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Praise for the First Edition “I sure wish I had this book ten years ago. Some might think that I don’t need any Java books, but I need this one.” —James Gosling, fellow and vice president, Sun Microsystems, Inc., and inventor of the Java programming language “An excellent book, crammed with good advice on using the Java programming language and object-oriented programming in general.” —Gilad Bracha, distinguished engineer, Cadence Design Systems, and coauthor of The Java™ Language Specification, Third Edition (Addison-Wesley, 2005) “10/10—anyone aspiring to write good Java code that others will appreciate reading and maintaining should be required to own a copy of this book. This is one of those rare books where the information won’t become obsolete with subsequent releases of the JDK library.” —Peter Tran, bartender, JavaRanch.com “The best Java book yet written.... Really great; very readable and eminently useful. I can’t say enough good things about this book. At JavaOne 2001, James Gosling said, ‘Go buy this book!’ I’m glad I did, and I couldn’t agree more.” —Keith Edwards, senior member of research staff, Computer Science Lab at the Palo Alto Research Center (PARC), and author of Core JINI (Prentice Hall, 2000) “This is a truly excellent book done by the guy who designed several of the better recent Java platform APIs (including the Collections API).” —James Clark, technical lead of the XML Working Group during the creation of the XML 1.0 Recommendation; editor of the XPath and XSLT Recommendations
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“Great content. Analogous to Scott Meyers’s classic Effective C++. If you know the basics of Java, this has to be your next book.” —Gary K. Evans, OO mentor and consultant, Evanetics, Inc. “Josh Bloch gives great insight into best practices that really can only be discovered after years of study and experience.” —Mark Mascolino, software engineer “This is a superb book. It clearly covers many of the language/platform subtleties and trickery you need to learn to become a real Java master.” —Victor Wiewiorowski, vice president development and code quality manager, ValueCommerce Co., Tokyo, Japan “I like books that under-promise in their titles and over-deliver in their contents. This book has 57 items of programming advice that are well chosen. Each item reveals a clear, deep grasp of the language. Each one illustrates in simple, practical terms the limits of programming on intuition alone, or taking the most direct path to a solution without fully understanding what the language offers.” —Michael Ernest, Inkling Research, Inc. “I don’t find many programming books that make me want to read every page— this is one of them.” —Matt Tucker, chief technical officer, Jive Software “Great how-to resource for the experienced developer.” —John Zukowski, author of numerous Java books “I picked this book up two weeks ago and can safely say I learned more about the Java language in three days of reading than I did in three months of study! An excellent book and a welcome addition to my Java library.” —Jane Griscti, I/T advisory specialist
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Foreword



IF a colleague were to say to you, “Spouse of me this night today manufactures the unusual meal in a home. You will join?” three things would likely cross your mind: third, that you had been invited to dinner; second, that English was not your colleague’s first language; and first, a good deal of puzzlement. If you have ever studied a second language yourself and then tried to use it outside the classroom, you know that there are three things you must master: how the language is structured (grammar), how to name things you want to talk about (vocabulary), and the customary and effective ways to say everyday things (usage). Too often only the first two are covered in the classroom, and you find native speakers constantly suppressing their laughter as you try to make yourself understood. It is much the same with a programming language. You need to understand the core language: is it algorithmic, functional, object-oriented? You need to know the vocabulary: what data structures, operations, and facilities are provided by the standard libraries? And you need to be familiar with the customary and effective ways to structure your code. Books about programming languages often cover only the first two, or discuss usage only spottily. Maybe that’s because the first two are in some ways easier to write about. Grammar and vocabulary are properties of the language alone, but usage is characteristic of a community that uses it. The Java programming language, for example, is object-oriented with single inheritance and supports an imperative (statement-oriented) coding style within each method. The libraries address graphic display support, networking, distributed computing, and security. But how is the language best put to use in practice? There is another point. Programs, unlike spoken sentences and unlike most books and magazines, are likely to be changed over time. It’s typically not enough to produce code that operates effectively and is readily understood by other persons; one must also organize the code so that it is easy to modify. There may be ten ways to write code for some task T. Of those ten ways, seven will be awkward, inefficient, or puzzling. Of the other three, which is most likely to be similar to the code needed for the task T' in next year’s software release? xiii
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FOREWORD



There are numerous books from which you can learn the grammar of the Java Programming Language, including The Java™ Programming Language by Arnold, Gosling, and Holmes [Arnold05] or The Java™ Language Specification by Gosling, Joy, yours truly, and Bracha [JLS]. Likewise, there are dozens of books on the libraries and APIs associated with the Java programming language. This book addresses your third need: customary and effective usage. Joshua Bloch has spent years extending, implementing, and using the Java programming language at Sun Microsystems; he has also read a lot of other people’s code, including mine. Here he offers good advice, systematically organized, on how to structure your code so that it works well, so that other people can understand it, so that future modifications and improvements are less likely to cause headaches— perhaps, even, so that your programs will be pleasant, elegant, and graceful. Guy L. Steele Jr. Burlington, Massachusetts April 2001
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Preface



