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1. Introduction

Commercial software systems usually go through several testing stages before release to customers.  Large software systems, such as air traffic control systems and on-line banking systems, may have thousands of test cases and scenarios to cover, making the test phases time-consuming and costly.  As software systems are becoming more and more complex nowadays, and yet their time to market is shrinking, there is an overwhelming demand for improvements in test efficiency.  One promising method to meet this ever-increasing requirement for speed of testing is test automation.

Automated testing is relatively easy to carry out for applications driven by text user interfaces.  One can write all the test steps in a script file using a text editor and then execute the script.  Such a script file may contain all of the major work-flows of the system being tested, thus enabling an end-to-end execution of the system in a single run.  One obvious benefit of automated testing is that it eases the tester from the burden of memorizing all the commands in the job-flow, giving him the opportunity to focus more on result validation and problem diagnosis.  On the other hand, test automation is much more difficult to achieve for applications with graphical user interfaces (GUIs).  Traditionally, GUI testing involves manual execution and visual validation of the components’ behavior.  This type of testing could be very tedious, costly and error-prone when the system interface is comprised of hundreds of visual components.  As graphical user interfaces are gaining popularity, powered by the development of internet and web applications, GUI testing is drawing more and more attention in the software industry.  Some GUI testing tools began to appear in the late 80s and early 90s, showing some promising features.  These packages are mostly capture-and-replay type of tools.  One of the typical examples is WinRunner, developed by Mercury Interactive Corp.  It can save the execution of GUI testing and convert the steps run by the tester into a script file, so that later the test can be re-run by loading the script file into the package.  However, most of these tools are expensive and have limitations of their own.  We will give a more detailed analysis of this issue later in the next section.

In this report, we present a different approach rather than the popular capture-and-replay method to GUI test automation.  After reviewing the testing procedures for applications with GUIs and textual user interfaces, it is believed that most of the difficulties associated with GUI testing can be solved by simply providing a textual user interface that interacts with system functionality in the same way as the GUI.  In fact, in almost every application, a GUI can be viewed as a representation layer between the end user and the system core functionality.  If designed properly, one can separate the GUI part from the core functions of a system, thus enabling a parallel text user interface to be developed.  An extra layer is introduced in order to ensure that the application system will behave “identically” to the text commands (entered via text user interface) and commands (or messages) generated from a visual component.  This layer, interacting with both interfaces and the core application system, is comprised of the components that can interpret the commands or messages from both interfaces and invoke the system function calls via appropriate commands.

The report is organized as follows: section 2 presents the background work, including the evolution of user interfaces; problems associated with GUI application testing and impact of user interfaces upon testing; capabilities and limitations of the currently available GUI testing tools.  Next, we describe a framework that we developed to automatically provide both a text user interface and a graphical user interface for an application, in particular a text editor.  We chose Java as the language in the development, as it is becoming a popular language in developing GUI applications.  Section 4 gives a discussion of the framework and its further improvement.  The entire work is summarized in section 5.  Appendix A describes how developers can build a combined text/GUI application using this framework.  Appendix B is the documentation produced using the javadoc command.  The source code for the framework is given in appendix C.
2.  Background

2.1
User interfaces: textual and graphical
The first interactive user interface to computer applications was the text-and-keyboard based user interface, encompassing commands that one has to type in with keyboard.  Normally, the computer system will act upon each command line terminated with a character that is interpreted as an end of input, e.g. a hard return or <EOF>.  The traditional UNIX shell is a typical example of a system with a text user interface.  Text user interfaces dominated the early computer software development due to the limitations in development of hardware (e.g. color monitors) and the graphical driver software.  Applications developed based on text interfaces are cumbersome, as the users have to memorize and type in the correct commands.  The system can become irritating since it treats a typo just as an unknown command – an unintelligent machine to work with.  Therefore extensive training and experience are usually necessary for one to become an efficient user.

