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      Page x →Page 1 →Introduction

      For several days in May 2017, approximately 200,000 computer systems were infected by “WannaCry,” a ransomware attack that exploited a set of security vulnerabilities in the Microsoft Windows operating system. Once WannaCry gained access to a new system, it would check if a given website domain was registered. If the domain was not registered, WannaCry would encrypt data on the system’s drive(s) and then propagate itself randomly to other systems via the Internet and any local network connections. Then, WannaCry displayed a message to users of the system that their data was being held hostage and that a ransom could be paid via Bitcoin payments to specific recipient addresses (Khomami and Solon 2017; Lee et al. 2017).

      While security patches were quickly developed and distributed to fix the vulnerabilities WannaCry exploited, a pair of key clues regarding its functionality and authorship were identified by attending to WannaCry’s algorithmic activity. First, an anonymous individual, recognizing that the ransomware attempted to contact a nonexistent domain as part of its initial activity, registered that particular domain name. The effect was that of a “kill switch,” immediately stopping thousands of WannaCry iterations per second from continuing on to their encryption processes (Khomami and Solon 2017). Second, the ransom messages displayed by WannaCry were analyzed by linguistic experts, who determined that the program’s author(s) were most likely nonnative English speakers who used automated translation software (Leyden 2017). Further, the analysts identified the authors as most likely being Chinese in origin, although North Korea was later credited with its construction (Bossert 2017).

      Both of these interpretive responses to WannaCry highlight the rhetorical nature of the ransomware program and, by association, of software and code more broadly. A consequence of registering the “kill switch” domain transformed WannaCry’s ability to propagate across networks and Page 2 →hold further users’ data hostage. An identification of the authors’ location facilitated collaboration among international intelligence organizations as well as cybersecurity experts, in case political action became necessary to resolve the situation. The rhetorical dimensions of all these acts—of WannaCry’s composition and proliferation as well as the analyses and responses that emerged to understand and combat it—can tell us much about how to assume more nuanced and ethical approaches to creating, using, and discussing software in public, profession, and academic contexts alike.

      Understanding code as rhetorical and not merely instrumental is not new in the fields of rhetoric and technical communication, however. Nearly forty years ago, Miller (1979) argued that technical writing should be understood and taught not as a merely instrumental skill set for communicating information (that is, as a kind of transparent and neutral vehicle for information) but instead as a highly rhetorical means of creating knowledge that allowed writers to construct and participate in particular communities. Miller suggested that the ways technical documents were composed and designed were as important and inherently meaningful as the content described therein.

      We can recognize a similar exigence in current scholarly and public conversations regarding digital media and their uses, from WannaCry to far less terrifying contexts. Such conversations tend to focus on the capacity of software for incredible social and political change, from the role of social media in organizing protests during the “Arab Spring” of 2010–2012, to the impact of high-frequency trading on the global market, to the uncannily precise targeting by various companies (e.g., Target or Amazon) of individual consumers with customized advertisements and sales. Other capacities for change include broadening access to technologies that augment individuals’ abilities to communicate in diverse ways with larger and more geographically distributed audiences, including global positioning system technology, YouTube videos, peer-to-peer file sharing networks, 3-D printers, and online financial transactions. Alongside the conversations about these media, others also occur that focus on education and vocational training, with an almost singular goal of building a larger and, in many cases, explicitly more diverse and inclusive population of future programmers whose skills will certainly be valuable in a software-driven world.

      Unfortunately, outside of specific circles, these various conversations on digital media—whether education-oriented or not—tend to focus on Page 3 →software as an instrumental tool and thus ignore or otherwise fail to address the role that meaning making, and in particular meaning made in and around code, plays in the development and use of software. Code, however, can also be approached rhetorically and critically in reflection of its meaningful nature. An acknowledgment of the roles that code and its authors play is important for moving forward in any of these aforementioned conversations, not only for identifying what has happened or is happening but also how to induce desired change to the status quo.

      It is often only after the fact that various social, cultural, and political problems reflected in how a given software program has been designed to function—whether recognized beforehand or not—are publicly acknowledged and addressed. Among the myriad examples of digital fiascos and post hoc revelations about their subjects’ limitations include the Nikon camera software that told Asian users they were blinking in photos (Rose 2010), with the software allegedly not taking into account different ethnicities’ facial structures. In another example, Facebook’s “graph search” technology enabled users to conduct potentially disturbing surveillance of their neighbors, such as combining searches for “married people” with those users who liked “prostitutes” and providing searchers with the ability to contact those users’ spouses (Brock and Shepherd 2016). “Tay,” a Twitter bot developed by Microsoft, shortly after its activation began to post racist content to other users of the platform. It was discovered that the bot had built a vocabulary of hate speech from public Twitter data, with a substantial amount of hateful language directed toward Tay specifically to “teach” it that language (Mason 2016). In each of these cases, it is impossible to be certain about the extent to which these issues may have been anticipated, but we have an ample supply of public backlash and criticism over the released versions of these programs and the impact they had on their audiences.

      Discussions among scholars of rhetoric, technical communication, and software studies about digital media and technology tend to be exceptions to the popular conversations described above in that scholarly discussions stress critical reflection on the social and cultural implications of particular media or situations wherein they are used. But such discussions infrequently focus directly on the software used for particular media and even less frequently on the code that drives that software. Further, there is a divide separating those voices who would increase access and exposure to the instrumental application of programming-related education and those voices who would facilitate critical and rhetorical awareness and Page 4 →employment of code and its procedural logic for particular civic, political, and economic ends, attending to the myriad dimensions that influence and are influenced by the construction of software programs.

      This is not to say that efforts to bring together these groups of conversations about critical, rhetorical, and instrumental approaches to studying digital technology are not attempted more broadly. Indeed, a great many public opinion pieces by media critics, programmers, and educators have championed various fusions of instrumental code composing or “making” with critical reflection on those composing activities. Similarly, numerous programming platforms have been developed to make software development more accessible and palatable to wider user populations than might otherwise encounter them, such as Scratch, Codecademy, Processing, or Hackety Hack. As Ford (2015) explained, it tends to be much easier to develop more accessible ways to teach people existing languages than to develop new languages or change existing ones:

      
        Making a new [programming] language is hard. Making a popular language is much harder still and requires the smile of fortune. And changing the way a popular language works appears to be one of the most difficult things humans can do, requiring years of coordination to make the standards align. Languages are large, complex, dynamic expressions of human culture.

      

      Ford’s description of programming languages as “large, complex, dynamic expressions of human culture” is incredibly important. Ford emphasized the influence of human culture on the creation of such languages, since their incorporation—and exclusion—of particular values, perspectives, and styles are often elided in discussions of particular languages’ computational efficiency or “elegance,” terms examined in more detail later but that, generally speaking, emphasize technological speed over human dimensions of influence on the composition of a given code text. Of particular note for efforts like Scratch and others is the broad push to reframe STEM (science, technology, engineering, math) education as STEAM (science, technology, engineering, arts, math) so as to build on the widespread support for STEM initiatives. These initiatives, however, tend to avoid direct engagements with rhetoric and code in favor of its political or cultural impact in a given context.

      This latter avoidance of direct engagement with code (as both text and activity) is of central significance to the argument I make throughout this Page 5 →text, as I want to draw attention to the rhetorical activities in which programmers engage, in and around code texts, as they develop software.1 Among the most important public outreach tasks a rhetorician who studies digital technologies can engage in is helping diverse audiences understand not only how those technologies influence audiences toward particular actions but how those same technologies are designed and constructed to influence them. Among the most powerful ways to do this, I suggest, is to draw attention to the appeals and strategies employed in the construction and dissemination of software code among programmers of varying expertise and involvement in a given project. It is these individuals and groups, after all, who decide not only what a program will do but how they will go about making it perform those tasks. The communication that takes place in the lines of code they write—along with communication in code comments, emails, bulletin board posts, and other venues—illuminates a great deal about the kinds of meaning programmers can and choose to create in and through code. Given the ubiquity of digital technology for daily tasks and phenomena, it is imperative that rhetoricians work not only to recognize what occurs rhetorically in the current paradigm of programming education and exercise but to become involved in its development toward a more explicitly and intently meaningful form of communication.

      In this book, I demonstrate how a shift in code-related orientation toward the rhetorical opens up new opportunities for critical inquiry, as well as how this shift is already taking place. In chapter 1, I map the various academic conversations in related fields within the humanities that have some overlap with the study of rhetoric and digital media, including software studies, critical code studies, and technical communication. From this mapping, I argue for the further cultivation and exploration of an emerging field, which I call “rhetorical code studies,” that centers its focus on considerations of software code as a form of and site for rhetorical communication.

      In chapter 2, I examine the historical relationship between algorithms and rhetorical invention that extends back far beyond digital technologies. Page 6 →That is, we have a long tradition of critical and humanistic approaches to mathematics and logic on which to build a rhetorical understanding of code and the computation it describes. From this foundation, I examine how the procedural logic of algorithms functions for rhetorical ends in software code, and three example types of programs demonstrate some, but hardly all, of these ends in action.

      Chapter 3 is centered on the discourse that surrounds code, such as code comments (lines of text in code that are not interpreted by a computer), email conversations, and other forums dedicated to development project discussions. If code functions as meaningful communication, as I posit it does—inherently—then the sorts of meaning making that occur in genres connected to and surrounding code can offer insight into programmers’ goals for particular computational tasks and types of actions they intend to induce through the use of their software. While there is not always a 1:1 relationship between what is said and done in code with what is said and done about it, we can nonetheless learn much by examining what connections can be recognized.

      In chapter 4, I build on the argument established in the previous chapter to explore a case study of some components of the code for Mozilla Firefox, a large-scale software project developed regularly over the past two decades by hundreds of programmers. Given the sheer amount of code written during that period, I focus on a handful of rhetorical tactics and goals present in the browser’s code to see how its authors attempt to communicate particular kinds of meaning to their collaborators about how the code operates (or how it is meant to operate).

      In chapter 5, I turn from analysis of existing practices to composition of a set of example programs or “practice scripts” to emphasize their use as starting points for further experimentation with code. Specifically, I connect the historical rhetorical exercises of progymnasmata with small-scale programming tasks as one potential and initial means of realizing an approach to software development that is explicitly informed by rhetoric. These exercises may help readers unfamiliar with programming begin to recognize and experiment with employing particular rhetorical concepts for specific procedural ends.

      Finally, in chapter 6, I consider how rhetorical code studies might be further developed in several significant scholarly directions, including—for educational initiatives—how rhetorically informed efforts to program might be assessed by instructors, just as other forms of assessment have been developed for composition in multiple and diverse modes.

      Page 7 →Ultimately, I hope that the close relationship I identify in this text between rhetoric and code will be taken up and explored further by other scholars, whether in rhetoric or in other fields. Perhaps a rhetorical study, and practice, of code can lead to more software development engaged with the ideologies and values of programmers and users and that works to effect cultural and political change more fully, actively, and explicitly to the benefit of those same populations. For a world fundamentally impacted by digital technology—and thus by its software—the arguments we and others make in code have the potential to be read, experienced, and responded to so that we can develop not only more responsible and ethical programs (to use a term coined by Brown 2015) but more responsible and ethical publics as well.

      
        
          1 Throughout the book but primarily in chapters 3 and 4, I discuss posts and code excerpts by a number of users on various software versioning system-related websites. I refer to the real names of those users who are either very well-known in the industry or whose usernames are identical to their real names; otherwise, I refer to users by the username they employ on the website. While in some instances a real name might be inferred, I have opted to call users by the monikers by which they wish to identify themselves on those sites.

        

      

    
  
    
      Page 8 →Page 9 →Chapter 1

      Toward the Rhetorical Study of Code

      In April 2014, it was revealed that a security bug in OpenSSL, a software library for ensuring secure communication in and across computer networks, had existed for the previous two years. The bug operated by opening an exploit into the “heartbeat request message,” a means of testing the security of connections opened with OpenSSL. While these messages were supposed to send a specific kind of data (a 16-bit integer) for this test and then have the same message sent back to confirm connection, the bug allowed for the data contents of a computer’s entire allocated memory buffer to be sent as part of the message. Dubbed “Heartbleed,” the bug risked transmission of incredibly sensitive data by accident or by malicious intent, as some attackers could send heartbeat requests specifically to receive their targets’ memory buffer data. Because OpenSSL is a popular and widely used library, the security impact of Heartbleed included such varied systems as Amazon Web Services, Minecraft, Reddit, SoundCloud, Steam, Stripe, Tumblr, and Wikipedia.

      The code responsible for the bug initially set up a particular way of reading, storing, and sending relevant information. This way just so happened to compromise the central goals of OpenSSL by allowing a requesting agent to seek out memory buffer data from unsuspecting or otherwise vulnerable targets, and these requests could be repeated infinitely (Cassidy 2014). While the exact nature of any collected data could never be precisely determined before a given request, the likelihood of something valuable being collected could be all but guaranteed with continued exploitation of the bug.

      The eventual patch for the bug, accepted for distribution not long after the bug was revealed, was relatively small in scope; an excerpt of the patch is shown in table 1.1. The code selected performs a relatively simple task: it ensures that no zero-length heartbeat requests are sent, and then it ensuresPage 10 → that the length of a given heartbeat (the “payload”) has an appropriately long record; otherwise, the request is discarded (Cassidy 2014). Despite the relative simplicity of the code in terms of the overall complexity and number of lines of code involved, its significance was enormous, with only 12,000 of the 800,000 most popular websites remaining vulnerable more than a month after the bug was made public (Leyden 2014).

      So, given the potential consequences of Heartbleed and the relatively small fix it took to resolve the issue, why did it persist for so long? And what does the story tell us about the rhetorical activity taking place not only in response to the bug, of which there are many examples to choose from, but also within the code texts before and after its patch? Further, to what extent does Heartbleed—or any other specific example, such as the case of the Mozilla web browser, discussed later in this book—reflect more broadly applicable understanding in regards to software development, use, and the ways programmers approach their code as meaningful communication?

      These questions cannot all be answered easily. My goal, however, is not to propose easy answers so much as to attend to the tensions, problems, and complications that arise from circumstances like those of the Heartbleed bug. Further, I hope to draw more critical attention to the rhetorical activity taking place in and through the code at the center of phenomena like the Heartbleed bug, as that activity can and does exert tremendous influence over how individuals and communities respond to and deal with the consequences of writing code—and thus constructing and disseminating meaning in particular ways for certain audiences. This attention takes place through the cultivation of a rhetorical orientation toward software, code, and its algorithmic procedures, which we can recognize through scholarly literature in several fields: digital rhetoric, software studies, critical code studies, and technical communication.

      
        
          
            	Table 1.1. Excerpt from Heartbleed patch (t1_lib.c) by snhenson et al. (2015)
          

          
            	Line
            	Code
          

        
        
          
            	
              3977

            
            	
              
/* Read type and payload length first */
              

            
          

          
            	
              3978

            
            	
              
if (1 + 2 + 16 > s->s3->rrec.length)
              

            
          

          
            	
              3979

            
            	
              
   return 0; /* silently discard */
              

            
          

          
            	
              3980

            
            	
              
hbtype = *p++;
              

            
          

          
            	
              3981

            
            	
              
n2s(p, payload);
              

            
          

          
            	
              3982

            
            	
              
if (1 + 2 + payload + 16 > s->s3->rrec.length)
              

            
          

          
            	
              3983

            
            	
              
   return 0; /* silently discard per RFC 6520 sec. 4 */
              

            
          

          
            	
              3984

            
            	
              
pl = p;
              

            
          

        
      
      
      Page 11 →Over the past decade, there has been continually increasing interest in the rhetorical study of software and code, with examinations of software as possessing and communicating ethics (Brown 2015) to advocacy for code-related literacy (Vee 2017) to an understanding of video games as a form of embodied practice (Holmes 2017) to the potential emergence of genres in code texts (Brock and Mehlenbacher 2017), as well as to experimentation with writing meant for algorithmic readers (Gallagher 2017). This interest, as well as its broadening scope and deepening focus, suggests the birth of a scholarly field related to but not incorporated entirely within rhetoric nor within the fields of software studies or critical code studies. Instead, this field, which I call “rhetorical code studies” (a term that has already seen some uptake; see Beck 2016), exists at a point of convergence of all three areas of study; its name reflects the position and focus of inquiry that the field has developed thus far and the possibilities that future investigations might uncover. Rhetorical code studies provides a means by which software use and development as well as the communicative work that takes place through its code texts—as well as the algorithmic logics communicated through those code texts (Beck 2016)—could be understood more clearly as rhetorical activity. Further, such inquiry could open up new directions for pedagogical engagement with code and computation as avenues for communication as well as for critical literacy.

      An argument for the rhetorical study of code might seem either as obvious as the rhetorical study of other forms of communication or as preposterous as the rhetorical study of an arhetorical subject, and this reflects two common threads of conversation among rhetoricians regarding the scope of the discipline. It is neither compelling nor accurate to argue that rhetoricians should attend to code simply because such inquiry has not been performed much or at all. Instead, I base my argument on the premises that code is as meaningful as any other form of communication and that the sheer amount of code produced each day (likely numbering in the billions of lines of code), along with the impact that much of that code has on myriad aspects of daily life, suggests an important phenomenon in need of continued and focused investigation.

      Rhetorical code studies can potentially address multiple kinds and modes of rhetorical activity and interaction, including communication reflecting complex relationships such as among developers, between developers and users, between developers and technologies, and also users and technologies. For the purposes of this project, and explained in more detail in chapters 2 and 3, I emphasize the rhetorical activity of developer-to-developerPage 12 → communication, as that sort of interaction has significant impact on subsequently triggered sites of activity, such as in how technological interfaces communicate particular arguments to their users.

      What Does Rhetorical Code Studies Involve?

      Rhetorical code studies, as I am arguing for it to be described and understood, combines the study of rhetoric with that of software and code, possessing a particular focus of inquiry centered on several key characteristics of code and the discursive contexts surrounding its composition. This description of rhetorical code studies builds on Beck (2016), who argued for an understanding of algorithms as being fundamentally persuasive and advocated for the rhetorical study thereof; code serves as an optimal site for exploring how algorithmic expression and communication operates rhetorically, thanks to a complex set of relationships between code, language, software, and procedure.

      The first characteristic of code important to its rhetorical study is the set of rhetorical qualities and capacities of code, a term that refers to both source code and the executable programs built from source code. Source code is the readable set of operational commands written in any number of existing computer languages, generally created and stored as text files with language-specific syntax and vocabulary. Today, most source code is written in a “high-level” language, meaning that it is immediately more accessible to humans than to machines: high-level source code must be compiled (translated) into a lower-level language in order to be executed by a computer. High-level languages include C, Java, and Ruby; these tend to possess features that more closely approach those of natural languages like English. Low-level languages include Assembly and other forms of machine code, and they specify far less human-readable instructions to the computer(s) executing their commands. Executable programs, in contrast, are those compiled or otherwise machine-interpreted software that allow a user or machine to perform particular activities, such as browsing the web, writing and saving text documents, calculating mathematical equations, verifying password correctness, and so on.

      The second characteristic to be addressed is the discourse surrounding the development and use of code, which includes code-level comments and meta-commentary. Developers regularly communicate with one another inside code texts via statements called comments, which are distinguished from code statements in that comments are noninterpretable, Page 13 →nonexecuting natural language text blocks intended for human audiences. Because of their existence within code files and their proximity to particular lines of code, comments tend to illuminate some intended purpose for or function of a given block of code. (Of course, sometimes this illumination doesn’t happen, and the result is more confusing than clarifying.) An example of comments distributed amid code statements can be seen in the Heartbleed patch excerpt demonstrated in table 1. Lines 3977, 3979, and 3983 each have brief phrases directed toward human readers and punctuated in a way as to let the computer know to ignore those phrases, e.g. from line 3979: “/* silently discard */” (snhenson et al. 2015). In this comment, the author indicates to interested readers what the code in that line should successfully perform; if some other behavior occurs, then contributors to the program can more easily identify the likely source of the problem. Comments exist among but outside the functional scope of the source code lines that make up the interpretable or compileable software program. In addition to intracode commentary, developers actively engage each other just as often in more conventional avenues of discourse outside the code, such as via email lists, bulletin boards, and the like. As will be demonstrated in chapter 3, code files can serve as fascinating and significant sites of rhetorical action (primarily focused on practices of software development) “among” code operations as well as within their logics.

      A third characteristic of code is the set of social, cultural, and historical contexts that facilitate its composition, dissemination, and critique in general as well as in regards to specific programs or contexts for use of technologies. While these contexts are connected to the rhetorical qualities of code broadly speaking, it is important to distinguish them here because these issues are discussed frequently and prominently in a number of public and academic circles. Some of this work includes examining issues of race and relevant access, or lack of access, to technologies in the classroom and beyond (Banks 2006). Nakamura (2007) illuminated the tensions between how people of color are frequently depicted via digital media and how they represent themselves and develop online communities. McPherson (2012) and Risam (2015) have discussed the problematic relationship between digital technologies, their histories, and the racial makeup of the academic communities that study them, especially in the conglomeration of fields called the “digital humanities” and how it positions inquiry in relation to its objects of study. Other scholars have attended to the historical trajectory of computer technologies, the genderingPage 14 → of labor relating to their production and innovation, and the social and political impacts of that gendering (Abbate 2012; Hicks 2017). Still others, like Coleman (2013) and Kelty (2008), have examined cultural concerns and contexts surrounding software use, especially free and open source software and its various development, user, and hacker communities.

      These characteristics of code—its rhetorical qualities, the discourse surrounding its development, and the social and cultural contexts in which it is composed and employed—inform the premises on which rhetorical code studies is built. In addition to providing an avenue for focused critical inquiry of underexplored objects of study and perspectives for study regarding technological development and use, rhetorical code studies would offer new means of engaging in the creative and rhetorically informed production of meaningful code and software. Specifically, I posit that software that has been composed with as much attention to the rhetorical dimensions of its code as to its intended and anticipated execution and output—as opposed to code perceived to be primarily or wholly instrumental in nature—might well herald valuable innovations for approaching computer use in general and code composition in particular.

      I hope to describe rhetorical code studies and how its object might be more fully scrutinized precisely because the use and development of software and code can help us understand more clearly, across a number of rhetorical dimensions, how we attempt to communicate meaningfully with others across digital contexts. For rhetoric in particular, a field in which scholars seek out knowledge of and proficiency with meaningful expression relating to a given situation, this help is key. Further, given the increasingly significant role that software plays in the daily activities of all manner of individuals and populations, it is imperative that critics of rhetoric and software alike understand how software and its code exert influence upon our efforts to communicate with one another so that we—academics, software developers, and the general public—can make more effective and aware use of these code-based forms of making meaning.

      In the chapters that follow, this potential field of rhetorical code studies will be developed through a focus on a set of interrelated concepts emphasizing the rhetorical means and goals of code, concepts that have had longstanding importance to rhetoric. The first of these is action as understood through Burke’s (1969) term symbolic action. For Burke, symbolic action refers to any communicative effort the meaning of which extends beyond the specific set of acts that makes up the transmission of a particular message. The second concept central to this argument is meaning making, the efforts by one or more rhetors to induce or influence Page 15 →an audience to act in response to a particular message, whether that action is physical or not. The third and final major concept is agency, the quality of both rhetor and audience to engage themselves in a rhetorical act; Miller (2007) referred to the quality of agency as “the kinetic energy of rhetorical performance” (147). These concepts will serve as the basis for a critical analysis of the Mozilla Firefox web browser, whose long-term, open-source development provides an accessible point for a rhetorical inquiry into its code. Following that analysis, I offer another means of rhetorical inquiry into code by working through a series of exercises intended to highlight concepts important to rhetoric and to programming so that an interested reader—even one not necessarily familiar with software development—can practice rhetorical invention through the composition of code.

      With these ideas in mind, rhetoricians and scholars of code alike could move forward along a number of trajectories that would provide insight into the meaningful, rhetorical, and critical values of computational objects of study. To better understand how we might move forward in these ways, however, it is first necessary to gain a sense of how these fields have set the stage for rhetorical code studies to blossom and for these trajectories to become available for us to pursue.

      Digital Rhetoric

      While rhetoric as a discipline is not inherently focused on digital media, it has nonetheless incorporated digital forms of meaning making into its fold, with scholars revising and inventing theories of rhetoric as necessary to more fully understand how those forms operate rhetorically. Below, I outline the relationship between digital rhetoric, its subfield of computers and writing, and the emergence of procedural rhetoric as a lens through which to understand how code, through algorithmic procedure, constructs and communicates meaning.

      Rhetoric—and most notably rhetoric and composition—has expressly held an interest in digital technologies for communicative ends at least since the birth of the Computers and Writing conference in 1982, when a number of scholars and consultants gathered to discuss “the place of computing in the writing curriculum” (Gerrard 1995, 280). While the primary focus for the conference’s first several meetings was on the facilitation of student writing with computer technologies and the analysis of that writing, discussions over the next several meetings of the conference quickly expanded to include the social and political impacts of those Page 16 →technologies and the development of theories relating to computer-based writing activities in and out of the classroom.

      During this time, Lanham (1993) coined the term “digital rhetoric” to describe a number of possibilities for critical and practical engagement via computer-based communication. For Lanham and many scholars since, the “bi-stable oscillation” between looking at and through texts—that is, paying attention to and looking beyond the qualities of a given medium (Lanham 1993, 5)—remains a central component of the act of reading and composing digital texts through continually emerging means.

      In the twenty-five years since the birth of “digital rhetoric,” rhetoricians have explored myriad dimensions of emerging technologies for expression, persuasion, and other forms of meaning making, as well as how writer, technology, community, and society interrelate in complex ways, ways that extend from existing media and modes of communication and that are unique to digital media. Because of the potential ambiguity of the term “digital rhetoric,” some scholars have attempted to define more clearly its ever-widening scope. In particular, Losh (2009) outlined four distinct, although related, definitions that reflected major threads of relevant critical investigation:

      
        		1.	The conventions of new digital genres that are used for every discourse, as well as for special occasions, in average people’s lives.

        		2.	Public rhetoric, in the form of political messages from government institutions, which is represented or recorded through digital technology and disseminated via electronic distributed networks.

        		3.	The emerging scholarly discipline concerned with the rhetorical interpretation of computer-generated media as objects of study.

        		4.	Mathematical theories of communication from the field of information science, many of which attempt to quantify the amount of uncertainty in a given linguistic exchange or the likely paths through which messages travel. (47–48)

      

      Losh’s definitions clearly include not only humanistic inquiry but the broader employment of rhetoric as constructing meaning for diverse purposes. Her fourth definition is perhaps most significant for this project, as the valuable and relevant work occurring in information science identified by Losh informs much of the philosophy behind rhetorical code studies.

      Eyman (2015) has offered a similar broadened set of definitions of “digital rhetoric” (although focused primarily on scholarly contexts), Page 17 →spanning from classical rhetoric to digital media studies to computers and writing. Eyman argued, through his synthesis of the numerous articulations of the term he provided, that rhetoric had much to offer and gain from the diversity of approaches being undertaken throughout academe, only some of which explicitly employ the term “digital rhetoric.” While much of the work in these approaches has focused on several specific spheres of communication (namely civic, academic, and professional), there has been a growing amount of scholarship expanding more broadly and deeply our understanding of how digital technology facilitates rhetorical activity across nearly all aspects of our lives.

      Among the most significant arguments about this facilitation is provided by Selfe and Selfe (1994), who observed that interfaces in electronic environments communicated particular social, cultural, and political values that reflected developers’ assumptions. Through an examination of these assumptions, it became possible to identify anticipated user populations of those interfaces and what sorts of knowledge, technical proficiency, or other forms of awareness the users were expected to possess for the interfaces’ use (Selfe and Selfe 1994). Grabill (2003) articulated the difficulty many rhetoricians had in regards to undertaking the work of identifying rhetorical activity in and through interfaces, pointing out the distinction between interface and conventional writing or speaking as a site of rhetorical communication:

      
        [I]nterfaces are difficult to talk about. They seem natural and inevitable to most people. They are often transparent. Students in my classes can’t imagine computers being any other way—and most of the time, neither can I. Interfaces are what programmers write. (465–66)

      

      In essence, rhetoricians have historically struggled with overtly technological concerns simply because those concerns are frequently perceived to be outside the bounds of their disciplinary study. For Grabill (and, implicitly, for many others), interface construction, and programming in general, are clearly forms of “writing” and thus a form of constructing and expressing meaning.

      Writing (With) Digital Media

      Rhetoricians have pursued several equally important tracks of inquiry regarding digital media and how it relates to existing paradigms of rhetoricalPage 18 → theory. One group of rhetorical critics has explored how historical approaches to rhetoric could effectively provide insight to communication taking place through electronic and digital media. Miller (2007) examined the concepts of ethopoeia and rhetorical agency in relation to automation and similar complex technological engagements, using the example of an automated software program for writing assessment. Warnick (2007) argued that rhetoric as a discipline must move away from notions of single authors and works as the bases for its study and instead turn toward the distinct concepts of collaborative authorships and interlinked hypertexts (122). Brooke (2009) restructured the rhetorical canons in order to more clearly and directly define them in relation to the variety of new media emerging as part of developments in digital technology. Carnegie (2009) examined how technological interfaces might be better understood as contemporary forms of exordium; Tarsa (2015) expanded on this argument to explore how students make sense of digital interface through that lens, especially in regards to interfaces that promote participation and interactivity.

      A second group of rhetorical scholars has worked to expand critical orientation and language so as to more fully explain and contextualize discursive practices mediated by digital technologies. For example, Fagerjord (2003) argued that rhetoric as a term needed to be redefined to incorporate more diverse kinds and dimensions of emerging media. Zappen (2005) posited that it is necessary to consider how the qualities of digital communication can and do affect specific types of inquiry and discourse, and specifically “the characteristics and [ . . . ] strategies of self-expression, participation, and collaboration that we now associate with [digital] spaces” (323). Porter (2009) examined delivery as a means of revising existing rhetorical theory or producing new theoretical perspective: “[t]he real value in developing a robust rhetorical theory for digital delivery lies in [productive action]” (221). Losh (2016) argued for the need to attend to rhetorical situation, exigence, orientation, and navigation in regards to “new forms of rhetorical performance by computational components [that] may be going on independent of human-centered display” and not merely those technological engagements easily accessible or recognizable to us (n.p.). Meanwhile, Stolley (2014) drew an explicit connection between conventional and digital approaches to meaning making in order to advocate for a transformation of rhetorical thought, arguing outright that “programming is writing. I mean that literally” (264).

      Page 19 →From Digital to Procedural

      Scholars interested in computers and writing have made their focus the intersection of rhetorical invention and digital technologies, experimenting with the range of relevant possibilities available to scholars and students alike. Yancey (2004) observed that most students of writing are likely to engage regularly in types and modes of digital communication that are not addressed, either adequately or at all, by scholars and instructors of writing and rhetoric. Rieder (2010) has suggested that there might be merit in examining particular types of code processes as rhetorical strategies for new forms of writing. McCorkle (2012) argued that rhetorical delivery operates as a form of technologically mediated discourse involving not just invention within a particular technology but also the body of systems that facilitate a text’s distribution. Shepherd (2016) examined how protocological systems—in particular, online matching technologies—influence particular habits and behaviors. A small group of other scholars (Cummings 2006; Carpenter 2009) have observed that there is rhetorical value to be found in code as a form of writing, although there is little agreement on how best to engage it; some suggest it should complement conventional forms of writing (like a kind of frame to facilitate novel means of interaction with that conventional writing), while others question whether it might be a distinct method of communication worthy of examination and experimentation separate from other writing studies. Brooke (2009) outlined a new trivium of study for contemporary education that incorporates an “ecology of code” and its productive resources as one of the trivium’s components (48).

      More recently, special issues of two journals—enculturation, edited by Hodgson and Barnett (2016), and Computational Culture, edited by Brown and Vee (2016)—focused on new directions and perspectives considered by rhetoricians in regard to meaningful communication in and through technology, computation, and procedure. Among the authors in the special issue of enculturation, Holmes (2016) explored how technologies work persuasively to effect behavioral change in users, connecting behavioral habits (hexeis) with ethos to describe how particular digital practices occur. Beck (2016), explicitly responding in part to an earlier call for the rhetorical study of code, argued for a need by rhetoricians to attend more fully and closely to computer algorithms as rhetorical agents, outlining how they can be understood to function persuasively. Rieder (2016) demonstrated the possibilities for hybrid digital-physical “eversions” that made sociopoliticalPage 20 → interventions via rhetorical engagements with and uses of digital data, such as the depth data generated by a Microsoft Kinect sensor. Juszkiewicz and Warfel (2016) examined the rhetorical nature of mathematics, especially in how mathematics programming affords and constrains particular kinds of meaning making. Some of the authors included in the special issue of Computational Culture include Brock (2016), who drew attention to the relationship between rhetorical style and the composition of code; similarly, Bellinger (2016) complicated the ways in which digital media scholars have identified error, failure, and disruption in contrast to successful or “proper” function. Birkbak and Carlsen (2016) offered Facebook’s EdgeRank algorithm as a demonstration of procedural rhetoric in that the algorithm itself becomes “a rhetor that actively constructs a rhetorical commonplace that can be drawn upon in order to justify” its own procedural expression (n.p.). Maher (2016) focused on phronesis in regards to how “artificial rhetorical agents” are being developed to consider complex and nuanced ethical situations.

      Perhaps the most influential scholar for the combined study of rhetoric and code is Bogost (2007), whose concept of procedural rhetoric has articulated a means of inducing action as demonstrated through particular media in order to teach audiences how to use those media; this concept has been expanded on and connected more fully to traditions of rhetoric by Ingraham (2014) and Beck (2016), among others. Procedural rhetoric, according to Bogost, is “the practice of using processes persuasively” (28). This definition is most commonly considered in regards to the expressive outcomes of processes (e.g., software interfaces), but procedural construction is a form of meaning making as well: it sets up how algorithmic processes can be, and are, employed rhetorically. Bogost noted that, for procedure, “arguments are made not through the construction of words or images, but through the authorship of rules of behavior, the construction of dynamic models. In computation, those rules are authored in code, through the practice of programming” (29). By focusing on the potentiality of dynamic computation—when an audience attempts to explore the procedures composed (i.e., programmed) by a rhetor for a digitally mediated situation—the means for, and types of, action to be induced are drastically altered by user and computer system alike.

      Rhetoricians are clearly interested and involved in work relating to how meaningful communication occurs in digital contexts, from extensions of traditional or conventional forums and channels to emerging genres and situations, including a strong focus on algorithmic procedures as underlyingPage 21 → logics for digital media. Rhetorical code studies can build on this work by providing continued and heightened attention to how the technologies underlying those contexts enable, augment, and constrain the construction of meaning with and through digital technologies.

      Critical Code Studies

      A related body of scholarly inquiry connecting software and rhetoric emerges primarily from the study of literature, in which critical methodologies are applied to code as if it possessed familiar textual qualities and functioned similarly to literary texts. Scholars interested in critical code studies explore how particular code languages facilitate certain habits of mind as well as means of communication via the construction of software programs. This line of inquiry sprung from early engagements with software studies and new media scholarship as part of a directed effort to explore computer code as something “more” (i.e., more meaningful and significant) than its output (Cayley 2002; Marino 2006).

      Many critics of code approach the field with a literary orientation, viewing code texts as insightful regarding questions of authorial intent, contemporary trends in writing (programming) style and genre, and meaning as expressed within a particular body of code (Marino 2006). Ramsay (2011) made use of code for such ends, performing an “algorithmic criticism” that enabled him to transform or “deform” texts into code-mediated expressions (referred to as “paratexts”) so as to highlight new avenues for textual interpretation. For Ramsay, algorithmic code serves as an innovative means for scholarly engagement because of its ability to make familiar texts strange so as to help critics generate new questions and avenues for critical research. Douglass (2011) has approached code more traditionally as a textual object for inquiry, questioning how code is currently read as distinct from and counter to how code should be read. That is, rather than suggest “best practices” for code-related interpretation, Douglass has emphasized how various groups tend to evaluate and value code as a familiar or unfamiliar form of meaningful communication; subsequently, Douglass has suggested, we need to ask what these existing practices might mean for our ability to work with code in new and potentially significant ways.

      Critical code studies has prompted a trajectory into the potential for discovering what meaningful code texts can signify through their content, as well as through the processes they describe, for a variety of audiences. Burgess (2010) examined how the PHP script language changes Page 22 →the act of reading web pages and markup language, since PHP is interpreted by a web server and transformed into HTML before a user has the chance to see what it does when the user looks at a particular web page. Jerz (2007) explored both the source code for the late 1970s text-based video game “Adventure” and the physical location (Kentucky’s Mammoth Cave) that inspired its creation in order to understand how specific lines of code in its files communicated significant meaning to the game player about how to explore certain possibilities for game play. Sullivan (2013) developed a conference presentation webtext whose full content would only reveal itself when a reader examined its source code, where the bulk of Sullivan’s argument existed as comments hidden from web browser rendering. Schlesinger (2013) explored the possibility of a “feminist programming language,” one that might not be based on Boolean logic, in a HASTAC blog post that garnered considerable discussion regarding its potential impact on programming philosophy (namely, about the extent to which existing technological constraints would allow such a language to function). Schlesinger’s work is also noteworthy for the nearly immediate backlash it received from some programmer circles whose members deemed its theoretical language “academic gibberish” and who offered thinly veiled and overt misogynistic criticisms at Schlesinger and other discussion participants (cf. topwiz 2013; Reif 2013).

      Another group of scholars straddles the boundary between software and critical code studies, emphasizing through their work how code and software are often as radically different objects of study as they are similar to one another. Chun (2011) has led this particular charge, pointing out that executing code—the compiled software that one runs in order to use specific programs on a computer—is distinct from its comparatively static source code that, while readable, does not act. For Chun, source code is an artifact that only hints at the possibility of what a program can do since the act of using the software cannot be replicated by reading its code. In contrast, Hayles (2005) argued for a distinction between natural language and executable code language that emphasized the ability of natural language communication to signify more than it literally suggests, subordinating code to mere description of the computational operations that its compiled program would execute, although it must be noted that the majority of code critics ultimately disagreed with this distinction (Cayley 2002; Cramer 2005; Marino 2006). For scholars like Chun and Hayles, the critical study of code offers an important avenue for engaging with digital technologies as means of creative invention that, nonetheless, reflect Page 23 →systems of constraint and control upon the ranges of potential outcomes (texts, performances, and other acts) that could be expressed through specific code texts.

      A third group combines the study of code and algorithmic procedure with that of literacy; its scholars have called attention to the growing public conversation surrounding “computational literacy” and “coding literacy” (Vee 2017), “procedural literacy” (Mateas 2005), and even “iteracy” (Berry 2011) as concepts and means of promoting STEM-related education and vocational training. These calls resemble earlier arguments in technical communication (e.g. Miller 1979) for technical documents to be viewed as rhetorical rather than merely instrumental and that writing students cultivate critical and rhetorical literacies regarding technologies in addition to becoming technically proficient in using them (Selber 2004). Examinations of these more recent calls for and approaches to promoting various forms of computational literacy demonstrate that the rhetorical dimensions of code and coding are frequently left implicit in these literacy-focused settings even while a number of creative problem skills are promoted through programming activities (Vee 2017, 16). The result of this apparent imbalance in critical awareness is a proliferation of lay arguments that advocate improving critical thinking (as provided within the bounds of STEM initiatives) but that also discount or overlook the contributions that humanities fields could make to help promote the very sort of critical thinking desired by educators and employers. A focused effort to tie together explicitly the goals of the computational literacy movement with the skills and knowledge of critical analysis and practice in the humanities—that is, an effort very much in the wheelhouse of rhetorical code studies and which is already being championed by Vee, Berry, and others—could lead to a much stronger and effective set of literacy initiatives.

      Software Studies

      The field of software studies, while closely related to the critical study and analysis of code, is focused primarily on the social and cultural significances of and influences upon the processes of software programs and the logic that facilitates their use, concerns of clear relevance to rhetorical code studies. There are several major initiatives currently being developed by software scholars beyond the set of varied approaches to the study of software by critics who affiliate themselves, or who are otherwise associated, with the field.

      Page 24 →On a large scale, software as an object of inquiry involves global networks like Google’s search mechanisms and cloud-based information storage or cell phone network infrastructures; on a smaller but no less significant scale, software studies is concerned with computer functionality like that of the loop, in which elements of a data set are iteratively manipulated by a set of operations for a particular set of purposes. Manovich (2008) defined the goal of software studies as “investigat[ing] both the role of software in forming contemporary culture, and cultural, social, and economic forces that are shaping development of software itself” (5). A number of disciplines are represented in software studies, reflecting the broad range of its subject’s impact, from art (Crandall 2008) and design (Lunenfeld 2008; Sack 2008) to science and technology studies (Bowker 2008) and literary studies (Douglass 2008).

      Platform studies deserves a brief note as a field closely related to software studies due to its focus on the ecologies of software and hardware technologies that serve as the basis for software activity. For example, where a software scholar might be interested in the cultural values enabled by a particular programming language, a platform scholar would focus on how a given hardware system (like a desktop computer with a 32-bit processor running the Windows XP operating system) constrains the sort of software texts, or set of processes, that could be created or disseminated through that hardware system. Unlike software studies’ emergence from a general call for the study of digital media, platform studies was formed as a means for video game scholars to draw attention to the technologies that enabled the play of specific games (see Bogost 2008; Montfort and Bogost 2009), although the field’s focus has since expanded to include studies like that of Salter and Murray (2014), who explored Adobe Flash and its impact on web design. The field of platform studies demonstrates the potential for rhetorical code studies in its goal of critical investigation into the relationship between code, design, user experience, and technological infrastructure.

      Most scholars who associate their goals with those of software studies do so in a relatively unrestricted fashion, noting interest in some particular political, social, or other cultural study of software at one or more levels of technology, such as the graphical user interface, high-level programming languages, or even the low-level assembly languages that translate readable code into executable operations to be run by a machine. For example, Parikka (2008) examined the ability to copy through digital software as both a new means of high-fidelity reproduction (as a command and as a Page 25 →tool embedded in various software programs) and as cultural technique that follows a tradition of quotation and recycling for the purposes of disseminating information. Many of the restrictions that are imposed upon software scholarship are built upon the qualities of new media outlined by Manovich (2001), which he argued were requisite for any scholarly understanding of how digital technologies worked:

      
        		1.	new media objects are composed of digital code, which is the numerical (binary) representation of data;

        		2.	the structural elements of new media objects are fundamentally modular;

        		3.	automation is prevalent enough in new media systems that human presence or intervention is unnecessary;

        		4.	new media are infinitely variable;

        		5.	new media, as computer data, can be transcoded into a potentially infinite variety of formats. (Manovich 2001, 27–45)

      

      While not all software critics are interested in the technical qualities of digital media included in Manovich’s list, these concerns nevertheless have informed much relevant scholarship, such as Cramer’s (2005) analysis of algorithm as “magic,” in which he broke down the ways various cultures have attempted to comprehend computation.

      Several scholars have attended to the relationships between software, code, and infrastructure. Hayles’ (2004, 2005) comparison of natural and code languages for meaningful purposes suggested that code, despite its mutable, transcodable nature—one that suggests a flexible or shifting potential meaning attached to it—does not possess the ability to signify or transmit multiple meanings in the liquid manner that natural language can and does. Fuller and Matos (2011), meanwhile, have extrapolated the possibilities of “feral” computing systems and the potential for wild, illogical designs that already emerge from the inherently logical nature of new media as data and code languages. Helmond (2013) examined the “algorithmization” of hyperlink construction and dissemination over time as expectations changed for web and social media navigation, sharing, and tracking activities. Noble (2018) has called attention to the ways that search engines like Google reinforce sexist and racist cultural values (especially those harmful to black women) through their algorithmic mediation and presentation of search results to users. Johnson and Neal (2017) highlighted the growth of black code studies, a related field whose scholarsPage 26 → explored the radical innovations by people of color to digital technologies and resistances to industrially and politically normative uses thereof.

      The general field of software studies includes within its fold a varied set of critiques, including Fuller’s (2003) analysis of the infamous “Clippy” utility in Microsoft Word; Kittler’s (2008) more general analysis of code as meaningful subsystems of language; and Kitchin and Dodge’s (2011) exploration of the multiple levels of activity of daily life into which software are incorporated, as objects, processes, infrastructures, and assemblages (5). For many software scholars, there are several major components of a software program that indicate the systems of control and knowledge that its developers assume of, and impose upon, user bases, including the user interface, the language(s) in which the developers wrote the program, the systems in/on which the program runs, and even the potential uses for the software anticipated by the developers. By demonstrating the range of possible texts that could, and do, provide significant insight into how software and culture exert their reflexive influences upon one another, these software scholars have implicitly nudged the field as a whole toward the conventional domain of rhetoric. Some critics even put into practice the creative development of software that might more clearly illustrate its relationship with culture, such as the “QueerOS” project by Barnett et al. (2016), a speculative operating system for discovering and exploring “new pleasures and possibilities both online and off” (n.p.). This was proposed in response to a perceived “lack of queer, trans, and racial analysis in the digital humanities, as well as the challenges of imbricating queer/trans/racialized lives and building digital/technical architectures that do not replicate existing systems of oppression” (n.p.).

      Other scholars of software focus primarily on the types of processes the logic of which fuels the use of software programs, such as the calculations that provide Google search results or the behaviors of computer-controlled video game characters, what Wardrip-Fruin (2009) has referred to as “expressive processing.” Because of its focus on how relevant technologies enable and constrain software and user behavior, this field has much in common with the related field of platform studies. Scholars involved in this subfield of software studies approach software as a way of “reading what processes express” and how processes “operate both on and in terms of humanly meaningful elements and structures” (Wardrip-Fruin 2009, 156). While many software scholars explore the processes and narrative experiences of video games and works of digital fiction, Bogost and Montfort (2009) explicitly specified that the field is not constrained Page 27 →to games as objects of inquiry, noting that even programming languages possess underlying logic systems to be expressed through their use.

      While there are some divergences between scholars in regards to the specific focal points of the field, there is one common line of agreement. While technical knowledge of computer systems has rarely been argued as necessary to perform successful inquiries into software processes, most scholars involved in expressive processing suggest that such a skill set is crucial to pursuing more fully questions of the subfield. Wardrip-Fruin (2009) has described the problem as follows: “Trying to interpret a work of digital media by looking only at the output is like interpreting a model solar system by looking only at the planets” (158). That is, a solar system has at its center a star rather than a planet, and it is the star that enables the entire set of planets to revolve around it and maintain their various ecological systems. For computers, programs (the planets in Wardrip-Fruin’s analogy) require the framework provided by hardware and software alike in order for individuals to enjoy the interfaces they most often use. Schmidt (2016) has offered a similar call to action for digital humanities scholars more broadly: “the first job of digital humanists should be to understand the goals and agendas of the transformations and systems that algorithms serve so that we can be creative users of new ideas, rather than users of tools the purposes of which we decline to know” (n.p.). Scholars studying software contribute to rhetorical code studies through their emphasis on the technological components integral to the humanistic analysis of digital media as well as how those components facilitate meaningful action for further invention and exploration.

      Technical Communication

      While technical communication was not identified as a foundation for rhetorical code studies, it nonetheless has had a long and rich relationship with rhetoric and software development that is worthy of mention, thanks to its focus on (among others) clear and effective communication that facilitates complex activities. While the majority of relevant technical communication scholarship has focused less on the explicit composition of code than on the composition and design of supporting communication practices and documents (e.g., installation guides, new user tutorials, etc.), it nonetheless contributes to rhetorical code studies through its emphasis on expert authors’ need to answer less informed audiences’ questions and address potential confusions with a given text or related Page 28 →activity. Further, given technical communication’s close relationship to technology-oriented industries, scholarly projects in technical communication often offer unique insight into the development and dissemination of relevant texts, thanks to technical communication scholars’ direct collaboration with industry professionals.

      In particular, the work of Spinuzzi has been perhaps the most directly related scholarship in technical communication to rhetorical code studies. Spinuzzi (2002a) has explored a number of questions centering on how activity theory and rhetorical genre studies can illuminate, inform, and mediate professional programming practices. Spinuzzi (2003) examined software development as a kind of activity system and genre ecology, two means of understanding complex, interrelated acts of communication made up of numerous genres, the individual actors and communities who engage them, and the domains of knowledge necessary to do so. Most significantly, Spinuzzi (2002b) examined software code languages through the lens of paralogic rhetoric, viewing code as “a collaborative tool meant to help programmers share and review their work with others” rather than as a purely instrumental, machine-oriented set of commands (n.p.).

      Similarly, scholars like Hart-Davidson et al. (2008) and Johnson (2014) have investigated the relationship between rhetoric and protocol (e.g., workflows), represented in systems like those of information or institutional infrastructure, in order to understand how technical communicators—among others—might effect change in regards to such systems. Warnock and Kahn (2007) considered the ways that informal and self-directed exploratory writing practices might impact programming practices as a means of more clearly tying together programmers’ approaches to writing and thinking. Maher (2011) highlighted the relationship between software documentation-related literacies and the “evangelism” through which particular software ideologies (e.g., open source) develop and are expressed.

      Others have continued to explore questions of genre and activity in relation to practices of software development and related knowledge work. For example, Applen (2001) examined knowledge management and XML authorship to communicate meaningful information in particular ways through metadata, as well as the data it describes, for particular audiences. Truscello (2005) called attention to the liminality of software through what he called the “rhetorical ecology of the technical effect[, which] marks the convergence of everyday life, the materiality of technology, and the web of cultural practices that constitute software” (349). Dyehouse Page 29 →(2007) investigated the role of knowledge content analysis in regards to technological development, specifically how arguments were composed and delivered to nonexpert or nonspecialist audiences as well as how technical communicators could more effectively study such composition and delivery. More recently, Divine, Ferro, and Zachry (2011) studied a set of Web 2.0 services in order to learn about how communicative genres were developed and employed for a variety of knowledge work contexts. Swarts (2011) examined how technological literacy functions as a process through which social networks are constructed, developing a heuristic in order for “the kinds of rhetorical articulations that technical communicators create” to be better understood (297). Further, Swarts (2015) considered the procedures and processes involved in seeking and evaluating help online in regards to navigating issues of uncertainty and contingency that may affect how a problem is or could be solved.

      The close relationship between technical communication and the software industry, as well as that of technical communication and rhetoric, provides rhetorical code studies with a rich body of scholarship and practice on which to draw, for inquiry not only into professional practices but also for comparative study with amateur practices. Given that technical communication scholars are increasingly focusing on software development in complement to end-user experiences or genres, it is likely that the field of technical communication will provide some of the most valuable conversations and investigations for those interested in exploring more fully the questions central to the rhetorical study of code.

      Rhetorical Code Studies’ Gains and Contributions

      The field of rhetorical code studies exists within the territory I have begun to locate over the course of this chapter. It can be recognized more clearly by outlining the foci of these related and aforementioned disciplines. Where rhetorical code studies would be most valuable to rhetoric, software studies, and critical code studies alike is in its emphasis on the rhetorical qualities and goals of computation, the underlying logic of digital technologies, at multiple levels of activity. These levels of rhetorical activity involve communication geared toward technological execution (the computation itself) and what sorts of expression that execution results in. But arguably the most important site of activity is how computational operations are composed: the persuasive arguments suggested through procedures by developers in order to convince others that such procedures are Page 30 →not only useful but optimal in order to anticipate particular computational and expressive activities.

      While meaningful communication has been addressed to some degree by software and critical code studies, and while the mechanisms and logics of digital technologies have been incorporated superficially by rhetoricians, there has not yet been a satisfactory attempt to explore the specific relationship between technological activity and development-related construction of meaning at and around levels of software code. Rhetorical code studies would serve as the site of such critical efforts, and scholars from across these related disciplines could find a focus for their work in the points of intersection that connect inquiry into meaning making, persuasion, software processes, and code as text.

      Rhetoric, and digital rhetoric in particular, offers rhetorical code studies an established grounding in the study of meaning making and, with it, suasive action. While software and critical code studies bring to rhetorical code studies a focused inquiry into software, code, and the logic thereof, digital rhetoric introduces into the mix a set of critical lenses and tools for investigating how individuals communicate with and through digital media. Special attention should be paid to rhetoric’s tradition of focusing on the means by which rhetorical agents attempt to induce specific audiences to various kinds of action. This is a crucial quality for rhetorical code studies, as it clarifies both a set of goals that developers, software users, or even technological systems work toward and the types of meaning making they engage in in order to achieve those goals. In turn, rhetorical code studies provides rhetoric with a more focused and robust understanding of how code, software, and technological infrastructures serve to make meaning, directly and indirectly, in a wide variety of contexts.

      Critical code studies is valuable to rhetorical code studies through its focus on exploring the meaningful qualities of software code as meaningful text. Just as software logic can help one understand how code-based persuasion and action could occur, an examination of specific code texts and languages allow for greater insight into the specific forms and means of invention and rhetorical action that are currently attempted, and that could be attempted, by programmers for specific audiences. Critical engagement with code serves as a way to explore not just what might be created but as a way to reflect on, and to move beyond, the traditions of existing historical and contemporary code practices. For rhetorical code studies, this is significant, as it aids scholars in recognizing and addressing efforts toward constructing and communicating meaning through various types of code texts. Rhetorical code studies offers critical code studies Page 31 →a demonstration of its methodological strengths and flexibility, incorporating into critical code studies’ fold the vocabulary and theoretical frame of rhetorical criticism to complement its existing literary foundation.

      Software scholars provide rhetorical code studies with a set of critical lenses through which to scrutinize the relationships between culture, society, and software as a guided path toward the rhetorical scrutiny of software. Of special interest are the cultural influences and constraints upon computational logic, as expressed in particular software paradigms and programs, that are emphasized by recent work in software studies. Software scholars bring to rhetorical code studies an emphasis upon the malleable, computable, and inherently meaningful nature of digital data. Platform studies scholars call attention to the specific circumstances of a given computer technology and the software it runs, situating both within a particular cultural and historical context that can help us understand the decisions made to develop both, along with the implications those decisions may have had on the construction of subsequent technologies. Software critics have helped establish a space for rhetorical code studies by drawing attention to the performative and meaningful qualities of software designed for specific ends. As with critical code studies, a rhetorical approach to code provides software studies with another means of and language for articulating many of the relationships between code, software, procedural expression, platform, and user, along with a rich body of scholarship that has examined similar complex relationships and communication systems.

      Rhetorical code studies has emerged from points of convergence among these fields, and it owes much to each for its theory and critical practice. At the same time, scholars examining code rhetorically have begun and continue to demonstrate the incredible potential that this area of study can offer back to those same fields and to others with overlapping objects of study. Building on the foundation that rhetorical code studies has established, the next chapter examines the longstanding relationship between algorithmic procedure and humanistic expression in order to illuminate even more fully how algorithms have been wielded rhetorically through history and how that historical use informs contemporary software development practices.

    
  
    
      Page 32 →Page 33 →Chapter 2

      Rhetoric and the Algorithm

      The algorithm is perhaps the concept most central to rhetorical code studies, and it is necessary to examine how algorithmic procedures are related to humanistic scholarship in general and to rhetoric in particular. This relationship can be demonstrated by tracing a path from the origins of the algorithm through its adoption from mathematics by computer science and engineering to its role in the critical work of humanities research. Following this brief history of the algorithm and its connection to humanistic work is an interrogation of how the algorithm plays an integral role in rhetorical activity. Such activity can be understood from a perspective that Hayles (2012) has referred to as “technogenetic,” meaning that it identifies the interrelated codevelopment (or, for Hayles, coevolution) of human and technological entities (10). For rhetoricians, this means not only digital or electronic technologies but all apparatuses, broadly employed, for the purpose of making and communicating meaning as well as the “specific implications” Gillespie (2014) has identified “when we use algorithms to select what is most relevant from a corpus of data composed of traces of our activities, preferences, and expressions” (168). Algorithmic construction of meaning, the execution of a kind of “knowledge logic” (Gillespie 2014, 168), works to facilitate action in a variety of digital contexts, emerging from their predecessors in new and familiar ways.

      From Algorithm to Algorithmic Culture

      An algorithm is, in broad terms, a procedural framework for accomplishing a particular task. Understood simply, it is the description of a task-oriented procedure through its component operations (i.e., its steps). The algorithm’s most common explicit disciplinary usage occurs in engineering, computer science, and mathematics, where the algorithm exists as Page 34 →a procedure with a discrete number of tasks whose operations make use of clearly defined conditions that impact subsequent decisions within the procedure. For example, the algorithm for a web page to display a certain time of day is likely to rely on determining where, geographically, the IP address for a given user’s computer exists: if it is on the Atlantic coast of the United States, the time’s display may accordingly adjust to UTC-5, or five hours behind Greenwich Mean Time. An algorithm for washing one’s clothes may involve a condition wherein the washer is cleaning a load of white or colored garments; if the former, the algorithm may involve a step regarding the inclusion of bleach into the mix whereas washing colors would not involve that step.

      The algorithm as a concept has its origins in the mathematical writing of Abu Abdullah Mohammed ibn Musa al-Khwarizmi, a ninth-century Persian mathematician whose work is commonly considered to have served as the basis for today’s algebra (al jabr). In fact, the word algorithm is also generally said to be a reference to al-Khwarizmi’s name (Hillis 1998). As noted by Steiner (2012), however, the algorithm as a concept predates al-Khwarizmi’s work, or formal mathematics in general, by several millennia. As Steiner observed, the algorithm—procedural activity—existed long before al-Khwarizmi explicitly described the algorithm as a concept involving procedure. Even though it was not necessarily defined as a clear concept until al-Khwarizmi established it, Steiner argued, the algorithm has played a number of important roles in daily or common cultural activities for millennia:

      
        The Babylonians employed algorithms in matters of law; ancient teachers of Latin checked grammar using algorithms; doctors have long relied on algorithms to assign prognoses; and countless numbers of men [ . . . ] have used them in an attempt to predict the future. (Steiner 2012, 54)

      

      Although the idea of algorithmic procedure has been a part of human culture and behavior long before the ninth century CE, it is through al-Khwarizmi’s writing that the algorithm becomes codified as a procedural framework whose functionality is articulated through a specific grammar; specifically for al-Khwarizmi and his work, this grammar would later come to be called algebra.

      For al-Khwarizmi and for mathematicians since, the algorithm was the procedural framework through which a mathematical equation would be Page 35 →calculated. By constructing a framework to which a mathematician could adhere in order to solve discrete problems, the capabilities of symbolic systems to reflect logical procedures were suddenly clearly articulated. One example of al-Khwarizmi’s algebraic algorithm in action demonstrated how a mathematician could determine the value of a particular squared number: “[if ‘f]ive squares are equal to eighty;’ then one square is equal to one-fifth of eighty, which is sixteen” (1831, 7). In mathematical notation, this equation can be demonstrated in the following steps:

      
        	Step 1: 5x2 = 80

        	Step 2: x2 = 80 * 1/5

        	Step 2a: x2 = 80/5

        	Step 3: x2 = 16

      

      The algorithm can be extended further to determine the value of the square root:

      
        	Step 4: √x2 = √16

        	Step 5: x = 4

      

      The procedure to determine the value of x2 involves condensing as many relevant operations of the equation as possible so as to calculate quickly and accurately the numerical value of x2. While the symbolic mathematical notation by which algorithms could be most efficiently expressed was not developed until several centuries after al-Khwarizmi, the potential of algorithmic power for analytical and utilitarian employment had been clearly established.

      This power has become most obviously demonstrated through the application of algorithms for computational ends, thanks to the rise of computers and the scientific and engineering disciplines dedicated to their study and development. In the mid-nineteenth century, Ada Lovelace would lay out a vision for the potential of computers to operate by means of programmed (algorithmic) instructions:

      
        A new, a vast, and a powerful language is developed for the future use of analysis, in which to wield its truths so that these may become of more speedy and accurate practical application for the purposes of mankind than the means hitherto in our possession have rendered possible. Thus not only the mental and the material, but the theoreticalPage 36 → and the practical in the mathematical world, are brought into more intimate and effective connection with each other. (2002, 19)

      

      Lovelace’s description of a possible language through which to manipulate computer technologies (and specifically Charles Babbage’s “Analytical Engine”) refers implicitly to algorithmic procedure for the sake of mathematical analysis. What had not yet developed at the time, but which would emerge just after her death, was a clear logic to drive algorithmic grammars toward practical ends.

      Modern-day computers operate on a form of logic known as Boolean logic, after the nineteenth-century logician George Boole, who attempted to replicate the patterns of human thought through the logic of mathematical algorithms (Hillis 1998). There are only a few fundamental concepts that drive Boolean logic, the most notable being the binary states of “true” and “false” (or other arbitrary comparison states, e.g., “on” and “off,” or “1” and “0”). Shannon (1937) demonstrated how electrical circuits, by being opened or closed, could serve as a viable application of Boolean logic. Shannon’s work was used as the basis for programming machines to perform mathematical calculations, which in turn set the stage for the development of current computer technologies.

      By checking the state of one or more given data elements within a computational system—what is referred to as “input”—a Boolean algorithm can allow a software program to execute particular computational tasks so as to express a relevant “output” body of data. Hillis (1998) has described algorithmic procedure and the computation it enables as being “all about performing tasks that seem to be complex (like winning a game of tic-tac-toe) by breaking them down into simple operations (like closing a switch)” (4). In other words, computer science makes significant use of Boolean-powered algorithms in part because algorithms, especially procedures that can be automated by a computational system, align effectively with the Boolean foundation upon which computers and electronic data work.

      Due in no small part to the increasing ubiquity and status of computer technology in contemporary society, the algorithm has become a significant concept for a wide range of popular culture as well as for science and mathematics. Berlinski’s (2000) The Advent of the Algorithm, MacCormick’s (2011) Nine Algorithms That Changed the Future, and Steiner’s (2012) Automate This: How Algorithms Came to Rule Our World all explicitly identified the algorithm as a paradigm-shifting phenomenon whose importance has had Page 37 →world-changing effects. For Steiner, the increasing control that complex computer algorithms possess in contemporary culture is critically significant, as those who can create, understand, and manipulate complex algorithms with digital technologies have arguably become a new ruling class (an argument that has been taken up by other critics, such as Rushkoff 2011). Across these texts, there is a shared central premise that algorithms, especially those meant to be expressed via computer technology, are quickly gaining—or already possess—a prominent role at the heart of the networks and systems that power society. This prominence extends far beyond the significance of the culturally relevant algorithms that have persisted for centuries (e.g., those used in medicine, law, etc.). It may be accurate to say that to be aware of algorithmic procedure or to be able to work with algorithms is to be able to influence the trajectory of social, cultural, and political development to extents far beyond those phenomena that can be influenced by individuals who are unaware or uninvolved with algorithmic procedures.

      While the vast majority of academic and professional discourse related to algorithms—which has overwhelmingly taken place in the disciplinary spheres of mathematics, computer science, and engineering—has focused on computational algorithms, the conceptual constraints surrounding algorithmic procedures tend to vary from discipline to discipline; the specific field in which a scholar or practitioner works has some influence upon how the scholar is likely to approach algorithms and their potential for certain tasks. This understanding is important as the particular language used by a scholar or practitioner to describe and explain what an algorithm is and does illuminates the recognized potential(s) that its author, or his or her disciplinary community, attributes to algorithmic procedure.

      For example, computer science tends to base its definition(s) of the algorithm on the logic of the precise and discrete mathematical models that serve as the foundation for the discipline. Brassard and Bratley (1996) defined an algorithm as “a set of rules for carrying out some calculation, either by hand or, more usually, on a machine” (1). For Hillis (1998), it is “a fail-safe procedure guaranteed to achieve a specific goal” (78). Black (2007) defined the term as “a computable set of steps to achieve a desired result” (n.p.). Clearly, there is a conventional understanding of the algorithm as relating to replicable procedures made up of discrete operations to be executed through a computer or with its assistance. But not all scholars in the field describe algorithms in such discipline-specific terms. Edmonds (2008), for example, has stated that

      
        Page 38 →[a]n algorithm is a step-by-step procedure which, starting with an input instance, produces a suitable output. It is described at the level of detail and abstraction best suited to the human audience that must understand it. In contrast, code is an implementation of an algorithm that can be executed by a computer. (1)

      

      Edmonds is quick to separate algorithm as concept from the code-centric applications of algorithmic procedure for computer science (e.g., software), organizing the latter within the hierarchy of the former; as a result, through the expanded definition of the term, the possibilities of the algorithm beyond the scope of computer science become much more situational and flexible than might otherwise be conventionally assumed.

      Other fields with less direct foundation in mathematics often more readily accept the algorithm to possess these more fluid qualities than do those fields relevant to computer science. Accordingly, the means by which algorithms are approached and used for ends in these other disciplines are quite different as well. Ramsay (2011) described the algorithm as a concept in relatively flexible terms as “a method for solving some problem” (18). This definition has some significant overlap with that of heuristic, generally defined as a broad framework for problem solving and which, in rhetoric, is tied closely to the canon of invention through its emphasis on discovery (Herrick 2016, 27). While such overlap is not inherently problematic, the less “clear” a problem-solving method becomes, the more difficult it may be to reach consensus on whether that method performs in either an algorithmic or heuristic sense.

      Gillespie (2016), meanwhile, has identified a range of context-specific metaphors for algorithm and how its understanding is communicated: trick, synecdoche, talisman, and commitment to procedure. Each of these metaphorical associations, Gillespie suggested, indicate both an identification of a particular audience (one that is expected to grasp and accept said metaphor) as well as of the individuals and communities employing those metaphors, since they do so for specific purposes in order to induce their audience(s) to some relevant action. For Gillespie (2016), this employment is “discursive work [that] the term performs” while rhetors and audiences are forced to navigate its multiple meanings (18).

      Each of these cases brings to mind Steiner’s (2012) overview of the algorithm as procedure relevant beyond computer science to law, medicine, grammar, and other diverse efforts toward predicting the future. Through these definitions of algorithm as procedure intended for purposefully solving Page 39 →problems, nonscientific disciplines bring to the conversation an emphasis on how humans approach the accomplishment of particular tasks (and not necessarily what those approaches will be in any given situation). In order to clarify what the significance of this conceptual shift means for the rhetorical study of algorithms, I will situate the applications of algorithmic procedure across fields within the humanities.

      Algorithmic Criticism in the Humanities

      An inclusive understanding of algorithms as problem-solving procedures certainly incorporates into its scope the computational algorithms that drive electronic technologies and computer software. But humanistic inquiry relating to algorithms focuses on how a particular algorithmic procedure reflects the goals and values of its developer(s) and on the means by which computational procedures facilitate novel approaches to critical engagement and meaning making rather than focusing on the technical expertise that conventionally accompanies particular forms and applications of computation. Such inquiry explores both the complex situations that algorithms impact and the situations in which certain algorithms are composed, including how those compositions are structured in order to make a particular engagement. For rhetoric, this combination involves multiple scales of rhetorical activity, from the exigences that spur the creation of a given body of code to the specific devices used to frame and describe any response(s) to those exigences.

      Even though my focus here will ultimately consider how algorithms are useful and significant components of persuasion, especially in regards to contemporary rhetorical activities, I first want to outline how algorithmic procedure is used in multiple fields within the humanities. The relationship between algorithm and humanistic production has existed for millennia, from the classical enthymeme to the more recent phenomenon of digitally mediated manipulations of massive data sets.

      Humanistic Algorithms before and without Computers

      The idea of procedure—whether explicitly connected to “algorithm” or not—as a means of generating or facilitating action has accompanied creative and critical practices since early uses of mnemonic devices to recite oral poetry; as Ong (2002) has noted, “In a primarily oral culture, to solve effectively the problem of retaining and retrieving carefully articulated Page 40 →thought, you have to do your thinking in mnemonic patterns, shaped for ready oral recurrence” (34). As I explore below, the application of diverse algorithms for humanistic, and especially rhetorical, purposes remains a significant component of productive and critical activity, activity that reflects Nowviskie’s (2014) description of algorithms employed for humanistic activity that “can be understood as problem solving and [ . . . ] as open, participatory, explorative devices” (151). The identification of an algorithmic humanities is integral to understanding how algorithms work for persuasive ends, a necessary requisite for examining algorithms and code as rhetorical communication.