Preface to the Second Edition



A lot has happened to the Java platform since I wrote the first edition of this book in 2001, and it’s high time for a second edition. The most significant set of changes was the addition of generics, enum types, annotations, autoboxing, and the for-each loop in Java 5. A close second was the addition of the new concurrency library, java.util.concurrent, also released in Java 5. With Gilad Bracha, I had the good fortune to lead the teams that designed the new language features. I also had the good fortune to serve on the team that designed and developed the concurrency library, which was led by Doug Lea. The other big change in the platform is the widespread adoption of modern Integrated Development Environments (IDEs), such as Eclipse, IntelliJ IDEA, and NetBeans, and of static analysis tools, such as FindBugs. While I have not been involved in these efforts, I’ve benefited from them immensely and learned how they affect the Java development experience. In 2004, I moved from Sun to Google, but I’ve continued my involvement in the development of the Java platform over the past four years, contributing to the concurrency and collections APIs through the good offices of Google and the Java Community Process. I’ve also had the pleasure of using the Java platform to develop libraries for use within Google. Now I know what it feels like to be a user. As was the case in 2001 when I wrote the first edition, my primary goal is to share my experience with you so that you can imitate my successes while avoiding my failures. The new material continues to make liberal use of real-world examples from the Java platform libraries. The first edition succeeded beyond my wildest expectations, and I’ve done my best to stay true to its spirit while covering all of the new material that was required to bring the book up to date. It was inevitable that the book would grow, and grow it did, from fifty-seven items to seventy-eight. Not only did I add twenty-three items, but I thoroughly revised all the original material and retired a xv
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PREFACE



few items whose better days had passed. In the Appendix, you can see how the material in this edition relates to the material in the first edition. In the Preface to the First Edition, I wrote that the Java programming language and its libraries were immensely conducive to quality and productivity, and a joy to work with. The changes in releases 5 and 6 have taken a good thing and made it better. The platform is much bigger now than it was in 2001 and more complex, but once you learn the patterns and idioms for using the new features, they make your programs better and your life easier. I hope this edition captures my continued enthusiasm for the platform and helps make your use of the platform and its new features more effective and enjoyable. San Jose, California April 2008



Preface to the First Edition In 1996 I pulled up stakes and headed west to work for JavaSoft, as it was then known, because it was clear that that was where the action was. In the intervening five years I’ve served as Java platform libraries architect. I’ve designed, implemented, and maintained many of the libraries and served as a consultant for many others. Presiding over these libraries as the Java platform matured was a once-in-alifetime opportunity. It is no exaggeration to say that I had the privilege to work with some of the great software engineers of our generation. In the process, I learned a lot about the Java programming language—what works, what doesn’t, and how to use the language and its libraries to best effect. This book is my attempt to share my experience with you so that you can imitate my successes while avoiding my failures. I borrowed the format from Scott Meyers’s Effective C++ [Meyers98], which consists of fifty items, each conveying one specific rule for improving your programs and designs. I found the format to be singularly effective, and I hope you do too. In many cases, I took the liberty of illustrating the items with real-world examples from the Java platform libraries. When describing something that could have been done better, I tried to pick on code that I wrote myself, but occasionally I pick on something written by a colleague. I sincerely apologize if, despite my best efforts, I’ve offended anyone. Negative examples are cited not to cast blame
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PREFACE



but in the spirit of cooperation, so that all of us can benefit from the experience of those who’ve gone before. While this book is not targeted solely at developers of reusable components, it is inevitably colored by my experience writing such components over the past two decades. I naturally think in terms of exported APIs (Application Programming Interfaces), and I encourage you to do likewise. Even if you aren’t developing reusable components, thinking in these terms tends to improve the quality of the software you write. Furthermore, it’s not uncommon to write a reusable component without knowing it: You write something useful, share it with your buddy across the hall, and before long you have half a dozen users. At this point, you no longer have the flexibility to change the API at will and are thankful for all the effort that you put into designing the API when you first wrote the software. My focus on API design may seem a bit unnatural to devotees of the new lightweight software development methodologies, such as Extreme Programming [Beck99]. These methodologies emphasize writing the simplest program that could possibly work. If you’re using one of these methodologies, you’ll find that a focus on API design serves you well in the refactoring process. The fundamental goals of refactoring are the improvement of system structure and the avoidance of code duplication. These goals are impossible to achieve in the absence of welldesigned APIs for the components of the system. No language is perfect, but some are excellent. I have found the Java programming language and its libraries to be immensely conducive to quality and productivity, and a joy to work with. I hope this book captures my enthusiasm and helps make your use of the language more effective and enjoyable. Cupertino, California April 2001
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C H A P T E R



