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Foreword




  I have written quite a few programming books in the last 30 years, so it is perhaps not surprising that every so often someone contacts me seeking advice about writing a book. I always ask for a sample chapter. In most cases, I hear nothing further, and I don’t feel bad about that. Obviously, if someone can’t produce a chapter, no book will materialize, and there is nothing to discuss.




  In January 2018, I got an email from Marco Faella, a professor from the University of Naples, whom I had previously met when he worked at the University of California in Santa Cruz. He asked for advice about a book project. And he had already finished several chapters! I liked what I saw and replied with encouragement and a few suggestions. I didn’t hear anything further. I wasn’t surprised. One of my editors once told me that he knew a great number of people who started a book . . . but only a few who finished one.




  In April 2019, I got another email. The book was going to be published by Manning. And it looked really good. In August, Marco asked me to write the foreword, which I am delighted to do.




  When I write a book about a programming language (such as the classic Core Java book), I focus on the constructs and APIs that are specific to that language. I assume that the reader has a good grasp of data structures, algorithms, and software engineering principles such as testing, refactoring, and design patterns. Of course, having been a professor, I am aware that university curricula do not always do a good job of teaching those topics in a practical and accessible manner.




  That is where this book fills a real need. You, the reader, are expected to be familiar with the fundamentals of Java programming, and Marco will show you the way to higher quality programs. You probably have experience with algorithm design, API design, testing, and concurrency, but Marco puts a new spin on these classic themes. He takes one example and derives an astounding number of insights from it by implementing it over and over in different ways. Normally, I dislike the “running example” technique because it forces me to read a book sequentially. I can’t just dive in at a spot that interests me because I need to know the evolutionary state of the running example. But Marco’s example (whose nature I don’t want to reveal in the foreword) is very cleverly designed. You need to master a couple of surprising—and interesting—core concepts when you first see it. Afterwards, each chapter evolves the code in an independent direction. It is quite a tour de force.




  In each of the principal chapters, you will find a section titled “And now for something completely different.” At this point, you are invited to apply the chapter’s techniques to a different situation. I encourage you to work through these challenges, as well as the pop quizzes and end-of-chapter exercises.




  Building high-quality software is never simple, and it is always a good idea to reexamine the principles of good design and craftsmanship. In this book, you will find a fresh perspective that I hope you will enjoy as much as I did




  —CAY HORSTMANN


  Author of Core Java, Java/Scala/JavaScript for the Impatient, and many other books for beginning and professional programmers




  
Preface




  My personal title for this book is “Java: Exercises in Style.” After the wise people at Manning taught me about catchiness, this preface is all that’s left of that title and its literary overtone. Indeed, in the modern classic Exercises in Style, French writer Raymond Queneau writes the same story in 99 different ways. The point of the book is not the story, which is intentionally unremarkable, but rather the whimsical exploration of the virtually endless expressive capabilities of natural languages.




  Programming is certainly not literature, despite efforts by renowed personalities such as Donald Knuth to bring the two closer together. In fact, beginner programmers may be forgiven if they think there’s one best way to solve each programming assignment, just like simple math problems have a single solution. In reality, modern day programming can be much more similar to literature than to math. Programming languages have evolved to include ever more abstract constructions, multiplying the ways to achieve the same goal. Even after their introduction, languages evolve, often by acquiring new ways of doing the same things. The most used languages, such as Java, have been evolving at an accelerated pace to keep up with the younger languages trying to take their positions.




  In this book, I try to give a taste of the wide range of concerns and solutions that you should consider, or at least be aware of, when undertaking any programming task. The task I propose is quite mundane: a class representing water containers that you can connect with pipes and fill with liquid. Clients interact continuously with the containers, adding or removing water and placing new pipes at any time. I present and discuss 18 different implementations for this task, each striving to maximize a different objective, be it performance, code clarity, or some other software quality. This book is not a dry sequence of code snippets. Whenever the context calls for it, I take the opportunity to discuss a number of specialized topics pertaining to computer science (various data structures, complexity theory, and amortized complexity); Java programming (thread synchronization and the Java memory model); and software engineering (the design-by-contract methodology and testing techniques). My objective is to show you that even a relatively simple case study, when analyzed in depth, is linked to a vast network of topics, all of which contribute to writing better code.




