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Chapter 1: Building and Using Classes

Objectives 

At the end of this chapter, you will be able to:

· Know Object Oriented Programming 

· Advantages of Object Oriented Programming 

· Understand what is a Class Module?

· Know advantages of Using Classes

· Add Properties to a Class

· Add Methods to a Class

· Create and use Class Modules 

· Understand Data-bound Class Modules 

1.1 Object orientation in Visual Basic 

As the time has passed software has become increasingly complex. The Process of developing software consist largely of managing complexity, so anything you can do to break a large problem into small manageable tasks is good. Hence Object orientation can be defined as a practical methodology. 

Object Oriented Programming (OOP) requires the implementation of four qualities in a programming language: 

· Abstraction is a process of dividing your program into chunks that have a correlation with the real world problems the program is meant to solve. Rather than focusing on the function as the unit of interest, in OOP you focus on the object. This means that you can deal with more of the program at once without straining your mental faculties
· Encapsulation is one of the primary and most fundamental aspects of OOP. Encapsulation occurs when the desired services and data associated with an object are made available to the client through a predefined interface without revealing how those services are implemented. The client uses the server object's interfaces to request desired services, and the object performs on command without further assistance. It is useful because it helps to enlist related methods and data under a single aegis, and to hide the implementation details that don't need to be exposed or that might change in future versions of an object. For example, suppose you want to create an object called TAirplane, which would represent (naturally enough) an airplane. This object might have fields such as Altitude, Speed, and NumPassengers; it might have methods such as TakeOff, Land, Climb, and Descend. From a design point of view, everything is simpler if you can encapsulate all these fields and methods in a single object, rather than leaving them spread out as individual variables and routines.

· Polymorphism means that many classes can provide the same property or method, and a caller doesn’t have to know what class an object belongs to before calling the property or method For example, a Flea class and a Tyrannosaur class might each have a Bite method. Polymorphism means that you can invoke Bite without knowing whether an object is a Flea or a Tyrannosaur — although you’ll certainly know afterward.

· Inheritance is the capability to define increasingly more specific objects, starting with the existing characteristic definitions of general objects. Thus, when a more specific class of objects is desired, you can begin the definition by first inheriting all the characteristics of another defined class and then adding to them. 

1.1.1 Advantages of Object oriented programming

There are many advantages of object oriented programming worth noting: 

· Many of the objects representing standard business functions can be reused, reducing the time required to build new programs and the overall cost of maintaining them.

· When maintenance is required, new versions of individual objects can replace older versions easily, without breaking the application.

· As needs change, new objects can be relocated transparently to new platforms and even to other computers across the network, still without breaking the applications.

· Large and complex programming projects that would seem nearly impossible when using other techniques can now be conquered much more easily.

· The time and expense required to integrate existing application with new applications and to perform emergency repairs on applications will gradually decline as more objects are implemented.

· The recovered programmer hours can be redirected toward backlogged projects and new initiatives. 

Object oriented programming is fundamentally a tool for breaking large problems into small object. Now you must be wandering what are objects.

1.1.2 Objects

Objects are real-world things. In Object oriented terms objects are defined as word to describe one specific thing. An object is a unit of code and data that can be accessed, manipulated, and reused. An object is composed of three major components. 

· Properties – Properties are like the fields of a user-defined type. They contain data about the object. Property procedures provide controlled access to data stored within an object.
· Methods – These are actions that are associated with the object. You may have Print or Save method, for instance. Methods operate on the data in an object.
· Events – You can trigger event on object, in much the same way controls and forms receive events as the user does various operations

These major components can be further subdivided into two groups: -

· Public: - The entire application can access the property, method or event

· Private: - Only the object itself can access the property, method or event

An object is defined within a class. The class defines the properties and methods appropriate for all objects of a given type.

1.2 Class Modules

To make full use of the object-oriented features of Visual Basic you need is a firm Understanding of Class Modules. 

1.2.1 Class 
Programmatically a class is a user-defined data type, or abstract data type. Just as you used user-defined data type or structures, you can instead define classes. The objects represent a specific set of values for the user-defined data type. For example, for an employee time tracking system, each employee is an object. However, you would not write routines for each employee at the company. Rather, you would write routines that described that general class of objects. So you would define an employee class that described the attributes and processing required for all employees.

In other words a class is a template or formal definition that defines the properties of an object and the methods used to control that object’s behavior. The description of these members is done only once, in the definition of the class. The objects that belong to a class, called instances of the class, share the code of the class to which they belong, but contain only their particular settings for the properties of the class. You create, or instantiate, an instance as an object at runtime with the same inherent methods and default property settings with which the class was designed. You then can change the settings of the properties of the class as necessary. 

The class provides definition of the objects by specifying the properties and the behaviors that each object in that class will have. This list of properties and behaviors is the class interface. A specific object that belongs to a class is referred to as an instance of the class. Each instance of the class will have values for the defined set of properties and can perform the defined behaviors. A class itself does not have property values nor does it perform the class behaviors. Rather, the class defines the properties and contains the implementation of the behaviors that will be used by each object created from the class. These objects will have values from the properties and perform the behaviors.   

1.2.2 Various types of Classes

Visual Basic has three generic kinds of classes:

· Control. When instantiated, this is an object that you draw on a Form object to enable or enhance user interaction with an application. Control objects appear in the toolbox and are placed on a Form object by double clicking them or by clicking and then dragging them onto a Form object. To place a Menu control object on a Form object, you use the Menu Editor (found in the Tools menu). Control objects have three general attributes. First, they accept user input, respond to events initiated by the user or triggered by the system, or display output. Second, they have properties that define aspects of their appearance, such as position, size, and color, and aspects of their behavior, such as how they respond to user input. Third, they can be made to perform certain actions by applying methods to them in code. 

· Object When instantiated, this is an object that supports members, but that does not have its own recognized set of events. 

· Collection When instantiated, this is an object that contains a set of related objects. An object’s position in the Collection object can change whenever a change in the Collection object occurs; therefore, the position of any specific item in the Collection object may vary. 

1.2.3 Advantages of Using Classes

Some Advantages of class modules are:

· Class modules let you abstract complex processes. Using a technique called encapsulation, you can hide the gory details of how something works. Other developers can then use the package without knowing (or caring) about its inner workings.

· Class modules make development easier by breaking up a development task into manageable chunks. Sure, you can do this with normal modules; but because class modules force you to detach class-module code from procedural code, the result is a much cleaner division of functionality.

· Class modules let you create reusable components. Because of the clear line between classes and the procedures that use them, class modules lend themselves to creating independent code components that you can easily share between projects.

· Class modules are the foundation of other component technologies. In the case of Visual Basic, class modules enable you to create ActiveX Automation servers and ActiveX controls.

1.3 Create and Use Class Modules

Every class you create exists in its own file, known as a class module. Only one class can be defined in a single class module, so you need to insert a class module for each class you want to define. You can then define properties and methods in the class as described in the topics, which follow.

To create a class module, use the Insert, Class Module menu. After you’ve added the class module, you edit it just like any other module. The class module is identified as such by its name, so make sure you assign it a name you’re comfortable with. Then save your class module with the name “Student”.

1.3.1 Adding Properties to a Class 

Every object has some attributes associated with it. An employee has a name, employee number, address, and so on. These attributes are called properties. To create properties for your new object, you can simply create public variables in the class module. These variables would be declared similar to the following - For example, placing the following code in the class module’s Declarations section adds three properties, called FirstName, LastName, and Birthdate:

Public FirstName As String
Public LastName As String
Public Birthdate As Date
Using the Private key word instead of Public keyword ensures that this member variable is private to the class in which it is defined. This encapsulates the value. To make the property useful to other parts of this application, it can be exposed by using Property procedures Property procedures are a special type of procedure that allows the class to provide access to a property for read-only, read and write, or write-only.

1.3.2 Adding Methods to a Class
Most objects also have behaviors. They do something within the scope of an application. An employee object may need to read itself from the disk or save itself back to the disk, for example. These behaviors are called methods.

To create a method for your class (that is, an action your object knows how to perform), simply create a Public procedure. For example, in the Student class it’s easy to add a method to have the class display the name and birth date of the current object in a message box:

' In the Student class module.

Public Sub Speak()

  ' A simple method.

  MsgBox "My name is " & Me.FirstName & " " & _

    Me.LastName & ". I was born on " & _

    Me.Birthdate & "."

End Sub

1.3.3 Creating Instances of the Class

A class module isn’t much good if it isn’t possible to create an object based on it. To do that, you’ll use code like this, in a standard module:

Dim oStudent As Student
Set oStudent = New Student

Although you can simplify this code a tiny bit, rewriting it like this:

Dim oStudent As New Student
You lose some control over your objects, so we don’t recommend this shortcut.

Once you’ve created the new object instance, you can set and retrieve properties of the object, just as if it was built-in. You even get the same lists of properties and methods you’d get for the built-in objects!

To try out the new class, run the following code. This creates a new instance of the Student class, sets and retrieves some simple properties, calls the Speak method, then destroys the object (by setting the variable that refers to it to nothing).

Sub TestStudent1()

Dim oStudent As Student

  ' Make the object variable point to a real object.

  Set oStudent = New Student

  ' Set properties of the new object.

  With oStudent

    .FirstName = "Sally"

    .LastName = "Smith"

    .Birthdate = #5/1/90#

  End With

  ' Retrieve some of the properties.

  Debug.Print oStudent.FirstName & " " & _

    oStudent.LastName

  ' Call a method of the object.

  oStudent.Speak

  ' Destroy the object.

  Set oStudent = Nothing

End Sub

1.3.4 Creating Multiple Instances

One of the true benefits of working with class modules is that you can instantiate multiple copies of the same class, assigning each instance its own properties. The following example demonstrates the use of two different Student objects in the same procedure.

' In basTestStudent.

Sub TestStudent3()

  Dim oStudent1 As Student

  Dim oStudent2 As Student

  Set oStudent1 = New Student

  Set oStudent2 = New Student

  With oStudent1

    .FirstName = "Bart"

    .LastName = "Simmons"

    .Birthdate = #6/6/87#

  End With

  With oStudent2

    .FirstName = "Lisa"

    .LastName = "Simmons"

    .Birthdate = #5/1/91#

  End With

  oStudent1.Speak

  oStudent2.Speak

End Sub

Of course, this is a simple example. Class modules have wide-ranging uses, limited only by your imagination. Their most important use comes into play when you combine them with Collection objects, as shown in the next section.

1.3.5 Creating Object Collections

Creating many instances of a class is a powerful feature, but what if you don’t know in advance how many instances you’ll need? You could declare extract variables to use in case you need them. You could also create an array of variables. There’s a better way, however. You can create a collection of objects.

You’ve no doubt used collections of objects already. Visual Basic have Forms collections, Excel has Workbooks and Worksheets collections, and Jet has a Databases collection. The advantage of using collections rather than another technique is that you can easily create, track, and destroy objects without writing much code.

You create your own collections using the Collection class, which defines methods to add, identify, and remove objects. It also defines a property, Count, to tell you how many objects are in the collection. You begin by creating a new instance of a Collection object, like this:

Dim oNewStudent As Student

Set oNewStudent = New Student

With oNewStudent

  .FirstName = "Bart"

  .LastName = "Simmons"

  .Birthdate = #6/6/87#

End With

Students.Add oNewStudent, oNewStudent.FirstName

With oNewStudent

  .FirstName = "Lisa"

  .LastName = "Simmons"

  .Birthdate = #5/1/91#

End With

Students.Add oNewStudent, oNewStudent.FirstName

Once you’ve added an item to a collection, you use the Collection object’s Item method to refer back to it. You can then either save the reference in a variable, or call the object’s properties and methods directly. For instance, this line of code makes Lisa speak:

Students.Item("Lisa").Speak

Of course, you can also refer to an object by its position in the collection:

Students.Item(1).Speak

Because an object’s position can change as other objects are removed from a collection, you should use an object’s unique identifier instead.

1.3.6 Initialize and Terminate Events

There is one other interesting feature of class modules: the Initialize and Terminate events. These events occur when each object is created and destroyed, respectively. If you need to take a particular action when an object gets created, or when it’s destroyed, put the appropriate code in one of these event procedures.

To test this out, add a call to MsgBox in the Initialize event of Student. Single-step through any of the procedures in basTestStudent, and you’ll see that Visual Basic calls the Initialize event procedure as soon as you execute a line of code containing the Set keyword.

Visual Basic triggers the Terminate event immediately before it destroys your object, giving you a chance to release any resources you’ve used (by closing file handles, for example) before your object is destroyed. Remember that an object is destroyed when the object variable that refers to it is set to nothing, or when it goes out of scope.

1.3.7 Why Not Use Public Variables? 

Earlier in this article, you saw how Public variables could be used to provide object properties. But this technique is somewhat limiting. For instance, suppose you want to restrict a property so that it’s read-only, or write-only. Or perhaps you need to perform some action when a property gets set or retrieved.

Using Public variables for properties, you can’t do either of these. Instead, VBA provides Property Get and Property Let procedures, so you can run code when a property is retrieved or set, or both. Often, property procedures use private variables (in the module’s Declarations section) for storing the values locally.

Property Let procedures allow you to set the value of a property of your class, like this:

Property Let LastName(pstrLastName As String)

  ' Set a private variable.

  mstrLastName = pstrLastName

End Property

The name of the procedure defines the name of the property. When code sets the value of the property, VBA passes the new property value to the Property Let procedure in the procedure’s parameter. For instance, the code shown here sets the Student object’s LastName property, which, in turn, runs the code inside the Property Let procedure:

Dim oStudent As Student

Set oStudent = New Student

oStudent.LastName = "Smith"

A Property Get procedure is the counterpart of Property Let, and allows you to retrieve the value 

of a property of your class. If you wanted to retrieve the value of the LastName property, you would need code like this:

Property Get LastName() As String

  ' Get the value of private variable.

  LastName = mstrLastName

End Property 

Visual Basic has guidelines for using Property procedures:

1. The data type of the value passed to a Property Let procedure must match, exactly, the data type of the value returned from the corresponding Property Get.

2. You needn’t supply both a Property Let and a Property Get for a given property. If you don’t include a Property Let, you’ve created a read-only property. If you don’t supply a Property Get, you’ve created a write-only property (and these are of limited use, of course!)

3. If you need to send an object to a Property Let (for example, if your object accepts an object as a property), you’ll need to use Property Set instead (the one type of property procedure we’ve not discussed here). Check online Help for more information on this one.
1.4 Data-Bound Class Modules

Just as you would bind a control to a database through a Data control, data-aware classes need a central object to bind them together. That object is the BindingCollection object. The BindingCollection is a collection of bindings between a data source and one or more data consumers.

In order to use the BindingCollection object you must first add a reference to the Microsoft Data Binding Collection by selecting it in the References dialog, available from the Project menu. As with any object, you’ll need to create an instance of the BindingCollection object at run time.

The DataSource property of the BindingCollection object is used to specify the object that will provide the data. This object must be a class or UserControl with its DataSourceBehavior property set to vbDataSource.

Once the BindingCollection has been instantiated and its DataSource set, you can use the Add method to define the binding relationships. The Add method takes three required arguments: the name of the consumer object, the property of that object to be bound to the source, and the field from the source that will be bound to the property. You can add multiple bindings to the BindingCollection by repeating the Add method; you can use the Remove method to delete a binding.

1.4.1 Creating a Data Source

Creating a data source is a two-step process. In this example you will bind a TextBox control to your data source class in order to display the data. In the first step you’ll create the data source class; in the second step you will bind it up to a TextBox control in order to display the output.

1.5 Exercise

Do the following :

a. Open “Employee.vbp”

b. Create a class for Employee Master

c. Give appropriate name to the class

d. Create one more class for training details

e. Give appropriate name to that class

f. Write a code such that when the user clicks on the Save button of the Save dialogbox, the data should get transferred to the class

g. Form a Collection of Employee Class

h. The Key should be Employee code

i. Save the project

Chapter 2: Developing ActiveX Controls

Objectives 

At the end of this chapter, you will be able to:

A. Understand what really is Active-X

B. Create an ActiveX control

C. Adding Properties to ActiveX control

D. Adding Methods to ActiveX control

E. Adding Events to ActiveX control

F. Creating Property Pages 

G. Creating a data-bound control 

H. Creating a data source control 

I. Create an Active-X Control that is a Data Source

J. Test an Active-X Control

K. Register an Active-X Control

2.1 Introduction

Whenever you need a control, especially in a work environment, you should always check to see first if the control is available as a commercial product. The last resort should be to program or create it yourself. 

ActiveX Controls have become the primary architecture for developing programmable software components for use in a variety of different containers, ranging from software development tools to end-user productivity tools. For a control to operate well in a variety of containers, the control must be able to assume some minimum level of functionality that it can rely on in all containers. By following these guidelines, control developers make their controls more reliable and interoperable, and, ultimately, better and more usable components for building component-based solutions. 
2.2 ActiveX

ActiveX is a specification that indicates how applications should talk to each other. So ActiveX is the set of technologies that allow separately compiled components to communicate with one another. It allows you to develop components in many different languages such as VC++, Java, Excel, and Visual Basic and have all of the components work together.If you build an ActiveX control, you can place it inside another application that understands how to host ActiveX controls. In particular you can place ActiveX controls in: 

· Visual Basic programs

· Delphi programs 

· Visual C++ programs 

· Programs written in some other languages 

· Web pages

2.2.1 Why ActiveX?  

ActiveX simply enables developers to do too many good things to ignore. These are some of their capabilities: 

· ActiveX controls and ActiveX scripting provide the infrastructure necessary to add language-neutral and tool-independent extensions to Web pages. 

· ActiveX controls enable developers to leverage existing OLE development tools and the investment they already have made in OLE. 

· ActiveX scripting enables you to drop any scripting engine into your application, enabling you to add behavior to Web pages in whatever scripting language you prefer. 

· ActiveX improves on the use of HTTP and FTP protocols from within applications through the use of IBind interfaces. These interfaces encapsulate a new protocol that supports binding to URLs dynamically from within your application. An application binds to a URL moniker, which then communicates through the appropriate protocol to activate the OLE object. This abstraction enables newly developed protocols to integrate neatly into your existing objects. 

· ActiveX descends from Win32, OLE, and OCX technologies and thus enables developers to build on their existing investments. Additionally, new development tools and environments such as Microsoft's ActiveX Control Pad and FrontPage provide native support for inserting ActiveX controls into your Web pages and then adding event handling routines using VBScript. 

· ActiveX enables you to leverage VB development investments by reusing existing controls and building new controls or modifying existing controls using VB 5 and VB 5 Control Creation Edition. 

· ActiveX enables Web applications developers to take advantage of the HTML 3.2 <OBJECT> tag by inserting ActiveX controls and manipulating them with VBScript. The result is extremely powerful client-side applications that were never before possible. 

· ActiveAnimation, ActiveMovie, and ActiveVRML provide a powerful foundation for highly interactive, animated, and multimedia-based content. 

Not all hosts support the same ActiveX features. That means an ActiveX control displayed in a Visual Basic application may have different support than one displayed in a Delphi application or on a Web page. With this specification one can develop 

A. ActiveX Code Components

B. ActiveX Controls

C. ActiveX Documents

2.2.2 ActiveX code Components
An ActiveX code component is a compiled set of code that is normally comprised of one or more class modules. A single ActiveX code component normally contains all of the business rules for a particular business object or a set of standard routines. This is very similar to creating libraries of functionality where each set of functionality is compiled into a single component. These components can be –

9. ActiveX DLLs: - An ActiveX DLL is a code component that runs in the same process as the client application. So it runs in the same address space as the client application that is using the component. Any components you create to work with Microsoft Transaction Server must be ActiveX DLL components. Any other components you develop for use on the same machine as the client application can also be ActiveX DLL components. This is normally the preferred choice because it is easier to test (by adding another project using the new VB5 project group feature) and has better performance.

1. ActiveX EXEs: - An ActiveX EXE is a code component that runs in a separate process from the client application. So it runs in its own address space.If you plan to place the component on a computer different from the computer running the client application and you don't plan to use Microsoft Transaction Server, the component must be an ActiveX EXE. ActiveX EXEs are also useful for creating components that can also be run stand-alone, that is they can be run by clicking on the icon. This is similar to Excel: you can click on the Excel icon and launch Excel or you can create an Excel object from VB. Since ActiveX DLLs are easier to test, you can test your ActiveX EXE first as an ActiveX DLL and then convert it to an ActiveX EXE using the Project Properties dialog box.

2.2.3 ActiveX controls
ActiveX control is a class with a graphical front-end. You have used classes before ActiveX controls take this idea one step further, allowing you to write a widget that can packaged and reused in later applications, or even distributed as the perfect solution to other budding developers' problems. With ActiveX, you can make a composite control: one control made up of several others. This means that you can take the ordinary Visual Basic controls, or any other ActiveX control for that matter, put them in your ActiveX control, write the functionality that you want, all in one reusable component.

2.2.4 ActiveX documents
ActiveX Document are Visual Basic forms that can appear within Internet browser windows.  They offer built-in hyperlinks, document view scrolling, and menu capabilities. They also contain insertable objects, such as an ActiveX control. They can display message boxes and normal Visual Basic forms. ActiveX Documents are powerful components that offer a user document interface to otherwise standard Visual Basic forms. They provide an ideal opportunity for the developer to move reporting onto an intranet, in a format that millions of people are accustomed to, without having to learn an Internet programming language such as Java. ActiveX documents are not an entirely new concept. 

2.3 Creating an Active-X control

ActiveX controls enable you to rapidly improve the quality and functionality of your applications simply by embedding prepackaged objects By adding programs to control these objects and handle various events, you can develop interactive and highly functional client-side applications that simply were not possible before. 

Third-party vendors produce a dazzling number of ActiveX controls designed to perform specific tasks. Note that the control you need often already exists and can be cheaper to purchase than to write, debug, and maintain yourself. With all these controls why would you write an ActiveX control? 

Sometimes you want to integrate some type of functionality into your program, but you cannot locate a control on the market that adequately meets your needs. In these cases, you have to do it yourself. Building your own controls requires a lot of time and effort. An ActiveX control is made up of its members: -

2. The Properties

3. The Methods and 

4. The Events.

2.4 ActiveX Control’s Properties
You implement properties of your ActiveX control by adding property procedures to the code module of the UserControl that forms the basis of your control class. By default, the only properties your control will have are the extender properties provided by the container. You must decide what additional properties your control needs, and add code to save and retrieve the settings of those properties. Properties for controls differ in two main ways from properties of other objects you create with Visual Basic. 

5. Property values are displayed in the Properties window and Properties Pages dialog box at design time.

6. Property values are saved to and retrieved from the container's source file, so that they persist from one programming session to the next. 

As a result of these differences, implementing properties for controls has more requirements and options than for other kinds of objects. Control properties should always be implemented using property procedures instead of public data members. Otherwise, your control will not work correctly in Visual Basic. Property procedures are required because you must notify Visual Basic whenever a property value changes. You do this by invoking the PropertyChanged method of the UserControl object at the end of every successful Property Let or Property Set.

2.4.1 Saving the Properties of Your Control

Instances of controls are continuously being created and destroyed; when form designers are opened and closed, when projects are opened and closed, when projects are put into run mode, and so on.

How does a property of a control instance - for example, the Caption property of a Label control  get preserved through all this destruction and re-creation? Visual Basic stores the property values of a control instance in the file belonging to the container the control instance is placed on; .frm/.frx files for forms, .dob/.dox files for UserDocument objects, .ctl/.ctx files for UserControls, and .pag/.pgx files for property pages. 

Saving Property Value

Use the PropertyBag object to save and retrieve property values. The PropertyBag is provided as a standard interface for saving property values, independent of the data format the container uses to save its source data.

Retrieving Property Values

Property values are retrieved in the ReadProperties event of the UserControl object. The ReadProperty method of the PropertyBag object takes two arguments: 

7. A string containing the name of the property, and 

8. Adefault value.
The ReadProperty method returns the saved property value, if there is one, or the default value if there is not. Assign the return value of the ReadProperty method to the property, as shown above, so that validation code in the Property Let statement is executed.

If you bypass the Property Let by assigning the property value directly to the private data member or constituent control property that stores the property value while your control is running, you will have to duplicate that validation code in the ReadProperties event.

Always include error trapping in the UserControl_ReadProperties event procedure, to protect your control from invalid property values that may have been entered by users editing the .frm file with text editors.

2.4.2 Properties that are Read-Only at Run Time

If you create a property the user can set at design time, but which is read-only at run-time, you have a small problem in the ReadProperties event. You have to set the property value once at run time, to the value the user selected at design time.

An obvious way to solve this is to bypass the Property Let, but then you have no protection against invalid property values loaded from source files at design time. 

2.4.3 Initializing Property Values

You can assign the initial value of a property in the InitProperties event of the UserControl object. InitProperties occurs only once for each control instance, when the instance is first placed on a container.

Thereafter, as the control instance is destroyed and re-created for form closing and opening, project unloading and loading, running the project, and so on, the control instance will only receive ReadProperties events. Be sure to initialize each property with the same default value you use when you save and retrieve the property value. Otherwise you will lose the benefits that defaults provide to your user. The easiest way to ensure consistent use of default property values is to create global constants for them.

2.4.4 Exposing Properties of Constituent Controls

By default, the properties of the UserControl object  and the constituent controls you add to it  are not visible to the end user of your control. This gives you total freedom to determine your control's interface.

Frequently, however, you will want to implement properties of your control by simply delegating to existing properties of the UserControl object, or of the constituent controls you've placed on it. This topic explains the manual technique of exposing properties of the UserControl object or its constituent controls.

Understanding delegation and property mapping will help you get the most out of the ActiveX Control Interface Wizard, which is designed to automate as much of the process as possible. It will also enable you to deal with cases that are too complicated for the wizard to handle.

2.4.5 Mapping to Multiple Object Properties
As another example of multiple property mapping, you might implement TextFont and LabelFont properties for the control described above. One property would control the font for all the labels, and the other for all the text boxes.

When implementing multiple mapped object properties, you can take advantage of multiple object references. Thus you might implement the LabelFont property as shown in the following code fragment:

2.4.6 Creating Design-Time-Only, Run-Time-Only, or Read-Only Run-Time Properties

To create a property that can be read at run time, but can be set only at design time, implement the property using property procedures. In the Property Let or Property Set procedure, test the UserMode property of the AmbientProperties object. To suppress a property completely at run time, you can also raise a "Property is not available at run time" error in Property Get.

Implementing properties of the Variant data type requires all three property procedures, Property Get, Property Let, and Property Set, because the user can assign any data type, including object references, to the property. In that case, the error raised in Property Let must also be raised in Property Set.

2.4.7 Error Values to Use for Property Errors

The following error values XE "error values"  are provided by Visual Basic and should be used when raising errors for read-only or write-only properties:

	PRIVATE
Err.Number
	Err.Description

	382
	Let/Set not supported at run time.

	383
	Let/Set not supported at design time.

	393
	Get not supported at run time.

	394
	Get not supported at design time.


If a property is read-only at run time and UserMode is True, raise error 382 in the Property Let or Property Set procedure. If a property is not available at run time, raise error 382 in the Let or Set procedure and error 383 in the Get procedure. Likewise, if a property is not available at design time, raise error 393 in the Let or Set procedure and error 394 in the Get procedure.

2.4.8 Handling Read-Only Run-Time Properties in the ReadProperties Event

The recommended practice for the ReadProperties XE "ReadProperties"  event is to assign the retrieved value to the property, so that the Property Let is invoked. This allows the validation code in the Property Let to handle invalid values the user has manually entered into the container's source file. This is problematic for read-only run-time properties. The solution is to bypass the Property Let, and assign the retrieved value directly to the private member or constituent control property. If the property accepts only certain values, you can use a helper function that can be called from both Property Let and ReadProperties.

If the wrong data type is entered in the source file, a type mismatch error will occur. Thus, errors can occur even for a Boolean or numeric property. (This is why you should always use error trapping in ReadProperties.) You can trap the error with On Error Resume Next, as above, and substitute the default value for the property.

2.4.9 Creating Run-Time-Only Properties

You can create a property that is available only at run time by causing property procedures to fail during design time (that is, when the UserMode property of the AmbientProperties object is False). Visual Basic's Properties window does not display properties that fail during design-time.

You can open the Procedure Attributes dialog box, select your run-time-only property, click the Advanced button, and check "Don't show in Property Browser" to prevent the Properties window from interrogating the property. This keeps the Properties window from putting you in break mode every time it queries the property, which is a nuisance when you're debugging design-time behavior.

2.4.10 Properties You Should Provide

Recommended properties include Appearance, BackColor, BackStyle, BorderStyle, Enabled, Font, and ForeColor. It's also a good idea to implement properties commonly found on controls that provide functionality similar to yours.

In addition, you may wish to selectively implement properties of any constituent controls on your UserControl object. All of the above properties should use the appropriate data types or enumerations, If you're authoring a control that provides its appearance using constituent controls, implementing the Appearance property is problematic. For most controls, the Appearance property is available only at design time  but you can only delegate to run-time properties of constituent controls.

2.4.11 Procedure IDs for Standard Properties

Every property or method in your type library has an identification number, called a procedure ID or DISPID. The property or method can be accessed either by name (late binding) or by DISPID (early binding).

Some properties and methods are important enough to have special DISPIDs, defined by the ActiveX specification. These standard procedure IDs are used by some programs and system functions to access standard properties of your control.

For example, there's a procedure ID for the method that displays an About Box for a control. Rather than rummaging through your type library for a method named AboutBox, Visual Basic calls this procedure ID. Your method can have any name at all, as long as it has the right procedure ID.

2.4.12 To assign a standard procedure ID to a property
A. On the Tools menu, click Procedure Attributes to open the Procedure Attributes dialog box.

B. In the Name box, select the property.

C. Click Advanced to expand the Procedure Attributes dialog box.

In the Procedure ID box, select the procedure ID you want to assign to the property. If the procedure ID you need is not in the list, enter the number in the Procedure ID box. Selecting (None) in the procedure ID box does not mean that the property or method will not have a procedure ID. It only means that you have not selected a particular procedure ID. Visual Basic assigns procedure IDs automatically to members marked (None).

2.4.13 Important Ambient Properties

You can ignore many of the standard ambient properties. In a Visual Basic ActiveX control, you can ignore the MessageReflect, ScaleUnits, ShowGrabHandles, ShowHatching, SupportsMnemonics, and UIDead properties of the AmbientProperties object. Ambient properties you should be aware of are listed below.

· UserMode: -

The most important property of the AmbientProperties object is UserMode, which allows an instance of your control to determine whether it's executing at design time (UserMode = False) or at run time. At design time the person working with your control is a developer, rather than an end user. Thus the control is not in "user" mode, so UserMode = False.

· LocaleID: -
If you're developing a control for international consumption, you can use the LocaleID ambient property to determine the locale. 

· DisplayName: -

Include the value of the DisplayName property in errors your control raises at design-time, so the developer using your control can identify the control instance that is the source of the error.

· ForeColor, BackColor, Font, and TextAlign: -

These properties are hints your control can use to make its appearance match that of the container. For example, in the InitProperties event, which each instance of your UserControl receives when it is first placed on a container, you can set your control's ForeColor, BackColor, Font, and TextAlign to the values provided by the ambient properties. This is a highly recommended practice.

You could also give your control properties which the user could use to keep a control instance in sync with the container. For example, you might provide a MatchFormBackColor property; setting this property to True would cause your control's BackColor property always to match the value of the BackColor property of the AmbientProperties object. You can provide this kind of functionality using the AmbientChanged event.

· DisplayAsDefault: -

For user-drawn controls, this property tells you whether your control is the default button for the container, so you can supply the extra-heavy border that identifies the default button for the end user.

· The AmbientChanged Event: -

If your control's appearance or behavior is affected by changes to any of the properties of the AmbientProperties object, you can place code to handle the change in the UserControl_AmbientChanged event procedure. The argument of the AmbientChanged event procedure is a string containing the name of the property that changed.

If you're authoring controls for international use, you should always handle the AmbientChanged event for the LocaleID property. If an instance of your control is placed on a Visual Basic form, and the FontTransparent property of the form is changed, the AmbientChanged event will not be raised.

2.4.14 ActiveX Control’s Methods

Method is just a collective name for the subs and functions of your control. These are just the same as any other functions that you have written in your Visual Basic career. You can pass any number of parameters and return a value if you want. A method that is coded into your control can be invoked by the container program. You accomplish this by adding a method handler 

2.4.15 ActiveX Control’s Events

An event, in classic programming phrase, is a change in the state of the world. In the context of OCXs, an event is a notification sent from the control to the control container. What triggers the event-that is, the change in state-is left up to the control developer. You can trigger an event on a user action such as a mouse click, for example. Or your control might have an internal timer or counter that fires an event when a certain count is reached. 

You'll need to add event handlers in your control for the events about which you want your container program notified. This is different from simply responding in your control to something that takes place in the control or container window, in which case your control is responding to messages. 

2.5 The Difference Between Events and Properties or Methods

Properties and methods may be thought as  incoming, and events as outgoing. That is, methods are invoked from outside your control, by the developer who's using your control. Thus, the developer invokes a method of your UserControl object, and you respond by delegating to the method of your constituent control.

By contrast, events originate in your control and are propagated outward to the developer, so that she can execute code in her event procedures. Thus, your UserControl object responds to a click event from one of its constituent controls by raising its own Click event, thus forwarding the event outward to the developer.

2.5.1 Mouse Events and Translating Coordinates

The MouseDown, MouseMove, and MouseUp event procedures for the UserControl object have arguments giving the event location in the ScaleMode of the UserControl. Before raising your control's MouseDown, MouseMove, and MouseUp events, you must translate the event location to the coordinates of the container.

Assume that the container's ScaleMode is not known or if the container has a ScaleMode property is not known then in such a case Visual Basic provides the ScaleX and ScaleY methods for translating coordinates.

2.5.2 Importance of Testing

The code above, with its explicit vbTwips, will have to be changed if the ScaleMode of the UserControl is permanently changed at design time. It's important to test your control's response to mouse moves on forms with a variety of ScaleMode settings, to ensure that ScaleX and ScaleY have the correct arguments.

2.5.3 Constituent Controls

If your control includes constituent controls that have mouse events, you'll have to raise your control's mouse events there, too. Otherwise there will appear to be dead spots on your control, where the mouse events don't occur. Constituent control mouse events are slightly more complicated, because they provide X and Y in the coordinates of the constituent control rather than the UserControl. 

2.5.4 Other Events that Provide Position
If you create events of your own that pass location information to the container, you must use the same technique to transform the locations into the container's coordinates. If you want to pass width and height information, use vbContainerSize instead of vbContainerPosition when calling ScaleX and ScaleY.

2.6 Creating property pages

The Property Bag is a persistent UserControl object containing the values of your control's custom, extender, and delegated properties. In fact, the Property Bag is so persistent that it doesn't get destroyed with the instances of the UserControl. This means you can store property values in the Property Bag just before an instance of the UserControl is destroyed and then retrieve the stored values when a new instance of the UserControl "wakes up" in another part of the development life cycle. The Property Bag has two methods to store and retrieve values respectively: -

· The WriteProperty method 

· The ReadProperty method 

You must know how to manipulate the Property Bag in the following situations that we discuss in the sections immediately following this one:

· You store property values into the PropertyBag by calling its WriteProperty method in the WriteProperties event procedure. 

· You retrieve property values from the PropertyBag by calling its ReadProperty method in the ReadProperties event procedure. 

· You ensure that the WriteProperties event will fire by calling the PropertyChanged method. You'll usually do this in the Property Let procedures of your custom properties or at other appropriate places in your code where the storage value of a property changes. 

2.7 Creating a data source control 

Following are the steps for creating a Data Source Control:

· Create a new ActiveX control project. 

· Set a reference in the project to the appropriate data library through the Project menu, References dialog box.

· Set the UserControl's DataSourceBehavior property to 1-vbDataSource.

· Create property procedures for custom properties that programmers will use to manipulate the data source control's connection to data. Typically, you'll implement String properties such as ConnectString (connection string to initialize a Connection object) and RecordSource (string to hold the query to initialize the data in the recordset). Create private variables to hold the values of each of the properties. Create private constants to hold their initial default values. Program the InitProperties, ReadProperties, and WriteProperties event procedures to persist these properties.

· If you want to expose the control's Recordset for other programmers to manipulate, then you should create a custom property name, RecordSet. Its type will be the appropriate Recordset type that you plan to program for your control. You may choose to make it read-only, in which case you only need to give it a Property Get procedure. Declare a private object variable to hold its value using WithEvents (this exposes the event procedures to other programmers).

· Declare a Private variable of the appropriate connection type that you plan to program for your control. It will not correspond to a custom property, but it's necessary in order to host the Recordset.

· Code the InitProperties, ReadProperties, and WriteProperties events to properly manage and persist the values of the properties created in the previous steps.

· Program the UserControl's GetDataMember event procedure to initialize a recordset and return it in the second parameter. You will derive the Recordset either from information contained in custom Private variables (see Exercise 13.6 for an example) or from hard-coded information in the GetDataMember event procedure itself (see the previous section for an example). You should perform some error-trapping to ensure that you do indeed have a valid connection.

· Put code in the UserControl's Terminate event that will gracefully close the data connection.

· If you want to allow users to navigate data by directly manipulating your UserControl, then put the appropriate user interface on your UserControl along with the code to navigate the Recordset variable.

· Your new ActiveX control should now be ready to test as a DataSource:Add a standard EXE project to the Project Group. Now, making sure you've closed the designer for the UserControl, add an instance of your new control to the standard EXE's form.

· Manipulate any necessary custom properties (such as ConnectString or RecordSource) that you may have put in your custom control.