1



Introduction THIS book is designed to help you make the most effective use of the Java



™



programming language and its fundamental libraries, java.lang, java.util, and, to a lesser extent, java.util.concurrent and java.io. The book discusses other libraries from time to time, but it does not cover graphical user interface programming, enterprise APIs, or mobile devices. This book consists of seventy-eight items, each of which conveys one rule. The rules capture practices generally held to be beneficial by the best and most experienced programmers. The items are loosely grouped into ten chapters, each concerning one broad aspect of software design. The book is not intended to be read from cover to cover: each item stands on its own, more or less. The items are heavily cross-referenced so you can easily plot your own course through the book. Many new features were added to the platform in Java 5 (release 1.5). Most of the items in this book use these features in some way. The following table shows you where to go for primary coverage of these features: Feature



Chapter or Item



Generics



Chapter 5



Enums



Items 30–34



Annotations



Items 35–37



For-each loop



Item 46



Autoboxing



Items 40, 49



Varargs



Item 42



Static import



Item 19



java.util.concurrent



Items 68, 69 1
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Most items are illustrated with program examples. A key feature of this book is that it contains code examples illustrating many design patterns and idioms. Where appropriate, they are cross-referenced to the standard reference work in this area [Gamma95]. Many items contain one or more program examples illustrating some practice to be avoided. Such examples, sometimes known as antipatterns, are clearly labeled with a comment such as “// Never do this!” In each case, the item explains why the example is bad and suggests an alternative approach. This book is not for beginners: it assumes that you are already comfortable with the Java programming language. If you are not, consider one of the many fine introductory texts [Arnold05, Sestoft05]. While the book is designed to be accessible to anyone with a working knowledge of the language, it should provide food for thought even for advanced programmers. Most of the rules in this book derive from a few fundamental principles. Clarity and simplicity are of paramount importance. The user of a module should never be surprised by its behavior. Modules should be as small as possible but no smaller. (As used in this book, the term module refers to any reusable software component, from an individual method to a complex system consisting of multiple packages.) Code should be reused rather than copied. The dependencies between modules should be kept to a minimum. Errors should be detected as soon as possible after they are made, ideally at compile time. While the rules in this book do not apply 100 percent of the time, they do characterize best programming practices in the great majority of cases. You should not slavishly follow these rules, but violate them only occasionally and with good reason. Learning the art of programming, like most other disciplines, consists of first learning the rules and then learning when to break them. For the most part, this book is not about performance. It is about writing programs that are clear, correct, usable, robust, flexible, and maintainable. If you can do that, it’s usually a relatively simple matter to get the performance you need (Item 55). Some items do discuss performance concerns, and a few of these items provide performance numbers. These numbers, which are introduced with the phrase “On my machine,” should be regarded as approximate at best. For what it’s worth, my machine is an aging homebuilt 2.2 GHz dual-core AMD Opteron™ 170 with 2 gigabytes of RAM, running Sun’s 1.6_05 release of the Java SE Development Kit (JDK) atop Microsoft Windows® XP Professional SP2. This JDK has two virtual machines, the Java HotSpot™ Client and Server VMs. Performance numbers were measured on the Server VM.
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When discussing features of the Java programming language and its libraries, it is sometimes necessary to refer to specific releases. For brevity, this book uses “engineering version numbers” in preference to official release names. This table shows the mapping between release names and engineering version numbers. Official Release Name



Engineering Version Number



JDK 1.1.x / JRE 1.1.x



1.1



Java 2 Platform, Standard Edition, v 1.2



1.2



Java 2 Platform, Standard Edition, v 1.3



1.3



Java 2 Platform, Standard Edition, v 1.4



1.4



Java 2 Platform, Standard Edition, v 5.0



1.5



Java Platform, Standard Edition 6



1.6



The examples are reasonably complete, but they favor readability over completeness. They freely use classes from the packages java.util and java.io. In order to compile the examples, you may have to add one or more of these import statements: import java.util.*; import java.util.concurrent.*; import java.io.*;



