Polelo Technical Report #6-2004

Building a Retargetable XML GUI Toolkit

Basil Worrall

December 2004

Building a Retargetable XML GUI Toolkit

Basil Worrall

University of Pretoria, Pretoria, South Africa

bworrall@cs.up.ac.za

Abstract

In this article we present the work involved in converting our in-house Vendor-Independent Event and Windowing System (Views) to GUI-toolkit independence.  We also present an example implementation of the new system that can be used on top of Trolltech's Qt API.  The Views project was born of an attempt to provide GUI support to Microsoft's shared-source implementation of the Common Language Infrastructure (SSCLI, a.k.a. Rotor).  While Rotor provides much of the features offered by the commercially available .NET Framework, it lacks a number of APIs (Windows Forms Library, ASP.NET, to mention two) that would make the environment more attractive to developers.  The need for these features is further highlighted by the fact that Rotor is largely platform-independent, and therefore programmers cannot rely on the presence of a Windows Forms Library implementation for their target platform.

1. Introduction

In 2002 Microsoft released a shared-source implementation of the Common Language Infrastructure (CLI) [ref to Rotor website] intended for use by researchers and academics who needed to gain insight into the inner workings of the language environment.  Subsequently they initiated a RFP [ref to Rotor RFP website] for projects that would experiment either with the mentioned inner workings (e.g. the garbage-collection mechanism, the JIT compiler, etc. [8]) or with creating new APIs that relied on the framework.  Our Views (Vendor-Independent Event and Windowing System) project was accepted, and funded, as one of the latter category projects [1]

 REF _Ref90378299 \r \h 
[2]

 REF _Ref90378300 \r \h 
[3].

The modern trend is to rely on designer tools that present a WYSIWIG interface for the layout and event-integration of window controls, generating code on the fly in the application [23].  While such tools certainly have a place in modern application development, the benefit they offer to learners is minimal, in terms of understanding the underlying API and the generated code [14].  Indeed, the code generated for even the simplest of interfaces occupies roughly half the application code, and therefore results in the learner understanding only half of the program.  Furthermore, these blocks of dumped code are often accompanied by a warning that changes could result in incapacitation of the designer tool.  This is problematic for the learner as it prohibits exactly the kind of experimentation that greatly speeds the learning process.

The intent of the Views project was to address the above-mentioned concerns in providing a windowing toolkit for the Rotor platform that would share its platform independence, and offer programmers the much-needed support to provide GUIs with their Rotor applications.  The system allows the user to specify their GUIs in a simple and easy-to-learn XML notation, and then to integrate their applications with this GUI through an elementary interface to the core engine.  No code generation takes place, and the GUI specification can be stored in an external file so that it will not obfuscate the application's logic.  A side effect of keeping the GUI specification and application logic separate is that the programmer can make simple changes to the controls in the specification (e.g. their layout, or even substituting a drop-down list for a collection of radio buttons) without having to recompile the program.  From the opposite perspective, the GUI can be reused by a number of applications that require a similar front-end while presenting different results (e.g. a calculator program that prints out expressions in either standard algebraic or reverse Polish notation).  More information about the use and implementation of the Views project can be found in [1].

Unfortunately, within the timeframe allowed for the initial project, we were unable to implement a truly platform-independent version of Views.  In this article we present the work done to attend to this shortcoming.  Having looked at a number of platform-independent windowing toolkits, we decided to refactor the Views code so that such a toolkit (e.g. Tcl/TK [22] or Qt [15]) could be plugged into the system, allowing it to run on the platforms these toolkits support (which, in most cases, are also the platforms that Rotor supports).  In terms of the user's code, the interface would remain the same (including the XML notation).

The layout of the rest of this article is as follows.  Section 2 presents the basic XML notation and programmer interface of the Views system.  Section 3 delves a little deeper by showing how the static structure of the Views implementation was changed to suit a toolkit-independent deployment.  Section 4 shows how the Qt windowing system was integrated with the new version of Views, and section 5 discusses related work.  Section 6 concludes the paper.

2. The Views Interface

As mentioned in the introduction, the Views interface consists of two parts, namely the GUI specification XML notation and the programmer interface presented by the Views engine.  We now take a closer look at each of these, in the hope of giving the reader a better picture of the Views system and the scope of work involved in transforming the interfaces to abstractions of an arbitrary windowing toolkit.

2.1 The Views notation

A typical GUI specification in Views consists of two types of tags – grouping and control.  A third type, position tags, can also be used for finer layout control.  Specifications may also contain comments, enclosed in the standard comment tags (i.e., <!-- … -->).  Grouping tags may contain nested groupings and controls, and dictate a specific layout of these sub-groups or controls.  For example, the <horizontal> group specifies that all groups/controls contained within it be placed side by side from left to right.  Table 1 lists the grouping tags, their attributes, and their behaviour.  The format of the attributes is described below.

· String values may (1) be enclosed in single quote characters, (2) be enclosed in double quote characters, or (3) consist of a sequence of letters, digits and period characters.

· Colours may be defined by their names.

· Alignment values are specified as Left, Center (or Centre) and Right for horizontal alignments, while Top, Middle and Bottom are applicable for vertical alignments.

· Size measures are specified as decimal numbers, optionally containing a fractional part, and may optionally be followed by units of measure. The recognized units are: pt or point for points, in or inch for inches, mm for millimetres, cm for centimetres, pc or pica for picas, dd or didot for didots and cc or cicero for ciceros. If the units are omitted, the default is points (which are taken to be identical to pixels).

It should be clear from the first point above that Views allows the user to write their specifications in a notation that bends the rules of well-formedness dictated by the XML specification [4].  Examples of this are that the attribute values can be written without quotes (as long as no white space characters are included in the value), and tag and attribute names can be capitalized to enhance readability.

Of particular interest is the <panel> grouping, which allows a control's position to be absolutely defined, relative to the panel's placement.  At the time of Views' inception, the Windows Forms Library API did not provide any layout managers, forcing GUI designers to place their controls using absolute pixel positioning - unintuitive and awkward to do by hand – for which automated form designer tools are ideal.  We implemented the <vertical> and <horizontal> tags to provide a more natural layout option to the user.

The pair of position tags, <position> and </position>, may enclose a single control or a single panel to force its location at an explicit location in the form or in a panel. An example usage is

<position X=30 Y=50> <button name='push me'/> </position>
A positioned control may be used only in two contexts

· inside a <panel> … </panel> group

· inside the <form> … </form> group provided that all the items are <position> … </position> items.
The control tags encompass the most commonly-used controls in GUI applications.  Each control defines a name, which may be used in the client application to reference the control.  Other attributes common to most controls are their fore- and back-ground colours, their width and height, and their alignment relative to the layout panel in which they are contained.  Table 2 provides the full list.

