove) + " stone(s). Pile 15 now " + str(pile)

1
2
3
!
5 yimer =
b
]
8
9



et

1 jimer = "Randon Randy”
el

1 (ove = ninoleovepile

1 pile = pule - hove

| orint{“Ninole Nancy takes " + str{clhove) + * tonls). Pile is now * # str(pile))
I if pile ==

1 jimer = “inole Nancy’
1 point(‘he wimer s * + wimer + 'I'
1

10 def randoniove( pile)

i 1mport randon

1 move = randon, rancint 1, 3)

B it wove ) pile

4o o= pile

s

Lo return move

]

0 def ninblehove(pile)

B ifpilekd =0



i MOVE = PLIE 4
else;
ove = |

Tad Lar Ly e

b et nove

Listing 2.6 The Nim game
Description

Session 2.17 shows the results of 3 games. As expected, no matter how
many times we run nim, Nimble Nancy always wins.

In [2]: nim()

The pile has 15 stones.

Random Randy takes 3 stones(s). Pile is now 12
Nimble Nancy takes 1 stones(s). Pile is now 11
Random Randy takes 3 stones(s). Pile is now 8

Ninble Nancy takes 1 stones(s). Pile is now 7

Random Randy takes 1 stones(s). Pile 1s now 6

Nimble Nancy takes 2 stones(s). Pile is now 4

()

Random Randy takes 2 stones(s). Pile 1s now 2




In [3]:

In [4]:

Nimble Nancy takes 2 stones(s).

The winner 1s Nimble Nancy!

nim()

The pile has 15 stones.

Random Randy takes 3 stones(s).

Nimble Nancy takes 1 stones(s).
. P1le 15 now 10

)
)
)
).
)
)
)
)

Random Randy takes 1 stones(s

(
(
(
Nimble Nancy takes 2 stones(s
Random Randy takes 1 stones(s
(
(
(

The winner is Nimble Nancy!

nim()

Pile 15 now 0

Pile 15 now 12
Pile is now 11

Pile is now 8

. P1le 1S now 7
Nimble Nancy takes 3 stones(s).
Random Randy takes 2 stones(s).
Nimble Nancy takes 2 stones(s).

P1le 15 now 4
P1le 1S now 2
Pile 15 now 0



The pile has 15 stones.,
Random Randy takes 1 stones(s). Pile 1s now 14

Nimble Nancy takes 2 stones(s). Pile 1S now 12

Random Randy takes 1 stones(s). Pile 1S now 11

Random Randy takes 1 stones(s). Pile 1s now 7
Nimple Nancy takes 3 stones(s). Pile is now 4
Random Randy takes 1 stones(s). Pile 1S now 3
Nimple Nancy takes 3 stones(s). Pile is now @
The winner 1s Nimble Nancy!

().
(5).
(5).
Nimble Nancy takes 3 stones(s). Pile 1S now 8
(5).
(s)
(5).
(s)

Session 2.17 Playing a few Nim games

Description

Try It Out

2.32 Modify the nim function so that you can pass the beginning
number of stones as a parameter. Check that the number of stones
passed 1s greater than the number of stones you can pick.

2.33 Consider how changing the number of stones you can pick
changes the strategy. Modify the Nim game to allow up to (and
including) 5 stones to be taken with each play. What needs to change
in the randomMove function to accommodate this rule change, and
what needs to change in the nimb1eMove function?



2.34 Devise another strategy and play the game using that strategy
for one of the players.



2.11 Summary

This chapter introduced the following building blocks of programming and
Python:

e Anintroduction to the string data type

e Boolean expressions using equality, relational, and logical operators
e Seclection statements using i f, if-else, and if-elif-else

e The Pythonprint function

e The Python input function

e The while loop

e The accumulator pattern

e Generating random numbers

¢ Functions that return a value



Key Terms

accumulator pattern
accumulator variable
binary search

Boolean expression
compound Boolean expressions
condition

counter

equality operators
infinite loop
nitialization

logical operators
nested selection
priming statement
prompt

pseudorandom numbers
relational expressions
relational operators
selection

selection statement
sentinel value
short-circuit evaluation
stepwise refinement
string

string concatenation operator



tail nesting

Unicode encoding system
user-friendly

while loop



Programming Exercises

2.1 Write a function that counts the number of days in a week that the
Dow Jones Industrial Average (DJI) was above a threshold number,
The function should take the threshold as a parameter and input five
numbers representing the DJI for 5 days. Return the number of days
that the DJI was equal to or above the threshold number.

2.2 Write a function i sEven that takes a number as a parameter and
returns True 1f the number 1s even, and False otherwise.

2.3 Write a function that asks the user which game they want to play:
Nim or Guess a Number. The function should call the appropriate
function to play the selected game. After playing a game, the
function should repeat asking the user to play until the user enters
“Stop.”

2.4 Rewrite the GuessaNumber function so that a human is guessing
the secret number determined by the computer. The computer will

need to reply with too high, too low, or correct based on the
human’s guess.

2.5 Write a function that counts the number of prime numbers that
are less than a number sent as a parameter. Check that the parameter
1s non-negative. The function should return the count.

Design Credits: Calculator Icon made by Smashicons from www.flaticon.com


http://www.flaticon.com/

© Yur1 Hoyda/Shutterstock.




CHAPTER 3
Codes and Other Secrets

String Operators and Methods, the 1en

Built-in Function, and Keyword
Parameters

3.1 OBJECTIVES

e To further explore the string data type
e To introduce the 1en built-in function

e To introduce simple cryptographic algorithms



3.2 The String Data Type

For almost as long as people have been writing, people have also been trying
to hide what they were writing from others. Herodotus describes the use of
“secret writing” that saved Greece from being conquered by Xerxes and the
Persians. The Kama Sutra, ancient Hindu writings, instructs women in the art
of secret writing so that they can hide the details of their liaisons. In this
chapter, we explore some simple forms of secret writing using Python.

Today this art of secret writing is called cryptography. You use
cryptography nearly every day without even thinking about it. You may not be
sending secret messages to your friends (although several cryptographic add-
ons are available for email these days), but rather using encryption whenever
you make an online purchase or check your grades or your bank balance
online.

Before we dive into cryptography, we must learn more about the important
Python string data type—a data structure that allows us to represent the
written word 1n our programs.

Strings are simply sequences of characters, such as the letters of the
alphabet and other symbols commonly used in writing. Most often, these
sequences of characters are put together to form familiar words, but as we
will see in this chapter, character sequences can be used for many other
interesting purposes.

In Python, you will know that an object is a string because it is surrounded
by either single quotes (') or double quotes (). Strings can also be
surrounded by triple single quotes (') or triple double quotes ("""),
although this 1s rarely used.

Strings can contain any characters: letters, spaces, numbers, punctuation
marks, and even quotation marks. Like numbers, strings are objects that can
be named as variables.

RECAP:



If a string contains a single quote, use double quotes around the string. If
a string contains double quotes, use single quotes around the string. If a
string does not contain either single or double quotes, it does not matter
whether you use single or double quotes around the string, as long as the
type of quotes is not mixed. In other words, if you start a string with a
single quote, then you must end the string with a single quote. Likewise, if
you start a string with double quotes, then you must end that string with
double quotes. Alternatively, you could surround a string with either
triple single quotes or triple double quotes.

As with numeric data types, strings in Python have operators that we can
use to transform them. We have already explored the concatenation operator
(+) for combining strings, the in operator, and several string methods
(startswith, upper, and lower). In the next sections, we will examine
some more commonly used string operators and methods.

3.2.1 Repetition

Another operator we can apply to a string 1s the repetition operator (*). As
you might guess, this operator takes a string and repeats it as many times as
you specify. For example, suppose you want to create the string ' gogogo'.
Rather than typing “go” multiple times, you can simply apply the repetition
operator as follows: "go' *3.

As with their numeric counterparts, the repetition operator has a higher
precedence than the concatenation operator. Thus, in an expression that uses
both the repetition and concatenation operators, the repetition will be
performed first. We can construct strings using both operators together, as
shown in Session 3.1.



In [3]:

: "Hip "*2 + "Hooray!"

'Hip Hip Hooray!'

. def rowYourBoat():

print("Row, "*3 + 'your boat')
print("Gently down the stream")
orint("Merrily, "*4)
orint("Life 1is but a dream")

rowYourBoat()

Row, Row, Row, your boat

Gently down the stream

Merrily, Merrily, Merrily, Merrily,
Life 1is but a dream

Session 3.1 String repetition

Description



3.2.2 Indexing

We next examine the index operator [ ], which does not have a mathematical
counterpart. This operator is useful when we want to access characters in
specific positions in a string. The first character in a string is at index 0, the
second character 1s at index /, and so on. For example, if we want to get the
first character of a string, we can use the index operator as follows:
"John' [0]. The result of this expressionis 'J'.

In addition, Python allows us to access the string in reverse. The last
character in a string has index value —/, the second-to-last character has
index value —2, and so on. Figure 3.1 shows the relationship between index
values and the characters in a string,

Positive
mdexeso1234567891011

Mg PrY T HIO N R0 C K §

Negative
mdexes '12 'H ‘10 'g '8 -1 ‘6 '5 '4 '3 . '1

Figure 3.1 Index values for each character in a string.

Description

When indexing a string, it is often useful to know the overall length of that
string. Python’s 1en built-in function tells us how many characters are in a
string. The 1en function is described in Table 3.1. It is important to
understand the relationship between the length of a string and the index of the
last character in the string. For example, although 1en ('abc') returns 3, we
would use 'abc' [2] to access the last character, 'c'.



TABLE 3.1 | The 1en Function

FunctionDescription

len(string) Returns the number of characters in string, including spaces and special
characters.

We can go one step further and combine the range function with the 1en
function to allow us to access each character in a string. Session 3.2
illustrates some uses of the index operator and the 1en function.

In [1]: name = "Roy G Biv"

In [2]: firstChar = name[@]

In [3]: firstChar

IRI

In [4]: middleIndex = len(name) // 2

In [5]: middleIndex



Qut(5]: 4

In [6]: middleChar = name[middleIndex]

In [7]: middleChar

Qut[7]:

In [8]: name[-1]

Out[8]: 'v'

In [9]: name[len(name) - 1]

Qut[9]: 'v'

In [10]: for i in range(len(name)):
print(name[1])



1
Vv
Session 3.2 String indexing
Description
RECAP:
The indexes of characters in a string range from O t0 len (string) - 1

in the forward direction and from —1 t0 -len(string) in the reverse
direction.

3.2.3 String Slicing

The slice operator [:] is similar to the index operator, except that it can
extract multiple characters from the string. We often call these parts of a
string substrings. We use the slice operator with two index values: a starting
index before the : and an end index after the colon.

For example, we can get the first three characters of a string as follows:



In [1]: "mary"[0:3]

manr

Description

The first number after the left square bracket gives the index of the first
character in the string we want to access—in this case, index O, the first
character (m). The number after the ' : ' 1s the index that is one more than the
last character we want selected from the string. This 1s similar to the bounds
of the range function where the upper bound is not included. So in this case,
we want to start selecting characters at index 0 and end at index 2. As you
can see, the result 1s the substring, "mar".

If you omit the first index, Python assumes that you want to start at the
beginning of the string, index 0. If you omit the end index, Python assumes
that you want to continue selecting characters until the end of the string. A
useful side effect of these shortcuts 1s that we can make a copy of a string
using the following slice operator: duplicateStr = oldStr[:].

The proper prefixes of a string are all the substrings that start with the
first character of the string and are shorter than the original string. We can
casily generate the prefixes of a string using the slice operator, as shown in
Session 3.3. Notice that the first value in the range 1s 1 so that the first slice
1S name [0:1]. If we wanted to print the final 'v', we would need to use
len (name) + 1 for the range end so that the final slice would become

name[0:len (name) ].

In [1]: name = "Roy G Biv'

In [2]: name[0:3]



0ut[2]: "Roy’

In [3]: name[:3]  #start index omitted, start at @

Out[3]: "Roy'

In [4]: name[6:9]

Qutl4]: 'Biv'

In [5]: name[6:] #end index omitted, continue to string end

Out[5]: 'Biv

In [6]: for i in range(1, len(name)):
orint(name[0:1])

DA



nv

Roy

Roy

Roy
Roy G
Roy G B
Roy G BL

Session 3.3 String slicing

Description

3.2.4 String Searching

We have already learned about the in operator. Its companion operator, not
in, can also be used to determine whether one string 1s contained in another.
Both in and not in operate on two strings:

llsub" in "Str‘ing“
"sub" not in "string"

Description

The exact substring must be found in the string and must match the initial
string in case. These operators evaluate to True or False, so they can be
used In if-else statements. Session 3.4 demonstrates the in and not in
operators.



In [1]: name = "Roy G Biv"

In 2] "Biv" i name

0Ut[2]: True

In [3]: "biv" inname  #b does not match B

0ut[3]: False

In [4]: "v" not in nane

Out[4]: False

In [5]: "3" in nane

DUt5]: False



In [6]: "Bv" in name 4B and v are both in name, but not together

Out[6]: False

In [7]: 1f 'y" in nane:
print("The letter y 1S in name,")
else:
print("The letter y is not in name,")

The letter y 15 1n name,

Session 3.4 String searching

Description

Table 3.2 provides a short summary of the string operators we have
introduced so far.

TABLE 3.2 | Summary of the String Operators



Operator/
Function | Description Example Result

+ Concatenation: joins two "hello " + "world" "hello world"
strings together

: Repetition: repeats the string "aho'+3 "abcabcabe!

[1] Index: returns the charecter "ahe' [1] ht
at position 1; incexes start at

[1:9] Slice: returrs the substring "ahodef" [0:2] gk
fromito] - 1

in in operator: cetermines whether | 'be’ in 'abc! True
orie string conteins another

not in | not incperctor: cetermines 'd" not in 'abc' Trus
whether one string does nat contain
anather
Description
Try It Out

3.1 Create a string variable that is initialized to your entire name—
first, middle, and last.

3.2 Using the slice operator, print your first name.

3.3 Using the slice operator, print your last name.

3.4 Using the slice and concatenation operators, print your name in
the form .astname , Firstname.

3.5 Print the length of your first name.

3.6 Assume you have two variables: s="s' and p="p'. Using
concatenation and repetition, write an expression that produces the
string mississippi.



3.7 Modify the prefix example in Session 3.3 to print all prefixes of
name using only the end index.

3.2.5 String Methods

In addition to the string operators, strings have methods, because they are
objects just like turtles. Some of these methods are summarized in Table 3.3.
We have discussed startswith, upper, and lower. Several other methods
help to format your strings to fit in a certain amount of space, such as 1just,
rjust, and center. Several others replace characters.

TABLE 3.3 | Summary of String Methods

Method Use Explanation

center aString.center (w) Returns the string astring evenly surrounded by spaces
to make astring w characters long.

count aString.count (item) Returns the number of occurrences of item in astring.

1ljust aString.ljust (w) Returns astring |eft-jUSt|f|ed in a field of width w.

rjust aString.rjust (w) Returns astring right-justified in a field of width w.

upper asString.upper () Returns asString in all uppercase.

lower aString.lower () Returns astringin all lowercase.

index aString.index (item) Returns the index of the first occurrence of itemin
aString, Or an error if not found.

rindex aString.rindex (item) Returns the index of the last occurrence of itemin
aString, Or an error if not found.

find aString.find (item) Returns the index of the first occurrence of itemin
astring, or —1 if not found.

rfind aString.rfind(item) Returns the index of the last occurrence of itemin

astring, or —1 if not found.
contains aString.contains(item) Returns True if item is found in aString; False otherwise.
replace  aString.replace (old, Replaces all occurrences of c1d substring with new
new) substring in astring.

startswith aString.startswith (item) Returns rrue if the first characters in aString Al item,
False Otherwise.




The most useful methods for us in this chapter are those that allow us to
search for one string within another. We know that startswith determines
whether a string starts with a substring. The count method finds the number
of occurrences of one string within another. The index and find methods are
similar in that they return the index of the first occurrence of one string within
another. However, they differ in their behavior when the string we are
looking for 1s not found. The find method returns —1 if the string is not
found. In contrast, the index method generates an error and halts the program

if the string is not found. Session 3.5 illustrates the use of these string
methods.

I 1 hell" List(te)

hellp

In[2: 1 "hello" rjust(10)

o hello’

In 3]s 1 teanSport = "Golden Gopher foottall”

In[4]: 1 teanSport.count{'0')



In 5] 1 teanSport.count('oo')

ut[5): 1

In [6]: 1 teanSport, lower()

D16 golden gopher foothall

In{7): 1 teanSport forigtnal string 15 not affected

OUE[T:Golden Gopher foothall'

In [8]: 1 teanSport = teanSport,upper() fassign result to original string

In {9 1 teanSport

DUET9]:GOLOEN GOPHER FOOTRALL




In [10): 1 teanSport,find('6') Hfinds first 6 at Undex 0

0it[28]: 9

In[1]: 1 teanSport, rfind('6') #finds Last G ot index 7

Qut(1l]: 7

In [12]: 1 teanSport, index{'6")

W1]: 9

In [B3]: 1 teanSport,rindex{ '6')

0t[3]: 7

In (18] 1 teanSport, Find('g') ot found

A ITar1 a



T L): -1

In [16]: L teanSport, index('s') dnot found, ingex method throws an error

Valugkreor Tracedack (most recent call Last)
Input In [16], in ccell Line; 1)()
«-+) 1 teanSport. index('g')

Valuekrror: substring not found

In[U]: 1 "abcd of ' replace('cd’, "y} Erenlace cd with xy

WETLT]: 'y o
Session 3.5 Demonstrating string methods

Description

Try It Out




3.8 Using the count method, find the number of occurrences of the
character 's' inthe string 'mississippi’.

3.9 In the string 'mississippi’, replace all occurrences of the
substring "iss' with "ox".

3.10 Find the index of the first occurrence of 'p' in
'mississippi’.

3.11 Make the word "python' centered and all capital letters in a
string of length 20.

3.2.6 Character Functions

As you will see shortly, our string-based algorithms are able to convert a
character into a number, and back again. The Python functions ord and chr
do this job for us. In addition, as we have seen, the str function converts a
number into its string form. Table 3.4 summarizes these functions, and
Session 3.6 presents an example of their use.