Other boilerplate is similarly omitted. The book’s Web site, http:// java.sun.com/docs/books/effective, contains an expanded version of each example, which you can compile and run. For the most part, this book uses technical terms as they are defined in The Java Language Specification, Third Edition [JLS]. A few terms deserve special mention. The language supports four kinds of types: interfaces (including annotations), classes (including enums), arrays, and primitives. The first three are known as reference types. Class instances and arrays are objects; primitive values are not. A class’s members consist of its fields, methods, member classes, and member interfaces. A method’s signature consists of its name and the types of its formal parameters; the signature does not include the method’s return type. This book uses a few terms differently from the The Java Language Specification. Unlike The Java Language Specification, this book uses inheritance as a synonym for subclassing. Instead of using the term inheritance for interfaces, this www.it-ebooks.info
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book simply states that a class implements an interface or that one interface extends another. To describe the access level that applies when none is specified, this book uses the descriptive term package-private instead of the technically correct term default access [JLS, 6.6.1]. This book uses a few technical terms that are not defined in The Java Language Specification. The term exported API, or simply API, refers to the classes, interfaces, constructors, members, and serialized forms by which a programmer accesses a class, interface, or package. (The term API, which is short for application programming interface, is used in preference to the otherwise preferable term interface to avoid confusion with the language construct of that name.) A programmer who writes a program that uses an API is referred to as a user of the API. A class whose implementation uses an API is a client of the API. Classes, interfaces, constructors, members, and serialized forms are collectively known as API elements. An exported API consists of the API elements that are accessible outside of the package that defines the API. These are the API elements that any client can use and the author of the API commits to support. Not coincidentally, they are also the elements for which the Javadoc utility generates documentation in its default mode of operation. Loosely speaking, the exported API of a package consists of the public and protected members and constructors of every public class or interface in the package.
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Creating and Destroying Objects THIS chapter concerns creating and destroying objects: when and how to create them, when and how to avoid creating them, how to ensure they are destroyed in a timely manner, and how to manage any cleanup actions that must precede their destruction.



Item 1: Consider static factory methods instead of constructors The normal way for a class to allow a client to obtain an instance of itself is to provide a public constructor. There is another technique that should be a part of every programmer’s toolkit. A class can provide a public static factory method, which is simply a static method that returns an instance of the class. Here’s a simple example from Boolean (the boxed primitive class for the primitive type boolean). This method translates a boolean primitive value into a Boolean object reference: public static Boolean valueOf(boolean b) { return b ? Boolean.TRUE : Boolean.FALSE; }



Note that a static factory method is not the same as the Factory Method pattern from Design Patterns [Gamma95, p. 107]. The static factory method described in this item has no direct equivalent in Design Patterns. A class can provide its clients with static factory methods instead of, or in addition to, constructors. Providing a static factory method instead of a public constructor has both advantages and disadvantages. One advantage of static factory methods is that, unlike constructors, they have names. If the parameters to a constructor do not, in and of themselves, describe the object being returned, a static factory with a well-chosen name is easier to use and the resulting client code easier to read. For example, the constructor 5
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BigInteger(int, int, Random),



