.NET Collections for Data

Bound Controls

(with FREE Bonus Sections)
by Rob Bracken

Amaze yourself by creating collections of your own objects that you can use with .NET grids, lists and
combo boxes! Marvel as you use them with “foreach”! Astound your friends by filtering out unsightly
objects! | presented this topic at the June meeting, but I've produced this article to get the information to
those of you who were unable to attend. I’'ve also added a couple of Bonus Sections that weren’t in the
presentation, and supplied some sample source code.

All but the simplest business models contain collections of business objects. There’s always more than one
way to build these collections — the challenge is to save myself some work by building a collection that can be
used with other parts of the .NET framework. In particular, | want to load it into standard .NET controls. To
demonstrate what’s involved, I’ll develop a csCustomerList collection that contains a list of csCustomer objects.
Here’s the definition of the csCustomer class (Listing 1), note that | also defined an ICustomer interface to
make it easier to experiment with both Delphi and C# implementations:

public class csCustoner: |custoner

{

private |List _owner;

private string _title;
private string _firstNane;
private string _|astNane;

public csCustoner( |IList p_owner )

{

if ( p_owner != null )

{

_owner = p_owner;
}
}

public override string ToString()

{
return ( ( ICustoner )this ).Full Name;

}

public string FirstName

{
get { return _firstNanme; }
set { _firstName = value; }

}

public string LastNanme
{

get { return _lastNane; }
set { _lastName = value; }

}

public string Title

{
get { return _title; }
set { _title = value; }

}

public string Full Nanme

{
get

{

/1 Put the Title, First name & Last nane together
return _title +*° * + firstNane + * * + _| ast Nane;
}
}

Listing 1 — the csCustomer class
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Grids!

Love ‘em or hate ‘em, no self-respecting demo program would be complete without a grid — the most complex
control for displaying and editing collections. If my collection works correctly with a grid, it’ll work with
other list controls, too.

The help for a .NET DataGrid control tells me it will accept a variety of data sources. The one I’'m interested
in is “Any component that implements the IList interface”. So what’s this IList interface? Again, checking the
help I find (not surprisingly) that it contains methods for managing lists such as Add, Clear, Insert, Remove
and RemoveAt. It also lists some classes that implement it, such as Array, ArrayList and CollectionBase. Any list
will need methods like these, so it looks like a good place to start.

The simplest way to provide a collection for a DataGrid is to load my objects into an Array or ArrayList. | can
assign the ArrayList to the grid’s DataSource property to display it. ArrayLists are not strongly typed, however,
and it would be possible to load a different type of object into it by mistake. This would generate a run-time
error when the program tried to use it as the original object type. It’s better to create a strongly typed
collection class for my objects. The framework contains the CollectionBase class to use as a base for strongly
typed collections. It contains an ArrayList to hold all the objects, but lets you wrap the IList methods inside
strongly typed method calls to make sure you can only put in objects of the correct type. For example, the
strongly typed Add method will look like Listing 2,

public class csCustonerlList: CollectionBase

{
public int Add( | Custoner p_newCustomer )
{
return List.Add( p_newCustoner );
}
}

Listing 2 — an Add method in a collection that descends from CollectionBase

where List is the collection, returned as an IList. (There is also an InnerList property that gives direct access to
the ArrayList inside the CollectionBase, but — as you’ll see later — it’s better to use List here.) You can see that it
takes a csCustomer as its argument, to make sure that the inner ArrayList will only contain csCustomer objects.
I need to implement Add, Contains, IndexOf, Insert and Remove. The advantage of this is that if | try to put the
wrong type of object into the list, the compiler will give me an error.

Thisis fine if I'm using an object that I've declared as a csCustomerList. If I'm using the IList interface, however,
all it’s methods take TObject parameters, so if you create a csCustomerList and put it into an IList variable, you
can put any old object you like into the list and sit back while the customer support team tears their hair out!
One way to avoid this is to re-implement the IList interface in the collection, checking that all objects are the
right type. This involves writing new versions of all the members of IList - Add, Contains, IndexOf, Insert,
Remove, RemoveAt, get FixedSize, get_IsReadOnly, get_Item and set_Item — such as the new Add method shown
in Listing 3.