A useful feature of the notation is the ability to specify parameterized values.  These parameters are written as {i} values, where i is an integer, starting at 0.  The programmer must provide values to substitute for these placeholders in the application.  This can be used, for example, in a locale-independent application, where the text in the GUI can be provided in a number of languages.  Only attribute values may be parameterized.
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2.2 The Views programmer interface

Views presents a small, yet complete number of functions the user can use to query and alter the controls defined in the specification, and to react to simple "clicked" or "moved" events.  Objects of the class Views.Form represent instances of the Views system.  This class has a single constructor that takes a string parameter, and an optional variable-length list of strings.  The first string is either the name of the file from which to load the GUI specification, or the GUI specification itself.  The optional list of strings provides the values to be substituted for parameterized values in the specification.  The constructor builds the GUI, and shows it to the user.  Views.Form also defines Get and Put methods, which accept as their first parameter the name of the relevant control as a string (with the notable exception of the GetControl method).

There are three variations of the Get methods, namely GetControl, GetText and GetValue.  The GetControl method is the means through which the application is informed of events occurring in the GUI.  This method blocks until a valid event occurs, upon which it returns the name of the control where the event occurred.  The valid events include clicking on a button, (un)checking a checkbox, selecting an item from a drop-down list, or dragging a trackbar's cursor.  The string returned matches the value of the name attribute used in the XML specification.

The GetText method accepts the name of a control that can display text (e.g. labels, buttons, textboxes), and returns the text that control is currently displaying as a string.  There are two versions of the GetText method.  The first accepts one parameter of type string, and is intended to read values entered into the TextBox and ListBox controls or filenames created with the OpenFileDialog or SaveFileDialog controls. Additionally, if name refers to a GroupBox control, then this method returns the text attribute of whichever radio button inside the group is checked.  It can, however, be used to read the text values of other text-based controls, in situations where the program may alter this text (for example, a Play button may be changed to a Stop button, in which case the program should branch its behaviour based on the current text).  The second version takes both a string and an integer index value as parameters, and is used with a ListBox control. It returns the string at the specified index within the list (the first string in the list has index 0).

Finally, the GetValue method is similar to the first GetText method, except that it returns an integer value.  It is used with the TrackBar, ProgressBar, CheckBox, RadioButton and DomainUpDown controls.  For CheckBox and RadioButton, the result is 0 for unchecked and 1 for checked, and for DomainUpDown the index of the currently selected item.  Track and progress bars return values relative to their bounds, indicating the current position of the cursor or progress indicator.

Two of the three types of Put methods, PutText and PutValue, are the logical counterparts of the Get methods.  The second parameter for PutText is either a string, representing the new text the control should display, or an integer, representing the index with the list of strings contained in a ListBox control – in which case the third parameter is the string to assign to that position.  The second parameter for PutValue is an integer representing the new value or position the named control should present.  The third type of Put method is PutImage, of which there are two versions.  The first accepts a string for the name of the PictureBox control, and another for the name of the file that contains the picture to be displayed.  The second accepts the name string, and an instance of the Image class (from the Windows Forms Library API).

An instance of Views.Form can be indexed by a name to return the System.Windows.Forms.Control instance associated with that name. For example, if f is a Views.Form instance and the XML specification included the line

<Button name='Push Me' width=100/>

then the program can use statements like these

System.Windows.Forms.Button b = f["Push Me"]; // Note: no cast needed

b.Text = "Poussez Moi svp";

b.ForeColor = System.Drawing.Color.Red;

b.BackColor = System.Drawing.Color.Yellow;

to retrieve the System.Windows.Forms.Button control created by Views.Form and modify some of its properties.  Implicit conversions are defined for all controls that may be used inside a Views form, so that casting to the data type of the extracted control is unnecessary.

3. Abstracting Views

There are three steps we followed in the process of converting Views to a toolkit-independent version.  They are:

1. Understanding the design and implementation of the original system.

2. Extracting the common components from the original system, and, where possible, putting the common elements of the programmer interface into a C# interface.

3. Writing a toolkit-specific implementation of the C# interface mentioned above, which pulls in the services of the extracted common components.

For the remainder of this section we shall look at the results of the first two steps, while section 4 examines the results of the third step, with specific reference to a Qt-specific implementation.

3.1 Views Implementation

In the original, Windows Forms Library specific, implementation of Views, the process of converting a GUI specification to a visible window follows these steps:

1. The application invokes the Views.Form constructor with the XML specification as a parameter, and the optional variable-length list of strings with which to replace the parameters in the specification.

2. The constructor passes the specification to a normalization component, which converts from the Views notation to well-formed XML, including the replacement of parameterized values with the strings passed to the constructor.  Semantic checking of the specification is also performed here (e.g. all name attributes must have unique values).

3. The constructor then passes the well-formed XML document to an XML parser that converts the document to a tree structure.

4. The tree structure from step 3 is subject to a depth-first traversal, where appropriate operations are performed to construct the controls, with the specified attributes, and to lay them out according to the vertical, horizontal or absolute placement rules specified in the tree's nodes.  Each control is inserted into an instance of the System.Windows.Forms.Form class, as well as a hash table, keyed by the control's name.  Those controls that are interactive have their event triggers hooked up to appropriate handler methods in the Views.Form instance.

5. The System.Windows.Forms.Form instance is passed to a thread that calls System.Windows.Forms.Application.Run, with the instance as a parameter.  The Run method is a blocking method, so it is necessary to invoke it in another thread to allow execution to pass back to the application.  The thread is not moved into its running state yet, so GUI window is not visible at the end of the setup process.
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Of these five steps, the first three represent components of the system that can easily be migrated to the toolkit-independent version, while the processes in the last two are tightly coupled to the Windows Forms Library, and they are thus prime targets for factorisation.  Figure 1 represents the flow of control through these steps diagrammatically.

Once the application has regained control, it can proceed to invoke any of the methods exposed by the programmer interface.  Of these methods, the most interesting is the GetControl method, especially, as we shall see shortly, because it is responsible for showing the window.  Most applications will place the call to GetControl in an endless loop that is broken out of when the method returns a null value; otherwise an appropriate handler routine is chosen and invoked depending on the string returned.  GetControl is implemented as follows:

1. First, a check is made to determine if the window has already been made visible.  If not, the thread mentioned in step 5 above is moved to its running state.  This will only be done at the first invocation of the GetControl method.

2. The monitor belonging to the Views.Form instance is acquired.

3. The contents of a global variable, clickedName, are examined.  If the variable has not been set, no event has occurred, and the monitor's Wait method is invoked, effectively blocking the method (and releasing the monitor).  It will remain in this state until the monitor's Pulse method is called (at which point it will reacquire the monitor).  The event handler methods are responsible for storing the name of the control which triggered the event in clickedName, and calling the Pulse method.

4. At this point, clickedName is guaranteed to have a non-null value.  This value is stored in a temporary local variable, and clickedName is reset to null.  Before returning the value, a call to the monitor's Pulse method is executed.  Because Views implements a pull-based event mechanism, we artificially prevent the GUI from signalling a new event before the previous event is sent to the application.  Thus the event handler methods mentioned in step 3 are required to block until GetControl is finished, by invoking the monitor's Wait method.  The Pulse call made in this step interrupts that Wait, allowing the event handler to complete, and control to pass back to the GUI.

5. The monitor belonging to the Views.Form instance is released.

6. The temporary variable's value is returned.

We observe that GetControl's definition is free of any reference to the Windows Forms Library classes, but it is indirectly dependent on the event-triggering mechanisms of said classes, and also on the event-handling procedures defined within Views.Form, as it synchronizes with them.