With the advance of development of computer hardware and operating systems, graphical user interfaces (GUIs) are becoming more and more popular in today's software applications.  Compared to the terse, old-styled command-line-driven textual user interface, GUIs are much more intuitive and meaningful to users.  A software system based on GUI communicates with the users via a graphical representation of commands or data, which eliminates the manual-typing of the command lines.   An end user simply moves a cursor around and clicks on a graphical representation of a command on the window using a mouse in order to issue a command.  The applications become more user friendly, as they are much easier to use and more understandable.  There are also advances in operating systems (such as Motif and Windows) and software languages (such as Java) that contribute to the popularity of GUI applications.  The recent blossom of internet and web-based applications fueled demands for GUI applications.  Information and services need to be accessible to the general public in high speed and easy-to-understand format.  As a result, graphical user interface development is enjoying an amazingly unprecedented pace of growth in the software industry.

2.2
Application testing and user interface

Commercial software systems normally go through several testing stages, including unit test, integration test and user acceptance test, before release to customers.  As a system is getting larger and more complex, a thorough test thus becomes more difficult to manage and requires more time to complete.  Therefore it is reasonable that one may expect a longer and longer phase of testing to take place as a system grows.  However this is not even nearly the case in today’s software development.  Even though the software systems are getting more complex, their development cycle and time to market are tending to shrink.  This is partly due to the demand and expectation from the general public for more products in the light of hardware advances.  Due to this ever-increasing challenge for speedy delivery of products, there has been a high demand in the software industry to improve the test efficiency.  Interestingly, the choice of user interface may have an important impact on the test efficiency.

Although a text user interface is rather terse and cumbersome to the end users, it does have an advantage in terms of testing.  Command interpreters such as UNIX shells are very useful tools for text user interfaces in that they provide testers a way to group various commands into a single file.  With job control statements, such as if and while, shell scripts became a valuable tool to automate applications and application testing.  Instead of typing in commands one at a time with a keyboard, a tester can put a collection of related commands into a file using a text-editor, then run this script file.  The shell programs can be re-run at convenience, significantly enhancing the repeatability of a test.  Other powerful features provided by the shell, such as file system handling and pattern search and manipulation (i.e. the regular expression), greatly facilitate result verification.  Thus not only the test execution, but also the result-validation can be carried out using shell programs – a fully automated testing methodology.  Note that the capability of data/result validation is a critical requirement to automate software testing.  This capability is always available to the applications with text user interface, even for those built upon a client/server architecture, since almost all the major applications (e.g. database and middle-ware) have text APIs to interact with.  This is however not the case for GUI applications.  Last but not least, most of the changes made to the application don’t affect the test scripts at all, provided the test cases are not affected.  Even in the case that some of the test cases need to be revisited upon the changes in the application, modifications to the test scripts are relatively cheap.  Because of these features, text user interface and shell programming are still widely used in today's software application development.

Unfortunately, GUI testing is far more complicated.  Just like every other new technology in the software industry, the development of the graphical user interface has encountered difficulties of its own.  In particular, GUI testing is tedious and difficult to automate.  Unlike textual user interface testing, in which one can practically call all the components in one script, there is no method available to stimulate all the graphical components without a human touch.  In other words, testers have to be there to initiate all the actions.  Traditionally, GUI applications have to be tested manually: the testers have to sit in front of a computer and type in characters, move the mouse, click on buttons, and so on.  This problem is deeply rooted in the purpose of GUIs’ existence: they are designed to interact with humans, not machines.  This also gives rise to another problem associated with GUI application testing: the lack of result-validation ability.  Virtually all non-trivial GUI applications require a separate batch job to be developed to verify the test results.  Worst of all, changes and modifications made to the applications very often force re-tests using the GUI interface, even though most of the changes have no direct impact on the GUI components.  Thus the GUI testing in the software industry becomes a very tedious, costly and error-prone process due to the lack of repeatability.

