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WEF Test First Development

WEF Test First Development

After completing this lab, you will be better altte
Understand appropriate separation of concerns \whealoping WF
workflows
Be comfortable applying TDD in the creation of WBrkflows and
activities
Understand the basic model of property-based Degerydinjection
(D)
Understand the role of mock objects in writing uagts

Appropriately apply the Rhino Mocks mocking framelvo

AcmeCorp wants an automated process for addingememloyees to its
infrastructure. The process of on-boarding a newleyee is currently manual
and would benefit from automation. Although manytpaf the process are ripe
for automation, this lab focuses on a small subattivity that occurs when a
new employee joins AcmeCorp. Specifically, you witplement a workflow

that provisions a new email address for the emg @y adds the new employee
to a common employee repository.

60 Minutes

!IWF

The password for the Administrator account on athputers in this lab is:
passwordl
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WEF Test First Development

In this exercise, you will implement and test a Wivity whose job is to create an email addresdtie new
employee being provisioned in the workflow. The @mmddress provisioning system has already beeeimgnted
and the Activity will simply call out the existingystem.

Tasks

Detailed Steps

Complete the following
tasks on:

-,

1. Exploring the
Solution

a. Open the solution file in Visual Studio:
Unit Testing WF
HOL\CSharp\before\NewEmployeeWF\NewEmployeeWF.sln

b. Expanding the Solution Explorer shows the followingw. Significant classes and
references have been highlighted for clarity.

Solution Explorer - Solution ‘MewEmployeeWF' (2 projects) ~ 0 x

(5 Solution 'MewEmployeeWF' (2 projects)
-- i & Solution Items

= = MewEmployeeWFLibrary

=d| Properties

E| i References

| o «3 AcmeCorp.DomainLibrary
i 0 System

L D System. Xml.Ling
= L Activities
| BaseEmployeeActivity.cs
| GetEmailAddress.cs
- oF ProvisionMewEmployee.cs
= T:ﬁ NewEmployeeWFLibrary_Test
=d| Properties
E| _ References

-~ «3 AcmeCorp.DomainLibrary

- «id Microsoft.VisualStudie.Quality Tools.Unit TestFramework
-« MewEmployeeWFLibrary

.« Rhino.Mocks

- =3 Systemn

-« Systermn.Xml
). [ Activities
| ... ] GetEmailAddress_ActivityShould.cs
= & Helpers
] AcmeEmployeefssert.cs
<] Mother.cs

]

Note: NewEmployeeWFLibrary A WF Sequential Workflow Library project youlw,
complete in the lab. This project will contain therkflow being developed as well a
any custom activities used by the workflow.

NewEmployeeWFLibrary TestA Visual Studio Test Project used in the desigh

2]
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WEF Test First Development

Tasks

Detailed Steps

development of thdewEmployeeWFLibraryproject.
If any references are broken, please re-refereheeotiginal DLLs located in:
Unit Testing WF HOL\lib

Uninteresting references have been blurred and cheqd to save space on this
image.
Highlighted classes and references are detailedwel

2. Explore the
NewEmployeeWFLi
brary project.

a. Double click the referencé&cmeCorp.DomainLibrary

b. The Object Browser opens.

c. Expand theAcmeCorp.DomainLibrary node.

d. Expand theAcmeCorp.DomainLibrary. AcmeEmployeeDomain node

Note: The AcmeEmployee business object has a set aéiespparticular to
AcmeCorp’s domain and implements the interface Exmmployee.

AcmeEmployeeRepository is a simple data store wieA&tnployee objects. For ease
of-use purposes in this lab, access to this claggined through the singleton
Getlnstance() method. AcmeEmployeeRepository ineplisnthe interface
IEmployeeRepository.

e. Expand theAcmeCorp.DomainLibrary.AcmeHelpdeskDomain node.