TABLE 3.4 | Character Functions

Function Description

ord (ch) Returns the Unicode value of a single-character string cn.
chr (num) Returns the character represented by the Unicode value num.
str (num) Converts a number nun to a string.

In [1]: ord('a’)

97



In [2]: ord('c’)

Out[2]: 99

In [3]: ord('A")

Out[3]: 65

In [4]: chr(1064)

out[4]: 'R’

In [5]: chr(97 + 13)

Out[5]: 'n’

In [6]: str(10960)

out[6]: '10960'



Session 3.6 Using the ord, chr, and str functions

Description

It might seem a bit odd to you that the letter 'a* is represented by the
number 97. Why not 1 or 0? Numbers and strings are all stored in the
memory of the computer as a series of 1s and Os. Because characters have no
infrinsic numeric value, Python and other programming languages use an
encoding system to map characters to numbers. The sequence of 1s and Os
that corresponds to the letter *a* when it 1s converted to a decimal number is
97. The mapping from letters to numbers was defined as the American
Standard Code for Information Interchange (ASCII) in the 1960s. A
limitation of ASCII is that it represents only 128 English characters. By
comparison, the newest encoding system, Unicode, which was developed by
the Unicode Consortium, can map characters in multiple languages. To
maintain compatibility with previously written programs, the Unicode
Consortium defined the first 128 characters in the Unicode system to be the
same as the ASCII characters. You can see this mapping by visiting
unicode.org and viewing the Basic Latin (ASCII) code chart.

For our purposes, we would much prefer the letter *a' to map to the
number O and the letter 'z' to map to the number 25. This would greatly
simplify our code. Using the £ind method and string indexing, we can define
our own helper functions for mapping from characters to numbers, and back
again, in Listing 3.1. In both of these functions, we want to define a string
containing the lowercase letters of the alphabet in order. Instead of typing a
string containing all the letters of the alphabet, however, we can use a handy
constant named ascii lowercase in the string module, which is a string
containing the lowercase letters of the alphabet in order from a to z. We also
want our alphabet to have a space character, to which we will give the value
26. So, we concatenate a space character to the ascii lowercase constant
to make our alphabet string (see lines 3 and 11). To use this constant, we
need to import the st ring module, as shown in lines 2 and 10.


http://unicode.org/

1 def letterToIndex(letter):

WO OO0 ~J O Ul = o o

_ — b b b > 2 3 3 >
WO o0 I O U B N e S

import string
alphabet = string.ascil lowercase + "
idx = alphabet.find(letter)
if idx == -1 #not found
orint("error: " + letter + " i not in the alphabet")
return 1dx

def indexToletter(idx):

import string
alphabet = string.ascii lowercase +
letter = "
if idx »= len(alphabet):
print("error: " 4 str(idx) + " is too large")
elif dx < 0;
orint("error; " 4 str(idx) + * is less than @")
else;
letter = alphabet[idx]
return letter



Listing 3.1 Helper functions (mapper.py) map characters to numbers

Description

Inthe 1etterTolndex function, we check whether the parameter character
1S in alphabet by passing it to the find method. Recall that if the find
method does not find its parameter, the method returns —1. So if the return
value 1s —1, we print an error message; otherwise, we return the index of the
parameter in the alphabet string.

In indexToLetter, we use the if-elif-else form of the if statement.
This form allows us to check for a sequence of conditions on a variable. For
example, to verify that the index parameter corresponds to a letter in our
alphabet string, we check whether the index parameter (idx) is greater than
or equal to the length of the a1phabet string, or less than O. In either case,
we print an error message. Otherwise, we return the letter from the
alphabet at the index provided.

In Session 3.7, we test our two helper functions. We have saved these two
functions in a file named mapper.py, which we import at the beginning of the
session. To have confidence that the code works correctly, we test boundary
values—that 1s, the edge values that should cause different results. For
example, in the 1etterToIndex function, we have two possible outcomes:
The letter 1s found, or the letter 1s not found. The boundary values that we can
use to test this function are the letter a (the lowest possible index) and a
space (the highest possible index). Then we test the value 5, which we know
is not in the alphabet, and we correctly receive an error that 5 is not found. In
the indexToLetter function, we have three possible outcomes: The index is
less than O, the index is greater than the last letter in our alphabet, or the
index 1s within the bounds of the a1phabet. We can test this function with the
values O (first letter), 26 (last character in the aiphabet), —1 (less than 0),
and 27 (greater than the highest index).

In [1]: 1 from mapper import *



In [2]:

Out[2]:

In [3]:

Out[3]:

In [4]:

Out[4]:

In [5]:

Out[5]:

In [6]:

1 letterToIndex('a")

1 letterToIndex(" ') #space character

26

1 letterToIndex('5")
error: 5 1s not in the alphabet

-1

1 indexToletter(0)

d

1 indexToLetter(26)



In [7]: 1 indexToletter(-1)

error: -1 1s less than

In [8]: 1 indexToletter(27)

error: 27 1s too large

Session 3.7 Testing our helper functions

Description

GOOD PROGRAMMING PRACTICE:
To verify that your code is correct, test boundary values.

Try It Out




3.12 What is the difference betweenord ('a') and ord('a')?

3.13 Write a function that takes a single character digit and returns
its integer value.

3.14 Write the 1etterToIndex function using ord.
3.15 Write the indexToLetter function using ord and chr.

3.16 Write a function that takes an exam score from O to 100 and
returns the corresponding letter grade. Use the same grading scale
your professor does for this class.



3.3 Encrypting and Decrypting Messages

Cryptography 1s the science of making messages secure. It works by
transforming a readable message into an unreadable message, which is then
transmitted securely to a receiver. At that point, the receiver transforms the
unreadable message back into the original readable message. We refer to
messages that are readable as plaintext, whereas messages that are
unreadable are called ciphertext. The process of turning plaintext into
ciphertext is called encryption; the reverse process of turning ciphertext into
plaintext is called decryption. Figure 3.2 provides an overview of the
encryption and decryption processes. Algorithms for both encryption and
decryption are the subject of this section.

(ecryption
algorthm

encryption

algorthm Dlaintet

plaintext Cphertext

Figure 3.2 Encrypting and decrypting a message.



3.4 Transposition Cipher

3.4.1 Encrypting Using Transposition

One of the easiest ways to encrypt a message 1s simply to scramble the
letters. For example, the word “house” could be randomly transformed to
“suheo.” In fact, there are 120 different possible arrangements of the word
“house.” However, 1f the encryption algorithm randomly scrambles the
letters, the task of the decryption algorithm becomes difficult. Encryption and
decryption algorithms must work together in some agreed-upon way, with the
encryption algorithm using a scheme to scramble the letters and the
decryption algorithm knowing the scheme.

One way to scramble the letters of a message is to separate the message
into two groups of characters, where the first group 1s composed of the even-
numbered characters and the second group 1s composed of the odd-numbered
characters. If we create one string out of the even-numbered characters and
another out of the odd-numbered characters, we can concatenate the two new
strings to form the ciphertext string. Because this results in a string with the
characters shuftfled to new positions, we call this a transposition cipher,
also sometimes called the rail fence cipher. Figure 3.3 illustrates the idea
behind this encryption algorithm.



Oign It was a dark and stormy night

e T 2 akadsom_1h

0 twsadr n tryngt

Break up the plaintext into even and odd characters

twsadr n tryngt + I a akadsom 1h

Combing the even and odd parts to make the ciphertext

Figure 3.3 Encrypting a string using an even—odd shuffle.
Description

Now that we have a scheme for scrambling the plaintext message, we will
write a Python function that takes the plaintext message as a parameter and
returns the ciphertext message. The key to this algorithm lies in our ability to
put the even characters from the plaintext into one string and the odd
characters into another. One way to do this is to use a counter and a string
iterator. A string iterator is a for loop in which the loop variable takes on
the value of each character in the string,

The string iterator uses this form of the for loop:



for c¢h in etringVariabkle:

With each iteration of the for loop, the loop variable ch takes on the value
of one character in the string stringvariable. For the first iteration, ch
becomes the character at index O of stringvariable; for the second
iteration, ch becomes the character at index 1 of stringvariable; and so
on.

We start with two empty strings, one that will hold the even-numbered
characters and one that will hold the old-numbered characters. We use a
counter to keep track of whether the current character i1s even or odd
numbered. As we iterate over each character of the string, we increment our
counter. If the counter is an even number, we concatenate the current
character to our even-character string. If the counter i1s odd, we concatenate
the current character to our odd-character string. In this so-called rail fence
cipher, each rail contains part of the original string. In this case, because we
are dividing the string into two parts, we call it a two-rail cipher.

How can we tell if a number 1s even or odd? Recall that for any even
number N, when you divide N by 2, there is no remainder. For any odd
number N, N divided by 2 has a remainder of 1. In Python, we can obtain the
remainder by using the modulo operator. For any even number N, v ¢ 2 1s 0.
For any odd number N, n ¢ 2 1s 1. We can use the expression charCount
2 == 0 as the condition in an if statement to test whether the character
counter 1s even or odd. Listing 3.2 shows the encryption algorithm using the
strategy described here.



def scramble2Encrypt(plaintext):
evenChars = ""
oddChars = ""
charCount = 0
for ch in plaintext:
if charCount % 2 == 0:
evenChars = evenChars + ch
else:
oddChars = oddChars + ch
charCount = charCount + 1

O 00 ~J1 O W B oW N

= =
N = D

cipherText = oddChars + evenChars
return cipherText

Listing 3.2 Scrambling a plaintext message

—
wl

Description

The scramble2Encrypt function makes use of the accumulator pattern in
several places. First, evenchars and oddchars start as empty strings and
accumulate characters as the for loop executes. The accumulator pattern
works just as well for concatenating strings as it does for adding numbers.
When we apply the accumulator pattern to strings, we build up a string that
starts from nothing (the empty string, "), growing the string one character at
a time. The next use of the accumulator pattern is a familiar counting
accumulator using the charcount variable.



HEADS UP:

The empty string has no characters in it and can be defined as either " or
'+ with no spaces between the quotes. The length of an empty string is 0.

On line 5 of Listing 3.2 we begin a loop that will iterate over each
character in the plainText string. When we iterate over a string, the loop
variable references each character in the string one after another. On line 6,
we make use of the test we devised to decide whether charcount 1s even or
odd. If charcount 18 even, we concatenate the current character referenced
by the loop variable ch to the existing value of evenchars. Because
concatenation creates a new string, evencChars becomes this newly
constructed string when we perform the assignment. If charcount 1s odd, we
concatenate ch to oddchars to create a new string referenced by oddchars.

Finally, after all characters in the plaintext string have been processed, on
line 12 we create the cipherText string by concatenating oddchars and
evenchars. The order of variables in the concatenation is not accidental. We
put oddchars first for a reason: If our string has an odd number of
characters, oddchars will be one character shorter than the number of even
characters. Can you explain why? We will see in a moment that this point is
important when we want to split the ciphertext back into two pieces.

Session 3.8 shows the output of the scramble2Encrypt function for five
test inputs. Notice that some of the test cases are just nonsense strings, but
they are chosen carefully to make it easy to see if the function is working the
way we think 1t should. Also notice that we test some boundary cases such as
a string of length 1 and even an empty string,

In[1]: 1 from transposition import *

In[2]: 1 scranble2ncrypt('abababab’)



OUE[2] 'bbbbaaaa'

In[3]: 1 scrambledEncrypt( ababababc')

Outl3]: "bbbbaaaac

In [4]: 1 scramble2Encrypt('T do not like green eggs and han')

Qutl47 " ontlk re gsadhmld o legeneg n @'

In [5]: 1 scranblelncrypt('a’)

utl5]; "a

In [6]: 1 scranbledbncrypt("')

AT o R

UL,

Session 3.8 Testing scramble2Encrypt



Description

3.4.2 Decrypting a Transposed Message

Our next task 1s to write a function to decrypt a message that was encrypted
by our scramble2Encrypt function. The input to our decryption function
will be the ciphertext produced by our encryption function. The decrypt
function will return the restored plaintext copy of the string.

To restore the plaintext string, we start by splitting the ciphertext in half.
The first half of the string contains the odd characters from our original
message, and the second half of the string contains the even characters. To
restore the plaintext version of the string, we start with an empty plaintext
string and concatenate the characters from the even and odd strings onto the
end of the plaintext string. We alternate taking a character from the even
string first, then the odd string, and so on. Figure 3.4 gives an example of
putting the plaintext back together again.

I a akadsom 1h
///

j/ /¢
It was

\ X
AN

twsadr n tryngt




Figure 3.4 Decrypting a message by alternating characters from the ciphertext.

Description

One detail to consider when reconstructing the plaintext message is that
we may have one more character in the even-character string than we do in
the odd-character string. We can easily check for this by comparing the
lengths of the two strings. If the odd-numbered character string is shorter than
the even-numbered character string, we simply concatenate the last character
from the even string onto the plaintext. Listing 3.3 shows the Python code for
implementing the decryption function.



1 def scramble2Decrypt{cipherText).

LD DO Y~ Oy w1l P e e

10
11
12
13
14

nalflength = Ien(cipherText) //

evenChars = cipherText[halflength:]  #halflength to end
oddChars = cipherText[:halflength] 0 to halflength - !
plainText = ™

for 1 1n range(halflength).
plainText = plainText + evenChars[i]
plainText = plainText + oddChars[i]

if len{oddChars) ¢ len(evenChars):
plainText = plainText + evenChars[-1]  #Last even character

return plainText

Listing 3.3 Decrypting a transposed message

Description

To find the middle of the string, we use integer division to divide the

length of the string by 2. Then to split the ciphertext string into two halves,
we use the slicing operator, as shown on lines 3 and 4 of Listing 3.3. We use
a simple slicing operator shortcut on these lines. Recall that when the number
is omitted before the :, the slice operator starts at the beginning of the string;



in contrast, when the number after the : 1s omutted, the slice operation
continues until the end of the string,

In the loop that starts on line 7, we use the string indexing operator to get
the next character from each of the two halves. Once again, we are using an
accumulator pattern to build the plaintext string. Finally, on lines 11 and 12,
we check for the case in which the number of characters in the ciphertext is
odd, which would make the evenchars string longer than the oddchars
string. If so, we add the final character from evenchars to the end of the
plaintext string,

Session 3.9 (on the next page) shows how you can test the decrypt
function. Notice that since scramble2Encrypt returns a string, we can use
the function call directly as a parameter to the scramble2becrypt function.
In essence, we are passing the return value from scramble2Encrypt to the
scramble2Decrypt function. It 1s easy to test whether the decryption
function works because it should return the same string that we provided as a
parameter to the encryption function. Once again, we have tried an easy case,
plus several boundary cases.



In [1]: fron transposition import *

In [2]: scranble2Decrypt(scramble2ncrypt( abababab'))

Wt2|: "abababab'

In 3] scrambledDecrypt(scranble2Encrypt('a’))

Qut[3]: '3

In [4]: scranble2Decrypt(scranble2ncrypt(''))

Qut[4]; "

In [6]: scranble2Decrypt(scranble2Encrypt('T do not Like green eggs \
and han'))

DUt 6] 'T do not 1ike green eggs and han'



Session 3.9 Testing encryption and decryption

Description

Note that in the last test, we cannot fit the entire string on one line. To
indicate that we are not finished with the statement we want to execute and
that the statement i1s continued on the next line, we use the backslash
continuation character (\).

HEADS UP:

In Python, strings must start and end on the same line, unless you insert a
continuation character (\), which indicates that there is more to the string
on the next line. The continuation character can also be used in other
Python statements that extend over multiple lines.

Try It Out

3.17 With paper and pencil, use the transposition algorithm to
encrypt the sentence “the quick brown fox jumps over the lazy dog.”
Check your answer by calling the scramble2Decrypt function.

3.18 Write a Python function stripspaces (myString) that takes a
string representing a phrase as a parameter and returns the phrase
with the order of the letters intact but the spaces between each word
removed.

3.19 The transposition cipher can be generalized to any number of
rails. Write a function to implement a three-rail fence cipher that
takes every third character and puts it on one of the three rails.



3.5 Substitution Cipher

The transposition cipher provides us with a simple example, but it is not a
very secure form of encryption. An attacker who is trying to read your secret
messages and knows you are using a transposition cipher will find it easy to
use the same algorithm to decrypt your message.

Another kind of cipher, called the substitution cipher, substitutes one
letter for another throughout a message. For example, you might decide that
ra' => 't'. Inthis case, the letter 't would be inserted into the ciphertext
in each place where an 'a' appears in the plaintext. Substitution ciphers
have been used since the time of Caesar, and they remain popular today—just
look at the “Cryptoquip” in the daily newspaper.

The substitution cipher has one big advantage over the transposition
cipher: It uses a key, which is a scrambled version of the alphabet. If
attackers are trying to read your secret messages, knowing that you are using
a substitution cipher helps them only a little bit, because they would also
need to know how the alphabet letters were rearranged. Figure 3.5 illustrates
the encryption process using a key. If we just consider the 26 letters of the
alphabet, there are 26 factorial (26!, or
403,291,461,126,605,635,584,000,000 different possible rearrangements of
the alphabet. So, we have a lot of keys to choose from!

encryption
algorthm

decryption

plinfext algorthm

cphertext plaintext

key key



Figure 3.5 Using a key to make encryption more secure.
Description

Let’s look at a simple example of a substitution cipher in action. We will
encrypt the word ' fiow' using the key 'bpzhgocvidgswkimlutneryaxf'.
Letters are matched up according to their position in the alphabet. For
example, the sixth letter in the plaintext alphabet (index 5) is '£', which
corresponds to the sixth letter (index 5) in the key, which is 'o'. Figure 3.6
illustrates the process. Each letter in the word 'f1ow' is mapped from the
regular plaintext alphabet into the corresponding letter in the key. In this case,
"frmapsto o', "1 mapsto 's', ‘o' mapsto 'i', and 'w' mapsto 'y'.



f%ow

prebet - abedelfighi j kammopgr stuvidkyz

ky Dbpzhgocv]dgswkimlutneryaxt

1
081y
Figure 3.6 A substitution cipher.

