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Introduction

I started working with the new Microsoft WinFX technology stack early in the beta and CTP
(Community Technology Preview) stage. The foundations in WinFX (Windows Presentation, Windows
Communication, and Windows Workflow) have now finally made their way into a shipping Microsoft
product: .NET 3.0. I actually started to learn and use all three of these foundations at the same time
in my day job. Talk about a massive learning curve.

While I was impressed with the flexibility and capabilities of Windows Presentation Foundation
and Windows Communication Foundation, I was somehow inexplicably drawn to Windows Workflow
Foundation (WF). WF isn’t just a new way to implement a user interface, or a new way to communicate
between applications and services. WF represents a completely new way to develop applications. It is
declarative, visual, and infinitely flexible. It promotes a model that cleanly separates whatto do from
when to do it. This separation allows you to change the workflow model (the when) without affecting
the what. Business logic is implemented as a set of discrete, testable components that are assembled
into workflows like building blocks.

Workflow isn’t a new concept. But when Microsoft spends years developing a workflow founda-
tion and provides it to us without cost, it is an event worth noting. Other workflow frameworks exist,
but WF will soon become the de facto standard workflow framework for Windows applications.

I wrote this book because I'm excited about workflow, and WF in particular. I'm excited about
the opportunities that it holds for application developers like us. My hope is that this book will help
you to use WF to build an exciting new generation of workflow-enabled applications.

Who Should Read This Book

This book is for all .NET developers who want to learn how to use Windows Workflow Foundation in
their own applications. This book is not a primer on .NET or the C# language. To get the most out of
the examples that I present in this book, you need a good working knowledge of .NET 1.1 and prefer-
ably .NET 2.0. All of the examples are presented in C#, so you should be proficient with C#.

An Overview of This Book

The material in this book is a WF tutorial presented in 17 chapters, with each chapter building upon

the ones before it. I've tried to organize the material so that you don’t have to jump ahead in order to

understand how something works. But since the chapters build upon each other, I do assume that

you have read each chapter in order and understand the material that has already been presented.
The short sections that follow provide a brief summary of each chapter.

Chapter 1: A Quick Tour of Windows Workflow Foundation

This chapter provides a brief introduction to WF. In this chapter, you jump right in and develop your
first workflow (“Hello Workflow”). You are introduced to some of the fundamental concepts of WF,
such as how to pass parameters to a workflow and how to make decisions within a workflow.

XXV



XXVi

INTRODUCTION

Chapter 2: Foundation Overview

The goal of this chapter is to provide a high-level overview of WF in its entirety. This chapter doesn’t
teach you how to use each individual WF feature, but it does acquaint you with the design time and
runtime features that are available with WF. This chapter is a roadmap for the material that is covered
in the remainder of the book.

Chapter 3: Activities

Activities are the building blocks of WF and are used to construct complete workflows. This chapter
provides a summary of the standard activities that are distributed with WF. This chapter also contrasts
two ways to introduce business logic into a workflow: the CodeActivity and building your own
custom activities.

Chapter 4: Hosting the Workflow Runtime

WEF is not a stand-alone application. It is a framework for building your own workflow-enabled appli-
cations. This chapter demonstrates how to host the workflow runtime in your own application.
Included in this chapter is a set of custom workflow manager classes that assist with hosting of the
workflow runtime. These helper classes are used in most of the chapters that follow this one.

Chapter 5: Flow Control

WF includes arich set of standard activities that support everything from simple branching decisions
and while loops to parallel execution and replication. These flow control activities control the execu-
tion sequence within a workflow and are covered in this chapter. Most of these activities support
Boolean conditions that can be specified in code or as declarative rule conditions. These two types of
conditions are contrasted in this chapter.

Chapter 6: Local Services

Several core features of WF are implemented as pluggable services. This allows you to choose the
implementation of each service that meets your needs. WF also provides for local services that

can be implemented by you to serve any purpose. One common use of local services is to facilitate
communication between workflow instances and your host application. The focus of this chapter is
on implementing and using your own local services.

Chapter 7: Event-Driven Activities

This chapter covers event-driven activities that allow your workflows to wait for the receipt of an
external event. Chapter 6 shows you how to implement local services and invoke methods of those
services from workflow instances. This chapter demonstrates how to raise events from those local
services and handle the events within a workflow.