Note: EmailAddressCreator is a class representative oéaterprise emalil
provisioning system. For ease-of-use purposesisnab, access to this class is
gained through the singleton Getinstance() metkadailAddressCreator implement
the interface IEmailAddressCreator.

f. Close the Object Browser window.
g. Notable classes ithe NewEmployeeWFLibrary
h. Activities\BaseEmployeeActivity class

Note: The BaseEmployeeActivity class is a WF Sequeneédhiat defines 3
properties, Email, FirstName, and LastName. Thespgrties are common to
Activities created in this lab, and have therefbezn defined in this class for
convenience.

i. Right click theBaseEmployeeActivity class and select View Code.

Note: Each property uses a DependencyProperty insteadbaicking field in order to
expose itself to the Visual Studio’s visual desigsed in creating WF workflows
and activities.

j. Close theclass file.

Note: The Activities\GetEmailAddress class is an incotepléF Activity that will
eventually provision email addresses for new Acn@é&yees. You will complete thig
class later.

ProvisionNewEmployees is a sequential WF Workflew will eventually host the
activities being developed in this lab.

3. Explore the
NewEmployeeWFLi
brary_Test project.

a. Notable References

AcmeCorp.DomainLibraris the same assembly library referenced in the
NewEmployeeWFLibrary project.

Microsoft.VisualStudio.Quality Tools.UnitTestFramenke- Visual
Studio’s Unit Testing framework.

Rhino.Mocks - The Mock Object framework used to create mogkats for
unit tests.

b. Notable classes
Activities\ GetEmailAddress_ActivityShould is the Unit Test class whic

N

will be used to define the functionality of tleetEmail Address class. You'll

Page 3 of 21
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Tasks

Detailed Steps

come back to this class in the next section.

Helpers\ AcmeEmployeeAssert is a class that makes comparihg
AcmeEmployee instances easier for a unit test noetho

Mother is arObject Mother class especially suited for working with
AcmeEmployee objects.

Object Mothers- Object Mothers arbelper classes used in unit tests to create
business objects. Using an Object Mother helps write tests quickiyg with
dependable data.

Note: Typically, Object Mothers provide static methodlsteate business objects
need by the unit tests, and expose data membbesueed in test assertions.

c. A typical Object Mother might be implemented as:

#$ 1% # &

( %  # &(* W)(*& &'+
L s

d. Such that a unit test class could useNtather class similarly to this:

[TestMethod]
public void CreateAClassWithTheSameFirstName()

{
AcmeEmployee target = SUT.CreateBusinessObject(

Mother.FIRST_NAME, Mother.LAST_NAME);

Assert.AreEqual(target.FirstName, Mother.FIRST_NAM

e. Run all current unit tests in the solution by preg€TRL+R, A or use the menu;
Test | Run | All Tests in Solution.

f. The Test Results Window should appear.

[]%: 3| @3 Stan@DAVIDMBP 2008-03-08 23 ~ | “) Run » 4 Debug - Ayt 3
-'J Test run failed Results: 0/1 passed: Item(s) checked: 1

Result Test Name Error Message
vl 2| Q Failed CreateAnEmailAddress Assert.Fail failed.

g. See that the only current unit test fails.
h. Right click the failing test and select Open Test

i. TheGetEmailAddress_ActivityShould. CreateAnEmailAddress() method is
opened for editing.
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Tasks

Detailed Steps

4. Developing an
Activity: The Happy
Path

a. TheGetEmailAddress_ActivityShould class in the
NewEmployeeWFLibrary Test project should be open for editing. Notice the
CreateAnEmailAddress() test method. Currently this test method meredserts
a Fail ensuring that this test will fail.

b. What should the body of the test method contaieallg, something like this
would be easiest to implement:

[TestMethod]
public void CreateAnEmailAddress()

{
GetEmailAddress activity = new GetEmailAddress();

// initialize properties on the activity

ActivityExecutionStatus aes = new ActivityExgionStatus();
activity.Execute(aes);

/I Assert the email address was created

Unfortunately, this code fails to compile and wotddult in a fragile test if it did.
Let’s look at why.

d. An ActivityExecutionStatus is the only argument to a WF ActivityExecute()
method, which makes it an ideal candidate to bedakith wither a mock object
or a stub object. UnfortunatelfictivityExecutionStatus is a sealed class which
means it cannot be extended through inheritandiag@rout a stub) and Rhino
Mocks cannot produce a mock of a sealed class.

