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Directory Structure

e Install the course software by running the self-
extractor Install. WfCs_487.exe.

e The course software installs to the root directory
C:\OIC\WfCs.

~~Example programs for each chapter are in named
subdirectories of chapter directories Chap01, Chap02 and so
on.

— The Labs-directory contains one subdirectory for each lab,
named after-the lab number. Starter code is frequently
supplied, and answers are provided in the chapter directories.

— The Demos directory is provided for performing in-class
demonstrations led by-the instructor:

e The directory C:\OIC\Data-contains a'sample database
and command files for creating and removing a SQL
Server instance store for persistence of workflows.

— The database uses the LocalDB version of SQL Server 2016,
which is bundled with Visual Studio 2015.

— The command files are intended for use with SQL Server 2014
Express, which should be downloaded and installed separately.
They are used in Chapter 9 on Persistence.
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Workflow Foundation
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WTFCs Chapter 1

Workflow Foundation Conceptual Overview

Objectives

After-completing this unit you will be able to:

e Explain what a workflow is and how Windows
Workflow Foundation supports workflow
applications.

e Describe a typical business scenario for workflow and
illustrate with aWF application.

e Explain the concepts of workflows and activities.

e Describe runtime services provided in WF.
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WTFCs Chapter 1

What Is Workflow?

e In.general terms, a workflow can be thought of as a
flow of processes or tasks that produce some result.

e Workflows are often concerned with documents that
flow through various activities and may spawn other
documents as they are processed.

e Workflows can be'manual, with paper documents
beingtransmitted among people working at different
desks in an office, each person performing defined
tasks according to specified rules.

e \We are concerned with workflows as software
systems that define the flow of work, the activities
performed, and the rules that are employed.

— Rules can be expressed declaratively or in code.

— Activities may be entirely automated or may involve human
interaction.

— Workflows may be distributed among multiple computers in
diverse locations.

— Workflows are typically represented in a graphical manner.
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WTFCs Chapter 1

Windows Workflow Foundation

e Windows Workflow Foundation (WF) is a
framework that supports creating and running
workflow applications on Windows platforms.

— WEF consists of a programming model, an engine, and tools.

—- The tools include designers for Visual Studio.

e WF provides a consistent development experience
with other .NET 4.x technologies, including WCF and
WPF.

e The WF API contains'support for both C# and Visual
Basic, a special workflow compiler, workflow
debugging support, and a visual workflow designer.

e Workflows can be developed completely in code or
created in conjunction with- XAML ‘markup.

e The WF model and designer are extensible, enabling
developers to create custom activities that
encapsulate particular workflow functionality.
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WTFCs Chapter 1

Workflows

o A workflow is a set of activities that are stored in a
model describing a business (or other real-world)
process.

o A workflow describes the order of execution and
relationships between units of work.

— The units of work may run for a short time or a long time.

— Activities may be performed by people or the computer.

e A workflow instance is created and maintained by the
workflow runtime engine.

— There can be several workflow engines within an application
domain.

— Each instance of the engine can support multiple workflow
instances.

o A compiled workflow model can be hosted inside any
Windows process, including a console application, a
Windows Forms application, a WPF . application, a
Windows service, an ASP.NET Web application, and
a Web service.
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WTFCs Chapter 1

Activities

e The units of work of a workflow are called activities.

e Whena workflow instance starts, activities are
executed in an order as defined by the workflow
model.

— Both parallel and sequential orders of execution are
supported.

— Conditional and looping behavior of activities is supported.

— Executioncontinues until the last activity completes, and the
workflow then terminates.

e Activities can be reused within a workflow and in
other workflows.

e Activities usually have properties that are
configurable.

e WF provides many standard activities out-of-the box,
and custom activities can be created.
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WHiCs

Standard Activities

Chapter 1

e The Visual Studio Toolbox contains many standard
activities that can be dragged onto the surface of the
Workflow Designer.

— These are arranged in groups, such as Control Flow,
Flowchart, State Machine, Messaging, and so on.

— “Custom activities can be provided in activity libraries.

Toolbox

Search Jodlhosx

4 Control Flow

k
]
tl

i
iy

L1]

Bi & < & 3

Pointer
Dowhile
ForEach<T:
If

Parallel
ParallelForEach<T =
Pick
PickBranch
Sequence
Switch<T=
While

4 Flowchart

§ OB

Pointer
Flowchart
FlowDecision

FlowSwitch =T

[+ State Machine
[+ Messaging

[» Rumtime

[ Primitives

[ Transaction

[ Collection

[» Error Handling

[+ Migration

[ ReadActivityLibrary

Rev. 4.8 Copyright © 2018 Object Innovations Enterprises, LLC
All Rights Reserved




WfCs Chapter 1

Runtime Services

e WEF provides a number of out-of-the box runtime
services that are available in the workflow engine.

e Persistence services enable a developer to easily save a
WEF instance to external storage, such as a database
or XML file.