which returns a BigInteger that is probably prime, would have been better expressed as a static factory method named BigInteger.probablePrime. (This method was eventually added in the 1.4 release.) A class can have only a single constructor with a given signature. Programmers have been known to get around this restriction by providing two constructors whose parameter lists differ only in the order of their parameter types. This is a really bad idea. The user of such an API will never be able to remember which constructor is which and will end up calling the wrong one by mistake. People reading code that uses these constructors will not know what the code does without referring to the class documentation. Because they have names, static factory methods don’t share the restriction discussed in the previous paragraph. In cases where a class seems to require multiple constructors with the same signature, replace the constructors with static factory methods and carefully chosen names to highlight their differences. A second advantage of static factory methods is that, unlike constructors, they are not required to create a new object each time they’re invoked. This allows immutable classes (Item 15) to use preconstructed instances, or to cache instances as they’re constructed, and dispense them repeatedly to avoid creating unnecessary duplicate objects. The Boolean.valueOf(boolean) method illustrates this technique: it never creates an object. This technique is similar to the Flyweight pattern [Gamma95, p. 195]. It can greatly improve performance if equivalent objects are requested often, especially if they are expensive to create. The ability of static factory methods to return the same object from repeated invocations allows classes to maintain strict control over what instances exist at any time. Classes that do this are said to be instance-controlled. There are several reasons to write instance-controlled classes. Instance control allows a class to guarantee that it is a singleton (Item 3) or noninstantiable (Item 4). Also, it allows an immutable class (Item 15) to make the guarantee that no two equal instances exist: a.equals(b) if and only if a==b. If a class makes this guarantee, then its clients can use the == operator instead of the equals(Object) method, which may result in improved performance. Enum types (Item 30) provide this guarantee. A third advantage of static factory methods is that, unlike constructors, they can return an object of any subtype of their return type. This gives you great flexibility in choosing the class of the returned object. One application of this flexibility is that an API can return objects without making their classes public. Hiding implementation classes in this fashion leads to a very compact API. This technique lends itself to interface-based frameworks (Item 18), where interfaces provide natural return types for static factory methods. www.it-ebooks.info
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Interfaces can’t have static methods, so by convention, static factory methods for an interface named Type are put in a noninstantiable class (Item 4) named Types. For example, the Java Collections Framework has thirty-two convenience implementations of its collection interfaces, providing unmodifiable collections, synchronized collections, and the like. Nearly all of these implementations are exported via static factory methods in one noninstantiable class (java.util.Collections). The classes of the returned objects are all nonpublic. The Collections Framework API is much smaller than it would have been had it exported thirty-two separate public classes, one for each convenience implementation. It is not just the bulk of the API that is reduced, but the conceptual weight. The user knows that the returned object has precisely the API specified by its interface, so there is no need to read additional class documentation for the implementation classes. Furthermore, using such a static factory method requires the client to refer to the returned object by its interface rather than its implementation class, which is generally good practice (Item 52). Not only can the class of an object returned by a public static factory method be nonpublic, but the class can vary from invocation to invocation depending on the values of the parameters to the static factory. Any class that is a subtype of the declared return type is permissible. The class of the returned object can also vary from release to release for enhanced software maintainability and performance. The class java.util.EnumSet (Item 32), introduced in release 1.5, has no public constructors, only static factories. They return one of two implementations, depending on the size of the underlying enum type: if it has sixty-four or fewer elements, as most enum types do, the static factories return a RegularEnumSet instance, which is backed by a single long; if the enum type has sixty-five or more elements, the factories return a JumboEnumSet instance, backed by a long array. The existence of these two implementation classes is invisible to clients. If RegularEnumSet ceased to offer performance advantages for small enum types, it could be eliminated from a future release with no ill effects. Similarly, a future release could add a third or fourth implementation of EnumSet if it proved beneficial for performance. Clients neither know nor care about the class of the object they get back from the factory; they care only that it is some subclass of EnumSet. The class of the object returned by a static factory method need not even exist at the time the class containing the method is written. Such flexible static factory methods form the basis of service provider frameworks, such as the Java Database Connectivity API (JDBC). A service provider framework is a system in which multiple service providers implement a service, and the system makes the implementations available to its clients, decoupling them from the implementations.
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There are three essential components of a service provider framework: a service interface, which providers implement; a provider registration API, which the system uses to register implementations, giving clients access to them; and a service access API, which clients use to obtain an instance of the service. The service access API typically allows but does not require the client to specify some criteria for choosing a provider. In the absence of such a specification, the API returns an instance of a default implementation. The service access API is the “flexible static factory” that forms the basis of the service provider framework. An optional fourth component of a service provider framework is a service provider interface, which providers implement to create instances of their service implementation. In the absence of a service provider interface, implementations are registered by class name and instantiated reflectively (Item 53). In the case of JDBC, Connection plays the part of the service interface, DriverManager.registerDriver is the provider registration API, DriverManager.getConnection is the service access API, and Driver is the service provider interface. There are numerous variants of the service provider framework pattern. For example, the service access API can return a richer service interface than the one required of the provider, using the Adapter pattern [Gamma95, p. 139]. Here is a simple implementation with a service provider interface and a default provider: // Service provider framework sketch // Service interface public interface Service { ... // Service-specific methods go here } // Service provider interface public interface Provider { Service newService(); } // Noninstantiable class for service registration and access public class Services { private Services() { } // Prevents instantiation (Item 4) // Maps service names to services private static final Map providers = new ConcurrentHashMap(); public static final String DEFAULT_PROVIDER_NAME = "";
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// Provider registration API public static void registerDefaultProvider(Provider p) { registerProvider(DEFAULT_PROVIDER_NAME, p); } public static void registerProvider(String name, Provider p){ providers.put(name, p); } // Service access API public static Service newInstance() { return newInstance(DEFAULT_PROVIDER_NAME); } public static Service newInstance(String name) { Provider p = providers.get(name); if (p == null) throw new IllegalArgumentException( "No provider registered with name: " + name); return p.newService(); } }



A fourth advantage of static factory methods is that they reduce the verbosity of creating parameterized type instances. Unfortunately, you must specify the type parameters when you invoke the constructor of a parameterized class even if they’re obvious from context. This typically requires you to provide the type parameters twice in quick succession: Map m = new HashMap();



This redundant specification quickly becomes painful as the length and complexity of the type parameters increase. With static factories, however, the compiler can figure out the type parameters for you. This is known as type inference. For example, suppose that HashMap provided this static factory: public static HashMap newInstance() { return new HashMap(); }



Then you could replace the wordy declaration above with this succinct alternative: Map m = HashMap.newInstance();