  
Further Reading




  One of the objectives of this book is to stimulate your curiosity about the various disciplines related to software development. That’s why each chapter ends with a Further reading section, where I briefly introduce the best resources I could find on the chapter’s topic. I think the preface should be no exception, so here it goes:




  




  

    	Raymond Queneau. Exercises in Style. New Directions, 2013. The original “exercises in style” book. (Actually, the original was written in French in 1947.)




    	Cristina Videira Lopes. Exercises in Programming Style. CRC, 2014. The author solves a simple programming task in 33 different styles using Python. Rather than optimizing different code qualities, every style results from obeying certain constraints. Among other things, it teaches you a lot about the history of programming languages.




    	Matt Madden. 99 Ways to Tell a Story: Exercises in Style. Jonathan Cape, 2006. When you need a break from coding, check out this comic book featuring a simple story drawn in 99 different styles.


  




  
Acknowledgments




  I expected to work hard on this book. I didn’t expect that so many other people would work on it equally hard. I’m talking about the people at Manning, who in various capacities pushed the quality of this book close to my personal limit. A number of external reviewers took time to write detailed reports that helped refine the content. I hope they’re happy with the result.




  I’ve learned Java from Cay’s books, and I’ve been recommending them to my students for many years. I’m honored that he kindly agreed to write the foreword for this book.
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  The origin of my passion for programming can be traced back to my father teaching a curious eight-year-old me how to draw a circle with a for loop and two enchantments called cos and sin. Grazie!




  




  
About This Book




  The core idea of this book is to convey the mindset of an experienced developer by comparing and contrasting different code qualities (aka nonfunctional requirements).




  The figure inside the front cover relates the content of this book to the wider landscape of the knowledge required of professional developers. First, you start by learning the basics of a programming language. In Java, that entails knowing about classes, methods, fields, and so on. This book won’t teach you those basics. Then, you should ideally follow three paths:




  




  

    	
The programming language path— Learn about the more advanced language features, such as generics and multithreading.




    	
The algorithmic path— Learn about solid theoretical principles, standard algorithms and data structures, and ways to measure their performance.




    	
The software engineering path— Learn about design principles, methodologies, and best practices that help manage complexity, especially in large projects.


  




  This book covers all of these areas, with a twist. Rather than teaching these different aspects separately, I’ll mix and match them according to the needs of each chapter.




  Each chapter focuses on a specific software quality, like time efficiency or readability. I’ve selected the chosen qualities not only because of their importance and universality, but also as those that you can meaningfully apply to a small code unit (a single class). Moreover, I try to focus on general principles and coding techniques, rather than specific tools. When appropriate, I’ll point to tools and libraries that can help you assess and optimize a given software quality.




  
Who Should Read This Book




  This book is the ideal starting point for a junior developer with limited formal training to widen their perspective on software development. Specifically, the book targets two objectives and audiences:




  




  

    	For working developers with little formal training, or training in a different area than CS/CE, it provides a tour of computer science and engineering techniques, elucidating the trade-offs inherent in any nontrivial programming task.




    	For computer science and engineering students, it provides a unifying case study for a variety of topics that are traditionally taught in different courses. As such, it may supplement your textbooks for programming and software engineering classes.


  




  In both cases, to make the most out of this book you should be familiar with the following:




  




  

    	Basic programming notions, such as iteration and recursion




    	Basic object-oriented programming notions, such as encapsulation and inheritance




    	Intermediate Java language skills, including generics, standard collections, and basic multithreading (thread creation and the synchronized keyword)


  




  
Book Structure




  Here’s a breakdown of the chapters and their corresponding code qualities. Don’t overlook the hands-on exercises at the end of all chapters. They come with detailed solutions and complete the core chapter content by applying those techniques in different contexts.




  




  

    	
Chapter 1 The first chapter describes the programming task to be solved (a water container class), followed by a naive implementation showcasing common misconceptions that affect inexperienced programmers.




    	
Chapter 2 I detail the reference implementation (which I subsequently refer to as Reference), which strikes a balance between different qualities.




    	
Chapter 3 Focusing on time efficiency, you’ll improve the running time of Reference by up to two orders of magnitude (500x), and discover that different use cases lead to different performance trade-offs.




    	
Chapter 4 This chapters experiments with space (memory) efficiency. Compared to Reference, you’ll shrink the memory footprint of containers by more than 50% when using objects and by 90% when forgoing an object for each water container.




    	
Chapter 5 To achieve reliability via monitoring, I introduce the design by contract methodology and show you how to harden the Reference class with runtime checks and assertions based on method contracts and class invariants.