— This capability enables workflow applications to maintain
state-and be long-running, surviving application restarts.

e Transaction services enable you to maintain
transactional-integrity in workflow applications.

e Tracking services-support monitoring and recording
workflow execution:.

e Scheduling services enable you to control how the WF
runtime manages threads-in your application.
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Chapter 1

Workflow Business Scenario

e To illustrate workflows consider the following
business scenario:

As orders are created they are specified in XML files placed
in the folder Orders.

Each order in the Orders folder is processed, beginning with
getting the order information from the XML file.

Thelorder is verified;-which is done by a person who checks
each item.in the'order for consistency (description furnished
by customer matches the description in the vendor database
or has a trivial error such as a misspelling). The system also
does some verification, making.sure that the item ID is found
in the database.

If the order is valid, it is processed and an invoice is created.
The invoice is specified in an XML, stored in the Invoices
folder.

If the order is not valid, the issue with the order is ‘specified
in another XML file, stored in the Issues folder."(A customer
service representative can follow up on-such orders by
emailing or calling the customer.)

e This scenario is implemented by a workflow
application.

Rev. 4.8

See Chap01\OrderWorkflow. See the file Workflowl.xaml
in the OrderWorkflow project for a diagram of the
workflow.
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High Level Workflow

e Open up the file Workflowl.xaml.

< Youmust build the solution before the Workflowl.xaml file
will load properly in the visual designer.

— The Workflow Designer opens up, showing a diagram of the
workflow.

— Examine the workflow at a high level by collapsing the
While'More .Orders activity.

N

(] Segquence

(L] 'Initialize Orders

1] While More/Orders

&

=~k o0 vie

L] PromptFor Exit
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Details of While Activity

|ﬂ While More Orders

Condition
| Mare

["Body

ry1 Handle Crders P
|

£ GetOrder
1 Verify Order

ﬂ If Order is Valid o

Condition

Status == "0OK"
Then Elze
-1 Process Order [1/Process [ssue

e The heart of the workflow is a loop that gets and
verifies orders.

— If order is valid, it is processed.

— If order is not valid, an issue is processed.
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Structure of the Solution

e The solution consists of three projects:

= OrderLibrary is an activity library that defines custom
activities such as InitializeOrders, GetOrder, and so on.

— OrLib isan ordinary class library defining the classes that
are used in the implementation of the custom activities. This
includes.code to access a database.

— OrderWorkflow is a.console application that contains the
workflow itself-It has a graphical representation specified in
the XAML: file Workflowl.xaml.

e Three folders are provided for XML data files:
— The Orders folder contains orders to be processed.

— The Invoices folder contains invoices that are created for
valid orders.

— The Issues folder contains files‘describing issues for orders
that are not valid.

e A database of products is provided in the SQL Server
database file Product.mdf in the C:\OIC\Data folder.

— The database uses the LocalDB version of SQL Server 2016,
which is bundled with Visual Studio 2017.

— The database access code is encapsulated within the OrLib
class library.

Rev. 4.8 Copyright © 2018 Object Innovations Enterprises, LLC 12
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Orders Folder

e The Orders folder contains XML files representing
orders. The loop goes through all the files in this
folder.

— ‘As an‘example, consider 1002.xml. This order is basically
valid, but one of the items is slightly questionable.

<?xml.version="1.0" encoding=""utf-8"
standalone="yes"?>
<Order>
<Order1d>1002</0rderlid>
<Customer>
<Name>Mary Smith</Name>
<Emai I>mary@bar.com</Emai l>
</Customer>
<ltem>
<ltemld>104</1temld>
<Description>Sofa</Description>
<Quantity>1</Quantity>
</ltem>
<ltem>
<ltemld>102</I1temld>
<Description>Tabel</Description>
<Quantity>2</Quantity>
</ltem>
<ltem>
<Itemld>103</Itemld>
<Description>Lamp</Description>
<Quantity>2</Quantity>
</ltem>
</0Order>

e An automated verification might reject item 102
because of the misspelling of the description.
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Manual Step in the Verification

e As is typical in workflow applications, steps in the
workflow can be carried out either by the computer
or-aperson.

e As part of the processing of the VerifyOrder activity a
messagebox will be displayed for a human to verify
each item.

e Build:and run.the solution.

— OrderWaorkflow is the startup project, so this console
applicationwill run.

