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Preface


Welcome to the Tenth Edition of Java Software Solutions: Foundations of Program Design. We are pleased that this book has served the needs of so many students and faculty over the years. This edition has been tailored further to improve the coverage of topics key to introductory computing.








New to This Edition


The biggest change in the 10th edition of Java Software Solutions is the migration to digital format and inclusion of interactive coding activities and scored programming assessments (available in Revel Courseware and Pearson+ ebook) that provide immediate and personalized feedback to students on what they got wrong. The immediate feedback coaches students to the correct answer which increases persistence. This change reflects the need to make textbooks, especially computer science books, interactive and engaging. The tested and refined presentation of core material is now integrated with dynamic features and assessments.



	21 Coding Animations to help students understand what is going on in the program and in the computer.

	42 NEW Videonotes. Engaging video tutorials that take students from design to code completion.

	LiveCodeExamples interspersed throughout the chapters that provide coding practice.

	Over 388 Checkpoint self-check questions for students to test understanding of what they just read.

	Over 238 scored quiz assessment questions.

	Over 27 Summative end-of-chapter Programming Projects.




In addition to the digital/interactive transformation, several content changes were made for the tenth edition to stay on top of the ever-evolving Java language as it impacts introductory programmer, as well as updates to keep the examples fresh and improve the discussion of individual topics. These changes include:



	A new example demonstrating an Array of Objects in Chapter 8.

	A new section covering Maps and their implementation in the Java API.

	Coverage of the use of the var keyword to simplify complex variable declarations.

	A new section on lambda expressions, especially as they relate to the management of collections, in Chapter 13.




We're excited about the opportunities this new edition of Java Software Solutions provides for both students and instructors. Questions and comments are always welcome.








Cornerstones of the Text


This text is based on the following basic ideas that we believe make for a sound introductory text:



	
True object-orientation. A text that really teaches a solid object-oriented approach must use what we call object-speak. That is, all processing should be discussed in object-oriented terms. That does not mean, however, that the first program a student sees must discuss the writing of multiple classes and methods. A student should learn to use objects before learning to write them. This text uses a natural progression that culminates in the ability to design real object-oriented solutions.

	
Sound programming practices. Students should not be taught how to program; they should be taught how to write good software. There’s a difference. Writing software is not a set of cookbook actions, and a good program is more than a collection of statements. This text integrates practices that serve as the foundation of good programming skills. These practices are used in all examples and are reinforced in the discussions. Students learn how to solve problems as well as how to implement solutions. We introduce and integrate basic software engineering techniques throughout the text. The Software Failure vignettes reiterate these lessons by demonstrating the perils of not following these sound practices.

	
Examples. Students learn by example. This text is filled with fully implemented examples that demonstrate specific concepts. We have intertwined small, readily understandable examples with larger, more realistic ones. There is a balance between graphics and nongraphics programs. The VideoNotes provide additional examples in a live presentation format.

	
Graphics and GUIs. Graphics can be a great motivator for students, and their use can serve as excellent examples of object-orientation. As such, we use them throughout the text in a well-defined set of sections that we call the Graphics Track. The book fully embraces the JavaFX API, the preferred and fully-supported approach to Java graphics and GUIs. Students learn to build GUIs in the appropriate way by using a natural progression of topics. The Graphics Track can be avoided entirely for those who do not choose to use graphics.










Chapter Breakdown


Chapter 1 (Introduction) introduces computer systems in general, including basic architecture and hardware, networking, programming, and language translation. Java is introduced in this chapter, and the basics of general program development, as well as object-oriented programming, are discussed. This chapter contains broad introductory material that can be covered while students become familiar with their development environment.


Chapter 2 (Data and Expressions) explores some of the basic types of data used in a Java program and the use of expressions to perform calculations. It discusses the conversion of data from one type to another and how to read input interactively from the user with the help of the standard Scanner class.


Chapter 3 (Using Classes and Objects) explores the use of predefined classes and the objects that can be created from them. Classes and objects are used to manipulate character strings, produce random numbers, perform complex calculations, and format output. Enumerated types are also discussed.


Chapter 4 (Writing Classes) explores the basic issues related to writing classes and methods. Topics include instance data, visibility, scope, method parameters, and return types. Encapsulation and constructors are covered as well. Some of the more involved topics are deferred to or revisited in Chapter 6.


Chapter 5 (Conditionals and Loops) covers the use of boolean expressions to make decisions. Then the if statement and while loop are explored in detail. Once loops are established, the concept of an iterator is introduced and the Scanner class is revisited for additional input parsing and the reading of text files. Finally, the ArrayList class introduced, which provides the option for managing a large number of objects.


Chapter 6 (More Conditionals and Loops) examines the rest of Java’s conditional (switch) and loop (do, for) statements. All related statements for conditionals and loops are discussed, including the enhanced version of the for loop. The for-each loop is also used to process iterators and ArrayList objects.


Chapter 7 (Object-Oriented Design) reinforces and extends the coverage of issues related to the design of classes. Techniques for identifying the classes and objects needed for a problem and the relationships among them are discussed. This chapter also covers static class members, interfaces, and the design of enumerated type classes. Method design issues and method overloading are also discussed.


Chapter 8 (Arrays) contains extensive coverage of arrays and array processing. The nature of an array as a low-level programming structure is contrasted to the higher-level object management approach. Additional topics include command-line arguments, variable length parameter lists, and multidimensional arrays.


Chapter 9 (Inheritance) covers class derivations and associated concepts such as class hierarchies, overriding, and visibility. Strong emphasis is put on the proper use of inheritance and its role in software design.


Chapter 10 (Polymorphism) explores the concept of binding and how it relates to polymorphism. Then we examine how polymorphic references can be accomplished using either inheritance or interfaces. Sorting is used as an example of polymorphism. Design issues related to polymorphism are examined as well.


Chapter 11 (Exceptions) explores the class hierarchy from the Java standard library used to define exceptions, as well as the ability to define our own exception objects. We also discuss the use of exceptions when dealing with input and output and examine an example that writes a text file.


Chapter 12 (Recursion) covers the concept, implementation, and proper use of recursion. Several examples from various domains are used to demonstrate how recursive techniques make certain types of processing elegant.


Chapter 13 (Collections) introduces the idea of a collection and its underlying data structure. Abstraction is revisited in this context and the classic data structures are explored. Generic types, map collections, the use of the var keyword, and lambda expressions are also introduced. This chapter serves as an introduction to a CS2 course.








Supplements


Student Online Resources


Students viewing this book in the Revel or Pearson eTextbook formats can access the student resources through the Student Supplemental Materials section, located at the end of the book. Those using print versions or non-Pearson eBook formats can access these student resources at the book’s Companion Website, available at https://media.pearsoncmg.com/ov2/intl/ge/2025/cws/ge_lewis_java_10e/index.php



	Source Code for all the programs in the text

	Links to Java development environments

	VideoNotes: short step-by-step videos demonstrating how to solve problems from design through coding. VideoNotes allow for self-paced instruction with easy navigation including the ability to select, play, rewind, fast-forward, and stop within each VideoNote exercise. Margin icons in your textbook let you know when a VideoNote video is available for a particular concept or homework problem.










Instructor Resources


The following supplements are available to qualified instructors only. Visit the Pearson Education Instructor Resource Center (www.pearson.com/uk) for information on how to access them:



	Presentation Slides—in PowerPoint.

	Solutions to end-of-chapter Exercises.

	Solutions to end-of-chapter Programming Projects. 

	Lab Manual Solutions

	Solutions for the Revel










Features of the Text


Key Concepts


Throughout the text, the Key Concept boxes highlight fundamental ideas and important guidelines. These concepts are summarized at the end of each chapter.


Listings


All programming examples are presented in clearly labeled listings, followed by the program output, a sample run, or screen shot display as appropriate. The code is colored to visually distinguish comments and reserved words.


Syntax Diagrams


At appropriate points in the text, syntactic elements of the Java language are discussed in special highlighted sections with diagrams that clearly identify the valid forms for a statement or construct. Syntax diagrams for the entire Java language are presented in Appendix J.


Graphics Track


All processing that involves graphics and graphical user interfaces is discussed in one or two sections at the end of each chapter that we collectively refer to as the Graphics Track. This material can be skipped without loss of continuity, or focused on specifically as desired. The material in any Graphics Track section relates to the main topics of the chapter in which it is found. Graphics Track sections are indicated by a brown border on the edge of the page.


Summary of Key Concepts


The Key Concepts presented throughout a chapter are summarized at the end of the chapter.


Self-Review Questions and Answers


These short-answer questions review the fundamental ideas and terms established in the preceding section. They are designed to allow students to assess their own basic grasp of the material. The answers to these questions can be found at the end of the book in Appendix K.