Description

Our next step is to turn this mapping process into a Python function. The
important step in the encryption process is to take a letter from the plaintext
alphabet and map it into a letter in the ciphertext alphabet. We can do this by
using the string find method. Recall that astring.find(ch) returns the
index of the first occurrence of ch in the string astring, or —1 if the string is
not found. To use this technique, we can create a string containing all the
letters in the alphabet in order and then use the find method to return the



position of any letter in the alphabet. Once we know the position of a letter in
the plaintext alphabet, we can use the index operator [ ] to look up the
substitution letter in the key.

For example, in Session 3.10, we find a mapping from the plaintext
alphabet to the key alphabet for the letter 'nh'. Note that we define
alphabetsString to contain the letters of the alphabet in order. We include a
space at the end so that we can encrypt messages containing spaces. For
simplicity, our key here is the reverse of the alphabetstring. In Session
3.10, we use the find method to find the location of 'n' iIn
alphabetstring. We then print the return value to see that the letter 'n:
was found at index 7. Using 7 as the index into the xey string, we find that the
letter *t' should be substituted for all occurrences of the letter 'h' in the
plaintext message.



In [1]: alphabetString = "abcdefghijklmopgrstuviixyz '

In [2]: key =" zyxwvutsrqponmlkjihgfedcba”

In [3]: 1 = alphabetString.find('h")

In [4]: print(i)
/

In [5]: print(key[i])

Session 3.10 Mapping a letter from the alphabet to the key
Description

Now that we know how to map characters from the plaintext to the
ciphertext alphabet, what remains 1s to apply this mapping process to each
character of the plaintext message and to construct the final message. For
these last two steps, we use iteration and the accumulator pattern. Listing 3.4
shows a function to encrypt a string using a given key.



def substitutionEncrypt(plainText, key):
import string
alphabet = string.ascil lowercase +
plainText = plainText.lower()

cipherText =
for ch in plainText:
idx = alphabet.find(ch)

1
2
3
4
5
6
/
8
9 cipherText = cipherText + key[1dx]

10
11 return cipherText

Listing 3.4 Encrypting a message using a substitution cipher
Description

In line 3, we add the space at the end of the alphabet so that spaces will
also be encrypted. Although the ciphertext will contain spaces, those spaces
will represent some other character and consequently will give no hints to an
attacker. Another approach would be to delete the space from the alphabet
and key and to strip out all the spaces from plaintext before applying any
substitutions. This would effectively reduce the string "the quick brown
fox" to the string "thequickbrownfox". AS you can see, removing the
spaces would make the decrypted message more difficult to read.

On line 4, we convert any uppercase letters in the plaintext to lowercase
letters so that uppercase and lowercase letters will have the same
substitution value; that 1s, if the key substitutes 't for 'b', then 't will be



substituted for both "' and 'B'. Also notice that we do not check whether
the character is found on line 8. For simplicity, we assume that the plaintext
contains only letters and spaces. To handle digits, punctuation, or other
characters, our key would need to provide a unique substitution character for
cach character we might receive in the plaintext message.

Session 3.11 shows the substitutionEncrypt algorithm in action.
Notice that even though we encrypt the same plaintext message, we get
different ciphertext messages when we use different keys. This is what makes
the substitution cipher superior to the transposition cipher. Even though
attackers may know that we are using a substitution cipher, that information
does not do them any good if they do not have the key. The
substitutionDecrypt function 1s nearly the same as the
substitutionEncrypt function.

In [1]: from substitution import *

In [2]: testKeyl = "zyxwvutsraponnl kjihgfedcha”

In [3]: testKey2 = "ounckbjmpzyexa vrltsfgdgitn’

In [4]: plainText = input("Enter the message to encrypt; ')

Enter the message to encrypt: The quick brown fox



In [5]: cipherText = substitutionEncrypt(plainText, testkeyl)

In [6]: print(cipherText)

hsvakgrxpayjlenauld

In [7]: cipherText = substitutiontncrypt(plainText, testKey?)

In [8]: print(cipherText)

smknrfpuynul dand g

Session 3.11 Using the substitutionFncrypt function

Description

Try It Out

3.20 Make up your own key and encrypt a message. Exchange your
key and the ciphertext with a partner to see if you can decrypt each
other’s message.

3.21 Write the substitutionDecrypt function.

3.22 Rewrite the substitutionEncrypt function, but remove all
spaces from the plaintext message.






3.6 Creating a Key

The strength of the substitution cipher lies in the ability of two people to
share a key. That 1s, both the sender and the receiver of the encrypted
message must have access to the same key. That key must represent a
scrambled version of the 26 letters of the alphabet plus a space. As a first
approach to creating a key, let’s write a Python function that returns a
randomly scrambled version of the alphabet.

The main 1dea in this algorithm is that we want to randomly select one
character from the alphabet to include in our key, and then to randomly select
another character, and another, until we have selected all 27 characters in a
random order. This seems pretty simple at first, but we must carefully keep
track of the characters we have already selected so that our key does not
contain duplicates.

We can think of the problem 1n a slightly different way. Suppose we start
with a string that contains all 27 characters in the plaintext alphabet and an
empty string for the key. First, we pick a random number from O to 26. This
random number gives us the index of the first letter we will use in the key.
We concatenate the letter retrieved from the alphabet to our key string. To
make sure that we do not pick the same letter again, we remove the selected
letter from our alphabet string. Because the alphabet string is now one
character shorter, we must pick a random number from O to 25. We can repeat
this process of picking random numbers and removing characters until we
have no more letters in our original alphabet string.

To implement this solution, we can break it up into two subproblems.
First, we will write a function that takes a string and an index value as
parameters and returns a new string with the character at the given index
position removed. Next, we will write a function that starts with a full
alphabet and returns the scrambled alphabet as our key. Listing 3.5 gives a
short Python function for removing a character from a string. This version of
the function uses the slice operator first to get the substring from the
beginning up to, but not including, the character we want to delete, and then
to get the substring from the character after the one we want to delete up to



the end. We can use string concatenation to combine these two pieces into our
new, smaller string.

1 def removeChar(string, idx):
2 return string[:idx] + string[idx + 1:]

Listing 3.5 Removing one character from a string

Description

Let’s test the removechar function using a simple string and several
different index values as shown in Session 3.12. Notice that we get an
unexpected result when we use the index value —1. Before reading on, see if
you can explain why we get this result.

In [1]: from keyGeneration import *

In [2]: removeChar('abcdefg’, 8)  fremove first character

'bedefe’

In [3]: removeChar('abcdefg', 6)  #remove Last character

(3]0 "abedef'



In [4]: renoveChar( abcdefg', 3)  dremove from the middle

"abcefy’

In [5]: removeChar('abcdefg', -2) #remove second to last character

"abedeg'

In [6]: removeChar('abcdefg', -1) #try to remove last character???

‘abcdefabcderg

Session 3.12 Testing the removechar function

Description

This example illustrates the importance of testing even the simplest of
functions. The reason we get the result we do when using character index —1
1s as follows. The first slice operation (string[:-11) works as intended: It
returns the entire string, except for the last character. However, the second
slice operation (string[-1+1:]) becomes (string[0:]), which returns the
entire string. We can move forward with this broken version of the
removeChar function because our key-generating function will never try to
remove a negative index.

Now that we have the removechar function, we turn our attention to the
main key-generating function, keyGen (). Listing 3.6 shows the Python code



for the strategy we outlined previously. We will successively remove one
character from alphabet until 1t 1S empty, so for the for loop, we use
, which assigns the loop variable i
the numbers from 26 to O in descending order, keeping step with the
decreasing size of alphabet. We use the function randint from the random
module to generate a random integer between O and the current size of
alphabet, indicated by i. Because we generate random numbers using the
call random.randint (0, i), we geta smaller range for the random number
as i gets smaller. Finally, we use an accumulator pattern xey = key +
alphabet [idx] to build up the final key.

range (len(alphabet)- 1, -1, -1)

def keyGen():
import string, random
alphabet = string.ascii lowercase +
key - nn

for 1 in range(len(alphabet) - 1, -1, -1):
idx = random.randint(6, 1)
key = key + alphabet|idx]
alphabet = removeChar(alphabet, idx)

1
2
3
E
5
b
/
8
9

10
11 return key

Listing 3.6 Function to generate a random key from the alphabet

Description



HEADS UP:

Because the xeyGen function uses the randint method and the string
constant ascii lowercase, We need to import the random and string
modules. This can be done in the function itself, as in line 2 in Listing
3.6. Alternately, for any function stored in a .py module, the import
statement could be written in the .py module before the function
definition.

Session 3.13 shows a few random keys generated by calling our keyGen
function. In statement 5, we verify that each key is 27 characters long by
calling the 1en function on the return value from the keygen function. We can
also verify manually that each key uses each letter of the alphabet once.



In [1]: from keyGeneration import *

In [2]: keyGen()

Out!2]: "ntod vxpefmaqukbgcwslryzjih'

In [3]: keyGen()

Out[3]: 'mr zapdkequnlofwxchjbgsviyt'

In [4]: keyGen()

1

Out[4]: "pv wlkydimcazhxbfeutorsjgng

In [5]: len(keyGen())

Out[5]: 27

Session 3.13 Generating random keys



Description

Remembering 27 randomly scrambled characters is probably beyond the
capabilities of most people, so we will look at another approach to our key-
generating problem. Rather than generating a random sequence of 27
characters, suppose that we choose a word or short phrase as our password.
The question now becomes, “How can we use this password as the basis for
scrambling the alphabet?” The answer is that we will use two different
strings to construct the key: the password and the alphabet.

The first step 1s to remove all duplicate letters in the password. Next, we
remove all the letters from the alphabet that are in the password. We then use
the alphabet, in order, starting with the letter after the last letter in the
password. When we get to the end of the alphabet, we go to the beginning of
the alphabet and use the rest of the characters.

Here is an example of how we do this. Suppose our password is
'topsecret'. Removing the duplicates leaves us with "topsecr'. Now if
we remove the letters in our password from the alphabet, we have
'abdfghijklmnquvwxyz '. The next letter in our alphabet after the last
letter 1n our password i1s 'u', so the three strings we will put together to
make our final key are 'topsecr', 'uvwxyz ', and 'abdfghijklmng'.
Putting these all together gives us 'topsecruvwxyz abdfghijklmng'.

This may seem like a daunting task, but it is manageable if we break it
down into smaller problems:

1. Remove duplicates from the password.
2. Split the alphabet into parts beforeLast and afterLast.

3. Remove the letters found in the password frombeforeLast and
afterlast.

4. Put together the three parts of the key.

Breaking down a problem into smaller parts, in the way that we have done
here, is often referred to as decomposition. We are dividing the large
problem into smaller tasks that are easier to solve.



GOOD PROGRAMMING PRACTICE:

Use decomposition to break a large problem into smaller, manageable
tasks.

We already know how to do Steps 2 and 4, so let’s solve the problem of
removing duplicate letters from a string. We will start by reconstructing the
string, one character at a time, using the accumulator pattern. However, we
will modify the accumulator pattern by adding one simple rule: If a character
is not already part of the reconstructed string, we will add it to the new
string; otherwise, the character has already been added to the reconstructed
string, so we will ignore it.

For example, consider the string "book". We start by creating an empty
string, newstr, to build on. Then we iterate through the characters in "book".
Because "b" is not already part of newstr, we add it, giving us "b". The
next character 1s "o". Once again, "o" 1S not in newstr so we add it, giving
us "bo". Next, we have our second "o", but newstr already has an "o", so
we 1gnore this one. The final character, "x", 1s new, so we add i1t to newstr,
giving us "bok".

The key to this approach is asking the question, “Is the current character
not already a part of the string we are creating?” To answer this question, we
can use the string not in operator as the condition of an if statement.
Listing 3.7 shows the Python code we use to create a string with duplicates
removed.



def removeDupes(myString):
newStr = ""

for ch in myString:
if ch not in newStr:
newStr = newStr + ch

O~ O U1 B~ W N

return newStr

Listing 3.7 Removing duplicate letters from a string
Description

We use a similar idea to remove the characters from one string that are in
another string (Step 3 above). Our removeMatches function takes two
parameters, the original string and a string containing all the characters to
remove from the original string. In this case, the second parameter is our
password after duplicates have been removed. Again, we begin with an
empty string, newstr, and apply the accumulator pattern to build up a new
string. If the next character in the original string is not one of the characters in
removeString, we add it to newstr. If the next character in mystring 1S in
removeString, we will simply ignore it. Listing 3.8 shows the Python code
for this process.



def removeMatches(myString, removeString):
newStr =

1

2

3

4 for ch in myString:

5 if ch not in removeString:
6 newStr = newStr + ch
7

8

return newStr

Listing 3.8 Remove the characters in one string from another

Description

Let’s test the two new functions we have just written. Session 3.14 shows
both removeDupes and removeMatches 1n action.

In [1]: from keyGeneration import *

In [2]: import string

In [3]: alphabet = string.ascii lowercase +



In [4]: removeDupes("topsecret”)

topsecr

In [S]: removeDupes( "wonder woman")

‘wonder ma'

In [6]: removeMatches(alphabet, ‘topsecr’)

‘abdfgnijkImnquvxyz

In [8]: removeMatches(alphabet, removeDupes('wonder woman'))

betghijklpgstuvxyz’
Session 3.14 Testing removeDupes and removeMatches

Description

Now that we have implemented removeDupes and removeMatches, the
rest of our alphabet scrambling algorithm is fairly easy. Listing 3.9 shows



the Python code to provide a scrambled version of the alphabet using a
password as the starting point.

1 def genkeyFromPass(password).

D OO ~—] Oy Ul e g 2
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1mport string
alphabet = string.ascil lowercase +
password = password, Lower( )

password = removeDupes( password)

LastChar = password[-1]

LastTdx = alphabet. find{lastChar)

afterString = renoveliatches(alphabet|LastIdx + 1:], passworc)
beforeString = renovelatches(alphabet|: lastldx], password)

ey = password + afterString + beforeString

return key

Listing 3.9 Generating a key starting from a password

Description



The genKeyFrompPass function is a good example of problem solving by
top-down design. Look at the code 1n Listing 3.9. Now imagine how much
longer the code would be if we tried to include the code for removeDupes
and removeMatches. The function would be so long it would be much more
difficult to understand what it 1s doing. Not only do removeDupes and
removeMatches make genKeyFromPass more readable, but they can also be
used in other functions you write.

GOOD PROGRAMING PRACTICE:
Look for opportunities to write small, reusable functions.

Session 3.15 shows the genkeyFromPass function in action. Note that our
function does, in fact, generate the key we predicted from the password,

'"topsecret'.

In [1]: from keyGeneration import *

In [2]: genKeyFromPass('topsecret")

'topsecruvwxyz abdfghijklmng'

In [3]: genKeyFromPass('wonder woman')

‘wonder mabcfghijklpgstuvxyz’



Session 3.15 Running the genkeyFromPass function
Description

To complete this section, we will consider the security of the substitution
cipher. Suppose we do not know the key, but we want to try to read the secret
message anyway. One possibility would be simply to use brute force, a
method in which we try all possible keys until we get plaintext that makes
sense. Because the number of keys 1s equivalent to the number of different
ways we can rearrange the 26 letters of the alphabet (1gnoring the space at
this point), there are 26! or 403 x 10** possible keys. If we were able to try
1,000,000 keys every second it would take us 12,788.288,341,153 years to
try all possible keys. That is 12 trillion years, roughly a thousand times older
than estimates of the age of the universe!

However, as we will see in the Cryptanalysis chapter, the substitution
cipher 1s quite easy to break by exploiting some simple characteristics of the
English language. It 1s so easy, in fact, that the substitution cipher regularly
appears in daily newspapers next to the crossword puzzle under the name
“Cryptoquip.” The main reason the substitution cipher is easy to break is that
there 1s a one-to-one mapping between letters in the key and letters in the
plaintext alphabet. This means that if plaintext “e” maps to ciphertext “k,”
then 1t will do so consistently throughout the message. But because “e” is the
most common letter in the language, “k” will probably be the most common
letter 1n the ciphertext. This observation gives us a head start in figuring out
the rest of the letters.

Try It Out

3.23 Write the removechar function using for loops rather than
slice operators.

3.24 Modify the removechar function so that it works for negative
character indexes.

3.25 Modify the substitutionCipher function to use the
genKeyFromPass function.



3.26 Encryption often involves the Caesar cipher—named after
Julius Caesar, who used the system to encrypt military messages.
Many early Internet users also adopted this cipher. Called rot13,
the cipher encrypts a message by rotating the plaintext character by
13 positions in the alphabet. For example, “a” becomes “n”;
likewise, “n” becomes “a.” The nice thing about rot 13 1s that the
same function can be used to encrypt and decrypt a message. Write a
function called rot13 that takes a message as a parameter and
rotates all the characters by 13 places. Note that rot13 does not
handle spaces.

3.27 Rewrite the Caesar cipher so that it takes the number of places

to rotate as a parameter. You will have to write separate encrypt and
decrypt functions.



3.7 The Vigenére Cipher

The key to cracking a substitution cipher was first discovered by Arab
scholars in the ninth century, but it was not widely known in the West until the
15th century. Once frequency analysis of ciphers became widespread, the
plain substitution cipher became useless. To fix the problems inherent in the
simple substitution cipher, Blaise de Vigenere invented the strategy of using
multiple letter mappings. Rather than using one key for the whole message,
Vigenere’s 1dea was to use a different key for each letter of the message.
Using a different key for each letter makes the frequency analysis much more
difficult.