( csCustonerlList )
int |List.Add(object val ue)

if ( value is |Customer )

{
int result = this.IlnnerList.Add( val ue );
OnLi st Changed( this, new ListChangedEvent Args( Li st ChangedType. | temAdded, result ) );
return result;

}

el se

{

t hrow new Argunent Exception( “You may only add an | Custonmer to a csCustonerlList” );

}
}
Listing 3 — an example of type-checking in the Add method of an IList interface

Fortunately there’s an easier way. CollectionBase already implements the methods of IList, and it calls some
protected methods as it modifies the list. The one I’'m most interested in here is the OnValidate method that’s
called from Add, Insert, Remove, RemoveAt and set_ltem. If | override OnValidate and make it test the object I'm
about to add, remove or set | can throw an exception if the object is the wrong type. This is a lot easier than
rewriting all the IList methods and gives the same result (Listing 4).

The Developers Group Magazine Sep/Oct 2004 Page 14 return to index



( csCustomerlList )
protected override void OnVal i dat e(obj ect val ue)

{
if (! ( value is |ICustoner ) )

{

}
}

t hrow new Argument Exception( “You may only put an | Custonmer in a csCustomerList” );

Listing 4 — adding type checking to a class that descends from CollectionBase

If I create one of these collections and put some objects into it | can assign it to the DataSource property of a
DataGrid to display it (Listing 5).

public void CreateCollection()

{
csCustomerList | _customerList = new csCustonerlList();
LoadCol | ecti on; /1 Put some Custoners into the
csCust oner Li st
MyDat aGri d. Dat aSource = nul | ; /'l Clear existing data source
MyDat aGri d. Dat aSource = | _cust oner Li st ; /'l Display the list of Custoners
}

Listing 5 — display a collection in a DataGrid

(Note — if you want a property of a Delphi object to display in a DataGrid, it must be published. C# properties
must be public). Once I’'ve got the DataGrid to display the collection, |1 can modify what’s displayed in the
usual way with the TableStyles property. In this case, the MappingName for the table style is “csCustomerList™.

Sheep from Goats

Great! I've got a collection that | can give to a standard DataGrid. My next goal is to be able to sort the
elements in the collection. There’s no Sort method in the IList interface, but the ArrayList class has an overloaded
Sort method. As my collection is a wrapped ArrayList (courtesy of CollectionBase), I’ll use its Sort method to
sort the collection.

The first version of Sort takes no parameters. Help says it “Sorts the elements in the entire ArrayList using the
IComparable implementation of each element”. The Help for IComparable shows that it only contains one
method — CompareTo — that returns zero, a positive integer or a negative integer, depending on whether the
object that contains the CompareTo method is the same as, greater than or less than the object being compared.
For example, suppose | want to test whether a string is longer than 255 characters. | could write a function
like that in Listing 6.

public bool StringlsTooLong( string p_string )

{
if ( p_string.Length. ConpareTo( 255 ) == 0 )
return fal se; /1 String is 255 characters |ong
if ( p_string.Length. CompareTo( 255 ) < 0 )
return fal se; /1 String is less than 255 characters |ong
if ( p_string.Length. ConpareTo( 255 ) > 0 )
return true; /1 String is nore than 255 characters | ong
}

Listing 6 — using CompareTo to test the length of a string against 255

So, | need to decide how to compare two Customers. I'll do this by sticking the Last Name, the First Name
and the Title together (in that order) and comparing the resulting strings (Listing 7). This method goes in the
csCustomer class, which now has to declare that it supports IComparable.

public class csCustomer: |Customner, | Conparable

{
i nt | Conpar abl e. Conpar eTo( obj ect p_custoner )
{
string | _nySortNanme = _|astName + _firstName + _title;
string | _objectsSortName = ( ( |Custonmer ) p_custoner ).LastName +
( ( ICustonmer ) p_custoner ).FirstName +
( ( ICustoner ) p_custoner ). Title;
return | _nySort Nane. Conpar eTo( | _obj ectsSort Name );
}
}

Listing 7 — comparing a csCustomer with another (the IComparable interface)
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All I have to do now is add a Sort method to my collection which calls the ArrayList’s Sort method (Listing 8).

