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Foreword
      

      This is a timely book, about a powerful and widely used technology that continues to grow in importance.

      Since the first edition of AspectJ in Action, much has changed in AspectJ and the broader environment. This comprehensive update squarely addresses these changes.
      

      Among the changes, three issues stand out: important new capabilities of AspectJ, increasing interest in dynamic languages
         in general and on the JVM, and the emergence of AspectJ as a key practical technology in mainstream enterprise Java.
      

      AspectJ has matured greatly since the first edition. It now has comprehensive support for Java annotations, along with support
         for other language improvements such as generics, variable-length argument lists, and covariant return types. Annotations
         fit hand in glove with AOP, providing an ideal way of adding information about program structure and semantics for use by
         aspects. For example, one concise aspect might add consistent additional behavior to all executions of a method with a given
         annotation; another might cause a set of classes to be annotated with a particular annotation to direct an enterprise framework
         to add behavior at runtime. These language enhancements not only simplify the authoring of many aspects—they also make AspectJ
         an ideal match for modern enterprise Java programming models, and truly a new language.
      

      The last few years has seen a significant rise in interest in dynamic languages—many of which (such as Groovy) provide capabilities
         for metaprogramming. Although this is a welcome change, it has caused some confusion regarding the role of AOP. Metaprogramming
         can solve some of the problems solved by AOP, but it doesn’t directly offer the ability to exploit program structure in a
         complementary way to OOP that is core to AOP. This book will help you understand which approach is appropriate to your everyday
         problems and how you can use them together. Ramnivas Laddad neatly expresses the relationship between AOP and dynamic languages
         in Chapter 1: “...statically typed languages use AOP to gain metaprogramming support. In contrast, dynamic languages benefit from AOP
         as a disciplined application of metaprogramming.”
      

      Another important change since the first edition of this book is the rise of modern frameworks, which constitutes a huge validation
         of AOP. Today, the Spring Framework has become the most popular component model for enterprise Java. Its core benefit—sophisticated
         provision of declarative services to simple POJOs containing business logic and unpolluted by infrastructure concerns—is built
         on AOP, and its popularity and proven usefulness demonstrate the benefits of the modularization AOP is designed to achieve.
         (Indeed, all modern enterprise Java technologies follow Spring’s approach of providing enterprise services with minimal infrastructure
         API calls in user code.) Furthermore, Spring 2.0 made the important architectural decision to adopt the AspectJ pointcut expression
         language—the heart of AspectJ—and a subset of the AspectJ annotation programming model as its preferred AOP programming model—another
         validation, which exposes more developers to the benefits of AspectJ.
      

      As a result, AspectJ works hand in hand with Spring and is particularly relevant to solving enterprise Java problems. Ramnivas
         has embraced this synergy in this book: he explains clearly how you can benefit from AspectJ concepts if you’re already using
         Spring, and how AspectJ the language is a natural extension of the AOP concepts supported by Spring. Readers who aren’t using
         Spring will still benefit from the valuable case studies and examples the Spring AOP experience provides.
      

      This practical bent is important and to be commended. Programming languages are only as valuable as their practical usage
         potential, as history repeatedly shows. Another key to practical usage potential is tool support. In the case of AspectJ,
         there has recently been a huge step forward in this regard. Improvements to the Eclipse AspectJ plugin (AJDT) have resulted
         in dramatic performance and stability improvements, making AspectJ easier for less experienced developers to use. Meanwhile,
         the new Spring Roo project (http://www.springsource.org/roo) makes innovative use of AspectJ in greatly simplifying the authoring of enterprise Java applications. Not only is this a
         further validation of AspectJ, but it also promises to make the full power of AspectJ available in a large number of applications
         without developers needing to make an explicit choice to adopt AspectJ.
      

      Together, these advances remove a key practical barrier to adopting AspectJ. The remaining barrier to adoption is the effort in learning AOP and AspectJ concepts—an effort well worth making. Learning AspectJ is like learning to type: it requires the investment of some time up front
         to be able to reap ongoing rewards in productivity.
      

      This book will make that effort as easy and as pleasurable as possible. As you learn about AOP and AspectJ, I highly recommend
         Ramnivas Laddad as your guide.
      

      A long-term advocate of AOP, Ramnivas is outstandingly knowledgeable about his subject. Even more important, he deeply understands
         how it fits into a broader context. Through many years of experience as an enterprise architect and consultant, he has gained
         a deep practical knowledge about real-world problems, seeing aspects as just one (albeit an important) weapon in the armory of the modern
         architect. This experience stands out in the relevance and value of the examples and in the fact that the book is well balanced.
         Ramnivas isn’t a mere cheerleader, and he provides excellent discussion of alternatives to AOP that will help you make the
         right architectural choices.
      

      Finally, this book, like the previous edition, is a pleasure to read. Clear, concisely worded, and well organized, it will
         make your navigation of AspectJ and AOP concepts easy.
      

      I wish you great success with AspectJ and the Java platform, and I hope you enjoy reading this book as much as I have.

      ROD JOHNSON

      CREATOR OF THE SPRING FRAMEWORK

      



Preface
      

      My association with AOP and AspectJ has now lasted more than a decade. I still remember my initial experience with AspectJ
         around 1998 and more serious exploration in 2002. It felt like a breath of fresh air that finally addressed some of the shortcomings
         of object-oriented programming. My initial experimentation led me to write an article series in JavaWorld in 2002 and the first edition of this book in 2003. After writing the book, I gave talks at many conferences about facets
         of AOP and AspectJ, and how to use them with the Spring Framework commonly referred to as Spring. Over the last few years, as a Spring committer, I have been trying to improve Spring-AspectJ integration. While doing this,
         I have been actively using these technologies on many projects. This book is a reflection of my experience with the technologies,
         understanding the best ways to explain them, and finding pragmatic ways to adopt them.
      

      A lot has changed since the publication of the first edition of this book. Back then, AspectJ was a new language, Spring had
         just come out, and alternative languages on the Java platform were far fewer. Now, AspectJ is a 10-year-old language, Spring
         is the de facto lightweight framework for developing enterprise software, and new languages on the Java platforms are numerous.
      

      Yet some things haven’t changed. Software complexity is still increasing at breakneck speed. Our ability to cope with complexity
         remains essentially unaltered. As a result, our search for better ways to reduce implementation complexity also remains unchanged.
         These factors make AOP implemented using AspectJ an important tool in an enterprise Java developer’s toolbox.
      

      The changes to AspectJ have been dramatic. It now includes two syntax possibilities: the traditional syntax and the annotation-based
         @AspectJ syntax, which lowers the barrier to begin using AspectJ. It supports many weaving possibilities, including load-time
         weaving, making the use of AspectJ for applications such as monitoring and tracing a simple experience. To top it off, Spring
         has adopted AspectJ’s programming model as its AOP solution. This caused the Spring community to be drawn to the power of
         AOP with AspectJ as the preferred programming model.
      

      Below the surface, significant changes have also taken place. SpringSource (now part of VMWare) is sponsoring AspectJ development.
         Due to the complexity involved on the compiler and tools front, projects such as AspectJ require serious attention. Fulltime
         development afforded by SpringSource support has been crucial in recent years.
      

      And so, it was time to write a new edition of AspectJ in Action. My initial thought was that I would update most chapters with new AspectJ features and update a few examples. I estimated
         the overall effort would take six months. Boy, was my estimate off the mark! It took more than three years to update and re-update
         the book. There were many reasons (besides being busy at my day job). AspectJ kept improving over the last three years. The
         ecosystem surrounding Spring changed dramatically. Through my consulting experience, my understanding of the problems that
         AOP is trying to solve and its adoption in the real world changed, as well. Therefore, many examples from the first edition
         wouldn’t work any more, even if I gave them a facelift. Like the first edition, I wanted this book to be of immediate practical
         value. Therefore, I decided to rewrite many of the chapters and most of the examples. I’m glad that I took that path.
      

      I humbly hope that you’ll appreciate my effort, like this book, and use it in your applications.

      



Preface to the First Edition
      

      I’ve always felt that implementing a software system is much harder than it needs to be. It is difficult to map requirements
         to the implementation and then trace the implementation back to the requirements. Although many approaches—such as object-oriented
         programming, component-oriented programming, and design patterns—help to some extent, none of them satisfactorily addresses
         the system-level requirements, often referred to as crosscutting concerns, that must be included in multiple modules.
      

      I came across AspectJ version 0.3 in 1998 while looking for better ways to architect a Java-based system. AspectJ was an implementation
         of aspect-oriented programming (AOP), a new methodology that specifically targeted the management of crosscutting concerns.
         Even though AspectJ was in its infancy, I became fascinated by its potential. The struggle to keep up with all the new advances
         in the Java and XML world, along with other priorities in my life, prevented me from pursuing it further. Still, exploring
         AspectJ was always on my to-do list, and I started looking at it again when it was in version 0.8. By then, AspectJ had evolved
         into a much more powerful language. I started using AspectJ and found that the more I used it, the more I fell in love with
         it. Today, the current version of AspectJ (1.1)—which this book is based on—has morphed into a mature, robust language.
      

