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fundamentals-first problem-driven data structures comprehensive version brief version AP Computer Science examples and exercises iii iv Preface with various levels of difficulty are provided for students to practice For our programming courses, we assign programming exercises after each lecture Our goal is to produce a text that teaches problem
solving and programming in a broad context using a wide variety of interesting examples If you have any comments on and suggestions for improving the book, please email me Sincerely, Y Daniel Liang y.daniel.liang@gmail.com www.cs.armstrong.edu/liang www.pearsonhighered.com/liang ACM/IEEE Curricular 2013 and ABET Course Assessment
The new ACM/IEEE Computer Science Curricular 2013 defines the Body of Knowledge organized into 18 Knowledge Areas To help instructors design the courses based on this book, we provide sample syllabi to identify the Knowledge Areas and Knowledge Units The sample syllabi are for a three semester course sequence and serve as an example for
institutional customization The sample syllabi are available to instructors at www.pearsonhighered.com/liang Many of our users are from the ABET-accredited programs A key component of the ABET accreditation is to identify the weakness through continuous course assessment against the course outcomes We provide sample course outcomes for
the courses and sample exams for measuring course outcomes on the instructor Website accessible from www.pearsonhighered.com/liang What’s New in This Edition? "number is even" : "number is odd"); Console Output System.out.println(anyValue); Primitive Data Types byte short int long float double char boolean bits 16 bits 32 bits 64 bits 32 bits
64 bits 16 bits true/false Arithmetic Operators + * / % ++var var var++ var Relational Operators < >= == != less than less than or equal to greater than greater than or equal to equal to not equal addition subtraction multiplication division remainder preincrement predecrement postincrement postdecrement Assignment Operators = += -= *= /=
%= Logical Operators && || ! © short circuit AND short circuit OR NOT exclusive OR switch Statements loop Statements switch (intExpression) { case valuel: statements; break; case valuen: statements; break; default: statements; } while (condition) { statements; } { statements; } while (condition); for (init; condition; adjustment) { statements; }
assignment addition assignment subtraction assignment multiplication assignment division assignment remainder assignment if Statements if (condition) { statements; } if (condition) { statements; } else { statements; } if (conditionl) { statements; } else if (condition2) { statements; } else { statements; } Companion Web site:
www.pearsonhighered.com/liang Java Quick Reference Frequently Used Static Constants/Methods Math.PI Math.random() Math.pow(a, b) Math.abs(a) Math.max(a, b) Math.min(a, b) Math.sqrt(a) Math.sin(radians) Math.asin(a) Math.toRadians(degrees) Math.toDegress(radians) System.currentTimeMillis() Integer.parselnt(string)
Integer.parselnt(string, radix) Double.parseDouble(string) Arrays.sort(typel[] list) Arrays.binarySearch(typel[] list, type key) Text File Output PrintWriter output = new PrintWriter(filename); output.print( ); output.println( ); output.printf( ); Array/Length/Initializer int[] list = new int[10]; list.length; int[] list = {1, 2, 3, 4}; Multidimensional
Array/Length/Initializer int[][] list = new int[10][10]; list.length; list[0].length; int[1[] list = {{1, 2}, {3, 4} }; Ragged Array int[][1 m = {{1, 2, 3, 4}, {1, 2, 3}, {1, 2}, {1}}; File Class Object Class File file = new File(filename); file.exists() file.renameTo(File) file.delete() Object o = new Object(); o.toString(); o.equals(ol); Comparable Interface Text File
Input c.compareTo(Comparable) c is a Comparable object Scanner input = new Scanner( new File(filename)); String Class ArrayList Class String s = "Welcome"; String s = new String(char[]); int length = s.length(); char ch = s.charAt(index); int d = s.compareTo(s1); boolean b = s.equals(s1); boolean b = s.startsWith(s1); boolean b = s.endsWith(s1);
boolean b = s.contains(s1); String s1 = s.trim(); String s1 = s.toUpperCase(); String s1 = s.toLowerCase(); int index = s.indexOf(ch); int index = s.lastIndexOf(ch); String s1 = s.substring(ch); String s1 = s.substring(i,j); char[] chs = s.toCharArray(); boolean b = s.matches(regex); String s1 = s.replaceAll(regex,repl); String[] tokens = s.split(regex);