( csCustonerlList )
public void Sort()
{

}

this.lnnerList.Sort();

Listing 8 — sorting the contents

This works, but it’s not very flexible and it doesn’t allow for different results from different human languages.
It’s time to look at the other versions of the Sort method, both of which take an IComparer parameter. Looking
at Help again, it tells me that the IComparer interface contains one function — Compare — that takes two objects
as its parameters and returns an integer. | can write comparer classes that implement Compare differently,
depending on how | want to sort the Customers. Suppose | want to sort them by their Last Name. The
comparer would look like Listing 9. If | want to take account of different human languages, | can pass a
Culturelnfo to the comparer in the constructor and change the comparison code to use it.

public class csConpareCustomer ByLast Nane: | Conparer

{
int | Conmparer. Conpare( object p_custonerl, object p_custoner2 )
if ( ( p_custonerl != null ) & ( p_custonmerl is |Customer ) && ( p_custoner2 != null )
&& ( p_custoner2 is |Customer ) )
{
return ( ( ICustomer ) p_custonerl ).LastNanme. ConpareTo( ( ( |Customer ) p_customer?2
) . Last Nane );
}
el se
{
throw new Argument Exception( “lncorrect argunents passed to Conpare” );
}
}
}

Listing 9 — a Comparer object to compare Customers by Last Name

The framework contains a Comparer class that will compare two objects, but | can’t use that here because it
will use the CompareTo method of csCustomer which will always compare them the same way.

I need to add another, overloaded Sort method to my collection to use a comparer (Listing 10). For

completeness, I've added a Reverse method to reverse the order of the Customers in the list. (ArrayList does
this for me.)

{csCust oner Li st}
public void Sort( |Conparer p_conparer )

{

this.lnnerList.Sort( p_conparer );
OnLi st Changed( this, new ListChangedEvent Args( Li st ChangedType. Reset, 0 ) );
}

public void Reverse()

{

this. | nnerlList.Reverse();
OnLi st Changed( this, new ListChangedEvent Args( Li st ChangedType. Reset, 0 ) );
}

public void SortBylLast Name()
{
csConpar eCust onmer ByLast Nane | _conparer = new csConpar eCust omer ByLast Nanme() ;
Sort( | _conparer );
}
Listing 10 — using a comparer to sort by Last Name (with example)

Here’s an opportunity to be creative. | can design comparers and CompareTo methods that are event-driven,
or use Reflection to sort by different properties. I’ll leave it to you to work out the details.

foreach his own

I can now display and edit my collection in a grid and sort it by different properties. | now want to be able to
use it with “foreach” — available in C# and Visual Basic (and soon Delphi, | hope). The .NET framework uses
the Iterator pattern here, but it calls the iterator an enumerator, so the interfaces | need to implement are
IEnumerator and IEnumerable rather than llterator and llterable (or perhaps lirritable if you’ve had a bad day).
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The IEnumerable interface is the one my collection has to implement. It contains one method — GetEnumerator
—that returns an IEnumerator object. Fortunately, the CollectionBase class that is the base class for my collection
already implements this, returning an enumerator for the contained ArrayList. So my collection will already
work with foreach, without me having to do anything. What I also want to do with the iterator, however, is to
filter the list of Customers. | can use this feature to — for instance - search for all the customers whose last
name begins with “S”. To do this I’'ll have to use a custom enumerator and declare that my collection supports
the IEnumerable interface. This means | have to add the GetEnumerator method to my collection (Listing 11).
Note that it has to be public, or foreach will use the enumerator from the base class, rather than this one,
because it’s declared public in the base class.

public class csCustonerList: CollectionBase, |Enunerable

{
public new | Enunerat or Get Enunerator ()
{
return new csCustonerLi st Enunerator( this, LastNaneBegi nsWth );
}
}

Listing 11 — implementing the IEnumerable interface

Of course, | also have to write the custom enumerator. It will need to implement the IEnumerator interface,
which has two methods, one property and a constructor. You can see a typical, very simple enumerator in
Listing 12. If | use this enumerator outside of the automatic “foreach” statement, | have to create one, passing
in the list I want to enumerate and then keep calling MoveNext until it returns False. Each time | call MoveNext,
the Current property gives me the element from the list. The Reset method sets everything back to the start so
| can repeat the enumeration.

public class csCustonerlLi st Enunerator: | Enunerator

{
int _position;
csCustonmerLi st _custoners;

publi ¢ csCustonerLi st Enunmerator( csCustonerlList p_custoners )

{

_custonmers = p_custoners;
_position = -1;

}

obj ect | Enuner at or. Current

{
}

bool | Enuner at or. MoveNext ()

{

get { return _custoners[ _position ]; }

if ( _position < ( _custoners.Count - 1) )

{
_posi tion++;
return true;
}

el se

{

return false;

}
}

voi d | Enuner at or. Reset ()

{

}
}

_position = -1;