    	
Chapter 6 To achieve reliability via unit testing, I discuss techniques for designing and executing a test suite for a class, including code coverage measures and tools.




    	
Chapter 7 In this chapter on readability, you’ll refactor Reference to follow the best practices for clean self-documenting code.




    	
Chapter 8 As we examine concurrency and thread safety, you’ll recall the basic notions of thread synchronization and discover that our running example needs nontrivial techniques to avoid deadlocks and race conditions.




    	
Chapter 9 With a focus on reusability, using generics, you’ll generalize our reference class to embrace other applications with a similar general structure.




    	
Appendix A In discussing succinctness, I present a compact implementation of the recurring example whose source code is only 15% as long as Reference. As expected, the result is an unreadable, geekily satisfying tangle of code that would immediately get you kicked out of any code review session.




    	
Appendix B Finally, I put together the most important software qualities to give you the ultimate water container class.


  




  
The Online Repository




  All the code I’ve presented in the book is available in a public online git repository (https://bitbucket.org/mfaella/exercisesinstyle) organized by chapter. The bulk of the code consists of many different versions of the same Container class. Each version has a nickname, corresponding to the name of its package. For example, the first version is presented in section 1.8 with the nickname Novice. In the repository, the corresponding class is eis.chapter1.novice.Container. The table inside the back cover lists the main classes and their characteristics.




  The code for the examples in this book is also available for download from the Manning website at https://www.manning.com/books/seriously-good-software.




  
Why Java? Which Java?




  As you know, Java is evolving at an accelerated pace, with a new version coming out every six months. As of this writing, the current version is Java 12.




  This book, on the other hand, isn’t about Java programming in and of itself. It’s about acquiring the habit of evaluating and balancing different software qualities, whatever language you happen to be using. The examples are in Java because of my own expertise with it, and because it’s one of the most used languages around.




  The principles I teach in this book work equally well in other languages. The closer your language is to Java, the more content from this book you can export to it without modification. For example, C# is very close to Java, and indeed the book is sprinkled with C# notes highlighting the differences that are relevant to that chapter’s content.




  As for the Java code shown in the book and stored in the online repository, 99% of it is Java 8. In a few places, I’m using minor Java 9 utilities like the ability to construct a list with the static method List.of.




  
Livebook Discussion Forum




  Purchase of Seriously Good Software 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, go to https://livebook.manning.com/#!/book/seriously-good-software/discussion. You can also learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/#!/discussion.




  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 forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.




  
About the Author
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  MARCO FAELLA is an associate professor of computer science at the University of Naples Federico II, in Italy. Besides his research on theoretical computer science, he’s a passionate teacher and programmer. He’s been teaching an advanced programming class for the last 13 years. He published a Java certification manual and a video course on Java streams.




  
About the Cover




  The figure on the cover of Seriously Good Software is captioned “Homme Tscheremiss,” or man of the Tscheremiss tribe, which was a clan of people from the area near present-day Finland. The illustration is taken from a collection of dress costumes from various countries by Jacques Grasset de Saint-Sauveur (1757–1810), titled Costumes de Différents Pays, published in France in 1797. Each illustration is finely drawn and colored by hand. The rich variety of Grasset de Saint-Sauveur’s collection reminds us vividly of how culturally apart the world’s towns and regions were just 200 years ago. Isolated from each other, people spoke different dialects and languages. In the streets or in the countryside, it was easy to identify where they lived and what their trade or station in life was just by their dress.




  The way we dress has changed since then and the diversity by region, so rich at the time, has faded away. It is now hard to tell apart the inhabitants of different continents, let alone different towns, regions, or countries. Perhaps we have traded cultural diversity for a more varied personal life—certainly for a more varied and fast-paced technological life.




  At a time when it is hard to tell one computer book from another, Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional life of two centuries ago, brought back to life by Grasset de Saint-Sauveur’s pictures.




  




  Part 1. Preliminaries




  The idea of this book is to separately optimize different software qualities guided by a single running example. In this first part, I introduce software qualities in general and present the simple programming task that you’ll repeatedly solve throughout the book.




  Two preliminary implementations follow: a naive version that an inexperienced programmer might author, and a reference version that strikes reasonable compromises between different quality criteria.