For the remainder of the GetXXX methods, and the PutXXX methods, the implementation involves obtaining a reference to the System.Windows.Forms.Control instance via the hash table (see step 4 of the setup process), determining the type of control, and then storing or retrieving the associated attribute appropriately.  Knowing the type of the control is important, for example, in the context of the GetText method, because the retrieval of the text associated with a button is significantly different to the retrieval of the text associated with a DomainUpDown control.  The latter entails getting the currently selected item in the list, and calling its ToString method, whereas the former translates to a call to the button's Text property.  Here we observe that the methods are highly dependent on the underlying toolkit, and thus also candidates for factorisation.

To summarise, the original design of Views incorporated many modular elements, the majority of which are toolkit independent.  These modules represent important aspects of the system's behaviour, and should therefore be carried across to the new version.  However, there are elements of the programmer interface to the engine that are very tightly coupled to the Windows Form Library, and cannot be migrated without change.

3.2 Factorisation

To aid the discussion here, we define the terms front-end and back-end with reference to Views.  The front-end of the system consists of those components that either process the XML notation, or are accessible from the application using the system.  The back-end of system consists of all those parts that are unaware of the XML, inaccessible to the application, and dependent on the GUI toolkit in use.  From the discussion in 3.1, it should be clear that there are components that straddle the imaginary line between the front-end and the back-end.  For example, the methods defined in the programmer interface are accessible to the application, yet are dependent on the toolkit.  In order to successfully implement a toolkit-independent version of Views, we need to divide these grey-area components in such a way that the overall separation between the front- and back-end is solid.  This will allow the back-end to be interchangeable, effectively enabling us to run Views on top of any toolkit.
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The way we chose to implement this separation was to create a C# interface, called IForm, which declares all the Views API methods accessible to the application.  The interface is shown in figure 2.

Comparing IForm to the methods mentioned in section 2.2, everything seems in order, except for the absence of the second PutImage method and the indexing operator.  Implementing these methods presents a serious problem, in that they make specific references to Windows Form Library classes.  A reasonable solution to this problem would be to create dummy versions of these classes, ideally as interfaces that can be implemented by toolkit-specific wrapper classes.  While one can argue against this solution by claiming that a given toolkit may not have the facilities to support the implementation of the interfaces, it must be kept in mind that the Views notation itself does dictate what expectations it has of the underlying toolkit.  Indeed, we believe that Views captures the least-common denominator of most modern GUI toolkit functionality.  As we will show in section 4, there is at least one control made available through the Views notation that our chosen demonstration toolkit, Qt, does not directly support – we also show how we were able to massage one of Qt's controls to fit the bill.  Nevertheless, at the time of writing, the provision of dummy control interfaces remains future work.  We felt, for our initial proof-of-concept implementation, that the functionality of the system would not be compromised by the omission of these two methods.

In the Windows Forms Library Views implementation the XML-tree traversal builds the window by instantiating the controls, placing them and hooking up the event handlers.  In the toolkit independent version, we do not rely on the back-end to parse or traverse the XML, so there is a requirement to construct a tree comprising toolkit-agnostic nodes which the back-end can traverse and interpret.  The nodes are instances of a new class, Ctrl, which encapsulates information regarding the name, [image: image5.jpg]Labell
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value, attributes and children of a tag in the XML specification.  The tree of Ctrl nodes is built by another new class, Parser, which reproduces all the XML-processing code from the original Views.Form class.  Specifically, it receives the same arguments as the Views.Form class, and passes them to the CheckXML.Normalize method.  It then passes the fixed XML string to the platform's XML parser, which returns a System.Xml.XmlNode instance.  A root Ctrl instance is created and populated with the attributes of the XmlNode instance, and then its children are traversed and used to create child Ctrl nodes.  The method responsible for the [image: image6.emf]Application
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traversal is shown in figure 3.

An implementation of the IForm interface can use the Ctrl tree to construct control instances specific to the toolkit, without having to be aware of the original XML tree.

In conclusion, the implementation described above successfully separates the front- and back-ends of Views.  The XML has been cleared of all references to toolkit classes, and the programmer interface has been placed behind a clean interface that deals only in names and integer values.  A reusable abstraction of the controls and their attributes was created to purge the back-end code of any references to the XML structure.  All that remains now is to test this separation to prove its worth.

4. ViewsQt implementation

For our test implementation of the retargetable Views framework, we chose Trolltech's Qt toolkit.  Qt is a complete application development library for C++, including APIs for GUI rendering, XML parsing, database connectivity and much more.  We focused only on its GUI capabilities.

4.1 Implementing IForm

Our first priority is to implement the IForm interface.  Since Qt is written for, and in, C++, an interoperability layer (written in C#) that implements the interface is required.  Thus we have a C# class, QtForm, that implements IForm, but delegates most of its functionality to a wrapper class, QtWrapper.  The latter consists of a set of simple wrapper methods that correspond with the methods defined in IForm, and a set of private, static methods that link with externally defined C++ methods.  We refer to these static methods as native methods.  The wrapper methods invoke the native methods.  Because the native methods map to instance methods of a C++ class (also called QtWrapper), we need to create a "this" (or self) pointer that can be passed as the first parameter to each of the native methods.  This pointer points to an instance of the C++ QtWrapper class, and is initialised by the C# QtWrapper class' constructor.  Figure 4 shows the C# QtWrapper constructor and destructor, as well as the declaration of the fields and methods they invoke.

The "this" pointer, ptr, is sent to the C++ QtWrapper methods as shown in figure 5.

Figure 5 also shows two other important aspects of writing the interoperable code.  First, because C# and C++ have different mechanisms for dealing with strings, it was necessary to write marshalling methods that convert between the two.  The cStrToString method converts a character pointer (char*) to an STL (Standard Template Library) string instance, while StringToCStr does the reverse.  C# performs the conversion of a character pointer string to an instance of its own string class, and vice versa.  The second aspect is the entry-point specification in the DllImport attribute attached to the getText method.  The C++ linker provides a specially encoded string for every method declared to be externally visible in the source code, called its entry-point.  This string can be used by other languages to discover the method within the DLL that is produced from the C++ source code.  Unfortunately the entry-point is compiler-specific, and also differs from OS to OS.

Returning briefly to the implementation of the IForm interface, QtForm, we can now easily invoke the methods of the C# QtWrapper class, blissfully unaware of the underlying C++ implementation:

public String GetText(String name, int index) {


return this.wrapper.GetText(name, index);

}

4.2 Constructing the controls

Our next step is to implement the construction of the GUI controls.  Recall in section 3.2 we spoke of the toolkit-agnostic Ctrl class.  We now use the tree consisting of instances of this class to initialise the toolkit controls, and to lay them out correctly.  Figure 6 shows QtForm's constructor and the tree-traversing methods it invokes.