Listing 12 — a simple Enumerator

If I want to filter the list, | can modify the MoveNext method so it skips any objects in the list that don’t meet
the filtering criteria. | want to test the Last Name of each csCustomer object to see if it starts with a supplied
string. What I’'ll do is add a LastNameBeginsWith property to my collection and pass it to the enumerator in
the constructor. Then I’ll change the MoveNext method to look like Listing 13.
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bool | Enuner at or . MoveNext ()

{

/Il Test to see if there is another elenent of the list after the current one
if ( _position < ( _custoners.Count - 1) )

{
int | _oldPosition = _position;
_position = _position + 1;
/'l Do filtering, if required
if ( _lastNanmeBegi nsWth.Length >0 )

/'l Check the start of the Last Name against the conparison string (case
insensitive)

/1 |If they don’t match, nobve to the next Customer, until we reach the end of the
I'ist

while ( ( _position < _custoners. Count ) &&
( string.Conpare( ( ( ICustomer ) ( ( IList )_custonmers )[ _position ]
). Last Nane, O, _| astNanmeBegi nsWth, 0, _IastNanmeBegi nsWth.Length, true ) !=0)

)
{

_position = _position + 1;
}
}

bool | _result = _position < _custoners. Count;
if (! I_result )

/1 If there isn’t another Custonmer that neets the filtering criteria,
/'l restore the old position
_position = | _ol dPosi tion;

}

return | _result;

}

el se

{

return false;

}
}
Listing 13 — a filtering MoveNext method

Now, if | pass a string in the constructor, the enumerator will skip any Customers whose Last Name doesn’t
begin with that string. There’s another opportunity for creativity here — MoveNext could call an event handler
to test whether the Customer meets the filtering criteria, or could use Reflection. Note that if | pass a blank
string to the constructor, the enumerator will return all the Customers. A word of warning — be sure to clear
any filtering straightaway if you’re using the same list in a grid, otherwise it’ll get thoroughly confused. It’s
a good idea to make a filtered copy of the list if you want to use it for any editing.

More automation

My collection’s doing all the things | want it to, but there’s still a problem. When | attach it to a DataGrid, it
displays happily and | can use the grid to edit the Customers. If | add a Customer, or sort the list, however,
the grid doesn’t change unless | set its DataSource to nil (or null) and reassign the collection. The .NET
framework contains the necessary infrastructure to deal with this deficiency. Surprise, surprise, it involves
another interface — IBindingList. This interface contains nine properties, six methods and an event. That’s
quite a lot, but fortunately, | don’t have to worry about most of it. The only items | need to implement are the
ListChanged event property and the get_SupportsChangeNotification method, for the SupportsChangeNotification
property. | can write one-line implementations of all the other methods and property getters (property getters
will return False or raise a NotSupportedException, methods will either be empty or raise a
NotSupportedException). | also have to call the event handler (if any) when the list changes. | can use more of
the events in the CollectionBase class for this, specifically OnClearComplete, OnlnsertComplete, OnRemoveComplete
and OnSetComplete, as well as my Sort methods. Brilliant! The grid updates when | add, delete or change a
Customer.

There’s one final bit of functionality | want to add to my collection. | want to be able to use a grid to add
Customers to the list. To make this work, | need to make the IBindingList properties AllowEdit, AllowNew and
AllowRemove return True and | need to implement the AddNew method to create a new Customer and add it
to the list. The complete IBindingList, the overridden event routines and the modified Sort methods are in
Listing 15.
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public class csCustonerList: CollectionBase, |BindingList, |IEnunerable

{
/1 1Bi ndi ngLi st nmenbers
public event System Conponent Model . Li st ChangedEvent Handl er Li st Changed;
public void Addl ndex(PropertyDescriptor property) { // Do nothing }
public bool All owNew
{
get { return true; }
}
public void ApplySort (PropertyDescriptor property,
Syst em Conponent Model . Li st SortDi rection direction)
{
t hr ow new Not Support edException();
}
public PropertyDescriptor SortProperty
{
get { throw new Not SupportedException();}
}
public int Find(PropertyDescriptor property, object key)
{
t hr ow new Not Support edException();
}
publi ¢ bool SupportsSorting
{
get { return false; }
}
public bool |sSorted
{
get { return false; }
}
public bool All owRenpve
{
get { return true; }
}
publi ¢ bool SupportsSearchi ng
{
get { return false; }
}
public System Conponent Mbdel . Li st SortDirection SortDirection
{
get { throw new Not SupportedException(); }
}
publi ¢ bool SupportsChangeNotification
{
get { return true; }
}
public void RempveSort(){ throw new Not SupportedException(); }
public object AddNew()
{
csCustonmer | _newCustomer = new csCustoner( this );
( ( IList )this ).Add( |_newCustoner );
return | _newCust oner;
}
publi c bool All owEdi t
{
get { return true; }
}

public voi d Renmpovel ndex( PropertyDescriptor property)
{
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/1 Do not hi ng
}