  




  Chapter 1. Software qualities and a problem to solve




  This chapter covers




  




  

    	Evaluating software from different points of view and for different objectives




    	Distinguishing internal from external software qualities




    	Distinguishing functional from nonfunctional software qualities




    	Assessing interactions and trade-offs between software qualities


  




  The core idea of this book is to convey the mindset of an experienced developer by comparing and contrasting different code qualities (aka nonfunctional requirements). Most of these qualities—like performance or readability—are universal, in the sense that they’re relevant to any piece of software. To emphasize this fact, you’ll revisit the same recurring example in each chapter: a simple class representing a system of water containers.




  In this chapter, I’ll introduce the software qualities that this book addresses, and I’ll present the specifications for the water container example, followed by a preliminary implementation.




  
1.1. Software qualities




  In this book, you should interpret the word quality as a characteristic that a piece of software may or may not have, not as its overall value. That’s why I talk about multiple qualities. You can’t consider all characteristics qualities; for example, the programming language in which a piece of software is written is certainly a characteristic of that software but not a quality. Qualities are characteristics that you can grade on a scale, at least in principle.




  As with all products, the software qualities that people are mostly interested in are those that measure the extent to which the system fulfills its requirements. Unfortunately, just describing—let alone fulfilling—the requirements of a piece of software is no easy task. Indeed, the entire field of Requirements Analysis is devoted to it. How is that possible? Isn’t it enough for the system to reliably and consistently offer the services its users need?




  First of all, often the users themselves don’t exactly know what services they need— they need time and assistance to figure that out. Second, fulfilling those needs isn’t the end of the story at all. Those services may be offered more or less quickly, with more or less accuracy, after a long user training or after just a quick glance at a well-designed UI, and so on. In addition, over time you need to modify, fix, or improve any system, which leads to more quality variables: How easy is it to understand the system’s inner workings? How easy is it to modify and extend it without breaking other parts? The list goes on and on.




  To put some order in this multitude of criteria, experts suggest organizing them according to two characteristics: internal versus external and functional versus nonfunctional.




  1.1.1. Internal vs. external qualities




  The end user can perceive external qualities while interacting with the system, whereas you can appraise internal ones only by looking at the source code. The boundary between these two categories isn’t clear-cut. The end user can indirectly perceive some internal qualities. Vice versa, all external qualities ultimately depend on the source code.




  

    

      

    



    

      

        	

      


    

  




  

    Software quality standards



    The ISO and IEC standardization bodies have defined software quality requirements since 1991 in standard 9126, which was superseded by standard 25010 in 2011.


  




  

    

      

    



    

      

        	

      


    

  




  For example, maintainability (how easy it is to modify, fix, or extend the software) is an internal attribute, but end users will become aware of it if a defect is found and programmers take a long time to fix it. Conversely, robustness to incorrect inputs is generally considered an external attribute, but it becomes internal when the piece of software under consideration—perhaps a library—isn’t exposed to the end user and only interacts with other system modules.




  1.1.2. Functional vs. nonfunctional qualities




  The second distinction is between qualities that apply to what the software does (functional qualities) and those that refer to how the software is (nonfunctional qualities) (figure 1.1). The internal-external dichotomy applies to this distinction as well: if the software does something, its effect is visible to the end user, one way or another. Therefore, all functional qualities are external. On the other hand, nonfunctional qualities can be either internal or external, depending on whether they’re more related to the code itself or to its emerging traits. The following sections contain examples of both kinds. In the meantime, take a look at figure 1.2, which puts all the qualities addressed in this chapter in a 2D spectrum, representing the internal-external distinction on the horizontal axis and the functional versus nonfunctional distinction on the vertical one. The next section presents the main software qualities that the end user can directly appraise.




  Figure 1.1. Functional and nonfunctional requirements pull software in different directions. It’s your job to find a balance.
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1.2. Mostly external software qualities




  External software qualities pertain to the observable behavior of the program and as such are naturally the primary concern of the development process. Besides attributing these qualities to software, I’ll discuss them in relation to a plain old toaster to try and frame them in the most general and intuitive sense. The following subsections provide a description of the most important external qualities.




  1.2.1. Correctness




  Adherence to stated objectives, aka requirements or specifications




  For a toaster to be correct, it must cook sliced bread until it’s brown and crispy. Software, on the other hand, must offer the functionalities that were agreed on with the customer. This is the functional quality, by definition.




  There’s no secret recipe for correctness, but people employ a variety of best practices and development processes to improve the likelihood of writing correct software in the first place, and catching defects after the fact. In this book, I’ll focus on the small-scale techniques that a single programmer can employ on the job, regardless of the specific development process their company has adopted.