      Enthymeme as Algorithm

      As I have argued elsewhere (Brock 2014), the algorithm most central to Western rhetoric is the enthymeme, a concept that has predominantly been defined as an incomplete logical argument that, through its procedural logic and presentation, compels an audience to complete the argument in order for it to be properly and effectively expressed (Bitzer 1959; Walker 1994). Specifically, the enthymeme is a rhetorically oriented syllogism, a set of premises (major and minor) that, in combination, lead to some sort of conclusion or result. For a complete syllogism, the relationship between these elements is explicitly stated (see below). For an enthymeme, this relationship is probable and implicit, as its logic remains procedurally suspended until audiences identify it on their own. As Hairston (1986) has argued, “The person who argues from an enthymeme is [usually] not trying to prove a proposition; he or she is only trying to establish high probability” for an audience to accept the rhetor’s proposition (76). The most well-known syllogism includes the following components:

      
        		1.	All humans are mortal. (Major premise)

        		2.	Socrates is a human. (Minor premise)

        		3.	Socrates is mortal. (Conclusion)

      

      This syllogism works categorically, meaning that it defines Socrates based on the categorical descriptions into which he fits, according to the statements’ parameters (all A are B; C is A; therefore, C is B). More complex syllogisms can be constructed to create disjunctive or conditional reasoning. For example, the following is a disjunctive syllogism:

      
        		1.	We will meet either in Paul’s office or in the conference room. (Major premise)

        	Page 41 →	2.	We are not meeting in the conference room. (Minor premise)

        		3.	Therefore, we are meeting in Paul’s office. (Conclusion)

      

      Conditional syllogisms generally include a determination of a condition being met. For example, one might say, “If it is nighttime, then one needs to drive with one’s car’s headlights on” as one of its premises. These distinctions in how syllogisms can be constructed are crucial for algorithmic logic, since the variety of arguments made possible through categorical, conditional, and disjunctive reasoning all work in varied ways to dramatically increase the flexibility with which one could frame the argument for a particular case logically and rhetorically.

      A syllogism may be chained together with other syllogisms to create a polysyllogism, a more complex and nuanced line of reasoning than any of its component logics might establish on its own. Carroll (1973) demonstrated a number of polysyllogisms as puzzles to be solved (what a rhetorician might reframe as “enthymemes to be completed”) in his classic Symbolic Logic. One such example is presented here:

      
        		(1) 	All writers, who understand human nature, are clever;

        		(2) 	No one is a true poet unless he can stir the hearts of men;

        		(3) 	Shakespeare wrote “Hamlet”;

        		(4) 	No writer, who does not understand human nature, can stir the hearts of men;

        		(5) 	None but a true poet could have written “Hamlet.” (Carroll 1973, 170)

      

      To complete the polysyllogism, one would ultimately need to reason that Shakespeare was clever. More fully, the deduction would recognize that a true poet is clever, and Shakespeare is argued here to be a true poet. Specifically, Shakespeare is a true poet [statement 5] (as he wrote Hamlet [statement 3]). As a true poet, he can stir the hearts of men [statement 2], which means he is a writer who understands human nature [statement 4]. Because he is such a writer, he is clever [statement 1]. The deductive process for Carroll’s polysyllogistic example is less direct or linear than a simpler syllogism, but its computational nature is indisputable. One cannot move forward with any of these ideas until their relations have been appropriately sorted or processed. Indeed, many contemporary algorithms overwhelmingly rely on complex polysyllogistic reasoning to compute data dynamically in numerous iterations.

      In contrast to a fully articulated syllogism, the enthymeme functions Page 42 →algorithmically by leaving implicit reference(s) to one or more of the syllogism’s components so that an audience will compute the logic of those missing components. Walker (1994) has hinted at the enthymeme as a kind of algorithm in his description of the enthymeme as the center of “argumentative or suasory procedure” (61). Similarly, Walton (2001) argued that the enthymeme suggests a “plausibilistic script-based reasoning” commonly explored in artificial intelligence research (93). One such example of the enthymematic algorithm is the following statement that recalls an example syllogism presented earlier in this chapter: all humans are mortal; thus, Socrates is mortal. This statement obliges the reader to make an internal logical leap in order to discern that Socrates is mortal because he is a human. The “Socrates” syllogism could be rephrased by using any two of its three components; for example, the enthymeme might be stated as follows: Socrates is a human and therefore is mortal. The reader’s ability to follow this argument hinges on recognizing (i.e., processing) the implicit association that Socrates’ mortality is dependent on his humanity because all humans are mortal. In other words, the enthymeme provides an opportunity for a rhetor to directly engage an audience in the expression of an algorithm for rhetorical ends.

      Specifically, the computational operation—the completion of the syllogism—is constructed in such a way as to convince the audience how best to calculate the remaining variables. The audience “becomes” a computer in order to express this procedure by reaching the (likely anticipated) outcome. For developers, the enthymematic analogy can be extended to types of procedures in order to suggest how to solve other sorts of computation in similar manners. In this sense, the algorithm works beyond the constrained sense of “a method for solving some problem” (Ramsay 2011, 18) and instead demonstrates its fundamental flexibility and contingent nature as a process through which an audience is led to persuade itself to achieve action, via such means as deliberation and conditional deduction.

      One trend that aids the emergence of rhetorical code studies is the relatively recent exploration by several rhetoric scholars of the bounds of enthymematic persuasion. Specifically, these scholars have examined whether the enthymeme can function as a rhetorical tool with value beyond the scope of conventional discourse. For instance, Smith (2007) demonstrated how visual arguments make use of enthymematic principles of probability and implicit syllogistic completion in order to persuade viewing audiences. Walton (2001) identified the enthymeme as an integral component of artificial intelligence research, tying together technological Page 43 →(and technologically mediated) modes of “thought” (i.e., reasoning) and communication.

      Conceptually speaking, at the heart of the enthymeme is a recognition of computationally algorithmic procedures as inherently interrelated with this central form of rhetorical reasoning. The outcome for an enthymematic algorithm is expressed by a collaborative effort on the part of both rhetor, who initially provides an enthymeme as part of his or her argument, and audience, who completes its logic as part of an engagement with that argument. While algorithms in technological contexts may initially seem less enthymematic than mechanical, they nonetheless require the contingent interpretation of input to expression in order for its subsequent action to successfully communicate its meaning.

      The Algorithmic Rhetorical Situation-Ecology

      Another of the most significant algorithmic frameworks related to the study of rhetoric is that of the “rhetorical situation” (Bitzer 1968; Vatz 1968) and its more complex ecological rearticulations (Cooper 1986; Edbauer 2005). The rhetorical situation involves several interrelated components that together facilitate an effective rhetorical activity. First, a rhetor identifies a relevant exigence they wish to engage. An exigence is commonly defined as “an imperfection marked by urgency [ . . . ] something waiting to be done” (Bitzer 1968, 6). It is the catalyst for rhetorical, and any subsequent, action. Further, an exigence requires the capacity for change to occur; a problem that cannot be avoided or resolved exists outside the bounds of rhetorical intervention. It is only once this initial variable is established, whether understood as “recognized” or “invented,” that the algorithmic quality of the rhetorical situation can begin to be processed.

      The second situational component is audience, the body of individuals that a rhetor hopes to induce to action, a body whose members “are capable of being influenced by discourse and of being mediators of change” (Bitzer 1968, 8). An identification of audience includes a recognition of the audience’s values, background, and ideological leanings as well as of the modes of communication most likely to persuade the intended audience through their employment. For code, as with other forms of communication, such an evaluation relies upon recognizing when and how a particular approach could be appropriately effective, not whether that approach it is the “objectively” most superior means of influencing an audience.

      The third component is constraint, the limitations and influences exerted upon rhetor and audience alike as part of the expression of a rhetoricalPage 44 → activity. For Jasinski (2001), constraints “are circumstances that interfere with, or get in the way of, an advocate’s ability to respond to an exigence” (516). Rhetorical constraints include all restrictions upon a rhetor in how they might induce an audience to act, from modes of communication to particular suasive strategies or even specific language decisions.

      Once an exigence has spurred a rhetor to act, and once that rhetor has identified an audience and the set of constraints framing the audience’s potential reception of the provided argument, what comes next? The rhetorical situation’s algorithm is expressed: the rhetor makes use of their chosen variables to bring about the intended outcome, that is, the change sought in regards to the spurring exigence. Jasinski (2001) has suggested that even the definition of the relevant situation is itself a sort of exigence to be transformed through its identification. The range of possible responses to a given rhetorical act is contingent on the relevant exigence, audience, and constraints, and an audience may not always respond in the same way to a given rhetor or argument.

      It is in this space for chaos, for unpredictable or unanticipatable responses, where the algorithmic character of the rhetorical situation becomes most intriguing. The rhetor anticipates how each situational variable might (or is likely to) influence the others, but this anticipation ultimately remains one influence of many upon the situation. It is only when the rhetor attempts to express their argument through the situational algorithm that any action, whether intended or not, can be achieved. Whether consciously or otherwise, a rhetor computes the procedure that emerges when enough of the situational variables have been identified to assemble an argument in pursuit of a particular goal.

      Edbauer (2005) has observed that the rhetorical situation, as defined by both Bitzer (1968) and Vatz (1968), is problematic in its reduction of rhetorical activity to a single equation of exigence + audience + constraint + rhetor, since numerous situations interrelate at any time in a larger rhetorical ecology of diverse actors, motivations, and exigences. Edbauer’s (2005) critique is significant for rhetorical code studies in that it draws greater attention to the complexity of the connected algorithmic procedures that make up acts of rhetorical communication. In other words, while it is important to recognize how rhetor, audience, constraint, and exigence influence one another in a bounded, individual situation, it is just as important to acknowledge that these dynamics are themselves components of an Page 45 →even greater ecologically rhetorical algorithm affecting broader discursive trends across various agents and channels of persuasive potential.

      Recognizing the flexibility of the rhetorical situation-ecology is integral to an understanding of code-based action as rhetorical. Specifically, it points to the indeterminacy between specific computational operations and the potential for those operations to facilitate ranges of activity in what they do (i.e., how computation results in subsequent action), how they are constructed, and what they suggest about inventing similar operations for other computational purposes. While the particular steps of a given procedure are generally thought of as discrete, the possibilities they suggest—and the situational concerns they address and create—are inherently complex and indeterminate, and discussions of the rhetorical qualities of procedure necessitate this recognition.

      Aesthetic and Poetic Algorithms: The Oulipo

      While I ultimately lead us toward a discussion of algorithms for rhetorical purposes specifically, I first want to discuss briefly some creative (aesthetic and poetic) approaches to algorithmic scholarship and production that have gained traction in other fields within the humanities. For practices of literary composition as procedure, the group of mathematicians and writers in the mid-twentieth century, who gathered under by the name Oulipo (an acronym for the French name Ouvroir de Littérature Potentielle, or “Workshop for Potential Literature”), may provide the clearest and most thorough insight on how creative works may be generated from the constraints of algorithmic structures. The members of the Oulipo recognized that “[m]athematics—particularly the abstract structures of contemporary mathematics—proposes thousands of possibilities for exploration, both algebraically (recourse to new laws of composition) and topologically (considerations of textual contiguity, openness and closure)” (Le Lionnais 2007, 27). That is, the Oulipo acknowledged the possibilities of flexible and contingent meaning making within the framework of mathematical computation, specifically regarding how computation could be used to influence the composition of rhetorical texts. As noted by Queneau (2007), the objective of the Oulipo was “[t]o propose new ‘structures’ to writers, mathematical in nature, or to invent new artificial or mechanical procedures that will contribute to literary activity: props for inspiration as it were, or rather, in a way, aids for creativity” (51). The composition of structures, complete with rules and constraints for successful invention within Page 46 →those structures, is significant for this discussion because it emphasizes the possibilities of procedural expressions rather than the skill with which a particular expression is created in reflection of the nuances surrounding a specific situation.

      The explicit play with algorithmic procedure by the Oulipo was embraced because, according to Bénabou (2007), “[i]f one grants that all writing [ . . . ] has its autonomy, its coherence, it must be admitted that writing under constraint is superior to other forms insofar as it freely furnishes its own code” (41). It is not so much that writing within a set of constraints produces texts of a higher quality, but that a text recognized to be written under constraint(s) was considered superior by the Oulipo because its author(s) and readers alike could appreciate how its algorithmic procedures were expressed in order to produce the text “output.” This is not to suggest that the limits of procedural constraint (the amount and range of expressions that could be produced) are necessarily restrictive. For example, Queneau’s Cent Mille Millardes de poèmes (“One hundred thousand billion poems”), a collection of ten sonnets that all share the same rhyme scheme, offers the reader 1014, or 100,000,000,000,000, potential poems that could be constructed by the reader swapping in or out a given line from one of the sonnets with the appropriate line from another, e.g. for sonnets A–J, one could use line 1 from sonnet A, line 2 from sonnet D, line 3 from sonnet F, line 4 from sonnet A, etc. (Berge 2007, 118–21).

      While the members of the Oulipo explored these structures to demonstrate the possibilities of invention through procedural constraint, it is also accurate to say that they highlighted the existing means of rhetorical invention and arrangement and offered new insight into these means by drawing attention to the procedural structures that underpin decisions surrounding particular rhetorical situations. To repeat Ramsay’s (2011) definition from earlier in this chapter, the algorithm is complicated far beyond its general definition as a “method for solving some problem” (18). In particular, Oulipian algorithms function rhetorically in that they emphasize the potential for constructing meaning through particular literary structures of constrained computation. This potential has even begun to be explored in depth with software code languages; Lopes (2014) built on Queneau’s (2009) Exercises in Style in order to demonstrate stylistic influence on programming activities by following Queneau’s example of writing the same vignette through the lenses of ninety-nine different literary styles. Lopes wrote the “same” program, a means of analyzing term frequency, in more than thirty different variations, based on the fundamental Page 47 →stylistic concerns that guide each approach. As Lopes noted, “By honoring different constraints, we can write a variety of programs that are virtually identical in terms of what they do, but that are radically different in terms of how they do it” (2014, xii). Rhetoricians interested in the complexity of diverse possibilities that emerge from constrained situations—whether digital in nature or not—can take a great deal from the Oulipo’s experiments with algorithmic approaches to invention.

      Humanistic Algorithms in the Age of Computers

      While algorithmic procedure and humanistic activity have been intertwined for much of human history, it is also true that computer technology has radically transformed this relationship. As a result, algorithm has, through code, developed beyond serving as a means for performing traditional rhetorical or critical action through the construction and execution of procedural activities. Specifically, it has become a form of meaning making in its own right. For computers, the algorithmic code that makes up digital software is rhetorically powerful thanks to its ability to engage data, machine, and human alike, albeit in different ways and for different ends. For most scholars, rhetorical engagement with and in code serves primarily as a tool to facilitate other iterative experiences, but when we recognize code as an algorithmic mode of communication, used specifically for rhetorical ends, we can approach a moment of clarity in which we reconsider how code influences us—humans and nonhuman technologies—to act through a quality that can best be described as algorithmic persuasion.

      Algorithmic Criticism

      Possibly the most explicit use of algorithmic procedure to facilitate humanities scholarship, both conventional and unconventional, is Ramsay’s (2011) concept of “algorithmic criticism.” For Ramsay, algorithms provide avenues for literary research and interpretation through their expressive transformations of texts into novel “paratexts” that reveal insights that are otherwise unavailable or difficult to recognize. Paratexts, for Ramsay and other literary scholars interested in algorithmic criticism, are texts transformed, deformed, and performed in innovative ways and for various ends through procedural mutation and reconfiguration; Ramsay argued that “[t]he critic who puts forth a ‘reading’ puts forth not the text, but a new text in which the data has been paraphrased, elaborated, selected, truncated,Page 48 → and transduced” (2011, 16). Among the means by which Ramsay demonstrated the literary potential for algorithmic procedure is the aggregation and computation of particular types of data in order to restructure the literary reading experience.

      For example, Ramsay compared the most frequently used terms and ideas provided by the major characters in Woolf’s The Waves, demonstrating how the commonalities between characters’ most frequent terms allow readers to draw new connections between those characters. Included in table 2.1 (Ramsay 2011, 13) is an excerpt from the expressed set of frequently used terms for two of the novel’s six protagonists using a relevant algorithm employed by Ramsay. Ramsay’s line of inquiry sought out the terms that were not only most frequently used but also were not used frequently by any other character, that is, the terms that were either unique to, or at least primarily associated with, each protagonist.

      One conclusion related to new connections that Ramsay draws is that although the character Louis (as the only Australian in the group) is self-conscious of his accent, the other characters seem to pay that cultural distinction little attention: no one else, for instance, ever mentions the terms “Australian” or “accent.” To the others, these concepts seemingly do not matter since they do not appear among the terms used frequently by those characters (Ramsay 2011, 12–14).

      This sort of reading by Ramsay—in which previously unrecognized Page 49 →meaning is exposed through expressions of algorithmic arguments—demonstrates not only a new form of reading but also a new form of research: the development of a body of paratexts reflecting the logics of computational approaches to critical investigation and interpretation. In other words, the emphasis for algorithmic criticism should be placed as much on how relevant critical work occurs, and what happens in the process, as on what algorithmic criticism reveals through its individual, iterative expressions.

      
        
          
            	Table 2.1. Excerpted lists of term frequency from Woolf’s The Waves, compiled by Ramsay (2011)
          

          
            	Louis
            	Neville
          

        
        
          
            	
              mr

              western

              nile

              australian

              beast

              grained

              thou

              wilt

              pitchers

              steel

              attempt

              average

              clerks

              disorder

              accent

            
            	
              catullus

              doomed

              immitigable

              papers

              bookcase

              bored

              camel

              detect

              expose

              hubbub

              incredible

              lack

              loads

              mallet

              marvel

            
          

        
      

      Ramsay’s approach to criticism clearly identifies algorithmic procedure as a valuable tool to be used for scholarly criticism. Specifically, the use of algorithms to explore novel means of reading allowed Ramsay to generate paratexts that transform a given text or set of texts into new objects of study. When employed in this manner, the algorithm is a method for interpretation that, in part, quantifies those components of an original text that a critic has deemed potentially significant, which is the text as transformed into a paratext. Further, the algorithm itself becomes an argument for interpreting a text through a particular interpretive lens (i.e., the parameters of the algorithm itself), drawing connections that may or may not be clearly “present” or important in a traditional reading of the text. The significance of Ramsay’s algorithmic criticism is that it affords scholars a new way of engaging texts for humanistic ends by algorithmically discovering meaning within a text. That said, the constitution of algorithmically transduced literature generated through the deformation of an initial text does not interfere with conventional scholarly work: the algorithmic critic produces his or her own text (the algorithmic paratext) to be interpreted in addition to the original text.

      Critical Code Studies: Algorithm as Communication

      In contrast to Ramsay’s work with algorithms as a tool or lens for criticism is the main body of scholarship related to critical code studies, which puts at its focus code as text. Implicitly, this focus suggests that a given body of code, and its author(s), have something meaningful to offer to its reader, whether that meaning is provided intentionally or not. An additional significance of focusing on code is that the algorithm itself becomes the object on which inquiry is centered: how it is structured, phrased, and expressed all contribute clearly and explicitly to the interpretive experience. In this light, code is no more a simple tool than any other form of language, and its capacity for meaning making is not only acknowledged but emphasized and celebrated.

      Page 50 →It is easy to consider the semiotic value of code when its syntax closely resembles that of natural language, and many languages use syntax resembling that of English. The idea that code could and should be written primarily for human readers, rather than for the computers that interpret the code, has its origin in Knuth (1992), whose idea of “literate programming” required a radical reconsideration of how computer science might be approached. For Knuth, it was crucial that code be composed in such a manner that its meaning was clearly articulated to human audiences; its ability to be executed properly or accurately by a computer was secondary. Essentially, the idea is that human collaborators should be able to comprehend any of their colleagues’ work and the functional intent of that work. This perspective has been echoed by influential programmers since then, including in several texts on fundamental programming principles and practices (Kernighan and Plauger 1978; Kernighan and Pike 1999). Matsumoto (2007) urged his audience specifically to treat code “as an essay,” and he demonstrated doing so through a series of example programs written in the Ruby language (477).

      There is a relationship between saying (describing) and doing (computing or executing) in source code and the executable programs they describe, but this relationship is not always emphasized or addressed in specific code texts. “Codework,” a kind of code poetry, blurs that relationship with a similar relationship in written language between “saying” and “appearing,” what Lanham (1993) referred to as a bistable oscillation between looking “AT and then THROUGH” texts, an oscillation that is never eradicated but might fluctuate to varying extents between audiences and contexts (5). Cayley (2002) wrote codeworks in order to experiment with the possibilities of maximizing code’s ability to perform computational tasks while also clearly communicating its goals to a reader in a conventionally understandable manner. For Cayley, “codework” as a term highlighted its distinction from the vast majority of code that is technically productive but not intended to be artistic in form. The following is a brief excerpt from one such codework:

      

 
if invariance > the random of engineering 
      and not categorical then
   put ideals + one into media
   if subversive then
      put false into subversive
   end if

   if media > instantiation then
      put one into media
   end if



        
          Page 51 →(Cayley 2002)

        
      

      The above was composed by Cayley in HyperTalk, a programming language developed in the late 1980s for the Macintosh hypermedia program HyperCard. Its syntax, like that of many other high-level programming languages, closely resembles that of English, making it easily readable by humans (assuming those humans understand English). The larger program from which this excerpt was taken is a text generator, with the various terms Cayley included here (such as media, subversive, and ideals) serving as “containers” for variable data values as part of the code’s expression. For example, media holds a number the value of which changes depending upon certain conditions (such as whether the current value of media is greater than the current value of instantiation), not unlike the contingent meaning of any term for a particular context and discourse community. The meaning of the code, then, emerges not only from what the code text says in English (or at least near to it) but what it does computationally, even if we might view the functional purpose of this, or any other example, program to be trivial (Sample 2013). Cayley acknowledged the code’s “ambiguous address” of both human reader and computer interpreter, implicitly suggesting that there existed rhetorical situations for each of these audiences (2002).

      While Cayley’s example is relatively readable and accessible, most code—as Marino (2006) has observed—does not closely resemble literature or other genres or forms of conventional discourse. This means that the dichotomy of audiences for code-based communication may seem to skew more toward the technological than to the human. A number of rhetoricians and critical code scholars have interrogated this balance, questioning the value of a traditional human-oriented communicative hierarchy in favor of a more distributed, relational network of human and nonhuman actors (Arns 2005; Cummings 2006; Brown 2015; Nicotra 2016).

      Arguments in Code as Algorithmic Meaning Making

      Just as algorithmic procedure has provided means for artistic and poetic invention, so too have algorithms served rhetorical invention, described and expressed not only in code but in a variety of other communicative Page 52 →modes. The notion that an algorithm can and does work rhetorically is a radical departure from its conventional definition, which emphasizes discrete procedural execution of its components. In some computer science contexts, there is significant discussion about the optimal way to construct a particular program or function in a given language, focusing not so much on what a procedure means to do but rather on how to clearly, effectively, and efficiently state and structure the steps of that procedure. There is an implicit recognition of the procedure’s purpose and its value, but those qualities do not occupy the center of discussion. As Edmonds (2008) noted, novice programmers often find themselves needing to shift mentally “from viewing an algorithm as a sequence of actions to viewing it as a sequence of snapshots of the state of the computer” (6). This shift, he argued, is significant because it draws attention to how code computes data from one action to the next within a procedure rather than on what the end result does or means. In other words, the scale of critical inquiry assumes that the point or goal of a procedure is already determined or understood, rather than remaining germane to the discussion about how best to solve a relevant problem.

      The novice mentality described by Edmonds (2008) is closer to the mark for thinking critically in regards to algorithms and rhetoric than the conventional “learned” mentality, since the novice student has not yet been trained to disregard certain critical perspectives in order to approach the algorithm “correctly” for academic or industrial purposes. Berlinski (2000) noted that an algorithm is, in addition to the strict, conventionally computational procedure he had initially provided for his reader, “a set of rules, a recipe, a prescription for action, a guide, a linked and controlled injunction, an aduration, a code, an effort to throw a complex verbal shawl over life’s shattering chaos” (xvi, emphasis added). Berlinski’s reference to a “prescription for action” is not just a means of defining a particular action to occur in a certain way but to call for that action to be undertaken by a certain audience, laying bare the algorithm as a procedural engagement with a rhetorical exigence.

      What a recognition of algorithm as meaning making offers rhetoricians, then, is an opportunity to explore how a seemingly “machinic” manner of discourse—the code of digital technologies and media—can provide insight into the interplay among the canons of rhetoric to influence the potential expression(s) of a particular rhetorical situation. For example, how does style affect code-based composition practices in order to facilitate action in human agents? How might a critical acceptance of a technological Page 53 →code compiler as corhetor (inventor, arranger, etc.) alter our understanding of the rhetorical concepts of constraint or suasion? As digital technologies become more advanced and accessibly modifiable (in the sense of code syntax reflecting natural language and performing machinic functions), these rhetorical concerns become increasingly significant. If we are to understand how we communicate with and persuade one another with the aid of digital technologies, it is important to understand how we are capable of stimulating particular types of action through the use of those technologies. A consideration of the rhetor’s ability to affect, at one or more code levels, constraints that extend to other modes and means of action is vastly different from traditional approaches to rhetoric, which may take as given the technological mechanisms constraining particular discursive efforts.

      Procedural Rhetoric

      While it may appear trivial, there is a significant difference between algorithmic meaning making and the related idea of procedural rhetoric. Procedural rhetoric as described by Bogost (2007) deals with the influential qualities of procedure-based systems exerted upon individuals who make use of those systems. Bogost, however, did not elaborate on a wide variety of code-based algorithms as much as on how algorithms function in regards to interactive systematic procedures like video games and how games’ procedures persuade players to act within a game’s context. For Bogost and for others since (including Sample 2013), the rhetorical capabilities of a procedural system offered new ways of engaging specific populations that might otherwise be ignored or overlooked. A video game teaches its player the rules of its “world” through activity within the game; the player, through trial and error, explicit tutorial, or both, learns what behaviors and perspectives are acceptable and “valid” while engaging that game’s system. The rhetorical action that occurs at the user level emphasizes the way(s) a game’s developers intend for its content to be encountered by a player.

      But there is also significant rhetorical action at the developer level, demonstrated by the ways through which the developers constrained particular means of user interaction with the processes of a given game world, effectively making use of another level of procedural rhetoric—wherein one developer persuades another—to facilitate the game itself. As Bogost described it, “processes define the way things work: the methods,Page 54 → techniques, and logics that drive the operations of systems from mechanical systems like engines to organizational systems like high schools to conceptual systems like religious faith” (2007, 3). This definition suggests that code—as a symbolic representation of algorithmic procedure—might play a prominent part of Bogost’s discussion of procedural rhetoric. Bogost noted, however, that some processes that “might appear unexpressive, devoid of symbol manipulation, may actually found expression of a higher order” and explained how those humans who are perceived as “breaking procedure” in actuality are constructing new processes, and expressing them, in order to complete tasks (2007, 5). This adjustment of emphasis (to “higher order” expression), while hinting at the possibilities of computation for rhetorical ends, facilitated Bogost’s close analysis of video games and gameplay experiences as procedural expressions.

      Rhetorical procedure has been explored further by Lanham (2003), who referred to such procedures as “tacit persuasion patterns” (119). For Lanham, tacit persuasion occurs constantly, since we are almost never acutely aware of all influences attempting to exert themselves upon us. As Lanham observed, individuals often “feel” the presence of tactic persuasion patterns “subconsciously, even if we do not bring that knowledge to self-awareness” (2003, 120). This description hints not just at a passive acceptance of rhetorical appeals but a subconscious engagement with the variables of a rhetorical situation as well as enthymematic arguments provided by a rhetor across multiple levels of language. As a scholar interested in speech and writing, Lanham focused primarily on persuasive techniques available in discursive language, such as rhyme, chiasmus, alliteration, and anaphora. Each of these devices provides a rhetor with the ability to draw or hold the attention of an audience that might otherwise have not bothered to heed an argument. Such devices suggest a significance in the argument through the affordances of languages’ stylistics. While Lanham did not address the possibilities of tacit persuasion patterns or devices in artificial (code) languages, they nevertheless exist and are already used frequently by many developers working collaboratively, as will be discussed in subsequent chapters.

      Rhetorical code studies continues this conversation in regards to the potential for expressive action through the languages of computer code. Code might be described as “inexpressive” in that it creates and communicates meaning in ways that often differ from conventional invention and delivery of discursive arguments; it is precisely because of this quality, however, that its procedural nature can demonstrate expressive outcomesPage 55 → in novel and unique ways. Here I set aside the specific expressive acts of procedural execution (which would highlight the general user’s experience with a particular software program) and instead discuss how the construction of algorithms in and through code as both text and process functions persuasively on user and developer as well as, to a lesser extent, on technological systems including user workstations, servers, network routers, sharing economies, etc. In other words, my interest in algorithms is focused on how code, as a medium to describe algorithmic procedures, is articulated for rhetorical purposes.

      Algorithms We Live By: Recognizing Rhetorical Algorithms

      In order to discuss how an algorithm can act rhetorically, I turn to investigate how algorithms in code are composed: what they do (the actions they attempt to induce), what they say (how their operations are constructed), and how they say it (what those operative constructions mean to different audiences). These qualities are not necessarily any different from conventional rhetorical concerns of invention, style, and delivery, but their construction in code might certainly make it seem as if they are, and Beck (2016) has demonstrated how algorithms and code function rhetorically through their performative and linguistic natures. One particularly significant quality of code, as with other forms of language, is the symbolic action (cf. Burke 1969) that a given code operation, or set of operations, provides, its descriptive qualities making its purpose and function(s) understandable to various human audiences and facilitating further activity.

      Computational processes are similarly metaphorical; the rhetorical actions they symbolize succeed primarily because of the metaphor-driven ways human audiences are influenced to understand those processes as arguments that influence their audiences in particular contexts for particular purposes. It is also important to observe that writing or speaking about algorithms (or, potentially, even to algorithms; see Gallagher 2017) is itself a metaphorical activity that frames procedure as a kind of description. As Bogost (2007) has noted, “only procedural systems like computer software actually represent process with process” (14). With this in mind, I will identify some integral means by which code processes make meaning for developer audiences in what those processes do functionally and in how they are structured for the sake of human readability as well as for technical or technological expression.

      In order to make this argument, I need to demonstrate how relatively Page 56 →simple code algorithms appear to, and do, work rhetorically. In the following pages, I address several examples of increasing complexity whose code texts communicate at various levels the meaningful action they mean to effect through the computational operations that make up their text forms. First, I look at FizzBuzz, a program that iterates through a specific body of data, used in hiring tests to determine applicants’ knowledge of algorithmic principles. Second, I examine quine, a program that outputs its entire code content. Third, I turn to HashMap concordance, a program that tracks word frequency across a set of input text (in this case, Mary Shelley’s Frankenstein and Bram Stoker’s Dracula).

      Case 1: Fizzbuzz

      The first example to be scrutinized, the “FizzBuzz test,” is relatively simple in construction and intent (although elsewhere I have explored the rhetorical canon of style in greater depth than is offered in the discussion below; see Brock 2016). It is the focus of a common hiring test for programmers, intended to weed out applicants who are unable to work through the basic principles of algorithmic procedure and expression. The goal of this algorithm is to take the numbers 1 through 100 and print them out, one at a time, unless they are multiples of three, in which case the word “Fizz” should be printed, or if they are multiples of five, in which case the word “Buzz” should be printed. There is an implicit extra rule here; specifically, numbers that are multiples of fifteen (that is, both of three and of five) should print out “FizzBuzz.” The entire output of the program—which is identical across all four of the examples provided below—is the following single line of text (although some variations on the test would include line breaks, spaces, or some other distinguishing markers between each output iteration):

      


12Fizz4BuzzFizz78FizzBuzz11Fizz1314FizzBuzz1617Fizz
   19BuzzFizz2223FizzBuzz26Fizz2829FizzBuzz3132Fizz
   34BuzzFizz3738FizzBuzz41Fizz4344FizzBuzz4647Fizz
   49BuzzFizz5253FizzBuzz56Fizz5859FizzBuzz6162Fizz
   64BuzzFizz6768FizzBuzz71Fizz7374FizzBuzz7677Fizz
   79BuzzFizz8283FizzBuzz86Fizz8889FizzBuzz9192Fizz
   94BuzzFizz9798FizzBuzz



      
      Depending upon the language, and even more importantly depending upon the way a programmer approaches the problem, there may be dozens of Page 57 →ways by which one could construct this algorithm effectively, as suggested by Lopes (2014) in regards to the task-frequency program she wrote in more than thirty different programming styles. The path ultimately taken by any particular developer to solve his or her problem provides a great deal of rhetorical insight about that developer’s abilities, limitations, and preferences in computing data, using certain languages, and working in certain development environments.

      While the immediate pragmatic goal of the FizzBuzz test is for an applicant to demonstrate to a potential employer his or her competence as a programmer, the applicant also demonstrates more generally an understanding of how “best” to use a given language (whether defined as computationally elegant, readable, or possessing some other quality). Further, the applicant also communicates through the written code how he or she thinks computationally through the frame of that particular language in order to solve certain types of problems. It is also important to note that my analysis of the FizzBuzz test, focusing on stylistic influence on procedural expression in code texts, is not meant to erase or elide the discriminatory tactics that can accompany use of such a test or other means of constructing organizational communities (Steinberg 2014; Burleigh 2015) or the underrepresentation of women and some minorities in the software industry and OSS communities (Lopez 2017; Reagle 2013). Both of these issues influence who is likely to have learned programming (and gain appropriate credentials or degrees) and pursue a position for which this test would be administered.

      In table 2.2, the FizzBuzz algorithm has been written in two similar but significantly different ways using the syntax of the JavaScript scripting language, a popular code language used in web pages, PDF documents, and even desktop applications. This sort of algorithm is described as a loop because it continues to compute results so long as the proper conditions are met, in this case while the input amount (i) is a number lower than or equal to 100. Example 2.2.a, on the left, frames its computation in an initial “catch-all” condition statement, that is, that i is a multiple of three or of five. (The syntax i%3 checks whether “i divided by 3” has a remainder of zero.) Then it checks each of those subconditions independently of one another. This means that i could simultaneously be both a multiple of three and a multiple of five, triggering the operation that will execute when each of those conditions is met (printing both “Fizz” and “Buzz”), without, in its current form, impacting the outcome of the other conditional computation. In comparison, example 2.2.b, on the right in Page 58 →table 2.2, functions due to a logic of exclusion. First, it checks whether i is explicitly a multiple of fifteen. If it is not, then the loop checks first if i is a multiple of three. If that condition is not met, only then does the loop repeat its check for i as a multiple of five. These conditions are dependent upon one another: that is, in the code on the right, a number computed to be a multiple of three is not also computed as a multiple of five.

      The variations on how to construct and express a FizzBuzz algorithm are not limited to these sorts of conditional checks, either. Table 2.3 contains two examples of the algorithm as composed in the Ruby programming language. The major difference between these two examples written in Ruby lies not in how the specific conditions are constructed (although the construction does differ between the two) but rather in the type of function that is used to form the loop itself. This is significant in that there is a fundamental shift in the logical structure of the loop and also of the hypothetical larger program of which the FizzBuzz algorithm might be a representative part. Example 2.3.a, on the left of table 2.3, makes use of a for loop, which—as with the JavaScript examples—iterates through a body of data and computes each item within that body before moving to the next item. In these loops, that data has been the set of integers from 1 to 100, but for is not limited to iterating numerical data. (In Ramsay’s algorithmic reading of The Waves discussed earlier in this chapter, the novel’s text served as the data population, separated out into units of individual words.) Example 2.3.b, however, only imitates that kind of looping behavior. It technically repeats the operations within its scope a set number of times and, in doing so, manipulates the value of a variable (i) within its scope each time. This particular example incidentally includes a Page 59 →line wherein the value of i is changed; it is not inherently connected to the times method used here. Because of how times operates, counting begins at zero rather than one, and thus i needs to have an extra number added to its current value (in line 2, the first operation within the times block) before the remaining operations can accurately be computed for the FizzBuzz problem as it is posed.

      
        
          
            	Table 2.2. Two example FizzBuzz loops in JavaScript
          

          
            	Line
            	Example 2.2.a
            	Example 2.2.b
          

        
        
          
            	
              1

            
            	
              
for(var i=1;i<=100;i++) {
              

            
            	
              
for(var i=1;i<=100;i++) {
              

            
          

          
            	
              2

            
            	
              
  if ((i%3==0) || (i%5==0)) {
              

            
            	
              
  if (i%15==0) {
              

            
          

          
            	
              3

            
            	
              
    if (i%3==0) {
              

            
            	
              
  console.log("FizzBuzz");
              

            
          

          
            	
              4

            
            	
              
      console.log("Fizz");
              

            
            	
              
  } else if (i%3==0) {
              

            
          

          
            	
              5

            
            	
              
    }
              

            
            	
              
    console.log("Fizz");
              

            
          

          
            	
              6

            
            	
              
    if (i%5==0) {
              

            
            	
              
  } else if (i%5==0) {
              

            
          

          
            	
              7

            
            	
              
      console.log("Buzz");
              

            
            	
              
    console.log("Buzz");
              

            
          

          
            	
              8

            
            	
              
    }
              

            
            	
              
  } else {
              

            
          

          
            	
              9

            
            	
              
  } else {
              

            
            	
              
    console.log(i);
              

            
          

          
            	
              10

            
            	
              
  console.log(i);
              

            
            	
              
  }
              

            
          

          
            	
              11

            
            	
              
  }
              

            
            	
              
}
              

            
          

          
            	
              12

            
            	
              
}
              

            
            	
            
          

        
      

      Conceptually and metaphorically, this distinction between for and times reflects a fundamental distinction between iteration and repetition. The for loop suggests to human and machine readers that similar types of data are going to be computed through a series of operations whose scope and syntax may be influenced by the specific data being calculated and modified at any given moment. In contrast, the times “pseudo-loop” suggests that it will execute the same operations a set number of times, independent of any input variables; any data manipulated differently from other data as a part of that loop is an incidental consequence of its code composition. More generally, each FizzBuzz example—and, more broadly, any block of code that processes a body of data—is a computational metonymy: the “loop,” which implies a cyclical return to its origin, is actually more like a corkscrew. Its abbreviated description of operations to be executed across its data parameters never truly returns back to “the beginning” of the code, as each iterative execution transforms the code both in how it reads and in how it operates, just as the input data is transformed into appropriate output data.

      While the function of the FizzBuzz algorithm, as represented by these examples, may not initially appear to be rhetorical in nature (since it checks a set of numbers and prints out numbers or words), it nonetheless Page 60 →serves as a concise example of the persuasive capabilities of code. Specifically, the FizzBuzz algorithm provides meaningful information to its applicant author, to any other human readers (e.g., the employer), and to the machine related to what the author understands about how to engage in the manipulation of a particular set of computer data. If the FizzBuzz code in each example is read as an excerpt from a larger program, its contents signal a set of rhetorical and computational decisions that have been made about how to most effectively accomplish its task. In essence, FizzBuzz communicates more, and other, than its output: it suggests to other agents how the author has identified at least one central means around and through which to compute relevant data and facilitate the desired result. Further, it implies a suggestion as to how one should understand and work with that data toward a perceived desired end.

      
        
          
            	Table 2.3. Two example FizzBuzz loops in Ruby
          

          
            	Line
            	Example 2.3.a
            	Example 2.3.b
          

        
        
          
            	
              1

            
            	
              
for i in 1..100
              

            
            	
              
100.times do |i|
              

            
          

          
            	
              2

            
            	
              
  if i%3 == 0 then
              

            
            	
              
  i = i+1
              

            
          

          
            	
              3

            
            	
              
    print "Fizz"
              

            
            	
              
  if i%15 == 0 then
              

            
          

          
            	
              4

            
            	
              
  end
              

            
            	
              
    print "FizzBuzz"
              

            
          

          
            	
              5

            
            	
              
   if i%5 == 0 then
              

            
            	
              
  elsif i%3 == 0 then
              

            
          

          
            	
              6

            
            	
              
    print "Buzz"
              

            
            	
              
    print "Fizz"
              

            
          

          
            	
              7

            
            	
              
  End
              

            
            	
              
  elsif i%5 == 0 then
              

            
          

          
            	
              8

            
            	
              
  if i%3 != 0 && i%5 != 0 then
              

            
            	
              
    print "Buzz"
              

            
          

          
            	
              9

            
            	
              
    print i
              

            
            	
              
  else
              

            
          

          
            	
              10

            
            	
              
  End
              

            
            	
              
    print i
              

            
          

          
            	
              11

            
            	
              
End
              

            
            	
              
  end
              

            
          

          
            	
              12

            
            	
            
            	
              
End
              

            
          

        
      

      Case 2: Quine

      The second example to be discussed here is the quine, defined most concisely as a “self-reproducing” program. In other words, the output of a quine is the sum of its code content, meant to mirror that content perfectly. The term “quine” derives from the name of mid-twentieth-century logician Willard Van Orman Quine, who provided the following self-referential paradox: “‘Yields a falsehood when appended to its own quotation’ yields a falsehood when appended to its own quotation” (Quine 1976). Quine meant that the statement provided can accurately be neither true nor false, and it is only in the combination of concept and quoted concept that the paradox’s meaning emerges. Rhetorically, the algorithmic quine offers an opportunity for a rhetor to consider what it means to construct a “logically sound” argument and how to communicate that logic to a given audience. Is the argument merely an appealing effort at constructing or suggesting the construction of meaning, or is there an internally valid consistency to a quine? Does the former require the latter? How transparent or opaque should its logical mechanisms be to the audience so that it can recognize (or not) how the rhetor works to persuade it to action? An algorithmic argument generates much of its appeal through its consistent logic, although this consistency does not necessarily demand any objective truth or accuracy to succeed.

      One simple quine in code, written in the Ruby programming language, is a single-line program provided in its entirety:

      
        x = "x = %p; puts x %% x"; puts x % x

      

      
        (“Quine” n.d.)

      

      Page 61 →Within this line of code, there are two distinct operations that occur. The first is to define the variable x, and its value consists of the characters within the quotation marks; this operation ends at the second semicolon. In essence, x is defined as a data type called a “string,” a container for some arbitrary set of alphanumeric characters (whose boundaries are identified by the quotation marks preceding and following the string’s content). The second operation in the quine, beginning directly after that same semicolon, recalls and displays for the user the string’s content exactly, via the puts function. It is important to note that this second operation must include its own call as part of its output in order for the quine program to be considered fully self-referential (i.e., the recall command itself has to appear in the output of the recall). When x is defined in part as %p, %p serves as a container in which other content might be substituted later; the statement puts x % x effectively inserts the content of x into itself so as to print out the quine’s input correctly. Many programmers separate the content of a quine into two components, what they refer to as the “code” (the operations to be computed when the program is run) and the “data” (the noncomputing replication of those operations). This binary quality of the quine, for developers, allows them to make explicit note of what “runs” (i.e., what computes) and what is output (i.e., what is computed).

      When we examine the code-based quine rhetorically, this distinction changes as we turn from computational success to meaningful action as a criterion of evaluation. The action of the quine’s code is to reveal its data as procedure and output; the action of the data is to highlight the means by which it was revealed, the computations constituting the code itself. It is significant that the two components function reflexively rather than the code unidirectionally working “on behalf of” the data; the quine as a whole is displayed as an apparently complete persuasive entity. That is, because the quine outputs itself, “everything” is made clear to the user who executes it. It is this relationship that Cayley (2002) referred to when identifying code existing as both text and not-text (as objects of study); the code and data components of a program are inherently interrelated, but the reading of code as executable action and as meaningful language are two different activities. For the quine, much of its effect—its demonstration of its “completeness”—is due to the appearance of the quine as a transparent argument. In simple terms, this appearance suggests that the quine does (only) what it says and it says (only) what it does, presenting the semblance of a computational chiasmus that is completed when the input is ultimately displayed as output.

      Page 62 →The quine also implies, though, that it is a simple program that merely presents a plainly stated message: its content. In a sense, this implication is the perfect argument that could be made by a rhetor: the tools used to make a case make up that case. Miller (2010b) has pointed out the common rhetorical tactic of self-denial as a way of playing down or otherwise concealing the acknowledgment that a persuasive effort is currently taking place. A significant component of this tactic, she argued, is mimesis, the idea that language has the potential to represent its subject so clearly and faithfully that it need not (or cannot) deceive in its representation. As a result, a rhetor must work not only to conceal his or her true intentions in using language for a given purpose but also to conceal the fact that the rhetor is concealing anything. This idea of language as apparently, but not actually, mimetic is key to an understanding of the quine and what it can achieve rhetorically (and, perhaps, reminiscent of the debate over technical communication as instrumental or humanistic; see Miller 1979; Johnson 1998; Moore 1999; Johnson 1999; and discussed further in Dubinsky 2004). It is not simply the sum of its parts (that is, its expression does not only equal its content); it is a means of suggesting, in more general terms, that all code can be reduced to such a description and that no further critical inquiry as to its purpose or mechanical procedure(s) is necessary.

      One complication for the quine—and thus, by association, any executable software program—is that it is possible to hide from audiences what the true intentions and content of a code-based program may actually be. Thompson (1984) demonstrated the ease with which a skilled developer might circumvent the transparency of code composition and execution by inserting instructions into a UNIX machine’s compiler software. The compiler is an intermediary, a translation program whose function is to transform source code (readable by humans) into an executable program (readable by the machine). Thompson revealed that it was possible to manipulate the code of a compiler in such a way that it would be undetectable to anyone using the compiler, along with any other programs the compiler subsequently compiles, for other purposes—including the execution of a quine. Thompson’s point was that one could trust only the code one wrote: all else was potentially devious, even a program that purported to print the entirety of its own code. Whenever one interacts with an external entity (e.g., code written by another person), it may not only be difficult to tell whether some meaning is concealed but it may be impossible to verify whether any concealment has ever occurred unless attention is drawn thereto (cf. Miller 2010b). While the quine itself may not be to blame for Page 63 →any malicious behavior on a compromised system, it is nonetheless reliant upon the ecology of technological and human agents in which it exists in order for its computation and subsequent expression to occur “successfully.”

      The quine provides a valuable example of code as a text that is not significant merely because it acts rhetorically through its expression—by revealing its content—but also because it emphasizes the complicated nature of code as a text-practice that does and says more than what it explicitly describes in its composition and expressed performance, in what Chun (2011) has described as “a crafty, speculative manner in which meaning and action are both created” (24). Just as with more conventional rhetorical activities that focus on meta-rhetorical subjects, the quine has the potential to influence audiences to reconsider the communicative event itself. In the case of the quine, this reconsideration results in an awareness of the self-description as a necessarily enthymematic, rather than a fully contained and transparent, argument. This argument calls attention to the ability of code to do more than it suggests, especially when it suggests that one has access to the code in its entirety, including the full functionality of its expressive ability.

      Case 3: Hashmap

      The third example to be discussed transforms and deforms existing texts—and conventional readings thereof—in order to bring to light new meaning that might not have been exposed in the text’s original format. This sort of code, and its paratextual output, is aligned closely with the algorithmic criticism of literature promoted by Ramsay (2011) and others. Here the example code is included not so much to demonstrate the possibilities of code for literary criticism but instead to highlight how algorithmic manipulations of text work to engage different audiences rhetorically. This example was composed by Shiffman (2014) for, and to be included with, the Processing integrated development environment (IDE), which uses a streamlined syntax based on the Java programming language. Shiffman’s code makes use of a type of data called a HashMap, which serves as a way to store a “collection” of individual data elements so that each has its own identifying key data. By default, the program takes a plain text file with the contents of Mary Shelley’s Frankenstein and Bram Stoker’s Dracula, the text for each novel made available through the electronic Project Gutenberg public domain library, and displays each word in a particular font size related to the frequency of each word’s occurrence in Page 64 →either novel. The program will not count a word if it appears in both novels or if it appears fewer than five times. The novel’s words, reconfigured as a HashMap (a kind of data table that stores paired “key” and “value” data), offer in their recombined form a way to read meaning in each text, and in comparison to the other text, based upon the frequency of particular terms and concepts. Table 2.4 contains excerpts from Shiffman’s code, which appears as an example project in two files (“HashMapClass.pde” and “Word.pde”).

      The program takes the contents of Dracula and Frankenstein and strips out all punctuation so that only words (data “strings” of characters, referred to as hash map “keys”), and the spaces between them, remain. Then each word is checked against the current contents of the HashMap Page 65 →and, if it does not currently hold a position within the HashMap container, is added thereto with a value of 1. If the word does already exist within the HashMap, then the appropriate value for that word is increased by 1. Once this check is completed, it is repeated for the next word in the novel, and then the next, until the entire novel has been iteratively “read” in this fashion. This activity—or at least an activity closely related to it—is described as “text mining,” referring to the act of extracting meaningful data from an otherwise opaque or unexamined source text.

      
        
          
            	Table 2.4. Excerpted HashMap example code by Shiffman (2014) written for Processing, from “HashMapClass.pde”
          

          
            	Line
            	Code from “HashMapClass.pde” file in HashMapClass example (Shiffman 2014)
          

        
        
          
            	
              27

            
            	
              
  words = new HashMap<String, Word>();
              

            
          

          
            	[ . . . ]

            	[. . . These lines create variables populated by the novels’ texts]

          

          
            	
              50

            
            	
              
void loadFile(String filename) {
              

            
          

          
            	
              51

            
            	
              
  String[] lines = loadStrings(filename);
              

            
          

          
            	
              52

            
            	
              
  String allText = join(lines, " ").toLowerCase();
              

            
          

          
            	
              53

            
            	
              
  String[] tokens = splitTokens(allText, " ,.?!:;[]-\"'");
              

            
          

          
            	
              54

            
            	
            
          

          
            	
              55

            
            	
              
  for (String s : tokens) {
              

            
          

          
            	
              56

            
            	
              
    // Is the word in the HashMap
              

            
          

          
            	
              57

            
            	
              
    if (words.containsKey(s)) {
              

            
          

          
            	[ . . . ]

            	[. . . These lines locate the appropriate key and update its value]

          

          
            	
              68

            
            	
              
    }
              

            
          

          
            	
              69

            
            	
              
    else {
              

            
          

          
            	
              70

            
            	
              
      // Otherwise make a new word
              

            
          

          
            	
              71

            
            	
              
      Word w = new Word(s);
              

            
          

          
            	
              72

            
            	
              
      // And add to the HashMap put() takes two arguments, "key" and "value"
              

            
          

          
            	
              73

            
            	
              
      // The key for us is the String and the value is the Word object
              

            
          

          
            	
              74

            
            	
              
      words.put(s, w);
              

            
          

          
            	
              75

            
            	
              
      if (filename.contains("dracula")) {
              

            
          

          
            	
              76

            
            	
              
        w.incrementDracula();
              

            
          

          
            	
              77

            
            	
              
      } else if (filename.contains("frankenstein")) {
              

            
          

          
            	
              78

            
            	
              
        w.incrementFranken();
              

            
          

          
            	
              79

            
            	
              
      }
              

            
          

          
            	
              80

            
            	
              
    }
              

            
          

          
            	
              81

            
            	
              
  }
              

            
          

          
            	
              82

            
            	
              
}
              

            
          

        
      

      As these word count checks occur, each word that has been computed is written onto the screen at a random spot along the top with its incrementer value influencing the size of that word on the screen. Words that occur more frequently in either novel are displayed in larger font size and move down the screen more quickly, and only so many words are displayed on the screen at any given time, even though the total calculation of the novels’ contents continues to execute. In other words, there is a distinction between what the user and his or her machine experiences, with the former engaged in a particular constrained reading of Dracula and Frankenstein that is acutely distinct from Processing’s interpretation of the data as solely important in its numerical sense.

      There are several meaningful activities that occur within the lines of the HashMap code that, together, dramatically alter the traditional concept of reading and writing. Perhaps the most significant of these is the incorporation of object-oriented programming (OOP) principles into these activities. In OOP, distinct “objects”—clusters of expressive code entities—are created from a framework of rules (called a “class”); each instanced iteration of an object obeys the same procedural rules but responds to those rules independently of other object instances; that is, it calculates and expresses its procedures without any inherent influence on any other object, although this may occur incidentally. The result is a set of objects whose behavior has the same fundamental principles but that emerges uniquely for each individual based upon the constraints of its being called or created as part of a given program; in this example program, each displayed word is a separate object. (As an aside, OOP is unrelated to the philosophical subfield that has been named object-oriented ontology for its focus on nonhuman entities.) What OOP allows for is the potential for a multiplicity of contextual meaning made possible through the expression of iterative object creation and activity emerging from an initial set of algorithmic procedures.

      At the same time, the nuanced context of each iteration of a given class Page 66 →is slightly flattened as it is expressed within the constraints of a particular situation; for example, as the Word “Lucy” is counted by Shiffman’s program, the meaning of each use of the name reference is stripped away. There is no remaining distinction between when Lucy speaks, when she is referred to by other characters, or what sort of emotional tenor surrounds those utterances. Instead, the name, as a Word object defined by the code, becomes notable primarily as a unique string of alphabetic characters that repeats so many times over the course of the novel, represented visually in contrast to other word strings by its expressed size on, and speed with which it travels across, the screen. Lucy—along with any other word from either novel transformed by this program—gains significance through certain demonstrations of numerical frequency. Because of the way Shiffman coded his program, there are a few intriguing side effects of this shift in significance (see figure 2.1).

      
        [image: Fig. 2.1: Screenshot showing example expression of Shiffman’s (2014) HashMap code.]

        Fig. 2.1. Example expression of Shiffman’s (2014) HashMap code

      
      Through the expression of Shiffman’s code, it becomes clear that the most frequent words in Dracula (and, potentially, in most novels or other substantial bodies of text) are words that might be considered the least important: the conjunctions, articles, and prepositions that link together more “significant” concepts and messages. It is possible to add into the code exclusionary conditions that would ignore these seemingly trivial words (often referred to as “stop” words), such as the single character “t” in figure 2.2, likely a remnant from the splitting of words by punctuation characters, outlined in line 53 of table 2.4; to support this theory, the word “didn” appears below “t” at roughly the vertical midpoint of the figure, nearly blending into “flies” to its right. Any subsequent analysis of word prominence via frequency made while ignoring such words or word fragments could be considered technically inaccurate or incomplete. Further, the decision to reveal the computations of word frequency in this manner Page 67 →results in a very different visible outcome than through some other approach, such as generating a text list of each word and its final frequency count. Because only a subset of words from each novel appears on the screen at any moment, the user ultimately is left unaware of the significance of words that do not continually appear or that do so in a small font size (see figure 2.2).

      
        [image: Fig. 2.2: Screenshot showing later expression of Shiffman’s (2014) HashMap code.]

        Fig. 2.2. Later expression of Shiffman’s (2014) HashMap code

      
      In figure 2.2, a screenshot taken at another moment during the same expression of the code displayed in figure 2.1, there is a noticeable difference in the makeup of visible words. While the code continues to cycle through the words in each novel, the user is only given access at any time to a small set of the computational results. Words such as “mina,” “murderer,” and “bag” (visible in figure 2.1) have all been repositioned beyond the bounds of the program’s output window, obscuring the visualizations of their frequency; but “harker” has cycled across the screen again at this point, its position unintentionally captured at nearly the same vertical point as in figure 2.1.

      Why might a program seemingly so trivial—at least in terms of how it presents a “reading” of Dracula and Frankenstein—be worthy of discussion? The choices Shiffman made in creating this program signal to user and to developer a particular set of values related to reading and (re)writing these novels algorithmically. Word-level elements of the novel are deformed contextually from their original meaning and given new context through significance; the words that appear more often in the text appear more prominent in the code’s expressive arrangement/layout. At the same time, the way Shiffman has chosen to determine what defines a word (based on the characters that might surround it) alerts other coders, and the system expressing the code, as to how to arrange and read the text he or she inputs. This is not simple instruction entirely devoid of persuasion: we are Page 68 →influenced to (more likely) accept a developer’s meaningful text making by the symbolic action engaged in by all participants of the algorithm’s construction, interpretation, and computation. As part of this action, we may more effectively evaluate how successfully the author-developer and the computer have been in generating and demonstrating this argument for a new form of reading if we can understand how we are expected to interpret that argument and read the created paratext in a particular way.

      Conclusions

      More generally, each of these examples discussed above serves to demonstrate some fundamental qualities of code as a significant form of making meaning rhetorically. While on its own each program may seem to serve only a limited purpose, together the code functions provided in these examples work—alongside thousands of others used daily—in more robust software programs to persuade and influence numerous human and technological audiences to act in rhetorically meaningful ways. These ways may not always be visible, clearly recognizable, or discursive in nature, but they nonetheless create meaning and work to persuade the human and nonhuman audiences they engage to induce various types of change in the ecologies in which they operate.

      Further, the potential for meaningful symbolic action that is demonstrated in these examples reflects the close connection that has existed for millennia between algorithmic procedure and humanistic activity, in terms of both creatively and critically oriented work alike. While the vast majority of scholarly rhetorical focus has thus far centered on a variety of communicative modes including writing, speaking, image, and even place, the scholarship on procedure—and especially algorithmic procedure demonstrated through digital and computational media—as means of persuasion is relatively sparse. Rhetorical code studies, however, serves as a space in which to tease out the rhetorical potential of algorithms, and of software code as a particularly significant contemporary form of constructing algorithms, to facilitate action in audiences.

      The following chapter demonstrates the potential of code to facilitate action through an examination of the spheres of discourse surrounding the composition of code in development communities. Exploring written communication about code can provide a means of demonstrating the rhetorical strategies used by programmers to develop and promote software among certain populations (namely, other current and potential programmers).Page 69 → The values that developers stress in their code and discursive commentary, in addition to the persuasive tactics they use to build particular types of identities and communities, highlight a set of qualities likely to be communicated in and through the code they produce. Building on this foundation, we will then turn to bodies of code texts to see how those persuasive expectations—and the strategies believed to facilitate the realization of those expectations—play out in a given development case.

    
  
    
      Page 70 →Page 71 →Chapter 3

      “I Have No Damn Idea Why This Is So Convoluted”

      Analyzing Arguments Surrounding Code

      
        Decades of efforts have gone into helping civilians write code as they might use a calculator or write an e-mail. Nothing yet has done away with developers, developers, developers, developers.

        –Paul Ford, “What Is Code?”

      

      Despite the long-standing relationship that exists between algorithmic procedure and humanistic activity, it has only been relatively recently that rhetoricians have investigated how algorithms function rhetorically (and how they are understood to do so) for computational and communicative purposes. This set of qualities is key: while algorithmic procedures perform meaningfully, those who compose and execute such procedures may not always recognize how those procedures serve them in a rhetorical sense. Thus if we are ultimately to examine how code is a means of constructing meaning via algorithms, it is first necessary to investigate how those involved in the development of software programs perceive algorithms as rhetorically powerful. This particular investigation can best be performed through the body of discursive communication written by programmers, professional and amateur alike, for other programmers about how their code does or should operate.

      Programming discourse assumes a prominent role in this chapter specifically because it is clearly rhetorical in the most conventional sense, in that developers persuade one another to accept the choices each has made in developing meaning through particular code texts. Each developer often takes a position where they must defend the rhetorical choices made in composing a particular piece of the overall software program under discussion,Page 72 → and the arguments made in that defense bring to light a number of values possessed by that developer regarding: the program and its purpose(s); the language(s) upon which the program is built; the development team and its goals; and even the broader perspective that the developer may possess about what is possible in code and how it can be made possible within the constraints of that particular project.

      There are several genres in which programmers predominantly communicate with explicitly rhetorical goals. Email (individual messages and electronic mailing lists), discussion forum posts, and chat environments—such as IRC and, more recently, Slack—provide opportunities for developers to engage in sustained synchronous and asynchronous conversation with their peers about code: solving particular computational problems or bugs, deliberating over preferred software and hardware architecture, and even addressing perceived differences between developer and user knowledge about a program and its use(s). More “official” documentation genres, provided as code comments and related files (e.g., “Readme” text documents) outlining the intended purpose of a given program, offer programmers a means of articulating a range of formal and informal suggestions for how others adopting or modifying a given program’s code should or should not approach doing so. Similarly, versioning systems serve collaborators as arenas for deliberation on specific code texts’ relevance to and strength or value in improving a particular program through the acceptance or rejection of specific changes to its code base.

      To begin investigating the role(s) of programmer discourse on rhetorical communication in code, I relate discursive activity on code to traditional discourse studied by rhetoricians. The rhetorical qualities of such communication can tell us a great deal about the considerations that developers weigh when it comes to discussing their work with collaborators and other audiences. While this sort of discursive activity only partially describes the range of meaning communicated by developers to development audiences, it nonetheless demonstrates the kinds of meaning potentially created and communicated in code as well.

      Rhetorical Scholarship on Online Discourse Communities

      Because much of the communication that occurs among software developers happens online or in networked electronic environments (e.g., within a given team, among departments within an organization, or across geographically distributed communities), we can examine rhetoricallyPage 73 → the bodies of texts composed for their diverse goals. Rhetorical inquiry into the makeup and activity of online discourse communities (formed by a wide variety of shared interests or qualities) has occurred primarily through two major approaches. The first approach tends to examine online communities as electronically transplanted iterations of conventional communities, with their forums and email lists as sites for gathering and exchange that are perceived to function as digital iterations of historical agorae. When examined through this lens, digital environments are understood not necessarily to possess qualities unique or otherwise distinct from those of more traditional communities or forms of communication. Instead, groups communicating digitally are examined as extensions of traditional discourse communities that employ different, but historically relatable, media from their predecessors. The second approach to rhetorical inquiry into online communities involves exploring those communities as fundamentally distinct from conventional groups with similarly distinct means of (and preferences for) communication among group members. In this approach, online communities are generally positioned as networks with unique qualities that would be impossible to replicate—or otherwise have no clear or familiar analogue or precedent—in nondigital environments.

      While these two approaches differ significantly, they nonetheless are similar in regards to the interactions on which they focus: the traditional patterns of discursive communication between individuals within a given community. Both approaches are complicated by the integration of code into rhetorical examinations of online communities and particularly those communities involved in the development of software, for whom code is not merely a facilitator of discourse but a means of communication in its own right. Should it be understood as an electronic transcription or inscription of Boolean logic (which does not need digital technology to operate in the most technical sense)? Or is it a form of communication realized in full only through the capabilities of electronic, networked computer systems? The likeliest answer is that it is both of these and more.

      Admittedly, many of the studies that viewed online communities as digital extensions of conventional communities are dated, with the majority of such publications spanning the late 1990s or early 2000s. In part, a number of scholars may have focused on conventional qualities of online communities due to the limitations or unanticipated uses of Internet spaces, such as Benson’s (1996) examination of Usenet groups’ digital extension of political discourse or Silver’s (2005) discussion of electronic Page 74 →shopping centers as town halls. Gurak (1997) provided an extensive examination of a variety of online community responses to two failed technological initiatives, Lotus Marketplace (a marketing database program) and the Clipper chip (an encryption device to be overseen by the US government). Gurak’s analyses of online postings about these controversies ultimately framed online discussions as hybrid forms of conventionally recognizable speech or writing, possessing both the immediacy of speech and the permanence of writing.

      More recent studies qualified these earlier arguments in regards to the specific attributes of electronic communication. Warnick (2007) highlighted the potential problems of access, literacy, and clear author identity surrounding digital technologies, each of which might hinder an otherwise more complete online reconstruction or iteration of more conventional public discourse. Hocks (2003) focused on the inherent multimodality of digital environments in order to emphasize the distinction between traditional rhetorical situations and the break from that tradition, which she argued was taking place on the web. Kimme Hea (2007) observed the difficulties that researchers must often navigate when studying online communication, thanks in part to “the Web’s mutable nature; continued growth; and confluence of visual, aural, and hypertextual forms” (270). Miller and Shepherd (2004, 2009) contended with the complexities of studying genre and platform in an era of rapid technological advancement and change. Shared among these scholars’ arguments is the sentiment that while there may be new contexts or ways of understanding how online communication works that need to be incorporated into scholarly consideration, there may also be productive continuations of convention or tradition that should not be overlooked.

      A number of scholars have advocated an alternative approach to theorizing online community rhetoric, one in which digital environments and rhetorical situations are considered fundamentally distinct from those surrounding conventional communities. For example, Brooke (2009) called for a new media reconsideration of the rhetorical canons and of the trivium of classical education, with a focus on how new media demand innovative rhetorical perspectives if we are to understand how we communicate in ways unanticipated in previous contexts. Shirky (2009) observed the contributions of self-organizing communities to construct meaningful and dynamically shifting arguments through projects like Wikipedia, whose developments can be traced through the version histories of particular subject-oriented pages. Goodling (2015), Page 75 →observing digital forums as a “new public sphere,” identified essential qualities of online activism and engagement that were simply impossible to achieve through other means, from real-time citizen journalism to born-digital versions of civil resistance. Gallagher (2017) pointed toward a growing need to attend to algorithmic agents as audiences for digital and online communication.

      The question that drives research relating to online communication as different from conventional communication is: what, if anything, makes such discourse unique or innovative? Answers to this question, whether historically conventional or otherwise, are significant because they help explain the potential range of (1) interactions among, (2) purposes of, and (3) rhetorical means available to the members of various online communities. While these methods provide crucial insight into the ways communities’ members interact, there has been little scrutiny of how online communities’ members make and share meaning with one another through the code that makes up a significant part of their discursive interactions. The ability to communicate in such ways is especially important for communities whose shared interest is the software that their members work on; these are groups who do not attempt to recreate conventional civic communities but instead construct social networks influenced by development processes. Accordingly, the meaningful communication their members share through and about code is often provided in unique ways that just as often do not approximate traditional forms of conversation or deliberation. We can see the complexity of these means of communication in an examination of communities dedicated to software development and to the “meta-discourse” that surrounds their code, the types of communication that describe, deliberate upon, or propose compositions in code related to particular software projects.

      The Rhetorical and Social Makeup of Open Source Software Development Communities

      Software development communities, like any other broadly defined groups, are widely varied in terms of overlapping interest, level of relevant expertise or knowledge, and intensity of dedication or enthusiasm among their members. Unsurprisingly, the computer-oriented identity of such communities is likely to play a significant role in how those communities construct themselves and in how their members interact. Specifically, the uses of electronic technologies as spaces for collaboration, deliberation, Page 76 →and socialization all influence the perspectives held by community members regarding how to properly interact with one another.

      This significance of technology as an influence on community makeup and activity can be seen in the variety of potential demographics for a given software development community. For example, any such group might exist because its members are all employees of the same corporation (e.g., Microsoft, Red Hat, Adobe) or because they belong to the same professional organization (e.g., World Wide Web Consortium, Open Source Initiative, Association for Computing Machinery). It may exist because its members are all professional developers, amateur or hobbyist developers, a mix of both, or its member base may include those interested in but not necessarily involved in the development process. It may exist because its members work within the same code language(s) or on software applications that assist with a specific variety of purposes. In many cases, the existence of a given development community is temporary if not outright ad hoc in nature. Further, its members are likely to be dispersed across the world thanks to increasing access to high-speed telecommunications technologies and infrastructures.

      This fluidity is especially significant for communities focused on the development of open source software (OSS), since the defining principle of OSS is that the source code of a given program is distributed alongside the compiled, executable software package so that other interested parties can—if they so choose—modify and redistribute that source code out again, and so on. Specifically, OSS theoretically enables the possibility for any individual so motivated to manipulate or alter a program as he or she sees fit because public access to its code has been provided by its developer(s). This access profoundly blurs the boundary between the conventional labels of “producer” and “consumer” and opens up the potential for a hybrid identity—what has been dubbed the prosumer (Ritzer and Jurgenson 2010)—as both developer and user of a given software program. Such a sense of access and productive capability is central to the success of many OSS projects; many can count themselves as members of communities that they might have otherwise been excluded from (or considered themselves excluded from). For example, the website for the Red Hat Fedora operating system’s community referred to its members as “friends” that contribute, in different ways, to the operating system’s success (Red Hat 2017). Because of this shift in perception, the dynamics of those communities—and thus the ways their members communicate—change dramatically; the variety of purposes members have for participating therein increases, including whether members choose to participate Page 77 →through improving on the program’s code or discussing ways in which it might be improved.