/'l Hel per function for event handling
private void OnLi st Changed( object p_sender, ListChangedEventArgs p_eventArgs )
{

if ( ListChanged != null )

{

Li st Changed( p_sender, p_eventArgs );

}

}

/1 Overridden CollectionBase events
protected override void OnVal i dat e(obj ect val ue)

{
if (! ( value is ICustoner ) )
{
t hrow new Argunent Exception( “You may only put an | Custonmer in a csCustonerlList” );
}
}
protected override void OnC ear Conpl et e()
{
OnLi st Changed( this, new ListChangedEvent Args( Li st ChangedType. Reset, 0 ) );
}
protected override void OnlnsertConpl ete(int index, object value)
{
OnLi st Changed( this, new ListChangedEvent Args( ListChangedType.|temAdded, index ) );
}
protected overri de void OnRenmoveConpl ete(int index, object val ue)
{
OnLi st Changed( this, new ListChangedEvent Args( Li st ChangedType.|tenDel eted, index ) );
}
protected override void OnSet Conpl ete(int index, object ol dVval ue, object newal ue)
{
OnLi st Changed( this, new ListChangedEvent Args( Li st ChangedType.|tentChanged, index ) );
}

/1 Modified Sort nmethods
public void Sort ()

{
this.lnnerList.Sort();
OnLi st Changed( this, new ListChangedEvent Args( Li st ChangedType. Reset, 0 ) );

}

public void Reverse()
{

this.lnnerList.Reverse();
OnLi st Changed( this, new ListChangedEvent Args( Li st ChangedType. Reset, 0 ) );

}

public void Sort( |Conparer p_conparer )
{
this.lnnerList.Sort( p_conparer );
OnLi st Changed( this, new ListChangedEvent Args( Li st ChangedType. Reset, 0 ) );

}

Listing 14 — implement most of the IBindingList interface, with events, for editing in grids

I also need to make the csCustomer class implement the IEditableObject interface (it’s the last one, | promise!).
IEditableObject has three methods — BeginEdit, CancelEdit and EndEdit. When you add a new record to the end
of a DataGrid, the grid calls the AddNew method of the IBindingList and then calls BeginEdit on the resulting
object (in this case a new csCustomer). When you’ve finished editing the new object, the grid calls EndEdit. If,
however, you decide you didn’t want a new object you press the Escape key, the grid calls the CancelEdit
method and everything should return to its previous, peaceful state. The AddNew method, however, has
already added the new object to the list, so | have to put code in the CancelEdit method that removes it from
the list if it’s just been added. | set a flag in the constructor that tells me I've just created the Customer and
clear the flag in the EndEdit method (Listing 15). A consequence of this is that | have to call EndEdit on the
Customer if | create it in code, rather than letting the grid create it, otherwise if | navigate to the new Customer
and press Escape it will disappear!
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public class csCustoner: |Custoner, |Conparable, |EditableObject
{

private |List _owner;

private bool _newCustoner;

private csCustoner _backupDat a;

private bool _editing;

/] | Editabl eObject menbers
voi d | Edi t abl eObj ect . Begi nEdi t ()

{
if (! _editing)
if ( _backupData == null )
_backupbData = new csCustomer( null );
}
_backupData. title = _title;
_backupData. _firstName = _firstNaneg;
_backupDat a. _| ast Nane = _| ast Nane;
_editing = true;
}
}

voi d | Edi t abl eObj ect. Cancel Edi t ()
if ( _editing)

if ( _backupbData != null )

{
_title = _backupData. _title;
_firstNane = _backupData. firstNane;
_last Nanme = _backupDat a. _| ast Nane;

}
if ( _newCustoner )

{

_owner. Renove( this );

}

_editing = fal se;
}
}

voi d | Edi t abl eObj ect . EndEdi t ()
{

_newCust oner = fal se;
_editing = fal se;
if ( I'sChanged() )

{
/'l Trigger the OnSet Conpl ete event to update controls

int | _position = _owner.|ndexOF( this );
—owner[ | _position ] = this;
}
}
Listing 15 — implementing the IEditableObject interface

Making life easier

Phew! I’'ve achieved my goal of a collection that | can display in grids, list boxes, combo boxes, etc. | needed
to do quite a bit of work, however, to get there. If | have a lot of collections to write, I’d soon get tired of
cutting & pasting all that code, not to mention any issues with maintainability. That indicates to me that | can
make a base collection class that will do a lot of the work, reducing the number of methods and properties |
have to write. I'm also keen to try out the new Generics feature of .NET version 2. I’'m sure it should be
possible to write a generic collection class with only one set of code. This article is far too long already,
however, so I'll leave that for a future edition.