      In early 2002, I wrote a series of articles for JavaWorld describing AOP and AspectJ; the book you are holding grew out of that series. From reader responses, I realized that most
         developers understand that AspectJ can be used to modularize the crosscutting concern of logging, but they struggle to imagine
         how it may be applied beyond that. Logging, while an important concern, is not something developers lose sleep over. Logging using AspectJ, therefore,
         is best characterized as a vitamin and not a painkiller; while vitamins are important, often the need for them is not pressing
         enough to require immediate action. To further complicate the situation, the examples of AOP that are widely available today
         either repeat the same logging problem or are too abstract to be of immediate practical value.
      

      My mission statement for this book is “to be a key element in bringing AOP and AspectJ into everyday practice.” To accomplish
         this goal, the book not only presents the AspectJ language but also provides practical AspectJ-based solutions to a wide variety
         of real-world problems. You will find that you can utilize these solutions to quickly reap the benefits of the language. I
         have tried to use current technologies as the basis for these solutions so that you can readily apply them to your system.
         This also demonstrates that these latest technologies by themselves are not enough to manage crosscutting concerns, since
         combined with AspectJ, they provide a better solution. The book also presents a few original design patterns that increase
         the power of AspectJ significantly.
      

      It is not often that one gets to write about such an exciting new programming methodology and language. I enjoyed writing
         this book. I hope you will enjoy reading it.
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About this Book
      

      AspectJ in Action, Second Edition is a comprehensive and practical guide to applying AOP and AspectJ in real-world enterprise applications. Although the book
         focuses on practical applications, it doesn’t skimp on concepts in AOP and constructs in AspectJ. I cover a broad spectrum
         of solutions—from simple examples that address tracing, monitoring, and policy enforcement to complex ones dealing with caching,
         concurrency control, transactions, and security. The book also covers how AOP helps improve domain-logic implementation. To
         make this book immediately useful and provide a practical context of enterprise applications, I use:
      

      

      
	Java (1.6)

         	Spring MVC (3.0)

         	Log4J (1.2)

         	OSCache (2.4)

         	JUnit (4.6)

         	Eclipse (3.5)

         	AspectJ (1.6)

         	Spring Security (3.0)

         	JPA (1.0)

         	EJB (3.0)

         	Ant (1.7)

         	AJDT (2.0)

         	Spring (3.0)

         	Spring Batch (2.0)

         	Hibernate (3.3)

         	Mockito (1.8)

         	Maven (2.2)

         	SpringSource Tools Suite (2.1)

      

Regardless of your area of expertise, you’ll find examples that you can use in your work immediately.

      
Roadmap
      

      This book is divided into two parts plus three appendices. Part 1 (chapter 1 through 9) focuses on the technology, although we introduce many practical aspects that you may use in your application. Part 2 (chapter 10 through 17) focuses on applications of AOP. If you’re new to AOP and AspectJ, you should read part 1 before reading part 2. If you’re familiar with an older version of AspectJ, you may want to read part 1, focusing only on new features such as support for annotations, the @AspectJ syntax, new weaving models, and Spring integration.
      

      Chapter 1 makes a case for AOP. It introduces the problems that aspect-oriented programming aims to address, discusses how current
         techniques fall short, and explains how AOP handles them. It presents the core concepts of AOP such as the join point model,
         pointcuts, and advice. It also presents a generic model of AOP to help distinguish it from similar technologies.
      

      Chapter 2 introduces AspectJ at a high level. We’ll discuss various language concepts and constructs, weaving choices, and Spring integration.
         We’ll finish the chapter by showing the IDE support for AspectJ.
      

      Chapter 3 gets into the details of the AspectJ language by closely examining its join point model. It introduces the pointcut expression
         language along with many examples. This chapter should serve as a handy reference for you.
      

      Chapter 4 focuses on dynamic crosscutting that lets you modify the behavior of the system. It introduces various kinds of advice supported
         by AspectJ. In this chapter, you’ll begin to implement aspects to deal with fault tolerance and caching functionality. This
         chapter provides you with enough information to start writing simple AspectJ programs.
      

      Chapter 5 focuses on static crosscutting that you can use to modify the structure of the system. It examines mechanisms such as inter-type
         declarations, weave-time errors and warning declarations, and exception softening. It also shows a few examples of AspectJ
         that you can begin using immediately.
      

      Chapter 6 discusses the unit of modularization in AspectJ: the aspect. We’ll put together all the concepts presented so far. Equipped
         with this new knowledge, we’ll update the caching example introduced in chapter 4. Specifically, we’ll add automated tests to verify its functionality and expose the aspect over JMX.
      

      Chapter 7 presents the brand-new feature in AspectJ 5: the @AspectJ syntax. In this chapter, we’ll map the traditional syntax to the
         @AspectJ syntax, which is useful with both byte-code-based weaving and Spring’s proxy-based implementation. We’ll complete
         this chapter by discussing how you choose between the traditional and the @Aspect syntax.
      

      Chapter 8 discusses weaving models offered by AspectJ, some of which are new features of AspectJ 5. We’ll go into detail about build-time
         and load-time weaving. We’ll also show an example that adds monitoring to a web application using load-time weaving.
      

      Chapter 9 focuses on Spring AspectJ integration. We’ll discuss using the @AspectJ syntax while avoiding the use of the byte-code-based
         weaver. We’ll dive into how Spring’s dependency injection mechanism works in synergy with proxy-based AOP. We’ll also discuss
         a Spring-based variation of load-time weaving along with a complete example.
      

      Next, we’ll dive into part 2 to apply the knowledge you gain in part 1 to practical applications of AOP.
      

      Chapter 10 discusses many variations of tracing and monitoring. These aspects represent how most developers begin with AOP. Make no
         mistake: these aren’t toy aspects, and by the end of this chapter you should be able use aspects in your own project and reap
         immediate benefits.
      

      Chapter 11 continues the journey of exploring another set of aspects that developers use during their initial exploration of AOP: policy
         enforcement. In this chapter, we’ll discuss how policy-enforcement aspects can help keep your design intact. We’ll include
         a wide range of examples: layered architecture, mixing of JDBC with JPA, Swing, and EJB.
      

      Chapter 12 presents a set of design patterns that have been found to be useful in practice and that we’ll use in the chapters that follow.
         We’ll present the worker object pattern, the wormhole pattern, the participant pattern, and its variation—the annotation-driven
         participant pattern.
      

      Chapter 13 applies some of the patterns presented in the previous chapter to a complex crosscutting concern of concurrency control.
         We’ll implement aspects that modularize concurrency control for Swing-based applications. We’ll also implement a read-write
         lock aspect.
      

      Chapter 14 discusses one of the most commonly required crosscutting concern in enterprise applications: transaction management. We’ll
         implement several aspects based on the abstraction offered by Spring. We’ll also develop a fault-tolerance scheme that works
         particularly well with transaction managed operations.
      

      Chapter 15 explains the modularization of another crosscutting concern: security. We’ll implement aspects based on abstraction offered
         by Spring Security.
      

      Chapter 16 introduces how AOP can help you better implement domain logic. We’ll discuss how AspectJ can extend dependency injection
         concepts to domain objects and how to use this possibility of implementing rich behavior in domain objects. We’ll also examine
         improving business logic through aspects, refactoring using aspects, and implementing certain domain-driven design policies
         using aspects.
      

      Chapter 17 rounds out the book by showing a pragmatic approach to adopting AOP.
      

      The first of the three appendixes presents an e-commerce example that is used in the book. The remaining appendixes explain
         how to use AspectJ with Ant and Maven.
      

      
Who should read this book
      

      AspectJ in Action, Second Edition is aimed at intermediate to advanced Java developers. Whether you develop enterprise applications or architect complex software
         systems, you’ll find this book enjoyable and helpful. If you’re developing applications using the Spring Framework, you’ll
         find most of the code developed in this book of immediate value. But even if you aren’t using Spring, you’ll be able to modify
         the code to any other framework you may be using. The book focuses heavily on Spring-based applications, but it also includes
         examples of other technologies such as Swing and EJB.
      

      Although knowledge of object-oriented programming and Java is required, I don’t assume that you’re familiar with aspect-oriented
         programming or AspectJ. Basic knowledge of the Spring Framework will help you get the most out of this book. If you aren’t
         familiar with the Spring Framework, you may want to read a few of the many online resources to gain some familiarity. For
         some of the specific technologies, such as transaction management in Spring and Spring Security, the book presents a short
         introduction so that you can understand the aspects without needing another source. I also cite resources (both text and online)
         for those who want to gain in-depth understanding.
      