The key to the Vigenere cipher is the Vigenere square, shown in Table 3.5.
Each row 1n the table corresponds to a different key, such that we might
encode the first letter of our secret message using row 12, the second letter of
the message using row 7, and so on. The rows that we have chosen here are
simple rotations of the alphabet. Each row in the table shifts the letters of the
alphabet one place to the left. When a letter shifts out of the first column, it
moves around to the end of the right side.

TABLE 3.5 | The Vigenére Square

Plaintext

Key | a|b|c|dje(f|g|h i|jlkjlL{mnfofp|q|r|s|[tjiujlviw|x|y]|z

a (albfcidje|f{g|h|i|j|k{l|(m|n|o|p|g|r|s|t{ujv|iw/ x|y

p—:



k |[k{l{mnjo|p|g|r|s|t|ujviw/ x|y|lz|a|bjc|d|e glh|ilfj
L [Uim|njo|p|q|r|s tju|v|w|x|y|lz|la|bjc|dje fig/h[i]|]]|k
m mnjo plg s|tiufviw|x|ylz|albjc|djelf|g|h[i|lj|k]l
no|njo|p|g|r|s|tjujviw/x|y|z|albjc|d|je|f]|g]|h jlkiL]m
o |o|p|g|r|s|tfjujv w{x|y|lz|alblc|d]e g|h|i ki Ll|{m|n
PPl 5 u|v|w x(y|zfa|lbjc|dje|/f{g|h|i|j/k{l{m|n|o

f 3 ulviw/ x|y |zfalbjc|dfe|f|lg]|h jlkiliminjolp|g
s [s|t|ujv|iw|x|ylz a|bjc|d]e g|h|i k{l{m{njo|p|q|r
t ulviw|x|y/z|a bjc|d|e g | h|i|]j]|k minjolplq|r|s
u |u|v|w/x|ylz|a|b cidfe|f|{g[h|i|j|k{Ll|{m{njo|lp|g|r|s|t
v |v|w|x ylz|a|bjc dje[f|g]|h |k m{njofplg|r|{s|tju
w (w{x|y z|albjc|d e[f|g]|h ki L(minjfo|p|g|r|s|t|ulv
x (x|ylz|a|b|c|d|e | F|g|h]i k| Lim{njo|plg|r|s|tjufv|w
y |y|z|a|blc|d|e g|h|{i|[j|k Limnjo|p|qg s tiu v iwlx
2 (z|a|lbjc|d|e{f|g h|i|j|k{l{m|n|jo|p]|g S| t{u|v|w|x|y
Description

We will now see how to use the Vigenere square to encode the message,
“the eagle has landed.” The first step is to decide on our key. Choosing the
word “davinci” as our key, we next align the key across the top of the



message, repeating the letters of the key as needed to cover the message.
Table 3.6 shows how the letters in “davinci” cover the letters in our
message. Notice that in this scheme, we will not encode spaces, so we
deleted the spaces from the message.

TABLE 3.6 | Matching Key Letters with Message Letters

Description

To encode the message, we use the row corresponding to the letter in the
key and the column corresponding to the plaintext letter to find the ciphertext
letter. For example, the first letter in the message is “t,” so we look in column
“t” and row “d” and find the letter “w.” So, “w” 1s the first character in the
ciphertext. We next look at column “h” and row “a” to find that “h” is the
second character. The third character is in column “e” and row “v,” which
means that “z” is the third character. Notice that the next character in the
message 1s also an “e” but this time we use column “e” and row “1,” so this
“e” 1s encoded as an “m.” If we continue following this pattern, the entire
phrase 1s encoded as “whz mnith hva ycvgey .

Although the Vigenere cipher was invented in the 1500s, it went unused for
200 years because the cipher secretaries found it difficult to implement.
Obviously, they did not have Python. Let’s write a function to encrypt a
message using the Vigenere cipher. We will begin by doing a top-down
analysis of the procedure needed to encode a message.

1. Initialize an empty result string.
2. For each letter in the plaintext message:
a. Determine which letter of the key we should use.



b. Using the key letter row, look up the ciphertext letter in the Vigenere
square in the plaintext character column.

c. Add the ciphertext letter to the ciphertext message.
3. Return the result string as the ciphertext message.

At first glance, it might seem as if looking up a character in Table 3.5
would be the most difficult part of this procedure, but it 1s not especially
difficult. Let’s think about what we know:

1. Eachrow of the table rotates the letters one more position to the left.
2. The row of the table corresponds to the ordinal value of the key letter.

3. The column of the table corresponds to the ordinal value of the plaintext
letter.

(Note that the term ordinal position refers to the position of the letter in the
range from O to 25. This 1s mapped using our helper functions developed
earlier.)

Before we write the Python code for this procedure, we can make a
simplification. Using modulo arithmetic, we can avoid copying and shifting
letters 1n a string. We can simply use the formula:

cipherTextlLetter = (plainTextLetterIndex +
keyLetterIndex) % 26

This 1s how this would work. Suppose we want to encrypt the letter “e”

(1))

using the key letter “1.” The ordinal value for “e” is 4, and the ordinal value
for “9” 1s 9. Applying the formula (9 + 4) % 26 = 13, we find the letter
with the ordinal value of 13, which 1s “n.”” If you check row “;” and column
“e” of Table 3.5, you will see this is exactly right. Let’s look at another
example. Suppose we want to encrypt the letter “t” using the key letter “s.”
The ordinal value of “t” 1s 19, and the ordinal value of “s” 1s 18. This means
that (18 + 19) % 26 = 37 % 26 = 11, and 11 1s the ordinal value for the
letter “1,” which you will find inrow “s” and column “t.”

The code for the vigenereIndex function is shown in Listing 3.10. The
vigenereIndex Simply uses our helper functions letterToIndex and

indexToLetter, Which are stored in mapper.py, to do the lookups we need.



from mapper import *

1

2

3 def vigenerelndex(keyLetter, plainTextletter):
4 keyIndex = letterToIndex(keyletter)

5 ptIndex = letterToIndex(plainTextletter)
b
/

8

9

newIndex = (ptIndex + keyIndex) % 26

return indexTolLetter(newIndex)

Listing 3.10 Looking up a letter in the Vigenere square
Description

The final step in implementing the Vigenere cipher i1s to write a function
that takes a key and a plaintext message as parameters and returns the
ciphertext message. As before, we will take a character-by-character
approach to encrypting the message, applying our vigenereIndex function
to each character. The only remaining question is how to decide which letter
of the key to use in conjunction with each letter of the message.

One way to solve this problem is to duplicate the key as many times as
needed so we can cover all the letters in the message, as we did in Table 3.6.
If our message 1s long, however, creating another long string by duplicating
the key i1s wasteful. We can avoid duplicating the key by using modulo
arithmetic. If our key 1s K letters long, we want an index counter for our key
to repeatedly cycle through the numbers O through K — 1. The modulo
operator allows us to do exactly that. Try Session 3.16 for yourself.



In [1]: for i in range(100):
orint(1 %7, end = " ')

01234560123456001234560123456

0123456012345601234560123456
0123456012345601234560123456
0123456012345601

Session 3.16 Demonstrating circular counting with modulo arithmetic
Description

In Session 3.16, we send a new type of parameter to the print function:
end = ' ', which is called a keyword parameter. Python functions can
accept both keyword parameters and positional parameters. Positional
parameters, which are the type of parameters we have used so far, are simply
values given in the order listed in the function’s header. For the print
function, the positional parameters are the items to be printed. After the
positional parameters are given, a function can optionally accept keyword
parameters, which consist of (1) the keyword, (2) the assignment operator,
and (3) a value. The print function accepts four keyword parameters, as
shown in Table 3.7; all of these parameters are optional. If we call the print
function without any of the optional keyword parameters, the print function
outputs all the positional parameters to the standard Python output, separating
cach value by a space, and then appends a newline character to move to the
next line. In Session 3.16, we use the end keyword and assign a space as its
value to specify that we want a space to follow each value, rather than a
newline character.



TABLE 3.7 | The print Function and Its Positional and

Keyword Parameters

Function Description
print ( valuel, ..,

(optional keyword Outputs each value
parameters separated

by commas) Optional keyword parameters:

® sep:. the string to separate each value; default is a space.

® end: the string to output after all values are outputted; default is
a newline.

m file: Where to send the output; default is the Python's
standard output.

® flush: True tO output immediately, or ra1se to place output
temporarily in a holding buffer; default is ra1se. This parameter
is meaningful when writing to a file rather than to the standard
output.

Using the modulo arithmetic demonstrated in Session 3.16, we can use a
counter k to keep track of the current character in the message and then use
counter % k as the index into the key. Listing 3.11 shows the entire function
needed to encode a message using the Vigenere cipher. Instead of passing the
key and plaintext as parameters, we prompt the user to enter the values; this
makes 1t easier to encrypt a long message. Session 3.17 shows the
encryptVigenere function in action.



1 def encryptVigenere():

D OO ] O Wl e L N
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key = input('Enter the key: ')
plainText = input('Enter the nessage to be encrypted; ')
cipherText = ™
keyLen = len(key)
k = 0 # this represents which key row should be used tn the table
for ¢h in plainText:
ifch=="",
# remenber spaces are not used in the encryption
cipherText = cipherText + ch
else:
cipherText = cipherText \
t vigenereIndex (key[k % keylen], ch )
=K+
return cipherText

Listing 3.11 Encrypting a message using the Vigenere cipher

Description



In [1]: from vigenere import *

In [2]: encryptVigenere()

Enter the key: davinci
Enter the message to be encrypted: the eagle has landed

(2] "whz mnith hva yovgey!

In [3]: encryptVigenere()

Enter the key: calendar
Enter the message to be encrypted: one small step for man

qnp wzdle utpt ser den’

Session 3.17 Encrypting a message using the encryptvigenere function

Description

Try It Out




3.28 Write a function undovig (keyLetter, ctLetter) thattakes
a letter from the key, a ciphertext letter, and returns the plaintext
letter.

3.29 Write a function decryptvigenere that takes a keyword, the
ciphertext for the message, and returns the plaintext message.



3.8 Summary

In this chapter, we explored an important Python data type called strings—
sequences of characters that provide a wide range of built-in functions, string
operators, and methods.

e String operators:
o Concatenation (+)

o Repetition ()
o Indexing ( [])
o Slicing(r:1)

(o}

Membership (in and not in)
Length (1en) built-in function
String search methods:

o find/rfind

0 index/rindex

String formatting methods:
O upper
© lower
0 center
o ljust
0 rjust
Other string methods

0 replace

© count
o startswith

© countains
We also introduced Python built-in character functions:

e ord



e chr

We distinguished between positional and keyword parameters with an
example using the print function.

We used decomposition to build up a collection of small functions that
could be used to solve larger problems.

We used string manipulation to 1mplement some  basic
encryption/decryption schemes for converting plaintext to ciphertext, and
back again. These algorithms allowed us to illustrate iteration over
characters in a string, as well as the accumulator pattern as it applies to
strings.

e Transposition cipher
¢ Substitution cipher
e The Vigenere cipher



Key Terms

American Standard Code for Information Interchange (ASCII)
backslash continuation character
boundary values

brute force

characters

ciphertext

cryptography
decomposition
decryption

encryption

index operator

key

keyword parameter
plaintext

positional parameters
proper prefixes of a string
rail fence cipher

slice operator

string iterator

substitution cipher
substrings

top-down design
transposition cipher



Programming Exercises

3.1 Research the “Playfair cipher.” Write a program to implement
this cipher.

3.2 Research the UPC codes that are used on products of all kinds.
Use the turt1e module to draw a UPC code for a given product
name and price.

3.3 Research the U.S. postal bar codes used to encode a zip code.
Use the turt1e module to draw a postal code for a given zip code.

Design Credits: Calculator Icon made by Smashicons from www.flaticon.com
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CHAPTER 4
Introducing the Python

Collections

Lists, Dictionaries, Tuples, and
Statistics

4.1 OBJECTIVES

e To use Python lists as a means of storing data

e To use Python dictionaries to store associative data

e To use Python tuples as a means of storing data

e To implement algorithms to compute elementary statistics

e To use functions from the Python statistics module

e To learn how to produce a histogram using the matpiotlib
library

e To learn how to call functions from the math module



4.2 What Is Data?

Every year, thousands of earthquakes occur around the world. Most of them
are so mild that they are barely noticed except by scientists with monitoring
equipment. If we consider only those earthquakes that people feel, then
perhaps 35 occur on a typical day. Some days, there may be only 10; on other
days, there may be 40 or 50.

What we have just described 1s a way that earthquake occurrence might be
reported through data—an assortment of items, many times numeric, that
have been observed, measured, or collected by some means. These data
items pertain to some experiment, event, or activity that we are interested in
exploring. Data, sometimes referred to as “raw data,” represents the starting
point for analysis that can be performed in an attempt to discover underlying
characteristics. Data can contain information in various forms, and the
information can be used in a variety of ways. Sometimes this information
allows us to make generalizations about the data items. We may also be able
to make predictions about future events based on the data. This kind of
analysis 1s based on the mathematical science of statistics.

This chapter centers on data, information, and statistics. We will focus on
ways that a programming language like Python can help us perform some of
the basic data processing tasks that are commonly done with large amounts of
data.



4.3 Storing Data for Processing

Whenever we work with large amounts of data, we need some means of
organizing the data’s storage so that we can process the data in an orderly
and efficient manner. Python’s built-in collections provide ways to organize
and store data values. We have already introduced one type of collection:
strings. In this chapter, we will further explore strings and consider three
more Python collections: lists, dictionaries, and tuples.

4.3.1 Strings Revisited

We have introduced the idea of a string as a sequential collection of
characters. Python calls this a sequence. Each string is considered to be
ordered from left to right, and each character can be accessed using the
indexing operation. Provided that our data items can be thought of as
characters, a string might make the perfect collection mechanism.

As an example, assume that we have just taken a multiple-choice exam
where each question has five possible answers labeled A, B, C, D, and E.
Our answer sheet might look like this:
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To store our answers for later processing, we could use a simple string of
10 characters. The string will contain the 10 data items gathered from the



student:

In [1]: myAnswers = "ABEADBBACE"
for answer in myAnswers:

print(answer)
A
B
E
A
D
B
B
A
C
E
Description

This technique allows us easy access to each answer. Furthermore, using
iteration over strings, we can process the entire exam. However, some
potential drawbacks arise with this approach. What if the exam was in math
class, where the answers are numbers instead of characters? Can a string still
be used?



For example, suppose this is our answer sheet for a math exam:

.34
.56
2

. 652
.26
1

.99
. 865
.22
.16
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If we attempt to use the same string-based storage technique, we might get
something like this:

myAnswers = "34562652261998652216"

Description

It is easy to see that we have a problem. How can we distinguish which
numbers correspond to each answer?

In this case, we need a way to store collections of integers instead of being
restricted to just using characters. As with the string, where there is one
character per position, we would like an organization technique that can
provide one integer per position. Fortunately, there is such a collection—the
list.

4.3.2 Lists

A list 1s a collection that 1s similar to a string in general structure, but has
some differences that must be understood for the list to be used properly.



Figure 4.1 shows that strings and lists are examples of sequential
collections.

Python
collections

Sequential
collections

Y Y

Strings Lists

Figure 4.1 Lists and strings as sequential collections.

A list 1s an ordered, sequential collection of zero or more Python data
objects. Lists are written as comma-delimited values enclosed in square
brackets. We call a list with zero data objects the empty list, which is
represented simply by [1. Recall that strings are homogeneous collections
because each item in the collection i1s the same type of object—a character.
Lists, by contrast, are heterogeneous collections because lists can be



composed of a mixture of any kind of object. In Session 4.1, the list myList
consists of two integers, a floating-point value, and a string.

In [1]: [3, "cat’, 6.5, 2]  #define an unnamed List

3, 'aat’, 6.5, 2]
In [2]: mylist = [3, "cat", 6.5, 2]

In [3]: myList #assign the List to a name

3, 'cat', 6.5, 7]
Session 4.1 A Python list

Description

RECAP:

A list 1s a sequence consisting of heterogeneous objects. Lists are written
as comma-delimited values enclosed in square brackets.

As with other values in Python, asking the interpreter to evaluate a list will
simply return the list itself. To remember the list for later processing, we
need to assign the list to a variable. Evaluating the variable then returns the
list. Figure 4.2 shows the sequential organization of the items in the list
example in Session4.1.



3 'cat'| 6.5 2

Figure 4.2 Sequential storage of the elements m a list with indexes.
Description

Since lists are sequential, many operations that can be applied to any
Python sequence, such as strings, can be applied to lists as well. Table 4.1
reviews these operations, and Session 4.2 gives examples of their use. Note
that the last example in Session 4.2 introduces the de1 statement (see Table
4.2), which allows you to delete an item from a list. This operation is not
permitted on strings. Strings are immutable collections of data in which
individual items within the string cannot be changed. That is not true for lists:
We can change an individual member of a list by using the assignment
statement and placing the indexed location on the lefi-hand side. Thus lists,
unlike strings, are mutable collections of data; that 1s, lists can be modified.

TABLE 4.1 | Operations on Any Python Sequence

Operation Operator/Function Explanation

Name

Indexing [ ] Accesses an element of a sequence by its
position.

Concatenation + Combines sequences of the same type.

Repetition * Concatenates a repeated number of times.

Membership in Asks whether an item is in a sequence.

Membership not in Asks whether an item is not in a sequence.

Length len Asks the number of items in the sequence.

Slicing [ :] Extracts a part of a sequence.




In [1): mlist = [3, 'a@t’, 6.5, 2]

In 2] mList[2] #iten 2 ustng indexing

0[] 6.5

In (3] myList + ["read", 7] #concatente List with another List

D3] 3, 't 6.5, 2, read', 7]

In [4]: mylist * 3 #repeat List 3 tines

WAL 3, 't 6.5, 0, 3, 't 6.5, 0, 3, 't 6.5, 0]

In [6): len(myList) fnunber of items tn the [ist

Dut[6]: 4

71 mulict[143] fclire 1tems 10 )
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W7 [t 6.5

In [8]: 3inmlist #test whether item 15 in [ist

0t/ 8]: True

In [9]: “dog" in myList

Dt[9]: False

In [16]: "dog" not in mylist

OUE[10]: True

In [10]: del myList[2] #olete iten 2

In[121; mlist



3, 'at', 1]

Session 4.2 Using sequence operators and functions with lists

Description
TABLE 4.2 | An Additional Operation on Lists
Operation Name Statement Explanation
Delete del Deletes an item.