Note: Fake Objects

Mocks and Stubs are both forms of Fake objectgeheral, Fakes are used to inject
controlled classes into a SUT.

Stubs are typically very simple, non-realistic iBrpentations of a class in the SUT.
stub may simply return the same hard coded valab &me a function is called on it
for example.

Mocks are a special form of Fake objects that nworihiemselves to ensure they are
used by the SUT as expected.

There are other mock object frameworks that camaterenocks of sealed classes, by
Rhino cannot, therefore we will work around thimitiation of our test tool with other
techniques.

There is no reliable way to construct AntivityExecutionStatusfor the Activity’s
.Execute()method and be confident it will provide whatever Activity needs. This
means the only reasonable value to pass intoEkecute()method iswll and to
write the Activity’s. Execute()method as simply as possible without referrinth®
ActivityExecutionStatus.

To passull into the Activity’s Execute()method, the test method we are writing m
have access to it. An ActivityBxecute()method is marked gwotected which
means the method is accessible only from withircldes or from within a class that
inherits from it.

Luckily, we can use create a custom class to wmapAtctivity we are testing and
access the Activity’€xecute()method.

5. Include a wrapper
class for the WF
Activity.

a. On theVisual Studio main menu sele@roject | Show All Files.
. Several new files appear in the test projedtsivities folder.

ust

b
c. Right click theGetEmailAddress_Accessor class, seledinclude In Project.
d. Open the class file for inspection
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Tasks

Detailed Steps

6. Examine what this
code is doing.

a.

b.

This class is inheriting from a WF Activity, whicheans it is an Activity. To view
its code, right click thelass and selecView Code.

This internal test class is inheriting from thestixig GetEmailAddress WF
Activity class.

GetEmailAddress_Accessor provides a method that invokes tBeecute()
method of its parent, effectively exposing the pateéd member to the unit test
project.

Close the class.

7. Now that the test
code has access to
the protected
.Execute() method
via the wrapper
class, a unit test may
be written using the
wrapper class.

> e -~

Open theGetEmailAddress_ActivityShould class for editing.

Replace th&€reateAnEmailAddress()method and its attributes with the followir]
code:

To insert a code snippet:
Type WF in a code file
A list of available code snippets appears
Pick the code snippet you want
Hit Tab Tab
The Code Snippet is inserted into your code fildpfet WFDD1

*

(¢ 0*$ g

) = 0# %
) *% &'
0# | !
0# | !

0#1( &("
2(& 0O # % &+
% &"

Code Explanation

The test method instantiates a new wrapper clasishvis a WF Activity in its
own right.

The.FirstName and.LastName properties are set to values provided by the
Object Mother helper class.

The wrapper classExecute_Accessor() method is invoked, causing a call to

the parent WF Activity actually being tested.

The Activity’s .Email property is examined with an Assert to ensureEneail
property was set as per expectations of the test.

Run unit tests for the solutio€TRL+R, A)
Notice that the test fails withMotImplementedException.
Add enough functionality for the test to pass.

Open theGetEmailAddress WF Activity class for editing:
Right click the Activity class isolution Explorer | Select View Code.
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Tasks

Detailed Steps

j-

Replace th&xecute() method with the following code, Insert Snippet WHI2:
*0 * 0#1( (
1(& O#1( $ 1
1($ 1

=5 ) &
$ & L+ 1
( o#1( (% *

k. Code Explanation

The WF Activity is using a singleton instance of BmailAddressCreator
class to create an email address.

The arguments to th€reateEmailAddress() method are being provided by
the Activity properties defined in tigaseEmployeeActivity class.

The email address (return value) is being assigmétte. Email property
defined in theBaseEmployeeActivity class.

Run unit tests for the solution. TreateAnEmailAddress() test passes.

8. Configure the Test
Results to read more
legibly.

a.