      
Code and typographical conventions
      

      To keep the code short, we don’t show most import statements in Java and AspectJ source code, except in chapter 2 and where import statements improve clarity of the code. Similarly, we don’t show the namespace and schema declarations in
         most XML source code. The downloadable code, of course, has unabbreviated code.
      

      The book follows the following typographical conventions:

      

      
	
Italic typeface is used to introduce new terms.
         

         	
Courier typeface is used to denote code samples as well as program elements.
         

         	
Courier bold typeface is used to denote code of special interest.
         

         	Code-line continuations are indicated by [image: ].
         

      


Getting the source code
      

      The source code for the example applications in this book is freely available from Manning’s web site, www.manning.com/AspectJinActionSecondEdition or www.manning.com/laddad2. Much of the source code is reusable either in its original state or after some customization. The downloadable package contains
         the source code, instructions on how to set up the environment, and build scripts that automate compiling and running the
         programs. The source code is organized to promote experimentation, where you can modify code for any of the projects without
         affecting others.
      

      All of the technologies used in this book are being steadily updated. I expect the code to work without any changes with Java
         5 and Java 6, Spring 3.0, and AspectJ 1.6.5. But I’ll update source code with significant releases of the technologies used—especially
         if those break the code.
      

      
Author online
      

      The purchase of AspectJ in Action, Second Edition includes free access to a private web forum run by Manning Publications, where you can make comments about the book, ask
         technical questions, and receive help from the author and from other users. To access the forum and subscribe to it, point
         your web browser to www.manning.com/laddad2 or www.manning.com/AspectJinActionSecondEdition. This page provides information on how to get on the forum once you are registered, what kind of help is available, and the
         rules of conduct on the forum.
      

      Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between
         readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author,
         whose contribution to the AO remains voluntary (and unpaid). We suggest you try asking the author some challenging questions
         lest his interest stray!
      

      The Author Online forum and the archives of previous discussions will be accessible from the publisher’s web site as long
         as the book is in print.
      

      
About the author
      

      RAMNIVAS LADDAD is a well-known expert in enterprise Java, especially in the area of AOP and Spring. He is the author of the first edition
         of AspectJ in Action, the best-selling book on AOP and AspectJ that has been lauded by industry experts for its presentation of practical and
         innovative AOP applications to solve real-world problems. Ramnivas, a Spring Framework committer, is also a very active presenter
         at leading industry events and has been an active member of both the AspectJ and Spring communities from their beginnings.
         He has worked with a wide range of systems, especially dealing with complex and mission-critical applications, in various
         roles.
      

      Ramnivas shares his thoughts on http://ramnivas.com/blog, and you can follow him on Twitter at http://twitter.com/ramnivas.
      

      



About the Title
      

      By combining introductions, overviews, and how-to examples, the In Action books are designed to help learning and remembering. According to research in cognitive science the things people remember
         are things they discover during self-motivated exploration.
      

      Although no one at Manning is a cognitive scientist, we are convinced that for learning to become permanent it must pass through
         stages of exploration, play, and, interestingly, retelling of what is being learned. People understand and remember new things,
         which is to say they master them, only after actively exploring them. Humans learn in action. An essential part of an In Action guide is that it is example-driven. It encourages the reader to try things out, to play with new code, and explore new ideas.
      

      There is another, more mundane, reason for the title of this book: our readers are busy. They use books to do a job or solve
         a problem. They need books that allow them to jump in and jump out easily and learn just what they want just when they want
         it. They need books that aid them in action. The books in this series are designed for such readers.
      

      



About the Cover Illustration
      

      The figure on the cover of AspectJ in Action, Second Edition is an “Ysleno Moluco,” an inhabitant of the Molucan Islands, also known as the Spice Islands, a southwestern province of
         Indonesia. The illustration is taken from a Spanish compendium of regional dress customs first published in Madrid in 1799.
      

      The title page of the Spanish compendium states:

      
         Coleccion general de los Trages que usan actualmente todas las Nacionas del Mundo desubierto, dibujados y grabados con la
               mayor exactitud por R.M.V.A.R. Obra muy util y en special para los que tienen la del viajero universal

      

      which we translate, as literally as possible, thus:

      
         General collection of costumes currently used in the nations of the known world, designed and printed with great exactitude
               by R.M.V.A.R. This work is very useful especially for those who hold themselves to be universal travelers

      

      Although nothing is known of the designers, engravers, and workers who colored this illustration by hand, the “exactitude”
         of their execution is evident in this drawing. The “Ysleno Moluco” is just one of many figures in this colorful collection.
         Their diversity speaks vividly of the uniqueness and individuality of the world’s towns and regions just 200 years ago. This
         was a time when the dress codes of two regions separated by a few dozen miles identified people uniquely as belonging to one
         or the other. The collection brings to life a sense of isolation and distance of that period—and of every other historic period
         except our own hyperkinetic present.
      

      Dress codes have changed since then and the diversity by region, so rich at the time, has faded away. It is now often hard
         to tell the inhabitant of one continent from another. Perhaps, trying to view it optimistically, we have traded a cultural
         and visual diversity for a more varied personal life. Or a more varied and interesting intellectual and technical life.
      

      We at Manning celebrate the inventiveness, the initiative, and the fun of the computer business with book covers based on
         the rich diversity of regional life of two centuries ago? brought back to life by the pictures from this collection.
      

      



A Real-World Perspective of AOP
      

      What is the real deal with AOP? Is it something that you should embrace or ignore? What do you gain with AOP, and what do
         you risk by adopting it? Let’s address these important questions from a practitioner’s point of view. We’ll start with AOP
         in the context of the typical hype cycle. This will give us a historical perspective on AOP evolution and indicate what lies
         ahead. We also look at the landscape, focusing on the current situation and changes since the first edition of this book.
         While AOP is a more general concept, because our focus is the real world use of it, we’ll focus on AspectJ—its most prominent
         implementation.
      

      
Mapping AOP onto the hype cycle
      

      Every technology goes through a cycle that’s well illustrated by the Gartner Hype Cycle (http://en.wikipedia.org/wiki/Hype_cycle). AOP is no exception. Understanding the hype cycle and the position of the technology you’re considering adopting is important.
         It allows you to offer a more accurate gauge of the benefits the technology is likely to offer and the risk you expose yourself
         to. In this section, I’ll give my assessment of the hype cycle of AOP in five major phases: technology trigger, peak of inflated
         expectations, trough of disillusionment, slope of enlightenment, and plateau of productivity. The following figure depicts
         the hype cycle and how AOP maps to it.
      

      [image: ]

      
         

Hype cycle for AOP. After passing through various stages, currently AOP is on the slope of enlightenment. (Hype not to scale!)

      Let’s look at each of the major phases in the figure.

      
Technology trigger
      

      In this phase, a new technology appears on the horizon with a promise to solve a set of problems. It may be an announcement
         of a new product or an actual release of a product. Either way, it may generate some buzz and attract developers towards it.
      

      For AOP, the technology trigger occurred with AspectJ 1.0 release in 2002 followed by a more serious 1.1 release in 2003 (earlier
         releases, although interesting, didn’t receive much attention). Gregor Kiczales and his team, while working at Xerox Palo
         Alto Research Center (PARC), developed the AOP concepts backed by the AspectJ language. Many technologists could immediately
         understand the potential for AspectJ, especially for enterprise applications. Aspect-oriented programming using AspectJ was
         seen as a way to modularize some of the common crosscutting concerns—transaction management, security, caching, concurrency
         control, and lest we forget, tracing.
      

      For many technologies, especially with substantially new ideas and potential to solve complex problems, the next phase follows.

      
Peak of inflated expectations
      

      In this phase, the technology gains much hype (warranted or otherwise). Everyone wants to know about it, everyone has an opinion
         of it, but few people use it in real applications. A few adventurous (or reckless) developers (or early adopters) try it. If the technology fits the problem well, and you have good understanding of it, adopting technology during this
         phase can give you a competitive advantage. It’s fascinating to be associated with a technology in this phase. People perceive
         you as “cool.”
      

      For AOP, the peak occurred around 2004. I enjoyed the attention I received as well as the response to the first edition of
         AspectJ in Action (thank you!). Many smaller companies and a few larger ones used AspectJ in a few projects. During this time, most developers
         working on AspectJ and AspectJ Development Tools (AJDT) were from IBM. This significant investment from IBM helped AspectJ
         gain solid footing.
      

      But the lack of mass adoption made using the technology an adventure. Fortunately for AspectJ the peak wasn’t high due to
         expectation management by AspectJ evangelists. For example, Gregor Kiczales, the father of AOP, portrayed AspectJ as the “15%
         solution” (http://www.ddj.com/architect/184414845): he argues that in a typical project, you’ll use AspectJ for about 15% of your coding. Think about it. When was the last
         time the creator of a language quoted such a small number for his own language? Even the first edition of this book ended
         with, “However, AOP isn’t a silver bullet that will solve all your programming problems. Nevertheless, we have to make progress—one
         step at a time.” This expectation management led to a smaller peak in the hype cycle and, fortunately, a shorter fall in the
         next phase.
      