      As a result, what makes many software development communities stand out from other types of social groups is this dual focus on the potential to create meaningful software through code contributions and to deliberate about how “best” (often individually qualified) to improve upon existing efforts to create that meaningful software. In effect, members of such development communities can attempt to communicate with each other in two distinct ways: first, in what they code (i.e., how the code communicates its intended purposes and abilities), and, second, in what they explain to one another about what they perceive their code to say and do or what they perceive their code to have the potential to do. This is not to suggest that all community members will engage in all possible forms of communication but instead to observe how rhetorical activity could occur; it is likely that those who may not feel comfortable exploring code may also not engage in its discussion explicitly, relying instead on secondary points of focus in order to stay involved. These points may include concerns about the user experience of a program or about the social culture that may surround its use.

      It is also worth observing that these communities do not exist in social or cultural vacuums and neither should they be implicitly understood to reflect the full diversity of a population. According to a GitHub (2017) survey of roughly six thousand contributors to OSS projects, 95 percent of respondents were men, while 3 percent were women and 1 percent identified as non-binary (n.p.). The same survey revealed that 26 percent were immigrants “to and from anywhere in the world,” and 16 percent were an ethnic or national minority in their country (GitHub 2017, n.p.). Seven percent of respondents to the GitHub survey identified as “lesbian, gay, bisexual, asexual or another minority sexual orientation” and 1 percent were transgender, with this last group making up 9 percent of the respondent group of women contributing to OSS projects (2017, n.p.). Clearly, there are certain backgrounds and experiences that, as the survey has suggested, are more likely to be represented than others in OSS development, and their influences can frequently be recognized not only by scholars but also by other developers and users as well.

      Common Structures of OSS Development Communities

      For more than twenty years, OSS has gained ground in the software market as an alternative model to the traditional system of proprietary productionPage 78 → and distribution. The defining qualities of OSS include free access to source code and communal development and improvement of software programs, “free” meaning unlimited or unhindered, but in many cases also referring to a lack of financial cost; “libre” has also been used for the former meaning so as to distinguish it from the latter. Individuals possess the legal right and, for some, the knowledge to experiment with and make adjustments to OSS program code. In addition, users are often encouraged to distribute the modified code back out to the general populace so that it can be further modified and distributed in new iterations of the program, theoretically ad infinitum. Among the most notable OSS projects include the Linux operating system (of which dozens of distinct distributions exist, including Red Hat’s Fedora, Debian, Slackware, Ubuntu, and Gentoo), the Mozilla Firefox web browser, and the Apache web server. While these few programs listed here are among the most well-known OSS projects, their popularity nonetheless demonstrates a widespread use of OSS programs; this suggests in turn a growing popular interest in OSS development.

      Despite a significant increase in OSS use and development since the early 1990s, it would be misleading to claim that OSS is inherently or even radically different in terms of development structure than its traditional proprietary counterpart. That is, in both paradigms, there is generally a community of dedicated developers working on an active software program and a community of nondeveloper users that may or may not contribute suggestions for improvement (such as through bug reports or requests for features). Where OSS tends to differ from proprietary development is that there is often some overlap between “developer” and “user” (i.e., the prosumer role, cf. Ritzer and Jurgenson 2010), both in the amount of contributed aid provided by developers or users and the amount of perceived importance of any community member.

      In many OSS communities, a hierarchy of development contribution value has been established wherein certain developers possess significant influence over a given project and the vast majority of end-users hold very little (Christley and Madey 2007). A number of studies have attempted to understand the social dynamics of OSS development communities and any hierarchical structures constructed by those communities (Crowston et al. 2005; Crowston and Howison 2005, 2006; Wiggins, Howison, and Crowston 2008). These studies, however, generally suggest that a clear organizational structure, rather than a dynamic and chaotic environment, has been demonstrated to be the most effective means of ensuring project Page 79 →success. In fact, Crowston and Howison (2006) suggested that the optimal structure of an OSS development community “is onion-shaped, with distinct roles for developers, leaders, and users” (114). This onion has at its center the primary source of social power and influence, made up of the project founder(s) and the release maintainer(s). The further from the center each layer is, the less influential and less actively involved in the direction and improvement of the project it is, with the outermost layer consisting of those passive users who do not contribute at all.

      While Crowston and Howison’s onion metaphor is helpful in describing the general hierarchies constructed for a given software project, it obscures the dynamic movement that can occur across these layers and privileges (or responsibilities). For example, an individual overseeing a significant section of an OSS project might be near the center of the onion of that section, but that individual may be less central to the development of another major section of the project or to development of the project as a whole. As a result, it may well be more useful to think of the onion as having intersecting, Venn diagram–like networked links that cross at multiple node points, rather than layers that engulf others.

      Rhetorical Influences on OSS Development Social Structures

      If an OSS community can be conceived of as a complex onion structure with intersecting and hierarchical layers, then how can we comprehend the rhetorical activity that occurs throughout it? How generalizable are such observations regarding communities with different social dynamics? This is admittedly a difficult act of inquiry to engage in, given the fluid nature of many OSS groups; the “onion” metaphor used by Crowston and Howison (2006) applies to a particular moment in time and is employed for their use in regard to a specific perspective (i.e., the overall development of a project). Unfortunately, the onion metaphor fails to take into account the continued meaningful communication that occurs among developers as they work to influence one another on the specific contributions they offer to part or all of the community, just as it describes only a subset of the makeup of software development communities and workflows that they engage in, OSS and otherwise.

      That said, the onion metaphor can be incredibly useful when it comes to emphasizing the strata of valued roles and contributions to a project; like the translucent quality of any individual onion layer, the impact of individual contributions on a given project or its development community Page 80 →can be seen by looking “through” or “across” the project’s layers (e.g., its social circles or the functional capacities of its code). By describing the structure of an OSS community via the metaphor of an onion and its many layers, Crowston and Howison (2006) suggest both that there is an inherent structure (with organizational power increasing as one moves toward more inner layers) and that all the layers are similar. This suggested similarity is significant for a generalized understanding of OSS projects: even those who may not feel as though they are offering any substantial contribution to a particular program—or who may not be perceived to contribute in a substantive manner—are nonetheless often provided with the message that any and all contributions are worthwhile. Problems with collaboration and its seeming egalitarian nature have been identified by scholars for the past several decades, even as they ultimately stressed the benefit of such work (McNenny and Roen 1992).

      Not surprisingly, the potential for rhetorically effective communication among the members of a given community is greatly affected by the structure of that community. The organizational metaphor of an OSS community as an onion, whether envisioned with isolated or intersecting layers, suggests that there are increasing levels of social significance and celebrity as one moves toward its center (with outer layers orbiting the inner layers), as these qualities are—theoretically if not actually—both more valued by that community. In this sense, the community appears to function like a more traditional discourse community or social entity, such as having one or more central figures (e.g., a president) make large-scale executive pronouncements that affect the entire community, while individuals in less powerful positions appeal to community leaders or intermediaries for change.

      But—as has been noted by numerous rhetoricians from Gurak (1997) to Moxley (2008)—electronic technologies have complicated the influence and persuasive power of a community’s various members, and the diverse needs of a community may catalyze intriguing intersections of members that the onion metaphor does not accurately address. Often, this complication exists as a form of hierarchical flattening. For example, since email can be sent to anyone else (or an entire organization) with an email address, one’s apparent ability to persuade directly has been radically increased: anyone can voice his or her concerns and desires to the population at large. A community’s members gain the potential to engage social and organizational spheres (if not the entire community) in ways they might not traditionally have had. With any number of motivations, Page 81 →such as a need to maintain enthusiasm among developers (or possible developers) in order to keep a volunteer-maintained project active, as well as a desire to communicate information about specific individual or group activities in order to coordinate specific or overall project functionality, many OSS communities seem to be composed less of discrete “onion” layers than of complex intersections of spheres of influence, only some of which may be hierarchical; even then, the hierarchy may be temporary as often as it is permanent.

      Among the OSS development communities that have been notably affected by the “flattening” and other complicating qualities of electronic technologies upon discursive practices is Red Hat’s Fedora Project. Their website described the Fedora Linux OS as a program built by a community that stresses a close relationship among its members: “The Fedora community includes thousands of individuals with different views and approaches, but together we share some common values. We call these the ‘Four Foundations’: Freedom, Friends, Features, and First” (Red Hat 2017, emphasis added). Even though the vast majority of users may be unlikely to engage in direct development of the operating system, and even though the vast majority of those may never be considered for any sort of social leadership position, there is nonetheless an explicit appeal to friendship made on behalf of the community. By centering on friendship as a key descriptor of its social makeup, Fedora is able to position all of its contributors as laterally situated developers rather than as members of a vertical hierarchy. But is this claim—or others like it—supported by practice? Does it resemble OSS dynamics, broadly speaking? That is, do contributors to an OSS project actually possess such a bond with their colleagues, or is it a marketing tool meant to entice more potential developers into the project community?

      Admittedly, it is incredibly difficult, if not outright impossible, to predict precisely how any given OSS development community determines the social standing of its members. In many cases, developers solicit contributions from popular (user) audiences as a means of generating interest in continued improvement upon given programs, with the implicit message that contributing anything not only affords a person entry into a valuable community but also affords status therein. For the example of Fedora and its community of “friends,” it’s not only important that people use Fedora, but that they perceive their relationship with other contributors in a particular way so as to collaborate more effectively on the project. Further, this relationship is explicitly recognized and endorsed by the overseers Page 82 →of the project itself, since it is purposefully advertised as one of the core strengths of the Fedora project.

      Of course, it is rare that any OSS project articulates how it rates or otherwise evaluates its members in any regard other than the merit of each individual’s contributions to the project. After all, arguably any other criterion would suggest that development itself is not the most significant or central reason for development-related recruitment. “Development” as a broad descriptor of activity, however, has increasingly been described in more inclusive terms in order to bring in a wider range of potential contributors who may not necessarily be interested in writing code. For example, the development community for GIMP, the GNU Image Manipulation Program, has provided on its website a list of different ways that interested parties could involve themselves in contributing to the program, including “program[ming] new features[, . . .] writ[ing] tutorials[, . . . and] help[ing] others to learn to use GIMP” (GIMP 2018). Clearly, not all the proposed contributions demand the same skills or time of its developers (or even attract the same individuals), and coding itself is considered only one aspect of a larger set of valuable activities related to the project. By casting a wide net over its community in terms of solicited contribution activities, the GIMP community is able to engage users that might otherwise have never considered themselves capable of involving themselves in GIMP’s development process, such as those without programming knowledge or those uninterested in writing code for GIMP.

      But the existence of inclusive calls like those from the GIMP development community is not necessarily a reflection of a generally inclusive mindset. That is, not all contributions are viewed equally by all developers in all communities. Given the semihierarchical nature of many projects (whether onion-like in makeup or not), it is much more likely that particular contributions—and particular types of contributions—are generally valued more highly than others (Stewart 2005). Often, those who possess or who are perceived to possess the most code-related experience on a project are likely to be in positions to influence the largest populations of community members, usually due to the “direct” influence of writing code on the project; new (or revised) code has a clear and immediately functional impact on use of the program. Linus Torvalds, the inventor of Linux, is a particularly prominent example of this contribution mindset and the paradox it can create: his previous contributions to numerous versions of the operating system’s code has enabled him to retain a semiofficial role as “benevolent dictator” of Linux kernel development from its outset even Page 83 →though he is not currently the most prolific or dedicated programmer associated with the project (Ingo 2006). In fact, in one recent interview, Torvalds noted that he no longer reads code but instead merely evaluates the proposed changes that his collaborators bring to him based on their own evaluations of the code submitted by others (Moody 2012).

      Effectively, Torvalds directs the main development of Linux via his establishment of a throng of “lieutenants” likely to promote code that seems to work in alignment with his vision for the operating system and to reject code that does not. When those outside his trusted circle propose changes to the Linux code, especially changes that may not align closely with Torvalds’ philosophy on what Linux should do, Torvalds has been known to react passionately, sometimes due more to the mode of submission for a proposed contribution than to the merits of the contribution’s code content (with one such example discussed in more detail later in this chapter). In other words, Torvalds can significantly influence the trajectory of Linux development due to the ethos he has built over two decades from his programming work on the operating system. His current “indirect” involvement in the project, however, can still overshadow the direct contributions of others who lack strong enough community standing to have an equal voice in the conversation. As a result, code and coding knowledge clearly matters, but it does so as a component of a more complex system of social influence in which other community members’ perception of one’s knowledge also plays an important role.

      In other projects, positions of authority and leadership may be determined in a wide variety of methods. In some communities, leadership roles may be passed from one individual to another in appointed succession or by selection of the “upper management” circles of a development effort. Still others, like the community for the Debian distribution of Linux, elect an overall “project leader” through the use of a popular vote in which all interested developers can participate (Debian 2011). In the case of Debian, nominees highlighted the work they felt best suited them for the position of project leader, and each nominee’s perception of significant or valued work is often substantially different from that of others (which, of course, suggests a number of different potential directions that the overall project might go). As a result, at each election the community is provided with an opportunity to consider multiple potential directions of the Debian project, some of which might otherwise never have been considered or discussed at length or at all.

      While there are many development communities that have similar generalPage 84 → structures and philosophies—and in some cases shared members—each is ultimately unique in its social makeup and project mission. The specific goals that drive development activities in relation to one project are not uniformly possessed by, or valued in, another project. Stewart (2005) observed that social status in OSS development communities was driven in large part by communicative efforts as much as by any potentially “objective” or empirical evaluation of merit (e.g., the consistent demonstration of writing code concisely, for computational efficiency, or in some other manner valued by a community). Stewart noted that available social references—which may or may not have correlated with explicit knowledge of others’ skill at programming—informed much of the determination of specific developers’ social standings among their peers and colleagues. In fact, those parties interested in social status who established themselves quickly in a community—as willing to participate in development activities and able to accomplish desired development tasks—were more likely to be afforded a higher social standing than those who contributed at a slower pace after their initial interactions with that community (Stewart 2005). Development activity and success is thus impacted significantly by kairos, a grasp of time, place, circumstance, and audience that enables a rhetor to effect change.

      Indeed, kairos is an integral component of social capital, an individual’s capacity to contribute significantly and meaningfully to a particular community, Those who recognize and make use of opportunities to position themselves as valuable are often those who ultimately gain some sense of authority over the community’s central project, even if their long-term contributions do not end up as central or powerful as those of the more low-key or “latent” contributors considered to be less important to the overall community. These other contributors may, depending upon the nature of the project, spin off or “fork” their modifications to a different, albeit related, project where they can gain the social standing or authority over the program that they lacked in the original community. That is, we may view a given act as kairotically both successful and unsuccessful for the impacted communities (the existing initial project and the newly created fork project).

      According to Nakakoji, Yamada, and Giaccardi (2005), the group-oriented goals of each development community are the adhesives that maintain connections between members and other projects. Just as it can be impossible to determine how long a given project might survive (becausePage 85 → of changes in market demand due to perceived need thereof or the amount of competing projects that exist), it can also be incredibly difficult to determine how long that project’s developers will remain active within the project community. As Abdullah et al. (2009) noted, the nature of OSS development relies on voluntary collaboration with little incentive beyond individual desires to improve the project under development. Howison, Inoue, and Crowston (2006) stated that the makeup and mission of a project is less likely to change at its center than at its periphery; the overall range and makeup of participants—and thus the range of motivations involved in community participation—can be quite dynamic and varied. Some developers may contribute in order to improve a given program, while others may contribute because that program impacts use (or development) of a related program, while still others may contribute because the program is central to their employment-related activities and thus program development facilitates those other activities.

      This motivational force is in line with the concepts of both kairos and rhetorical agency: parties involved in a particular rhetorical event possess a temporal and situational energy that facilitates their engagement with one another (Miller 2007). Agency, understood as this energy, extends in the context of software development to describe the meaningful and rhetorical action of large- and small-scale program development (i.e., contributing broadly to the development of a program and specifically to the development of one or more features or components thereof). In many cases, relevant rhetorical motivation is successful specifically because it imitates in various ways the energy of a productive business environment. That is, the model of a development community is often understood most clearly as a kind of corporate or commercial operation, regardless of whether that community is actively pursuing a profitable outcome for their activities or is organized remotely like a business. Ballentine (2009) has discussed the complications involved in opening or obscuring source code in order for a project to compete in particular types of markets as well as in regards to how such decisions affect subsequent work in those markets. That is, developers may—consciously or otherwise—contribute to a project as much to package and distribute the relevant product for industrial ends (e.g., profit, market dominance, industrial prestige) as they do to collaborate or to promote OSS principles. This is due in many cases to OSS “volunteers” working on specific projects because, as noted above, those projects are valuable to the volunteers or their employers. In some of Page 86 →these cases employers provide a set number of compensated hours each week for those employees to work on OSS projects that might have some direct or indirect benefit to the employer organization.

      OSS development is thus an incredibly powerful tool for corporate and proprietary purposes; O’Reilly (2005) has noted that many services built on OSS frameworks, such as Amazon and Google, are not required to share the applications they have developed because those services are simply used by consumers as black boxes rather than distributed to them as standalone programs. That is, it is possible—and often profitable—to build fences and walls around the “free” software supposedly accessible to any interested party. The agency of OSS freedom communicated to would-be developers can also be co-opted into closed source, proprietary agency denied to any parties not explicitly involved with those corporations.

      In other words, the rhetorical power generated by OSS communities through common OSS collaboration and distribution models is, in many circumstances, also sapped or circumvented by proprietary competitors’ ability to outmaneuver it for specific business-oriented ends. For OSS communities to function most effectively in achieving various forms of success—e.g., a sustainable funding model, a robust population of volunteer developers, widespread usage of the program under development—the rhetorical awareness of their members to engage one another in productive and collaborative communication is necessary. But it is not always clear what options any individual member has, what sort of choice that member makes about how to engage others, or why that member makes a given choice. Further, the kind of meaning communicated—whether in regard to individual or shared community goals—is similarly and frequently obscured. It is precisely in this obscurity, however, that we have an opportunity to gain significant knowledge about the means by which developers engage in rhetorical meaning making with one another and with other audiences. In this way, we gain access to understanding about how programmers work rhetorically, not only in their discourse about code but through their code as well.

      Common Rhetorical Aims of OSS Developers and Communities

      While each OSS community has its own unique set of goals, many individual aims overlap, sometimes significantly, with those of other communities, even if those aims are not explicitly communicated in a community’s governing or design documents. Perhaps the most universally Page 87 →shared goal is one of continued existence: most developers connected to a project hope for that project’s development to continue indefinitely, even if they are not associated with the project indefinitely. Accordingly, accessible information about the project’s mission and details about valued forms of contribution are often necessities for volunteer-staffed projects, as individuals may have less dedication to those efforts that provide little tangible benefit or social cachet.

      This general goal, however, does not fully articulate the diversity of purposes toward which various individual and collective members of a development community operate. For some, there is a desire to steer the development of a program in a certain direction, such as to conform to a community’s “best practices” or to facilitate one’s own vision. Others may demonstrate their programming skills in order to bolster their reputation or to find employment. Others still may simply want to experiment with code or particular functionalities and share the products of their experimentation with their colleagues and others. Even this list is not exhaustive, but it serves as a starting point for investigation; in the following pages, I explore brief examples of rhetorical efforts relating to these goals so as to illuminate directions for future relevant research.

      Perhaps the most commonly shared goal, as noted above, is the increased distribution and use of a particular OSS program. But there are also developers who are uninterested in promoting a program to broader communities or in ever relinquishing control over the program’s development trajectory. Given that the success of many OSS projects is reliant upon a regular stream of new participants to replace inactive contributors, though, it should not be surprising that “survival” becomes a driving factor. In almost all cases, the appeal to survival and prosperity is intertwined with developers’ attention to kairos. The Mozilla Firefox browser—which will be explored in greater detail in the following chapter—has prospered in large part because it emerged as the successor to an already popular and influential browser (Netscape Navigator) and because it was perceived as a functionally and aesthetically preferable alternative to Internet Explorer, the default browser packaged with Microsoft Windows. Hundreds of developers flocked to the Mozilla project because of some discontent with IE. For some, it was the lack of cross-platform support for IE (meaning that only Windows users could use the browser). For others it was a desire to promote open, rather than proprietary, web standards so that web development would not risk being locked into IE-related development. But the development of Mozilla—like that of many other OSS projects—has Page 88 →not been without rhetorical tension, often centered on the standardization of code texts within the frame of an individual organization or project.

      Standardization Practices, Kairos, and Community Uptake

      Many OSS developer goals are relatively nuanced and less ubiquitous than those of large-scale institutions, with individual motivations and stylistic approaches to code impacting the work activities in which programmers engage themselves. Some developers seek to align their code practices with individual project style guidelines (and, in some cases, in adjusting those guidelines to more closely resemble existing individual code practices). This sort of effort can improve code readability across files as a move toward consistent style and logic helps readers learn to expect particular approaches to problem solving and the like. Such an effort can, however, also potentially inhibit other developers’ contributions if those others do not follow the project’s guidelines. Alternatively, standardization efforts may rework contributions to effectively remove the individual character of its author from the file, making each OSS contribution an effort to balance the preferences and needs of the community with the preferences and abilities of the individual contributor.

      Concerns of standardization and normalization are key to a critical and rhetorical understanding of code. That is, the processes by which algorithms are composed to conform to particular operational paradigms (often referred to as “standardization” or “optimization”) for computational efficiency, as well as for developer readability, can tell us a great deal about the values a given community has regarding its product(s) and the functions thereof. This is not to suggest that there are no circumstances in which particular operations or functional patterns are objectively superior means of achieving particular goals. Instead, I call attention to the persuasive influence of the computational and rhetorical methods by which developers pursue those goals and by which they deliberate their work. Just as scholars including Bogost (2007), Brown (2015), and Beck (2016) have explored procedural rhetoric relating to computational systems and algorithmic logic, so too can we consider here the discourse surrounding procedural composition, discourse ultimately meant to facilitate action as described through those procedures.

      One such discussion took place among França et al. (2012) in regards to a proposed change to Ruby on Rails (often referred to simply as Rails), a popular OSS web application framework (examples of well-known Rails-based sites include Twitter, Groupon, and Hulu); it works as a servicePage 89 → that makes use of the Ruby programming language to deliver content to users. Rails builds on a three-part structure of “models,” “views,” and “controllers” that serve to describe different rhetorical functions of the data being manipulated. Briefly, models describe data objects in a general or ideal (Platonic) sense, views render them into the output accessed by users, and controllers deliver data requests to the proper destination so that views can be rendered properly. While there are hundreds of contributors to Rails, there is a smaller core team of established developers who collectively decide on the future of the project. One member of that team, França, in 2012 submitted a relatively brief proposal to add a “symbol,” a special type of object in the Ruby language on which Rails runs, to a small portion of the Rails code. The overwhelming response to this proposed change was that the symbol addition was unnecessary and thus worked against the goals of the project. Several developers questioned the purpose of the code: “Why is this a module? I see it being included a single place [ . . . ] I’d imagine it’s not designed to be used anywhere else, so why bother?” (França et al. 2012), Another contributor asked, “Is there an actual problem this code is solving?” (França et al. 2012). Yet another contributor argued, “I think this is a horrible addition to the router that doesn’t appear to be actually solving a problem, as well as poor code” (França et al. 2012). França himself did not enter the comment discussion on the merit of his code proposal, leaving his colleagues unclear as to the intended purpose of his submission, even if the end result may have differed from that intent. França’s contribution thus clashed with the set of practices that had been established and supported by the majority of vocal contributors to Rails, and his colleagues seemed to be in consensus that it was ultimately not a worthwhile addition to the project.

      But David H. Hansson—the initial developer of Rails and a “benevolent dictator” over the project with the ability to overrule the decisions of even the core team—ultimately decided to accept França’s proposed code. In his support for the proposal, Hansson noted, “I find [the proposal] to be a wonderful addition to the domain language and a key building block for making beautiful Rails applications. So we will spread that beauty far and wide” (França et al. 2012). In essence, Hansson accepted the proposal not because the community decided it was the best approach but instead because he felt that it served the community well. The remaining discussion hinged on the soundness of Hansson’s decision, focused primarily on whether Hansson’s own preferences for Rails code style may or may not have aligned with the stylistic preferences and goals of the majority Page 90 →of Rails developers. Even though França initially appeared to be unsuccessful in his contributory attempt, his goals in constructing the code as he did were aligned closely enough to Hansson’s goals—and Hansson’s personal views on the goals of the larger Rails community he oversees—to result in an acceptance of França’s proposal. The interests of the Rails development community as perceived by Hansson and França differed from those articulated by other members of the community, but the code change was accepted regardless of those differences. In other words, the persuasive power of França’s code was demonstrably stronger to the right audience than its apparent functionality, at least to the general Rails community at the time of its initial submission. The “normalization” involved in community acceptance of França’s proposal came not from revision relating to its computational efficiency or apparent appropriateness, but from Hansson’s top-down endorsement of its integration into Rails code.

      Similarly, standardization efforts by some institutional or project-specific authorities have clashed with individual contributors when idiosyncrasies or preferences to write “unprofessional” code (as defined by those in charge of the project) might potentially work against the goals of the establishment. For example, in early 1998, during the hours before the code for Netscape Navigator (now Mozilla Firefox) was publicly released, there was a push by Netscape’s lawyers to “sanitize” the program’s code and relevant comments so the texts would appear family-friendly rather than potentially vulgar or obscene. As Jamie Zawinski, a former employee for Mosaic Communication Corporation, noted,

      
        Largely this [sanitation activity] consisted of making sure we had the legal rights to all the code we were releasing, and making sure every file had proper and accurate copyright statements; but they also made us take out all the dirty words. Specifically, “any text containing vulgar or offensive words or expressions; any text that might be slanderous or libelous to individuals and/or institutions.” (Zawinski 2004)

      

      For Zawinski and many others who had contributed to the early releases of Netscape Navigator, the act of sanitation—interpreted by lawyers to be a legal necessity—was one of erasure that removed the character of Netscape-related development from the published texts. Yes, there was a tremendous amount of profanity in the comment lines, but for Zawinski and his collaborators, that profanity was an important component of their programming efforts, as well as being an accurate depiction of the frustrationPage 91 → that often accompanied development activities. For his part, Zawinski published, in 2004, a partial archive of commented lines that had been removed from the first public release of Netscape Navigator (see table 3.1).

      None of the comments are particularly heinous, and other than the occasional comment targeting a specific individual (“Lou”) or group (“marketing”), most of the obscenities are focused on problems with how particular lines or blocks of code function, usually in unexpected ways. Given, however, that Netscape was in a position to have its initial public release of code scrutinized heavily by the public, or at least by individuals outside of the corporate and social structure of the Netscape team, a particular presentation of the company and “releasable code” influenced a move toward standardization of otherwise internal discourse to become a publicly palatable set of texts. That is, complaints about Netscape’s code in comment lines may have been perceived (whether by the legal team or in anticipation of public audiences) as metonymic critiques of the browser itself rather than, perhaps, as cathartic expressions of temporary anger or disagreements between individual developers. In any case, the comments were intercepted by Netscape’s lawyers in order to circumvent any such potential interpretation.

      If Netscape had never released the browser’s code to the public, would it still potentially be laden with profanities? Are profanities generally offloaded to other discursive channels? It is difficult to say, and the Page 92 →black boxes of proprietary code may cause one to wonder whether most software to which the public has no access might appear to be reflections of community character, ideology, value, and so on. Some supporters of OSS projects champion the self-policing nature of OSS communities, with “problematic” individuals being ostracized or outright removed from a given project. But such arguments assume that all readers support similar means of evaluating whether or not a given situation should be dealt with. In the case of Netscape, the company’s legal team overrode the implicit values of the programming team to show off, rather than hide, the labor—frustrations and all—that went into the development of the browser.

      
        
          
            	Table 3.1. Example comments sanitized from Netscape Navigator 4.x (1998)
          

          
            	File Name
            	Sanitized Comment(s)
          

        
        
          
            	
              ns/include/xp_mcom.h

            
            	
              /* this sucks, should I really include this here or what? *?

            
          

          
            	
              ns/lib/layout/edtbuf.cpp

            
            	
              

// LTNOTE: what the fuck. This crashes sometimes??
// we are fucked! try something different.

              

            
          

          
            	
              ns/cmd/macfe/central/profile.cp

            
            	
              

// * I have no damn idea why this is so convoluted
// BULLSHIT ALERT: Get out if I can’t call GetSharedLibrary.

              

            
          

          
            	
              ns/cmd/xfe/src/PersonalToolbar.cpp

            
            	
              // crap from marketing

            
          

          
            	
              ns/cmd/winfe/display.cpp

            
            	
              /* check if Lou is a pindick */

            
          

          
            	
              ns/cmd/winfe/woohoo.cpp

            
            	
              return NULL; //The list file did not exist!!!! Bastards!

            
          

        
      

      Self-Promotion and Experimentation

      Some individuals involve themselves in OSS development projects either to hone or show off their coding skills, putting their contributions before the community in order to learn from, or have their work validated by, their peers. This is not to suggest that individuals with such goals are necessarily working against the general aims of the larger community, but instead to observe that there are many different reasons for participating in such communities. For example, numerous code contributions have undergone review for—and, theoretically, eventual merging into—the central production of the Mozilla Firefox browser over the past twenty years. The details of the review process for Firefox is elaborated upon in the next chapter due in part to its hierarchically complex nature, but in brief, Firefox is maintained across several software versioning systems and makes use of multiple programming languages (C++ and JavaScript), each of which has its own established set(s) of development standards and practices.

      Among the most noteworthy contribution reviews for Firefox is due to its author’s request that it be neither merged nor denied since, he argued, it was “only for review purposes. There is no intention of landing this change” (Gozala et al. 2012). In other words, Gozala utilized the collaborative nature of peer review on his code primarily as a way to improve his broader code abilities by bringing his efforts to the attention of his fellow developers. The comments provided by other users followed through in this regard, focusing on the understandable and readable nature (or rather the lack thereof) of the submitted code (Gozala et al. 2012). One commenter suggested that Gozala could improve the readability of his code by providing more illustrative examples to explain his intent; Gozala responded by suggesting the commenter “just read docs [documentation],Page 93 → putting too much examples [sic] is not that useful” (2012). The commenter replied again after more code submissions:

      
        So, inch by inch, this is getting closer to the quality required for mozilla-central. Even if we omit our core disagreement on how to implement result, [sic] there is still work to do. Unfortunately, by now, I am just too tired to continue pulling you kicking and screaming to that level of quality. (Gozala et al. 2012)

      

      In essence, the development community almost unanimously stressed a particular route through which the author could alter his work in regards to the project, offering feedback that could extend to code efforts beyond the scope of the Firefox browser. At no time did the community suggest that Gozala stop contributing but instead deliberated on how he might best accommodate the larger population of involved developers by improving upon his code and communication skills. While Gozala often pushed back against these suggestions, the rhetorical considerations of his contributions were more and more acutely weighed until he turned to revise his code thoroughly. Even though the specific proposals under consideration have yet to be fully approved or denied, Gozala’s awareness of how his code works outside of its mechanical operations—that is, how other coders view and value it—has only improved, in turn increasing his chances of being valued more generally as a programmer regardless of his place within the Firefox community.

      The beneficial results of collaboration have been explored by a number of scholars, especially in regards to writing in digital environments. Moxley (2008) observed the positive effects of crowdsourcing as a way of creating and evaluating public knowledge: the “wisdom of crowds” can influence the instructional capacity and engagement of a community far beyond the ability of an individual to do so, thanks to the communal sharing and evaluating of information (183). While the ethos of every individual member may not ever be fully confirmed or investigated, the crowd as a mass entity likely can and will norm itself to ensure that the most accurate and helpful information is disseminated to its members. A related concept is the programming maxim often referred to as “Linus’ Law,” named after Linus Torvalds, which shares this sentiment: “given enough eyeballs, all bugs are shallow” (Raymond 2000). In other words, the number of individuals scrutinizing and editing a particular text—whether conventional or code—is proportional to the text’s overall strength and accuracy as it is Page 94 →revised by its editors, although it has been observed that in practice, many bugs are overlooked or otherwise unidentified (Kerner 2015).

      Evaluation of Contributions and Contributors

      While communities like Firefox leverage their hierarchical structures into educational opportunities for aspiring developers, other development communities have chosen to focus, or at least emphasize, their efforts on establishing an equal playing field—or at least the perception thereof—for the projects on which their members work. Others stress the purportedly meritocratic, and thus beneficial, makeup of their community structures; for example, Kelty (2008) discussed Wikipedia’s commitment to meritocracy as a response to systems in which background or professional position can influence one’s community standing (345–46). Such efforts can promote a more inclusive and inviting atmosphere for contributors who might otherwise be hesitant or resistant to participating, since in-depth knowledge of code can often appear to be a substantial barrier to entry into a particular development community. This sort of appeal is especially intriguing in that it does not necessarily reflect the actual dynamics of a group but attempts to persuade individuals that advertised egalitarianism is the norm.

      The Apache Software Foundation (ASF) is a developer organization formed to support the development of the Apache web server, and its official website documentation highlights the meritocratic nature of Apache-related development. The ASF positions itself not only as a meritocratic community that recognizes the value of its contributors, but as an exception to the social character of other software development groups. On a web page outlining how the ASF works, the following described the foundation’s self-perception of its meritocratic leaning: “[U]nlike in other situations where power is a scarce and conservative resource, in the apache [sic] group newcomers were seen as volunteers that wanted to help, rather than people that wanted to steal a position” (Apache Software Foundation 2012). Simply put, the ASF claimed to have prospered because it viewed social “power” as a nonprecious “resource,” meaning that theoretically any and all volunteers could join in to help as desired. This freedom to participate, however, is restricted, as noted in that same document: while the ASF “was happy to have new people coming in and help, they were only filtering the people that they believed committed enough for the task and matched the human attitudes required to work well with others, especially in disagreement” (Apache Software Foundation 2012). Only a select Page 95 →few were granted permission to alter the production code directly, those that “had ‘earned’ the merit to be part of the development community” (Apache Software Foundation 2012). In other words, the ASF self-policed by supporting those individuals its members felt were “committed enough for the task” as opposed to those who might contribute in a more casual or occasional fashion, and only those with social authority were considered to be part of the community. It was thus not enough that individuals might want to help but that they demonstrated a desire and ability to focus on the contributions they made to Apache, whether through frequency, amount, or quality. The meritocratic ASF community is actually a set of communities, including those who are viewed as having earned a prominent place and those who have not yet earned such a place.

      These brief examples begin to demonstrate how particular individuals and groups may attempt to rhetorically position their work for various audiences and purposes. The goals and their discussions provided above will be compared below with developers’ rhetorically aware appeals to determine how frequently such efforts are explicitly employed to achieve a given end versus appeals that implicitly suggest code as the sole focus of deliberation.

      Developers’ Rhetorical Awareness of Their Coding Practices

      While it is certainly possible to discuss developers’ rhetorical practices regardless of their explicit awareness of those practices, we can gain an even greater understanding of how they choose to communicate with one another by looking at the extent to which they do recognize the rhetorical qualities of the appeals they make to one another. While rhetoricians would rightly argue that any decisions made as part of development activities are fundamentally rhetorical in nature, examining rhetorical self-awareness here is important as it allows us to scrutinize the intentional practices of invention in which developers participate in order to engage in the composition of software programs.

      In some cases, direct connections between rhetoric and code practices are explicitly drawn by developers. Ford (2005) has identified rhetorical goals at the heart of his work, using the idea of coding elegance to help drive the simplest and most flexible way to achieve one’s goals. Ford specifically compared the development philosophy behind the Processing language with that of the web, and he asked web developers to consider the principles behind their work: “Is the browser the right way to navigate the Web? Page 96 →[ . . . ] Why are some semantic constructs more privileged than others? [ . . . ] How can content truly be reused?” (84–85). Ford (2005, 2015) also appeared to recognize implicitly the rhetorical qualities of interfaces and code alike as ways of understanding more effectively the history and activity of software development.

      Ford’s (2005) final question, which suggested a kind of rhetorical oscillation, is integral to code practices in that it emphasizes the suasive nature of effective code and communication: “What is sprezzatura for the Web?” (2005, 91). Sprezzatura refers to one’s ability to make a difficult act appear as though its execution were effortless, what Castiglione (1988) described as “a certain nonchalance which conceals all artistry and makes whatever one says and does seem uncontrived and effortless” (67). Ford’s question effectively highlights concerns of rhetorical style and delivery: How can the effective and successful construction of code—which itself might appear to be not much work—make software development and use easier and more accessible for all? In essence, the rhetorical value of user and coder goals should influence development practices rather than be considered only in retrospect as a quality not inherent in software creation or use.

      In a critique of general software practices, Platt (2007) argued that many code decisions stem from considerations of convenience for a developer rather than from some objectively superior or “best” quality connected to those decisions. In other words, many developers lack the rhetorical awareness required for a successful engagement with one’s user base or audience. As part of a description of the “Do you want to save the changes?” dialog box that appears when a user attempts to exit Microsoft Notepad without saving the file he or she has been working on, Platt (2007) observed that

      
        [t]he programmer wrote the program this way (copy the document from disk to memory, make changes on the memory copy, and write it back to disk) because that was easier for her [ . . . ] Reading or writing characters from the disk (spinning iron platters with moveable parts) is roughly a thousand times slower than doing it in memory (electrons moving at the speed of light)[.] (17)

      

      Despite the increase in speed and machine efficiency gained as a result of the programmer’s decision, Platt’s argument suggests that the program’s Page 97 →functionality works poorly here because any “successful” use of Notepad demands an understanding of how the programmer intended the program to work. That is, the dialog box’s question only makes sense if the user recognizes that files are not saved to disk by default: the programmer is “forcing [the user] to understand that she’s written the program this way” (2007, 17). It is important to note that while the approach provided by Platt is mechanically faster than the alternative, the decision to use either is fundamentally rhetorical in that the workload-related interests of the programmer—reduced code-based program preparation via defaulting to memory (RAM) storage rather than disk storage—are ultimately chosen over the diverse interests or needs of the user, which might very well include or assume automatic saving of data to the hard disk.

      While developers may not always, or even often, draw attention to suasive strategies that do not focus solely or primarily on code, when they do, those strategies can provide rhetoricians with tremendous insight into those developers’ aims and how they attempt to induce their colleagues to action. A programmer may not frequently make explicit reference to the language of rhetoric (e.g., almost no one will outright mention ethos or chiasmus in their comments) but they might mention their credibility (e.g., their experience with a project or the code languages used in it) or personal emotional investment regarding a particular issue. When developers lean on fundamental rhetorical appeals in these ways, the ends to which they work and their perceived relationships with other developers or their projects become visible in intriguing ways for scholars and professional practitioners interested in relevant communication practices. In addition, these rhetorical activities can enlighten us as to the ends to which particular code texts and paradigms are constructed and promoted as well as to how they might be received by various audiences.

      Rhetorical Appeals Used in Community Discussions

      Developers’ use of specific rhetorical appeals and strategies to convince developer audiences to act varies between individuals. There is no fundamental difference between using the basic appeals of ethos, logos, and pathos as part of either a code-based or a more discursive effort at constructing meaning, although the types of constraints for each mode of communication may sometimes be distinguished easily from those of the other. Further, it should not be suggested that these fundamental appeals Page 98 →are the only means by which one might approach code and relevant discourse in order to identify rhetorical activity, but they serve as a productive starting point to engage code-related communication.

      Perhaps unsurprisingly, many programmers ultimately argue for code practices that hinge on concerns outside of the code itself, such as when well-known developers stress their social position in a given community as valid support for community-related claims. Developers’ recognition of their rhetorical efforts is important here, since the ways they construct and present their arguments can be as insightful about their values on coding as is information in the code texts about which they deliberate.

      Ethos

      Among the appeals used relatively explicitly in development communities is that of ethos, which is used not only in its classical sense to demonstrate the credibility or expertise of a particular individual but also to “legitimize” the project to (or from) which a particular set of contributions are made. Several rhetoricians have explored the distinctions between traditional appeals to ethos and complicated contemporary appeals to ethos that are less clear-cut. Miller (2001) has suggested that ethos is central to electronic communication because humans need to be able to evaluate their discursive companions, whom they may or may not know well or at all: “what sort of character is behind the words: one we can trust? one we can learn from? one who is like us or one who is strange and challenging? one we can dominate or one who will seek to dominate us?” (273). These concerns, while not always easily answered, nonetheless fuel much of an audience’s determinations of a particular rhetorical effort. Warnick (2004) argued that web communication, precisely because it is often so difficult to discern the author of a text, let alone the author’s character, demands a consideration of ethos focused more on the performance of credibility through the presentation of pertinent information than the expertise of a clearly defined author.

      These concerns over the relationship between conventional forms of ethos and newer means of demonstrating ethos are debated in many communities. For example, headius et al. (2012) discussed code proposals for a number of security tests related to the code suite distributed with the Ruby programming language. This proposed code had initially been developed for a fork of Ruby modified to run inside the Java Virtual Machine, and which thus could work alongside the Java language; this fork was called JRuby due to its hybrid nature. The JRuby community’s members Page 99 →felt it had the potential to benefit the broader Ruby development community and offered to merge it into the main Ruby project, but only as long as its origin in JRuby remained clear: they “would like to contribute these tests, but [JRuby’s developers] would ideally not lose the JRuby bug numbers for future reference” (headius et al. 2012). Since the project was still “in process,” the bugs that JRuby developers might continue to find, when identified by numbers according to their existing maintenance scheme, could make fixing those bugs easier.

      headius’s offer was thus contingent upon the community’s willingness to recognize the authority of the JRuby community for its contributions. Not surprisingly, this appeal was met with some resistance by Ruby developers, who had their own maintenance preferences. One individual who noted his appreciation for the code asked in response to the request for JRuby’s bug references to remain in the code, “I’m confused, I was thinking I could simply strip those references when committing it to [the main Ruby project], or not?” (Scott et al. 2012). Here, the ethos of the JRuby community clashes with the ethos of the project itself (regarding whether it was worthy of being included in the main Ruby project), bringing to the spotlight the differences between the values of each community.

      A counterexample to the JRuby case above can be found in a discussion related to how scalable vector graphics (SVG) image files are implemented through jQuery, a popular JavaScript library that enables event handling and animations on web pages. One developer noted that it was impossible to hide SVG images in the Mozilla Firefox browser and offered a potential fix to that problem; subsequent discussion focused on whether it was—or should be—the goal of the jQuery community to resolve problems that they identified as being more relevant to other communities. As one respondent noted, “this seems like a lot of work to support something we don’t support,” while another likened the proposed solution to a can of worms (Sherov et al. 2012). The “can of worms” perspective appeared to anticipate other potentially unrelated issues that, should this first problem be considered seriously, the community might then feel obligated to support or address. Almost unanimously, the development community determined that work related to this issue was not within the purview of their collaboration. The only real point of disagreement reflected the lack of clarity as to who should take care of this issue: was it Firefox’s domain or that of other JavaScript libraries? No consensus has formed in answer to these questions, in part because no individual has assumed a position of authority to definitively mark out that territory as belonging to jQuery Page 100 →or another group, or even to “formally” assign that work to another group that may similarly distance itself from the issue. Nonetheless, the community’s demonstration that their boundaries exist is significant. Here the developer’s ethos can be as much about understanding the limits of individual and group authority and expertise as much as understanding when to emphasize the strengths of those qualities.

      Pathos

      Perhaps unsurprisingly, developers who are dedicated to the projects they work on often find themselves balancing their discussions between (1) technical and logical reasoning and (2) passion for the work they contribute to their projects. While it is rare to see a discussion in which emotional appeals serve as the primary initial means of promoting particular perspectives, pathos nonetheless remains a critically important strategy through which individual developers can stress the strength or intensity of their convictions—or at least the convictions they perceive their audiences to feel strongly about—in relation to a particular point or as support for their appeals to ethos. Fahnestock (2011) has observed this relationship between ethos and pathos as they relate to stylistics: “[a]ttitudes and bids for alignment are encoded in every language choice, and the rhetor’s presence and relation with an audience are the unerasable ground of all discourse” (279). For discussions surrounding code, these language choices are especially important since they are meant to reflect the emotional response not just to an individual comment but to the code under discussion as well.

      One particularly noteworthy conversation revolved around a request for code to be merged into the general Linux kernel through the code-sharing website GitHub, which makes use of a software versioning system, a means of tracking software changes across a distributed population, named git. This request required approval from Linus Torvalds, the “benevolent dictator” of Linux development and initial developer of the software versioning program git. What made this particular request notable is that Torvalds adamantly refused to address any code submitted to him through the GitHub site. He argued:

      
        Git comes with a nice pull-request generation module, but github instead decided to replace it with their own totally inferior version. As a result, I consider github useless for these kinds of things. It’s fine for Page 101 →*hosting*, [sic] but the pull requests and the online commit editing, are just pure garbage. (WNeZRoS et al. 2012)

      

      According to the hierarchy of the Linux development community, Torvalds’ decision was appropriate and authoritative; his stressing that GitHub was “pure garbage” provided an emotionally powerful articulation of his reasoning. As many others observed, however, the proposed code change was three lines long, a trivial amount of code to absorb into the project. The change would in no way require any substantial effort on the part of Torvalds, or of any other developer with the appropriate authority, to accept the code into the project. As a result, Torvalds’ argument stands out due to the intensity of his conviction against GitHub as a system for software administration despite the absurdity of his immediate rejection of such a brief amount of code.

      Torvalds responded to these criticisms of his stance further in the thread, and his claims were supported by the continued metaphor of waste as a description of how GitHub works (presumably, in contrast to git itself). Specifically, he noted that

      
        the reason for that is that the way the github web interface work [sic], those commits are invariably pure crap. Commits done on github invariably have totally unreadable descriptions, because the github commit making thing doesn’t do *any* [sic] of the simplest things that the kernel people expect from a commit message[.] (WNeZRoS et al. 2012)

      

      While Torvalds expounded upon why he felt GitHub failed as a version control system on top of git, his equating the website with “garbage” or “pure crap” remains the most compelling appeal for his position in that it reflected his purpose in rejecting the submission; Torvalds exercised his ability to critique GitHub and its supporters. The emotional tenor of Torvalds’ argument was further exposed in another of his comments, responding to a developer who disagreed with his stance: “The fact that I have higher standards then makes [sic] people like you make snarky comments, thinking that you are cool. You’re a moron” (WNeZRoS et al. 2012). Further discussion on GitHub’s implementation of git’s code merge request capabilities revolved around the stylistic preferences for their use held by each participant in the conversation. Few comments were dedicated to logical argument about GitHub’s use of git; most of these centeredPage 102 → on the “objectively best” practice that would benefit not only Linux development but all software development hosted by GitHub.

      Ultimately, WNeZRoS’s proposed code was never implemented through his GitHub submission, but Torvalds’ pathetic arguments clarified for many developers how continued community work on the Linux kernel would likely progress from that point forward. As many recognized, the rational merit of Torvalds’ argument was not any more important or central to the project than Torvalds’ personal opinion. As Garsten (2006) has noted, emotion, and especially passion, can “stimulate reflection or judgment by disrupting ordinary habits of response” (196). The Linux kernel development community was obligated to accept Torvalds’ complaints as a normal component of community discussion in order to continue “work as normal” through the GitHub versioning system. But since his complaints directly addressed that system, an inordinate amount of discussion focused on whether or not Torvalds’ criticism was rationally accurate rather than whether the code proposal merited a merge into the main code repository. As Torvalds had the final say in how the community’s development practices were structured and executed, his position was essentially impervious to colleagues’ criticism, leaving him free to offer arguments that allowed him to share the emotions that fueled his perspective.

      Just as there is no universally agreed-upon “best practice” for coding in a particular language or even on a specific project, neither is there any consensus on the most appropriate means of presenting an argument for a particular community. The kairotic qualities of a coding situation influence each developer and audience in unique ways, and the appeals used by a developer to effect change in his or her audience highlight that developer’s understanding of the relationship he or she has with the project under discussion.

      Nontraditional Rhetorical Activities Surrounding Code

      Online forums and email lists are among the most popular, discursive, and accessible forms of communication among developers in addition to code comments, versioning commit descriptions, and other “code-adjacent” texts. These forms of communication, which both make use of code texts and noncode discussion, offer substantial insight into the rhetorical concerns that drive software development with particular goals in mind. In some cases, the goal is to reinvigorate a project by splitting its community and the authority that guides the project’s trajectory; in others,Page 103 → the goal is to merge individual experiments with, or to improve upon, the established product. No matter the goal or the means by which a developer takes action, there is a fundamentally rhetorical component that influences both the developer and his or her audience to participate in further development and meaningful communication about the code being composed for a given project.

      Forking

      The concept of forking contributes significantly to the ebb and flow of many development community life cycles (and especially to OSS community life cycles), and it does so in fundamentally rhetorical ways. A fork is a cloned version of a project that has become distinct from its originator project at a particular point in time, and there may or may not be code or developers shared between original and forked projects from that point forward. Well-known OSS forks include Ubuntu, a fork of the Debian Linux OS; LibreOffice, a fork of the OpenOffice suite; and WebKit, a fork of the KHTML web browser framework (WebKit powers the Google Chrome and Apple Safari web browsers). A fork may be created for one of any number of reasons, such as an individual’s desiring to tinker with a program outside the project’s regular work flow or development trajectory. In other situations, the fork may have been created because of a philosophical schism between several developers that made further collaboration impossible. Despite this relatively pessimistic example, Howison (2006) has argued that in most cases, even when projects may have regular forking events occur, there are often efforts by the forking developers to make available improvements for the original program as well as for their own forked versions. This is likely because continued intercommunal goodwill increases the chances of other developers contributing back to the fork in kind.

      Despite its technological focus, forking bears a close resemblance to the back-and-forth of conversation. As ideas are circulated within a discourse community, they are tested, supported, refuted, and mutated as different individuals choose to address them. Sometimes, requests for responses are clearly indicated, such as when a developer comments in code on “hacking” a workable but nonpreferred solution to a problem, unable to come up with a stronger case until a colleague suggests one. At other times, responses are provided but not solicited once a program’s code is “published” alongside the program itself. Burke (1973) provided what remains one of the greatest descriptions of discursive activity, comparing knowledge creation as deliberation in a social setting:

      
        Page 104 →Imagine that you enter a parlor. You come late. When you arrive, others have long preceded you, and they are engaged in a heated discussion, a discussion too heated for them to pause and tell you exactly what it is about. In fact, the discussion had already begun long before any of them got there, so that no one present is qualified to retrace for you all the steps that had gone before. You listen for a while, until you decide that you have caught the tenor of the argument; then you put in your oar. Someone answers; you answer him; another comes to your defense; another aligns himself against you, to either the embarrassment or gratification of your opponent, depending upon the quality of your ally’s assistance. However, the discussion is interminable. The hour grows late, you must depart. And you do depart, with the discussion still vigorously in progress. (110–11)

      

      For Burke and for many rhetoricians since, this metaphor of the parlor reflects academic and civic discourse: our understanding of a topic is advanced only through its public (social) “testing” of merit, reception, and so on. Contributors to the discussion—individual scholars or citizens—add their voices when they can, but the discussion continues, and often changes, long after each departs from it. The same is true of software development: forking serves as a means of “testing” a set of ideas by allowing motivated individuals to explore alternatives to an original development plan. The strength of a particular argument (i.e., development philosophy) then ultimately is determined by the success of a particular fork as accepted and taken up by a given community. While it is the project’s development philosophy that propels its creation, a fork might prosper as much from the kairotic solicitation of aid and use—that is, establishing a solid user and developer base—as from the computational strength and efficiency of the program’s code base.

      The practice of open source software distribution and access could itself be viewed as a kind of rhetorical imitation: At what point does the use of another developer’s code blur into the substance of a subsequent developer’s work? The use of someone else’s efforts as a foundation for one’s own, in a programming sense, often has more in common with rhetorical topoi than with academic plagiarism (although this is also certainly within the scope of discussion). As Miller (2000) observed, “[t]he topos is conceptual space without fully specified or specifiable contents; it is a region of productive uncertainty [ . . . ] [I]t is a space, or a located perspective, from [sic] which one searches” (141). Topoi are useful to assist a rhetor in constructingPage 105 → a particular argument by revealing and generating paths for that rhetor’s expression from the potential lines of reasoning he or she could pursue. In regards to software developers, for a particular method or function to be used effectively or to be perceived as being used effectively—that is, to accomplish a specific task—it is expected to be constructed and used in a certain manner, following the general style and conventions of a specific development community, so that other developers can build off of that construction. Forking, which makes use of a pre-existing form of a given project in order to facilitate inventive activity, thus reflects the ability of a rhetor to make use of a particular topos for his or her immediate and situated purposes.

      In some cases, a forked version of a project may ultimately be merged back into its originating project or code base. As with forking, this adjustment in a project’s existence reflects a dynamic shift in the social makeup of the development community. A fork may have been intended to exist temporarily, such as to experiment with a single feature whose capabilities may not have been fully tested as part of the “production” version of a program. Conversely, a fork may have been created with the intent for it to be separated entirely from its originator as a distinct project in perpetuity. But just as arguments and ideas are sometimes folded back into certain lines of inquiry and discourse, so too are software forks often absorbed back into the familiar development structure and community from which they had initially split. This potential for merging is just as significant as the potential for forking; if an OSS development community truly is dynamic and constantly changing, then a split (fork) cannot ever be considered permanent, just as the makeup of that community cannot ever be considered to be stable.

      Forking is also noteworthy in that it functions as a dynamic counter to the static metaphor of community-as-onion described earlier in this chapter. When forking is considered as a potential avenue for any individual developer looking to adjust his or her position within (or relationship to) a given community, the possibilities for social and rhetorical readjustment and orientation are expanded. Even though many forked projects’ developers contribute to their originator projects, there is no inherent obligation for them to do so. The tenor of the development conversation changes when a given community gains or loses focus in regards to a given perspective; given that this shift in focus is constantly occurring, a consideration of development as a trajectory of forking and merging paths is appropriate.

      Pushing and Pulling

      Page 106 →Many software versioning systems, like git, make use of a two-pronged form of code sharing called pushing and pulling that together resemble nothing so much as deliberation in regards to the social construction of knowledge and action. The dichotomy between pushing and pulling is much like that of rhetorical action in a broad sense, which Garsten (2006) has described as

      
        prone to two forms of corruption. [ . . . ] In our desire to change [the minds of an audience] lies the danger of manipulating, and in the effort to attend to their existing opinions lies the risk of pandering. The two vices thus arise from the dual character of persuasion itself, which consists partly in ruling and partly in following. (2)

      

      In other words, a successful attempt at suasion occurs when there is a well-navigated, optimally ethical, path balanced between overt manipulation of or pandering to an audience. Miller (2010a) directly compared this dichotomy with what she called the “push-pull model of technological development” in which innovation draws audiences, while elsewhere the lack of innovation spurs others in new directions (ix). For collaborative software projects, this comparison is obviously apt and especially valuable. The means by which a balance between manipulation and pandering is perceived to be attained, however, may vary wildly between communities. The potential interactions that may take place through code-related pushing and pulling, described below, simultaneously draw attention to, and obscure, rhetorical negotiations on inducing developer audiences to accept and improve upon particular code-related decisions and influence the direction of a given development community.

      Pushing works for code distribution in a versioning environment much like a classical oration: it is disseminated from an authoritative figure, such as a core development team for a particular software program, to any and all interested parties, like those who may potentially become involved developers. As new versions of a program are released, whether with major or minor improvements or revisions, the development team pushes the code to a tracked repository from which any other developer may employ that code for their own use. In other words, pushing works as a kind of one-way broadcast transmission of a message that is both computational and rhetorical. Just as it provides updates to executable code, so too does Page 107 →it suggest that the decisions made to construct that code reflect the goals and values of the development team. Implicitly, there is, accompanying the code itself, an argument that any code that other developers want to have included in future releases of that program should work and look like the code being distributed, an achievement complicated by the inherently dynamic nature of continually developing code practices.

      In contrast, pulling serves as a relatively passive acceptance of a rhetorical effort, an audience-oriented evaluation of the code being pushed out to its broad user population. (The employment of pushed code as described above is a kind of pulling.) Garsten (2006) referred to this sort of approach (in a general sense) as “pandering” in that it demands of the rhetor-developer an orientation that downplays the rhetor’s contributions in favor of the audience’s expectations. That is, individual users, at least for OSS projects, have the ability to modify and freely redistribute (or fork) the code for a given program. What they usually lack is the size of the audience of the original or “mainstream” version of the program, which means that their work on the project is likely to be overlooked. Many software versioning systems provide a workaround for this, allowing users to make pull requests to the core development team. A pull request effectively works as a plea to merge together the individual user’s code changes with the mainstream code base (some of the examples provided earlier in this chapter centered on pull requests and the justifications for their acceptance). This process provides a voice to the individual by giving him or her the opportunity to demonstrate to a community the rhetorical and computational power of a proposed code change. At the same time, if and when the code is merged, whether immediately or following further revision, the identity of its author is partly erased; the code content becomes a part of the main program and, barring any specifically added comments to identify its creator, the code is no longer distinguishable from the other lines of code surrounding it or other files accompanying it. Given the hierarchical structures that constitute many OSS communities, a developer may need to construct his or her code in such a way as to appeal not only to the needs of the user base but to the stylistic and logical preferences of the project’s authorities. The pull request serves to highlight the “vanishing act” that often occurs through successful rhetorical appeal: the user is assimilated into the project’s body of work and activity.

      Ignoring pushed updates is a possibility as well, and this action promotes a unique rhetorical approach to communication and collaboration. As discussed earlier in regards to forking, the idea of one or more developersPage 108 → “breaking off” from an established community works directly against the political and rhetorical dynamics of a “top-down” model by providing an autonomous identity to the motivated developer, at least until a new community emerges around the forked program. After that, there may be a new (or recurring) model of hierarchical structure that influences subsequent innovation in regards to that fork, and the “pushmi-pullyu dynamic” of rhetorical and technological appeals is reactivated, “leading us to engage in or to attempt certain kinds of rhetorical actions” (Miller, 2010a, x). This potential for a reinvention of existing social and rhetorical systems raises an interesting question for rhetoricians: How does forking, and its subsequent further forking via voluntary updates or voluntary ignoring of updates, promote engagement within a complex rhetorical ecology? It appears both to emphasize the audience’s ability to choose its own individual voice(s) and to eschew the discursive potential of an established project by iterating deliberation through fragmented productions of differentiated programs. These varied forks are unlikely, in most circumstances, to have their code interwoven into others’ forks after establishing themselves as separate and distinct projects, and this ultimately provides an intriguing, and possibly unique, model of rhetorical appeal through the avoidance of direct conversation.

      Patching

      Other than forking and collaborative versioning, perhaps the most “social” practice of software development is patching, where small fixes to specific code issues are applied to existing software programs. Patches serve as a sort of continued discourse between parties (developer and client) as security bugs are fixed, hardware functionality is updated, and so on; often the exigence for a patch stems from explicit communication from a user of the software, requesting improvement in some regard. Patches are often highly kairotic in that they are developed quickly by individual programmers who spot and attempt to fix code exploits on their own installation of a given program, which are then perhaps distributed out to the broader community of users for that program. Platt (2007) highlighted one traditional weakness of this practice: patches “work only if you use them, and almost nobody does of his own accord” (85). That is, software patches are generally only applied voluntarily when a particular client notes some problem with his or her program and seeks out a potential fix to that problem. In recent years, this issue has been mitigated by automated updates that in many cases are partially or fully “invisible” to the Page 109 →end user: Microsoft Updates and Ubuntu Update Manager, for example, each regularly check for patches and then prompt users to update relevant programs, either individually or as a “batch.”

      While this increased automation makes implementing official patches easier, there is an issue of relevant control, not unlike the issue with Microsoft Notepad addressed by Platt earlier in this chapter. In one sense, code concerns become a nonissue as users are directed to merely apply the regularly provided updates from developers. In another sense, though, code concerns become a central issue, as there is no demand for, or expectation of, users to examine proposed updates on their own and determine whether or not to apply those patches. While there may be users who do approach automated updates with caution, the system assumes users will simply follow the suggestions of the update management software and its assumed authority in distributing only patches that have passed testing. With manually applied patches, there is an expectation that a user recognizes a particular issue and actively seeks a resolution to it. There are two significant possibilities arising from this approach. First, the user may simply not recognize other issues to fix and may leave his or her software open to other vulnerabilities (although, in a sense, all software is open to unacknowledged or undiscovered vulnerabilities). Second, the user could specifically avoid patches that he or she feels are unnecessary to apply. This second possibility is important in that the user, while not unilaterally protecting his or her software to the same degree, is capable of controlling the “bloat” of the software by increasing its size and processor use with only the additional functions and protections he or she desires. In addition, it must be noted that the security of automatic updating hides the potential new problems that might be caused by patch code: just as with revision of any other type of writing, even though one issue might be fixed by a patch, the added code might in turn generate new issues that need to be addressed by more patches, and so on. Put another way, the Ship of Theseus will never become fully watertight.

      Accordingly, not all patches or updates are equal. In some cases, they are designed to fix seemingly trivial but potentially devastating issues. For example, Valarissa et al. (2012) fixed the problem of a typo relating to an account-specific variable in the code for microblogging platform rstat.us. This typo left open the possibility of “orphaned” code, or a set of references to data that no longer existed. Specifically, the Ruby variable :dependent had been initially written as :dependant, which meant that any other functions attempting to make use of the variable would not locatePage 110 → it properly anywhere in the software. Even though this particular issue was extremely easy to resolve, the participating developers—the “fixer” as well as the developer who had initially coded in the problem—identified their roles clearly for public scrutiny since discussions about that update were recorded alongside the updated code itself.

      Often, patches cause any number of unforeseen and potentially significant consequences for users and their systems, making a “fix” the catalyst for problems that would never have been encountered if the program had not been updated. For this reason, patching generally involves the possibility that a user will back out of (or “downgrade”) the update, making software versioning (the use of differently updated iterations of a program) a particularly intriguing phenomenon among meaningful forms of communication. While any individuals participating in some discourse might revisit previously stated ideas and reconsider their positions, there is no “undoing” of the reconsidered discourse; for code, however, this can literally be the case, and new issues can be erased outright by a rollback to a previous version. As a result, users who have opted to employ different versions of a given program often find themselves engaging in otherwise identical activities that, by necessity (e.g., being unable to patch successfully) or desire (e.g., avoiding problems likely to result from a patch), reflect specifically situated contexts stemming from the capabilities of the software versions they are currently using.

      The Drupal content management system, for example, is widely used and considered highly successful because of its numerous customizable “plug-and-play” modules, software add-ins developed by volunteers to help website administrators achieve specific tasks. Each module has its own set of dependencies and effects on the overall Drupal system, meaning that some modules work in unexpected fashions when other modules are also installed, and many developers recognize the potential for catastrophe here. The sheer number of potential module combinations that one could install makes any sort of anticipation for particular bundles of modules almost impossible. As a result, a common practice among Drupal developers is to provide patches to problems they identify and then ask volunteers to point out any problems stemming from specific modules present in their installations.

      Such a practice treats the development of a given module or the larger Drupal project as a continually emerging process of fragmented innovation and standardization, as developers are tasked both with experimenting in new ways with technological capabilities and ensuring that the programPage 111 → is as likely not to fail or break when used by the largest population of administrators and users as possible. When the software does break, then, the moves undertaken by involved developers present clear indicators of the rhetorical awareness of the current situation—fixing an unforeseen problem—and of the purposes various administrators might have for setting up particular module combinations in their Drupal installations.

      For example, one very commonly used module is drush (short for “Drupal shell”), a command-line tool that allows Drupal administrators to modify their systems quickly from a terminal window rather than through the default browser-based interface. When used in combination with git, a program that provides versioning control for collaboratively developed software, drush—or almost any Drupal module—can be updated and tweaked regularly and relatively quickly. Differences in software versions of both drush and git between individual Drupal developers, however, can quickly lead to complicated situations in which it is difficult for all involved to easily smooth out problems experienced by some or all. When a developer attempts to change “working versions” of a program to test out changes to code, git should track the version currently under development. For Drupal users jgraham et al. (2011), the ways git and drush (specifically, a subcommand of drush called “drush make”) worked at the time disrupted the successful progress of development for either program, and the ensuing discussion provided an example of the rhetorical and discursive nature of composing and revising code. jgraham noted that a perceived similarity in command syntax for two git command flags (--working-copy and --bare) should have, but did not, provide similar results for a git-related update, as both flags defined the location of a “working” directory in which development would occur, although the --bare flag specifically changed the hierarchical directory structure of the code project. Functional differences in multiple versions of git and drush used by developers, however, resulted in multiple patch failures. Some users received error messages, while others received successful reports, only to discover the code they thought had been patched had not actually been.

      To resolve these issues, jgraham et al. (2009) created several small patches that attempted to unify calls for one flag (--working-copy) to use the other flag (--bare) so that all potential developers would have the same project structure on their systems. But problems persisted: those who reported using git versions 1.7.0.x continued to encounter the issue, while those using newer versions of git perceived it as resolved. At Page 112 →the same time, drush as a project was being updated by a larger body of coders, and the command being problematically patched (drush make) was being merged as a project into a “core” project for drush, meaning that further development might vary wildly in focus and scope toward the problem jgraham had identified. Even though specific problems had been identified, some of which were even addressed and resolved, the rhetorical concerns of the ad hoc development community were not fully satisfied; the code-related constraints of individual Drupal administrators, and their proficiency with Drupal, drush, and git (or their desire or ability to upgrade any or all of those components) further limited each in achieving complete success in regards to this technical issue.

      Such practices for patching and resolving problems with software, successful and unsuccessful, are not limited to Drupal; whenever developers collaborate on projects with diverse goals and on varied computer systems, contextual issues arise, in a fashion parallel to the contextual difficulties of rhetorical communication in any other form. When the members of massive volunteer communities of developers collaborate on software projects, such as in the case of Mozilla Firefox, the rhetorical influences developers and computer systems exert upon one another are myriad in significance and purpose; in some cases, the intended action says more about the various goals for the program held by individual or specific groups of developers than those held the community at large. As with any collaborative development activity, rhetorical affordances emerge as being particularly apt (or not) for certain ends and types of action, whether that may be radically altering the trajectory of a given project’s development or merely communicating clarification about the intended purpose of some contributed code lines.

      Conclusions

      Discursive and nondiscursive collaborative activities surrounding code development, from commenting to forking to patching, demonstrate rhetorical character and value as fundamental components of meaning making through these activities. The potential for rhetorical interaction between developers and technologies through dynamic OSS community structures and development processes is especially important when considering activities like forking, patching, and naming. The meaning constructed and communicated through these practices suggests a set of tools by which developers actively engage one another with important and potentially effectivePage 113 → rhetorical strategies that are employed in the writing of code as well in the writing that takes place around code. While at times these rhetorical efforts may be difficult to recognize—since they may not clearly reflect more conventional forms of discourse—they nonetheless work to compel readers (e.g., collaborators) to engage in particular types of action or activity as much as to articulate the operations to be executed by the computer.

      In the next chapter, these rhetorical strategies and others in (and around) code will be explored in more depth through the lens of software development of the web browser Mozilla Firefox, a program collaborated on by thousands of programmers over the past seventeen years. The browser’s code, in all its iterations over that span of time, and the development thereof have rhetorically impacted subsequent development, as well as use, of the program for particular ends. Where rhetorical action was explored as occurring in relatively conventional text and activities in the examples provided earlier in this chapter, the forms of engagement undertaken through code do not always closely resemble traditional discourse. Nonetheless, they create and communicate meaning in rhetorical fashions, and it is important for scholars interested in code as a means of communication to recognize how and why this occurs.
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      Developing Arguments in Code

      The Case of Mozilla Firefox

      While the overwhelming majority of critical inquiry into the rhetoric of digital
        media and technologies has focused on key forms of conventional discourse—those that often
        surround and describe code practices and texts that make up digital media and
        technologies—there is also a territory ripe for further investigation: those very code
        practices and texts. That is, if we are to understand the expressive products of code as
        rhetorical, we may well find it useful to know how code rhetorically facilitates those
        expressions. So, in order to clarify a rhetorical understanding of code as valuable object
        of and site for study, I will embark on an initial, albeit in-depth, analysis of code
        serving as and creating meaningful communication (rhetorical action).