Chapter 8: Workflow Persistence

Workflow persistence allows you to automatically save the state of running workflow instances and
then reload them at a later time. The use of persistence is especially important for long-running
workflows where a workflow can be unloaded from memory while it is idle and waiting for an
external event.
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Chapter 9: State Machine Workflows

WEF supports two main types of workflows: sequential and state machine. Up until this point in the
book, you have been working with sequential workflows that target system interaction problems.
Sequential workflows are best used when the exact sequence of tasks is known at design time. State
machine workflows are the focus of this chapter and are designed to easily react to external events.
They are especially useful for problems that involve human interaction since the exact sequence of
tasks can’t be determined at design time.

Chapter 10: Transactions and Compensation

The goal of this chapter is to demonstrate two ways to control the integrity and consistency of work
that is performed by a workflow. Transactions allow you to enlist multiple activities into a single
logical unit of work. When transactions are used, all of the work is committed or rolled back together
without any partial updates. On the other hand, compensation is the process of undoing work that
has already completed. Compensation might be necessary if individual activities in a workflow have
completed successfully, but later the workflow determines that the work must be undone.

Chapter 11: Workflow Rules

WEF includes a general-purpose rules engine that you can also use as an alternate way to declare your
business logic. Rules are best thought of as simple statements or assertions about data and not as
procedural instructions. Individual rules are grouped into rule sets and are evaluated by the rules
engine that is included with WF. Each rule allows you to define the actions to execute when the rule
evaluates to true, and a separate set of actions when it is false.

Chapter 12: Exception and Error Handling

Exception handling is important in any application, and WF provides a way to declaratively handle
exceptions. The goal of this chapter is to demonstrate various ways to handle exceptions within the
workflow model. This chapter also covers cancellation handlers that are used to execute a set of
activities when an executing activity is canceled.

Chapter 13: Dynamic Workflow Updates

Most of the time, you will statically define a workflow and then create instances of it at runtime. WF
also provides the ability to dynamically apply updates to an executing workflow, altering the internal
structure of the workflow. This chapter demonstrates how to apply dynamic workflow updates from
the host application, as well as from within an executing workflow.

Chapter 14: Workflow Tracking

WEF provides an instrumentation framework for tracking the execution of each workflow. The tracking
framework supports pluggable tracking services that you can implement to meet your needs. The
framework is based on tracking profiles that allow you to customize the amount and type of data
tracked for each workflow type. The focus of this chapter is using the standard tracking service and
also developing your own custom tracking service.
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INTRODUCTION

Chapter 15: Web Services and ASP.NET

WE allows you to declaratively access web services from within a workflow. You can also expose a
workflow as a web service that can be accessed by any web service client. These topics are covered in
this chapter along with the use of WF from an ASP.NET Web Forms application.

Chapter 16: Workflow Serialization and Markup

The goal of this chapter is to demonstrate the use of workflow markup and serialization. Each work-
flow definition can be declared and expressed in several forms, including markup. Markup declares
aworkflow in a simple XML form that doesn’t require compilation and can be parsed and executed
directly by the workflow runtime engine. The advantage of using markup is that it is much easier to
modify the workflow definition outside of Visual Studio, since it doesn’t require compilation.

Chapter 17: Hosting the Workflow Designers

After workflow serialization and markup is presented in Chapter 16, this chapter shows you how

to build your own workflow designer. WF includes the classes that you need to host the workflow
designers in your own application. The bulk of this chapter presents a working designer application
that enables you to define and modify markup-only workflows.

What You Need to Use This Book

To execute the examples presented in this book, you need a development machine with an OS that
supports the .NET 3.0 runtime. Currently, that is Windows XP Service Pack 2, Windows 2003 Server
Service Pack 1, or Windows Vista. A fully licensed version of Visual Studio 2005 is also necessary in
order to use the visual workflow designers and to work with the example C# code. The workflow
designers are not supported on the Express editions of Visual Studio or Visual C#.

The runtime for Windows Workflow Foundation is distributed as part of .NET 3.0. In addition
to this, you will need to install the designated version of the Windows SDK that supports workflow
development. A separate set of extensions to Visual Studio 2005 must also be downloaded and
installed to use the workflow designers, project templates, and workflow debugger.

You should be able to locate download links for all of the necessary files from the Microsoft . NET
Framework Development Center (http://msdn2.microsoft.com/en-us/netframework/
default.aspx).

Obtaining This Book’s Source Code

I have found that the best way to learn and retain a new skill is through hands-on examples. For this
reason, this book contains a lot of example source code. I've been frustrated on more than one occasion
with technical books that don’t print all of the source code in the book. The code may be available
for download, but then you need to have a computer handy while you are reading the book. That
doesn’t work well on the beach. So I've made it a point to present all of the code that is necessary to
actually build and execute the examples.