  First of all, there can be no correctness if the developer doesn’t have a clear idea of the specifications they’re aiming at. Thinking of specifications in terms of contracts and implementing safeguards to enforce those contracts are useful ideas I explore in chapter 5. The primary way to catch the inevitable defects is to put the software through simulated interactions, that is, testing. Chapter 6 discusses systematic ways to design test cases and measure their effectiveness. Finally, adopting the best practices for readable code benefits correctness by helping both the original author and their peers spot problems, before and after they’re exposed by failed tests. Chapter 7 presents a selection of such best practices.




  1.2.2. Robustness




  Resilience to incorrect inputs or adverse/unanticipated external conditions (such as the lack of some resource)




  Correctness and robustness are sometimes lumped together as reliability. A robust toaster doesn’t catch fire if a bagel, a fork, or nothing at all is pushed in instead of bread. It has safeguards in place against overheating, and so on.[1]
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      Toaster robustness is no joke: an estimated 700 people worldwide are killed every year in toaster-related accidents.

    




    


  




  Robust software, among other things, checks that its inputs are valid values. If they’re not, it signals the problem and reacts accordingly. If the error condition is fatal, a robust program aborts after salvaging as much as possible of the user data or the computation that has been performed so far. Chapter 5 addresses robustness by promoting rigorous specification and runtime monitoring of method contracts and class invariants.




  1.2.3. Usability




  A measure of the effort needed to learn how to use software and to achieve its goals; ease of use




  Modern pop-up toasters are very easy to use, doing away with a lever to push the bread in and start toasting, and a knob to adjust the amount of toasting desired. Software usability is tied to the design of its user interface (UI) and is addressed by such disciplines as human-computer interaction and user experience (UX) design. This book doesn’t address usability because it’s focused on software systems with no direct exposure to the end user.




  1.2.4. Efficiency




  Adequate consumption of resources




  Toaster efficiency may refer to how much time and electricity is needed to complete its toasting task. For software, time and space (memory) are the two resources that all programs consume. Chapters 3 and 4 deal with time and space efficiency, respectively. Many programs also require network bandwidth, database connections, and many other resources. Trade-offs commonly arise between different resources. A more powerful toaster may be faster but require more (peak) electricity. Analogously, some programs may be made faster by employing more memory (more on this later).




  Although I’m listing efficiency among the external qualities, its true nature is ambiguous. For example, execution speed is definitely noticeable on the part of the end user, especially when it’s limited. Consumption of other resources, like network bandwidth, is instead hidden from the user, and you can appraise it only with specialized tools or by analyzing the source code. That’s why I put efficiency somewhat in the middle in figure 1.2.




  Figure 1.2. Software qualities classified according to two dichotomies: internal versus external (horizontal axis) and functional versus nonfunctional (vertical axis). The qualities that I specifically address in the book have a thick border.
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  Efficiency is a mostly nonfunctional quality, because in general the user doesn’t care if some service is offered in one or two milliseconds, or whether one or two kilobytes of data is sent over the network. It becomes a functional issue in two contexts:




  




  

    	
In performance-critical applications— In these cases, performance guarantees are part of the specifications. Think of an embedded device that interacts with physical sensors and actuators. The response time of its software must obey precise timeouts. Failure to do so may result in functional inconsistencies in the best case, all the way to life-threatening incidents in industrial, medical, or automotive applications.




    	
Whenever the efficiency is so bad that it affects normal operations— Even for a consumer-oriented, noncritical program, there’s a limit to the sluggishness and memory hunger that the user is willing to put up with. Beyond that, the lack of efficiency rises to the level of a functional defect.


  




  
1.3. Mostly internal software qualities




  You can appraise internal qualities better by looking at the source code of a program than by running it. The following subsections provide a list of the most important internal qualities.




  1.3.1. Readability




  Clarity, understandability by fellow programmers




  It may seem odd to speak of toaster readability, until we realize that, as for all internal qualities, we are talking about its structure and design. In fact, the relevant international standard for software qualities dubs this characteristic analyzability. So, a readable toaster, once opened for inspection, is easy to analyze, revealing a clear internal layout, with the heating elements well separated from the electronics, an easily identifiable power circuit and timer, and so on.




  A readable program is just what it sounds like: easy to understand by another programmer, or by the author after the program’s mental model has faded from their mind. Readability is an extremely important, and often undervalued, code quality. It’s the topic of chapter 7 of this book.




