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INTRODUCTION

A major problem in software maintenance is the lack of well documented code. Developers, who write the original code, often move on leaving code that is hard to understand and therefore hard to maintain. Transformational Abstraction for Java (TAJ) is a documentation tool that improves the maintenance process by providing the ability to document the code that will improve program understanding.

TAJ’s functionality is based on the premise that program understanding occurs at various levels of abstraction. While existing tools provide the ability to document a program at either lower levels (such as comments in the source code) or higher levels (architecture diagrams), a complete and thorough picture of a program’s functionality emerges when there are comments at various levels and annotations that link these comments—TAJ fills the void by being such a tool.

Important Definitions

	Clip
	A line or chunk

	Line
	A line of code

	Chunk
	A sequence of contiguous clips

	Annotation
	The description of a single chunk of collapsed lines

	Collapse
	The highlighted lines of text will be collapsed into a single chunk. The annotation will now visually take the place of the original lines of code.

	Expand
	All the TAJ annotations included in the highlighted lines of text will be replaced by the contents of those annotations.  The expanded annotations still exist within the model.

	ExpandAll
	All the annotations in the entire document will be expanded to the original content of the document.  All the annotations still exist within the model.

	HardExpand
	All the annotations within the highlighted lines of text will be expanded.  Furthermore, these annotations will permanently be removed from the TAJ document.  A hard-expanded annotation cannot be re-collapsed.

	Recollapse
	All the annotations that contain any of the highlighted lines will be collapsed once more.  The annotations will be displayed instead of their contents.

	RecollapseAll
	All the annotations in the entire document will be collapsed.  Only the top-level annotations will appear.


Current Documentation Methods

Source code documentation plays an important role in the comprehension of programs because it can provide much insight into the structure of the program design at multiple abstraction levels. At the most basic level, documentation provides insight into how the different functionalities of the program are implemented. Documentation also helps to group source code that performs similar functions into the same group – a set of lines of code that are bound together. At higher abstraction levels, documentation can illustrate some features of the overall program design and architecture. For instance, documentation can identify the different components of a program, as well as how they are related to one another. Hence, source code documentation is rather vital to the overall process of program comprehension.

Current source code documentation methods contain several key concepts. First, documenters tend to group code that contributes to the implementation of a certain task. The TAJ tool supports such a concept by encouraging users to put code that performs the same task into a single chunk – a group of code with a descriptor. Furthermore, even chunks can be grouped together to reflect that they contribute to the same greater task. Also, current documentation methods tend to emphasize the need for summaries to be included for methods within a program. By collapsing the entire method into a single chunk and giving it a descriptor, TAJ performs such a function. Finally, current documentation allows documenters varying degrees of detail. With the TAJ tool, the user can choose to have anything from deeply nested detailed documentation to shallow general documentation of the code. Thus, TAJ incorporates the beneficial strategies of today’s source code documentation methods.

However, there are also some flaws in current documentation methods that TAJ avoids. For instance, most documentation methods does not account for the different abstraction levels of program comprehension. They simply focus on the lowest layer, the code layer, and do not concern much with higher layers such as overall program design and architecture. However, the TAJ tool, with its nested chunks, allows users to view documentation at multiple abstraction levels. One can choose to look at the overall architecture at a surface layer of collapses or can choose to expand some chunks to examine more detailed layers. TAJ also enables users to examine a piece of source code completely by documentation. That is, the user does not have to see actual code to read the documentation. This can help to reduce unnecessary clutter. Thus, while building the TAJ tool, both the good and bad points of current documentation methods were taken into account.

Paper’s Content

The purpose of this document is to provide a comprehensive overview of TAJ and to explain its usefulness to the programmers’ community.   The paper answers the fundamental research questions of how TAJ captures the concept of code comprehension and how its capabilities have been designed to accommodate the typical Java coding and documentation styles.  

The paper covers discussion of various software engineering practices employed throughout the development process of the tool.  It justifies the needs of TAJ and its user interface through user task analysis.  It explains how formal modeling helped specify the precise constraints and requirements of TAJ.  It also includes verification of the tool through comprehensive testing and validation of the usefulness of the tool through experimentation.  The paper concludes with an analysis of how TAJ offers the best solution to the problem of code comprehension and a brief discussion of the future work for TAJ.  

Software Engineering

The process of software engineering is not a simple process. This process can be divided into four steps: Requirements and Specifications, Design, Implementation, and Verification and Validation. Requirements and specifications is an essential part in deciding the best course of action. The following step, Design, devises a plan to execute the solution. Implementation is the step where we actually program it. Verification and Validation is the final step, which involves experimentation and testing for correctness. These introductions help provide background for the following paragraphs, which explain the process involved with developing ‘Transformation Abstraction of Java’ (TAJ).