When you are ready to execute the example code, you don’t have to enter it yourself. You can
download all of the code presented in this book from the Apress site at http://www.apress.comand
go to the Source Code/Download section. I've organized all of the downloadable code into separate
folders for each chapter with a separate Visual Studio solution for each chapter. The only exception
is one shared project that is referenced by projects in most of the chapters of this book. I'd suggest
that you also keep your code separate by chapter as you work through the examples in this book.
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How to Reach Me

If you have questions or comments about this book or Windows Workflow, I'd love to hear from you.
Just send your e-mail to workflow@bukovics.com. To make sure your mail makes it past my spam filters
you might want to include the text ProWF somewhere in the subject line.



CHAPTER 1

A Quick Tour of Windows
Workflow Foundation

This chapter presents a brief introduction to Windows Workflow Foundation (WF). Instead of
diving deeply into any single workflow topic, it provides you with a sampling of topics that are fully
presented in other chapters.

You'll learn why workflows are important and why you might want to develop applications using
them. You'll then jump right in and implement your very first functioning workflow. Additional hands-
on examples are presented that demonstrate other features of Windows Workflow Foundation.

Why Workflow?

As developers, our job is to solve real business problems. The type and complexity of the problems
will vary broadly depending on the nature of the business. But regardless of the complexity of any given
problem, we tend to solve problems in the same way: we break the problem down into manageable
parts. Those parts are further divided into smaller tasks, and so on.

When we've finally reached a point where each task is the right size to understand and manage,
we identify the steps needed to accomplish the task. The steps usually have an order associated with
them. They represent a sequence of individual instructions that will only yield the expected behavior
when they are executed in the correct order.

In the traditional programming model, you implement a task in code using your language of
choice. The code specifies what to do (the execution instructions) along with the sequence of those
instructions (the flow of control). You also include code to make decisions (rules) based on the value
of variables, the receipt of events, and the current state of the application.

A workflow is simply an ordered series of steps that accomplish some defined purpose according to
a set of rules. By that definition, what I just described is a workflow.

It might be defined entirely in code, but it is no less a type of workflow. We already use work-
flows every day we develop software. We might not consider affixing the workflow label to our work,
but we do use the concepts even if we are not consciously aware of them.

So why all of this talk about workflows? Why did I write a book about them? Why are you reading
it right now?

Workflows Are Different

The workflow definition that I gave previously doesn’t tell the whole story, of course. There must be
more to it, and there is. To a developer, the word workflow typically conjures up images of a highly
visual environment where complex business rules and flow of control are declared graphically.
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It’s an environment that allows you to easily visualize and model the activities (steps) that have been
declared to solve a problem. And since you can visualize the activities, it’s easier to change, enhance,
and customize them.

But there is still more to workflows than just the development environment. Workflows repre-
sent a different programming model. It's a model that promotes a clear separation between what to
do and when to do it. This separation allows you to change the when without affecting the what.
Workflows generally use a declarative programming model rather than a procedural one. With this
model, business logic can be encapsulated in discrete components. But the rules that govern the
flow of control between components are declarative.

General purpose languages such as C# or Visual Basic can obviously be used to solve business
problems. But the workflow programming model really enables you to implement your own domain-
specific language. With such a language, you can express business rules using terms that are common to
a specific problem domain. Experts in that domain are able to view a workflow and easily understand it,
since it is declared in terminology that they understand.

For example, if your domain is banking and finance, you might refer to accounts, checks, loans,
debits, credits, customers, tellers, branches, and so on. But if the problem domain is pizza delivery,
those entities don’t make much sense. Instead, you would model your problems using terms such as
menus, specials, ingredients, addresses, phone numbers, drivers, tips, and so on. The workflow model
allows you to define the problem using terminology that is appropriate for each problem domain.

Workflows allow you to easily model system and human interactions. A system interaction is
how we as developers would typically approach a problem. You define the steps to execute and write
code that controls the sequence of those steps. The code is always in total control.

Human interactions are those that involve real live people. The problem is that people are not
always as predictable as your code. For example, you might need to model a mortgage loan applica-
tion. The process might include steps that must be executed by real people in order to complete the
process. How much control do you have over the order of those steps? Does the credit approval
always occur first, or is it possible for the appraisal to be done first? What about the property survey?
Is it done before or after the appraisal? And what activities must be completed before you can
schedule the loan closing? The point is that these types of problems are difficult to express using a
purely procedural model because human beings are in control. The exact sequence of steps is not
always predictable. The workflow model really shines when it comes to solving human interaction
problems.