ArrayList list = new ArrayList(); list.add(object); list.add(index, object); list.clear(); Object o = list.get(index); boolean b = list.isEmpty(); boolean b = list.contains(object); int i = list.size(); list.remove(index); list.set(index, object); int i = list.indexOf(object); int i = list.lastIndexOf(object); printf Method System.out.printf("%b %c %d %f %e %s", true, 'A’,
45, 45.5, 45.5, "Welcome"); System.out.printf("%-5d %10.2f %10.2e %8s", 45, 45.5, 45.5, "Welcome"); Companion Web site: www.pearsonhighered.com/liang Uploaded by [StormRG] ... Ngay dang: 03/04/2021, 11:36 INTRODUCTION TO JAVA ® PROGRAMMING COMPREHENSIVE VERSION Tenth Edition Y Daniel Liang Armstrong Atlantic State
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provided feedback on earlier editions of this book, and your comments and suggestions have greatly improved the book This edition has been substantially enhanced in presentation, organization, examples, exercises, and supplements The new edition: B Replaces Swing with JavaFX JavaFX is a new framework for developing Java GUI programs
JavaFX greatly simplifies GUI programming and is easier to learn than Swing Bl Introduces exception handling, abstract classes, and interfaces before GUI programming to enable the GUI chapters to be skipped completely if the instructor chooses not to cover GUI Bl Covers introductions to objects and strings earlier in Chapter to enable students to
use objects and strings to develop interesting programs early l Includes many new interesting examples and exercises to stimulate student interests More than 100 additional programming exercises are provided to instructors only on the Companion Website Please visit www.pearsonhighered.com/liang for a complete list of new features as well as
correlations to the previous edition The book is fundamentals first by introducing basic programming concepts and techniques before designing custom classes The fundamental concepts and techniques of selection statements, loops, methods, and arrays are the foundation for programming Building this strong foundation prepares students to learn
object-oriented programming and advanced Java programming This book teaches programming in a problem-driven way that focuses on problem solving rather than syntax We make introductory programming interesting by using thoughtprovoking problems in a broad context The central thread of early chapters is on problem solving Appropriate
syntax and library are introduced to enable readers to write programs for solving the problems To support the teaching of programming in a problem-driven way, the book provides a wide variety of problems at various levels of difficulty to motivate students To appeal to students in all majors, the problems cover many application areas, including
math, science, business, financial, gaming, animation, and multimedia The book seamlessly integrates programming, data structures, and algorithms into one text It employs a practical approach to teach data structures We first introduce how to use various data structures to develop efficient algorithms, and then show how to implement these data
structures Through implementation, students gain a deep understanding on the efficiency of data structures and on how and when to use certain data structures Finally we design and implement custom data structures for trees and graphs The book is widely used in the introductory programming, data structures, and algorithms courses in the
universities around the world This comprehensive version covers fundamentals of programming, object-oriented programming, GUI programming, data structures, algorithms, concurrency, networking, database, and Web programming It is designed to prepare students to become proficient Java programmers A brief version (Introduction to Java
Programming, Brief Version, Tenth Edition) is available for a first course on programming, commonly known as CS1 The brief version contains the first 18 chapters of the comprehensive version The first 13 chapters are appropriate for preparing the AP Computer Science exam The best way to teach programming is by example, and the only way to
learn programming is by doing Basic concepts are explained by example and a large number of exercises what is new? phones This book uses Java SE to introduce Java programming Java SE is the foundation upon which all other Java technology is based There are many versions of Java SE The latest, Java SE 8, is used - Xem thém - Xem thém:
Introduction to JAVA programming comprehensive version 10th edition HdyvemIjDRDf32W75IUPx7qd8CYW6crj pdf , Java Enterprise Edition (Java EE) to develop server-side applications, such as Java servlets, JavaServer Pages (JSP), and JavaServer Faces (JSF) Bl Java Micro Edition (Java ME) to develop applications... : -1 System.out.println(number