Requirement Gathering

In order to determine the requirements for the user interface (UI) of TAJ, a task analysis was performed on TAJ. A task analysis determines the different ways to use TAJ.  In order to create the appropriate UI, we had to answer user-interface related questions, like what to display, where to display it, and how it should be displayed. The task analysis helped us determine the best way to lay down the UI.  Using the task analysis, we first determined the user's possible choices.  It then indicates a user performed certain tasks with these available options.

There are plenty of tasks that can be performed using TAJ, but it is important to choose the most common techniques.  The two tasks that were focused on are: "Documenting a Java program using TAJ" and "Understanding a program that has been documented with TAJ."  Analyses on these tasks provide deeper explanations of how the different multiple options of TAJ are used.  After performing these two separate task analyses, we can rate all the benefits for the user interface.  The task analysis provided us with valuable information on what options were most critical for TAJ.

The results from the task analysis showed us that the current UI required a couple of modifications.  Since there were a total of six options that were frequently used during the operation of TAJ, we decided that we should have a bar on the side or top of the document when TAJ is running. This bar would have the basic buttons of Collapse, Expand, Recollapse, Expand All, Recollapse All, and Hard Expand. This side bar would only be visible when TAJ is running; thus, when we stop TAJ, the sidebar would disappear. Through task analysis we also realized that we need a way to signify that TAJ is running.  We already have a side/top bar, which will only be displayed while TAJ is running, but we should also add some sort of watermark in the background of the text or make the document window's color different. The final addition that the task analysis pointed out is to have an additional drop-down menu named "Action" that has all six commands.  The task analysis proved to be extremely helpful in determining how to alter the TAJ user interface to be more user-friendly

Components/capabilities of TAJ 

Architecture

The architecture of TAJ, as expected, is driven by its functionality. One of the main features of TAJ is the collapse operation. The collapse operation allows the user to collapse (and expand, if needed) contiguous lines of source code. The collapse operation is also expected to be a high frequency operation. The core of the TAJ model, thus, consists of a recursive data structure based on the Composite design pattern—this data structure handles levels of nested collapse operations in an elegant, concise and simple way.

TAJ’s next feature, currently under development, will allow the user to create a domain model of the code and make annotations that link collapses in the source code to corresponding parts in the domain model.

Eclipse

Eclipse is an object-oriented framework implemented in Java. Eclipse offers a robust, feature-rich set of classes that can be extended through well defined interfaces. A program that adds functionality using this mechanism is known as a plug-in.

In the case of TAJ, we determined that we required extensive UI capabilities such as a source-code viewer, the ability to open and close files, save documentation information and so on. We decided not to reinvent the wheel by implementing our own stand-alone application. Instead, Eclipse offered all the features we required to build our application.

Using a framework such as Eclipse has the following advantages:

· A feature rich, tested, reliable framework that allows the developer to focus to implementing functionality specific to his/her tool.

· The open source nature of the framework allows the developer to look at Eclipse’s source-code to understand the underlying mechanism better.

· The framework has an extensive user base that uses new plug-ins and thus provides a good test audience for TAJ.

While Eclipse is extensive, it does come with its share of disadvantages:

· The learning curve associated with learning Eclipse is very steep. While time is saved by not reinventing the wheel, a lot of time is spent learning how to do use the framework effectively.

· Since the developer can extend the functionality through certain, limited well-defined extensions, the resulting code is often complicated and bloated.

· The documentation and examples are inadequate—they merely skim the surface of Eclipse’s capability. A lot of time has to be spent researching other plug-in implementations to learn how to use Eclipse.

· The UI is inflexible. It is impossible to make major changes to the base UI of Eclipse. This results in a UI that might not ideal for a plug-in.

Model
The model of TAJ, comprising the data structure consists of three classes—the Clip, the Line and the Chunk. Please see Figure 1 (below).


[image: image1.emf]Clip

Line

+collapse()

+expand()

Chunk

1

*

+collapse()

+expand()

-Chunk : root

Model

root

Figure 1 : A class diagram of the TAJ Model


The Clip, Line and Chunk classes together form the core data structure based on the Composite design pattern. On activating the TAJ plug-in on a file, each line from the source file gets initialized as a Line object. The inheritance and collection relationships between the Chunk and the Line give the data structure its recursive characteristic. Each of the lines of source codes are initialized and referenced by a Vector in the Chunk class. The “root” variable in the model serves as the root chunk of the source file. All the expand and collapse operations made by the user are then made on the root chunk. 

GUI

The User Interface of TAJ currently consists of a button on the toolbar that activates the plug-in and a customized TAJ Editor. The editor is connected to a TAJ model for every source file being documented using TAJ. Once the TAJ plug-in is activated on a certain file, a TAJ Editor is opened on that file. The TAJ Editor has a custom pop-up context menu that has all the possible operations as its menu items.

Each collapse made on the file is indicated visually by a green, “bookmark” icon that appears on a vertical ruler on the left side of the editor.