Someday the language may perform this sort of type inference on constructor invocations as well as method invocations, but as of release 1.6, it does not. www.it-ebooks.info
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Unfortunately, the standard collection implementations such as HashMap do not have factory methods as of release 1.6, but you can put these methods in your own utility class. More importantly, you can provide such static factories in your own parameterized classes. The main disadvantage of providing only static factory methods is that classes without public or protected constructors cannot be subclassed. The same is true for nonpublic classes returned by public static factories. For example, it is impossible to subclass any of the convenience implementation classes in the Collections Framework. Arguably this can be a blessing in disguise, as it encourages programmers to use composition instead of inheritance (Item 16). A second disadvantage of static factory methods is that they are not readily distinguishable from other static methods. They do not stand out in API documentation in the way that constructors do, so it can be difficult to figure out how to instantiate a class that provides static factory methods instead of constructors. The Javadoc tool may someday draw attention to static factory methods. In the meantime, you can reduce this disadvantage by drawing attention to static factories in class or interface comments, and by adhering to common naming conventions. Here are some common names for static factory methods: • valueOf—Returns an instance that has, loosely speaking, the same value as its parameters. Such static factories are effectively type-conversion methods. • of—A concise alternative to valueOf, popularized by EnumSet (Item 32). • getInstance—Returns an instance that is described by the parameters but cannot be said to have the same value. In the case of a singleton, getInstance takes no parameters and returns the sole instance. • newInstance—Like getInstance, except that newInstance guarantees that each instance returned is distinct from all others. • getType—Like getInstance, but used when the factory method is in a different class. Type indicates the type of object returned by the factory method. • newType—Like newInstance, but used when the factory method is in a different class. Type indicates the type of object returned by the factory method. In summary, static factory methods and public constructors both have their uses, and it pays to understand their relative merits. Often static factories are preferable, so avoid the reflex to provide public constructors without first considering static factories. www.it-ebooks.info
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Item 2:



Consider a builder when faced with many constructor parameters



Static factories and constructors share a limitation: they do not scale well to large numbers of optional parameters. Consider the case of a class representing the Nutrition Facts label that appears on packaged foods. These labels have a few required fields—serving size, servings per container, and calories per serving— and over twenty optional fields—total fat, saturated fat, trans fat, cholesterol, sodium, and so on. Most products have nonzero values for only a few of these optional fields. What sort of constructors or static factories should you write for such a class? Traditionally, programmers have used the telescoping constructor pattern, in which you provide a constructor with only the required parameters, another with a single optional parameter, a third with two optional parameters, and so on, culminating in a constructor with all the optional parameters. Here’s how it looks in practice. For brevity’s sake, only four optional fields are shown: // Telescoping constructor pattern - does not scale well! public class NutritionFacts { private final int servingSize; // (mL) required private final int servings; // (per container) required private final int calories; // optional private final int fat; // (g) optional private final int sodium; // (mg) optional private final int carbohydrate; // (g) optional public NutritionFacts(int servingSize, int servings) { this(servingSize, servings, 0); } public NutritionFacts(int servingSize, int servings, int calories) { this(servingSize, servings, calories, 0); } public NutritionFacts(int servingSize, int servings, int calories, int fat) { this(servingSize, servings, calories, fat, 0); } public NutritionFacts(int servingSize, int servings, int calories, int fat, int sodium) { this(servingSize, servings, calories, fat, sodium, 0); }
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public NutritionFacts(int servingSize, int servings, int calories, int fat, int sodium, int carbohydrate) { this.servingSize = servingSize; this.servings = servings; this.calories = calories; this.fat = fat; this.sodium = sodium; this.carbohydrate = carbohydrate; } }



When you want to create an instance, you use the constructor with the shortest parameter list containing all the parameters you want to set: NutritionFacts cocaCola = new NutritionFacts(240, 8, 100, 0, 35, 27);



Typically this constructor invocation will require many parameters that you don’t want to set, but you’re forced to pass a value for them anyway. In this case, we passed a value of 0 for fat. With “only” six parameters this may not seem so bad, but it quickly gets out of hand as the number of parameters increases. In short, the telescoping constructor pattern works, but it is hard to write client code when there are many parameters, and harder still to read it. The reader is left wondering what all those values mean and must carefully count parameters to find out. Long sequences of identically typed parameters can cause subtle bugs. If the client accidentally reverses two such parameters, the compiler won’t complain, but the program will misbehave at runtime (Item 40). A second alternative when you are faced with many constructor parameters is the JavaBeans pattern, in which you call a parameterless constructor to create the object and then call setter methods to set each required parameter and each optional parameter of interest: // JavaBeans Pattern - allows inconsistency, mandates mutability public class NutritionFacts { // Parameters initialized to default values (if any) private int servingSize = -1; // Required; no default value private int servings = -1; // " " " " private int calories = 0; private int fat = 0; private int sodium = 0; private int carbohydrate = 0; public NutritionFacts() { }
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// Setters public void public void public void public void public void public void



setServingSize(int val) setServings(int val) setCalories(int val) setFat(int val) setSodium(int val) setCarbohydrate(int val)



{ { { { { {



servingSize = val; } servings = val; } calories = val; } fat = val; } sodium = val; } carbohydrate = val; }



}



This pattern has none of the disadvantages of the telescoping constructor pattern. It is easy, if a bit wordy, to create instances, and easy to read the resulting code: NutritionFacts cocaCola = new NutritionFacts(); cocaCola.setServingSize(240); cocaCola.setServings(8); cocaCola.setCalories(100); cocaCola.setSodium(35); cocaCola.setCarbohydrate(27);