· Put one or more bindable controls in the test project and set their DataSource property to point to the instance of your Data Source Control. Set their DataField properties to point to fields from the exposed Recordset.

2.8 Types of control Creation

If your control component will provide more than one control, you should begin by deciding what controls the package will include. Your test project should have separate test forms for the individual controls, and at least one form that test the controls together.

There are three models for control creation in Visual Basic. You can: 

9. Author your own control from scratch.

10. Enhance a single existing control.

11. Assemble a new control from several existing controls. 

The second and third models are similar, because in both cases you put constituent controls on a UserControl object. However, each of these models has its own special requirements.

12. Authoring a User-Drawn Control: - Writing a control from scratch allows you to do anything you want with your control's appearance and interface. You simply put code into the Paint event to draw your control. If your control's appearance changes when it's clicked, your code does the drawing.

13. Enhancing an Existing Control: - Enhancing an existing control means putting an instance of the control on a UserControl designer and adding your own properties, methods, and events. You have complete freedom in specifying the interface for your enhanced control. The properties, methods, and events of the control you start with will only be included in your interface if you decide to expose them. Enhancing the appearance of an existing control is more difficult than enhancing the interface, because the control you're enhancing already contains code to paint itself, and its paint behavior may depend on Windows messages or other events. It's easier to work with the control's built-in paint behavior, and instead enhance it by adding properties, methods, and events, or by intercepting and altering existing properties and methods. 

14. Assembling a Control from Several Existing Controls: - You can construct your control's appearance and interface quickly by assembling existing controls on a UserControl designer.

2.9 Steps for creating an ActiveX Control

When you create a new control, the steps you’ll generally follow are these:

15. Determine the features your control will provide.

16. Design the appearance of your control.

17. Design the interface for your control — that is, the properties, methods, and events your control will expose.

18. Create a project group consisting of your control project and a test project.

19. Implement the appearance of your control by adding controls and/or code to the UserControl object.

20. Implement the interface and features of your control.

21. As you add each interface element or feature, add features to your test project to exercise the new functionality.

22. Design and implement property pages for your control.

23. Compile your control component (.ocx file) and test it with all potential target applications.

2.10 ActiveTime Control

A. Add new ActiveX Control Project.

B. Name the Project as ‘ActiveTime’.

C. By default, the control name is 'UserControl1'. Change its name to something relevant like 'TickTock'.

D. Insert a Label and name it ‘lblTime’.

E. Change the Font of the Label to Bold and size it to14.

F. Keep the caption property blank.

G. Drag a “Timer” control on the ‘TickTock’ control. 

H. Change the interval property of Timer to 1000. This has to be done so that the label will change every second.

I. Double click on the Timer control and in its time Event write the following code: -

LblTime.Caption = Time()

J. Go to the design window, from Tools menu select the Property option Name the property as Color. Also select its scope to be ‘Public’. Two procedures Let and Get appear in the code window. 

K. Change the Return type and the parameter type of the procedures as ‘OLE_Color’.

L. In the Let procedure write Add the following Lines of code.

UserControl.BackColor = VnewValue

LblTime.BackColor = VnewValue

M. In the Get procedure add

Color = UserControl.BackColor

N. In the Write properties of the userControl add the following Line

PropBag.WriteProperty “Color”, Color

O. In the Read properties of the userControl add the following Line

UserControl.BackColor = PropBack.ReadProperty (“Color”)

lblTime.BackColor = PropBack.ReadProperty (“Color”)

P. Select Add Procedure option from Tools menu and Click on Event option.

Q. Name the Event as Alarm.

R. Add one more property Name the property as ‘AlarmTime’.

S. Change the Return type and the parameter type of the procedures as ‘String’.

T. Now Declare a Variable ‘vAlarm’ as String in the General Declaration part.

U. In the ‘Let’ procedure of ‘AlarmTime’ write

VAlarm  = VnewValue

V. And in the ‘Get’ procedure of ‘AlarmTime’ write

AlarmTime = VAlarm

W. Now add the following Line in the UserContol_ReadProperties

VAlarm = PropBag.ReadProperty(“AlarmTime”)

X. These lines of code must be written in the Timer Event.

If lblTime.Caption <> “” Then


If lbl Time.Caption = VAlarm Then



RaiseEvent Alarm


End If

End If

Till now we had written our code for the ‘TickTock’ control.

Y. Save the project.

Z. Now from the File Menu click on the ‘Make ActiveTime.ocx’ option.

AA. Now Click File, New Project. Select a Standard EXE file. 

AB. Click on the Project menu, select ‘Components’ option. The component Active Time has been added to the list as shown in the figure 2.1 below. 
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Figure 2.1
AC. Select the component ‘ActiveTime’ from the List.

AD. Drag the control on to the form.
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Figure 2.2

AE. Add the following line in the Alarm event of the ‘TickTock’ control.

MsgBox “Wake Up !!”

AF. In the ‘AlarmTime’ property  of the control enter the time, One minute from the current time

AG. Save the Project.

AH. Now Run the Project, following screen appears on the screen displaying the current time.

[image: image3.png]. Forml [Tl

1:43:13 AM





Figure 2.3
And when the control Time reaches the ‘AlarmTime’ it fires the alarm Event of the control. Displaying the message box as shown in the following ‘Figure 2.3.
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Figure 2.4
2.11 Data binding properties of an Active-X Control

Visual Basic allows you to mark properties of your control as bindable, allowing you to create data-aware controls. A developer can associate bindable properties with fields in any data source, making it easier to use your control in database applications.

Use the Procedure Attributes dialog box, accessed from the Tools menu, to mark properties of your control as bindable. To mark the DataValue property as bindable to a database field, do the following: 

· Select the menu command Tools, Procedure Attributes. 

· The Procedure Attributes dialog box appears. Click on the Advanced button. The dialog box expands. 

· Select the checkbox labeled Property is data bound. Then select the checkbox labeled This property binds to data field. The Procedure Attributes dialog box looks like Figure 5 below.

· Click on OK. The DataValue property is marked as a bindable property. 
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Figure 2.5

2.12 Create an Active-X Control that is a Data Source

Starting with VB6, you can create an ActiveX control that functions as a data source. A data source control furnishes fields from a Recordset to which other controls can bind. Examples of data source controls that come out-of-the-box with VB would be the traditional Data Control and the ActiveX Data Control. The minimum that you'll need to do to implement a control as a data source is: -

· Set the UserControl's DataSourceBehavior property. 

· Program the UserControl's GetDataMember event to return a reference to a Recordset object. This event fires whenever a data consumer (usually a bound control) has its DataSource property set to point to the data source control. 

These two steps are enough if your data control's behavior will be very tightly constrained; that is, programmers who use the data source cannot determine the type of data connection nor the data that the data source exposes. In this restricted scenario, the GetDataMember event procedure will connect to a hard-coded set of records in a hard-coded database using a hard-coded data driver.

However, you may want to give programmers of your data source more choice about how the control connects to data. In that case you'll want to give programmers more of the features that standard Microsoft data source controls furnish, namely:

Properties that allow the programmer to specify connect strings and the text of queries that retrieve data to create specific recordsets. The GetDataMember event procedure would then dynamically read these properties to initialize and return the Recordset property so that programmer can directly manipulate your data source control's Recordset in their own code.

2.13 Testing a control

You can test and debug your ActiveX Control project from the design-time environment in one of two ways:

Testing with Project group: - 

· Choose the File, Add Project menu option and add a standard EXE project to your Project Group. 

· Make sure that the new project is the Startup project of the Project Group by right-clicking on the project's entry in the Project explorer and choosing Set as Startup from the menu. 

· Make sure to close the Designer window for your UserControl object. If you forget to close its Designer, the custom control won't be available in your test project. You'll be able to see it in the test project, but its toolbox image and any instances you've already placed on test forms will be disabled. 

· . Switch to the test project, and you will see the UserControl's ToolBoxBitmap or default ActiveX control bitmap in the toolbox. 

· Place an instance of your control from the toolbox on the test project's startup form. Write code and manipulate properties to exercise your control. 

· Run the test project to observe the control's behavior. 

Testing with Internet Explorer: - You should use Internet Explorer for testing your ActiveX controls, because it has the highest level of ActiveX support. 

· Make sure that your ActiveX control project is the startup project in its Project Group. This is necessary only if there are other projects in the Project Group. 

· Run the application. The first time you do this, the Project Properties dialog box appears with its Debugging tab selected. You will typically want to accept the default settings with the Start Component option button selected and the Use Existing Browser check box checked. 

· Internet Explorer will load, and an instance of your control will appear in the Internet Explorer window frame.

· Note that you can choose IE's View Source menu option to see the sample page that was created with your project's class ID. If you wish at this point, you could modify the HTML source to manipulate your control with, say, VBScript and further test its behavior in a Web page. 

· If you later want to change debugging options, such as the type of container that your control runs in, then you must use the Project, Properties menu option and choose the Debugging tab. 

2.14 Registering a Control

When ActiveX controls (OCX files) are installed on your system, they are registered with the operating system database known as the Registry. All ActiveX controls are referenced in Web pages by their unique class identifier (CLSID). Registering an OCX is a matter of placing this CLSID into the Registry. When you load the OCX file into an ActiveX Chart object, for example, the following CLSID is written into your system's Registry:

FC25B780-75BE-11CF-8B01-444553540000

This CLSID is called whenever a Web page needs to instantiate an instance of this Chart control. 

2.15 Exercise: -

A. What is an ActiveX Control?

B. What is the difference between ActiveX Control and ActiveX Documents?

C. What are In-Process and Out-Process components?

Do the following: -

· Open a new project as ActiveX control

· Create a ActiveX control to display time

· Save the project with an appropriate name

· Open Employee.vbp

· In the Project Explorer window open the ActiveX project

· In the MDI form of Employee.vbp, put the ActiveX control on the status bar to display the current time

· Save the project

Chapter 3: USING AND BUILDING COM COMPONENTS

Objectives  

At the end of this chapter, you will be able to:

What are COM Components 

COM and Visual Basic

COM Object Modal

Create a application that handles events from an external COM component

Set Properties to control the instancing the class within a COM component

Implement an object modal within a COM component

Error handling

3.1 COM 

The first thing to get clear is that the term ActiveX is pretty much the same as the term COM. An ActiveX component is the same as a COM component. An ActiveX control is the same as a COM control, and an ActiveX Server is the same as a COM server. 

ActiveX today is nothing more than an outdated marketing term introduced by Microsoft when they redirected their focus towards the Internet a few years back. It did the trick and got the media attention, but ever since people have been confused about the difference between COM & ActiveX - thanks Microsoft! 

As human beings we question things. So the most obvious questions to ask about COM are - Why Bother with COM? What is it? What do we gain by using it? How to do we know that Microsoft won't introduce another new technology next week that replaces it?

The Component Object Model (COM) is a software architecture that allows applications to be built from binary software components. COM is the underlying architecture that forms the foundation for higher-level software services, like those provided by OLE. OLE services span various aspects of commonly needed system functionality, including compound documents, custom controls, interapplication scripting, data transfer, and other software interactions. So COM can be defined as a reusable piece of software in binary formthat can be plugged  into other components from other vendors with relatively little efforts. 

3.2 COM and Visual Basic

By now, you should have an idea of what COM is and what it can do for you, so it's time to wheel out the big guns. Microsoft Visual Basic can make a developer very productive when it comes to creating and using COM components. In fact, Visual Basic itself relies very heavily on COM technologies.

One of the advantages of using Visual Basic to create COM components is the ease with which it can be done. Visual Basic hides a lot of the plumbing needed to implement COM components and lets you focus on developing what your components will do, or what business functionality they will address.

3.3 The Component Object Model

The Component Object Model (COM) is a client/server, object-based model that is the basic technical foundation cornerstone for ActiveX components. The model is designed to enable software components and applications to interact, even across networks, in a standard and uniform way. 

The COM specification proposes a system in which application developers create reusable software components. The COM standard is really partly a specification and partly an implementation: 

The specification part defines the mechanisms for creating objects and for interobject communication. This specification part is language- and operating-system neutral, which means that as long as the standard is adhered to, development can take place in any language and on any operating system. 

The COM library is the implementation part. The library provides a number of services that support the binary specification of COM. 

Components created using COM can fall into a variety of categories including visual components such as buttons or List boxex and functional components such as ones that add printing capability or a spelling checker. The key point point about componentware is that the pieces can be used as they are. Components don’t need to be recompiled, developers don’t need the source code , and the components aren’t restricted to using one programming language. The term for this process binary reuse because it is based on binary interfaces rather than on reuse at the source code level. 

The Main goal of COM is to promote interoperability. COM supports interoperability by defining mechanisms that allow applications to connect. COM can define the interface between the component and the application using the component. As long as both sides follow the interface, interoperability results. 

COM is an extension of the Object-oriented paradigm. Object-oriented programming concepts used in conjunction with COM allow developers to build flexible and powerful objects that can easily be reused by other developers. One important concept of Object- oriented programming is encapsulation, which specifies that the implementation of an object is of concern only to the object itself and is hidden from the clients of the object.  The clients of the object have access only to the object’s interface. Developers who use pre build objects in their projects are interested only in the promised behavior that the object supports. COM formalizes this notion of a contract between an object and a client. By implementing certain interfaces, each object declares what it is capable of. Such a contract is the basis for interoperability.

What is COM then? COM is a: -

Specification

Philosophy of modern software development

Binary standards for building software components.

3.4 COM Interfaces

In COM, applications interact with each other and with the system through collections of functions called interfaces. Note that all OLE services are simply COM interfaces. A COM interface is a strongly-typed contract between software components to provide a small but useful set of semantically related operations (methods). An interface is the definition of an expected behavior and expected responsibilities. OLE's drag-and-drop support is a good example. Basically, the interfaces of a component are the mechanism by which its functionality can be used by another component. COM defines the precise structure of an interface, but in essence it's just a list of functions implemented by the component that can be called by other pieces of code.

3.4.1 Attributes of interfaces

As defined earlier, an interface is a contractual way for a component object to expose its services, there are four very important points to understand: 

An interface is not a class. While a class can be instantiated to form a component object, an interface cannot be instantiated by itself because it carries no implementation. A component object must implement that interface and that component object must be instantiated for there to be an interface. Furthermore, different component object classes may implement an interface differently, so long as the behavior conforms to the interface definition (such as two objects that implement IStack, where one uses an array and the other a linked list). Thus the basic principle of polymorphism fully applies to component objects.

An interface is not a component object. An interface is just a related group of functions and is the binary standard through which clients and component objects communicate. The component object can be implemented in any language with any internal state representation, so long as it can provide pointers to interface member functions.

Clients only interact with pointers to interfaces. When a client has access to a component object, it has nothing more than a pointer through which it can access the functions in the interface, called simply an interface pointer. The pointer is opaque; it hides all aspects of internal implementation. You cannot see of the component object's data, as opposed to C++ object pointers through which a client may directly access the object's data. In COM, the client can call only methods of the interface to which it has a pointer. This encapsulation is what allows COM to provide the efficient binary standard that enables local/remote transparency.

Component objects can implement multiple interfaces. A component object can—and typically does—implement more than one interface. That is, the class has more than one set of services to provide. For example, a class might support the ability to exchange data with clients as well as the ability to save its persistent state information (the data it would need to reload to return to its current state) into a file at the client's request. Each of these abilities is expressed through a different interface (IDataObject and IPersistFile), so the component object must implement two interfaces.

Interfaces are strongly typed. Every interface has its own interface identifier, a globally unique ID (GUID) described below, thereby eliminating any chance of collision that would occur with human-readable names. The difference between components and interfaces has two important implications. If a developer creates a new interface, she must also create a new identifier for that interface. When a developer uses an interface, he must use the identifier for the interface to request a pointer to the interface. This explicit identification improves robustness by eliminating naming conflicts that would result in run-time failure.

Interfaces are immutable. COM interfaces are never versioned, which means that version conflicts between new and old components are avoided. A new version of an interface, created by adding more functions or changing semantics, is an entirely new interface and is assigned a new unique identifier. Therefore, a new interface does not conflict with an old interface even if all that changed is one operation or semantics (but not even the syntax) of an existing method. Note that as an implementation matter, it is likely that two very similar interfaces can share a common internal implementation. For example, if a new interface adds only one method to an existing interface, and the component author wishes to support both old-style and new-style clients, she would express both collections of capabilities through two interfaces, but internally implement the old interfaces as a proper subset of the implementation of the new. 

It is convenient to adopt a standard pictorial representation for objects and their interfaces. The adopted convention is to draw each interface on an object as a "plug-in jack."
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Figure 3.1. Component object that supports three interfaces A, B, and C.
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Figure 3.2. Interfaces extend toward the clients connected to them.
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Figure 3.3. Two applications may connect to each other's objects, in which case they extend their interfaces toward each other.

3.4.2 Advantages of using interfaces in COM

The unique use of interfaces in COM provides five major benefits: 

The ability for functionality in applications (clients or servers of objects) to evolve over time. 
This is accomplished through a request called QueryInterface that absolutely all COM objects support (or else they are not COM objects). QueryInterface allows an object to make more interfaces (that is, support new groups of functions) available to new clients while at the same time retaining complete binary compatibility with existing client code. In other words, revising an object by adding new functionality will not require any recompilation on the part of any existing clients. This is a key solution to the problem of versioning and is a fundamental requirement for achieving a component software market. COM additionally provides for robust versioning because COM interfaces are immutable, and components continue to support old interfaces even while adding new functionality through additional interfaces. This guarantees backward compatibility as components are upgraded. Other proposed system object models, on the other hand, generally allow developers to change existing interfaces, leading ultimately to versioning problems as components are upgraded. While these approaches may appear on the surface to handle versioning, we haven't seen one that actually works—for example, if version checking is done only at object creation time, subsequent users of an instantiated object can easily fail because the object is of the right type but the wrong version (and per-call version checking is too expensive to even contemplate!)

Fast and simple object interaction. 
Once a client establishes a connection to an object, calls to that object's services (interface functions) are simply indirect functions calls through two memory pointers. As a result, the performance overhead of interacting with an in-process COM object (an object that is in the same address space) as the calling code is negligible. Calls between COM components in the same process are only a handful of processor instructions slower than a standard direct function call and no slower than a compile-time bound C++ object invocation. In addition, using multiple interfaces per object is efficient because the cost of negotiating interfaces (via QueryInterface) is done in groups of functions instead of one function at a time.

Interface reuse.
 Design experience suggests that there are many sets of operations that are useful across a broad range of components. For example, it is commonly useful to provide or use a set of functions for reading or writing streams of bytes. In COM, components can reuse an existing interface (such as IStream) in a variety of areas. This not only allows for code reuse, but by reusing interfaces, the programmer learns the interface once and can apply it throughout many different applications.

"Local/Remote Transparency."
 The binary standard allows COM to intercept an interface call to an object and make instead a remote procedure call to an object that is running in another process or on another machine. A key point is that the caller makes this call exactly as it would for an object in the same process. The binary standard enables COM to perform inter-process and cross-network function calls transparently. While there is, of course, more overhead in making a remote procedure call, no special code is necessary in the client to differentiate an in-process object from out-of-process objects. This means that as long as the client is written from the start to handle remote procedure call (RPC) exceptions, all objects (in-process, cross-process, and remote) are available to clients in a uniform, transparent fashion. Microsoft will be providing a distributed version of COM that will require no modification to existing components in order to gain distributed capabilities. In other words, programmers are completely isolated from networking issues, and indeed, components shipped today will operate in a distributed fashion when this future version of COM is released.

Programming language independence. 

Any programming language that can create structures of pointers and explicitly or implicitly call functions through pointers can create and use component objects. Component objects can be implemented in a number of different programming languages and used from clients that are written using completely different programming languages. Again, this is because COM, unlike an object-oriented programming language, represents a binary object standard, not a source code standard. 

3.4.3 Custom Interfaces and Interface Definitions

When a developer defines a new custom interface, he can create an interface definition using the interface definition language (IDL). From this interface definition, the Microsoft IDL compiler generates header files for use by applications using that interface, source code to create proxy, and stub objects that handle remote procedure calls. The IDL used and supplied by Microsoft is based on simple extensions to the Open Software Foundation distributed computing environment (DCE) IDL, a growing industry standard for RPC-based distributed computing.

IDL is simply a tool for the convenience of the interface designer and is not central to COM's interoperability. It really just saves the developer from manually creating header files for each programming environment and from creating proxy and stub objects by hand. Note that IDL is not necessary unless you are defining a custom interface for an object; proxy and stub objects are already provided with the Component Object Library for all COM and OLE interfaces. Here is the IDL file used to define the custom interface, Ilookup.

3.4.4 Globally Unique Identifiers (GUIDs)

COM uses globally unique identifiers—128-bit integers that are guaranteed to be unique in the world across space and time—to identify every interface and every component object class. These globally unique identifiers are UUIDs (universally unique IDs) as defined by the Open Software Foundation's Distributed Computing Environment. Human-readable names are assigned only for convenience and are locally scoped. This helps ensure that COM components do not accidentally connect to "the wrong" component, interface, or method even in networks with millions of component objects. 

CLSIDs are GUIDs that refer to component object classes, and IID are GUIDs that refer to interfaces. Microsoft supplies a tool (uuidgen) that automatically generates GUIDs. Additionally, the CoCreateGuid function is part of the COM API. Thus, developers create their own GUIDs when they develop component objects and custom interfaces. The GUIDs are embedded in the component binary itself and are used by the COM system dynamically at bind time to ensure that no false connections are made between components.

3.4.5 Iunknown Interface

COM defines one special interface, IUnknown, to implement some essential functionality. The name Iunknown highlights the fact that at this stage the true capabilities of the object are unknown. At this stage, the only thing known is that we are dealing with a COM object. Although Visual Basic automatically provides a standard implementation of IUnknown for all objects, it is worthwhile for you to understand the purpose of IUnknown because this is where the core concept of COM can be found.

All component objects are required to implement the IUnknown interface, and conveniently, all other COM and OLE interfaces derive from IUnknown. IUnknown has three methods: QueryInterface, AddRef, and Release. 

AddRef and Release Methods: - These are simple reference counting methods. A component object's AddRef method is called when another component object is using the interface; the component object's Release method is called when the other component no longer requires use of that interface. While the component object's reference count is nonzero, it must remain in memory; when the reference count becomes zero, the component object can safely unload itself because no other components hold references to it. 

QueryInterface Method: - This is the mechanism that allows clients to dynamically discover (at run time) whether or not an interface is supported by a component object; at the same time, it is the mechanism that a client uses to get an interface pointer from a component object. When an application wants to use some function of a component object, it calls that object's QueryInterface, requesting a pointer to the interface that implements the desired function. If the component object supports that interface, it will return the appropriate interface pointer and a success code. If the component object doesn't support the requested interface, then it will return an error value. The application will then examine the return code; if successful, it will use the interface pointer to access the desired method. If the QueryInterface failed, the application will take some other action, letting the user know that the desired method is not available.

3.5 Characteristics of COM

It is lightweight, fast, and supports versioning. 

It is an open standard (language-neutral, development-tool neutral and cross-platform capable). You easily can integrate COM objects for use in many languages, such as Java, Visual Basic, and C++. 

ActiveX components are COM objects 

Distributed COM (DCOM) enables COM objects to interact across networks; it enables ActiveX components to run anywhere. 

3.6 Types of Components

There are two types of components either In-Process or Out-of-Process

ActiveX DLLs (Code Components) (In Process): - In-Process components are loaded into the client’s process space because they are hosed in the DLLs. As we all know, DLLs are code libraries that are loaded at runtime (dynamically) by the operating system on behalf of programs that want to call functions in the DLLs. DLLs are always loaded into the the address space of the calling process. Since it’s normally possible to access memory locations beyond this private address space, DLLs need to be loaded In-Process. In-Process components do have their own advantages and disadvantages.
The advantages with DLLs are: 

Code can be easily shared among applications. 

They offer excellent performance due to the in-process nature of the component. 

Fixing a bug in a DLL Implement object only requires distributing an updated DLL. All applications using the DLL are immediately fixed. 

Any OLE automation client, including all VBA-based applications (such as Microsoft Office) and other Windows development languages can use them. 

The disadvantages are: 

If an updated DLL is incompatible with its predecessor, you can break every application that uses the DLL. 

It does not support multithreaded objects in VB 5.0. 

It increases the complexity of deploying an application. 

It requires registration, version checking, and component verification for safe distribution. 

It is ideal for implementing standard objects that you may wish to reuse or share among applications. It is also ideal for defining interfaces to be implemented by other objects. And it is the preferred way to create high-performance objects that do not have a user interface. 

ActiveX EXE Servers (Out of Process): - Out-of-process components run in a separate process on the same machine as the client. This type of servers is an executable application of its own, thus qualifying as a separate process. Out-of-process components are significantly slower for clients to access than are in-process components because the operating system must switch between process and copy any data that needs to be transferred between the client and the server applications. Out-of-process components have one advantage over the in-process components: since they are executable files, users can run local components as stand-alone applications without an external client. An application such as Microsoft Internet Explorer is an example of an Out-of-process component. You can run Internet explorer to surf the net, or you can call Internet Explorer’s objects from another application such as Visual Basic. Out-of-Process components do have their own advantages and disadvantages.
The advantages are: 

Objects can execute in their own thread. 

Objects can be created and used both by client applications and by running the server as a stand-alone application. 

Disadvantages are that: 

Performance is considerably worse than ActiveX DLLs or classes. 

There is a higher system overhead due to the necessity of launching a separate task to support the object. 

The complexity of deploying an application is increased. 

Registration, version checking and component verification are required for safe distribution. 

3.7 Building Components

The key point to building reusable components is black-box reuse, which means the piece of code attempting to reuse another component knows nothing—and does not need to know anything—about the internal structure or implementation of the component being used. In other words, the code attempting to reuse a component depends upon the behavior of the component and not the exact implementation. The Problem with Implementation Inheritance," implementation inheritance does not achieve black-box reuse. 

To achieve black-box reusability, COM supports two mechanisms through which one component object may reuse another. For convenience, the object being reused is called the inner object and the object making use of that inner object is the outer object. 

Containment/Delegation: -. The outer object behaves like an object client to the inner object. The outer object "contains" the inner object, and when the outer object wishes to use the services of the inner object, the outer object simply delegates implementation to the inner object's interfaces. In other words, the outer object uses the inner object's services to implement some of its own functionality (or possibly all of its own functionality).

Containment is simple to implement for an outer object. The process is like a C++ object that itself contains a C++ string object. The C++ object would use the contained string object to perform certain string functions, even if the outer object is not considered a string object in its own right.
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Figure 3.4. Containment of an inner object and delegation to its interfaces

Aggregation: - The outer object wishes to expose interfaces from the inner object as if they were implemented on the outer object itself. This is useful when the outer object would always delegate every call to one of its interfaces to the same interface of the inner object. Aggregation is a convenience to allow the outer object to avoid extra implementation overhead in such cases. 

Aggregation is almost as simple to implement. The trick here is for COM to preserve the function of QueryInterface for component object clients even as an object exposes another component object's interfaces as its own. The solution is for the inner object to delegate IUnknown calls in its own interfaces, but also allow the outer object to access the inner object's IUnknown functions directly. COM provides specific support for this solution.
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Figure 3.5. Aggregation of an inner object where the outer object exposes one or more of the inner object's interfaces as its own.

The important part to both these mechanisms is how the outer object appears to its clients. As far as the clients are concerned, both objects implement interfaces A, B, and C. Furthermore, the client treats the outer object as a black box, and thus does not care, nor does it need to care, about the internal structure of the outer object the client only cares about behavior.

The following are some of the features Visual Basic provides for creating software components: 

Components can provide several types of objects

Objects provided by components can raise events. You can handle these events in a host process or in another application with the Enterprise Edition, such an application can even be running on a remote computer.

Components can be data-aware, binding directly to any source of data without the need for a data control. It is also possible to create an ActiveX component that acts as a data source to which other objects can bind. For example, customized data control may be created  (similar to the ADO Data control or the Remote Data control), but instead of binding via ADO or RDO it could be bound to a flat file or a proprietary binary data format.

Friend functions allow the objects provided by a component to communicate with each other internally, without exposing that communication to applications that use those objects.

The Implements keyword lets the standard interfaces to be added to the objects. These common interfaces enable polymorphic behavior for objects provided by a component, or for objects provided by many different components.

Enumeration may be used to provide named constants for all component types.

A default property may be chosen or method for each class of object provided by the component may be chosen.

Users of a customized component may be allowed to access the properties and methods of a global object without explicitly creating an instance of the object. 

3.8 Create an In-Process Component

To create a application that handles events from an In-Process components do the following: -

AI. Add new ActiveX DLL Project.

AJ. Name the Project as ‘Demo’.
AK. From Tools menu select the Add Procedure option.
AL. Name the Function as GreetUser and then select the scope as ‘Public’.
AM. Replace the parameter as UserName as String.
AN. Write following code in the function.
Public Function GreetUser(UserName As String)

    If Hour(Time) >= 6 And Hour(Time) <= 12 Then

        GreetUser = "Good Morning " & UCase(UserName)

    End If

    If Hour(Time) > 12 And Hour(Time) <= 4 Then

        GreetUser = "Good Afternoon " & UCase(UserName)

    End If

 End Function

AO. Save the project.

AP. Now from the File Menu click on the ‘Make Demo.dll’ option.

AQ. Now Click File, New Project. Select a Standard EXE file. 

AR. Click on the Project menu, select ‘References’ option. The component Demo has been added to the list as shown in the figure 6.
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Figure 3.6

AS. Now add a textbox to the form. 

AT. Name the textbox as txtUserName.

AU. Make the text property of the textbox blank.

AV. Now add a command button to the form.

AW. Change the Name property of the command Button as ‘cmdClickMe’.

AX. Change the caption property of the command button as ‘Click Me’.

AY. Arrange the controls as shown in the Figure 7.
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Figure 3.7

AZ. Add the following code in the Click event of the command button.

Private Sub cmdClickMe_Click()

    Dim oDemo As New Demo.Welcome

    MsgBox oDemo. GreetUser (txtUserName. Text)

End Sub

BA. Save the project.

BB. Now run the project.

BC. Enter name in the textbox.

BD. Click on the command button as shown in the figure 8.
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Figure 3.8
BE. The user is greeted with a message box as shown in the figure 9.
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Figure 3.9
3.9 Instancing the class within a COM component

Every class module has a number of properties, the most important as well as interesting of them is the instancing property. But before that lets have a quick look what are threads.

3.9.1 Threads: -

A thread is a path of execution through a process. Every process has one or more threads of execution. The system executes threads only, never processes. Threads enable an application to perform or appear to perform several tasks concurrently, which can lead to a higher degree of functionality in an application and improved responsiveness in the user interface. On machines with multiple processors, different threads can execute concurrently on different processors, yielding improved overall performance.

3.9.2 Instancing: - 

Every class you create with Visual Basic has an Instancing property, which determines how the class or object is created. When developing ActiveX server components, you should create your ActiveX server components as DLLs (in-process components) most of the time to simplify the values of the Class Instancing property.


The default value of the Instancing property for an ActiveX DLL is MultiUse (an integer value of 5) and single threaded. For an ActiveX server-side component, always set the Instancing property to MultiUse. When a DLL is created using the MultiUse property and a single thread, a single copy of the object is loaded into the address space of the client. What happens when multiple users want to use the same object? 

When the Instancing property of a component is set to MultiUse, multiple users simultaneously to create objects can share a single instance of the DLL. What if users overwrite each other's data? No problem: To prevent user requests from overlapping and possibly overwriting global or local variables, the ActiveX component uses serialization. Serialization ensures that the component will execute only one user request at a time from start to completion. Pending requests are queued up and executed in turn. Blocking quickly can become a big problem in an Internet/intranet environment. Fortunately, Visual Basic enables you to create multithreaded ActiveX DLLs. 

You cannot spawn (create) a new thread by using a Visual Basic application or component. Multithreaded clients such as IIS, however, can take advantage of multithreaded ActiveX components and create multiple threads using a multithreaded Visual Basic component. When IIS creates an object from a multithreaded component, IIS creates a new thread for the object. If the Visual Basic component is marked as single threaded, IIS cannot create a new thread. 

With Visual Basic, you can create multithreaded ActiveX DLLs. Objects also can communicate with objects in other threads using cross-process marshaling. The cross-process call is serialized in the thread you are calling, and the calling thread is blocked until the request can be completed. 

When creating ActiveX server components, you should create multithreaded DLLs. This provides you with the best ActiveX component performance and eliminates possible multiuser blocking during execution of lengthy methods. There is one drawback of a multithreaded ActiveX DLL created with Visual Basic: If a fatal error occurs in one apartment and terminates the thread, any other threads using the component also are terminated. 

3.10 Object creation in Visual Basic components: -

In certain circumstances, the mechanism you use to create objects — that is, CreateObject, the New operator, or a variable declared As New — can have subtle effects on object creation. These effects depend on whether or not Visual Basic uses the object creation services provided by the Component Object Model (COM).

When you create objects from classes that are provided by other components, Visual Basic always uses COM object creation services. As a result, when you’re creating externally provided objects, there are no differences between the New operator, declaring a variable As New, and using the CreateObject function.

The CreateObject function always uses COM object creation services, whether you use it to create externally provided objects or to create instances of classes that are part of your project. So for CreateObject, there's no difference between external and internal object creation.

However, when you use the New operator (or a variable declared As New) to create an instance of a class that's part of your project, Visual Basic uses a very efficient private implementation of COM object creation.

In other words, Visual Basic uses the same mechanism for all object creation except creating objects with New or As New from classes in your project. This is summarized in the following table.

	PRIVATE
Object created from
	Using CreateObject
	Using New, As New

	A class provided by another component
	COM object creation services
	COM object creation services

	A class that’s part of your project
	COM object creation services
	Visual Basic private object creation


If you use the New operator to create an instance of a SingleUse class, the object will be created in your current program instance — as if its Instancing property were MultiUse. Using CreateObject will start another instance of your component. 

In a multithreaded out-of-process component with thread-per-object or round-robin threading, an instance of any of your project's externally creatable classes created with the New operator will share the thread of the object that executed New — while one created using CreateObject will be on another thread.

In a component designed for use with Microsoft Transaction Server, an instance of any of your project's externally creatable classes created with the New operator will be unknown to Microsoft Transaction Server. Objects that will be used with Microsoft Transaction Server must be created using CreateObject. 

3.11 Error Handling with ActiveX Components: -

In applications that use one or more objects, it becomes more difficult to determine where an error occurs, particularly if it occurs in another application's object. For example, Figure 10 shows an application that consists of a form module, that references a class module, that in turn references a Microsoft Excel Worksheet object.
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Figure 10 Regenerating errors between forms, classes, and ActiveX components

If the Worksheet object does not handle a particular error arising in the Worksheet, but regenerates it instead, Visual Basic will pass the error to the referencing object, MyClassA. When an error is raised in an external object and it is untrapped, it will be raised in the procedure that called the external object.

The MyClassA object can either handle the error (which is preferable), or regenerate it. The interface specifies that any object regenerating an error that arises in a referenced object should not simply propagate the error (pass the error code), but should instead remap the error number to something meaningful. When you remap the error, the number can either be a number defined by Visual Basic that indicates the error condition, if your handler can determine that the error is similar to a defined Visual Basic error (for instance, overflow or division by zero), or an undefined error number. Add the new number to the intrinsic Visual Basic constant vbObjectError to notify other handlers that this error was raised by your object.

Whenever possible, a class module should try to handle every error that arises within the module itself, and should also try to handle errors that arise in an object it references that are not handled by that object. However, there are some errors that it cannot handle because it cannot anticipate them. There are also cases where it is more appropriate for the referencing object to handle the error, rather than the referenced object. When an error occurs in the form module, Visual Basic raises one of the predefined Visual Basic error numbers.

If you are creating a public class, be sure to clearly document the meaning of each non-Visual Basic error-handler you define. (Public classes cannot be created in the Learning Edition.) Other programmers who reference your public classes will need to know how to handle errors raised by your objects. 

When you regenerate an error, leave the Err object's other properties unchanged. If the raised error is not trapped, the Source and Description properties can be displayed to help the user take corrective action.

3.11.1 Handling Errors in Objects

A class module could include the following error handler to accommodate any error it might trap, regenerating those it is unable to resolve:

MyServerHandler:


Select Case ErrNum



Case 7

' Handle out-of-memory error.




.




.




.



Case 440

' Handle external object error.




Err.Raise Number:=vbObjectError + 9999



' Error from another Visual Basic object.



Case Is > vbObjectError and Is < vbObjectError _



+ 65536




ObjectError = ErrNum



Select Case ObjectError




' This object handles the error, based on




' error code documentation for the object.




Case vbObjectError + 10




.




.




.




Case Else





' Remap error as generic object error and





' regenerate.





Err.Raise Number:=vbObjectError + 9999




End Select



Case Else




' Remap error as generic object error and




' regenerate.




Err.Raise Number:=vbObjectError + 9999


End Select


Err.Clear


Resume Next

The Case 440 statement traps errors that arise in a referenced object outside the Visual Basic application. In this example, the error is simply propagated using the value 9999, because it is difficult for this type of centralized handler to determine the cause of the error. When this error is raised, it is generally the result of a fatal automation error (one that would cause the component to end execution), or because an object didn't correctly handle a trapped error. Error 440 shouldn't be propagated unless it is a fatal error. If this trap were written for an inline handler as discussed previously in the topic, "Inline Error Handling," it might be possible to determine the cause of the error and correct it.

The statement

Case Is > vbObjectError and Is < vbObjectError + 65536

traps errors that originate in an object within the Visual Basic application, or within the same object that contains this handler. Only errors defined by objects will be in the range of the vbObjectError offset.

