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Abstract

Mirrors is a framework that uses reflection to expose complex .NET APIs to the developer in tandem with an XML specification. Mirrors has been instantiated with System.Windows.Forms to present an extremely powerful and easy to use GUI builder. Mirrors makes use of the .NET 2 language features of generics, anonymous methods, and the extended Windows.Forms layout. During the development of Mirrors extensive use was made of the Visual Studio refractoring. Mirrors is shipped as a DLL together with this documentation.
1. Introduction

In 2002, Views was selected as a Microsoft Research Rotor project with the aim of providing a means of porting the functionality of System.Windows.Forms to operating systems other than Windows. The initial target was Microsoft’s Rotor, and that project was accomplished successfully and written up for use in a C# text book, among other places. Because Rotor itself is portable to Mac OSX and FreeBSD, Views was able to run on those environments too. Through the power of the CLR, Views was also available for C++, VB and so on.

The front end of Views is an XML specification, describing the controls of a GUI, together with their attributes and layout. This approach has been used with other systems such as XUL, and is also the way that GUIs will be specified in the new Windows (Avalon/Vista) using the notation called XAML.

Views was intended both as a proof of concept and as an easy entry into the world of Windows GUI programming (which is generally more complex than that provided in the Java environment). As such, it defines a set of controls and attributes based on System.Windows.Forms, but not covering it completely. The functionality of these controls is implemented in the Views engine, which is included with the program at runtime. Views also has a simplified event model consisting of one method for the user to call - getControl. This method blocks until a control raises an event that is registered with Views, whereupon it returns the name of that control. This approach is called a wait loop event handler.

Mirrors is a project which began as an investigation into the power of reflection, and became feasible with the advent of .NET 2.0 and its new language features, such as generics. From the user’s point of view, the first case study of Mirrors (described here) shares the same objectives as Views, XAML and XUL: to provide an XML notation for GUI building and some means for connecting up event handlers for runtime use. The primary mechanism is reflection of the library that is to be used, and therefore the Mirrors methodology is not at all restricted to the GUI library System.Windows.Forms. In the Conclusion we propose how our approach can be extended to other APIs. 

In short, Mirrors can 

· instantiate any control within any library, and 

· make use of all the defined properties and events for the specified control. 

None of this information is hard-coded within the system, as it is all available at runtime through extensive use reflection. Mirrors is capable of finding the relevant classes, events and properties at runtime without generating any code or assemblies that need to be added at compile time.
Instead of a wait loop, Mirrors uses the more standard style of event handling known as callbacks, as implemented by delegates. Users may register a method to handle any event supported by the underlying API and then, when that event is raised, control is passed to the method registered.

Mirrors’ basic function is to provide a way of creating the GUI, and allowing the programmer easier access to the controls contained within it. This approach allows complete control over the GUI once it has been built, and the user may do what he would like with the generated object as though the Mirrors system was not there.

2. The specification phase

Using a notation similar to that of XAML, Mirrors is able to generate a GUI from a simple specification, or if need be, a rather complex specification, to give an industrial scale GUI that is portable. The XML file can be re-used to generate the same GUI on other systems, if the control names are the same.

Mirrors has been written using C# 2.0 which now has support for a wider set of controls, including layout managed panel controls. It therefore doesn’t need to define a set of layout managers within its code, but rather relies on .NET 2.0 to provide this functionality. Additional layout managers may be bound using the “Layout” event defined within the control super-class if necessary. (For backward compatibility with Views specifications, the two additional layout tags <horizontal> and <vertical> are specially recognized.)

As an example, consider a specification for a GUI with a label, textbox and button.

    <FlowLayoutPanel FlowDirection="LeftToRight" Dock="Fill"

          BorderStyle="fixed3d" AutoSize="true">

      <label name="lblQuestion" text="Quantity" width="300"/>

      <label name="lblText" text="Quantity" autosize="true"/>

      <textbox name="qty" width="120"/>

      <button name="do" text="Buy" click="Buy"/>

    </FlowLayoutPanel>

The strings associated with the name attributes can be used in the program to refer to the relevant control. Thus to read a quantity, the program would access the “qty” control.  The button control is called “do” although the text “Buy” is displayed. The button also supplies a link to a click event, which is discussed in Section 4.
3. XML Parsing

Mirrors uses XPath as a flexible XML reading format, which allows us to easily traverse the nodes within the XML Document, and similarly the attributes associated within the nodes. The XML Document is parsed in a single sweep, with relatively little margin for error. A fundamental drawback of XML parsing is the lack of knowledge of what may or may not be defined within a tag, or even what a tag may be, because that knowledge is only obtained by reflection when the system is run. The most basic of errors that may be displayed are 

· simple XML formatting problems,  

· the attribute is not defined within the tag’s corresponding class, or
· the tag is not a recognized class.
Mirrors reacts to these errors either by throwing an exception, or ignoring the illegal name.