      There are numerous levels of code, including programming languages and systems of meaning
        as communicated through interfaces, and it is rare that a software program will not make use
        of multiple levels in order to function as the developer(s) and users desire. Any of these
        languages or infrastructural systems could, and should, be examined to illuminate
        this avenue of scholarship. For the purposes of this project a single code artifact—the
        Mozilla Firefox browser, whose code is composed primarily in two high-level programming
        languages (C++ and JavaScript)—will serve as the specific object of study. Part of the
        reason Firefox is an excellent case study is because the code languages used to create it
        reflect, relatively faithfully, the syntactic and grammatical structure of English, making
        the example code texts discussed below more accessible than if they were written in a more
        conceptually abstract and less recognizable or accessible programming language.

      As a rhetorical artifact, Firefox is made up of numerous parts: a software program’s source
        code, its compiled “executable” files, the conventionalPage 116 →
        discourse surrounding developmental coding efforts, and the trajectory of its development
        processes over a set period of time. While these latter two qualities were discussed in
        depth in the previous chapter, that analysis could not be complete without an examination of
        code in addition to its related commentary. After all, a software program exists more
          in code than in discussions about its code. Thus, each of the approaches to
        meaning making listed above offers a unique lens into the rhetorical potential of code as
        object of study, especially as meaningful practice. In addition, each lens helps demonstrate
        how code-related discourse engages varying audiences and corhetors to initiate, participate
        in, or otherwise facilitate certain types of action.

      As a result, it is necessary to investigate code, as distinct from code-related discourse,
        as rhetorically significant and powerful forms of text as well as of practice. Of
        special interest is the range of action enabled by and through meaning constructed in and
        communicated through code. This sort of communication affects activity not only explicitly
          in or of code’s making (such as continued development and code composition) but
        also the sort of user-centered interactive software engagement that occurs when the program
        is executed or interpreted by a given machine. The relative accessibility of the languages
        making up Firefox (C++ and JavaScript) will provide significant assistance in helping the
        rhetorically minded but potentially code-illiterate reader to recognize how arguments within
        the code operate toward various suasive ends.

      To perform this analysis, I examine several selections of code from the Mozilla Firefox web
        browser that offer insight into the range of rhetorical appeals that its developers have
        made through the code they have contributed to the program, primarily through the
        high-level, object-oriented programming languages C++ and JavaScript. Firefox has been an
        open source project for nearly two decades, and thousands of programmers have been involved
        in its development, writing even more thousands of iterative revisions and additions to the
        Firefox code base. Thus, the sorts of rhetorical efforts made in the browser’s code can tell
        us a great deal about how members of the development community have effectively communicated
        with one another about their preferred means of structuring the browser so as to enable
        particular types of activities.

      Further, Mozilla Firefox is developed by a globally distributed network of volunteers
        engaging in regular, publicly archived discussion about improving its code and who, in some
        cases, have done so for well over a decade. As a result, it is nearly impossible to explore
        the program’s code Page 117 →comprehensively, although some scholars interested
        in software, code, and culture have investigated its potential, most notably Black (2015).
        As Black has noted, “any attempt to critically read source code faces limitations of scale
        and code when applied to modern application software that is comprised of dozens of modules
        and millions of lines of code” (n.p.). For a program like Firefox, which has had numerous
        versions over nearly two decades, these limitations are compounded significantly for
        critics. In this chapter, I seek not to provide an exhaustive response or realization of
        others’ inquiries but to extend some of their questions, as particularly useful, toward
        rhetoric-oriented critical analysis.

      The Mozilla Firefox browser relies on operating system (OS)-independent web protocols to
        function, although there are differences supplied in OS-specific versions of the program so
        that it can be used successfully in one system versus another (such as Windows 7 as compared
        to Mac OS X). In addition, Firefox’s publicly available source code allows it to be
        downloaded and modified by any interested and motivated individual for his or her own
        purposes. We can see in the browser’s code the collection of efforts to promote rhetorical
        action in a number of interconnected venues, from stylistic nuances explicit in lines of
        code to discursive appeals made in developers’ mailing lists about lines of code and
        how “best” to structure them. As outlined in the previous chapter, these appeals may not
        always overtly take into account rhetorical concerns and strategies, but such strategies are
        nonetheless present and crucial to the collaborative development of the program.
        Inside the code for Firefox, we can often trace how particular rhetorical decisions impacted
        subsequent work on and discussion about the browser, as well as how those decisions impacted
        the makeup of the development community invested in continued work on the project.

      It is important to note that Firefox, like many software programs constructed from the
        coding efforts of numerous developers, is fueled in large part by the energy of corporate
        and institutional motivation and writing practices influencing developers’ code styles,
        programming behaviors, and motives for participation. By this I mean that while Mozilla’s
        code is fundamentally rhetorical, many of the examples included in this chapter are unlikely
        to appear explicitly creative or easily identifiable as rhetorical. One can consider
        the difference between a mundane conversation and a State of the Union address delivered by
        a US president: both are filled with efforts to construct and communicate meaning, but the
        latter text is generally described as more rhetorically powerful or more likely to be
          performedPage 118 → by a skilled orator. Programming as meaningful
        work, like writing or speaking, is often defined by the strictest and most instrumental
        understanding of its productive purpose, such as Nardi’s (1995) objective-based explanation:
        “[t]he objective of programming is to create an application that serves some function for
        the user” (6). Despite this relatively limited view of what code is and what it is for,
        there have been insightful developments in several related fields (e.g., rhetoric, technical
        communication, media studies) that point to the potential for an understanding of code
        practices and texts as rhetorically valuable.

      The closest such movement may be the study of the rhetoric of science, since the rhetorical
        decisions made by scientists in order to induce scientific or public audiences to action
        often hinge on tools and strategies that may initially seem arhetorical in content,
        style, and delivery (Fuller 1997). However, as Ceccarelli (2001) observed, “Some of the best
        research in the rhetoric of science undertakes the close reading of individual scientific
        texts to show exactly how they were designed to compel scientific audiences at
        particular moments in history to acknowledge the truth of their authors’ theories” (3). I
        mean to suggest that a similar, although not entirely parallel, line of inquiry is available
        through the study of code texts, including those whose syntax and purpose may be relatively
        distant from the conventions and makeup of natural discourse.

      At the same time, much of the rhetorical importance of a given code text, as with other
        forms of text, occurs as much in the sort of action and activity it induces as in the
        specific content of any individual text. As Muckelbauer (2008) has argued, the very nature
        of suasion “is not primarily interested in what the proposition is [of a given
        argument. . . .] Instead, it emphasizes what the proposition does, the responses it
        provokes and the effects it engenders” (18). In order to understand code as a type of
        rhetorical communication, we need to recognize its potential for this kind of action.
        Further, we need to recognize how an argument proposes action, since that
        consideration informs and influences how an audience will engage the proposition.

      Code suggests, through its logical structures and operations, particular ways of engaging
        with certain ecologies comprising of technological and human agents alike (e.g., computer
        processor, developer, end user). How user experiences are anticipated and facilitated, how
        data is calculated and transmitted, and how a program should be further developed are
        all types of engagement undertaken through arguments in code. Keith (1997) described
        rhetoric—when considered as an architectonicPage 119 → or
        “design” art—as “concerned with design of language for purposes both individual and social”
        (234). Where Keith has mentioned language, we should extend that thought beyond
        conventional definitions of language as discourse to include all manner of symbolic action,
        especially (for rhetorical code studies) algorithmic procedure and the logic of software
        code.

      Admittedly, there is some difficulty in describing the rhetorical practices of code via the
        vocabulary of conventional rhetoric, and it may possibly be fruitful for us to embrace only
        some of rhetoric’s terminology to describe and comprehend code as “rhetorical.” Prelli
        (1989) outlined the concerns necessary for analyzing the ethos of scientific rhetors, given
        their frequent appeals to skeptical or disinterested engagement with their arguments (as
        discourse and as the seemingly objective presentation of data). Gaonkar (1997) has suggested
        that for such efforts in the rhetoric of science, any attempt to clarify “the dialectic
        between implicit and explicit rhetoric makes the very idea of rhetoric undecidable
        [. . .  .] Any critical text can be shown to possess a level of reflexivity that makes it
        rhetorical. The lesson is invariably that there is no exit from rhetoric” (75). That said,
        Gaonkar’s argument does not suggest that the analysis of “implicit[ly]” rhetorical texts is
        less worthwhile than that of conventional texts. Instead he suggests that all meaningful
        communication is rhetorical, and it is the attempt to distinguish between types of
        conscious or unconscious influences on rhetorical suasion that is misguided.

      An examination of the assorted rhetorical discursive and code-based efforts described
        briefly above can help us begin to answer significant questions that surround and further
        define the goal of rhetoric in an age increasingly influenced by digital technologies. Such
        questions include, but are not limited to, the following:

      
        	 1. What sorts of rhetorical appeals are constructed and communicated
          directly within the various layers of a program’s code, including its logic and how that
          logic is constructed so as to be expressed effectively to various human (and potentially
          nonhuman) audiences?

        	 2. What sorts of appeals are offered in intracode communication,
          specifically in noncomputational comment lines of text “explaining” code functions above,
          below, or otherwise near those comments?

        	 3. Further, what implications might we recognize as emerging from the
          influences each type of appeal exerts upon the forms of communication that extend across
          levels of interface and interaction?

      

      Page 120 →Admittedly, critical efforts to understand how
        answers to these questions emerge out of specific, situated instances of rhetorical activity
        may not be replicable across multiple situations in ways that more empirical methodologies
        might facilitate. Inquiries into these concerns can nonetheless offer critical understanding
        into the complexities of suasion in and through code, and the contextual influences upon
        specific communicative activities will make each set of texts and practices unique. Further,
        the insights gained by examining code as a rhetorical form of communication have the
        potential to enlighten us as to a broader comprehension of, and ability to employ more
        effectively, rhetorical communication and the strategies available to a rhetor.

      Mozilla Firefox: A Code Study

      In addition to having an incredibly large and active development community,
        Firefox is one of the most popular web browsers currently available (behind Google Chrome
        and Safari), with an estimated 9.3 percent share of the browser “market” as of December 2017
        (W3Counter 2017). Firefox is also arguably the browser with the greatest amount of
        development taking place primarily through community-based volunteer efforts utilizing an
        open source software philosophy; while its major competitors are as “free” in a financial
        sense as Firefox, their source code is not as freely available. For example, source code for
        the Chrome web browser is not publicly available, although source code for the OSS browser
        project Chromium, on which Chrome is based, is publicly available, albeit with some
        different features and licensing parameters than those of Chrome. Because Firefox exists as
        an open source project, nearly all its code and discourse surrounding its development is
        publicly accessible, which allows interested parties to explore the trajectories of
        development, collaboration, and conflict that have occurred over a decade of activity. As a
        result, Firefox serves as a rich site for critical inquiry into the converging and
        interacting influences of code and conventional discourse on rhetorical action taking place
        as part of and response to the development of the browser.

      A Brief History of Mozilla

      The Firefox web browser was originally conceived in the early 1990s by
        employees of the Netscape Communication Corporation as a program Page 121
          →called Navigator, based on Mosaic, one of the very first Internet browsers.
        In fact, the name “Mozilla” comes from a combination of Mosaic and Godzilla, the latter name
        referring to the Navigator project as “a beast vastly more powerful” than the former
        (Hamerly, Paquin, and Walton 1999). While Navigator was offered to the public at no charge,
        it was not initially popular thanks to increasing efforts by Microsoft to integrate its own
        web browser, Internet Explorer, into its Windows 95 and subsequent versions of the OS. After
        several years of diminishing browser share, in January 1998 Netscape released the source
        code for its newest version of the program under an open source software license and turned
        over primary development responsibilities to the global community in the form of the Mozilla
        Project (Mozilla n.d.b). The Mozilla Project, in turn, assumed a new form in 2003 as the
        nonprofit Mozilla Foundation, collecting together under its governance the assorted open
        source projects contributing to the Mozilla software suite (Mozilla n.d.a).

      The shift from corporate to open source and volunteer-based development marked a major
        shift for Mozilla’s web browser project. The browser’s code became publicly and freely
        available, meaning that anyone interested could not only download the browser and its code
        but that person could also modify the code as he or she saw fit; further, one could release
        his or her own modified version of the program, assuming that release adhered to the
        original license, that is, its source code also made freely available alongside the
        compiled, executable version of the browser. Communication (i.e., email) related to the
        program’s development also became publicly available, meaning that any interested parties
        could browse or engage in discussion about the project and involve themselves in code and
          any other communicative efforts to influence Mozilla’s developmental trajectory. The
        semiorganized, semichaotic nature of the developer community for the Firefox browser, as
        demonstrated through members’ writing, provides rhetoricians with the capability to examine
        how these wildly different types of social interaction are weighed against the other for
        rhetorical, influential purposes.

      With Mozilla’s projects existing as a set of connected but distinct development communities
        working on similarly connected but distinct software programs, the potential was initially
        overwhelming for rhetorical chaos to affect the progress of any of these programs, to
        say nothing of the suite as a whole. But with almost seventeen years of collaboration and
        tradition to “normalize” the broad behavior of the development communities within Mozilla’s
        fold, contemporary rhetorical concerns for Page 122
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        earlier, although the voluntary and open nature of the project means that some of the
        initial chaos remains a fundamental component of developer socialization and
        interaction.

      Examining the development of Firefox through its code practices and texts is important not
        only for the field of rhetoric and for technical communication but also for scholars
        interested critically in the cultural dimensions of software and code, such as Black (2015),
        who performed topic modeling analysis to explore various sociocultural influences on
        development of the browser. Firefox and the events and texts described in this chapter
        provide a lens through which we might more fully understand the social and industrial
        influences exerted upon software programming paradigms as well as how we might approach more
        clearly and expertly the user experiences anticipated by developers through the code
        structures they implemented in their programs. Where rhetoric focuses on not just what is
        said in a given argument but how it is communicated and what it induces, inquiry into the
        culture of development might involve exploring (as an example) how social structures and
        conventions impact the compositions and interactions of particular communities and the
        sociopolitical ends to which they might work. These sorts of concerns are occasionally
        incorporated into the discussion below, although they serve primarily as threads to be
        tugged on by other scholars interested in the influence of culture on code development.

      The Turn to Open Source Software: Ramifications of Firefox’s
        Development

      By transforming its software development process from a corporate to a
        community-based project in the early 2000s, Mozilla had radically redefined its general
        rhetorical situation. It was no longer the product of a monolithic entity providing updates
        or innovations on an obscured schedule to a passive consumer base; instead, the Mozilla
        Project’s new organizational scheme meant that the product and the process were open
        and available, not just for consumption but for further development. This is not to suggest,
        however, that Firefox’s development is fully egalitarian, democratic, or even meritocratic,
        even though the Mozilla website identifies the project as the last of these (Mozilla n.d.a).
        The project consists of a structured hierarchy of volunteers, from bug reporters to
        contributors to administrators; the administrative group determines which contributions
          Page 123 →at a given time, if any, will be added to the official code
        package for the program.

      Despite claims of meritocratic structures and mechanisms, the existence of a hierarchical
        administration in regards to Mozilla’s software programs has the potential to work against
        the values of an otherwise “open” approach to community-based collaboration efforts. As
        Hamerly, Paquin, and Walton (1999) described the evaluation process:

      
        One of mozilla.org’s most important roles is to draw lines as to what code is
          accepted and what is not. We must factor in a number of issues. First and foremost is
          merit. Is it good? [ . . . ] [Each of the projects that make up the Mozilla suite has] a
          designated “owner.” That person knows the code best and is the arbiter of what should go
          in to that module and what shouldn’t.

      

      The administrator(s) of a particular program—and for Firefox there are
        several—are able to influence the development of that program based on their anticipated
        vision for the program rather than on the merits of provided contributions. Even though the
        code may be weighed on whether it is “good,” as noted above, that quality is defined by the
        project’s “owner,” a head administrator explicitly named to have control over the project.
        What does he or she value in regards to a particular line, or set of lines, of code? Who was
        involved in the process of naming an owner to the project, and what did the process
        resemble? Further, and perhaps of greatest interest to rhetoricians, what impact(s) do these
        influences have on the types and means of action that are subsequently promoted through code
        and natural language discourse? While an entirely chaotic environment is not any more
        helpful to collaborative development than an overly structured or authoritative one, it is
        important to recognize how these decisions constrain the development process.

      Software Versioning Systems and Rhetorical Action

      Code contributions to projects like Firefox or other open source programs, of
        varying scales and scopes, are commonly provided via software versioning (described briefly
        in the previous chapter), a system of different versions of a code artifact from one another
        that emphasizes the specific line-by-line differences that exist in each iteration of the
        code files. Each developer maintains his or her own copy of the program’s “official” files
        and makes changes as he or she sees fit to various components of the Page 124
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        the official version of the program are submitted to the project’s management for review. If
        any of those changes are deemed acceptable, they are “committed” to the program, and the
        official version of the software code is updated to include those changes. As of September
        1, 2016, Mozilla currently has almost 150 developers listed publicly as members of its
        organization, participating in more than three hundred distinct projects, and using two
        major software versioning utilities to track browser development.

      Each of these utilities is fueled by a distinct exigence, although the individuals
        contributing to either are spurred by their own motives and sense of kairos.
          Mercurial serves as the primary tool with which the development of Firefox takes
        place; individuals engaging in the active, community-preferred (or at least
        leadership-preferred) work on the browser contribute their code to their companions through
        the Mercurial system. GitHub, meanwhile, is a “social coding” website designed to
        make the versions of a program’s code more accessible and collaborative. GitHub works as an
        archive of the contributions made through Mercurial, although there are numerous developers
        offering code changes through GitHub, effectively working outside of the “normal”
        workflow.

      Mercurial is a “distributed” versioning system that enables developers with Internet access
        to share their individual changes to a project’s code by “pushing,” sending those changes
        out to everyone else via a web-based repository (serving as a technological record-keeping
        intermediary) on the mozilla.org server as part of the organized Mozilla Developer Network
        (Mozilla 2012a). Through Mercurial, which works very similarly to several other software
        versioning tools, each developer has his or her own clone of the project and makes
        changes to a personal branch—essentially a unique version of the code—and can request
        “pulls,” submissions for incorporation in the central, official version of the project. A
        significant amount of discourse occurs between developers in this push-pull process, and
        some versioning tools refer to pull requests specifically as lively spaces for discussion
        and debate (GitHub 2012); many developers are likely to suggest small (fewer than 20 lines
        of code) changes to specific files within the Mozilla project, and the administrators and
        various testers are tasked with determining the value and potential consequences of
        accepting each of those changes.

      The counterpart to Mercurial is the repository website GitHub, which is built on git, a
        different version control program (Mozilla 2012b) argued Page 125 →by some
        to be more flexible; Thomson (2008) referred to git as MacGyver and Mercurial as James Bond,
        with the former capable of doing almost anything but the latter being exceptionally skilled
        for the “right” tasks. The GitHub website provides a system for easy tracking, commenting,
        and forking (making new, individually customizable versions) of git-based projects. For its
        “Gecko-Dev” GitHub repository, which includes a significant majority of the code for the
        Firefox browser, Mozilla has over 1,000 forks, potentially distinct branches from the
        official repository “tree,” each maintained and updated according to the individual
        schedules of the developer(s) who initiated a given fork. Many of those forks serve to
        incorporate, hierarchically, changes made to other projects, through git or Mercurial, that
        affect the Gecko-Dev code and the programs it oversees in turn. GitHub serves as an
        accessible place for numerous potential developers who may not be (or who may not be
        interested in being) associated with the official Mozilla Developer Network. One of GitHub’s
        primary appeals, beyond its relative ease of use, is the number of users and repositories it
        hosts. GitHub staff reported that by the end of 2012, more than two million users were
        collaborating on more than three and a half million projects (GitHub 2012). It is thus safe
        to say that Mozilla can draw the interest of random parties for occasional development
        through GitHub rather than through Mercurial, due to the former’s relatively accessible web
        interface and visible archive of code contributions.

      Mercurial and git, however, are not the only tools used for Firefox development. Mozilla’s
        Treeherder utility provides developers with information about the results of their
        individual automated browser builds and the tests run on those builds (Mozilla 2016).
        Essentially, Treeherder functions as a collaborating corhetor, working alongside human
        developers to evaluate the functionality and performance of individual builds (and thus the
        individual code contributions leading to those completed builds). Treeherder’s agency lies
        in its “gatekeeper” role, as it checks and potentially rejects code proposals that do not
        pass the tests it runs on developers’ browser builds. If a proposed code change does not
        comply with the goals of the Treeherder tests, it is likely to be rejected by the human
        administrators of the project, even if the goals of that code are valued by them (although
        subsequent revision of a proposal may ultimately result in its acceptance). The code running
        Treeherder has a powerful rhetorical impact on the code for Firefox, arising out of the
        project’s development practices, through human developers modifying the latter, based on
        meaning (i.e., test results and their significances) provided by the former.

      Page 126 →While GitHub similarly influences the practice of development
        through commit request capabilities (i.e., letting anyone propose code changes for review),
        Treeherder is even more direct in its activities: it provides automated review
        itself, implicitly passing judgment on the potential value of a code change. That is,
        the utility becomes an active agent participating in the rhetorical activities of software
        development related to the Firefox browser. The vast majority of the review “judgments”
        reported are mechanical failures, code unable to compile due to some error in one or more
        operations within the compilation process. What makes the judgments noteworthy is that
        regardless of whether or not a proposed contribution works on a developer’s machine, the
        output error messages provided as a result of Treeherder review suggest to the developer
        that his or her code is faulty or otherwise unworthy of inclusion in the set(s) of proposals
        to be discussed within and scrutinized by the more substantial Firefox development
        community. For example, Rahm et al. (2016) identified, discussed, attempted to replicate,
        and then subsequently developed a variety of potential solutions to a bug related to playing
        audio in the browser. Multiple contributors confirmed that the problem existed, clarified
        among themselves what, exactly, the problem seemed to do and what it affected, and then
        tested the assorted proposed solutions that various individuals offered. As Treeherder
        reported successes or failures with the proposals, contributors adjusted their solutions
        accordingly. Eventually—just over two months after the initial bug report filed by Rahm—one
        solution was deemed to be effective and worthy of incorporation into a browser update. Thus
        the Treeherder program, in other words, serves as a kind of prototypically situated
        machine-involved audience to whose specifications all Firefox code must successfully adhere.
        At the same time, Treeherder is an active rhetor that promotes a specific form of action:
        suggestions for improvements to be undertaken by developers so as to improve the Firefox
        browser.

      To an extent, a recognition of Treeherder as an important audience collapses much of the
        rhetorical potential regarding Firefox’s collaborative development into a standardized,
        “sanitized” process in which the default product—the browser download that is emphasized on
        the program’s website—is valued far more than any of the customized, nuanced attempts to
        experiment with the software, attempts in which some developers might otherwise engage
        themselves. This is not to suggest that experimentation does not occur, but the
        atmosphere generated in part by the operation of Treeherder is one in which experimental
        play or discovery is Page 127 →not esteemed as highly as focused development
        toward universal productivity, to support the broadest of purposes, through the browser.
        Accordingly, the full range of rhetorical possibilities in regards to the code of the
        browser is not (yet) explored thoroughly at the level of the general Firefox development
        community.

      Rhetorical Genres in Code

      The development of OSS projects like Mozilla Firefox, like all the activities
        of collaborative and discursive communities, is social in nature: individual members
        contribute to a program’s code base and deliberate, in and around that code, on how best to
        improve upon contributions from all manner of developer. The social quality of collaborative
        development, however, is not limited to computational or efficiency-based optimization of a
        given program’s code, or even of code in general. Instead, the activity of
        participating in collaborative development serves to form and refine the nature of the
        development community itself. For groups that find themselves constantly and dynamically
        reforming through the waxing and waning enthusiasm of individual members of those groups,
        this social negotiation of community values and practices is key to ensuring that successful
        code and discursive practices alike remain continually fueled by a variety of contextual and
        kairotic factors.

      Part of the negotiation of code-as-communicative-means involves a recognition of the
        variety of genres used by developers to induce one another to act, in different ways and to
        different ends. Miller (1984) observed that genre serves as a means of rhetorical action
        constituting and reconstituting a discourse community through its recurrent use. Among the
        implications Miller provided for this social understanding of genre is the following: “[a]
        genre is a rhetorical means for mediating private intentions with social exigence; it
        motivates by connecting the private with the public, the singular with the recurrent” (1984,
        163). In other words, genre provides a space for rhetors to understand the constraints and
        affordances available to them when interacting with particular audiences and identifying
        themselves as members of those audience communities. For communities making use of genre
          systems, what Bazerman (1994) defined as “interrelated genres that interact with each
        other in specific settings” (97), we can see numerous purposes and efforts at work,
        sometimes harmoniously and sometimes in dissonant and competing ways. Spinuzzi (2003)
        described an even more complex framework of the genre ecology as Page 128
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        idiosyncratic, divergent understandings and uses of artifacts and the practices that
        surround them as they develop within a given cultural-historical milieu” (n.p.). The genre
        ecology as a concept is especially valuable for understanding software development as a
        rhetorical activity, thanks to ecological recognition of and attention to generic artifacts
        as diverse as code libraries and scripts to user manuals and face-to-face conversations
        between developers.

      For developers, the various genres of code, in-code comments, and meta-discursive
        commentary all function in ways that allow specific development communities, and individual
        members thereof, to establish and reify their contemporary professional and community-based
        identities. Individual iterations of these genres simultaneously contribute to the
        confirmation of particular genres while also reconstructing them according to ever-changing
        social values and preferences. Code practices, such as those discussed in this chapter, are
        demonstrated not as unchanging mathematical constructions designed solely for
        computer technologies but instead as a fluid set of genres. Just like more discursive forms
        of communication, code genres are developed through the continued changing of logical and
        stylistic preferences that define “acceptable” compositions within specific communities. The
        processes that generate these compositions are significant rhetorical, and not merely
        formal, components of these genres. Multiple developers in an OSS community work together
          in specific ways to create a program: a combination of in-line comments, email
        discussions, public reviews of code proposals, and the evolving structures and logic of code
        operations themselves. The community functions within this ecological system, and it thrives
        only when all members are able to access at least some of its components to contribute their
        efforts to the remainder of the community.

      Murray, in his 2009 work on “non-discursive” rhetoric, asked a significant and relevant
        question for rhetoricians interested in computation, although he focused primarily on image
        as an alternative object of rhetorical study to writing and oration: How might rhetoricians
        understand the goals, appeals, and qualities of rhetoric when examining means of
        communication that are not primarily or explicitly discursive? As an initial response to
        this question, Murray established a five-point “non-discursive theory of writing” to
        acknowledge a set of values that are nondiscursive but nonetheless potentially significant
        for communicating discursively as well: “will-to-image,” “will-to-improvise,”
        “will-to-intuit,” “will-to-juxtapose,”Page 129 → and “will-to-integrate”
        (140–41). Murray’s question, and the kernel of his nondiscursive writing theory, are key for
        any sort of recognition of the rhetorical genres in which developers regularly work,
        especially those outside the bounds of what is conventionally recognized as discursive
        communication. For Murray, the key was in understanding the generative qualities of a
        particular symbolic languages and systems; he pointed to the capabilities of images (and,
        implicitly, other meaning-making systems) as they allowed rhetors to disregard explicit
        reasoning in favor of intuitive invention and play so that they can “generate connections as
        they compose multimodal texts,” whether as students in the classroom or otherwise (188). For
        code (in comparison to images), the symbolic logic of computation itself can be acknowledged
        as a nondiscursive system of symbolic meaning and action; as with image and many other forms
        of communication, when it comes to understanding expressions within a system, there is often
        a barrier to “entry” for individuals unfamiliar with that systems or the forms of
        communication used within it. Further, meaningful activity is not just possible but
          inherently present in any effort to communicate through the system.

      By building on this recognition, rhetoricians can begin to view more clearly the process of
        coding through a rhetorical lens, which in turn allows us to consider more fully and
        effectively both the act of coding and the range of expressions a particular act of coding
        enables and constrains. Brown (2015), in looking at software exploits and building on the
        work of Gaonkar (2004) and Streuver (2009), has argued for a definition of rhetoric as an
        art interested in what is most widely “possible” in a given situation, in contrast to many
        traditional interpretations of rhetoric as focused on the “probable” (Brown 2015, 75–81).
        “Potential,” then, might best be understood as an oscillation between possibility and
        probability, the moment when a rhetor—or any of the influential factors involved in a
        particular rhetorical event—considers possible means and decides which of those to pursue,
        based on probable success of inducing particular ranges of action (with “success”
        interpreted in any number of ways). The means by which developers anticipate potential
        action, to be undertaken as part of the expression of a set of software algorithms, says a
        great deal about the expectations for action those developers incorporate into the very
        logic of their work. Similarly, the ways users of that software have the potential to
        interact with it says just as much about how the values imparted from developer to user are
        recognized, accepted, or challenged as part of the software’s use.

      Page 130 →The two genres discussed below certainly recur across numerous
        code projects, iterations, and authors, but they are not always typified in easily
        recognizable ways; that is, the formal or structural components of many genres do not lend
        themselves easily to code texts written in different languages or for different communities
        whose style preferences may radically vary from those of other communities (cf. an
        examination of code genres via Drupal modules by Brock and Mehlenbacher 2017). The
          purposes for particular recurrent responses to given situations are certainly
        recognizable, as are the kinds of action that rhetors may attempt to induce through their
        communicative efforts. As a result, these genres may best be understood as responses to
        tensions surrounding recurrence in Firefox, namely, as individuals and groups attempt to
        entrench or continue particular traditions and normalized behaviors while also, or in
        response, presenting innovative or unconventional approaches to solving particular problems
        or answering particular questions considered significant to the development community.

      Demonstrations of Innovation

      Firefox, as one of the major Internet browser programs used around the world,
        has had numerous proposals to extend its capabilities beyond the simple rendering of
        HTML-related data. The majority of these proposals are trivial in nature, extending
        functionalities of the browser in specific and situational ways, sometimes focused more
        heavily on code practices and style (e.g., altering variable or function names or logic to
        suit readability within the broader development community), while at other times focused on
        the expressive possibilities of the program’s code (e.g., how the user experience will
        change, and to what ends it will change, when a particular adjustment to the program is
        made). In any case, proposed contributions to the Firefox code base are often themselves
        further developed and revised in order for the community to determine just how beneficial,
        if at all, such a set of contributions might be to the project.

      Among those features most often proposed and experimented with are tools for the
          development of Firefox itself, possibly since those tools are meant to be used by a
        relatively small population of users (the developers themselves). In such cases we can
        observe developers’ rhetorical influence upon other developers as the clearly identified
        audience. Despite this focus, however, the proposals generally possess qualities that
        reflect practices related to large-scale development activities. For example, we can see in
        table 4.1 a relatively recent adjustment to a development script the innovationPage
          131 → upon an existing feature, as part of a tool called the Device Manager
        Android Debug Bridge, or ADB, designed for the Android mobile operating system. While the
        ADB is itself a relatively recent innovation (inspired by the rise of the mobile device OS),
        this adjustment to the code also introduced some new and potentially significant
        capabilities. Originally, the ADB code (written in the Python scripting language) enabled a
        developer to upload directories of files from the local hard drive to an external server. As
        noted by gbrownmozilla (2011) in the comments at the beginning of the quoted excerpt (lines
        95–97), however, the code as originally written did not account for symbolic links, links
        that pointed to other directories and that may not have been intended to get included in the
        set of data to be uploaded or that may not even exist (in an accessible location or even at
        all) on the remote server. gbrownmozilla modified the ADB code to work Page 132
          →through each file and directory link individually, ensuring that all data
        being uploaded was an appropriate part of the call (i.e., removing irrelevant symbolic links
        from the operation). In addition, gbrownmozilla included a line of code to modify each
        file’s permissions as it is uploaded, a helpful task for developers but one that might
        compromise file security for nondevelopers, as he specifically set all uploaded directories
        (and their files) to be readable, writable, and executable by all users on a system.

      
        
          
            	Table 4.1. Proposed
              Android ADB change by gbrownmozilla (2011)
          

          
            	Line
            	Code by gbrownmozilla (2011)
          

        
        
          
            	
              94

            
            	
              def pushDir(self, localDir, remoteDir):

            
          

          
            	
              95

            
            	
                  # adb "push" accepts a directory as an argument, but if the directory

            
          

          
            	
              96

            
            	
                  # contains symbolic links, the links are pushed, rather than the linked

            
          

          
            	
              97

            
            	
                  # files; we push file-by-file to get around this limitation

            
          

          
            	
              98

            
            	
                  try:

            
          

          
            	
              99

            
            	
                    for root, dirs, files in os.walk(localDir):

            
          

          
            	
              100

            
            	
                      relRoot = os.path.relpath(root, localDir)

            
          

          
            	
              101

            
            	
                      for file in files:

            
          

          
            	
              102

            
            	
                        localFile = os.path.join(root, file)

            
          

          
            	
              103

            
            	
                        remoteFile = remoteDir + "/"

            
          

          
            	
              104

            
            	
                        if (relRoot!=". "):

            
          

          
            	
              105

            
            	
                          remoteFile = remoteFile + relRoot + "/"

            
          

          
            	
              106

            
            	
                        remoteFile = remoteFile + file

            
          

          
            	
              107

            
            	
                        self.pushFile(localFile, remoteFile)

            
          

          
            	
              108

            
            	
                      for dir in dirs:

            
          

          
            	
              109

            
            	
                        targetDir = remoteDir + "/"

            
          

          
            	
              110

            
            	
                        if (relRoot!="."):

            
          

          
            	
              111

            
            	
                          targetDir = targetDir + relRoot + "/"

            
          

          
            	
              112

            
            	
                        targetDir = targetDir + dir

            
          

          
            	
              113

            
            	
                        if (not self.dirExists(targetDir)):

            
          

          
            	
              114

            
            	
                          self.mkDir(targetDir)

            
          

          
            	
              115

            
            	
                    self.checkCmdAs(["shell", "chmod", "777", remoteDir])

            
          

          
            	
              116

            
            	
                    return True

            
          

          
            	
              117

            
            	
                  except:

            
          

          
            	
              118

            
            	
                    print "pushing " + localDir + " to " + remoteDir + " failed"

            
          

          
            	
              119

            
            	
                    return False

            
          

        
      

      gbrownmozilla’s innovation reflects broader practices in that they made use of multiple
        loops in order to ensure that the exact sort of outcome he anticipated was likely to
        occur. Before gbrownmozilla’s proposed code change, there was no check to determine whether
        or not all files being uploaded were “valid” and not security risks. gbrownmozilla’s
        ordering of relevant operations, complemented by informative commentary, induces other
        colleagues to consider the implications of the ways they attempt to construct software for
        their own, or others’, benefit. It is not just that files are separated from directories but
        that each is checked against conditions ensuring its relevance to the attempted activity
        (the uploading of one or more directories and its files). Because they are not the same,
        gbrownmozilla has distinguished between them, but because they have similar qualities, those
        tests are repeated in order to lessen the chance of an error occurring. In other words,
        gbrownmozilla has positioned readability and clarity in intent over optimized computation so
        that the tool they worked on is not only improved by that contribution but that other
        developers can see how and why that contribution has a positive impact on the browser’s
        development. It is certainly possible that some of gbrownmozilla’s colleagues will interpret
        this code as inelegant or inefficient, but its value in communicating what it does clearly
        and accessibly, so that it might be improved further by other contributors, is arguably
        greater than any lost machine efficiency in its current form.

      A second example provides insight into innovative developments based on the anticipated
        preferences of users when it comes to interacting with Firefox each time the program is
        opened. Originally, the relevant browser code allowed for one of two events to occur when
        Firefox was started: if the user had saved a preferred home page, it would be loaded;
        otherwise, a default home page would be loaded instead (Walden, Goodger, and Romano 2006a).
        This functionality, however, was improved multiple times. One early improvement was to
        recognize the possibility of a separate home page URI being set for each browser “tab” that
        a user might want Page 133 →to have open when the program starts (Walden,
        Goodger, and Romano 2006b). A much more recent innovation made use of the browser’s
        since-expanded capacity to provide an initial home page via the browser’s about protocol,
        written almost immediately above the untouched lines of code written four years earlier
        (Sharp et al. 2010). Excerpts from each of these innovations can be seen in comparison with
        the others in table 4.2.

      
        
          
            	Table 4.2. Three
              iterations of Firefox startup home page code (2006a, 2006b, 2010)
          

          
            	Line
            	Code by Walden, Goodger, and Romano (2006a)
          

        
        
          
            	
              69

            
            	
              var useCurrent = document.getElementById("useCurrent");

            
          

          
            	
              70

            
            	
              var chooseBookmark = document.getElementById("chooseBookmark");

            
          

          
            	
              71

            
            	
              var bookmarkName = document.getElementById("bookmarkName");

            
          

          
            	
              72

            
            	
              var otherURL = document.getElementById("otherURL");

            
          

          
            	 
            	
              [ . . . ]
            
          

          
            	
              80

            
            	
              if (bookmarkName.getAttribute("uri") == " (none)") {

            
          

          
            	
              81

            
            	
                useCurrent.disabled = otherURL.disabled = true;

            
          

          
            	
              82

            
            	
                bookmarkName.disabled = chooseBookmark.disabled = false;

            
          

          
            	
              83

            
            	 
          

          
            	
              84

            
            	
                return "bookmark";

            
          

          
            	
              85

            
            	
              }

            
          

          
            	
              86

            
            	 
          

          
            	
              87

            
            	
              var homePage = document.getElementById("browser.startup.homepage");

            
          

          
            	
              88

            
            	
              if (homePage.value == homePage.defaultValue) {

            
          

          
            	
              89

            
            	
                useCurrent.disabled = otherURL.disabled = true;

            
          

          
            	
              90

            
            	
                bookmarkName.disabled = chooseBookmark.disabled = true;

            
          

          
            	
              91

            
            	
                return "default";

            
          

          
            	
              92

            
            	
              }

            
          

          
            	
              93

            
            	
              else {

            
          

          
            	
              94

            
            	
                var bookmarkTitle = null;

            
          

          
            	
              95

            
            	 
          

          
            	
              96

            
            	
                if (homePage.value.indexOf("|") >= 0) {

            
          

          
            	
              97

            
            	
              // multiple tabs—XXX dangerous "|" character!

            
          

          
            	
              98

            
            	
              // don’t bother treating this as a bookmark, because the level of

            
          

          
            	
              99

            
            	
              // discernment needed to determine that these actually represent a

            
          

          
            	
              100

            
            	
              // folder is probably more trouble than it’s worth

            
          

          
            	
              101

            
            	
                } else {

            
          

          
            	
              102

            
            	
              #ifdef MOZ_PLACES

            
          

          
            	 
            	
              [ . . . ]
            
          

          
            	
              115

            
            	
              #else

            
          

          
            	 
            	
              [ . . . ]
            
          

          
            	
              124

            
            	
              if (bookmarkName.getAttribute("uri") == homePage.value)

            
          

          
            	
              125

            
            	
                bookmarkTitle = bookmarkName.value;

            
          

          
            	
              126

            
            	
              #endif

            
          

          
            	
              127

            
            	
                }
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            	Line
            	Code by Walden, Goodger, and Romano (2006b)
          

          
            	
              72

            
            	
              var win;

            
          

          
            	
              73

            
            	
              if (document.documentElement.instantApply) {

            
          

          
            	
              74

            
            	
                // If we’re in instant-apply mode, use the most recent browser window

            
          

          
            	
              75

            
            	
                var wm = Components.classes["@mozilla.org/appshell/windowmediator;1"]

            
          

          
            	
              76

            
            	
                                   .getService(Components.interfaces.nsIWindowMediator);

            
          

          
            	
              77

            
            	
                win = wm.getMostRecentWindow("navigator:browser");

            
          

          
            	
              78

            
            	
              }

            
          

          
            	
              79

            
            	
              else

            
          

          
            	
              80

            
            	
                win = window.opener;

            
          

          
            	
              81

            
            	 
          

          
            	
              82

            
            	
              if (win) {

            
          

          
            	
              83

            
            	
                var homePage = document.getElementById("browser.startup.homepage");

            
          

          
            	
              84

            
            	
                var browser = win.document.getElementById("content");

            
          

          
            	
              85

            
            	 
          

          
            	
              86

            
            	
                var newVal = browser.browsers[0].currentURI.spec;

            
          

          
            	
              87

            
            	
                if (browser.browsers.length > 1) {

            
          

          
            	
              88

            
            	
                  // XXX using dangerous "|" joiner!

            
          

          
            	
              89

            
            	
                  for (var i = 1; i < browser.browsers.length; i++)

            
          

          
            	
              90

            
            	
                    newVal += "|" + browser.browsers[i].currentURI.spec;

            
          

          
            	
              91

            
            	
                }

            
          

          
            	
              92

            
            	 
          

          
            	
              93

            
            	
                homePage.value = newVal;

            
          

          
            	
              94

            
            	
              }

            
          

          
            	Line
            	Code by Sharp et al. (2010)
          

          
            	
              77

            
            	
              syncFromHomePref: function ()

            
          

          
            	
              78

            
            	
                {

            
          

          
            	
              79

            
            	
                  let homePref = document.getElementById("browser.startup.homepage");

            
          

          
            	
              80

            
            	 
          

          
            	
              81

            
            	
                  // If the pref is set to about:home, set the value to "" to show the

            
          

          
            	
              82

            
            	
                  // placeholder text (about:home title).

            
          

          
            	
              83

            
            	
                  if (homePref.value.toLowerCase() == "about:home")

            
          

          
            	
              84

            
            	
                    return "";

            
          

          
            	
              85

            
            	 
          

          
            	
              86

            
            	
                  // If the pref is actually "", show about:blank. The actual home page

            
          

          
            	
              87

            
            	
                  // loading code treats them the same, and we don’t want the placeholder text

            
          

          
            	
              88

            
            	
                  // to be shown.

            
          

          
            	
              89

            
            	
                  if (homePref.value == "")

            
          

          
            	
              90

            
            	
                    return "about:blank";
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              92

            
            	
                  // Otherwise, show the actual pref value.

            
          

          
            	
              93

            
            	
                  return undefined;

            
          

          
            	
              94

            
            	
                },

            
          

          
            	
              95

            
            	 
          

          
            	
              96

            
            	
                syncToHomePref: function (value)

            
          

          
            	
              97

            
            	
                {

            
          

          
            	
              98

            
            	
                  // If the value is "", use about:home.

            
          

          
            	
              99

            
            	
                  if (value == "")

            
          

          
            	
              100

            
            	
                    return "about:home";

            
          

          
            	
              101

            
            	 
          

          
            	
              102

            
            	
                  // Otherwise, use the actual textbox value.

            
          

          
            	
              103

            
            	
                  return undefined;

            
          

          
            	
              104

            
            	
                }

            
          

        
      

      The basic functionality of the code—generating a
        window of content for the user when the browser is initialized—remains relatively stable
        across each text iteration, but the innovations incorporated by each set of developers, when
        viewed together, offer a valuable collection of arguments made through the code so
        that the functionality would not only be preserved but improved to coincide with other
        development efforts whose relation to this code may initially seem to have unrealized
        potential.

      The code draws originally on a simple but powerful ability—the saving of URI text strings
        as “bookmarks”—of which one could then serve as a startup home page (with the implicit
        assumption that the site was likely to be visited frequently). A separate URI could be used
        as a home page as well, or the default home page as a final choice (most notably http://www.google.com/firefox, which
        allowed for a Mozilla-branded Google search). The first major update to the code and its
        functionality (the update by Walden, Goodger, and Romano 2006b) involved expanding its
        use—fitting into a space commented on originally but not actually composed in code—to
        incorporate multiple tabs, separated in code by the | (pipe) character. This code makes use
        of a loop (when meeting the successful condition that browsers.length > 1)
        not unlike those demonstrated in the “FizzBuzz” examples in chapter 2. In the case of the
        home page, the loop iterates through each URI string in a user-provided list in order to
        load and display each appropriate website in its own tab. The second update (by Sharp et al.
        2010) builds upon that feature by prepending another set of functions to the relevant
        file, checking to determine whether the user-provided home page will be loaded or if the
          about:home screen will be loaded instead. about:home is part of
        a module that provides browser-specificPage 136 → abilities. For example,
          about:plugins provides information about the third-party plugins and
        extensions a user has installed in the browser. Similarly, about:home can
        either load a blank screen or the default home page, depending upon the user’s preference,
        so even when no explicit startup page is defined, a user could still choose whether
        or not to load the default page.

      Each of these innovations builds upon the previous iteration without a fundamental
        reworking or removal of that previous code. The development community is able to perceive
        the value of each added functionality, experimenting with the possibilities provided without
        necessarily demanding an overhaul of its purpose or of its code each time another
        contribution is proposed. Further, developments in one area of the project can often be
        easily included in the aims of another area, such as the browser-specific screen
          about:home. Even though the specific code added by each contributor differs
        in style, its generic purpose, if not its form or structure, is nonetheless consistent: the
        community demonstrates its acceptance of participation by grafting new code onto existing
        code, experimenting with the boundaries of accepted code practices.

      Normalizations of Code Practices

      Just as new features are constantly introduced by developers of varying skill
        or familiarity with a program and tested by the broader community, so too are the code texts
        constituting those features scrutinized and recomposed so that they adhere to the
        (admittedly evolving) programming style prescribed by the community. Essentially, the
        generic conventions being pushed against as part of efforts to innovate are also at least
        temporarily reified by developers who feel comfortable with the forms of code-based
        communication they engage in with one another.

      One such example describes the procedure by which a pop-up window is rendered and given
        focus. Lamouri et al. (2010) provided a JavaScript module for the browser that would cause
        the program to create, render, and focus on the pop-up window. Two years later, the same
          feature has been reworked, not to alter the feature itself but to reframe its
        mechanisms stylistically in such a way as to more closely reflect the procedural logic and
        rhetoric of Firefox development in a broader sense. See table 4.3.

      The code is not drastically different between these versions, despite dozens of
        revisions and improvements to the code made between 2010 and 2012 within the file in which
        these lines appear. The way each of the operations has been restructured is telling: the
        functionality added by Lamouri et al. (2010) was
        clearly valued by the community as a positive contribution to the program, but the
          way it was coded required normalization or standardization in order for it to be
        genuinely accepted alongside numerous other changes in Firefox’s code and accepted coding
        style(s) during this time period. This is not to suggest that the code is now in any sort of
        “permanent” form. It may well continue to be revised for some time to come, especially as
        broader stylistic preferences in JavaScript continues to evolve.

      
        
          
            	Page 137 →Table 4.3. Firefox
              pop-up removal code in JavaScript, 2010 (upper) and 2013 (lower)
          

          
            	Line
            	Code by Lamouri et al. (2010)
          

        
        
          
            	
              838

            
            	
              // If the user type something or blur the element, we want to remove the popup.

            
          

          
            	
              839

            
            	
              // We could check for clicks but a click is already removing the popup.

            
          

          
            	
              840

            
            	
              let eventHandler = function(e) {

            
          

          
            	
              841

            
            	
                gFormSubmitObserver.panel.hidePopup();

            
          

          
            	
              842

            
            	
              };

            
          

          
            	
              843

            
            	
              element.addEventListener("input", eventHandler, false);

            
          

          
            	
              844

            
            	
              element.addEventListener("blur", eventHandler, false);

            
          

          
            	
              845

            
            	 
          

          
            	
              846

            
            	
              // One event to bring them all and in the darkness bind them all.

            
          

          
            	
              847

            
            	
              this.panel.addEventListener("popuphiding", function(aEvent) {

            
          

          
            	
              848

            
            	
                aEvent.target.removeEventListener("popuphiding", arguments.callee, false);

            
          

          
            	
              849

            
            	
                element.removeEventListener("input", eventHandler, false);

            
          

          
            	
              850

            
            	
                element.removeEventListener("blur", eventHandler, false);

            
          

          
            	
              851

            
            	
              }, false);

            
          

          
            	
              852

            
            	 
          

          
            	
              853

            
            	
              this.panel.hidden = false;

            
          

          
            	
              854

            
            	
              this.panel.openPopup(element, "after_start", 0, 0);

            
          

          
            	Line
            	Code by ehsan et al. (2013)
          

          
            	
              671

            
            	
              // If the user interacts with the element and makes it valid or leaves it,

            
          

          
            	
              672

            
            	
              // we want to remove the popup.

            
          

          
            	
              673

            
            	
              // We could check for clicks but a click is already removing the popup.

            
          

          
            	
              674

            
            	
              function blurHandler() {

            
          

          
            	
              675

            
            	
                gFormSubmitObserver.panel.hidePopup();

            
          

          
            	
              676

            
            	
              };

            
          

          
            	
              677

            
            	
              function inputHandler(e) {

            
          

          
            	
              678

            
            	
                if (e.originalTarget.validity.valid) {

            
          

          
            	
              679

            
            	
                  gFormSubmitObserver.panel.hidePopup();

            
          

          
            	
              680

            
            	
                } else {

            
          

          
            	
              681

            
            	
                  // If the element is now invalid for a new reason, we should update the

            
          

          
            	
              682

            
            	
                  // error message.

            
          

          
            	
              683

            
            	
                  if (gFormSubmitObserver.panel.firstChild.textContent !=

            
          

          
            	
              684

            
            	
                      e.originalTarget.validationMessage) {

            
          

          
            	
              685

            
            	
                    gFormSubmitObserver.panel.firstChild.textContent =

            
          

          
            	
              686

            
            	
                      e.originalTarget.validationMessage;

            
          

          
            	
              687

            
            	
                  }

            
          

          
            	
              688

            
            	
                }

            
          

          
            	
              689

            
            	
              };

            
          

          
            	
              690

            
            	
              element.addEventListener("input", inputHandler, false);

            
          

          
            	
              691

            
            	
              element.addEventListener("blur", blurHandler, false);

            
          

          
            	
              692
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              4.3.—Continued
          

          
            	
              693

            
            	
              // One event to bring them all and in the darkness bind them.

            
          

          
            	
              694

            
            	
              this.panel.addEventListener("popuphiding", function onPopupHiding(aEvent) {

            
          

          
            	
              695

            
            	
                aEvent.target.removeEventListener("popuphiding", onPopupHiding, false);

            
          

          
            	
              696

            
            	
                element.removeEventListener("input", inputHandler, false);

            
          

          
            	
              697

            
            	
                element.removeEventListener("blur", blurHandler, false);

            
          

          
            	
              698

            
            	
              }, false);

            
          

          
            	
              699

            
            	 
          

          
            	
              700

            
            	
              this.panel.hidden = false;

            
          

        
      

      So what exactly is happening in the code described in table 4.3? The procedure is not
        extremely complicated: when someone closes a pop-up or completes a form in it, the pop-up
        will disappear from view (and/or provide an error message to the user if something
        unexpected occurs at any point during this process). What distinguishes the 2013 version of
        the code from the 2010 version is how individual events have been anticipated, most notably
        the shift from a general eventHandler into separate blurHandler
        and inputHandler functions, even while addEventListener and
          removeEventListener remain descriptive of general, catch-all functions.
          inputHandler is especially noteworthy in regards to what has been added,
        since it allows for developers and users to catch the reason(s) as to why a
        particular problem has arisen, most notably when a user is attempting to complete a
        form-based pop-up that closes unexpectedly. In addition, there is a validity check when
          inputHandler is called in order to determine whether or not its code
          should be executed, the condition beginning if
          (e.originalTarget.validity.valid) { (ehsan et al. 2013). These possibilities are
        addressed obliquely in the initial set of comments in the 2013 version of the code:

      
        

// If the user interacts with the element and makes it valid or leaves it,
// we want to remove the popup.
// We could check for clicks but a click is already removing the popup.
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      This extra-code explanation offers context as to reason for changes being made
        to the original version of the pop-up’s closing functionality, but it also offers a judgment
        on that initial iteration: according to the original, the pop-up was removed when “the user
        type [sic] something or blur [sic] the element” (Lamouri et al. 2010). While
        the distinction appears minor, the user’s “interaction with the element and mak[ing]
        it valid” (ehsan et al. 2013, emphasis added) is significant: it signals to the developing
        community that an incomplete explanation of a particular task is potentially detrimental
        since it does not fully describe why relevant code attempts to achieve that task.

      Interestingly, at least one “non-industrial,” if not incredibly common, practice has been
        left alone in the code; specifically the comment, “One event to bring them all and in the
        darkness bind them,” present in both the 2010 and the 2013 version, refers to the ring of
        power in The Lord of the Rings, suggesting that the Firefox community maintains a
        still-thriving culture of geek humor. In addition, the comment also implies that a single,
        catch-all way to deal with events (as it precedes the general addEventListener
        function) may be preferable to more specific, customized methods, even though the 2013 code
        has been revised to incorporate specific blurHandler- and
          inputHandler-related operations. As a result, even though the “functional”
        code and informative commentary has been updated to reflect changes in community standards
        and preferences, the characterful commentary provided to describe other parts of code
        is left intact. This may indicate that “helpful” comments are a genre worth attending to,
        while incidental comments are not, a practice that in many ways seems to be the opposite of
        generic conventions for code, where the effectiveness of each line is significant.
        Ultimately, the Firefox community’s efforts to norm its practices remain varied and
        inconsistent in execution, suggesting that the community is further made up of numerous
        smaller development groups whose members have their own motives and motivations and who may
        not be interested in working on all aspects of the browser equally.

      When a developer is interested in contributing code to the program, he or she must balance
        the desire to propose innovative code structures and expressive functionalities with a need
        to adhere to the socially acceptable Page 140 →stylistic and logical code
        practices that make up Firefox development at that specific point in time. As participants
        in a genre system that makes use of oscillating social practices of innovation and
        normalization, the members of Firefox’s development community are able to influence one
        another on how “best” to further the browser’s capabilities, although they may not always
        agree. These efforts are not limited to larger-scale concerns, as many developers offer only
        minor changes to components of the browser’s code, and these changes may resemble flurries
        of small-scale revisions and subsequent discussion thereof. As a result, that code, when
        studied across multiple textual iterations, is ripe for examination of how specific
        rhetorical devices incorporated into code can influence development in particular ways.

      Rhetorical Devices in Code

      Just as developers are frequently compelled to demonstrate their larger-scale
        comprehension of how a program works (or should work) through the logical reasons
        underpinning their code decisions, so too are they expected to work effectively, in a
        microcosmic sense, through the code they write. As demonstrated in chapter 2 by the variety
        of means by which a developer could create a quine, and the delicacy involved in ensuring
        that it can be interpreted or executed as intended, the choices a developer makes at
        “smaller” scales—such as in individual functions or operations—rarely demonstrate objective
        superiority as much as they demonstrate the developer’s approach to solving a particular
        problem and to articulating that solution through code. Further, it is rare that a developer
        attempts to persuade his or her audience explicitly through these code decisions
        alone. Instead, the potential intent behind his or her code contributions can and should be
        read as a combination of rhetorical and computational decisions; it is not enough that code
        might function mechanically but it also needs to be understandable by, and meaningful
        to, an audience who needs to build upon that code to continue developing a program toward
        particular ends.

      Repetition and Arrangement

      Those code functions and variables providing critical operations (i.e., those
        valuable to a number of important tasks) might be referred to repeatedly at crucial points
        in a larger body of code. Similarly, such critical code may be arranged within particular
        code files or directory structures Page 141 →in such a way as to call
        attention to their significance. Together, developers’ use of repetition and arrangement in
        meaningfully important ways allows them to make potentially powerful rhetorical claims
        through their code that resemble classical devices meant to describe conventional approaches
        to repeating and structuring important information. Among those commonly appearing in code
        texts include anaphora, the repetition of words or phrases at the beginning of
        statements; epistrophe, the repetition of final words or phrases for rhetorical
        effect; symploce, the combination of anaphora and epistrophe; and exergasia,
        the repetition of ideas (albeit often in different wording or delivery across each iteration
        thereof). By repeating a particular point or statement in the same syntactic position or in
        conceptual relation to another given point, a rhetor can draw attention not only to those
        repeated ideas, terms, or phrases, but also to the forms of argument that center on that
        repetition in order to induce audiences to act in various ways.

      The notion of rhetorical repetition is also closely related to the idea of climax,
        in which an argument’s structure is based on the increasing significance of included
        statements, with more important ideas and points following the introduction and explanation
        of less important ideas. Climax is very often a key factor in computational procedure,
        because the order of operations within a given file or function impacts exactly how a set of
        data is calculated and used for particular purposes. While distinct functions and operations
        can be defined apart from one another, it is their combination in a certain order that
        facilitates the specific computational action(s) anticipated and desired (or, in some cases,
        unanticipated and not desired) by a developer. As a result, the rhetorical activities
        engaged in by software programmers often attend to the ways of reading code that suggest
        importance given to procedures based on their apparent repetitive qualities.

      Repetition is an incredibly important consideration for any act of communication, as a
        rhetor can orient an audience toward certain concepts or arguments in particular ways
        through the skillful (or unskilled) application of repetition. Repetition is also
        significant for programming for multiple reasons: repeated blocks of code can contribute to
        inefficient computation through file bloat; inconsistent use of code blocks or logical
        structures (as different versions of similar code may be called at varying points in a
        program’s code); and inaccurate reading practices as collaborators are forced to decipher
        what precisely should be culled, revised, or otherwise altered throughout the extent of a
        program’s code texts. In some programming circles, such as the general Ruby development
          community,Page 142 → the desire to avoid these issues is articulated
        through the “DRY” principle or philosophy, DRY standing for “Don’t Repeat Yourself”
        (Matsumoto 2007, 479). In essence, DRY programmers seek conciseness as a means to elegance,
        although this conciseness does not mean never repeating code but rather avoiding
        unnecessary repetition (e.g., the difference between redefining an object class vs.
        initializing a single object out of that class). With a number of the world’s most popular
        programming languages making use of modularity such as that of object orientation, the
        impact that unintentional repetition—or, more accurately, unintentional iterative difference
        across multiple versions of a given code block—might have on a program’s successful
        execution is potentially enormous.

      Rhetorical attention to repetition and arrangement is especially important for a
        large-scale OSS program like Firefox, since development on the browser involves work on
        dozens of interlinked modules each of whose code needs to set itself apart from the others.
        Each of these same modules, however, must also maintain a stylistic and logical form close
        enough to the others to make it capable of being modified and improved upon by an interested
        party who might have worked on some other component of Firefox code. While the code can
        never reach a fully scalable “fractal” state (wherein the same general structures are
        perfectly or infinitely repeated at different scales of code), there are nonetheless
        observable efforts by developers to convince one another to implement and maintain
        particular forms of procedural repetition as part of an effort to suggest the use of some
        coding paradigms over others.

      One such example of repetition within the code for a single module is the early work
        composed a decade ago for a spam filter in the Mozilla suite’s email and news program (which
        has since become the program Mozilla Thunderbird). dmose%netscape.com and peterv (2002)
        contributed the initial code to the project, making use of a function (among others) called
          processNext() to iterate through the list of messages to be read and dealt
        with by a user. Technically, there existed multiple processNext() functions,
        each working similarly but with a different focus: one to move between folders, one to move
        between messages within a folder, one to mark spam messages, and one to mark spam folders.
        Each function in which some variation of processNext() resided called
          processNext() at the end of its own operation in order to compute whether or
        not processNext() would need to be run again. The shortest of these variations
        is given in table 4.4.

      The function in which a given folder is determined to be spam calls Page 143
          →processNext() multiple times when it is run. First, it is
        defined as a subfunction of the markFolder() function. Here it is initially not
          run but its operational structure is established so that it can be run when called
        elsewhere in the code (specifically, in line 197 at the end of the quoted excerpt). Second,
        it is referred to as part of the mark() function inside
          processNext() itself, meaning that it provides the data from its own
        execution to another function that can make use of it. Second, and more importantly, it is
        called in the last line of the markFolder() function, the same place it appears
        at the end of the other functions in which some variation of processNext() is
        defined. In essence, every time markFolder() is called,
          processNext() will run as the final and climactic function to ensure that it
        can potentially be run again as needed; its name even suggests this sort of forward
        progression that builds up as it proceeds. Since every component function of the spam filter
        relies on a version of processNext(), its role as perhaps the most
          significant part of the filter code is made clear through its repeated calls as well
        as in its position as the final function executed within each part of that code.

      While code does not necessarily demand an epistrophic or climactic approach to its
        computational operations, it is nonetheless true that Page 144 →the
        procedural structure of its algorithms, as well as the readability of the above
          markFolder() function, generally relies upon an accumulation of logical
        complexity and activity from each line to the next. In other words, an early computation
        influences subsequent computations. As a result, “late-stage” operations are often the most
        complex or significant sets of computation as they have the potential to work with the
        results of earlier operations. Much of this structure arguably stems from a desire by
        developers to communicate an intended functionality to themselves or collaborators; this
        approach is what Knuth (1992) has called “literate programming,” a means by which
        programmers clearly articulate what their code does through the code itself. Literate
        programming stands in stark contrast to most programming whose clarity is defined by
        extra-code documentation like comments, specifications, or discussion in other forums. While
        most code’s readability is influenced most explicitly by the names chosen for specific
        functions, variables, and objects, there is an implicit argument made by a developer for a
        particular logical structure as presented to readers through the code, such as the
        construction of the Word class and its related objects in the
          HashMapClass example discussed in chapter 2. This implicit argument is
        evaluated as much on its ability to be understood by developers as its ability to compute
        successfully.

      
        
          
            	Table 4.4. Example of
              Firefox spam filter code in a processNext() function
          

          
            	Line
            	Code by dmose%netscape.com & peterv (2002)
          

        
        
          
            	
              179

            
            	
              function markFolder(aSpam)

            
          

          
            	
              180

            
            	
              {

            
          

          
            	
              181

            
            	
               function processNext()

            
          

          
            	
              182

            
            	
               {

            
          

          
            	
              183

            
            	
               if (messages.hasMoreElements()) {

            
          

          
            	
              184

            
            	
               // Pffft, jumping through hoops here.

            
          

          
            	
              185

            
            	
               var message =
                    messages.getNext().QueryInterface(nsIMsgDBHdr);

            
          

          
            	
              186

            
            	
               mark(message, aSpam, processNext);

            
          

          
            	
              187

            
            	
               }

            
          

          
            	
              188

            
            	
               else {

            
          

          
            	
              189

            
            	
               gJunkmailComponent.mBatchUpdate = false;

            
          

          
            	
              190

            
            	
               }

            
          

          
            	
              191

            
            	
               }

            
          

          
            	
              192

            
            	 
          

          
            	
              193

            
            	
               getJunkmailComponent();

            
          

          
            	
              194

            
            	
               var folder = GetFirstSelectedMsgFolder();

            
          

          
            	
              195

            
            	
               var messages = folder.getMessages(msgWindow);

            
          

          
            	
              196

            
            	
               gJunkmailComponent.mBatchUpdate = true;

            
          

          
            	
              197

            
            	
               processNext();

            
          

          
            	
              198

            
            	
              }

            
          

        
      

      A relevant and interesting quality of object-oriented languages like C++, Java, Ruby, and
        others is that the definition of particular functions and objects can occur outside
        of linear procedure; declaring what a block of code does is separate from calling
        that code (having it actually compute as part of the executing program). Note, for example,
        that the processNext() function included within the function function
          markFolder(aSpam) above, while called as the final component of the code block, is
        the first piece of code defined within it, a crucial bit of information that
        clarifies for a reader just what this specific version of processNext() will do
        in this context (as distinct from processNext() for the other mail-related
        activities that might take place when the program is used).

      The structure of computational procedure—where early operations build upon one another to
        deliver potentially complex subsequent operations—suggests an implicit recognition of
        significant ordering for rhetorical purposes, where a developer indicates an
        important set of concepts to his or her audience at particular steps in an algorithm. This
        suggestion may occur for creative or professional purposes, stressing a paradigm of practice
        whose impact extends beyond the specific instance under Page 145
        →scrutiny at any given moment. Such practices, however, are not limited to the
        placement of significant operations and procedures (in climactic, anaphoric, or epistrophic
        senses) but are extendable to the idea of repetition itself: when should a given function be
        called? When should a set of operations be written multiple times for similar or distinct
        purposes? These considerations reflect an awareness of exergasia, which—while related to the
        devices of repetition and arrangement discussed so far—has the potential to be exponentially
        more powerful in communicating significance through iteration (and implicit or explicit
        impact of the variations across relevant iterations).

      Exergasia

      Just as repeated, or closely similar, arguments can provide both rhetor and
        audience with an understanding of the range of possibilities available to either through
        those arguments, so too can repetition serve to cement the suggested necessity for a
        particular rhetorical approach. Repetition in code can offer developers with an
        understanding of preferred stylistic practices by associating multiple separate functions or
        sets of operations. Rhetorically, this can be considered a type of exergasia, a
        particular type of repetition: the repetition of a significant idea across multiple forms of
        expression. For software programs that consist of hundreds of thousands of lines of code,
        exergasia is a helpful device that works to instruct readers on how other developers have
        determined code structures within the program should work. Simply put, it provides a
        procedurally rhetorical engagement, to use Bogost’s (2007) term, with the code’s anticipated
        functionality, both as a component of the larger program and as an entity that
        persuades audiences to act in regards to its facilitated activities.

      For a massively collaborative OSS program like Firefox, exergasia is a powerful tool by
        which myriad developers signal to one another how particular procedures should be
        constructed and executed across functions, modules, and iterative program releases. By
        making use of explicit repetition to accomplish multiple related tasks, a developer can
        suggest that the operations and syntactical structures of the repeated code are valuable by
        way of both the frequency of such structures’ repetition and the relations perceived to
        exist between each iteration of the code. Similarly, the method of repetition is
        critical to an understanding and use of code as rhetorically powerful communication. Given
        the ability of code to loop iteratively through a set of operations, it is possible, if not
        inevitable, for repetition to occur conceptually but not explicitly in the
        statements that constitute the Page 146 →looping code. Looping is
        often viewed as an elegant way to describe iterating code, so when it is not used, we
        are presented with an opportunity to examine why more “conventional” (or arguably
        “inefficient”) repetition is implemented as well as what its implementation can suggest to
        us about development practices surrounding a program.

      Object-oriented programming (OOP) languages have the potential to make especially
        interesting use of exergasia through the instantiation of unique objects. An object,
        in an OOP language, is a set of data potentially containing any number of variables,
        functions, structures, etc. and which is built on a larger class defining the
        essential parameters of each individual object instantiated from that class. That is, an
        object is a bundle of data with properties from a larger class; these properties are
        inherited from the class and shared across multiple objects. The use of those
        properties by any individual object, however, is distinct from other objects’ use thereof.
        This concept, generally speaking, has its root in Plato’s theory of forms: the ideal version
        of a thing is reflected, always imperfectly, in realized interpretations of that ideal.
        “Human” might be considered an object class, and every human is thus an instantiated object
        of that class: we each (generally speaking) have two eyes, a nose, two arms, and so on, just
        as we are covered in skin and possess the same assortment of skeletal bones and internal
        organs. However, no two humans (other than twins) could be said to be identical
        despite these shared features. As a result, we can discuss activities and procedures in
        which humans can engage, thanks to the set of capacities that extends beyond the scope of a
        single individual, but different individuals may perform the same activity in very different
        ways.