Note that the indexes for lists, as with strings, start with 0. The slice
operation myList [1:3] Teturns a list of items starting with the item indexed
by 1 up to, but not including, the item indexed by 3. Also note that after lines
3 and 4 the list has not been altered, because we did not assign the results of
the concatenation and repetition to myList.

Session 4.3 shows an assignment statement modifying the item at index 2
in the list changeList. The reference diagram in Figure 4.3 shows that a list
1s a collection of references to Python objects. Changing an item in the list
simply changes the reference stored at that position. Note that after item 2 has
been changed, the previous reference 1s deleted, as indicated by a dotted line
in the figure. As shown in Session 4.3, attempting to change an item in a
string using the same operation will not work; the Python interpreter reports
an error because strings do not support the ability to change a single
character.

In [1]: changelist = [1, 2, "buckle ny shog”, 3, 4, "shut the door"

In [2]: changelist



2] 71, 2, "buckle y shee', 3, 4, 'shut the door']

In[3]: changelist[2] = "the sky is blue"  fchange ttem 2

In [4]: changeList

OUEAT [0, 'the sky i blue', 3, 4, 'shut the door']

In [5]: nane = "Norte"

In [6]: name[2] = "x"  dattempt to change character in a string

TypeError Traceback (most recent call last)
Input In [6], in <cell Line: 1)()
=+ 1 nane[2] = ¥’

TvoeError: “str' oolect does not support 1tem assiznment
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Session 4.3 Mutating a list

Description

changeList 0 1 2

*buckle my shoe’

v

‘the sky is blug’

Figure 4.3 The collection of references forming a list.

Description

Y

“shut the door’

The use of the repetition operator (*) i1s also affected by this idea of a
collection of references. The result of using the * operator is a repetition of
references to the data objects in the sequence. This can best be seen by

considering the statements in Session 4.4.



In [3]: mylist = [1, 2, 3, 4]

In [4]: mylList

s

W) T8, 2,3, 4]
In [5]: listOfMylist = [mylist] * 3

In [6]: listOfMylist

Wtlel 10,2, 3,4, (L, 2 3, 4], [L, 0 3, 4]

In [7]: mylist[2] =45  #change one item in mylist

In [8]: listOfMyList

OUt[8]: 11,2, 45, 4], [, 2, 45, 4], [4, 2, 45, 4]

Session 4.4 Mutating a list created with repetition



Description

The notation [myList] means we have a list containing one item, whose
value 1s a reference to the list myList. Hence, it is a list containing a list.
The variable 1istofMyList holds a collection of three references to the
original list, myList. Note that a change to one element of myList shows up
in all three occurrences 1n 1istofMyList. This outcome occurs because the
repetition operation is implemented as a list of three references to the same
list, as shown in Figure 4.4.



11stOfMyList
>
N
myList 0 1 2 3

(/ATARYA

/] ]

45

Figure 4.4 The repetition operator copies references.
Description

A useful function for creating lists is the 1ist built-in function, which
converts other sequences to lists. We have already seen two such sequences:
strings and ranges. Recall that the range function returns an object



representing a sequence of integers. Session 4.5 demonstrates the use of
list to create some simple lists from strings and ranges.

In [1]: range(10) #range 1s 0 Sequence

WELLL: range(8, 10)

In

Out

1]

 List(range(10)) fereate o List fron o range

0523456789

In 3] list(range(10, 2, -2))

Out[3]

! (19, 8, 6, 4]

o list("the quick fox") #create o List from g string

: [!t h|, IeIJ 1 l, Iq" IulJ 12 I, ICIJ Ikl (I !fl} IOIJ I I‘I

Session 4.5 Using the 11ist function

Description



Lists support a number of other useful methods, as summarized in Table
4.3. Examples of their use can be seen in Session 4.6.

TABLE 4.3 | Methods and Function Provided by Lists in

Method or Use

list (sequence)

Function
Name
list
append alist.
insert alist
item)
pop alist
pop alist
sort alist.
reverse alist
index alist
count alist.
remcve alist.
clear alist
copy alist

Explanation

Function that creates a list from the elements in

sequence.

append (item) Adds an item to the end of a list.

.insert (i,

-pop ()

-pop (1)

sort ()

.reverse ()

.index (item)

count (item)

Inserts item at the ith position in a list.

Removes and returns the last item in a list. Raises an
IndexError if the listis em pty.

Removes and returns the ith item in a list. Raises an
Indexkrror if the listis empty or there is no ith item in
the list.

Arranges a list of numbers into numeric order, a list of
strings into alphabetic order, and a list of Booleans into
True, then ralse order.

Modifies a list to be in reverse order.

Returns the index of the first occurrence of item.
Raises a valuekrror if item is Not found.

Returns the number of occurrences of item.

remove (item) Removes the first occurrence of item. Raises a

.clear ()

- copy ()

ValueError if item iS Not in the list.
Removes all items in the list.
Returns a copy of the list.

In [1]:

L myList = List( (1024, 3, Trug, 6.5) )



OUE[2): 1004, 3, True, 6.9]

In[3]: 1 mylist.oppend(False) — #odd False to end of List

In (4] 1 mylist

DUEAL: (104, 3, True, 6.5, False]

In (5] 1 mylist.insert(2, 4.5)  Hinsert 4.5 ot index 2

Inf6]: 1 mlist

OUEB]: (1024, 3, 4.5, True, 6.5, False]

In{7: 1 mylist.pop() frenove and return Last item

OUt[7]: False



0ut]8

lut[9

ut[10

In [9]:

8 1 mylist

(10, 3, 45, Tre, 6.5

1 myist.pop(3)

| True

In[10]: 1 mylist

104, 3, 45, 6.5)

In[1]: 1 mylist.sort()

Qut[12].

[ 1 mylist

3,45, 6.5, 104

tremove and return item at tndex 3

#sort the [1st



In (B3] 1 mylist.reverse() freverse the order of the List

In[14]: 1 mlist

WH[1L]: a4, 6.5, 45, ]

In [15): 1 mylist.count(5.5) feount the occurrences of 6.5

Qut[15]: 1

In [16): 1 myList.index(d.5) freturn index of 4.5

0t]16]; 2

In[17]: 1 mylist,renove(6.5) #elete 0.5

In [88]: 1 mylist

DuETI8]: T1end, 4.5, 3]



L=== "7} "

In[09]: 1 mylist.clean() #elete all itens

In 2] 1 mlist

Session 4.6 Examples of 1ist methods
Description

You can see that some of the methods, such as pop, return a value and also
modify the list. Others, such as reverse and sort, simply modify the list
with no return value. Note that by default sort will not work on lists that
have both numeric and string items because strings and numbers cannot be
compared. The pop method without parameters will remove the last item in
the list. You can also remove and return an item at a specific index location
by sending the index as a parameter. Also notice the familiar “dot” notation,
which 1s used when asking an object to invoke a method. You can read
myList.append(False) as “ask the object myList to perform its append
method using the value rFalse as a parameter.” All data objects invoke
methods in this way.

Before leaving this section, we will describe one additional string method
—split, shown in Table 4.4. This method takes a string as a parameter that
indicates the places to break the string into substrings; the substrings are
returned 1n a 1ist. By default, if no parameter is passed to sp1it, it will
break the string using one or more spaces or tabs as the delimiter. In Python,
spaces and tabs are considered to be whitespace. The split method



discards the delimiters; that is, the delimiter is not included in the resulting
list. Session 4.7 demonstrates how the sp1it method works.

TABLE 4.4 | The String sp1it Method

Method Explanation

split() Returns a list of substrings created by splitting the string using whitespace as
the delimiter. The whitespace is not part of the list.

split (delim) Returns a list of substrings created by splitting the string using de1im as the
delimiter, and omitting occurrences of de1im from the substrings.




In [ 1 team = "Minnesota Vikings'

In[2]: 1 team.split() #split at spaces or tabs

Out 2]: [ 'Minnesota’, 'Vikings']

In[3]: 1 teamsplit('i") #split using 1 as deliniter

D3, mesota V', 'K, ngs']

In[4]: 1 team,split('m') #split using mn as delimiter

Qut 4]0 ['M", "esota Vikings']
Session 4.7 Using the string sp1it method

Description

Try It Out

4.1 Create a list with the following five items: 7,9, 'a', 'cat ",
False. Assign this list to the variable myList.

4.2 Write Python statements to do the following:


Jspl.it

a. Append 3.14 and 7 to the list.

b. Insert the value 'dog"' at position 3.

c. Find the index of 'cat .

d. Count the number of 7s in the list.

¢. Remove the first 7 from the list.

f. Remove 'dog' from the list using pop and index.

4.3 Split the string "the quick brown fox" into a list of words.
4.4 Split the string "mississippi™ into a listusing i as the split
point.

4.5 Write a function that takes a sentence as a parameter and returns
the number of words in the sentence.

4.6 Although Python provides us with many list methods, it is good
practice and very instructive to think about how they are
implemented. Implement a Python function that works like the
following;

d. count

b. in: return True if the item is in the list

C. reverse

d. index: return -1 1f the 1tem 1s not in the list
€. insert

4.7 Write a function shuff1e that takes a list as a parameter and
returns a new list with the elements shuffled into a random order.
4.8 Write a function shuff1e that takes a list as a parameter and
shuffles the list in place.

4.9 Draw a reference diagram to illustrate the differences between
the previous two exercises.

4.10 Suppose you initialize the following list: myList = [[]]*3.
Evaluate this expression.

4.11 Evaluate the expressionmyList [1] .append (2). Explain the
result.



4.12 Draw a reference diagram to illustrate what is happening in the
previous two exercises.

4.13 Write a code fragment to initialize myList so that each sublist
1s independent—that 1s, so that changes to one list do not affect the
others.



4.4 Calculating Statistics on Data

In the next few sections, we perform simple statistics on data sets stored in
list structures. For example, let’s assume that we want to analyze statistics on
carthquakes worldwide. During one seven-day period, we find that there
were 37 earthquakes on Monday, 32 on Tuesday, 46 on Wednesday, 28 on
Thursday, 37 on Friday, 41 on Saturday, and 31 on Sunday. This data can be
stored in the simple list:

(37, 32, 46, 28, 37, 41, 31]

Python’s statistics module can help with our analysis of the data. Table
4.5 highlights some useful functions from this module. To use these functions,
we need to import the statistics module. In addition, we can get help
from some built-in Python functions, as shown in Table 4.6. All of these
functions operate on lists.

TABLE 4.5 | Some Useful Functions of the statistics Module

Function Explanation
mean (data) Returns the average of the data values.

median (data) Returns the middle value of ordered numeric data. If the number of data items
is even, returns the average of the two middle values.

mode (data) Returns the value that appears most often. If more than one value appears
with the same highest frequency, returns the first mode in the list.

multimode (data) Returns a list of the values that appear most often.
stdev(data) Returns the standard deviation.
stdev (data, Returns the standard deviation, given the mean.

mean)

TABLE 4.6 | The min, max, and sum Built-in Functions

Function Explanation



Function Explanation

min (sequence) Returns the smallest item in the sequence.

max (sequence) Returns the largest item in the sequence.

sum(sequence) Returns the sum of the items in a numeric sequence.
HEADS UP:

To use the functions in the statistics module, be sure to import

statistics.

4.4.1 Simple Dispersion

We now turn our attention to the simple i1dea of dispersion—a measure of
how spread out the data values are.

The easiest way to look at dispersion i1s to consider the range of values
and simply compute the difference between the largest and smallest values in
the data set. In Python, this is easy: We just use the built-in functions max and
min, shown in Table 4.6, which work on any sequence and return the
maximum and minimum values, respectively, in the collection.

As shown in Session 4.8, we can compute the range of the integer list by
subtracting the minimum from the maximum. Note that these functions work
with strings as well as with lists, because both are sequences. Characters are
“ordered” by their ordinal values.

In[1]: 1 earthquakes = [37, 30, 46, 8, 37, 41, 31

In[2: 1 nex{earthguakes)

4



In[3]: 1 ninearthquakes)

t3]: 28

In[4: 1 nax{earthquakes) - min(earthouakes)

18

In 5] 1 max("house") nax/min also work on characters in strings

N

|

In[6): 1 min"house")

¢

Session 4.8 Using the min and max functions
Description

To construct a function to return the range of a data set, we will assume
that the data values have been placed in a list. The function can then take the



list as a parameter and return the range. Listing 4.1 shows such a function,
and Session 4.9 illustrates its use.

1 def getRange(alist):
2 return max(aList) - min(alist)

Description

In [1]: 1 from getRange import *

In[2]: 1 getRange( [2, 5] )

Qut[2]: 3

In [3]: 1 earthquakes = [37, 32, 46, 28, 37, 41, 31]

In [4]: 1 getRange(earthquakes)

Out[d4]: 18

Session 4.9 Using the getRange function



Description

An interesting question arises 1f we consider what would happen 1f we did
not have a built-in function to return the maximum value in the list. In such a
case, we could construct our own getMax function by iterating through the
items 1n the list and keeping track of the largest value seen. This function,
shown in Listing 4.2, assumes that the list contains at least one item
(otherwise the 1dea of a “maximum” makes no sense). The variable
naxSoFar does most of the work. We begin by letting maxsorar be the first
item 1n the list (anist[01). Then, as we “visit” other items, we check
whether they are greater than maxsorar. If they are, we reassign the
maxSoFar variable to the new larger item. When we reach the end of the list,
maxSoFar Will hold the maximum of all the items.

1 def getMaxByIndex(alist):

2 maxSoFar = alist[?]

3 for pos in range(l, len(alist)):
4 if alist[pos] » maxSoFar:

5 maxSoFar = alList[pos]

6
7

return maxSoFar

Listing 4.2 Constructing a function to return the maximum value in a list
Description

Listing 4.3 shows an alternative implementation for the getMax function.
This time, the iteration is performed “by item” instead of “by index.” In
either case, each element of the list is eventually processed and compared



against the maximum item seen up to that point. A similar argument can be
made to implement the getmin function; that is, we would simply keep track
of the minimum value seen so far.

1 def getMaxByItem(alist):
2 maxSoFar = alist[@]
for 1tem in alList[1l:]:
if item > maxSoFar:
maxSoFar = 1tem

~N Oy bW

return maxSoFar

Listing 4.3 Alternative function to return the maximum value in a list

Description

Try It Out

4.14 Implement the ge tMin function using iteration by index.
4.15 Implement the getMin function using iteration by item.

4.16 Rewrite the getRange function using getMin and getMax.



4.5 Central Tendency

One of the most often used measures of a collection of data i1s known as
central tendency—a measure that estimates where the “typical value” of a
collection will be found. Three common ways to compute central tendency
are (1) the mean, (2) the median, and (3) the mode.

4.5.1 Mean

The most common measure of central tendency is the mean (more commonly
called the average). The mean is simply the sum of all the values in the data
collection divided by the number of items. As shown in Listing 4.4, to
compute the mean, we add up the values in the collection and divide by the
length. Specifically, given a list of values, we use the built-in sum function,
shown in Table 4.6, to compute a total and the 1en function shown in Table
4.1 to compute the number of values. Session 4.10 shows our mean function
in action, as well as the mean function fromthe statistics module.

1 def mean(alist):
2 mean = sum(alList) / len(alist)
3 return mean

Listing 4.4 Computing the mean of a list

Description



In[1): 1 fron statsfunctions inport * #our mean function ts in statsfunctions. py

In 2] 1 earthauakes = [37, 32, 46, 8, 37, 41, 31]

In 3]: 1 nean(earthouakes) fall our mean function

W3 %4

In 4] 1 import statistics

In [5]: 1 statistics.nean(earthouakes) #call the statistics nean function

0ut[5]: 36
Session 4.10 Calculating the mean

Description

HEADS UP:

Our mean function and the mean function in the statistics module have
the same name. To call the mean function in the statistics module, we



use the dot operator with the name of the module.

Try It Out

4.17 Create a list of the number of students in each of your classes.
Use the mean functions on that list to find the average number of
students in your classes.

4.18 Replace the call to the sum function with an accumulation
iteration that computes the total of the values in arist.

4.5.2 Median

The second measure of central tendency is called the median; it 1s found by
locating the 1tem that occurs in the exact middle of a collection that is in
numeric order. In other words, the median 1s the value located at a point
where half of the values lie above it and half of the values lie below it.

One way to compute the median is to put the items in order, from lowest to
highest, and then find the value that falls in the middle. If there is an odd
number of items, the median will be a distinct value. However, if there is an
even number of items, the median will be the average of the two middle
values. Figure 4.5 shows the two cases.



oo IO

10 {15 |24 | Themedianis9

2
2158 10 | 15 | 24 | 54 | The medianis 9.5

Figure 4.5 Finding the median of a list of values.

Description

The process of ordering values 1s often referred to as sorting. Sorting 1s a
very important topic in computer science, and a number of algorithms can be
used to place the values in a list of data in order. As you know, the list object
has a sort method that allows you to put the list in order (see Table 4.3).
Although we will not cover sorting techniques here, you will undoubtedly
study them 1n your algorithms and data structures courses.

The Python statements in Session 4.11 show some of the computations that
will be required to find the median. With an odd number of values, integer
division by 2 will provide the correct index into the list. In contrast, with an
even number of items, integer division by 2 gives the index of the rightmost
item of the middle pair.