The error code documentation provided for the object should define the possible error codes and their meaning, so that this portion of the handler can be written to intelligently resolve anticipated errors. The actual error codes may be documented without the vbObjectError offset, or they may be documented after being added to the offset, in which case the Case Else statement should subtract vbObjectError, rather than add it. On the other hand, object errors may be constants, shown in the type library for the object, as shown in the Object Browser. In that case, use the error constant in the Case Else statement, instead of the error code.

3.11.2 Debugging Error Handlers in ActiveX Components

When you are debugging an application that has a reference to an object created in Visual Basic or a class defined in a class module, you may find it confusing to determine which object generates an error. To make this easier, you can select the Break in Class Module option on the General tab of the Options dialog box (available from the Tools menu). With this option selected, an error in a class module or an object in another application or project that is running in Visual Basic will cause that class to enter the debugger's break mode, allowing you to analyze the error. An error arising in a compiled object will not display the ‘Immediate Window’ in break mode; rather, such errors will be handled by the object's error handler, or trapped by the referencing module.

Exercise: -

Briefly describe what are components.

What is an interface?

What is an IUnknown interface and describe its methods.

State the characteristics of COM.

What are the types of components?

What are Advantages and Disadvantages of In-Process components?

What are Advantages and Disadvantages of Out-of-Process components?

What is the use of threads?

Chapter 4 COM DLLS IN VISUAL BASIC

Objectives:

Methods to implement business services in an enterprise solution in Visual Basic.

Use class modules to define an object in a Visual Basic project.

Create a COM DLL that exposes methods.

Sets compile properties for a COM DLL.

Test a COM DLL.

Register a COM DLL.

4.1 Implementing Business Services Using Visual Basic

Business services are the units of application logic that control the sequencing and enforcing of business rules and the transactional integrity of the operations they perform. Business services transform data into usable information through the appropriate application of rules. In this chapter you will implement business services as COM DLLs (also called components) that run under Microsoft Transaction Server (MTS).

Using COM Components

COM components are units of code that provide a specific functionality. Using COM, you can build different components that work together as a single application. By breaking up your code into components, you can decide later about how to most effectively distribute your application.

Visual Basic can build COM components as executable files (EXEs) or DLLs. However, to be usable in MTS, COM components must be built as DLLs.

Business Services 

In n-tier application development, the business-services tier provides most of an application's functionality. This tier handles most of the application-specific processing and enforces an application's business rules. Business logic built into custom components bridges the client environments and the data-services tier. 

The business-services tier is implemented as both a set of server applications and a run-time environment for COM components. This tier includes Microsoft® BackOffice® Server products such as Microsoft Transaction Server version 2.0, Microsoft Internet Information Server version 4.0, and Microsoft Message Queue Server version 1.0. In addition, this tier hosts the Active Server Pages (ASP) pages that the client calls. ASP pages contain a robust mixture of HTML, DHTML, and scripting languages; calls to custom business objects are made from the ASP environment. The business objects in turn call the data access components such as ActiveX® Data Objects that cross the boundary into the data-services tier and return requests to the client. 

4.2 Creating COM DLL

In this section, you will learn how to create a new DLL project in Visual Basic.

This section includes the following topics:

Choosing the Type of COM Component

Using Class Modules

Using the Initialize and Terminate Events

Creating Methods for Classes

Raising Errors 

With Visual Basic, you can build and run in-process or out-of-process COM components. In-process components are COM DLLs. Out-of-process components are COM EXEs.

The following table 4.1 shows the advantages and disadvantages of using in-process and out-of-process components.

	Type of COM component
	Advantages
	Disadvantages

	In-process DLL
	Provides faster access to objects.
	Is less fault-tolerant. If the DLL fails, the entire host process fails.

	Out-of-process EXE
	Faults are limited to just the out-of-process EXE. If the EXE fails, other processes in the system will not fail.
	Is slower because method calls must be packed and interface parameters must be sent across process boundaries(marshalling).





Table 4.1 

Note Visual Basic refers to COM DLLs as ActiveX DLLs and COM EXEs as ActiveX EXEs. 

4.3 MTS Constraints

MTS places constraints on the COM components that will run under it:

They must be compiled as a COM DLL.

They must provide a type library that describes their interfaces.

They must be self-registering. 

Visual Basic satisfies the last two requirements automatically when building COM components.

A class module is a type of Visual Basic code module. It is similar to a form module with no user interface. Each class module defines one type of object.

A class is a template that defines the methods and properties for an object. Class modules in Visual Basic contain the code that implements the methods for a class. A single COM component can contain multiple class modules. At run time, you create an object by creating an instance of a class.

For example, you can create a Customer class that has methods such as AddCustomer and RemoveCustomer.

4.4 Adding a Class Module to a Project

Visual Basic creates a project with one class module when you create a new DLL project in Visual Basic.

To add a new class module, click Add Class Module on the Project menu in Visual Basic. You can then add methods, properties, and events to the class.

4.4.1 Creating an Instance of a Class

From a client, there are two ways to create an instance of a class. You can use the CreateObject function or the New operator. In either case, you must assign the instance to an object variable. Out of the two the New operator is the fastest way to create an object. 

The following example code creates an instance of the Customer class by using the CreateObject function:

Dim objCustomer As Customer

Set objCustomer = CreateObject("People.Customer")
You can also create an instance of a class by using the New operator. For example:

Dim objCustomer As Customer

Set objCustomer = New Customer
Note: Avoid using the more compact syntax, Dim objCustomer As New Customer, to create an object. Although this saves a line of code, Visual Basic will not create the object until it is used. This syntax causes Visual Basic to insert checks inside your code to determine if the object is created yet, and to create it when it is first used. The overall result is less efficient code.

Both of the previous code examples declare objCustomer as type Customer. Because the Customer type is defined in the component that provides the Customer class, you must add a reference to that component by clicking References on the Project menu in Visual Basic.

Note:  When creating MTS objects from classes within the same Visual Basic project, use the CreateObject function. The New operator does not use COM to create classes in the same project. MTS cannot manage classes that are not created through COM.

Once you have created an object, you can use methods and properties of the object. The following example code invokes the AddCustomer method of the Customer object:

objCustomer.AddCustomer "Smith", "Accountant", 31
Class modules have two built-in events: Initialize and Terminate.

To add code to a class module event, open a Visual Basic code window for the class, and click Class in the Object drop-down list box.

4.4.2 Using the Initialize and terminate Events:

Initialize Event

The Initialize event occurs when an instance of a class is created, but before any properties have been set. You can use the Initialize event to initialize any data used by the class, as shown in the following example code:

Private Sub Class_Initialize()

    'Store current date in gdtmToday variable.

    gdtmToday = Now

End Sub
Terminate Event

The Terminate event occurs when an object is destroyed. Objects are destroyed implicitly when they go out of scope or explicitly when they are set to Nothing. Use the Terminate event to save information, or to perform actions that you want to occur only when the object terminates. For example:

Private Sub Class_Terminate()

    'Delete temporary file created by this object

    Kill gstrTempFileName

End Sub
To add methods to a class, you create public Sub or Function procedures within the class module. The public Sub and Function procedures will be exposed as methods for objects that you create from the class.

To create a method for an object, you can either type the procedure heading directly in the code window or click Add Procedure on the Tools menu and complete the dialog box.

The following example code defines an AddCustomer method that adds a new customer to a file:

Public Sub AddCustomer (ByVal strFirst as String, ByVal strLast as String, ByVal intAge As Integer)

    Open mstrDataFilename For Append Lock Write as #1

    Write #1, strFirst, strLast, intAge

    Close #1

End Sub
To view the properties and methods you have defined for an object, you can use the Object Browser. 

Note:  You can also create properties and events for class modules, but this is not recommended for a component that will be used in MTS. 

4.5 Error Handling:

Error handling is essential when developing COM components for use with MTS.

In Visual Basic, a procedure passes unhandled errors to the calling procedure. If the error is passed all the way to the topmost calling procedure, the program terminates. A component returns unhandled errors to the client. If the client doesn't handle the error, then the client will terminate.

It is especially important to know whether errors have occurred when using components with MTS. A component must report to MTS whether its work was completed successfully. By trapping the error, you can notify MTS of the status of the component's work.

Using the Raise Method

Visual Basic uses the internal Err object to store information about any error that occurs. When you create a COM component, you can provide error messages to the client application through the Err object. To pass an error back to a client application, you call the Raise method of the Err object.

The Raise method has the following syntax:

Err.Raise (Number, Source, Description, HelpFile, HelpContext)

The error number can be either an error that you've trapped or a custom error number that you define. To create a custom error number, add the intrinsic constant vbObjectError to your error number. The resulting number is returned to the client application. This ensures that the error numbers do not conflict with the built-in Visual Basic error numbers.

The following example code uses the Raise method to identify the source of the error as the module in which the error occurred:

Public Sub AddCustomer(ByVal strFirst As String, ByVal strLast As String, ByVal intAge As Integer)

    On Error GoTo ErrorHandler

    Open mstrDataFilename For Append Lock Write As #1

    Write #1, strFirst, strLast, intAge

    Close #1

    Exit Sub

ErrorHandler:

    Close

    'Report error to client

    Err.Raise Err.Number, "People Customer Module", Err.Description

End Sub

4.6 Working with COM DLL

4.6.1 Setting Properties for project

When you create a new project with Visual Basic, you set a number of properties that affect how your COM component will run.

To set properties for a project, click Project ProjectName Properties on the Project menu. You can then click the General tab of the Project Properties dialog box to select the options you want.

Project Type

The Project Type field provides the four template options: Standard EXE, ActiveX EXE, ActiveX DLL, and ActiveX Control. When you create a new ActiveX DLL or ActiveX EXE project, Visual Basic automatically sets the Project Type property.

The project type determines how some other project options can be set. For example, options on the Component tab are not available when the project type is set to Standard EXE.

Startup Object

For most DLLs, the Startup Object field is set to (None). If you want initialization code to run when the DLL is loaded, set the Startup Object property to Sub Main. If you want initialization code to run when an instance of a class is created, use the Class_Initialize event as explained in ‘Using the Initialize and Terminate Events’.

Project Name

The Project Name field specifies the first part of the programmatic identifier for the component. This, combined with the class name, forms a complete programmatic identifier. For example, if the project name is Math, and the class name is Adder, then the programmatic identifier is Math.Adder. This is the name used by a client when it calls the CreateObject function.

Project Description

The Project Description field enables you to enter a brief description of the component.

The contents of this field will appear in the References dialog box when you select references for other Visual Basic projects. The text also appears in the Description pane at the bottom of the Object Browser.

Upgrade ActiveX Controls

When the Upgrade ActiveX Controls check box is selected, it ensures that any ActiveX controls referenced by your project are the most up-to-date. If this check box is selected, and new ActiveX controls are loaded onto the computer, Visual Basic will automatically reference the new controls when you reload the project.

Unattended Execution

The Unattended Execution check box specifies whether the component will be run without user interaction. Unattended components do not have a user interface. Any run-time functions, such as messages that normally result in user interaction, are written to an event log.

Retained In Memory

Normally when all references to objects in a Visual Basic COM DLL are released, Visual Basic frees data structures associated with the project. If the objects are recreated, those data structures must be recreated as well. This situation occurs often in the MTS environment, which results in slower performance.

If you select the Retained In Memory option, Visual Basic will not unload internal data structures when the DLL is no longer referenced. This works much more efficiently in the MTS environment.

Note:   Microsoft Transaction Server Service Pack 1 automatically enables this feature at run time even if you have not selected it at design time. 

Threading Model

The Threading Model list box allows you to choose whether your component is single-threaded or apartment-threaded. When creating components for MTS, you should make them apartment-threaded because MTS works best with this model.

4.7 Setting Properties for Class Modules

To determine how a class module is identified and created by client applications, set properties for each class module in the COM component.

Name Property

To create a name for the class, set the Name property in the Properties dialog box. This name will be used by the client application to create an instance of a class.

The following example code creates an instance of a class named Customer that is defined in the component named People:

Dim ObjCustomer As Customer

Set ObjCustomer = CreateObject ("People.Customer")
Instancing Property

The Instancing property determines whether applications outside the Visual Basic project that defines the class can create new instances of the class, and if so, how those instances are created.

The following illustration 4 .1 shows the Instancing property settings available for a DLL.
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   Illustration 4.1

When you create a business object, set the Instancing property to MultiUse.

The following table 4.2 defines each of the Instancing property settings for a DLL.

	Setting
	Description

	Private
	Other applications are not allowed access to type library information about the class and cannot create instances of it. Private objects are used only within the project that defines the class.

	PublicNotCreatable
	Other applications can use objects of this class only if the component creates the objects first. Other applications cannot use the CreateObject method or the New operator to create objects of this class. Set the Instancing property to this value when you want to create dependent objects. 

	MultiUse
	Allows other applications to create objects from the class. One instance of your component can provide any number of objects created in this fashion.

	GlobalMultiUse
	Similar to MultiUse, except properties and methods of the class can be invoked as though they were global functions. It is not necessary to create an explicit instance of a class, because one will automatically be created.




Table 4.2

4.8 Class Modules and COM

An object is defined within a class. The class defines the properties and methods appropriate for all objects of a given type. To define a class in Visual Basic, you can insert a class module into a Visual Basic project. Only one class can be defined in a single class module, so you need to insert a class module for each class you want to define.

The following illustration 4.2 shows how a Visual Basic project maps to a COM DLL and what identifiers are created automatically by Visual Basic during compilation.
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Illustration 4.2: Visual Basic project mapping to a COM DLL

When developing and debugging Visual Basic COM DLLs, it is important to understand how class modules in your Visual Basic project relate to COM. Each class module in your project compiles into a COM class in the COM DLL. When you compile your COM DLL, it contains identifiers that client applications, including Visual Basic clients, use to create and utilize your classes.

4.8.1 Globally Unique Identifiers

Globally Unique Identifiers (GUIDs) are 128-bit values used to identify elements in the system. GUIDs are generated using an algorithm developed by the Open Software Foundation. It generates a random GUID that is guaranteed to be statistically unique. That is, no two generated GUIDs will be the same on any given computer, at any given time.

COM uses GUIDs to identify classes and other elements used in clients and components. When Visual Basic compiles a COM DLL, it automatically generates GUIDs to identify any COM elements that the DLL contains.

4.8.2 COM Classes

Every class module in your Visual Basic project compiles into a COM class in the DLL. To identify this new class in the system, Visual Basic generates a class identifier (CLSID). The CLSID is a GUID that is used by client applications to create the class.

When you write clients that create COM classes, don't use CLSIDs, but programmatic identifiers (ProgIDs). ProgIDs are a human readable string that identifies a specific COM class. The following example code shows how the ProgID People.Customer is used to instantiate the Customer COM class:

Set objCustomer = CreateObject("People.Customer")
ProgIDs are more readable to programmers and end users and therefore easier to use. However, Visual Basic must convert the ProgID to a CLSID before creating the COM object. 

4.8.3 COM Interfaces

In Visual Basic, class modules expose properties and methods to a client. When Visual Basic compiles a class module, it creates a COM interface to expose the properties and methods in the class module. A COM interface is a collection of similarly related functions that are grouped together. Because interfaces only contain functions, properties in the class module are exposed through Get and Set functions.

An interface identifier (IID) identifies COM interfaces. IIDs are also GUIDs. Visual Basic generates an IID for each interface it creates in your COM DLL. Client applications use the IID to access the properties and methods in your class module. When you write Visual Basic clients, Visual Basic hides the details of using the IID so that you don't need to use it in your code.

It is possible to implement interfaces from other components and class modules in your own class modules.

4.8.4 Type Libraries

A type library is a collection of descriptive information about a component's classes, its interfaces, methods on those interfaces, and the types for the parameters for those methods. Type libraries are used by Visual Basic to check method calls on objects and ensure that the correct number of parameters and types are being passed. You can view information in type libraries by using the Object Browser.

Microsoft Transaction Server uses type libraries to determine the classes, interfaces, and parameter types for methods in a COM DLL. Once MTS has this information, it can manage the component when clients call it.

Library Identifiers (LIBIDs) identify type libraries. LIBIDs are GUIDs that uniquely identify type libraries. When you compile a project that contains one or more class modules, Visual Basic generates a type library for the component that describes all of the classes and their properties and methods. The type library is placed inside the COM DLL that can then be used by clients to use the classes.

Type libraries are also used to enable early binding in Visual Basic.

4.9 Version Compatibility

To compile a project in Visual Basic click Make on the File menu. ActiveX DLL projects in Visual Basic will always compile as DLLs. When updating DLLs and compiling new versions, you must determine what kind of compatibility you want to maintain with clients that were compiled to use the previous version of your DLL.

Version compatibility is very important when building components for use in multi-tier client/server environments. When you compile an ActiveX EXE or ActiveX DLL project in Visual Basic, its classes expose methods that clients will use. If at some point you change a class in a component by deleting a property or method, that component will no longer work with old clients.

In COM a unique identifier, called a class identifier (CLSID), identifies each Visual Basic class. Also, a unique interface identifier (IID) identifies the Visual Basic interface for each class. A unique type library ID identifies the type library for your component. These identifiers are all created by Visual Basic when you compile your project. Applications that use your component use these identifiers to create and use objects. If these identifiers change in a new version of a component, existing applications will not be able to use the new version.

To help control this, Visual Basic provides several options for version compatibility.

To set the version compatibility for a project

Click Project Properties on the Project menu. 

Click the Component tab and then select the desired Version Compatibility option. 

There are three options for version compatibility:

No Compatibility 

Each time you compile the component, the type library ID, CLSIDs, and IIDs are recreated. Because none of these identifiers match the ones existing clients are using, backward compatibility is not possible.

Project Compatibility 

Each time you compile the component, the CLSIDs and IIDs are recreated, but the type library remains constant. This is useful for test projects so you can maintain references to the component project. However, each compilation is not backward compatible with existing clients.

This is the default setting for a component.

Binary Compatibility 

Each time you compile the component, Visual Basic keeps the type library ID, CLSIDs, and IIDs the same. This maintains backward compatibility with existing clients. However, if you attempt to delete a method from a class, or change a method's name or parameter types, Visual Basic warns you that your changes will make the new version incompatible with previously compiled applications.


If you ignore the warning, Visual Basic creates new CLSIDs and IIDs for the component, breaking its backward compatibility.


4.10 Testing a COM DLL 

You can use Visual Basic to build an application for testing a DLL in an isolated environment before putting it into production.

In Visual Basic, create a project group. A project group is a collection of projects. When you create a project group, you can use one project in the group to test another.

To test a DLL in Visual Basic

Open the Visual Basic DLL project you want to test.

On the File menu, click Add Project, and then click New Standard EXE. This adds a new     project with its own template to the Project Group window.

To make the new project the start-up project, right-click the new project, and then click Set as Start Up. Whenever you run the group project, this project will start first.

In the new project, add a reference to the ActiveX DLL project by clicking References on the Project menu, and then selecting the ActiveX DLL project.

In the project, add a command button to the form.

In the Click event for the command button, add code that creates an instance of a class that is defined in the DLL, and then call any methods you want to use for testing the component, as shown in the following example code: 

  
Dim objCustomer as Customer

   
Set objCustomer = New Customer

        
ObjCustomer.Remove "Smith", "Accountant"
You can trace the source code of the DLL by setting a breakpoint on the line that invokes the method. When execution stops at the breakpoint, you can step into the source code for that method in the DLL.

4.11 COM DLL Registration

Registering a COM DLL

Before you can use a COM DLL, it must be registered. Clients use entries in the registry to locate, create, and use classes in the COM DLL.

There are several ways to register a COM DLL:

Create a Setup program. 

When you run the Setup program, the component is registered.

Compile the DLL in Visual Basic. 

When you compile the DLL, it is automatically registered on the computer where it is compiled.

Run Regsvr32.exe. 

Regsvr32 is a utility that will register a DLL. It is installed in your Windows NT \System32 folder. Pass the DLL file name as an argument to the Regsvr32 utility, as shown in the following example code:

Regsvr32.exe Math.dll
Note When you add a COM component to MTS, MTS will register the component automatically on the server where it is installed. 

Unregistering a COM DLL

When a component is no longer needed, it can be unregistered.

Depending on how the Setup program was written, some DLLs that are installed as part of a Setup program can be unregistered through the Control Panel. You can unregister these DLLs by using the Add/Remove Programs icon in the Control Panel.

To remove a DLL entry from the registry manually, run Regsvr32.exe, including the /u option and the name of the DLL file, as shown in the following example code:

Regsvr32.exe /u Math.dll

Registry Keys

When a COM DLL is registered, entries are placed in the registry to allow clients and the COM libraries to locate, create, and use classes in the COM DLL. The registry entries for COM classes are located in HKEY_CLASSES_ROOT in the system registry. Visual Basic generates three registry keys when you compile a COM DLL: ProgID key; CLSID key; and TypeLib key. If you understand these registry keys, you are better able to debug a component when it doesn't work properly.

ProgID Key

The ProgID keys are located at:

\HKEY_CLASSES_ROOT\<progid>

For example, the ProgID key for a class identified as People.Employee is \HKEY_CLASSES_ROOT\People.Employee. The ProgID has one subkey called CLSID. This contains the CLSID for the class, and this is how a ProgID can be mapped to the CLSID that is then used to instantiate a COM class.

The following registry example shows the ProgID key for People.Employee and its subkeys:

\People.Employee = "People.Employee"

   Clsid = "{782B8A37-BCF9-11D1-AF7C-00AA006C3567}"
CLSID Key

The CLSID keys are located at:

\HKEY_CLASSES_ROOT\CLSID\<clsid>

For example, if the CLSID for People.Employee is {782B8A37-BCF9-11D1-AF7C-00AA006C3567}, the CLSID entry is \HKEY_CLASSES_ROOT\CLSID\{782B8A37-BCF9-11D1-AF7C-00AA006C3567}.If you know the CLSID for a class, you can locate the DLL that contains the class by looking for the InprocServer32 key. This will contain the complete file location of the DLL. This is how the COM libraries locate DLLs when they are given just a CLSID.

Visual Basic also generates additional subkeys for a CLSID key. The following table 4.3 explains some of the more common keys generated.

	Key
	Description

	InprocServer32
	Specifies the location of the in-process server (DLL) for this class.

	LocalServer32
	Specifies the location of the out-of-process server (EXE) for this class.

	ProgID
	Specifies the programmatic identifier for this class. This string can be used to locate the ProgID key.

	Programmable
	Specifies that this class supports automation. There is no value associated with this key.

	TypeLib
	Specifies the type library identifier that can be used to locate the type library.

	Version
	Specifies the version of this class. This is in a major.minor format.


Table 4.3

The following registry example shows the CLSID key for People.Employee and its subkeys:

\CLSID

   {782B8A37-BCF9-11D1-AF7C-00AA006C3567} = "People.Employee"

      InprocServer32 = <path to People.dll>

      ProgID = "People.Employee"

      Programmable

      TypeLib = "{782B8A33-BCF9-11D1-AF7C-00AA006C3567}"

      VERSION = "1.0"
TypeLib Key

The TypeLib keys are located at:

HKEY_CLASSES_ROOT\TypeLib\<libid>

You can find the LIBID from the TypeLib subkey in the CLSID key. The type library key is merely used to locate a type library. There are three subkeys that do this:

	Key
	Description

	Version
	Specifies the version of the type library. It is listed in a major.minor format. 

	Language Identifier
	Specifies, as a number, what language the type library supports. For example, the language ID for American English is 409. Generally this will be 0, which specifies that the type library is language neutral.

	Operating System Version
	Specifies the operating system version, which is generally Win32. This subkey will contain the file location of the type library. For Visual Basic type libraries, this will always be in the COM DLL that was compiled from the Visual Basic project.


The following registry example shows the LIBID key for People.Employee and its subkeys:

\TypeLib

   {782B8A33-BCF9-11D1-AF7C-00AA006C3567}

      1.0

         0

            win32 = <path to People.dll>
4.12 Activating a COM object

When you create a COM object using the CreateObject function, or New keyword, Visual Basic performs a number of steps to create the object. These steps are not visible to the user, but understanding how an object is actually created by Visual Basic will help when problems occur while creating an object.

When you call the CreateObject function, you provide the ProgID of the class to be created. Because COM classes can only be created from CLSIDs, Visual Basic must first convert the ProgID into its associated CLSID. In order to do this, Visual Basic follows these steps:

Step 1: Call CLSIDFromProgID 

To convert the ProgID into a CLSID, Visual Basic calls the CLSIDFromProgID function from the COM Library. This COM API searches the registry for the ProgID key. The ProgID key has a subkey that contains the associated CLSID. COM retrieves this and returns it to Visual Basic.

Note that when you use the New operator, Visual Basic will skip this step by obtaining the CLSID at design time. This makes the New operator slightly faster than the CreateObject function.

Step 2: Call CoCreateInstance 

Next, Visual Basic calls the CoCreateInstance API passing the CLSID. This is another COM API that will search the registry for the given CLSID. Once found, COM searches for the subkey InprocServer32 or LocalServer32. Whichever one is present has the location of the DLL or EXE that contains the desired class. If both are present, Visual Basic always selects the InprocServer32 entry.

Step 3: Launch the server 

Once COM has the location of the component server, it launches the server. If the server is a DLL, it is loaded into the Visual Basic application's address space. If the server is an EXE, it is launched with a call to the Windows API CreateProcess. After the server is loaded, COM requests an instance of the desired object and returns a pointer to the requested interface.

The specific interface that Visual Basic requests is IUnknown. IUnknown is supported by all COM classes, so it is a safe interface to request.

Step 4: Get the programmatic interface 

Now that Visual Basic has the IUnknown interface, it generally queries for the default programmatic interface on the object. This interface, which is generally a dual interface, will expose all of the properties and methods for the object.

Step 5: Assign the interface 

Finally, Visual Basic assigns the programmatic interface pointer to the object variable in the Set statement. In the following example code, objEmployee is the object variable that is set to the returned interface pointer:

Set objEmployee = CreateObject("People.Employee")
Once the interface is assigned, you can begin using it by calling methods and properties on the object variable.

Exercise:


 Q1. What are GUID’s ?

 Q2. Which Visual Basic project template would you use to build an in-process COM  component? 

ActiveX Control

ActiveX DLL
ActiveX EXE
Standard EXE
       B Correct : ActiveX DLLs are in-process, and can be used as COM  components

Q3. True or False: When creating COM objects in code, the CreateObject function offers a slight performance improvement over using the New operator. 

True

False
B Correct: When you use the New operator, Visual Basic skips the step of calling CLSIDFromProgID at run time because it obtains the CLSID at design time. This makes the New operator slightly faster than the CreateObject function.

Q4. How do you export a method from a class module in Visual Basic?    

Mark the Visual Basic project for unattended execution

Set the Instancing property to MultiUse
Add the Public keyword before the method

Set the Visual Basic project type to ActiveX DLL
C Correct: The Public keyword causes a method to be available  outside the component

  Q5. To avoid generating new CLSIDs and other identifiers each time your component is built in Visual Basic, set the Version Compatibility option for the project to: 

No Compatibility

Project Compatibility
Binary Compatibility
None of the above.
C Correct: When the Binary Compatibility option is selected, each time you compile the component, Visual Basic keeps the type library ID, CLSIDs, and IIDs the same. This maintains backward compatibility with existing clients. However, if you attempt to delete a method from a class, or change a method's name or parameter types, Visual Basic warns you that your changes make the new version incompatible with previously compiled applications.
Q6. How can you test an in-process component in Visual Basic so that you can trace into each method call as it runs? 

Create a project group by adding a test project to the original component's project. Then add a reference to the component. Write code to call methods in the component and use the debugger to step into each method

Create a separate test project and add a reference to the component project. Write code to call methods in the component and use the debugger to step into each method
In the component project, set breakpoints on the methods you want to step through. Run the component in the Visual Basic debugger, and then run a separate test project that calls the component
In the component project, add a reference to a test project. Set breakpoints on the methods you want to step through, and run the component in the Visual Basic debugger. Then run the test project and call the methods.
A Correct: To test a component in Visual Basic so that you can trace into each method call as it runs, set up the test project and then use the debugging features in Visual Basic to step into the methods.

Q7. What are all of the ways in which an in-process component can be registered? 

When you run Setup for the component, when you run RegSvr32.exe, and when you compile the component with Visual Basic

When you run Setup for the component, and when you compile the component with Visual Basic
When you run RegSvr32.exe, and when you compile the component with Visual Basic
When you run Setup for the component, and when you run RegSvr32.exe 
                       A Correct :You can register an in-process component by compiling it in Visual Basic, running RegSvr32.exe, or by running a Setup program for the component.

Chapter 5: IMPLEMENTING COM WITH VISUAL BASIC

Objectives:

Define, create and implement an interface.

Create multiple classes that use the same interface and multiple interfaces per class using Visual Basic.

Describe the purpose of Interface Definition Language (IDL) files and use OLEVIEW to view the contents of an IDL file.

Learn how Idispatch is used to implement Automation servers to expose services to objects and how dual interfaces make the process more efficient.

Describe the types of binding that Visual Basic uses with objects and choose the correct type of binding based on performance and flexibility requirements.

5.1 Overview of an Interface

Objects are encapsulated — that is, they contain both their code and their data, making them easier to maintain than traditional ways of writing code.

Visual Basic objects have properties, methods, and events. Properties are data that describe an object. Methods are things you can tell the object to do. Events are things the object does; you can write code to be executed when events occur.

Objects in Visual Basic are created from classes; thus an object is said to be an instance of a class. The class defines an object's interfaces, whether the object is public, and under what circumstances it can be created. Descriptions of classes are stored in type libraries, and can be viewed with object browsers.
To use an object, you must keep a reference to it in an object variable. The type of binding determines the speed with which an object's methods are accessed using the object variable. An object variable can be late bound (slowest), or early bound. Early-bound variables can be DispID bound or vtable bound (fastest).

An interface is a group of logically related functions and a set of properties and methods that provide access to a COM object. Each OLE interface defines a contract that allows objects to interact according to the Component Object Model (COM). While OLE provides many interface implementations, most interfaces can also be implemented by developers designing OLE applications. The default interface of a Visual Basic object is a dual interface, which supports all three forms of binding. If an object variable is strongly typed (that is, Dim … As classname), it will use the fastest form of binding.

In addition to their default interface, Visual Basic objects can implement extra interfaces to provide polymorphism. Polymorphism lets you manipulate many different kinds of objects without worrying about what kind each one is. Multiple interfaces are a feature of the Component Object Model (COM); they allow you to evolve your programs over time, adding new functionality without breaking old code.

Visual Basic classes can also be data-aware. A class can act as a consumer of data by binding directly to an external source of data, or it can act as a source of data for other objects by providing data from an external source.

The most important and powerful aspect of COM is interface-based programming. An interface is really nothing more than a list of methods and properties that define how something could be manipulated, if somebody wrote the code to implement the functionality it describes. 

As a real world analogy of interfaced-based programming, consider your TV. Its remote control provides you with an implementation of an interface that lets you control your TV. You don’t know how the remote control works internally, but you know by pressing the various buttons on the control you can change the channels, increase and decrease the volume, and turn the TV on and off.

The functionality that remote control buttons provide can by defined by an interface, which different remote controls can then implement. The interface for the remote control could have the following methods:

	TurnOn
	Turns the TV on if it's currently off.

	TurnOff
	Turns the TV off if it's currently on.

	ChangeChannel
	Change to the specified channel number.

	IncreaseVolume
	Increase the sound volume.

	DecreaseVolume
	Decrease the sound volume.


If you've got three TVs in your house, independently of the manufacture, these methods could be implemented by each remote control to provide the same basic functionality, as defined by the interface. Each remote control will probably work differently internally, but you know how to use the interface (the buttons of the remote control in this case) and that’s all that matters. So: you know whatever TV you happen to be sitting in front of, you'll be able to change channel and watch your favorite program by using the remote control. 

The remote control in this example is called a component in COM and a class module in VB. A component is something that provides functionality by implementing one or more interfaces. 

When you write a class module in VB , a default interface is automatically created for you. Each of the public methods and properties that you define in a class module are added to this interface.

The default interface of a class module can be implemented by another class module using the VB implements keyword.. It is that way you write a COM component in VB that implements multiple interfaces. VB makes it easy for you to implement an interface, and will raise error if you forget to implement any methods.

By automatically creating interfaces for your class modules, VB is saving the amount of COM you have to understand to get applications written.

5.1.1 The Use Of Interfaces  

COM is all about interfaces. Conceptually, an interface is an agreement between a client and an object about how they will communicate. When you define a set of methods, the interface becomes a communications channel between these two parties. In the world of COM, clients and objects communicate exclusively through interfaces.

Before the use of interfaces was popular in the object-oriented design of large systems, a client would work directly against the class definition for an object. This programming practice led to many shortcomings with code versioning and reuse: Because client code had too much "insider" information about the implementation details of the object, changes to an object’s code often required changes to the client’s code, making a system fragile and hard to extend.

Today’s component-based development often requires a client and an object to live in different binary executables, which makes reuse and versioning even more important. The logical interface is a mechanism that eliminates any implementation dependencies between a client and an object. It results in systems that are much less fragile and far easier to extend.

An interface plays the role of a mediator between the client and the object.When the two sides have seemingly opposing differences, the mediator gets them to the table to talk through all their differences. Clients have been overly concerned with how objects do their job. Clients complain that objects are not living up to agreements promised in earlier versions. The interface comes to the rescue and draws up an agreement that both parties can live with.

An interface is a contract that specifies what work must be done, but it doesn’t say how the work should be accomplished. It is a communications protocol that defines a set of methods complete with names, arguments and return types. An interface allows important data and messages to pass between the client and the object. The object’s implementation may change from version to version, but every interface that is supported must continue to be supported in later versions. As long as an interface definition remains static, the established channels of commerce remain unaffected between a client and an object from version to version and business can continue as usual.

5.1.2 Implements Statement

Specifies an interface or class that will be implemented in the class module in which it appears.

Syntax
Implements [InterfaceName | Class]

The required Interface Name or Class is the name of an interface or class in a type library whose methods will be implemented by the corresponding methods in the Visual Basic class.

An interface is a collection of prototypes representing the members (methods and properties) the interface encapsulates; that is, it contains only the declarations for the member procedures. A class provides an implementation of all of the methods and properties of one or more interfaces. Classes provide the code used when a controller of the class calls each function. All classes implement at least one interface, which is considered the default interface of the class. In Visual Basic, any member that isn't explicitly a member of an implemented interface is implicitly a member of the default interface.

When a Visual Basic class implements an interface, the Visual Basic class provides its own versions of all the Public procedures specified in the type library of the Interface. In addition to providing a mapping between the interface prototypes and your procedures, the Implements statement causes the class to accept COM QueryInterface calls for the specified interface ID.

Note:  Visual Basic does not implement derived classes or interfaces.

When you implement an interface or class, you must include all the Public procedures involved. A missing member in an implementation of an interface or class causes an error. If you don't place code in one of the procedures in a class you are implementing, you can raise the appropriate error (Const E_NOTIMPL = &H80004001) so a user of the implementation understands that a member is not implemented.

The Implements statement can't appear in a standard module.

5.2 Creating Standard Interfaces with Visual Basic

You can create standard interfaces for your organization by compiling abstract classes in Visual Basic ActiveX DLLs or EXEs, or with the MkTypLib utility, included in the Tools directory.

Basic programmers may find it easier to create an interface using a Visual Basic class module. Open a new ActiveX DLL or EXE project, and add the desired properties and methods to a class module. Don’t put any code in the procedures. Give the class the name you want the interface to have, for example IFinance, and make the project.

Note   The capital "I" in front of interface names is an ActiveX convention. It is not strictly necessary to follow this convention. However, it provides an easy way to distinguish between abstract interfaces you’ve implemented and the default interfaces of classes. The latter are usually referred to by the class name in Visual Basic.

The type library in the resulting .dll or .exe file will contain the information required by the Implements statement. To use it in another project, use the Browse button on the References dialog box to locate the .dll or .exe file and set a reference. You can use the Object Browser to see what interfaces a type library contains.

Important   The Implements feature does not support outgoing interfaces. Thus, any events you declare in the class module will be ignored.

An interface once defined and accepted must remain invariant, to protect applications written to use it. Do not use the Version Compatibility feature of Visual Basic to alter standard interfaces.

5.2.1 Example: Creating and Implementing an Interface

In the following code example, you'll create an Animal interface and implement it in two classes, Flea and Tyrannosaur.

You can create the Animal interface by adding a class module to your project, naming it Animal, and inserting the following code:

Public Sub Move(ByVal Distance As Double)

End Sub

Public Sub Bite(ByVal What As Object)

End Sub

Notice that there's no code in these methods. Animal is an abstract class, containing no implementation code. An abstract class isn't meant for creating objects — its purpose is to provide the template for an interface you add to other classes. 

Note   An abstract class is one from which you can't create objects. You can always create objects from Visual Basic classes, even if they contain no code; thus they are not truly abstract.

Now you can add two more class modules, naming one of them Flea and the other Tyrannosaur. To implement the Animal interface in the Flea class, you use the Implements statement:

Option Explicit

Implements Animal

As soon as you've added this line of code, you can click the left-hand (Object) drop down in the code window. One of the entries will be Animal. When you select it, the right-hand (Procedure) drop down will show the methods of the Animal interface.

Select each method in turn, to create empty procedure templates for all the methods. The templates will have the correct arguments and data types, as defined in the Animal class. Each procedure name will have the prefix Animal_ to identify the interface.

Important: An interface is like a contract. By implementing the interface, a class agrees to respond when any property or method of the interface is invoked. Therefore, you must implement all the properties and methods of an interface.