In the Test Results window, right click the datalgrcolumn header row and
selectAdd/Remove Columns.

ll;E: _;.‘_| @_1 Starr@DAVIDMBP 2008-09-09 20 = | %5, Run - hg,l.-"JDebug - 01 @ .
() Test run warning Results: 1/1 passed; Item(s) checked: 0
Result Test Name Error
o=]@ Passed CreateAnEmailAddress Cesiaeis
View Test Results Details
WView Run
Open Test

Copy
Select All

7l Add/Remove Columns...

=] Code Coverage Results

Scroll to the bottom of the column list and sel@kiss Name.

Using the up arrow on the right side of the colurhnoser dialog, move th@ass
Name column up to the second position in the list st thwill be displayed as thg

D

second column in the test results grid.
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Tasks

Detailed Steps

Add/Remove Columns E-BIE

Columns:

Result o~ m
Class Mame

Test Mame
Error Message

= Cutput (StdOut)
[ Errors (StdErr)

[7] Debug Trace

[ stack Trace

[] Trace Infermaticn
[ Computer Name

m

[] Start Time
[T] End Time
[ Muratinn i
Ok l [ Cancel
d. Click OK.

e. Looking at the resulting view in the Test Resulbha@dow, notice the combination g

the test’s class name and method name reads $i&erdence:
GetEmailAddress_Activity.ShouldCreateAnEmailAddress

Result Class Mame Test Mame
gj@ Passed GetEmailAddress_ActivityShould  CreateAnEmailAddress

f. And, in fact, that is just what this test provebeGetEmailAddress Activity

created and email address. This form of test nasinge example of a style of

unit test naming convention made popular in Behaligven Development
(BDD).
Note: Behavior Driven Development (BDD)

An Agile software development technique that erages collaboration between
developers, QA and non-technical or business pa#rds in a software project.

The focus of BDD is the language and interactioseduin the process of software

development. This allows the developers to focustgnthe code should be created

rather than the technical details of how it wasatezl, and minimizes translation

between the technical language in which the codeiiten and the domain languagse

spoken by the business, users, stakeholders, propatagement etc. (Behavior
Driven Development, 2008)

1)
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#

The new GetEmailAddress WF Activity works as expddagiven the right inputs, but what about casesevtie
inputs are not what you are expecting?

Tasks Detailed Steps

Complete the following a.
task on: b

-,

1. Add a test that
checks the Activity’s
behavior when input

parameters are not
valid.

h.

Open theGetEmailAddress_ActivityShould class file for editing.

. Insert the following test method into tetEmailAddress_ActivityShould class

file

Code SnippetWFTDD3

-1 *1 &# 3& ( !( 1
(¢ 0* %1 41 ! &

*

) = 0# %
) *% &'

0o# |

0# | !

0#1( &("

Run unit tests.

e. The new test metho@ihrowExceptionOnNullFirstName()passed even though n

code has yet been written to make it pass. Why?

In the GetEmailAddress code file, set a breakpoint on the line of code:
Email = EmailAddressCreator-...

Run unit tests in debug mod@TRL+R, CTRL+A).
The debugger stops execution at the breakpoint.
Presd=10 to step over the next line of code.

The test immediately passes.

Note: In this case, the expectédgumentNullExceptionis being thrown by the
EmailAddressCreatotlass, which is certainly not the system undetr s is an
example of a unit test which does not test theaagédehavior of a class, but its
result. This kind of test can lead to unforesedeats when the hidden dependencie
inside the SUT are not appropriately isolated.

f.
g.

Now check for a nullastName argument.

Insert the following test method into tleetEmailAddress_ActivityShould
class file

Code SnippetWFTDD4

-1 *1 &# 3& ( (1

(¢ 0* %1 41 ! &

*

(e}

[

) = 0# %
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Tasks

Detailed Steps

) *% &'
0# | !
o# ! (
0#1( & ('
Add the proper check into tti@etEmail Address.Execute() function to assure tha
the exception is being thrown from tBetEmailAddress class. Replace the
current.Execute() method implementation with the code below.
Code SnippetWFTDD5

A full implementation ofGetEmailAddress.Execute()

*0 * 0#1( (
1(& 0#1( $ 1
1($ 1
3& ! ( 55 ! (
% % ( (1 &
g ) &
$ L B
( o#1( (% *

t
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&
#

Although the unit tests in the previous exerciseficm the output of the WF Activity being testeey don't test
the behavior of the Activity itself. A WF Activitgan expose its behavior so that a unit test caiit te®re

thoroughly.