— As orders are verified, a message box will pop up for each
item of each order.

e Here is the message box for item'102 of order 1002.
Ttem Verification <

Customer Description: Tabel
Database Description: Table
I= this OK?

e The person viewing this will clearly see thathis is
benign and will click Yes to approve this item.
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Main Console Display

e As the workflow is executed, a running report on
each item is displayed on a main console.

e Here isthe display for order 1002:

C:\OIC\WFCs\Chap01\OrderWorkflow\Orders\1002.xml
Orderld = 1002

Verification message = OK

Orderld = 1002

CustomerName = Mary Smith

CustomerkEmail = mary@bar.com

Itemld Description Quantity ... Price Extension
104 Sofa 1 .- $500.00 $500.00
102 Tabel 2 .- $200.00 $400.00
103 Lamp 2 .- $50.00 $100.00

Total = $1,000.00
File 1002.xml has been created in folder Invoices

e And here is the display for orders 1003 and 1004 for
which there were genuine issues:

file = 1003.xml
C:\OIC\WFCs\Chap01\OrderWorkflow\Orders\1003:xml
Orderld = 1003

Verification message = Description does.not match
Create issue: Description does not match

File 1003.xml has been created in folder-Issues
file = 1004 ._.xml
C:\OIC\WFCs\Chap01\OrderWorkflow\Orders\1004 .xml
Orderld = 1003

Verification message = ltem Not Found

Create issue: Item Not Found

File 1004.xml has been created iIn folder Issues
Press Enter to exit
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Issues Folder

e The Issues folder will contain an XML file for each
order having genuine issues.

e ‘Our example illustrates two kinds of problems.

— The item-is not found in the database, a problem that can be
detected automatically, illustrated in order 1004.

— The item’s/description indicates a genuine question, such as
an ambiguity-that should be verified with the customer,
illustrated in order 1003.

Item Verification |

Customer Description; Bookshelf
Database Description: Bookshelf (5 shelves)
Is this OKZ

Tes Mo |

— The human verifier will reject this.item, because the
company has several bookshelves having different numbers
of shelves, and the customer should be queried tomake sure
she gets the desired bookshelf.

— Here is the generated issue file 1003.xml:

<?xml version="1.0" encoding="utf-8" standalone="'yes''?>
<lIssue>
<Order1d>1003</0rderld>
<CustomerName>Bill Jones</CustomerName>
<CustomerEmail>bill@forest.net</CustomerEmail>
<Message>Description does not match</Message>
</Issue>
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Invoices Folder

e For valid orders an XML file is created from which
an invoice can be generated.

— The actual invoice that will be sent to the printer is created by
a separate subsystem, which could be another workflow,
whose input is the files in the Invoices folder.

e As-an example, here is the invoice XML file for order
1002.

<?xml version="1.0" encoding="utf-8" standalone="'yes"?>
<lnvoice>
<Order1d>1002</0rderlid>
<CustomerName>Mary Smith</CustomerName>
<CustomerEmai I>mary@bar.com</CustomerEmai >
<Lineltem>
<ltemld>104</I1temld>
<Description>Sofa</Description>
<Quantity>1</Quantity>
<Price>500.0000</Price>
<Extension>500.0000</Extension>
</Lineltem>
<Lineltem>
<ltemld>102</I1temld>
<Description>Table</Description>
<Quantity>2</Quantity>
<Price>200.0000</Price>
<Extension>400.0000</Extension>
</Lineltem>
<Lineltem>
<ltemld>103</I1temld>
<Description>Lamp</Description>
<Quantity>2</Quantity>
<Price>50.0000</Price>
<Extension>100.0000</Extension>
</Lineltem>
<Total>1000.0000</Total>
</Invoice>
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Learning Microsoft’'s WF

e There are two main challenges in learning to use
Windows Workflow Foundation.

e The first challenge is to understand the nature of
workflow applications, which are quite different in
structure from conventional applications.

— " For this purpose studying a miniature example illustrating an
actual business.scenario is invaluable.

— The program OrderWorkflow is such an example. (By
contrast, a-conventional console application is provided in
OrderConsole in the chapter folder.)

e The second challenge is to understand the classes and
tools in the actual framework.

— For this purpose studying small standalone examples,
divorced from the complexities of a business situation, will
be most helpful.

— We’ll largely follow this second approach in the remainder of
the course, beginning with a simple “Hello Workflow”
example in Chapter 2.
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Windows Workflow Foundation 3

e \Windows Workflow Foundation was introduced as

part of NET Framework 3.0 (formerly called
WinFX).

e NET Framework 3.0 layers on top of NET

Framework 2.0 and has the components shown in the
diagram.

Windows Windows Windows .
; 0] . Windows
Presentation Communication Workflow
) : . CardSpace
Foundation Foundation Foundation (WCS)
(WPF) (WCF) (WF)
.NET Framework 2.0
Windows ASP.NET ADO.NET
Forms

Base Class-Libraries

Common Language Runtime

e NET Framework 3.5 added some impaortant.new
features, notably Language Integrated Query or.
LINQ, but remained layered on top of .NET2.0.

— WF 3.5 used the same Workflow programming model-as WF
3.0.
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Windows Workflow Foundation 4

e .NET 4.0 is a major revision of the .NET Framework,
and the WinFX technologies are no longer layered on
top-of .NET 3.0.

o Windows Workflow Foundation in .NET 4.0is a
complete're-architecting of WF.

WEF 4 has accompletely new set of assemblies:
System.Activities.* that are used in place of the
System.Workflow.* assemblies from WF 3.