We shall return to the SetListener call in the constructor in section 4.2.2.  For now, the focus is the AddChildren method and the ControlConstructionVisitor class.  AddChildren calls ControlConstructionVisitor's ConstructControl method for every Ctrl instance in the children ArrayList, passing it the C# QtWrapper instance and the Ctrl instance.  Then it checks whether or not the node is a layout hint.  Ctrl's IsLayoutHint method returns true if its name field string is "vertical", "horizontal" or "groupbox".   If it is a layout hint, then it has child nodes that also need to be visited.  Finally, we come to a small implementation detail.  When the traversal has finished adding the children of a layout hint Ctrl, we need to call QtWrapper's ClosePanel method.  When ConstructControl encounters a layout-hint, it invokes the wrapper's OpenPanel method, which creates an appropriate container that lays the controls added to it out correspondingly.  This container is pushed onto a stack, so that each subsequent call to ConstructControl will add its control to the correct container (the top element of the stack).  At the same time the new container is added to the previous top element of the stack, which is the root form for the highest-level containers.  ClosePanel pops this container from the stack.  Unfortunately there is no easy way of hiding this relatively low-level detail from the QtForm class, but this is a small price to pay for the elegance of the containment solution.

The ControlConstructionVisitor class defines a collection of methods that implement the mapping from the Ctrl class to the QtCtrl class.  QtCtrl is a convenience class that wraps a pointer to an instance of an actual toolkit control, and defines methods to manage the attributes of this control.  Similar to the C# QtWrapper class, it relies on homonymous C++ class to provide the implementation of its methods.  The ConstructControl method in ControlConstructionVisitor uses the information passed to it in the Ctrl instance, and creates an appropriate instance of QtCtrl that reflects the same information.  Figure 7 shows the ConstructForm, ConstructControl and ConstructButton methods declared in ControlConstructionVisitor.

The ConstructButton method calls QtCtrl's constructor, passing it a name string, and an enumeration element, ControlType.Button.  The ControlType enumeration is declared in QtCtrl, and looks as follows:

public enum ControlType {


GroupBox,


Button,


OpenFileDialog,


SaveFileDialog,


CheckBox,


RadioButton,


CheckedListBox,


ComboBox,


DomainUpDown,


TextBox,


ListBox,


Label,


Space,


ProgressBar,


TrackBar,


PictureBox

};

Then it calls the AddAttribute method for each of the possible attributes associated with a button (see table 2).  AddAttributes checks to see that the attribute was indeed defined in the specification via Ctrl's HasAttr method, and if it was, the attribute is added to the QtCtrl instance via its AddAttr method.  When all the attributes have been copied, the QtCtrl instance is returned to ConstructControl, which proceeds to add it to the layout via a call to the C# QtWrapper's AddControl method.

4.2.1 Garbage collection

We take a brief side-trip to discuss a very important issue – garbage collection.  When writing an interoperable program it is vital to ensure that references to elements in one language made in the other are kept valid for the lifetime of that reference.  When one of the languages is managed (i.e. has built-in garbage collection), this task adopts an extra degree of complexity – the rearrangement of the heap will invalidate any references that weren't present on the stack during the collector's walk, which includes those held by the other program.  In this case, the referenced object is still on the heap, indicating that a reference still exists within the managed program.  More serious is the situation where the only references to an object on the managed heap are held by the unmanaged program.  The garbage collector will happily free the heap space, once again invalidating the unmanaged reference.

There are two areas of ViewsQt where careful memory management is necessary to prevent errors.  The first is the passing of strings between C# and C++, which happens in the QtWrapper and QtCtrl twins.  The second is the pointer to the C++ QtCtrl instance held by the C# QtCtrl instance.  In the context of the string-passing, a string passed from C# to C++ must not be garbage collected before the C++ code has had enough time to copy the contents to its own heap.  The QtCtrl issue is slightly trickier.  In this case, we wish to prevent garbage collection on the C# side so that we can tidy up the C++ heap at the end of the program.  On the C# side of the fence, a QtCtrl instance has a very short life-time – once instantiated, a reference is sent to the C# QtWrapper's AddControl method, which sends the QtCtrl's internal pointer to its C++ counterpart to the C++ QtWrapper's addControl method.  This is the only time the C# QtCtrl instance is explicitly used, and under normal conditions it would become a candidate for garbage collection.  However, QtCtrl's destructor is responsible for de-allocating the heap space associated with the C++ QtCtrl instance (i.e. it invokes the C++ delete operator on the pointer value it holds).  Just before the C# garbage collector frees the heap space of an object it invokes that object's destructor.  Thus, if QtCtrl's destructor is called prematurely, e.g. during the execution of the addControl method, the pointers to the C++ QtCtrl instance will be invalidated and any future use of them will result in the program crashing.  It is important that the C# QtCtrl instance's destructor is called at the end of the program's execution, so that memory leaks are not induced in the C++ stack, so its liveness must be extended to that point at least.

In both cases mentioned above, we stop the C# garbage collector from collecting the objects by obtaining instances of the System.Runtime.InteropServices.GCHandle class for each object.  In doing so, the garbage collector treats the objects as if they had been pinned down in the heap – they cannot be moved or removed.  We maintain a list of these GCHandle instances so that we can free them at an appropriate point in the execution.  We don't mind the GCHandle instances themselves being moved around, as long as the objects they point to stay put.

Thus the call to GetGCHandle made in ConstructControl shown in figure 7 can now be explained – GetGCHandle obtains a GCHandle instance, adds it to the list of handles, and returns it to the caller.  The code is shown in figure 8.  For good measure, figure 8 also shows the ClearHandles methods, called by QtForm's destructor, which is responsible for freeing all the GCHandle instances, and emptying the list.

We now return to the C# QtCtrl's constructor.  Via another method imported from QtWrapper.dll, GetControlInstance, the constructor obtains a pointer to an instance of the C++ QtCtrl class.  GetControlInstance accepts as its parameters the name and type of the control to construct.  Recall that the type is indicated by an element of the ControlType enumeration.  Fortunately passing this type to the C++ method does not present any problems, as long as the C++ method has access to an identical enumeration.  The header file for the C++ QtCtrl class defines just such an enumeration, copied below:

typedef DLLEXPORT enum controlType {


CTRL_GROUP_BOX,


CTRL_BUTTON,


CTRL_OPEN_FILE_DIALOG,


CTRL_SAVE_FILE_DIALOG,


CTRL_CHECK_BOX,


CTRL_RADIO_BUTTON,


CTRL_CHECKED_LIST_BOX,


CTRL_COMBO_BOX,


CTRL_DOMAIN_UP_DOWN,


CTRL_TEXT_BOX,


CTRL_LIST_BOX,


CTRL_LABEL,


CTRL_SPACE,


CTRL_PROGRESS_BAR,


CTRL_TRACK_BAR,


CTRL_PICTURE_BOX

};

GetControlInstance passes these parameters as is to the C++ QtCtrl's constructor, and returns the instance obtained in so doing.  Now that we have an instance of QtCtrl, we can pass it to the C# QtWrapper's AddControl method.  AddControl delegates its functionality to the C++ QtWrapper's addControl method.  The latter uses a switch-statement on the type of the QtCtrl to determine the appropriate Qt control to construct.  For example, if the type is CTRL_BUTTON, it invokes its addButton method, passing it the QtCtrl instance.  Before we proceed with an examination of the addButton method it is necessary to consider the actions taken by the C++ QtWrapper's constructor, which was invoked by the C# QtWrapper's constructor.  Figure 9 shows the implementation.