      
Trough of disillusionment
      

      In this phase, the technology starts to lose the attention it once received. It becomes one of many things vying for attention.
         In this phase, many early adopters continue to use the technology creatively to gain a competitive advantage. Others begin
         to look at it with a skeptical eye. The technology sees serious and innovative competition from newer solutions that address
         part of the same problem space. Interestingly, many of these competing technologies are going through the “peak of inflated
         expectation” phase. On one extreme, these new technologies can drive the existing one into oblivion (which isn’t necessarily
         a bad thing—if the technology couldn’t take on a competition, oblivion is a respectful resting place). On the other side,
         competition can shake the technology and force it to innovate further.
      

      For AOP, the trough occurred around 2006. In addition to the naturally expected trough that follows a peak, Java 5 also proved
         to be disruptive to implementing other features needed in making AspectJ an easily acceptable technology—compiler and weaver
         speed, tools integration, and so on. Although the core AJDT committers kept developing the technology, much more dedicated
         effort was needed. Furthermore, many users perceived the adoption of AspectJ as a big step due to the requirement of using
         a brand-new syntax and the need to use a special compiler at the beginning of a project. Eclipse, the main supported IDE for
         AspectJ, was advancing at a rapid pace, leaving a large gap between its Java support and AspectJ support.
      

      Enterprise Java Beans (EJB) provided serious competition. Through a framework-centric approach, you could implement crosscutting
         functionality such as transaction management and security in a modular fashion. More serious competition came from dynamic
         languages such as Ruby and Groovy and associated frameworks such as Rails and Grails. The metaprogramming model available
         in these technologies provided an alternative solution to modularize crosscutting concerns.
      

      On the tooling side, all new languages suffer from the lack of maturity (although most new language proponents would argue
         otherwise). In reality, tools always lag behind language creation. I still remember using Emacs with Java for several years
         after disappointing experiences with many IDEs. But this didn’t cause us early Java adopters to discard the language for the
         lack of tools. A judicious decision requires that you weigh the benefits of the language against the handicaps introduced
         by immature or nonexisting tools. For AspectJ, the tools side—especially IDEs—has been a weakness, especially if you expected
         its support to match that of Java.
      

      AspectJ took on all these challenges to enter the next—and most useful—phase.

      
Slope of enlightenment
      

      This phase results from multiple factors such as changes in the technology to meet real-world requirements, maturing of the
         technology due to sustained field testing, finding the right context for the technology to make an impact, and disillusionment
         about other technologies once considered as alternatives. The technology also starts to be used to solve problems in the context
         of focused application areas.
      

      The slope of enlightenment started for AOP right after its trough. Adrian Colyer, the AspectJ lead, left IBM to join SpringSource.
         Soon, I joined SpringSource, and I’ve been contributing to Spring AspectJ integration as a committer. Later, Andy Clement,
         a lead AspectJ developer, also left IBM to join SpringSource. Recently, Andrew Eisenberg joined SpringSource and is working
         on improving AspectJ-related tools. Currently, AspectJ is a SpringSource portfolio project and enjoys its sponsorship. All
         these factors helped bring together Spring and AspectJ and afford sustained development.
      

      During my consulting engagements, I see signs of AspectJ being in this phase. Developers no longer fear it for its perceived
         complexity but rather show curiosity about exploring the benefits it offers and eagerly want to use AspectJ.
      

      Let’s look at the underlying factors that caused AspectJ to enter this phase.

      
Response to User Needs
      

      AspectJ followed a path to enlightenment (pardon the pun) by simplifying its adoption. New syntax and weaving models (in part
         due to merger with AspectWerkz—a project led by Jonas Bonér and Alexandre Vasseur) removed some of the bumpiest patches on
         the path. The new syntax choices delayed the use of the weaver as far as executing the application (and, used with Spring,
         eliminated the weaver altogether). Load-time weaving allowed the introduction of AspectJ without much fuss. Java 5 also made
         a huge difference with the introduction of annotations. Annotations allow a simple collaboration point between developers
         of the main-line business logic and developers of aspects. Annotations alleviate the difficulty of writing good pointcuts
         to a large degree by enabling course-grained pointcuts that identify fine-grained join points in the main-line code.
      

      The promise of good tooling—especially the possibility of visualizing the interaction between aspects and classes—has been
         an important differentiator from similar technologies (such as metaprogramming). Although AspectJ’s support for Eclipse has
         always been reasonable, it was never as good as that for Java. Part of the problem was fast innovation in the underlying Eclipse
         JDT, which kept raising user expectations. Furthermore, compilation speed and memory requirement have been less than optimal.
         Overall, there was a gap between potential and reality when it came to tooling. Lately, the AspectJ and AJDT teams have performed
         some amazing feats in optimizing the compilation process and IDE integration. The changes in the latest AJDT, where the JDT
         is woven with AspectJ functionality (using AspectJ itself) make development within Eclipse a pleasant and productive experience.
         With all these changes, any issues with tooling are a thing of past.
      

      Spring AOP also needed to respond to user needs. Although proxy-based AOP lowered the adoption barrier compared to AspectJ’s
         byte-code based AOP, Spring’s programming model wasn’t inviting. Aspects written using it were type-unsafe and verbose. As
         a result, most developers limited themselves to the aspects shipped as part of Spring and other frameworks. Spring responded
         by adopting the AspectJ programming model with a proxy-based implementation. This new possibility lets you use a subset of
         the AspectJ syntax without the need for a special compiler or weaver. This significantly reduced the barrier to writing custom
         aspects to meet the specific needs of an application. Here, too, annotation-based pointcuts helped remove whatever was left
         of the barrier to its adoption. Currently, Spring considers AspectJ to be its preferred programming model and has relegated
         the old model to a transition-ary technology status.
      

      Spring’s adoption of AspectJ also provided AspectJ a much needed context to grow.

      
Focused Context: The Spring Factor
      

      Languages grow within a certain context. C grew in the context of operating system programming, C++ grew in context of UI
         programming, Java grew in the context of servlets (leading it to be the favored server-side language), and Ruby grew in the
         context of Rails. AspectJ lacked such a context. It has been used in real-time programming, UI programming, and server-side
         programming. As a result, there has been a dissipated effort to make AOP a mainstream technology. The Spring Framework has
         changed it all. It provided the right context—enterprise applications—for AOP to gain prominence.
      

      AOP was already an integral part of Spring, helping with concerns such as transaction management, security, and monitoring.
         By using an elegant programming model offered by AspectJ, it paved the way for mass adoption.
      

      
Availability of a Gradual Adoption Path
      

      The adoption of a new technology, especially with significantly new concepts such as AOP, is never easy. You need a path that
         allows a gradual introduction of the technology. Before AspectJ 5 and Spring AOP, the adoption path for AOP was steep.
      

      Spring’s proxy-based AOP with AspectJ syntax is a great way to start with AOP. It yields immediate benefits and provides experience
         with AOP. Spring even provides a few pre-built aspects to get you started. During this phase, you can start writing simple
         aspects based on the @AspectJ syntax applied using proxy-based AOP. Later, you can use byte-code-based weaving along with
         or as a replacement for the proxy-based AOP. Here, you can have several smaller steps available to manage risk. Initially,
         you can use aspects such as tracing and monitoring for development. Because you don’t need to commit to using these aspects
         in production, there is little risk in trying them. With these aspects, load-time weaving is a great help; you don’t need
         to modify your build system or use a special IDE, making the addition of aspects a much simpler task.
      

      Next, you can begin using policy enforcement aspects. You can get feedback provided by the aspects about any policy violations
         while remaining uncommitted to their production use. In this phase, you can start using AJDT for immediate feedback right
         inside the IDE. During this process, you can vastly simplify the writing of the aspects using custom annotations—something
         you couldn’t do before AspectJ 5. By this stage, you should be comfortable with the patterns and practices of AOP. This is
         the point at which you can make a judicious decision based on real experience.
      

      
New JVM Languages
      

      In the last few years, practitioners have distinguished between Java the platform and Java the language. There is a growing
         recognition that Java the language isn’t sufficient for productivity even considering the vast number of tools available for
         it. You need to choose some other language to gain a competitive advantage. At the same time, there is growing faith in the
         other part of Java the platform. With all the innovations in the VM as well as the overall platform (OSGi, mature libraries,
         IDEs), it’s compelling to use the Java platform for many projects. Combining these factors has led to innovative new languages
         such as Groovy, JRuby, Scala, and Clojure on the Java platform. Today, it’s not a shock to hear of a project using one of
         these new languages. As a result, the fear of new languages has gone down substantially. The use of multiple languages within
         the same project is also common. One of the negatives of AspectJ—that it’s a new language—is no longer the case.
      

