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Preface

Welcome to Starting Out with Python, Fourth Edition. This book uses the Python language
to teach programming concepts and problem-solving skills, without assuming any previous
programming experience. With easy-to-understand examples, pseudocode, flowcharts, and
other tools, the student learns how to design the logic of programs and then implement those
programs using Python. This book is ideal for an introductory programming course or a
programming logic and design course using Python as the language.

As with all the books in the Starting Out with series, the hallmark of this text is its clear,
friendly, and easy-to-understand writing. In addition, it is rich in example programs that
are concise and practical. The programs in this book include short examples that highlight
specific programming topics, as well as more involved examples that focus on problem solv-
ing. Each chapter provides one or more case studies that provide step-by-step analysis of a
specific problem and shows the student how to solve it.

Control Structures First, Then Classes

Python is a fully object-oriented programming language, but students do not have to understand
object-oriented concepts to start programming in Python. This text first introduces the student
to the fundamentals of data storage, input and output, control structures, functions, sequences
and lists, file /O, and objects that are created from standard library classes. Then the student
learns to write classes, explores the topics of inheritance and polymorphism, and learns to write
recursive functions. Finally, the student learns to develop simple event-driven GUI applications.

Changes in the Fourth Edition

This book’s clear writing style remains the same as in the previous edition. However, many
additions and improvements have been made, which are summarized here:

e New sections on the Python Turtle Graphics library have been added to Chapters 2
through 5. The Turtle Graphics library, which is a standard part of Python, is a fun
and motivating way to introduce programming concepts to students who have never
written code before. The library allows the student to write Python statements that
draw graphics by moving a cursor on a canvas. The new sections that have been added
to this edition are:

o Chapter 2: Introduction to Turtle Graphics

Chapter 3: Determining the State of the Turtle

Chapter 4: Using Loops to Draw Designs

Chapter 5: Modularizing Turtle Graphics Code with Functions

c o ©
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The new Turtle Graphics sections are designed with flexibility in mind. They can be
assigned as optional material, incorporated into your existing syllabus, or skipped
altogether.

e Chapter 2 has a new section on named constants. Although Python does not support
true constants, you can create variable names that symbolize values that should not
change as the program executes. This section teaches the student to avoid the use
of “magic numbers,” and to create symbolic names that make his or her code more
self-documenting and easier to maintain.

e Chapter 7 has a new section on using the matplot1ib package to plot charts and graphs
from lists. The new section describes how to install the matplot1ib package, and use it to
plot line graphs, bar charts, and pie charts.

e Chapter 13 has a new section on creating graphics in a GUI application with the
Canvas widget. The new section describes how to use the Canvas widget to draw lines,
rectangles, ovals, arcs, polygons, and text.

e Several new, more challenging, programming problems have been added throughout
the book.

e Appendix E is a new appendix that discusses the various forms of the import statement.

e Appendix F is a new appendix that discusses installing third-party modules with the
pip utility.

Brief Overview of Each Chapter

Chapter 1: Introduction to Computers and Programming

This chapter begins by giving a very concrete and easy-to-understand explanation of how
computers work, how data is stored and manipulated, and why we write programs in high-
level languages. An introduction to Python, interactive mode, script mode, and the IDLE
environment are also given.

Chapter 2: Input, Processing, and Output

This chapter introduces the program development cycle, variables, data types, and simple
programs that are written as sequence structures. The student learns to write simple pro-
grams that read input from the keyboard, perform mathematical operations, and produce
screen output. Pseudocode and flowcharts are also introduced as tools for designing pro-
grams. The chapter also includes an optional introduction to the turtle graphics library.

Chapter 3: Decision Structures and Boolean Logic

In this chapter, the student learns about relational operators and Boolean expressions and is
shown how to control the flow of a program with decision structures. The if, if-else, and
if-elif-else statements are covered. Nested decision structures and logical operators are
discussed as well. The chapter also includes an optional turtle graphics section, with a discus-
sion of how to use decision structures to test the state of the turtle.