In{1): 1 alist= (24,5 8 2,9 15 10] fodd number of items

I {2 1 alist.sort() farrange List n onder



In 3] 1 alist

Wt (g, 58,9, 1, 15, )

In[4]: 1 len(alist) #number of itens tn alist
Qut |4 7

In 5 1 lenfalist) // 2 #find middle iten's index
0ut[5]: 3

In[8] L alist{len(alist) /] 2] fniddle iten 1S medion
Qut|6]: 9

7] 1 blist=(2,5,8,9, 10,15, 24, 5] deven nunber of sorted items



In [8]: 1 len(blist)

0t[s]: 3

il 1 lefblist) )/ 2 e of right vidle e

Out[9]: 4

In [10]: 1 blList]{] Hhigher of tho niddle itens

Out|10]: 10

In[1]: 1 bList[3] Hlover of two middle itens

Out[11); 9

I [12): 1 nedian = (bList|4] +bList[3]) /2 dnedion is average of 2 middLe items



In(13]: 1 neqaan

.5

Session 4.11 Computation required to find the median item
Description

Listing 4.5 shows our Python function to compute and return the median
value of a list. As noted previously, the list items must be in sorted order. To
do this, we simply use the sort method from the 1ist class. Because the
sort method modifies the list, we must be careful to make a copy of the
original list and sort the copy in case the original order is needed for later

processing,



1 def median(alist):

LD OO 1 Ty s e L N

—
— OO0

copyList = alist.copy()
copyList.sort() #sort the copy
if len(copyList) % 2 == 8: #even Length?
rightMid = len(copyList) // 2
lefthid = righthid - 1
median = (copylist[lefthid] + copyList[rightMid]) / 2
alse; fodd Length
mid = len(copylList) // 2
median = copyList[mid]
return nedian

Listing 4.5 Computing the median of a list

Description

The other important part of the solution 1s the decision about whether the

list has an even or odd number of items. To make this choice, we can take
advantage of the modulo operator (%) and check the result of dividing by 2.
Even numbers will have no remainder. Line 4 in Listing 4.5 shows a simple
selection statement to check for a remainder of zero.

HEADS UP:

To determine whether a value is even or odd, use the modulo operator
(2) to divide the value by 2 and check whether there is a remainder. If



there 1s no remainder, the value is even. If there is a remainder (1), the
value 1s odd.

Session 4.12 shows our median function in action. With data for seven
days, our median number of earthquakes is 37. With 8 days of data, the
median i1s 34.5, which is the average of 32 and 37. We check our results by
also calling the median function in the statistics module.

In[1]s 1 fron statsfunctions import * Fimport our median function

In[2]: 1 inport statistics

In[3]: 1 earthquakes? = [37, 32, d6, 28, 37, 41, 31] 47 itens

In[4]: 1 earthouakess = (37, 32, 46, 26, 37, 41, 31, 29] 48 itens

In 5] 1 nedian(earthquakes)

]

Th TAl+ 1 ctatictire madian/aanthanakac?)
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In[7]: 1 median(earthouakess)

35

In[8]: 1 statistics.nedian(earthquakess)

35

Session 4.12 Using the median function

Description

Try It Out

4.19 Draw a reference diagram to illustrate why it 1s important to
make a copy of a list before sorting,

4.20 Find the mean age of 10 people near you.

4.21 Find the mean age of 10 people near you, plus your professor,
who 1s 39 years old.

4.22 Find the median age of 10 people near you.

4.23 Find the median age of 10 people near you, plus your young
professor.



4.5.3 Mode

The mode of a data set 1s the most frequently occurring value. Some data sets
may have more than one mode. For example, in the list

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

the mode i1s 1 because the number 1 occurs more than any other value.
However, with the list

[lJ 5.’ 2) 1J 1J 5.'.' SJ 6.’ 31 1J 5]

1 and 5 would both be considered the mode values because each occurs four
times.

To compute the mode, we need to process each data item in our list and
keep a count of how many times it has occurred thus far. Unfortunately, this is
not quite as easy as it might sound. Since we do not know how many different
values the collection holds, it is not possible to create individual variables to
hold each count. Instead, we need to create a collection of counting variables
and try to keep them associated with the correct data value. Python’s
dictionary collection will serve our purpose well.

Python Dictionaries and Tuples

To solve the mode problem, we need to associate an occurrence count with
cach data value. This can be done with an associative collection called a
dictionary. Python dictionaries are collections of pairs of items where each
pair consists of a key and a related value. Figure 4.6 shows how Python
dictionaries, lists, and strings are related to one another.



Python

collections
Sequential Nonsequential
collections collections
Strings Lists Dictionaries

Figure 4.6 Sequential and nonsequential Python collections.
Description

In dictionary notation, a key—value pair is written as key:value.
Dictionaries are written as comma-delimited key:value pairs enclosed in
curly braces. The empty dictionary is written as {}. The key:value pairs
appear in the order they were added to the dictionary. Dictionaries with the
same key:value pairs ina different order are considered equal.

RECAP:



Dictionaries consist of key:value pairs. Dictionaries are defined using
comma-delimited key: value pairs enclosed in curly braces.

Table 4.7 shows some operators and built-in functions that work on
dictionaries. The 1ist function creates a list from a dictionary view object,
which i1s an object that can be used to iterate through a dictionary using a
for loop. To iterate means to visit each object one at a time. The possible
dictionary view objects are the keys, values, or items. The merge operator ( |
) creates a single new dictionary from two dictionaries. Unique entries in the
second dictionary are appended to the first dictionary. Entries with the same
key in both dictionaries are assigned the value in the second dictionary.

TABLE 4.7 | Some Dictionary Operators and Functions in

OperatorUse Explanation

in key in Returns True if key is in the dictionary; ralse otherwise.
aDict
not in key not inRetumns True if key is not in the dictionary; ra1se otherwise.
aDict
[] (index) abict [key] On the left-hand side of an assignment statement, adds or updates

an item. On the right-hand side of an assignment statement, returns
the value associated with xey. Raises a keyError if xey is not in the

dictionary.
| (merge) apict |  Merges the two dictionaries. Unique entries in bpict are appended to
bbict abict. Entries with the same key in both dictionaries are assigned the

value in ppict.
Built-in Use Explanation

Function

del del Statement that removes the entry from the dictionary. Raises a
aDict [key] KeyError if key i8S not in the dictionary.

list list (view Creates a list from the keys, values, or items in the dictionary.

object)
length len (aDict) Returns the number of pairs (items).




In Session 4.13, we first create a dictionary with two entries, each of
which is an association between the key, which in this case is a name (a
string), and a value, which in this case 1s an age (an integer). Notice that the
pairs appear in the order they were added. One benefit of dictionaries is that
they offer quick access to data values by key. Like lists, dictionaries are
mutable—that is, they can be modified.

In [1]: 1 parents = {Davig':45, 'Brends’;d6) #crente dict with 2 1tens

In[2]: 1 parents

{"David's 45, 'Brenda': 46)

In 3]: 1 parents] David'] = 46 fchange vakie using key
In 4] L parents| David'| #ccess value using key
L4 4o

In [5]: L children = {'Kelsey":19, Wamah';16}  #crente o second dict



In (6] 1 children] Rylea’] =7 faad iten to duct

In{7): 1 children

OELT] {'Nelsey's 19, "Hamah': 16, 'Rylea”: 7)
In[8]: 1 fanily = parents | children terge 1 dicts

In[9): 1 fanily

DS {'David's 46, ‘Brenda’; 46, 'Kelsey": 19, 'Hamah': 1, ‘Rylea’s 7]

In [16]: 1 [en(fanily) flen 15 nunber of pairs

Qut16]: 5

In [1]: 1 del family[ David']



In 1] 1 fanily

{'Brenda" 46, 'Kelsey's 19, Hamnah'; 16, "Rylea’: 7}

In [B]: 1 David" in fanily

False

Session 4.13 Examples of adding and modifying values in a dictionary

Description

We can manipulate a dictionary in a number of ways. Accessing a
dictionary value by its key looks much like a sequence index operation,
except that dictionaries are not restricted to numeric indices. To access a
value 1n the dictionary, we use the key inside the square bracket index
operator. If the key is not in the dictionary, Python raises a KeyError.

To add a new key—value pair to an existing dictionary, we use the index
operator with the new key on the left-hand side of the assignment statement
and the new value on the right-hand side.

We can also change a value by simply assigning a new value to the existing
key using the same syntax we used to add the value to the dictionary:.

To join two dictionaries, we can use the merge operator ( | ). Unique items
in the second dictionary are appended to the items in the first dictionary.
Items with the same key in both dictionaries are assigned the value in the
second dictionary.

In Session 4.13, we also show the 1en function performing the same role it
had in previous collections: In this case, it counts the number of key—value
pairs.



As with lists and strings, dictionaries have a set of methods that are
commonly used to work with them. Table 4.8 describes these methods, and
Session 4.14 shows the methods in action. Notice that there are two
variations of the get method, as shown in Table 4.8. If the key 1s not present
in the dictionary, get will return None. None, also referred to as the null
object, 1s a Python keyword that represents an object with no value. A
second, optional parameter for the get method can specify a return value in
the case where the key 1s not present. The reversed built-in function lets you
iterate through the dictionary keys, items, or values in reverse order.

TABLE 4.8 | Dictionary Methods and a Built-in Python

Function
Method Use Explanation
Name
keys aDict.keys () Returns a dict keys object.
values aDict.values () Returns a dict values object.
items aDict.items () Returns a dict items object.
reversed Built-in function used to return an iterator for a for loop
reversed (aDict.keys()) with keys, values, or items in reverse order.

reversed(aDict.values ())

reversed(aDict.items ())

get aDict.get (k) Returns the value associated with x or none if k is not
in the dictionary.

get aDict.get (k, alt) Returns the value associated with , or a1t if k is not in
the dictionary.

clear aDict.clear () Removes all items from the dictionary.

In (1] 1 fanily = {'David"d5, ‘Brenda’sdo, 'Kelsey'+19, 'Hamah's16, ‘Rylea':7}

Inf2l: 1 fanily



20 { vy 45, "Brenda's 46, “Nelsey's 19, “amneh': 16, 'Rylea’s 7

In[3]: 1 fanily.keys() drequest heys

3] it Keys([ David", "Brenda’, elsey', ‘Hamah’, ‘Rylea'))

In (4] 1 List{Familykeys() freqte List of heys

DEAT ['David', 'Brenda’, Welsey', Hamah', ‘Rylea']

In {5} 1 List{fanily values()) fereate List of values

tTS]: 5, 46, 19, 16, 7

In[6]: 1 List(fanily itens)) ferente List of itens

DUETEL [("David", 45), ('Srenda’, 46), ('Velsey', 19), ('Hamnah', 16), {'Rylea’, 7)]



I (7] 1 familyget{'Lena’, Mo iten] daet hey with default value

DETE "No iten

In (8] 1 for name 1n family.keys() fiterate through keys
1 print{nane)
3

David
3rends
(elsey
fannah
fyle

yle;

In (3] 1 fornane in family: falso Tterate through keys
1 print{nane)
3

David
Brenda



In (18] 1 for iten in reversed(famly tens()):  #iterate through ttens
1 print{iten

In[11]: 1 fandly.clean( Helete all Ltems

In [12): 1 fanily

N[ 1 '"| i
| .| /
VUL &k |0



Session 4.14 Using dictionary methods

Description

HEADS UP:
None 1S a special value in Python that represents the null object—that is,
an object with no value.

The keys method returns a dict keys object. To see the contents of a
dict keys object, we can convert it to a list using the built-in 1ist function,
described in Table 4.7. Alternatively, we can iterate over a dict keys
object using a for loop without first converting it to a list. The values and
i tems methods work in a similar fashion.

The items method returns a dict items object. Applying the 1ist
function to a dict items object returns a list of key—value pairs that are
stored as tuples. Tuples are similar to lists in that they are heterogeneous
sequences of data, but a tuple 1s immutable. In other words, like a string, a
tuple element cannot be changed. Tuples are written as comma-delimited
values enclosed 1n parentheses. As sequences, they can use the operations
that were described earlier for lists and strings.

RECAP:

Tuples are immutable sequences of heterogeneous values. Tuples are
written as comma-delimited values enclosed in parentheses.

Try It Out

4.24 You have been given the following lists of students and their
test scores:



names = ['joe’, 'tom’, 'barb', 'sue’, 'sally']
scores = [10, 23, 13, 18, 12]

Description

Write a function, makeDictionary, that takes the two lists and
returns a dictionary with the names as the keys and the scores as the
values. Assign the result of makebictionary t0 scorebdict, which
will be used in the exercises that follow.

4.25 Using scoreDict, find the score for 'barb'.

4.26 Add a score of 19 for 'john'.

4.27 Create a sorted list of all the scores in scorebict.
4.28 Calculate the average of all the scores in scorebict.
4.29 Update the score for 'sa11y' to be 13.

4.30 Tom has just dropped this class. Delete ' tom' and his score
from scoreDict.

4.31 Print a table of students and their scores with the students listed
in alphabetical order.

4.32 Write a function called getscore that takes a name and a
dictionary as parameters and returns the score for that name if it 1s
in the dictionary. If the name 1s not in the dictionary, print an error
message and return -1.

Computing the Mode

We can now return to our problem of computing the mode of a data set. Using
a dictionary of counts, one for each data item, we will be able to track the
information necessary to find the mode. We define our mode function to
receive a list of data values. It will return a list of modes since it 1s possible
that there can be more than one mode. Listing 4.6 shows the initial
implementation of the mode function.



1 def mode(alist):

2 countDict = {}

3 for item in alist:

4 if item in countDict:
5

§

/

8

countDict[item] = countDict[item] + 1
else;
countDict[item]

# more code to come

] ]
—

Listing 4.6 Starting the mode function

Description

To count each occurrence of the data items, we use a dictionary in which
the key 1s the data item itself and the associated value is the occurrence
count, that 1s, the number of times the data item occurs in the parameter list.
To process each item, we first check whether it already exists in the
dictionary as a key. If it does, we simply increment the associated count. If
the item 1s not in the dictionary, this is the first occurrence of this item, so we
make a new entry in the dictionary with an imtial count of 1.

An alternative way to implement this if statement would be to use the
second form of the get method, as described earlier. In this form, if the key
1s present, its associated value is returned. If the key is not present, the
method will allow us to include a default value to be returned. In our case, if
the key 1s not present, we can just return a zero since it has not occurred.
Either way, when we add 1, the count will be correct. Notice that this is
another variation on the accumulator pattern, except that the get method
allows us to include the initialization of the accumulator variable right in the
initialization of the item:



countDict[item] = countDict.get(item, 0) + 1

To complete our mode calculation, we need to go through our dictionary,
key by key, and find the largest count. We will append the key or keys
associated with that count to a list of modes that will be returned at the end of
the function. Fortunately, we can rely once again on Python’s collections to
provide methods that will do most of the work. Recall that the values ()
method returns a dict values object that behaves much like a list of the
values 1n a dictionary. By using the built-in max function, we can then learn
the maximum count. To find all the keys with the max value, it is just a matter
of 1terating through the dictionary keys while looking for a key with a value
that matches the maximum count. When we find such a key, we place that key
in the mode list to be returned.

Listing 4.7 shows the complete function. Note that the modeList starts out
empty. We can iterate through the dictionary keys by using a for loop,
appending keys to the modeList as needed.



1 def mode(alist):

.
3
4
)
b
/
8
g

10
11
12
13
14
15
16

countDict = {}
for item in alist:
if item in countDict,
countDict[item] = countDict[item] + 1
else:
countDict[item] = 1

countList = countDict.values()
maxCount = max(countList) #find the maximum count

modelist = []
for 1tem in countDict.
if countDict[item] == maxCount:
modeList. append(item)
return modeList

Listing 4.7 Computing the mode(s) of a list

Description

Session 4.15 shows the mode function in use. The third example in this

session uses our earthquake data (37, 32, 46, 28, 37, 41, 31] from



the beginning of this chapter. Each value occurs once except for 37, which
occurs twice; thus, 37 1s the only mode.

In (1] 1 from statsfunctions inport *  #lmport our mode function

DL wolfL, 44560 47,146, 1)

02 11

NP Tonode([L, L L0058 5 4604555560

031 74, 9)

In[4]: 1 carthauakes = [37, 30, 4, 8, 31, 4, 3]

In [3]: 1 node{earthauakes)

s 3

In[6]: 1 imort statistics  #use miltinode function in statistics modute



In 7] 1 statistics.mltinode([1, 1, 4,5, 6,2, 4,7, 1, 4, 6, 1])

gt

In (8] 1 statistics,mltinode([1, 1, 1, 2,2, 2,3, 3, 3, 4 4 4 45,5, 5,5, 6, 6])

5]
Session 4.15 Using the mode and multimode functions

Description

At the end of Session 4.15, we import the statistics module and call the
nultimode function in that package, receiving the same results as from our
mode function.

Try It Out

4.33 If you do not have a dictionary to work with, you can still
compute the mode by creating a list of integers for which the index
value 1nto the list is the key. You need a list of s1z€ max (value)

plus one. This approach will work only when the keys are integers
and positive. Note that this is a very inefficient use of memory when
the data values are sparse. Implement the mode function using the
approach described.



4.6 Frequency Distribution

As we worked through the steps required to compute the mode of a data set,
we actually solved the basic statistics problem of finding the frequency
distribution—a representation of the number of times each value occurs in
the data.

4.6.1 Using a Dictionary to Compute a Frequency Table

One way to display a frequency distribution is to show a two-column table.
The first column gives the data item, and the second gives the associated
count. This appears to be similar to our count dictionary. In fact, the only
difference 1s that the table will need to show the items in order. Recall that
the dictionary maintains items in the order they were inserted. Our challenge,
then, 1s to sort the data in key order.

To write this function, we can start with the mode function from Listing
4.7. Instead of extracting the counts and looking for the maximum, however,
we will extract the keys, convert the dict keys object to a list, and use the
list sort method to provide the ordering. We can then iterate over the sorted
list of keys and print a table entry consisting of the key and the associated
count from the count dictionary. Listing 4.8 shows the complete function.