Tasks

Detailed Steps

Complete the following
tasks on:

-,

1. Developing an

Activity with Mocks:

The Happy Path

Note: Add a new WF Activity to the NewEmployeeWF\Actiwitolder.

a. Click theNewEmployeeWFLibrary project in Solution Explorer.

b. On theVisual Studio main menu sele@roject | Show All Files.

c. Several new files appear in the test projedtsivities folder.

d. Right click theStoreNewAcmeEmployee class, seledinclude In Project.
e

. Open the class fil8toreNewAcmeEmployee to review it:
Right click the source code file Bolution Explorer | View Code.

f. The class inherits from tHéaseEmployeeActivity class rather than directly
from SequenceActivity. This gives the class the properties defined énbthse
class.

g. This code defines the outward facing interfacehefActivity. It also implements
the2 properties defined by thdass interface, and registers thilewEmployee
property as ®ependencyProperty, thus making it available to th&/F Visual
Designer.

Note: The .EmployeeDataStore property will be used by\¥RreActivity to perform

the actual storing of an AcmeEmployee and willdteas runtime. Thus, it does not

need to be accessible at design time. ProvidindEngployeeRepository to the WF

Activity class, rather than letting the WF Activithass be responsible for creating it,

is a form of Dependency Injection.

Dependency Injection (DI)

Dependency Injection (DI) refers to the practicesopplying an external dependenc
to a class (i.e.: databases, external line of besisystems, file system, etc). This ig
often preferable to the class constructing its alependencies for several reasons.

Classes that hide construction of their dependenicave often have side effects ang
behavior that is unpredictable to its callers.

Classes using DI for their dependencies are mdaedylito comply with the
Open/Closed Principle, which states that a classuthbe open for extension, but
closed for modification.

A class that accepts dependencies through DI wilhble to use multiple
implementations of the dependency without spdaifieviedge of how to create it.

Dl is a design technique that aids in unit testibging DI allows a unit test to isolate

and control the resources available to class beegjed.

Lastly, the code includes an override of the .Etefgumethod which will be invoked

by the WF runtime to fire the activity.

h. Before you even write a test to exercise the bahnafithe
StoreNewAcmeEmployee class, you'll need a wrapper class like the orezlus

]

the previous exercise to expose fhrecute() method of the WF Activity to be
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Tasks

Detailed Steps

tested.

In the test project, include a wrapper class t@ssthe WF Activity’'sExecute()
method.

Open theNewEmployeeWFLibrary_Test\Activities folder in Solution Explorer.

Right click theStoreNewAcmeEmployee Accessor class file. Selednclude
In Project.

Open thelass file for inspection withRight Click | View Code.

. Examine what thisVF Activity is doing so far.

This class is doing the same thing the previouppeaclass did, but inherits fron
the new WF Activity.

Include a test class to test the functionalityref$toreNewAcmeEmployee

WEF Activity.

0. Open theNewEmployeeWFLibrary Test\Activities folder in Solution Explorer.

q.

Right click theStoreNewAcmeEmployee_ActivityShould class file. Select
Include In Project.

Open the class file for inspection.

Note: The StoreNewAcmeEmployee ActivityShould test mlakes extensive use of
the Rhino Mocks mocking framework.

Rhino Mocks

Rhino Mocks is a freely available mock object freumik that creates mock and stul
objects dynamically. When using a Rhino Mock geedrenock object, a typical Tes
Method will follow this pattern:

*

(¢ 0* *g!

77 6/
( &6 *&
77 16+ 6 # *

7 1% 1 % (*

77/ 6&8 #/ 6
7 6 % 1

( & 6 8 # 6&"

77 | 6+ 6 % [ (*H 9
73 1 *&'[ 6
77 6 + 6 % %

The syntax for creating and working with stub obgen Rhino Mocks is a bit
different. A typical stub object usage looks simti@this:
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Tasks

Detailed Steps

*

(¢ 0* *g!