      The idea of a human as a helpful example “object” for the purposes of object-oriented
        programming is so pervasive among developers that it stands in as a demonstration in
        Mozilla’s developer documentation for contributing to the Firefox project (and other
        relevant projects). Specifically, documentation authors saskatchewancatch et al. (2016)
        describe the ways in which object-oriented languages like JavaScript enable practices of
        iteration and repetition alike through the potential constructed through object
        classes (or, in the case of JavaScript, prototype constructors), using “person” as the most
        accessible example by which to model object-oriented programming:

      In the example in table 4.5, a prototype has been established (Person) and two
        specific person objects (person1 and person2) have been defined
        based upon its properties. Any adjustments made to the prototype Page 147
          →will affect the person1 and person2 objects, and
        any number of objects can be instantiated to serve as distinct entities that are nonetheless
        “repetitive” in terms of the code functions they share from the same prototype. In this
        sense, all relevant code is simultaneously repeated across all prototypical instances
          and expressed in potentially unique ways, as each iteration of the prototype
        differs from most, if not all, of the others. The argument, provided through the use of
        exergasic code written as object-oriented structures, can implicitly and explicitly call
        attention to the modular and repeatable nature of the functions and operations called to
        help achieve certain goals.

      It is no coincidence that “person” serves as the go-to example for such a discussion. By
        equating “personness” with “objectness” to explain how object-oriented code works,
        saskatchewancatch et al. (2016) suggest that the construction of code objects is as full of
        symbolic meaning as any other means by which we might consider and constitute the human
        form. (It would be incorrect, however, to fully map or analogize programming objects,
        prototypes, or classes to humans or sets of human behaviors, characteristics, cultures, and
        so on. It is a useful metaphor for a brief engagement with the basics of object behavior and
        inheritance.) To an extent, this example provides its own exergasic demonstration of the
        variety of unique qualities that might be possessed by any individual person, qualities that
        only emerge through the activity of computational action. To state it bluntly, we are what
        we do, and we are constrained in what we do by what we can (and cannot) do, sets of
        affordances defined individually Page 148 →and socially, not unlike the
        sorts of repetitive rules outlined in the Person prototype example.

      
        
          
            	Table 4.5. Example of
              object creation in JavaScript
          

          
            	Line
            	Code by saskatchewancatch et al. (2016)
          

        
        
          
            	
              1

            
            	
              var Person = function (firstName) {

            
          

          
            	
              2

            
            	
               this.firstName = firstName;

            
          

          
            	
              3

            
            	
              };

            
          

          
            	
              4

            
            	 
          

          
            	
              5

            
            	
              Person.prototype.sayHello = function() {

            
          

          
            	
              6

            
            	
               console.log("Hello, I'm " + this.firstName);

            
          

          
            	
              7

            
            	
              };

            
          

          
            	
              8

            
            	 
          

          
            	
              9

            
            	
              var person1 = new Person("Alice");

            
          

          
            	
              10

            
            	
              var person2 = new Person("Bob");

            
          

          
            	
              11

            
            	
              var helloFunction = person1.sayHello;

            
          

          
            	
              12

            
            	 
          

          
            	
              13

            
            	
              // logs "Hello, I'm Alice"

            
          

          
            	
              14

            
            	
              person1.sayHello();

            
          

        
      

      For an example of exergasia inside Firefox’s production code base, troy%netscape.com (1999)
        provided an early series of code blocks to compute the size parameters for the minimum and
        maximum width and height properties of various components of the Firefox browser.
        JavaScript, like many code languages, has a pair of properties called width and
          height that can belong to certain types of objects and which store the
        rendered width and height values (in pixels) of entities drawn on a computer screen. But
        this only provides one value for each dimension; for those components of a program that
        calculate their own size as derivatives of other objects’ width and
          height, customized functions are necessary to make and store those
        calculations, and troy%netscape.com composed four such relevant function blocks. Because
        these blocks worked almost identically, troy%netscape.com provided a uniform
        structure across all four of the methods needed to compute their values (i.e., one method
        each for minimum width, minimum height, maximum width, and maximum height). One of the code
        blocks appears in his initial text as seen in table 4.6.

      This block is made up of two parts. The first is a variable declaration that sets the
        minimum width unit size to be used for comparative purposes. The second is a conditional
        statement that determines what the minimum width of a browser component should be, based
        upon the size restrictions imposed upon it by any “containing block,” or (in this case) the
        parent-level component in which the current component resides. The associated size blocks
        differ only in the specific variables being called by the relevant code, for example,
        height-related blocks look for “vertical” Page 149 →rather than “horizontal”
        values, and maximum-related blocks look for “max” rather than “min” values.

      
        
          
            	Table 4.6. Example of
              repetition in Firefox’s code related to browser size calculations
          

          
            	Line
            	Excerpted code by troy%netscape.com (1999), from
              /layout/generic/nsHTMLReflowState.cpp
          

        
        
          
            	
              1395

            
            	
              nsStyleUnit minWidthUnit = mStylePosition->mMinWidth.GetUnit();

            
          

          
            	
              1396

            
            	
              if (eStyleUnit_Inherit == minWidthUnit) {

            
          

          
            	
              1397

            
            	
               mComputedMinWidth = aContainingBlockRS->mComputedMinWidth;

            
          

          
            	
              1398

            
            	
              else {

            
          

          
            	
              1399

            
            	
               ComputeHorizontalValue(aContainingBlockWidth, minWidthUnit,

            
          

          
            	
              1400

            
            	
               mStylePosition->mMinWidth, mComputedMinWidth);

            
          

          
            	
              1401

            
            	
              }

            
          

        
      

      Because the four blocks are so close in appearance as well as in proximity to one another,
        there is a relatively clear suggestion that they have related functional purposes. Given the
        size of Firefox’s development community, this suggestion is powerful: it implies a
        particular stylistic scheme (namely, that related code should look and function alike)
          and that this is the scheme preferred by the community at large, the normalized and
        industry-aligned practice. As demonstrated earlier, such preferences are constantly
        changing, hence the width and height properties being shifted from
        static to dynamically calculated values assigned to variables used throughout the program.
        Nonetheless, the kairotic appeal of newly introduced code can energize its use for some time
        before critical scrutiny is applied to the specific means by which that code is
        constructed.

      Conclusions

      Just as rhetorical action is ever present in discussions about any human
        activity, so too is it demonstrated through the activity of code production. The
        social practices that developers engage in as part of their rhetorical efforts serve to
        influence them—as communities and as individuals—to participate in particular types
        of development, for particular ends. Because code, like other forms of language, serves to
        describe more than what it literally states, the variety of rhetorical strategies and
        devices available to developers in code is relatively astounding. This is significant in
        that developers can, and do, induce one another in implicit and explicit ways to accept the
        practices they suggest through the texts they produce.

      The act of reading code as a rhetorical text and practice, however, can hold considerable
        difficulty for the vast majority of rhetorical critics unfamiliar with programming or the
        languages thereof. Examinations of code like those provided in this chapter may offer
        helpful examples for future investigations and support for (as much as is possible) more
        comprehensive and in-depth scrutinies of individual code projects, trends, and genres across
        multiple programs, or even of programming languages themselves. The possibilities for
        analysis and application of the rhetorical activities found in code (whether for industrial,
        civic, or pedagogical purposes) are not necessarily endless but are myriad and
        diverse, and it is in our interests as scholars and teachers of rhetoric to attend to the
        overwhelming amount Page 150 →of code being written each day and the means by
        which its authors communicate meaning to collaborators and other readers through their
        code.

      Mozilla Firefox provides a valuable locus for an in-depth analysis of rhetorical efforts
        made in code by a massive programming community of thousands over a decade of collaborative
        development. While much of the specific code produced reflects industrial as well as
        individual stylistic preferences and trends for invention, it nonetheless demonstrates a
        varied range of innovative attempts by numerous programmers to engage their colleagues (as
        audiences) in creative and highly suasive ways. These attempts can be recognized at
        relatively large scales, such as in how innovative experimentation and normalizing revision
        occurs over time. But they also occur at small scales, such as when particular logical
        operations make use of climactic or epistrophic structures in order to lead a developer
        audience to compose code in alignment with those structural paradigms. As a result, we are
        able to witness a dynamic, continually changing ecology of development practice and suasion
        whose components also shift and develop over time.

      In the next chapter, I turn from my focus on analysis to inventive experimentation,
        offering a series of exercises related to the rhetorical composition of code. These
        exercises are intended to be accessible to the nonprogrammer audience, and they can be
        practiced in the web browser rather than requiring any other special software to be
        installed. Together, these exercises function as a set of progymnasmata that
        introduce fundamental concepts of programming and suggest means of employing those concepts
        for effective rhetorical communication through the composition of code texts. While the
        progymnasmata are hardly comprehensive in coverage of rhetorical principles applied in code,
        they may be valuable for readers who remain skeptical or confused about the actual activity
        of composing via procedure rather than conventional discourse. Further, for readers with
        more familiarity with programming, the progymnasmata may be useful exercises for explicitly
        engaging with particular rhetorical principles during an activity generally considered to be
        a purely instrumental form of writing.

    
  
    
      Page 151 →Chapter 5

      Composing in Code

      A Brief Engagement with JavaScript

      While we can engage code from “without” in the form of a conventional scholarly investigation, there remains a missing component integral to understanding how arguments are (and can be) made in code: the activity of actually composing code texts. This is not to suggest that one must be an expert coder or programmer to develop arguments in code, but relevant knowledge—of procedure, specific language syntax, and so on—certainly facilitates the development of more complex or nuanced communication. Put another way, echoing Haefner’s (1999) call for composition instructors to discuss code contexts, functional possibilities, and the relationship between Structured Programming and the hierarchical structures of many American corporations, the practice of composing in code will absolutely benefit our subsequent rhetorical analysis and critique of code if we are to effect change in a world in which it is more or less impossible to escape the influence of software and digital technology.

      In this chapter, we will approach composing code with a focus on experimenting in JavaScript, a popular high-level scripting language used in thousands of websites and web applications. In fact, it is incredibly likely that most, if not all, of the websites you frequently visit rely on JavaScript. Because JavaScript can be written and interpreted in a web browser, there is no need to use a specific operating system or to install extra software in order to practice any of the exercises discussed in this chapter. While there are powerful and complex programs written in JavaScript that are run independently of a browser (such as Node.js, a platform for web applications), such programs are beyond the scope of our exercises here. The concepts covered in this chapter should provide robust enough material for an initial engagement with programming.

      Page 152 →That said, although this chapter provides some introductory exposure to JavaScript and to computer code fundamentals, it is not really a useful substitute for a programming textbook; for those interested in learning more about code and JavaScript in particular, at the time of this writing Haverbeke’s (2015) Eloquent JavaScript and Duckett’s (2014) JavaScript and jQuery: Interactive Front-End Web Development are especially useful and accessible for the novice programmer. For our purposes, it is enough to learn about the principles described in this chapter and to apply them toward certain rhetorical ends via the included exercises.

      Procedural Progymnasmata

      Classical Greek rhetoric introduced the concept of the progymnasmata to students of rhetoric seeking to improve their abilities, and the progymnasmata have become staples of rhetorical education since. Progymnasmata are exercises in training particular rhetorical principles in order to improve a student’s use of those being emphasized in any particular example.

      In many ways, progymnasmata encourage imitation of particular strategies as forms of invention by constraining students to focus on a small range of questions or considerations during a single exercise. As Crowley and Hawhee (2009) have described it,

      
        Imitation exercises, if practiced in the way that the ancients practiced them, can lead to a more finely tuned rhetorical method of reading and listening. That is, when reading and listening rhetorically, we read and listen as much for how a writer or speaker builds an argument with words, sentences, paragraphs, and sections, as for what the writer or speaking is arguing. (29)

      

      The exercises presented in this chapter definitely emphasize this focus on how a particular exercise is completed, as well as why it is completed in a given fashion. One of the central goals is to illuminate how procedural rhetoric can be developed and delivered to various readers rather than simply received from some other agent. Some of these exercises may have clearer purposes or more easily accessible means of achieving a given outcome. Some of them are certainly simpler or more complex than others. They all work rhetorically through blocks of code in words and often Page 153 →resemble (but are distinct from) “sentences, paragraphs, and sections” (Crowley and Hawhee 2009, 29), but they are as inherently rhetorical as any conventional text.

      While it is highly unlikely that a reader unfamiliar with programming will complete this chapter feeling as though he or she has gained full coding proficiency or code literacy, there is nonetheless much to be explored and considered regarding how even seemingly trivial decisions about individual procedural operations can have a significant impact not only on how a program is executed or interpreted by a computer but also on how it is understood to operate by a human reader. In turn, these considerations can lead to more nuanced and comprehensive approaches to teaching programming as a rhetorically informed composing activity.

      Writing with Procedure

      Computers function, fundamentally, on a very simple logical scheme called Boolean logic (discussed in chapter 2). Boolean logic assumes that all operations can be reduced to binary data, such as yes/no, on/off, true/false, 1/0. Fortunately, it is possible to develop far more complex procedures and computations that make use of combinatoric Boolean calculations. As some exercises below will demonstrate, a common means of developing a program involves composing conditional statements that check the status of one or more data points in order to express some particular set of operations; a readable example might involve checking the day of the week in order to display the proper planning schedule. But before we turn to these logical structures and the nuances of conditions, we first want to make sure that our programming environment is in a suitable working order.

      Perhaps the single most common initial program for novice developers, regardless of specific programming language being learned, is generally called “Hello World.” The program’s name derives from the text output provided when it is run in order to show its writer that the program has been successfully executed. A “Hello World” program often has two components: first, a call to some command or function that will output text; second, the text itself, that is, the “hello world!” message. As you might guess, the syntax for each language looks either trivially or significantly different from that of other languages, even for a program as minor as this one.

      Page 154 →For JavaScript, the “Hello World” program typically looks like the following one-line statement, made up of one function and a single parameter to be passed through it:

      
        alert("hello, world!");

      
      What the above line of code effectively says is for the interpreter to render an “alert”—that is, to display a pop-up window—with the quoted text ("hello, world!") within the alert() function’s parentheses. The semicolon at the end of the line tells the interpreter that the statement has concluded, much like a period at the end of a sentence. One could replace the text hello, world! with any other text, and the program should work just as smoothly, so long as the input text is surrounded by quotation marks. As a brief aside: the remaining exercises will not use the alert() function, instead displaying output within a JavaScript console environment. The pop-up window that alert() creates is a helpful visual indicator that the code has successfully been interpreted.

      A program like “Hello World” provides the fundamental components of a language’s syntax to begin orienting a novice programmer to the act of composing in code. There’s a tremendous amount still to learn, but this first step is meant to make everything else just a bit easier and more familiar for future experiments in programming.

      In order to make any program work, however, we need to understand some essential concepts related to Boolean logic, as this is what allows computers to function. Boolean logic is a logical system in which everything can be reduced to a binary: true or false, yes or no, positive or negative, 1 or 0. Computer circuits make use of electron charges to parse computational operations, with powerful circuits employing hundreds or thousands of “logic gates” to determine the answers to specific calculations, using similar binary calculations to determine relations among individual points of data, for example, a AND b (output “true” if both variables’ values are “true”), a OR b (output “true” if either is “true”), a NOR b (output “true” if both variables’ values are “false”), a NAND b (output “true” if only one of the two is “true”), etc. While none of the exercises in this chapter will tax a JavaScript interpreter, it is important to realize that the logical considerations we will make here work as microcosmic reflections of far more robust and important programs; there’s nothing fundamentally different about the underlying nature of any software. We’ll just be working at a much, much smaller scale in the following exercises.

      Page 155 →Learning JavaScript Syntax

      Like any language, JavaScript has a number of syntactic and vocabulary-related idiosyncrasies and nuances one must know in order to make effective use of the language. Many of these idiosyncrasies resemble those of other, related languages. Some are unique to JavaScript. In either case, recognizing the flexibility that any programming language has when it comes to names, syntax, and so on is an important step in becoming capable of employing that language for particular purposes. (Hopefully, this basic concept sounds familiar to any rhetorician.) Almost all software code works in combinatoric fashion, with discrete statements being combined together to form more complex computations of data. The following two-line program serves as a basic example of combinatory logic. First, we define a variable which has been named myVariable and is provided a Boolean value of true. Second, we display a message that includes the current value of said variable.

      
        
          Practice Script 5.1: Simple statement combination
        
        var myVariable = true;
"The value of myVariable is " + myVariable;

      

  Copy code to clipboard

  sandbox loading...


  


      Admittedly, there is not much to this program, but it does at least illuminate how we can see individual statements referring to—and in many cases relying on—other statements in order to create more complex calculations and manipulations of data. This combinatorial approach is much more impressive when we want to make use of a lot of data values together, such as when we might want to display a list of volunteer names and relevant contact information. We will see this sort of computational power play out through the use of loops that perform similar (if not identical) calculations on each member of a set of data. Before turning to loops, however, it is important to examine how conditional statements work.

      Conditional statements make use of Boolean logic to execute particular operations when certain parameters (conditions) apply. For example, we could revise our two-line program (in practice script 5.1) to incorporate a single condition so as to display a message only when that condition is met, as demonstrated in practice script 5.2. In this program, the condition begins on line 2 and ends on line 4. Due to its multiple-line scope, the conditional operations are incorporated within a pair of curly brackets,Page 156 → which denote their subordinate relationship to the condition in which they reside.

      
        
          Practice Script 5.2: Conditional statement syntax          
        
        myVariable = true;
if (myVariable == true) {
  "The value of myVariable is " + myVariable;
}
         
      

  Copy code to clipboard

  sandbox loading...


  


      Combinatorially, there are several kinds of statements occurring in the above lines of code, and each one performs a very different function than the others. After the variable is defined in the first line, the second line sets up a conditional statement that checks the value of a given calculation,in this case comparing the value of myVariable to the expected value (true) provided after the two equal signs. (On a related note: line 2 could be written with Boolean shorthand as: if (myVariable) { .) The brackets, opened at the end of line 2 and closed on line 4, serve as containment markers for statements included between (within) those brackets. What this means for our purposes is that any subordinate statements, those provided within the brackets, will only be computed when the conditional calculation is met, that is, when myVariable is set to true. The statement on line 3 simply prints out a message that confirms the expected value of myVariable. Of course, if the variable is ever given a different value, then there will be no output message displayed. In its current form, the program’s second condition—when myVariable is NOT set to true, that is, when it is false—remains only implicitly included as a consideration.

      Thus, we could write a second statement that only appears when myVariable is false; this would require a second condition to be added to the program. Unlike our first if() statement, this second condition could be anchored to the first, so as to suggest to any readers that a relationship exists between the multiple condition checks we are making. Specifically, in this case, it is a relationship of exclusive distinction: if the first condition is not met, then the program executes any checks for remaining conditional parameters. Here is an example of the expanded program:

      
        
          Practice Script 5.3: Revised simple statement combination
        
        myVariable = true;
if (myVariable == true) {
  "The value of myVariable is TRUE";
} else {
  "The value of myVariable is FALSE";
}
          
      

  Copy code to clipboard

  sandbox loading...


  


      Page 157 →With these added lines, several additional operations occur. The first—else()—means that its subordinate statements will only be computed whenever the original if() condition is not met, that is, when myVariable is false. A similar output message is provided so that we know the current value of myVariable (not that anything has been done to change it).

      But, while these initial programs should successfully execute, neither of them is particularly elegant, that is, the purpose for these programs is quite simple, and for this purpose the provided code is not as clear or concise as it could be, given how JavaScript works. Our initial program (in practice script 5.1) does its job much more concisely, but the conditional logic demonstrated in practice script 5.2 and practice script 5.3 allow glimpses into much more complex and elaborate computational statements, as we will see shortly in combination with loops that allow for iteration through sets of data.

      Exercises in Repetition: Looping

      As mentioned in the previous chapter, repetition can be an incredibly powerful tool for programmers, provided that the repetition under discussion works in support of broad principles relating to conciseness, clarity, readability, and computational elegance. This holds true even if the output of a program is otherwise identical; for the audience of developer readers, code is generally less clear and comprehensive in its expression than it is in its source text.

      In order to make use of numerous and multiple computations of data, programmers will frequently make use of loops to iterate through their intended data sets. Loops facilitate concise composition of potentially complex calculations that do not need to be entirely unique from other, similar calculations. Just as we do not “reinvent the wheel” by developing entirely new processes when the tasks in which we regularly engage are altered Page 158 →slightly (e.g., driving a rental car instead of one’s own car), neither do programmers generally seek to create new algorithms for variations on existing ones.

      The example program in practice script 5.4 is certainly longer than those provided so far in this chapter, but that length is meant to reflect the difference between looping and not looping through similar kinds of data points. Those with programming experience will recognize it as an incredibly inefficient program that is effectively impossible to maintain or scale (such as if we wanted to display not letters of the alphabet but some other set of data with multiple elements).

      
               
           Practice Script 5.4: Non-looping iteration through the alphabet
        
        output = "";
output += "a";
output += "b";
output += "c";
output += "d";
output += "e";
output += "f";
output += "g";
output += "h";
output += "i";
output += "j";
output += "k";
output += "l";
output += "m";
output += "n";
output += "o";
output += "p";
output += "q";
output += "r";
output += "s";
output += "t";
output += "u";
output += "v";
output += "w";
output += "x";
output += "y";
output += "z";
output;

      

  Copy code to clipboard

  sandbox loading...


  


      Page 159 →As should be quickly evident, the program in practice script 5.4 is incredibly tedious to write, even if it is quite readable. The program performs almost the same task twenty-six times, with the output message (each letter of the alphabet) as the only variable component involved in the program’s execution. Replacing this repetition with a loop not only makes the program considerably shorter but also provides a shorthand description of the nearly identical task to be completed in such a way as to help the programmer audience understand how the task applies similarly to each data point. Practice script 5.5 is a revised version of the program in practice script 5.4. In this revision, the program makes use of a data type called an array, which contains multiple elements that can be called by their position within the overall array (starting from zero); that is, the value of alphabet[2] is c. Then, the program makes use of a loop to iterate through each of the array’s elements and append its value to another variable, output, the full contents of which are displayed once the loop is completed.

      
        
          Practice Script 5.5: Looping iteration through the alphabet
        
        alphabet = ["a", "b", "c", "d", "e", "f", "g", "h", "i", "j", "k", "l", "m", "n", "o", "p", "q", "r", "s", "t", "u", "v", "w", "x", "y", "z"];
output = "";
for (i=0;i<alphabet.length;i++) {
  output += alphabet[i];
}
output;

      

  Copy code to clipboard

  sandbox loading...


  


      In this looped example (practice script 5.5), depending on your familiarity with iteration, the program is either much easier or much more difficult to read than the nonlooping version. To the user running this program, the same output is displayed regardless of which version of the program is provided.

      JavaScript syntax for loop parameters involves three components. The first is to define a variable (in this case, i) with an initial value that will be modified over the course of the looping. The second component describes the condition(s) in which to continue iterating through the loop (in this case, so long as the value of i is less than the length of alphabet, which refers to the number of elements—here, single-character strings of text—in the array variable). The third component describes what action Page 160 →to perform upon each iteration (i++ is shorthand for “add one to the current value of i”). Technically, there is no inherent relationship between the length of the alphabet variable and the i counter variable: this particular program defines them as having the same “size” and thus the loop will occur the same number of times as there are elements in the alphabet array. The loop’s condition could be altered to provide some other boundary value; this might (if the number is less than 26) result in displaying only some of the letters or (if the number is greater than 26) displaying an error message.

      Similarly, we could change the order of the displayed elements, as in practice script 5.6, where the values of alphabet are displayed in reverse order; the loop—rather than starting from zero (the array’s initial element position) and working toward the end—begins with the final element position and works back to the first.

      
        
          Practice Script 5.6: Looping iteration backwards through the alphabet
        
        alphabet = ["a", "b", "c", "d", "e", "f", "g", "h", "i", "j", "k", "l", "m", "n", "o", "p", "q", "r", "s", "t", "u", "v", "w", "x", "y", "z"];
output = "";
for (i=alphabet.length-1;i>=0;i--) {
  output += alphabet[i];
}
output;

      

  Copy code to clipboard

  sandbox loading...


  


      We could also, however, randomize our various calculations to generate less predictable output. The following revision of our program makes use of several built-in JavaScript methods that will generate a random number for us (specifically, Math.random(), which returns a floating number between 0 and 1) and then make said number into an integer (a combination of the method Math.floor() and a multiplication of the randomized floating number), so that we can successfully call one of the array elements to be displayed.

      The revised program in practice script 5.7 performs the same basic function as the previous versions—printing elements from the alphabet array—but we can no longer predict precisely which element will be displayed at any moment. That said, there is still a described relationship between the loop and its output: the range of potential elements is influenced by the current value of the iterating i variable (e.g., the first Page 161 →displayed value will not always be a, even though i initially equals zero, as established in line 3). Unlike in the previous two versions of this program, though, the arbitrary nature of the relationship between “iterator” and “data being iterated” has been clarified through the randomization of both the loop and its displayed output.

      
        
          Practice Script 5.7: Looping iteration through a randomized set of alphabet elements
        
        alphabet = ["a", "b", "c", "d", "e", "f", "g", "h", "i", "j", "k", "l", "m", "n", "o", "p", "q", "r", "s", "t", "u", "v", "w", "x", "y", "z"];
output = "";
for (i=0;i<Math.floor(Math.random() * alphabet.length);i++) {
  output += alphabet[Math.floor(Math.random() * alphabet.length)];
}
output;

      

  Copy code to clipboard

  sandbox loading...


  


      Exercises in Style: FizzBuzz

      Among the most common “simple” looping programs written is “FizzBuzz,” often as part of an initial programming job interview. The purpose of “FizzBuzz” is ostensibly to take the numbers 1 through 100 and print each of them out in order, unless a number is a multiple of three, in which case it is replaced with the word “Fizz,” or if it is a multiple of five, in which case it is replaced with the word “Buzz.” While “FizzBuzz” serves in part as a quick means of determining whether an applicant possesses fundamental knowledge about programming, it also—as described briefly in chapter 2—illuminates some important rhetorical information about the way a given developer approaches relevant programming tasks. We can gain a sense of how the author imagines each operation of the loop being executed in accordance with a particular logic. We can recognize how the author perceives relationships between various components of the loop. We can comprehend basic considerations of readability for (what are usually) simple statements.

      This is not to suggest that “FizzBuzz” should be seen as having some incredible significance as a program; it has a limited scope and there is only so much we can learn from such a genre. But we can learn from it, Page 162 →and this information is primarily only available by examining the source code for “FizzBuzz” rather than its output data, which optimally should be identical to that of any other version of the program.

      Practice script 5.8 and practice script 5.9 provide two versions of “FizzBuzz” written in JavaScript, slightly different from those originally provided in chapter 2 as examples within table 2.2. If we run both of these two versions, we can see identical output, but the logic of the two loops is quite different. Practice script 5.8 allows for inclusive conditional checks; that is, output could be provided whether one or two conditions is met. In contrast, practice script 5.9 employs exclusive conditional logic, meaning that only one output message will ever be displayed in response to a given iteration of the loop. The ordering of the conditions in practice script 5.9 is also significant: the condition for i%15 (meaning “get the remainder, or modulo, of i divided by 15”) is provided first, since multiples of 3 or 5 would otherwise trigger that output and thus create an “incorrect” version of “FizzBuzz” in regards to its anticipated operation.

      Despite their differences in logic, these two programs do not encompass the range of approaches—styles—by which one might write a “FizzBuzz” program in JavaScript. Other versions might rework the arrangement of the conditions used, others might employ entirely different conditions altogether, others might or might not frame the loop within the bounds of a function() like that these did so that the loop can be executed again easily, and others still may emulate the syntax or style conventionsPage 163 → of other languages with which they are more familiar. As a genre, “FizzBuzz” offers a number of opportunities not only for rhetorical analysis (e.g., of existing versions of the program) but also for inventive possibility when writing new versions of the program. This is not to suggest that the program must always be rewritten in novel ways, just that it can be, and attempting to work through how to write such a program can serve as a useful exercise for us. The following examples of potential “FizzBuzz” programs attempt to provide identical output to those in practice scripts 5.8 and 5.9, but they do so with trivial or significant differences in how that output is generated.

   
        
Practice Script 5.8: “FizzBuzz” with inclusive conditional loops
        
        function iterate() {
  for(i=1;i<=100;i++) {
    if ((i%3==0) || (i%5==0)) {
      if (i%3==0) {
        output += "Fizz";
      }
      if (i%5==0) {
        output += "Buzz";
      }
    } else {
    output += i;
    }
  }
  return output;
}
iterate();

      

  Copy code to clipboard
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          Practice Script 5.9: “FizzBuzz” with exclusive conditional loops
        
        function iterate() {
  for(var i=1;i<=100;i++) {
    if (i%15==0) {
    output += "FizzBuzz";
    } else if (i%3==0) {
      output += "Fizz";
    } else if (i%5==0) {
      output += "Buzz";
    } else {
      output += i;
    }
  }
  return output;
}
iterate();
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     The example in practice script 5.10 is a particularly inefficient means of executing the “FizzBuzz” loop. Thanks to an array-specific method (forEach()), the program does technically iterate through a set of data—the elements of the myArray variable—but the “real” computational work of the program is hard-coded into the array elements. That is, the program does not determine when to print a number or a string, but instead prints the values entered directly by the author. There is no “discovery” here of how the program will calculate each of its data points; the output simply repeats the contents of the array in order. The resulting output remains identical to practice script 5.8 and practice script 5.9, but the source code of practice script 5.10 betrays its lack of any conventional elegance (whether using computational or stylistic definitions of elegance). Despite its lack of elegance, the program nonetheless offers useful insight Page 164 →into how an author could compose a solution that hinges on a particular understanding of the program’s needs (a clear data set and the need to display each item within that set). That the program cannot be easily modified, such as in terms of altering which data points are displayed as numbers or strings of text, is of incidental concern.

      
        
          Practice Script 5.10: “FizzBuzz” with static array elements
        
        myArray = [1, 2, "Fizz", 4, "Buzz", "Fizz", 7, 8, "Fizz", "Buzz", 11, "Fizz", 13, 14, "FizzBuzz", 16, 17, "Fizz", 19, "Buzz", "Fizz", 22, 23, "Fizz", "Buzz", 26, "Fizz", 28, 29, "FizzBuzz", 31, 32, "Fizz", 34, "Buzz", "Fizz", 37, 38, "Fizz", "Buzz", 41, "Fizz", 43, 44, "FizzBuzz", 46, 47, "Fizz", 49, "Buzz", "Fizz", 52, 53, "Fizz", "Buzz", 56, "Fizz", 58, 59, "FizzBuzz", 61, 62, "Fizz", 64, "Buzz", "Fizz", 67, 68, "Fizz", "Buzz", 71, "Fizz", 73, 74, "FizzBuzz", 76, 77, "Fizz", 79, "Buzz", "Fizz", 82, 83, "Fizz", "Buzz", 86, "Fizz", 88, 89, "FizzBuzz", 91, 92, "Fizz", 94, "Buzz", "Fizz", 97, 98, "Fizz", "Buzz"];
output = "";
myArray.forEach(function(i) {
  output += i;
});
output;
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      In contrast, practice script 5.11 makes use of multiple variables that allow for the test program to be adjusted as desired beyond the loop bounds of 1–100 (with a potentially different scope of iteration), for new conditions to be checked, or for different output to be displayed. The basic exclusive conditional logic used in practice script 5.11 is nearly identical to that of practice script 5.9, save that the exclusive nature of each check must be more explicit, as the relationship between multipleA, multipleB, and multipleC—should the parameters for this “FizzBuzz” program ever change—may not always be easily recognizable (if such a relationship exists at all). Specifically, each of these conditions employs Boolean logic to rule out multiple successful checks, so line 11 describes checking whether i%multipleA equals the value of checkedMod, so long as the same is NOT also true for i%multipleB and i%multipleC.

      Practice script 5.11 is the longest of the looping versions of “FizzBuzz” provided in this chapter, but its length does not make it necessarily unwieldy or unreadable. Due to its “scalability first” approach, however, it does suggest a very different programming philosophy than those in practicePage 165 → scripts 5.8, 5.9, or 5.10, namely, that a program can and should be written in such a way as to reduce any potential redundancy in future revisions of that program. The passing of custom input data to the function each time it is called allows for experimentation with the “FizzBuzz” algorithm. Several input data points are established as passing to the function in line 8 of practice script 5.11, with an example call of the function in line 22. While the majority of these “FizzBuzz” programs work, they are not so easily adjustable for alternate data (that is, the loops themselves would be rewritten rather than the values for individual variables).

      
        
          Practice Script 5.11: Modular/scalable “FizzBuzz” program         
        
        checkedMod = 0;
multipleA = 3;
multipleB = 5;
multipleC = 15;
messageA = "Fizz";
messageB = "Buzz";
messageC = "FizzBuzz";
function iterate(minTotal, maxTotal, iterateAmount) {
  for (i = minTotal; i <= maxTotal; i+= iterateAmount) {
    if ((i%multipleA == checkedMod) && (i%multipleB != checkedMod) &&
(i%multipleC != checkedMod)) {
      output += messageA;
    } else if ((i%multipleB == checkedMod) && (i%multipleC != checkedMod)) {
      output += messageB;
    } else if (i%multipleC == checkedMod) {
      output += messageC;
    } else {
      output += i;
    }
  }
  return output;
}
iterate(1, 100, 1);
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      As progymnasmata, what these “FizzBuzz” examples hopefully demonstrate, more than anything else, is the power of rhetorical style in establishing an argument. It illuminates particular logics and decisions behind a rhetor’s claims, even if the ultimate “point” may seem indistinguishable from that of other arguments. While we often consider issues of style and arrangement with an orientation toward audience reception and subsequentPage 166 → action, we can attend equally to the means and meaningful mechanisms by which a rhetor has established a particular line of reasoning or how that rhetor has framed significant concepts or terms as a reflection of his or her own comprehension of the issue at hand.

      Exercises in Repetition: Object Creation

      Just as iteration is an important component of computation and thus computational rhetoric, so too is repetition—explicit and implicit—central to many programming languages, especially object-oriented languages that rely on class inheritance. “Class inheritance,” as described in earlier chapters, refers to the way individual objects (bundles of data) are defined by default and how they are capable of behaving through the employment of general and specific computational procedures. Developers rely on class inheritance principles for iterative object creation and modification in order to avoid potentially overwhelming amounts of repeated code throughout their programs.

      JavaScript, however, is not technically an object-oriented programming (OOP) language. Instead, JavaScript is “prototype-based,” meaning that objects and object types have properties linked from their prototypes rather than having properties copied (inherited) from classes; even so, much of the language’s behavior emulates that of OOP languages (deasydoesit et al. 2018). It is possible, however, to define and develop object classes for use in individual programs; further, a number of standard object types are built in to JavaScript by default, including Math, String, Array, and Object. As a result, JavaScript functions flexibly for programmers who both do and do not want the language to adhere strictly to OOP principles.

      Thanks to JavaScript’s flexibility, we are offered several opportunities for rhetorical experimentation here. First, we can play with anticipation through the development of a class, establishing attributes and methods that will likely be used by any future instance of said class. Second, we can examine repetition as it occurs through modification, of changes, across instances of a concept, in data values and computational behavior. Third, we have the potential to see how changes, whether significant or seemingly trivial, can have striking effects on the arguments we make in and through the code we write.

      The code in practice script 5.12, inspired by the JavaScript example in table 4.5 by saskatchewancatch et al. (2016), creates a class (called Cyborg)Page 167 → and then creates two objects that inherit the class’s defined behaviors. Functionally, the program is quite simple, as the only behavior defined initially is the establishment of a name attribute, based on the myName argument passed to the class function when each new object is created. Through the composition of this program, however, we can get an initial sense of how effects of the work performed in developing a class echo through the objects we create from that class. In this case, line 4 returns text confirming each new object’s creation with a message that includes its custom name data when the greet() method is called, as in line 8. While this is not a complicated operation, it nonetheless hinges on the expectation that each new relevant object will have name data set upon its initialization (in part so that the message will appear to the user as intended). Any Cyborg-based objects without this variable are thus missing a potentially vital component to their “existence” in the program and its purpose.

      
        
          Practice Script 5.12: Simple class construction and object initialization          
        
        Cyborg = function(myName) {
  this.name = myName;
  this.greet = function() {
    return "New cyborg, " + this.name + ", activated.";
  }
}
myCyborg = new Cyborg("Version 1");
myCyborg.greet();
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      To the nonprogrammer user, if another object using this class is created with no name data, almost everything will function “correctly.” As it stands, the only visible proof of some issue or bug with the program, outside the bounds of the source code itself, would be a blank space in the middle of the message outlined in line 4, specifically, where this.name is called and expected to be populated with its current value (set in line 2). Not every space for error or unanticipated behavior (e.g., not planning for an object to be created without a “name,” although it is possible to do so) allows for the otherwise successful execution of a program, and the attention paid to such concerns reflects the values of the program’s authors as much as does any explicit line of code. Unfortunately, these values may not always be shared by or accessible to users of the program.

      Practice script 5.13 provides more complexity in describing how the Page 168 →Cyborg class and its resulting objects operate, although fundamentally the program still makes use of simple string data stored in variables. Its capabilities have expanded in regards to the use of data that is dynamically generated when particular methods are called. In addition, the program employs chaining and nesting to accomplish complex goals via combinations of individual methods with narrow purposes. In effect, the program’s code anticipates (through its structure and logic) significant and varied forms of computational repetition to be encountered when it is run.

      Chaining and nesting refer to distinct but related concepts in which specific procedures are called by other procedures in order to accomplish a different—generally more complex or comprehensive—goal than that Page 169 →of any individual component. Chaining refers to the practice of constructing new procedures by calling multiple methods at once (thus building a “chain”) without relying on variables to store the results of each individual method. For example, line 20 involves the use of two Date.parse() methods and a mathematical operation to calculate the value of a new variable called age, which is then used as the basis for other calculations. Rhetorically, chaining is not unlike writing a statement or series of statements involving multiple instances of jargon: it might be possible to frame the statement(s) in such a way as to incorporate definitions of each term, but it is probable that any terms are explained elsewhere so as to improve readability and relative conciseness of statements using those terms.

      
        
          Practice Script 5.13: More complex class and object creation
        
        function Person(firstName) {
  this.firstName = firstName;
}
function Machine(serial) {
  this.serial = serial;
}
Cyborg = function(firstName,serial) {
  Person.call(this,firstName);
  Machine.call(this,serial);
  name = firstName + "-" + serial;
  birthdate = Date();
};
cyborg1 = new Cyborg("Grover", "1");
Cyborg.prototype.greet = function() {
  return "Hello world, I am " + name + "! I was created on " + birthdate + ". Despite my first-person statements, I am not quite self-aware. ";
  this.ageUpdate();
}
Cyborg.prototype.ageUpdate = function() {
  age = Date.parse(Date())-Date.parse(birthdate);
  ageSec = (age / 1000) % 60;
  ageMin = (age / 60000) % 60;
  ageHrs = (age / 3600000) % 24;
  ageDays = (age / 86400000);
  return "I am " + Math.floor(ageDays) + " days, " + Math.floor(ageHrs) + " hours, " + Math.floor(ageMin) + " minutes, and " + Math.floor(ageSec) + " seconds old. ";
}
 cyborg1.greet();
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      Nesting, meanwhile, refers to the use of procedures within (or subordinate to) other procedures in order to complete a given task. Since some tasks may be common across a set of important procedures, the tasks may be modularized as methods and then called as desired without the need for them to be rewritten for each larger procedure in which they appear. Line 17, for example, nests the ageUpdate() method within the greet() method; ageUpdate() exists and can be called independently, but its functionality is also an expected or desired component of the operations comprising greet(). A potentially useful analogy from classical rhetoric is the syllogism, in which premises are already accepted in order for one or more conclusions to be reached. One or more premises may be debatable, but the resolution of that debate generally exists outside the syllogism; its presence within the syllogism serves to facilitate the completion of the larger argument. As part of completing the syllogism (i.e., following its logic), one might question the strength or veracity of a premise, but that process occurs internally as a kind of subroutine necessary to understand and deliberate on the larger conclusion(s) at hand.

      The program’s use of dynamically generated data further contributes to its complexity. No longer can we assume that the same output will always be displayed when we call for it; instead, the program’s code takes on a more (rhetorically) active role in its expression by generating data not explicitly and statically entered by the program’s author (who may not necessarily know or, in some cases, even accurately guess at what the generated data may be). This means that composing such a program inherently involves anticipation of potentially diverse expressions emerging from its use—what rhetoricians would recognize as multiple and different rhetorical contexts—and the skilled developer must recognize at least some of the bounds of that diversity constructed within their code. Admittedly, Page 170 →the “diversity” relating to this program is relatively limited, as the “age” of any Cyborg object created will always increase, its output will always be displayed as a set of specific numbers, and it is possible to guess with some accuracy what any given greet() message will display. As an initial exercise in creating objects that make use of dynamic data, however, this program offers a far greater range of possibilities than those in the previous progymnasmata.

      Exercises in Arrangement: Bubble Sort

      Modularity, as described earlier in this chapter, is an important component of many programming languages, since it allows for a decrease in explicitly repeated code. An even more important component for programming, and for procedure in general, is order, that is, the arrangement of particular procedural operations in the order necessary to produce a desired result. This identification of order as important is likely obvious, given the examples already provided that make use of particular procedural structures to induce certain outcomes. Similarly, the rhetorical canon of arrangement refers to the skillful construction of arguments that promote particular claims and offer proofs supporting those claims.

      Fundamentally, there is little distinction between the arrangement of arguments composed in conventional discourse and those composed in code, save perhaps for the means by which important terms and concepts are established. Specifically, conventional rhetors anticipate reaching a sense of agreement or stasis with audiences about multiple facets of their arguments (e.g., agreement on questions like the following: Was something done? What was done? Was it proper or appropriate to be done?). In the majority of programming languages, where statements are overwhelmingly imperative declarations, the notion of stasis differs; a given programmer—within the constraints of a given language and a context of hardware and software limitations—outlines the boundaries for the logos that drives the program the programmer has written. These boundaries can include establishing a particular variable as a certain type of data (e.g., an integer or a string of text), affording an object only certain attributes or behaviors (e.g., the earlier exercise’s Cyborg output messages), and even constructing procedural behaviors themselves.

      As a result, arrangement takes on an entirely new dimension when understanding programming as a rhetorical activity. If a programmer can rely entirely on the constraints of a language to perform the Page 171 →work of definitional suasion, then the means by which a given concept is communicated—which, for code, is the structure and order of one or more relevant procedures—becomes that much more central and significant to its effectiveness for human as well as machine audiences. Obstacles to readability, computational efficiency, or scaffolding of calculations can all lead to drastically different outcomes than those potentially intended by a program’s author(s).

      One type of programming exercise that emphasizes procedural arrangement is the “Bubble Sort,” which refers to a program that takes a set (usually a list) of data points and reorders them according to a particular system (such as arranging words in alphabetical order or arranging numbers from smallest to largest). The name “Bubble Sort” refers to the way certain items in the set move toward the end of the set, resembling the rise of bubbles in a liquid. The “Bubble Sort” program employs several complementary procedural mechanics, including nested loops and multiple operations relating to the storage and manipulation of data points within a larger record. It is important for a programmer to comprehend how the different procedures work in conjunction with one another and that they do so in a precisely arranged fashion so as to effect the desired outcome.

      As a related example, in her book Exercises in Programming Style, Lopes (2014) demonstrates 33 different stylistic approaches to a computational task known as “term frequency,” which conceptually resembles the “bubble sort” procedure with some additional data sorted and displayed to the user. Lopes defined the “term frequency” task as a trivial one: “[T]he computational task in this book is trivial: given a text file, we want to produce the list of words in the file and their frequencies, and print them out in decreasing order of frequency” (2014, xiii). The procedure can certainly be described simply, and—depending on the programming philosophy employed to compose it—may be realized simply as well. However, as Lopes’ book illuminates the significance of style, and as this exercise attempts to demonstrate regarding the arrangement of data and logic in two stylistic approaches, we can learn a great deal about a program as well as its author(s) when we examine why and how certain perspectives on procedural rhetoric are applied to the activity of composing this program (or other programs, of course).

      The example “Bubble Sort” shown in practice script 5.14 employs two loops, one nested in the other, to successfully iterate through the data to be arranged properly (the Array myData in Line 1). Further, a conditional statement on line 6, within the innermost loop, initializes manipulation Page 172 →of Array data via a temporary variable that momentarily stores the original value of each element as it gets altered in the course of the loop.

      
        
          Practice Script 5.14: Simple “Bubble Sort” program
        
        myData = [2, 5, 9, 6, 3, 1, 8, 4, 7];
function mySort(input)
{
  for (j = input.length-1;j >= 0; j--) {
    for(i=0;i < input.length-1; i++) {
      if (input[i] > input[i+1]) {
        tempData = input[i];
        input[i] = input[i+1];
        input[i+1] = tempData;
      }
    }
  }
  return input;
}
mySort(myData);
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      This version of the “Bubble Sort” exercise can be useful as a relatively transparent demonstration of one logic system applied to the act of sorting. After all, there are several “moving parts” (figuratively speaking) that must work together for the data to be modified and reordered correctly. It may be useful to compare this sort of program to a more recognizable rhetorical example: the relationship between major and minor premises within an enthymeme or syllogism. While it may be possible to use either premise independently for other purposes, it is necessary that an audience understand the significance of a rhetor’s effort to connect the premises so as to successfully reach the desired conclusion(s) stemming from them.

      “Bubble Sort” as a rhetorical exercise here, however, is made unnecessary in terms of the practical need for it in regards to JavaScript. That is, JavaScript possesses a native method for precisely the kind of automated arrangement effected above, and the method—called sort()—works for numbers or text strings, as demonstrated in lines 1 and 2 of practice script 5.15. The method can be chained with another method, reverse(), to provide a descending result (instead of the default ascending order), as demonstrated in line 3 of practice script 5.15. What the native methods obfuscate is the specific procedural logic involved in the sorting we, as programmer-composers, call on in this program as compared with that of the previous example, which allows for a more varied and nuanced approachPage 173 → to sorting should we desire a less conventional ordering system for our data.

      
        
          Practice Script 5.15: “Bubble Sort” with JavaScript sort() method
        
        myData = [2, 5, 9, 6, 3, 1, 8, 4, 7];
myData.sort();
myData.sort().reverse();
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      Clearly, the two approaches to “Bubble Sort” suggest very different logics, with one keyed in to the affordances of JavaScript (and thus “obscuring,” to some readers, the means by which a list is sorted while clarifying it to others) and the other assuming a need to develop an explicit sorting apparatus for readers—and, perhaps, the author himself or herself—to understand how one can achieve a particular goal.

      Exercises in Invention: enthymemeGenerator.js

      We can combine the work performed thus far in the course of these exercises to develop even more nuanced and complex programs. Such programs can allow us to anticipate new and different rhetorical contexts than those initially established within the parameters of the previous exercises. In this exercise, we will focus on the complementary effects of exploratory and combinatoric invention as we create a program whose objects perform a number of meaningful writing-related tasks.

      Specifically, this program will allow for the creation of distinct objects that can store, manipulate, and output data, which in this case will be focused on the creation of a short enthymemic puzzle or game. (I should note that the logic generated semirandomly by this program will not always be clear, so the displayed enthymemes should be considered within the logical “world” boundaries of their related premises and conclusions.) Generally speaking, the program is not overwhelmingly complex, but in relation to the previous exercises presented in this chapter, it serves as a suitable capstone to this initial investigation of programming-based progymnasmata.

      First, it is important to consider what such a program requires mechanically. As initially envisioned, this program has several interconnected components or tasks with distinct purposes:

      
        	Page 174 →	1.	Definition of objects to be initialized, which involves:
          
            		a)	Definition of data lists that will serve as enthymeme elements

            		b)	Description of behaviors for sorting data list elements

            		c)	Description of behaviors for displaying generated arrangements of enthymemes

            		d)	Description of behaviors for storing generated enthymemes

          

        

        		2.	Initialization of object(s)

        		3.	Operation of object methods that generate specific enthymemes

      

      None of the involved components is complicated in and of itself, but it nonetheless matters that each can be identified for its contribution to the goal of the overall program and so that we, as the program’s authors, can attend to the relationships each has with the others in anticipation of users engaging the program.

      Second, it is also important to remember that this program could be written in a variety of ways, and the approach taken below is hardly the only—or in some ways the best—means of accomplishing the goals described above. Curious readers may find it fruitful to experiment further with their own version of the program or to tweak the version provided here to understand more clearly how the differences in approach can communicate meaning through procedure in a variety of noteworthy ways. How might seemingly trivial, or clearly major, changes to individual procedures impact the range of expressions possible when running the program?

      With these questions in mind, we can turn to application: How might such a program be composed in code? The version provided below employs the concepts outlined in this chapter’s earlier exercises as well as introducing several new principles and methods (native to JavaScript) to the program. Hopefully, this sample version demonstrates a recognizable foundation on which to build while illuminating new and different efforts to achieve the program’s goals.

      This version of the program suggests several key concepts as integral to the generation of enthymemes. The logic used to generate a given enthymeme reflects a set of values and means of engaging the world (in this case, other potential programmers, the author’s knowledge of the JavaScript language, and so on). The program’s argument occurs enthymematically, with a number of implicit premises accompanying the explicit lines of code, including the following: this is one way to build an enthymeme; this is a preferable way to build an enthymeme; the enthymemes it generates are meaningful; the user for this program is interested in working through the logic of a given enthymeme.

      Page 175 →Just as it is not a guarantee that a given reader of the code or user of the program will accept—or is interested in pursuing—any of the above premises, it is within the author’s power to make one or more of these argumentative premises stronger or clearer so that a reader is more likely to recognize, understand, and accept them, beyond the assumed “acceptance” of constraint accompanying all software use (that is, the recognition of software- and hardware-based constraints on what is possible with a given program). Accordingly, the program code sets up several central parameters that anticipate its range of potential expressions: enthymemes consist of two sentences, the enthymemes have at least two points of thematic relation, each sentence grammatically is structured as subject–transitive verb–object, and—presumably—the logic of each enthymeme is accepted by the reader.

      First, the example to be discussed is provided in practice script 5.16.

      
        
          Practice Script 5.16: Enthymeme generator built on earlier object creation code
        
        noun = ["apple", "banana", "canteloupe"]; // Expand these vocabulary lists for more interesting results!
verb = ["act", "bellow", "cry"];
adjective = ["angry", "beaming", "cold"];
quantity = ["all", "few", "half"];
function Person(firstName) {
  this.firstName = firstName;
}
function Machine(serial) {
  this.serial = serial;
}
Cyborg = function(firstName,serial) {
  Person.call(this,firstName);
  Machine.call(this,serial);
  name = firstName + "-" + serial;
  birthdate = Date();
  return "New cyborg, " + name + ", activated.";
};
Cyborg.prototype.singularize = function(term) {
  iesLetters = "aeou";
  esLetters = "hosx";
  if (term.charAt(term.length-1) == "y") {
  if (iesLetters.indexOf(term.charAt(term.length-2)) == -1) {
      temp = "";
      for (i = 0; i < term.length-1; i++) {
        temp = temp + term.charAt(i);
      }
      term = temp + "ies";
    }
    else {
      term = term + "s";
    }
  }
  else if (esLetters.indexOf(term.charAt(term.length-1)) != -1) {
    term = term + "es";
  }
  else {
    term = term + "s";
  }
  return term;
}
Cyborg.prototype.randomize = function(list) {
  randomTerm = list[Math.floor(Math.random() * (list.length))];
  return randomTerm;
}
Cyborg.prototype.enthymemeGenerate = function() {
  amount = this.randomize(quantity);
  subject1 = this.randomize(noun);
  subject2 = this.randomize(noun);
  action = this.randomize(verb);
  directObject = this.randomize(noun);
  this.sentence("major", amount, subject1, subject2, action, directObject);
  this.sentence("minor", amount, subject1, subject2, action, directObject);
return output;
}
Cyborg.prototype.sentence = function(type, amount, subject1, subject2, action, directObject) {
  if (type == "major") {
    myQuantity = amount;
    mySubject = this.singularize(subject1);
    myVerb = action;
    directObject = this.singularize(directObject);
    majorPremise = myQuantity + " " + mySubject + " " + myVerb + " " + directObject + ".";
    majorPremise = majorPremise[0].toUpperCase() + majorPremise.substring(1);
    output = majorPremise;
  } else if (type == "minor") {
    mySubject = subject2;
    myVerb = this.singularize(action);
    directObject = this.singularize(directObject);
    minorPremise = mySubject + " " + myVerb + " " + directObject + ".";
    minorPremise = minorPremise[0].toUpperCase() + minorPremise.substring(1);
    output += " " + minorPremise;
  }
}
cyborg1 = new Cyborg("Grover", "1");
cyborg1.enthymemeGenerate();
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      Page 176 →

      Page 177 →Outside of the word lists in the first several lines of the program (each of which is purposefully short so as not to double the overall length of this text), much of the first quarter of the provided code may look especially familiar, since it involves a construction of the Cyborg object type so that readers can build on their program drafts from earlier exercises. That code is included first here to provide context for the code to come. Unlike many programming languages whose code texts are compiled and executed, JavaScript interprets its lines, so the order of composed procedures matters (that is, the program will not operate successfully unless we first establish variables that are referenced elsewhere before we can write the code that makes those references).

      A new set of methods appended to the existing code lines provides the necessary functionality for generating the randomized enthymemes for this exercise. There are three distinct but connected methods—singularize(), randomize(), and sentence()—that are all activated when the “umbrella” method, enthymemeGenerate(), is called. In each of these methods, a particular procedure produces a key component of the enthymeme that is ultimately generated and displayed; it is worth noting that in its current form, the program creates a “categorical” enthymeme, meaning that the expected conclusion to be drawn is one that relates the subject of the minor premise to the subject of the major premise.

      Of the integral functions used in this program, the randomize() method (lines 41–44) generates a random number, using Math.floor() and Math.random(), and then pulls the array element of that number from the appropriate list (as established when the method is called). Its nature as nonspecific to any particular type of term (noun, verb, etc.) means that it can be used to populate any grammatical component for these premise statements. The singularize() method (lines 18–40) similarly performs in a generic manner, although its name suggests its use is specific, as singularizing a noun often appears opposite to singularizing a verb; in fact, when this singularize() method is used for nouns, it actually pluralizes them by appending characters (e.g., “s” or “es”) to words. The specific appended characters are determined based on the final characters of a given word, established in lines 19–20 and checked in the conditional statements beginning on line 21. Thus a word ending in “y” will have that “y” replaced with “ies” unless the letter just before “y” is included in the string on line 19 (the variable iesLetters), in which case the word will be altered to have an “s” after the “y” character. While Page 178 →the method’s name is arbitrary, there is nonetheless a clear implication for how a reader is expected to consider its function and purpose, and admittedly there is significant room for misinterpretation, in terms of its use for nouns, as a result.

      In contrast, sentence() has a potentially more straightforward workflow that may be easier to follow despite its more complex use of method chaining to construct its output. Some of the data used is provided when the method is called (such as in the enthymemeGenerate() method, in lines 51–52), while others are computed based on that initial input, such as in regards to the “singularized” version of a given term or whether a major or minor premise is being constructed. At the end of each premise’s condition, the appropriate variables are arranged and formatted, in a very particular way, into a sentence that is then displayed to the user.

      As with the other exercises, any or all of these functions could be structured in a variety of ways for drastically different results, each demonstrating a different logos of how the program’s author approaches understanding and communicating important information about the creation and interpretation of enthymemes. The sample program, in its current form, makes a particular argument about what an enthymeme is, how it works, and what a user—as well as a potential contributing developer—is expected to think about the use of enthymemes. (Admittedly, some of these expectations may not be particularly meaningful in the context of this brief exercise.) A program that further randomized the provided components of an enthymeme, such as a conclusion as well as a premise, might demand a very different set of functions to achieve that goal. Similarly, a program that generated different types of enthymemes, or even different approaches to phrasing enthymeme elements, might call for very different sets and arrangements of sentence components.

      Ultimately, this exercise is as much an attempt at broad reflection on one’s invention practices as it is the specific application of particular programming concepts to develop an enthymeme generator program. In any given text, how much do we lean on particular avenues of establishing meaning as opposed to seeking out new or alternate ways of making arguments? How do we attempt to help readers understand not only an intended point or goal but also the logic behind our decisions? How much do we identify certain principles to strive for, and how do we go about attempting to realize those goals? These questions and others emerge as a result of such an exercise, and they can serve as valuable heuristics for Page 179 →reading the composing work we do in any medium, although, thanks to its inherently procedural qualities and hybrid reader/interpreter considerations, code may well offer novel dimensions for the responses we develop to our reflective questions.

      Conclusions

      The exercises presented in this chapter attempt to demonstrate a variety of key rhetorical concepts that inform composing practices across genres, modes, and media and reflect composing in code specifically. While programming as a form of meaning making involves a functional need to compose code in such a way as to be readable (interpretable) by the computer, it is nonetheless also a form of making and communicating meaning to human audiences (including potential collaborators or even some users). Accordingly, we can approach composing in code as a rhetorical activity, allowing us to experiment with the development of arguments in code just as we would in other media. In addition, we can potentially investigate more effectively how professional and amateur programmers compose their work with rhetorical strategies (un)consciously in mind.

      To be clear, these exercises barely scratch the surface of the potential range of tactics a rhetor might employ in code or in another medium. Nonetheless they suggest what I hope is a suitable variety of considerations regarding the importance of treating code as an important and inherently rhetorical form of communication. If as rhetoricians we want to understand and inform the effective composition of meaning through code, or if as programmers (professional or amateur) we want to develop approaches or workflows to coding that are accessible as well as efficient, it behooves us to attend more closely to the relationships between the progymnasmata of classical rhetoric and the exercises of contemporary programming texts and hiring processes, as together they can tell us a great deal about the forms of meaning making that code authors and readers alike are expected to recognize, understand, and engage in particular ways for similarly particular purposes.

    





















  
    
      Page 180 →Page 181 →Chapter 6

      Conclusions

      I undertook this project to pursue a critical examination of the relationship between the rhetorical possibilities of algorithmic computation and the computational qualities of rhetoric, taking advantage of opportunities created by current popular interest in code. Scholars interested in the means by which digital technologies enable and constrain particular ranges of action could similarly offer novel insights into our understanding of rhetoric by considering how the relationship between rhetoric and computational logic can offer us insight into the workings of both. It is not enough merely to identify rhetoric “as” computational, or computation “as” a form of rhetorical communication; the recognition of the one as part of the other is meant to serve as an introductory foray into experimentation with the potential action(s) that can be undertaken as a result of this knowledge. What does recognizing computation or code as rhetorical get us? How can we better proceed with investigating and making meaning in the twenty-first century if we attempt to inform practices of composing code with rhetoric? How might a more procedurally oriented or focused theory of rhetoric affect our approaches to knowledge creation and communication with networked technologies?

      By teasing out some of these possibilities through identifying the cultural influences on and implications of algorithmic computation—in an abstract sense, in specific cases, and in the writing classroom—I hope to provide a point from which rhetoricians can incorporate computational technologies more fully and naturally into the body of objects of serious rhetorical study and composition. Further, I hope that scholars and practitioners outside the field of rhetoric may also find this project valuable for improving education and practice relating to software development by considering what rhetoric has to offer computer science and professional (and, for that matter, amateur) programming activities.

      Page 182 →The field I have described is not meant to serve as a means of answering the questions asked by those studying digital rhetoric or software, but instead as a space in which to engage issues emerging from parallel and convergent inquiries undertaken by scholars in these disciplines, as well as in disciplines that may not initially seem clearly related or impacted by the intersection of rhetoric, software, and code.

      Rhetorical Code Studies Thus Far

      As a field, rhetorical code studies can best be defined as the convergent space shared by the disciplines of rhetoric, software studies, and critical code studies. There has been significant and influential scholarship in each of these areas that conceptually overlaps with the scholarship in each of the others to date, and in the past several years in particular there has been an increase in explicit cross-disciplinary acknowledgment or engagement among scholars in these disciplines. This boundary crossing is particularly notable in regards to rhetoric, given the continued expansion of our understanding of “digital rhetoric” as an area worthy of serious study. Most rhetoricians interested in digital media, however, remain focused on the end-user interfaces (i.e., software programs) most commonly used for purposes of invention and communication rather than on the software code languages and “hidden” interfaces that facilitate subsequent end-user actions. A turn to code enables rhetoricians and critics of software to explore the possibilities of meaning making among software developers as well as the meaningful interactions they facilitate for broader sets of users.

      At the center of rhetorical code studies is the algorithm, and specifically the algorithm as a way to understand the creative processes we engage in regularly as part of our humanistic activity. While algorithms are conventionally thought of in terms of engineering, mathematics, and computer science, algorithmic procedure has its roots in the day-to-day activities humans have engaged in for millennia. Building upon this history of algorithmic procedure as a description of fundamentally creative processes, I explored in chapter 2 the relationship between algorithms and enthymeme, the central mechanism with which rhetorical arguments are delivered to audiences. Specifically, an enthymeme functions algorithmically in that it implicitly demands some computation on the part of an audience: the completion of an incomplete syllogism. This demand engages that audience in the rhetorical act, but only so long as the audience Page 183 →recognizes and performs the computation of the rhetorical algorithm offered to it.

      Conversely, algorithmic procedure as present in (and communicated through) software code makes use of enthymematic reasoning to anticipate how that code will execute as part of a user’s activities. In other words, developers provide implicit arguments, using what Lanham (2003) referred to as tacit persuasion patterns, to induce other developers to engage in specific styles of development, writing code that functions in particular and meaningful ways. The logical structures of code enable multiple means of responding to a given exigence, so what becomes important is how developer audiences interpret and complete the code-based enthymemes provided by their colleagues. This importance can be viewed across multiple scales of code development, from individual function logics to larger concerns of data iteration (as demonstrated in that chapter through the specific examples of the FizzBuzz test, the quine, and the HashMap concordance).

      Conventional forms of discourse play a significant role in code-related rhetoric, as software developers converse with one another about both their preferred means of accomplishing specific tasks in code and their arguments for why other developers should follow similar approaches to coding. This sort of discourse can be most easily observed in the discourse of large open source software communities, in which hundreds or thousands of developers engage in collaborative software program development over extended periods of time. These developers often have varied levels of expertise and familiarity with the relevant programs and languages used to make those programs, so the conversations that take place within a given community provide helpful insight as to how particular developers attempt to influence their fellow contributors. In chapter 3, I examined the discourse of the development community for the Mozilla Firefox web browser. A massive and popular open source software program, Firefox has been collaboratively developed for seventeen years by thousands of professional and amateur programmers. As a result, the range of conversational topics, and the range of rhetorical appeals used in relation to those topics, is broad, even when considering the relative scope of discussion is “narrow” (i.e., focused on the development of a single program). Perhaps unsurprisingly for rhetoricians, the Firefox developers engaged in practices making use of appeals to ethos and pathos as much as, if not more than, logos, suggesting that decisions about development practices are not focused so much Page 184 →on computational efficiency or optimization as on personal preferences and stylistics as well as group dynamics.

      In chapter 4, these considerations were extended into the code texts and development practices themselves. I examined several particular types of composition process and rhetorical strategy present in Firefox’s code at various points in its history (as well as in its current form). Each of these examples showed a fundamentally rhetorical approach to writing in and through code, in regards to composing both for a developer (colleague) audience and with colleague collaborators on a shared set of texts whose constraints influence the work—rhetorically meaningful code construction—undertaken by involved members of the community. For Firefox, as with most collaborative development projects, this involves additive practices of code composition, reflecting the back-and-forth of conversational discourse (wherein one speaker responds to, but does not eradicate, the statements of others). This fundamentally rhetorical quality of discursive communication as demonstrated in code is extremely significant, as it allows scholars to observe how software code languages facilitate rhetorical activity between human beings and not simply mechanical processes for, or in, computer technologies. I pointed to examples of rhetorically powerful arrangement, such as anaphora, climax, and exergasia, as recognizable strategies that imply specific ways of solving relevant problems and manipulating data as the optimal means of achieving those goals. While it would be inaccurate to claim that most (if any) of the Firefox developers were consciously attempting to induce change with these strategies, their use nonetheless has implicit effects on the developer audiences who engage those texts and practices.

      The programming-oriented progymnasmata serving as the focus for chapter 5 offer some initial, and hopefully useful, perspectives on the act of programming as rhetorically significant and informed composing. While those exercises do not offer a comprehensive engagement with the flexibility of programming or of basic rhetorical theory as a means of developing a complex program, they nonetheless demonstrate the possibilities available to scholars and professionals interested in rhetoric or in software development as a form of meaningful communication. This recognition of the act’s inherent rhetoricity is meant to complement the preceding chapters’ focus on analysis of existing texts and practices so that we, as a collected body of scholars and practitioners, can more effectively turn toward improving relevant rhetorical and programming pedagogy and further the push for computational and procedural literacy, broadly speaking.

      Page 185 →My efforts here have been bolstered considerably by the spur of scholarship in the past several years that has brought together rhetoric and software in significant and interesting ways. Most notably, Brown’s (2015) investigation of the “rhetorics of software” serves as the most currently comprehensive effort to connect rhetorical criticism with the study of software. Building on a foundation of rhetoric as well as software studies and media criticism, Brown has performed a set of insightful investigations into how we might, and could, understand questions of ethics and hospitality in software and software-mediated contexts. As Brown has argued, “Digital rhetoricians can and should be participating in discussions of computation, and they should do so both by bringing rhetorical theory to bear on software and by rethinking rhetorical theory in light of the unique attributes of computational media” (180). Similarly, Beck (2016) offered a number of questions pertinent to the rhetorical study of software and code:

      
        [H]ow might a rhetorical code studies treat social and cultural theories alongside non-human theories of machinic contexts? Additionally, how might focusing scholarly attention toward rhetorical and theoretical treatments of computer algorithms open interdisciplinary conversations and relationships? How might such perspectives attract complementary and divergent views? Since algorithms affect changes in machine and human behaviors, as the two scenarios that frame this article illustrate, how might those allied with rhetoric and writing studies gift a path toward greater knowledge about the formation, creation, and use of computer algorithms in myriad digital and scholarly spaces? (n.p.)

      

      For Beck, the question of agency is critical, especially as it might contribute to rhetoricians’ experiments in algorithmic and code-based composition. Her questions regarding the impact of nonhuman activity in the construction and dissemination of digital texts are all the more intriguing given the increasing use by developers of script tools, bots (such as Mozilla’s patch testing software or Wikipedia’s swarm of automated editors), and so on; if we cannot afford to ignore the role of such software agents in our digital composing practices, then how might we re-evaluate what we (and they) are doing when we collaboratively compose software?

      Ultimately, these examinations of software, code, and code-related discourse as rhetorical and significant forms of meaning making serve Page 186 →to demonstrate the importance of rhetorical code studies for twenty-first-century studies of rhetoric and digital media. In particular, the potential for code to facilitate and constrain ranges of action reflects the dynamics of rhetorical invention and delivery, albeit in a set of forms that have to date been underexamined in relation to the significant impact digital technologies (and thus developers’ decisions) have on our day-to-day activities. Such an examination would benefit rhetoricians, software critics, and code critics alike: just as we can understand more clearly the cultural influences on, and consequences of, software practices, so too can we explore more fully how we attempt to communicate meaningfully with one another in and through those practices. In short, we have an opportunity to approach investigating the ranges and types of actions we attempt to induce in various audiences (of developers as well as of users) for particular purposes.

      Assessing Computational Action

      If the goal of rhetoric is to facilitate action, and if this action is made possible by the inherently procedural nature of rhetoric, then computation—which similarly operates through procedural expression—is capable of similarly facilitating some form of action of value and interest to rhetors for rhetorical ends. This is not a logical given (since computation may not always be used for such purposes), but it is possible to recognize that, and how, computation is action-oriented toward many of the same contingent and situated ends as rhetoric.

      One might accurately argue that computation and rhetoric differ in that the former, unlike the latter, cannot engage in any sort of explicitly discursive give-and-take with an audience, and neither can the logic of a computational statement be debated by a machine (it instead will either be accepted as valid or refused as invalid). But the structure and intended effects of both a computational procedure and a rhetorical procedure are often closely aligned if not parallel in nature. In essence, this is because computation does not occur without context; there is a reason for the expression of a given procedure, and that reason is often to accomplish some meaningful outcome for various explicit and implicit purposes. As demonstrated in previous chapters, many professional software developers recognize that their work has these meaningful qualities, but they rarely engage in substantive discussion thereof, partly because of a lack of engagement with a humanistic (and specifically rhetorical) vocabulary Page 187 →that would help clarify how those procedural development practices function in these ways. Scholars interested in the rhetoric of code can help bridge this gap between critical analysis and pragmatic practice, but it requires an ability not only to translate rhetorical principles to professional and public audiences but to help those audiences assess the possibilities of rhetoric communicated through code.