1 def frequencyTable(alist):

2 countDict = {}

3

4 for item in alist:

5 if item in countDict:

b countDict[item] = countDict[item] + 1
] else;

3 countDict[item] = 1

9

10 itemList = list(countDict.keys())
11 itemList.sort()

12

13 print("ITEM", "FREQUENCY")

14

15 for 1tem in 1temList:

16 orint(item, ' ", countDict[item])

Listing 4.8 Using a dictionary to compute the frequency distribution

Description

Note that we are not ordering the dictionary. Instead, we are creating a list
of keys using the keys method and the 1ist function and then ordering that



list. Once the list is in order, we can go back to the dictionary to find the
associated counts using the keys. Session 4.16 shows the function in action.

In[1]: 1 fron freqTables inport *

W2 1 frequencyTable([3,0,15,3.L,0035,3,5, b6, 16,15, 18380 34,L5,6,T)

—
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Session 4,16 Demonstrating the frequencyTable function

Description

4.6.2 Computing a Frequency Table Without a Dictionary

It 1s possible to implement the frequency table function without using a
dictionary, but doing so requires a bit of ingenuity in list processing. In this
section, we will work through this alternative approach and introduce a
useful pattern for sequential list processing.



Our plan is to start with a sorted copy of the list. Because the list is sorted,
all occurrences of distinct data values will be contiguous (next to one
another) in the list. As we iterate through the list, we will look for transitions
between values. The difficult part is knowing when these transitions occur.

Figure 4.7 shows how we track the locations of the transitions between
groups of equal data values in the list. To do so, we use two variables:
current and previous. Both variables will always refer to contiguous pairs
of data values. The current data value will be compared against the previous
data value. If they are equal, we know that we are still processing a group of
equal data values and we increment our count. However, when the current
data value no longer matches the previous data value (or when we run out of
items 1n the list), we know that we have found the end of a group. At that
time, we print the previous data value and the count for that value.



Drevious current

previous current

MOVE current and previous —>

Figure 4.7 Using previous and current to locate transitions.

Description

Listing 4.9 shows the complete function. To begin, previous needs to be
initialized so that the first data value in the list i1s considered to be the start of
a new group of equal data values. To do this, we can simply set previous to
the first item 1n the list. In addition, an accumulator variable, groupcCount,
needs to be initialized to O because no data values have been processed.



1 def frequencyTableAlt(alist):

VO 00~ oM o e e o

— 3 % |3 % i
(o R R e " I U e e L e

orint("ITEM", "FREQUENCY") forint table headers

sortedList = alist.copy()
sortedList, sort()

previous = sortedList[0]
groupCount = @
for current in sortedlist:
if current == previous:  #sane value as group
groupCount = groupCount + 1 #count the iten
else; fnew group detected
orint(previous, " ", groupCount)
previous = current
groupCount = 1
print(current, * ", groupCount) #print Last group

Listing 4.9 Alternative method for computing a frequency table

Description



We can now process each data value in the list. Recall the two
possibilities. On the one hand, if current matches previous, then we are
still in a group of identical data values. In that case, we should increment
groupCount. On the other hand, if current does not match previous, we
know that we have located a transition. At this point, we can print a row in
our table consisting of previous and groupcount. We also need to assign
current t0 previous and 1mtialize groupcount to 1 so that the next group
of data values will be counted correctly.

When all the data values have been processed, the last row corresponding
to the last group will not have been printed, so we can simply print out the
value of current and groupcount. Try running this new function with the
same list as in Session 4.16 to verify that the same results are produced.

Try It Out

4.34 Modify frequencyTableAlt So that it returns a list of key—
count tuples.

4.35 Suppose you have a list of key—score tuples like the following:

[ ("maria',10), ('bob',8), ('maria',17),

("bob',5),...]

Write a function that takes such a list as a parameter and prints out a
table of average scores for each person.

4.6.3 Visualizing a Frequency Distribution

Frequency distributions are best visualized through a graphical
representation known as a histogram. To create the visualization, we can use
the popular matplotlib package to draw a bar chart using vertical bars for
cach key. If you are using Jupyter Notebook, the matplot1ib libraries are
already installed. Appendix A has instructions for installing matplotlib,
if necessary. The height of the bar will represent the frequency with



which that key appears in the data set. By visually comparing the heights of
the lines, we can see the relationships among the frequencies.

We will use our dictionary approach to calculate frequencies, as we did in
the frequencyTable function. However, instead of printing the table, we
will draw a histogram. As an example, consider the following data list:

[311J]'J5)31]'}2)2.’335)3)5)4)416]71657155718131812]31411]5.?6)7]

Figure 4.8 shows the bar chart that we would like to produce. Note that
each bar represents the count (previously the second column in the frequency
table).



Frequency

Value

Figure 4.8 A frequency histogram.
© 2012-2023 The Matplotlib.

Description




Listing 4.10 shows the complete Python function used to create Figure 4.8.
Note that when we 1import matplotlib, we use the phrase “as pi1t.” This
sets up a name, plt, that we can use as a prefix for calling matplotlib
functions. Lines 5—11 should look familiar: They simply create our count

dictionary as before. The remainder of the function does the work of defining
the axes and drawing the bar chart.



import matplotlib.pyplot as plt

def frequencyChart(alist):

for item in alist:
if item in countDict:
countDict[item] = countDict[item] + 1
10 else:
11 countDict[item] = 1
12
13 keys = list(countDict.keys()) # the x-axis
14 values = list(countDict.values()) # the y-axis
15
16 plt.bar(x=keys,height = values)
17 plt.xlabel("Value")
18 plt.ylabel("Frequency”)
19 plt.show()

1
)
3
4
5 countDict = {}
b
/
3
9



Listing 4.10 Creating a histogram

Description

To create the histogram, we first need to determine what values we are
using to represent the x-axis and what we are using to represent the bar height
(the y-axis). We will use the dictionary keys—the values we are counting—
as the x-axis and the frequency count of each key as the y-axis. Lines 13—14
extract the list of keys from the dictionary and a list of its values (the
frequency counts).

Table 4.9 shows some common visualization functions of matplotlib for
drawing various kinds of graphs. Note that the parameters listed for each
function are only a subset of the possible parameters that can be set to
customize a visualization. See https://matplotlib.org for information on other
options available.

TABLE 4.9 | Common Visualization Functions Provided by

matplotlib.pyplot

FunctionUse Explanation

Name

bar bar (x = Creates a bar chart given x values and their corresponding
xvalue(s), heights. The color of the bars can be set using a string
height = representation of that color (e.g., "red”, "green", "blue"). If not
hvalues (s), Set, the default coloris blue.
color =
colorName)

scatter Creates a scatterplot of points for each (x, y) coordinate. The

scatter(x = <olor Of the points can be set using a string representation of that

xvalue(s), vy color, as described above.
= yValue(s),

color =

colorName (s) )


http://matplotlib.org/

FunctionUse Explanation

Name
axvline axvline (x,  Plots a vertical line at the provided x value. The color of the line
color = can be set using a string representation of that color, as described
colorName, lsabove. The line style (1s) can be set using a string representation
= linestyle) Oftheline (e.g., "so1id", "dashed"). If the line style is not set, a
solid line will be generated.
axhline Plots a horizontal line at the provided y value. The color Of the line
axhline(y,  and the line style (1s) can be set using string representations, as
described above.

color =

colorName,

1s =

linesStyle)
xlabel xlabel (str) Sets the title of the x-axis to the provided string (str).
ylabel ylabel (str) Sets the title of the y-axis to the provided string (str).
show show () Displays the visualization.

Lines 16-19 of Listing 4.10 create the visualization using matplotlib.
They specify the type of chart, label each axis, and then display the
visualization. Line 16 specifies we are using the bar chart function (see
Table 4.9). We will pass the list of keys as the x parameter, and the height
parameter will be represented as the counts. We can independently label the
x- and y-axes through the x1abel and ylabel functions, which both take a
string as a parameter. Finally, once we finish setting up the chart, we invoke
the show function to display the visualization.

Try calling the frequencychart function using the following statement
and verify that the histogram matches Figure 4.8:

frequencyChart([3,1,1,5,3,1,2,,3,5,3,5,4,4,6,7,6,7,5,7,8,3,8,2,3,4,1,5,6,7])

Try It Out




4.36 Another way to compute the frequency table is to obtain a list
of key—value pairs using the i tems method. This list of tuples can
be sorted and printed without returning to the original dictionary.
Rewrite the frequency table function using this idea.

4.37 A good programming practice is to take a step back and look at
your code and to factor out the parts that you have repeated into
separate functions. This is the case with our frequencyTable
function. Modify frequencyTable so that it returns the dictionary
of frequency counts it creates.

4.38 Now write a separate function to print the frequency table
using the dictionary created by the frequencyTable function in the
previous problem.

4.39 Modify frequencychart from Listing 4.10 to use the new
frequencyTable function.



4.7 Dispersion: Standard Deviation

We now turn to standard deviation—an alternative statistical measure of
dispersion that shows how much the individual data items of a collection
differ from the mean. The larger the spread of the data around the mean, the
larger the standard deviation. Data that has a small standard deviation is
clustered tightly around the mean. Data that has a large standard deviation is
more dispersed.

In mathematics, the equation for computing the standard deviation for a
sample of data, usually denoted by s, 1s as follows:

II‘.

PACE)

g — i=1
n-1
where ¥ 1s the mean of the data values.

Expressed in words, this equation says that we should perform the
following steps:

1. Find the mean of the data values.
2. For each data value in the collection:
a. Subtract the mean from the data value.
b. Square this difference.
c. Add the result to a running sum.
3. Divide the sum by n — 1, where #n 1s the number of data values.

4. Compute the square root of the quotient from Step 3 to get the standard
deviation.

To compute the square root, we can use the sqrt function in Python’s math
module. Table 4.10 shows the sqrt function along with some other useful
functions in the math module, and Table 4.11 shows some useful constants
provided in the math module. To see all the functions and constants in the
math module, use the help command:



import math
help("math")

TABLE 4.10 | Some Math Functions

Function Use Explanation

Name

logl0 math.logl0 (x) Returns the base 10 logarithm of x.

log2 math.log2 (x) Returns the base 2 logarithm of x.

dist math.dist (p1, Returns the Euclidean distance between 2 points, p1 and p2,
p2) specified as a tuple.

sqrt math.sqrt (x) Returns the square root of x.

Constant Use Explanation

pi math.pi Evaluates 10 3.141592653589793.

e math.e Evaluates t0 2.718281828459045.

To implement a function to compute the standard deviation, we will again
expect a list of values. Because we are using the square root function, we
will need to import the math library. Finally, Step 1 can be easily
accomplished by calling on the mean function in the statistics module.

Now we can iterate through each value in the data list and perform the
subtraction and square operations. We use the accumulator pattern to keep
track of the running sum of these squares (sometimes called the “sum of
squares”). Listing 4.11 shows the complete function that returns the
computed standard deviation.



1 def standardDev(alist):
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import statistics as stats, math
thelfean = stats.mean(alist)

total = 0

for 1tem in alist,
difference = item - theMean  #subtract from mean
11ffSq = difference ** 2 #square the difference
total = total + diffSg #add to rumning total

sDev = math.sqrt(total / (len(alist) - 1))
return sDev

Listing 4.11 Computing the standard deviation

Description

Session 4.17 provides two examples of finding the standard deviation.

Note that the mean 1s the same for both data lists—mnamely, 12.0. However,
the standard deviations are different because the values in the first list are
much closer to the mean than are the values in the second list. The final
example shows the standard deviation for the earthquake count data. We also
send the earthquake data to the standard deviation functions of the
statistics module, calling the first version of stdev that takes a data list
and the second version of stdev that takes both the data list and the mean.



We see that our standardpev function and the stdev functions from the
statistics module return the same values.

In[1]: 1 fron statsfunctions inport standardDev,mean

In[2]: 1 datalist = [7, 11, 9, 18, 15, 17]
) nean(datalist)

t(2]: 12,0

In[3]: 1 standardDev(datalist)

34

In[4]: 1 datalist2 = [2, 16, 6, 2, 18, 1]
) mean{datalist)

Ol 12,0

In[51: 1 standardDev(datalist?)



Inf6]: 1 earthouakes = [37, 32, 46, 28, 37, 41, 31]
2 standandDev{earthquakes)

©6,21825272592095

In[7): 1 import statistics
) statistics.stdev(earthquakes)

b, 2182527020592095

In[8]: 1 statistics.stdev(earthquakes, statistics.mean(earthquakes))

18] 6,2182527620592095

Session 4.17 Using the standardpev and stdev functions

Description



Try It Out

4.40 Modify the frequency chart function to include a red vertical
line representing the mean. Hint: You can layer matplot1ib plots
together by simply calling them sequentially before invoking the
show method. For example, adding a horizontal line to a scatterplot
would be implemented as follows:

plt.scatter(x = xData, y = yData)
plt.axhline(y = theMean)
plt.show()

Description

4.41 Modify the frequency chart function to draw a line representing
plus or minus 1 standard deviation from the mean. Make these lines
dashed.

4.42 Using random.uniform, generate a list of 1,000 numbers in the

range 0—50. Graph the frequency distribution, along with the mean
and standard deviation.

4.43 Using random. gauss, generate a list of 1,000 numbers in the

range 0—50. Graph the frequency distribution, along with the mean
and standard deviation.



4.8 Summary

This chapter introduced three types of Python collections: lists, tuples, and
dictionaries. Together with strings, these four data types provide us with a
powerful set of tools for solving problems. To investigate the use of these
collections, we developed a set of algorithms for performing basic statistical
analysis. In particular, we implemented functions to compute the following:

¢ Dispersion (simple range and standard deviation)
e Central tendency (mean, median, and mode)
e Frequency distribution

We introduced the functions of the statistics module, which also perform
these operations. We used matplotlib to create a graphical representation
of a frequency histogram. Finally, we used functions of the math module to
calculate the standard deviation.
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Programming Exercises

4.1 We used matplotlib’Sbar chart method to visualize
histograms. However, matplotlib has a histogram method (hist)
that we could have used instead. Read the documentation at
https://matplotlib.org to learn how to use the nist method instead of
the bar method used in this chapter.

4.2 Given a list of points of the form [(x,, ¥,),(x,, ¥,),....(X,, V)],
write a function called plotrRegression that accepts a list as a
parameter and uses matplotlib’s scatter method to plot those
points, and matplotlib’s plot method to plot the best-fit line
according to the following formulas:

y =}+m(x—§)
at = zxiyi _nx_y
le.z — %t

where T is the mean of the x values, ¥ is the mean of the y values,
and » 1s the number of points. The Greek letter X represents the sum
operation. For example, Xx, indicates the addition of all the x
values.

Your program should analyze the point data, plot the points using
matplotlib’s scatter method, and use the plot method to draw
the best-fit line. You should use a different color than the points for
the best-fit line.

4.3 Have you ever tried to talk like a pirate? Write a function,
toPirate, that takes an English sentence in the form of a string as a
parameter. The topirate function should return a string containing
the pirate translation of your sentence. Use the following table to
construct a translation dictionary. You can also consult an online
website for more pirate phrases.


https://matplotlib.org/

English
Greetings
hello

excuse

People
sir, boy, man

madam
officer

Articles
the

my

your

are

Places
kitchen

hotel

Pirate Translation

avast

arrr

matey
proud beauty

foul blaggart

th’
me
yer
be

be

galley

fleabag inn

4 4 Now try an even more challenging exercise: Translate two-word
phrases into their pirate equivalents. For example, the two-word
phrase “excuse me” would be translated into simply “arrrr.”

Design Credits: Calculator Icon made by Smashicons from www.flaticon.com
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CHAPTER 5
Bigger Data: File I/O

String Formatting; Reading Data in Text,
CSV, and JSON Formats; Using the
pandas Library

5.1 OBJECTIVES

e To read and store large data sets as text files

To introduce string formatting

To access data sources in CSV and JSON formats

To use the pandas library to read and manipulate data



5.2 Using Files for Large Data Sets

All of the examples 1n the Introducing the Python Collections chapter used
small data sets so we could concentrate on developing and testing the
statistical methods needed to analyze the data. We assumed our data items
were stored in lists, and we constructed our functions to process those lists
accordingly. Now that we have those functions in place, we can turn our
attention to using statistical tools to describe larger data sets.

We have already seen that Python provides some powerful collections in
which to store and manipulate data. However, as the amount of data gets
larger, having the user enter the data interactively requires a substantial
amount of effort. Instead, large data sets are usually stored in files. We can
read such data from the file and fill our collections for processing.

5.2.1 Text Files

One popular format is a text file—that is, a file containing characters. For
example, the Python programs we write are stored as text files. We can
create text files in a number of ways—storing data entered via a keyboard,
for example, or downloading text from a website. Regardless of how the file
1s created, to read the file, we must know the file’s format—that 1s, how the
data 1s stored in the file. For example, the data items could be organized as
one 1tem per line, or as a series of data items separated by spaces, or in some
other format. Once we know the format of the file, we can use Python
methods to read and manipulate the data in the file.

In Python, we must open a file before we can use it and close a file when
we are finished with it. As you might expect, once a file has been opened, it
becomes a Python object just like all other data. Table 5.1 shows the
functions that can be used to open and close files.

TABLE 5.1 | Opening and Closing Files in Python




FunctionUse

or

Method

Name

cpen fileRef =
open (filename,
mode, encoding
_ |e|)

close fileRef.close!{)

Explanation

Built-in function. Opens a file called rilename and returns a
reference to a file object. If the file does not exist, raises an
cserror. Mode and encoding are optional parameters. The

mode can be:

12 open the file for reading. If no mode is specified, r is the
default.

w2 open the file for writing. If the file exists, it will be
overwritten.

a7 open the file for writing. If the file exists, the new data will be
appended to the end.

enceding, if used, is typically ru-t-81, which is the encoding
used for Unicode characters.

Method that signals that file use is complete. Memory or other
resources associated with the file are released.