But WF 4 retains the System.Workflow.* assemblies, so WF
3 workflows will run unchanged in WF 4.

e Major changes in WF 4 include:

Rev. 4.8

A new visual designer, built with WPF, supports the ability
to work with much larger workflows.

Data flows, which were opaquedin WF 3, can now be clearly
specified as variables and arguments with familiar typing and
scoping.

A new Flowchart activity is provided.

The programming model has been revamped, making
Activity a core base type used for both workflows-and
activities. The model is now fully declarative, expressible in
XAML, with no code-beside.

Integration with WCF has been improved, with new
messaging activities, and fully declarative service definition.

Copyright © 2018 Object Innovations Enterprises, LLC 20
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Windows Workflow Foundation 4.5

e Windows Workflow Foundation in .NET 4.5/4.6 and
Visual Studio 2017 contains new activities, designer
capabilities, and a new workflow development model.

e A major enhancement for C# programmers is C#
expressions.

— Prior to .NET 4.5 expressions in workflows had to be written
in Visual Basic.

e NET 4.5 provides for a state machine development
model out-of-the box.

— WF 3 supported-state machines'but WF 4 did not

e There are a number-of new designer capabilities:

— Auto-surround with Sequence: Dragginga second activity
into a block expecting a single activity will cause.the
designer to automatically insert'a Sequence.

— There is an auto-connect feature in flowcharts.

— Breakpoints can be set on states in state machines.

e Consult MSDN documentation for other
enhancements in WF 4.5.
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Summary

e A workflow can be thought of as a flow of processes
or tasks that produce some result.

e ‘Windows Workflow Foundation (WF) is a
framework-that supports creating and running
workflow applications on Windows platforms.

e The units of work-of a workflow are called activities.
e Workflows can be defined using a visual designer.

e Standard activities are provided in a Toolbox, and
custom activities can be created in an activity library,
also made available in the Toolbox.

e Workflow Foundation 4 is a complete re-architecting
of WF.

o WF 4.5 contains new activities, designer capabilities,
and a new state machine development model. C#
expressions are supported in workflows.
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Chapter 2

Getting Started with WF 4.5
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Getting Started with WF 4.5

Objectives

After-completing this unit you will be able to:

Describe the overall structure of workflow programs.
Implement workflows using C# code.

Use the Sequence activity to implement workflows
consisting of multiple activities.

Create Workflow projects using Visual Studio 2017.

Implement workflows declaratively in XAML by
using the Visual Studio Warkflow Designer.

Use the WriteLine and Assign activities in your
workflow programs.

Describe the use of variables, arguments and C#
expressions in workflow programs:;

Describe the Control Flow activities and illustrate
using the While activity.

Rev. 4.8 Copyright © 2018 Object Innovations Enterprises, LLC 24

All Rights Reserved



WTFCs Chapter 2

Workflow Structure

e The fundamental unit of work in a workflow
application is called an activity.

— In WFE-an activity is represented by a class that derives
ultimately from the class Activity.

— Activities can be composed together to form larger activities.

e An-activity that is used as a top-level entry point is
called-a workflow.

o A workflowis executed bya runtime engine.

— The simplest way. to invoke the runtime engine is through the
Workflowlnvoker class.

— This will start the workflow at the'top-level activity, just as a
CLR program will start at'the top-level entry point Main().
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Minimal Workflow Program

e See Minimal in the chapter folder.

using System;
using System.Activities;
using System._Activities.Statements;

namespace HelloCode

{

class Program

{

static void Main(string[] args)

{

Activity wf = new WriteLine

{
Text = "Hello, world"
}:

Workflowlnvoker . Invoke(wf) ;

— This workflow consists of a single activity WriteLine.

— The activity is instantiated, its Text property_ initialized, and
passed as a parameter to the static Invoke() method of the
Workflowlnvoker class.
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Sequence Activity

e In.most cases a top-level activity will act as a
container of other activities.

— Examples of such container activities include Sequence,
Parallel and Flowchart.

¢~ A Sequence activity, as its name suggests, executes its
contained activities sequentially.

— An iHustration‘is provided by the Sequence example.

Activity wf = new Sequence

{
Activities =
€ o
new WriteLine
{
Text = "Hello, world"”
o o
new WritelLine
{
Text = "Goodbye."
+
+
};
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Visual Studio Workflow Projects

e While it is certainly possible to create workflow
applications using only C# code, it is much more
productive to use Visual Studio® and the Workflow
Designer.

e _Visual Studio provides several workflow project
templates:

— Activity Designer Library

— ActivityLibrary

— WCF Workflow Service Application
— Workflow Console-‘Application

o We’ll begin with Workflow Console Applications.

e Let’s use Visual Studio to create a “Hello”
application, and we’ll use the'visual Workflow
Designer after our project has been created.

! The Workflow Designer is now available in the free Visual Studio Community 2017.
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Workflow Designer Demo

1. Create a new Workflow Console Application Hello in the
Demos folder. The necessary template is in the Workflow group
in the-Toolbox.