In Views, the decision was taken to check the XML using a hand-written parser, so that more errors could be detected and reported at compile time. The fundamental difference is, of course, that in Views the set of controls and their attributes are already known.

Controls are specified using a basic syntax, which is easy to understand, and the attributes are those from the underlying API which is being exposed. This approach makes it easier for someone who has an idea of how the API is structured to easily get into using its power. For example, with  System.Windows.Forms a novice can define a few controls and events, and then branch into more complicated options. 
4. Reflective method binding

Each tag introduced in the XML is associated with a class in the API. The tag’s attributes map onto properties of the corresponding class. For example, in 

<textbox name="qty" width="120"/>

textbox is the tag associated with the control class Textbox; name and width are attributes associated with the Name and Width properties. The properties of a class are discovered via reflection, and if found to be a string, the property is simply given the value that follows. If the property is of a numeric type, such as integer or double, the value is first passed through the object’s “Parse” method to generate a suitable object to be assigned [int.Parse(string)]. A special case is also provided for Enumeration types, where the values may be specified by a string name instead of the numeric value by using the Enum.Parse static method [(enumtype)Enum.Parse(typeof(enumtype), string)].

Events are bound to methods within the user class, which was passed into the Mirrors class when it was instantiated, thereby allowing the programmer to bind his own method handlers to the controls, as mentioned above. The event handlers do not have to pass through a proxy layer, and are bound directly onto the created controls, thus giving the user complete control of the object.

Each XML document establishes a main object called Form. Using the instantiated Mirrors instance, the developer has full access to the controls via a simple text string. For example:

(mirror["qty"] as TextBox).Text = "0";

Mirrors does not restrict the programmer to a fixed set of methods and properties exposed by the system.
5. Security

This brings us to the point of security. The system is rather flexible, and a user who doesn’t know the basics of GUI control and function may inadvertently destroy a control, and the program will crash, just like any GUI system would. There is no safe way to prevent such crashes, except to thoroughly debug the code, as one would if the Mirrors system was not there.

6. Example

Using an XML document as described below the GUI shown in Figure 1 will be created and displayed.

<?xml version="1.0" encoding="utf-8" ?>

<form width="330" height="500" MaximizeBox="false"

     FormBorderStyle="fixedsingle">

  <TableLayoutPanel RowCount="3" ColumnCount="1" Dock="Fill"

        BorderStyle="fixed3d" AutoSize="true" AutoRelocate="true"

        CellBorderStyle="OutsetPartial">

    <FlowLayoutPanel FlowDirection="LeftToRight" Dock="Fill"

        BorderStyle="fixed3d" AutoSize="true">

      <TableLayoutPanel RowCount="3" ColumnCount="3"

           BorderStyle="fixed3d" CellBorderStyle="OutsetPartial"

           Width="280" Height="280">

        <button Name="banana" Text="Bananas" Dock="fill"

           Height="80" Width="80" click="Item"/>

        <button Name="apple" Text="Apples" Dock="fill"

           Height="80" Width="80" click="Item"/>

        <button Name="peach" Text="Peaches" Dock="fill"

           Height="80" Width="80" click="Item"/>

        <button Name="tomato" Text="Tomatoes" Dock="fill"

           Height="80" Width="80" click="Item"/>

        <button Name="orange" Text="Oranges" Dock="fill"

           Height="80" Width="80" click="Item"/>

        <button Name="nartjie" Text="Nartjies" Dock="fill"

           Height="80" Width="80" click="Item"/>

        <button Name="grapefruit" Text="Grapefruit" Dock="fill"

           Height="80" Width="80" click="Item"/>

        <button Name="grape" Text="Grapes" Dock="fill"

           Height="80" Width="80" click="Item"/>

        <button Name="avo" Text="Avacardos" Dock="fill"

           Height="80" Width="80" click="Item"/>

      </TableLayoutPanel>

    </FlowLayoutPanel>

    <FlowLayoutPanel FlowDirection="LeftToRight" Dock="Fill"