Unfortunately, the JavaBeans pattern has serious disadvantages of its own. Because construction is split across multiple calls, a JavaBean may be in an inconsistent state partway through its construction. The class does not have the option of enforcing consistency merely by checking the validity of the constructor parameters. Attempting to use an object when it’s in an inconsistent state may cause failures that are far removed from the code containing the bug, hence difficult to debug. A related disadvantage is that the JavaBeans pattern precludes the possibility of making a class immutable (Item 15), and requires added effort on the part of the programmer to ensure thread safety. It is possible to reduce these disadvantages by manually “freezing” the object when its construction is complete and not allowing it to be used until frozen, but this variant is unwieldy and rarely used in practice. Moreover, it can cause errors at runtime, as the compiler cannot ensure that the programmer calls the freeze method on an object before using it. Luckily, there is a third alternative that combines the safety of the telescoping constructor pattern with the readability of the JavaBeans pattern. It is a form of the Builder pattern [Gamma95, p. 97]. Instead of making the desired object directly, the client calls a constructor (or static factory) with all of the required parameters and gets a builder object. Then the client calls setter-like methods on the builder object to set each optional parameter of interest. Finally, the client calls a parameterless build method to generate the object, which is immutable. The builder is a static member class (Item 22) of the class it builds. Here’s how it looks in practice:
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// Builder Pattern public class NutritionFacts { private final int servingSize; private final int servings; private final int calories; private final int fat; private final int sodium; private final int carbohydrate; public static class Builder { // Required parameters private final int servingSize; private final int servings; // Optional private int private int private int private int



parameters - initialized to default values calories = 0; fat = 0; carbohydrate = 0; sodium = 0;



public Builder(int servingSize, int servings) { this.servingSize = servingSize; this.servings = servings; } public Builder calories(int val) { calories = val; return this; public Builder fat(int val) { fat = val; return this; public Builder carbohydrate(int val) { carbohydrate = val; return this; public Builder sodium(int val) { sodium = val; return this; public NutritionFacts build() { return new NutritionFacts(this); } } private NutritionFacts(Builder builder) { servingSize = builder.servingSize; servings = builder.servings; calories = builder.calories; fat = builder.fat; sodium = builder.sodium; carbohydrate = builder.carbohydrate; } }
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Note that NutritionFacts is immutable, and that all parameter default values are in a single location. The builder’s setter methods return the builder itself so that invocations can be chained. Here’s how the client code looks: NutritionFacts cocaCola = new NutritionFacts.Builder(240, 8). calories(100).sodium(35).carbohydrate(27).build();



This client code is easy to write and, more importantly, to read. The Builder pattern simulates named optional parameters as found in Ada and Python. Like a constructor, a builder can impose invariants on its parameters. The build method can check these invariants. It is critical that they be checked after copying the parameters from the builder to the object, and that they be checked on the object fields rather than the builder fields (Item 39). If any invariants are violated, the build method should throw an IllegalStateException (Item 60). The exception’s detail method should indicate which invariant is violated (Item 63). Another way to impose invariants involving multiple parameters is to have setter methods take entire groups of parameters on which some invariant must hold. If the invariant isn’t satisfied, the setter method throws an IllegalArgumentException. This has the advantage of detecting the invariant failure as soon as the invalid parameters are passed, instead of waiting for build to be invoked. A minor advantage of builders over constructors is that builders can have multiple varargs parameters. Constructors, like methods, can have only one varargs parameter. Because builders use separate methods to set each parameter, they can have as many varargs parameters as you like, up to one per setter method. The Builder pattern is flexible. A single builder can be used to build multiple objects. The parameters of the builder can be tweaked between object creations to vary the objects. The builder can fill in some fields automatically, such as a serial number that automatically increases each time an object is created. A builder whose parameters have been set makes a fine Abstract Factory [Gamma95, p. 87]. In other words, a client can pass such a builder to a method to enable the method to create one or more objects for the client. To enable this usage, you need a type to represent the builder. If you are using release 1.5 or a later release, a single generic type (Item 26) suffices for all builders, no matter what type of object they’re building: // A builder for objects of type T public interface Builder { public T build(); }
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Note that our NutritionFacts.Builder class could be declared to implement Builder. Methods that take a Builder instance would typically constrain the builder’s type parameter using a bounded wildcard type (Item 28). For example, here is a method that builds a tree using a client-provided Builder instance to build each node: Tree buildTree(Builder 
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Effective Positivstellensatz - Henri Lombardi 

Does the nice formula depends continuously on the hypothesis. Answers for 1 and 2 ..... This is almost for free, because variants of Taylor formulas do the job. 25 ...