2.3
GUI testing tools

Driven by the desire to reduce the cost of testing, some useful GUI testing tools have been developed by various companies.  Most of the tools are Capture-and-Replay type applications.  Typically, these packages sit in the background and record the actions taken by the end user on the window while the GUI application is running in the foreground.  With the test steps memorized, the GUI test can be re-played by recalling all the test steps.  Although having very limited ability to adjust to any changes to the test plan, these tools do possess the virtue of simplifying the re-test cycles of a product, thus freeing testers from spending too much execution time and allowing them to focus on result-validation.  One powerful GUI testing tool is WinRunner, developed by Mercury Interactive Corp. (http://www.merc-int.com/products/winrunner6/brochure).  Once the test cycle is completed and stored into the memory, WinRunner can generate a script file for all the test steps which have taken place.  Re-running the test is just a matter of a few clicks on the buttons to reload and execute the script.  The program is object-oriented and resilient to changes of GUI layout and testing platforms.  Some valuable features are also embedded into this system, including simple analysis for the objects presented on the GUI and their relationships.  For instance, WinRunner can recognize an object by either name or ID and memorize the values it contains and set a checkpoint for its value when an event is triggered.  Such checkpoints are typically required because of the business logic, e.g. in an on-line banking system, the submit-button should be disabled when the text-field for the amount of money of the current transaction is empty.  As to the data verification, WinRunner can create a printout of the messages, GUI components’ states, and calling sequences during the test.  It is normally difficult for this tool to interact with the database or the file system directly, although it may be accomplished with some tuning and adjustments.  Due to these features, it has been widely accepted as a GUI test automation tool by many software development firms, along with other similar tools, such as Rational Visual Test (http://www.rational.com).

However, all of these capture-and-replay tools have limitations of their own.

· They are susceptible to any kind of changes made to the implementation of GUI components or test plan.  Such changes, including additions of new components, redesigns of components or reorganization of the testing sequence, very often force the developers to record the test again.  This is because the old test scripts are generated by the machine and have to be regenerated by the machine again.

· Data verification, particularly in the cases involving databases in a client-server environment, remains as the weakest point of all these testing tools.  This sometimes causes confusion and difficulties in debugging errors occurring during a multi-stage transaction.  Related to this problem, these tools normally don’t perform well for data-intensive systems, as these systems require a large variety of data to be used in order to cover all of the test cases.

· Most of these tools take a relatively large amount of computer resources, thus competing with or limiting the resources available to the applications being tested.

· In addition, these packages are quite expensive and may beyond the budget of the project being developed.

In the next section, we explore the possibility of a new approach to GUI automated testing by utilizing the features available to text user interfaces.

3. A New methodology for GUI automated testing

3.1 Overview

In this section, we propose a new approach to GUI testing automation.  One of the most important principles of this methodology is that everything that can be done in the GUI can also be done in the text interface.  The design decisions are often based on forcing and/or helping the application programmer to achieve this.  After reviewing the testing procedures of both GUI and text user interface, we realized that there is a possibility to apply text user interface to applications driven by GUI.  It is our belief that the GUI and the core functionality of an application are intrinsically separate parts of a software system.   In fact, we found no compelling evidence to have the GUI be a part of core function in any system, other than a graphical representation of various commands.  The separation of GUI from the core business functionality establishes the fundamentals of our approach to GUI testing.  Instead of allowing GUI components to interact with the core functions directly, we can de-couple the two parts by introducing an interpretation layer, as shown in figure 3.1.1.  The “application description” layer in figure 3.1.1 behaves as a translator to convert the commands issued by the GUI to the application engine.  The application engine is the class underlying the particular application program.  It should be developed separately for each application.


Figure 3.1.1: The application-description layer

The obvious advantage of this architecture is that one can then build a separate text user interface on top of the application-description layer, thus enabling “simulation” of the GUI actions via the text user interface.  During the test phase, the program can be executed in either GUI mode or text mode and utilize the powerful features provided by the text mode.  Since both GUI and text user interface have to interact with the application engine via the description layer, the identicalness between text mode and GUI mode can be easily achieved.