Exercises


These intermediate problems require computations, the analysis or writing of code fragments, and a thorough grasp of the chapter content. While the exercises may deal with code, they generally do not require any online activity.


Programming Projects


These problems require the design and implementation of Java programs. They vary widely in level of difficulty.


Software Failures


These between-chapter vignettes discuss real-world flaws in software design, encouraging students to adopt sound design practices from the beginning.








Acknowledgments


I am most grateful to the faculty and students from around the world who have provided their feedback on previous editions of this book. I am pleased to see the depth of the faculty’s concern for their students and the students’ thirst for knowledge. Your comments and questions are always welcome.


I am particularly thankful for the assistance, insight, and attention to detail of Robert Burton from Brigham Young University. For years, Robert has consistently provided valuable feedback that helps shape and evolve this textbook.


Bradley Richards, at the University of Applied Sciences in Northwestern Switzerland, provided helpful advice and resources during the transition to JavaFX. Brian Fraser of Simon Fraser University also has provided some excellent feedback that helped clarify some issues. Such interaction with computing educators is incredibly valuable.


I also want to thank Dan Joyce from Villanova University, who developed the original Self-Review questions, ensuring that each relevant topic had enough review material, as well as developing the answers to each.


I continue to be amazed at the talent and effort demonstrated by the team at Pearson. Tracy Johnson, our editor, has amazing insight and commitment. Her assistant, Erin Sullivan, is a source of consistent and helpful support. Marketing Manager Krista Clark makes sure that instructors understand the pedagogical advantages of the text. The cover was designed by the skilled talents of Marta Samsel. Scott Disanno, Rajinder Singh, Bob Engelhardt and Abhijeet Gope led the production effort. We thank all of these people for ensuring that this book meets the highest quality standards.


Special thanks go to the following people who provided valuable advice to us about this book via their participation in focus groups, interviews, and reviews. They, as well as many other instructors and friends, have provided valuable feedback. They include:




	Elizabeth Adams
	James Madison University



	Hossein Assadipour
	Rutgers University



	David Atkins
	University of Oregon



	Lewis Barnett
	University of Richmond



	Thomas W. Bennet
	Mississippi College



	Gian Mario Besana
	DePaul University



	Hans-Peter Bischof
	Rochester Institute of Technology



	Don Braffitt
	Radford University



	Robert Burton
	Brigham Young University



	John Chandler
	Oklahoma State University



	Robert Cohen
	University of Massachusetts, Boston



	Dodi Coreson
	Linn Benton Community College



	James H. Cross II
	Auburn University



	Eman El-Sheikh
	University of West Florida



	Sherif Elfayoumy
	University of North Florida



	Christopher Eliot
	University of Massachusetts, Amherst



	Wanda M. Eanes
	Macon State College



	Stephanie Elzer
	Millersville University



	Matt Evett
	Eastern Michigan University



	Marj Feroe
	Delaware County Community College, Pennsylvania



	John Gauch
	University of Kansas



	Chris Haynes
	Indiana University



	James Heliotis
	Rochester Institute of Technology



	Laurie Hendren
	McGill University



	Mike Higgs
	Austin College



	Stephen Hughes
	Roanoke College



	Daniel Joyce
	Villanova University



	Saroja Kanchi
	Kettering University



	Gregory Kapfhammer
	Allegheny College



	Karen Kluge
	Dartmouth College



	Jason Levy
	University of Hawaii



	Peter MacKenzie
	McGill University



	Jerry Marsh
	Oakland University



	Blayne Mayfield
	Oklahoma State University



	Gheorghe Muresan
	Rutgers University



	Laurie Murphy Pacific
	Lutheran University



	Dave Musicant
	Carleton College



	Faye Navabi-Tadayon
	Arizona State University



	Lawrence Osborne
	Lamar University



	Barry Pollack
	City College of San Francisco



	B. Ravikumar
	University of Rhode Island



	David Riley
	University of Wisconsin (La Crosse)



	Bob Roos
	Allegheny College



	Carolyn Rosiene
	University of Hartford



	Jerry Ross Lane
	Community College



	Patricia Roth
	Southeastern Polytechnic State University



	Carolyn Schauble
	Colorado State University



	Arjit Sengupta
	Georgia State University



	Bennet Setzer
	Kennesaw State University



	Vijay Srinivasan
	JavaSoft, Sun Microsystems, Inc.



	Stuart Steiner
	Eastern Washington University



	Katherine St. John
	Lehman College, CUNY



	Alexander Stoytchev
	Iowa State University



	Ed Timmerman
	University of Maryland, University College



	Shengru Tu
	University of New Orleans



	Paul Tymann
	Rochester Institute of Technology



	John J. Wegis
	JavaSoft, Sun Microsystems, Inc.



	Ken Williams
	North Carolina Agricultural and Technical University



	Linda Wilson
	Dartmouth College



	David Wittenberg
	Brandeis University



	Wang-Chan Wong
	California State University (Dominguez Hills)








Thanks also go to my friends and former colleagues at Villanova University who have provided so much wonderful feedback. They include Bob Beck, Cathy Helwig, Anany Levitin, Najib Nadi, Beth Taddei, and Barbara Zimmerman. Thanks also to Pete DePasquale, formerly of The College of New Jersey and now with SailThru, Inc.


Many other people have helped in various ways. They include Ken Arnold, Mike Czepiel, John Loftus, Sebastian Niezgoda, and Saverio Perugini. Our apologies to anyone we may have omitted.


The ACM Special Interest Group on Computer Science Education (SIGCSE) is a tremendous resource. Their conferences provide an opportunity for educators from all levels and all types of schools to share ideas and materials. If you are an educator in any area of computing and are not involved with SIGCSE, you’re missing out.


Acknowledgments for the Global Edition


Pearson would like to thank and acknowledge the following for their work on the Global Edition.




	Contributors
	Vincent Ramdhanie, School of Business and Computer Science (SBCS)



	Reviewers

	
Elena Irena Popa, University of Greenwich

Markus Wolf, University of Greenwich

















Chapter 1 Introduction


Learning Objectives


1. Describe the relationship between hardware and software.


2. Define various types of software and how they are used.


3. Identify the core hardware components of a computer and explain their roles.


4. Explain how the hardware components interact to execute programs and manage data.


5. Describe how computers are connected into networks to share information.


6. Introduce the Java programming language.


7. Describe the steps involved in program compilation and execution.


8. Present an overview of object-oriented principles.




This book is about writing well-designed software. To understand software, we must first have a fundamental understanding of its role in a computer system. Hardware and software cooperate in a computer system to accomplish complex tasks. The purpose of various hardware components and the way those components are connected into networks are important prerequisites to the study of software development. This chapter first discusses basic computer processing and then begins our exploration of software development by introducing the Java programming language and the principles of object-oriented programming.








1.1: Computer Processing


All computer systems, whether it’s a desktop, laptop, tablet, smartphone, gaming console, or a special-purpose device such as a car’s navigation system, share certain characteristics. The details vary, but they all process data in similar ways. While the majority of this book deals with the development of software, we’ll begin with an overview of computer processing to set the context. It’s important to establish some fundamental terminology and see how key pieces of a computer system interact.


A computer system is made up of hardware and software. The hardware components of a computer system are the physical, tangible pieces that support the computing effort. They include chips, boxes, wires, keyboards, speakers, disks, memory cards, universal serial bus (USB) flash drives (also called jump drives), cables, plugs, printers, mice, monitors, routers, and so on. If you can physically touch it and it can be considered part of a computer system, then it is computer hardware.


 


KEY CONCEPT


A computer system consists of hardware and software that work in ­concert to help us solve problems.


 


The hardware components of a computer are essentially useless without instructions to tell them what to do. A program is a series of instructions that the hardware executes one after another. Software consists of programs and the data that programs use. Software is the intangible counterpart to the physical hardware components. Together they form a tool that we can use to help solve problems.


The key hardware components in the computer system are



	central processing unit (CPU)

	input/output (I/O) devices

	main memory

	secondary memory devices




Each of these hardware components is described in detail in the next section. For now, let’s simply examine their basic roles. The central processing unit (CPU) is a device that executes the individual commands of a program. Input/output (I/O) devices, such as the keyboard, mouse, trackpad, and monitor, allow a human being to interact with the computer.


Programs and data are held in storage devices called memory, which fall into two categories: main memory and secondary memory. Main memory is the storage device that holds the software while it is being processed by the CPU. Secondary memory devices store software in a relatively permanent manner. The most important secondary memory device of a typical computer system is the hard disk that resides inside the main computer box. A USB flash drive is also an important secondary memory device. A typical USB flash drive cannot store nearly as much information as a hard disk. USB flash drives have the advantage of portability; they can be removed temporarily or moved from computer to computer as needed.