  1.3.2. Reusability




  Ease of reusing the code to solve similar problems, and amount of changes needed to do so—aka adaptability




  You may consider a toaster reusable in our sense if the company that makes it can adapt its design and its parts to build other appliances. For example, its power cord is likely to be standard and, as such, compatible with similar small appliances. Perhaps its timer could be used in a microwave, and so on.




  Code reuse was one of the historical selling points of the object oriented (OO) paradigm. Experience has proven that the vision of building complex systems out of widely reusable software components was exaggerated. The modern trend, instead, favors libraries and frameworks that are intentionally designed for reusability, on top of which lies a not-so-thin layer of application-specific code that doesn’t aim at reusability. I address reusability in chapter 9 of this book.




  1.3.3. Testability




  The ability to write tests, and how easy it is to do so, that can trigger all relevant program behaviors and observe their effects




  Before discussing testable toasters, let’s try to figure out what a toaster test might look like.[2] A reasonable test procedure would involve inserting suitable thermometers into the slots and starting a toasting run. You’d measure success by the temperature change in time being sufficiently close to a predetermined nominal one. A testable toaster makes this procedure easy to perform repeatedly and automatically, with as little human intervention as possible. For example, a toaster that you can start by pushing a button is more testable than a toaster requiring a lever to be pulled down, because it’s easier for a machine to push or bypass a button than to pull or bypass a lever.
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      According to some reports, “how to test a toaster” is a recurring question in software engineering job interviews.

    




    


  




  Testable code exposes an API that allows the caller to verify all expected behaviors. For example, a void method (aka a procedure) is less testable than a method returning a value. This book addresses testing techniques and testability in chapter 6.




  1.3.4. Maintainability




  Ease of finding and fixing bugs, as well as evolving the software




  A maintainable toaster is easy to pull apart and service. Its schematics are widely available, and its components are replaceable. Similarly, maintainable software is readable and modular, with different parts having clearly defined responsibilities and interacting in clearly defined ways. Testability and readability, addressed in chapters 6 and 7, are among the main contributors to maintainability.




  

    

      

    



    

      

        	

      


    

  




  

    The FURPS model



    Large companies with strong technical traditions develop their own quality model for their software development processes. For example, Hewlett-Packard developed the well-known FURPS model, which classifies software characteristics in five groups: Functionality, Usability, Reliability, Performance, and Supportability.


  




  

    

      

    



    

      

        	

      


    

  




  




  Table 1.1. Typical interactions between code qualities: ↓ stands for “hurts” and - for “no interaction.” Inspired by Figure 20-1 in Code Complete (see the Further reading section at the end of this chapter).
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1.4. Interactions between software qualities




  Some software qualities represent contrasting objectives, while others go hand-in-hand. The result is a balancing act common to all engineering specialties. Mathematicians have a name for this type of problem: multi-criteria optimization; that is, finding optimal solutions with respect to multiple competing quality measures. Contrary to an abstract mathematical problem, software qualities may be impossible to quantify (think readability). Luckily, you don’t need to find a truly optimal solution, just one that’s good enough for your purposes.




  Table 1.1 summarizes the relationships between four of the qualities that we examine in this book. Both time and space efficiency may hinder readability. Seeking maximum performance leads to sacrificing abstraction and writing lower level code. In Java, this may entail using primitive types instead of objects, plain arrays instead of collections, or, in extreme cases, writing performance-critical parts in a lower level language like C and connecting them with the main program using the Java Native Interface.




  Minimizing memory requirements also favors the use of primitive types, as well as special encodings, where a single value is used as a compact way to represent different things. (You’ll see an example of this in section 4.4.) All these techniques tend to hurt readability, and hence maintainability. Conversely, readable code uses more temporary variables and support methods and shies away from those low-level performance hacks.




  Time and space efficiency also conflict with each other. For example, a common strategy for improving performance involves storing extra information in memory, instead of computing it every time it’s needed. A prominent example is the difference between singly and doubly linked lists. Even though the “previous” link of every node could in principle be computed by scanning the list, storing and maintaining those links allows for constant-time deletion of arbitrary nodes. The class in section 4.4 trades improved space efficiency for increased running time.




  Maximizing robustness requires adding code that checks for abnormal circumstances and reacts in the proper way. Such checks incur a performance overhead, albeit usually quite limited. Space efficiency need not be impacted in any way. Similarly, in principle, there’s no reason why robust code should be less readable.