% == ? to prepare students to become proficient Java programmers A brief version (Introduction to Java Programming, Brief Version, Tenth Edition) is available for a first course on programming, commonly... This edition is completely revised in every detail to enhance clarity, presentation, content, examples, and exercises The major improvements
are as follows: Bl Updated to Java B Since Swing is replaced by JavaFX, all GUI examples and exercises are revised using JavaFX W Lambda expressions are used to simplify coding in JavaFX and threads Bl More than 100 additional programming exercises with solutions are provided to the instructor on the Companion Website These exercises are not
printed in the text Wl Math methods are introduced earlier in Chapter to enable students to write code using math functions W Strings are introduced earlier in Chapter to enable students to use objects and strings to develop interesting programs early ll The GUI chapters are moved to after abstract classes and interfaces so that these chapters can
be easily skipped if the instructor chooses not to cover GUI @ Chapters 4, 14, 15, and 16 are brand new chapters Bl Chapters 28 and 29 have been substantially revised with simpler implementations for minimum spanning trees and shortest paths Preface v Pedagogical Features The book uses the following elements to help students get the most from
the material: B The Objectives at the beginning of each chapter list what students should learn from the chapter This will help them determine whether they have met the objectives after completing the chapter B The Introduction opens the discussion with representative problems to give the reader an overview of what to expect from the chapter
Key Points highlight the important concepts covered in each section B Check Points provide review questions to help students track their progress as they read through the chapter and evaluate their learning B Problems and Case Studies, carefully chosen and presented in an easy-to-follow style, teach problem solving and programming concepts The
book uses many small, simple, and stimulating examples to demonstrate important ideas ll The Chapter Summary reviews the important subjects that students should understand and remember It helps them reinforce the key concepts they have learned in the chapter B Quizzes are accessible online, grouped by sections, for students to self-test on
programming concepts and techniques Bl Programming Exercises are grouped by sections to provide students with opportunities to apply the new skills they have learned on their own The level of difficulty is rated as easy (no asterisk), moderate (*), hard (**), or challenging (***) The trick of learning programming is practice, practice, and practice To
that end, the book provides a great many exercises Additionally, more than 100 programming exercises with solutions are provided to the instructors on the Companion Website These exercises are not printed in the text B Notes, Tips, Cautions, and Design Guides are inserted throughout the text to offer valuable advice and insight on important



aspects of program development Note Provides additional information on the subject and reinforces important concepts Tip Teaches good programming style and practice Caution Helps students steer away from the pitfalls of programming errors Design Guide Provides guidelines for designing programs Flexible Chapter Orderings The book is
designed to provide flexible chapter orderings to enable GUI, exception handling, recursion, generics, and the Java Collections Framework to be covered earlier or later The diagram on the next page shows the chapter dependencies vi Preface Part I: Fundamentals of Programming Chapter Introduction to Computers, Programs, and Java Chapter
Elementary Programming Chapter Selections Part II: Object-Oriented Programming Part IV: Data Structures and Algorithms Part III: GUI Programming Chapter Objects and Classes Chapter 14 JavaFX Basics Ch Chapter 18 Recursion Chapter 10 Thinking in Objects Chapter 15 Event-Driven Programming and Animations Ch 13 Chapter 19 Generics
Chapter 11 Inheritance and Polymorphism Chapter 12 Exception Handling and Text I/O Chapter Mathematical Functions, Characters, and Strings Chapter 13 Abstract Classes and Interfaces Chapter Loops Chapter 17 Binary I/O Chapter 16 JavaFX Controls and Multimedia Ch 16 Chapter 30 Multithreading and Parallel Programming Chapter 31
Networking Chapter 20 Lists, Stacks, Queues, and Priority Queues Chapter 32 Java Database Programming Chapter 21 Sets and Maps Chapter 33 JavaServer Faces Chapter 34 Advanced GUI Programming Chapter 22 Developping Efficient Algorithms Chapter 35 Advanced Database Programming Chapter 23 Sorting Chapter Methods Chapter 24