 








JAVA Lectures 

organized in packages,. â€“ lots of already ... boolean: false, ... order of evaluation (left to right), precedence, operand number ... local variables: all variables must be declared, ... method or block of code in which they are defined. ..... Or u










 








Java RMI 

q RMI sends parameters to a remote object and gets result back, just like local method .... q To use Java 2, security policy file needed (called â€œjava.policyâ€�) grant {.










 








Learning Java 

Learning Java, http://www.oreilly.com/catalog/learnjava3/, where you'll find the source ..... It would not be overdoing it to say that Java caught on like wildfire. ..... Volume 29, 1999 (http://www.spirus.com.au/papersAndTalks/javaVsC++.pdf). ......
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Java tutorial 

background color property is then read from JavaBean container's parent container. 3. Build the bean. â€¢ Open Jdeveloper. â€¢ Create a new application. Right click ...










 








Résolution effective d'équations diophantiennes 

de cette th`ese; compagnon souvent électronique mais non moins indéfectible, toujours patient et disponible. Merci `a lui pour ces années de collaboration; je.










 








bolt action 2nd edition 

BOLT ACTION 2ND EDITION ... The player executes the unit's resulting action. 5 ..... Blacker Bombard for British Army / Ampulomet for Soviet Union with special.










 








Effective Parents Are strategic - Kattar 

This article is inspired by the strategic approach developed in MRI Palo Alto and intends to be ... Finally, I recall a few important points for the attention of the parents. ..... Autism- Thinking and pictures - Anthropology on Mars- Temple Grandon.










 








RVM 2nd PWGSC\RVM 2nd Floor Feb.28.11.dwg A1 

Tunney's Pasture. Ottawa, ON. KIA 1G7. National Capital Region. Services d'architecture et genie. Equipe des biens immobiliers no. 2. Ã‰difice Principal, Ã‰difice #3. PrÃ© Tunney. Ottawa, ON. KIA 1G7. RÃ©glon de la capitale nationale. 969. H H H. WC.










 








2nd Round Team Championship and 2nd Individual Qualifier 

14 aoÃ»t 2015 - Peter Charles. 0089 VIVALDI DU DOM. CHARLES Harry. 0,00. 4,00. 4,00 ..... MATEJKA Samuel. 12,00. OS / 2006 / G / Bay / Carinue x Kannan.
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This instruction sheet provides you with the information required to safely own and operate your Little Giant product. Retain these instructions for future reference. The Little Giant product you have purchased is of the highest quality workmanship a










 








Histology 2nd Sem .fr 

o Lipochrome is a lipid soluble pigment in the cytoplasm of the cells â†’ gives ..... cavity) â†’ serve as nutrition for bacteria which produce lactic acid (DÃ¶derlein ..... The INTRAlobular connective tissue is much less dense and contains only litt










 








2nd Grade Math Worksheets 

42. + 77. 44. + 29. 13. + 67. 18. + 33. 59. + 29. 37. + 87. 53. + 49. 35. + 55. 29. + 33. 7. Draw a line to match the shape to its name. 6. Write = or â‰  between each set. 3 + 710. 4 + 912. 10. 12. 16. 19. 13. 14. 7 + 916. 5 + 39. 5 + 913. 6 + 814 t










 








Investment Valuation, 2Nd Edition.pdf 

others and the details of valuation will vary from case to case. ... discussion of how valuation is or can be used in a variety of frameworks, from ...... Of all the items on the liability side of the balance sheet, absent outright fraud, current ...










 








Big Java 4e: Compatible with Java 5, 6, and 7 

visual and audio resources, WileyPLUS gives you everything you need to personalize ..... Even the most reasonable cosmic con- ...... the power is turned off. ...... Get an index card, a cocktail napkin, or whatever sheet of paper is within reach.










 








JAVA â€“ BALI 

Enregistrement Ã  destination de JAVA via Dubai. 15 h 35 (*) : Envol. Nuit Ã  bord. 15 h 40(*) : ArrivÃ©e Ã  Jakarta. Accueil par votre guide Ã  Jakarta,. Diner et Nuit Ã  ...










 








Senior Java Developer .fr 

Tomcat, Java, Server Side JavaScript, Python, AJAX, Prototype, Hibernate, ... and development of a graphical software engineering tool for PIC Microcontroller in.










 








Java Printing - Denis Monasse 

O dist:=(m1,m2)->sqrt((m2[1]-m1[1])^2+(m2[2]-m1[2])^2): billard:=proc(f,t,tMin,tMax,n) local i,var,long,poly,sol; long:=dist(subs(t=var[n],f),subs(t=var[1],f)); for i from ...










 








Certification Java Performance Tuning 

Programme. Jour 2 : Utilisateurs de gÃ©nÃ©ration d'unitÃ© centrale (CPU) ... Le test d'endurance, de stress et de charge. Le test d'exploitation (Load test harnesses) ...
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