The first action taken is the creation of a QApplication instance.  QApplication corresponds with the Application class in the Windows Forms Library, and is responsible for handling the display of the GUI windows, and manages the event queue.  A new QWidget instance is created and set as the main window of the QApplication instance.  This QWidget acts as the root container for all the controls the application adds.  Next, the stack of containers mentioned earlier (panels) is created, and the QWidget instance is added to it.  Two maps are then created.  The first, radioNameMapping, associates an integer with the name of a radio button.  The event raised when a radio button is selected indicates only the index of that button in the group of radio buttons.  The radioNameMapping allows us to retrieve the name of the radio button to send back to the application.  The second map, controlMapping, maps a control's name to the associated control (QWidget instance) created for it.  All Qt controls inherit from QWidget.  This mapping is useful for implementing the GetXXX and PutXXX methods of the IForm interface, where the name of the control is used to lookup the attribute in question.

The openButtons and saveButtons fields are instances of the QButtonGroup class, which defines a collection of buttons that usually share some semantic meaning.  We use a QButtonGroup instance to group radio buttons, for example, so that only one of the buttons in a group can be selected at a time.  In the case of the open and save buttons, we use the button group to simplify the task of associating the buttons with special behaviour.  That is, when an open or save button is clicked, an open-file or save-file dialog box, respectively, must be displayed.  Also, when the user queries the text associated with a save or open button using the GetText method, it is the filename last selected using that button's dialog box that must be returned, as described in section 2.2.  Since these special buttons can be given any name and any text, it is necessary to implement a mechanism to distinguish them from other buttons, at least as far as the engine itself is concerned.  Button groups provide a convenient way of achieving this, so that all we need do when checking the nature of a button is to look up its name in both the save and open button groups.  If the name is available in one of them, we execute the appropriate action, or simply forward the text label of the button (via the return statement of GetText or GetControl) to the user if not.

The last few lines of QtWrapper's constructor do some housekeeping for the class.  The application's aboutToQuit signal (event) is hooked up to the applicationExit method that sends the special string, EXIT, to the listener associated with the QtWrapper instance (we shall discuss the event-handling mechanism shortly).  The fields lastRadioId and filename are initialised to default values.  The former is used to keep track of the number of radio buttons added to the GUI, so that we can associate a unique identifier with each new addition.  The latter is a string variable used to store the filename returned by the last file-based dialog action, and is returned by the GetText method when it is called for a file-action button's name as described above.  Finally, a list of QObject pointers is created and assigned to the listeners field.  This list is useful for internal event handling, which we now discuss.

4.2.2 Handling events

There are two kinds of event handling which need to occur in an implementation of Views.  The first is an internal mechanism that responds to the push-based events received from the GUI controls.  A user of Views is shielded from this implementation by the second kind of handler, a pull-based mechanism implemented in the GetControl method.  These two event handler types are complementary – when an event is triggered by the GUI, the internal handler looks up the name of the source control and forwards it to the GetControl method in the clickedName variable as discussed in section 2.2.  By returning the contents of clickedName the user’s blocked call to GetControl finally ends.  The application can then handle the event suitably.

In ViewsQt, we instrument the first type of event handling by providing "slot" methods that are invoked when a control's "signal" is emitted.  This is not unlike C#'s event implementation, where a multi-cast delegate (slot) is associated with a specific event (signal) published by an object. (In both C# and Qt, any object may fire events.)  While it is possible to create a separate method for each kind of signal that each kind of control emits, we felt it a better abstraction to filter the events in such a way that a single eventHappened signal is emitted that contains a reference to the name of the control that originally emitted the event.  For this reason we created the Listener class, which inherits from the QObject class and provides a signalEvent slot and an eventHappened signal.  Only classes descended from QObject may define signals.  Thus when the C++ QtWrapper class constructs a control, it creates a new Listener instance, passing it the name of the new control.  The signals emitted by the control that we are interested in are hooked up to the Listener instance's signalEvent slot, and the Listener instance's eventHappened signal is hooked up to a method declared within QtWrapper (normally the "clicked" method).  The Listener instance is added to the listeners list field in QtWrapper so that the memory they occupy may be freed when QtWrapper is destroyed.  Figure 10 shows QtWrapper's addButton method, which illustrates this procedure.

This brings us to the implementation of the pull-based event handler.  When a button is clicked, for example, the clicked method defined in QtWrapper is invoked.  This method simply invokes a function pointer, listener, that is defined in the QtWrapper class.  This function pointer references a method signature assigned to it in the setListener method.  If you recall, in the code listed in figure 6, the constructor for QtForm invokes the SetListener method defined in the C# QtWrapper class, passing it a variable called callback.  This variable is in fact a C# delegate that refers to the ClickHappened defined in the QtForm class.  The delegate is of type Delegate, which is declared in the C# QtWrapper class.  The declaration of Delegate and the instantiation of callback are shown below:

public delegate void Callback([In] IntPtr name);

QtWrapper.Callback callback = new QtWrapper.Callback(ClickHappened);

The C# QtWrapper class imports the setListener method from its C++ equivalent as follows:

static extern void setListener([In] IntPtr ptr, 


[In, MarshalAs(UnmanagedType.FunctionPtr)] Callback l);

The MarshalAs annotation specifies that the reference to the Callback passed to setListener should be converted to a native function pointer.  This amazingly simple mechanism allows native C++ code to easily invoke methods defined in C#.  A proviso is that the method signature in C++ must specify its method-pointer argument using an equivalent descriptor.  In the C++ QtWrapper case, setListener is declared using the clickHappened method pointer, both of which are shown below:

typedef void (*clickHappened)(const string *const src);

void QtWrapper::setListener(clickHappened l) {


this->listener = l;

}

Finally, the ClickHappened method defined in QtForm is not much different from the original ClickFunction method defined in the original Views code.  One concession we had to make, due to the marshalling of parameters, is witnessed in the parameter ClickHappened receives.  This parameter is declared to be of type IntPtr, which is a native pointer with a platform-specific word length (usually either 32 or 64 bits).  We use a pointer because the C++ code returns a string represented as a character array (char *).  We use the StringToCStr method discussed above to convert this pointer to a C# string.  The ClickHappened method is shown in figure 11.

One detail in the ClickHappended function worth explaining is the call to Monitor.Wait immediately following the call to Monitor.Pulse.  Recall in step 4 of a GetControl implementation, as discussed in section 3.1, that a call is made to Monitor.Pulse to wake up a dormant event handler so that the GUI may resume receiving events and forwarding them to the application.  It is this last Monitor.Wait that is interrupted by that call.

Before wrapping up this section, there are two more topics worth discussing.  The first is the means we used to handle threads in the Qt application scope.  A singular feature of Qt is that it requires applications to invoke the QApplication instance's run method from the main thread of the program.  This is in contrast with systems such as the Windows Forms Library, and Java's AWT and Swing classes, where the main GUI thread can be activated in a secondary thread.  This is in fact the recommended practice for instances when the program has multiple threads that deal with the GUIs events [19]
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[21].  In Views, the need to be able to start the GUI application from within a separate thread arises because the method invoked to do so (Application.Run in the Windows Forms Library and QApplication::run in Qt) is a blocking method.  In other words, if this method is invoked from within the main thread, the program cannot perform any other method calls until the GUI is closed.  More specifically, this means that the program will not be able to call GetControl to handle events until the user closes the window.  Unfortunately the only solution to this problem is to move the call to GetControl into its own thread.  This is less than satisfactory as it breaks the Views objective of hiding as much of the complexity of GUI coding from the user (particularly the novice user) by substituting it with the complexity of threads.  Happily there is seldom a need to deal with difficult issues such as thread synchronization, as it is unlikely that there will be more than two threads of execution (being the event-handling thread and the GUI thread) in most Views programs.