Figure 1.1 shows how information moves among the basic hardware components of a computer. Suppose you have an executable program you wish to run. The program is stored on some secondary memory device, such as a hard disk. When you instruct the computer to execute your program, a copy of the program is brought in from secondary memory and stored in main memory. The CPU reads the individual program instructions from main memory. The CPU then executes the instructions one at a time until the program ends. The data that the instructions use, such as two numbers that will be added together, also are stored in main memory. They are either brought in from secondary memory or read from an input device such as the keyboard. During execution, the program may display information to an output device such as a monitor.

  
FIGURE 1.1 A simplified view of a computer system

[image: The figure illustrates shows the process of moving a piece of information among the basic hardware components of a computer.]

 In the diagram various components of a computer system are shown interconnected with each other. The components shown in the image are listed as follows: hard disk, USB flash drive, main memory, CPU, Keyboard, and monitor. Starting from the left end, the hard disk and USB flash drive are interconnected with the main memory with two-sided arrows suggesting a two-way exchange of information. The main memory is further interconnected with the CPU with a two-sided arrow suggesting a two-way exchange of information. At the right end of the diagram, a keyboard and a monitor are shown which are connected with CPU with arrows heading from them toward the CPU.



 


KEY CONCEPT


The CPU reads the program instructions from main memory, executing them one at a time until the program ends.


 


The process of executing a program is fundamental to the operation of a computer. All computer systems basically work in the same way.








Software Categories


Software can be classified into many categories using various criteria. At this point, we will simply differentiate between system programs and application programs.


The operating system is the core software of a computer. It performs two important functions. First, it provides a user interface that allows the user to interact with the machine. Second, the operating system manages computer resources such as the CPU and main memory. It determines when programs are allowed to run, where they are loaded into memory, and how hardware devices communicate. It is the operating system’s job to make the computer easy to use and to ensure that it runs efficiently.


 


KEY CONCEPT


The operating system provides a user interface and manages computer resources.


 


Several popular operating systems are in use today. The Windows operating system was developed for personal computers by Microsoft, which has captured the lion’s share of the operating systems market. Various versions of the Unix operating system are also quite popular, especially in larger computer systems. A version of Unix called Linux was developed as an open-source project, which means that many people contributed to its development and its code is freely available. Because of that Linux has become a particular favorite among some users. Mac OS is an operating system used for computing systems developed by Apple Computers.


Operating systems are often specialized for mobile devices such as smartphones and tablets. The iOS operating system from Apple is used on the iPhone, iPad, and iPod. It is similar in functionality and appearance to the desktop Mac OS, but tailored for the smaller devices. The Android operating system developed by Google currently dominates the smartphone market.


An application (often shortened in conversation to “app”) is a generic term for just about any software other than the operating system. Word processors, missile control systems, database managers, Web browsers, and games all can be considered application programs. Each application program has its own user interface that allows the user to interact with that particular program.


The user interface for most modern operating systems and applications is a graphical user interface (GUI, pronounced “gooey”), which, as the name implies, makes use of graphical screen elements. Among many others, these elements include



	
windows, which are used to separate the screen into distinct work areas

	
icons, which are small images that represent computer resources, such as a file


	
menus, checkboxes, and radio buttons, which provide the user with selectable options

	
sliders, which allow the user to select from a range of values

	
buttons, which can be “pushed” with a mouse click to indicate a user selection




A mouse or trackpad is the primary input device used with GUIs; thus, GUIs are sometimes called point-and-click interfaces. The screenshot in Figure 1.2 shows an example of a GUI.

  
FIGURE 1.2 An example of a graphical user interface (GUI)

[image: The figure illustrates an example of the graphical user interface.]

 Example shows the following components:


	Menu bar at the top depicts the title and search component with date and time at the center.

	Below this, there are three buttons indicating “Date & Time”, “Time Zone” and “Clock”. Here, “Clock” is selected as setup.

	Then below it, there is the "Show date and time in menu bar" option which is selected and is shown with a check box.

	The option "Time options" below it has further two options as “Digital”, and “Analog". The digital option is shown as selected, followed by checkboxes defined for “Display the time with seconds”, “Flash the time separators”, “Use a 24-hour clock”, and “Show A M or P M”, with the last checkbox marked as checked.

	Below this, "Date options" are given in the form of checkboxes for “Show the day of the week”, and “Show date”. Here, the first option is selected.

	Below it, another checkbox is selected for “Announce the time”, after which the radio button depicts options such as “On the hour”, after which a field depicts “Customize Voice…”

	A lock icon is shown at the bottom which reads “Click the lock to make changes”.





 


KEY CONCEPT


As far as the user is concerned, the interface is the program.


 


The interface to an application or operating system is an important part of the software because it is the only part of the program with which the user interacts directly. To the user, the interface is the program. Throughout this book, we discuss the design and implementation of graphical user interfaces.


The focus of this book is the development of high-quality application programs. We explore how to design and write software that will perform calculations, make decisions, and present results textually or graphically. We use the Java programming language throughout the text to demonstrate various computing concepts.








Digital Computers


Two fundamental techniques are used to store and manage information: analog and digital. Analog information is continuous, in direct proportion to the source of the information. For example, an alcohol thermometer is an analog device for measuring temperature. The alcohol rises in a tube in direct proportion to the temperature outside the tube. Another example of analog information is an electronic signal used to represent the vibrations of a sound wave. The signal’s voltage varies in direct proportion to the original sound wave. A stereo amplifier sends this kind of electronic signal to its speakers, which vibrate to reproduce the sound. We use the term analog because the signal is directly analogous to the information it represents. Figure 1.3 graphically depicts a sound wave captured by a microphone and represented as an electronic signal.

  
FIGURE 1.3 A sound wave and an electronic analog signal that represents the wave

[image: "The figure illustrates a diagram representation of the sound wave and an electronic analog signal that represents the wave. "]

 A microphone is placed in between the speaker and the corresponding waves obtained by the conversion of the sound wave. The analog signal of the sound wave consists of continuously moving waves with varying amplitudes.



 


KEY CONCEPT


Digital computers store information by breaking it into pieces and representing each piece as a number.


 


Digital technology breaks information into discrete pieces and represents those pieces as numbers. The music on a compact disc is stored digitally, as a series of numbers. Each number represents the voltage level of one specific instance of the recording. Many of these measurements are taken in a short period of time, perhaps 44,000 measurements every second. The number of measurements per second is called the sampling rate. If samples are taken often enough, the discrete voltage measurements can be used to generate a continuous analog signal that is “close enough” to the original. In most cases, the goal is to create a reproduction of the original signal that is good enough to satisfy the human senses.


Figure 1.4 shows the sampling of an analog signal. When analog information is converted to a digital format by breaking it into pieces, we say it has been digitized. Because the changes that occur in a signal between samples are lost, the sampling rate must be sufficiently fast.

  
FIGURE 1.4 Digitizing an analog signal by sampling

[image: The figure illustrates a diagram representation that shows the digitizing of an analog signal by sampling.]

 This diagram shows a waveform of an analog signal moving with varying amplitudes and taking two consecutive crests and troughs. The first peak of the curve indicates that the information can be lost between samples. Arrows from analog signal waves are heading downward representing the sampling process. The sampled values depend on the depth of the curve at various positions of the wave. The sampled values are shown as emanating from different points of analog signals from left to right as follows. 12, 11, 39, 40, 7, 14, 47. 



Sampling is only one way to digitize information. For example, a sentence of text is stored on a computer as a series of numbers, where each number represents a single character in the sentence. Every letter, digit, and punctuation symbol has been assigned a number. Even the space character is assigned a number. Consider the following sentence:


Hi, Heather.


The characters of the sentence are represented as a series of 12 numbers, as shown in Figure 1.5. When a character is repeated, such as the uppercase 'H', the same representation number is used. Note that the uppercase version of a letter is stored as a different number from the lowercase version, such as the 'H' and 'h' in the word Heather. They are considered distinct characters.

  
FIGURE 1.5 Text is stored by mapping each character to a number

[image: The figure illustrates a diagram representation that shows the storage of a text by mapping each character to a number.]

 The text is read as “Hi, Heather full stop” with each of its letters denoted by a certain number. Mapping for each character to a unique number is shown as follows: H to 72, i to 105, Comma to 44, Space to 32, H to 72, e to 101, a to 97, t to 116, h to 104, e to 101, r to 114, full stop to 46. 