      Even on the methodology front, there is a growing sense that OOP may have run its course. For today’s complex problems, we
         need more power. We need to use OOP with something else: metaprogramming, functional programming, or, as I’ll explain in this book, aspect-oriented programming. Furthermore,
         you may use several additional methodologies along with OOP. For example, you may use Java with Scala to take the functional
         approach along with AspectJ to deal with crosscutting concerns. This Polyglot Programming (http://www.polyglotprogramming.com) approach uses multiple languages in the same application and is steadily gaining traction. AspectJ may have to adopt its
         join point model, which exclusively targets the Java language, to fit into the polyglot programming scenario. Fun times may
         lie ahead!
      

      
Acceptance of Annotations
      

      Selecting the required crosscutting points is one of the most critical and difficult tasks in writing aspects. Relying only
         on naming convention, type hierarchy, and package structure takes you quite a way. But in many case, defining a robust pointcut
         poses some difficulty. With the introduction of annotations in Java 5, AspectJ provides an easy and transparent way to select
         the join points you want. With annotations in play, aspect developers can expect class developers to mark program elements
         with annotations. It makes both camps happy—aspect developers can write simple pointcuts that can select program elements
         based on annotations they carry. On the other hand, class developers control the application of crosscutting functionality,
         because they choose what to annotate. The result is simplified and robust adoption of AOP.
      

      
Disillusionment from the Alternative Technologies
      

      The EJB framework appeared to provide a solution to modularizing crosscutting concerns. But most developers realize that the
         approach it offers is too heavyweight. Various interceptor-based technologies promised to be alternatives to AOP. For example,
         EJB3 introduces interceptors as a new mechanism, a concept similar to AOP’s advice—a definite step in the right direction,
         but lacking the join point model, which lies at the core of AOP.
      

      Dynamic languages provide an alternative to AOP. But even with Groovy and Ruby, AOP has a place. Dynamic languages, despite
         the buzz surrounding them, are still new. As these languages mature and are used more seriously in enterprise applications,
         I expect AOP to gain prominence. After all, not many people thought anything was lacking in the Java programming language
         10 years back! Interestingly, due to the availability of metaprogramming in dynamic languages, implementing AOP is easy.
      

      For AspectJ, this phase is ongoing. It will be interesting to see how it unfolds.

      
Plateau of productivity
      

      This is a boring phase, where there is little hype. The technology is no longer cool and on the leading or bleeding edge.
         It starts to appear on resumes and job applications in a substantial way. The technology fulfills its promise of improved
         productivity, and developers use it for the problems where it’s known to really work. Although it’s boring to those who are
         looking for a shot of excitement, this phase is the most appropriate for mass adoption. This phase often includes interesting
         innovations, but they aren’t a hallmark of the phase. Instead, the focus is on best (and worst) practices based on real experience
         in the technology’s adoption and problem-specific premade solutions (libraries).
      

      This is where the Java language is today. AOP and AspectJ should reach this level in a few years.

      
Where is AOP being used?
      

      We can address the question of how real AOP is by looking at where it’s being used. Let’s see what kind of applications use
         AOP.
      

      
Enterprise applications
      

      Enterprise applications need to address many crosscutting functionalities: transaction management, security, auditing, service-level
         agreement, monitoring, concurrency control, improving application availability, error handling, and so on. Many enterprise
         applications use AOP to implement these functionalities. All the examples in this book are based on real-world problems and
         their AOP solutions.
      

      Virtually every project that uses Spring uses AOP. Many applications start with prewritten aspects supplied with Spring (primarily
         transaction management and security). But due to the @AspectJ syntax, writing custom aspects is becoming a common task. After
         reaching the limits of Spring AOP, many applications move toward AspectJ weaving. The typical trigger point for this change
         is crosscutting of domain objects or other forms of deeper crosscutting functionalities. At that time, it’s common to start
         with the @AspectJ syntax (which is used with Spring’s proxy-based AOP) along with the load-time weaver. Of course, applications
         that don’t use Spring often use AspectJ weaving from the beginning.
      

      The industry sectors in which AspectJ is used in production (with proxy-based and bytecode-based AOP) range from financial
         companies (banking, trading, hedge funds) and health care to various web sites (e-commerce, customer care, content providers,
         and so on). If you’re implementing enterprise applications and using AOP, you’re in good company.
      

      
Web and application servers
      

      The open source SpringSource dm Server (http://www.springsource.com/products/dmserver) supports developing enterprise application based on OSGi. It uses AspectJ to implement various crosscutting functionalities,
         such as First Failure Data Capture (FFDC), context collection, tracing, and policy enforcement. The SpringSource tc Server
         (http://www.springsource.com/products/tcserver) uses AspectJ to implement monitoring of deployed applications. You can expect a lot more functionality to be implemented
         using AspectJ in both these products.
      

      
Application frameworks
      

      Application frameworks can use AOP effectively to target specific crosscutting functionalities while keeping their structure
         modularized. As discussed earlier, Spring provides crosscutting solutions such as transaction management and security through
         aspects. Furthermore, Spring includes aspects for injecting dependencies into domain objects. Frameworks that use AspectJ
         as their foundation have started to appear as well.
      

      A recently released Spring Roo (http://www.springsource.org/roo) is an open-source, lightweight, and customizable framework that includes interactive and IDE-based tooling to enable rapid
         delivery of high performance enterprise Java applications. It uses a round-tripping code generator along with AspectJ byte-code
         weaving to keep generated code separate from user-written code. By judiciously combining annotations with AspectJ’s static
         and dynamic crosscutting, it offers a significant boost in developer productivity without tying the application to Spring
         Roo. Another AspectJ-based project—Magma (http://cwiki.apache.org/labs/magma.html)—is an Apache lab project that simplifies development of Java web applications. It internally uses AspectJ and exposes it
         to power users to improve developer productivity and produce maintainable software.
      

      
Monitoring tools
      

      AspectJ makes implementing a flexible monitoring scheme a breeze. Therefore, many tools use AspectJ as the underlying technology.
         Glassbox (http://www.glassbox.com), an open source product, offers ready-to-use aspects and tools to help you get started with application-level monitoring
         and pinpoint potential bottlenecks. Another open source product, Perf4J (http://perf4j.codehaus.org), uses annotations along with AspectJ weaving to monitor applications. Yet another open source tool, Contract4J (http://contract4j.org), uses AspectJ to monitor contract violations.
      

      Several commercial products also use AspectJ to implement monitoring solutions. SpringSource Application Management Suite
         (http://www.springsource.com/products/suite/ams) focuses on application-level monitoring such as the time taken by methods in the system specifically targeting Spring-based
         applications. It also includes functionality such as alerting and trend analysis to let you take corrective actions. JXInsight
         (http://www.jinspired.com/products/jxinsight) monitors applications to provide insight into potential performance bottlenecks. It uses AspectJ-based probes to weave into
         various technologies. MaintainJ (http://maintainj.com) uses aspects to monitor system execution and generates sequence diagrams.
      

      
Compiler and IDE integration
      

      AspectJ itself uses AspectJ to extend the JDT complier to support AspectJ constructs. AJDT uses AspectJ weaving through OSGi-based
         weaving service implemented by the Equinox Aspect project (http://www.eclipse.org/equinox/incubator/aspects) to better integrate with the JDT in Eclipse. This recent change enabled AJDT to provide a much better user experience. Scala
         IDE for Eclipse also followed the same route to provide a better experience for Scala developers.
      

      I hope this discussion has helped put AOP and AspectJ in perspective. Rather than being a niche product, AspectJ has long
         been considered a standard tool in the developer toolbox. The rest of the book should give you a deeper understanding of what
         these technologies offer you.
      

      


Part 1. Understanding AOP and AspectJ
      

      Part 1 of this book introduces aspect-oriented programming (AOP), the AspectJ language, and how it integrates with Spring. We’ll
         discuss the need for a new programming methodology and the way this methodology is realized in AspectJ. Because AOP is a new
         methodology, we’ll devote the first chapter to introducing it: why it is needed, and what its core concepts are. Chapter 2 shows the overall flavor of the AspectJ language through examples. The next four chapters will delve deeper into the AspectJ
         syntax. Together, these chapters should give you enough information to start writing simple code and see the benefits that
         AspectJ offers. Chapters 7 and 8 will explore the alternative syntax and weaving models. Given the mutual importance of Spring and AspectJ, this part of the
         book ends by devoting chapter 9 to Spring-AspectJ integration. Along the way, we’ll examine many examples to reinforce the concepts learned.
      

      You’ll find the material in part 1 useful as a reference while reading the rest of the book. If you’re new to AOP and AspectJ, we strongly recommend that you
         read this part first.
      

      


Chapter 1. Discovering AOP
      

      This chapter covers

      

      
	Understanding crosscutting concerns

         	Modularizing crosscutting concerns using AOP

         	Understanding AOP languages

      

Reflect back on your last project, and compare it with a project you worked on a few years back. What’s the difference? One
         word: complexity. Today’s software systems are complex, and all indications point to even faster growth in software complexity in the coming
         years. What can a software developer do to manage complexity?
      