Implementing Lists, Stacks, Queues, and Priority Queues Chapter Single-Dimensional Arrays Chapter 25 Binary Search Trees Chapter Multidimensional Arrays Part V: Advanced Java Programming Chapter 36 Internationalization Chapter 37 Servlets Note: Chapters 1-18 are in the brief version of this book Chapter 26 AVL Trees Note: Chapters 1-33
are in the comprehensive version Chapter 27 Hashing Note: Chapters 34-42 are bonus chapters available from the Companion Website Chapter 28 Graphs and Applications Chapter 38 JavaServer Pages Chapter 39 Web Services Chapter 29 Weighted Graphs and Applications Chapter 40 2-4 Trees and BTrees Chapter 41 Red-Black Trees Ch Chapter
42 Testing Using JUnit Preface vii Organization of the Book The chapters can be grouped into five parts that, taken together, form a comprehensive introduction to Java programming, data structures and algorithms, and database and Web programming Because knowledge is cumulative, the early chapters provide the conceptual basis for
understanding programming and guide students through simple examples and exercises; subsequent chapters progressively present Java programming in detail, culminating with the development of comprehensive Java applications The appendixes contain a mixed bag of topics, including an introduction to number systems, bitwise operations, regular
expressions, and enumerated types Part I: Fundamentals of Programming (Chapters 1-8) The first part of the book is a stepping stone, preparing you to embark on the journey of learning Java You will begin to learn about Java (Chapter 1) and fundamental programming techniques with primitive data types, variables, constants, assignments,
expressions, and operators (Chapter 2), selection statements (Chapter 3), mathematical functions, characters, and strings (Chapter 4), loops (Chapter 5), methods (Chapter 6), and arrays (Chapters 7-8) After Chapter 7, you can jump to Chapter 18 to learn how to write recursive methods for solving inherently recursive problems Part II: Object-
Oriented Programming (Chapters 9-13, and 17) This part introduces object-oriented programming Java is an object-oriented programming language that uses abstraction, encapsulation, inheritance, and polymorphism to provide great flexibility, modularity, and reusability in developing software You will learn programming with objects and classes
(Chapters 9-10), class inheritance (Chapter 11), polymorphism (Chapter 11), exception handling (Chapter 12), abstract classes (Chapter 13), and interfaces (Chapter 13) Text I/O is introduced in Chapter 12 and binary I/O is discussed in Chapter 17 Part III: GUI Programming (Chapters 14-16 and Bonus Chapter 34) JavaFX is a new framework for
developing Java GUI programs It is not only useful for developing GUI programs, but also an excellent pedagogical tool for learning object-oriented programming This part introduces Java GUI programming using JavaFX in Chapters 14-16 Major topics include GUI basics (Chapter 14), container panes (Chapter 14), drawing shapes (Chapter 14),
event-driven programming (Chapter 15), animations (Chapter 15), and GUI controls (Chapter 16), and playing audio and video (Chapter 16) You will learn the architecture of JavaFX GUI programming and use the controls, shapes, panes, image, and video to develop useful applications Chapter 34 covers advanced features in JavaFX Part IV: Data
Structures and Algorithms (Chapters 18-29 and Bonus Chapters 40-41) This part covers the main subjects in a typical data structures and algorithms course Chapter 18 introduces recursion to write methods for solving inherently recursive problems Chapter 19 presents how generics can improve software reliability Chapters 20 and 21 introduce the
Java Collection Framework, which defines a set of useful API for data structures Chapter 22 discusses measuring algorithm efficiency in order to choose an appropriate algorithm for applications Chapter 23 describes classic sorting algorithms You will learn how to implement several classic data structures lists, queues, and priority queues in Chapter
24 Chapters 25 and 26 introduce binary search trees and AVL trees Chapter 27 presents hashing and implementing maps and sets using hashing Chapters 28 and 29 introduce graph applications The 2-4 trees, B-trees, and red-black trees are covered in Bonus Chapters 40-41 Part V: Advanced Java Programming (Chapters 30-33 and Bonus Chapters