Modern electronic computers are digital. Every kind of information, including text, images, numbers, audio, video, and even program instructions, is broken into pieces. Each piece is represented as a number. The information is stored by storing those numbers.








Binary Numbers  


A digital computer stores information as numbers, but those numbers are not stored as decimal values. All information in a computer is stored and managed as binary values. Unlike the decimal system, which has 10 digits (0 through 9), the binary number system has only two digits (0 and 1). A single binary digit is called a bit.


All number systems work according to the same rules. The base value of a number system dictates how many digits we have to work with and indicates the place value of each digit in a number. The decimal number system is base 10, whereas the binary number system is base 2. Appendix A contains a detailed discussion of number systems.


 


KEY CONCEPT


Binary is used to store and move information in a computer because the devices that store and manipulate binary data are inexpensive and reliable.


 


Modern computers use binary numbers because the devices that store and move information are less expensive and more reliable if they have to represent only one of two possible values. Other than this characteristic, there is nothing special about the binary number system. Computers have been created that use other number systems to store and move information, but they aren’t as convenient.


Some computer memory devices, such as hard drives, are magnetic in nature. Magnetic material can be polarized easily to one extreme or the other, but intermediate levels are difficult to distinguish. Therefore, magnetic devices can be used to represent binary values quite effectively—a magnetized area represents a binary 1 and a demagnetized area represents a binary 0. Other computer memory devices are made up of tiny electrical circuits. These devices are easier to create and are less likely to fail if they have to switch between only two states. We’re better off reproducing millions of these simple devices than creating fewer, more complicated ones.


Binary values and digital electronic signals go hand in hand. They improve our ability to transmit information reliably along a wire. As we’ve seen, an analog signal has continuously varying voltage with infinitely many states, but a digital signal is discrete, which means the voltage changes dramatically between one extreme (such as +5 volts) and the other (such as –5 volts). At any point, the voltage of a digital signal is considered to be either “high,” which represents a binary 1, or “low,” which represents a binary 0. Figure 1.6 compares these two types of signals.

  
FIGURE 1.6 An analog signal vs. a digital signal

[image: The figure illustrates waveforms for an analog signal and a digital signal.]

 Analog signal is depicted in the form of waves, whereas, the digital signal is depicted in the form of rectangles and squares. The analog signal of the sound wave consists of continuously moving waves with varying amplitudes while the digital signal consists of continuously moving waves of equal amplitudes but varying wavelengths.



As a signal moves down a wire, it gets weaker and degrades due to environmental conditions. That is, the voltage levels of the original signal change slightly. The trouble with an analog signal is that as it fluctuates, it loses its original information. Since the information is directly analogous to the signal, any change in the signal changes the information. The changes in an analog signal cannot be recovered because the degraded signal is just as valid as the original. A digital signal degrades just as an analog signal does, but because the digital signal is originally at one of two extremes, it can be reinforced before any information is lost. The voltage may change slightly from its original value, but it still can be interpreted correctly as either high or low.


The number of bits we use in any given situation determines the number of unique items we can represent. A single bit has two possible values, 0 and 1, and therefore can represent two possible items or situations. If we want to represent the state of a light bulb (off or on), one bit will suffice, because we can interpret 0 as the light bulb being off and 1 as the light bulb being on. If we want to represent more than two things, we need more than one bit.


Two bits, taken together, can represent four possible items because there are exactly four permutations of two bits: 00, 01, 10, and 11. Suppose we want to represent the gear that a car is in (park, drive, reverse, or neutral). We would need only two bits, and could set up a mapping between the bit permutations and the gears. For instance, we could say that 00 represents park, 01 represents drive, 10 represents reverse, and 11 represents neutral. In this case, it wouldn’t matter if we switched that mapping around, though in some cases the relationships between the bit permutations and what they represent are important.


Three bits can represent eight unique items, because there are eight permutations of three bits. Similarly, four bits can represent 16 items, five bits can represent 32 items, and so on. Figure 1.7 shows the relationship between the number of bits used and the number of items they can represent. In general, N bits can represent 2N unique items. For every bit added, the number of items that can be represented doubles.


 
FIGURE 1.7 The number of bits used determines the number of items that can be represented



	1 bit
2 items

	
2 bits
4 items

	
3 bits
8 items

	
4 bits
16 items

	
5 bits
32 items





	0
	00
	000
	0000
	00000
	10000



	1
	01
	001
	0001
	00001
	10001



	

	10
	010
	0010
	00010
	10010



	

	11
	011
	0011
	00011
	10011



	

	

	100
	0100
	00100
	10100



	

	

	101
	0101
	00101
	10100



	

	

	110
	0110
	00110
	10110



	

	

	111
	0111
	00111
	10111



	

	

	

	1000
	01000
	11000



	

	

	

	1001
	01001
	11001



	

	

	

	1010
	01010
	11010



	

	

	

	1011
	01011
	11011



	

	

	

	1100
	01100
	11100



	

	

	

	1101
	01101
	11101



	

	

	

	1110
	01110
	11110



	

	

	

	1111
	01111
	11111









 


KEY CONCEPT


There are exactly 2N permutations of N bits. Therefore, N bits can represent up to 2N unique items.


 


We’ve seen how a sentence of text is stored on a computer by mapping characters to numeric values. Those numeric values are stored as binary numbers. Suppose we want to represent character strings in a language that contains 256 characters and symbols. We would need to use eight bits to store each character because there are 256 unique permutations of eight bits (28 equals 256). Each bit permutation, or binary value, is mapped to a specific character.


How many bits would be needed to represent 195 countries of the world? Seven wouldn’t be enough, because 27 equals 128. Eight bits would be enough, but some of the 256 permutations would not be mapped to a country.


Ultimately, representing information on a computer boils down to the number of items there are to represent and determining the way those items are mapped to binary values.








1.1: Self-Review Questions


(see answers in Appendix K)


SR 1.1


What is hardware? What is software?


SR 1.2


What are the two primary functions of an operating system?


SR 1.3


The music on a CD is created using a sampling rate of 44,000 measurements per second. Each measurement is stored as a number that represents a specific voltage level. How many such numbers are used to store a three-minute long song? How many such numbers does it take to represent one hour of music?


SR 1.4


What happens to information when it is stored digitally?


SR 1.5


How many unique items can be represented with the following?

        
	2 bits

	4 bits

	5 bits

	7 bits




SR 1.6


Suppose you want to represent each of the 50 states of the United States using a unique permutation of bits. How many bits would be needed to store each state representation? Why?








1.2: Hardware Components


Let’s examine the hardware components of a computer system in more detail. Consider the desktop computer described in Figure 1.8. What does it all mean? Is the system capable of running the software you want it to? How does it compare with other systems? These terms are explained throughout this section.

  
FIGURE 1.8 The hardware specification of a particular computer

[image: The figure illustrates alist showing the hardware specification of a particular computer.]

 Intel Dual-Core i7 processor

4 GB memory

750 GB hard drive

15.6" High Definition display with 1366 × 768 resolution

802.11 wireless card









Computer Architecture


The architecture of a house defines its structure. Similarly, we use the term computer architecture to describe how the hardware components of a computer are put together. Figure 1.9 illustrates the basic architecture of a generic computer system. Information travels between components across a group of wires called a bus.

  
FIGURE 1.9 Basic computer architecture

[image: The figure illustrates a flowchart that shows the basic computer architecture.]

 Central processing unit and main memory are depicted at the top level, connected to each other, and bifurcating to other components via bus. Components at the lower level are disk controller, video controller, controller, and controller. Disk controller has further two components given as hard disk and USB. Video controller has the monitor as its component. There are two peripheral devices linked to the first controller, and one peripheral device linked to the second controller.



 


KEY CONCEPT


The core of a computer is made up of main memory, which stores programs and data, and the CPU, which executes program instructions one at a time.


 


The CPU and the main memory make up the core of a computer. As we mentioned earlier, main memory stores programs and data that are in active use, and the CPU methodically executes program instructions one at a time. The CPU in the computer described in ­Figure 1.8 is manufactured by the Intel Corporation, which supplies processors for many computer systems.


Suppose we have a program that computes the average of a list of numbers. The program and the numbers must reside in main memory while the program runs. The CPU reads one program instruction from main memory and executes it. If an instruction needs data, such as a number in the list, to perform its task, the CPU reads that information as well. This process repeats until the program ends. The average, when computed, is stored in main memory to await further processing or long-term storage in secondary memory.


Almost all devices in a computer system other than the CPU and main memory are called peripherals; they operate at the periphery, or outer edges, of the system (although they may be in the same box). Users don’t interact directly with the CPU or main memory. Although they form the essence of the machine, the CPU and main memory would not be useful without peripheral devices.