Why Windows Workflow Foundation?

If workflows are important, then why use Windows Workflow Foundation? Microsoft has provided
this foundation in order to simplify and enhance your .NET development. It is not a stand-alone
application. It is a software foundation that is designed to enable workflows within your applica-
tions. Regardless of the type of application you are developing, there is something in WF that you
can leverage.

If you are developing line-of-business applications, you can use WF to orchestrate the business
rules. If your application is comprised of a series of human interactions, you can use a WF state machine
workflow to implement logic that can react to those interactions. If you need a highly customizable
application, you can use the declarative nature of WF workflows to separate the business logic from
the execution flow. This allows customization of the flow of control without affecting the underlying
business logic. And if you are looking for a better way to encapsulate and independently test your
application logic, implement the logic as discrete custom activities that are executed within the WF
runtime environment.
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There are a number of good reasons to use WF, and here are a few of them:

It provides a flexible and powerful framework for developing workflows. You can spend your
time and energy developing your own framework, visual workflow designer, and runtime
environment. Or you can use a foundation that Microsoft provides and spend your valuable
time solving real business problems.

It promotes a consistent way to develop your applications. One workflow looks very similar to
the next. This consistency in the programming model and tools improves your productivity
when developing new applications and maintaining existing ones.

It supports sequential and state machine workflows. Sequential workflows are generally used
for system interactions. State machine workflows are well-suited to solving problems that
focus on human interaction.

It supports workflow persistence. The ability to save and later reload the state of a running
workflow is especially important when modeling human interactions.

It supports problem solving using a domain-specific model. Microsoft encourages you to
develop your own custom activity components. Each custom component addresses a problem
that is specific to your problem domain and uses terminology that is common to the domain.

It provides a complete workflow ecosystem. In addition to the workflow runtime itself, Microsoft
also provides a suite of standard activities, workflow persistence, workflow monitoring and
tracking, and a workflow designer that is integrated with Visual Studio which you can also
host in your own applications.

It is free of charge. Because of this and its tight integration with Visual Studio, it will become
the de facto standard workflow framework for Windows developers. A growing community of
other WF developers is already in place. They are already sharing their ideas, their custom
activity components, and other code.

Your Development Environment

In order to develop applications using Windows Workflow Foundation, you’ll need to install a
minimum set of software components. The minimum requirements are the following:

Visual Studio 2005 Enterprise, Professional, or Standard
The .NET 3.0 runtime

A designated version of the Windows SDK that supports WF
The Windows Workflow add-in to Visual Studio

Please refer to the Microsoft MSDN site for the latest download and installation instructions.

Hello Workflow

At this point you are ready to create your first workflow. In the world of technology in which we work,
it has become customary to begin any new technical encounter with a “Hello World” example.

Not wanting to break with tradition, I present a “Hello Workflow” example in the pages that
follow. If you follow along with the steps as I present them, you will have a really simple yet functional
workflow application.
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In this example, and in the other examples in this chapter, I present important concepts that are
the basis for working with all workflows, regardless of their complexity. If you already have experience
working with Windows Workflow Foundation, you might feel compelled to skip over this informa-
tion. If so, go ahead, but you might want to give this chapter a quick read anyway.

To implement the “Hello Workflow” example, you'll create a sequential workflow project, add one
of the standard activities to the workflow, and then add code to display “Hello Workflow” on the Console.

Creating the Workflow Project

Workflow projects are created in the same way as other project types in Visual Studio. After starting
Visual Studio 2005, you select File » New » Project. A New Project dialog is presented that should
look similar to the one shown in Figure 1-1.

Mew Project
Project types: Templates: EI EI
+- Visual Basic ¥isual Studio installed templates
= Wisual C#
Wwindows _'_?-,‘--‘-_-‘-_Sequential ‘Workflow Console Applic... 55 Sequential Workflow Library
Windows (WinF) [ERworkflow Activicy Library tate Machine Workflow Console A,
+- Smart Device _L?J‘-’-_-‘;State Machine Workflow Library mpky WorkFlow Project
Database
Starter Kits My Templates
Warkflow
H- Visual C++ i3 Search Online Templates. ..

+- Other Project Types

A project for creating a sequential workflow console application.