In order to use this architecture across different application engines, the two user interfaces and the description layer have to be designed in a generic manner.  Once they are built, they can be re-used with any application description.  The application description layer has to be able to communicate with the application engine as well as with the user interfaces.  To achieve this, we designed the description layer as a composition of commands used by the application engine.  This layer is object-oriented in that it treats commands as objects.  Each CommandDesc object represents a possible command that the users can ask the program to perform.  Since each command may be associated with zero or more options and arguments, corresponding classes are introduced.  They are named as OptionDesc and ArgumentDesc, respectively.  A high-level design of this description layer using OMT is given in figure 3.1.2: AppDesc class is an aggregation of CommandDesc, which in turn is an aggregation of OptionDesc and ArgumentDesc.

Development of user interfaces is relatively trivial once the description layer is materialized.  The messages sent from the GUI can be directly instantiated as command objects by the description layer, and the application engine is called using corresponding commands with arguments.


Figure 3.1.2: OMT diagram of the description layer

In the following section, we describe the commands of an example application, an editor application, which has been used to aid the development of the framework.

3.2 An example

Our work begins with a specific application – a simple editor with a specialized text interface.  We then generalize it and finally add the generic graphical interface.  The editor application provides the following commands.

· New:  To open a new file for editing.

· Open:  To open an existing file for editing.

· Argument: file name.

· Option: -readonly.  To indicate whether the file is read-only.
· Close:  To close the file currently opened.

· Option: -force.  To indicate if the file should be closed without regard to whether the file is modified or not.
· Save:  To save the file you are working on.

· Save as:  To save the file with a different name or in a different location.

· Argument: file name.
· Move to:  To move the cursor to another position.

· Argument: an integer.  The character position.  If the number of characters in the currently opened file is n, then the range of a valid character position is from 0 to n.
· Typing:  To insert text into the file.

· Argument: a string.  The text to be inserted into the file.
· Delete:  To delete the character just before the cursor.

· Quit:  To exit the program.

· Option: -force.  To indicate if the program should exit without regard to whether the file is modified or not.
An editor window will popup if the “new” or “open” command is invoked.  The editor window is used to display the contents of the file being edited.  A diagram showing the editor window is given in figure 3.2.1.

The editor application is not really in the format that we would expect of a GUI application.  For instance, we would expect the “Close” and “Quit” command to pop up a query window if the file is modified but has not been saved.  The reason is that this is just a preliminary version of the framework.  A capability to do that might be added in the future.
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Figure 3.2.1: The editor window

In the following section, we give a detailed description of each component of the framework.  The entire work is built into one package, and we chose “AppFrame” as the name for this package.  Since Java is becoming a popular and well-developed language in the world of GUI development, we chose it to build the package AppFrame.  As well, components of the Swing package are widely used.

3.3 Components of the package AppFrame

There are 15 classes developed in AppFrame.  The organization of the package can be overviewed using the generated Java class-hierarchy:
Class Hierarchy

   o class java.lang.Object

        o class Project.AppFrame.AllArguments
        o class Project.AppFrame.AllOptions
        o class Project.AppFrame.AppDesc (implements

          java.awt.event.ActionListener, java.awt.event.KeyListener,

          java.awt.event.MouseListener)

        o class Project.AppFrame.ArgumentDesc
             o class Project.AppFrame.FloatArgumentDesc
             o class Project.AppFrame.IntArgumentDesc
             o class Project.AppFrame.StringArgumentDesc
        o class Project.AppFrame.CommandDesc
        o class java.awt.Component (implements

          java.awt.image.ImageObserver,

          java.awt.MenuContainer, java.io.Serializable)

             o class java.awt.Container

                  o class java.awt.Window

                       o class java.awt.Dialog

                            o class javax.swing.Jdialog (implements

                              javax.accessibility.Accessible,

                              javax.swing.RootPaneContainer,

                              javax.swing.WindowConstants)

                                 o class Project.AppFrame.OKDialog
        o class Project.AppFrame.Interfaces
        o class Project.AppFrame.OptionDesc
        o class Project.AppFrame.PrintOrDialog
        o class java.lang.Throwable (implements java.io.Serializable)

             o class java.lang.Exception

                  o class Project.AppFrame.WrongArgumentKindException
                  o class Project.AppFrame.WrongCommandException
                  o class Project.AppFrame.WrongOptionException
· The Interfaces class
The Interfaces class is designed to interact with the user interfaces.  It has three methods, runApp(), textInterface() and graphicalInterface().  RunApp() takes an object of type AppDesc as one argument and an array of String (command line arguments) as another.  It is called from the main method of the specific application.  If the first element in the array of String is “-text”, the textInterface() method is called from runApp().  Otherwise, the first element is “-gui” and method graphicalInterface() is called.