0 6 #) (. 4 &
8 # 8 #<(

77 * % ( 1(*
77 %  # (%
r. In order to understand what is happening in the
StoreNewAcmeEmployee ActivityShould class, let’s walk through the code a
little at a time.

s. Open theStoreNewAcmeEmployee ActivityShould class file to view the code}

t. Starting at the top of the code file, notice fhigeld members.

0 # # 6 # #
0 6 # 6
u. Code Explanation

MockRepository is the Rhino Mocks class that creates mock ohj&itse it
is needed in more than one test method in thischasinstance is declared as
class level field.

IEmployeeRepository is the type that will be mocked and used in testire

behavior of the&storeNewAcmeEmployee WF Activity. Since it is needed in
more than one test method in this class, an instendeclared as a class leve
field.

v. Notice theTestlnitializer() method.

(¢ 0* =&

6 % 6 #&
6 # #
6 $ 6: # #&

w. Code Explanation

The method is decorated with tfigestInitialize] attribute which signals
Visual Studio’s unit testing runtime to executesthiethod before executing
each method decorated with ffieestMethod] attribute.

This ensures that thenocker and the mockEmployeeRepository variables
will be initialized before each test method in t&ss is executed.

X. Examine theCallAddOnTheRepo() test method.

*

(¢ 0*$ *4 &
( & 6  *&"
6 # # g (!

( & 6 8 #/ 6&"

b a

( &0 0# %
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Tasks

Detailed Steps

y. Code Explanation

1% # &"

0 #8 & 0 #+

6 # #
0#1( &("

Inside the mocker.Record() block, the mock object expectations are
recorded. In this case, the expectations beingdecb in theMockRepository
as follows:

_mockEmployeeRepository will receive a call to itsAdd() method.

Thenull being passed into thedd() method will be ignored as per the next
line: LastCall.lgnoreArguments() which signals théockRepository that
the_mockEmployeeRepository may ignore the actual value of the argumern

z. Inside the_mocker.Playback() block, aStoreNewAcmeEmployee_ Accessor is
created and initialized beforExecute_Accessor() is called on it, thus exercising
the.Execute() method on the base WF Activity, the actual SUT.

SetActivityProperties() is a private utility method in the test class thiatple
sets properties on the WF Activity. You may inspeat the code file.

Notice that the mockEmployeeRepository is being set on the WF Activity.
aa. Another way to read this test is as follows:

“When the.Execute() method is called on tH&toreNewAcmeEmployee class,
the StoreNewAcmeEmployee should call theAdd() method on its
.EmployeeDataStore property.”

bb.Run all tests in the solution.

cc. Notice the failing test:
StoreNewAcmeEmployee_ActivityShould.CallAddOnTheRepo()

dd.Write enough code to make the test pass.

ee. Open the clasStoreNewAcmeEmployee for editing.

ff. Replace thé&xecute() method with the following implementation:
Code SnippetWFTDD6

*0 * 0#1( (
1(& 0#1( $ 1

1($ 1
1% # %
# &)%) (*& &+

L+ 1+
# > &% #'
( o#1( (9% *

gg. Code Explanation

The class NewEmployee property is initialized.
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Tasks

Detailed Steps

Using theEmployeeDataStore property, theNewEmployee is added to the
data store.

hh.Run all tests. They should pass.

2. Developing an
Activity with Mocks:
The Sad Path

Note: Now that the basic functionality of the WF Activitorks, let's add some

functionality to ensure the WF Activity behavesrappately when it is given bad

input.

The code for the following instructions appearsolehlnd is available as a code

snippet.

a. Remove thglgnore] attribute on th& hrowExceptionOnNullFirstName() test
method.

This test makes a call to tExerciseActivityWithNoExpectations() method
which simply exercises the WF Activity without sett expectations on the
_mockEmployeeRepository. This means the test will fail if a call is maade t
the Activity's EmployeeDataStore property.

b. Run all tests, noticing that this new test fails.