  

    

      

    



    

      

        	

      


    

  




  

    Software metrics



    Software qualities are related to software metrics, which are quantifiable properties of a piece of software. Hundreds of metrics have been proposed in the literature, two of the most common being the mere number of lines of code (aka LOC) and the cyclomatic complexity (a measure of the amount of nesting and branching). Metrics provide objective means of evaluating and monitoring a project that are intended to support decisions related to project development. For example, a method having high cyclomatic complexity may require more testing effort.




    Modern IDEs automatically compute common software metrics either natively or via plugins. The relative merits of these metrics, their relationships with the general software qualities described in this chapter, and their effective use are highly debated topics in the software engineering community. In this book, we’ll make use of code coverage metrics in chapter 6.


  




  

    

      

    



    

      

        	

      


    

  




  Opposite to these software qualities sits another force that contrasts them all: development time. Business reasons push for writing software quickly, but maximizing any quality attribute requires deliberate effort and time. Even when management is sensitive to the prospective benefits of carefully designed software, it may be tricky to estimate how much time is enough time for a high-quality result. Development processes, of which there are a rich variety, propose different solutions to this problem, some advocating the use of the software metrics mentioned in the sidebar.




  This book doesn’t enter into the process debate (sometimes it feels like “war” is a more appropriate term), instead focusing on those software qualities that remain meaningful when applied to a small software unit consisting of a single class with a fixed API. Time and space efficiency make the cut, together with reliability, readability, and generality. I exclude other qualities, such as usability or security, from this analysis.




  
1.5. Special qualities




  In addition to the quality attributes I’ve described in the previous sections, I’ll consider two properties of a class that are not formally software qualities: thread safety and succinctness.




  1.5.1. Thread safety




  The ability of a class to work seamlessly in a multithreaded environment




  This isn’t a general software quality because it applies only to the specific context of multithreaded programs. Still, such context has become so ubiquitous and thread synchronization issues are so tricky that knowing your way around basic concurrency primitives is a valuable skill to have in any programmer’s toolbox.




  It’s tempting to put thread safety among the internal qualities, but that would be a mistake. What’s truly hidden from the user is whether a program is sequential or multi-threaded. In the realm of multithreaded programs, thread safety is a basic prerequisite to correctness, and as such a very visible quality. Incidentally, thread safety issues lead to some of the hardest bugs to detect because of their apparent randomness and poor reproducibility. That’s why in figure 1.2 I put thread safety in the same area as correctness and robustness. Chapter 8 is devoted to ensuring thread safety while avoiding common concurrency pitfalls.




  1.5.2. Succinctness




  Writing the shortest possible program for a given task




  Generally speaking, this isn’t a code quality at all. On the contrary, it leads to horrible, obscure code. I’ve included it in this book (in appendix A) as a fun exercise that pushes the language to its limits and challenges your knowledge of Java or any programming language of your choice.




  Still, you can find practical scenarios where succinctness is a desired objective. Lowend embedded systems like smart cards, found in phones and credit cards, may be equipped with so little memory that the program must not only occupy little memory while running, but also exhibit a small footprint when stored on persistent memory. Indeed, most smart cards these days feature 4 KB of RAM and 512 KB of persistent storage. In such cases, the sheer number of bytecode instructions becomes a relevant issue, and shorter source code may lead to fewer issues in that area.




  
1.6. The recurring example: A system of water containers




  In this section, I’ll describe the programming problem that you’ll solve repeatedly in the rest of the book, each time aiming at a different software quality objective. You’ll learn the desired API, followed by a simple use case and a preliminary implementation.




  Suppose you need to implement the core infrastructure for a new social network. People can register and, of course, connect with each other. Connections are symmetric (if I’m connected to you, you’re automatically connected to me, as with Facebook), and one special feature of this network is that users can send a message to all the users to whom they’re connected, directly or indirectly. In this book, I’ll take the essential features of this scenario and put them in a simpler setting, where we don’t have to worry about the content of the messages or the attributes of the people.




  Instead of people, you’ll deal with a set of water containers, all identical and equipped with a virtually unlimited capacity. At any given time, a container holds a certain amount of liquid, and any two containers can be permanently connected by a pipe. Instead of sending messages, you can pour water in or remove it from a container. Whenever two or more containers are connected, they become communicating vessels, and from that time on they split equally the liquid contained in them.