textInterface() has an infinite loop, which repeatedly reads the next line of input text from the standard input.  An object of type CommandDesc is constructed according to the line of text if the first word of the text is a valid command.  Then the line of text is parsed and executed if the syntax is correct.

graphicalInterface() first creates a window with pre-defined size.  A menu bar is then added on the window.  The menu items are created according to the command names stored in CommandDesc objects, which in turn are stored in an AppDesc object.  There is one menu item for each command.  If the command has neither options nor arguments, then the corresponding menu item name is just the command name with the first character capitalized and underscores replaced by blanks.  For instance, the menu item corresponding to a command name of “save” would be “Save”.  Otherwise, the menu item name should have three dots, in addition, appended on the right side.  e.g. the menu item name for command “save_as” (which has a file name as an argument) would appear as “Save as…” (See figure 3.3.1).  When an item corresponding to a command with no options or arguments is selected, graphicalInterface() just calls the execute() method in CommandDesc.  Otherwise, a window will pop up to allow the user to input the values of arguments and set options if any.
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Figure 3.3.1:  Command menu for the editor application

· The AppDesc class

The AppDesc class stores a list of CommandDescs.  As the number of commands varies for different applications, we choose Vector as a data structure to store the CommandDescs.  A Vector is a dynamic array, it can grow to accommodate new elements. 

When the application is run in text mode and a line of text is input, AppDesc will go through each CommandDesc in the list to see if its command name matches the command name in the input text.  If it does, the CommandDesc is returned.  Otherwise, WrongCommandException is thrown.

AppDesc implements many listener classes.  When an event occurs, AppDesc checks each CommandDesc again to see if the command responds to the event.  If it does, the execute() method in the CommandDesc is called.

· The CommandDesc class

A CommandDesc is used to describe a command.  It maintains a list of ArgumentDescs and OptionDescs.

CommandDesc is declared as an abstract class, since it has an abstract method, execute().  When an application is built, the application will create one subclass of CommandDesc for each command, and the subclasses will have to implement the execute() method.

The parseAndExecute() method is designed for text user interface.  When the application is run in text mode, this method will be called by textInterface() in the Interfaces class.  ParseAndExecute() parses out the options names in the input text and sets the options in the OptionDesc list.  It also sets the value of the arguments and makes sure that the arguments have the right kind of value with the help of the instanceof operator.  For example, if an integer argument is expected, but a floating point is input instead, parseAndExecute() will notice that and throw WrongArgumentKindException.  After setting the options and arguments, parseAndExecute() calls execute() to execute the command.

The inputOptionsAndArgumentsAndExecute() method, however, is designed for the graphical user interface.  It first creates a window.  Then a JPanel is added for each argument and option.  Each argument panel consists of the argument name and a JTextField to allow text input.  Each option panel consists of the option name and two JRadioButtons labeled with “on” (corresponding to setting the option to true) and “off” (corresponding to setting the option to false) separately.  The “on” and “off” buttons are grouped together, which ensures that only one button is selected at a time.  Here, the “off” button is set to be the default.  At the very bottom of the window, another JPanel is added with two buttons in it.  One of the buttons is labeled with “Cancel”, and the other is labeled with the name of the command.  If the “Cancel” button is clicked, the command will be cancelled.  If the button labeled with the command name is selected, the values in the text fields and the status of the JRadioButtons will be read in, and the corresponding arguments and options are set.  Consequently, the command is executed.  A sample option and argument input window for the open command of the editor application is shown in figure 3.3.2.  Note, JPanel, JTextField and JRadioButton mentioned above are  Swing components.
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Figure 3.3.2: option and argument input window for the open command

· The OptionDesc class

An OptionDesc object is constructed from an option name.  By default, the value of an option is false, and the text description of an option is the name of the option with the first character being capitalized and underscores replaced by blanks.  The value of an option can be set to true using the setOption() method and later it can be reset to false using resetOption().