      Bogost (2007) addressed such a contextual concern as part of an examination of the potential ways to assess procedural rhetoric, especially in relation to video games. For Bogost, assessment was crucial because it “always requires an appeal to an existing domain. An assessment equates one form of symbolic action with another form of symbolic action through some mediating measurement” (2007, 322). In other words, the meaning of a particular set of behavior is given a second set of meaning(s). Bogost specifically described the assessment of game play as “a form of procedural symbolic action [ . . . ] compared with desirable behavior within an institution, via material measurements like written texts or job performance” (2007, 323). For computational action, rhetorical assessment provides a means of outlining the suasive influence of particular algorithmic procedures on human behavior as well as on the construction of machinic behavior (as a result of influenced human activity). For rhetorical action, computational assessment offers a perspective focused on the structure(s) of anticipated activity to be executed through and as a result of a given attempt at meaningful suasion. Bogost (2007) suggested that “procedural rhetorics can [ . . . ] challenge the situations that contain them, exposing the logic of their operations and opening the possibility for new configurations” (326). In other words, examining and assessing algorithmic procedures can not only shine light on how they work, or toward what ends they function, but also how other suasive procedures might be constructed for other purposes and audiences.

      But by what metrics can the aforementioned types of assessment be evaluated? It is admittedly easier for rhetoricians to consider the ways in which computational procedures—especially as code texts—might be read as meaningful communication; Burkean dramatism, as described by Burke (1962), even offers one specific means of approaching computation with an algorithmically oriented school of criticism. Reading code as rhetorical text (while using an interpretive lens such as Burke’s pentad) offers new possibilities of understanding symbolic action communicated through forms that have yet to be explored, mostly due to the long-standing definition of code as machine-focused and nonmeaningful Page 188 →instructions. Admittedly, Burke argued that meaning was limited to human communication (with nonhuman activity instead reflecting nonsymbolic “motion” after Hobbes; see Burke, 1962, 135–37), but scholars in more recent decades have addressed the possibilities of symbolic action with more nuanced consideration. The pentadic ratio described by Burke even functions as a kind of algorithmic procedure not unlike the classical enthymeme, with a Burkean critic reaching an interpretive conclusion based upon the pairing of certain dramatistic elements related to a given rhetorical act or event.

      Another useful framework for rhetorically computational assessment is Shipka’s (2011) task-based model for evaluating multimodal composition, since it emphasizes the processes and procedures of rhetorical communication through multiple means, as well as modes, of constructing meaning (even if not necessarily specific to digital media). When using Shipka’s structure, “questions associated with materiality and the delivery, reception, and circulation of texts, objects, and events are less likely to be viewed as separate from or incidental to the means and methods of production, but more likely as integral parts of the invention and production process” (2011, 101). Shipka’s framework can apply as easily to code and the technologies that facilitate it as it can to any other form of composition; within such a structure, the goal is not to achieve one unified end but to allow students to discover their audience and purpose for a given task as well as the optimal means of achieving that purpose. As Shipka (2011) observed, recognizing the equal importance of any and all “modes, materials, methods, and technologies” that may used as part of a given rhetorical activity is integral to their skillful use in moving an audience to engage in some form of action (85). Accordingly, a rhetor’s awareness of, and ability to reflect upon, his or her employment thereof is a significant component of any effort to assess the quality and success of using computation successfully for rhetorical purposes.

      Focusing on assessment via the tasks involved in an act of rhetorical composition is also effective since a task-based model calls attention not only to the procedural nature of the invention process but, more importantly, to the explicit evaluation of the actions a rhetor means to facilitate through his or her suasion. That is, while any assessment of rhetorical composition is going to include an examination of how and why a rhetor attempts to communicate with a given audience, a task-based assessment emphasizes the rhetor’s awareness of the subsequent action(s) that he or she attempts to bring about or otherwise influence through the suasive act.

      Page 189 →Such a model is aligned with the goals of activity theory (AT) and its computational structure as well. In activity theory, a set of subjects and their object emerge through the course of undertaking and accomplishing (or at least attempting to accomplish) a particular activity. AT has primarily been applied to human-computer interaction, but its fundamental principles could just as easily be applied to the rhetorical practices of software code development as well as of its use. Christiansen (1996) has argued that

      
        activity [is] the term for the process through which a person creates meaning in her practice, a process we can neither see or fully recall but a process that is ongoing as a part of the participation in a community of practice. Activity is a process that we can approach by unfolding the task as stated within the community of practice and the objectified motive of the activity[.] (177)

      

      While the focus in Christiansen’s assessment is clearly on process, it is a process meant to accomplish a given set of tasks, each of which in turn has a rhetorical goal and a computationally informed structure that has led to the expression of the overall activity. AT offers a framework in which to explore the rhetorical ecologies and genres of particular development practices, helping scholars and developers alike to understand how all components of an activity contribute to its undertaking and achievement.

      In addition, emphasizing tasks as a fundamental component of rhetorical invention allows for the assessment of the procedural logic that supports a particular attempt at meaning making. How might an audience respond to, or build upon, a given argument? What sorts of affordances or constraints has the rhetor incorporated into his or her communication so as to influence any potential responses? In answering these questions, assessors need to understand the algorithmic operations used by the rhetor to maneuver from inventive potential to realized result. Without such an evaluation—if the “computation” of the rhetorical situation is ignored—then we lose the opportunity to explore the possibilities that alterations in the rhetorical algorithm’s expression might have produced: how different variables (e.g., audience, purpose, modes of communication, tone of message, etc.) would influence the outcome, how certain conditions (e.g., how skeptical an audience initially is of the rhetor’s position) might modify the restrictions upon specific appeals being made, and so on. A rhetorical code studies demands not just looking at computer code as text Page 190 →but also evaluating how rhetorical communication of any type employs computational procedure in order to succeed.

      A Future for Rhetorical Code Studies

      This project has attended to the need for critics of rhetoric, software, and code to engage and understand the rhetorical qualities of, and means of construction for, meaningful communication through software code languages. Beyond arguing for code as a form of rhetorical activity through extensive discussion of general strategies and specific examples in the case of the Mozilla Firefox browser, I have offered in this chapter several suggestions as to how interested critics might move forward with the assessment of code through various relevant theoretical frameworks. While these suggestions help us take a step forward toward a fuller rhetorical code studies, they do not exhaust the possibilities for scholarly inquiry into the development practices and processes that serve as the foundation for digitally mediated action across populations.

      In conjunction with the methods of assessment described above, we can ask significant questions about the intended, and perceived, efforts at suasion described in and through code. For example, how might we begin applying rhetorical principles to existing software programs and practices so that we might better understand the complex computational-rhetorical processes in which we regularly engage? Such an undertaking involves not simply identifying particular operations, methods, or function structures as possessing specific rhetorical qualities but also recognizing the interplay between lines of code, social interactions between developers (if there are multiple developers involved), bureaucratic procedures influencing particular developers’ contributions to a project, and the software-facilitating development activities, to say nothing of the situations surrounding and informing the use of that program once it is released to public audiences.