As an example, suppose we have a text file named rainfall.txt that
contains the data shown in Figure 5.1, which represents the total annual
rainfall (in inches) for 25 towns in lowa. The first item on each line is the
rain gauge location, usually a town name, and the second is the rainfall
amount. The two values are separated by a space.

Akron 25,81
Alhia 37,65

Algona 30,09
Ml1son 33,64




Alton 27.43

Anegli 34,07
AmesSE 33,95
Anamosa 35,33
Ankeny 3339
Atlantic 3471
Audupon 33.41
Beaconstaeld 35,27
Bedford 36,35
BellePlane 3961
Belleme 34,35
Blockton 36.29
Bloonf1eld 38,02
Boone 36,30
Brighton 33,59
Britt 31,54
Buckeye 3, 66




Bur[1ngtonkBIR 37,94
Burlington 36,94
Carroll 33,33
Cagcade 33,46

Figure 5.1 The contents of the fik rainfall.txt.
Description

To open this file, we call the open function. The variable fileref then
holds a reference to the file object returned by open. When we are finished
with the file, we can close it by using the c1ose method. After the file is
closed, any further attempts to use £ileRef will result in an error. These two
operations are shown in Session 5.1 as option 1.



foption 1: open, then close file
fileRef = open("rainfall.txt", "r")

g N

4 #read and process the data in the file
)
6 fileRef.close()

foption 2: use with/as block
with open("rainfall.txt", "r") as fileRef:

firead and process data in the file
#file 1s automatically closed when block finishes

Session 5.1 Opening and closing a file

Description

If we do not close the file after we have fimished processing its data,
Python will eventually close it. The benefit of formally closing the file is that
we release any resources, such as memory, that have been assigned to the
file.

Another option for opening a file is to call the open function using the
following syntax, which is also shown as option 2 in Session 5.1:



with open(filename, mode) as fileRef:

The open function returns the file object, fi1eref, which then becomes
our reference to the file. This syntax has two significant differences: The data
processing 1s performed in a block, and the file 1s automatically closed when
the block finishes. This approach is the preferred method for opening a file,
so we will use it when reading and writing files.

RECAP:

Using the syntax with/as 1s the preferred approach for opening and
automatically closing files:

with open(filename, mode) as fileRef:

5.2.2 Iterating over Lines in a File

We now use this file as input in a program that will do some data processing.
In the program, we will read each line of the file and print it with some
additional text. Because text files consist of sequences of lines of text, we
can use the for loop to iterate through each line in the file.

A line in a file 1s defined as a sequence of characters up to and including a
special character called the newline character. If you evaluate a string that
contains a newline character, you will see the character represented as \n. If
you print a string that contains a newline character, you will not see the \n;
instead, you will see that printing continues on the next line. When you are
typing a Python program and you press the enter or return key on your
keyboard, the editor inserts a newline character into your text at that point.

HEADS UP:



The newline character terminates a line of text in a file. The newline
character is represented in a string by the character \n.

As the for loop iterates through each line of the file, the loop variable
will contain the current line of the file as a string of characters. The general
pattern for processing each line of a text file is as follows:

for line in inFile:
statementl
statement?2

Description

To process our rainfall data, we will use a for loop to iterate over the
lines of the file. Because the city and rainfall amount on each line are
separated by a space, we can use the sp1it method to break each line into a
list containing the city and the rainfall amount. We can then use these values
to construct a simple sentence, as shown in Session 5.2.

1 with open("rainfall.txt", "r") as rainfile:
for aline in rainfile:
values = aline.split()
orint(values[0], "had", values[1], "inches of rain.")

U B e o

Akron had 25.81 inches of rain.



Albia had 37,65 inches of rain.
Algona had 30.69 inches of rain,
Allison had 33.64 inches of rain.
Alton had 27.43 inches of rain.
Amesi had 34.67 inches of rain.
AmesSE had 33,95 inches of rain,
Anamosa had 35.33 inches of rain.
Ankeny had 33.38 inches of rain,
Atlantic had 34.77 inches of rain,
Audubon had 33.41 inches of rain,
Beaconsfield had 35.27 inches of rain.
Bedford had 36.35 inches of rain,
BellePlaine had 35.81 inches of rain.
Bellevue had 34.35 inches of rain,
Blockton had 36.28 inches of rain,
Bloonfield had 38,02 inches of rain,
Boone had 36.30 inches of rain.
Brighton had 33.59 inches of rain,
Britt had 31,54 inches of rain,
Buckeye had 33.66 1nches of rain,



BurlingtonkBUR had 37.94 inches of rain,
Burlington had 36.94 inches of rain,
Carroll had 33.33 inches of rain,
(ascade had 33.48 inches of rain,

Session 5.2 Simple program to read rainfall data from a file

Description

5.2.3 Writing a File

Let’s think about another example of file processing: converting our rainfall
data from inches to centimeters. To do this, we will read the file contents as
before, but instead of printing a message, we will do some computation and
then write the results to another file. The new file will need to be opened for
writing. To write a line to a file, we use the write method, shown in Table
5.2.

TABLE 5.2 | The write Method

Method Use Explanation
Name
write nChars = Writes a string to a file that is open for writing using the file

filevar.write (string) Object returned from the cpen function. Returns the number
of characters written.

Listing 5.1 shows the Python program to perform the inches-to-centimeters
conversion. The new file will be called rainfallincM.txt. A for loop is
again used to iterate through the input file. Each line of the file 1s split, and
the rainfall value in inches 1s converted to the equivalent value in centimeters
(lines 7-8).



1 with open("rainfall.txt", "r") as rainfile:
with open("rainfalllnCh.txt", "w") as outFile:
for aline in rainfile:
values = aline.split()

2

3

4

5

b inches = float(values[1])
] em = 2,54 * Inches #convert to (Ms
8

g

nChars = outFile.write(values[0] + " " \
19 + str(em) + "\n")

Listing 5.1 Writing data mto a new file

Description

The write statement on lines 9-10 does all the work to create a new line
in the output file. We use string concatenation to build up the output line piece
by piece. The first piece, values (01, 15 the city name. We then add a space
to separate the city from the rainfall amount. Next, the floating-point value
called cm 1s converted to a string using the st r function. Finally, the entire
line is completed by adding a newline character (\n). The write method
returns the number of characters that were written in the line, but because we
do not process that number, we simply assign the return value to a variable
nChars, which we ignore. Figure 5.2 shows the contents of the newly
created file.

a1 rrorrnid



AKEON 03,99/4
Albia 95,61
Algona 77,9326
Mlison 85,4456
Alton 69,672
Amesii 60,537
InesSE 86,23
Ananosa 89,7
Mnkeny 84,78
Atlantic 88,
Audubon 4.8
Beaconsfield
Bedford 92,3
BellePlaine
Belleme §7,249
Blackton 92,151

Bloonf1eld 96,5708
Raone 47 000

19999999959

;
9

2
4
2
8
3
i
3
3158000000001
6139995995999
B9, 5658

2800000000001
40,9974

4300000000001
1312
0.9]
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Brighton 85,3186
Bratt 80, 111¢

Buckeye 85,4964
BurLingtonkBR %6.3676
BurLington 93, 8275999999998
Carroll 84,652

Cagcade 85,039

Figure 5.2 The contents of the new text file, rainfallIncM. txt.

Description

5.2.4 String Formatting

As you can see on lines 9—10 of Listing 5.1, converting values to strings and
concatenating these strings together can be tedious. Fortunately, Python
provides a better alternative: formatted strings. Instead of concatenating
strings, we build a template. Words or spaces that will remain constant are
combined with placeholders for variables to be inserted into the string. For
example, the statement

print(values[@], "had", values[1], "inches of rain.")

outputs the words "had" and "inches of rain." every time, but the city
name and the amount are different for each line printed.
Using a formatted string, we can write the previous statement as



orint( "{0} had {1:2.2f} inches of rain.".format(city, rain) )

A formatted string uses the string format method shown in Table 5.3. The
curly braces {} serve as placeholders for values to be inserted into the
string. The characters within curly braces specify the values and associated
formats to substitute for the placeholders. The parameters of the format
method specify the actual values to be substituted.

TABLE 5.3 | The String format Method

Method Use Explanation

str.format (replacementField, Substitutes replacement fields for placeholders in the string str
) using the formats specified within the placeholder.

Note that the number of placeholders in the string corresponds to the
number of replacement fields sent as parameters. By default, the replacement
fields are substituted for the placeholders in the same order as the
replacement field parameters are given to the format method. To avoid
confusion, it 1s recommended that you insert the number of the replacement
field in each placeholder, as shown by {0} and (1} inthe previous example.
The replacement fields can be specified as a tuple or a dictionary. If a
dictionary 1s provided, then the dictionary name should be preceded by **
and the keys will be used to 1dentify the value to be replaced.

Following the replacement field number (if any), the placeholder can
contain a colon followed by a conversion specification. The conversion
specification consists of an alignment, width, and type. Table 5.4 summarizes
some common type specifications. In the first placeholder in the preceding
example, no conversion specification is given, because string is the default
conversion type. The second placeholder, (1:2.2f}, specifies that the
second parameter should be formatted as a floating-point number (£) with 2
places to the right of the decimal point.

TABLE 5.4 | Common Type Specifications



Type of Type
Replacement Conversion
Field Character
String s
Integer c

d
Floating-point e OFE

tOorr

g

Output Format

String. This is the default format.

Character. Converts an integer to its Unicode
equivalent.

Decimal integer. This is the default for a number.
Number. Same as decimal integer.

Scientific notation with a default precision of 6, as
m.ddddde+/-xx O m.dddddE+/-xx.

Fixed-point with default precision of 6 digits after the
decimal point, as m.dddadd.

General format. Uses scientific or fixed-point
depending on the magnitude of the number.
Same as q.

Percentage. Multiplies the number by 100, then
displays as r format and appends a percent sign.

To these format characters, we can add other modifier characters to
specify numeric precision and output width and alignment. Table 5.5 lists
commonly used modifier characters.

TABLE 5.5 | Common Formatting Modifiers

ModifierModifier Output Format

Type Character

Alignment < Left-align value in its space. This is the default for strings.
> Right-align value in its space. This is the default for numbers.
Center the value within its space.
Width w Value will use the space of w characters. The default is to use the
minimum space required to display the value.
Precision .n Display n numbers after the decimal point.

Session 5.3 shows some examples of formatted strings in use.



In [6]: |1 #rormat tem price to 2 decimal potnts
) iten = 'a dozen eggs’
3 tenPrice = 2.4
4 print("The price of {0} 1s §{1:.2}" format(item, itenPrice))

The price of a dozen eggs is $2.40

In [8]: 1 #format dict values using keys, note **
2 mDict = {'name":" candy bar', ‘price":%}
3 print("The {name} costs {price} cents." format(**mDict))

The candy bar costs 95 cents.

In [18]: 1 #align center, right, and left
) print("{0:0s}" format("This text is centered."))
3 print("{0:240s}" format("This text is right justified."))
4 print("{0:<40s}" format("This text is left justified."))

This text is centered,
This text 1s right justified.



This text is left justified,

In [11]: 1 #format percentage
] quizirade = 7.5
3 totalPoints = 12
4 print("(0:.1F} is {10.28} of {2:d} total points." format(
5 quizerade, quizbrade / totalPoints, totalPoints))
b

7,5 15 62,54 of 12 total points,

Session 5.3 Demonstrating string formatting

Description

RECAP:
The format for a placeholder is

{position:alignmentWidthPrecisionType}

Try It Out

5.1 Write a program to read the rainfall.txt file and then write
out a new file called rainfallFmt.txt. The new file should format



each line so that the city is right justified in a field that 1s 25
characters wide, and the rainfall data should be printed in a field
that 1s 5 characters wide with 1 digit to the right of the decimal
point.

5.2 Write a function that writes a temperature conversion table
called tempconv. txt. The table should include temperatures from
—300 to 212 degrees Fahrenheit and their Celsius equivalents,
presented in two columns with appropriate headings. Each column
should be 10 characters wide, and each temperature should have 3
digits to the right of the decimal point.

5.2.5 Alternative File-Reading M ethods

In addition to the for loop, Python provides three methods to read data from
the input file. The readline method reads a specified number of characters
or up to one line from the file and returns it as a string. The string returned by
readline will contain the newline character at the end if an entire line was
read. This method returns the empty string when it reaches the end of the file.

The readlines method returns the contents of the entire file as a list of
strings, where each item in the list represents one line of the file; the newline
character appears at the end of each item in the list.

It is also possible to read the entire file into a single string with read.
Table 5.6 summarizes these methods, and Session 5.4 shows them in action.

TABLE 5.6 | Methods for Reading Files in Python

Method Use Explanation
Name
read(n) fileRef.read() Reads and returns a string of n characters, or the entire file

as a single string if n is not provided.

readline (n) fileRef.readline() Returns the next line of the file with all text up to and
including the newline character. If n is provided as a
parameter, then only n characters will be returned. Returns
the empty string when the end of the file is reached.



Method Use Explanation

Name

readlines (n) fileRef.readlines () Returns a list of n strings, each representing a single line of
the file. If n is not provided, then all lines of the file are
returned.

In [1]: 1 with open('rainfall.txt’, 'r') s Infile;

) aline = anfilereadling()  dread one Line
In[2]: 1 aling

‘Akeon 26,81\’

In (3] 1 with open('rainfall txt', 'r') as inFile:
) linglist = inFile.readlines() fread all Lines o5 g List

In [5]: 1 print(linelist)

['Akron 25.81\n", 'Albia 37.65\n", 'Algona 30.69\n’", 'Allison
33.60\n", "Alton 27.43\n", "Anesi 34.87\n", "AnesSE 33.95\n",
‘Ananosa 35.33\n", “Ankeny 33.38\n', “Atlantic 34.77\n", Audubon



o 1 with open(rainfall. txt',

3.41\n", "Beaconstield 35.27\n", ‘Bedrord 36.35\n", ‘BellePlaine
35.80\n", "Bellevue 34.35\n", "Blockt on 36.28\n", 'Bloonfleld
388200, "Boone 36.30\n", ‘Brighton 33.59\n", 'Britt 31.54n',

Buckeye 33,66\, 'BurllngtonKBUR 3.9 \n", Burlington 36.%\n’,
Carnol] 33.33\n", "Cascade 33,48

') as Infile;
] fileString = Infile, read() #read entire file as g string

.1 fileString

‘Akron 25,81\ndlbia 37.65\nALgona 30,69\nALLison 33.64\nhlton 27.43

34, 77\nhudubon 33.41\nBeaconstield 35.27\nBedford 35, 35\nBelle
Plaine 35.81\nBellevue 34,35\n3lockton 36.28\nBloonfield 38,02
\nBoone 36, 3\nBrighton 33.59\nBritt 3L.54\nBuckeye 33,66
\nBurLingtonkBUR 37.94\nBurLington 36.%4\nCarroll 33,33\nCascade
3.4

| blnd
\nAnesi 34.87\nAnesSE 33.95\nAnamosa 35.33\nAnkeny 33.38\nAtLantic

;

1

Session 5.4 Using more read methods

Description



Note that we need to reopen the file before each read so that we start from
the beginning of the file. Each file has a marker, called a file pointer, that
denotes the current read position in the file. Whenever one of the read
methods 1s called, the file pointer moves to the character immediately
following the last character returned. In the case of readline, the file
pointer moves to the first character of the next line in the file. In the case of
read OT readlines, the file pointer moves to the end of the file or to the end
of the data read. Reopening the file sets the file pointer to the beginning of the
file.

HEADS UP:
The string returned by the readiline method includes the terminating
newline character (\n). Each list item returned by the read1ines method

also includes the terminating newline character. The string returned by
the read method has the newline characters embedded in the string,

Try It Out

5.3 Open a file during a Python session. Call the read1ine method
twice on that file, then call the read1lines method. Which lines
does the list returned by readlines include?

5.4 Open the file in Exercise 5.3 again, but call readlines
immediately. Compare the lines returned in this exercise with the
previous one.

5.5 Write a program that reads in the contents of a file and writes a
new file in which all the characters are in uppercase.

5.6 Write a program that reads in a file and then prints out the
number of lines, words, and characters in the file.

5.7 Write a program that creates a file with a concordance—an
index that tells you which line of the file each word appears on. If a
word appears on more than one line, the concordance will show you



all the lines containing that word. Hint: Use a dictionary keyed by
each word to solve this problem.



5.3 Reading Data from the Internet

Earlier, we used statistical functions on a week’s worth of data about
carthquakes from the U.S. Geological Survey (USGS) website (usgs.gov).
One advantage of using such a small set of values was that we could easily
demonstrate the concepts of mean, median, mode, and standard deviation. In
particular, we used summary data as our data set: the number of earthquakes
per day for a seven-day period. The real power of statistics and other
methods of analysis, however, can be realized on larger raw (not
summarized) collections of data.

Internet sites often provide large sets of data that can be downloaded for
analysis. These data sets are usually made available in several formats: text
files in CSV (comma-separated values) format or in JSON (JavaScript
Object Notation), which is a standardized data transfer format with self-
identifying tags.

The USGS makes raw data available for earthquakes that occur around the
world. It 1s also possible to filter the data to include only earthquakes
meeting or exceeding minimum magnitudes or only earthquakes that occurred
within a specific time period. The data about each earthquake includes the
date and time, location, magnitude, depth of the quake, and other 1dentifying
data.

5.3.1 Using CSV Files

One format that the USGS provides for downloading earthquake data is CSV.
This format is ideal for importing data into a spreadsheet, but it 1s also useful
for gaining programmatic access to the data.

In CSV format, the first line of the file includes metadata, which is
descriptive information about the data. For CSV files, the metadata specifies
the labels and relative positions for each piece of data. The remaining lines
in a CSV file contain the actual data. The USGS file provides one line of
data for each earthquake. As the name CSV implies, data fields are
separated, or delineated, by a comma. The positions of the labels in the first
line correspond to the positions of the data in each succeeding line. Thus, the


usgs.gov

first label corresponds to the first data field in the subsequent lines of the
CSV file; the second label corresponds to the second data field, and so on.
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