Formal Model 

<insert here>

Verification

To assure that TAJ satisfied the outlined features and specifications, system testing, a form of black-box testing, was employed.  A comprehensive test plan was designed to verify that the tool’s UI and architecture successfully accomplished all of its intended objectives.  Each test case of the test plan was aimed specifically for each distinct task.  The test cases involved startup of the TAJ plugin, creation of a new TAJ document, opening of an existing TAJ document, actions on a TAJ document (i.e. collapse, expand, hard-expand, recollapse, recollapse-all, and expand-all), and saving of a TAJ document.  

The dependencies among these test cases were also specified in the test plan.  These dependencies helped direct the sequence of the test cases to be implemented.  An example of a possible sequence of test cases involved a nested collapse, where a collapse of a set of lines was followed by another collapse and a third collapse that included the annotation of the first two collapses, and then an expand-all (Figures 2-6 below).
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Figure 2. The editor with the loaded file
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Figure 3. The editor after the 1st collapse
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Figure 4. The editor after the 2nd collapse
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Figure 5. The editor after the nested collapse
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Figure 6. The editor after expand-all

The dependencies also helped identify pathological sequence of cases that may produce errors in the tool.  Pathological use cases include collapse without selection of a set of lines, expand without any previous collapses in the entire document, and expand after hard-expand.

After its design, numerous reviews, and subsequent changes, the test plan was finally implemented.  All errors and faults were reported and then the necessary fixes were made to the tool for its initial release.

Validation

An experiment was conducted to test the efficiency and effectiveness of the TAJ tool in relation to Javadoc and ordinary text-based documentation methods. A group of 11 undergraduate and graduate students were split into three groups. Each group was trained in either TAJ documentation style, Javadoc style, or text-based documentation style. Then, members of each group were asked to document a simple program, within a 15 minute time limit, using the documentation style that was taught to them. Afterwards, each subject was given a timed, short multiple-choice test to evaluate their understanding of the program. The questions were designed to test knowledge at different abstraction levels. The charts below provide the results of the experiment:
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Figure 7
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Figure 8
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Figure 9

As illustrated by the data in Figure 7, the subjects who used the TAJ documentation tool were able to answer more questions concerning the program correctly than those subjects who used other forms of documentation. Furthermore, by Figures 8 and 9, TAJ documenters gained a better understanding of the program at both higher and lower abstraction levels than the other subjects. The Javadoc documenters performed better than the text-based documenters, as expected, since Javadoc was implemented to assist in better documentation of code. However, since the experiment was conducted with such few subjects, the results may not generalize. They do indicate the potential that TAJ has over other forms of documentation such as Javadoc.

Several factors contributed to the success of the TAJ tool over Javadoc and over text-based documentation. First, TAJ allows users to add annotations at any level of abstraction. This gives users the ability to document the program design and architecture, as well as the code specifics all within the same documentation file. By doing so, the user can gain a better overall understanding of the program. The TAJ tool also supports nested annotations, which allows users to view the documentation at different levels of abstraction. Such a feature makes users focus on all aspects of the program rather than just the documentation of detailed algorithms and other code-specific features of the program. Both of these factors led to the better performance on source code understanding by the TAJ documenters over the others.

As shown by the experiment, TAJ has the potential to become efficient and effective Java documentation tool. Its performance even in pre-release stages has shown that it can handle the documentation of programs at multiple abstractions, a feature not supported by many other documentation tools. Along with the addition of the domain model feature, TAJ could become the best Java documentation tool for understanding of source code and even contribute much to overall program comprehension.

CONCLUSION

Program understanding happens at various levels of abstraction, and current documentation tools do not support documenting at all levels.    The documentation tool TAJ provides us with the ability to document and create links between various levels of abstraction in order to improve program understanding.  While the experiment was conducted with a small number of people, it did indicate that subjects who used TAJ had a better program understanding than those using current documentation tools.  
Future Work

The future work of TAJ involves the incorporation and linking of a domain model with the already existing TAJ documentation and the implementation of an editor that understands the syntax of source code.  Both of these features will add to the programmer’s understanding of the source code.  

Domain Model

Still in the prototype stage, the domain model tool will allow the programmer to create a simple class diagram of the program and link it to the TAJ documentation.  Using the existing drawing editor of a plugin called MDE for UML, a class diagram that includes classes, their attributes and methods, and the relationships between them (such as associations and generalization/ specialization) will be able to be drawn.  Selected lines of code, including TAJ annotations, in the source code will be capable of being linked to a distinct part, such as a class, of the class diagram.

Viewer handling Java Source Code

The current code editor of TAJ is capable of loading and handling any type of a text file.  In the future, the editor will also be able to interpret java source code files.  The editor, like a java code editor, will distinctly highlight keywords (such as private, public, static, main) in the source code.  This more-capable editor will enhance the programmer’s comprehension of the code.
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Figure 1 : A class diagram of the TAJ Model