Write enough code to make the test pass, whichisncase is a simple null
check on theFirstName property in thestoreNewAcmeEmployee.Execute()
method.

c. Repeat thidail / test process until all test methods tests in the tasiscare no
longer marked witljlgnore] and are passing.

d. After a little refactoring, your implementation of
StoreNewAcmeEmployee.Execute() may look like this.

e. Code SnippetWFTDD7
*0 * 0#1( (
1(& O#1( $ 1
1( 9% 1°
(8 < *&

1% # %
# &)(*1%)(*& &+

# > &% #'

( 0#1( (s *

0 0* (8 < *&

3&  (°
% % ( (1 &

3& ! (°
% % ( (1 & !

3& 1 (
% % ( (1 & !
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Tasks

Detailed Steps

3& # >
% %

(

T
(1 &
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(
)

*! +

Now that there are 2 tested and functional WF Atitis that will work together to provision a new gloyee at
AcmeCorp, we need to create and test the overakfleov. Applying unit testing to an overall workflorequires a
different approach than the techniques used tartdstidual WF Activities.

Tasks

Detailed Steps

Complete the following
tasks on:

-,

1. Developing the
Happy Path

a. Examining the basic workflow.

b. Double click theProvisionNewEmployee class in thdNewEmployeeWFL.ibrary
project. The Workflow Visual Designer appears. Tikithe WF Workflow that
will be created in this exercise.

c. The interface of the workflow has been implemeridady. Right click the
Visual Designer and selecf View Code.

d. Note that there ar& properties implemented on the workflokirstName,
LastName, andNewEmployee.

e. Thefirst andlast names properties may be thought of as input paeamto the
workflow, and theNewEmployee property may be thought of as a return value.

f. Stated as a scenario of behavior, we can thinkrefaonable test for this
workflow as the following:

Given that the.FirstName and.LastName properties are valid
Ensure that the workflow returns a validlNewEmployee property.

g. Include a basic unit test for this workflow. Givdre workflow currently has no
implementation, it should be easy, right?

h. Include a new test class file in thewEmployeeWFLibrary Test project.

i. Right click theProvisionNewEmployee_WorkflowShould class file and select
Include In Project.

j. Open the class for inspection.

k. There is a lot going on in this test class, selktbdk at it a bit at a time.
0 # * #
0 (?63% * O

0 ?263%( (

I. Code Explanation
Three member variables are defined:

An AcmeEmployee that will hopefully be initialized at the end diet
workflow’s lifecycle.

A ManualWorkflowSchedulerService that will sychronously execute the
workflow on the test thread.

The WorkflowRuntime needed to run the workflow being tested.

m. The TestlInitializer() function will run once before each test methodabed by
the unit test runtime.

¢ 0* = &

( *( % (?63% * O &
(  %?63%( &

("o0& ("
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( ?263%$ *@ &&+';

#
& H#H'A((8  -1% # .

( ?263% @ &&+ '

( 0 1 TA**@ &&+ ' ;

n. Code Explanation
The scheduler and runtime are initialized.
The scheduler is added to the runtime.

Event handlers are declared for significeWtrkflowRuntime events. These
handlers are implemented as anonymous delegates.

The WorkflowCompleted handler assigns the return value from the workflg
to the localAcmeEmployee object so it can be examined by a unit test.

TheWorkflowTerminated handler will fire if an exception occurs in the
runtime. It re-throws any exceptions to push thexckiinto the runtime.

The ServicesExceptionNotHandled re-throws exceptions again because if t
isn’t done, the runtime will elegantly handle theeptions in its own handler.
This re-throwing of the exception ensures any etieap will bubble up to the
test class.

0. The first test methodCreateAValidAcmeEmployee() simply runs the workflow
and ensures th&cmeEmployee returned from the workflow is logically
equivalent to thécmeEmployee created by the Object Mother.