New Project 2lx
rs L1
l b Recent | .NET Framework 4.6.1 +| Sort by: [Default -] &5 Search (Ctrl+E) P -
!
4 Jnstalled Cc# .
i -" Activity Designer Library Visual C# Type: Visual C#
4 yigual C# o & blank Workflow Console Application
Windows Classic Desktop ’ mmC N )
Activity Librar Visual C#
Wéb g ty Library
.NET Care C#
NET Staridard @ WCF Workflow Service Application  Visual C#
Cloud c
Test E Workflow Console Application Visual C#
WCF
Warkflow
P Visual Basic 7
Mot finding what you are locking-far2
Open Visual Studio Installer
Name: |He||o| |
Location: | C:\OICYWCs\Demos), - | Browse...
Solution: | Create new solution ~|
Solution name: Hello Create directory for solution
D Add to Source Contral

2. Examine the files of your new project in Solution'Explorer. The
workflow will be defined declaratively in the file
Workflowl.xaml. It is open in the visual-Workflow Designer.

Solution Explorer - o
R e-2nam o s -
Search Solution Explorer (Ctrl+;) ;Cl' ~)

nq'__| Solution 'Hello' {1 project)
4 Hello
b Properties
l* =B References
?'__'I App.config
B ©* Program.cs

EJ Workflow 1. xaml
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Workflow Designer Demo (Cont’d)

3. There is a Toolbox containing a palette of built-in activities.
Expand the Control Flow group.

workiowLenl = x IR

Search Toolbas £ ~ B workflow1 Expand All Collapse All

4 Control Flow -
k  Pointer
#}-. Dowhile
1/ FotEach<T>
i IF
00 Parallsl
t] ParalelForEach=T> Drap activity her
Pick
PickBranch
Seguence
Switch<T=
While
[ Flowechart

1]

Ci < & &

4. Drag a Sequence activity onto the center of the design canvas.

f:'_l Sequence

Drap aciwly here

It
1

5. Expand the Primitives group in the Toolbox.
|4 primitives

k  Pointer

A

Assign

Delay
InvokeDelegate
InvokeMethod
WriteLine

HADUWO
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Workflow Designer Demo (Cont’d)

Chapter 2

6. Drag two WriteLine activities onto the Sequence activity.

Specify the Text property as “Hello, world” and “Goodbye”.

N

&4 Seguence

[ WriteLine

Text "Hello, warld®

= WriteLine

Text "Goodbye”™

7. Build and run (without debugging).“You’ll see this output:

Hello, world
Goodbye
Press any key to continue .

8. Examine the C# code in Program.cs.

class Program

{
static void Main(string[] args)
{
Workflowlnvoker . Invoke(new Workflowl());
+
+
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Workflow Designer Demo (Cont’d)

9. The workflow has been specified declaratively in the file
Workflowl.xaml. Normally you will work with the visual
representation. If you want to see the XAML, right-click over
the file in'Solution Explorer and choose View Code ... from the
context menu. To go back to the visual representation, choose
View Designer.

Sl<Ackivity mc:Ignorable="sap sap2B1® sads™ x:Class="Hello.Workflowl" sap2@1@:ExpressionActivityld
xmlns="http://schemas.microsoft. com/netfx/2009/xaml /factivities” -
wxmlns mc="http://schemas.openxmlformats.org/markup-compatibility/2686™
wxmlns:sads="http://schemas .micresoft. com/netfx/2010/xaml factivities /debugger™
wmlns:sap="http://schemas.microsoft. com/netfx/2009/xaml /activities/presentation™
wxmlns:sap2@les"http://schemas.microsoft. cominetfx/2016/ xaml /factivities/presentation™
wmlns:scg="clr-nameéspace:System.Collections.Generic;assembly=mscorlib™
wxmlns:sco="clr-namespace:System Lollections.ObjectModel jassembly=mscorlib™
wxmlns:iw="http://schemasimicrosoft. com/winfx/2006/xaml" >

<TextExpression.NameSpaCasForImplemgptation:. 48/ TextExpression. NamespacesForImplementation>
<TextExpression.Referen@edrorImplementation€?. </ TexExpression. ReferencesForImplementation
<Sequence sap2@ld:Workflowiewstate. IdRef="Sequence_1">
<WriteLine sap2@l@:uWorkflowliewState.IdRef="HWriteLine 1" Text="Helle, world" /:
<WriteLine sap2@1@:kWorkflowViewState.IdRef={WriteLine 2% Text="Goodbye" />
<sads:DebugSymbol. Symbol:dy1DOIKPSUNCYIEMVMICRGVEbINCSEYsbGIcSGYsbGIcV29ya2ZsbIcxlnhhblwF 1,
</Sequences
<5ap281@:WorkflowViewstate.ViewStateManager:
= <5ap2@81@:ViewstateManagers
<5ap2@1@:ViewstateData Id="Writeline_1"/sap:VirtualizedContainerservice.Hint5ize="211,59
<5ap2@18:ViewStateData Id="Writeline_2"“sdpsVirtualizedContainerService.Hint5ize="211,59

<sap2@l@:ViewStateData Id="Sequence 1" sapglifimalizedContainerSegfiee Hintsize="233,2582
<sap28l8:ViewstateData Id="Hello.Workflowl_ 1"¢sap:VirtualizedContainerservice.HintSize=";
</sap2ala:ViewStateManager:
</sap2ala:WorkflowviewState. ViewStateManagers>
</ﬁctiuityﬂ

10. You have created a simple workflow without writing any C#
code! The program is saved in HelloXaml inthe chapter folder.
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Variables

e You can use variables in workflow programs.