The second topic is how we addressed the one disparity between the controls available in the Windows Forms Library and those available in Qt.  The control, in Windows, is the DomainUpDown, which displays a single string from a list of strings, with up/down buttons to select other strings in the list.  The closest equivalent in Qt is the QSpinBox, which by default displays a single integer in a range, with up/down buttons to select the next/previous value.  Fortunately, QSpinBox can be configured to show strings instead of integers, by extending the class and overriding the mapValueToText and mapTextToValue methods.  The former accepts an integer parameter, and returns the string instance associated with that number.  The latter returns the integer associated with the currently displayed string, which may be a new string the user added.  Thus we created the QDomainUpDown class, which inherits from QSpinBox, overrides these two methods, and adds an insertItem method which accepts a string and inserts it into the list of strings that mapValueToText consults.  Figure 12 shows the QDomainUpDown class.  The code the user writes remains unchanged despite this underlying change, which meets the requirement that retargeting Views should not change the front-end syntax or semantics.

This concludes our discussion of how the GUI controls were constructed in ViewsQt, and our discussion of the implementation of ViewsQt on the whole.  Figures 13 and 14 show the same GUI as rendered by ViewsQt and Views version 1.21 respectively.  Although we have presented copious snippets of code and technical details, it should be clear that the back-end abstraction presented in section 3 works, at least in the Qt case.  That is, constructing an IForm instance that mediates between the Views front-end and objects specific to the back-end GUI toolkit is not difficult, and most of the retargeting effort lies in implementing the objects.  Furthermore, these objects are not especially complex, but it is important to instrument all the functionality expected by the front-end, and to accommodate issues of interoperability between languages.  As mentioned above, we tried as far as possible to keep the code that a user of Views would write them same across both implementation.  This was not possible in the case of the main application thread, but in such cases a balance must be struck between that which we would rather not to do and that which we cannot do.  Adding a single line of thread-related code to the application forms this balance.  We now turn to a discussion of work that inspired ViewsQt, and work that relates to it.

5. Related work

Declarative user-interface models (UIMs) are not new [6]
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[18], and XML is broadly being adopted as one of the favourite notations for these languages.  Two modern, XML-based UIMs are XUL [24] and XAML [12].  XUL is the model used by the Mozilla family of browsers (including Netscape), and XAML is the model Microsoft is making available with the version 2 of the .NET Framework, and is also the foundation for the Avalon windowing system component of the Longhorn (codename) version of Windows [13].  These, along with Views, belong to the concrete representation model (CRM) subdivision of the declarative UIMs [6].  Concrete representation models describe user interfaces in terms of the controls displayed to the user, their composition and their layout.

While it is not the purpose of this article to provide a complete comparison of Views with other CRMs, one important difference that sets Views apart from systems such as XUL and XAML is worth pointing out.  Both XUL and XAML allow (but do not compel) the programmer to embed event-handling code (JavaScript, and any .NET language, respectively) within the user interface declaration.  The Views model, on the other hand, provides an engine that intercedes on behalf of the GUI to signal events to the host application.  Figure 15 illustrates the approaches taken by (a) XAML, (b) XUL and (c) Views.  While the functionality offered by XUL and XAML is attractive, we contend that the separation of concerns evinced by Views’ engine-based approach is cleaner and offers greater maintainability and ease-of-use to the programmer and designer.

Apart from XML-based concrete representation models, there are three sets of technologies that our ViewsQt implementation intersects.  They are:

· Declarative user-interface models with retargetable semantics

· Multiplatform GUI toolkits

· GUI systems for versions of the Common Language Infrastructure on operating systems other than Windows
Two projects belonging to the first set are IUP/LED [11] and CIRL/PIWI [5].  In both cases, a declarative language (LED and CIRL) are provided to describe the user interface in terms of its controls and layout.  LED (a Portuguese acronym for Dialog Description Language) allows both a linear and a nested declaration style (the latter being similar to the typical XML notation used by Views, XUL and XAML).  CIRL (Co-ordinate-Independent Resource Language) is written in SGML syntax, and divides the user interface into a general dialog description and a description of each of the components of that dialog.
On the API front, the two projects provide IUP (Portuguese acronym for Portable User Interfaces) and PIWI (Presentation-Independent Windowed Interface).  IUP provides functions to load a description from a LED file, and functions to define an interface without a LED file.  It also contains functions for hooking events signalled by the interface to call-back methods defined in the user's application, and functions to query and alter attributes of the controls displayed.  The call-back event model is used so that the usual native windowing toolkit's events are filtered down to those relevant to the application.  CIRL is very similar to IUP, but also provides functions to draw primitives such as lines, circles, rectangles and text.  It also uses a call-back event model.

Both CIRL/PIWI and IUP/LED were designed from the start to abstract the GUI description from the underlying platform's toolkit, and to provide a similar look-and-feel across the various platforms.  CIRL/PIWI takes the approach of providing a set of toolkit-mapping libraries that render the user interface in a fashion which is natural to the platform being used, which includes applying different naming conventions for common button and menu names (e.g. Windows applications may either use Exit or Quit menu item labels, with Exit being the most common, while Mac OS programs are required to use Quit).  IUP/LED provides two modes of execution: native look-and-feel, and common look-and-feel.  The latter mode was enabled because the creators of IUP/LED implemented their own complete portable interface system.  The creators of both projects, however, lament the absence of an existing toolkit that provided a common look-and-feel across various platforms (both projects were born in the pre-Java and before any widely-accepted platform-independent toolkits, such as Qt and Tcl/TK, were available).  Our work on the ViewsQt project was not hindered by these concerns because of the high-quality, platform independent toolkits available to us today.

In the second set, three commercially available toolkits are Tcl/TK [22], GTK+ [9] and, of course, Qt.  In the planning phase of the Qt project, Tcl/TK was considered as a viable option for the implementation.  However, we chose to use Qt as Tcl/TK involved not only a significant performance trade-off (Tcl, the scripting language used to write Tcl/TK applications, is always interpreted), but also a steep learning curve in order to become conversant with Tcl's syntax and semantics.  Qt, being entirely based on C++ and presenting a very natural programming interface, was the better choice for our purposes.  However, one disadvantage to using Qt is that a development license must be purchased for the Windows version (Qt/Windows) in situations where the 30-day trial period is insufficient.
While an implementation of Views for the GTK+ toolkit may be considered as future work, efforts to port the toolkit to C# were already underway at the inception of the ViewsQt project.  This porting is closely aligned with the Mono project.  Whether or not this implementation is compatible with Rotor remains to be seen.