      For scholars whose research interests focus on the various ways in which discourse, interaction, culture, and digital technologies all overlap and influence each other, rhetorical code studies can provide a foundation upon which to build a more critically and technically oriented approach to the study of these convergent forces. While it may not be necessary for all scholars of rhetoric or software to consider the role of the other field as part of their work, rhetorical code studies offers a means by which both parties can extend their investigations in dimensions that would otherwisePage 191 → remain black-boxed, unexplored, and otherwise unacknowledged: in other words, a continuation of scholarly traditions that have left us unprepared and unable to address the significant impact of code on the digital programs and systems we use, for rhetorical purposes, every day.
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(function(a,b){function cu(a){return f.isWindow(a)?a:a.nodeType===9?a.defaultView||a.parentWindow:!1}function cr(a){if(!cg[a]){var b=c.body,d=f("<"+a+">").appendTo(b),e=d.css("display");d.remove();if(e==="none"||e===""){ch||(ch=c.createElement("iframe"),ch.frameBorder=ch.width=ch.height=0),b.appendChild(ch);if(!ci||!ch.createElement)ci=(ch.contentWindow||ch.contentDocument).document,ci.write((c.compatMode==="CSS1Compat"?"<!doctype html>":"")+"<html><body>"),ci.close();d=ci.createElement(a),ci.body.appendChild(d),e=f.css(d,"display"),b.removeChild(ch)}cg[a]=e}return cg[a]}function cq(a,b){var c={};f.each(cm.concat.apply([],cm.slice(0,b)),function(){c[this]=a});return c}function cp(){cn=b}function co(){setTimeout(cp,0);return cn=f.now()}function cf(){try{return new a.ActiveXObject("Microsoft.XMLHTTP")}catch(b){}}function ce(){try{return new a.XMLHttpRequest}catch(b){}}function b$(a,c){a.dataFilter&&(c=a.dataFilter(c,a.dataType));var d=a.dataTypes,e={},g,h,i=d.length,j,k=d[0],l,m,n,o,p;for(g=1;g<i;g++){if(g===1)for(h in a.converters)typeof h=="string"&&(e[h.toLowerCase()]=a.converters[h]);l=k,k=d[g];if(k==="*")k=l;else if(l!=="*"&&l!==k){m=l+" "+k,n=e[m]||e["* "+k];if(!n){p=b;for(o in e){j=o.split(" ");if(j[0]===l||j[0]==="*"){p=e[j[1]+" "+k];if(p){o=e[o],o===!0?n=p:p===!0&&(n=o);break}}}}!n&&!p&&f.error("No conversion from "+m.replace(" "," to ")),n!==!0&&(c=n?n(c):p(o(c)))}}return c}function bZ(a,c,d){var e=a.contents,f=a.dataTypes,g=a.responseFields,h,i,j,k;for(i in g)i in d&&(c[g[i]]=d[i]);while(f[0]==="*")f.shift(),h===b&&(h=a.mimeType||c.getResponseHeader("content-type"));if(h)for(i in e)if(e[i]&&e[i].test(h)){f.unshift(i);break}if(f[0]in d)j=f[0];else{for(i in d){if(!f[0]||a.converters[i+" "+f[0]]){j=i;break}k||(k=i)}j=j||k}if(j){j!==f[0]&&f.unshift(j);return d[j]}}function bY(a,b,c,d){if(f.isArray(b))f.each(b,function(b,e){c||bA.test(a)?d(a,e):bY(a+"["+(typeof e=="object"||f.isArray(e)?b:"")+"]",e,c,d)});else if(!c&&b!=null&&typeof b=="object")for(var e in b)bY(a+"["+e+"]",b[e],c,d);else d(a,b)}function bX(a,c){var d,e,g=f.ajaxSettings.flatOptions||{};for(d in c)c[d]!==b&&((g[d]?a:e||(e={}))[d]=c[d]);e&&f.extend(!0,a,e)}function bW(a,c,d,e,f,g){f=f||c.dataTypes[0],g=g||{},g[f]=!0;var h=a[f],i=0,j=h?h.length:0,k=a===bP,l;for(;i<j&&(k||!l);i++)l=h[i](c,d,e),typeof l=="string"&&(!k||g[l]?l=b:(c.dataTypes.unshift(l),l=bW(a,c,d,e,l,g)));(k||!l)&&!g["*"]&&(l=bW(a,c,d,e,"*",g));return l}function bV(a){return function(b,c){typeof b!="string"&&(c=b,b="*");if(f.isFunction(c)){var d=b.toLowerCase().split(bL),e=0,g=d.length,h,i,j;for(;e<g;e++)h=d[e],j=/^\+/.test(h),j&&(h=h.substr(1)||"*"),i=a[h]=a[h]||[],i[j?"unshift":"push"](c)}}}function by(a,b,c){var d=b==="width"?a.offsetWidth:a.offsetHeight,e=b==="width"?bt:bu;if(d>0){c!=="border"&&f.each(e,function(){c||(d-=parseFloat(f.css(a,"padding"+this))||0),c==="margin"?d+=parseFloat(f.css(a,c+this))||0:d-=parseFloat(f.css(a,"border"+this+"Width"))||0});return d+"px"}d=bv(a,b,b);if(d<0||d==null)d=a.style[b]||0;d=parseFloat(d)||0,c&&f.each(e,function(){d+=parseFloat(f.css(a,"padding"+this))||0,c!=="padding"&&(d+=parseFloat(f.css(a,"border"+this+"Width"))||0),c==="margin"&&(d+=parseFloat(f.css(a,c+this))||0)});return d+"px"}function bl(a,b){b.src?f.ajax({url:b.src,async:!1,dataType:"script"}):f.globalEval((b.text||b.textContent||b.innerHTML||"").replace(bd,"/*$0*/")),b.parentNode&&b.parentNode.removeChild(b)}function bk(a){f.nodeName(a,"input")?bj(a):"getElementsByTagName"in a&&f.grep(a.getElementsByTagName("input"),bj)}function bj(a){if(a.type==="checkbox"||a.type==="radio")a.defaultChecked=a.checked}function bi(a){return"getElementsByTagName"in a?a.getElementsByTagName("*"):"querySelectorAll"in a?a.querySelectorAll("*"):[]}function bh(a,b){var c;if(b.nodeType===1){b.clearAttributes&&b.clearAttributes(),b.mergeAttributes&&b.mergeAttributes(a),c=b.nodeName.toLowerCase();if(c==="object")b.outerHTML=a.outerHTML;else if(c!=="input"||a.type!=="checkbox"&&a.type!=="radio"){if(c==="option")b.selected=a.defaultSelected;else if(c==="input"||c==="textarea")b.defaultValue=a.defaultValue}else a.checked&&(b.defaultChecked=b.checked=a.checked),b.value!==a.value&&(b.value=a.value);b.removeAttribute(f.expando)}}function bg(a,b){if(b.nodeType===1&&!!f.hasData(a)){var c=f.expando,d=f.data(a),e=f.data(b,d);if(d=d[c]){var g=d.events;e=e[c]=f.extend({},d);if(g){delete e.handle,e.events={};for(var h in g)for(var i=0,j=g[h].length;i<j;i++)f.event.add(b,h+(g[h][i].namespace?".":"")+g[h][i].namespace,g[h][i],g[h][i].data)}}}}function bf(a,b){return f.nodeName(a,"table")?a.getElementsByTagName("tbody")[0]||a.appendChild(a.ownerDocument.createElement("tbody")):a}function V(a,b,c){b=b||0;if(f.isFunction(b))return f.grep(a,function(a,d){var e=!!b.call(a,d,a);return e===c});if(b.nodeType)return f.grep(a,function(a,d){return a===b===c});if(typeof b=="string"){var d=f.grep(a,function(a){return a.nodeType===1});if(Q.test(b))return f.filter(b,d,!c);b=f.filter(b,d)}return f.grep(a,function(a,d){return f.inArray(a,b)>=0===c})}function U(a){return!a||!a.parentNode||a.parentNode.nodeType===11}function M(a,b){return(a&&a!=="*"?a+".":"")+b.replace(y,"`").replace(z,"&")}function L(a){var b,c,d,e,g,h,i,j,k,l,m,n,o,p=[],q=[],r=f._data(this,"events");if(!(a.liveFired===this||!r||!r.live||a.target.disabled||a.button&&a.type==="click")){a.namespace&&(n=new RegExp("(^|\\.)"+a.namespace.split(".").join("\\.(?:.*\\.)?")+"(\\.|$)")),a.liveFired=this;var s=r.live.slice(0);for(i=0;i<s.length;i++)g=s[i],g.origType.replace(w,"")===a.type?q.push(g.selector):s.splice(i--,1);e=f(a.target).closest(q,a.currentTarget);for(j=0,k=e.length;j<k;j++){m=e[j];for(i=0;i<s.length;i++){g=s[i];if(m.selector===g.selector&&(!n||n.test(g.namespace))&&!m.elem.disabled){h=m.elem,d=null;if(g.preType==="mouseenter"||g.preType==="mouseleave")a.type=g.preType,d=f(a.relatedTarget).closest(g.selector)[0],d&&f.contains(h,d)&&(d=h);(!d||d!==h)&&p.push({elem:h,handleObj:g,level:m.level})}}}for(j=0,k=p.length;j<k;j++){e=p[j];if(c&&e.level>c)break;a.currentTarget=e.elem,a.data=e.handleObj.data,a.handleObj=e.handleObj,o=e.handleObj.origHandler.apply(e.elem,arguments);if(o===!1||a.isPropagationStopped()){c=e.level,o===!1&&(b=!1);if(a.isImmediatePropagationStopped())break}}return b}}function J(a,c,d){var e=f.extend({},d[0]);e.type=a,e.originalEvent={},e.liveFired=b,f.event.handle.call(c,e),e.isDefaultPrevented()&&d[0].preventDefault()}function D(){return!0}function C(){return!1}function m(a,c,d){var e=c+"defer",g=c+"queue",h=c+"mark",i=f.data(a,e,b,!0);i&&(d==="queue"||!f.data(a,g,b,!0))&&(d==="mark"||!f.data(a,h,b,!0))&&setTimeout(function(){!f.data(a,g,b,!0)&&!f.data(a,h,b,!0)&&(f.removeData(a,e,!0),i.resolve())},0)}function l(a){for(var b in a)if(b!=="toJSON")return!1;return!0}function k(a,c,d){if(d===b&&a.nodeType===1){var e="data-"+c.replace(j,"-$1").toLowerCase();d=a.getAttribute(e);if(typeof d=="string"){try{d=d==="true"?!0:d==="false"?!1:d==="null"?null:f.isNaN(d)?i.test(d)?f.parseJSON(d):d:parseFloat(d)}catch(g){}f.data(a,c,d)}else d=b}return d}var c=a.document,d=a.navigator,e=a.location,f=function(){function K(){if(!e.isReady){try{c.documentElement.doScroll("left")}catch(a){setTimeout(K,1);return}e.ready()}}var e=function(a,b){return new e.fn.init(a,b,h)},f=a.jQuery,g=a.$,h,i=/^(?:[^#<]*(<[\w\W]+>)[^>]*$|#([\w\-]*)$)/,j=/\S/,k=/^\s+/,l=/\s+$/,m=/\d/,n=/^<(\w+)\s*\/?>(?:<\/\1>)?$/,o=/^[\],:{}\s]*$/,p=/\\(?:["\\\/bfnrt]|u[0-9a-fA-F]{4})/g,q=/"[^"\\\n\r]*"|true|false|null|-?\d+(?:\.\d*)?(?:[eE][+\-]?\d+)?/g,r=/(?:^|:|,)(?:\s*\[)+/g,s=/(webkit)[ \/]([\w.]+)/,t=/(opera)(?:.*version)?[ \/]([\w.]+)/,u=/(msie) ([\w.]+)/,v=/(mozilla)(?:.*? rv:([\w.]+))?/,w=/-([a-z]|[0-9])/ig,x=/^-ms-/,y=function(a,b){return(b+"").toUpperCase()},z=d.userAgent,A,B,C,D=Object.prototype.toString,E=Object.prototype.hasOwnProperty,F=Array.prototype.push,G=Array.prototype.slice,H=String.prototype.trim,I=Array.prototype.indexOf,J={};e.fn=e.prototype={constructor:e,init:function(a,d,f){var g,h,j,k;if(!a)return this;if(a.nodeType){this.context=this[0]=a,this.length=1;return this}if(a==="body"&&!d&&c.body){this.context=c,this[0]=c.body,this.selector=a,this.length=1;return this}if(typeof a=="string"){a.charAt(0)!=="<"||a.charAt(a.length-1)!==">"||a.length<3?g=i.exec(a):g=[null,a,null];if(g&&(g[1]||!d)){if(g[1]){d=d instanceof e?d[0]:d,k=d?d.ownerDocument||d:c,j=n.exec(a),j?e.isPlainObject(d)?(a=[c.createElement(j[1])],e.fn.attr.call(a,d,!0)):a=[k.createElement(j[1])]:(j=e.buildFragment([g[1]],[k]),a=(j.cacheable?e.clone(j.fragment):j.fragment).childNodes);return e.merge(this,a)}h=c.getElementById(g[2]);if(h&&h.parentNode){if(h.id!==g[2])return f.find(a);this.length=1,this[0]=h}this.context=c,this.selector=a;return this}return!d||d.jquery?(d||f).find(a):this.constructor(d).find(a)}if(e.isFunction(a))return f.ready(a);a.selector!==b&&(this.selector=a.selector,this.context=a.context);return e.makeArray(a,this)},selector:"",jquery:"1.6.4",length:0,size:function(){return this.length},toArray:function(){return G.call(this,0)},get:function(a){return a==null?this.toArray():a<0?this[this.length+a]:this[a]},pushStack:function(a,b,c){var d=this.constructor();e.isArray(a)?F.apply(d,a):e.merge(d,a),d.prevObject=this,d.context=this.context,b==="find"?d.selector=this.selector+(this.selector?" ":"")+c:b&&(d.selector=this.selector+"."+b+"("+c+")");return d},each:function(a,b){return e.each(this,a,b)},ready:function(a){e.bindReady(),B.done(a);return this},eq:function(a){return a===-1?this.slice(a):this.slice(a,+a+1)},first:function(){return this.eq(0)},last:function(){return this.eq(-1)},slice:function(){return this.pushStack(G.apply(this,arguments),"slice",G.call(arguments).join(","))},map:function(a){return this.pushStack(e.map(this,function(b,c){return a.call(b,c,b)}))},end:function(){return this.prevObject||this.constructor(null)},push:F,sort:[].sort,splice:[].splice},e.fn.init.prototype=e.fn,e.extend=e.fn.extend=function(){var a,c,d,f,g,h,i=arguments[0]||{},j=1,k=arguments.length,l=!1;typeof i=="boolean"&&(l=i,i=arguments[1]||{},j=2),typeof i!="object"&&!e.isFunction(i)&&(i={}),k===j&&(i=this,--j);for(;j<k;j++)if((a=arguments[j])!=null)for(c in a){d=i[c],f=a[c];if(i===f)continue;l&&f&&(e.isPlainObject(f)||(g=e.isArray(f)))?(g?(g=!1,h=d&&e.isArray(d)?d:[]):h=d&&e.isPlainObject(d)?d:{},i[c]=e.extend(l,h,f)):f!==b&&(i[c]=f)}return i},e.extend({noConflict:function(b){a.$===e&&(a.$=g),b&&a.jQuery===e&&(a.jQuery=f);return e},isReady:!1,readyWait:1,holdReady:function(a){a?e.readyWait++:e.ready(!0)},ready:function(a){if(a===!0&&!--e.readyWait||a!==!0&&!e.isReady){if(!c.body)return setTimeout(e.ready,1);e.isReady=!0;if(a!==!0&&--e.readyWait>0)return;B.resolveWith(c,[e]),e.fn.trigger&&e(c).trigger("ready").unbind("ready")}},bindReady:function(){if(!B){B=e._Deferred();if(c.readyState==="complete")return setTimeout(e.ready,1);if(c.addEventListener)c.addEventListener("DOMContentLoaded",C,!1),a.addEventListener("load",e.ready,!1);else if(c.attachEvent){c.attachEvent("onreadystatechange",C),a.attachEvent("onload",e.ready);var b=!1;try{b=a.frameElement==null}catch(d){}c.documentElement.doScroll&&b&&K()}}},isFunction:function(a){return e.type(a)==="function"},isArray:Array.isArray||function(a){return e.type(a)==="array"},isWindow:function(a){return a&&typeof a=="object"&&"setInterval"in a},isNaN:function(a){return a==null||!m.test(a)||isNaN(a)},type:function(a){return a==null?String(a):J[D.call(a)]||"object"},isPlainObject:function(a){if(!a||e.type(a)!=="object"||a.nodeType||e.isWindow(a))return!1;try{if(a.constructor&&!E.call(a,"constructor")&&!E.call(a.constructor.prototype,"isPrototypeOf"))return!1}catch(c){return!1}var d;for(d in a);return d===b||E.call(a,d)},isEmptyObject:function(a){for(var b in a)return!1;return!0},error:function(a){throw a},parseJSON:function(b){if(typeof b!="string"||!b)return null;b=e.trim(b);if(a.JSON&&a.JSON.parse)return a.JSON.parse(b);if(o.test(b.replace(p,"@").replace(q,"]").replace(r,"")))return(new Function("return "+b))();e.error("Invalid JSON: "+b)},parseXML:function(c){var d,f;try{a.DOMParser?(f=new DOMParser,d=f.parseFromString(c,"text/xml")):(d=new ActiveXObject("Microsoft.XMLDOM"),d.async="false",d.loadXML(c))}catch(g){d=b}(!d||!d.documentElement||d.getElementsByTagName("parsererror").length)&&e.error("Invalid XML: "+c);return d},noop:function(){},globalEval:function(b){b&&j.test(b)&&(a.execScript||function(b){a.eval.call(a,b)})(b)},camelCase:function(a){return a.replace(x,"ms-").replace(w,y)},nodeName:function(a,b){return a.nodeName&&a.nodeName.toUpperCase()===b.toUpperCase()},each:function(a,c,d){var f,g=0,h=a.length,i=h===b||e.isFunction(a);if(d){if(i){for(f in a)if(c.apply(a[f],d)===!1)break}else for(;g<h;)if(c.apply(a[g++],d)===!1)break}else if(i){for(f in a)if(c.call(a[f],f,a[f])===!1)break}else for(;g<h;)if(c.call(a[g],g,a[g++])===!1)break;return a},trim:H?function(a){return a==null?"":H.call(a)}:function(a){return a==null?"":(a+"").replace(k,"").replace(l,"")},makeArray:function(a,b){var c=b||[];if(a!=null){var d=e.type(a);a.length==null||d==="string"||d==="function"||d==="regexp"||e.isWindow(a)?F.call(c,a):e.merge(c,a)}return c},inArray:function(a,b){if(!b)return-1;if(I)return I.call(b,a);for(var c=0,d=b.length;c<d;c++)if(b[c]===a)return c;return-1},merge:function(a,c){var d=a.length,e=0;if(typeof c.length=="number")for(var f=c.length;e<f;e++)a[d++]=c[e];else while(c[e]!==b)a[d++]=c[e++];a.length=d;return a},grep:function(a,b,c){var d=[],e;c=!!c;for(var f=0,g=a.length;f<g;f++)e=!!b(a[f],f),c!==e&&d.push(a[f]);return d},map:function(a,c,d){var f,g,h=[],i=0,j=a.length,k=a instanceof e||j!==b&&typeof j=="number"&&(j>0&&a[0]&&a[j-1]||j===0||e.isArray(a));if(k)for(;i<j;i++)f=c(a[i],i,d),f!=null&&(h[h.length]=f);else for(g in a)f=c(a[g],g,d),f!=null&&(h[h.length]=f);return h.concat.apply([],h)},guid:1,proxy:function(a,c){if(typeof c=="string"){var d=a[c];c=a,a=d}if(!e.isFunction(a))return b;var f=G.call(arguments,2),g=function(){return a.apply(c,f.concat(G.call(arguments)))};g.guid=a.guid=a.guid||g.guid||e.guid++;return g},access:function(a,c,d,f,g,h){var i=a.length;if(typeof c=="object"){for(var j in c)e.access(a,j,c[j],f,g,d);return a}if(d!==b){f=!h&&f&&e.isFunction(d);for(var k=0;k<i;k++)g(a[k],c,f?d.call(a[k],k,g(a[k],c)):d,h);return a}return i?g(a[0],c):b},now:function(){return(new Date).getTime()},uaMatch:function(a){a=a.toLowerCase();var b=s.exec(a)||t.exec(a)||u.exec(a)||a.indexOf("compatible")<0&&v.exec(a)||[];return{browser:b[1]||"",version:b[2]||"0"}},sub:function(){function a(b,c){return new a.fn.init(b,c)}e.extend(!0,a,this),a.superclass=this,a.fn=a.prototype=this(),a.fn.constructor=a,a.sub=this.sub,a.fn.init=function(d,f){f&&f instanceof e&&!(f instanceof a)&&(f=a(f));return e.fn.init.call(this,d,f,b)},a.fn.init.prototype=a.fn;var b=a(c);return a},browser:{}}),e.each("Boolean Number String Function Array Date RegExp Object".split(" "),function(a,b){J["[object "+b+"]"]=b.toLowerCase()}),A=e.uaMatch(z),A.browser&&(e.browser[A.browser]=!0,e.browser.version=A.version),e.browser.webkit&&(e.browser.safari=!0),j.test(" ")&&(k=/^[\s\xA0]+/,l=/[\s\xA0]+$/),h=e(c),c.addEventListener?C=function(){c.removeEventListener("DOMContentLoaded",C,!1),e.ready()}:c.attachEvent&&(C=function(){c.readyState==="complete"&&(c.detachEvent("onreadystatechange",C),e.ready())});return e}(),g="done fail isResolved isRejected promise then always pipe".split(" "),h=[].slice;f.extend({_Deferred:function(){var a=[],b,c,d,e={done:function(){if(!d){var c=arguments,g,h,i,j,k;b&&(k=b,b=0);for(g=0,h=c.length;g<h;g++)i=c[g],j=f.type(i),j==="array"?e.done.apply(e,i):j==="function"&&a.push(i);k&&e.resolveWith(k[0],k[1])}return this},resolveWith:function(e,f){if(!d&&!b&&!c){f=f||[],c=1;try{while(a[0])a.shift().apply(e,f)}finally{b=[e,f],c=0}}return this},resolve:function(){e.resolveWith(this,arguments);return this},isResolved:function(){return!!c||!!b},cancel:function(){d=1,a=[];return this}};return e},Deferred:function(a){var b=f._Deferred(),c=f._Deferred(),d;f.extend(b,{then:function(a,c){b.done(a).fail(c);return this},always:function(){return b.done.apply(b,arguments).fail.apply(this,arguments)},fail:c.done,rejectWith:c.resolveWith,reject:c.resolve,isRejected:c.isResolved,pipe:function(a,c){return f.Deferred(function(d){f.each({done:[a,"resolve"],fail:[c,"reject"]},function(a,c){var e=c[0],g=c[1],h;f.isFunction(e)?b[a](function(){h=e.apply(this,arguments),h&&f.isFunction(h.promise)?h.promise().then(d.resolve,d.reject):d[g+"With"](this===b?d:this,[h])}):b[a](d[g])})}).promise()},promise:function(a){if(a==null){if(d)return d;d=a={}}var c=g.length;while(c--)a[g[c]]=b[g[c]];return a}}),b.done(c.cancel).fail(b.cancel),delete b.cancel,a&&a.call(b,b);return b},when:function(a){function i(a){return function(c){b[a]=arguments.length>1?h.call(arguments,0):c,--e||g.resolveWith(g,h.call(b,0))}}var b=arguments,c=0,d=b.length,e=d,g=d<=1&&a&&f.isFunction(a.promise)?a:f.Deferred();if(d>1){for(;c<d;c++)b[c]&&f.isFunction(b[c].promise)?b[c].promise().then(i(c),g.reject):--e;e||g.resolveWith(g,b)}else g!==a&&g.resolveWith(g,d?[a]:[]);return g.promise()}}),f.support=function(){var a=c.createElement("div"),b=c.documentElement,d,e,g,h,i,j,k,l,m,n,o,p,q,r,s,t,u;a.setAttribute("className","t"),a.innerHTML="   <link/><table></table><a href='/a' style='top:1px;float:left;opacity:.55;'>a</a><input type='checkbox'/>",d=a.getElementsByTagName("*"),e=a.getElementsByTagName("a")[0];if(!d||!d.length||!e)return{};g=c.createElement("select"),h=g.appendChild(c.createElement("option")),i=a.getElementsByTagName("input")[0],k={leadingWhitespace:a.firstChild.nodeType===3,tbody:!a.getElementsByTagName("tbody").length,htmlSerialize:!!a.getElementsByTagName("link").length,style:/top/.test(e.getAttribute("style")),hrefNormalized:e.getAttribute("href")==="/a",opacity:/^0.55$/.test(e.style.opacity),cssFloat:!!e.style.cssFloat,checkOn:i.value==="on",optSelected:h.selected,getSetAttribute:a.className!=="t",submitBubbles:!0,changeBubbles:!0,focusinBubbles:!1,deleteExpando:!0,noCloneEvent:!0,inlineBlockNeedsLayout:!1,shrinkWrapBlocks:!1,reliableMarginRight:!0},i.checked=!0,k.noCloneChecked=i.cloneNode(!0).checked,g.disabled=!0,k.optDisabled=!h.disabled;try{delete a.test}catch(v){k.deleteExpando=!1}!a.addEventListener&&a.attachEvent&&a.fireEvent&&(a.attachEvent("onclick",function(){k.noCloneEvent=!1}),a.cloneNode(!0).fireEvent("onclick")),i=c.createElement("input"),i.value="t",i.setAttribute("type","radio"),k.radioValue=i.value==="t",i.setAttribute("checked","checked"),a.appendChild(i),l=c.createDocumentFragment(),l.appendChild(a.firstChild),k.checkClone=l.cloneNode(!0).cloneNode(!0).lastChild.checked,a.innerHTML="",a.style.width=a.style.paddingLeft="1px",m=c.getElementsByTagName("body")[0],o=c.createElement(m?"div":"body"),p={visibility:"hidden",width:0,height:0,border:0,margin:0,background:"none"},m&&f.extend(p,{position:"absolute",left:"-1000px",top:"-1000px"});for(t in p)o.style[t]=p[t];o.appendChild(a),n=m||b,n.insertBefore(o,n.firstChild),k.appendChecked=i.checked,k.boxModel=a.offsetWidth===2,"zoom"in a.style&&(a.style.display="inline",a.style.zoom=1,k.inlineBlockNeedsLayout=a.offsetWidth===2,a.style.display="",a.innerHTML="<div style='width:4px;'></div>",k.shrinkWrapBlocks=a.offsetWidth!==2),a.innerHTML="<table><tr><td style='padding:0;border:0;display:none'></td><td>t</td></tr></table>",q=a.getElementsByTagName("td"),u=q[0].offsetHeight===0,q[0].style.display="",q[1].style.display="none",k.reliableHiddenOffsets=u&&q[0].offsetHeight===0,a.innerHTML="",c.defaultView&&c.defaultView.getComputedStyle&&(j=c.createElement("div"),j.style.width="0",j.style.marginRight="0",a.appendChild(j),k.reliableMarginRight=(parseInt((c.defaultView.getComputedStyle(j,null)||{marginRight:0}).marginRight,10)||0)===0),o.innerHTML="",n.removeChild(o);if(a.attachEvent)for(t in{submit:1,change:1,focusin:1})s="on"+t,u=s in a,u||(a.setAttribute(s,"return;"),u=typeof a[s]=="function"),k[t+"Bubbles"]=u;o=l=g=h=m=j=a=i=null;return k}(),f.boxModel=f.support.boxModel;var i=/^(?:\{.*\}|\[.*\])$/,j=/([A-Z])/g;f.extend({cache:{},uuid:0,expando:"jQuery"+(f.fn.jquery+Math.random()).replace(/\D/g,""),noData:{embed:!0,object:"clsid:D27CDB6E-AE6D-11cf-96B8-444553540000",applet:!0},hasData:function(a){a=a.nodeType?f.cache[a[f.expando]]:a[f.expando];return!!a&&!l(a)},data:function(a,c,d,e){if(!!f.acceptData(a)){var g,h,i=f.expando,j=typeof c=="string",k=a.nodeType,l=k?f.cache:a,m=k?a[f.expando]:a[f.expando]&&f.expando;if((!m||e&&m&&l[m]&&!l[m][i])&&j&&d===b)return;m||(k?a[f.expando]=m=++f.uuid:m=f.expando),l[m]||(l[m]={},k||(l[m].toJSON=f.noop));if(typeof c=="object"||typeof c=="function")e?l[m][i]=f.extend(l[m][i],c):l[m]=f.extend(l[m],c);g=l[m],e&&(g[i]||(g[i]={}),g=g[i]),d!==b&&(g[f.camelCase(c)]=d);if(c==="events"&&!g[c])return g[i]&&g[i].events;j?(h=g[c],h==null&&(h=g[f.camelCase(c)])):h=g;return h}},removeData:function(a,b,c){if(!!f.acceptData(a)){var d,e=f.expando,g=a.nodeType,h=g?f.cache:a,i=g?a[f.expando]:f.expando;if(!h[i])return;if(b){d=c?h[i][e]:h[i];if(d){d[b]||(b=f.camelCase(b)),delete d[b];if(!l(d))return}}if(c){delete h[i][e];if(!l(h[i]))return}var j=h[i][e];f.support.deleteExpando||!h.setInterval?delete h[i]:h[i]=null,j?(h[i]={},g||(h[i].toJSON=f.noop),h[i][e]=j):g&&(f.support.deleteExpando?delete a[f.expando]:a.removeAttribute?a.removeAttribute(f.expando):a[f.expando]=null)}},_data:function(a,b,c){return f.data(a,b,c,!0)},acceptData:function(a){if(a.nodeName){var b=f.noData[a.nodeName.toLowerCase()];if(b)return b!==!0&&a.getAttribute("classid")===b}return!0}}),f.fn.extend({data:function(a,c){var d=null;if(typeof a=="undefined"){if(this.length){d=f.data(this[0]);if(this[0].nodeType===1){var e=this[0].attributes,g;for(var h=0,i=e.length;h<i;h++)g=e[h].name,g.indexOf("data-")===0&&(g=f.camelCase(g.substring(5)),k(this[0],g,d[g]))}}return d}if(typeof a=="object")return this.each(function(){f.data(this,a)});var j=a.split(".");j[1]=j[1]?"."+j[1]:"";if(c===b){d=this.triggerHandler("getData"+j[1]+"!",[j[0]]),d===b&&this.length&&(d=f.data(this[0],a),d=k(this[0],a,d));return d===b&&j[1]?this.data(j[0]):d}return this.each(function(){var b=f(this),d=[j[0],c];b.triggerHandler("setData"+j[1]+"!",d),f.data(this,a,c),b.triggerHandler("changeData"+j[1]+"!",d)})},removeData:function(a){return this.each(function(){f.removeData(this,a)})}}),f.extend({_mark:function(a,c){a&&(c=(c||"fx")+"mark",f.data(a,c,(f.data(a,c,b,!0)||0)+1,!0))},_unmark:function(a,c,d){a!==!0&&(d=c,c=a,a=!1);if(c){d=d||"fx";var e=d+"mark",g=a?0:(f.data(c,e,b,!0)||1)-1;g?f.data(c,e,g,!0):(f.removeData(c,e,!0),m(c,d,"mark"))}},queue:function(a,c,d){if(a){c=(c||"fx")+"queue";var e=f.data(a,c,b,!0);d&&(!e||f.isArray(d)?e=f.data(a,c,f.makeArray(d),!0):e.push(d));return e||[]}},dequeue:function(a,b){b=b||"fx";var c=f.queue(a,b),d=c.shift(),e;d==="inprogress"&&(d=c.shift()),d&&(b==="fx"&&c.unshift("inprogress"),d.call(a,function(){f.dequeue(a,b)})),c.length||(f.removeData(a,b+"queue",!0),m(a,b,"queue"))}}),f.fn.extend({queue:function(a,c){typeof a!="string"&&(c=a,a="fx");if(c===b)return f.queue(this[0],a);return this.each(function(){var b=f.queue(this,a,c);a==="fx"&&b[0]!=="inprogress"&&f.dequeue(this,a)})},dequeue:function(a){return this.each(function(){f.dequeue(this,a)})},delay:function(a,b){a=f.fx?f.fx.speeds[a]||a:a,b=b||"fx";return this.queue(b,function(){var c=this;setTimeout(function(){f.dequeue(c,b)},a)})},clearQueue:function(a){return this.queue(a||"fx",[])},promise:function(a,c){function m(){--h||d.resolveWith(e,[e])}typeof a!="string"&&(c=a,a=b),a=a||"fx";var d=f.Deferred(),e=this,g=e.length,h=1,i=a+"defer",j=a+"queue",k=a+"mark",l;while(g--)if(l=f.data(e[g],i,b,!0)||(f.data(e[g],j,b,!0)||f.data(e[g],k,b,!0))&&f.data(e[g],i,f._Deferred(),!0))h++,l.done(m);m();return d.promise()}});var n=/[\n\t\r]/g,o=/\s+/,p=/\r/g,q=/^(?:button|input)$/i,r=/^(?:button|input|object|select|textarea)$/i,s=/^a(?:rea)?$/i,t=/^(?:autofocus|autoplay|async|checked|controls|defer|disabled|hidden|loop|multiple|open|readonly|required|scoped|selected)$/i,u,v;f.fn.extend({attr:function(a,b){return f.access(this,a,b,!0,f.attr)},removeAttr:function(a){return this.each(function(){f.removeAttr(this,a)})},prop:function(a,b){return f.access(this,a,b,!0,f.prop)},removeProp:function(a){a=f.propFix[a]||a;return this.each(function(){try{this[a]=b,delete this[a]}catch(c){}})},addClass:function(a){var b,c,d,e,g,h,i;if(f.isFunction(a))return this.each(function(b){f(this).addClass(a.call(this,b,this.className))});if(a&&typeof a=="string"){b=a.split(o);for(c=0,d=this.length;c<d;c++){e=this[c];if(e.nodeType===1)if(!e.className&&b.length===1)e.className=a;else{g=" "+e.className+" ";for(h=0,i=b.length;h<i;h++)~g.indexOf(" "+b[h]+" ")||(g+=b[h]+" ");e.className=f.trim(g)}}}return this},removeClass:function(a){var c,d,e,g,h,i,j;if(f.isFunction(a))return this.each(function(b){f(this).removeClass(a.call(this,b,this.className))});if(a&&typeof a=="string"||a===b){c=(a||"").split(o);for(d=0,e=this.length;d<e;d++){g=this[d];if(g.nodeType===1&&g.className)if(a){h=(" "+g.className+" ").replace(n," ");for(i=0,j=c.length;i<j;i++)h=h.replace(" "+c[i]+" "," ");g.className=f.trim(h)}else g.className=""}}return this},toggleClass:function(a,b){var c=typeof a,d=typeof b=="boolean";if(f.isFunction(a))return this.each(function(c){f(this).toggleClass(a.call(this,c,this.className,b),b)});return this.each(function(){if(c==="string"){var e,g=0,h=f(this),i=b,j=a.split(o);while(e=j[g++])i=d?i:!h.hasClass(e),h[i?"addClass":"removeClass"](e)}else if(c==="undefined"||c==="boolean")this.className&&f._data(this,"__className__",this.className),this.className=this.className||a===!1?"":f._data(this,"__className__")||""})},hasClass:function(a){var b=" "+a+" ";for(var c=0,d=this.length;c<d;c++)if(this[c].nodeType===1&&(" "+this[c].className+" ").replace(n," ").indexOf(b)>-1)return!0;return!1},val:function(a){var c,d,e=this[0];if(!arguments.length){if(e){c=f.valHooks[e.nodeName.toLowerCase()]||f.valHooks[e.type];if(c&&"get"in c&&(d=c.get(e,"value"))!==b)return d;d=e.value;return typeof d=="string"?d.replace(p,""):d==null?"":d}return b}var g=f.isFunction(a);return this.each(function(d){var e=f(this),h;if(this.nodeType===1){g?h=a.call(this,d,e.val()):h=a,h==null?h="":typeof h=="number"?h+="":f.isArray(h)&&(h=f.map(h,function(a){return a==null?"":a+""})),c=f.valHooks[this.nodeName.toLowerCase()]||f.valHooks[this.type];if(!c||!("set"in c)||c.set(this,h,"value")===b)this.value=h}})}}),f.extend({valHooks:{option:{get:function(a){var b=a.attributes.value;return!b||b.specified?a.value:a.text}},select:{get:function(a){var b,c=a.selectedIndex,d=[],e=a.options,g=a.type==="select-one";if(c<0)return null;for(var h=g?c:0,i=g?c+1:e.length;h<i;h++){var j=e[h];if(j.selected&&(f.support.optDisabled?!j.disabled:j.getAttribute("disabled")===null)&&(!j.parentNode.disabled||!f.nodeName(j.parentNode,"optgroup"))){b=f(j).val();if(g)return b;d.push(b)}}if(g&&!d.length&&e.length)return f(e[c]).val();return d},set:function(a,b){var c=f.makeArray(b);f(a).find("option").each(function(){this.selected=f.inArray(f(this).val(),c)>=0}),c.length||(a.selectedIndex=-1);return c}}},attrFn:{val:!0,css:!0,html:!0,text:!0,data:!0,width:!0,height:!0,offset:!0},attrFix:{tabindex:"tabIndex"},attr:function(a,c,d,e){var g=a.nodeType;if(!a||g===3||g===8||g===2)return b;if(e&&c in f.attrFn)return f(a)[c](d);if(!("getAttribute"in a))return f.prop(a,c,d);var h,i,j=g!==1||!f.isXMLDoc(a);j&&(c=f.attrFix[c]||c,i=f.attrHooks[c],i||(t.test(c)?i=v:u&&(i=u)));if(d!==b){if(d===null){f.removeAttr(a,c);return b}if(i&&"set"in i&&j&&(h=i.set(a,d,c))!==b)return h;a.setAttribute(c,""+d);return d}if(i&&"get"in i&&j&&(h=i.get(a,c))!==null)return h;h=a.getAttribute(c);return h===null?b:h},removeAttr:function(a,b){var c;a.nodeType===1&&(b=f.attrFix[b]||b,f.attr(a,b,""),a.removeAttribute(b),t.test(b)&&(c=f.propFix[b]||b)in a&&(a[c]=!1))},attrHooks:{type:{set:function(a,b){if(q.test(a.nodeName)&&a.parentNode)f.error("type property can't be changed");else if(!f.support.radioValue&&b==="radio"&&f.nodeName(a,"input")){var c=a.value;a.setAttribute("type",b),c&&(a.value=c);return b}}},value:{get:function(a,b){if(u&&f.nodeName(a,"button"))return u.get(a,b);return b in a?a.value:null},set:function(a,b,c){if(u&&f.nodeName(a,"button"))return u.set(a,b,c);a.value=b}}},propFix:{tabindex:"tabIndex",readonly:"readOnly","for":"htmlFor","class":"className",maxlength:"maxLength",cellspacing:"cellSpacing",cellpadding:"cellPadding",rowspan:"rowSpan",colspan:"colSpan",usemap:"useMap",frameborder:"frameBorder",contenteditable:"contentEditable"},prop:function(a,c,d){var e=a.nodeType;if(!a||e===3||e===8||e===2)return b;var g,h,i=e!==1||!f.isXMLDoc(a);i&&(c=f.propFix[c]||c,h=f.propHooks[c]);return d!==b?h&&"set"in h&&(g=h.set(a,d,c))!==b?g:a[c]=d:h&&"get"in h&&(g=h.get(a,c))!==null?g:a[c]},propHooks:{tabIndex:{get:function(a){var c=a.getAttributeNode("tabindex");return c&&c.specified?parseInt(c.value,10):r.test(a.nodeName)||s.test(a.nodeName)&&a.href?0:b}}}}),f.attrHooks.tabIndex=f.propHooks.tabIndex,v={get:function(a,c){var d;return f.prop(a,c)===!0||(d=a.getAttributeNode(c))&&d.nodeValue!==!1?c.toLowerCase():b},set:function(a,b,c){var d;b===!1?f.removeAttr(a,c):(d=f.propFix[c]||c,d in a&&(a[d]=!0),a.setAttribute(c,c.toLowerCase()));return c}},f.support.getSetAttribute||(u=f.valHooks.button={get:function(a,c){var d;d=a.getAttributeNode(c);return d&&d.nodeValue!==""?d.nodeValue:b},set:function(a,b,d){var e=a.getAttributeNode(d);e||(e=c.createAttribute(d),a.setAttributeNode(e));return e.nodeValue=b+""}},f.each(["width","height"],function(a,b){f.attrHooks[b]=f.extend(f.attrHooks[b],{set:function(a,c){if(c===""){a.setAttribute(b,"auto");return c}}})})),f.support.hrefNormalized||f.each(["href","src","width","height"],function(a,c){f.attrHooks[c]=f.extend(f.attrHooks[c],{get:function(a){var d=a.getAttribute(c,2);return d===null?b:d}})}),f.support.style||(f.attrHooks.style={get:function(a){return a.style.cssText.toLowerCase()||b},set:function(a,b){return a.style.cssText=""+b}}),f.support.optSelected||(f.propHooks.selected=f.extend(f.propHooks.selected,{get:function(a){var b=a.parentNode;b&&(b.selectedIndex,b.parentNode&&b.parentNode.selectedIndex);return null}})),f.support.checkOn||f.each(["radio","checkbox"],function(){f.valHooks[this]={get:function(a){return a.getAttribute("value")===null?"on":a.value}}}),f.each(["radio","checkbox"],function(){f.valHooks[this]=f.extend(f.valHooks[this],{set:function(a,b){if(f.isArray(b))return a.checked=f.inArray(f(a).val(),b)>=0}})});var w=/\.(.*)$/,x=/^(?:textarea|input|select)$/i,y=/\./g,z=/ /g,A=/[^\w\s.|`]/g,B=function(a){return a.replace(A,"\\$&")};f.event={add:function(a,c,d,e){if(a.nodeType!==3&&a.nodeType!==8){if(d===!1)d=C;else if(!d)return;var g,h;d.handler&&(g=d,d=g.handler),d.guid||(d.guid=f.guid++);var i=f._data(a);if(!i)return;var j=i.events,k=i.handle;j||(i.events=j={}),k||(i.handle=k=function(a){return typeof f!="undefined"&&(!a||f.event.triggered!==a.type)?f.event.handle.apply(k.elem,arguments):b}),k.elem=a,c=c.split(" ");var l,m=0,n;while(l=c[m++]){h=g?f.extend({},g):{handler:d,data:e},l.indexOf(".")>-1?(n=l.split("."),l=n.shift(),h.namespace=n.slice(0).sort().join(".")):(n=[],h.namespace=""),h.type=l,h.guid||(h.guid=d.guid);var o=j[l],p=f.event.special[l]||{};if(!o){o=j[l]=[];if(!p.setup||p.setup.call(a,e,n,k)===!1)a.addEventListener?a.addEventListener(l,k,!1):a.attachEvent&&a.attachEvent("on"+l,k)}p.add&&(p.add.call(a,h),h.handler.guid||(h.handler.guid=d.guid)),o.push(h),f.event.global[l]=!0}a=null}},global:{},remove:function(a,c,d,e){if(a.nodeType!==3&&a.nodeType!==8){d===!1&&(d=C);var g,h,i,j,k=0,l,m,n,o,p,q,r,s=f.hasData(a)&&f._data(a),t=s&&s.events;if(!s||!t)return;c&&c.type&&(d=c.handler,c=c.type);if(!c||typeof c=="string"&&c.charAt(0)==="."){c=c||"";for(h in t)f.event.remove(a,h+c);return}c=c.split(" ");while(h=c[k++]){r=h,q=null,l=h.indexOf(".")<0,m=[],l||(m=h.split("."),h=m.shift(),n=new RegExp("(^|\\.)"+f.map(m.slice(0).sort(),B).join("\\.(?:.*\\.)?")+"(\\.|$)")),p=t[h];if(!p)continue;if(!d){for(j=0;j<p.length;j++){q=p[j];if(l||n.test(q.namespace))f.event.remove(a,r,q.handler,j),p.splice(j--,1)}continue}o=f.event.special[h]||{};for(j=e||0;j<p.length;j++){q=p[j];if(d.guid===q.guid){if(l||n.test(q.namespace))e==null&&p.splice(j--,1),o.remove&&o.remove.call(a,q);if(e!=null)break}}if(p.length===0||e!=null&&p.length===1)(!o.teardown||o.teardown.call(a,m)===!1)&&f.removeEvent(a,h,s.handle),g=null,delete 
t[h]}if(f.isEmptyObject(t)){var u=s.handle;u&&(u.elem=null),delete s.events,delete s.handle,f.isEmptyObject(s)&&f.removeData(a,b,!0)}}},customEvent:{getData:!0,setData:!0,changeData:!0},trigger:function(c,d,e,g){var h=c.type||c,i=[],j;h.indexOf("!")>=0&&(h=h.slice(0,-1),j=!0),h.indexOf(".")>=0&&(i=h.split("."),h=i.shift(),i.sort());if(!!e&&!f.event.customEvent[h]||!!f.event.global[h]){c=typeof c=="object"?c[f.expando]?c:new f.Event(h,c):new f.Event(h),c.type=h,c.exclusive=j,c.namespace=i.join("."),c.namespace_re=new RegExp("(^|\\.)"+i.join("\\.(?:.*\\.)?")+"(\\.|$)");if(g||!e)c.preventDefault(),c.stopPropagation();if(!e){f.each(f.cache,function(){var a=f.expando,b=this[a];b&&b.events&&b.events[h]&&f.event.trigger(c,d,b.handle.elem)});return}if(e.nodeType===3||e.nodeType===8)return;c.result=b,c.target=e,d=d!=null?f.makeArray(d):[],d.unshift(c);var k=e,l=h.indexOf(":")<0?"on"+h:"";do{var m=f._data(k,"handle");c.currentTarget=k,m&&m.apply(k,d),l&&f.acceptData(k)&&k[l]&&k[l].apply(k,d)===!1&&(c.result=!1,c.preventDefault()),k=k.parentNode||k.ownerDocument||k===c.target.ownerDocument&&a}while(k&&!c.isPropagationStopped());if(!c.isDefaultPrevented()){var n,o=f.event.special[h]||{};if((!o._default||o._default.call(e.ownerDocument,c)===!1)&&(h!=="click"||!f.nodeName(e,"a"))&&f.acceptData(e)){try{l&&e[h]&&(n=e[l],n&&(e[l]=null),f.event.triggered=h,e[h]())}catch(p){}n&&(e[l]=n),f.event.triggered=b}}return c.result}},handle:function(c){c=f.event.fix(c||a.event);var d=((f._data(this,"events")||{})[c.type]||[]).slice(0),e=!c.exclusive&&!c.namespace,g=Array.prototype.slice.call(arguments,0);g[0]=c,c.currentTarget=this;for(var h=0,i=d.length;h<i;h++){var j=d[h];if(e||c.namespace_re.test(j.namespace)){c.handler=j.handler,c.data=j.data,c.handleObj=j;var k=j.handler.apply(this,g);k!==b&&(c.result=k,k===!1&&(c.preventDefault(),c.stopPropagation()));if(c.isImmediatePropagationStopped())break}}return c.result},props:"altKey attrChange attrName bubbles button cancelable charCode clientX clientY ctrlKey currentTarget data detail eventPhase fromElement handler keyCode layerX layerY metaKey newValue offsetX offsetY pageX pageY prevValue relatedNode relatedTarget screenX screenY shiftKey srcElement target toElement view wheelDelta which".split(" "),fix:function(a){if(a[f.expando])return a;var d=a;a=f.Event(d);for(var e=this.props.length,g;e;)g=this.props[--e],a[g]=d[g];a.target||(a.target=a.srcElement||c),a.target.nodeType===3&&(a.target=a.target.parentNode),!a.relatedTarget&&a.fromElement&&(a.relatedTarget=a.fromElement===a.target?a.toElement:a.fromElement);if(a.pageX==null&&a.clientX!=null){var h=a.target.ownerDocument||c,i=h.documentElement,j=h.body;a.pageX=a.clientX+(i&&i.scrollLeft||j&&j.scrollLeft||0)-(i&&i.clientLeft||j&&j.clientLeft||0),a.pageY=a.clientY+(i&&i.scrollTop||j&&j.scrollTop||0)-(i&&i.clientTop||j&&j.clientTop||0)}a.which==null&&(a.charCode!=null||a.keyCode!=null)&&(a.which=a.charCode!=null?a.charCode:a.keyCode),!a.metaKey&&a.ctrlKey&&(a.metaKey=a.ctrlKey),!a.which&&a.button!==b&&(a.which=a.button&1?1:a.button&2?3:a.button&4?2:0);return a},guid:1e8,proxy:f.proxy,special:{ready:{setup:f.bindReady,teardown:f.noop},live:{add:function(a){f.event.add(this,M(a.origType,a.selector),f.extend({},a,{handler:L,guid:a.handler.guid}))},remove:function(a){f.event.remove(this,M(a.origType,a.selector),a)}},beforeunload:{setup:function(a,b,c){f.isWindow(this)&&(this.onbeforeunload=c)},teardown:function(a,b){this.onbeforeunload===b&&(this.onbeforeunload=null)}}}},f.removeEvent=c.removeEventListener?function(a,b,c){a.removeEventListener&&a.removeEventListener(b,c,!1)}:function(a,b,c){a.detachEvent&&a.detachEvent("on"+b,c)},f.Event=function(a,b){if(!this.preventDefault)return new f.Event(a,b);a&&a.type?(this.originalEvent=a,this.type=a.type,this.isDefaultPrevented=a.defaultPrevented||a.returnValue===!1||a.getPreventDefault&&a.getPreventDefault()?D:C):this.type=a,b&&f.extend(this,b),this.timeStamp=f.now(),this[f.expando]=!0},f.Event.prototype={preventDefault:function(){this.isDefaultPrevented=D;var a=this.originalEvent;!a||(a.preventDefault?a.preventDefault():a.returnValue=!1)},stopPropagation:function(){this.isPropagationStopped=D;var a=this.originalEvent;!a||(a.stopPropagation&&a.stopPropagation(),a.cancelBubble=!0)},stopImmediatePropagation:function(){this.isImmediatePropagationStopped=D,this.stopPropagation()},isDefaultPrevented:C,isPropagationStopped:C,isImmediatePropagationStopped:C};var E=function(a){var b=a.relatedTarget,c=!1,d=a.type;a.type=a.data,b!==this&&(b&&(c=f.contains(this,b)),c||(f.event.handle.apply(this,arguments),a.type=d))},F=function(a){a.type=a.data,f.event.handle.apply(this,arguments)};f.each({mouseenter:"mouseover",mouseleave:"mouseout"},function(a,b){f.event.special[a]={setup:function(c){f.event.add(this,b,c&&c.selector?F:E,a)},teardown:function(a){f.event.remove(this,b,a&&a.selector?F:E)}}}),f.support.submitBubbles||(f.event.special.submit={setup:function(a,b){if(!f.nodeName(this,"form"))f.event.add(this,"click.specialSubmit",function(a){var b=a.target,c=f.nodeName(b,"input")||f.nodeName(b,"button")?b.type:"";(c==="submit"||c==="image")&&f(b).closest("form").length&&J("submit",this,arguments)}),f.event.add(this,"keypress.specialSubmit",function(a){var b=a.target,c=f.nodeName(b,"input")||f.nodeName(b,"button")?b.type:"";(c==="text"||c==="password")&&f(b).closest("form").length&&a.keyCode===13&&J("submit",this,arguments)});else return!1},teardown:function(a){f.event.remove(this,".specialSubmit")}});if(!f.support.changeBubbles){var G,H=function(a){var b=f.nodeName(a,"input")?a.type:"",c=a.value;b==="radio"||b==="checkbox"?c=a.checked:b==="select-multiple"?c=a.selectedIndex>-1?f.map(a.options,function(a){return a.selected}).join("-"):"":f.nodeName(a,"select")&&(c=a.selectedIndex);return c},I=function(c){var d=c.target,e,g;if(!!x.test(d.nodeName)&&!d.readOnly){e=f._data(d,"_change_data"),g=H(d),(c.type!=="focusout"||d.type!=="radio")&&f._data(d,"_change_data",g);if(e===b||g===e)return;if(e!=null||g)c.type="change",c.liveFired=b,f.event.trigger(c,arguments[1],d)}};f.event.special.change={filters:{focusout:I,beforedeactivate:I,click:function(a){var b=a.target,c=f.nodeName(b,"input")?b.type:"";(c==="radio"||c==="checkbox"||f.nodeName(b,"select"))&&I.call(this,a)},keydown:function(a){var b=a.target,c=f.nodeName(b,"input")?b.type:"";(a.keyCode===13&&!f.nodeName(b,"textarea")||a.keyCode===32&&(c==="checkbox"||c==="radio")||c==="select-multiple")&&I.call(this,a)},beforeactivate:function(a){var b=a.target;f._data(b,"_change_data",H(b))}},setup:function(a,b){if(this.type==="file")return!1;for(var c in G)f.event.add(this,c+".specialChange",G[c]);return x.test(this.nodeName)},teardown:function(a){f.event.remove(this,".specialChange");return x.test(this.nodeName)}},G=f.event.special.change.filters,G.focus=G.beforeactivate}f.support.focusinBubbles||f.each({focus:"focusin",blur:"focusout"},function(a,b){function e(a){var c=f.event.fix(a);c.type=b,c.originalEvent={},f.event.trigger(c,null,c.target),c.isDefaultPrevented()&&a.preventDefault()}var d=0;f.event.special[b]={setup:function(){d++===0&&c.addEventListener(a,e,!0)},teardown:function(){--d===0&&c.removeEventListener(a,e,!0)}}}),f.each(["bind","one"],function(a,c){f.fn[c]=function(a,d,e){var g;if(typeof a=="object"){for(var h in a)this[c](h,d,a[h],e);return this}if(arguments.length===2||d===!1)e=d,d=b;c==="one"?(g=function(a){f(this).unbind(a,g);return e.apply(this,arguments)},g.guid=e.guid||f.guid++):g=e;if(a==="unload"&&c!=="one")this.one(a,d,e);else for(var i=0,j=this.length;i<j;i++)f.event.add(this[i],a,g,d);return this}}),f.fn.extend({unbind:function(a,b){if(typeof a=="object"&&!a.preventDefault)for(var c in a)this.unbind(c,a[c]);else for(var d=0,e=this.length;d<e;d++)f.event.remove(this[d],a,b);return this},delegate:function(a,b,c,d){return this.live(b,c,d,a)},undelegate:function(a,b,c){return arguments.length===0?this.unbind("live"):this.die(b,null,c,a)},trigger:function(a,b){return this.each(function(){f.event.trigger(a,b,this)})},triggerHandler:function(a,b){if(this[0])return f.event.trigger(a,b,this[0],!0)},toggle:function(a){var b=arguments,c=a.guid||f.guid++,d=0,e=function(c){var e=(f.data(this,"lastToggle"+a.guid)||0)%d;f.data(this,"lastToggle"+a.guid,e+1),c.preventDefault();return b[e].apply(this,arguments)||!1};e.guid=c;while(d<b.length)b[d++].guid=c;return this.click(e)},hover:function(a,b){return this.mouseenter(a).mouseleave(b||a)}});var K={focus:"focusin",blur:"focusout",mouseenter:"mouseover",mouseleave:"mouseout"};f.each(["live","die"],function(a,c){f.fn[c]=function(a,d,e,g){var h,i=0,j,k,l,m=g||this.selector,n=g?this:f(this.context);if(typeof a=="object"&&!a.preventDefault){for(var o in a)n[c](o,d,a[o],m);return this}if(c==="die"&&!a&&g&&g.charAt(0)==="."){n.unbind(g);return this}if(d===!1||f.isFunction(d))e=d||C,d=b;a=(a||"").split(" ");while((h=a[i++])!=null){j=w.exec(h),k="",j&&(k=j[0],h=h.replace(w,""));if(h==="hover"){a.push("mouseenter"+k,"mouseleave"+k);continue}l=h,K[h]?(a.push(K[h]+k),h=h+k):h=(K[h]||h)+k;if(c==="live")for(var p=0,q=n.length;p<q;p++)f.event.add(n[p],"live."+M(h,m),{data:d,selector:m,handler:e,origType:h,origHandler:e,preType:l});else n.unbind("live."+M(h,m),e)}return this}}),f.each("blur focus focusin focusout load resize scroll unload click dblclick mousedown mouseup mousemove mouseover mouseout mouseenter mouseleave change select submit keydown keypress keyup error".split(" "),function(a,b){f.fn[b]=function(a,c){c==null&&(c=a,a=null);return arguments.length>0?this.bind(b,a,c):this.trigger(b)},f.attrFn&&(f.attrFn[b]=!0)}),function(){function u(a,b,c,d,e,f){for(var g=0,h=d.length;g<h;g++){var i=d[g];if(i){var j=!1;i=i[a];while(i){if(i.sizcache===c){j=d[i.sizset];break}if(i.nodeType===1){f||(i.sizcache=c,i.sizset=g);if(typeof b!="string"){if(i===b){j=!0;break}}else if(k.filter(b,[i]).length>0){j=i;break}}i=i[a]}d[g]=j}}}function t(a,b,c,d,e,f){for(var g=0,h=d.length;g<h;g++){var i=d[g];if(i){var j=!1;i=i[a];while(i){if(i.sizcache===c){j=d[i.sizset];break}i.nodeType===1&&!f&&(i.sizcache=c,i.sizset=g);if(i.nodeName.toLowerCase()===b){j=i;break}i=i[a]}d[g]=j}}}var a=/((?:\((?:\([^()]+\)|[^()]+)+\)|\[(?:\[[^\[\]]*\]|['"][^'"]*['"]|[^\[\]'"]+)+\]|\\.|[^ >+~,(\[\\]+)+|[>+~])(\s*,\s*)?((?:.|\r|\n)*)/g,d=0,e=Object.prototype.toString,g=!1,h=!0,i=/\\/g,j=/\W/;[0,0].sort(function(){h=!1;return 0});var k=function(b,d,f,g){f=f||[],d=d||c;var h=d;if(d.nodeType!==1&&d.nodeType!==9)return[];if(!b||typeof b!="string")return f;var i,j,n,o,q,r,s,t,u=!0,w=k.isXML(d),x=[],y=b;do{a.exec(""),i=a.exec(y);if(i){y=i[3],x.push(i[1]);if(i[2]){o=i[3];break}}}while(i);if(x.length>1&&m.exec(b))if(x.length===2&&l.relative[x[0]])j=v(x[0]+x[1],d);else{j=l.relative[x[0]]?[d]:k(x.shift(),d);while(x.length)b=x.shift(),l.relative[b]&&(b+=x.shift()),j=v(b,j)}else{!g&&x.length>1&&d.nodeType===9&&!w&&l.match.ID.test(x[0])&&!l.match.ID.test(x[x.length-1])&&(q=k.find(x.shift(),d,w),d=q.expr?k.filter(q.expr,q.set)[0]:q.set[0]);if(d){q=g?{expr:x.pop(),set:p(g)}:k.find(x.pop(),x.length===1&&(x[0]==="~"||x[0]==="+")&&d.parentNode?d.parentNode:d,w),j=q.expr?k.filter(q.expr,q.set):q.set,x.length>0?n=p(j):u=!1;while(x.length)r=x.pop(),s=r,l.relative[r]?s=x.pop():r="",s==null&&(s=d),l.relative[r](n,s,w)}else n=x=[]}n||(n=j),n||k.error(r||b);if(e.call(n)==="[object Array]")if(!u)f.push.apply(f,n);else if(d&&d.nodeType===1)for(t=0;n[t]!=null;t++)n[t]&&(n[t]===!0||n[t].nodeType===1&&k.contains(d,n[t]))&&f.push(j[t]);else for(t=0;n[t]!=null;t++)n[t]&&n[t].nodeType===1&&f.push(j[t]);else p(n,f);o&&(k(o,h,f,g),k.uniqueSort(f));return f};k.uniqueSort=function(a){if(r){g=h,a.sort(r);if(g)for(var b=1;b<a.length;b++)a[b]===a[b-1]&&a.splice(b--,1)}return a},k.matches=function(a,b){return k(a,null,null,b)},k.matchesSelector=function(a,b){return k(b,null,null,[a]).length>0},k.find=function(a,b,c){var d;if(!a)return[];for(var e=0,f=l.order.length;e<f;e++){var g,h=l.order[e];if(g=l.leftMatch[h].exec(a)){var j=g[1];g.splice(1,1);if(j.substr(j.length-1)!=="\\"){g[1]=(g[1]||"").replace(i,""),d=l.find[h](g,b,c);if(d!=null){a=a.replace(l.match[h],"");break}}}}d||(d=typeof b.getElementsByTagName!="undefined"?b.getElementsByTagName("*"):[]);return{set:d,expr:a}},k.filter=function(a,c,d,e){var f,g,h=a,i=[],j=c,m=c&&c[0]&&k.isXML(c[0]);while(a&&c.length){for(var n in l.filter)if((f=l.leftMatch[n].exec(a))!=null&&f[2]){var o,p,q=l.filter[n],r=f[1];g=!1,f.splice(1,1);if(r.substr(r.length-1)==="\\")continue;j===i&&(i=[]);if(l.preFilter[n]){f=l.preFilter[n](f,j,d,i,e,m);if(!f)g=o=!0;else if(f===!0)continue}if(f)for(var s=0;(p=j[s])!=null;s++)if(p){o=q(p,f,s,j);var t=e^!!o;d&&o!=null?t?g=!0:j[s]=!1:t&&(i.push(p),g=!0)}if(o!==b){d||(j=i),a=a.replace(l.match[n],"");if(!g)return[];break}}if(a===h)if(g==null)k.error(a);else break;h=a}return j},k.error=function(a){throw"Syntax error, unrecognized expression: "+a};var l=k.selectors={order:["ID","NAME","TAG"],match:{ID:/#((?:[\w\u00c0-\uFFFF\-]|\\.)+)/,CLASS:/\.((?:[\w\u00c0-\uFFFF\-]|\\.)+)/,NAME:/\[name=['"]*((?:[\w\u00c0-\uFFFF\-]|\\.)+)['"]*\]/,ATTR:/\[\s*((?:[\w\u00c0-\uFFFF\-]|\\.)+)\s*(?:(\S?=)\s*(?:(['"])(.*?)\3|(#?(?:[\w\u00c0-\uFFFF\-]|\\.)*)|)|)\s*\]/,TAG:/^((?:[\w\u00c0-\uFFFF\*\-]|\\.)+)/,CHILD:/:(only|nth|last|first)-child(?:\(\s*(even|odd|(?:[+\-]?\d+|(?:[+\-]?\d*)?n\s*(?:[+\-]\s*\d+)?))\s*\))?/,POS:/:(nth|eq|gt|lt|first|last|even|odd)(?:\((\d*)\))?(?=[^\-]|$)/,PSEUDO:/:((?:[\w\u00c0-\uFFFF\-]|\\.)+)(?:\((['"]?)((?:\([^\)]+\)|[^\(\)]*)+)\2\))?/},leftMatch:{},attrMap:{"class":"className","for":"htmlFor"},attrHandle:{href:function(a){return a.getAttribute("href")},type:function(a){return a.getAttribute("type")}},relative:{"+":function(a,b){var c=typeof b=="string",d=c&&!j.test(b),e=c&&!d;d&&(b=b.toLowerCase());for(var f=0,g=a.length,h;f<g;f++)if(h=a[f]){while((h=h.previousSibling)&&h.nodeType!==1);a[f]=e||h&&h.nodeName.toLowerCase()===b?h||!1:h===b}e&&k.filter(b,a,!0)},">":function(a,b){var c,d=typeof b=="string",e=0,f=a.length;if(d&&!j.test(b)){b=b.toLowerCase();for(;e<f;e++){c=a[e];if(c){var g=c.parentNode;a[e]=g.nodeName.toLowerCase()===b?g:!1}}}else{for(;e<f;e++)c=a[e],c&&(a[e]=d?c.parentNode:c.parentNode===b);d&&k.filter(b,a,!0)}},"":function(a,b,c){var e,f=d++,g=u;typeof b=="string"&&!j.test(b)&&(b=b.toLowerCase(),e=b,g=t),g("parentNode",b,f,a,e,c)},"~":function(a,b,c){var e,f=d++,g=u;typeof b=="string"&&!j.test(b)&&(b=b.toLowerCase(),e=b,g=t),g("previousSibling",b,f,a,e,c)}},find:{ID:function(a,b,c){if(typeof b.getElementById!="undefined"&&!c){var d=b.getElementById(a[1]);return d&&d.parentNode?[d]:[]}},NAME:function(a,b){if(typeof b.getElementsByName!="undefined"){var c=[],d=b.getElementsByName(a[1]);for(var e=0,f=d.length;e<f;e++)d[e].getAttribute("name")===a[1]&&c.push(d[e]);return c.length===0?null:c}},TAG:function(a,b){if(typeof b.getElementsByTagName!="undefined")return b.getElementsByTagName(a[1])}},preFilter:{CLASS:function(a,b,c,d,e,f){a=" "+a[1].replace(i,"")+" ";if(f)return a;for(var g=0,h;(h=b[g])!=null;g++)h&&(e^(h.className&&(" "+h.className+" ").replace(/[\t\n\r]/g," ").indexOf(a)>=0)?c||d.push(h):c&&(b[g]=!1));return!1},ID:function(a){return a[1].replace(i,"")},TAG:function(a,b){return a[1].replace(i,"").toLowerCase()},CHILD:function(a){if(a[1]==="nth"){a[2]||k.error(a[0]),a[2]=a[2].replace(/^\+|\s*/g,"");var b=/(-?)(\d*)(?:n([+\-]?\d*))?/.exec(a[2]==="even"&&"2n"||a[2]==="odd"&&"2n+1"||!/\D/.test(a[2])&&"0n+"+a[2]||a[2]);a[2]=b[1]+(b[2]||1)-0,a[3]=b[3]-0}else a[2]&&k.error(a[0]);a[0]=d++;return a},ATTR:function(a,b,c,d,e,f){var g=a[1]=a[1].replace(i,"");!f&&l.attrMap[g]&&(a[1]=l.attrMap[g]),a[4]=(a[4]||a[5]||"").replace(i,""),a[2]==="~="&&(a[4]=" "+a[4]+" ");return a},PSEUDO:function(b,c,d,e,f){if(b[1]==="not")if((a.exec(b[3])||"").length>1||/^\w/.test(b[3]))b[3]=k(b[3],null,null,c);else{var g=k.filter(b[3],c,d,!0^f);d||e.push.apply(e,g);return!1}else if(l.match.POS.test(b[0])||l.match.CHILD.test(b[0]))return!0;return b},POS:function(a){a.unshift(!0);return a}},filters:{enabled:function(a){return a.disabled===!1&&a.type!=="hidden"},disabled:function(a){return a.disabled===!0},checked:function(a){return a.checked===!0},selected:function(a){a.parentNode&&a.parentNode.selectedIndex;return a.selected===!0},parent:function(a){return!!a.firstChild},empty:function(a){return!a.firstChild},has:function(a,b,c){return!!k(c[3],a).length},header:function(a){return/h\d/i.test(a.nodeName)},text:function(a){var b=a.getAttribute("type"),c=a.type;return a.nodeName.toLowerCase()==="input"&&"text"===c&&(b===c||b===null)},radio:function(a){return a.nodeName.toLowerCase()==="input"&&"radio"===a.type},checkbox:function(a){return a.nodeName.toLowerCase()==="input"&&"checkbox"===a.type},file:function(a){return a.nodeName.toLowerCase()==="input"&&"file"===a.type},password:function(a){return a.nodeName.toLowerCase()==="input"&&"password"===a.type},submit:function(a){var b=a.nodeName.toLowerCase();return(b==="input"||b==="button")&&"submit"===a.type},image:function(a){return a.nodeName.toLowerCase()==="input"&&"image"===a.type},reset:function(a){var b=a.nodeName.toLowerCase();return(b==="input"||b==="button")&&"reset"===a.type},button:function(a){var b=a.nodeName.toLowerCase();return b==="input"&&"button"===a.type||b==="button"},input:function(a){return/input|select|textarea|button/i.test(a.nodeName)},focus:function(a){return a===a.ownerDocument.activeElement}},setFilters:{first:function(a,b){return b===0},last:function(a,b,c,d){return b===d.length-1},even:function(a,b){return b%2===0},odd:function(a,b){return b%2===1},lt:function(a,b,c){return b<c[3]-0},gt:function(a,b,c){return b>c[3]-0},nth:function(a,b,c){return c[3]-0===b},eq:function(a,b,c){return c[3]-0===b}},filter:{PSEUDO:function(a,b,c,d){var e=b[1],f=l.filters[e];if(f)return f(a,c,b,d);if(e==="contains")return(a.textContent||a.innerText||k.getText([a])||"").indexOf(b[3])>=0;if(e==="not"){var g=b[3];for(var h=0,i=g.length;h<i;h++)if(g[h]===a)return!1;return!0}k.error(e)},CHILD:function(a,b){var c=b[1],d=a;switch(c){case"only":case"first":while(d=d.previousSibling)if(d.nodeType===1)return!1;if(c==="first")return!0;d=a;case"last":while(d=d.nextSibling)if(d.nodeType===1)return!1;return!0;case"nth":var e=b[2],f=b[3];if(e===1&&f===0)return!0;var g=b[0],h=a.parentNode;if(h&&(h.sizcache!==g||!a.nodeIndex)){var i=0;for(d=h.firstChild;d;d=d.nextSibling)d.nodeType===1&&(d.nodeIndex=++i);h.sizcache=g}var j=a.nodeIndex-f;return e===0?j===0:j%e===0&&j/e>=0}},ID:function(a,b){return a.nodeType===1&&a.getAttribute("id")===b},TAG:function(a,b){return b==="*"&&a.nodeType===1||a.nodeName.toLowerCase()===b},CLASS:function(a,b){return(" "+(a.className||a.getAttribute("class"))+" ").indexOf(b)>-1},ATTR:function(a,b){var c=b[1],d=l.attrHandle[c]?l.attrHandle[c](a):a[c]!=null?a[c]:a.getAttribute(c),e=d+"",f=b[2],g=b[4];return d==null?f==="!=":f==="="?e===g:f==="*="?e.indexOf(g)>=0:f==="~="?(" "+e+" ").indexOf(g)>=0:g?f==="!="?e!==g:f==="^="?e.indexOf(g)===0:f==="$="?e.substr(e.length-g.length)===g:f==="|="?e===g||e.substr(0,g.length+1)===g+"-":!1:e&&d!==!1},POS:function(a,b,c,d){var e=b[2],f=l.setFilters[e];if(f)return f(a,c,b,d)}}},m=l.match.POS,n=function(a,b){return"\\"+(b-0+1)};for(var o in l.match)l.match[o]=new RegExp(l.match[o].source+/(?![^\[]*\])(?![^\(]*\))/.source),l.leftMatch[o]=new RegExp(/(^(?:.|\r|\n)*?)/.source+l.match[o].source.replace(/\\(\d+)/g,n));var p=function(a,b){a=Array.prototype.slice.call(a,0);if(b){b.push.apply(b,a);return b}return a};try{Array.prototype.slice.call(c.documentElement.childNodes,0)[0].nodeType}catch(q){p=function(a,b){var c=0,d=b||[];if(e.call(a)==="[object Array]")Array.prototype.push.apply(d,a);else if(typeof a.length=="number")for(var f=a.length;c<f;c++)d.push(a[c]);else for(;a[c];c++)d.push(a[c]);return d}}var r,s;c.documentElement.compareDocumentPosition?r=function(a,b){if(a===b){g=!0;return 0}if(!a.compareDocumentPosition||!b.compareDocumentPosition)return a.compareDocumentPosition?-1:1;return a.compareDocumentPosition(b)&4?-1:1}:(r=function(a,b){if(a===b){g=!0;return 0}if(a.sourceIndex&&b.sourceIndex)return a.sourceIndex-b.sourceIndex;var c,d,e=[],f=[],h=a.parentNode,i=b.parentNode,j=h;if(h===i)return s(a,b);if(!h)return-1;if(!i)return 1;while(j)e.unshift(j),j=j.parentNode;j=i;while(j)f.unshift(j),j=j.parentNode;c=e.length,d=f.length;for(var k=0;k<c&&k<d;k++)if(e[k]!==f[k])return s(e[k],f[k]);return k===c?s(a,f[k],-1):s(e[k],b,1)},s=function(a,b,c){if(a===b)return c;var d=a.nextSibling;while(d){if(d===b)return-1;d=d.nextSibling}return 1}),k.getText=function(a){var b="",c;for(var d=0;a[d];d++)c=a[d],c.nodeType===3||c.nodeType===4?b+=c.nodeValue:c.nodeType!==8&&(b+=k.getText(c.childNodes));return b},function(){var a=c.createElement("div"),d="script"+(new Date).getTime(),e=c.documentElement;a.innerHTML="<a name='"+d+"'/>",e.insertBefore(a,e.firstChild),c.getElementById(d)&&(l.find.ID=function(a,c,d){if(typeof c.getElementById!="undefined"&&!d){var e=c.getElementById(a[1]);return e?e.id===a[1]||typeof e.getAttributeNode!="undefined"&&e.getAttributeNode("id").nodeValue===a[1]?[e]:b:[]}},l.filter.ID=function(a,b){var c=typeof a.getAttributeNode!="undefined"&&a.getAttributeNode("id");return a.nodeType===1&&c&&c.nodeValue===b}),e.removeChild(a),e=a=null}(),function(){var a=c.createElement("div");a.appendChild(c.createComment("")),a.getElementsByTagName("*").length>0&&(l.find.TAG=function(a,b){var c=b.getElementsByTagName(a[1]);if(a[1]==="*"){var d=[];for(var e=0;c[e];e++)c[e].nodeType===1&&d.push(c[e]);c=d}return c}),a.innerHTML="<a href='#'></a>",a.firstChild&&typeof a.firstChild.getAttribute!="undefined"&&a.firstChild.getAttribute("href")!=="#"&&(l.attrHandle.href=function(a){return a.getAttribute("href",2)}),a=null}(),c.querySelectorAll&&function(){var a=k,b=c.createElement("div"),d="__sizzle__";b.innerHTML="<p class='TEST'></p>";if(!b.querySelectorAll||b.querySelectorAll(".TEST").length!==0){k=function(b,e,f,g){e=e||c;if(!g&&!k.isXML(e)){var h=/^(\w+$)|^\.([\w\-]+$)|^#([\w\-]+$)/.exec(b);if(h&&(e.nodeType===1||e.nodeType===9)){if(h[1])return p(e.getElementsByTagName(b),f);if(h[2]&&l.find.CLASS&&e.getElementsByClassName)return p(e.getElementsByClassName(h[2]),f)}if(e.nodeType===9){if(b==="body"&&e.body)return p([e.body],f);if(h&&h[3]){var i=e.getElementById(h[3]);if(!i||!i.parentNode)return p([],f);if(i.id===h[3])return p([i],f)}try{return p(e.querySelectorAll(b),f)}catch(j){}}else if(e.nodeType===1&&e.nodeName.toLowerCase()!=="object"){var m=e,n=e.getAttribute("id"),o=n||d,q=e.parentNode,r=/^\s*[+~]/.test(b);n?o=o.replace(/'/g,"\\$&"):e.setAttribute("id",o),r&&q&&(e=e.parentNode);try{if(!r||q)return p(e.querySelectorAll("[id='"+o+"'] "+b),f)}catch(s){}finally{n||m.removeAttribute("id")}}}return a(b,e,f,g)};for(var e in a)k[e]=a[e];b=null}}(),function(){var a=c.documentElement,b=a.matchesSelector||a.mozMatchesSelector||a.webkitMatchesSelector||a.msMatchesSelector;if(b){var d=!b.call(c.createElement("div"),"div"),e=!1;try{b.call(c.documentElement,"[test!='']:sizzle")}catch(f){e=!0}k.matchesSelector=function(a,c){c=c.replace(/\=\s*([^'"\]]*)\s*\]/g,"='$1']");if(!k.isXML(a))try{if(e||!l.match.PSEUDO.test(c)&&!/!=/.test(c)){var f=b.call(a,c);if(f||!d||a.document&&a.document.nodeType!==11)return f}}catch(g){}return k(c,null,null,[a]).length>0}}}(),function(){var a=c.createElement("div");a.innerHTML="<div class='test e'></div><div class='test'></div>";if(!!a.getElementsByClassName&&a.getElementsByClassName("e").length!==0){a.lastChild.className="e";if(a.getElementsByClassName("e").length===1)return;l.order.splice(1,0,"CLASS"),l.find.CLASS=function(a,b,c){if(typeof b.getElementsByClassName!="undefined"&&!c)return b.getElementsByClassName(a[1])},a=null}}(),c.documentElement.contains?k.contains=function(a,b){return a!==b&&(a.contains?a.contains(b):!0)}:c.documentElement.compareDocumentPosition?k.contains=function(a,b){return!!(a.compareDocumentPosition(b)&16)}:k.contains=function(){return!1},k.isXML=function(a){var b=(a?a.ownerDocument||a:0).documentElement;return b?b.nodeName!=="HTML":!1};var v=function(a,b){var c,d=[],e="",f=b.nodeType?[b]:b;while(c=l.match.PSEUDO.exec(a))e+=c[0],a=a.replace(l.match.PSEUDO,"");a=l.relative[a]?a+"*":a;for(var g=0,h=f.length;g<h;g++)k(a,f[g],d);return k.filter(e,d)};f.find=k,f.expr=k.selectors,f.expr[":"]=f.expr.filters,f.unique=k.uniqueSort,f.text=k.getText,f.isXMLDoc=k.isXML,f.contains=k.contains}();var N=/Until$/,O=/^(?:parents|prevUntil|prevAll)/,P=/,/,Q=/^.[^:#\[\.,]*$/,R=Array.prototype.slice,S=f.expr.match.POS,T={children:!0,contents:!0,next:!0,prev:!0};f.fn.extend({find:function(a){var b=this,c,d;if(typeof a!="string")return f(a).filter(function(){for(c=0,d=b.length;c<d;c++)if(f.contains(b[c],this))return!0});var e=this.pushStack("","find",a),g,h,i;for(c=0,d=this.length;c<d;c++){g=e.length,f.find(a,this[c],e);if(c>0)for(h=g;h<e.length;h++)for(i=0;i<g;i++)if(e[i]===e[h]){e.splice(h--,1);break}}return e},has:function(a){var b=f(a);return this.filter(function(){for(var a=0,c=b.length;a<c;a++)if(f.contains(this,b[a]))return!0})},not:function(a){return this.pushStack(V(this,a,!1),"not",a)},filter:function(a){return this.pushStack(V(this,a,!0),"filter",a)},is:function(a){return!!a&&(typeof a=="string"?f.filter(a,this).length>0:this.filter(a).length>0)},closest:function(a,b){var c=[],d,e,g=this[0];if(f.isArray(a)){var h,i,j={},k=1;if(g&&a.length){for(d=0,e=a.length;d<e;d++)i=a[d],j[i]||(j[i]=S.test(i)?f(i,b||this.context):i);while(g&&g.ownerDocument&&g!==b){for(i in j)h=j[i],(h.jquery?h.index(g)>-1:f(g).is(h))&&c.push({selector:i,elem:g,level:k});g=g.parentNode,k++}}return c}var l=S.test(a)||typeof a!="string"?f(a,b||this.context):0;for(d=0,e=this.length;d<e;d++){g=this[d];while(g){if(l?l.index(g)>-1:f.find.matchesSelector(g,a)){c.push(g);break}g=g.parentNode;if(!g||!g.ownerDocument||g===b||g.nodeType===11)break}}c=c.length>1?f.unique(c):c;return this.pushStack(c,"closest",a)},index:function(a){if(!a)return this[0]&&this[0].parentNode?this.prevAll().length:-1;if(typeof a=="string")return f.inArray(this[0],f(a));return f.inArray(a.jquery?a[0]:a,this)},add:function(a,b){var c=typeof a=="string"?f(a,b):f.makeArray(a&&a.nodeType?[a]:a),d=f.merge(this.get(),c);return this.pushStack(U(c[0])||U(d[0])?d:f.unique(d))},andSelf:function(){return this.add(this.prevObject)}}),f.each({parent:function(a){var b=a.parentNode;return b&&b.nodeType!==11?b:null},parents:function(a){return f.dir(a,"parentNode")},parentsUntil:function(a,b,c){return f.dir(a,"parentNode",c)},next:function(a){return f.nth(a,2,"nextSibling")},prev:function(a){return f.nth(a,2,"previousSibling")},nextAll:function(a){return f.dir(a,"nextSibling")},prevAll:function(a){return f.dir(a,"previousSibling")},nextUntil:function(a,b,c){return f.dir(a,"nextSibling",c)},prevUntil:function(a,b,c){return f.dir(a,"previousSibling",c)},siblings:function(a){return f.sibling(a.parentNode.firstChild,a)},children:function(a){return f.sibling(a.firstChild)},contents:function(a){return f.nodeName(a,"iframe")?a.contentDocument||a.contentWindow.document:f.makeArray(a.childNodes)}},function(a,b){f.fn[a]=function(c,d){var e=f.map(this,b,c),g=R.call(arguments);N.test(a)||(d=c),d&&typeof d=="string"&&(e=f.filter(d,e)),e=this.length>1&&!T[a]?f.unique(e):e,(this.length>1||P.test(d))&&O.test(a)&&(e=e.reverse());return this.pushStack(e,a,g.join(","))}}),f.extend({filter:function(a,b,c){c&&(a=":not("+a+")");return b.length===1?f.find.matchesSelector(b[0],a)?[b[0]]:[]:f.find.matches(a,b)},dir:function(a,c,d){var e=[],g=a[c];while(g&&g.nodeType!==9&&(d===b||g.nodeType!==1||!f(g).is(d)))g.nodeType===1&&e.push(g),g=g[c];return e},nth:function(a,b,c,d){b=b||1;var e=0;for(;a;a=a[c])if(a.nodeType===1&&++e===b)break;return a},sibling:function(a,b){var c=[];for(;a;a=a.nextSibling)a.nodeType===1&&a!==b&&c.push(a);return c}});var W=/ jQuery\d+="(?:\d+|null)"/g,X=/^\s+/,Y=/<(?!area|br|col|embed|hr|img|input|link|meta|param)(([\w:]+)[^>]*)\/>/ig,Z=/<([\w:]+)/,$=/<tbody/i,_=/<|&#?\w+;/,ba=/<(?:script|object|embed|option|style)/i,bb=/checked\s*(?:[^=]|=\s*.checked.)/i,bc=/\/(java|ecma)script/i,bd=/^\s*<!(?:\[CDATA\[|\-\-)/,be={option:[1,"<select multiple='multiple'>","</select>"],legend:[1,"<fieldset>","</fieldset>"],thead:[1,"<table>","</table>"],tr:[2,"<table><tbody>","</tbody></table>"],td:[3,"<table><tbody><tr>","</tr></tbody></table>"],col:[2,"<table><tbody></tbody><colgroup>","</colgroup></table>"],area:[1,"<map>","</map>"],_default:[0,"",""]};be.optgroup=be.option,be.tbody=be.tfoot=be.colgroup=be.caption=be.thead,be.th=be.td,f.support.htmlSerialize||(be._default=[1,"div<div>","</div>"]),f.fn.extend({text:function(a){if(f.isFunction(a))return this.each(function(b){var c=f(this);c.text(a.call(this,b,c.text()))});if(typeof a!="object"&&a!==b)return this.empty().append((this[0]&&this[0].ownerDocument||c).createTextNode(a));return f.text(this)},wrapAll:function(a){if(f.isFunction(a))return this.each(function(b){f(this).wrapAll(a.call(this,b))});if(this[0]){var b=f(a,this[0].ownerDocument).eq(0).clone(!0);this[0].parentNode&&b.insertBefore(this[0]),b.map(function(){var a=this;while(a.firstChild&&a.firstChild.nodeType===1)a=a.firstChild;return a}).append(this)}return this},wrapInner:function(a){if(f.isFunction(a))return this.each(function(b){f(this).wrapInner(a.call(this,b))});return this.each(function(){var b=f(this),c=b.contents();c.length?c.wrapAll(a):b.append(a)})},wrap:function(a){return this.each(function(){f(this).wrapAll(a)})},unwrap:function(){return this.parent().each(function(){f.nodeName(this,"body")||f(this).replaceWith(this.childNodes)}).end()},append:function(){return this.domManip(arguments,!0,function(a){this.nodeType===1&&this.appendChild(a)})},prepend:function(){return this.domManip(arguments,!0,function(a){this.nodeType===1&&this.insertBefore(a,this.firstChild)})},before:function(){if(this[0]&&this[0].parentNode)return this.domManip(arguments,!1,function(a){this.parentNode.insertBefore(a,this)});if(arguments.length){var a=f(arguments[0]);a.push.apply(a,this.toArray());return this.pushStack(a,"before",arguments)}},after:function(){if(this[0]&&this[0].parentNode)return this.domManip(arguments,!1,function(a){this.parentNode.insertBefore(a,this.nextSibling)});if(arguments.length){var a=this.pushStack(this,"after",arguments);a.push.apply(a,f(arguments[0]).toArray());return a}},remove:function(a,b){for(var c=0,d;(d=this[c])!=null;c++)if(!a||f.filter(a,[d]).length)!b&&d.nodeType===1&&(f.cleanData(d.getElementsByTagName("*")),f.cleanData([d])),d.parentNode&&d.parentNode.removeChild(d);return this},empty:function(){for(var a=0,b;(b=this[a])!=null;a++){b.nodeType===1&&f.cleanData(b.getElementsByTagName("*"));while(b.firstChild)b.removeChild(b.firstChild)}return this},clone:function(a,b){a=a==null?!1:a,b=b==null?a:b;return this.map(function(){return f.clone(this,a,b)})},html:function(a){if(a===b)return this[0]&&this[0].nodeType===1?this[0].innerHTML.replace(W,""):null;if(typeof a=="string"&&!ba.test(a)&&(f.support.leadingWhitespace||!X.test(a))&&!be[(Z.exec(a)||["",""])[1].toLowerCase()]){a=a.replace(Y,"<$1></$2>");try{for(var c=0,d=this.length;c<d;c++)this[c].nodeType===1&&(f.cleanData(this[c].getElementsByTagName("*")),this[c].innerHTML=a)}catch(e){this.empty().append(a)}}else f.isFunction(a)?this.each(function(b){var c=f(this);c.html(a.call(this,b,c.html()))}):this.empty().append(a);return this},replaceWith:function(a){if(this[0]&&this[0].parentNode){if(f.isFunction(a))return this.each(function(b){var c=f(this),d=c.html();c.replaceWith(a.call(this,b,d))});typeof a!="string"&&(a=f(a).detach());return this.each(function(){var b=this.nextSibling,c=this.parentNode;f(this).remove(),b?f(b).before(a):f(c).append(a)})}return this.length?this.pushStack(f(f.isFunction(a)?a():a),"replaceWith",a):this},detach:function(a){return this.remove(a,!0)},domManip:function(a,c,d){var e,g,h,i,j=a[0],k=[];if(!f.support.checkClone&&arguments.length===3&&typeof j=="string"&&bb.test(j))return this.each(function(){f(this).domManip(a,c,d,!0)});if(f.isFunction(j))return this.each(function(e){var g=f(this);a[0]=j.call(this,e,c?g.html():b),g.domManip(a,c,d)});if(this[0]){i=j&&j.parentNode,f.support.parentNode&&i&&i.nodeType===11&&i.childNodes.length===this.length?e={fragment:i}:e=f.buildFragment(a,this,k),h=e.fragment,h.childNodes.length===1?g=h=h.firstChild:g=h.firstChild;if(g){c=c&&f.nodeName(g,"tr");for(var l=0,m=this.length,n=m-1;l<m;l++)d.call(c?bf(this[l],g):this[l],e.cacheable||m>1&&l<n?f.clone(h,!0,!0):h)}k.length&&f.each(k,bl)}return this}}),f.buildFragment=function(a,b,d){var e,g,h,i;b&&b[0]&&(i=b[0].ownerDocument||b[0]),i.createDocumentFragment||(i=c),a.length===1&&typeof a[0]=="string"&&a[0].length<512&&i===c&&a[0].charAt(0)==="<"&&!ba.test(a[0])&&(f.support.checkClone||!bb.test(a[0]))&&(g=!0,h=f.fragments[a[0]],h&&h!==1&&(e=h)),e||(e=i.createDocumentFragment(),f.clean
(a,i,e,d)),g&&(f.fragments[a[0]]=h?e:1);return{fragment:e,cacheable:g}},f.fragments={},f.each({appendTo:"append",prependTo:"prepend",insertBefore:"before",insertAfter:"after",replaceAll:"replaceWith"},function(a,b){f.fn[a]=function(c){var d=[],e=f(c),g=this.length===1&&this[0].parentNode;if(g&&g.nodeType===11&&g.childNodes.length===1&&e.length===1){e[b](this[0]);return this}for(var h=0,i=e.length;h<i;h++){var j=(h>0?this.clone(!0):this).get();f(e[h])[b](j),d=d.concat(j)}return this.pushStack(d,a,e.selector)}}),f.extend({clone:function(a,b,c){var d=a.cloneNode(!0),e,g,h;if((!f.support.noCloneEvent||!f.support.noCloneChecked)&&(a.nodeType===1||a.nodeType===11)&&!f.isXMLDoc(a)){bh(a,d),e=bi(a),g=bi(d);for(h=0;e[h];++h)g[h]&&bh(e[h],g[h])}if(b){bg(a,d);if(c){e=bi(a),g=bi(d);for(h=0;e[h];++h)bg(e[h],g[h])}}e=g=null;return d},clean:function(a,b,d,e){var g;b=b||c,typeof b.createElement=="undefined"&&(b=b.ownerDocument||b[0]&&b[0].ownerDocument||c);var h=[],i;for(var j=0,k;(k=a[j])!=null;j++){typeof k=="number"&&(k+="");if(!k)continue;if(typeof k=="string")if(!_.test(k))k=b.createTextNode(k);else{k=k.replace(Y,"<$1></$2>");var l=(Z.exec(k)||["",""])[1].toLowerCase(),m=be[l]||be._default,n=m[0],o=b.createElement("div");o.innerHTML=m[1]+k+m[2];while(n--)o=o.lastChild;if(!f.support.tbody){var p=$.test(k),q=l==="table"&&!p?o.firstChild&&o.firstChild.childNodes:m[1]==="<table>"&&!p?o.childNodes:[];for(i=q.length-1;i>=0;--i)f.nodeName(q[i],"tbody")&&!q[i].childNodes.length&&q[i].parentNode.removeChild(q[i])}!f.support.leadingWhitespace&&X.test(k)&&o.insertBefore(b.createTextNode(X.exec(k)[0]),o.firstChild),k=o.childNodes}var r;if(!f.support.appendChecked)if(k[0]&&typeof (r=k.length)=="number")for(i=0;i<r;i++)bk(k[i]);else bk(k);k.nodeType?h.push(k):h=f.merge(h,k)}if(d){g=function(a){return!a.type||bc.test(a.type)};for(j=0;h[j];j++)if(e&&f.nodeName(h[j],"script")&&(!h[j].type||h[j].type.toLowerCase()==="text/javascript"))e.push(h[j].parentNode?h[j].parentNode.removeChild(h[j]):h[j]);else{if(h[j].nodeType===1){var s=f.grep(h[j].getElementsByTagName("script"),g);h.splice.apply(h,[j+1,0].concat(s))}d.appendChild(h[j])}}return h},cleanData:function(a){var b,c,d=f.cache,e=f.expando,g=f.event.special,h=f.support.deleteExpando;for(var i=0,j;(j=a[i])!=null;i++){if(j.nodeName&&f.noData[j.nodeName.toLowerCase()])continue;c=j[f.expando];if(c){b=d[c]&&d[c][e];if(b&&b.events){for(var k in b.events)g[k]?f.event.remove(j,k):f.removeEvent(j,k,b.handle);b.handle&&(b.handle.elem=null)}h?delete j[f.expando]:j.removeAttribute&&j.removeAttribute(f.expando),delete d[c]}}}});var bm=/alpha\([^)]*\)/i,bn=/opacity=([^)]*)/,bo=/([A-Z]|^ms)/g,bp=/^-?\d+(?:px)?$/i,bq=/^-?\d/,br=/^([\-+])=([\-+.\de]+)/,bs={position:"absolute",visibility:"hidden",display:"block"},bt=["Left","Right"],bu=["Top","Bottom"],bv,bw,bx;f.fn.css=function(a,c){if(arguments.length===2&&c===b)return this;return f.access(this,a,c,!0,function(a,c,d){return d!==b?f.style(a,c,d):f.css(a,c)})},f.extend({cssHooks:{opacity:{get:function(a,b){if(b){var c=bv(a,"opacity","opacity");return c===""?"1":c}return a.style.opacity}}},cssNumber:{fillOpacity:!0,fontWeight:!0,lineHeight:!0,opacity:!0,orphans:!0,widows:!0,zIndex:!0,zoom:!0},cssProps:{"float":f.support.cssFloat?"cssFloat":"styleFloat"},style:function(a,c,d,e){if(!!a&&a.nodeType!==3&&a.nodeType!==8&&!!a.style){var g,h,i=f.camelCase(c),j=a.style,k=f.cssHooks[i];c=f.cssProps[i]||i;if(d===b){if(k&&"get"in k&&(g=k.get(a,!1,e))!==b)return g;return j[c]}h=typeof d,h==="string"&&(g=br.exec(d))&&(d=+(g[1]+1)*+g[2]+parseFloat(f.css(a,c)),h="number");if(d==null||h==="number"&&isNaN(d))return;h==="number"&&!f.cssNumber[i]&&(d+="px");if(!k||!("set"in k)||(d=k.set(a,d))!==b)try{j[c]=d}catch(l){}}},css:function(a,c,d){var e,g;c=f.camelCase(c),g=f.cssHooks[c],c=f.cssProps[c]||c,c==="cssFloat"&&(c="float");if(g&&"get"in g&&(e=g.get(a,!0,d))!==b)return e;if(bv)return bv(a,c)},swap:function(a,b,c){var d={};for(var e in b)d[e]=a.style[e],a.style[e]=b[e];c.call(a);for(e in b)a.style[e]=d[e]}}),f.curCSS=f.css,f.each(["height","width"],function(a,b){f.cssHooks[b]={get:function(a,c,d){var e;if(c){if(a.offsetWidth!==0)return by(a,b,d);f.swap(a,bs,function(){e=by(a,b,d)});return e}},set:function(a,b){if(!bp.test(b))return b;b=parseFloat(b);if(b>=0)return b+"px"}}}),f.support.opacity||(f.cssHooks.opacity={get:function(a,b){return bn.test((b&&a.currentStyle?a.currentStyle.filter:a.style.filter)||"")?parseFloat(RegExp.$1)/100+"":b?"1":""},set:function(a,b){var c=a.style,d=a.currentStyle,e=f.isNaN(b)?"":"alpha(opacity="+b*100+")",g=d&&d.filter||c.filter||"";c.zoom=1;if(b>=1&&f.trim(g.replace(bm,""))===""){c.removeAttribute("filter");if(d&&!d.filter)return}c.filter=bm.test(g)?g.replace(bm,e):g+" "+e}}),f(function(){f.support.reliableMarginRight||(f.cssHooks.marginRight={get:function(a,b){var c;f.swap(a,{display:"inline-block"},function(){b?c=bv(a,"margin-right","marginRight"):c=a.style.marginRight});return c}})}),c.defaultView&&c.defaultView.getComputedStyle&&(bw=function(a,c){var d,e,g;c=c.replace(bo,"-$1").toLowerCase();if(!(e=a.ownerDocument.defaultView))return b;if(g=e.getComputedStyle(a,null))d=g.getPropertyValue(c),d===""&&!f.contains(a.ownerDocument.documentElement,a)&&(d=f.style(a,c));return d}),c.documentElement.currentStyle&&(bx=function(a,b){var c,d=a.currentStyle&&a.currentStyle[b],e=a.runtimeStyle&&a.runtimeStyle[b],f=a.style;!bp.test(d)&&bq.test(d)&&(c=f.left,e&&(a.runtimeStyle.left=a.currentStyle.left),f.left=b==="fontSize"?"1em":d||0,d=f.pixelLeft+"px",f.left=c,e&&(a.runtimeStyle.left=e));return d===""?"auto":d}),bv=bw||bx,f.expr&&f.expr.filters&&(f.expr.filters.hidden=function(a){var b=a.offsetWidth,c=a.offsetHeight;return b===0&&c===0||!f.support.reliableHiddenOffsets&&(a.style.display||f.css(a,"display"))==="none"},f.expr.filters.visible=function(a){return!f.expr.filters.hidden(a)});var bz=/%20/g,bA=/\[\]$/,bB=/\r?\n/g,bC=/#.*$/,bD=/^(.*?):[ \t]*([^\r\n]*)\r?$/mg,bE=/^(?:color|date|datetime|datetime-local|email|hidden|month|number|password|range|search|tel|text|time|url|week)$/i,bF=/^(?:about|app|app\-storage|.+\-extension|file|res|widget):$/,bG=/^(?:GET|HEAD)$/,bH=/^\/\//,bI=/\?/,bJ=/<script\b[^<]*(?:(?!<\/script>)<[^<]*)*<\/script>/gi,bK=/^(?:select|textarea)/i,bL=/\s+/,bM=/([?&])_=[^&]*/,bN=/^([\w\+\.\-]+:)(?:\/\/([^\/?#:]*)(?::(\d+))?)?/,bO=f.fn.load,bP={},bQ={},bR,bS,bT=["*/"]+["*"];try{bR=e.href}catch(bU){bR=c.createElement("a"),bR.href="",bR=bR.href}bS=bN.exec(bR.toLowerCase())||[],f.fn.extend({load:function(a,c,d){if(typeof a!="string"&&bO)return bO.apply(this,arguments);if(!this.length)return this;var e=a.indexOf(" ");if(e>=0){var g=a.slice(e,a.length);a=a.slice(0,e)}var h="GET";c&&(f.isFunction(c)?(d=c,c=b):typeof c=="object"&&(c=f.param(c,f.ajaxSettings.traditional),h="POST"));var i=this;f.ajax({url:a,type:h,dataType:"html",data:c,complete:function(a,b,c){c=a.responseText,a.isResolved()&&(a.done(function(a){c=a}),i.html(g?f("<div>").append(c.replace(bJ,"")).find(g):c)),d&&i.each(d,[c,b,a])}});return this},serialize:function(){return f.param(this.serializeArray())},serializeArray:function(){return this.map(function(){return this.elements?f.makeArray(this.elements):this}).filter(function(){return this.name&&!this.disabled&&(this.checked||bK.test(this.nodeName)||bE.test(this.type))}).map(function(a,b){var c=f(this).val();return c==null?null:f.isArray(c)?f.map(c,function(a,c){return{name:b.name,value:a.replace(bB,"\r\n")}}):{name:b.name,value:c.replace(bB,"\r\n")}}).get()}}),f.each("ajaxStart ajaxStop ajaxComplete ajaxError ajaxSuccess ajaxSend".split(" "),function(a,b){f.fn[b]=function(a){return this.bind(b,a)}}),f.each(["get","post"],function(a,c){f[c]=function(a,d,e,g){f.isFunction(d)&&(g=g||e,e=d,d=b);return f.ajax({type:c,url:a,data:d,success:e,dataType:g})}}),f.extend({getScript:function(a,c){return f.get(a,b,c,"script")},getJSON:function(a,b,c){return f.get(a,b,c,"json")},ajaxSetup:function(a,b){b?bX(a,f.ajaxSettings):(b=a,a=f.ajaxSettings),bX(a,b);return a},ajaxSettings:{url:bR,isLocal:bF.test(bS[1]),global:!0,type:"GET",contentType:"application/x-www-form-urlencoded",processData:!0,async:!0,accepts:{xml:"application/xml, text/xml",html:"text/html",text:"text/plain",json:"application/json, text/javascript","*":bT},contents:{xml:/xml/,html:/html/,json:/json/},responseFields:{xml:"responseXML",text:"responseText"},converters:{"* text":a.String,"text html":!0,"text json":f.parseJSON,"text xml":f.parseXML},flatOptions:{context:!0,url:!0}},ajaxPrefilter:bV(bP),ajaxTransport:bV(bQ),ajax:function(a,c){function w(a,c,l,m){if(s!==2){s=2,q&&clearTimeout(q),p=b,n=m||"",v.readyState=a>0?4:0;var o,r,u,w=c,x=l?bZ(d,v,l):b,y,z;if(a>=200&&a<300||a===304){if(d.ifModified){if(y=v.getResponseHeader("Last-Modified"))f.lastModified[k]=y;if(z=v.getResponseHeader("Etag"))f.etag[k]=z}if(a===304)w="notmodified",o=!0;else try{r=b$(d,x),w="success",o=!0}catch(A){w="parsererror",u=A}}else{u=w;if(!w||a)w="error",a<0&&(a=0)}v.status=a,v.statusText=""+(c||w),o?h.resolveWith(e,[r,w,v]):h.rejectWith(e,[v,w,u]),v.statusCode(j),j=b,t&&g.trigger("ajax"+(o?"Success":"Error"),[v,d,o?r:u]),i.resolveWith(e,[v,w]),t&&(g.trigger("ajaxComplete",[v,d]),--f.active||f.event.trigger("ajaxStop"))}}typeof a=="object"&&(c=a,a=b),c=c||{};var d=f.ajaxSetup({},c),e=d.context||d,g=e!==d&&(e.nodeType||e instanceof f)?f(e):f.event,h=f.Deferred(),i=f._Deferred(),j=d.statusCode||{},k,l={},m={},n,o,p,q,r,s=0,t,u,v={readyState:0,setRequestHeader:function(a,b){if(!s){var c=a.toLowerCase();a=m[c]=m[c]||a,l[a]=b}return this},getAllResponseHeaders:function(){return s===2?n:null},getResponseHeader:function(a){var c;if(s===2){if(!o){o={};while(c=bD.exec(n))o[c[1].toLowerCase()]=c[2]}c=o[a.toLowerCase()]}return c===b?null:c},overrideMimeType:function(a){s||(d.mimeType=a);return this},abort:function(a){a=a||"abort",p&&p.abort(a),w(0,a);return this}};h.promise(v),v.success=v.done,v.error=v.fail,v.complete=i.done,v.statusCode=function(a){if(a){var b;if(s<2)for(b in a)j[b]=[j[b],a[b]];else b=a[v.status],v.then(b,b)}return this},d.url=((a||d.url)+"").replace(bC,"").replace(bH,bS[1]+"//"),d.dataTypes=f.trim(d.dataType||"*").toLowerCase().split(bL),d.crossDomain==null&&(r=bN.exec(d.url.toLowerCase()),d.crossDomain=!(!r||r[1]==bS[1]&&r[2]==bS[2]&&(r[3]||(r[1]==="http:"?80:443))==(bS[3]||(bS[1]==="http:"?80:443)))),d.data&&d.processData&&typeof d.data!="string"&&(d.data=f.param(d.data,d.traditional)),bW(bP,d,c,v);if(s===2)return!1;t=d.global,d.type=d.type.toUpperCase(),d.hasContent=!bG.test(d.type),t&&f.active++===0&&f.event.trigger("ajaxStart");if(!d.hasContent){d.data&&(d.url+=(bI.test(d.url)?"&":"?")+d.data,delete d.data),k=d.url;if(d.cache===!1){var x=f.now(),y=d.url.replace(bM,"$1_="+x);d.url=y+(y===d.url?(bI.test(d.url)?"&":"?")+"_="+x:"")}}(d.data&&d.hasContent&&d.contentType!==!1||c.contentType)&&v.setRequestHeader("Content-Type",d.contentType),d.ifModified&&(k=k||d.url,f.lastModified[k]&&v.setRequestHeader("If-Modified-Since",f.lastModified[k]),f.etag[k]&&v.setRequestHeader("If-None-Match",f.etag[k])),v.setRequestHeader("Accept",d.dataTypes[0]&&d.accepts[d.dataTypes[0]]?d.accepts[d.dataTypes[0]]+(d.dataTypes[0]!=="*"?", "+bT+"; q=0.01":""):d.accepts["*"]);for(u in d.headers)v.setRequestHeader(u,d.headers[u]);if(d.beforeSend&&(d.beforeSend.call(e,v,d)===!1||s===2)){v.abort();return!1}for(u in{success:1,error:1,complete:1})v[u](d[u]);p=bW(bQ,d,c,v);if(!p)w(-1,"No Transport");else{v.readyState=1,t&&g.trigger("ajaxSend",[v,d]),d.async&&d.timeout>0&&(q=setTimeout(function(){v.abort("timeout")},d.timeout));try{s=1,p.send(l,w)}catch(z){s<2?w(-1,z):f.error(z)}}return v},param:function(a,c){var d=[],e=function(a,b){b=f.isFunction(b)?b():b,d[d.length]=encodeURIComponent(a)+"="+encodeURIComponent(b)};c===b&&(c=f.ajaxSettings.traditional);if(f.isArray(a)||a.jquery&&!f.isPlainObject(a))f.each(a,function(){e(this.name,this.value)});else for(var g in a)bY(g,a[g],c,e);return d.join("&").replace(bz,"+")}}),f.extend({active:0,lastModified:{},etag:{}});var b_=f.now(),ca=/(\=)\?(&|$)|\?\?/i;f.ajaxSetup({jsonp:"callback",jsonpCallback:function(){return f.expando+"_"+b_++}}),f.ajaxPrefilter("json jsonp",function(b,c,d){var e=b.contentType==="application/x-www-form-urlencoded"&&typeof b.data=="string";if(b.dataTypes[0]==="jsonp"||b.jsonp!==!1&&(ca.test(b.url)||e&&ca.test(b.data))){var g,h=b.jsonpCallback=f.isFunction(b.jsonpCallback)?b.jsonpCallback():b.jsonpCallback,i=a[h],j=b.url,k=b.data,l="$1"+h+"$2";b.jsonp!==!1&&(j=j.replace(ca,l),b.url===j&&(e&&(k=k.replace(ca,l)),b.data===k&&(j+=(/\?/.test(j)?"&":"?")+b.jsonp+"="+h))),b.url=j,b.data=k,a[h]=function(a){g=[a]},d.always(function(){a[h]=i,g&&f.isFunction(i)&&a[h](g[0])}),b.converters["script json"]=function(){g||f.error(h+" was not called");return g[0]},b.dataTypes[0]="json";return"script"}}),f.ajaxSetup({accepts:{script:"text/javascript, application/javascript, application/ecmascript, application/x-ecmascript"},contents:{script:/javascript|ecmascript/},converters:{"text script":function(a){f.globalEval(a);return a}}}),f.ajaxPrefilter("script",function(a){a.cache===b&&(a.cache=!1),a.crossDomain&&(a.type="GET",a.global=!1)}),f.ajaxTransport("script",function(a){if(a.crossDomain){var d,e=c.head||c.getElementsByTagName("head")[0]||c.documentElement;return{send:function(f,g){d=c.createElement("script"),d.async="async",a.scriptCharset&&(d.charset=a.scriptCharset),d.src=a.url,d.onload=d.onreadystatechange=function(a,c){if(c||!d.readyState||/loaded|complete/.test(d.readyState))d.onload=d.onreadystatechange=null,e&&d.parentNode&&e.removeChild(d),d=b,c||g(200,"success")},e.insertBefore(d,e.firstChild)},abort:function(){d&&d.onload(0,1)}}}});var cb=a.ActiveXObject?function(){for(var a in cd)cd[a](0,1)}:!1,cc=0,cd;f.ajaxSettings.xhr=a.ActiveXObject?function(){return!this.isLocal&&ce()||cf()}:ce,function(a){f.extend(f.support,{ajax:!!a,cors:!!a&&"withCredentials"in a})}(f.ajaxSettings.xhr()),f.support.ajax&&f.ajaxTransport(function(c){if(!c.crossDomain||f.support.cors){var d;return{send:function(e,g){var h=c.xhr(),i,j;c.username?h.open(c.type,c.url,c.async,c.username,c.password):h.open(c.type,c.url,c.async);if(c.xhrFields)for(j in c.xhrFields)h[j]=c.xhrFields[j];c.mimeType&&h.overrideMimeType&&h.overrideMimeType(c.mimeType),!c.crossDomain&&!e["X-Requested-With"]&&(e["X-Requested-With"]="XMLHttpRequest");try{for(j in e)h.setRequestHeader(j,e[j])}catch(k){}h.send(c.hasContent&&c.data||null),d=function(a,e){var j,k,l,m,n;try{if(d&&(e||h.readyState===4)){d=b,i&&(h.onreadystatechange=f.noop,cb&&delete cd[i]);if(e)h.readyState!==4&&h.abort();else{j=h.status,l=h.getAllResponseHeaders(),m={},n=h.responseXML,n&&n.documentElement&&(m.xml=n),m.text=h.responseText;try{k=h.statusText}catch(o){k=""}!j&&c.isLocal&&!c.crossDomain?j=m.text?200:404:j===1223&&(j=204)}}}catch(p){e||g(-1,p)}m&&g(j,k,m,l)},!c.async||h.readyState===4?d():(i=++cc,cb&&(cd||(cd={},f(a).unload(cb)),cd[i]=d),h.onreadystatechange=d)},abort:function(){d&&d(0,1)}}}});var cg={},ch,ci,cj=/^(?:toggle|show|hide)$/,ck=/^([+\-]=)?([\d+.\-]+)([a-z%]*)$/i,cl,cm=[["height","marginTop","marginBottom","paddingTop","paddingBottom"],["width","marginLeft","marginRight","paddingLeft","paddingRight"],["opacity"]],cn;f.fn.extend({show:function(a,b,c){var d,e;if(a||a===0)return this.animate(cq("show",3),a,b,c);for(var g=0,h=this.length;g<h;g++)d=this[g],d.style&&(e=d.style.display,!f._data(d,"olddisplay")&&e==="none"&&(e=d.style.display=""),e===""&&f.css(d,"display")==="none"&&f._data(d,"olddisplay",cr(d.nodeName)));for(g=0;g<h;g++){d=this[g];if(d.style){e=d.style.display;if(e===""||e==="none")d.style.display=f._data(d,"olddisplay")||""}}return this},hide:function(a,b,c){if(a||a===0)return this.animate(cq("hide",3),a,b,c);for(var d=0,e=this.length;d<e;d++)if(this[d].style){var g=f.css(this[d],"display");g!=="none"&&!f._data(this[d],"olddisplay")&&f._data(this[d],"olddisplay",g)}for(d=0;d<e;d++)this[d].style&&(this[d].style.display="none");return this},_toggle:f.fn.toggle,toggle:function(a,b,c){var d=typeof a=="boolean";f.isFunction(a)&&f.isFunction(b)?this._toggle.apply(this,arguments):a==null||d?this.each(function(){var b=d?a:f(this).is(":hidden");f(this)[b?"show":"hide"]()}):this.animate(cq("toggle",3),a,b,c);return this},fadeTo:function(a,b,c,d){return this.filter(":hidden").css("opacity",0).show().end().animate({opacity:b},a,c,d)},animate:function(a,b,c,d){var e=f.speed(b,c,d);if(f.isEmptyObject(a))return this.each(e.complete,[!1]);a=f.extend({},a);return this[e.queue===!1?"each":"queue"](function(){e.queue===!1&&f._mark(this);var b=f.extend({},e),c=this.nodeType===1,d=c&&f(this).is(":hidden"),g,h,i,j,k,l,m,n,o;b.animatedProperties={};for(i in a){g=f.camelCase(i),i!==g&&(a[g]=a[i],delete a[i]),h=a[g],f.isArray(h)?(b.animatedProperties[g]=h[1],h=a[g]=h[0]):b.animatedProperties[g]=b.specialEasing&&b.specialEasing[g]||b.easing||"swing";if(h==="hide"&&d||h==="show"&&!d)return b.complete.call(this);c&&(g==="height"||g==="width")&&(b.overflow=[this.style.overflow,this.style.overflowX,this.style.overflowY],f.css(this,"display")==="inline"&&f.css(this,"float")==="none"&&(f.support.inlineBlockNeedsLayout?(j=cr(this.nodeName),j==="inline"?this.style.display="inline-block":(this.style.display="inline",this.style.zoom=1)):this.style.display="inline-block"))}b.overflow!=null&&(this.style.overflow="hidden");for(i in a)k=new f.fx(this,b,i),h=a[i],cj.test(h)?k[h==="toggle"?d?"show":"hide":h]():(l=ck.exec(h),m=k.cur(),l?(n=parseFloat(l[2]),o=l[3]||(f.cssNumber[i]?"":"px"),o!=="px"&&(f.style(this,i,(n||1)+o),m=(n||1)/k.cur()*m,f.style(this,i,m+o)),l[1]&&(n=(l[1]==="-="?-1:1)*n+m),k.custom(m,n,o)):k.custom(m,h,""));return!0})},stop:function(a,b){a&&this.queue([]),this.each(function(){var a=f.timers,c=a.length;b||f._unmark(!0,this);while(c--)a[c].elem===this&&(b&&a[c](!0),a.splice(c,1))}),b||this.dequeue();return this}}),f.each({slideDown:cq("show",1),slideUp:cq("hide",1),slideToggle:cq("toggle",1),fadeIn:{opacity:"show"},fadeOut:{opacity:"hide"},fadeToggle:{opacity:"toggle"}},function(a,b){f.fn[a]=function(a,c,d){return this.animate(b,a,c,d)}}),f.extend({speed:function(a,b,c){var d=a&&typeof a=="object"?f.extend({},a):{complete:c||!c&&b||f.isFunction(a)&&a,duration:a,easing:c&&b||b&&!f.isFunction(b)&&b};d.duration=f.fx.off?0:typeof d.duration=="number"?d.duration:d.duration in f.fx.speeds?f.fx.speeds[d.duration]:f.fx.speeds._default,d.old=d.complete,d.complete=function(a){f.isFunction(d.old)&&d.old.call(this),d.queue!==!1?f.dequeue(this):a!==!1&&f._unmark(this)};return d},easing:{linear:function(a,b,c,d){return c+d*a},swing:function(a,b,c,d){return(-Math.cos(a*Math.PI)/2+.5)*d+c}},timers:[],fx:function(a,b,c){this.options=b,this.elem=a,this.prop=c,b.orig=b.orig||{}}}),f.fx.prototype={update:function(){this.options.step&&this.options.step.call(this.elem,this.now,this),(f.fx.step[this.prop]||f.fx.step._default)(this)},cur:function(){if(this.elem[this.prop]!=null&&(!this.elem.style||this.elem.style[this.prop]==null))return this.elem[this.prop];var a,b=f.css(this.elem,this.prop);return isNaN(a=parseFloat(b))?!b||b==="auto"?0:b:a},custom:function(a,b,c){function g(a){return d.step(a)}var d=this,e=f.fx;this.startTime=cn||co(),this.start=a,this.end=b,this.unit=c||this.unit||(f.cssNumber[this.prop]?"":"px"),this.now=this.start,this.pos=this.state=0,g.elem=this.elem,g()&&f.timers.push(g)&&!cl&&(cl=setInterval(e.tick,e.interval))},show:function(){this.options.orig[this.prop]=f.style(this.elem,this.prop),this.options.show=!0,this.custom(this.prop==="width"||this.prop==="height"?1:0,this.cur()),f(this.elem).show()},hide:function(){this.options.orig[this.prop]=f.style(this.elem,this.prop),this.options.hide=!0,this.custom(this.cur(),0)},step:function(a){var b=cn||co(),c=!0,d=this.elem,e=this.options,g,h;if(a||b>=e.duration+this.startTime){this.now=this.end,this.pos=this.state=1,this.update(),e.animatedProperties[this.prop]=!0;for(g in e.animatedProperties)e.animatedProperties[g]!==!0&&(c=!1);if(c){e.overflow!=null&&!f.support.shrinkWrapBlocks&&f.each(["","X","Y"],function(a,b){d.style["overflow"+b]=e.overflow[a]}),e.hide&&f(d).hide();if(e.hide||e.show)for(var i in e.animatedProperties)f.style(d,i,e.orig[i]);e.complete.call(d)}return!1}e.duration==Infinity?this.now=b:(h=b-this.startTime,this.state=h/e.duration,this.pos=f.easing[e.animatedProperties[this.prop]](this.state,h,0,1,e.duration),this.now=this.start+(this.end-this.start)*this.pos),this.update();return!0}},f.extend(f.fx,{tick:function(){for(var a=f.timers,b=0;b<a.length;++b)a[b]()||a.splice(b--,1);a.length||f.fx.stop()},interval:13,stop:function(){clearInterval(cl),cl=null},speeds:{slow:600,fast:200,_default:400},step:{opacity:function(a){f.style(a.elem,"opacity",a.now)},_default:function(a){a.elem.style&&a.elem.style[a.prop]!=null?a.elem.style[a.prop]=(a.prop==="width"||a.prop==="height"?Math.max(0,a.now):a.now)+a.unit:a.elem[a.prop]=a.now}}}),f.expr&&f.expr.filters&&(f.expr.filters.animated=function(a){return f.grep(f.timers,function(b){return a===b.elem}).length});var cs=/^t(?:able|d|h)$/i,ct=/^(?:body|html)$/i;"getBoundingClientRect"in c.documentElement?f.fn.offset=function(a){var b=this[0],c;if(a)return this.each(function(b){f.offset.setOffset(this,a,b)});if(!b||!b.ownerDocument)return null;if(b===b.ownerDocument.body)return f.offset.bodyOffset(b);try{c=b.getBoundingClientRect()}catch(d){}var e=b.ownerDocument,g=e.documentElement;if(!c||!f.contains(g,b))return c?{top:c.top,left:c.left}:{top:0,left:0};var h=e.body,i=cu(e),j=g.clientTop||h.clientTop||0,k=g.clientLeft||h.clientLeft||0,l=i.pageYOffset||f.support.boxModel&&g.scrollTop||h.scrollTop,m=i.pageXOffset||f.support.boxModel&&g.scrollLeft||h.scrollLeft,n=c.top+l-j,o=c.left+m-k;return{top:n,left:o}}:f.fn.offset=function(a){var b=this[0];if(a)return this.each(function(b){f.offset.setOffset(this,a,b)});if(!b||!b.ownerDocument)return null;if(b===b.ownerDocument.body)return f.offset.bodyOffset(b);f.offset.initialize();var c,d=b.offsetParent,e=b,g=b.ownerDocument,h=g.documentElement,i=g.body,j=g.defaultView,k=j?j.getComputedStyle(b,null):b.currentStyle,l=b.offsetTop,m=b.offsetLeft;while((b=b.parentNode)&&b!==i&&b!==h){if(f.offset.supportsFixedPosition&&k.position==="fixed")break;c=j?j.getComputedStyle(b,null):b.currentStyle,l-=b.scrollTop,m-=b.scrollLeft,b===d&&(l+=b.offsetTop,m+=b.offsetLeft,f.offset.doesNotAddBorder&&(!f.offset.doesAddBorderForTableAndCells||!cs.test(b.nodeName))&&(l+=parseFloat(c.borderTopWidth)||0,m+=parseFloat(c.borderLeftWidth)||0),e=d,d=b.offsetParent),f.offset.subtractsBorderForOverflowNotVisible&&c.overflow!=="visible"&&(l+=parseFloat(c.borderTopWidth)||0,m+=parseFloat(c.borderLeftWidth)||0),k=c}if(k.position==="relative"||k.position==="static")l+=i.offsetTop,m+=i.offsetLeft;f.offset.supportsFixedPosition&&k.position==="fixed"&&(l+=Math.max(h.scrollTop,i.scrollTop),m+=Math.max(h.scrollLeft,i.scrollLeft));return{top:l,left:m}},f.offset={initialize:function(){var a=c.body,b=c.createElement("div"),d,e,g,h,i=parseFloat(f.css(a,"marginTop"))||0,j="<div style='position:absolute;top:0;left:0;margin:0;border:5px solid #000;padding:0;width:1px;height:1px;'><div></div></div><table style='position:absolute;top:0;left:0;margin:0;border:5px solid #000;padding:0;width:1px;height:1px;' cellpadding='0' cellspacing='0'><tr><td></td></tr></table>";f.extend(b.style,{position:"absolute",top:0,left:0,margin:0,border:0,width:"1px",height:"1px",visibility:"hidden"}),b.innerHTML=j,a.insertBefore(b,a.firstChild),d=b.firstChild,e=d.firstChild,h=d.nextSibling.firstChild.firstChild,this.doesNotAddBorder=e.offsetTop!==5,this.doesAddBorderForTableAndCells=h.offsetTop===5,e.style.position="fixed",e.style.top="20px",this.supportsFixedPosition=e.offsetTop===20||e.offsetTop===15,e.style.position=e.style.top="",d.style.overflow="hidden",d.style.position="relative",this.subtractsBorderForOverflowNotVisible=e.offsetTop===-5,this.doesNotIncludeMarginInBodyOffset=a.offsetTop!==i,a.removeChild(b),f.offset.initialize=f.noop},bodyOffset:function(a){var b=a.offsetTop,c=a.offsetLeft;f.offset.initialize(),f.offset.doesNotIncludeMarginInBodyOffset&&(b+=parseFloat(f.css(a,"marginTop"))||0,c+=parseFloat(f.css(a,"marginLeft"))||0);return{top:b,left:c}},setOffset:function(a,b,c){var d=f.css(a,"position");d==="static"&&(a.style.position="relative");var e=f(a),g=e.offset(),h=f.css(a,"top"),i=f.css(a,"left"),j=(d==="absolute"||d==="fixed")&&f.inArray("auto",[h,i])>-1,k={},l={},m,n;j?(l=e.position(),m=l.top,n=l.left):(m=parseFloat(h)||0,n=parseFloat(i)||0),f.isFunction(b)&&(b=b.call(a,c,g)),b.top!=null&&(k.top=b.top-g.top+m),b.left!=null&&(k.left=b.left-g.left+n),"using"in b?b.using.call(a,k):e.css(k)}},f.fn.extend({position:function(){if(!this[0])return null;var a=this[0],b=this.offsetParent(),c=this.offset(),d=ct.test(b[0].nodeName)?{top:0,left:0}:b.offset();c.top-=parseFloat(f.css(a,"marginTop"))||0,c.left-=parseFloat(f.css(a,"marginLeft"))||0,d.top+=parseFloat(f.css(b[0],"borderTopWidth"))||0,d.left+=parseFloat(f.css(b[0],"borderLeftWidth"))||0;return{top:c.top-d.top,left:c.left-d.left}},offsetParent:function(){return this.map(function(){var a=this.offsetParent||c.body;while(a&&!ct.test(a.nodeName)&&f.css(a,"position")==="static")a=a.offsetParent;return a})}}),f.each(["Left","Top"],function(a,c){var d="scroll"+c;f.fn[d]=function(c){var e,g;if(c===b){e=this[0];if(!e)return null;g=cu(e);return g?"pageXOffset"in g?g[a?"pageYOffset":"pageXOffset"]:f.support.boxModel&&g.document.documentElement[d]||g.document.body[d]:e[d]}return this.each(function(){g=cu(this),g?g.scrollTo(a?f(g).scrollLeft():c,a?c:f(g).scrollTop()):this[d]=c})}}),f.each(["Height","Width"],function(a,c){var d=c.toLowerCase();f.fn["inner"+c]=function(){var a=this[0];return a&&a.style?parseFloat(f.css(a,d,"padding")):null},f.fn["outer"+c]=function(a){var b=this[0];return b&&b.style?parseFloat(f.css(b,d,a?"margin":"border")):null},f.fn[d]=function(a){var e=this[0];if(!e)return a==null?null:this;if(f.isFunction(a))return this.each(function(b){var c=f(this);c[d](a.call(this,b,c[d]()))});if(f.isWindow(e)){var g=e.document.documentElement["client"+c],h=e.document.body;return e.document.compatMode==="CSS1Compat"&&g||h&&h["client"+c]||g}if(e.nodeType===9)return Math.max(e.documentElement["client"+c],e.body["scroll"+c],e.documentElement["scroll"+c],e.body["offset"+c],e.documentElement["offset"+c]);if(a===b){var i=f.css(e,d),j=parseFloat(i);return f.isNaN(j)?i:j}return this.css(d,typeof a=="string"?a:a+"px")}}),a.jQuery=a.$=f})(window);



OEBPS/backbone-localStorage.min.js
/**
 * Backbone localStorage Adapter v1.0
 * https://github.com/jeromegn/Backbone.localStorage
 *
 * Date: Sun Aug 14 2011 09:53:55 -0400
 */

function S4(){return(((1+Math.random())*65536)|0).toString(16).substring(1)}function guid(){return(S4()+S4()+"-"+S4()+"-"+S4()+"-"+S4()+"-"+S4()+S4()+S4())}window.Store=function(b){this.name=b;var a=localStorage.getItem(this.name);this.records=(a&&a.split(","))||[]};_.extend(Store.prototype,{save:function(){localStorage.setItem(this.name,this.records.join(","))},create:function(a){if(!a.id){a.id=a.attributes.id=guid()}localStorage.setItem(this.name+"-"+a.id,JSON.stringify(a));this.records.push(a.id.toString());this.save();return a},update:function(a){localStorage.setItem(this.name+"-"+a.id,JSON.stringify(a));if(!_.include(this.records,a.id.toString())){this.records.push(a.id.toString())}this.save();return a},find:function(a){return JSON.parse(localStorage.getItem(this.name+"-"+a.id))},findAll:function(){return _.map(this.records,function(a){return JSON.parse(localStorage.getItem(this.name+"-"+a))},this)},destroy:function(a){localStorage.removeItem(this.name+"-"+a.id);this.records=_.reject(this.records,function(b){return b==a.id.toString()});this.save();return a}});Backbone.sync=function(f,d,c,b){if(typeof c=="function"){c={success:c,error:b}}var e;var a=d.localStorage||d.collection.localStorage;switch(f){case"read":e=d.id?a.find(d):a.findAll();break;case"create":e=a.create(d);break;case"update":e=a.update(d);break;case"delete":e=a.destroy(d);break}if(e){c.success(e)}else{c.error("Record not found")}};