~ Define variables using the Workflow Designer. See the
Variables tab at the bottom of the design surface.

— You can assign values to variables using the Assign activity,
which.is part of the Primitives group.

o Let’sillustrate by creating another version of our
Hello program. Continue your work in the Demos
folder.

1. Click on the Variables tab.

Name Variable type Scope Default

Variables! Arguments  Imports W P I:l::‘f: TI =

2. Note that in WF variables have scope as in‘programming
languages. Click on the Sequence activity to specify a.scope of
the whole sequence, including the contained WriteLine
activities.

3. You can now create a variable. Call it Name, with type(String
and Default value of “world”.

Mame Variable type scopa Default
Mame String Sequence “world”
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Assign Activity

e Another useful primitive activity is Assign.
= Thisactivity assigns a value to a variable.

— The semantics of the Assign activity require that the To (left-
hand side) must be a variable, but the right-hand side may be
a variable, a literal, or an expression®.

4. Drag-an Assign activity from the Toolbox to the top of the
Sequence.

e

3] Seguence D

AR .ﬂ.ssfgn_ 0

1
a0
1
L]
7

5. Specify Name for the To and “Workflow” for the C#
expression.

&+8 Assign

Mame = "Warkflaw™

6. Edit the following WriteLine activity to provide this-expression
for the Text argument:

“"Hello, " + Name

% In WF 4.5 you use C# expression for C# Workflow projects. Previously VB expressions were used.
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HelloAssign Workflow

e The completed demo is saved as HelloAssign in the
chapter folder.

— Here.is the final workflow:

o
e

Seguence

&+8_AAssign
Mame = "Workflow™
B WriteLine

Texts Hello, ™ +Mame

& Writeline

Text "Goodbye®

e Build and run (without debugging):

Hello, Workflow
Goodbye
Press any key to continue .
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C# and Visual Basic Expressions

e InWF 4.5 new workflows created with C# use C#
expression syntax and workflows created with Visual

Basic use VB syntax.

— In WEF 4 expressions always used VB syntax.

¢ Besides using the special interface provides by the
Woarkflow Designer for the WriteLine activity, you
could enter the expression via the Properties window.

System. Activities Statement=tWnt=bine

El gearch: Clear

E Misc
DisplayMarie Writeline
Text "Helle, " +/Mame _I
TextWriter Enter 8 CF axpra@sion _I

e For long expressions, click the -/ button te.bring up
the Expression Editor.

s A%

Text {String)

PHEllD, " + Name

O Cancel
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Arguments

e Besides variables and expressions, the data flow
model in Workflow Foundation uses arguments.

e ‘Arguments specify the inputs and outputs of
activities.

o For example, the Assign activity has input argument
Value and outputargument To.

— There is also a DisplayName property that is used by the
Designer:in the visual display of the activity.

DisplayMame Assign
To MNams J
Valus “Workflow" J

e You can also define your own arguments for a
workflow in the Designer.

— Click the Arguments tab at the bottom of the Designer

window.
Name Direction Argument type Default value
aMame IIn E Siring YR @ CF eSS
Ot
In/Out
Property
Variables Arguments Imporis

— We are creating an argument aName whose direction is In.
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Argument Example

2

e Modifying our “Hello” example, we delete the Assign
activity and the variable Name. Instead we will use
the-argument aName in the first WriteLine activity.

& Writeline

Text ™Hello, * + aMame
|

e \We pass the argument in a Dictionary in a second
parameter to the lnvoke() method in Program.cs.

class Program

{
static void Main(string[] args)
{
Workflowlnvoker . Invoke(new Workflowl(),
new Dictionary<string, object>
{
{"'aName" ,” ""Argument demo''}

s

+

}

— Note that the Dictionary class is in the namespace
System.Collections.Generic.

e Build and run:

Hello, Argument demo
Goodbye

e Our example program is HelloArgument in the
chapter folder.
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Lab 2A

A Calculator Workflow

In this-dab you will implement a very simple calculator workflow
that will add and subtract two integers. As a variation, you will
allow the user of the program to enter the integers at the command
line, and the results will be passed back by arguments.

Detailed instructions are.contained in the Lab 2A write-up at the
end of the chapter.