Controllers are devices that coordinate the activities of specific peripherals. Every device has its own particular way of formatting and communicating data, and part of the controller’s role is to handle these idiosyncrasies and isolate them from the rest of the computer hardware. Furthermore, the controller often handles much of the actual transmission of information, allowing the CPU to focus on other activities.


Input/output (I/O) devices and secondary memory devices are considered peripherals. Another category of peripherals consists of data transfer devices, which allow information to be sent and received between computers. The computer specified in Figure 1.8 includes a network card that uses the 802.11 standard for wireless radio communication (or WiFi) to a computer network.


In some ways, secondary memory devices and data transfer devices can be thought of as I/O devices because they represent a source of information (input) and a place to send information (output). For our discussion, however, we define I/O devices as those devices that allow the user to interact with the computer.








Input/Output Devices


Let’s examine some I/O devices in more detail. The most common input devices are the keyboard and the mouse or trackpad. Others include



	
bar code readers, such as the one used at a retail store checkout

	
microphones, used by voice recognition systems that interpret voice commands

	
virtual reality devices, such as handheld devices that interpret the movement of the user’s hand

	
scanners, which convert text, photographs, and graphics into machine-readable form

	
cameras, which capture still pictures and video, and can also be used to process special input such as QR codes




Monitors and printers are the most common output devices. Others include



	
plotters, which move pens across large sheets of paper (or vice versa)

	
speakers, for audio output

	
goggles, for virtual reality display




Some devices can provide both input and output capabilities. A touch screen system can detect the user touching the screen at a particular place. Software can then use the screen to display text and graphics in response to the user’s touch. Touch screens have become commonplace for handheld devices.


The computer described in Figure 1.8 includes a monitor with a 15.6-inch display area (measured diagonally). A picture is represented in a computer by breaking it up into separate picture elements, or pixels. This monitor can display a grid of 1366 by 768 pixels.








Main Memory and Secondary Memory


Main memory is made up of a series of small, consecutive memory locations, as shown in Figure 1.10. Associated with each memory location is a unique number called an address.

  
FIGURE 1.10 Memory locations

[image: The figure illustrates a hash table consisting of several nodes where the middle three nodes are highlighted.]

 The hash table is shown by a vertical strip consisting of several nodes. The nodes have given the addresses from top to bottom that range from 4802 to 4812 in increments of 1 unit. Note: An arrow heading toward the nodes is marked with the statement, data values are stored in memory locations. The highlighted nodes are marked with the statement, large values are stored in consecutive memory locations.



 


KEY CONCEPT


An address is a unique number associated with a memory location.


 


When data is stored in a memory location, it overwrites and destroys any information that was previously stored at that location. However, the process of reading data from a memory location does not affect it.


On many computers, each memory location consists of eight bits, or one byte, of information. If we need to store a value that cannot be represented in a single byte, such as a large number, then multiple, consecutive bytes are used to store the data.


The storage capacity of a device such as main memory is the total number of bytes it can hold. Devices can store thousands or millions of bytes, so you should become familiar with larger units of measure. Because computer memory is based on the binary number system, all units of storage are powers of two. A kilobyte (KB) is 1024, or 210, bytes. Some larger units of storage are a megabyte (MB), a gigabyte (GB), a terabyte (TB), and a petabyte (PB) as listed in Figure 1.11. It’s usually easier to think about these capacities by rounding them off. For example, most computer users think of a kilobyte as approximately one thousand bytes, a megabyte as approximately one million bytes, and so forth.


 
FIGURE 1.11 Units of binary storage



	Unit
	Symbol
	Number of Bytes



	byte
	

	20  = 1



	kilobyte
	KB
	210 = 1024



	megabyte
	MB
	220 = 1,048,576



	gigabyte
	GB
	230 = 1,073,741,824



	terabyte
	TB
	240 = 1,099,511,627,776



	petabyte
	PB
	250 = 1,125,899,906,842,624









 


KEY CONCEPT


Main memory is volatile, meaning the stored information is maintained only as long as electric power is supplied.


 


Many personal computers have 4 GB of main memory, such as the system described in Figure 1.8. A large main memory allows large programs or multiple programs to run efficiently, because they don’t have to retrieve information from secondary memory as often.


Main memory is usually volatile, meaning that the information stored in it will be lost if its electric power supply is turned off. When you are working on a computer, you should often save your work onto a secondary memory device such as a USB flash drive in case the power goes out. Secondary memory devices are usually nonvolatile; the information is retained even if the power supply is turned off.


The cache is used by the CPU to reduce the average access time to instructions and data. The cache is a small, fast memory that stores the contents of the most frequently used main memory locations. Contemporary CPUs include an instruction cache to speed up the fetching of executable instructions and a data cache to speed up the fetching and storing of data.


The most common secondary storage devices are hard disks and USB flash drives. A typical USB flash drive stores between 1 and 256 GB of information. The storage capacities of hard drives vary, but on personal computers, capacities typically range between 500 and 750 GB, such as in the system described in Figure 1.8. Some hard disks can store much more.


A USB flash drive consists of a small printed circuit board carrying the circuit elements and a USB connector, insulated electrically and protected inside a plastic, metal, or rubberized case, which can be carried in a pocket or on a key chain, for example.


A disk is a magnetic medium on which bits are represented as magnetized ­particles. A read/write head passes over the spinning disk, reading or writing information as appropriate. A hard disk drive might actually contain several disks in a vertical column with several read/write heads, such as the one shown in Figure 1.12.

  
FIGURE 1.12 A hard disk drive with multiple disks and read/write heads

[image: The figure illustrates a diagram showing the column of the hard disk drive with multiple disks with the read or the write heads inserted at different levels.]

 Multiple disks are stacked up in a rotating pipe. Read or write head on the right side has separate pins for each disk attached to a holder. Pins are placed to ensure reading or writing on disks.



Before disk drives were common, magnetic tapes were used as secondary storage. Tapes are considerably slower than hard disk and USB flash drives because of the way information is accessed. A hard disk is a direct access device since the read/write head can move, in general, directly to the information needed. A USB flash drive is also a direct access device, but nothing moves mechanically. The terms direct access and random access are often used interchangeably. However, information on a tape can be accessed only after first getting past the intervening data. A tape must be rewound or fast-forwarded to get to the appropriate position. A tape is therefore considered a sequential access device. For these reasons, tapes are no longer used as a computing storage device, just as audio cassettes were supplanted by compact discs.


Two other terms are used to describe memory devices: random access memory (RAM) and read-only memory (ROM). It’s important to understand these terms because they are used often and their names can be misleading. The terms RAM and main memory are basically interchangeable, describing the memory where active programs and data are stored. ROM can refer to chips on the computer motherboard or to portable storage such as a compact disc. ROM chips typically store software called BIOS (basic input/output system) that provide the preliminary instructions needed when the computer is turned on initially. After information is stored on ROM, generally it is not altered (as the term read-only implies) during typical computer use. Both RAM and ROM are direct (or random) access devices.


 


KEY CONCEPT


The surface of a CD has both smooth areas and small pits. A pit represents a binary 1 and a smooth area represents a binary 0.


 


A CD-ROM is a portable secondary memory device. CD stands for compact disc. It is called ROM because information is stored permanently when the CD is created and cannot be changed. Like its musical CD counterpart, a CD-ROM stores information in binary format. When the CD is initially created, a microscopic pit is pressed into the disc to represent a binary 1, and the disc is left smooth to represent a binary 0. The bits are read by shining a low-intensity laser beam onto the spinning disc. The laser beam reflects strongly from a smooth area on the disc but weakly from a pitted area. A sensor receiving the reflection determines whether each bit is a 1 or a 0 accordingly. A typical CD-ROM’s storage capacity ranges between 650 and 900 MB.


Variations on basic CD technology emerged quickly. A CD-Recordable (CD-R) disk can be used to create a CD for music or for general computer storage. Once created, you can use a CD-R disc in a standard CD player, but you can’t change the information on a CD-R disc once it has been “burned.” Music CDs that you buy are pressed from a mold, whereas CD-Rs are burned with a laser.


CDs were initially a popular format for music; they later evolved to be used as a general computer storage device. Similarly, the DVD format was originally created for video and is now making headway as a general format for computer data. DVD once stood for digital video disc or digital versatile disc, but now the acronym generally stands on its own. A DVD has a tighter format (more bits per square inch) than a CD and can therefore store more information.


The use of CDs and DVDs as secondary storage devices for computers has declined greatly as advances in networks and external “cloud” storage provided better options.