Chapter 4: Repetition Structures

This chapter shows the student how to create repetition structures using the while loop and
for loop. Counters, accumulators, running totals, and sentinels are discussed, as well as
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techniques for writing input validation loops. The chapter also includes an optional section
on using loops to draw designs with the turtle graphics library.

Chapter 5: Functions

In this chapter, the student first learns how to write and call void functions. The chapter
shows the benefits of using functions to modularize programs and discusses the top-down
design approach. Then, the student learns to pass arguments to functions. Common library
functions, such as those for generating random numbers, are discussed. After learning how
to call library functions and use their return value, the student learns to define and call his
or her own functions. Then the student learns how to use modules to organize functions. An
optional section includes a discussion of modularizing turtle graphics code with functions.

Chapter 6: Files and Exceptions

This chapter introduces sequential file input and output. The student learns to read and write
large sets of data and store data as fields and records. The chapter concludes by discussing
exceptions and shows the student how to write exception-handling code.

Chapter 7: Lists and Tuples

This chapter introduces the student to the concept of a sequence in Python and explores the
use of two common Python sequences: lists and tuples. The student learns to use lists for
arraylike operations, such as storing objects in a list, iterating over a list, searching for items
in a list, and calculating the sum and average of items in a list. The chapter discusses slic-
ing and many of the list methods. One- and two-dimensional lists are covered. The chapter
also includes a discussion of the matplotlib package, and how to use it to plot charts and
graphs from lists.

Chapter 8: More About Strings

In this chapter, the student learns to process strings at a detailed level. String slicing and
algorithms that step through the individual characters in a string are discussed, and several
built-in functions and string methods for character and text processing are introduced.

Chapter 9: Dictionaries and Sets

This chapter introduces the dictionary and set data structures. The student learns to store data
as key-value pairs in dictionaries, search for values, change existing values, add new key-value
pairs, and delete key-value pairs. The student learns to store values as unique elements in sets
and perform common set operations such as union, intersection, difference, and symmetric
difference. The chapter concludes with a discussion of object serialization and introduces the
student to the Python pickle module.

Chapter 10: Classes and Object-Oriented Programming

This chapter compares procedural and object-oriented programming practices. It covers the
fundamental concepts of classes and objects. Attributes, methods, encapsulation and data
hiding, __init__ functions (which are similar to constructors), accessors, and mutators are
discussed. The student learns how to model classes with UML and how to find the classes
in a particular problem.

15
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Chapter 11: Inheritance

The study of classes continues in this chapter with the subjects of inheritance and polymor-
phism. The topics covered include superclasses, subclasses, how __init__ functions work in
inheritance, method overriding, and polymorphism.

Chapter 12: Recursion

This chapter discusses recursion and its use in problem solving. A visual trace of recursive calls
is provided, and recursive applications are discussed. Recursive algorithms for many tasks are
presented, such as finding factorials, finding a greatest common denominator (GCD), and sum-
ming a range of values in a list, and the classic Towers of Hanoi example are presented.

Chapter 13: GUI Programming

This chapter discusses the basic aspects of designing a GUI application using the tkinter
module in Python. Fundamental widgets, such as labels, buttons, entry fields, radio buttons,
check buttons, and dialog boxes, are covered. The student also learns how events work in a
GUI application and how to write callback functions to handle events. The chapter includes
a discussion of the Canvas widget, and how to use it to draw lines, rectangles, ovals, arcs,
polygons, and text.

Appendix A: Installing Python

This appendix explains how to download and install the Python 3 interpreter.

Appendix B: Introduction to IDLE

This appendix gives an overview of the IDLE integrated development environment that comes
with Python.

Appendix C: The ASCII Character Set

As a reference, this appendix lists the ASCII character set.

Appendix D: Predefined Named Colors

This appendix lists the predefined color names that can be used with the turtle graphics
library, matplotlib and tkinter.

Appendix E: More About the import Statement

This appendix discusses various ways to use the import statement. For example, you can use
the import statement to import a module, a class, a function, or to assign an alias to a module.