Suggested time: 30 minutes
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Control Flow Activities

e The Built-In Activity Library provides a number of
activities to support a variety of control flow patterns.

— The simplest is Sequence, which provides for the sequential
execution of activities.

— Looping behavior can be implemented with While, DoWhile
and ForEachractivites.

— Conditional execution can be implemented with If and
Switch activities.

— These and other control flow activities are discussed in
Chapter 3.

e Let’s illustrate control flow using While.

— See FactorialWhile in the-chapter.folder, which calculates
the factorial of a positive integer N.

— Here is the top-level workflow:

3 Sequence

«

t] Calculate Factorial

[ Display Factorial

Text “Factorial =" + Fact
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While Activity

e The logic for calculating the factorial of N can be
expressed in this C# code:
iInt'N = 5;
int Fact = 1;
while (N > 1)
{
Fact = Fact * N;
N=N - 12
+

e Our workflow program implements the same logic
using the While activity.

— Expand the first-activity of the Sequence.

t] Caloulate Factorial

Condition
M=1
Body
[:'j Sequence £ |
|
a+E  Assign
|
Fact = Fact *M
aB Assign {
M =N-1
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Lab 2B

Exercises Using While and DoWhile
In this-dab you will implement several exercises using the While
and DoWhile activities.

Detailed instructions are contained in the Lab 2B write-up at the
end-of the chapter.

Suggested time: (45 minutes
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Summary

e The fundamental unit of work in a workflow
application is called an activity.

e 'An activity that is used as a top-level entry point is
called.a workflow.

e 1t is possible to'implement workflows using only C#
code.

e Visual Studio 2017 has several templates for creating
workflow-applications.

e You can implement workflows declaratively in
XAML by using the Visual Studio Workflow
Designer.

e With the Sequence activity you‘can implement
workflows consisting of multiple activities.

e There are a number of primitive built-in activities,
including WriteLine and Assign.

e WF 4.5 has a clear model for data flow using
variables, arguments and expressions.

e There are a number of built-in Control Flow
activities such as While and If.
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Lab 2A

A Calculator Workflow

Introduction

In this lab you will implement a very simple calculator workflow that will add and
subtract two integers. As a variation, you will allow the user of the program to enter the
integers at the command line, and the results will be passed back by arguments. Some
hints are provided after the statements of the exercises.

Suggested Time: 30 minutes

Root Directory: OIC\WfCs

Directories: Labs\Lab2A (do your work here)
Chap02\Calculator\Stepl (answer to Part 1)
Chap02\Calculator\Step2 (answer to Part 2)
Chap02\Calculator\Step3 (answer to Part 3)

Part 1

Create a Workflow Console Application Calculator with the following features:
e A Sequence that contains two Assign and-two WriteLine activities.
e Integer variables X and Y with default values.
e Integer variables Sum and Diff
e Calculate the sum and difference in the two Assigns and display.them in the two
WriteLines.

The finished workflow is shown on the following page:
Part 2

Modify your program so that X and Y are now arguments rather than variables. The
values you previously used as default values should now be passed in-a-dictionary that'is
used as a second parameter. These values are hardcoded in Program.cs.

Part 3

Modify your program so that instead the values to use for X and Y are passed as
command-line parameters. You can then start a command prompt from Windows,
navigate to the bin\Debug folder, and enter a command such as this:

Calculator 13 8

As a final touch, change the DisplayName of your activities to be more descriptive.
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Hints for Part 1
Here is the workflow:
[3] Sequence
a*B  Assign
Sum =X+Y
A*E  Assign
Diff =¥-Y
N
@ Writeline
Text String.Format(™0} +{1} = {7+,
@ Writeline
Text String.Format({™0} - {1} = {2}

Here are the definitions of the variables:
MName Variable type Scope Default
X Int32 Sequence
Y Int32 Sequence
Sum Int32 Sequence a CF awmressio
Diff Int32 Sequence 8 CF expressio
Creafe Variable
Here are the C# expressions for the two WriteL.ines:
String.Format("'{0} + {1} = {2}, X, Y, Sum)
String.Format('{0} - {1} = {2}, X, Y, DiffF)
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Hints for Part 2

X and Y are deleted from the list of Variables and are now in the list of Arguments.

Mame Direction Argument type Default value

X In Int32 Enter 3 OF axpression
L In Int32 Enter 2 CF expression
” ':"a?eﬂ'“_:. Thert

The code in Program.cs is modified to create a dictionary of input arguments. This
dictionary is passed as a second parameter to the WorkflowInvoker.Invoke() method.

class’ Program

{
static void Main(string[] args)
Workflowlnvoker .dnvoke(new Workflowl(),
new. Dictionary<string, object>
{
{.'Xl' 2 13} ’
{Y", 8}
s
}
}