The capacity of storage devices changes continually as technology improves. A general rule in the computer industry suggests that storage capacity approximately doubles every 18 months. However, this progress eventually will slow down as capacities approach absolute physical limits.








The Central Processing Unit


The CPU interacts with main memory to perform all fundamental processing in a computer. The CPU interprets and executes instructions, one after another, in a continuous cycle. It is made up of three important components, as shown in Figure 1.13. The control unit coordinates the processing steps, the registers provide a small amount of storage space in the CPU itself, and the arithmetic/logic unit performs calculations and makes decisions. The registers are the smallest, fastest cache in the system.

  
FIGURE 1.13 CPU components and main memory

[image: The figure illustrates a diagram showing the main memory and components of CPU.]

 Two blocks are representing the main memory and the CPU. The block CPU is further divided into three small blocks. In the CPU, at the top sub-block is “Arithmetic or logic unit”, interconnected to “Control unit” in the middle, which in turn is interconnected to “Registers” at the bottom sub-block. Main memory is interconnected to Control Unit via “Bus.”



The control unit coordinates the transfer of data and instructions between main memory and the registers in the CPU. It also coordinates the execution of the circuitry in the arithmetic/logic unit to perform operations on data stored in particular registers.


In most CPUs, some registers are reserved for special purposes. For example, the instruction register holds the current instruction being executed. The program counter is a register that holds the address of the next instruction to be executed. In addition to these and other special-purpose registers, the CPU also contains a set of general-purpose registers that are used for temporary storage of values as needed.


The concept of storing both program instructions and data together in main memory is the underlying principle of the von Neumann architecture of computer design, named after John von Neumann, a Hungarian-American mathematician who first advanced this programming concept in 1945. These computers continually follow the fetch–decode–execute cycle depicted in Figure 1.14. An instruction is fetched from main memory at the address stored in the program counter and is put into the instruction register. The program counter is incremented at this point to prepare for the next cycle. Then, the instruction is decoded electronically to determine which operation to carry out. Finally, the control unit activates the correct circuitry to carry out the instruction, which may load a data value into a register or add two values together, for example.

  
FIGURE 1.14 The continuous fetch–decode–execute cycle

[image: The figure illustrates a diagram showing the continuous fetch-decode-execute cycle. ]

 The three components of the cycle are shown by three blocks. The block for fetch labeled as "Fetch an instruction from main memory" points to the block for decode, labeled as “Decode the instruction and increment program counter”, which then points to the block for execute, labeled as “Execute the instruction.” The block for Execute further points to the block for fetch, and the flow continues.



 


KEY CONCEPT


The fetch-decode-execute cycle forms the foundation of computer processing.


 


The CPU is constructed on a chip called a microprocessor, a device that is part of the main circuit board of the computer. This board also contains ROM chips and communication sockets to which device controllers, such as the controller that manages the video display, can be connected.


Another crucial component of the main circuit board is the system clock. The clock generates an electronic pulse at regular intervals, which synchronizes the events of the CPU. The rate at which the pulses occur is called the clock speed, and it varies depending on the processor. The computer described in Figure 1.8 includes an Intel Dual Core i7 processor that runs at a clock speed of 3.1 GHz, or approximately 3.1 billion pulses per second. The speed of the system clock provides a rough measure of how fast the CPU executes instructions.


A processor described as duel-core actually has two processors built onto one chip, and can do two things at once if the program it is executing is designed for that. However, it is difficult to write programs that can take advantage of that second processor. This will become increasingly more important for software developers, because the future of processor design is likely to be more cores, not single cores that run at faster speeds.








1.2: Self-Review Questions


(see answers in Appendix K)


SR 1.7


How many bytes are there in each of the following?

        
	3 KB

	2 MB

	4 GB




SR 1.8


How many bits are there in each of the following?

        
	8 bytes

	2 KB

	4 MB




SR 1.9


The music on a CD is created using a sampling rate of 44,000 measurements per second. Each measurement is stored as a number that represents a specific voltage level. Suppose each of these numbers requires two bytes of storage space. How many MB does it take to represent one hour of music?


SR 1.10


What are the two primary hardware components in a computer? How do they interact?


SR 1.11


What is a memory address?


SR 1.12


What does volatile mean? Which memory devices are volatile and which are nonvolatile?


SR 1.13


Select the word from the following list that best matches each of the following phrases:


controller, CPU, main, network card, peripheral, RAM, register, ROM, secondary

        
	Almost all devices in a computer system, other than the CPU and the main memory, are categorized as this.

	A device that coordinates the activities of a peripheral device.

	Allows information to be sent and received.

	This type of memory is usually volatile.

	This type of memory is usually nonvolatile.

	This term basically is interchangeable with the term “main memory.”

	Where the fundamental processing of a computer takes place.










1.3: Networks


A network consists of two or more computers connected together so they can exchange information. Using networks has become the normal mode of commercial computer operation. New technologies are emerging every day to capitalize on the connected environments of modern computer systems.


 


KEY CONCEPT


A network consists of two or more computers connected together so that they can exchange information.


 


Figure 1.15 shows a simple computer network. One of the devices on the network is a printer, which allows any computer connected to the network to print a document on that printer. One of the computers on the network is designated as a file server, which is dedicated to storing programs and data that are needed by many network users. A file server usually has a large amount of secondary memory. When a network has a file server, each individual computer doesn’t need its own copy of a program.

  
FIGURE 1.15 A simple computer network

[image: The figure illustrates a diagram representation of a network that shows a simple computer network with four sets of monitors and CPU, a file server, and a shared printer all connected together.]










Network Connections


If two computers are directly connected, they can communicate in basically the same way that information moves across wires inside a single machine. When connecting two geographically close computers, this solution works well and is called a point-to-point connection. However, consider the task of connecting many computers together across large distances. If point-to-point connections are used, every computer is directly connected by a wire to every other computer in the network. A separate wire for each connection is not a workable solution because every time a new computer is added to the network, a new communication line will have to be installed for each computer already in the network. Furthermore, a single computer can handle only a small number of direct connections.


Figure 1.16 shows multiple point-to-point connections. Consider the ­number of communication lines that would be needed if two or three additional ­computers were added to the network. These days, local networks, such as those within a single building, often use wireless connections, minimizing the need for running wires.

  
FIGURE 1.16 Point-to-point connections

[image: The figure illustrates a diagram representation depicting multiple point-to-point connections of computers that is forming a star-like figure placed inside a hexagon with five points marked at its vertices.]




Compare the diagrams in Figures 1.15 and 1.16. All of the computers shown in Figure 1.15 share a single communication line. Each computer on the network has its own network address, which uniquely identifies it. These addresses are similar in concept to the addresses in main memory except that they identify individual computers on a network instead of individual memory locations inside a single computer. A message is sent across the line from one computer to another by specifying the network address of the computer for which it is intended.


Sharing a communication line is cost effective and makes adding new computers to the network relatively easy. However, a shared line introduces delays. The computers on the network cannot use the communication line at the same time. They have to take turns sending information, which means they have to wait when the line is busy.


 


KEY CONCEPT


Sharing a communication line creates delays, but it is cost effective and ­simplifies adding new computers to the network.


 


One technique to improve network delays is to divide large messages into segments, called packets, and then send the individual packets across the network intermixed with pieces of other messages sent by other users. The packets are collected at the destination and reassembled into the original message. This situation is similar to a group of people using a conveyor belt to move a set of boxes from one place to another. If only one person were allowed to use the conveyor belt at a time, and that person had a large number of boxes to move, the others would be waiting a long time before they could use it. By taking turns, each person can put one box on at a time, and they all can get their work done. It’s not as fast as having a conveyor belt of your own, but it’s not as slow as having to wait until everyone else is finished.








Local-Area Networks and Wide-Area Networks


A local-area network (LAN) is designed to span short distances and connect a relatively small number of computers. Usually, a LAN connects the machines in only one building or in a single room. LANs are convenient to install and manage and are highly reliable. As computers became increasingly small and versatile, LANs provided an inexpensive way to share information throughout an organization. However, having a LAN is like having a telephone system that allows you to call only the people in your own town. We need to be able to share information across longer distances.


 


KEY CONCEPT


A local-area network (LAN) is an effective way to share information and resources throughout an organization.


 


A wide-area network (WAN) connects two or more LANs, often across long distances. Usually one computer on each LAN is dedicated to handling the communication across a WAN. This technique relieves the other computers in a LAN from having to perform the details of long-distance communication. Figure 1.17 shows several LANs connected into a WAN. The LANs connected by a WAN are often owned by different companies or organizations and might even be located in different countries.