You can now add the following code to the Flea class:

Private Sub Animal_Move(ByVal Distance As Double)

   ' (Code to jump some number of inches omitted.)

   Debug.Print "Flea moved"

End Sub

Private Sub Animal_Bite(ByVal What As Object)

   ' (Code to suck blood omitted.)

   Debug.Print "Flea bit a " & TypeName(What)

End Sub

The procedures Animal_Jump and Animal_Bite are declared private and not private because they would be part of the Flea interface, and you’d be stuck in the same bind you were in originally, declaring the Critter argument As Object so it could contain either a Flea or a Tyrannosaur.

Multiple Interfaces

The Flea class now has two interfaces: The Animal interface you've just implemented, which has two members, and the default Flea interface, which has no members. Later in this example you'll add a member to one of the default interfaces.

You can implement the Animal interface similarly for the Tyrannosaur class:

Option Explicit

Implements Animal

Private Sub Animal_Move(ByVal Distance As Double)

   ' (Code to pounce some number of yards omitted.)

   Debug.Print "Tyrannosaur moved"

End Sub

Private Sub Animal_Bite(ByVal What As Object)

   ' (Code to take a pound of flesh omitted.)

   Debug.Print "Tyrannosaur bit a " & TypeName(What)

End Sub

Exercising the Tyrannosaur and the Flea

Add the following code to the Load event of Form1:

Private Sub Form_Load()

   Dim fl As Flea

   Dim ty As Tyrannosaur

   Dim anim As Animal

   Set fl = New Flea

   Set ty = New Tyrannosaur

   ' First give the Flea a shot.

   Set anim = fl

   Call anim.Bite(ty)   'Flea bites dinosaur.

   ' Now the Tyrannosaur gets a turn.

   Set anim = ty

   Call anim.Bite(fl)   'Dinosaur bites flea.

End Sub

Press F8 to step through the code. Notice the messages in the Immediate window. When the variable anim contains a reference to the Flea, the Flea's implementation of Bite is invoked, and likewise for the Tyrannosaur.

The variable anim can contain a reference to any object that implements the Animal interface. In fact, it can only contain references to such objects. If you attempt to assign a Form or PictureBox object to anim, an error will occur.

The Bite method is early bound when you call it through anim, because Visual Basic knows at compile time that whatever object is assigned to anim will have a Bite method.

5.3 Creating multiple classes that use the same interface:

The Implements keyword is used to define a common interface (set of properties and methods) on a set of classes.

 The first step is to define the common interface (set of properties and methods). You do this by creating a class module with only the property and method declarations (no code). This would look something like:

' This is the Interface: IPerson

Option Explicit

Public Name As String

Public Address As String

Notice that you used Public declarations for the properties instead of Property procedures. Since you are not creating any code, you don't need the property procedures.

The second step is to implement this interface in another class. This is done by first inserting Implements keyword in the class module for the class that will implement the interface. Then add the property and method declarations for each property and method in the implemented interface to the class module. As soon as you type in the Implements statement, the interface name will appear in the Object combo box at the top and left of the Code window. If you select the interface name, the list of all properties and methods appear in the Procedure combo box at the top and right of the Code window. Select each property and method from the combo box and the template for the procedure will be automatically inserted into the class module.

The result will look something like this:

' This is the class: CCustomer

' that implements IPerson

Option Explicit

Implements IPerson

Private Property Let IPerson_Address(ByVal RHS As String)

    ' Code here

End Property

Private Property Get IPerson_Address() As String

    ' Code here

End Property

Private Property Let IPerson_Name(ByVal RHS As String)

    ' Code here

    MsgBox "New value is: " & RHS

End Property

Private Property Get IPerson_Name() As String

    ' Code here

    MsgBox "Got the value"

End Property

Notice that even though you declared Name and Address to be Public variables in the interface, they correctly generate pairs of Property procedures in the class that implements the interface.

Finally, you want to be able to use the interface. 

' This code is in a form

Private m_Customer As CCustomer

Private Sub Form_Load()

    Set m_Customer = New CCustomer

    m_Customer.Name = "John Smith"

End Sub

However, this does not work because first, the Name Property procedures are Private and second, they are prefaced with the name of the interface. So to access the IPerson interface for the CCustomer class:

' This code is in a form

Private m_Customer As CCustomer

Private m_IPerson as IPerson

Private Sub Form_Load()

    Set m_Customer = New CCustomer

    Set m_IPerson = m_Customer

    m_IPerson.Name = "John Smith"

End Sub

But this method is not recommended because you are basically casting the m_Customer object variable to the m_IPerson interface.

A better approach is to do this:

' This code is in a form

Private m_Customer As CCustomer

Private Sub Form_Load()

    Set m_Customer = New CCustomer

    Test m_Customer

End Sub

Sub Test(obj As IPerson)

    obj.Name = "John Smith"

    obj.Address = "101 Main Street"

End Sub

This passes the object to the Test procedure defined with the interface type (IPerson) thereby casting the object to the correct interface. The additional benefit of this approach is that it supports polymorphism. It means that any class that implements the IPerson interface can be passed to this routine and this routine will call the properties and methods in the appropriate class.

5.3.1 Implementing Multiple Interfaces

The following list provides steps for implementing multiple interfaces: 

Define a set of interfaces, each containing a small group of related properties and methods that describe a service or feature your system requires.

Create a type library containing abstract interfaces — abstract classes, if you create the type library by compiling a Visual Basic project — that specify the arguments and return types of the properties and methods. Use the MkTypLib utility or Visual Basic to generate the type library.

Develop a component that uses the interfaces, by adding a reference to the type library and then using the Implements statement to give classes secondary interfaces as appropriate.

For every interface you’ve added to a class, select each property or method in turn, and add code to implement the functionality in a manner appropriate for that class. 

Compile the component and create a Setup program, making sure you include the type library that describes the abstract interfaces.

Develop an application that uses the component by adding references to the component and to the type library that describes the abstract interfaces.

Compile the application and create a Setup program, including the component (and the abstract type library, if the component runs out of process or — with the Enterprise Edition — on a remote computer). 

The key points to remember when using multiple interfaces in this fashion are: 

Once an interface is defined and in use, it must never change. 

If an interface needs to be expanded, create a new interface. 

New versions of components can provide new features by implementing new and expanded interfaces.

New versions of components can support legacy code by continuing to provide old interfaces.

New versions of applications can take advantage of new features (that is, new and expanded interfaces), and if necessary can be written so as to degrade gracefully when only older interfaces are available.

5.3.2 Implements and Code Reuse

The Implements statement also allows you to reuse code in existing objects. In this form of code reuse, the new object (referred to as an outer object) creates an instance of the existing object (or inner object) during its Initialize event.

In addition to any abstract interfaces it implements, the outer object implements the default interface of the inner object. (To do this, use the References dialog box to add a reference to the component that provides the inner object.)

When adding code to the outer object’s implementations of the properties and methods of the inner object, you can delegate to the inner object whenever the functionality it provides meets the needs of the outer object.

5.3.3 Classes and Interfaces

In Automation programs, each object exposes its properties, collections, and behaviors through interfaces. To have the instances of a class exhibit certain behaviors or have certain properties or collections, you implement the appropriate interface for that class. 

The Type Information Model accommodates such data by letting you describe interfaces. Each interface can have a set of classes that implements it, and each class can have a set of interfaces that it implements. 

5.4 Interface Definition Language (IDL) Files

Even though COM is language independent, there must be some official language for defining interfaces and COM classes (also known as coclasses). COM uses a language called IDL (interface definition language), which is similar to C, but offers object-oriented extensions that allow you to unmistakably define your interfaces and coclasses. C++ and Java programmers should always begin a COM-based project by defining the interfaces and coclasses with IDL. 

The MIDL design specifies two distinct files: the Interface Definition Language (IDL) file and the application configuration file (ACF). These files contain attributes that direct the generation of the C-language stub files that manage the remote procedure call (RPC). The IDL file contains a description of the interface between the client and the server programs. RPC applications use the ACF file to describe the characteristics of the interface that are specific to the hardware and operating system that make up a particular operating environment. The purpose of dividing this information into two files is to keep the software interface separate from characteristics that affect only the operating environment. 

The IDL file specifies a network contract between the client and server—that is, the IDL file specifies what is transmitted between the client and the server. Keeping this information distinct from the information about the operating environment makes the IDL file portable to other environments. 

By convention, the file that contains interface and type library definitions is called an IDL file, and has an .idl file name extension. In reality, the MIDL compiler will parse an interface definition file regardless of its extension. An interface is identified by the keyword interface.

 An IDL file contains one or more interface definitions. Each interface definition is composed of an interface header and an interface body. The interface header contains attributes that apply to the entire interface. The body of the interface contains the remaining interface definitions. The interface header is demarcated by square brackets. The interface body is contained in curly brackets. This is illustrated in the following example interface:

[

  /*Interface attributes go here. */

]

interface INTERFACENAME

{

  /*The interface body goes here. */

}

5.4.1 Components of an interface

This section gives an overview of the components of an interface. 

The IDL Interface Header 

The IDL Interface Body 

The IDL Interface Header

The IDL interface header specifies information about the interface as a whole. Unlike the ACF, the interface header contains attributes that are platform-independent. 

Attributes in the interface header are global to the entire interface. That is, they apply to the interface and all of its parts. These attributes are enclosed in square brackets at the beginning of the interface definition. An example is shown in the following interface definition:

[

  uuid(ba209999-0c6c-11d2-97cf-00c04f8eea45),

  version(1.0)

]

interface INTERFACENAME

{

}

The interface body can also contain attributes. However, they are not applicable to the entire interface. They refer to specific items in the interface such as remote procedure parameters.

The IDL Interface Body

The IDL interface body contains data types used in remote procedure calls and the function prototypes for the remote procedures. The interface body can also contain imports, pragmas, constant declarations, and type declarations. In Microsoft-extensions mode, the MIDL compiler also allows implicit declarations in the form of variable definitions.

The following example shows an IDL file containing the definition of an interface. The body of the interface definition, which occurs between the curly brackets, contains the definition of a constant (BUFSIZE), a type (PCONTEXT_HANDLE_TYPE), and some remote procedures (RemoteOpen, RemoteRead, RemoteClose, and Shutdown).

[ 

  uuid (ba209999-0c6c-11d2-97cf-00c04f8eea45), 

  version(1.0), 

  pointer_default(unique) 

] 

interface cxhndl 

{ 

  const short BUFSIZE = 1024;  

  typedef [context_handle] void *PCONTEXT_HANDLE_TYPE; 

  short RemoteOpen( 

      [out] PCONTEXT_HANDLE_TYPE *pphContext, 

      [in, string] unsigned char *pszFile 

  ); 

   hort RemoteRead( 

      [in]  PCONTEXT_HANDLE_TYPE phContext, 

      [out] unsigned char achBuf[BUFSIZE], 

      [out] short *pcbBuf 

  ); 

  short RemoteClose( [in, out] PCONTEXT_HANDLE_TYPE *pphContext ); 

  void Shutdown(void); 

} 

The ACF specifies attributes that affect only local performance rather than the network contract. Microsoft RPC allows you to combine the ACF and IDL attributes in a single IDL file. You can also combine multiple interfaces in a single IDL file (and its ACF).

Type definitions, construct declarations, and imports can occur outside of the interface body. All definitions from the main IDL file will appear in the generated header file, and all the procedures from all the interfaces in the main IDL file will generate stub routines. This enables applications that support multiple interfaces to merge IDL files into a single, combined IDL file. 

As a result, it requires less time to compile the files and also allows MIDL to reduce redundancies in the generated stubs. This can significantly improve object interfaces through the ability to share common code for base interfaces and derived interfaces. For non-object interfaces, the procedure names must be unique across all the interfaces. For object interfaces, the procedure names only need to be unique within an interface. Note that multiple interfaces are not permitted when you use the /osf switch.

The syntax for declarative constructs in the IDL file is similar to that for C. MIDL supports all Microsoft C/C++ declarative constructs except: 

Older style declarators that allow a declarator to be specified without a type specifier, such as:

         x (y) 

         short x (y) 

Declarations with initializers (MIDL only accepts declarations that conform to the MIDL const syntax). 

The import keyword specifies the names of one or more IDL files to import. The import directive is similar to the C include directive, except that only data types are assimilated into the importing IDL file.

The constant declaration specifies boolean, integer, character, wide-character, string, and void * constants. 

A general declaration is similar to the C typedef statement with the addition of IDL type attributes. Except in /osf mode, the MIDL compiler also allows an implicit declaration in the form of a variable definition. 

The function declarator is a special case of the general declaration. You can use IDL attributes to specify the behavior of the function return type and each of the parameters.

The IDL file is fed to the MIDL (Microsoft IDL) compiler, which produces a binary description file called a type library. Here’s a typical IDL file that defines two interfaces and a coclass:

[ uuid("ID1")]

interface IMyInterface1{

  HRESULT MyMethod1();

  HRESULT MyMethod2();

}

[ uuid("ID2")]

interface IMyInterface2{

  HRESULT MyMethod3();

}

[ uuid("ID3")]

coclass CMyClass{

  [default] interface IMyInterface1;

  interface IMyInterface2;

}
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Figure 5.1: VB will ensure that you implement all methods of an interface
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Figure 5.2: VB will ensure that you implement an interface methods.

Unlike C++ and Java, VB doesn’t currently require you to use IDL or the MIDL compiler. The VB IDE creates a type library directly from your Visual Basic source code and builds this information directly into your EXE or DLL binary. If you need to see the IDL, you can use the OLEVIEW.EXE utility to reverse-engineer a type library into IDL text. The information in a type library allows development tools such as VB and Visual J++ to build the vTable binding at compile time. 

COM uses a unique identifier called a GUID (globally unique identifier). IDL uses the keyword uuid (universally unique identifier) instead of guid, but GUIDs are the same thing as UUIDs. GUIDs that identify coclasses are called CLSIDs and those that identify interfaces are IIDs. GUIDs are long, 128-bit integers that can be reduced to readable, 32-digit hexadecimal numbers:

[ uuid(

40C3E581-F26D-11D0-B840-0000E8A1E186)]

interface IMyInterface1{

  HRESULT MyMethod1();

  HRESULT MyMethod2();

}
IDL, type libraries, and the Windows registry all use GUIDs to provide unique identification for COM entities such as type libraries, coclasses, and interfaces. Adding GUIDs to the Registry is an important configuration issue on any COM-enabled machine. The type library for your VB project contains the definitions for your interfaces and coclasses, including their GUIDs. When a server component or type library is registered on a client machine, these GUIDs are stored in the Registry. You must set the "Version Compatibility option" in the "Components" tab of the Project Properties dialog to "Binary Compatibility" to ensure that your objects remain consistent with each rebuild. If you forget to do this, VB assigns a new set of GUIDs each time you rebuild your component. Older client applications will be asking for GUIDs that no longer exist.

Here are a few key points to note about the IDL:

There are no VB specifics anywhere - it's language neutral 

The default interface for your class module has the same logical name as your class prefixed with an underscore 

All interfaces created for you derive from the interface IDispatch. 

The interface is assigned a physical name (IID/GUID) and is different to the physical name (CLSID) assigned to the class module (CLSID/GUID) 

Each method is assigned a unique id that is used by late bound clients to identify it 

Each method has a return type of HRESULT. This enables errors to be reported in a consistent way. 

Parameters have attributes to describe in generic form if they are ByRef (in,out) or ByVal ( in)

5.5 OLE/COM Object Viewer

The OLE/COM Object Viewer is a developer- and power-user-oriented administration and testing tool. With the OLE/COM Object Viewer you can:

Browse, in a structured way, all of the Component Object Model (COM) classes installed on your machine. 

See the registry entries for each class in an easy-to-read format. 

Configure any COM class (including Java-based classes!) on your system. This includes Distributed COM activation and security settings. 

Configure systemwide COM settings, including enabling or disabling DCOM. 

Test any COM class, simply by double-clicking its name. The list of interfaces that class supports will be displayed. Double-clicking an interface entry allows you to invoke a viewer that will "exercise" that interface. 

Activate COM classes locally or remotely. This is good for testing DCOM setups. 

View type library contents. Use this to figure out what methods, properties, and events an ActiveX® Control supports! 

Copy a properly formatted OBJECT tag to the clipboard for inserting into an HTML document.

In the ITypeInfo Viewer, expanding the tree view and clicking on an interface member will display the accessor method signatures in the right pane.

OLEView Interface Viewer Specification

The OLE/COM Object Viewer (OLEView) supports plug-in interface viewers. 

If you have a COM interface you have designed you can develop your own interface viewers. Simply create an in-process COM server that implements the IInterfaceViewer interface and have it register the following information:

HKCR\Interface\{the IID you want to view}\OleViewerIViewerCLSID =

{your clsid} 

You should use the Component Category Manager to register your viewer's CLSID as implementing the OLEViewer Interface Viewer CATID:

// Component Category information for OLEView Interface Viewers

//

// CATID:

DEFINE_GUID(CATID_OLEViewerInterfaceViewers, 0x64454f82,

// 0xf827, 0x11ce, 0x90, 0x59, 0x8, 0x0, 0x36, 0xf1, 0x25, 0x2);

// English Description

static TCHAR SZ_CATEGORYDESC[]   = _T("OLEViewer Interface Viewers");

To use the OLE/COM Object Viewer 

Start the OLE/COM Object Viewer by either clicking OLE/COM Object Viewer on the Tools menu or by typing oleview at the command line.

Display all registered Automation objects by opening the Automation Objects folder from the Object Classes, Grouped by Component Category.

Scroll down and click the Microsoft ADO Data Control, version 6.0 control. Several tabs will appear in the right pane and the interfaces implemented by the control will display in the Registry tab. 

IDL for IInterfaceViewer

Following are the interface definition libraries (IDL) for OleView Interface Viewers.

// iview.idl

//

// Interface definitions for OleView Interface Viewers

//

import "unknwn.idl";

// DEFINE_GUID(IID_IInterfaceViewer,0xfc37e5ba,0x4a8e,0x11ce,0x87,\

0x0b,0x08,0x00,0x36,0x8d,0x23,0x02);

//

// IInterfaceViewer::View can return the following SCODEs:

//

// S_OK

// E_INVALIDARG 

// E_UNEXPECTED

// E_OUTOFMEMORY        

// 

[

    uuid(fc37e5ba-4a8e-11ce-870b-0800368d2302),

    object

]

interface IInterfaceViewer : IUnknown

{

    HRESULT View([in]HWND hwndParent, [in]REFIID riid, [in]IUnknown* punk);

}

5.6 IUnknown 

The first three methods in all interfaces are always QueryInterface, AddRef, and Release, in that order. These methods provide a pointer to the interface when someone asks for it, keep track of the number of programs that are being served by the interface, and control how the physical .DLL or .EXE file gets loaded and unloaded. Any other methods in the interface are defined by the person who creates the interface. The interface that consists of these three common methods, QueryInterface, AddRef, and Release, is called IUnknown. Developers can always obtain a pointer to an IUnknown object. 

The Component Object Model, like RPC before it, makes a strong distinction between the definition of the interface and its implementation. The interface methods and the data items (called properties) that make up the parameters are defined in a very precise way, using a special language designed specifically for defining interfaces. These languages (such as MIDL, the Microsoft Interface Definition Language, and ODL, the Object Definition Language) do not allow you to use indefinite type names, such as void *, or types that change from computer to computer, such as int. The goal is to force you to specify the exact size of all data. This makes it possible for one person to define an interface, a second person to implement the interface, and a third person to write a program that calls the interface. 

Developers who write C and C++ code that use these types of interfaces read the object's interface definition language (IDL) files. They know exactly what methods are present in the interface and what properties are required. They can call the interfaces directly. 

For developers who are not writing in C and C++, or do not have access to the object's IDL files, Microsoft's Component Object Model defines another way to use software components. This is based on an interface named IDispatch. 

Every COM component implements an interface called IUnknown This interface plays a pivotal role in COM and has two main purposes - reference counting and dynamic discovery of interfaces. 

5.6.1Reference Counting - AddRef & Release

An instance of a component (an object) must not be destroyed until every object using it has finished with it (released all of the interfaces they obtained from it) since COM is object oriented. To track these references, the methods AddRef and Release of the IUnknown interface are called by consumers of a component to inform it that its services are either being used or not, enabling the component to maintain a reference count. 

AddRef increases the reference count and Release decrements the reference count. When the reference count reaches zero the object knows to destroy itself. 

Reference counts are very powerful but they are problematic in languages such as C++ as the programmer has to remember to balance them by manually calling AddRef and Release. In VB this is done when a component is used.

QueryInterface

QueryInterface is the method by which the functionality of a component can be dynamically exposed and queried for at runtime. The method accepts an interface identifier (IID) and returns the requested interface if it is supported. 

In VB QueryInterface (QI) is called on your behalf whenever the Set or TypeOf keywords are used. In the following code, the points at which a QI will occur is highlighted in bold:

Dim BigControl As New BigRemoteControl

Dim RemoteControl As RemoteControl

Dim ChannelSelector As IChannelSelector

Set RemoteControl = BigControl

If TypeOf RemoteControl Is IChannelSelector Then

    Set ChannelSelector = RemoteControl

Else

    MsgBox "Interface not supported"

End If

For each QI, a component will return the interface requested if it is supported and will also increasing its reference count by calling AddRef. For the TypeOf command Release called immediately, as the interface returned is not used, it just provides an indication that it's supported. For the Set command, VB will adjust the reference count by calling Release when the object variable is no longer being used. This happens with the object goes out of scope, or if you set the object reference to nothing:

Set RemoteControl = Nothing
If an interface is not supported by a component VB and you type and request it by using the Set keyword it will generate a "type mismatch" error. The TypeOf keyword does not generate an error as its goal is to provide a tentative approach to QI. 

5.7 IDispatch 

IDispatch is an interface that allows methods of a component’s default interface to be discovered and invoked by a client application dynamically at runtime. This type of invocation of a component’s functionality is termed as late binding, because before the method can be invoked, the component has to be asked if it supports it at runtime. 

In VB, the IDispatch interface is used whenever a variable of the type Object is declared:

Dim oRemote as Object
    Set oRemote = CreateObject("COM.RemoteControl")

    oRemote.TurnOn

A component is asked if it supports a method by passing the method name to IDispatch::GetIDsOfNames. If the method is supported a DISPID to identify the method is returned. This DISPID is then used to call the method by passing it along with any arguments for the method to IDispatch::Invoke. Generally speaking languages should cache the DISPIDs and reuse them.

Late binding can be more flexible under some circumstances but has two key drawbacks.

It's slower than early binding because a component has to be asked if it supports a method before it can be invoked.

As the functionality is being queried for at runtime, it's possible that an error will occur because a method is not supported. If you spelt a method name wrong, a call will fail.

It is recommended that you should always use early binding where possible, which in VB requires that you have a type library.

All interfaces generated in VB can support both early and late bound clients. It can achieve this because every interface created by VB derives from IDispatch
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The IDispatch Interface

The mapping function that invokes a method or a property according to a dispID is called IDispatch::Invoke. When a controller has a pointer to a dispinterface, it actually has a pointer to an implementation of IDispatch that responds to a set of dispIDs specific to that implementation. If a controller has two IDispatch pointers for two different objects, for example, dispID 0 may mean something completely different to each object. So while a controller will have compiled code to call IDispatch::Invoke, the actual method or property invoked is not determined until run time. This is the nature of late binding.

OLE Automation works with the help of IDispatch::Invoke, and besides a dispID it takes a number of other arguments to pass on to the object's implementation. The other member functions of IDispatch exist to assist the controller in determining the dispIDs and types for methods and properties through type information.

The accessing of methods and properties in a dispinterface is routed through IDispatch::Invoke. This calls the object's internal functions as necessary based on the dispID passed from the controller.

Because a controller is usually a programming environment, it is generally a script or program running in that controller that determines which dispID gets passed to which object's IDispatch. The controller, however, needs only one piece of code that knows how to call IDispatch members polymorphically, letting its interpreter or processing engine provide the appropriate arguments for IDispatch members on the basis of the running script. This processing will generally involve all four of the specific IDispatch members:

interface IDispatch : IUnknown
    {
    HRESULT GetTypeInfoCount(unsigned int *pctinfo);
    HRESULT GetTypeInfo(unsigned int itinfo, LCID lcid
        ITypeInfo **pptinfo);
    HRESULT GetIDsOfNames(REFIID riid, OLECHAR **rgszNames
        , unsigned int cNames, LCID lcid, DISPID *rgdispid);
    HRESULT Invoke(DISPID dispID, REFIID riid, LCID lcid
        , unsigned short wFlags, DISPPARAMS *pDispParams
        , VARIANT *pVarResult, EXCEPINFO *pExcepInfo
        , unsigned int *puArgErr);
    };

You can implement the IDispatch interface in various ways  including the use of OLE API functions such as DispInvoke, DispGetIDsOfNames, and CreateStdDispatch. Regardless of the implementation technique, Invoke always requires the same arguments, which include the following:

dispID, a DISPID, to identify the method or the property to invoke. 

wFlags, an unsigned short identifying the Invoke call as a property get (DISPATCH_PROPERTYGET), a property put (DISPATCH_PROPERTYPUT), a property put by-reference (DISPATCH_PROPERTYPUTREF), or a method invocation (DISPATCH_METHOD). 

pDispParams, a pointer to a DISPPARAMS structure, which contains the new property value in a property put, array indices for a property get, or method arguments in VARIANTARG structures (same as a VARIANT). Each argument is an element in an array of VARIANTARGs contained inside DISPPARAMS. Arguments to a method can be optional as well as named. 

lcid, a locale identifier (LCID) identifying the national language in use at the time of the call so sensitive methods and properties can behave appropriately to the locale. 

VarResult, a pointer to a VARIANT structure, a union of many different types along with a value identifying the actual type in which is stored the value of a property get or the return value of a method. This return value is separate from the return value of Invoke and is only meaningful if Invoke succeeds. 

ExcepInfo, a pointer to a structure named EXCEPINFO through which the object can raise custom errors above and beyond the failure codes that Invoke can return. 

puArgErr, in which Invoke stores the index of the first mismatched argument in pDispParams if a type mismatch occurs.

Given the dispID of a dispinterface member and the necessary information about property types and method arguments, a controller can access everything in the dispinterface.

Using the Beeper object as an example, consider a little fragment of code in a Basic-oriented automation controller (DispTest or Visual Basic). This code sets Beeper's Sound property and instructs the object to play that sound by calling the Beep method. (Obviously, this is not the only way to access an automation object through a controller language; Basic is just an example.)

Beeper.Sound = 32   '32=MB_ICONHAND, a system sound
Beeper.Beep

The controller has to turn both of these pieces of code into IDispatch::Invoke calls with the right dispID and other parameters. To convert the names "Sound" and "Beep" to their dispIDs, the controller can pass those names to IDispatch::GetIDsOfNames. Passing "Sound," for example, to the Beeper's implementation of this function would return a dispID of 0. Passing "Beep" would return a dispID of 1.

You must also give the right type of data to the Beeper object to assign to the Sound property. The value 32 (defined for C/C++ programmers, at least, as MB_ICONHAND in WINDOWS.H) is an integer. The Basic interpreter must perform type checking to ensure that the type of the argument is compatible with the Sound property. This is accomplished either at run time (pass the arguments to Invoke and see whether the object rejects it) or through the object's type information as obtained through IDispatch::GetTypeInfo (if IDispatch::GetTypeInfoCount returns a 1). A well-behaved controller wants to use type information when it is available. If it is not, IDispatch::Invoke will perform type oppression and type checking itself, returning type mismatch errors as necessary.

IDispatch interface exposes objects, methods and properties to programming tools and other applications that support Automation. COM components implement the IDispatch interface to enable access by Automation clients, such as Visual Basic.

Methods in Vtable Order

 

IUnknown Methods:
AddRef
      Returns pointers to supported interfaces.

QueryInterface
      Increments reference count.

Release
      Decrements reference count.

IDispatch Methods

GetTypeInfoCount
     Determines whether there is type information available for this dispinterface, returning  0 (unavailable) or 1 (available).

GetTypeInfo
  Retrieves the type information for this dispinterface if GetTypeInfoCount returned successfully.

GetIDsOfNames
   Converts text names of properties and methods (including arguments) to their corresponding dispIDs.

Invoke

Given a dispID and any other necessary parameters, calls a method exposed by an object or accesses a property in this dispinterface.

Requirements

IDispatch is located in the Oleauto.h header file on 32-bit systems, and in Dispatch.h on 16-bit and Macintosh systems.

5.8 Automation And Idispatch 

Many development tools are incapable of binding through vTable interfaces at compile time. For example, VBScript is an important development tool for Web-based systems, but it can’t make sense of a type library or create vTable bindings. COM provides a run-time-binding protocol known as Automation to address such less-sophisticated clients. Automation uses a standard COM interface called IDispatch . The vTable for an IDispatch interface always contains the same seven methods. It is a single physical interface from which object implementers can create any number of logical interfaces. As long as the vTable bindings are consistent from one IDispatch interface to another, there’s no need to generate new vTable bindings at compile time.

The two key IDispatch methods are GetIDsOfNames() and Invoke(). GetIDsOfNames() lets a client get binding information at runtime. It takes a string argument containing the name of a function or property in a human-readable form and returns a DispID, an integer value that uniquely identifies a specific method or property and is used in the call to Invoke(). When a client calls Invoke(), it must pass a painfully large and complex set of arguments, which includes the DispID, a single array of variants containing the values of the arguments, a Variant for the return value, and a few other things that aren’t that don’t come into use here. When a client queries for these DispIDs at runtime, the process is known as late binding. Going through IDispatch is inefficient, but it solves a problem for clients that can’t create vTable bindings at compile time.

Most Visual Basic programmers have never heard of GetIDsOfNames(), Invoke() or IDispatch because VB does all the work for these methods behind the scenes. For example, VB creates a connection to the object and caches an IDispatch pointer when you write this code:

'*** IDispatch is called automatically 

Dim MyObjRef As Object, n As Integer

    Set MyObjRef = CreateObject("CMyServer.MyClass")

    n = MyObjRef.MyMethod(3.141592, "I like pie")
VB then deals with the call to MyMethod() by calling GetIDsOfNames(), and passing the string "MyMethod." GetIDsOfNames() returns the DispID for the method. Next, VB calls Invoke() by passing the DispID and all the arguments packed up as variants, and Invoke() sends the return value back to the client as a variant. Although VB performs all the type conversion for you automatically, which makes writing Automation code easy, this is not an efficient process. Another problem is the lack of type safety. If you include the wrong number or the wrong type of arguments in your call to MyMethod(), you’ll experience failure at runtime, not at compile time. The VB compiler assumes that any call made to IDispatch will work. Compile-time errors are always better than run-time errors.
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Figure 5.3: Custom interfaces provide classic COM vTable bindings to clients. A client creates these vTable bindings at compile time. Clients using IDispatch may discover binding a runtime using a function’s name or a DispID. Dual interfaces provide vTable binding for sophisticated clients such as VB4, VB5 and C++, yet they also offer the IDispatch interface to clients who require it such as VBScript
Using the IDispatch interface and referencing the type library for the object in the project will result in a more efficient process known as early binding. A type library enables VB to discover all the DispIDs at compile time, and embed them into the executable, thus relieving your program from calling GetIDsOfNames() at runtime. Early binding yields a significant performance improvement because the application doesn’t need to call GetIDsOfNames(). The call to Invoke() is exactly the same as it is in late binding, so it’s not as fast as vTable binding. Another huge benefit of early binding and using a type library is that the VB compiler can check the arguments and return value to make sure the types are set correctly. This prevents syntax errors from finding their wa1y into the compiled code. Note that you must also use the specific class name for the object variables to get early binding. If you use the Object type, you’ll always get late binding.

The modern interfaces that is used these days are called "dual interfaces," or "duals" for short. A dual lets sophisticated clients use vTable bindings, while still offering IDispatch to clients that require it. VB5 builds dual interfaces for all the objects automatically. VB and C++ clients can communicate with the objects through vTable binding. VBScript clients can also communicate with the objects through IDispatch, allowing the VB objects to be controlled by Web-centric-environments such as the Internet Explorer and ASP (Active Sever Pages).

When an object is assigned to a variable Object type, the IDispatch interface and late binding is used. There will be only a few situations where this is necessary, but one must always avoid using the Object datatype when not needed because IDispatch is very slow. There are only two reasons to use the Object keyword: The first is to communicate with an object that only implements the IDispatch interface. These IDispatch-only objects were more common a few years ago, but modern COM components serve up objects that offer a type library and vTable bindings. 

The second reason to use Object is to create a single variable or a collection and assign many different kinds of objects to it. This is an easy way to implement polymorphic behavior  even though there are IDispatch’s performance limitations. For example, you can enumerate through a collection of heterogeneous objects and invoke the "Print" method on each one.

5.9 Binding
Binding is the process of setting up a property or method call that’s to be made using a particular object variable. It’s part of the overhead of calling the property or method.

How Binding Affects ActiveX Component Performance

The time required to call a procedure depends on two factors: 

The time required to perform the task the procedure was designed to do, such as finding  the determinant of a matrix.

The overhead time required to place the arguments on the stack, invoke the procedure, and return. 

As a component author, you’ll do everything you can to minimize the first item. The second item, however, is not entirely under your control.

The overhead for a method call depends on the type of binding Visual Basic uses for the method call. Method call depends on the way a client application declares object variables, which in turn depends on the developer of the client application.

Note   Binding affects all property and method calls, including those the objects in your component make to each other. Thus the binding issues discussed here can also affect the internal performance of your component.

Types of Binding

There are two main types of binding in Automation — late binding and early binding. Early binding is further divided into two types, referred to as DispID binding and vtable binding. Late binding is the slowest, and vtable binding is the fastest.

Late Binding

When you declare a variable As Object or As Variant, Visual Basic cannot determine at compile time what sort of object reference the variable will contain. Therefore, Visual Basic must use late binding to determine at run time whether the actual object has the properties and methods you call using the variable.

Note:   Late binding is also used for variables declared As Form or As Control.

Each time you invoke a property or method with late binding, Visual Basic passes the member name to the GetIDsOfNames method of the object’s IDispatch interface. GetIDsOfNames returns the dispatch ID, or DispID, of the member. Visual Basic invokes the member by passing the DispID to the Invoke method of the IDispatch interface.

For an out-of-process component, this means an extra cross-process method call, essentially doubling the call overhead.

Note:  You cannot call the methods of the IDispatch interface yourself, because this interface is marked hidden and restricted in the Visual Basic type library.

Early Binding

If Visual Basic can tell at compile time what object a property or method belongs to, it can look up the DispID or vtable address of the member in the type library. There’s no need to call GetIDsOfNames.

When you declare a variable of a specific class — for example, As Widget — the variable can only contain a reference to an object of that class. Visual Basic can use early binding for any property or method calls made using that variable.

This is the recommended way to declare object variables in Visual Basic components and applications.

Important   whether early or late binding is used depends entirely on the way variables are declared. It has nothing to do with the way objects are created.

Note:  Early binding dramatically reduces the time required to set or retrieve a property value, because call overhead is a significant fraction of the total call time.

vTable Binding



It is the fastest form of early binding. In vtable binding Visual Basic uses an offset into a virtual function table, or vtable. Visual Basic use vtable binding whenever possible.

Objects created from Visual Basic class modules support all three forms of binding, because they have dual interfaces — that is, vtable interfaces derived from IDispatch.

If client applications declare variables using explicit class names, Visual Basic objects will always be vtable bound. Using vtable binding to call a method of an in-process component created with Visual Basic requires no more overhead than calling a function in a DLL.

Note: For in-process components, vtable binding reduces call overhead to a tiny fraction of that required for DispID binding. For out-of-process components the change is not as great — vtable binding is faster by a small but significant fraction — because the bulk of the overhead comes from marshaling method arguments.

DispID Binding

For components that have type libraries but don’t support vtable binding, Visual Basic uses DispID binding. At compile time, Visual Basic looks up the DispIDs of properties and methods, so at run time there’s no need to call GetIDsOfNames before calling Invoke.

Note: While you can ensure that early binding is used (by declaring variables of specific class types), it’s the component that determines whether DispID or vtable binding is used. Components you author with Visual Basic will always support vtable binding.

 Exercise: 

Q1. List the main purposes of the IUnknown interface.

Q2. Choose the key IDispatch methods from the following:

AddRef()

GetIDsOfNames()

Release()

Invoke().

      B,D Correct: GetIDsOfNames() & Invoke() are IDispatch methods.

Q3. Name the files specified by the MIDL design:

IDL files

ACF files

Binary files

All of the above.

      A,B Correct: IDL files and ACF files are specified by the MIDL design.

Q4. Choose the fastest type of binding from the following:

Early binding

ztable binding

Vtable binding

Late binding

DispID binding.

     C Correct: Vtable binding is the fastest type of binding.
Chapter 6: MICROSOFT TRANSACTION SERVER

Objectives:

List the issues related to developing multiuser, three-tier applications.

Explain how MTS addresses three-tier issues.

Describe the MTS architecture.

Add an existing component to the MTS package.

Configure a client computer to use MTS components.

6.1: Multi User, Three-Tier Application

Multi-User Environments

A multi-user environment is one in which other users can connect and make changes to the same database that you’re working with. As a result, several users might be working with the same database objects at the same time. Thus, a multi-user environment introduces the possibility of your database diagrams being affected by changes made by other users, and vice versa. Such changes could include changes to copies of your diagrams, other users’ diagrams that share database objects with your diagrams, or the underlying database.

A key issue when working with databases in a multi-user environment is access permissions. The permissions you have for the database determine the extent of the work you can do with the database. For example, to make changes to objects in a database, you must have the appropriate write permissions for the database. 