      If complexity is the problem, modularization is the solution. By breaking the problem into more manageable pieces, you have
         a better shot at implementing each piece. When you’re faced with complex software requirements, you’re likely to break those
         into multiple parts such as business functionality, data access, and presentation logic. We call each of these functionalities
         concerns of the system. In a banking system, you may be concerned with customer management, account management, and loan management.
         You may also have an implementation of data access and the web layer. We call these core concerns because they form the core functionality of the system. Other concerns, such as security, logging, resource pooling, caching,
         performance monitoring, concurrency control, and transaction management, cut across—or crosscut—many other modules. We call these functionalities crosscutting concerns.
      

      For core concerns, object-oriented programming (OOP), the dominant methodology employed today, does a good job. You can immediately
         see a class such as LoanManagementService implementing business logic and AccountRepository implementing data access. But what about crosscutting concerns? Wouldn’t it be nice if you could implement a module that
         you identify as Security, Auditing, or PerformanceMonitor? You can’t do that with OOP alone. Instead, OOP forces you to fuse the implementation of these functionalities in many modules.
         This is where aspect-oriented programming (AOP) helps.
      

      AOP is a methodology that provides separation of crosscutting concerns by introducing a new unit of modularization—an aspect. Each aspect focuses on a specific crosscutting functionality. The core classes are no longer burdened with crosscutting
         concerns. An aspect weaver composes the final system by combining the core classes and crosscutting aspects through a process called weaving. Thus, AOP helps to create applications that are easier to design, implement, and maintain.
      

      In this chapter, we’ll examine the fundamentals of AOP, the problems it addresses, and why you need to know about it. In the rest of the book, we’ll examine AspectJ, which is a specific implementation of AOP. Let’s start
         by discussing how you manage various concerns without AOP, which will help you understand why you need AOP.
      

      
1.1. Life without AOP
      

      How do you implement crosscutting concerns using OOP alone? Typically, you add the code needed for each crosscutting concern
         in each module, as shown in figure 1.1.
      

      Figure 1.1. Viewing a system as a composition of multiple concerns. Each implementation module deals with some element from each of the
         concerns the system needs to address.
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      This figure shows how different modules in a system implement both core concerns and crosscutting concerns. Let’s illustrate
         the same idea through a code snippet. Consider the skeleton implementation of a representative class that encapsulates some
         business logic in a conventional way, shown in listing 1.1. A system consists of many such classes.
      

      

      Listing 1.1. Business logic implementation along with crosscutting concerns
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      Although the details will vary, the listing shows a common problem many developers face: a conceptual separation exists between
         multiple concerns at design time, but implementation tangles them together. Such an implementation also breaks the Single
         Responsibility Principle (SRP)[1] by making the class responsible for implementing core and crosscutting concerns. If you need to change the invocation of
         the code related to crosscutting concerns, you must change each class that includes such an invocation. Doing so breaks the
         Open/Close principle[2]—open for extension, but closed for modifications. The overall consequence is a higher cost of implementing features and fixing
         bugs.
      

      
         1 See http://www.objectmentor.com/resources/articles/srp.pdf for more details.
         

      

      
         2 See http://www.objectmentor.com/resources/articles/ocp.pdf for more details.
         

      

      With conventional implementations, core and crosscutting concerns are tangled in each module. Furthermore, each crosscutting concern is scattered in many modules. The presence of code tangling and code scattering is a tell-tale sign of the conventional implementation
         of crosscutting concerns.[3] Let’s examine them in detail.
      

      
         3 Note that code tangling and scattering may also stem from poor design and implementation (such as copied/pasted code). Obviously,
            you can fix such problems within the bounds of OOP. But in OOP the problem of crosscutting concerns is present even in well-designed
            systems.
         

      

      1.1.1. Code tangling
      

      Code tangling is caused when a module is implemented to handle multiple concerns simultaneously. Developers often consider
         concerns such as business logic, performance, synchronization, logging, security, and so forth when implementing a module.
         This leads to the simultaneous presence of elements from each concern’s implementation and results in code tangling. Figure 1.2 illustrates code tangling in a module.
      

      Figure 1.2. Code tangling caused by multiple simultaneous implementations of various concerns. This figure shows how one module manages
         parts of multiple concerns.
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      Another way to look at code tangling is to use the notion of a multidimensional concern space. Imagine that you’re projecting
         the application requirements onto a multidimensional concern space, with each concern forming a dimension. Here, all the concerns
         are mutually independent and therefore can evolve without affecting the rest. For example, changing the security requirement
         from one kind of authorization scheme to another shouldn’t affect the business logic. But as you see in figure 1.3, a multidimensional concern space collapses into a one-dimensional implementation space.
      

      Figure 1.3. Mapping the n-dimensional concern space using a one-dimensional language. The orthogonality of concerns in the concern space is lost when
         it’s mapped to the one-dimensional implementation space.
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      Because the implementation space is one-dimensional, its focus is usually the implementation of the core concern that takes
         the role of the dominant dimension; other concerns then tangle the core concern. Although you may naturally separate the individual
         requirements into mutually independent concerns during the design phase, OOP alone doesn’t let you retain the separation in
         the implementation phase.
      

      We’ve looked at the first symptom of crosscutting concerns when implemented using traditional techniques; now, let’s move
         on to the next.
      

      1.1.2. Code scattering
      

      Code scattering is caused when a single functionality is implemented in multiple modules. Because crosscutting concerns, by
         definition, are spread over many modules, related implementations are also scattered over all those modules. For example,
         in a system using a database, performance concerns may affect all the modules accessing the database.
      

      Figure 1.4 shows how a banking system implements security using conventional techniques. Even when using a well-designed security module
         that offers an abstract API and hides the details, each client—the accounting module, the ATM module, and the database module—still
         needs the code to invoke the security API to check permission. The code for checking permission is scattered across multiple
         modules, and there is no single place to identify the concern. The overall effect is an undesired tangling between the modules
         to be secured and the security module.
      

      Figure 1.4. Implementation of a security concern using conventional techniques. The security module provides the API for authentication
         and authorization. But the client modules—accounting, ATM, and database—must embed the code to invoke the API to, say, check
         permission.
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      Code tangling and code scattering together impact software design and development in many ways: poor traceability, lower productivity,
         lower code reuse, poor quality, and difficult evolution. All of these problems lead us to search for better approaches to
         architecture, design, and implementation. Aspect-oriented programming is one viable solution. In the next section, we’ll introduce
         you to AOP. Later in this chapter, we’ll examine alternatives to AOP as well.
      

      
1.2. Modularizing with AOP
      

      In OOP, the core concerns can be loosely coupled through interfaces, but there is no easy way to do the same for crosscutting
         concerns. This is because a concern is implemented in two parts: the server-side piece and the client-side piece. OOP modularizes
         the server part quite well in classes and interfaces. But when the concern is of a crosscutting nature, the client part (consisting
         of the requests to the server) is spread over all the clients.
      

       




	
            



Note

      We use the terms server and client here in the classic OOP sense to mean the objects that are providing a certain set of services and the objects using those
         services. Don’t confuse them with networking servers and clients.
      

      


	
            



 

As an example, let’s take another look at the typical implementation of a crosscutting concern in OOP, shown in figure 1.4. The security module provides its services through an interface. The use of an interface loosens the coupling between the
         clients and the implementations of the interface. Clients that use the security services through the interface are oblivious
         to the exact implementation they’re using; any changes to the implementation don’t require changes to the clients themselves.
         Likewise, replacing one security implementation with another is just a matter of instantiating the right kind of implementation.
         The result is that you can replace one security implementation with another with little or no change to the individual client
         modules. But this arrangement still requires that each client have the embedded code to call the API. Such calls must be included
         in all the modules requiring security and are tangled with their core logic.
      

      Using AOP, none of the core modules contain calls to the security API. Figure 1.5 shows the AOP implementation of the same security functionality shown in figure 1.4. The security concern—implementation and invocations—now resides entirely inside the security module and the security aspect.
         For now, don’t worry about the way in which AOP achieves this; we’ll explain in the next section.
      

      Figure 1.5. Implementing a security concern using AOP techniques: The security aspect defines the interception points needing security
         and invokes the security API upon the execution of those points. The client modules no longer contain any security-related
         code.
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      The fundamental change that AOP brings is the preservation of the mutual independence of the individual concerns. Implementations
         can be easily mapped back to the corresponding concerns, resulting in a system that is simpler to understand, easier to implement,
         and more adaptable to changes.
      

      
1.3. Anatomy of an AOP language
      

      The AOP methodology is just that—a methodology. In order to be of any use in the real world, it must be implemented, or realized.
         Each realization of AOP involves specifying a language or a framework and associated tools. Like any other programming methodology,
         an AOP implementation consists of two parts:
      

      

      
	The language specification describes the language constructs and syntax to express implementation of the core and crosscutting concerns.
         