· The AllOptions class

As the name suggests, AllOptions manipulates a list of OptionDescs.  A vector is selected to hold the option descriptions.  An option description can be retrieved either by specifying the name of the option or the position of the option description in the list.  The retrieval operation is accomplished through two methods with the same name but different types of argument.  This is a feature called method overloading.

· The ArgumentDesc class

This class has all of the methods and variables to handle all kinds of arguments.  It also defines three constant values to indicate the type of this argument.

· The IntArgumentDesc, FloatArgumentDesc and StringArgumentDesc classes

These three classes are subclasses of ArgumentDesc.   They have a very similar structure, in the sense that they only contain a constructor method.  All other operations that these classes need can be inherited from the super class.  The relationship between the three classes and their super class is shown as below.


Figure 3.3.3: OMT diagram for ArgumentDesc and its subclasses

· The AllArguments class

Like the AllOptions class, AllArguments manipulates a list of ArgumentDescs.  Again, a Vector is selected to hold the argument descriptions.  However, unlike the AllOptions class, an argument description can only be retrieved by specifying the position of the argument description in the list.  

· The PrintOrDialog class

There is a static boolean variable, guiMode, inside the PrintOrDialog class.  This is set to true when the application is run in GUI mode, and false otherwise.

Two methods in this class are worth mentioning.  They are out() and err().  The principle of the two methods is the same.  That is, they both take a string as an argument display the string.  When the application is run in text mode, System.out.println()/System.out.err() is called and the string is displayed to the standard output/error.  However, if the application is run in GUI mode, a dialog that contains the string and an “OK” button will popup to require the user to read this message and confirm it by clicking on the “OK” button.

· The OKDialog class

A Jdialog can be either model or nonmodel.  A model dialog is one which blocks input to all other windows until it is dealt with.  A nonmodel dialog allows you to do other things before dealing with it.  OKDialog is a model dialog.  It consists of a Jlabel to display a message and a Jbutton labeled “OK”.  We make the dialog a model dialog to seize the attention of the user to ensure the message is read.  When the user clicks the “OK” button, the dialog is disposed. 

· The WrongArgumentKindException class

WrongArgumentKindException is thrown when the type of argument we are expecting is different from what we are getting.  For instance, if a command has an integer type argument, but a string of characters are supplied, then we have a WrongArgumentKindException.

· The WrongCommandException class

Suppose the application only has three commands, A, B and C, but command D is entered.  In this case, WrongCommandException will be thrown.

· The WrongOptionException class

WrongOptionException is thrown when an illegal option is entered.

3.4 Application-specific events

Application-specific events are those generated by operations on the event sources that are specific to an application.  The editor window for the editor application, for example, is an event source that is specific to the editor application.  Hence, the events generated by operations on the editor window are application-specific events.

In Java, events are sent from a source object to one or more listeners (or receivers).  A listener implements event-handling methods and is registered with an event source in order to receive events.  We have defined AppDesc a receiver to receive any application-specific events, by making it a subclass of many listener interfaces, such as MouseLisener, KeyListener, etc.  An AppDesc object is passed to the CommandDesc constructor.  When a CommandDesc object is created, the AppDesc object is stored in it.  Later, if this CommandDesc creates an event source, the AppDesc object is registered with this event source.  When an event is fired, AppDesc calls isMyEvent() in CommandDesc to check each of the CommandDescs to see if they respond to this event.  If a CommandDesc does respond, its execute() method is called.

3.5 Packaging

Packages are just groups of Java classes and interfaces that are related by purpose or by application.   They provide a means for organizing Java classes.  We have made all of the classes described in the previous section into one package, Project.AppFrame, by putting package Project.AppFrame statement at the top of each source files in which the classes are defined.   To use this package, a developer will just have to import this package in the source files that he is going to develop.  Detailed instructions of how to develop applications using this package will be given in Appendix A.

3.6 Structure of two applications built with AppFrame

· The editor application

We have created an editor application (EditorApp) to test the AppFrame package. 