6.1.1: Three-Tiered Applications
The Three-tiered client/server model separates the various components of a client/server system into three "tiers": 

Client tier—a local computer on which either a Web browser displays a Web page that can display and manipulate data from a remote data source, or (in non–Web-based applications) a stand-alone compiled front-end application.

Middle tier—a Microsoft® Windows NT® Server computer that hosts components that encapsulate an organization's business rules. Middle-tier components can be either Active Server Page scripts executed on Internet Information Server, or (in non–Web-based applications) compiled executables.

Data source tier—a computer hosting a database management system (DBMS), such as a Microsoft® SQL Server™ database. (In a two-tier application, the middle tier and data source tier are combined.) 

These tiers don't necessarily correspond to physical locations on the network. For example, all three tiers may exist on only two computers. One computer could be a Microsoft® Windows® 95 computer running Microsoft® Internet Explorer 4.0 as its browser. The second computer could be a Windows NT Server computer running both Internet Information Server and Microsoft SQL Server. When applications are designed this way, it gives you greater flexibility when deploying processes and data on the network for maximum performance and ease of maintenance.

6.1.2: Designing Visual Basic Components to Access Data from a Database in a Multitier Application

Most applications access some form of data, whether it is internal to the application or from a database. This can get a little bit more difficult when designing components that will access data from databases in a multitier application. As mentioned in the previous section, multitier applications are made up of user services, business (and other middle tier) services, and data services. When designing such applications, consideration must be given to each of these services.

There are four steps to create a multitier database application. There must be a client application, which can be a standard EXE program. This is an executable that the end user will use to interact with an application. Other clients, such as Web-clients, can be used, which also provide user services to the end user. A server component must also be created, which is an ActiveX DLL. The DLL is written in Visual Basic (or some other programming language, such as C++).  The server component can then be installed into a Microsoft Transaction Server package, which acts as the middle-tier. A database would be created, which could be placed on a SQL Server to provide data services for the multitier application. When this is done, the client computers (on which the standard EXE program resides) would be set up. 

In the case of using Visual Basic 6.0 and Microsoft Transaction Server, the following steps are used to access a database on a SQL Server:

Create a client application using Visual Basic 6.0. This will be a standard EXE application. 

Create a server component using Visual Basic 6.0. This will be an ActiveX DLL. 

Install your server components into a Microsoft Transaction Server package. 

Set up the client computers.

6.2: Three-Tier Application Development

Logical Three-Tier Model

The logical three-tier model divides an application into three logical components. 
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                                 Figure 6.1: The three-tier model 

Data services 

     These services join records and maintain database integrity—for example, constraints on valid values for a customer number and an enforced foreign-key relationship between the customer table and the orders table.

Business services 

     These services apply business rules and logic—for example, adding a customer order and checking a customer's credit availability.

Presentation services 

      These services establish the user interface and handle user input—for example, code to display available part numbers and orders for a selected customer. 

When deploying an application, there are many ways you can arrange these three logical layers on physical machines. The following sections describe four physical implementations of the logical three-tier model: 

Physical two-tier implementation with fat clients

Physical two-tier implementation with a fat server

Physical three-tier implementation

Internet implementation 

Physical two-tier implementation with fat clients

A common method for deploying an application is a physical two-tier implementation with fat clients. In this case the business logic and presentation services all run on the client. In this implementation, the server acts only as a SQL Server database. Most applications written today using the Microsoft Visual Basic® or PowerBuilder programming systems are examples of this model.
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Figure 6.2:  Two-tier implementation (fat client)

A new option in this implementation is the ability to do OLE packaging of business rules for improved reuse. For example, using Visual Basic version 4.0 or later you can code business rules into an OLE object that you can call from another Visual Basic application. This allows you to physically separate business rules from your presentation logic in the code base. If both the user interface application and the business object run at the client, it is still a physical two-tier implementation. Separating the code, however, makes it easy to move to the physical three-tier implementation .A primary advantage of this fat client implementation is that the tools that support it are powerful and well established. A disadvantage of this implementation is that deploying the business services at the client generally means more network traffic because the data has to be moved to the client to make the decisions coded in the business logic. On the other hand, the client computer is a good place to store "state" information associated with the user, such as the primary key of the record the user is currently viewing.  

Physical two-tier implementation with a fat server

In a physical two-tier implementation with a fat server, business logic and presentation services are deployed from the server database. In this implementation, business logic is generally written as stored procedures and triggers within the database. For example, in the TPC-C benchmarks published for Microsoft SQL Server, the core transaction logic is coded as Transact–SQL stored procedures in the server. Many internally-developed corporate applications also make extensive use of stored procedure logic. Microsoft uses this implementation to handle internal business functions, such as customer information tracking. 
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Figure 6.3: Two-tier implementation (fat server)

The major new development in this implementation is the availability of a Transact–SQL debugger. This debugger is integrated into the Enterprise Editions of both Microsoft Visual C++® version 4.2 and later and Visual Basic version 5.0. This debugger makes it possible to step through Transact–SQL code, set breakpoints, and view local variables. 

The major advantage of this fat server implementation is performance. The business logic runs in the same process space as the data access code and is tightly integrated into the data searching engine of SQL Server. This means data does not have to be moved or copied before it is operated on, which results in minimal network traffic and the fewest possible network roundtrips between client and server. The published TPC-C benchmarks from Microsoft Corporation and other major database vendors all use this implementation. In the SQL Server TPC-C implementation, each of the five measured transactions is performed in a single roundtrip from client to server because all of the logic of the transaction takes place in a Transact–SQL stored procedure. 

The main disadvantage of this implementation is that it limits your choice of development tools. Stored procedures are written in the language supported by the database. SQL Server supports calls from the server to code written in languages other than Transact–SQL, but this option adds complexity and is generally not as efficient as the same functionality written in Transact–SQL. 

Physical three-tier implementation

The physical three-tier implementation is commonly referred to as the "three-tier model". It is often incorrectly thought of as the only physical implementation of the logical three-tier model. In this implementation, business logic runs in a separate process that can be configured to run on the same server or a different server from the server the database is running on. The key distinction of the physical three-tier implementation is that there is a cross-process boundary, if not a cross-computer boundary, between data services and business services, and another cross-process or cross-computer boundary between business services and presentation services. SAP's R/3 application suite and many of the large financial and line-of-business packages from other vendors are physical three-tier implementations. Transaction processing monitor products such as Encina or Tuxedo also use this implementation. 
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Figure 6.4: Three-tier implementation

A major new option for using this implementation is Microsoft Transaction Server. Transaction Server can host business services written in any language that can produce OLE objects. Transaction Server manages the middle layer and provides many of the run-time services that would otherwise have to be built for a physical three-tier implementation. For example, Transaction Server provides a mechanism for reusing object instances among multiple users.

The advantage of physical three-tier implementation is that it offers database independence. Most physical three-tier implementations access several databases. These applications generally treat databases as standardized SQL engines and make limited use of database-specific features. 

Some variations of the physical three-tier implementations also offer language independence. Microsoft Transaction Server, for example, supports any language that can produce OLE/COM in-process objects, including Visual C++, Visual Basic, and Micro Focus COBOL. Any of these languages can be used to write business logic that is then hosted at run time by the Transaction Server. SAP's application, on the other hand, does not offer language independence—all application code developed in R/3 is written in their language called Advanced Business Application Programming (ABAP).

In some cases, the physical three-tier implementation is more scalable than other physical implementations. If the business logic code consumes a great deal of processor time or physical memory, it can be advantageous to locate those business processes on one or more servers separate from the database to avoid conflict for resources. This potential scalability gain is compensated by the additional cost of moving data across the network to the middle-tier servers. Physical three-tier applications can also potentially access partitioned databases on multiple computers, giving an additional dimension of scalability. Partitioning the database, however, introduces enormous complexities into the application and is not a widespread practice in the industry today.

A disadvantage of the physical three-tier implementation is that it tends to require more management. Also, while the physical three-tier implementation can offer the capability to employ more physical computers on an application, it generally does not offer as convincing a price/performance ratio as an application whose logic is implemented in stored procedures.

Internet implementation

The Internet has given a new dimension to the logical three-tier model i.e. the ability to split the presentation services onto a browser client and a Web server. The Web server is actually responsible for formatting the pages that the user sees. The browser is responsible for displaying these pages and downloading additional code they may need. Between the Web server and the database, the options for locating the business services logic remain the same. 

A common Internet implementation is to run both business and presentation services at the Web server. In some products, the business logic can run in the Web server's process space, thus avoiding the overhead of crossing an additional process boundary. An example of a product that uses this implementation for database applications is Microsoft Internet Database Connector (IDC), which is part of the Microsoft Internet Information Server (IIS) in the Microsoft Windows NT® operating system. IDC connects to any ODBC data source, including SQL Server, retrieves data, and formats the data into an HTML page that is sent immediately to a browser client.
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Figure 6.5: Internet implementation

There are many newly released products that support Internet implementations of database applications. For example, IIS version 3.0 allows developers to write business and presentation services in Visual Basic Script and includes the ability to load and invoke an OLE Automation object. Also, Microsoft ActiveX™ controls offer a way to run more of the presentation services and possibly the business services from the browser client. These extensions to Internet technologies give more flexibility for where you can deploy the logical three tiers of a database application written for browser clients. 

One key advantage of Internet implementations is that anybody who has a browser client can access these applications. With little or no additional development effort, an application can be accessed simultaneously from the Microsoft Windows® operating system version 3.1, Windows 95, Windows NT, Apple® Macintosh®, OS/2, and UNIX clients. Standard Web browsers provide all of the client functionality required. Another key advantage of an Internet implementation is ease of management. In an Internet application, an update to the Web server automatically updates all clients. Managing Web page code at a few servers is easier than managing application versions at many clients.

The basic Internet implementation today (for example, using IIS and IDC and putting business services at that Web server layer) is not a high volume online transaction processing (OLTP) solution. But it is important to note that the application implementations can be mixed to combine their advantages. For example, an implementation that uses an application's business services in stored procedures and that handles presentation services at the Web server can be very efficient. In fact, Microsoft's latest TPC-C benchmarks use IIS to handle browser clients, as opposed to using the alternatives. So an Internet-style application can be used for high volume OLTP if business services are executed as stored procedures in the database. 

6.2.3: Choosing an Implementation

The key requirements to consider while determining which physical implementation of the logical three-tier model you choose are: 

Performance and scalability 

      If your throughput requirements are high and optimum price/performance is the goal, an implementation that uses business logic in stored procedures may be used. 

      If your business services are resource intensive and the ability to apply many servers to the   application is the goal, a physical three-tier implementation may be best.

      On the other hand, PC hardware has become so powerful and cost effective that your application performance requirements can be satisfied easily by any one of these implementations.

Client platform and access 

      If a variety of client platforms must have access to your application, an Internet implementation is recommended. 

Developer skills, especially skills in a particular language. 

      If you have developer skills or existing code in a particular language, the cost of choosing an implementation supported by that language is significantly lower.

Administration 

       Different implementations require different administrative overhead. 

Database and/or tool independence 

       Some implementations require an application to be oriented to a specific database or language.

      All of these considerations affect the decision of how to physically implement a three-tier application. There is no one correct answer—the best course of action is to thoroughly understand the alternatives and the trade-offs before choosing an implementation. 

6.3: Overview OF MTS

MTS is essentially a component manager that provides transaction-processing capabilities. It is a technology that extends COM, the Component Object Model. ActiveX DLL components can be built by using Visual Basic or any other ActiveX tool. The MTS Explorer is used to configure these components to run under the control of MTS. MTS defines the application programming model for developing these components, and it also provides a runtime infrastructure for deploying and managing the distributed application.

MTS is a component-based transaction processing system for building, deploying, and administering robust Internet and intranet server applications. In addition, MTS allows you to deploy and administer your MTS server applications with a rich graphical tool (MTS Explorer). MTS defines a programming model and provides a run-time environment and graphical administration tool for managing enterprise applications.

MTS provides the following features: 

The MTS run-time environment 

The MTS Explorer, a graphical user interface for deploying and managing application components.

Application programming interfaces and resource dispensers for making applications scalable and robust. Resource dispensers are services that manage non-durable shared state on behalf of the application components within a process.

Three sample applications that demonstrate how to use the application programming interface (API) to build MTS components, and use scriptable administration objects to automate deployment procedures in the MTS Explorer.

The MTS programming model provides a framework for developing components that encapsulate business logic. The MTS run-time environment is a middle-tier platform for running these components. You can use the MTS Explorer to register and manage components executing in the MTS run-time environment.

The three-tiered programming model provides an opportunity for developers and administrators to move beyond the constraints of two-tier client/server applications. The advantages for deploying and managing three-tiered applications are: 

The three-tier model emphasizes a logical architecture for applications, rather than a physical one. Any service may invoke any other service and may reside anywhere. 

These applications are distributed, which means you can run the right components in the right places, benefiting users and optimizing use of network and computer resources. 

Using the new MTSTransactionMode property of the class module, you can create components that ignore MTS, or support transactions by setting a property. When the component is not running in an MTS environment, the property is ignored.

MTS provides the solution developer and server administrator with the following benefits and services:

Transaction support 

Transactions provide an all-or-nothing simple model for managing work. Either all of the objects succeed and all of the work is committed, or one or more of the objects fail and none of the work is committed.

MTS provides much of the infrastructure to automatically support transactions for components. MTS also automatically handles cleanup and rollback of a failed transaction. You do not have to write any transaction management code in your components.

A simple concurrency model 

In a multi-user environment, a component can receive simultaneous calls from multiple clients. In addition, a distributed application can have its business logic running in multiple processes on more than one computer. Management of object services must be implemented in order to avoid problems such as deadlocks and race conditions.

MTS provides a simple concurrency model based on activities. An activity is the path of execution that occurs from the time a client calls an MTS object, until that object completes the client request.

Fault tolerance and isolation 

. If MTS encounters an unexpected internal error condition, it immediately terminates the process. This policy, called failfast, facilitates fault controls and results in more reliable, robust systems. Hence MTS performs extensive internal integrity and consistency checks

Components can be run in Windows NT server processes separate from Microsoft Internet Information Server (IIS) or the client application. In this manner, if a component terribly fails (throws an unhandled exception), it will not cause the client process to terminate as well.

Resource Management 

As an application scales to a larger number of clients, system resources (such as network connections, database connections, memory, and disk-space) must be utilized effectively. To improve scalability, objects in the application must share resources and use them only when necessary.

MTS maximizes resources by using a number of techniques such as thread management, just-in-time (JIT) object activation, resource pooling, and in future versions, object pooling.

Security 

Because more than one client can use an application, a method of authentication and authorization must be used to ensure that only authorized users can access business logic.

MTS provides declarative security by allowing the developer to define roles. A role defines a logical set of users (Windows NT user accounts) that are allowed to invoke components through their interfaces.

Distributed computing support 

A transaction typically uses many different server components that may reside on different computers. A transaction can also access multiple databases. Microsoft Transaction Server tracks components on multiple computers, and manages distributed transactions for those components automatically.

Business object platform 

MTS provides an infrastructure for developing middle-tier business objects.

Some of the services and benefits listed above require that the solution developer create components using special requirements and techniques. 

MTS is fully supported on the Microsoft Windows NT operating system, and a subset of its functionality is available on Windows 95. MTS will form a core piece of the COM+ run-time service initiative.
6.4: MTS Architecture 

Microsoft Transaction Server consists of a programming and run-time environment model that is an extension of the Microsoft standard Component Object Model (COM). The basic structure of the MTS run-time environment involves several parts working together to handle transaction-based components. They are as follows:

MTS and the Supporting Environment

The MTS architecture comprises one or more clients, application components, and a set of system services. The application components model the activity of a business by implementing business rules and providing the objects that clients request at run-time. Components that share resources can be packaged to enable efficient use of server resources.

The following fig. 6.6 shows the structure of the MTS run-time environment (including the MTS components) and the system services that support transactions.
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Figure 6.6: Structure of MTS run-time environment.

Base Client

The base client is the application that invokes a COM component running under the MTS environment. The base client could be a Visual Basic .EXE file running on the same Windows NT server computer, or running on a client computer that communicates through a network. In this course, the base client is an active server page (.ASP) running under Internet Information Server (IIS) on behalf of an Internet user.

Note A base client never runs under the MTS environment. 

MTS Components

MTS components are COM components that are registered to run in the MTS environment. These COM components must be created as in-process dynamic link libraries (DLL), although more than one COM component can be placed in a single DLL.

COM components created specifically for the MTS environment commonly contain special code that takes advantage of transactions, security, and other MTS capabilities. 

System Services

The important parts of MTS are:

Resource managers are system services that manage durable data. Resource managers work in cooperation with Microsoft Distributed Transaction Coordinator. They guarantee atomicity and isolation to an application and as long as they support either the OLE Transactions protocol or the X/Open XA protocol, MTS can guarantee that transactions either succeed or fail as a unit. Examples of Resource Managers include Microsoft SQL Server (versions 6.5 and above) and Microsoft Message Queue Server, or MSMQ.

The data that is managed by Resource Managers is known as durable data because it is non-volatile, and will survive such events as program termination or even a complete server crash. An example of the importance of durable data is that you would want your bank account balance to remain intact if the bank’s computers were restarted! 

Resource dispensers manage non-durable shared state on behalf of the application components within a process. Resource dispensers are similar to resource managers, but without the guarantee of durability. Resource dispensers are responsible for database connection pooling. 

MTS provides two Resource Dispensers:

	ODBC Resource Dispenser
	The ODBC Resource Dispenser manages a pool of ODBC database connections that can be dispensed to components as they are needed. They are reclaimed and reused, thus saving components from having to either regularly open connections (which takes time) or hold connections open (which are a limited resource).

	Shared Property Manager
	The Shared Property Manager, as its name implies, provides access to variables that are shared within a process. These variables, or properties, are non-durable and therefore will not outlast the life span of the process.


Microsoft Distributed Transaction Coordinator is a system service that coordinates transactions among resource managers. Work can be committed as an atomic transaction even if it spans multiple resource managers on separate computers. 

MTS Executive (not shown in the diagram) is the DLL that provides run-time services for MTS components, including thread and context management. This DLL loads into the processes that host application components and runs in the background.

6..1: MTS Packages

A package is a container for a set of components that perform related application functions. All components in a package run together in the same MTS server process. A package is both a trust boundary that defines when security credentials are verified, and a deployment unit for a set of components.

MTS Explorer is typically used to register COM components as MTS components through a two-step process. First, an MTS package is created. Then the COM components are added to the package.

Package Location

Components in a package can be located on the same computer as Microsoft Transaction Server on which they are being registered, or they can be distributed across multiple computers. Components in the same DLL can be registered in different MTS packages. But following are the limitations and recommendations:

A COM component can only be added to one package per computer.

Place related COM components in the same DLL because COM components in the same DLL can share programmatic and operating system resources.

Place related MTS components in the same package because MTS components in the same package share the same MTS security level and resources. 

Package Recommendations:

Following are the relationships between the MTS parts:

Packages typically define separate process boundaries. Whenever a method call in an activity crosses such a boundary, security checking and fault isolation occur.

Components can call across package boundaries to components in other packages. Such calls can access existing components or create new components.

On a single computer, an MTS component may only be installed once. The same component cannot exist in multiple packages in the same machine. However, multiple copies (objects) of the same component can be created and can exist at any time. 

6.5: MTS Explorer

The MTS Explorer is the administrative GUI tool that enables you to perform tasks such as placing components into the MTS environment, and configuring who can and who cannot access them. The MTS Explorer is shown in Illustration 6.7.
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Illustration 6.7: Becoming familiar with the MTS Explorer

The MTS Explorer is actually an extension, or plug-in, to the Microsoft Management Console or MMC. The MMC is an administrative console that is used to manage various Microsoft products, including Internet Information Server (IIS). 

6.5.1: The MTS Explorer Hierarchy

The format of the MTS Explorer is very similar to that of the Windows Explorer. There are two main panes: the left pane contains a hierarchical tree of objects, and the right hand pane displays a list view of the contents of the node currently selected in the tree (this list view may be displayed in various formats). There are a number of different kinds of folders and objects displayed in the left pane: The "hierarchy" of the MTS Explorer is a design factor completely controlled by the MTS Explorer being implemented as a MMC plug-in. 

Console Root

This is the top of the hierarchy within the Microsoft Management Console.

Microsoft Transaction Server

This is the root folder for all of the objects within MTS.

Hyperlinks (Transaction Server Home Page / Transaction Server Support)

These are links to Microsoft sites on the World Wide Web, and require an active Internet connection. 

Computers

This folder contains all of the computers that have been added to this folder. By default, the local computer appears as "My Computer". Other computers on a network can be added to this folder. 

Packages Installed

Packages are a basic grouping of components within MTS. All of the packages that are installed on a certain computer will appear in this folder. Each installed package contains a Components folder, which contains all of the components belonging to the package. This hierarchy continues with folders for the Interfaces belonging to a component and the Methods of each interface. 

There are also Roles folders belonging to each package, and Role Membership folders belonging to components and component interfaces. These folders are used for declarative security. 

Remote Components

These are components that have been configured locally on a computer to run remotely on another computer. The remote computer must have been added to the Computers folder.

Trace Messages

These are messages that are logged by the Distributed Transaction Coordinator (DTC). Tracing has an effect on performance, and it can be configured with five levels that range from "Send no traces" to "Send all traces."

Transaction List

This list displays current transactions in which this computer is participating.

Transaction Statistics

Statistics are divided into two categories: statistics on current transactions in which this computer is involved, as well as cumulative or aggregate statistics maintained over time.

6.6: Creating a Package with MTS Explorer 

6.6.1: Using the Package and Deployment Wizard to Create a Package

The Package and Deployment Wizard is merely the package import and export capabilities that MTS provides via wizards. The "Package" portion of the wizard title refers to the creation or import of a new package into a given MTS installation; the "Deployment" portion refers to the exporting of a package, resulting in the client executable, required COM DLLs, and PAK file. A package is a fundamental object within MTS. 

What is a Package?

When components are integrated into MTS, they are grouped into a unit called a package. The package is given a name, and should contain a set of functionally related components.

The grouping of a package goes further than just administrative convenience. All of the components within a package will be executed at runtime within the same MTS server process, and the package boundary also defines when security credentials will be verified. 

There are two types of packages in MTS:

	Library Packages
	Library packages run in the process of the client that creates them. This means that the components will run in-process, but it limits the MTS features that are available to the package. Most important, role-based security is not supported for library packages.

	Server Packages
	These are the packages you will create in order to take advantage of role-based security, process isolation (a component crash will not crash the client application), and many other features of MTS. Server packages run within isolated processes on the computer on which they are installed.


6.6.2: Invoking the Package Wizard

Packages are created with the MTS Package Wizard. In the MTS Explorer’s left pane, select the computer (probably MyComputer) on which you want to create the package, and then select the Packages Installed folder. At this point there are three ways of invoking the wizard:

From the Action menu, select New | Package 

Right-click on the folder and select New | Package 

Select the Create a new object button on the toolbar

Illustration 6.8 shows the first screen that you will see when you invoke the Package Wizard.
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Illustration 6.8: The initial screen of the Package Wizard

As you see in Illustration 6.8, there are two ways of creating a package:

	Install pre-built packages
	This option is an import operation, which creates a new package from a package file that was previously exported by an installation of MTS.

	Create an empty package
	This is the option you will use to create a brand new package.


Once you click on the Create an empty package button, you will see the Create Empty Package dialog box, which is shown in the following illustration 6.9. This screen prompts you for a name for the package (the name can be changed later on).
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       Illustration 6.9

Once the package name has been allocated, the Package Identity must be set. The identity of a package is a Windows NT user account, under which the components in the package will run. The options are:

	Interactive user: the current logged-on user
	This option selects the user who is currently logged on to the local machine where the MTS Explorer is running.

	This user
	Selecting this option allows you to browse the available list of user accounts and select one.


The following illustration 6.10 shows the Set Package Identity dialog box. In this case, a user called "timc" has been selected as the package identity. "SERVER" was the name of the computer on which the package was being created.
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Illustration 6.10 

Once the new package has been created, it will appear in the Packages Installed folder in the left pane of the MTS Explorer. As can be seen in Figure 6.11, the new package is completely empty when it is created; it does not contain any components. 
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                      Figure 6.11: The new package appears in the left-hand pane

6.7: Adding an Existing Component to the MTS Package 

6.7.1: Importing Existing Packages

The other Package Wizard alternative is to import existing packages (that is, packages that have been exported from another installation of Microsoft Transaction Server). When a package is exported, a .PAK file is created. Also, all of the files that contain or are associated with the components from the package are copied into the same directory. 

When you select the Install pre-built packages option from the Package Wizard, the Select Package Files dialog box is displayed as shown in the following illustration 6.12. This allows you to select one or more .PAK files, and will import the selected package or packages along with all component-related files.
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Illustration 6.12

Once the packages have been selected, the Installation Options dialog box is displayed, as shown in the following illustration 6.13. This dialog box allows for a selection of the directory (or folder) where the component files will be installed. Use the Browse button to navigate through the directory structure.
The Role Configuration section contains a single option: Add Windows NT users saved in the package file. A .PAK file may have been exported with Windows NT users included within it. If these users are relevant to the local computer and you wish to include them in role-based security, then this box should be checked.
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Illustration 6.13

6.7.2: Modifying Package Properties

Once you create or import a package, you can set or modify many of the properties associated with it. Selecting a package and then selecting Properties from either the Actions menu or the right-click context menu display the tabbed property sheet for the package displayed, as shown in Illustration 3.14.The properties are logically grouped under five different tabs. The two that are relevant to the exam are:

General: Contains settings for the package name and description, and a read-only display of the package name. 

Security: Allows you to enable security on the package and to set the COM authentication level for the components.

6.7.3: Assigning Names to Packages

The first tab is the General tab, illustrated in Illustration 6.14, which allows you to modify the package’s name, add or change its description, and view its Package ID. The ID is a unique identifier by which the computer knows it.     
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Illustration 6.14: Using the General tab of the package properties to set the name

6.7.4: Assigning Security to Packages

You can assign security properties of a package through the security tab of the Properties dialog box. There are two settings here: Enable authorization checking, and Authentication level for calls. The latter of these sets the standard COM authentication levels for the components in the package. 

In order to activate declarative security, the Enable authorization checking box must be selected. Declarative security, which is based on roles, is an administrative level (as opposed to programmatic level) security model. 

Note: Unless the Enable authorization checking option is checked, role-based security will not be enabled on the package, regardless of whether roles have been configured. 

6.8: Adding Components to an MTS Package

Packages are logical groupings of components. Once a brand new package has been created and its properties configured, it needs to be populated with components. There are a couple of ways of going about this process. 

Options for Adding Components

You can either move an existing component from one package to another or simply just add a new component to a package. If you are adding a new component you need to know whether the COM component is already registered on this computer or if it requires registration.

Moving a Component from One Package to Another

This is achieved within the MTS Explorer: you can drag and then drop components between packages in the same way that you move files between folders in Windows Explorer. 

Using Component Wizard to Install a New Component

To install a new component you need to add the component to an MTS package and also register it with the operating system. The Component Wizard will accomplish both of these tasks when the Install new component option is selected. Select the Components folder of the package to which you want to add the component, select New | Component from either the Actions menu or the right-click context menu, and the Component Wizard will be displayed, as shown in Illustration 6.15.
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Illustration 6.15: Using the Component Wizard to add or import components

Select the option to Install new component, and the Select files to install dialog box, shown in the Illustration 6.16 below, appears. Browse for the file or files that contain the component or components you want to install, and click on the Open button. Remember that if there are additional files associated with the component (type library or proxy/stub DLLs), you should also select these files. 

[image: image36.png]I e |

Fiename: [MyComporentdl Open
Files of ype:  [al ies (7] = Cancel





Illustration 6.16

Once you have selected the files and pressed Open, the component or components are registered and will appear in the MTS Explorer in the Components folder of the desired package. (MTS will modify component registry entries on the server appropriately to allow proper interaction of the component within the MTS package.) After adding the component, you will also see that you can browse the component’s interfaces and their methods within the MTS Explorer.

Importing a Component that Is Already Registered

If a component has already been registered on the local computer, you can still add it to a MTS package. Although the Component Wizard does not need to register the component with the operating system, it may have to modify some registry settings. Initiate the Component Wizard via the New | Component menu selection as described previously, and then select the Import component that are already registered option. You should then see the Choose Components To Import dialog box, as shown in the Illustration 6.17. below.
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Illustration 6.17

It is generally recommended to select the Details checkbox; otherwise, only the Name column will be shown. Because some names default to the CLSID (which is highly meaningful to the computer, but absolutely meaningless to the user) the DLL column can be very useful. Notice in this situation that you are not directly selecting files; you are selecting from the list of in-process servers (DLLs) that were previously registered on this computer. Once you have selected one or more components, click on the Finish button; the components will be added to the selected package. Note, however, that in this situation the interfaces and their methods for the imported components are not displayed within MTS.
Setting Transactional Properties of Components

MTS provides a feature known as Automatic Transactions. Instead of having server components’ objects calling BeginTransaction and EndTransaction, MTS will automatically start and end transactions. It even allows multiple objects to participate in the same transaction or certain objects to participate in a transaction, while other objects are independent of the transaction. You decide about the way MTS will behave in this regard on a component-by-component basis through settings in the component’s Transaction Tab.

 There are four transactional settings that a component may have:

Requires a transaction 

Requires a new transaction 

Supports transactions 

Does not support transactions 

These options are discussed in the following sections.

Requires a transaction

If a component is configured as requiring a transaction, any of its objects will be created within the scope of a transaction. Whether this will be a new transaction or not depends upon the context of the client. If the object that created this object was part of a transaction, this object will inherit, or participate in, the same transaction. However, if the object was created from a context that did not have a transaction, MTS will automatically create a new transaction for this object. 

Requires a New Transaction

This option is similar to the previous setting, except that it will always exist in a new transaction, regardless of the context in which the object is created. Thus an object from such components will always be the root object of a transaction. It can enlist other objects into the same transaction by creating objects from components configured as "Requires a transaction" or Supports transactions.

Supports Transactions

This indicates that the component's objects can execute within the scope of a transaction if they are created from a context that has one. If an object is not created by another object that is part of a transaction, the object will not exist within the scope of a transaction.

Does Not Support Transactions

If a component is configured as Does not support transactions, its objects will never exist within the scope of a transaction. Regardless of the context it is created from, such an object will not participate in a transaction.

Here are some typical scenarios relating to the four possible transactions:

	Component A contains a class clsAcctSec that performs programmatic security checking for bank accounts, and Component B contains a class clsAcctDebit, which deducts money from an account. A clsAcctSec object is required to create an instance of clsAsstDebit, and both objects must participate in the same transaction.
	Component A could be configured as Requires a transaction or Requires a new transaction; Component B could be configured as Requires a transaction or Supports transactions.

	You are using a component that does some mathematical calculations and does not access a database
	The component should be configured as Supports transactions.

	You are configuring a component that is writing non-critical logging data to a database.
	The component should be set to Requires a new transaction so that if it fails, it will not cause a parent transaction to fail.


For Lab Exercise: Using MTS Explorer to create a package refer to Lab Guide Chapter 3.

6.9: Deploying an MTS Component

If a client application is to make use of an MTS component, a package containing the component must be registered on the client computer. A client computer does not need to be running MTS; it can run any Windows operating system with DCOM support. Microsoft Transaction Server has the capability to create an executable setup program for a package, which can then be used to automatically register that package’s components on the client machines. 

The first step in exporting is to select the required package in the left-hand pane of the MTS explorer. Then either right-click the package, or drop down the Actions menu and select Export. To export the Sample Bank package the screen in the following Illustration 6.18 was displayed. The Browse button allows you to select the folder and the base filename of the exported package file. The option to Save Windows NT user IDs associated with roles is used in case you would not want any NT user names to travel with the exported package.
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Illustration 6.18

After clicking Export to initiate the exporting of the package, the export utility performs a number of actions:

It creates a .PAK file in the specified folder. 

It copies all of the components from that package into the same folder as the .PAK file. 

It also creates a folder directly below the specified folder, called "clients." 

It places a .EXE file with the same base filename as the .PAK file into the clients folder.

The .PAK file can be imported into another installation of MTS, per the previous section titled "Importing Existing Packages."

The .EXE file is the application that is used for deploying the components on the client computer. However, DO NOT run this on the local machine (the machine on which it was created). It is a setup application, which is intended to run on the client computer in order to register the components on that computer. 

When it runs on a DCOM-capable client computer, this setup file will do the following:

If the components do not already exist on the client computer, it will install them. 

If the components existed on the client computer, it will update them. 

It will create an uninstall item in the Add/Remove Programs control panel application.

6.10: Configuring a Client Computer to use MTS Components

Along with installing, deleting, and monitoring packages on a server computer MTS Explorer can also create application executables that install to and configure client computers. The executable enables the client computer to access a remote server application. By using the Explorer, you can configure the client computer not only to access applications on the local computer, but also to other computers on your network. 

Before configuring client computers to use MTS packages, it is important to understand how to create and modify one. The first step is to decide where the package will be created. As mentioned previously, you can add computers to MTS Explorer and then administer them. Once a computer has been added to the Computers folder, you can then create packages that will be installed on that particular computer.

Once you’ve decided whether you will create a package on the local My Computer or on another computer, double-click the computer icon you’ll use. You then see the Installed Packages folder. Opening this folder reveals all of the packages currently installed on that computer. To create a new package or install an existing one, select New from the File menu, which starts the Package Wizard. Two buttons appear on the first screen of the Wizard: "Install pre-built packages" and "Create an empty package." Clicking the first button makes the Wizard present you with a screen that allows you to install existing packages. By clicking the Add button you can select packages on your hard disk, which have the extension .PAK. 

The Next button then shows a screen that allows you to specify the path where the package will be installed. Creating a new package is equally easy. After clicking "Create an empty package," you are presented with a screen that allows you to enter the name for your new package. Clicking Finish creates the package, which is displayed in the Installed Packages folder.

Once an empty package has been created, you must then add components to it. Double-clicking your new package’s icon displays a Components folder. After opening the Components folder (by double-clicking it), you are then ready to add components. To do this, select New from the File menu to start the Component Wizard. The first screen of the Wizard has two buttons: "Install new component" and "Import component that are already registered." Clicking the first of these buttons brings up the Install Components screen. By clicking the Add Files button, you can select files from your hard disk to add to the package. Clicking Finish adds the files to the package. Selecting "Import component that are already registered" makes the Wizard build a listing of every component that’s been registered with the Windows Registry of the computer. After selecting the components to add from this list, click Finish to add the components to your package. This is the same procedure as adding components to an existing package. To delete components from a package, select the component you want to remove and press Delete on your keyboard.

6.11: Creating Packages that Install or Update MTS Components on a Client Computer

As mentioned, MTS Explorer allows you to create application executables, which install and configure client computers to access applications on remote MTS servers. A requirement for this is that the client computer has DCOM enabled. It does not require any MTS server files other than the application executable. Once you’ve established that DCOM is enabled on the client computer, you can then generate the executable.

By default, any executables generated in MTS Explorer configure a client computer to access the server that the executable was created on. In other words, when you create an executable on your server computer, the executable will configure the client computer (by default) to access packages on your server. If you want to configure the client computer to access another server, you must use the Options tab of the Computer property sheet. This is done by right-clicking the My Computer icon, selecting Properties, and then clicking the Options tab from the dialog box that appears. On the Options tab, enter the name of a remote server in the "Remote server name" field in the Replication section. When this is done, you can then export your package, which creates the executable that can be run on the client computer.

To export a package, you must first select the icon of the package to export from the Installed Packages folder. Having done this, select Export Package from the File menu. In the dialog box that appears, enter the path and filename for the package file. Clicking the Browse button displays a dialog box that allows you to navigate through your local hard disk and the network. Click the Export button to finish. 

When a package is exported, MTS automatically creates an executable for the client application on the MTS server. A subdirectory will be created in the folder that you exported your package to. This new subdirectory is named Clients, and contains an executable file with the name of your exported package. When this file is executed on a client computer that supports DCOM, it installs information that enables the client to access the server application.

Because this executable file installs information onto the client computer, it makes changes to the Windows Registry of that computer. Thus, you should never run this executable on the server computer because it will overwrite and remove Registry settings that are needed to run the server application. If this is done, you’ll have to use Add/Remove Programs to remove the application, and then delete and reinstall the package in MTS Explorer.

Exercise:

Q1. Name the three logical components of a Three-tier Model.

Q2. Choose the object that is at the top of the hierarchy within the Microsoft Management Console from the following:

Remote components

Console root

Trace messages

Hyperlinks

Transaction List.

A Correct: Console Root is at the top of the hierarchy within the Microsoft Management Console

Q3. List and describe the types of packages in MTS.

Q4. Name the different types of transactional settings that a component may possess.

Q5. Components can be dragged and dropped between packages within MTS Explorer. True or       false?

True 

False
A Correct: Components can be moved between packages by dragging and dropping within MTS Explorer.

Q6. When a new package is created it contains the following:

The default MTS component 

An empty component 

Components inherited from its parent 

No components
D Correct: A new package does not contain any components. There is no such thing as a default component or an empty component, and packages do not have parents to inherit anything from.

Q7. Components may be imported from the following:

A list of in-process servers installed on the local machine 

A list of ActiveX controls installed on the local machine 

A list of all COM components on any computer on the network 

Components cannot be imported into MTS
A Correct: To import components, they must have been already installed on the local machine. Only in-process servers are compatible with MTS.

Q8. What are three benefits of Microsoft Transaction server? (Choose all that apply.)