35-39, 42) This part of the book is devoted to advanced Java programming Chapter 30 treats the use of multithreading to make programs more responsive and interactive and introduces parallel programming Chapter 31 discusses how to write programs that talk with each other from different hosts over the Internet Chapter 32 introduces the use of
Java to develop database viii Preface projects Chapter 33 introduces modern Web application development using JavaServer Faces Chapter 35 delves into advanced Java database programming Chapter 36 covers the use of internationalization support to develop projects for international audiences Chapters 37 and 38 introduce how to use Java
servlets and JavaServer Pages to generate dynamic content from Web servers Chapter 39 discusses Web services Chapter 42 introduces testing Java programs using JUnit Appendixes This part of the book covers a mixed bag of topics Appendix A lists Java keywords Appendix B gives tables of ASCII characters and their associated codes in decimal and
in hex Appendix C shows the operator precedence Appendix D summarizes Java modifiers and their usage Appendix E discusses special floating-point values Appendix F introduces number systems and conversions among binary, decimal, and hex numbers Finally, Appendix G introduces bitwise operations Appendix H introduces regular expressions
Appendix I covers enumerated types Java Development Tools IDE tutorials You can use a text editor, such as the Windows Notepad or WordPad, to create Java programs and to compile and run the programs from the command window You can also use a Java development tool, such as NetBeans or Eclipse These tools support an integrated
development environment (IDE) for developing Java programs quickly Editing, compiling, building, executing, and debugging programs are integrated in one graphical user interface Using these tools effectively can greatly increase your programming productivity NetBeans and Eclipse are easy to use if you follow the tutorials Tutorials on NetBeans
and Eclipse can be found under Tutorials on the Student Companion Website at www.pearsonhighered.com/liang Student Resource Website The Student Resource Website www.pearsonhighered.com/liang provides access to some of the following resources Other resources are available using the student access code printed on the inside front cover
of this book (For students with a used copy of this book, you can purchase access to the premium student resources through www.pearsonhighered.com/liang.) ll Answers to review questions l Solutions to even-numbered programming exercises Ml Source code for the examples in the book W Interactive quiz (organized by sections for each chapter)
H Supplements W Debugging tips W Algorithm animations W Errata Instructor Resource Website The Instructor Resource Website, accessible from www.pearsonhighered.com/liang, provides access to the following resources: Bl Microsoft PowerPoint slides with interactive buttons to view full-color, syntax-highlighted source code and to run programs
without leaving the slides W Solutions to all programming exercises Students will have access to the solutions of evennumbered programming exercises Preface ix ll More than 100 additional programming exercises organized by chapters These exercises are available only to the instructors Solutions to these exercises are provided Wl Web-based quiz
generator (Instructors can choose chapters to generate quizzes from a large database of more than two thousand questions.) B Sample exams Most exams have four parts: ll Multiple-choice questions or short-answer questions Wl Correct programming errors ll Trace programs Wl Write programs ll ACM/IEEE Curricula 2013 The new ACM/IEEE
Computer Science Curricula 2013 defines the Body of Knowledge organized into 18 Knowledge Areas To help instructors design the courses based on this book, we provide sample syllabi to identify the Knowledge Areas and Knowledge Units The sample syllabi are for a three semester course sequence and serve as an example for institutional
customization Instructors can access the syllabi at www.pearsonhighered.com/liang Wl Sample exams with ABET course assessment W Projects In general, each project gives a description and asks students to analyze, design, and implement the project Some readers have requested the materials from the Instructor Resource Website Please
understand that these are for instructors only Such requests will not be answered Online Practice and Assessment with MyProgrammingLab MyProgrammingLab helps students fully grasp the logic, semantics, and syntax of programming Through practice exercises and immediate, personalized feedback, MyProgrammingLab improves the