  
FIGURE 1.17 LANs connected into a WAN

[image: The figure illustrates a diagram representation that shows three LAN networks. ]

 Two of the three LANs have seven point-to-point connections and the rest one has eight point-to-point connections. One point in each of the two LAN networks consisting of seven point-to-point connections is connected with a point in the LAN consisting of eight point-to-point connections by long-distance connections. Note: Each point in a LAN represents a computer.









The Internet


Throughout the 1970s, an agency in the Department of Defense known as the Advanced Research Projects Agency (ARPA) funded several projects to explore network technology. One result of these efforts was the ARPANET, a wide-area network that eventually became known as the Internet. The Internet is a network of networks. The term Internet comes from the WAN concept of internetworking—connecting many smaller networks together.


 


KEY CONCEPT


The Internet is a wide-area network (WAN) that spans the globe.


 


In 1983, there were fewer than 600 computers connected to the Internet. At the present time, the Internet serves billions of users worldwide. As more and more computers connected to the Internet, the task of keeping up with the larger number of users and heavier traffic became difficult. New technologies have replaced the ARPANET several times since the initial development, each time providing more capacity and faster processing.


A protocol is a set of rules that governs how two things communicate. The software that controls the movement of messages across the Internet must conform to a set of protocols called TCP/IP (pronounced by spelling out the letters, T-C-P-I-P). TCP stands for Transmission Control Protocol, and IP stands for Internet Protocol. The IP software defines how information is formatted and transferred from the source to the destination. The TCP software handles problems such as pieces of information arriving out of their original order or information getting lost, which can happen if too much information converges at one location at the same time.


Every computer connected to the Internet has an IP address that uniquely identifies it among all other computers on the Internet. An example of an IP address is 204.192.116.2. Fortunately, the users of the Internet rarely have to deal with IP addresses. The Internet allows each computer to be given a name. Like IP addresses, the names must be unique. The Internet name of a computer is often referred to as its Internet address. An example of Internet address is hector.vt.edu.


 


KEY CONCEPT


Every computer connected to the Internet has an IP address that uniquely identifies it.


 


The first part of an Internet address is the local name of a specific computer. The rest of the address is the domain name, which indicates the organization to which the computer belongs. For example, vt.edu is the domain name for the network of computers at U.S. university Virginia Tech, and hector is the name of a particular computer on that campus. Because the domain names are unique, many organizations can have a computer named hector without confusion. Individual departments might be assigned subdomains that are added to the basic domain name to uniquely distinguish their set of computers within the larger organization. For example, the cs.vt.edu subdomain is devoted to the Department of Computer Science at Virginia Tech.


The last part of each domain name, called a top-level domain (TLD), usually indicates the type of organization to which the computer belongs. The TLD edu indicates an educational institution. The TLD com usually refers to a commercial business. Another common TLD is org, used by nonprofit organizations. Other top-level domains include biz, info, jobs, and name. Many computers, especially those outside of the United States, use a country-code top-level domain that denotes the country of origin, such as uk for the United Kingdom or au for Australia.


When an Internet address is referenced, it gets translated to its corresponding IP address, which is used from that point on. The software that does this translation is called the Domain Name System (DNS). Each organization connected to the Internet operates a domain server that maintains a list of all computers at that organization and their IP addresses. You provide the name, and the domain server gives back a number. If the local domain server does not have the IP address for the name, it contacts another domain server that does.


Initially, the primary use of interconnected computers was to send electronic mail, but Internet capabilities grew quickly. One of the most significant uses of the Internet today is the World Wide Web.







The World Wide Web


The Internet gives us the capability to exchange information. The World Wide Web (also known as WWW or simply the Web) makes the exchange of information easy for humans. Web software provides a common user interface through which many different types of information can be accessed with the click of a mouse.


 


KEY CONCEPT


The World Wide Web is software that makes sharing information across a ­network easy for humans.


 


The Web is based on the concepts of hypertext and hypermedia. The term hypertext was coined in 1965 by Ted Nelson. It describes a way to organize information so that the flow of ideas was not constrained to a linear progression. Paul Otlet (1868–1944), considered by some to be the father of information science, envisioned that concept as a way to manage large amounts of information. The underlying idea is that documents can be linked at various points according to natural relationships so that the reader can jump from one document to another, following the appropriate path for that reader’s needs. When other media components are incorporated, such as graphics, sound, animations, and video, the resulting organization is called hypermedia.
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OEBPS/js/highlightjs-line-numbers.js
// jshint multistr:true

(function (w, d) {
    'use strict';

    var TABLE_NAME = 'hljs-ln',
        LINE_NAME = 'hljs-ln-line',
        CODE_BLOCK_NAME = 'hljs-ln-code',
        NUMBERS_BLOCK_NAME = 'hljs-ln-numbers',
        NUMBER_LINE_NAME = 'hljs-ln-n',
        DATA_ATTR_NAME = 'data-line-number',
        BREAK_LINE_REGEXP = /\r\n|\r|\n/g;

    if (w.hljs) {
        w.hljs.initLineNumbersOnLoad = initLineNumbersOnLoad;
        w.hljs.lineNumbersBlock = lineNumbersBlock;
        w.hljs.lineNumbersValue = lineNumbersValue;

        addStyles();
    } else {
        w.console.error('highlight.js not detected!');
    }

    function isHljsLnCodeDescendant(domElt) {
        var curElt = domElt;
        while (curElt) {
            if (curElt.className && curElt.className.indexOf('hljs-ln-code') !== -1) {
                return true;
            }
            curElt = curElt.parentNode;
        }
        return false;
    }

    function getHljsLnTable(hljsLnDomElt) {
        var curElt = hljsLnDomElt;
        while (curElt.nodeName !== 'TABLE') {
            curElt = curElt.parentNode;
        }
        return curElt;
    }

    // Function to workaround a copy issue with Microsoft Edge.
    // Due to hljs-ln wrapping the lines of code inside a <table> element,
    // itself wrapped inside a <pre> element, window.getSelection().toString()
    // does not contain any line breaks. So we need to get them back using the
    // rendered code in the DOM as reference.
    function edgeGetSelectedCodeLines(selection) {
        // current selected text without line breaks
        var selectionText = selection.toString();

        // get the <td> element wrapping the first line of selected code
        var tdAnchor = selection.anchorNode;
        while (tdAnchor.nodeName !== 'TD') {
            tdAnchor = tdAnchor.parentNode;
        }

        // get the <td> element wrapping the last line of selected code
        var tdFocus = selection.focusNode;
        while (tdFocus.nodeName !== 'TD') {
            tdFocus = tdFocus.parentNode;
        }

        // extract line numbers
        var firstLineNumber = parseInt(tdAnchor.dataset.lineNumber);
        var lastLineNumber = parseInt(tdFocus.dataset.lineNumber);

        // multi-lines copied case
        if (firstLineNumber != lastLineNumber) {

            var firstLineText = tdAnchor.textContent;
            var lastLineText = tdFocus.textContent;

            // if the selection was made backward, swap values
            if (firstLineNumber > lastLineNumber) {
                var tmp = firstLineNumber;
                firstLineNumber = lastLineNumber;
                lastLineNumber = tmp;
                tmp = firstLineText;
                firstLineText = lastLineText;
                lastLineText = tmp;
            }

            // discard not copied characters in first line
            while (selectionText.indexOf(firstLineText) !== 0) {
                firstLineText = firstLineText.slice(1);
            }

            // discard not copied characters in last line
            while (selectionText.lastIndexOf(lastLineText) === -1) {
                lastLineText = lastLineText.slice(0, -1);
            }

            // reconstruct and return the real copied text
            var selectedText = firstLineText;
            var hljsLnTable = getHljsLnTable(tdAnchor);
            for (var i = firstLineNumber + 1 ; i < lastLineNumber ; ++i) {
                var codeLineSel = format('.{0}[{1}="{2}"]', [CODE_BLOCK_NAME, DATA_ATTR_NAME, i]);
                var codeLineElt = hljsLnTable.querySelector(codeLineSel);
                selectedText += '\n' + codeLineElt.textContent;
            }
            selectedText += '\n' + lastLineText;
            return selectedText;
        // single copied line case
        } else {
            return selectionText;
        }
    }