Scalability 

Ease of programming 

Reduced method invocation overhead 

Robustness.
A, B, D Correct: MTS aids in the scalability and robustness of distributed applications while making programming easier. Because it intercepts calls to components (and they run out-of-process), MTS cannot reduce the method invocation overhead

Q9. Which of the following are components of MTS? (Choose all that apply.)

Microsoft Distributed Transaction Coordinator 

Microsoft SQL Server 

Microsoft Message Queue Server 

Transaction Server Executive.
A, D Correct: SQL Server and MSMQ are separate products from MTS. The DTC and the Transaction Server Executive are part of MTS.

  Q10. What kinds of packages run within the client process? 

Library packages 

Server packages 

No packages run within the client process under MTS 

All packages run within the client process under MTS
A Correct: Library packages in MTS run in the client process.

Q11. Packages contain which of the following objects? (Choose all that apply.)

Roles

Hyperlinks

Components

Interfaces.

A, C, D Correct: Packages can contain roles, components, and interfaces. The MTS Explorer hierarchy includes some hyperlinks, but they do not belong to packages.

Q12. MTS Explorer can display packages from which computers?

Any computer on the network running MTS 

Any computer on the network with DCOM support 

Any computer on the network running Windows for Workgroups or above 

Only the local computer.
A Correct: The MTS Explorer can display packages from any accessible computers that are running MTS.

Q13. Which tier of the application model is associated with the user interface?

User services 

Business services 

Data services 

Middle-tier services.
A Correct: User services is associated with the user interface, which presents data to the end user.

 Q14. Which of the following serves as a middle-tier platform for running components?

MTS Explorer

Application Programmimg Interface(API)

Resource Dispensers

MTS runtime environment.

D Correct: MTS runtime environment serves as a middle-tier platform for running components.

Chapter 7: MTS TRANSACTION SERVICES

Objectives:

Describe what a transaction is and how it confirms to the ACID (atomicity, consistency, isolation, durability) properties.

Describe how MTS manages context for objects.

Participate in transactions by calling the SetComplete, SetAbort, EnableCommit and DisableCommit methods of the MTS ObjectContext object.

Learn the four ways to manage state for an MTS object.

Use the shared Property Manager to store shared state for MTS objects.

Debug an MTS object at runtime. 

7.1: Microsoft Transaction Server Overview

In this chapter, you will learn how to build MTS components that participate in transactions. First, you will learn how to get a reference to an ObjectContext object, which enables you to obtain information about your object and controls the way MTS processes the transaction. Then, how to list other objects in your transaction by calling the CreateInstance method and how to use the SetAbort, SetComplete, EnableCommit, and DisableCommit methods of the ObjectContext object to notify MTS of the completion status of your object's work. 

Next, you will learn how to determine the outcome of a transaction that involves multiple objects, the importance of object state in the MTS programming model, and how just-in-time activation changes the way objects behave in the MTS environment. You will be able to decide when it is appropriate to store object state for an MTS component and the different methods you can use. 

This chapter also covers how to use the Shared Property Manager, a Resource Dispenser that runs in the MTS environment, and connection-pooling. It descirbes the types of errors that can occur in MTS and how to debug your MTS components by using the tools provided by Visual Basic. Finally, you will learn the best ways of MTS programming.

7.2: Transactions 

Transactions and transaction management are important parts of MTS. A transaction is a collection of changes to data. When a transaction occurs either all of the changes are made (committed) or none of them are made (rolled back). MTS can automatically enlist objects and their associated resources into transactions, and manage those transactions to ensure that changes to data are made correctly.

In the following Illustration 7.1, three business objects work together to transfer money from one account to another. The Debit object debits an account and the Credit object credits an account. The Transfer object calls the Debit and Credit objects to transfer money between accounts. Both the Debit and the Credit objects must complete their work in order for a transaction to succeed. If any of the two objects fails to complete its task, the transaction is not successful and any work that was done must be rolled back in order to maintain the integrity of the accounts.

[image: image39.png]







Illustration 7.1

MTS allows you to perform work with transactions thus simplifying the task of developing application components. This protects applications from irregularities caused by concurrent updates or system failures.

Without transactions, error recovery is extremely difficult, especially when multiple objects update multiple databases. The possible combinations of failure modes are too great even to consider. Transactions simplify error recovery. Resource managers automatically undo the transaction's work, and the application retries the entire business transaction.

Transactions also provide a simple concurrency model. Because a transaction's isolation prevents one client's work from interfering with other clients, you can develop components as though only a single client executes at a time.

7.2.1: ACID Properties

A transaction changes a set of data from one state to another. For a transaction to work correctly, it must have the following properties, commonly known as the ACID (Atomicity, Consistency, Isolation, and Durability) properties: 

Atomicity 

Atomicity ensures that all the updates completed under a specific transaction are committed and made durable, or that they get aborted and rolled back to their previous state. There is no other possible outcome. For example, if the Debit object fails during a transfer of money, the Credit object should not be allowed to succeed, since this would cause an incorrect balance in the account. All objects should succeed or fail as one unit.

Consistency 

Consistency means that a transaction is a correct transformation of the system state, preserving the state invariants. Consistency ensures that durable data matches the state expected by the business rules that modified the data. For example, after the Transfer object successfully transfers money from one account to another, the accounts must truly have new balances. 
Isolation 

Isolation protects concurrent transactions from seeing each other's partial and uncommitted results, which might create inconsistencies in the application state. Resource managers use transaction-based synchronization protocols to isolate the uncommitted work of active transactions. 

Work that is completed by concurrent transactions can be thought of occurring in a serial manner. Otherwise, they might create inconsistencies in the system state.

For example, consider two transfers that happen at the same time. The first transfer debits the account leaving it with an empty balance. The second transfer sees the empty balance, flags the account as having insufficient funds, and then fails gracefully. Meanwhile, the first transfer also fails for other reasons, and rolls back to restore the account to its original balance. When the changes are not isolated from each other, the two transfers resulted in an incorrect flag on the customer's account. Isolation helps ensure that these kinds of unexpected results do not occur.

Durability 

Durability means that updates committed to managed resources such as a database record, survive failures, including communication failures, process failures, and server system failures. Transactional logging even allows you to recover the durable state after disk media failures. 

Hence the ACID properties help to ensure that a transaction does not create problematic changes to data between the time the transaction begins and the time the transaction must commit. Also, these properties make cleanup and error handling much easier when updating databases and other resources. 

7.2.2: Components Declare Transactional Requirements

Every MTS component has a transaction attribute that is recorded in the MTS catalog. MTS uses this attribute during object creation to determine whether the object should be created to execute within a transaction, and whether a transaction is required or optional.

Components that make updates to multiple transactional resources, such as database records, for example, can ensure that their objects are always created within a transaction. If the object is created from a context that has a transaction, the new context inherits that transaction; otherwise, the system automatically initiates a transaction.

Components that only perform a single transactional update can be declared to support, but not require, transactions. If the object is created from a context that has a transaction, the new context inherits that transaction. This allows the work of multiple objects to be composed into a single atomic transaction. If the object is created from a context that does not have a transaction, the object can rely on the resource manager to ensure that the single update is atomic.

7.2.3: How Work Is Associated with a Transaction

An object's associated context object indicates whether the object is executing within a transaction. If the object is executing within a transaction then the associated context object indicates the identity of the transaction.

Resource dispensers can use the context object to provide transaction-based services to the MTS object. For example, when an object executing within a transaction allocates a database connection by using the ODBC resource dispenser, the connection is automatically enlisted on the transaction. All database updates using this connection become part of the transaction, and are either atomically committed or aborted. 

The intermediate states of a transaction are not visible outside the transaction, and either all the work happens or none of it does. This allows you to develop application components as if each transaction executes sequentially and without regard to concurrency. This is a great generalization for application developers.

You can declare that a component is transactional, in which case MTS associates transactions with the component's objects. When an object's method is executed, the services that resource managers and resource dispensers perform on its behalf execute under a transaction. This can also include work that it performs for other MTS objects. Work from multiple objects can be composed into a single atomic transaction.

7.2.4: Stateful and Stateless Objects

Like any COM object, MTS objects can maintain internal state across multiple interactions with a client. Such an object is said to be stateful. When the MTS object does not hold any intermediate state while waiting for the next call from a client it is said to be stateless.

When a transaction is committed or aborted, all of the objects that are involved in the transaction are deactivated and they any state acquired during the course of the transaction. This helps ensure transaction isolation and database consistency; it also frees server resources for use in other transactions.

After completing a transaction MTS deactivates an object and reclaims its resources, thus increasing the scalability of the application. Maintaining state on an object requires the object to remain activated, holding potentially valuable resources such as database connections. Stateless objects are more efficient and are thus recommended. 

7.3: The Context Object

When an object is created, by the client or by another object, it must be aware of the context in which it is being used. The object may need to ensure that it meets certain security requirements, or that it is running inside a transaction. It also needs a way to participate in transactions spanning multiple objects. This is contextual information that every object needs.

MTS provides context by creating an associated context object for each MTS object instance. The context object provides information about the object's execution environment, such as the identity of the object's creator, and if the object is in a transaction. The context object also holds security credentials for the object that can be checked when it creates other MTS objects. Furthermore, the context object collaborates with other context objects in the same transaction to either commit or abort the transaction. The context object makes programming your objects simpler because you don't have to manage this information yourself.

When multiple objects participate in the same transaction, MTS uses the associated context objects to track the transaction. If an object completes its work in the transaction successfully, it indicates to its context object that it is complete. If an object fails to complete its work successfully, it indicates to its context object that it has to abort the transaction. When all the objects in the transaction are finished running, MTS uses the information recorded in each context object to determine whether or not the transaction should commit. If all objects reported successful completion, then MTS commits the transaction. If one or more objects reported an abort, then MTS rolls back the transaction, undoing all changes made by all objects involved in the transaction.

Transaction Attribute

The transaction attribute for a class determines how an object of that class participates in transactions when it is created. To set the transaction attribute of a class, right-click the class name in the MTS Explorer, click Properties, and then click the Transaction tab. The following table 7.1 lists and describes the transaction attributes.

	Transaction attribute
	Description

	Requires a transaction
	This object must have a transaction. It enlists in the calling object's transaction or, if the caller does not have a transaction, it creates a new one.

	Requires a new transaction
	This object must have a new transaction created for it that is separate from any other transactions.

	Supports transactions
	If the calling object has a transaction, this object participates in it. If not, no transaction is created.

	Does not support transactions
	This object does not create a transaction.





Table 7.1: Transaction Attributes

7.3.1: Developing Components for MTS

In the previous chapter, you learned how to add a COM DLL to an MTS package. However, simply adding existing components to MTS does not make them scalable, or transaction aware. Components must be carefully designed and programmed for the MTS environment. 

Guidelines for Developing MTS Components

Following are the four rules to use transactions and to work most efficiently in MTS: 

Obtain a reference to the ObjectContext object. 

Context information for an object is stored in the ObjectContext object. The ObjectContext object keeps a record of the work done by the MTS object as well as its security information. Objects can get a reference to their context object by calling the GetObjectContext function, which is provided by MTS. MTS objects can use the context object to report whether or not they were able to complete their work successfully, or to obtain transactional or security information. 

Call SetComplete, if work succeeds. 

When an object completes its work successfully while participating in a transaction, it must call the SetComplete method on the ObjectContext object. This notifies MTS that the work performed by the object can be committed when all objects involved in the transaction finish their work. Calling SetComplete also notifies MTS that any resources held by the object, including the object itself, can be recycled. 

Call SetAbort, if work fails. 

When an object fails to complete its work while participating in a transaction, it must call the SetAbort method on the ObjectContext object. This notifies MTS that all changes made by this object and other objects in the same transaction must be rolled back. Calling SetAbort also notifies MTS that any resources held by the object, including the object itself, can be recycled. 

Manage state carefully. 

State is object data that is kept over more than one method call to the object. Local or global variables are ways to keep object state. When participating in transactions, you should not store state in this manner. MTS recycles the object when the transaction completes in order to free resources, which causes any information in local and global variables to be lost. 

Visual Basic 6.0 Support for MTS Component Development

Visual Basic 6.0 provides a number of built-in features and add-ins that help make MTS component development easier: 

Microsoft Transaction Server Add-In 

Visual Basic provides the Microsoft Transaction Server Add-In To make working with MTS easier. When this add-in is enabled, you can recompile projects and it ensures that they remain correctly registered in MTS. 

MTSTransactionMode property 

Visual Basic 6.0 provides a property named MTSTransactionMode on each class module you create to make it easier to set the transaction attribute for a class. You can set this to any of the four values listed in the previous transaction attribute table. When you compile the project, Visual Basic stores this property in the type library for the component. When the component is added to an MTS package, MTS reads the MTSTransactionMode property value and automatically sets the transaction attribute to that value. This helps simplify the administration of Visual Basic components. 

MTS component debugging 

Visual Basic 6.0 supports debugging MTS components within the Visual Basic IDE. This allows you to take advantage of the Visual Basic debugging environment for setting breakpoints and watches. 

7.4: Building MTS Components

In this section, you will learn how to build MTS components. You will learn how to get the context objects CreateInstance, SetComplete, SetAbort, EnableCommit, and DisableCommit. Finally, you will study the transaction life and its outcome.

7.4.1: Basics of MTS Components

To get a reference to a context object, call the GetObjectContext function; this function then returns a reference to the ObjectContext instance for the object. To call the GetObjectContext function in Visual Basic, you must first set a reference to Microsoft Transaction Server Type Library (MTXAS.DLL) by choosing Project/References. The following example shows how to call GetObjectContext to return an ObjectContext object:

Dim ctxtObject As ObjectContext
Set ctxtObject = GetObjectContext()

The following code shows how you can use GetObjectContext to call methods on the ObjectContext object without maintaining a separate object variable:

GetObjectContext.SetAbort ‘This aborts the current transaction

The uses of ObjectContext object are as follows: 

Declare that the object's work is complete. 

Prevent a transaction from being committed, either temporarily or permanently. 

Instantiate other MTS objects and include their work within the scope of the object's transaction. 

Find out if a caller is in a particular role. 

Find out if security is enabled. 

Find out if the object is executing within a transaction. 

Retrieve Microsoft Internet Information Server (IIS) built-in objects. 

7.4.2: Methods of MTS ObjectContext Object 

Calling CreateInstance

Most of the time, your object creates and uses other objects to complete the task/transaction. If the new object must participate in the same, it must inherit its context from the creating object. To achieve this, you must use the CreateInstance method on the ObjectContext object to create a new MTS object and pass context information to that new object. Note that the object being created must have its transaction attribute set to Requires a transaction or Supports transactions. Any other transaction attribute does not include the object in the existing transaction.

If you have created an MTS object by calling CreateInstance, a new context object is created for it because all MTS objects always have an associated context object. So the context object inherits information such as the current activity, security information, and current transaction. And so your new object participates in the same transaction as the calling object.

If a call to CreateInstance is used to create a non-MTS object, a new object will be created that does not have a context object, so it does not participate in the existing transaction.

The CreateInstance method takes one parameter: the progID of the object being created. 
Dim ctxtObject As ObjectContext
Dim objAccount As Bank.Account

' Get the object's ObjectContext.
Set ctxtObject = GetObjectContext()

' Use it to instantiate another object.
Set objAccount = ctxtObject.CreateInstance("Bank.Account")

CreateObject, New, and CreateInstance

You can create an object in Visual Basic using CreateObject, New, and CreateInstance. Although using New keyword to create an object is better than calling CreateObject, New keyword creates the object internally instead of using COM services to create it. If the object created is an MTS object, this yields undesirable effects because MTS uses COM services to host its objects. Thus, if COM is not used to create the object, MTS cannot host the object. So you have to use CreateObject call to create the object , which uses COM services to create it. Even though you have created the MTS object by using either New or CreateObject, the object does not inherit its context from the caller. Which means that it cannot participate in the existing transaction, even if its transaction attribute is set to Requires a transaction or Supports transactions. Because it is not part of the same activity, it does not have access to security information.

If CreateInstance is used to create an MTS object, that object can participate in the existing transaction, and it inherits its context from the caller (this includes the current activity, security information, and current transaction).

Hence, CreateInstance for the ObjectContext object is preferred over CreateObject or use New keyword to create objects. 

Calling SetComplete and SetAbort 

ObjectContext provides the following two methods, SetComplete and SetAbort, to notify MTS of the completion status of the work performed by your object, which should have a reference to the context object.

SetComplete Method

SetComplete indicates that the object has successfully completed its work for the transaction. The object is deactivated upon return to the client from the currently executing method 

For objects that are executing within the scope of a transaction, it also indicates that the object's transactional updates can be committed. The SetComplete method informs the context object that it can commit transaction updates and can release the state of the object, along with any resources that are being held. If all other objects involved in the transaction also call SetComplete, MTS commits the transaction updates of all objects.

SetAbort Method

SetAbort indicates that the object's work can never be committed. The object is deactivated upon return from the currently executing method that first entered the context. 

If an MTS object's method that completes a transaction is unsuccessful, it must call the SetAbort method of the ObjectContext object before returning. SetAbort informs the context object that the transaction updates of this object and all other objects in the transaction must be rolled back to their original state. If an object involved in a transaction calls SetAbort, the updates roll back, even if other objects have called the SetComplete method.

The following code exemplifies SetComplete and Set Abort methods.

Dim ctxtObject As ObjectContext
Set ctxtObject = GetObjectContext()
On Error GoTo ErrorHandler

' Do some business here. If the business was successful,
' call SetComplete.
ctxtObject.SetComplete
Set ctxtObject = Nothing
Exit Function

' If an error occurred, call SetAbort in the error 
' handler.
ErrorHandler:
ctxtObject.SetAbort
Set ctxtObject = Nothing
Exit Function

Calling EnableCommit and DisableCommit 
ObjectContext provides two methods, EnableCommit and DisableCommit, to enable an object to remain active in a transaction while performing work over multiple method calls. This helps to handle cases in which an object requires several method calls to it before its work is finished in the transaction.

EnableCommit Method

EnableCommit method is used to declare that the current object's work is not necessarily finished, but that its transactional updates are consistent and could be committed in their present form. When an object calls EnableCommit, it allows the transaction in which it's participating to be committed, but it maintains its internal state across calls from its clients until it calls SetComplete or SetAbort or until the transaction completes. EnableCommit is the default state when an object is activated. This is why an object should always call SetComplete or SetAbort before returning from a method, unless you want the object to maintain its internal state for the next call from a client. EnableCommit takes no parameters. 

Dim objCtxt As ObjectContext


Set objCtxt = GetObjectContext()
objCtxt.EnableCommit

DisableCommit Method

DisableCommit method is used to declare that the object's transactional updates are inconsistent and can't be committed in their present state. You can use the DisableCommit method to prevent a transaction from committing prematurely between method calls in a stateful object. When an object invokes DisableCommit, it indicates that its work is inconsistent and that it can't complete its work until it receives further method invocations from the client. It also indicates that it needs to maintain its state to perform that work. This prevents the MTS run-time environment from deactivating the object and reclaiming its resources on return from a method call. Once an object has called DisableCommit, if a client attempts to commit the transaction before the object has called EnableCommit or SetComplete, the transaction will abort. DisableCommit takes no parameters. 

Dim objCtxt As ObjectContext

Set objCtxt = GetObjectContext()
objCtxt.DisableCommit

Automatic Transactions

Transactions can either be controlled directly by the client, or automatically by the MTS run-time environment.

Clients can have direct control over transactions by using a transaction context object. The client uses the ITransactionContext interface to create MTS objects that execute within the client's transactions, and to commit or abort the transactions.

Transactions can automatically be initiated by the MTS run-time environment to satisfy the component's transaction expectations. MTS components can be declared so that their objects always execute within a transaction, regardless of how the objects are created. This feature simplifies component development, because you do not need to write application logic to handle the special case where a client not using transactions creates an object.

This feature also reduces the burden on client applications. Clients do not need to initiate a transaction simply because the component that they are using requires it.

MTS automatically initiates transactions as needed to satisfy a component's requirements. This event occurs, for example, when a client that is not using transactions creates an object in an MTS component that is declared to require transactions.

MTS completes automatic transactions when the MTS object that triggered their creation has completed its work. This event occurs when returning from a method call on the object after it has called SetComplete or SetAbort. SetComplete causes the transaction to be committed; SetAbort causes it to be aborted.

A transaction cannot be committed while any method is executing in an object that is participating in the transaction. The system behaves as if the object disables the commit for the duration of each method call.

Determining Transaction Outcome

Since there are typically many MTS objects involved in a transaction, MTS must eventually determine when the transaction ends. Also, MTS must determine the transaction outcome. If all objects in the transaction called SetComplete, MTS commits the transaction. If any object called SetAbort or DisableCommit, MTS aborts the transaction.

Transaction Lifetime

A transaction begins when a client calls an MTS object with its transaction attribute set to Requires a transaction or Requires a new transaction. This object is considered the root of the transaction because it was the first object created in the transaction. When the transaction ends, MTS determines the outcome of the transaction and either commits or aborts the transaction.

There are three ways a transaction can end: 

Root object calls SetComplete or SetAbort.

The root object can end a transaction by calling either SetComplete or SetAbort. This is the only object that can end a transaction this way. Any other objects that are created as part of the same transaction have no effect on the transaction lifetime, even if they call SetComplete or SetAbort.

If the root object calls EnableCommit or DisableCommit, then the transaction does not end. In this way, a root object can keep a transaction alive until it acquires the information it needs from the client to end the transaction.

Transaction times out.

A transaction also ends if it times out. The default timeout for a transaction is 60 seconds. To change the timeout value, right-click the computer icon in the MTS Explorer and then click Properties. Set the Transaction Timeout property on the Options tab.

Client releases root object. 

Finally, a transaction ends if the client releases the root object. This happens if the root object calls EnableCommit or DisableCommit and returns to the client. Then the client releases the object.

Transaction Outcome

When a transaction ends, MTS must determine the transaction outcome, and if the transaction should commit or abort. Determining transaction outcome is similar to group decision-making in which the group must reach a unanimous decision. If any member of the group disagrees, the decision cannot be reached.

Similarly, each object in a transaction has a vote. It casts its vote by calling SetComplete, SetAbort, EnableCommit, or DisableCommit. MTS tallies each object's vote and determines the outcome. If all objects called SetComplete or EnableCommit, the transaction commits. If any object called SetAbort or DisableCommit, the transaction aborts.

Note:  If an object does not call SetComplete, SetAbort, EnableCommit, or DisableCommit, MTS treats the object as if it called EnableCommit. EnableCommit is the default status for an object unless it specifies otherwise.

7.5: Managing Object State

In this section, you will learn about the importance of object state in the MTS programming model and how just-in-time activation changes the way objects behave in the MTS environment. You will also learn when it is appropriate to store object state for an MTS component and the different methods you can use. Finally, you will learn how to use the Shared Property Manager which is a resource dispenser that runs in the MTS environment. 

This section includes the following topics: 

Just-in-Time Activation

Storing Object State

The Shared Property Manager 

7.5.1: Just-in-Time Activation

To manage state is one of the most important design considerations in developing MTS components. State management directly impacts the scalability of your MTS components. Also, MTS components must manage state differently than traditional COM components.

State and Scalability

State is object data that is kept over more than one method call to the object. State can be stored in any of the three tiers: the client, MTS objects, or the database. State stored in MTS objects is also called local state. Properties are a good example of state. An object can have properties that store a customer's name, address, and phone number. It can also have methods that use the values of these properties. One method adds the customer information to a database, and later, another method credits the customer's account. The object exists and keeps that customer information until the client releases it. An object that maintains state internally over multiple method calls like this is called a stateful object.

However, if the object doesn't expose properties, and instead the customer's name, address, and phone number are passed each time a method call is made, it is a stateless object. Stateless objects do not remember anything from previous method calls.

It is common programming practice in a single-user environment to think of an object as being active as long as you need it. Method calls are simple because the object remembers information from one call to the next. However, stateful objects can impact the scalability of an application. State can consume server resources such as memory, disk space, and database connections. And because state is often client specific, it holds the resources until the client releases the object. The decision to hold resources (either locally in a stateful object or not) has to be balanced against other application requirements.

In general, try to avoid maintaining state that consumes scarce or expensive resources. For example, storing database connections consumes scarce resources. This can reduce your scalability since there are a limited number of database connections that can be allocated, and used connections cannot be pooled.

However, other kinds of state can increase your scalability. For example, storing customer information, such as name and address, consumes relatively little memory but reduces the amount of data being passed over the network on each method call to the object.

State and Just-in-Time Activation

Just-in-time activation helps reduce consumption of system resources by recycling objects when they are finished with their work. It also helps ensure the isolation of transactions, so that information from one transaction is not carried into the next transaction.

When a client calls a method on an object, MTS activates the object by creating it and allowing the method call to go through to the object. When the object is finished and it calls SetComplete or SetAbort, and it returns from the method call, MTS deactivates the object to free its resources for use by other objects. Later, when the client calls another method, the object is activated again.

MTS deactivates an object by releasing all references to it, which effectively destroys the object. Because the object is destroyed, it loses all of its local state, such as local variables, and properties. However, MTS manages the client pointer so that it remains valid. When the client calls a method on the deactivated object, MTS activates it by recreating it and allowing the method call to go through. MTS manages the client's pointer to the object in such a way that the client is unaware that the object has been destroyed and recreated. However, the object's local state is reset, and it does not remember anything from the previous activation.

An object is not deactivated when it calls EnableCommit or DisableCommit, or neglects to call any context object methods. Also, an object is not deactivated when the transaction ends, for example, if the transaction times out. An object is only deactivated when it calls SetComplete or SetAbort and returns from the method call.

Just-in-time activation has a substantial effect on object state. When an object calls SetComplete or SetAbort, it loses its local state as soon as the method returns. Therefore, objects that participate in transactions must be stateless. They cannot maintain any instance data since it is lost when they are deactivated. However, this does not mean that you must design your application towards a stateless programming model. You can store and maintain state outside the object. 

Initialize and Terminate Event Limitations

Components built with Visual Basic have Initialize and Terminate events that you can use to implement startup and shutdown code for each class. However, the context object is not available in the Initialize and Terminate events. For example, if you need to read security credentials in the Initialize event, you cannot get that information. Also, because of just-in-time activation, the Initialize and Terminate events get called many times during a user session even though the client is not releasing its pointer to the object. This can be confusing to programmers who implement these events.

To utilize the context object during initialization or shutdown, implement the IObjectControl interface in your class. IObjectControl has three methods: Activate, Deactivate, and CanBePooled. MTS calls the Activate and Deactivate methods when your object is activated and deactivated respectively. You can add startup and shutdown code to these methods to handle activation and deactivation more appropriately, plus you have access to the context object within these methods.

Note  If you implement the IObjectControl interface, you must also implement the CanBePooled method. Since object pooling is not currently supported in MTS, the easiest way to implement this method is to return True.

7.5.2: Storing Object State

Just-in-time activation forces objects to be stateless. That is, if your object calls SetComplete or SetAbort, it must not keep local state in variables inside the object. However, there is a practical side to component development that must be examined.

There are times when you need to store state for MTS objects. For example, an application may need to determine a city name based on a given postal code. It can look this information up in a database, but repeatedly using a database to do lookups on this type of static data can be inefficient. It may be more efficient to store this information in an object for quick lookup.

There are a number of locations to store state. It can be stored in the client. This is useful for tasks in which a variety of information must be gathered from the user. For example, a virtual shopping basket must store items until the user decides to place an order. If a client stores the items on the client side, server resources are conserved while multiple users are shopping.

State can also be stored in a database if your state needs the protection of transactions and is likely to be accessed by other applications.

Storing State for MTS Objects

Storing state for the middle tier is more involved. This is because an object instance is only active until its transaction completes. When the object is activated again, it does not have any instance data from its previous transaction.

Instance Data

Within a transaction, it is possible to store instance data. An object does not have to call SetComplete or SetAbort when it returns from a method call. More complicated transactions may require several calls from the client, each performing part of the work, until the last method calls SetComplete or SetAbort. In these circumstances, state can be maintained as instance data in local variables over each call. When the final method calls SetComplete or SetAbort, the object is finally deactivated, releasing the instance data.

File

You can also store state in a file. Files can be located on the same computer as the objects that use them to avoid network trips. Files can also protect from concurrent access and keep state across multiple transactions. However, files do not offer record-level locking; only the entire file can be locked. Therefore, they are not useful for storing state shared with many objects because any one object can effectively lock out all other objects.

Windows NT Service

If you need faster access to state, you can store it in a Windows NT service. You can create a Windows NT service that exposes a COM object to store and retrieve data. Any object accessing state would do so through the COM object. The advantage is that the state is available to all packages on the same computer, and it is relatively fast. The disadvantage is that you must write the service and implement locking mechanisms if multiple objects can access the state.

7.5.3: Shared Property Manager

The Shared Property Manager (SPM) is an MTS resource dispenser that comes with MTS. It enables you to store properties programmatically and share that data with all objects in the same package. Objects that have access to the properties must be contained within the same package. The value of the property can be any data type that can be represented by a variant.

The SPM is fast because access to its properties is in the same process as the package, and it provides locking mechanisms to guard against concurrent access.

The SPM is probably the best solution for the example of the postal code lookup table. The table could be initially loaded from the database and stored in the SPM. Then all future lookups from all objects in the same package would do the lookups in the SPM. The Shared Property Manager is discussed in more detail in the next topic.

The SPM is an object hierarchy containing three objects, as described below.

	Object
	Use this object to:

	SharedPropertyGroupManager
	Create shared property groups and obtain access to existing shared property groups.

	SharedPropertyGroup
	Create and access the shared properties in a shared property group.

	SharedProperty
	Set or retrieve the value of a shared property.


You use the objects provided by the SPM to organize and access data that is shared between objects and object instances within the same server process.

Shared properties are organized by groups within the process. For example, the Island Hopper Web site can generate more interest among end users by maintaining a count of how many ads have been placed. When end users enter the Web site, the Web page returned to them has the current count of how many ads have been placed that day.

Creating a Shared Property Group

To create a shared property group like AdStatistics, use the SharedPropertyGroupManager object. To use the SharedPropertyGroupManager object in Visual Basic, you must first set a reference to the Shared Property Manager Type Library (mtxspm.dll). Once this reference has been set, you can create the object using the CreateObject function, as shown in the following example code:

Dim spmMgr As SharedPropertyGroupManager

Set spmMgr = New SharedPropertyGroupManager
Alternately, you can use the CreateInstance method of the ObjectContext. (It makes no difference which method you use.) MTS ensures that only one instance of the SharedPropertyGroupManager object exists per server process. If the SharedPropertyGroupManager object already exists, MTS creates a reference to the existing instance.

The SharedPropertyGroupManager object provides the following methods.

	Method
	Description

	CreatePropertyGroup
	Creates a new SharedPropertyGroup with a string name as an identifier. If a group with the specified name already exists, CreatePropertyGroup returns a reference to the existing group.

	Group
	Returns a reference to an existing shared property group, given a string name by which it can be identified.


Use the CreatePropertyGroup method to create a shared property group. It accepts four parameters: the name of the new property group, the isolation mode, the release mode, and an out parameter that returns whether or not the group already exists.

The name parameter defines the name of the shared property group. Other objects can call the Group method and pass this name to get a reference to the shared property group.

The isolation-mode parameter controls how locking works for the group. Because the properties in the group are shared, multiple objects can access and update properties at the same time. The Shared Property Manager provides locking to protect against simultaneous access to shared properties. There are two values you can specify for locking as shown in the table: 7.2 below.

	Constant
	Value
	Description

	LockSetGet
	0
	Default. Locks a property during a Value call, assuring that every get or set operation on a shared property is atomic. 

This ensures that two clients can't read or write to the same property at the same time, but it doesn't prevent other clients from concurrently accessing other properties in the same group.

	LockMethod
	1
	Locks all of the properties in the shared property group for exclusive use by the caller as long as the caller's current method is executing. 

This is the appropriate mode to use when there are interdependencies among properties, or in cases where a client may have to update a property immediately after reading it before it can be accessed again.




Table 7.2:  Values for Locking

The release-mode parameter controls how the shared property group is deleted. There are two values you can specify for release as shown in the table 7.3 below.

	Constant
	Value
	Description

	Standard
	0
	When all MTS objects have released their references on the property group, the property group is automatically destroyed.

	Process
	1
	The property group isn't destroyed until the process in which it was created has terminated. You must still release all SharedPropertyGroup objects by setting them to Nothing.




Table 7.3: Values for Release

The last parameter is a Boolean value that returns whether or not the group already exists. If it does exist, CreatePropertyGroup returns a reference to the existing group.

The following example code uses the CreatePropertyGroup method to create a new property group called AdStatistics:

Dim spmGroup As SharedPropertyGroup

Dim bExists As Boolean

Set spmGroup = _

    spmMgr.CreatePropertyGroup("AdStatistics", _

    LockMethod, Process, bExists)
Property groups must be created and initialized. The best time to do this is when the server creates the process. However, there is no way for the MTS objects in a process to detect process creation. Therefore, the first MTS object to access the property group must be the one to initialize it. If several MTS objects can potentially access the property group first, they must each be prepared to initialize it. Use the last parameter of CreatePropertyGroup to determine if the properties must be initialized. If it returns False, then you must create and initialize the properties.

Creating a Shared Property

Once you have created a new shared property group, you can use it to create a new property that is identified by either a numeric value or a string expression.

The SharedPropertyGroup object has the following methods and properties.

	Method/Property
	Description

	CreateProperty
	Creates a new shared property identified by a string expression that's unique within its property group.

	CreatePropertyByPosition
	Creates a new shared property identified by a numeric index within its property group.

	Property
	Returns a reference to a shared property, given the string name by which the property is identified.

	PropertyByPosition
	Returns a reference to a shared property, given its numeric index in the shared property group.


Again, the first MTS object to access a shared property group must initialize all of its properties. The MTS object should call CreateProperty by passing the name of the property. CreateProperty returns a Boolean value indicating if the property already exists. If it doesn't, the MTS object should initialize it.

This example code creates a new property called AdCount and initializes it to 0 if it hasn't already been created:

Dim spmPropAdCount As SharedProperty

Set spmPropAdCount = _

    spmGroup.CreateProperty("AdCount", bExists)

' Set the initial value of AdCount to

' 0 if AdCount didn’t already exist.

If bExists = False Then

    spmPropAdCount.Value = 0

End If
SharedProperty Object

Once you have created or obtained a shared property such as AdCount, you can work with it through the SharedProperty object. It has one property, Value, which is used to set or return the value of the property.

This example code shows how to increment the AdCount shared property when a new ad is placed:

Set spmPropAdCount = spmGroup.Property("AdCount")

spmPropAdCount.Value = spmPropAdCount.Value + 1

7.5.4: Connection Pooling

As you write code to access databases from your MTS objects, you use database connections, which are scarce and expensive resources. Creating a connection and destroying a connection consumes precious time and network resources. In a three-tier environment where database connections are repeatedly created and destroyed, this can lead to performance loss.

An efficient way to handle database connections is to use the connection pooling feature of ODBC 3.0. Connection pooling maintains open database connections and manages connection sharing across different user requests to maintain high performance and to reduce the number of idle connections. Instead of actually closing the connection, the ODBC driver manager pools it for later use.

When connection pooling is enabled, and an MTS object requests a connection, the ODBC driver manager handles the request through one of three avenues: 

If there are no available connections in the pool, a new connection is created and returned to the object. 

If there are available connections in the pool and the connection properties (User Id, Password, and so forth) requested by the object match the connection properties of the pooled connection, the object is given the open connection in the pool. 

If there are connections available but the connection properties do not match, a new connection is created for the object with the appropriate properties. 

Note:  If a connection is already allocated to one object, and another object requests the same connection, ODBC creates a new connection because connections in use cannot be pooled. Thus, you should try to acquire connections as late as possible and release them as soon as possible to facilitate connection pooling.

Connection pooling is a standard feature of the ODBC 3.0 and 3.5 Driver Managers. It can be used with any 32-bit ODBC driver that is thread-safe.

Guidelines for Connection Pooling

Keep in mind the following issues when working with connection pooling: 

When using connection pooling with SQL Server or any database system that limits user log ons to a specified number, keep in mind that each user connection uses one of the licensed log ons. 

To ensure the use of connection pooling, always specify the connection string in a variable; use this variable to establish the connection. Do not change connection attributes with ADO parameters.

Use a consistent user name and password for multiple connections, and have the server do client validation. Connection pooling does not work if each connection uses a different user name and password.

Avoid creating temporary objects, such as temporary stored procedures, which are deleted when the connection is freed since a connection may not be freed if it is pooled. 

Avoid using SQL statements to change database context. For example, setting the connection to another database can affect the next user when using a recycled connection. 

Currently, there is no way to limit connections in the pool. The pool grows until the DBMS runs out of connections or until memory is exhausted. In order to keep from running out of SQL Server connections, estimate your highest connection rate and control for this by setting the connection pooling timeout value. 

Connection Pooling and State

A stateless component with connection pooling achieves less throughput than a stateful component that holds its database connection between method calls. However, the stateless component can be safely deactivated by MTS. As a result, the stateless component is a more scalable component. 

For example, a 2,000-user stateful system with a think time of one minute would require 2,000 active component instances (and database connections). The resource overhead would consume considerable system resources, which would reduce the scalability of the application. In contrast, a 2,000-user stateless system with a think time of one minute would require (on average) fewer than 40 database connections. As the number of clients rise into the hundreds and thousands, it is important to build stateless components to conserve server resources.

Configuring the ODBC Driver to Support Connection Pooling

For the ODBC 3.5 Driver Manager, connection pooling is controlled on a driver-by-driver basis through the CPTimeout registry setting. If this registry entry is not present, connection pooling is disabled. The CPTimeout property determines the length of time that a connection remains in the connection pool. If the connection remains in the pool longer than the duration set by CPTimeout, the connection is closed and removed from the pool. The default value for CPTimeout is 60 seconds.