programming competence of beginning students who often struggle with the basic concepts and paradigms of popular high-level programming languages A self-study and homework tool, a MyProgrammingLab course consists of hundreds of small practice problems organized around the structure of this textbook For students, the system automatically
detects errors in the logic and syntax of their code submissions and offers targeted hints that enable students to figure out what went wrong—and why For instructors, a comprehensive gradebook tracks correct and incorrect answers and stores the code inputted by students for review MyProgrammingLab is offered to users of this book in partnership
with Turing’s Craft, the makers of the CodeLab interactive programming exercise system For a full demonstration, to see feedback from instructors and students, or to get started using MyProgrammingLab in your course, visit www.myprogramminglab.com VideoNotes We are excited about the new VideoNotes feature that is found in this new edition
These videos provide additional help by presenting examples of key topics and showing how to solve problems completely, from design through coding VideoNotes are available from www.pearsonhighered.com/liang VideoNote 1308 Index Maps (continued) singleton and unmodifiable, 816-817 summary, 817-818 synchronized collections for, 1127-
1128 TestMap.java example, 813-814 tree maps see TreeMap class Maps, implementing with hashing MyHashMap.java example, 997-1002 MyMap.java example, 996-997 overview of, 995-996 TestMyHashMap.java, 1002-1003 Marker interfaces, 513 Match braces, in Welcome.java, 13 matches method, strings, 342 Math class BigInteger and
BigDecimal classes, 384-385 complex numbers, 531-532 exponent methods, 121 invoking object methods, 331 methods generally, 120 pow(a, b) method, 48 random method, 87-88, 98-99, 122 rounding methods, 121-122 service methods, 122 trigonometric methods, 120-121 Matrices adjacency matrices for representing edges, 1021-1022 case
study: designing class for matrix using generic types, 752-753 GenericMatrix.java example, 753-755 IntegerMatrix.java example, 755 RationalMatrix.java example, 755-756 TestIntegerMatrix.java example, 756 TestRationalMatrix.java example, 756-757 two-dimensional arrays for storing, 288-289 max method defining and invoking, 206-208 finding
maximum element in lists, 776 finding maximum number in lists, 1132-1133 GeometricObjectComparator.java example, 773 MaxUsingGenericType.java example, 746-747 overloading, 220 overview of, 122 ParallelMax.java, 1132-1133 maxRow variable, for finding largest sum, 292 Mbps (million bits per second), MBs (megabytes), of storage, Media,
662-665 MediaPlayer, 662-665 MediaView, 662-665 Megabytes (MBs), of storage, Megahertz (MHz), clock speed, Memory, computers, 3-4 Merge sorts CreateFile.java example of external sort, 884 heap sort compared with, 880 merge sort algorithms, 867 MergeSort.java example, 867-869 overview of, 866 ParallelMergeSort.java, 1130-1132 quick
sorts compared with, 874 recurrence relations and, 829 time complexity of, 870 mergeSort method, 868-869 Mersenne prime, 240 MessagePanel class DisplayClock.java, 573-574 ClockPane.java, 574-576 Metadata retrieval, from databases database metadata, 1202-1203 obtaining tables, 1204 overview of, 1202 result set metadata, 1204-1205
Meters, converting to/from feet, 236 Method header, 205 Method modifiers, 205, 1270-1271 Method signature, 205 Methods abstraction and, 225-226 accessing object methods, 330-331 calling, 206-208 case study: converting decimals to hexadecimals, 182-183 case study: generating random numbers, 223-225 case study: generic method for
sorting array, 744-745 class, 337-338 Collection interface, 764 commenting, 18 Comparator interface, 772 defining, 204-206 deprecated methods of Thread class, 1103 generic, 742-744 identifiers, 39-40 implementation details, 229-232 invoking, 206-208, 331, 743 key terms, 232 modularizing code, 215-217 naming conventions, 44 object actions
defined by, 322-323 overloading, 219-222 overriding, 970 overview of, 203-204 passing arrays to, 257-260 passing objects to, 347-351 passing parameters by values, 212-215 passing to two-dimensional arrays, 293-294 quiz and exercises, 234-244 recursive methods, 706 returning arrays from, 260-261 rounding, 121 static see Static methods
stepwise refinement, 225-226, 232 summary, 233 synchronization wrapper methods, 1127 thread coordination, 1118-1119 top-down and/or bottom-up implementation, 227-229 top-down design, 226-227 tracing or stepping over as debugging technique, 106 trigonometric, 120-121 variable scope and, 222-223 void method example, 209-211 MHz