Finally, two projects in the last set are GTK# [10] – a translation of the GTK+ (the GIMP ToolKit) into C#, and Qt# [16] – a translation of the Qt application framework into C#.  Both projects are still under development, but preliminary results show that the efforts have been successful.
6. Conclusion

ViewsQt is a conversion of the original Views project to support a retargetable back-end.  The project involved extracting the common front-end elements of XML checking and parsing, and abstract control creation from the original Views engine, and replacing references to the Windows Forms Library classes with calls to a C# interface.  This interface hides the toolkit-specific back-end components behind a small (and easy to learn) set of methods.  Finally, we created an implementation of this interface for the Qt windowing toolkit, and provided a set of classes to delegate calls from the C# objects to their counterpart C++ objects.
Early experiments have shown that the ViewsQt code is portable, with only a few changes to the C++ classes required to compile and execute the code on the Linux and Mac OS X operating systems.  On the Windows platform, ViewsQt works well with both the .NET Framework and Rotor.

Future work on ViewsQt will entail smoothing out a few wrinkles with regards to the colour and font properties of the controls, and perhaps adding support for more controls that the Views specification does not cater for (e.g. menus, status- and tool-bars).  An investigation of the dummy control classes (mentioned in section 3.2) implementation is also pending.  Finally, an implementation using a toolkit such as GTK+ is necessary to prove the actual retargetability of the front-end.
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using System;





namespace Views {


	public interface IForm {


		void HideForm();


		void StartApplication();


		String GetControl();


		String GetText(String name);


		String GetText(String name, int index);


		void PutText(String name, String text);


		void PutText(String name, int index, String text);


		void PutImage(String name, String filename);


		int GetValue(String name);


		void PutValue(String name, int value);


	}


}





Figure 2: The IForm interface





Table 2. The control tags allowed in Views notation.  N represents an integer; F denotes a filename.


Tag�
Attributes�
Description�
�
<Button .../>�
Name=S�Text=S�TextAlign=CA�Image=F�Height=M�Width=M�ForeColor=C�BackColor=C�Font=FNT�halign=HA�valign=VA�
A push button control. The button may have either a name on it (the text attribute) or a picture on it (the image specified by the image attribute) or both.�If the text attribute is omitted and if the image attribute is omitted too, the text attribute defaults to the value of the name attribute.�
�
<OpenFileDialog .../>�
ditto�
A dialogue to select a file for input.�It is implemented as a Button control (to which all the attributes are applied) and which displays an OpenFileDialog control when clicked.�
�
<SaveFileDialog .../>�
ditto�
A dialogue to create or select a file for output.�It is implemented as a Button control (to which all the attributes are applied) and which displays a SaveFileDialog control when clicked.�
�
<Label .../>�
ditto�
A simple line of displayed text.�If the TextAlign attribute is omitted but halign is supplied, then halign=left / right / center implies that TextAlign defaults to TopLeft / TopRight / TopCenter respectively.�
�
<GroupBox> ... </GroupBox>�
Name=S�Text=S�Image=F�Height=M�Width=M�ForeColor=C�BackColor=C�Font=FNT�halign=HA�valign=VA�
A group of radio buttons.�Each item between the open and close tags must be RadioButton controls.�
�
<ListBox .../>�
ditto�
A box for displaying or inputting a scrollable list of lines of text.�
�
<TextBox .../>�
Name=S


Text=S


TextAlign=HA


ReadOnly=B


Height=M


Width=M


ForeColor=C


BackColor=C


Font=FNT


halign=HA


valign=VA�
A box for display or input of a single line of text.


If the attribute setting ReadOnly=true is provided, the box may be used to display text only.�
�
<CheckBox .../>�
Name=S


Text=S


TextAlign=CA


Checked=B�Height=M


Width=M


ForeColor=C


BackColor=C


Font=FNT


halign=HA


valign=VA�
A checkbox for inputting an on/off value.


The attribute setting checked=false (the default) causes the checkbox to be left unchecked; any other value causes it to be checked.


�
�






Table 2 (cont.). The control tags allowed in Views notation.  N represents an integer; F denotes a filename; B represents a Boolean value; CA denotes content alignment (one of TopLeft, TopCenter, TopRight, MiddleLeft, MiddleCenter, MiddleRight, BottomLeft, BottomCenter and BottomRight); FNT represents a font description.


Tag�
Attributes�
Description�
�
<RadioButton .../>�
Name=S


Text=S


TextAlign=CA


Checked=B


Height=M


Width=M


ForeColor=C


BackColor=C


Font=FNT�
A radio button control; radio buttons may only be placed inside a GroupBox; only one button in a group may be checked – clicking one button causes it to be checked and the previously selected button to be unchecked.�The attribute setting Checked=false (the default) causes the button to be left unchecked; true causes it to be checked.�
�
<ProgressBar .../>�
Name=S


Height=M


Width=M


ForeColor=C


BackColor=C


Font=FNT


halign=HA valign=VA


Minimum=N


Maximum=N


Value=N�
Displays a horizontal bar showing progress in completing a task.


By default, progress ranges from 0 to 100; however, defining the attributes Minimum and Maximum overrides the lower and upper bounds of the range.


The initial state of the progress bar is controlled by the Value attribute (with a default value of Minimum).�
�
<TrackBar .../>�
ditto�
Used for input of an integer between the minimum and maximum values; the defaults are 0 and 100. �
�
<PictureBox .../>�
Name=S


Image=F


Height=M


Width=M


ForeColor=C


BackColor=C


Font=FNT�halign=HA


valign=VA�
Displays an image read from a file.  If a width and/or height is provided, the image will be scaled to fit in the rectangle specified. If neither is provided, the image will be displayed in its original size.�
�












� EMBED Visio.Drawing.6  ���
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Figure 15: Three approaches to implementing a user interface using CRMs.
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Figure 13: ViewsQt test screen-shot�
Figure 14: Views test screen-shot�
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#include "QDomainUpDown.h"





QDomainUpDown::QDomainUpDown(QWidget *parent, const char *name) : 


		QSpinBox(parent, name){


	items = new vector<QString>;


	this->setWrapping(false);


	this->setMinValue(0);


}





void QDomainUpDown::insertItem(const QString name) {


	this->items->push_back(name);


	this->setMaxValue(this->items->size() - 1);


}





QString QDomainUpDown::mapValueToText(int value) {


	if (value < 0 || (vector<QString>::size_type)value >= items->size())


		return QString();


	return (*(this->items))[value];


}





int QDomainUpDown::mapTextToValue(bool *ok) {


	QString text = this->text();


	vector<QString>::const_iterator pIter = items->begin();





	for (int i = 0; pIter != items->end(); i++, pIter++)


		if (*pIter == text)


			return i;





	items->push_back(text);


	this->setMaxValue(items->size() - 1);


	return items->size() - 1;


}


Figure 12: The QDomainUpDown class implementation





private static void ClickHappened(IntPtr ptr) {


	String src = QtWrapper.StringToCStr(ptr);


	lock (typeof(QtForm)) {


		if (src != null) {


			if (src == "EXIT")


				clickedName = null;


			else


				clickedName = src;


			Monitor.Pulse(typeof(QtForm)); // wake up GetControl


			Monitor.Wait(typeof(QtForm));  // wait for GetControl


		}


	}


}





Figure 11: The ClickHappened function in QtForm





void QtWrapper::addEventHandler(const string *const name,


		const QObject *const source, char *sourceSignal,


		char* destSlot) const {


	Listener *listener = new Listener(name);


	this->listeners->push_back(listener);