You can selectively set the CPTimeout property to enable connection pooling for a specific ODBC database driver by creating a registry key with the following settings:

\HKEY_LOCAL_MACHINE\SOFTWARE\ODBC\ODBCINST.INI\driver-name\
CPTimeout = timeout (REG_SZ)

The CPTimeout property units are in seconds.

For example, the following key sets the connection pool timeout to 180 seconds (3 minutes) for the SQL Server driver:

\HKEY_LOCAL_MACHINE\SOFTWARE\ODBC\ODBCINST.INI\SQL Server\

CPTimeout = 180
Note  By default, your Web server activates connection pooling for SQL Server by setting 

CPTimeout to 60 seconds.

7.6: Debugging and Error Handling

In this section, you will learn about the types of errors that can occur in MTS. You will learn how to debug your MTS components using the tools provided by Visual Basic. You will also learn how to use other tools to debug your MTS components and monitor how they run under MTS.

This section includes the following topics: 

Handling Errors in MTS

Debugging a Component

Debugging and Monitoring Tools 

7.6.1: Handling Errors in MTS

When errors occur both within and outside your MTS object, your MTS object must be capable of handling them, reporting them to MTS, and optionally, reporting them to the client.

Type of Errors

There are three types of errors that can occur in an MTS application: 

Business rule errors

Internal errors

Windows exceptions 

Business Rule Errors

Business-rule errors occur whenever an object violates business rules. One example of such an error is client is trying to reserve an already occupied seat in a flight in an airline-reservation application. You have to write the MTS object, which detects this kind of errors, and it should enforce the business rules by checking client actions against business rules.

When an object performs an operation that violates business rules, the object causes a business-rule error. An example of such an error is a client attempting to withdraw money from an empty account. You should write MTS objects that detect these types of errors. They enforce the business rules by checking client actions against business rules. Business rules can also be enforced in the database itself. In both cases, the object should abort the current transaction and report the error to the client. This gives the user a chance to modify his request or information accordingly. To abort a transaction, call SetAbort, and MTS rolls back the transaction. To report the error back to the client, raise the error using the Err.Raise method with a custom error definition.

Internal Errors

Sometimes, you get unexpected errors while your objects are in a transaction. This type of errors are known as internal errors, e.g., network errors, database-connectivity errors, missing files or tables, and so on. You must write code to trap these kinds of errors and attempt to correct them, or abort the transaction, depending on the error. In Visual Basic, these errors are detected and raised by Visual Basic itself. In some scenarios, you are required to report these kinds of errors to the client, for example, file or table not found, and abort the transaction. You are also required to display it to inform the user about the transaction status with the appropriate error definition. To do this, use the Err.Raise method. If you do not report an error to the client whenever the transaction is aborted or an error condition exists, MTS forces an error to be raised.

Note:  If the transaction aborts and you do not raise an error to the client, MTS forces an error to be raised. 

Windows Exceptions

Sometimes, an error in your object, such as a memory-allocation error, can cause the Windows system to crash. MTS shuts down the process that hosts the object and logs an error to the Windows NT event log. MTS checks extensively for internal integrity and consistency. If MTS encounters an unexpected internal error condition, it immediately kills the process and aborts all transactions associated with it. This kind of operation, known as failfast, facilitates fault containment and results in more reliable and robust systems.

In general, most business transactions involve more numbers of objects to be created to implement that transaction. Whenever you are required to report an error to the client that is several calls deep from the root object, you should use error-trapping code in each object that uses the On Error GoTo syntax. Some errors cannot be corrected, so you have to abort the transaction by using a SetAbort call and raising the same error by using the Err.Raise method. Each calling object should handle the error in the same way by calling SetAbort and raising the error by using the Err.Raise method. Finally, the root object returns the error to the client and the transaction is aborted.

Error Handling in Multiple Objects

Typically there are many objects created to process a client request. To report an error to the client when an object is several object calls deep from the original root object, write error-trapping code in each object using the On Error GoTo syntax. When an error occurs that cannot be corrected, call SetAbort and raise the same error to the caller using the Err.Raise method. Each calling object handles the error in the same way, calling SetAbort and raising the error to the caller. Eventually the root object returns the error to the client and the transaction is aborted. This is the simplest way to handle errors when multiple objects are working together.

7.6.2: Debugging a Component

Whenever errors occur, you are required to debug the component. Through VB 6.0 IDE, you can debug your components and rectify the errors. 

Open the component project in Visual Basic. 

Set the MTSTransactionMode property to a value other than 0, NotAnMTSObject. 

From the Project menu, click Properties and enter the start program on the Debugging tab. The start program is the client application that calls this component.

Press F5 to begin debugging the component. It is highly recommended that you set the binary compatibility for components that are debugged by using VB, so future builds do not change any CLSIDs or interface IDs.

After pressing F5, VB launches the client application and runs the component in debug mode. You can place breakpoints in the component’s code and set watches on the variables. You also can debug components, which are not inside the MTS package. For these components, VB automatically attaches to MTS and requests a context object for the component. This allows you to test components before placing them in MTS.

While debugging MTS components in Visual Basic, note the following points:

You should not add components to an MTS package while it is being debugged, which can cause unexpected results. 

MTS components running in the debugger always run in process as a library package, even if they are inside a server package. As a result, the component icons in the MTS Explorer do not spin as the components are debugged, and component tracking and security are disabled. 

Multiple clients cannot access the component at the same time while the component is being debugged. 

Multithread issues are not support in debugging. 

You should not export a package while one of the MTS components is being debugged, which causes unexpected results in the exported files. 

To debug components with security enable, or for multiple-client access use Visual Studio IDE debugger instead of VB IDE debugger. 

If you want to debug your components after they are compiled, you cannot use the Visual Basic debugger, which only debugs at design time. To debug a compiled Visual Basic component, use the functionality of the Visual Studio debugger.

      To facilitate application debugging using VB, a component that uses ObjectContext can be debugged by enabling a special version of the object context. This debug-only version is enabled by creating the following registry key:

HKEY_LOCAL_MACHINE\SOFTWARE\Microsoft\Transaction Server\Debug\RunWithoutContext

Note that when running in debug mode, none of the functionality of MTS is enabled. GetObjectContext will return the debug ObjectContext rather than returning Nothing.

When running in this debug mode, the ObjectContext operates as follows: 

ObjectContext.CreateInstance calls COM CoCreateInstance (no context flows,   no transactions, and so on) 
ObjectContext.SetComplete no effect 
ObjectContext.SetAbort no effect  
ObjectContext.EnableCommit no effect 
ObjectContext.DisableCommit no effect  
ObjectContext.IsInTransaction returns FALSE  
ObjectContext.IsSecurityEnabled returns FALSE 
ObjectContext.IsCallerInRole returns TRUE (same as normal when  IsSecurityEnabled is FALSE) 

When you begin testing your components, or encountering problems with them, you need to debug them. Visual Basic 6.0 supports debugging MTS components within the Visual Basic IDE. This allows you to take advantage of the Visual Basic debugging environment for setting breakpoints and watches.

Visual Basic 6.0 requires that you install Windows NT Service Pack 4 in order to debug MTS components.

To debug a Visual Basic component

Open the component project in Visual Basic. 

Set the MTSTransactionMode property to a value other than 0 - NotAnMTSObject. 

From the Project menu, click Properties, and then enter the start program on the Debugging tab. The start program is the client application that calls this component. 

Press F5 to begin debugging the component. 

Note:  It is recommended that you set binary compatibility for components that are debugged by using Visual Basic. The best way to do this is to make a copy of the component DLL after it is compiled. Then set binary compatibility to the copy of the DLL. This ensures that future builds do not change any CLSIDs or interface IDs, which MTS may not detect.

After you press F5, Visual Basic launches the client application and runs the component in debug mode. You can place breakpoints in the component's code and set watches on variables.

You can also debug components that are not inside an MTS package. For these components, Visual Basic automatically attaches to MTS and requests a context object for the component. This allows you to test components before placing them in MTS.

7.6.3: Debugging and Monitoring Tools

When problems occur, there are additional tools you can use to debug MTS applications.

MTS Spy

The Microsoft Transaction Server Spy (MTS Spy) attaches to MTS processes and captures information such as transaction events, thread events, resource events, object, method, and user events. This is a useful tool for diagnosing problems and monitoring components as they work.

Windows NT Event Log

Whenever MTS encounters an unexpected internal error condition, it immediately terminates the process, using a policy named failfast. When failfast occurs, the process hosting the object is terminated and the Windows NT event log is updated with information about the problem.

You can use the Windows NT Event Viewer to find errors logged by MTS. The error information includes what component caused the error, which can help diagnose the problem.

To find MTS events with the Windows NT Event Viewer

On the Log menu, choose Application. 

On the View menu, choose Filter. 

Set the Source to Transaction Server and click OK. 

DTC Monitoring

Because MTS uses the Microsoft Distributed Transaction Coordinator (DTC) to manage transactions, you can use the MTS Explorer to monitor DTC action. Specifically, you can view trace messages, the transaction list, and transaction statistics that are all generated by the DTC. All of these views are available in the MTS Explorer under the Computer folder.

Trace Messages

The Trace Messages window lists current trace messages issued by the DTC. Tracing allows you to view the current status of various DTC activities, such as startup and shutdown, and to trace potential problems by viewing additional debugging information.

Transaction List

Use the Transaction List window to view the current transactions in which the computer participates. This also displays any transactions whose status is in doubt.

Transaction Statistics

Use the Transaction Statistics window to view information about all transactions that have occurred since the DTC was started. There is information about current transactions, how many transactions have aborted, how many have committed, and so on.

7.7: MTS Programming Best Practices 

There are many ways to improve the efficiency of the objects managed using MTS, including the following:  

By minimizing the number of hits required to use your objects. Each property exposed in the object requires at-least one round trip in the network to set or get the value. If there are several properties that the client should set, this increases network traffic by more hits. To avoid this, you could use a method that sets all or most of the properties at once, reducing the number of network trips. Keep in mind that Microsoft documentation says that COM objects running in MTS should be stateless, hence there would be no public properties, which automatically reduces the number of hits. 

By using the ADO Recordset object to return large amounts of data that frees up server resources. ADO provides a disconnected recordset that can be marshaled by value to the client. And the disconnected recordset moves state to the client, so it frees the server resources. 

By avoiding passing or returning objects. By default, objects are passed by reference. If you pass the objects by value or return objects, all method calls on remote instances of your objects are across the network, consuming network resources. 

By avoiding generating events. If you create a component that generates events that must remain alive and active on the server, monitoring for the conditions to trigger events. Mostly, this process involves consuming resources that may decrease the scalability of the server. 

By passing arguments by value (ByVal) whenever possible. By default, Visual Basic passes arguments by reference. If you pass arguments by value, it minimizes trips across networks because the data does not need to be returned to the client.

Following are the core requirements of the COM components running under the MTS environment:

The components should obtain resources late and release them early. If you keep the database connections and network connections alive, it maximizes the chances of preventing another client to use those resources by locking that client. 

The components should be apartment-threaded, so they enable MTS to run simultaneous client requests through objects. In Visual Basic, you can select the Apartment Threaded option for project properties to make objects apartment-threaded. 

The components should call SetComplete, even if you are participating in a transaction. SetComplete deactivates your object instance and thus frees server resources associated with this instance.

Exercise:

Q1. Name the ACID properties of a transaction.
Q2. Which of the following refers to concurrent transactions not being able to see another when   they are running?

Atomicity 

Concurrency 

Consistency 

Isolation 

Durability
D Correct: Isolation keeps concurrent transactions from seeing that other transactions are running. This keeps the other transactions from seeing the partial or uncommitted results of the other transactions.

Q3. Which of the following features of a transaction determine that if any of the processing steps in the transaction fail, the transaction is aborted, and the data is rolled back to its previous state?

Acidity 

Atomicity 

Consistency 

Durability 

Integrity
B Correct: Atomicity ensures that either all of the steps in a transaction succeeds, or nothing happens. If any of the processing steps in the transaction fail, the transaction is aborted, and the data is rolled back to its previous state.

Q4. What are the uses of Objectcontext object?

Q5.  Name the objects present in the SPM object hierarchy.

Q6. Which of the following are uses of ObjectContext object?

Declares that the object's work is complete 

Prevents a transaction from being committed, either temporarily or permanently

Instantiates other MTS objects and includes their work within the scope of the object’s transaction

All of the above.


D Correct: ObjectContext is useful for all these jobs

Q7. Which is best way to create an MTS object?

Create the object using New word 

Create the object by calling CreateInstance method 

Create the object by using CreateObject method 

None of the above
B Correct: Even though you can create MTS objects using either New or CreateObject, the object does not inherit its context from the caller, so it cannot participate in the transaction, even if its transaction attribute is set to Requires a transaction or Supports transactions. If CreateInstance is used to create an MTS object, that object can participate in the existing transaction and it inherits its context from the caller.

Q8. Which of the following functions would notify MTS that the transaction is over?

SetComplete, SetAbort 

EnableCommit, DisableCommit 

All of the above 

None of the above
A Correct: ObjectContext provides two methods, SetComplete and SetAbort, to notify MTS of the completion status of the work performed by the object.

Q9. Which of the following functions enable the object to be active throughout the transaction?

SetComplete, SetAbort 

EnableCommit, DisableCommit 

All of the above 

None of the above
B Correct: ObjectContext provides two methods, EnableCommit and DisableCommit, to enable an object to remain active in a transaction while performing work over multiple method calls.

Q10. Which of the following is the default method called in transaction on an object?

EnableCommit 

DisableCommit 

SetAbort 

SetComplete
A Correct: If an object does not call SetComplete, SetAbort, EnableCommit, or DisableCommit, MTS treats the object as if it called EnableCommit. EnableCommit is the default status for an object unless it specifies otherwise.

Q11. The Shared Property Manager consists of which of the following objects?

SharedPropertyGroupManager 

SharedPropertyGroup 

SharedProperty 

All of the above
D Correct: The Shared Property Manager consists of SharedPropertyGroupManager, SharedPropetyGroup, and SharedProperty objects.

Q12. Which of the following methods creates and returns a reference to a new shared property group?

CreateInstance 

CreatePropertyGroup 

Group 

All of the above
B Correct: The CreatePropertyGroup method creates and returns a reference to a new shared property group. Group method returns a reference to an existing shared property group and CreateInstance creates an MTS object.

Q13. SharedPropertyGroup consists of which of the following methods and properties?

CreateProperty, CreatePropertyByPosition 

Property, PropertyByPosition 

All of the above 

None of the above
C Correct: SharedPropertyGroup consists of CreateProperty and CreatePropertyByPosition methods, and Property and PropertyByPosition properties.

Q14. Which of the following is the best way to handle errors?

Terminate the transaction calling SetAbort on the root object 

Report the error back to the client in a well-defined manner by calling Err.Raise method. 

All of the above 

None of the above
C Correct: The best way to handle an error situation is to terminate the transaction so that this error does not corrupt data, and report it to the client so that user has an idea about what happened or what caused the error.

Q15. While debugging MTS components, what do you have to keep in mind?

You should not add components to an MTS package while it is being debugged 

You should not export a package while one of the MTS components is being debugged 

All of the above 

None of the above
C Correct: You should not add components or export a package while you are in debugging MTS components because they lead to unexpected results.

Q16. Which of the following statements are true about improving efficiency of MTS objects?

By minimizing the number of hits required to use objects 

By avoiding generation of events 

By making objects apartment-threaded 

All of the above
D Correct: All are the best practices to write MTS components. They reduce the network round trips, increase scalability of the application, and approach simultaneous client requests.

Chapter 8: ACCESSING DATA FROM THE MIDDLE TIER 

Objectives:

Compare and contrast the Microsoft Universal Data Access Architecture and data access technologies available in enterprise development.

List and describe the objects in the ADO object hierarchy.

Write an MTS component in Visual Basic that retrieves and updates records in a Microsoft SQL Server database.

Use ADO to call a stored procedure.

Through the use of ADO, utilize advanced, SQl server-specific features from an MTS component such as prepared statements, cursors and disconnected record sets.

Write MTS components that are optimized for data access in an enterprise solution.

8.1: Universal Data Access (UDA) Overview

Universal Data Access is Microsoft’s strategy for providing access to information across the enterprise. Today, companies building database solutions face a number of challenges as they seek to gain maximum business advantage from the data and information distributed throughout their corporations. Through OLE DB and ADO, Universal Data Access provides high-performance access to a variety of information sources, including relational and non-relational sources, and an easy-to-use programming interface that is tool- and language-independent. These technologies enable corporations to integrate diverse data sources, create easy-to-maintain solutions, and use their choice of the best tools, applications, and platform services. 

Universal Data Access does not require companies to move data into a single data store, which is expensive and time-consuming, nor does it require that they commit to a single vendor’s products. Universal Data Access is based on open industry specifications with broad industry support, and works with all major established database platforms. Universal Data Access is an evolutionary step from today’s standard interfaces, including ODBC, RDO, and DAO; and extends the functionality of these well-known and well-tested technologies.

Universal Data Access is based on the ability of OLE DB to access data of all types, and it relies on ADO to provide the programming model that application developers will use. 

ADO is ActiveX Data Objects. This is a new object model for accessing data from any type of datasource. You can use it in place of data access objects (DAO) or remote data objects (RDO).

Universal data access is a philosophy whereby a developer should be able to use one tool to access any type of data from any data source. Microsoft is realizing this dream through the new database access technology called OLE-DB. OLE-DB is a set of COM interfaces that provide access to data stored in diverse information sources, both relational and nonrelational.

Most of us did not program directly to ODBC, but instead used data access objects (DAO) or remote data access objects (RDO) to access the data through ODBC. The same is true with OLE-DB. Most developers will use the ActiveX Data Objects (ADO) to access data through OLE-DB.

A modern database application requires integration of a variety of data types other than the traditional ones. The traditional database management systems wouldn’t allow the user to access the information stored in non-standard data systems like file systems, indexed-sequential files, desktop databases, spreadsheets, project-management tools, electronic mail, directory services, multimedia data stores, and more. So, most large corporations hire consultants to extend the database engine of the traditional database management system by using its programming interface to support this kind of non-traditional/non-relational data (audio, video, text stored in files, information stored in electronic mail, spreadsheet content, and so on). This application development requires moving all data needed by the application, which can be diversified across a corporation, into the development systems (which means into a single data store). These processes are expensive and waste resources and time.

To handle this kind of scenario, Microsoft introduced a strategy known as Universal Data Access. The key strategy of Universal Data Access is that it allows applications to efficiently access data where it resides without replication, transformation, or conversion. The other major point is that one can use it as an alternative to the extension of the database engine or to be complementary to it, thus utilizing the already-developed extensions to the database engine. 

Universal Data Access eliminates the expensive and time-consuming movement of data into a single data store and the commitment to a single vendor’s products. It is based on open industry specifications that extend support to all major established database platforms such as SQL Server, DB2, Oracle, Sybase, Ingres, etc. 

Universal Data Access provides high performance by offering the capability to scale applications to support concurrent users without taking a performance hit. It also provides increased reliability 
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    Fig 8.1: Universal Data Access

by reducing the number of components that need support on the PC, which in turn reduces possible points of failure.

8.1.1: Universal Data Access Architecture

Universal Data Access can be achieved through Microsoft Data Access Components (MDAC). MDAC contains ActiveX Data Objects (ADO), Remote Data Services (RDS), OLE DB, and ODBC. Figure 5.1 shows the architecture of Universal Data Access.

Microsoft ActiveX Data Objects (ADO) is a language-neutral object model that is the basis of Microsoft's Universal Data Access strategy. ADO is the object-based interface to OLE DB. OLE DB, the low-level, object-based interface, is the core of UDA. It is created to provide access to almost any type of data, regardless of the data’s format or storage method. OLE DB allows client applications to access and manipulate data in the data store through any OLE DB provider, making it a simple, high-speed, low-memory overhead solution to data access.

ADO is an application-level programming interface to data and information. It supports a wide range of development activities, including database front-ends and middle-tier business objects using applications, tools, languages, or browsers. ADO extensively supports business objects/clients, developed by using Visual Basic, and also enhances Internet Information Server 4.0 Active Server Page development. These enhancements include a more-powerful and versatile client-side cursor engine that is capable of working with data offline, thus reducing the network traffic and load on the server. It fetches data asynchronously for faster client response and has options for updating data on a remote client. ADO also supports integrated remote capabilities, which are achieved by Remote Data Services, the integrated interface of ADO. RDS, referred to earlier as Active Data Connector, is a client-side component that interfaces with ADO and provides key features such as cursors, remote-object invocation, explicit recordset remoting, and implicit remote recordset functionality such as fetch and update. RDS provides client-side and middle-tier caching of recordsets, and thus improves overall performance by minimizing the network traffic. 

ADO provides only a thin and efficient layer to OLE DB. It eliminates unnecessary objects and optimizes tasks. It exposes everything a data provider can do and creates shortcuts for common operations. 

ADO automatically adjusts itself, depending on the functionality of the data provider. Consider Microsoft Excel and SQL Server: Excel gives limited scope for database functionality, whereas SQL Server is pure database engine. 

OLE DB

OLE DB is Microsoft’s strategic low-level interface to all kinds of data throughout the enterprise. OLE DB is an open specification designed to build on the success of ODBC by providing an open standard for accessing all kinds of data. Whereas ODBC was created to access relational databases, OLE DB is designed for relational and non-relational information sources, including mainframe ISAM/VSAM and hierarchical databases; email and file system stores; text, graphical, and geographical data; custom business objects; and more. 

OLE DB components consist of data providers, which expose their data; data consumers, which use data; and service components, which process and transport data (for example, query processors and cursor engines). These components are designed to integrate smoothly to help OLE DB component vendors bring high quality OLE DB components to market quickly. OLE DB includes a bridge to ODBC to enable continued support for the broad range of ODBC relational database drivers available today.

OLE DB is a set of COM (Component Object Model) interfaces that provide applications with uniform access to data stored in diverse information sources, regardless of location or type. OLE DB is a developing industry standard for data access to and manipulation of both SQL and non-SQL data sources.

OLE DB Architecture

OLE DB goes beyond simple data access by partitioning the functionality of a traditional relational database into logical components. There are three main categories of components built on the OLE DB architecture: data consumers, data providers, and service components. 

Data consumers are applications that need access to a broad range of data. These include development tools, languages, and personal productivity tools. An application becomes ODBC-enabled by using the ODBC API to talk to data. Similarly, an application becomes OLE DB-enabled by using the OLE DB API to talk to data. Microsoft is actively encouraging a broad set of tool vendors to write to the OLE DB specification and in the near future all of our development tools will be able to access data via OLE DB.

Data providers make their data available for consuming. They may do this by natively supporting OLE DB or they may rely on additional OLE DB data providers. If a data provider is a native OLE DB provider, an application can talk to it directly, via OLE DB. There is no need for additional drivers or software. Contrast this with ODBC, where an ODBC driver is always needed for an application to talk to the data. 

A data provider that does not natively support OLE DB relies on an intermediary in the same way that ODBC data sources rely on ODBC drivers. Data providers develop this intermediary software with the OLE DB SDK. This is important because it means that you can get to data through OLE DB without moving it and without waiting for the data source to be rewritten. To get to Microsoft® Exchange data today, all you would need is a MAPI data provider. You wouldn’t need to wait for a future version of Exchange.

The OLE DB Provider for ODBC enables applications to use OLE DB to talk to relational data via ODBC. This means that you can use OLE DB today to get to all of the same data you currently use ODBC to access. The OLE DB Provider for ODBC ensures that you can continue writing high performance database applications with existing ODBC technologies and drivers.

OLE DB provides a base level data access functionality: the managing of a tabular rowset. In other words, a provider must be able to represent data in rows and columns. Service components provide additional functionality such as query processing or cursor engines. A query processor allows SQL queries to be constructed and run against the data source. A cursor engine provides scrolling capabilities for data sources that don't support scrolling.

So for example, if you wanted to query Microsoft® SQL Server™ data you would not need a service component because SQL Server has both a query processor and cursor engine. However, to query a Microsoft® Internet Information Server log file you would either build or buy a component that provided querying capabilities for text files.

8.1.2: Guidelines for choosing Data Access Technology 

ADO is now the standard data access language for Microsoft tools. The current versions of Internet Information Server, Internet Explorer, Visual Basic, Visual InterDev, Visual C++, and Visual J++, have all been written to use ADO as their primary data access language. The next release of Microsoft Office will do the same.

Among the many benefits of ADO is a common language for accessing data. No matter what tool you are using, you can use the same code to query and manipulate data. This allows for much greater and easier code reuse across applications than was possible in the past. 

Therefore, if you are starting an application today you should use ADO, unless there are features you need today that are not available in ADO but are available in one or the alternative technologies. However, be aware that the goal of ADO is to superset DAO and RDO. 

If you are using DAO or RDO you should still think about how you would move over to ADO when it supersedes these. That way, when the time comes, you will have an easier job migrating to ADO.

Use DAO if…

You need to access Microsoft Jet or ISAM data, or you want to take advantage of Microsoft Jet features such as compacting and repairing databases, replication, or DDL through the objects.

You have an existing application that uses DAO with Microsoft Jet, and you want to convert the application to use ODBC data, while achieving better performance. 

Use RDO if…

You are accessing ODBC data and you want the most functionality. ADO today has most of the features of RDO, but not all of them. Remember that in the future ADO will superset RDO.

You are developing in Visual Basic and you want to take advantage of features such as the Connection Designer. 

Feature Comparison

To help make that decision of which interface to use and also to determine if ADO meets your needs today, the following table 8.1 presents a list of major features found in either ADO, DAO, or RDO. 

	Feature
	ADO 2.0
	DAO 3.5
	RDO 2.0

	Connect Asynchronously
	X
	
	X

	Run Queries Asynchronously
	X
	X
	X

	Batch Updates and Error Handling
	X
	X
	X

	Disconnected Recordsets
	X
	
	X

	Events 
	X
	
	X

	Integration with Data Environment
	X
	
	

	Integration with Data binding in Visual Basic 6.0
	X
	
	

	Integration with Visual Data Tools
	X
	
	

	Integration with Visual Basic/Visual C++ Transact-SQL Debugger
	
	
	X

	Integration with Visual Basic Connection Query Designer
	
	
	X

	Data Shaping
	X
	
	

	Persistent Recordsets
	X
	
	

	Distributed Transactions
	X
	
	X

	Threadsafe
	X
	X
	X

	Free-Threaded
	X
	
	

	In/Out/Return Value Parameters
	X
	X
	X

	Independently-created objects
	X
	X
	X

	MaxRows Property on Queries
	X
	X
	X

	Queries As Methods
	X
	
	X

	Return Multiple Recordsets
	X
	X
	X

	Efficient Microsoft Jet Database Access
	X
	X
	

	Compatibility from Microsoft Jet to SQL Server
	
	X
	


          Table 8.1: ADO, DAO, RDO Feature Comparison

The benefits of ADO technology over DAO and RDO are as follows:

It provides one standard object model for accessing any type of data source 

The object model is VERY simple, yet powerful 

In many cases, you can get better performance using ADO over the other choices 

You can define and use disconnected recordsets 

8.2: ADO Object Hierarchy


ADO contains seven objects: Command, Connection, Error, Field, Parameter, Property, and Recordset. These objects are discussed in the following sections.

8.2.1: Connection 

This object maintains the connection information with the data provider and represents the active connection to a database. You can use it to execute any command. If this command returns rows, a Recordset object is created automatically and returned. If your application requires more complex recordsets with cursors to handle data and its presentation, create a Recordset object explicitly, connect it to the Connection object, and then open the cursor. 

A Connection object represents a unique session with a data source. In the case of a client/server database system, it may be equivalent to an actual network connection to the server. Depending on the functionality supported by the provider, some collections, methods, or properties of a Connection object may not be available.

Using the collections, methods, and properties of a Connection object, you can do the following: 

Configure the connection before opening it with the ConnectionString, ConnectionTimeout, and Mode properties.

Set the CursorLocation property to invoke the Client Cursor Provider, which supports batch updates.

Set the default database for the connection with the DefaultDatabase property.

Set the level of isolation for the transactions opened on the connection with the IsolationLevel property.

Specify an OLE DB provider with the Provider property.

Establish, and later break, the physical connection to the data source with the Open and Close methods.

Execute a command on the connection with the Execute method and configure the execution with the CommandTimeout property.

Manage transactions on the open connection, including nested transactions if the provider supports them, with the BeginTrans, CommitTrans, and RollbackTrans methods and the Attributes property.

Examine errors returned from the data source with the Errors collection.

Read the version from the ADO implementation in use with the Version property.

Obtain schema information about your database with the OpenSchema method. 

Note:   To execute a query without using a Command object, pass a query string to the Execute method of a Connection object. However, a Command object is required when you want to persist the command text and re-execute it, or use query parameters.

You can create Connection objects independently of any other previously defined object.

Note:  You can execute commands or stored procedures as if they were native methods on the Connection object. 

To execute a command, give the command a name using the Command object Name property. Set the Command object’s ActiveConnection property to the connection. Then issue a statement where the command name is used as if it were a method on the Connection object, followed by any parameters, followed by a Recordset object if any rows are returned. Set the Recordset properties to customize the resulting recordset. For example:

Dim cnn As New ADODB.Connection

Dim cmd As New ADODB.Command

Dim rst As New ADODB.Recordset

...

cnn.Open "..."

cmd.Name = "yourCommandName"

cmd.ActiveConnection = cnn

...

'Your command name, any parameters, and an optional Recordset.

cnn.yourCommandName "parameter", rst
To execute a stored procedure, issue a statement where the stored procedure name is used as if it were a method on the Connection object, followed by any parameters. ADO will make a "best guess" of parameter types. For example:

Dim cnn As New ADODB.Connection

...

'Your stored procedure name and any parameters.

cnn.sp_yourStoredProcedureName "parameter"

8.2.2: Recordset 

This object contains the data returned by the query. This object’s interface contains the most properties, functionality, and methods of all objects; and maintains the cursor-management functionality. You can open a recordset without explicitly opening a connection. If your application requires opening multiple recordsets, opening a Connection object first is advisable. Recordset objects allow you to browse and manipulate the contents. 

A Recordset object represents the entire set of records from a base table or the results of an executed command. At any time, the Recordset object refers to only a single record within the set as the current record.

You use Recordset objects to manipulate data from a provider. When you use ADO, you manipulate data almost entirely using Recordset objects. All Recordset objects are constructed using records (rows) and fields (columns). Depending on the functionality supported by the provider, some Recordset methods or properties may not be available.

ADOR.Recordset and ADODB.Recordset are ProgIDs that you can use to create a Recordset object. The Recordset objects that result behave identically, regardless of the ProgID. The ADOR.Recordset is installed with Microsoft® Internet Explorer; the ADODB.Recordset is installed with ADO. The behavior of a Recordset object is affected by its environment (that is, client, server, Internet Explorer, and so on).

When used with some providers (such as the Microsoft ODBC Provider for OLE DB in conjunction with Microsoft SQL Server), you can create Recordset objects independently of a previously defined Connection object by passing a connection string with the Open method. ADO still creates a Connection object, but it doesn't assign that object to an object variable. However, if you are opening multiple Recordset objects over the same connection, you should explicitly create and open a Connection object; this assigns the Connection object to an object variable. If you do not use this object variable when opening your Recordset objects, ADO creates a new Connection object for each new Recordset, even if you pass the same connection string.

You can create as many Recordset objects as needed.

When you open a Recordset, the current record is positioned to the first record (if any) and the BOF and EOF properties are set to False. If there are no records, the BOF and EOF property settings are True.

You can use the MoveFirst, MoveLast, MoveNext, and MovePrevious methods, as well as the Move method, and the AbsolutePosition, AbsolutePage, and Filter properties to reposition the current record, assuming the provider supports the relevant functionality. Forward-only Recordset objects support only the MoveNext method. When you use the Move methods to visit each record (or enumerate the Recordset), you can use the BOF and EOF properties to see if you've moved beyond the beginning or end of the Recordset.

Recordset objects can support two types of updating: immediate and batched. In immediate updating, all changes to data are written immediately to the underlying data source once you call the Update method. You can also pass arrays of values as parameters with the AddNew and Update methods and simultaneously update several fields in a record.

If a provider supports batch updating, you can have the provider cache changes to more than one record and then transmit them in a single call to the database with the UpdateBatch method. This applies to changes made with the AddNew, Update, and Delete methods. After you call the UpdateBatch method, you can use the Status property to check for any data conflicts in order to resolve them.

Note:   To execute a query without using a Command object, pass a query string to the Open method of a Recordset object. However, a Command object is required when you want to persist the command text and re-execute it, or use query parameters.

8.2.3: Field 

This object contains the information regarding a single column of data within a recordset. You can use it to read from or write to the data source. Fields is a collection of all Field objects, which are featured in the recordset.

A Field object represents a column of data with a common data type.

A Recordset object has a Fields collection made up of Field objects. Each Field object corresponds to a column in the Recordset. You use the Value property of Field objects to set or return data for the current record. Depending on the functionality the provider exposes, some collections, methods, or properties of a Field object may not be available.

With the collections, methods, and properties of a Field object, you can do the following: 

Return the name of a field with the Name property.

View or change the data in the field with the Value property.

Return the basic characteristics of a field with the Type, Precision, and NumericScale properties.

Return the declared size of a field with the DefinedSize property.

Return the actual size of the data in a given field with the ActualSize property.

Determine what types of functionality are supported for a given field with the Attributes property and Properties collection.

Manipulate the values of fields containing long binary or long character data with the AppendChunk and GetChunk methods.

If the provider supports batch updates, resolve discrepancies in field values during batch updating with the OriginalValue and UnderlyingValue properties. 

All of the metadata properties (Name, Type, DefinedSize, Precision, and NumericScale) are available before opening the Field object’s Recordset. Setting them at that time is useful for dynamically constructing forms.

Using Connection, Recordset and Field objects, you can access the data from the data source for your applications.

The following are optional objects, which can be useful whenever your applications require a complex and enhanced manipulation of the data:

8.2.4: Command 

This object maintains information about a command, such as a query string, parameter definitions, stored procedures etc. You can execute a command string on a Connection object or query string as part of opening a Recordset object, without defining a Command object, which means that this is an optional object. You use the Command object when you expect output parameters while executing a stored procedure or when you want to define query parameters (make prepared query statements). 

A Command object is a definition of a specific command that you intend to execute against a data source.

Use a Command object to query a database and return records in a Recordset object, to execute a bulk operation, or to manipulate the structure of a database. Depending on the functionality of the provider, some Command collections, methods, or properties may generate an error when referenced.

With the collections, methods, and properties of a Command object, you can do the following: 

Define the executable text of the command (for example, an SQL statement) with the CommandText property.

Define parameterized queries or stored-procedure arguments with Parameter objects and the Parameters collection.

Execute a command and return a Recordset object if appropriate with the Execute method.

Specify the type of command with the CommandType property prior to execution to optimize performance.

Control whether or not the provider saves a prepared (or compiled) version of the command prior to execution with the Prepared property.

Set the number of seconds a provider will wait for a command to execute with the CommandTimeout property.

Associate an open connection with a Command object by setting its ActiveConnection property.

Set the Name property to identify the Command object as a method on the associated Connection object.

Pass a Command object to the Source property of a Recordset in order to obtain data. 

Note:   To execute a query without using a Command object, pass a query string to the Execute method of a Connection object or to the Open method of a Recordset object. However, a Command object is required when you want to persist the command text and re-execute it, or use query parameters.

To create a Command object independently of a previously defined Connection object, set its ActiveConnection property to a valid connection string. ADO still creates a Connection object, but it doesn't assign that object to an object variable. However, if you are associating multiple Command objects with the same connection, you should explicitly create and open a Connection object; this assigns the Connection object to an object variable. If you do not set the Command objects' ActiveConnection property to this object variable, ADO creates a new Connection object for each Command object, even if you use the same connection string.

To execute a Command, simply call it by its Name property on the associated Connection object. The Command must have its ActiveConnection property set to the Connection object. If the Command has parameters, pass values for them as arguments to the method. 

8.2.5: Parameter

This object is part of the Parameters collection, which is used to specify the input and output parameters for parameterized commands. 

A Parameter object represents a parameter or argument associated with a Command object based on a parameterized query or stored procedure.

Many providers support parameterized commands. These are commands where the desired action is defined once, but variables (or parameters) are used to alter some details of the command. For example, an SQL SELECT statement could use a parameter to define the matching criteria of a WHERE clause, and another to define the column name for a SORT BY clause.

Parameter objects represent parameters associated with parameterized queries, or the in/out arguments and the return values of stored procedures. Depending on the functionality of the provider, some collections, methods, or properties of a Parameter object may not be available.

With the collections, methods, and properties of a Parameter object, you can do the following: 

Set or return the name of a parameter with the Name property.

Set or return the value of a parameter with the Value property.

Set or return parameter characteristics with the Attributes and Direction, Precision, NumericScale, Size, and Type properties.

Pass long binary or character data to a parameter with the AppendChunk method. 

If you know the names and properties of the parameters associated with the stored procedure or parameterized query you wish to call, you can use the CreateParameter method to create Parameter objects with the appropriate property settings and use the Append method to add them to the Parameters collection. This lets you set and return parameter values without having to call the Refresh method on the Parameters collection to retrieve the parameter information from the provider, a potentially resource-intensive operation.

8.2.6: Error 

Each single Error object found in the Errors collection represents extended error information raised by the provider. The Errors collection can contain more than one Error object at a time, all of which result from the same incident. 