OEBPS/backbone.min.js
// Backbone.js 0.5.3
// (c) 2010 Jeremy Ashkenas, DocumentCloud Inc.
// Backbone may be freely distributed under the MIT license.
// For all details and documentation:
// http://documentcloud.github.com/backbone
(function(){var h=this,p=h.Backbone,e;e=typeof exports!=="undefined"?exports:h.Backbone={};e.VERSION="0.5.3";var f=h._;if(!f&&typeof require!=="undefined")f=require("underscore")._;var g=h.jQuery||h.Zepto;e.noConflict=function(){h.Backbone=p;return this};e.emulateHTTP=!1;e.emulateJSON=!1;e.Events={bind:function(a,b,c){var d=this._callbacks||(this._callbacks={});(d[a]||(d[a]=[])).push([b,c]);return this},unbind:function(a,b){var c;if(a){if(c=this._callbacks)if(b){c=c[a];if(!c)return this;for(var d=
0,e=c.length;d<e;d++)if(c[d]&&b===c[d][0]){c[d]=null;break}}else c[a]=[]}else this._callbacks={};return this},trigger:function(a){var b,c,d,e,f=2;if(!(c=this._callbacks))return this;for(;f--;)if(b=f?a:"all",b=c[b])for(var g=0,h=b.length;g<h;g++)(d=b[g])?(e=f?Array.prototype.slice.call(arguments,1):arguments,d[0].apply(d[1]||this,e)):(b.splice(g,1),g--,h--);return this}};e.Model=function(a,b){var c;a||(a={});if(c=this.defaults)f.isFunction(c)&&(c=c.call(this)),a=f.extend({},c,a);this.attributes={};
this._escapedAttributes={};this.cid=f.uniqueId("c");this.set(a,{silent:!0});this._changed=!1;this._previousAttributes=f.clone(this.attributes);if(b&&b.collection)this.collection=b.collection;this.initialize(a,b)};f.extend(e.Model.prototype,e.Events,{_previousAttributes:null,_changed:!1,idAttribute:"id",initialize:function(){},toJSON:function(){return f.clone(this.attributes)},get:function(a){return this.attributes[a]},escape:function(a){var b;if(b=this._escapedAttributes[a])return b;b=this.attributes[a];
return this._escapedAttributes[a]=(b==null?"":""+b).replace(/&(?!\w+;|#\d+;|#x[\da-f]+;)/gi,"&amp;").replace(/</g,"&lt;").replace(/>/g,"&gt;").replace(/"/g,"&quot;").replace(/'/g,"&#x27;").replace(/\//g,"&#x2F;")},has:function(a){return this.attributes[a]!=null},set:function(a,b){b||(b={});if(!a)return this;if(a.attributes)a=a.attributes;var c=this.attributes,d=this._escapedAttributes;if(!b.silent&&this.validate&&!this._performValidation(a,b))return!1;if(this.idAttribute in a)this.id=a[this.idAttribute];
var e=this._changing;this._changing=!0;for(var g in a){var h=a[g];if(!f.isEqual(c[g],h))c[g]=h,delete d[g],this._changed=!0,b.silent||this.trigger("change:"+g,this,h,b)}!e&&!b.silent&&this._changed&&this.change(b);this._changing=!1;return this},unset:function(a,b){if(!(a in this.attributes))return this;b||(b={});var c={};c[a]=void 0;if(!b.silent&&this.validate&&!this._performValidation(c,b))return!1;delete this.attributes[a];delete this._escapedAttributes[a];a==this.idAttribute&&delete this.id;this._changed=
!0;b.silent||(this.trigger("change:"+a,this,void 0,b),this.change(b));return this},clear:function(a){a||(a={});var b,c=this.attributes,d={};for(b in c)d[b]=void 0;if(!a.silent&&this.validate&&!this._performValidation(d,a))return!1;this.attributes={};this._escapedAttributes={};this._changed=!0;if(!a.silent){for(b in c)this.trigger("change:"+b,this,void 0,a);this.change(a)}return this},fetch:function(a){a||(a={});var b=this,c=a.success;a.success=function(d,e,f){if(!b.set(b.parse(d,f),a))return!1;c&&
c(b,d)};a.error=i(a.error,b,a);return(this.sync||e.sync).call(this,"read",this,a)},save:function(a,b){b||(b={});if(a&&!this.set(a,b))return!1;var c=this,d=b.success;b.success=function(a,e,f){if(!c.set(c.parse(a,f),b))return!1;d&&d(c,a,f)};b.error=i(b.error,c,b);var f=this.isNew()?"create":"update";return(this.sync||e.sync).call(this,f,this,b)},destroy:function(a){a||(a={});if(this.isNew())return this.trigger("destroy",this,this.collection,a);var b=this,c=a.success;a.success=function(d){b.trigger("destroy",
b,b.collection,a);c&&c(b,d)};a.error=i(a.error,b,a);return(this.sync||e.sync).call(this,"delete",this,a)},url:function(){var a=k(this.collection)||this.urlRoot||l();if(this.isNew())return a;return a+(a.charAt(a.length-1)=="/"?"":"/")+encodeURIComponent(this.id)},parse:function(a){return a},clone:function(){return new this.constructor(this)},isNew:function(){return this.id==null},change:function(a){this.trigger("change",this,a);this._previousAttributes=f.clone(this.attributes);this._changed=!1},hasChanged:function(a){if(a)return this._previousAttributes[a]!=
this.attributes[a];return this._changed},changedAttributes:function(a){a||(a=this.attributes);var b=this._previousAttributes,c=!1,d;for(d in a)f.isEqual(b[d],a[d])||(c=c||{},c[d]=a[d]);return c},previous:function(a){if(!a||!this._previousAttributes)return null;return this._previousAttributes[a]},previousAttributes:function(){return f.clone(this._previousAttributes)},_performValidation:function(a,b){var c=this.validate(a);if(c)return b.error?b.error(this,c,b):this.trigger("error",this,c,b),!1;return!0}});
e.Collection=function(a,b){b||(b={});if(b.comparator)this.comparator=b.comparator;f.bindAll(this,"_onModelEvent","_removeReference");this._reset();a&&this.reset(a,{silent:!0});this.initialize.apply(this,arguments)};f.extend(e.Collection.prototype,e.Events,{model:e.Model,initialize:function(){},toJSON:function(){return this.map(function(a){return a.toJSON()})},add:function(a,b){if(f.isArray(a))for(var c=0,d=a.length;c<d;c++)this._add(a[c],b);else this._add(a,b);return this},remove:function(a,b){if(f.isArray(a))for(var c=
0,d=a.length;c<d;c++)this._remove(a[c],b);else this._remove(a,b);return this},get:function(a){if(a==null)return null;return this._byId[a.id!=null?a.id:a]},getByCid:function(a){return a&&this._byCid[a.cid||a]},at:function(a){return this.models[a]},sort:function(a){a||(a={});if(!this.comparator)throw Error("Cannot sort a set without a comparator");this.models=this.sortBy(this.comparator);a.silent||this.trigger("reset",this,a);return this},pluck:function(a){return f.map(this.models,function(b){return b.get(a)})},
reset:function(a,b){a||(a=[]);b||(b={});this.each(this._removeReference);this._reset();this.add(a,{silent:!0});b.silent||this.trigger("reset",this,b);return this},fetch:function(a){a||(a={});var b=this,c=a.success;a.success=function(d,f,e){b[a.add?"add":"reset"](b.parse(d,e),a);c&&c(b,d)};a.error=i(a.error,b,a);return(this.sync||e.sync).call(this,"read",this,a)},create:function(a,b){var c=this;b||(b={});a=this._prepareModel(a,b);if(!a)return!1;var d=b.success;b.success=function(a,e,f){c.add(a,b);
d&&d(a,e,f)};a.save(null,b);return a},parse:function(a){return a},chain:function(){return f(this.models).chain()},_reset:function(){this.length=0;this.models=[];this._byId={};this._byCid={}},_prepareModel:function(a,b){if(a instanceof e.Model){if(!a.collection)a.collection=this}else{var c=a;a=new this.model(c,{collection:this});a.validate&&!a._performValidation(c,b)&&(a=!1)}return a},_add:function(a,b){b||(b={});a=this._prepareModel(a,b);if(!a)return!1;var c=this.getByCid(a);if(c)throw Error(["Can't add the same model to a set twice",
c.id]);this._byId[a.id]=a;this._byCid[a.cid]=a;this.models.splice(b.at!=null?b.at:this.comparator?this.sortedIndex(a,this.comparator):this.length,0,a);a.bind("all",this._onModelEvent);this.length++;b.silent||a.trigger("add",a,this,b);return a},_remove:function(a,b){b||(b={});a=this.getByCid(a)||this.get(a);if(!a)return null;delete this._byId[a.id];delete this._byCid[a.cid];this.models.splice(this.indexOf(a),1);this.length--;b.silent||a.trigger("remove",a,this,b);this._removeReference(a);return a},
_removeReference:function(a){this==a.collection&&delete a.collection;a.unbind("all",this._onModelEvent)},_onModelEvent:function(a,b,c,d){(a=="add"||a=="remove")&&c!=this||(a=="destroy"&&this._remove(b,d),b&&a==="change:"+b.idAttribute&&(delete this._byId[b.previous(b.idAttribute)],this._byId[b.id]=b),this.trigger.apply(this,arguments))}});f.each(["forEach","each","map","reduce","reduceRight","find","detect","filter","select","reject","every","all","some","any","include","contains","invoke","max",
"min","sortBy","sortedIndex","toArray","size","first","rest","last","without","indexOf","lastIndexOf","isEmpty","groupBy"],function(a){e.Collection.prototype[a]=function(){return f[a].apply(f,[this.models].concat(f.toArray(arguments)))}});e.Router=function(a){a||(a={});if(a.routes)this.routes=a.routes;this._bindRoutes();this.initialize.apply(this,arguments)};var q=/:([\w\d]+)/g,r=/\*([\w\d]+)/g,s=/[-[\]{}()+?.,\\^$|#\s]/g;f.extend(e.Router.prototype,e.Events,{initialize:function(){},route:function(a,
b,c){e.history||(e.history=new e.History);f.isRegExp(a)||(a=this._routeToRegExp(a));e.history.route(a,f.bind(function(d){d=this._extractParameters(a,d);c.apply(this,d);this.trigger.apply(this,["route:"+b].concat(d))},this))},navigate:function(a,b){e.history.navigate(a,b)},_bindRoutes:function(){if(this.routes){var a=[],b;for(b in this.routes)a.unshift([b,this.routes[b]]);b=0;for(var c=a.length;b<c;b++)this.route(a[b][0],a[b][1],this[a[b][1]])}},_routeToRegExp:function(a){a=a.replace(s,"\\$&").replace(q,
"([^/]*)").replace(r,"(.*?)");return RegExp("^"+a+"$")},_extractParameters:function(a,b){return a.exec(b).slice(1)}});e.History=function(){this.handlers=[];f.bindAll(this,"checkUrl")};var j=/^#*/,t=/msie [\w.]+/,m=!1;f.extend(e.History.prototype,{interval:50,getFragment:function(a,b){if(a==null)if(this._hasPushState||b){a=window.location.pathname;var c=window.location.search;c&&(a+=c);a.indexOf(this.options.root)==0&&(a=a.substr(this.options.root.length))}else a=window.location.hash;return decodeURIComponent(a.replace(j,
""))},start:function(a){if(m)throw Error("Backbone.history has already been started");this.options=f.extend({},{root:"/"},this.options,a);this._wantsPushState=!!this.options.pushState;this._hasPushState=!(!this.options.pushState||!window.history||!window.history.pushState);a=this.getFragment();var b=document.documentMode;if(b=t.exec(navigator.userAgent.toLowerCase())&&(!b||b<=7))this.iframe=g('<iframe src="javascript:0" tabindex="-1" />').hide().appendTo("body")[0].contentWindow,this.navigate(a);
this._hasPushState?g(window).bind("popstate",this.checkUrl):"onhashchange"in window&&!b?g(window).bind("hashchange",this.checkUrl):setInterval(this.checkUrl,this.interval);this.fragment=a;m=!0;a=window.location;b=a.pathname==this.options.root;if(this._wantsPushState&&!this._hasPushState&&!b)return this.fragment=this.getFragment(null,!0),window.location.replace(this.options.root+"#"+this.fragment),!0;else if(this._wantsPushState&&this._hasPushState&&b&&a.hash)this.fragment=a.hash.replace(j,""),window.history.replaceState({},
document.title,a.protocol+"//"+a.host+this.options.root+this.fragment);if(!this.options.silent)return this.loadUrl()},route:function(a,b){this.handlers.unshift({route:a,callback:b})},checkUrl:function(){var a=this.getFragment();a==this.fragment&&this.iframe&&(a=this.getFragment(this.iframe.location.hash));if(a==this.fragment||a==decodeURIComponent(this.fragment))return!1;this.iframe&&this.navigate(a);this.loadUrl()||this.loadUrl(window.location.hash)},loadUrl:function(a){var b=this.fragment=this.getFragment(a);
return f.any(this.handlers,function(a){if(a.route.test(b))return a.callback(b),!0})},navigate:function(a,b){var c=(a||"").replace(j,"");if(!(this.fragment==c||this.fragment==decodeURIComponent(c))){if(this._hasPushState){var d=window.location;c.indexOf(this.options.root)!=0&&(c=this.options.root+c);this.fragment=c;window.history.pushState({},document.title,d.protocol+"//"+d.host+c)}else if(window.location.hash=this.fragment=c,this.iframe&&c!=this.getFragment(this.iframe.location.hash))this.iframe.document.open().close(),
this.iframe.location.hash=c;b&&this.loadUrl(a)}}});e.View=function(a){this.cid=f.uniqueId("view");this._configure(a||{});this._ensureElement();this.delegateEvents();this.initialize.apply(this,arguments)};var u=/^(\S+)\s*(.*)$/,n=["model","collection","el","id","attributes","className","tagName"];f.extend(e.View.prototype,e.Events,{tagName:"div",$:function(a){return g(a,this.el)},initialize:function(){},render:function(){return this},remove:function(){g(this.el).remove();return this},make:function(a,
b,c){a=document.createElement(a);b&&g(a).attr(b);c&&g(a).html(c);return a},delegateEvents:function(a){if(a||(a=this.events))for(var b in f.isFunction(a)&&(a=a.call(this)),g(this.el).unbind(".delegateEvents"+this.cid),a){var c=this[a[b]];if(!c)throw Error('Event "'+a[b]+'" does not exist');var d=b.match(u),e=d[1];d=d[2];c=f.bind(c,this);e+=".delegateEvents"+this.cid;d===""?g(this.el).bind(e,c):g(this.el).delegate(d,e,c)}},_configure:function(a){this.options&&(a=f.extend({},this.options,a));for(var b=
0,c=n.length;b<c;b++){var d=n[b];a[d]&&(this[d]=a[d])}this.options=a},_ensureElement:function(){if(this.el){if(f.isString(this.el))this.el=g(this.el).get(0)}else{var a=this.attributes||{};if(this.id)a.id=this.id;if(this.className)a["class"]=this.className;this.el=this.make(this.tagName,a)}}});e.Model.extend=e.Collection.extend=e.Router.extend=e.View.extend=function(a,b){var c=v(this,a,b);c.extend=this.extend;return c};var w={create:"POST",update:"PUT","delete":"DELETE",read:"GET"};e.sync=function(a,
b,c){var d=w[a];c=f.extend({type:d,dataType:"json"},c);if(!c.url)c.url=k(b)||l();if(!c.data&&b&&(a=="create"||a=="update"))c.contentType="application/json",c.data=JSON.stringify(b.toJSON());if(e.emulateJSON)c.contentType="application/x-www-form-urlencoded",c.data=c.data?{model:c.data}:{};if(e.emulateHTTP&&(d==="PUT"||d==="DELETE")){if(e.emulateJSON)c.data._method=d;c.type="POST";c.beforeSend=function(a){a.setRequestHeader("X-HTTP-Method-Override",d)}}if(c.type!=="GET"&&!e.emulateJSON)c.processData=
!1;return g.ajax(c)};var o=function(){},v=function(a,b,c){var d;d=b&&b.hasOwnProperty("constructor")?b.constructor:function(){return a.apply(this,arguments)};f.extend(d,a);o.prototype=a.prototype;d.prototype=new o;b&&f.extend(d.prototype,b);c&&f.extend(d,c);d.prototype.constructor=d;d.__super__=a.prototype;return d},k=function(a){if(!a||!a.url)return null;return f.isFunction(a.url)?a.url():a.url},l=function(){throw Error('A "url" property or function must be specified');},i=function(a,b,c){return function(d){a?
a(b,d,c):b.trigger("error",b,d,c)}}}).call(this);
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OEBPS/clipboard.min.js
/*!
 * clipboard.js v2.0.0
 * https://zenorocha.github.io/clipboard.js
 * 
 * Licensed MIT © Zeno Rocha
 */
!function(t,e){"object"==typeof exports&&"object"==typeof module?module.exports=e():"function"==typeof define&&define.amd?define([],e):"object"==typeof exports?exports.ClipboardJS=e():t.ClipboardJS=e()}(this,function(){return function(t){function e(o){if(n[o])return n[o].exports;var r=n[o]={i:o,l:!1,exports:{}};return t[o].call(r.exports,r,r.exports,e),r.l=!0,r.exports}var n={};return e.m=t,e.c=n,e.i=function(t){return t},e.d=function(t,n,o){e.o(t,n)||Object.defineProperty(t,n,{configurable:!1,enumerable:!0,get:o})},e.n=function(t){var n=t&&t.__esModule?function(){return t.default}:function(){return t};return e.d(n,"a",n),n},e.o=function(t,e){return Object.prototype.hasOwnProperty.call(t,e)},e.p="",e(e.s=3)}([function(t,e,n){var o,r,i;!function(a,c){r=[t,n(7)],o=c,void 0!==(i="function"==typeof o?o.apply(e,r):o)&&(t.exports=i)}(0,function(t,e){"use strict";function n(t,e){if(!(t instanceof e))throw new TypeError("Cannot call a class as a function")}var o=function(t){return t&&t.__esModule?t:{default:t}}(e),r="function"==typeof Symbol&&"symbol"==typeof Symbol.iterator?function(t){return typeof t}:function(t){return t&&"function"==typeof Symbol&&t.constructor===Symbol&&t!==Symbol.prototype?"symbol":typeof t},i=function(){function t(t,e){for(var n=0;n<e.length;n++){var o=e[n];o.enumerable=o.enumerable||!1,o.configurable=!0,"value"in o&&(o.writable=!0),Object.defineProperty(t,o.key,o)}}return function(e,n,o){return n&&t(e.prototype,n),o&&t(e,o),e}}(),a=function(){function t(e){n(this,t),this.resolveOptions(e),this.initSelection()}return i(t,[{key:"resolveOptions",value:function(){var t=arguments.length>0&&void 0!==arguments[0]?arguments[0]:{};this.action=t.action,this.container=t.container,this.emitter=t.emitter,this.target=t.target,this.text=t.text,this.trigger=t.trigger,this.selectedText=""}},{key:"initSelection",value:function(){this.text?this.selectFake():this.target&&this.selectTarget()}},{key:"selectFake",value:function(){var t=this,e="rtl"==document.documentElement.getAttribute("dir");this.removeFake(),this.fakeHandlerCallback=function(){return t.removeFake()},this.fakeHandler=this.container.addEventListener("click",this.fakeHandlerCallback)||!0,this.fakeElem=document.createElement("textarea"),this.fakeElem.style.fontSize="12pt",this.fakeElem.style.border="0",this.fakeElem.style.padding="0",this.fakeElem.style.margin="0",this.fakeElem.style.position="absolute",this.fakeElem.style[e?"right":"left"]="-9999px";var n=window.pageYOffset||document.documentElement.scrollTop;this.fakeElem.style.top=n+"px",this.fakeElem.setAttribute("readonly",""),this.fakeElem.value=this.text,this.container.appendChild(this.fakeElem),this.selectedText=(0,o.default)(this.fakeElem),this.copyText()}},{key:"removeFake",value:function(){this.fakeHandler&&(this.container.removeEventListener("click",this.fakeHandlerCallback),this.fakeHandler=null,this.fakeHandlerCallback=null),this.fakeElem&&(this.container.removeChild(this.fakeElem),this.fakeElem=null)}},{key:"selectTarget",value:function(){this.selectedText=(0,o.default)(this.target),this.copyText()}},{key:"copyText",value:function(){var t=void 0;try{t=document.execCommand(this.action)}catch(e){t=!1}this.handleResult(t)}},{key:"handleResult",value:function(t){this.emitter.emit(t?"success":"error",{action:this.action,text:this.selectedText,trigger:this.trigger,clearSelection:this.clearSelection.bind(this)})}},{key:"clearSelection",value:function(){this.trigger&&this.trigger.focus(),window.getSelection().removeAllRanges()}},{key:"destroy",value:function(){this.removeFake()}},{key:"action",set:function(){var t=arguments.length>0&&void 0!==arguments[0]?arguments[0]:"copy";if(this._action=t,"copy"!==this._action&&"cut"!==this._action)throw new Error('Invalid "action" value, use either "copy" or "cut"')},get:function(){return this._action}},{key:"target",set:function(t){if(void 0!==t){if(!t||"object"!==(void 0===t?"undefined":r(t))||1!==t.nodeType)throw new Error('Invalid "target" value, use a valid Element');if("copy"===this.action&&t.hasAttribute("disabled"))throw new Error('Invalid "target" attribute. Please use "readonly" instead of "disabled" attribute');if("cut"===this.action&&(t.hasAttribute("readonly")||t.hasAttribute("disabled")))throw new Error('Invalid "target" attribute. You can\'t cut text from elements with "readonly" or "disabled" attributes');this._target=t}},get:function(){return this._target}}]),t}();t.exports=a})},function(t,e,n){function o(t,e,n){if(!t&&!e&&!n)throw new Error("Missing required arguments");if(!c.string(e))throw new TypeError("Second argument must be a String");if(!c.fn(n))throw new TypeError("Third argument must be a Function");if(c.node(t))return r(t,e,n);if(c.nodeList(t))return i(t,e,n);if(c.string(t))return a(t,e,n);throw new TypeError("First argument must be a String, HTMLElement, HTMLCollection, or NodeList")}function r(t,e,n){return t.addEventListener(e,n),{destroy:function(){t.removeEventListener(e,n)}}}function i(t,e,n){return Array.prototype.forEach.call(t,function(t){t.addEventListener(e,n)}),{destroy:function(){Array.prototype.forEach.call(t,function(t){t.removeEventListener(e,n)})}}}function a(t,e,n){return u(document.body,t,e,n)}var c=n(6),u=n(5);t.exports=o},function(t,e){function n(){}n.prototype={on:function(t,e,n){var o=this.e||(this.e={});return(o[t]||(o[t]=[])).push({fn:e,ctx:n}),this},once:function(t,e,n){function o(){r.off(t,o),e.apply(n,arguments)}var r=this;return o._=e,this.on(t,o,n)},emit:function(t){var e=[].slice.call(arguments,1),n=((this.e||(this.e={}))[t]||[]).slice(),o=0,r=n.length;for(o;o<r;o++)n[o].fn.apply(n[o].ctx,e);return this},off:function(t,e){var n=this.e||(this.e={}),o=n[t],r=[];if(o&&e)for(var i=0,a=o.length;i<a;i++)o[i].fn!==e&&o[i].fn._!==e&&r.push(o[i]);return r.length?n[t]=r:delete n[t],this}},t.exports=n},function(t,e,n){var o,r,i;!function(a,c){r=[t,n(0),n(2),n(1)],o=c,void 0!==(i="function"==typeof o?o.apply(e,r):o)&&(t.exports=i)}(0,function(t,e,n,o){"use strict";function r(t){return t&&t.__esModule?t:{default:t}}function i(t,e){if(!(t instanceof e))throw new TypeError("Cannot call a class as a function")}function a(t,e){if(!t)throw new ReferenceError("this hasn't been initialised - super() hasn't been called");return!e||"object"!=typeof e&&"function"!=typeof e?t:e}function c(t,e){if("function"!=typeof e&&null!==e)throw new TypeError("Super expression must either be null or a function, not "+typeof e);t.prototype=Object.create(e&&e.prototype,{constructor:{value:t,enumerable:!1,writable:!0,configurable:!0}}),e&&(Object.setPrototypeOf?Object.setPrototypeOf(t,e):t.__proto__=e)}function u(t,e){var n="data-clipboard-"+t;if(e.hasAttribute(n))return e.getAttribute(n)}var l=r(e),s=r(n),f=r(o),d="function"==typeof Symbol&&"symbol"==typeof Symbol.iterator?function(t){return typeof t}:function(t){return t&&"function"==typeof Symbol&&t.constructor===Symbol&&t!==Symbol.prototype?"symbol":typeof t},h=function(){function t(t,e){for(var n=0;n<e.length;n++){var o=e[n];o.enumerable=o.enumerable||!1,o.configurable=!0,"value"in o&&(o.writable=!0),Object.defineProperty(t,o.key,o)}}return function(e,n,o){return n&&t(e.prototype,n),o&&t(e,o),e}}(),p=function(t){function e(t,n){i(this,e);var o=a(this,(e.__proto__||Object.getPrototypeOf(e)).call(this));return o.resolveOptions(n),o.listenClick(t),o}return c(e,t),h(e,[{key:"resolveOptions",value:function(){var t=arguments.length>0&&void 0!==arguments[0]?arguments[0]:{};this.action="function"==typeof t.action?t.action:this.defaultAction,this.target="function"==typeof t.target?t.target:this.defaultTarget,this.text="function"==typeof t.text?t.text:this.defaultText,this.container="object"===d(t.container)?t.container:document.body}},{key:"listenClick",value:function(t){var e=this;this.listener=(0,f.default)(t,"click",function(t){return e.onClick(t)})}},{key:"onClick",value:function(t){var e=t.delegateTarget||t.currentTarget;this.clipboardAction&&(this.clipboardAction=null),this.clipboardAction=new l.default({action:this.action(e),target:this.target(e),text:this.text(e),container:this.container,trigger:e,emitter:this})}},{key:"defaultAction",value:function(t){return u("action",t)}},{key:"defaultTarget",value:function(t){var e=u("target",t);if(e)return document.querySelector(e)}},{key:"defaultText",value:function(t){return u("text",t)}},{key:"destroy",value:function(){this.listener.destroy(),this.clipboardAction&&(this.clipboardAction.destroy(),this.clipboardAction=null)}}],[{key:"isSupported",value:function(){var t=arguments.length>0&&void 0!==arguments[0]?arguments[0]:["copy","cut"],e="string"==typeof t?[t]:t,n=!!document.queryCommandSupported;return e.forEach(function(t){n=n&&!!document.queryCommandSupported(t)}),n}}]),e}(s.default);t.exports=p})},function(t,e){function n(t,e){for(;t&&t.nodeType!==o;){if("function"==typeof t.matches&&t.matches(e))return t;t=t.parentNode}}var o=9;if("undefined"!=typeof Element&&!Element.prototype.matches){var r=Element.prototype;r.matches=r.matchesSelector||r.mozMatchesSelector||r.msMatchesSelector||r.oMatchesSelector||r.webkitMatchesSelector}t.exports=n},function(t,e,n){function o(t,e,n,o,r){var a=i.apply(this,arguments);return t.addEventListener(n,a,r),{destroy:function(){t.removeEventListener(n,a,r)}}}function r(t,e,n,r,i){return"function"==typeof t.addEventListener?o.apply(null,arguments):"function"==typeof n?o.bind(null,document).apply(null,arguments):("string"==typeof t&&(t=document.querySelectorAll(t)),Array.prototype.map.call(t,function(t){return o(t,e,n,r,i)}))}function i(t,e,n,o){return function(n){n.delegateTarget=a(n.target,e),n.delegateTarget&&o.call(t,n)}}var a=n(4);t.exports=r},function(t,e){e.node=function(t){return void 0!==t&&t instanceof HTMLElement&&1===t.nodeType},e.nodeList=function(t){var n=Object.prototype.toString.call(t);return void 0!==t&&("[object NodeList]"===n||"[object HTMLCollection]"===n)&&"length"in t&&(0===t.length||e.node(t[0]))},e.string=function(t){return"string"==typeof t||t instanceof String},e.fn=function(t){return"[object Function]"===Object.prototype.toString.call(t)}},function(t,e){function n(t){var e;if("SELECT"===t.nodeName)t.focus(),e=t.value;else if("INPUT"===t.nodeName||"TEXTAREA"===t.nodeName){var n=t.hasAttribute("readonly");n||t.setAttribute("readonly",""),t.select(),t.setSelectionRange(0,t.value.length),n||t.removeAttribute("readonly"),e=t.value}else{t.hasAttribute("contenteditable")&&t.focus();var o=window.getSelection(),r=document.createRange();r.selectNodeContents(t),o.removeAllRanges(),o.addRange(r),e=o.toString()}return e}t.exports=n}])});



OEBPS/sandbox-console.js
/**
 * javascript sandbox console 0.2
 * 
 * requires underscore, backbone, backbone-localStorage and jquery
 * 
 * http://openexchangerates.github.io/javascript-sandbox-console/
 */
var Sandbox = {

	/**
	 * The Sandbox.Model
	 * 
	 * Takes care of command evaluation, history and persistence via localStorage adapter
	 */
	Model : Backbone.Model.extend({
		defaults: {
			history : [],
			iframe : false, // if true, run `eval` inside a sandboxed iframe
			fallback : true // if true, use native `eval` if the iframe method fails
		},
		initialize: function() {
			_.bindAll(this);

			// Attempt to fetch the Model from localStorage
			this.fetch();

			// Set up the iframe sandbox if needed
			if ( this.get('iframe') ) this.iframeSetup();

			// When the Model is destroyed (eg. via ':clear'), erase the current history as well
			this.bind("destroy", function(model) {
				model.set({history:[]});
			});
		},

		// The Sandbox Model tries to use the localStorage adapter to save the command history
		localStorage: new Store("SandboxConsole"),
		
		// Parser for restoring the Model's state
		// Backbone.localStorage adapter stores a collection, so grab the first 'model'
		parse : function(data) {	

			// `parse` also fires when doing a save, so just return the model for that
			if ( !_.isArray(data) || data.length < 1 || !data[0] ) return data;

			// Hide the saved command history, so that they don't show up in output,
			// and delete the results and classes from each, because they won't be needed
			data[0].history = _.map(data[0].history, function(command) {
				command._hidden = true;
				if ( command.result ) delete command.result;
				if ( command._class ) delete command._class;
				return command;
			});

			// Shouldn't save whether/not this is sandboxed (it's confusing)
			delete data[0].iframe;
			return data[0];
		},

		// Inspect an object and output the results
		// todo: Implement a custom stringify similar to jsconsole.com, to include native
		// and circular objects, and all object methods
		stringify : function(obj) {
			try {
				return JSON.stringify(obj);
			} catch(e) {
				return obj.toString();
			}
		},

		// Adds a new item to the history
		addHistory: function(item) {
			var history = this.get('history');

			// Tidy up the item's result
			if (_.isString(item.result)) item.result = '\"' + item.result.toString().replace(/"/g, '\\"') + '\"';
			if (_.isFunction(item.result)) item.result = item.result.toString().replace(/"/g, '\\"');
			if (_.isObject(item.result)) item.result = this.stringify(item.result).replace(/"/g, '\\"');
			if (_.isUndefined(item.result)) item.result = "undefined";

			// Add the command and result to the history
			history.push(item);

			// Update the history state and save the model
			this.set({ history : history }).change();
			this.save();

			return this;
		},

		// Creates the sandbox iframe, if needed, and stores it
		iframeSetup : function() {
			this.sandboxFrame = $('<iframe width="0" height="0"/>').css({visibility : 'hidden'}).appendTo('body')[0];
			this.sandbox = this.sandboxFrame.contentWindow;

			// This should help IE run eval inside the iframe.
			if (!this.sandbox.eval && this.sandbox.execScript) {
				this.sandbox.execScript("null");
			}
		},

		// Runs `eval` safely inside the sandboxed iframe
		iframeEval : function(command) {
			// Set up the iframe if not set up already (in case iframe has been enabled):
			if ( !this.sandbox ) this.iframeSetup();

			// Evaluate inside the sandboxed iframe, if possible.
			// If fallback is allowed, use basic eval, or else throw an error.
			return this.sandbox.eval ? this.sandbox.eval(command) : this.get('fallback') ? eval(command) : new Error("Can't evaluate inside the iframe - please report this bug along with your browser information!");
		},

		// One way of loading scripts into the document or the sandboxed iframe:
		load : function(src) {
			var script = document.createElement('script');
			script.type = "text/javascript";
			script.src = src;

			if ( this.get('iframe') ) {
				return this.sandboxFrame ? this.sandboxFrame.contentDocument.body.appendChild(script) : new Error("sandbox: iframe has not been created yet, cannot load " + src);
			} else {
				return document.body.appendChild(script);
			}
		},

		// Evaluate a command and save it to history
		evaluate: function(command) {
			if ( !command )
				return false;

			var item = {
				command : command
			};
			
			// Evaluate the command and store the eval result, adding some basic classes for syntax-highlighting
			try {
				item.result = this.get('iframe') ? this.iframeEval(command) : eval.call(window, command);
				if ( _.isUndefined(item.result) ) item._class = "undefined";
				if ( _.isNumber(item.result) ) item._class = "number";
				if ( _.isString(item.result) ) item._class = "string";
			} catch(error) {
				item.result = error.toString();
				item._class = "error";
			}

			// Add the item to the history
			return this.addHistory(item);
		}
	}),


	/**
	 * The Sandbox.View
	 * 
	 * Defers to the Sandbox.Model for history, evaluation and persistence
	 * Takes care of all the rendering, controls, events and special commands
	 */
	View : Backbone.View.extend({
		initialize: function(opts) {
			_.bindAll(this);

			// Set up the history state (the up/down access to command history)
			this.historyState = this.model.get('history').length;
			this.currentHistory = "";

			// Set up the View Options
			this.resultPrefix = opts.resultPrefix || "  => ";
			this.tabCharacter = opts.tabCharacter || "\t";
			this.placeholder = opts.placeholder || "// type some javascript and hit enter (:help for info)";
			this.helpText = opts.helpText || "type javascript commands into the console, hit enter to evaluate. \n[up/down] to scroll through history, ':clear' to reset it. \n[alt + return/up/down] for returns and multi-line editing.";

			// Bind to the model's change event to update the View
			this.model.bind("change", this.update);

			// Delegate key and mouse events to View input
			this.el.delegate("textarea", {
				keydown : this.keydown,
				keyup : this.keyup
			});

			// Delegate click event to View output
			this.el.delegate(".output", {
				click : this.focus
			});

			// Render the textarea
			this.render();
		},

		// The templating functions for the View and each history item
		// .tplSandbox changed from #tplSandbox to allow multiple sandboxes in a single XHTML file without disrupting validation
		template: _.template( $('.tplSandbox').html() ),
		format : _.template( $('#tplCommand').html() ),

		// Renders the Sandbox View initially and stores references to the elements
		render: function() {
			this.el.html(this.template({
				placeholder : this.placeholder
			}));

			this.textarea = this.el.find("textarea");
			this.output = this.el.find(".output");

			return this;
		},
		
		// Updates the Sandbox View, redrawing the output and checking the input's value
		update : function() {
			this.output.html(
				// Reduce the Model's history into HTML, using the command format templating function
				_.reduce(this.model.get('history'), function(memo, command) {
					return memo + this.format({
						_hidden : command._hidden,
						_class : command._class,
						command : this.toEscaped(command.command),
						result :  this.toEscaped(command.result)
					});
				}, "", this)
			);
			
			// Set the textarea to the value of the currently selected history item
			// Update the textarea's `rows` attribute, as history items may be multiple lines
			this.textarea.val(this.currentHistory).attr('rows', this.currentHistory.split("\n").length);

			// Scroll the output to the bottom, so that new commands are visible
			this.output.scrollTop(
				this.output[0].scrollHeight - this.output.height()
			);
		},

		// Manually set the value in the sandbox textarea and focus it ready to submit:
		setValue : function(command) {
			this.currentHistory = command;
			this.update();
			this.setCaret( this.textarea.val().length );
			this.textarea.focus();
			return false;
		},

		// Returns the index of the cursor inside the textarea
		getCaret : function() {
			if (this.textarea[0].selectionStart) {
				return this.textarea[0].selectionStart; 
			} else if (document.selection) { 
				// This is for IE (apparently ... not tested yet)
				this.textarea[0].focus();
				var r = document.selection.createRange();
				if (r === null) return 0;
	
				var re = this.textarea[0].createTextRange(),
				rc = re.duplicate();
				re.moveToBookmark(r.getBookmark());
				rc.setEndPoint('EndToStart', re);
	
				return rc.text.length;
			}
			// If nothing else, assume index 0
			return 0;
		},

		// Sets the cursor position inside the textarea (not IE, afaik)
		setCaret: function(index) {
			this.textarea[0].selectionStart = index;
			this.textarea[0].selectionEnd = index;
		},

		// Escapes a string so that it can be safely html()'ed into the output:
		toEscaped: function(string) {
		    return String(string)
		    	.replace(/\\"/g, '"')
	            .replace(/&/g, '&amp;')
	            .replace(/"/g, '&quot;')
	            .replace(/'/g, '&#39;')
	            .replace(/</g, '&lt;')
	            .replace(/>/g, '&gt;');
		},

		// Focuses the input textarea
		focus: function(e) {
			e.preventDefault();
			this.textarea.focus();
			return false;
		},
		
		// The keydown handler, that controls all the input
		keydown: function(e) {
			// Register shift, control and alt keydown
			if ( _([16,17,18]).indexOf(e.which, true) > -1 ) this.ctrl = true;

			// Enter submits the command
			if (e.which === 13) {
				e.preventDefault();
				var val = this.textarea.val();

				// If shift is down, do a carriage return
				if ( this.ctrl ) {
					this.currentHistory = val + "\n";
					this.update();
					return false;
				}
				
				// If submitting a command, set the currentHistory to blank (empties the textarea on update)
				this.currentHistory = "";
	
				// Run the command past the special commands to check for ':help' and ':clear' etc.
				if ( !this.specialCommands( val ) ) {

					// If if wasn't a special command, pass off to the Sandbox Model to evaluate and save
					this.model.evaluate( val );
				}
	
				// Update the View's history state to reflect the latest history item
				this.historyState = this.model.get('history').length;
				
				return false;
			}
	
			// Up / down keys cycle through past history or move up/down
			if ( !this.ctrl && (e.which === 38 || e.which === 40) ) {
				e.preventDefault();

				var history = this.model.get('history');
				
				// `direction` is -1 or +1 to go forward/backward through command history
				var direction = e.which - 39;
				this.historyState += direction;
	
				// Keep it within bounds
				if (this.historyState < 0) this.historyState = 0;
				else if (this.historyState >= history.length) this.historyState = history.length;
				
				// Update the currentHistory value and update the View
				this.currentHistory = history[this.historyState] ? history[this.historyState].command : "";
				this.update();

				return false;
			}
	
			// Tab adds a tab character (instead of jumping focus)
			if ( e.which === 9 ) {
				e.preventDefault();

				// Get the value, and the parts between which the tab character will be inserted
				var value = this.textarea.val(),
					caret = this.getCaret(),
					parts = [
						value.slice(0, caret),
						value.slice(caret, value.length)
					];
				
				// Insert the tab character into the value and update the textarea
				this.textarea.val(
					parts[0] + this.tabCharacter + parts[1]
				);

				// Set the caret (cursor) position to just after the inserted tab character
				this.setCaret(caret + this.tabCharacter.length);

				return false;
			}
		},
		
		// The keyup handler, used to switch off shift/alt keys
		keyup: function(e) {
			// Register shift, alt and control keyup
			if ( _([16,17,18]).indexOf(e.which, true) > -1 ) this.ctrl = false;
		},
		
		// Checks for special commands. If any are found, performs their action and returns true
		specialCommands: function(command) {
			if (command === ":clear") {
				this.model.destroy();
				return true;
			}
			if ( command === ":help" ) {
				return this.model.addHistory({
					command : ':help',
					result : this.helpText
				});
			}
			// `:load <script src>`
			if ( command.indexOf(":load") > -1 ) {
				return this.model.addHistory({
					command : command,
					result : this.model.load( command.substring(6) )
				});
			} 

			// If no special commands, return false so the command gets evaluated
			return false;
		}
	})
};
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OEBPS/underscore.min.js
// Underscore.js 1.1.7
// (c) 2011 Jeremy Ashkenas, DocumentCloud Inc.
// Underscore is freely distributable under the MIT license.
// Portions of Underscore are inspired or borrowed from Prototype,
// Oliver Steele's Functional, and John Resig's Micro-Templating.
// For all details and documentation:
// http://documentcloud.github.com/underscore
(function(){var p=this,C=p._,m={},i=Array.prototype,n=Object.prototype,f=i.slice,D=i.unshift,E=n.toString,l=n.hasOwnProperty,s=i.forEach,t=i.map,u=i.reduce,v=i.reduceRight,w=i.filter,x=i.every,y=i.some,o=i.indexOf,z=i.lastIndexOf;n=Array.isArray;var F=Object.keys,q=Function.prototype.bind,b=function(a){return new j(a)};typeof module!=="undefined"&&module.exports?(module.exports=b,b._=b):p._=b;b.VERSION="1.1.7";var h=b.each=b.forEach=function(a,c,b){if(a!=null)if(s&&a.forEach===s)a.forEach(c,b);else if(a.length===
+a.length)for(var e=0,k=a.length;e<k;e++){if(e in a&&c.call(b,a[e],e,a)===m)break}else for(e in a)if(l.call(a,e)&&c.call(b,a[e],e,a)===m)break};b.map=function(a,c,b){var e=[];if(a==null)return e;if(t&&a.map===t)return a.map(c,b);h(a,function(a,g,G){e[e.length]=c.call(b,a,g,G)});return e};b.reduce=b.foldl=b.inject=function(a,c,d,e){var k=d!==void 0;a==null&&(a=[]);if(u&&a.reduce===u)return e&&(c=b.bind(c,e)),k?a.reduce(c,d):a.reduce(c);h(a,function(a,b,f){k?d=c.call(e,d,a,b,f):(d=a,k=!0)});if(!k)throw new TypeError("Reduce of empty array with no initial value");
return d};b.reduceRight=b.foldr=function(a,c,d,e){a==null&&(a=[]);if(v&&a.reduceRight===v)return e&&(c=b.bind(c,e)),d!==void 0?a.reduceRight(c,d):a.reduceRight(c);a=(b.isArray(a)?a.slice():b.toArray(a)).reverse();return b.reduce(a,c,d,e)};b.find=b.detect=function(a,c,b){var e;A(a,function(a,g,f){if(c.call(b,a,g,f))return e=a,!0});return e};b.filter=b.select=function(a,c,b){var e=[];if(a==null)return e;if(w&&a.filter===w)return a.filter(c,b);h(a,function(a,g,f){c.call(b,a,g,f)&&(e[e.length]=a)});return e};
b.reject=function(a,c,b){var e=[];if(a==null)return e;h(a,function(a,g,f){c.call(b,a,g,f)||(e[e.length]=a)});return e};b.every=b.all=function(a,c,b){var e=!0;if(a==null)return e;if(x&&a.every===x)return a.every(c,b);h(a,function(a,g,f){if(!(e=e&&c.call(b,a,g,f)))return m});return e};var A=b.some=b.any=function(a,c,d){c=c||b.identity;var e=!1;if(a==null)return e;if(y&&a.some===y)return a.some(c,d);h(a,function(a,b,f){if(e|=c.call(d,a,b,f))return m});return!!e};b.include=b.contains=function(a,c){var b=
!1;if(a==null)return b;if(o&&a.indexOf===o)return a.indexOf(c)!=-1;A(a,function(a){if(b=a===c)return!0});return b};b.invoke=function(a,c){var d=f.call(arguments,2);return b.map(a,function(a){return(c.call?c||a:a[c]).apply(a,d)})};b.pluck=function(a,c){return b.map(a,function(a){return a[c]})};b.max=function(a,c,d){if(!c&&b.isArray(a))return Math.max.apply(Math,a);var e={computed:-Infinity};h(a,function(a,b,f){b=c?c.call(d,a,b,f):a;b>=e.computed&&(e={value:a,computed:b})});return e.value};b.min=function(a,
c,d){if(!c&&b.isArray(a))return Math.min.apply(Math,a);var e={computed:Infinity};h(a,function(a,b,f){b=c?c.call(d,a,b,f):a;b<e.computed&&(e={value:a,computed:b})});return e.value};b.sortBy=function(a,c,d){return b.pluck(b.map(a,function(a,b,f){return{value:a,criteria:c.call(d,a,b,f)}}).sort(function(a,b){var c=a.criteria,d=b.criteria;return c<d?-1:c>d?1:0}),"value")};b.groupBy=function(a,b){var d={};h(a,function(a,f){var g=b(a,f);(d[g]||(d[g]=[])).push(a)});return d};b.sortedIndex=function(a,c,d){d||
(d=b.identity);for(var e=0,f=a.length;e<f;){var g=e+f>>1;d(a[g])<d(c)?e=g+1:f=g}return e};b.toArray=function(a){if(!a)return[];if(a.toArray)return a.toArray();if(b.isArray(a))return f.call(a);if(b.isArguments(a))return f.call(a);return b.values(a)};b.size=function(a){return b.toArray(a).length};b.first=b.head=function(a,b,d){return b!=null&&!d?f.call(a,0,b):a[0]};b.rest=b.tail=function(a,b,d){return f.call(a,b==null||d?1:b)};b.last=function(a){return a[a.length-1]};b.compact=function(a){return b.filter(a,
function(a){return!!a})};b.flatten=function(a){return b.reduce(a,function(a,d){if(b.isArray(d))return a.concat(b.flatten(d));a[a.length]=d;return a},[])};b.without=function(a){return b.difference(a,f.call(arguments,1))};b.uniq=b.unique=function(a,c){return b.reduce(a,function(a,e,f){if(0==f||(c===!0?b.last(a)!=e:!b.include(a,e)))a[a.length]=e;return a},[])};b.union=function(){return b.uniq(b.flatten(arguments))};b.intersection=b.intersect=function(a){var c=f.call(arguments,1);return b.filter(b.uniq(a),
function(a){return b.every(c,function(c){return b.indexOf(c,a)>=0})})};b.difference=function(a,c){return b.filter(a,function(a){return!b.include(c,a)})};b.zip=function(){for(var a=f.call(arguments),c=b.max(b.pluck(a,"length")),d=Array(c),e=0;e<c;e++)d[e]=b.pluck(a,""+e);return d};b.indexOf=function(a,c,d){if(a==null)return-1;var e;if(d)return d=b.sortedIndex(a,c),a[d]===c?d:-1;if(o&&a.indexOf===o)return a.indexOf(c);d=0;for(e=a.length;d<e;d++)if(a[d]===c)return d;return-1};b.lastIndexOf=function(a,
b){if(a==null)return-1;if(z&&a.lastIndexOf===z)return a.lastIndexOf(b);for(var d=a.length;d--;)if(a[d]===b)return d;return-1};b.range=function(a,b,d){arguments.length<=1&&(b=a||0,a=0);d=arguments[2]||1;for(var e=Math.max(Math.ceil((b-a)/d),0),f=0,g=Array(e);f<e;)g[f++]=a,a+=d;return g};b.bind=function(a,b){if(a.bind===q&&q)return q.apply(a,f.call(arguments,1));var d=f.call(arguments,2);return function(){return a.apply(b,d.concat(f.call(arguments)))}};b.bindAll=function(a){var c=f.call(arguments,1);
c.length==0&&(c=b.functions(a));h(c,function(c){a[c]=b.bind(a[c],a)});return a};b.memoize=function(a,c){var d={};c||(c=b.identity);return function(){var b=c.apply(this,arguments);return l.call(d,b)?d[b]:d[b]=a.apply(this,arguments)}};b.delay=function(a,b){var d=f.call(arguments,2);return setTimeout(function(){return a.apply(a,d)},b)};b.defer=function(a){return b.delay.apply(b,[a,1].concat(f.call(arguments,1)))};var B=function(a,b,d){var e;return function(){var f=this,g=arguments,h=function(){e=null;
a.apply(f,g)};d&&clearTimeout(e);if(d||!e)e=setTimeout(h,b)}};b.throttle=function(a,b){return B(a,b,!1)};b.debounce=function(a,b){return B(a,b,!0)};b.once=function(a){var b=!1,d;return function(){if(b)return d;b=!0;return d=a.apply(this,arguments)}};b.wrap=function(a,b){return function(){var d=[a].concat(f.call(arguments));return b.apply(this,d)}};b.compose=function(){var a=f.call(arguments);return function(){for(var b=f.call(arguments),d=a.length-1;d>=0;d--)b=[a[d].apply(this,b)];return b[0]}};b.after=
function(a,b){return function(){if(--a<1)return b.apply(this,arguments)}};b.keys=F||function(a){if(a!==Object(a))throw new TypeError("Invalid object");var b=[],d;for(d in a)l.call(a,d)&&(b[b.length]=d);return b};b.values=function(a){return b.map(a,b.identity)};b.functions=b.methods=function(a){var c=[],d;for(d in a)b.isFunction(a[d])&&c.push(d);return c.sort()};b.extend=function(a){h(f.call(arguments,1),function(b){for(var d in b)b[d]!==void 0&&(a[d]=b[d])});return a};b.defaults=function(a){h(f.call(arguments,
1),function(b){for(var d in b)a[d]==null&&(a[d]=b[d])});return a};b.clone=function(a){return b.isArray(a)?a.slice():b.extend({},a)};b.tap=function(a,b){b(a);return a};b.isEqual=function(a,c){if(a===c)return!0;var d=typeof a;if(d!=typeof c)return!1;if(a==c)return!0;if(!a&&c||a&&!c)return!1;if(a._chain)a=a._wrapped;if(c._chain)c=c._wrapped;if(a.isEqual)return a.isEqual(c);if(c.isEqual)return c.isEqual(a);if(b.isDate(a)&&b.isDate(c))return a.getTime()===c.getTime();if(b.isNaN(a)&&b.isNaN(c))return!1;
if(b.isRegExp(a)&&b.isRegExp(c))return a.source===c.source&&a.global===c.global&&a.ignoreCase===c.ignoreCase&&a.multiline===c.multiline;if(d!=="object")return!1;if(a.length&&a.length!==c.length)return!1;d=b.keys(a);var e=b.keys(c);if(d.length!=e.length)return!1;for(var f in a)if(!(f in c)||!b.isEqual(a[f],c[f]))return!1;return!0};b.isEmpty=function(a){if(b.isArray(a)||b.isString(a))return a.length===0;for(var c in a)if(l.call(a,c))return!1;return!0};b.isElement=function(a){return!!(a&&a.nodeType==
1)};b.isArray=n||function(a){return E.call(a)==="[object Array]"};b.isObject=function(a){return a===Object(a)};b.isArguments=function(a){return!(!a||!l.call(a,"callee"))};b.isFunction=function(a){return!(!a||!a.constructor||!a.call||!a.apply)};b.isString=function(a){return!!(a===""||a&&a.charCodeAt&&a.substr)};b.isNumber=function(a){return!!(a===0||a&&a.toExponential&&a.toFixed)};b.isNaN=function(a){return a!==a};b.isBoolean=function(a){return a===!0||a===!1};b.isDate=function(a){return!(!a||!a.getTimezoneOffset||
!a.setUTCFullYear)};b.isRegExp=function(a){return!(!a||!a.test||!a.exec||!(a.ignoreCase||a.ignoreCase===!1))};b.isNull=function(a){return a===null};b.isUndefined=function(a){return a===void 0};b.noConflict=function(){p._=C;return this};b.identity=function(a){return a};b.times=function(a,b,d){for(var e=0;e<a;e++)b.call(d,e)};b.mixin=function(a){h(b.functions(a),function(c){H(c,b[c]=a[c])})};var I=0;b.uniqueId=function(a){var b=I++;return a?a+b:b};b.templateSettings={evaluate:/<%([\s\S]+?)%>/g,interpolate:/<%=([\s\S]+?)%>/g};
b.template=function(a,c){var d=b.templateSettings;d="var __p=[],print=function(){__p.push.apply(__p,arguments);};with(obj||{}){__p.push('"+a.replace(/\\/g,"\\\\").replace(/'/g,"\\'").replace(d.interpolate,function(a,b){return"',"+b.replace(/\\'/g,"'")+",'"}).replace(d.evaluate||null,function(a,b){return"');"+b.replace(/\\'/g,"'").replace(/[\r\n\t]/g," ")+"__p.push('"}).replace(/\r/g,"\\r").replace(/\n/g,"\\n").replace(/\t/g,"\\t")+"');}return __p.join('');";d=new Function("obj",d);return c?d(c):d};
var j=function(a){this._wrapped=a};b.prototype=j.prototype;var r=function(a,c){return c?b(a).chain():a},H=function(a,c){j.prototype[a]=function(){var a=f.call(arguments);D.call(a,this._wrapped);return r(c.apply(b,a),this._chain)}};b.mixin(b);h(["pop","push","reverse","shift","sort","splice","unshift"],function(a){var b=i[a];j.prototype[a]=function(){b.apply(this._wrapped,arguments);return r(this._wrapped,this._chain)}});h(["concat","join","slice"],function(a){var b=i[a];j.prototype[a]=function(){return r(b.apply(this._wrapped,
arguments),this._chain)}});j.prototype.chain=function(){this._chain=!0;return this};j.prototype.value=function(){return this._wrapped}})();




OEBPS/pscript16-wordlists.js
var quantity = ["all", "few", "half of the", "most", "no", "some"];

var noun = ["ability", "accident", "account", "acre", "action", "activity", "addition", "adult", "adventure", "advice", "afternoon", "age", "air", "airplane", "alphabet", "angle", "animal", "answer", "ant", "anyone", "anything", "apartment", "appearance", "apple", "arm", "arrow", "art", "article", "atmosphere", "atom", "attention", "audience", "author", "automobile", "average", "baby", "bag", "balance", "ball", "balloon", "band", "bank", "bar", "barn", "baseball", "basis", "basket", "bat", "battle", "bean", "bear", "beauty", "bee", "behavior", "being", "bell", "belt", "bet", "bicycle", "bill", "bird", "birth", "birthday", "bite", "blanket", "block", "blood", "board", "boat", "bone", "book", "border", "bottle", "bowl", "box", "boy", "brain", "branch", "bread", "breakfast", "breath", "breeze", "brick", "bridge", "brother", "brush", "buffalo", "building", "bus", "bush", "business", "butter", "cake", "call", "camera", "camp", "can", "canal", "cap", "capital", "captain", "car", "card", "case", "cast", "castle", "cat", "cattle", "cave", "cell", "cent", "center", "century", "chain", "chair", "chamber", "chance", "chapter", "character", "characteristic", "chart", "check", "cheese", "chemical", "chest", "chicken", "child", "church", "circle", "circus", "citizen", "city", "class", "classroom", "clay", "climate", "clock", "cloth", "clothing", "cloud", "club", "coach", "coal", "coast", "coat", "coffee", "college", "colony", "color", "column", "command", "community", "company", "comparison", "compass", "composition", "compound", "condition", "congress", "consonant", "construction", "continent", "control", "conversation", "cook", "cookie", "copper", "copy", "corn", "corner", "cost", "cotton", "country", "couple", "courage", "course", "court", "cow", "cowboy", "creature", "crew", "crop", "crowd", "cup", "current", "curve", "custom", "damage", "dance", "danger", "darkness", "date", "daughter", "dawn", "day", "deal", "death", "deer", "definition", "degree", "depth", "desert", "design", "desk", "detail", "development", "diagram", "diameter", "difference", "difficulty", "dinner", "direction", "dirt", "discovery", "discussion", "disease", "dish", "distance", "division", "doctor", "dog", "doll", "dollar", "donkey", "door", "doubt", "dozen", "dream", "dress", "drink", "driver", "duck", "due", "dust", "duty", "ear", "earth", "edge", "education", "effect", "effort", "egg", "electricity", "element", "elephant", "end", "enemy", "energy", "engine", "engineer", "enjoyment", "entry", "environment", "equal", "equality", "equator", "equipment", "escape", "evening", "event", "everyone", "evidence", "example", "excellence", "exchange", "excitement", "exercise", "expectation", "experience", "experiment", "explanation", "exploration", "extra", "eye", "face", "fact", "factor", "factory", "fall", "family", "farm", "farmer", "fastener", "father", "favorite", "fear", "feather", "feature", "fence", "field", "figure", "film", "finger", "fire", "fireplace", "fish", "flag", "flame", "flight", "floor", "flower", "fly", "fog", "food", "football", "forest", "form", "fort", "frame", "freedom", "friend", "frog", "fruit", "fuel", "furniture", "future", "game", "garage", "garden", "gasoline", "gate", "general", "giant", "gift", "girl", "glass", "globe", "government", "grade", "grain", "grandfather", "grandmother", "graph", "grass", "gravity", "ground", "group", "growth", "guard", "guide", "gulf", "gun", "habit", "hair", "hall", "hand", "handle", "harbor", "health", "heart", "heat", "height", "herd", "highway", "hill", "history", "hole", "hollow", "home", "honor", "horn", "horse", "hospital", "hour", "house", "human", "hunter", "husband", "ice", "importance", "inch", "income", "independence", "individual", "industry", "influence", "information", "instrument", "introduction", "invention", "iron", "island", "jar", "jet", "job", "journey", "judge", "jungle", "key", "kid", "kitchen", "knowledge", "label", "labor", "lady", "lake", "lamp", "land", "language", "law", "layer", "leader", "leg", "lesson", "letter", "library", "light", "line", "lion", "lip", "liquid", "load", "location", "log", "love", "luck", "lunch", "lung", "machine", "magic", "magnet", "manner", "map", "market", "mass", "material", "memory", "metal", "method", "military", "mind", "mineral", "mirror", "mission", "mistake", "mixture", "molecule", "moment", "mood", "moon", "morning", "mother", "motion", "mountain", "movement", "movie", "mud", "mystery", "nail", "name", "nation", "nature", "necessity", "neck", "needle", "neighbor", "neighborhood", "nerve", "newspaper", "noise", "nose", "note", "noun", "number", "object", "ocean", "offer", "office", "officer", "official", "oil", "operation", "opinion", "opportunity", "opposite", "orange", "orbit", "organization", "origin", "other", "outline", "owner", "pack", "package", "paint", "palace", "paper", "paragraph", "parent", "park", "part", "particle", "party", "passage", "path", "pattern", "peace", "pen", "person", "pet", "phrase", "piano", "picture", "pie", "pig", "pile", "pilot", "pine", "pipe", "pitch", "place", "plan", "plane", "planet", "plant", "plastic", "plate", "pleasure", "pocket", "poem", "poet", "pond", "pony", "pool", "population", "porch", "position", "possibility", "post", "potato", "powder", "president", "press", "pressure", "price", "principle", "prize", "problem", "processes", "product", "production", "program", "promise", "property", "protection", "public", "pupil", "purpose", "quarter", "queen", "question", "rabbit", "race", "radio", "railroad", "ranch", "reader", "record", "region", "relationship", "researcher", "review", "rhyme", "rhythm", "river", "road", "rock", "rocket", "roof", "room", "root", "rope", "rose", "route", "ruler", "saddle", "safety", "sail", "sale", "sand", "satellite", "scale", "scene", "school", "science", "scientist", "score", "screen", "sea", "search", "season", "seat", "secret", "section", "selection", "sense", "sentence", "service", "settler", "shadow", "shell", "shelter", "ship", "shirt", "shoe", "shop", "shore", "shoulder", "side", "sign", "signal", "silence", "sink", "sister", "situation", "size", "skill", "skin", "sky", "sleeper", "snake", "snow", "soap", "society", "soil", "solution", "son", "song", "source", "space", "speech", "spider", "spirit", "square", "stage", "stair", "star", "statement", "station", "stem", "step", "stick", "stomach", "stone", "storm", "stove", "stranger", "street", "strength", "string", "structure", "student", "subject", "substance", "success", "sugar", "suit", "summer", "sun", "supper", "supply", "surface", "surprise", "syllable", "system", "table", "tail", "tale", "talk", "tank", "tape", "task", "taste", "tax", "tea", "teacher", "team", "telephone", "television", "temperature", "tent", "test", "theory", "thought", "thread", "throat", "thumb", "tide", "tie", "tone", "topic", "total", "tower", "town", "toy", "traffic", "trail", "train", "transportation", "trap", "tree", "triangle", "truck", "trunk", "truth", "tune", "type", "uncle", "understanding", "union", "universe", "unknown", "use", "valley", "vapor", "variety", "vegetable", "verb", "vessel", "victory", "village", "visitor", "voice", "volume", "voe", "vowel", "voyage", "wagon", "walk", "wall", "war", "waste", "water", "wave", "weather", "week", "weight", "whale", "wheat", "wheel", "whistle", "wife", "wind", "window", "wing", "winter", "wire", "wish", "wolf", "wood", "wool", "writer", "yard", "year", "zoo"];

var verb = ["accept", "act", "affect", "age", "aid", "allow", "amount", "announce", "answer", "apply", "arm", "arrange", "arrive", "ask", "attach", "attack", "attempt", "author", "avoid", "bar", "bare", "bark", "base", "bear",  "beat", "become", "begin", "bend", "bet", "bite", "blind", "board", "bow", "brave", "break", "breathe", "bring", "brush", "build", "burn", "burst", "call", "calm", "capture", "carry", "cast", "catch", "cause", "center", "chain", "change", "charge", "chart", "check", "choose", "clean", "clear", "climb", "cloud", "club", "collect", "color", "combine", "comfort", "command", "compare", "complete", "compose", "connect", "consider", "contain", "continue", "contrast", "control", "cook", "cool", "copy", "corner", "correct", "cost", "count", "course", "court", "cover", "crack", "create", "crowd", "cry", "curve", "cut", "damage", "dance", "date", "dawn", "deal", "decide", "declare", "define", "depend", "describe", "design", "detail", "determine", "develop", "die", "differ", "dig", "direct", "disappear", "discover", "discuss", "divide", "double", "doubt", "draw", "dream", "drink", "drive", "drop", "duck", "earn", "eat", "edge", "empty", "enjoy", "equal", "escape", "establish", "even", "examine", "except", "excite", "exclaim", "exercise", "exist", "expect", "experience", "experiment", "explain", "explore", "express", "face", "fail", "fall", "fasten", "fear", "feed", "feel", "fight", "fill", "film", "find", "finish", "fire", "fish", "fix", "flag", "fly", "float", "follow", "force", "forget", "form", "freeze", "frighten", "front", "fuel", "gain", "gather", "get", "gift", "give", "go", "grab", "grade", "grow", "guard", "guess", "guide", "hand", "hang", "harbor", "head", "hear", "help", "hide", "hit", "hold", "honor", "hope", "hurt", "imagine", "improve", "include", "increase", "indicate", "influence", "interest", "introduce", "invent", "involve", "join", "journey", "judge", "jump", "keep", "kill", "know", "label", "land", "last", "lay", "lead", "learn", "leave", "let", "level", "lie", "lift", "light", "like", "list", "listen", "live", "load", "locate", "lose", "love", "lower", "mail", "make", "manage", "manufacture", "map", "mark", "marry", "mean", "measure", "meet", "melt", "mirror", "miss", "mix", "model", "motion", "mourn", "move", "name", "near", "need", "note", "notice", "number", "observe", "obtain", "offer", "oil", "open", "opine", "orbit", "order", "organize", "outline", "own", "pack", "paint", "part", "pass", "pattern", "pay", "pen", "place", "plan", "please", "police", "practice", "print", "prize", "process", "produce", "program", "promise", "protect", "prove", "pull", "push", "question", "race", "raise", "rate", "reach", "read", "realize", "recall", "receive", "recognize", "record", "refuse", "regulate", "remember", "remove", "repeat", "replace", "represent", "require", "respect", "return", "review", "rhyme", "ride", "roll", "rule", "rush", "sail", "save", "say", "scare", "screen", "search", "see", "select", "sell", "send", "sense", "separate", "shake", "shape", "share", "shelter", "show", "shut", "silence", "sing", "sink", "solve", "sort", "speak", "spell", "spend", "spin", "split", "spread", "stage", "stand", "start", "steep", "stick", "stock", "stop", "store", "straighten", "stretch", "strike", "study", "suggest", "supply", "support", "surprise", "surround", "swim", "swing", "take", "talk", "tape", "taste", "tax", "teach", "tear", "tell", "test", "thank", "throw", "tie", "time", "tire", "title", "top", "trace", "track", "trade", "trail", "train", "trap", "trouble", "try", "tune", "turn", "underline", "unite", "use", "value", "view", "visit", "voice", "vote", "walk", "want", "war", "warn", "wash", "waste", "watch", "water", "wear", "weigh", "welcome", "whisper", "whistle", "win", "wind", "wish", "work", "worry", "wrap", "write"];

var adjective = ["able", "accurate", "active", "actual", "additional", "afraid", "alike","alive", "all", "alone", "ancient", "angry", "any", "appropriate", "asleep", "atomic", "available", "aware", "bad", "bare", "base", "basic", "beautiful", "becoming", "beginning", "believed", "bent", "best", "better", "bigger","biggest", "black","blank", "blind", "blue", "born", "both", "bound", "brass","brave", "breathing", "brief","bright", "broad", "broken", "brought","brown", "built","buried", "busy", "captured", "careful", "carried", "caught", "central", "certain", "changing", "chosen", "clean","clear","clearly", "close","closely","closer", "cold", "comfortable","coming", "common", "completely","complex","composed", "concerned", "connected", "continued", "correct", "cross", "curious", "cutting","daily", "dangerous", "dark", "dead", "dear", "declared","deep", "different","difficult", "direct", "dirty", "distant", "double", "drawn", "dried", "driven", "driving", "dropped", "dry", "due", "dull", "dusty", "eager", "earlier","early", "easier", "east","easy", "eaten", "eight","either","electric", "eleven", "empty", "enough", "entire", "equal", "essential", "eventual", "exact", "excellent", "exceptional", "excited", "exciting","exclaimed", "extra", "facing", "failed","fair", "fallen","familiar", "famous", "fast","fastened","faster","fat", "favorite", "fed", "few","fewer", "fierce","fifteen","fifth","fifty", "fighting", "final", "fine","finest", "firm","first", "five", "flat", "floating", "foreign", "forgotten", "former", "forth","forty","forward","fought","found","four", "fourth", "free", "fresh", "friendly","frightened", "frightening", "front","frozen", "full", "fun", "funny", "further", "general", "gentle", "given","giving","glad","glass", "gold","golden","gone","good", "grabbed", "gray","great","greater","greatest","greatly", "green","grew","ground", "grown", "half", "halfway", "handsome", "happy", "hard","harder", "heard", "hearing", "heavy", "held", "helpful", "hidden", "high", "higher","highest", "hollow", "hot", "huge", "human","hundred", "hungry", "hurried", "imagined", "important","impossible", "including","indeed","independent", "industrial", "inside", "instant", "interior", "introduced","invented","involved","iron", "its", "keep","kept","key","kids","kill","kind","kitchen", "knew","knife","know","knowledge","known", "large", "larger", "largest", "last", "late", "later", "least", "leather", "leaving", "led", "left", "level", "lifted", "likely", "limited", "lined", "liquid", "listless", "listening", "lit", "little", "live", "living", "loaded", "local", "lonely", "long", "longer", "loose", "lost", "loud", "lovely", "low", "lower", "lucky", "lying", "mad", "magic", "major", "managed", "mannered", "manufacturing", "many", "married", "masterful", "material", "mean", "measured", "melted", "mere", "metal", "middle", "mighty", "military", "minute", "missing", "mixed", "model", "modern", "molecular", "momentary", "most", "moving", "musical", "mysterious", "national", "natural", "nearby", "nearer", "nearest", "necessary", "needed", "negative", "nervous", "new", "nice","night","nine", "noisy", "north", "nosy", "noted", "numeral", "occasional", "offered", "official", "old", "older", "oldest", "open", "operational", "opinionated", "opportune", "opposite", "orbiting", "ordinary", "organized", "original", "other", "outer", "outlined", "outside", "paid", "pale", "parallel", "parted", "particular", "past", "patterned", "peaceful","pen", "perfect", "personal", "physical", "pictured", "pink", "plain", "planned", "planning", "plastic", "pleasant", "plural", "poetic", "positive", "possible", "powerful", "practical", "prepared", "present", "pretty", "previous", "primitive", "principled", "printed", "private", "prized", "probable", "promised", "proper", "proud", "proven", "provided", "public", "pure", "purple", "quick", "quiet", "raised", "ranging", "rapid", "rated", "raw", "ready", "real", "received", "recent", "recognizable", "recorded", "red", "refused", "regional", "regular", "related", "remarkable", "repeated", "replaced", "represented", "required", "respectful", "resting", "resulting", "returning", "reviewed", "rich", "riding", "rising", "roaring", "rocky", "rough", "round", "rubber", "running", "sad", "safe", "salty", "same", "satisfied", "saved", "scared", "scientific", "screened", "seasoned", "second", "secret", "seeming", "selective", "sensed", "sent", "separate", "serious", "settling", "seven", "several", "shaking", "shallow", "sharp", "shining", "short", "shorter", "shortest", "shown", "shut", "sick", "silent", "silk", "silly", "silver", "similar", "simple", "simplest", "single", "sitting", "six", "slight", "slipped", "slow", "small", "smaller", "smallest", "smiling", "smoky", "smooth", "soft", "solar", "solid", "sound", "south", "southern", "special", "specific", "spent", "split", "spoken", "sporting", "square", "standard", "steady", "steel", "steep", "stiff", "still", "stopped", "stored", "straight", "strange", "strong", "stronger", "strongest", "struck", "structured","struggling", "stuck", "substantial",  "successful", "sudden", "surprised", "surrounded", "taken", "tall", "taught","taxed", "ten", "terrible", "thick", "thin", "thirty", "thousand", "three", "thrown", "tight", "tiny", "tired", "torn", "treated", "tropical", "twelve", "twenty", "two", "typical", "unhappy", "united", "unknown", "unusual", "upper", "useful", "useless", "usual", "valuable", "various", "vast", "vertical", "warm", "warned", "washed", "wasted", "watery", "weak", "wealthy", "west", "western", "wet", "whispered", "white", "whole", "wide", "wild", "willing", "winning", "windy", "winter", "wise", "wonderful", "wooden", "woolen", "worried", "worse", "wrapped", "written", "wrong", "yellow", "young","younger", "youngest"];