The editor application includes the following components.

· An Editor class.  The core functions of the application are implemented in this class.  i.e., the editor class contains one method corresponding to each of the commands described above.

· One subclass of the CommandDesc for each of the above commands.  That is we have NewCommandDesc, OpenCommandDesc, CloseCommandDesc, SaveCommandDesc, SaveAsCommandDesc, MoveToCommandDesc, TypingCommandDesc, DeleteCommandDesc and QuitCommandDesc classes.  The relationship between these subclasses and CommandDesc is shown in the OMT notations as follows.


                                                                                ···
Figure 3.6.1: OMT diagram for CommandDesc and its subclasses.

These subclasses serve as a bridge to join the generic classes with the specific classes.  In a sense they contain both generic methods (inherited from super class, CommandDesc) and methods (belong to the subclasses only) that are specific to the editor application.

· An EditorApp class.  This is a very simple class.  It has only one method – the main method.  The implementation of EditorApp is shown as below.

public class EditorApp extends Interfaces {

    public static void main(String [] args) {

        AppDesc editorAppDesc = new AppDesc();

        editorAppDesc.addCommandDesc(new NewCommandDesc(editorAppDesc));

        editorAppDesc.addCommandDesc(new OpenCommandDesc(editorAppDesc));

        editorAppDesc.addCommandDesc(new CloseCommandDesc(editorAppDesc));

        editorAppDesc.addCommandDesc(new SaveCommandDesc(editorAppDesc));

        editorAppDesc.addCommandDesc(new SaveAsCommandDesc(editorAppDesc));

        editorAppDesc.addCommandDesc(new MoveToCommandDesc(editorAppDesc));

        editorAppDesc.addCommandDesc(new TypingCommandDesc(editorAppDesc));

        editorAppDesc.addCommandDesc(new DeleteCommandDesc(editorAppDesc));

        editorAppDesc.addCommandDesc(new QuitCommandDesc(editorAppDesc));

        runApp(editorAppDesc, args);

    }

}
We can see that the EditorApp class is a subclass of Interfaces.  As described before, Interfaces is a class in the AppFrame package, which provides functions dealing with both text user interface and graphical user interface.  Since those functions are declared public, the EditorApp class can inherit them from the parent class.  As a result, EditorApp doesn’t have to deal with user interfaces.  It only constructs an AppDesc object by adding the CommandDesc objects to it, then call the runApp() method also inherited from the Interfaces class.  The AppFrame package takes care of the rest.

· The system commands application

To ensure the package AppFrame is really applicable to any applications, we developed another application – a system commands application, called SystemCommandsApp.  This application utilized the UNIX commands ls, cp, mkdir, rmdir, pwd, banner and date.  Similar to the editor application, the system commands application also includes a class, called SysCommands, which contains one method for each of the system commands.  In each method we just make a system call by calling the exec() method in the Java RunTime class.  We also created one subclass of the CommandDesc for each system command, and a class that has only the main method.

It turns out that we don’t have to do any modifications for the AppFrame package; the system commands application works as expected.

4. Future work

During the implementation of the project, we found that the framework needs to be improved in the following respects.

· The way that ArgumentDesc is designed and implemented is not efficient.  As mentioned in part 3, the Argument class has three subclasses, IntArgumentDesc, FloatArgumentDesc and StringArgumentDesc.  In object-oriented theory, a super class is supposed to include only the common feature of the subclasses.  However, our ArgumentDesc class does everything that the each and every subclass may need to do.  In other words, ArgumentDesc includes some methods and variables that one subclass needs, but the others don’t.  For example, the intValue() method, which returns the value of an integer option, is only needed by IntArgumentDesc.  However, the other two subclasses also inherited this method from the super class.  This is not what we wanted.  The methods and variables that are needed only in a certain subclass should be included in that class.

· Currently, the AppDesc class only implements MouseListener (handles mouse event), KeyListener (handles key event) and ActionListener (handles action event).  In the future, a command of an application may respond to other types of event, such as item events, text events, and so on.  AppDesc should implement all interfaces that are necessary to handle the various events.