An Error object contains details about data access errors pertaining to a single operation involving the provider.

Any operation involving ADO objects can generate one or more provider errors. As each error occurs, one or more Error objects are placed in the Errors collection of the Connection object. When another ADO operation generates an error, the Errors collection is cleared, and the new set of Error objects is placed in the Errors collection. 

Note:  Each Error object represents a specific provider error, not an ADO error. ADO errors are exposed to the run-time exception-handling mechanism. For example, in Microsoft Visual Basic, the occurrence of an ADO-specific error will trigger an On Error event and appear in the Err object. For a complete list of ADO errors, see the ADO Error Codes topic.

You can read an Error object’s properties to obtain specific details about each error, including the following: 

The Description property, which contains the text of the error.

The Number property, which contains the Long integer value of the error constant.

The Source property, which identifies the object that raised the error. This is particularly useful when you have several Error objects in the Errors collection following a request to a data source.

The SQLState and NativeError properties, which provide information from SQL data sources. 

When a provider error occurs, it is placed in the Errors collection of the Connection object. ADO supports the return of multiple errors by a single ADO operation to allow for error information specific to the provider. To obtain this rich error information in an error handler, use the appropriate error-trapping features of the language or environment you are working with, then use nested loops to enumerate the properties of each Error object in the Errors collection.

Microsoft Visual Basic and VBScript   If there is no valid Connection object, you will need to retrieve error information from the Err object.

Just as providers do, ADO clears the OLE Error Info object before making a call that could potentially generate a new provider error. However, the Errors collection on the Connection object is cleared and populated only when the provider generates a new error, or when the Clear method is called.

Some properties and methods return warnings that appear as Error objects in the Errors collection but do not halt a program's execution. Before you call the Resync, UpdateBatch, or CancelBatch methods on a Recordset object, the Open method on a Connection object, or set the Filter property on a Recordset object, call the Clear method on the Errors collection so that you can read the Count property of the Errors collection to test for returned warnings.

8.2.7: Property

 This object represents provider-defined characteristics of an ADO object such as Recordset, Connection, and so on. 

A Property object represents a dynamic characteristic of an ADO object that is defined by the provider.

ADO objects have two types of properties: built-in and dynamic. 

Built-in properties are those properties implemented in ADO and immediately available to any new object, using the MyObject.Property syntax. They do not appear as Property objects in an object’s Properties collection, so although you can change their values, you cannot modify their characteristics.

Dynamic properties are defined by the underlying data provider, and appear in the Properties collection for the appropriate ADO object. For example, a property specific to the provider may indicate if a Recordset object supports transactions or updating. These additional properties will appear as Property objects in that Recordset object’s Properties collection. Dynamic properties can be referenced only through the collection, using the MyObject.Properties(0) or MyObject.Properties("Name") syntax. 

You cannot delete either kind of property.

A dynamic Property object has four built-in properties of its own: 

The Name property is a string that identifies the property.

The Type property is an integer that specifies the property data type.

The Value property is a variant that contains the property setting.

The Attributes property is a long value that indicates characteristics of the property specific to the provider. 

8.2.8: Dynamic Properties Collections

The Connection, Command, Recordset, and Field objects each contain a Properties collection to handle parameters of those objects.

The Properties collection contains any dynamic or "provider-specific" properties, exposed through ADO by the provider. You can use the Collection and Item method to reference the property by its name or by its ordinal position in the collection. Here is an example:

Command.Properties.Item (0)
Command.Properties.Item ("Name")

The Item method is a default method on an ADO collection; you can simply omit it.

Command.Properties (0)
Command.Properties ("Name")

Further, the Properties collection itself is the default collection for the Connection, Command, and Recordset objects, so you can omit it as well:

Command (0)
Command ("Name")

All of these syntax forms are identical. Figure 8.2 explains the ADO hierarchy. 
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Figure  8.2: ADO hierarchy

From ADO2.0, event-based programming is introduced in ADO. Events are notifications that certain operations are about to occur or have already occurred. In general, they can be used to efficiently coordinate an application that consists of several asynchronous tasks. Even though the ADO object model does not explicitly embody events, it represents them as calls to event handler routines. Event handlers give an opportunity to examine or modify the operation even before the operation starts, and then gives a chance to either cancel or allow the operation to complete. ADO 2.0 introduces several operations that have been enhanced to optionally execute asynchronously. For example, an application that starts an asynchronous Recordset.Open operation is notified by an execution complete event when the operation concludes. ADO2.0 comes with two families of events:

ConnectionEvents Events are issued when transactions on a connection begin, are committed, or rolled back; when commands execute; and when connections start or end. 
RecordsetEvents Events are issued to report the progress of data retrieval; when you navigate through the rows of a Recordset object; change a field in a row of a recordset, change a row in a recordset, or make any change in the entire recordset. 

The Connection object issues ConnectionEvent events and the Recordset object issues RecordsetEvent events. Events are processed by event handler routines, which are called before certain operations start or after such operations conclude. Some events are paired. Events called before an operation starts have names of the form WillEvent (Will events) and events called after an operation concludes have names of the form EventComplete (Complete events). The remaining, unpaired events occur only after an operation concludes. (Their names are not formed in any particular pattern.). The event handlers are controlled by the status parameter. Additional information is provided by the error and object parameters. You can request that an event handler not receive any notifications after the first notification. For example, you can choose to receive only Will events or Complete events. In certain programming languages, one event handler can process events from multiple ADO objects. And, although less common, one event can be processed by multiple event handlers.

Microsoft specifies the following as general characteristics of ADO in its documentation:

Ease of use 

High performance 

Programmatic control of cursors 

Complex cursor types, including batch, server-side, and client-side cursors. 

Capability to return multiple result sets from a single query 

Synchronous, asynchronous, or event-driven query execution 

Reusable, property-changeable objects 

Advanced recordset-cache management 

Flexibility; it works with existing database technologies and all OLE DB providers 

Excellent error-trapping

You can use ADO as the interface for all your client/server and Web-based data access solutions. ADO is a totally flexible and adaptable solution for all applications that require data access.

ADO Object Summary
	Object 
	Description

	Connection
	Enables exchange of data.

	Command
	Embodies an SQL statement.

	Parameter
	Embodies a parameter of an SQL statement.

	Recordset
	Enables navigation and manipulation of data. 

	Field
	Embodies a column of a Recordset object.

	Error
	Embodies an error on a connection.

	Property
	Embodies a characteristic of an ADO object.


8.3: Retrieving and Modifying Records by Using ActiveX Data Objects (ADO)

The functionality flow of ADO-based applications to access the data sources are as follows:

Open the data source by creating the Connection object This specifies the connection string as its first part with information such as data source name, user identification, password, connection time-out, default database, and cursor location. A Connection object represents a unique session with a data source. You can even control the transactions through the Connection object by using the BeginTrans, CommitTrans, and RollbackTrans methods. The second part of this process is opening the ADO connection to the data source mentioned previously. 
Execute a SQL statement Once the connection is open, you can run a query on the data source. You can run this query asynchronously and also choose to process the query’s result set asynchronously. By choosing this option, you are giving permission to ADO to let the cursor driver populate the result set in the background, which in turn lets the application perform other process without waiting for the result set. Once the result set is available (depending on the cursor type), you can browse, and change the row data at either the server or client side. 
Close the connection Once the task with the data source is done, you can drop the connection by close string.

The following Visual Basic code snippet demonstrates how to access data from a data source without opening a Connection to it by using only Recordset object. 

You know that the main interface to data is the Recordset object in ADO. Although the rest of the objects in ADO are useful for managing connections, collecting error information, persisting queries, and so on. Most of your code’s interaction with ADO will definitely involve one or more Recordset objects.

Set RS = CreateObject ("ADODB.Recordset")
RS.Open "Select * FROM SalesReport", "DATABASE=SQLProd1; UID=prod1; PWD=;" _ 
& "DSN=SalesData"
‘ Use this recordset to manipulate with the data
‘Close it
RS.Close

This code generates a forward-only, read-only Recordset object. With a few modifications, you can obtain a more functional Recordset (one that is fully scrollable and batch updateable). The following modifications to the code snippet illustrate that: 

Set RS = CreateObject ("ADODB.Recordset")
RS.Open "Select * FROM SalesReport", "DATABASE=SQLProd1; UID=prod1; PWD=;" _ DSN=SalesData", adOpenKeyset, adLockBatchOptimistic

Once you retrieve the complete data, you can browse through it, modify it, or process it for your application’s needs.

The following code is a fully functional program that retrieves data fields from a table and fills a list box using ADODB connection and Recordset objects that use VB6.0. This example assumes that you have a data table (any relational database system such as SQL Server, Oracle, or MS Access) and you have created an ODBC data source using the ODBC Data Source Administrator utility. 

Create a new project and add a form to your project. Name your form as frmADOList. 

Add a list box and a command button to that form. 

Add ActiveX Data Objects 2.0 Library in your project by selecting Project/References.

Add the following code to the command button’s click event:

Dim frmConnection As ADODB.Connection
Dim frmRecordset As ADODB.Recordset
‘Create a new Connection
Set frmConnection = New ADODB.Connection
‘Create a new Recordset
Set frmRecordset = New ADODB.Recordset

The following string is used to open the connection for a DSN-based connection. Just replace this with another statement that is in the body text for a DSN-less connection.

frmConnection.Open "LoginDatabase","UserTable","computer"
frmRecordset.Open "Select * from Login", frmConnection
Do While Not frmRecordset.EOF
List1.AddItem frmRecordset!UserID
frmRecordset.MoveNext
Loop
frmRecordset.Close
frmConnection.Close
Set frmRecordset = Nothing
Set frmConnection = Nothing

Here, you opened two ADO objects, Connection and Recordset, to retrieve the information. To retrieve a particular field value from a row of the recordset, you can use the "!" operator. To retrieve the next row in the recordset, you have to move the cursor location to the next row by using the frmRecordset.MoveNext method. 

Suppose you want to use a DSN-less connection. You can replace the previous frmConnection.Open statement with the following:

frmConnection.Open "Provider=Microsoft.Jet.OLEDB.3.51;" _
& "Data Source=C:\Mydocuments\db1.mdb"

Obviously, you understand that this statement is using the Microsoft Jet OLE DB data source. Just refer to your database management system documentation for the OLE DB provider string and pass it as an argument to frmConnection.Open. 

The documentation for the ADO Error object states that the Error Collection will be populated if any error occurs within ADO or its underlying provider. This is incomplete. Sometimes, with an error in the provider (OLE DB) or ADO, the Errors collection may not be populated. You have to check both the VB Error object as well as the ADO Errors collection.

Because the Errors collection is only available from the Connection object, you need to initialize ADO off a Connection object. Following is an example that demonstrates the errors encountered:

Private Sub Command1_Click()
Dim frmConnection As ADODB.Connection
Dim frmErrors As Errors
Dim i As Integer
Dim StrTmp
On Error GoTo AdoError
Set frmConnection = New ADODB.Connection
‘ Open connection to some ODBC Data Source db1.mdb
FrmConnection.ConnectionString = "DBQ=db1.mdb;" & _
"DRIVER={Microsoft Access Driver (*.mdb)};" & _
"DefaultDir=C:\mydocuments\;" & _
"UID=LoginTable;PWD=computer;"
FrmConnection.Open
‘ The business logic to work on data goes here
Done:
‘ Close all open objects
frmConnection.Close

‘ Destroy frmConnection object
Set frmConnection = Nothing
‘ Better quit
Exit Sub
AdoError:
Dim errLoop As Error
Dim strError As String
‘ In case frmConnection isn’t set or other initialization problems
On Error Resume Next
i = 1
‘ Process
StrTmp = StrTmp & vbCrLf & "Visual Basic Error # " & Str(Err.Number)
StrTmp = StrTmp & vbCrLf & " and is generated by "& Err.Source
StrTmp = StrTmp & vbCrLf & " and it is " & Err.Description
‘ Enumerate Errors collection and display properties of 
‘ each Error object.
Set frmErrors = frmConnection.Errors
For Each errLoop In frmErrors
With errLoop
StrTmp = StrTmp & vbCrLf & "Error #" & i & ":"
StrTmp = StrTmp & vbCrLf & " The ADO Error #" & .Number
StrTmp = StrTmp & vbCrLf & " And it’s description is: " & _
.Description
StrTmp = StrTmp & vbCrLf & " The source is: " & .Source
i = i + 1
End With
Next
MsgBox StrTmp
‘ Clean that
On Error Resume Next
GoTo Done

End Sub

8.4: ADO from the Middle Tier

The middle tier consists of the functional modules that actually process data. This middle tier runs on a server and is often called the application server, (for example, Microsoft IIS4.0 with ASP and ADO2.0).

The other two tiers are user interface, which runs on the user’s computer (the client), and a database management system (DBMS) that stores the data required by the middle tier. This tier runs on a second server, often called the database server.

The three-tier design has many advantages over traditional two-tier or single-tier designs: 

The added modularity makes it easier to modify or replace one tier without affecting the other tiers. 

Separating the application functions from the database functions makes it easier to implement load balancing. 

A good example of a three-tier system is a Web browser (the client), IIS with ASP and ADO (the application server), and a database system (Access, SQL Server, Oracle, etc.).

You could use ADO in the middle tier directly (calling ADO from ASP in the case of IIS) or use it to create business objects. After creating business objects, you could call it in ASP or use it in your database applications.

Explained next is how you could use ADO in the middle tier in ASP after creating a business object that can be used to read and write data into a table. 

8.4.1: Accessing and Manipulating Data

You can access and manipulate data through ADO by using the Connection, Recordset, and Command objects. It is possible to open a Recordset without opening a connection to the database first. This is done automatically when a Recordset is opened. Similarly, there is no need to create a connection before you open a Recordset. For example, with this flexibility you can attach a Command object to Connection A, and attach it to Connection B at a later stage without having to rewrite the query string or change parameters. You can simply rerun the command to create a recordset. To access and manipulate data, you open a Recordset object (either by using a stand-alone Connection object; or by creating a recordset and attaching it to a connection, and executing a query or stored procedure.

To open a recordset, you use the Execute method on either the Connection or Command object, or you can use the Open method on the Recordset object. 

The following example shows the Execute method for opening a recordset to access and manipulate data:

Dim conn As ADODB.Connection
Dim rs As ADODB.Recordset
Set conn = New ADODB.Connection
‘ Establish a connection
With connBookstore
.Provider = "SQLOLEDB"
.ConnectionString = "User ID=computer;Password=win98;" & _
"Data Source=SalesHawk;" 
.Open
End With
‘ Build the recordset
Set rs = conn ("Select * from SalesReport")
‘ code for manipulation on the data goes here
‘close the recordset and connection
rs.Close
conn.Close

Whenever your application needs to update data in an external data source, you can either execute SQL statements directly or use a Recordset object and its various methods for modifying data. If you do not need to create a recordset, you can use a Command object and execute an SQL Insert, Update, or Delete statement to add or modify records. Recordsets utilize cursors, which consume resources. Using an SQL statement such as Insert is more efficient than creating a recordset and using the AddNew method of the Recordset object in enterprise systems. You can use either a Connection object or a Command object to execute SQL statements directly. To use the SQL command only once, use a Connection object. To execute stored procedures or parameterized SQL statements, use a Command object. Both Command and Connection objects use the Execute method to send the SQL statement to the data source. The following example shows this:

Dim conn As ADODB.Connection
Dim strSQL As String
Set conn = New ADODB.Connection
With conn
.Provider = "SQLOLEDB"
.ConnectionString = "User ID=Computer; Password=Win98;" & _
"Data Source=SalesHawk;" 
.Open
End With
' Build the SQL command
strSQL = "UPDATE SalesReps SET RepID = 101 WHERE RepName = ‘John Hawk’"
" Execute the SQL command
conn.Execute strSQL
conn.Close

If your application has already opened a recordset, we can modify data by using the recordset's methods. We can modify records with a Recordset object only one at a time. 

For multiple updates at once, you can use the Connection object's Execute method for better performance. The following example uses the Recordset object to modify data that is already opened:

Dim rs as Recordset
Set rs = New Recordset
‘Use existing connection
Set rs.ActiveConnection = conn
rs.CursorType = adOpenKeyset
rs.LockMode = adLockPessimistic
‘Open recordset and change last representative’s title since he got promoted to ‘senior position
rs.Open "Select * from SalesReps"
rs.MoveLast
rs!Title = "Sales Manager"
rs.Update 
rs.Close

8.4.2: Accessing and Manipulating Data by Using the Prepare/Execute Model

Prepare/Execute actually consists of preparing a SQL statement on-the-fly, depending on the user choice, and executing it for accessing data and manipulating it. Normally, you see this kind of strategy in Internet search wizards. Here, the query is built on-the-fly, depending on the user’s request and executed on the database.

Consider the following example, which prepares the query on the user selection and executes on the database for accessing the data:

Public Function BuildQuery (ByVal RepId As String, ByVal LastName As String, ByVal FirstName As String, ByVal Title As String) As String
Dim strSql As String
strSql = "Select * From "
If Title="Rep" Then 
strSql= strSql & "SalesRep where 
Else If Title="Mgr" Then
strSql= strSql & "SalesMgr where "
End If
End If

If LastName<>"" Then
strSql = strSql & "LastName Like ‘" & LastName & "’"
End If
If FirstName<>"" Then
strSql = strSql & "FirstName Like ‘" & FirstName & "’"
End If
If RepID<>"" Then
strSql = strSql & "RepID Like ‘" & RepID & "’"
End If
End Function

Now you can use this function to access and manipulate the data in your data access module:

Dim rs as Recordset 
sqlStr As String
Set rs = New Recordset
‘Use existing connection
Set rs.ActiveConnection = conn
rs.CursorType = adOpenKeyset
rs.LockMode = adLockPessimistic
‘Open recordset and change the selected Manager’s Position since he got promoted ‘to VP Technology since from a Director position 
sqlString = BuildQuery "1","Hawk", "John","Mgr"
rs.Open BuildQuery
rs!Position = "VP Technology"
rs.Update 
rs.Close

8.5: Calling a Stored Procedure using ADO       
Accessing and Manipulating Data by Using the Stored Procedures Model
You can improve the robustness of your application by using stored procedures. By using stored procedures to execute a query on a database, you allow the RDBMS to cache those SQL queries; subsequent requests can retrieve this information from cache, resulting in performance enhancement. Stored procedures is the added level of indirection between application and database, so even if your database structure changes often, you are not required to rewrite the client apps (assuming that the same result set is returned from our stored procedure). By encapsulating batch SQL statements, stored procedures reduce the network traffic. Instead of sending multiple requests from the client, you can send the requests in batches efficiently by using stored procedures and communicating whenever necessary. Stored procedures are compiled collections of SQL statements that execute quickly.

Using a Stored Procedure to Execute a Statement on a Database

Although executing stored procedures is similar to executing SQL statements, stored procedures exist in the database and remain there, even after execution has finished. The stored procedures hide potentially complex SQL statements from the components, which call them to retrieve data from the database. Because stored procedures are syntax-checked and compiled, they run much faster than SQL statements, which run as separate SQL queries.

Dim Conn As ADODB.Connection
Dim RS As ADODB.Recordset
Set Conn = New ADODB.Connection
Set RS = New ADODB.Recordset
Conn.Open "UserData", "User", "PassMe" 
‘Say UserData is DSN, User is UserID and ‘PassMe is Password to it 
RS = Conn.Execute "call spUserCount", numRecs, adCmdStoredProc
‘spUserCount is Stored procedure to count number of Users in the login table

Here, stored procedure spUserCount is executed on the Connection object. The Execute method on the Connection object takes three parameters: CommandText, Number of records, affected and options (options can be adCmdText, adCmdTable, adCmdStoredProc, or adCmdUnknown, which is the default). The CommandText can be a simple SQL statement or a call to a stored procedure. But to execute a stored procedure, the options argument should be set to adCmdStoredProc constant.

The stored procedure spUserCount for a SQL Server database is as follows:

CREATE PROCEDURE spUserCount AS
declare @usrcount as int
select @usrcount = count(*) from LoginData
return @usrcount
GO

Using a Stored Procedure to Return Records to a Visual Basic Application

The stored procedures on Microsoft SQL Server have the following capabilities for returning the data:

One or more result sets 

Explicit return value 

Output parameters.

Likewise, SQL Server handles the input parameters just like input parameters. The simplest way to return data is return values, which always returns the integer values. Most of the time, it is required to return more than one value and also it requires returning data types other than integers (output parameters can be used for that). The following examples show how to return an output parameter instead of return it as a value:

CREATE PROCEDURE spUserCount 
@count int output
AS
select @count=count(*) from LoginData
GO

The following code shows how to use input and output parameters to return the password for the given user:

CREATE PROCEDURE spUserData
@username varchar(255)
@passwd varchar(255) output
AS
select @passwd = passwd from LoginData where UserID Like @username
GO

You can return the recordsets to your application by using the Connection object and creating the recordsets on-the-fly, as in this example:

Dim conn As ADODB.Connection
Dim rs As ADODB.Recordset
Set conn = New ADODB.Connection
With conn
.Provider = "SQLOLEDB"
.ConnectionString = "User ID=Computer;Password=Win98; Data Source=LoginData"
.Open
End With
' Build the recordset
Set rs = Conn.Execute "call spUserCount", numRecs, adCmdStoredProc

8.5.1: Executing Stored Procedures from the Command Object

Setting the CommandType property of the Command object to the constant adCmdStoredProc and setting CommandText to the name of the stored procedure allows us to execute the stored procedure instead of a SQL query. The following example shows this:

Dim cmd As ADODB.Command
Dim rs As ADODB.Recordset
Set cmd = New ADODB.Command
‘Use a previously created connection
Set cmd.ActiveConnection = conn
cmd.CommandType = adCmdStoredProc
cmd.CommandText = "spUserData"
Set rs = cmd.Execute

Most of the time, stored procedures require that one or more parameters be passed to them. For each required parameter, a Parameter object should be created and appended to the Parameters collection of the Command object. There are two approaches to populating the Parameters collection. For situations in which access to the data source is fast or for rapid development purposes, you can have the data source automatically populate the parameters by calling the Refresh method of the collection. But the command must have an active connection for this to succeed. Once completed, you can assign values to the parameters and then run the stored procedure.

Dim conn As ADODB.Connection
Dim cmd As ADODB.Command
Dim rs As ADODB.Recordset
Set conn = New ADODB.Connection
Set cmd = New ADODB.Command
conn.ConnectionString = "DSN=SalesHawk;UID=Computer;PWD=Win98"
conn.Open
Set cmd.ActiveConnection = conn
cmd.CommandType = adCmdStoredProc
cmd.CommandText = "spSalesProspects"
cmd.Parameters.Refresh 
‘To retrieve the Sales Prospects in Chicago area using stored procedure to get ‘that information
cmd.Parameters(1) = "Chicago"
Set rs = cmd.Execute

If you use the Refresh method, it causes ADO to make an extra trip to SQL Server to collect the parameter information. By creating parameters in the collection in our components, we can increase the performance and avoid the extra network trip. Create the separate Parameter objects to fill the Parameter collection, fill in the correct parameter information for the stored procedure call, and then append them to the collection by using the Append method. For multiple parameters, you must append the parameters in the order that they are defined in the stored procedure. The following example shows how to create the parameters:

Dim conn As ADODB.Connection
Dim cmd As ADODB.Command
Dim rs As ADODB.Recordset
Dim prm As ADODB.Parameter
Set conn = New ADODB.Connection
Set cmd = New ADODB.Command
conn.ConnectionString = "DSN=SalesHawk;UID=Computer;PWD=Win98"
conn.Open
Set cmd.ActiveConnection = conn
cmd.CommandType = adCmdStoredProc
cmd.CommandText = "spSalesProspects"
Set prm = cmd.CreateParameter("varCity", adVarChar, adParamInput, 25,"Chicago")
cmd.Parameters.Append prm
Set rs = cmd.Execute

8.6: SQL Server-Specific Features 

Disconnected recordset
A disconnected recordset is a recordset that has been disconnected from its original connection. The recordset can then be efficiently assembled between components without maintaining a connection. These are useful when passing data between components in a three-tiered architecture.

To build a disconnected recordset, you need to define the CursorLocation as adUseClient before opening the recordset, then open and build the recordset, and then disconnect using Set rs.ActiveConnection = Nothing.

NOTE: If you are using MaxRows, a disconnected recordset will not know how to get the next set of rows.

Cursor
A cursor exposes the set of data resulting from a query as a set of rows in a sequential file. This makes it easier to track your current position within that data and navigate through the data. With most cursors you can handle data access requirements like reading, inserting, updating, and deleting selected data. Normally what you think of as your recordset is really a cursor exposing the logical set of data returned from your query.

8.6.1: Retrieving and Manipulating Data by Using Different Cursor Locations

Every cursor requires system resources to hold data. These resources can be RAM, disk paging, temporary files on the hard disk, or even a temporary storage in the database itself. If the cursor uses client-side resources, it’s called a client-side cursor; if it uses server-side resources, it’s called a server-side cursor.

The CursorLocation property in a Recordset object sets or returns a long value that can be any of the three constant values (adUseNone, adUseClient, and adUseServer), that represent the location of the cursor. To set the CursorLocation property or to get the cursor location, we can use it as follows:

recordset.CursorLocation = adUseClient ‘to set the cursor on client side.
Dim adCurLoc 
adCurLoc = recordset.CursorLocation ‘to get the cursor location

The constant adUseNone can be used to tell that no cursor services are used. It is now obsolete and kept only for backward compatibility.

The constant adUseClient can be used to create a client-side cursor supplied by the local cursor library of the client. For backward compatibility, the synonym adUseCompatibility is still supported.

The constant adUseServer can be used to create the default server-side cursor. It uses data-provider or driver supplied cursors. These are sometimes flexible and allow for additional sensitivity to the changes made to the data source by others. Some features provided by the client-side cursor, such as disassociated recordsets, are not available on server-side cursors. 

The setting of this property does not affect existing connections. This is a read/write property on either a connection or a closed recordset; it is only a read property on an open recordset. Connection.Exeute cursor will inherit this setting and recordsets will automatically inherit this setting from their associated connections.

The following example sets the location of the cursor to the client side:

Dim rs As ADODB.Recordset
Set rs = New ADODB.Recordset
rs.CursorLocation = adUseClient
rs.CursorType = adOpenKeyStatic
rs.Open "Select * from SalesReport", "DSN=SalesRep;UID=Computer;PWD=Win98;"

You can define the location where the cursor will hold its data:
Client Side

The resources for the cursor are located on the client machine. With a non-keyset client-side cursor, the server sends the entire result set across the network to the client machine. The client machine provides and manages the temporary resources needed by the cursor and result set. The client-side application can browse through the entire result set to determine which rows it requires. There may be a performance hit in fetching large result sets. After the result set has been downloaded to the client machine, browsing through the rows is very fast.
If you chose to use a non-keyset client-side cursor, the server sends the entire result set across the network to the client machine. It allows the client-side application to browse through the entire result set to determine which rows it requires. Static and keyset-driven client-side cursors may place a significant load on the workstations if they include too many rows. Fetching such large row sets may affect the performance of the application, with some exceptions. For some applications, a large client-side cursor may be perfectly appropriate. The client-side cursor responds quickly and allows us to browse through the rows very fast. Applications are more scalable with client-side cursors because the cursor’s requirements are placed on each separate client and not on the server.

Server Side

The resources for the cursor are located on the client machine. Server-side cursors only return requested data over the network. This can perform well in situations where there is heavy network traffic. However, server-side cursors can be slow because they only work on one row at a time, no batch updates. 

The server-side cursor returns only the requested data instead of entire rows over the network. This could be an obvious solution wherever excessive network traffic is present. Server-side cursors also permit more than one operation on the connection. That is, once you create the cursor, you can use the same connection to make changes to the rows without having to establish an additional connection to handle the underlying update queries. But it consumes, at least temporarily, server-side resources for every active client. Because there is no batch cursor available on the server side, it provides only single-row access, which in turn can be slow in operation. Server-side cursors are useful when inserting, updating. or deleting records. With server-side cursors, you can have multiple active statements on the same connection. Server-side cursors do not support the execution of queries that return more than one result set, which avoids the scrolling overhead associated with cursors and enables the cursor driver to manage each result set individually. 

8.6.2: Retrieving and Manipulating Data by Using Different Cursor Types

There are four different types of cursors defined in ADO: forward-only, static, dynamic, and keyset. The CursorType property sets gets the type of cursor used in a Recordset object. Set the CursorType property prior to opening the Recordset to choose the cursor type, or pass a CursorType argument with the Open method. Some providers don’t support all cursor types. Check the documentation for the provider. If you don't specify a cursor type, ADO opens a forward-only cursor by default  which sets or returns one of these CursorTypeEnum values: adOpenForwardOnly, adOpenStatic, adOpenDynamic, and adOpenKeyset.

The constant adOpenForwardOnly sets or returns the default forward-only cursor. It is useful for any application that requires a single pass through the data (sales reports, for example). This allows the application to scroll in the forward direction only.

The constant adOpenStatic sets or returns a static cursor. Although it can be used just like the forward-only cursor, you can scroll in both the directions; and additions, deletions and other changes made by other users are not visible.

The constant adOpenDynamic sets or returns a dynamic cursor. Here, you are allowed to modify, add, or delete the data. Additions, changes, and deletions by other users are visible and all types of movement through the recordset are allowed, except for bookmarks if the provider doesn't support them.

The constant adOpenKeyset sets or returns a keyset cursor. This is similar to the dynamic cursor (except the additions and deletions made by other users are inaccessible), but you can see the changes made by other users.

The CursorType property is read/write when the recordset is closed, and read-only when it is open. If you are using a client-side cursor by setting the CursorLocation property to adUseClient, only the static cursor is supported. If, by mistake, you set the CursorType property to an unsupported cursor type, the closest supported value will be used instead of returning an error. If a provider does not support the requested cursor type, the provider may return another cursor type. By using the supports method, we can verify the functionality of a cursor. Once we close the Recordset object, the CursorType property is set back to its original value. 

Forward-Only

You can create a forward-only cursor by setting the CursorType Property to adOpenForwardOnly. This creates a cursor with which you can retrieve a static copy of a set of records; and the changes, including additions and deletions made by others, will not be seen. Because this is a forward only cursor, you scroll in the forward direction. This is the default cursor. In most implementations (such as SQL Server) changes made to records are visible when the record is fetched. Forward-only cursors provide the best way for retrieving data quickly and efficiently. 

Static

You can create a static cursor by setting the CursorType Property to adOpenStatic. This creates a cursor with which you can retrieve a static copy of a set of records; and the changes, including additions and deletions made by others, will not be seen. Static cursors are recommended if your application needs to scroll both forward and backward and does not need to detect changes make by other applications or other users. 

Dynamic

You can create a dynamic cursor by setting the CursorType Property to adOpenDynamic. Changes, including additions and deletions made by others, are visible and you can scroll in both directions in the result set. Bookmarks are available, provided that the data provider supports them. Dynamic cursors are not normally recommended due to their large overhead. 

Keyset

You can create a keyset cursor by setting the CursorType Property to adOpenKeyset. Though you can see changes in data, as when using a dynamic cursor, you cannot view any additions or deletions made by other users. A keyset is the set of unique key values from all of the rows returned by a query. With keyset-driven cursors, a key is built for each row in the cursor and stored on the client or on the server. When you access a row, the key is used to retrieve the row values from the database. Keyset cursors are useful if your application is not concerned with concurrent updates, can programmatically handle bad keys, and must directly access certain keyed rows.

8.7: Advanced Topics

ADO introduced another advanced feature: the disconnected recordset. A disconnected recordset contains a recordset that can be viewed and updated, but it does not carry with it the overhead of a live connection to the database. This is a useful way to return data to the client that will be used for a long time without tying up the MTS server and database server with open connections. The client can make changes to the disconnected recordset by editing the records directly, or by adding or deleting them using ADO methods such as AddNew and Delete. All of the changes are stored in the disconnected recordset until it is reconnected to the database. In a three-tier situation, the disconnected recordsets are created on middle tier and it returns them to the client. For example, a client may request a listing of all sales representatives for a specific region or state. The user on the client computer may wish to compare the list of sales representatives with another list, and correct and assign tasks to each representative. This process may take a substantial amount of time. Here, the disconnected recordset is useful and ideal. The best way is to have the middle tier create the disconnected recordset and return it to the client. Once the recordset is created and returned to the client, it is disconnected from the database and the client can work on it as long as necessary without tying up the open connection to the database. Once the user is ready to submit changes, the client calls a SubmitChanges method. The disconnected recordset is passed in as a parameter and the SubmitChanges method reconnects the recordset to the database. SubmitChanges calls the UpdateBatch method; if there are any conflicts, SubmitChanges uses the existing business rules to determine the proper action. Optionally, SubmitChanges can return the conflicting records to the client to let the user decide how to handle the conflicts. To accomplish this, a separate recordset, which contains the conflicting values from the database, must be created and returned to the client. 

To create a disconnected recordset, you must create a Recordset object that uses a client-side, static cursor with a lock type of adLockBatchOptimistic. The ActiveConnection property determines whether the recordset is disconnected. If you explicitly set it to Nothing, you disconnect the recordset. You can still access the data in the recordset, but there is no live connection to the database. After all the changes are done, you can explicitly set ActiveConnection to a valid Connection object to reconnect the recordset to the database.

The following example shows how to create a disconnected recordset:

Dim rs As ADODB.Recordset
Set rs = New ADODB.Recordset
rs.CursorLocation = adUseClient
rs.CursorType = adOpenStatic
rs.LockType = adLockBatchOptimistic
rs.Open "Select * From SalesReps", "DSN=SalesHawk; uid=Computer; pwd=Win98"
Set rs.ActiveConnection = Nothing

If you return the disconnected recordset from a function, either as the return value or as an out parameter, the recordset copies its data to the caller. If the caller is a client in a separate process or on another computer, the recordset marshals its data to the client's process. When the recordset marshals itself across the network, it compresses the data to use less network bandwidth. This makes the disconnected recordset ideal for returning large amounts of data to a client.

While a recordset is disconnected, you can make changes to it by editing, adding, or deleting records. Since the recordset stores these changes, you can eventually update the database. When you are ready to submit the changes to the database, you reconnect the recordset with a live connection to the database and call UpdateBatch. UpdateBatch updates the database to reflect the changes made in the disconnected recordset. Remember that if the recordset is generated from a stored procedure, we cannot call UpdateBatch because UpdateBatch only works on recordsets created from the SQL statements.

The following example code shows how to reconnect a disconnected recordset to the database and update it with the changes:

Dim conn As ADODB.Connection
Set conn = New ADODB.Connection
conn.Open "DSN=Pubs"
Set rs.ActiveConnection = conn
rs.UpdateBatch

When you call UpdateBatch, other users may have already changed records in the database, and there is a danger of overwriting these changes in the database with changes in the disconnected recordset. To prevent those situations, the disconnected recordset contains three views of the data, and they are original value, value and underlying value views. 

The constant Original allows us to access the original values in the recordset. The constant Value allows us to access the current values in the recordset. These values also reflect any changes that you have to make to the recordset.

The constant Underlying allows you to access the underlying values in the recordset. These values reflect the values stored in the database. These are the same as the original values of the recordset and are only updated to match the value when we call the ReSync method.

The UpdateBatch method creates a separate SQL query for each changed record to modify in the database while it is being called. This SQL query compares the underlying value against the database value to check whether the record has been changed since the recordset was first created. If they are same, the database has not changed and an update can proceed, or else somebody else has updated the database and our update call fails. Whenever a failure occurs, the UpdateBatch flags it by changing its Status property. You can check to see if there are any conflicts by setting the Filter property of the recordset to adFilterConflictingRecords. It forces the recordset to navigate only through the conflicting records; if there are any, you can check the Status property to determine why the update failed and perform the relevant action on it. To make a decision about the conflicting records, you can update the underlying values in the disconnected recordset to examine the conflicting values in the database. To update the underlying values, you have to call the Resync method, with the adAffectGroup and adResyncUnderlyingValues parameters. The following example code shows how to resynchronize the underlying values in a recordset:

rs.Filter = adFilterConflictingRecords
rs.Resync adAffectGroup, adResyncUnderlyingValues

After the synchronization of the underlying values with the database values, you can see the changes made by others through the Underlying property and decide whether to overwrite them or not. To override them, simply call the UpdateBatch again; because the underlying values match with the database and no conflicts exist, the update occurs. Remember that when the disconnected recordset is passed from one process to another, it does not marshal the underlying values. So if you want to return a disconnected recordset to a client for conflict resolution, you must pass the underlying values via mechanisms such as separate disconnected recordsets that contain only the underlying values.

Exercise:


Q1. List the objects contained in the ADO object hierarchy.

Q2. Which of the following object contains the data returned by the query:

Connection

Field

Recordset

Command

Parameter.

    C Correct: Recordset object contains the data returned by the query.

Q3. Choose  the optional objects of an ADO object hierarchy from the following :

Error

Property

Command

Parameter

All of the above.

    E Correct: All of the above are optional objects of an ADO object hierarchy. 

Q4. Choose the Error object’s  properties from the following:

Description

Number

Name

SQLstate

Size

Source

A,B,D,F Correct: Description, Number, SQLstate, Source are properties of the   Error object.

Q5. Choose the type of cursor from the following with which changes made by other users are visible:
Dynamic cursor
Key-set cursor
Forward-only cursor
Static.
A Correct: Dynamic cursor enables one to view changes made by other users.
Q6. Choose from the following events of ADO 2.0:

ConnectionEvents

CommandEvents

RecordsetEvents

ErorEvents.

B, D Correct: ConnectionEvents and RecordsetEvents are events of ADO 2.0
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