Appendix F: Installing Modules with the pip Utility

This appendix discusses how to use the pip utility to install third-party modules from the
Python Package Index, or PyPL



Appendix G: Answers to Checkpoints

Preface

This appendix gives the answers to the Checkpoint questions that appear throughout the text.

Organization of the Text

The text teaches programming in a step-by-step manner. Each chapter covers a major set of
topics and builds knowledge as students progress through the book. Although the chapters
can be easily taught in their existing sequence, you do have some flexibility in the order
that you wish to cover them. Figure P-1 shows chapter dependencies. Each box represents
a chapter or a group of chapters. An arrow points from a chapter to the chapter that must

be covered before it.

Figure P-1

Chapter dependencies

Chapters 1-5
(Cover in Order)

A

Chapter 6
Files and Exceptions

Chapter 7
Lists and Tuples

Chapter 8
More About Strings

Chapter 12
Recursion

A

*The material on object
serialization in Chapters 9

and 10 uses exception handling.

A

Chapter 9
Dictionaries and Sets

A

Chapter 10
Classes and Object-
Oriented Programming

A

Chapter 11
Inheritance

Chapter 13
GUI Programming

Features of the Text

\ O

Concept

Statements

Example Programs

In the Spotlight
Case Studies

Each major section of the text starts with a concept

statement.

This statement concisely summarizes the main point of the

section.

Each chapter has an abundant number of complete and partial
example programs, each designed to highlight the current topic.

Each chapter has one or more In the Spotlight case studies that
provide detailed, step-by-step analysis of problems and show
the student how to solve them.
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j VideoNotes Online videos developed specifically for this book are available
for viewing at www.pearsonglobaleditions.com/gaddis. Icons appear
throughout the text alerting the student to videos about specific
topics.
Notes Notes appear at several places throughout the text. They are

short explanations of interesting or often misunderstood points
relevant to the topic at hand.

Tips Tips advise the student on the best techniques for approaching
different programming problems.

Warnings Warnings caution students about programming techniques or
practices that can lead to malfunctioning programs or lost data.

SRR

Checkpoints Checkpoints are questions placed at intervals throughout each
chapter. They are designed to query the student’s knowledge
quickly after learning a new topic.

Review Questions  Each chapter presents a thorough and diverse set of review
questions and exercises. They include Multiple Choice, True/
False, Algorithm Workbench, and Short Answer.

Programming Each chapter offers a pool of programming exercises designed
Exercises to solidify the student’s knowledge of the topics currently being
studied.
Supplements

Student Online Resources

Many student resources are available for this book from the publisher. The following items
are available at www.pearsonglobaleditions.com/gaddis

e The source code for each example program in the book
e Access to the book’s companion VideoNotes
Instructor Resources
The following supplements are available to qualified instructors only:

Answers to all of the Review Questions
Solutions for the exercises

PowerPoint presentation slides for each chapter
Test bank

Visit the Pearson Instructor Resource Center (www.pearsonglobaleditions.com/gaddis) or
contact your local Pearson campus representative for information on how to access them.


http://www.pearsonglobaleditions.com/gaddis
http://www.pearsonglobaleditions.com/gaddis
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TOPICS
1.1 Introduction 1.4 How a Program Works
1.2 Hardware and Software 1.5 Using Python

1.3 How Computers Store Data

Introduction

Think about some of the different ways that people use computers. In school, students
use computers for tasks such as writing papers, searching for articles, sending email, and
participating in online classes. At work, people use computers to analyze data, make pre-
sentations, conduct business transactions, communicate with customers and coworkers,
control machines in manufacturing facilities, and do many other things. At home, people
use computers for tasks such as paying bills, shopping online, communicating with friends
and family, and playing games. And don’t forget that cell phones, tablets, smart phones,
car navigation systems, and many other devices are computers too. The uses of computers
are almost limitless in our everyday lives.

Computers can perform such a wide variety of tasks because they can be programmed. This
means that computers are not designed to do just one job, but to do any job that their pro-
grams tell them to do. A program is a set of instructions that a computer follows to perform
a task. For example, Figure 1-1 shows screens using Microsoft Word and PowerPoint, two
commonly used programs.