    // ensure consistent code copy/paste behavior across all browsers
    // (see https://github.com/wcoder/highlightjs-line-numbers.js/issues/51)
    document.addEventListener('copy', function(e) {
        // get current selection
        var selection = window.getSelection();
        // override behavior when one wants to copy line of codes
        if (isHljsLnCodeDescendant(selection.anchorNode)) {
            var selectionText;
            // workaround an issue with Microsoft Edge as copied line breaks
            // are removed otherwise from the selection string
            if (window.navigator.userAgent.indexOf('Edge') !== -1) {
                selectionText = edgeGetSelectedCodeLines(selection);
            } else {
                // other browsers can directly use the selection string
                selectionText = selection.toString();
            }
            e.clipboardData.setData('text/plain', selectionText);
            e.preventDefault();
        }
    });

    function addStyles () {
        var css = d.createElement('style');
        css.type = 'text/css';
        css.innerHTML = format(
            '.{0}{border-collapse:collapse}' +
            '.{0} td{padding:0}' +
            '.{1}:before{content:attr({2})}',
        [
            TABLE_NAME,
            NUMBER_LINE_NAME,
            DATA_ATTR_NAME
        ]);
        d.getElementsByTagName('head')[0].appendChild(css);
    }

    function initLineNumbersOnLoad (options) {
        if (d.readyState === 'interactive' || d.readyState === 'complete') {
            documentReady(options);
        } else {
            w.addEventListener('DOMContentLoaded', function () {
                documentReady(options);
            });
        }
    }

    function documentReady (options) {
        try {
            var blocks = d.querySelectorAll('code.hljs,code.nohighlight');

            for (var i in blocks) {
                if (blocks.hasOwnProperty(i)) {
                    if (!isPluginDisabledForBlock(blocks[i])) {
                        lineNumbersBlock(blocks[i], options);
                    }
                }
            }
        } catch (e) {
            w.console.error('LineNumbers error: ', e);
        }
    }

    function isPluginDisabledForBlock(element) {
        return element.classList.contains('nohljsln');
    }

    function lineNumbersBlock (element, options) {
        if (typeof element !== 'object') return;

        async(function () {
            element.innerHTML = lineNumbersInternal(element, options);
        });
    }

    function lineNumbersValue (value, options) {
        if (typeof value !== 'string') return;

        var element = document.createElement('code')
        element.innerHTML = value

        return lineNumbersInternal(element, options);
    }

    function lineNumbersInternal (element, options) {

        var internalOptions = mapOptions(element, options);

        duplicateMultilineNodes(element);

        return addLineNumbersBlockFor(element.innerHTML, internalOptions);
    }

    function addLineNumbersBlockFor (inputHtml, options) {
        var lines = getLines(inputHtml);

        // if last line contains only carriage return remove it
        if (lines[lines.length-1].trim() === '') {
            lines.pop();
        }

        if (lines.length > 1 || options.singleLine) {
            var html = '';

            for (var i = 0, l = lines.length; i < l; i++) {
                html += format(
                    '<tr>' +
                        '<td class="{0} {1}" {3}="{5}">' +
                            '<div class="{2}" {3}="{5}"></div>' +
                        '</td>' +
                        '<td class="{0} {4}" {3}="{5}">' +
                            '{6}' +
                        '</td>' +
                    '</tr>',
                [
                    LINE_NAME,
                    NUMBERS_BLOCK_NAME,
                    NUMBER_LINE_NAME,
                    DATA_ATTR_NAME,
                    CODE_BLOCK_NAME,
                    i + options.startFrom,
                    lines[i].length > 0 ? lines[i] : ' '
                ]);
            }

            return format('<table class="{0}">{1}</table>', [ TABLE_NAME, html ]);
        }

        return inputHtml;
    }

    /**
     * @param {HTMLElement} element Code block.
     * @param {Object} options External API options.
     * @returns {Object} Internal API options.
     */
    function mapOptions (element, options) {
        options = options || {};
        return {
            singleLine: getSingleLineOption(options),
            startFrom: getStartFromOption(element, options)
        };
    }

    function getSingleLineOption (options) {
        var defaultValue = false;
        if (!!options.singleLine) {
            return options.singleLine;
        }
        return defaultValue;
    }

    function getStartFromOption (element, options) {
        var defaultValue = 1;
        var startFrom = defaultValue;

        if (isFinite(options.startFrom)) {
            startFrom = options.startFrom;
        }

        // can be overridden because local option is priority
        var value = getAttribute(element, 'data-ln-start-from');
        if (value !== null) {
            startFrom = toNumber(value, defaultValue);
        }

        return startFrom;
    }

    /**
     * Recursive method for fix multi-line elements implementation in highlight.js
     * Doing deep passage on child nodes.
     * @param {HTMLElement} element
     */
    function duplicateMultilineNodes (element) {
        var nodes = element.childNodes;
        for (var node in nodes) {
            if (nodes.hasOwnProperty(node)) {
                var child = nodes[node];
                if (getLinesCount(child.textContent) > 0) {
                    if (child.childNodes.length > 0) {
                        duplicateMultilineNodes(child);
                    } else {
                        duplicateMultilineNode(child.parentNode);
                    }
                }
            }
        }
    }

    /**
     * Method for fix multi-line elements implementation in highlight.js
     * @param {HTMLElement} element
     */
    function duplicateMultilineNode (element) {
        var className = element.className;

        if ( ! /hljs-/.test(className)) return;

        var lines = getLines(element.innerHTML);

        for (var i = 0, result = ''; i < lines.length; i++) {
            var lineText = lines[i].length > 0 ? lines[i] : ' ';
            result += format('<span class="{0}">{1}</span>\n', [ className,  lineText ]);
        }

        element.innerHTML = result.trim();
    }

    function getLines (text) {
        if (text.length === 0) return [];
        return text.split(BREAK_LINE_REGEXP);
    }

    function getLinesCount (text) {
        return (text.trim().match(BREAK_LINE_REGEXP) || []).length;
    }

    ///
    /// HELPERS
    ///

    function async (func) {
        w.setTimeout(func, 0);
    }

    /**
     * {@link https://wcoder.github.io/notes/string-format-for-string-formating-in-javascript}
     * @param {string} format
     * @param {array} args
     */
    function format (format, args) {
        return format.replace(/\{(\d+)\}/g, function(m, n){
            return args[n] !== undefined ? args[n] : m;
        });
    }

    /**
     * @param {HTMLElement} element Code block.
     * @param {String} attrName Attribute name.
     * @returns {String} Attribute value or empty.
     */
    function getAttribute (element, attrName) {
        return element.hasAttribute(attrName) ? element.getAttribute(attrName) : null;
    }

    /**
     * @param {String} str Source string.
     * @param {Number} fallback Fallback value.
     * @returns Parsed number or fallback value.
     */
    function toNumber (str, fallback) {
        if (!str) return fallback;
        var number = Number(str);
        return isFinite(number) ? number : fallback;
    }

}(window, document));







OEBPS/js/script.js
let stylesheet_name = document.querySelector("link[rel='stylesheet']").getAttribute("href").replace("../css/", "")
let question_action_css = ["CANADA_Student-Theme.css", "CANADA_Teacher-Theme.css"]
let question_action = question_action_css.includes(stylesheet_name) ? true : false;
let ShowHideAction_Elements = document.querySelectorAll('.divWidgetShowHide')
let stackedItem_Elements = document.querySelectorAll('.stackitem')
ShowHideAction_Elements.forEach(element => {
    let hide_element = element.querySelector('.divWidgetShowHideAnswerText')
    if (question_action == true) {
        let action_button = element.querySelector('.divWidgetShowHideQuestionText')
        action_button.addEventListener("click", () => {
            hide_element.style.display = hide_element.style.display === 'block' ? 'none' : 'block';
            action_button.classList.toggle("active")    
        });
    }
    else {
        let hide_button_content = element.querySelector('.divWidgetHideActionText')
        let show_button_content = element.querySelector('.divWidgetShowActionText')
        let old_show_button_content = element.querySelector('.divWidgetShowHideActionText')
        let action_button = Object.assign(document.createElement('div'), {className: 'showButton' });
        element.appendChild(action_button)
        action_button.innerHTML = old_show_button_content ? old_show_button_content.innerHTML : action_button.innerHTML = show_button_content.innerHTML
        action_button.addEventListener("click", () => {
            hide_element.style.display = hide_element.style.display === 'block' ? 'none' : 'block';
            hide_element.classList.toggle('active')
            action_button.classList.toggle('active')
            if (old_show_button_content) {
                action_button.innerHTML = hide_element.classList.contains('active') ? "Hide" : old_show_button_content.innerHTML
            }
            else {
                action_button.innerHTML = hide_element.classList.contains('active') ? hide_button_content.innerHTML : show_button_content.innerHTML
            }
        });
    }
});

stackedItem_Elements.forEach(element => {
    let stack_title = element.querySelector(".stackTitle")
    let stack_container = element.querySelector(".stackContainer")
    stack_title.addEventListener("click", () => {
        stack_container.style.height = stack_container.style.height === 'auto' ? '0' : 'auto';
        element.classList.toggle("open")
        });
});
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