Hints for Part 3

In place of hardcoding values for “X” and “Y””;.we now obtain the values from the
command line. Since the Main() method receives arguments as strings, we must parse
these arguments to obtain integers. Here is the code’in Program.cs:

class Program

{

static void Main(string[] args)
{
int x Int32_Parse(args[0]);
inty Int32.Parse(args[1]);
Workflowlnvoker . Invoke(new Workflowl(),
new Dictionary<string, object>

{

{"X", x},
{'Y", v}
DE

b

The workflow with more descriptive DisplayNames is shown on the next page.
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1y Sequence
v

a8 Calculate Sum

“&m =X+
R

OO |lll Calculate Difference
QO% ‘ |I_‘.ifF |=|x -y
O

You can run the program at the command line @%ovid A

specify command line arguments in the Debug o

Debug™®
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Lab 2B

Exercises Using While and DoWhile

Introduction
In this lab.you will implement several exercises using the While and DoWhile activities.
Suggested - Time: 45 minutes

Root Directory: OIC\WIfCs

Directories: Labs\Lab2B (do your work here)
Chap02\ChristmasDoWhile (answer to Exercise 1)
Chap02\ArrayWF\Stepl (answer to Exercise 2)
Chap02\ArrayWF\Step2 (answer to Exercise 3)

Exercise 1

Create a Workflow Console-Application Christmas that will display the number of gifts
giving each day in the “twelve.days of Christmas”-and.the total number of gifts given in
all. Recall from the song that

On day 1 there is 1 gift

On day 2 there are 1 + 2 = 3 gifts

On day 3 thereare 1 + 2 + 3 = 6 gifts
And so on.

Use variables Day, Gifts and Total. Use a DoWhile activity. The logic can be expressed
in this C# code:

int Day = 0;
int Gifts = 0;
int Total = 0;
do
{

Day += 1;

Gifts += Day;

Total += Gifts;

Console._WriteLine('On day {0} number of gifts = {1},
Day, Gifts);

}
while (Day < 12);
Console._WriteLine("Total number of gifts = {0}, Total);

The finished workflow is shown on the following page.
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Exercise 2

Create a Workflow Console Application ArrayWF that will calculate the sum and
product of all numbers in an integer array. Your logic should handle the case of an empty
array as well as an array with several integers.

Hints for Exercise 1

The heart of the workflow is this DoWhile activity:

ﬂ DoWhile

&

A8 Assign

Cay =Day +1

&8 Assign

Total = Total +/Gifts

B writzLine

Text String. Format{"On day {0} numi

Condition
Day = 12

Within the loop this C# expression displays number of gifts given on a day:
String.Format("'On day {0} number of gifts = {1}, Day, Gifts)

After the loop this C# expression displays the total number of gifts given:
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String.Format("'Total number of gifts = {0}, Total)

Hints for Exercise 2

The logic is expressed in this C# code. Commented out is initialization of an empty array.
Since we want to allow for the possibility of going through the loop zero times, we
should use a while loop rather than a do while.

int[]l.arr = { 2, 3, 5 };
//7int[] arr = { };
int sum. = 0;
int prod = 1;
int i = 0;
while (1 <‘arr.Length)
{
sum-+= arr[i];
prod-*= arr[i];
1 +=013
}
Console _WriteLine('Sum_= {0}, sum);
Console _WriteLine("'Product =/{0}", prod);

Here are suitable variables, scoped to the top-level Sequence. The syntax for the array
initialization is a little tricky:

Mame Wariable type Srope Default

Arr Int32[] Sequence newintf] {2, 3,5}
Summ Int32 Sequencs 0

Prod Int32 Sequence 1

I Int32 Sequence 1]

Here is the top-level workflow:

(g1 Sequencs

i
3
%

[ Writelina

Text  String Format{"Sum is {0}, Sur

[ WiriteLine

Text  String.Format!"Product is J01", F
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Here is the workflow of the While activity:

+] While
Condition
I < Arr.Length

Body
|

i

I3] Sequence

| h#E Assign
I
| Sum = Sum + Arr[I]
A+E  Assign
Frod = Prod * Arr[]]
a*E  Assign
I =1+1

Exercise 3 (Optional)

Modify your program to test via passing array elements in at the command line. Your
Program.cs should allow for both empty and non-empty argument lists.

Hint for Exercise 3

You need to initialize an array in Program.cs and pass this array to the workflow as an
argument in a dictionary. You could first initialize the array by simple assignment:

int[] arr = { 2, 3, 5 };

Here is the code to pass the array to the workflow via an argument in a dictionary:
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Workflowlnvoker. Invoke(nhew Workflowl(),
new Dictionary<string, object>

{"Arr", arr}

P

You also have to create a String argument Arr in Workflowl.xaml.

Mame Direction Argument type Default value

Arr In Int32[] Enter & C# exp
CreafeAronemt

When this is warking, you can create the C# code to build the array from arguments
entered at the command line.

int[] arr;
if (args.Length > 0)

arr = new iInt[args-Length];
for (int 1 =0; 1 < args.Length; i++)

arr[i] = Int32.Parse(args[i]);

}
}
else
arr = new int[] {3};
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