(Megahertz), clock speed, Microsoft Access see Access Microsoft Windows, Million bits per second (Mbps), method finding minimum element in lists, 776 Math class, 122 Index 1309 Minimum spanning trees (MSTs) MST algorithm, 1075-1076 overview of, 1072 Prim’s minimum spanning tree algorithm, 1073-1075 TestMinimumSpanningTree.java,
1076-1078 weighted graphs and, 1062 WeightedGraph class, 1067-1069 Mnemonics, in assembly language, Modeling, graphs and, 1024-1028 Model-View-Controller (MVC) architecture, 1217 Modems (modulator/demodulator), Modifier keys, on keyboards, Modifiers list of, 1270-1271 method modifier, 205 Modularizing code
GreatestCommonDivisorMethod.java, 215-216 overview of, 215 PrimeNumberMethod.java, 216-217 Monitors (displays), Monitors/monitoring, threads and, 1118 Motherboard, Mouse, as I/O device, MouseEvents ControlCircleWithMouseAndKey.java, 605-606 event-driven programming, 602-603 MouseEvent, 602-603 MST algorithm, 1075-1076 MST
class, 1075-1076 MSTs see Minimum spanning trees (MSTs) Multi-dimensional arrays see Arrays, multi-dimensional Multimedia see JavaFX UI controls Multiple choice test, 294-296 Multiplication (*=) assignment operator, 54 Multiplication operator (¥), 15, 46, 50 Multiplication table, 176 Multiplicities, in object composition, 373 Multiprocessing, 10
Multiprogramming, 10 Multithreading, 10 blocking queues, 1122-1124 case study: clock with audio, 1139-1142 case study: flashing text, 1105-1106 case study: producer/consumer, 1119-1122 cooperation among threads, 114-1119 creating tasks and threads, 1098-1099 deadlocks and, 1126 key terms, 1133 MultiThreadServer.java, 1149-1151
overview of, 1097-1098 quiz and exercises, 1134-1138 semaphores, 1124-1126 servers serving multiple clients, 1149 summary, 1133-1134 synchronization using locks, 1112-1114 synchronized collections, 1127-1128 synchronized keyword, 1111 synchronizing statements, 1111-1112 TaskThreadDemo.java, 1100-1101 Thread class, 1102-1104
thread concepts, 1198 thread pools, 1106-1108 thread states, 1126-1127 thread synchronization, 1108-1111 Multi-way if-else statements in computing taxes, 90-93 overview of, 81-83 Mutator methods see Setter (mutator) methods MySQL creating databases, 1180-1181 creating tables, 1181-1182 creating user account in, 1179-1180 JDBC drivers
for accessing Oracle databases, 1189-1192 stopping/starting, 1180 tutorials on, 1178 N Named constants see Constants Naming conventions class design guidelines, 526 interfaces, 518 programming and, 44 SQL tables, 1181 wrapper classes, 380 Naming rules, identifiers, 39-40 NavigableMap interface, 813 N-by-n matrix, 238 Negative angles,
drawing arcs, 569 Neighbors depth-first searches (DFS), 1038 vertices, 1018, 1022-1023 Nested classes see Inner (nested) classes Nested if statements in computing body mass index, 89-90 in computing taxes, 90-93 overview of, 81 Nested loops, 176-177, 291, 824-825 NetBeans built in debugging, 106 for creating/editing Java source code, 15 for
developing JSF applications, 1214 Network interface cards (NICs), Networking case study: distributed tic-tac-toe games, 1156-1157 client sockets, 1141-1142 client.java, 1145-1147 client/server computing, 1140 client/server example, 1143 data transmission through sockets, 1142 InetAddress class, 1147-1148 multiple clients connected to single
server, 1148-1151 overview of, 1139-1140 quiz and exercises, 1168-1171 sending and receiving objects, 1151-1156 server sockets, 1140-1141 server.java, 1143-1144 summary, 1168 TicTacToeClient.java, 1162-1168 TicTacToeConstants.java, 1157 TicTacToeServer.java, 1157-1162 new operator creating arrays, 246-247 creating objects, 329 next
method, whitespace characters and, 133 nextLine method, whitespace characters and, 133 1310 Index Next-line style, block styles, 19 NICs (network interface cards), Nine tails problem graphic approach to, 1048-1053 reducing to shortest path problem, 1086-1090 No-arg constructors class design guidelines, 526 Loan class, 368 wrapper classes not
having, 381 Node, 536-539 Nodes, AVL trees balancing on a path, 970-971 creating, 973 creating and storing in AVLTreeNode, 969-970 deleting elements, 972 rotation, 973-974 Nodes, binary trees deleting leaf node, 944-945 overview of, 930 representing binary search trees, 931 Nodes, JavaFX, 545-546 Nodes, linked lists creating, 910 deleting,
914-916 overview of, 906-908 storing elements in, 911 Nonleaves, finding, 960 Not (!) logical operator, 93-97 Not equal to (!=) comparison operator, 76 NotSerializableException, 695 null values, objects, 331-332 NullPointerException, as runtime error, 332 Number class case study: abstract number class, 501 as root class for numeric wrapper
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