          BorderStyle="fixed3d" AutoSize="true">

      <label name="lblQuestion" text="Quantity" width="300"/>

      <label name="lblText" text="Quantity" autosize="true"/>

      <textbox name="qty" width="120"/>

      <button name="do" text="Buy" click="Buy"/>

    </FlowLayoutPanel>

    <textbox name="box" text="Select the item to purchase"

       multiline="true" dock="fill" enabled="false"

       forecolor="Black" backcolor="White"/>

  </TableLayoutPanel>

</form>
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Figure 1 Mirros GUI for the Till handler
Mirrors requires a single handler called Load to be defined in the program for the system to generate the GUI. Load can be just an empty method, or it can include initialization statements, such as in:

private void Load(object o, EventArgs args)

{


Console.WriteLine("Form Loaded");


(xml["box"] as TextBox).Text = "Store is now open!\r\n";

}

To bind the controls to methods the “click” attribute on the buttons are linked to methods within the main code.

private void Item(object o, EventArgs args)

{


item = (o as Control).Text;


(xml["lblQuestion"] as Label).Text = 




"How many " + item + " would you like?";


(xml["qty"] as TextBox).Text = "0";

}

Finally to start the GUI and the event system, two calls are necessary.

Mirrors.Mirrors mirror;

mirror = new Mirrors.Mirrors(this, "till.xml");

mirror.StartThread(); // Fork to background

7. Conclusion

Mirrors is a fine example of the use of reflection in the .NET 2.0 context. It would not have been possible to write it without generics, The instantiation of Mirrors for GUIs based on System.Windows.Forms specified an XML notation which was made much easier to write with the new flow layout manages. A deficiency of .NET 1.0 was its relianc on pixels for control positioning.

The Mirrors approach can be applied to other DLLs. One such project would be to change the GUI library to be exposed from Forms to GTK, as was done in the Views project. It is anticipated that this retargeting would be even simpler than that reported in [3] below. Other APIs that could benefit from the Mirrors approach would be those associated with speech recognition, or handwriting translation. 


The advantage of Mirrors over accessing the raw API is that the XML specification of the way in which it is used remains separate and language independent. This aids separation of concerns and reuse.
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Appendix A: Generator Code
region Using directives

using System;

using System.IO;

using System.Drawing;

using System.Windows.Forms;

using System.Reflection;

namespace Mirrors

{


/// <summary>


/// This is the reflection wrapper, most of the work is done here


/// </summary>


internal class Generator


{



/// <summary>



/// A handle to the class that the delegates must bind to



/// </summary>



public object mainobj;



/// <summary>



/// Create the generator



/// </summary>



/// <param name="obj">The delegate binding object</param>



public Generator(object obj)



{




mainobj = obj;



}



/// <summary>



/// Check is the class exists



/// </summary>



/// <param name="name">Name of the class</param>



/// <returns>True, if the class exists</returns>



internal bool CheckClass(string name)



{




if (GetTypeOf(name) != null)





return true;




return false;



}



/// <summary>



/// Return the type of the string



/// </summary>



/// <param name="name">The string to check the type of</param>



/// <returns>A type object,



/// or null if the type doesn't exist</returns>



private Type GetTypeOf(string name)



{




string dllname = "";




if (name.IndexOf('-') > -1)




{





dllname = name.Substring(0, name.LastIndexOf('-'));





name = name.Substring(name.LastIndexOf('-') + 1);




}




string ns = "";




if (name.IndexOf('.') > -1)




{





ns = name.Substring(0, name.LastIndexOf('.'));





name = name.Substring(name.LastIndexOf('.') + 1);




}




Assembly asm = null;




if (dllname != "")




{





asm = Assembly.LoadFile(".\\" + dllname + ".dll");




}




if (asm == null && ns != "")





asm = Assembly.Load(ns);




if (asm == null)




{P





asm = Assembly.GetAssembly(typeof(Control));





ns = asm.GetName().Name;




}




return asm.GetType(ns + "." + name, false, true);



}



/// <summary>



/// Get information about the event



/// </summary>



/// <param name="t">Type of the object to get the event 



/// information for</param>



/// <param name="name">String indicating the event to get</param>



/// <returns>The EventInfo of the indicated event,



/// or null if not found</returns>



private EventInfo GetEventObj(Type t, string name)



{




EventInfo e = t.GetEvent(name);




if (e == null)





foreach (EventInfo einf in t.GetEvents())






if (einf.Name.ToLower() == name.ToLower())






{







e = einf;







break;






}




if (e != null)





return e;




return null;



}



/// <summary>



/// Get information about the Property



/// </summary>



/// <param name="t">Type of the object to get the



/// property information for</param>



/// <param name="name">String indicating the property



/// to get</param>



/// <returns>The PropertyInfo of the indicated property,



/// or null if not found</returns>



private PropertyInfo GetPropertyObj(Type t, string name)