Programs are commonly referred to as software. Software is essential to a computer because
it controls everything the computer does. All of the software that we use to make our com-
puters useful is created by individuals working as programmers or software developers. A
programmer, or software developer, is a person with the training and skills necessary to
design, create, and test computer programs. Computer programming is an exciting and
rewarding career. Today, you will find programmers’ work used in business, medicine, gov-
ernment, law enforcement, agriculture, academics, entertainment, and many other fields.

This book introduces you to the fundamental concepts of computer programming using the
Python language. The Python language is a good choice for beginners because it is easy to learn
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Chapter 1 Introduction to Computers and Programming

Figure 1-1 A word processing program and an image editing program

—
1.2

1.2 What is a Computer Program?

COMCEPT: A computer program is a set of instructions that a computer follow:

Before jumping straight into App Inventor, you should take 3 moment to leam s
about computer programming. The concepts that we discuss in this section app
computer programming, regardless of whether the computer is a laptop, a supe
device.

The title of this section poses the question “What is a computer program ?* Befc
first we should answer the question "What is a computer?” To learn programmi
deep understanding of how computers work, but you do need to understand In
what a computer is. Here's a definition that we can start with:

A computer is o device thot follows instructions.

A compurer doesn't know how to do anything on its own. It anly follows the ine
te it, Having said that, you must realize that a computer cannot fellow just any b
example, you can’t wake up in the morning and say to your computer, “Make ar
me in bed.” That's not an instruction that a computer can understand. That's th
o bt 1F s s Lissdns cvmanerhy s

and programs can be written quickly using it. Python is also a powerful language, popular with
professional software developers. In fact, it has been reported that Python is used by Google,
NASA, YouTube, various game companies, the New York Stock Exchange, and many others.

Before we begin exploring the concepts of programming, you need to understand a few
basic things about computers and how they work. This chapter will build a solid founda-
tion of knowledge that you will continually rely on as you study computer science. First,
we will discuss the physical components of which computers are commonly made. Next, we
will look at how computers store data and execute programs. Finally, you will get a quick
introduction to the software that you will use to write Python programs.

Hardware and Software

1 CONCEPT: The physical devices of which a computer is made are referred to as the

computer’s hardware. The programs that run on a computer are referred
to as software.

Hardware

The term hardware refers to all of the physical devices, or components, of which a computer
is made. A computer is not one single device, but a system of devices that all work toge-
ther. Like the different instruments in a symphony orchestra, each device in a computer
plays its own part.

If you have ever shopped for a computer, you’ve probably seen sales literature listing compo-
nents such as microprocessors, memory, disk drives, video displays, graphics cards, and so on.
Unless you already know a lot about computers, or at least have a friend that does, under-
standing what these different components do might be challenging. As shown in Figure 1-2, a
typical computer system consists of the following major components:

e The central processing unit (CPU)
* Main memory



1.2 Hardware and Software

Figure 1-2 Typical components of a computer system
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e Secondary storage devices
¢ Input devices
¢ OQutput devices

Let’s take a closer look at each of these components.

The CPU

When a computer is performing the tasks that a program tells it to do, we say that the
computer is running or executing the program. The central processing unit, or CPU, is the
part of a computer that actually runs programs. The CPU is the most important component
in a computer because without it, the computer could not run software.

In the earliest computers, CPUs were huge devices made of electrical and mechanical com-
ponents such as vacuum tubes and switches. Figure 1-3 shows such a device. The two
women in the photo are working with the historic ENTAC computer. The ENTAC, which
is considered by many to be the world’s first programmable electronic computer, was built
in 1945 to calculate artillery ballistic tables for the U.S. Army. This machine, which was
primarily one big CPU, was 8 feet tall, 100 feet long, and weighed 30 tons.

Today, CPUs are small chips known as microprocessors. Figure 1-4 shows a photo of a lab
technician holding a modern microprocessor. In addition to being much smaller than the old
electromechanical CPUs in early computers, microprocessors are also much more powerful.
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