· The arguments of a command are not allowed to be optional.  However, this is not the case in reality.  One feasible method is to store a flag in the ArgumentDesc class to indicate if the argument is optional or not.

5.  Conclusion

We have created a framework for applications software development.  As mentioned before, this framework, when implemented, provides both a text user interface and a graphical user interface to an application.  As a result, the framework can free the developers from considering complex user interfaces when developing an application.  Most important, it made testing of GUI applications very easy.  This is due to the fact that the GUI application has an additional text user interface and testing of applications driven by the text user interface can be automated with the help of shell scripts.  Of course, we have to ensure that the same command entered through text user interface and selected through GUI does exactly the same thing.  This has been achieved through the implementation of the CommandDesc class.

Appendix A.  User manual

In this section, we describe how to develop and application using AppFrame.  Here the user is not the end user who runs an application, but the developer who develops an application.

To develop an application using the package we provided, the developer has to import the package in the source files.  Below we show how to develop an application step by step.

Suppose you are going to develop an application called MyApp, and MyApp has five commands A, B, C, D and E.  The application can be created in three steps.

· Step 1: Create a class that has one method for each of the commands.  In this example, you may want to have methods A(), B(), C(), D() and E() in the class.  Of course, some other methods such as those used to set or return the values of some instance variables may be necessary to include as well.

· Step 2: Create one subclass of CommandDesc (in Project.AppFrame package) for each of the commands.  You may call the subclasses ACommandDesc, BCommandDesc, CComandDesc, DCommandDesc and ECommandDesc.  In each subclass, include at least the following public methods.

· A constructor method, which takes an AppDesc object as an argument.  Let’s take the ACommandDesc as an example.  You will have an constructor like

public ACommandDesc(AppDesc thisAppDesc) {

    // Construct the super class.

    super(“A”, thisAppDesc);

    // Add all of the ArgumentDescs in order in which the arguments appear in 

    // command line.

    addArgumentDesc(new StringArgumentDesc());

    addArgumentDesc(new IntArgumentDesc());

         . . .

    // Add all of the OptionDescs of the options to the command .

    addOptionDesc(new OptionDesc(// option name));

    addOptionDesc(new OptionDesc(// option name));

    . . .

    // Set the text description for each argument.  The text descriptions are used
    // when the application is run in GUI mode.  If a command with arguments are
    // selected, a window will pop up with the text descriptions displayed and a text
    // entry field beside each text description to allow the user to input a value for
    // the argument.

    a.getArgument(0).setTextDesc(// text description for the first argument);

    a.getArgument(1).setTextDesc(// text description for the second argument);

    . . .

}

· An execute() method.  This method returns a boolean.  If the command successfully terminates the program, execute() should return false, otherwise true should be returned.  In this method, the method corresponding to the command in the class created in step 1 should be called.

· An isMyEvent() method.  The prototype of this method is:

boolean isMyEvent (EventObject e, String eventType)

If the command does not respond to any application–specific events, this method simply returns false.  Otherwise if the event is an event which triggers this command, it sets up the arguments and options, if any, in this CommandDesc, and returns true.

· Step 3: Create a class that has a main method.  This class will inherit the Interfaces class (in Project.AppFrame package).  Let’s call the class MyApp.  MyApp will be defined as shown below.  It first creates an AppDesc object, myAppDesc, then adds the subclasses created in step 2 to myAppDesc.  Finally, it calls the runApp() method inherited from the Interfaces class.

public class MyApp extends Interfaces {

    public static void main(String [] args) {

        AppDesc myAppDesc = new AppDesc();

        myAppDesc.addCommandDesc(new ACommandDesc(myAppDesc));

        myAppDesc.addCommandDesc(new BCommandDesc(myAppDesc));

        myAppDesc.addCommandDesc(new CCommandDesc(myAppDesc));

        myAppDesc.addCommandDesc(new DCommandDesc(myAppDesc));

        myAppDesc.addCommandDesc(new ECommandDesc(myAppDesc));

        runApp(myAppDesc, args);

    }

}
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