{




PropertyInfo p = t.GetProperty(name);




if (p == null)





foreach (PropertyInfo pinf in t.GetProperties())






if (pinf.Name.ToLower() == name.ToLower())






{







p = pinf;







break;






}




if (p != null)





return p;




return null;



}



/// <summary>



/// Get information about the Method



/// </summary>



/// <param name="t">Type of the object to get the method



/// information for</param>



/// <param name="name">String indicating the method



/// to get</param>



/// <returns>The PropertyInfo of the indicated method,



/// or null if not found</returns>



private MethodInfo GetMethodObj(Type t, string name)



{




MethodInfo m = t.GetMethod(name);




if (m == null)





foreach (MethodInfo minf in t.GetMethods(BindingFlags.NonPublic | 






BindingFlags.Default | BindingFlags.Instance))






if (minf.Name.ToLower() == name.ToLower())






{







m = minf;







break;






}




if (m != null)





return m;




return null;



}



/// <summary>



/// Get the attribute information



/// </summary>



/// <param name="name">name of the attribute to find</param>



/// <param name="ctrl">Name of the control to get the



/// info about</param>



/// <returns>The AttrType enum indicating the type



/// of the attribute</returns>



internal AttrType GetAttrType(string name, string ctrl)



{




Type t = GetTypeOf(ctrl);




if (t == null)





throw new MirrorsExeption(string.Format(







"The Type {0} does not exist", ctrl));




if (GetPropertyObj(t, name) != null)





return AttrType.PropertyAttr;




if (GetEventObj(t, name) != null)





return AttrType.EventAttr;




return AttrType.None;



}



/// <summary>



/// Create an instance of the object of type T



/// </summary>



/// <typeparam name="T">The type of the object to



/// create</typeparam>



/// <param name="name">Name of the object to create</param>



/// <returns>The instance of the object</returns>



internal T MakeObject<T>(string name) where T : Control



{




Type t = GetTypeOf(name);




if (name == "horizontal" || name == "vertical")





t = typeof(System.Windows.Forms.FlowLayoutPanel);




if (t == null)





throw new MirrorsExeption();




return (Activator.CreateInstance(t) as T);



}



/// <summary>



/// Wire up an event Dynamically



/// </summary>



/// <param name="obj">The object to wire the event from</param>



/// <param name="evt">The name of the event to write</param>



/// <param name="method">the name of the method to bind to



/// </param>



internal void AttachEvent(object obj, string evt, string method)



{




EventInfo evti = GetEventObj(obj.GetType(), evt);




if (evti == null)





throw new MirrorsExeption();




evti.AddEventHandler(obj, 






Delegate.CreateDelegate(evti.EventHandlerType, mainobj, method));



}



/// <summary>



/// Set the value of the property on the ovject



/// </summary>



/// <param name="obj">The object to set the property of</param>



/// <param name="name">The name of the property to set</param>



/// <param name="value">The new value to assign</param>



internal void SetProperty(object obj, string name, string value)



{




PropertyInfo p = GetPropertyObj(obj.GetType(), name);




if (p.PropertyType.IsSubclassOf(typeof(Enum)))




{





object ev = Enum.Parse(p.PropertyType, value, true);





p.SetValue(obj, ev, null);




}




else if (p.PropertyType.IsSubclassOf(typeof(Image)))




{





object ev = Image.FromFile(value);





p.SetValue(obj, ev, null);




}




else if (p.PropertyType.IsInstanceOfType(Color.White))




{





object ev = Color.FromName(value);





p.SetValue(obj, ev, null);




}




else




{





MethodInfo m = p.PropertyType.GetMethod("Parse", new Type [] { 







typeof(string) });





object val = null;





if (m != null)






val = m.Invoke(null, new object [] { value });





else






val = value;





p.SetValue(obj, val, null);




}



}



/// <summary>



/// Add a Control to another control



/// </summary>



/// <param name="obj">The container object</param>



/// <param name="sub">The sub-control to add



/// to the container</param>



internal void AddComponents(object obj, object sub)



{




Type t = obj.GetType();




if (t == null)





throw new MirrorsExeption();




PropertyInfo p = t.GetProperty("Controls", 






typeof(Form.ControlCollection));




if (p == null)





p = t.GetProperty("Controls", typeof(Control.ControlCollection));




if (p == null)





p = t.GetProperty("Controls");




object lst = p.GetValue(obj, null);




Type lstt = lst.GetType();




MethodInfo m = lstt.GetMethod("Add", new Type[] {typeof(Control)});




m.Invoke(lst, new object [] { sub });



}


}

}
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