         	The language implementation verifies the code’s adherence to the language specification and translates the code into an executable form.
         

      

1.3.1. The AOP language specification
      

      Any implementation of AOP must specify a language to implement the individual concerns and a language to implement the weaving
         rules. Note that an AOP system may offer a homogeneous language that doesn’t distinguish between the two parts. This is likely
         to be the case in future AOP languages. Let’s take a closer look at these two parts.
      

      
Implementation of Concerns
      

      As in other methodologies, the concerns of a system are implemented into modules that contain the data and behavior needed
         to provide their services. A module that implements the core part of the caching concern maintains a collection of cached
         objects, manages the validity of the cached objects, and ensures bounded memory consumption. To implement both the core and
         crosscutting concerns, we normally use standard languages such as C, C++, and Java.
      

      
Weaving Rules Specification
      

      Weaving rules specify how to combine the implemented concerns in order to form the final system. After you implement the core part of the
         caching concern in a module (perhaps through a third-party class library), you must introduce caching into the system. The
         weaving rule in this case specifies the data that needs to be cached, the information that forms the key into the cache storage,
         and so forth. The system then uses these rules to obtain and update cache from the specified operations.
      

      The power of AOP comes from the economical way of expressing the weaving rules. For instance, to modularize tracing concerns
         in listing 1.1, you can add a few lines of code to specify that all the public operations in the system should be logged. Here is a weaving
         specification for the tracing aspect:
      

      

      
	Rule 1: Create a logger object.

         	Rule 2: Log the beginning of each public operation.

         	Rule 3: Log the completion of each public operation.

      

This is much more succinct than modifying each public operation to add logging code. Because the tracing concern is modularized
         away from the class, it may focus only on the core concern, as follows:
      

      public class SomeBusinessClass extends OtherBusinessClass {
    ... Core data members
    ... Override methods in the base class
    public void someOperation1(<operation parameters>) {
        ... Perform the core operation
    }
    ... More operations similar to above
}

      Compare this class with the one in listing 1.1: all the code to perform tracing—the ancillary concerns from the class’s point of view—have been removed. When you apply
         the same process to other crosscutting concerns, only the core business logic remains in the class. As you’ll see in the next
         section, an AOP implementation combines the classes and aspects to produce a woven executable.
      

      Weaving rules can be general or specific in the ways they interact with the core modules. In the previous logging example,
         the weaving rules don’t need to mention any specific classes or methods in the system. On the other end of the spectrum, a
         weaving rule may specify that a business rule should be applied only to specific methods, such as the credit() and debit() operations in the Account class or the ones that carry the @ReadOnly annotation. The specificity of the weaving rules determines the level of coupling between the aspect and core logic.
      

      The language used to specify weaving rules can be a natural extension of that language or something entirely different. For
         example, an AOP implementation using Java as the base language might introduce new extensions that blend well with the base
         language, or it could use a separate XML-based language to express weaving rules.
      

      1.3.2. The AOP language implementation
      

      The AOP language implementation performs two logical steps: It first combines the individual concerns using the weaving rules,
         and then it converts the resulting information into executable code. AOP implementation thus requires the use of a processor—weaver—to perform these steps.
      

      An AOP system can implement the weaver in various ways. A simple approach uses source-to-source translation. Here, the weaver
         processes source code for individual classes and aspects to produce woven source code. The aspect compiler then feeds this
         woven code to the base language compiler to produce the final executable code. This was the implementation technique used
         in early implementations of AspectJ. The approach suffers from several drawbacks because the executable code can’t be easily
         traced back to the original source code. For example, stack traces indicate line numbers in woven source code.
      

      Another approach first compiles the source code using the base language compiler. Then, the resulting files are fed to the
         aspect compiler, which weaves those files. Figure 1.6 shows a schematic of a compiler-based AOP language implementation.
      

      Figure 1.6. An AOP language implementation that provides a weaver in the form of a compiler. The compiler takes the implementation of
         the core and crosscutting concerns and weaves them together to form the final system.
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      An AOP system may also be able to push the weaving process close to execution of the system. If the implementation of AOP
         is Java-based, a special class loader or a virtual machine (VM) agent can perform the weaving. Such an implementation first loads the byte code for the aspects, weaves them
         into the classes as they’re being loaded, and supplies those woven versions of the classes to the underlying VM.
      

      Yet another implementation could use automatically created proxies. In this case, each object that needs weaving is wrapped
         inside a proxy. Such an implementation typically works well in conjunction with another framework that controls the creation
         of objects. In this way, the framework can wrap each created object in a proxy.
      

      So far, we’ve looked at the mechanics of an AOP system. Now, let’s examine AOP’s fundamental concepts.

      
1.4. Fundamental concepts in AOP
      

      By now, it should be clear that AOP systems help in modularizing crosscutting concerns. But so do many other technologies,
         such as byte-code manipulation tools, direct use of the proxy design pattern, and meta-programming. How do you differentiate
         AOP from these options? To find out, we need to distill the core characteristics of AOP systems into a generic model. If a
         system fits that model, it’s an AOP system.
      

      To implement a crosscutting concern, an AOP system may include many of the following concepts:

      

      
	
Identifiable points in the execution of the system— The system exposes points during the execution of the system. These may include execution of methods, creation of objects,
            or throwing of exceptions. Such identifiable points in the system are called join points. Note that join points are present in all systems—even those that don’t use AOP—because they’re points during execution of
            a system. AOP merely identifies and categorizes these points.
         

         	
A construct for selecting join points— Implementing a crosscutting concern requires selecting a specific set of join points. For example, the tracing aspect discussed earlier needs to select only the public methods in the system. The pointcut construct selects any join point that satisfies the criteria. This is similar to an SQL query selecting rows in database
            (we’ll compare AOP with databases in section 1.5.2). A pointcut may use another pointcut to form a complex selection. Pointcuts also collect context at the selected points.
            For example, a pointcut may collect method arguments as context. The concept of join points and the pointcut construct together
            form an AOP system’s join point model. We’ll study AspectJ’s join point model in chapter 3.
         

         	
A construct to alter program behavior— After a pointcut selects join points, you must augment those join points with additional or alternative behavior. The advice construct in AOP provides a facility to do so. An advice adds behavior before, after, or around the selected join points.
            Before advice executes before the join point, whereas after advice executes after it. Around advice surrounds the join point
            execution and may execute it zero or more times. Advice is a form of dynamic crosscutting because it affects the execution of the system. We’ll study AspectJ’s dynamic crosscutting implementation in chapter 4.
         

         	
Constructs to alter static structure of the system— Sometimes, to implement crosscutting functionality effectively, you must alter the static structure of the system. For example,
            when implementing tracing, you may need to introduce the logger field into each traced class; inter-type declaration constructs make such modifications possible. In some situations, you may need to detect certain conditions, typically the
            existence of particular join points, before the execution of the system; weave-time declaration constructs allow such possibilities. Collectively, all these mechanisms are referred to as static crosscutting, given their effect on the static structure, as opposed to dynamic behavior changes to the execution of the system. We’ll
            study AspectJ’s static crosscutting support in chapter 5.
         

         	
A module to express all crosscutting constructs— Because the end goal of AOP is to have a module that embeds crosscutting logic, you need a place to express that logic. The
            aspect construct provides such a place. An aspect contains pointcuts, advice, and static crosscutting constructs. It may be related
            to other aspects in a similar way to how a class relates to other classes. Aspects become a part of the system and use the
            system (for example, classes in it) to get their work done. We’ll examine AspectJ’s implementation of aspect in chapter 6.
         

      

Figure 1.7 shows all these players and their relationships to each other in an AOP system.
      

      Figure 1.7. Generic model of an AOP system. Note that not every system implements each part of the model.
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      Each AOP system may implement a subset of the model. For example, Spring AOP (discussed in chapter 9) doesn’t implement weave-time declarations due to its emphasis on its runtime nature. On the other hand, the join point model
         is so central to AOP that every AOP system must support it—everything else revolves around the join-point model.
      

      When you encounter a solution that modularizes crosscutting concerns, try to map it onto the generic AOP model. If you can,
         then that solution is indeed an AOP system. Otherwise, it’s an alternative approach for solving the problem of crosscutting
         concerns.
      

      
1.5. AOP by analogy
      

      When you’re learning a new technology, it sometimes helps to compare it with existing technologies. In this section, we’ll
         attempt to help you understand AOP by comparing it with Cascading Style Sheets (CSS), database programming, and event-oriented
         systems. The purpose of this section is to help those familiar with at least one of these technologies to understand AOP by
         analogy.
      