Summary

I began with the aim of writing a collection of objects that | can use with standard .NET controls. | wrote a
csCustomer class and a csCustomerList class, both implementing .NET interfaces. The end result is a collection
that can be assigned to the DataSource property of various list controls, that can be edited with a standard
DataGrid and notifies the controls about changes so they update themselves automatically.
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The interfaces | implemented are:

IList — provides methods to manage the list and the objects inside it. Objects that implement this
interface can be displayed by standard .NET controls. Implemented by the collection.

IComparable — provides a method to compare an object with another one of the same type. Used by the
ArrayList Sort method. Implemented by the class that the collection contains.

IComparer — provides a method that compares two objects of the same type. Used by the ArrayList Sort
method. Implemented by a helper class.

IEnumerable — provides a factory method that returns an enumerator for this object. Used by foreach.
Implemented by the collection.

IEnumerator — provides methods to enumerate (aka. iterate) a list. Can also be used for list filtering. Used
by foreach. Implemented by a separate class.

IBindingList — provides more methods to manage a list. Used by DataGrid to edit the list and its elements.
Implemented by the collection.

IEditableObject — provides commit and rollback to object editing. Used by DataGrid when editing elements in
a list. Implemented by the class that the collection contains.

Other interfaces to look at are:

IComponent — provides a method and a property for use with components. Used by Visual Studio to add
the class to the toolbox and allow dropping it onto forms. Can be implemented by both the
collection and the class it contains.

IListSource —  provides methods that allow the .NET framework to find out about the list and the objects it
contains. Used by grids at design time. Implemented by the collection.

ITypedList — provides methods to get details of the properties of the objects in the list. Used by grids at
design time. Implemented by the collection.

To learn more about iterators and factories, read Design Patterns by Erich Gamma, Richard Helm, Ralph
Johnson and John Vlissides, published by Addison Wesley. There have also been a number of articles in the
pages of this esteemed magazine, The Delphi Magazine and others.

Craig Murphy asked that we should mention useful tools. | found Reflector for .NET extremely useful for this
article. It takes a .NET assembly, shows you what’s in it and will put the code out as IL, C#, VB.NET or
Delphi (yes, Delphi!). It’s free and you can get it from http://www.aisto.com/roeder/dotnet.

The Source Code

There’s some sample source with this article [see our downloads page on http://www.richplum.co.uk/downloads/
default.asp . Ed], both Delphi and C#. They’re not the same, because | started to write in Delphi, but when 1
added IBindingList, Delphi insisted that | had to implement IList and ICollection as well, even though they’re
implemented in the base class.

Both versions of the code include a form with a grid and a list box. You can see that
the list box and the grid keep themselves synchronised, so moving to another Customer
on the grid moves to that Customer on the list box as well. The C# version also has an
enumeration list box that is filled with a foreach loop. Put one or more characters in
the text box to see only Customers whose Last Name begins with what you’ve typed.

Rob Bracken is a freelance Delphi and C# developer based near Bristol, U.K. You can contact
him at bug@brackensoftware.co.uk.

IMPORTANT: This email is intended for the use of the individual addressee(s) named above and may
contain information that is confidential, privileged or unsuitable for overly sensitive persons with low
self-esteem, no sense of humour or irrational beliefs. If you are not the intended recipient, any
dissemination, distribution or copying of this email is not authorised (either explicitly or implicitly) and
constitutes an irritating social faux pas. Unless the word canonicalisation has been used in its correct
context somewhere other than in this warning, it does not have any legal or grammatical use and may be
ignored. No children or animals were harmed in the transmission of this email, although ghastly
neighbours’ cats are living on borrowed time. Those with an overwhelming fear of the unknown will be
gratified to learn that there is no hidden message to be revealed by reading this warning backwards.

the silly bit the silly | B8
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