	QObject::connect(source, sourceSignal,


		listener, SLOT(signalEvent()));


	QObject::connect(listener, 


		SIGNAL(eventHappened(const string *const)), this, destSlot);


}





void QtWrapper::addButton(const QtCtrl *const control) const {


	const string *const name = control->getName();


	const string *text = name;





	if (control->hasAttr("text"))


		text = control->getAttr("text");





	QPushButton *button = new QPushButton(


		text->c_str(), form, name->c_str());





	if (control->hasAttr("image"))


		button->setPixmap(this->examineImageFile(


			control->getAttr("image")));


	// More attributes added here – code omitted for brevity





	this->addEventHandler(name, button, SIGNAL(clicked()));





	panels->top()->add(button);


	controlMapping->insert(cString2Widget(


		string(name->c_str()), button));


}





Figure 10: The addEventHandler and addButton methods in C++ QtWrapper





QtWrapper::QtWrapper(void) {


	int temp = 0;


	char **tempC = 0;





	application = new QApplication(temp, tempC);


	form = new QWidget();


	application->setMainWidget(form);





	panels = new stack<QBoxLayout *>;


	panels->push(new QVBoxLayout(form));





	radioNameMapping = new map<int, string>;


	controlMapping = new map<string, QWidget *>;





	openButtons = new QButtonGroup();


	saveButtons = new QButtonGroup();





	QObject::connect(application, SIGNAL(aboutToQuit()),


		this, SLOT(applicationExit()));





	lastRadioId = 0;


	this->filename = NULL;


	listeners = new list<QObject *>;


}





Figure 9: The C++ QtWrapper constructor





public static GCHandle GetGCHandle(QtCtrl control) {


	GCHandle ptr = GCHandle.Alloc(control);


	handles.Add(ptr);


	return ptr;


}





public static void ClearHandles() {


	foreach (GCHandle handle in handles) {


		handle.Free();


	}


	handles.Clear();


}





Figure 8: The GetGCHandle and ClearHandles methods





using System;


using System.Collections;


using System.Runtime.InteropServices;


using Views;





namespace QtForm {


	class ControlConstructionVisitor {


		public static void ConstructForm(QtWrapper wrapper, Ctrl ctrl) {


			string name = null;


			if (ctrl.HasAttr("text"))


				name = (string)(GetGCHandle(ctrl.GetAttr("text")).Target);


			else


				name = "Form";


			wrapper.SetFormTitle(name);


			


			if (ctrl.HasAttr("width"))


				wrapper.SetFormWidth(


					Convert.ToInt32(ctrl.GetAttr("width")));


			if (ctrl.HasAttr("height"))


				wrapper.SetFormHeight(


					Convert.ToInt32(ctrl.GetAttr("height")));


		}





		public static void ConstructControl(QtWrapper wrapper, Ctrl ctrl) {


			string name = ctrl.Name.ToLower();


			QtCtrl control = null;





			switch (name) {


				case "vertical":


					wrapper.OpenPanel(QtWrapper.LayoutType.VERTICAL);


					return;


				case "horizontal":


					wrapper.OpenPanel(QtWrapper.LayoutType.HORIZONTAL);


					return;


				case "button":


					control = ConstructButton(ctrl);


					break;


				// More case-statements here…


				default:


					throw new ViewsException("Unexpected tag: " + name);


			}





			if (control == null)


				throw new ViewsException("Unexpected tag: " + name);


			wrapper.AddControl((IntPtr)GetGCHandle(control));


		}





		private static QtCtrl ConstructButton(Ctrl child) {


			string name = child.GetAttr("name");





			QtCtrl control = new QtCtrl(name, QtCtrl.ControlType.Button);





			AddAttribute(child, "text", control);


			AddAttribute(child, "image", control);


			AddAttribute(child, "width", control);


			AddAttribute(child, "height", control);


			AddAttribute(child, "forecolor", control);


			AddAttribute(child, "backcolor", control);


			AddAttribute(child, "font", control);





			return control;


		}





Figure 7: Methods in ControlConstructionVisitor.








public QtForm(string xmlSpecification, params string[] arguments) {


	Parser psr = new Parser(xmlSpecification, arguments);


	this.wrapper = new QtWrapper();


	this.wrapper.SetListener(callback);


	this.ConstructForm(psr.Root);


}





private void ConstructForm(Ctrl tree) {


	ControlConstructionVisitor.ConstructForm(this.wrapper, tree);


	this.AddChildren(tree.Children);


}





private void AddChildren(ArrayList children) {


	foreach (Ctrl child in children) {


		ControlConstructionVisitor.ConstructControl(this.wrapper,


			child);


		if (child.IsLayoutHint()) {


			// XML node is either vertical, horizontal or groupbox


			AddChildren(child.Children);


			this.wrapper.ClosePanel();


		}


	}


}





Figure 6: Traversing the Ctrl-tree and constructing the controls





public string GetText(string name) {


	IntPtr ptr = QtWrapper.getText(this.ptr, cStrToString(name));


	if (ptr != IntPtr.Zero)


		return StringToCStr(ptr);


	return null;


}


[DllImport("QtWrapper.dll", 


	CallingConvention=CallingConvention.ThisCall,


	EntryPoint="?getText@QtWrapper@@QBEPBXPAV?$basic_string@DU


	?$char_traits@D@std@@V?$allocator@D@2@@std@@@Z")]


static extern IntPtr getText([In] IntPtr ptr, [In] IntPtr name);





Figure 5: Sending ptr to the native methods





using System;


using System.Runtime.InteropServices;





namespace QtForm {


	class QtWrapper {


		IntPtr ptr = IntPtr.Zero;





		public QtWrapper() {


			if (this.ptr != IntPtr.Zero) {


				DeleteInstance(this.ptr);


				this.ptr = IntPtr.Zero;


			}


			this.ptr = QtWrapper.GetInstance();


		}





		~QtWrapper() {


			QtWrapper.DeleteInstance(this.ptr);


		}





		// More wrapper method defined here...





		[DllImport("QtWrapper.dll")]


		static extern IntPtr GetInstance();





		[DllImport("QtWrapper.dll",


			CharSet=CharSet.Auto,


			CallingConvention=CallingConvention.Cdecl)]


		static extern void DeleteInstance([In] IntPtr ptr);





		// More native methods defined here...


	}


}





Figure 4: The C# QtWrapper class' constructor, destructor, and static native methods





private Ctrl ParseTags(Ctrl parent, XmlNode nod) {


	Ctrl tmp = new Ctrl(nod.Name, nod.Value);





	if (nod.HasChildNodes)


		foreach (XmlNode child in nod.ChildNodes)


			tmp.AddChild(ParseTags(tmp, child));





	if (nod.Attributes != null)


		foreach (XmlAttribute atr in nod.Attributes)


			tmp.AddAttr(atr.Name, atr.Value);





	return tmp;


}





Figure 3: ParseTags method – traverses the XmlNode tree and creates a Ctrl tree





� EMBED Visio.Drawing.6  ���


Figure 1: Control flow diagram for Views
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