      1.5.1. Cascading Style Sheets (CSS)
      

      CSS is a widely supported mechanism to separate content from presentation in HTML pages. Without CSS, formatting information
         is fused with content (causing tangling), and similar content elements have presentational information spread into multiple
         places (causing scattering). CSS helps the situation by letting the main document focus on content by separating the formatting
         information into a document called a stylesheet.
      

      A core concept in CSS is a selector that selects document elements matching a certain specification. For example, the body p selector can select paragraphs inside the body element. You can then associate presentational information with a selector
         and, for example, set the background color of such elements to blue using the body p {background: blue;} element.
      

      AOP acts on classes in the same way that CSS acts on documents. AOP lets you separate crosscutting logic from the main-line
         logic. AOP’s pointcuts have the same selection role as CSS selectors. Whereas CSS selectors select structural elements in
         a document, pointcuts select program elements. Similarly, the blocks describing the formatting information are analogous to
         AOP advice in functionality.
      

      Often, the selection mechanism requires more information than merely using the inherent characteristics of a structure such
         as body p. It’s common practice to supplement content elements with additional metadata through the class attribute. For example, you can mark an HTML paragraph element as menu by using the tag <p class="menu">. Then, in the stylesheet, you can select such an element by using the p.menu selector and apply appropriate presentation characteristics. In AOP, practitioners face the same problem—selection through
         a pointcut often requires information beyond merely relying on inherent characteristics of the program elements such as class
         and method names. The use of Java annotations plays a role similar to the class attribute in HTML documents. You can, for
         example, mark a method as @Transactional and utilize it in a pointcut expression.
      

      There are similarities from the adoption perspective as well. Through WYSIWYG HTML editors, it’s easy to create a good-looking
         HTML. That apparent simplicity led to many initial web documents embedded with formatting information. But when we realized
         that it’s difficult to create a consistent look when every element’s formatting is specified independently, developers started
         to look favorably at CSS. AOP has encountered a similar trend. There is a level of comfort in embedding the implementation
         of crosscutting functionality inside classes; you can see exactly what’s going to happen. But you soon realize that creating
         a consistent implementation is nearly impossible when similar code is scattered in many places. In addition, using CSS requires
         a level of expertise and understanding of the semantics associated with the elements in a document. Using AOP requires similar
         understanding of the semantic separation between core and crosscutting elements.
      

      CSS works at the structure level, and database triggers offer similar separation at the programming level. Let’s see how that
         technique compares with AOP.
      

      1.5.2. Database systems
      

      Database systems offer “dynamic crosscutting” targeted toward data access, whereas AOP offers a similar mechanism toward general
         programming. It offers two good analogies to AOP concepts: SQL with pointcuts and triggers with advice.
      

      
SQL and Pointcuts
      

      A join point is like a row in a database, whereas a pointcut is like an SQL query. An SQL query selects rows according to
         a specified criterion such as “rows in accounts table, where the balance is greater than 50”. It provides access to the content
         of the selected rows. Similarly, a pointcut is a query over program execution that selects join points according to a specified
         criterion such as “method execution in the Account class, where the method name starts with ‘set’”. It also provides access to the join point context (objects available at
         the join point, such as method arguments).
      

      
Triggers and Advice
      

      Database programming often uses triggers to respond to changes made in data. For example, you can use a trigger to audit changes
         in certain tables. The following snippet calls the logInventoryIncrease() procedure when inventory increases:
      

      CREATE OR REPLACE TRIGGER inventory_increase_trigger
    AFTER UPDATE OF count ON inventory
    FOR EACH ROW
        WHEN (new.count > old.count)
        CALL logInventoryIncrease(:new.itemID, :old.count, :new.count);

      The static condition, such as the name of the table and the modified column, as well as the dynamic condition, such as the
         difference in the column value, are analogous to AOP’s pointcut concept. Both describe a selection criterion to “trigger”
         certain actions. The stored procedure specified in the trigger is analogous to AOP’s advice.
      

      Database triggers and AOP’s advice both modify the normal program execution to carry additional or alternative actions. But
         there are some obvious differences. Database triggers are useful only for database operations. AOP has a more general approach
         that can be used for many other purposes. But note that AOP doesn’t necessarily obviate the need for database triggers, for
         reasons such as performance and bringing uniformity to multiple applications accessing the same tables.
      

      Similar to database triggers, event-oriented programming includes the notion of responding to events.

      1.5.3. Event-oriented programming
      

      Event-oriented programming is essentially the observer design pattern (we’ll discuss it as an alternative to AOP in section 1.7.3). Each interested code site notifies the observers by firing events, and the observers respond by taking appropriate action,
         which may be crosscutting in nature.
      

      In AOP, the program is woven with logic to fire virtual events and to respond to the events with an action that corresponds
         to the crosscutting concern it’s implementing. But note this important difference: Unlike in event-based programming, there
         is no explicit code for the creation and firing of events in the subject classes. Executing part of the program constitutes
         the virtual-event generation. Also, event systems tend to be more coarse-grained than an AOP solution implements.
      

      Note that you can effectively combine event-oriented programming with AOP. Essentially, you can modularize the crosscutting
         concern of firing events into an aspect. With such an implementation, you avoid tangling the core code with the event-firing
         logic.
      

      Now that you have a good understanding of AOP, let’s turn our attention to a bit of history and the current status of AOP
         implementations.
      

      
1.6. Implementations of AOP
      

      Much of the early work that led to AOP today was done in research institutions. Cristina Lopes and Gregor Kiczales of the
         Palo Alto Research Center (PARC), a subsidiary of Xerox Corporation, were among the early contributors to AOP. Gregor coined
         the term AOP in 1996 and started AspectJ, the first implementation of AOP.
      

      But AOP is a methodology with many possible implementations. Each implementation takes a slightly different view on the target
         use case and programming constructs. Let’s see who the dominant players are and how they size up against each other.
      

      1.6.1. AspectJ
      

      AspectJ is the original and still the best implementation of AOP. After a few initial releases, Xerox transferred the AspectJ
         project to the open source community at eclipse.org. In its early implementations, AspectJ extended Java through additional
         keywords to support AOP concepts, similar to the way C++ extended C to support OOP concepts. As an implementation, it provided
         a special compiler.
      

      Until a few years back, AspectJ had a close cousin: AspectWerkz. This AOP system followed the core AspectJ model, except that
         it used metadata expressed through Javadoc annotations, Java 5 annotations, or XML elements in place of additional keywords.
         In AspectJ version 5, AspectWerkz merged with AspectJ, offering developers a choice of technologies including a new @AspectJ
         (pure Java 5 annotation-based) syntax. We’ll study that syntax in chapter 7.
      

      AspectJ’s primary tool support is an Eclipse plug-in, AspectJ Development Tools (AJDT). One of AJDT’s most important features
         is a tool for visualization of crosscutting, which is helpful for debugging a pointcut specification. Although you write classes
         and aspects separately, you can visualize the combined effect even before the code is deployed.
      

       




	
            




         Scala and AspectJ
         Scala is a new language that compiles source code to the standard Java byte code. Scala maps program elements to byte code
            in a manner similar to that of Java. This lets you use Scala with AspectJ. You can see a working example at http://blog.objectmentor.com/articles/2008/09/27/traits-vs-aspects-in-scala. Note that, unlike Scala, other JVM languages such as JRuby and Groovy use mapping that heavily relies on reflection. Therefore,
            AspectJ may not be used as readily with those. Instead, you need specialized languages that work with them, as you’ll see
            in section 1.6.3.
         

      

      


	
            



 

The AspectJ language has an alternative implementation called the AspectBench compiler (abc; http://aspectbench.org). The focus of this project is to provide a flexible implementation to support experimenting with new AspectJ language features
         and optimization ideas.
      

      1.6.2. Spring AOP
      

      Spring is the most popular lightweight framework for enterprise applications. To satisfy the needs of enterprise applications,
         it includes an AOP system based on interceptors and the proxy design pattern. Earlier implementations of Spring AOP (prior
         to Spring 2.0) offered a somewhat complex programming model. The new programming model, based on AspectJ, offers a much better
         programming experience and enables Spring users to write custom aspects without difficulty.
      

      Like AspectJ, Spring AOP, through the Spring IDE (an Eclipse plug-in), provides support for visualizing crosscutting in the
         IDE. We’ll examine how Spring uses AspectJ in detail in chapter 9 and in examples throughout the book.
      

      Spring.NET is the .NET counterpart of the Spring Framework. It includes AOP support that is similar to Spring AOP.

      1.6.3. Other implementations of AOP
      

      Many other implementations of AOP in Java are available. JBoss (http://www.jboss.org/jbossaop), an open source application server, offers an AOP solution that includes a pointcut language similar to that of AspectJ.
         In addition, the AOP Alliance API is implemented in frameworks such as Guice (http://code.google.com/p/google-guice) and Seasar (http://www.seasar.org). (Spring used to offer a programming model based on the AOP Alliance API, but that model has been designated a transitional
         technology status due to the availability of the AspectJ-based model.)
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