  1.6.1. The API




  This section describes the desired API for the water containers. At the very least, you’ll build a Container class, endowed with a public constructor that takes no arguments and creates an empty container, and the following three methods:




  




  

    	
public double getAmount()—Return the amount of water currently held in this container.




    	
public void connectTo(Container other)—Permanently connect this container with other.




    	
public void addWater(double amount)—Pour amount units of water into this container. This method automatically and equally distributes water among all containers that are connected, directly or indirectly, to this one. You can also use this method with a negative amount to remove water from this container. In that case, the group of connected containers should be holding enough water to satisfy the request—you wouldn’t want to leave a negative amount of water in a container.


  




  Most of the implementations I present in the following chapters conform exactly to this API, save for a couple of clearly marked exceptions, where tweaking the API helps optimizing a certain software quality.




  A connection between two containers is symmetric: water can flow in both directions. A set of containers connected by symmetric links form what is known in computer science as an undirected graph. See the sidebar to learn the basic notions about such graphs.




  

    

      

    



    

      

        	

      


    

  




  

    Undirected graphs



    In computer science, networks of pairwise connected items are called graphs. In this context, items are also known as nodes and their connections as edges. If connections are symmetric, the graph is called undirected because the connections don’t have a specific direction. A set of items that are connected, directly or indirectly, is called a connected component. In this book, a maximal connected component is simply called a group.
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    The elements of graphs according to computer science




    


  




  

    

      

    



    

      

        	

      


    

  




  A proper implementation of addWater in the container scenario requires that you know what components are connected because you have to spread (or remove) water evenly among all connected containers. In fact, the main algorithmic problem underlying the proposed scenario consists of maintaining knowledge of the connected components under node creation (new Container) and edge insertion (connectTo method), a type of dynamic graph connectivity problem.




  Such problems are central to many applications involving networks of items: in a social network, connected components represent groups of people linked by friendship; in image processing, connected (in the sense of adjacent) regions of same-color pixels help identify objects in a scene; in computer networks, discovering and maintaining connected components is a basic step in routing. Chapter 9 explores the reach and the limits of our specific version of the problem.




  1.6.2. The use case




  This section presents a simple use case that exemplifies the API outlined in the previous section. You’ll create four containers, put some water in two of them, and then progressively connect them until they form a single group (figure 1.3). For this preliminary example, you’ll insert the water first and then connect the containers. In general, you can freely interleave these two operations. What’s more, you can create new containers at any time.




  Figure 1.3. The four steps of the use case: from four empty isolated containers to a single group of connected containers
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  I’ve divided the use case (class UseCase in the online repository (https://bitbucket.org/mfaella/exercisesinstyle)) into four parts so that in the other chapters you can easily refer to specific points and examine how different implementations fulfill the same requests. The four steps are illustrated in figure 1.3. In the first part, which coincides with the following code snippet, you simply create four containers. Initially, they’re empty and isolated (not connected).


  Container a = new Container();

Container b = new Container();

Container c = new Container();

Container d = new Container();




  Next, you add water to the first and last containers and connect the first two with a pipe. At the end, you print the water amount in each container to screen to check that everything worked according to the specifications.


  a.addWater(12);

d.addWater(8);

a.connectTo(b);

System.out.println(a.getAmount()+" "+b.getAmount()+" "+

                   c.getAmount()+" "+d.getAmount());




  At the end of the previous snippet, containers a and b are connected, so they share the water that you put into a, whereas containers c and d are isolated. The following is the desired output from the println:


  6.0 6.0 0.0 8.0




  Let’s move on and connect c to b to check whether adding a new connection automatically redistributes the water among all connected containers.


  b.connectTo(c);

System.out.println(a.getAmount()+" "+b.getAmount()+" "+

                   c.getAmount()+" "+d.getAmount());




  At this point, c is connected to b and, indirectly, to a. Now a, b, and c are communicating vessels, and the total amount of water contained in all of them distributes equally among them. Container d is unaffected, leading to this output:


  4.0 4.0 4.0 8.0




  Pay special attention to the current point in the use case, as I will use it in the following chapters as a standard scenario to show how different implementations represent the same situation in memory.




  Finally, connect d to b so that all containers form a single connected group:


  b.connectTo(d);

System.out.println(a.getAmount()+" "+b.getAmount()+" "+

                   c.getAmount()+" "+d.getAmount());




  As a consequence, in the final output, the water level is equal in all containers:


  5.0 5.0 5.0 5.0




  
1.7. Data model and representations
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