Mame: HellovworkFlow
Location: D:ywindowswWorkflowworkicodeichapter 01 v
Solution: Add to Solution V

[ Ok ] [ Cancel

Figure 1-1. Sequential workflow console application New Project dialog

After selecting Visual C# as the language, you'll see Workflow as one of the available project
template categories. As shown in Figure 1-1, there are several workflow project templates available.
For this example, you should choose Sequential Workflow Console Application. This produces a
console application that supports the use of Windows Workflow Foundation. A sequential workflow
is one that executes a series of steps in a defined sequence. That’s exactly the type of workflow that
we need for this example.

Note Visual Basic developers don’t have to worry. The same Workflow project templates are also available for
Visual Basic if that’s your language of choice.
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You should now enter a meaningful name for the project, such as HelloWorkflow, select a
location, and press OK to create the new project.

Note In the example shown in Figure 1-1, the project will be added to an existing solution named Chapter 01.
An existing solution is used in order to neatly organize all of the examples for this book by chapter. This is not a strict
requirement and you are free to create individual solutions for each project if you prefer. If you create a new project
without first opening or creating a solution, the New Project dialog does not include the Add to Solution option.

After a second or two, the new project is created. The Solution Explorer window shows the
source files that are created as part of the project, as shown in Figure 1-2.

Solution Explorer - Solution 'chapter 01' (1 project) = 1 X

2 | & F] | F FELa
J Solution ‘chapter 01' {1 project)
= [ HelloWorkflow
+- |=d| Properties
=~ | References
< Syskemn
<3 Systern.Data
<3 Systern,Design
< Systern,Drawing
<3 Systern.Drawing. Design
<3 Systern. Transactions
- System.Web
- System.Web, Services
-3 System, Workflow, Activities
3 System, Workflow, ComponentMadel
-0 System,Workflow, Runtime
- System,xml
C"_:] Program.cs
+ - o] workflowl s

.:jﬂSqution Explorer [ Properties |53 Class View

Figure 1-2. Solution Explorer for the new workflow project

Notice thatI've expanded the References folder in order to show the assembly references for the
project. By selecting a workflow project as the template, the assembly references necessary to use
WEF are added for you. The workflow-related assemblies are the following:

¢ System.Workflow.Activities

» System.Workflow.ComponentModel

¢ System.Workflow.Runtime

Within these assemblies, the workflow-related classes are organized into a number of namespaces.
In your code, you only need to reference the namespaces that you are actually using.

The project template created a file named Program. cs. Since this is a console application, this
file contains the Main method associated with the application. We’ll review the generated code for
this file shortly.

Introducing the Workflow Designer

Also generated is a file named Workflowl.cs. This file contains the code that defines the workflow
and is associated with the visual workflow designer as its editor. When this file is opened, as it is
when the project is first created, the initial view of the designer looks like Figure 1-3.
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Workflowl.cs [Design] - X
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Figure 1-3. Initial view of the visual workflow designer

The workflow designer is the primary canvas that you will use to define your workflows. You can
also define a workflow entirely in code, in much the same way that you can define an entire Windows
form or other user interface elements in code. But one of the best features of WF is the designer, and
using it will greatly increase your productivity when defining workflows. The designer supports
dragging and dropping of activities onto the workflow canvas from the Visual Studio Toolbox.

Using Workflow Activities

An activity represents a step in the workflow and is the fundamental building block of all WF
workflows. All activities either directly or indirectly derive from the base System.Workflow.
ComponentModel.Activity class. Microsoft supplies a set of standard activities that you can use, but
you are encouraged to also develop your own custom activities. Each activity is designed to serve a
unique purpose and encapsulates the logic needed to fulfill that purpose.

For a sequential workflow such as this one, the order of the activities in the workflow determines
their execution sequence. A sequential workflow has a defined beginning and ending point. As shown in
Figure 1-3, previously, these points are represented by the arrow at the top of the workflow and the
circle symbol at the bottom. What takes place between these two points is yours to define by drop-
ping activities onto the canvas. Once you've dropped a series of activities onto a workflow, you can
modify their execution order by simply dragging them to a new location.

Activities wouldn'’t be very useful if there wasn’t a way to change their default behavior. There-
fore, most activities provide a set of properties that can be set at design time. The workflow itself also
has properties that can be set at design time.

Figure 1-4 shows just a few of the standard activities that are supplied by Microsoft. I review all
of the available activities in Chapter 3.