Note: This comparison is accomplished with a custom rieseclass,

AcmeEmployeeAsserimplemented to specifically compakemeEmployeefor

this test. The assertion ensures that all publaperties are equal, except for thD

property.

p. Run unit tests and see tlgreateAValidAcmeEmployee() test fail.

g. Write enough code to make the test pass. In tlig,dhis a matter of configuring
the workflow to use the activities you already teela

r. Open theProvisionNewEmployee workflow in the Visual Designer.
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s. From Visual Studio’s Toolbox, drag and drop GetEmailAddress Activity onto
the workflow. The designer should look like this:

Sequential Workflow

R

|

m _getEmailAddress
F Activity
v

Bind the Activity’s properties to the parent woikil.

Right click theGetEmailAddressActivity on the visual designer and selpct
Properties.

The Property grid appears.

. Put the mouse cursor in thelue field to the right of theFirstName property.
Click theellipsis button that appears to the right in tledue field.
The property binding dialog appears.

. Select theFirstName property on th&rovisionNewEmployee workflow

aa. Click OK.

-

c

g <

NS X

Bind 'FirstMame' to an activity's property

Bind to an existing member | Bind to a new member

Elﬂ} ProvisionMewEmployee
-[3] GetEmailAddressActivity
FirsthMlame

[ LastMame

- NewEmployee

- DynamicUpdateCondition
5 Mame

2 Description

bb.The .FirstName value field in the Property grid should now read:
“Activity=ProvisionNewEmployee, Path=FirstName”

cc. Using the same technique, bind fh@visionNewEmployee.LastName property
to theGetEmailAddressActivity.LastName property.

dd. The Properties Grid for th@etEmailAddressActivity should now look like this:
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B
(Name) GetEmailAddressActivity
Description
Enabled True
B
Email T

Firsthame
LastMame

1 Activity=ProvisionNewEmployee, Path=FirstName
3 Activity=ProvisionNewEmployee, Path=LastName

ee. Add theStoreNewAcmeEmployee Activity to the workflow.
ff. From Visual Studio’s Toolbox, drag and drop 8tereNewAcmeEmployee

onto the workflow after the first activity. The dgser should look like this:

Sequential Workflow

&)
|

" ~\
1 _getEmailAddress

.

¥ Activity

-

v

-

F mployeeActivity

g

-
4 _storeMewAcmeE

-

|
O]

Workflow and to the otheGetEmailAddress Activity.

select| Properties.

using the property binding tool.

gg. Bind the newstoreNewAcmeEmployees Activity’s properties to the parent
hh.Right click theStoreNewAcmeEmployee Activity in the visual designer and

Using the same technique as above, make the faiphindings on the Activity

StoreNewAcmeEmployee | Class Property
Property

Email GetEmailAddressActivity | Email
FirstName ProvisionNewEmployee FirstName
LastName ProvisionNewEmployee LastName

NewEmployee

ProvisionNewEmployee

NewEmployee

look like this.

ji- The Properties Grid for tHgtoreNewAcmeEmployee Activity should now
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=
(Mame) storeNewAcmeEmployeel
Description
Enabled True
=
Ernail i Activity=GetEmailAddressActivity, Path=Email
EmployeeDataStore (none)
FirstMarne i Activity=ProvisionMewEmployee, Path=FirstName
LastMarne i Activity=ProvisionNewEmployee, Path=LastName
MewEmployee i Activity=ProvisionNewEmployee, Path=NewEmployee

kk.Remember that in order to work properly, shereNewAcmeEmployeel Activity
will need its.EmployeeDataStore property initialized at run time. In order to do
this, click on the top level of the visual desigfte workflow) and bring up the
properties grid for th@rovisionNewEmployee workflow.

Il. Click thelightning bolt button on the Properties grid, bringing up thengésdist.

mm. Double click the Initialize value field, generatiag event handler for th
workflow’s Initialized event.

nn.Add the followinline of code to the event handler:

Code SnippetWFTDD8

1% #B # > #
#) &
00. The final event handler should look like this:
0 0*80 1% # =*&/
* + 0 '

1% #B #>

pp. Run and pass all tests.

2. Developing the Sad
Path

Note: Now that we are sure the workflow is running in thst and initializing the

.NewEmployeattribute, we can check the state of iNewEmployeattribute to

ensure it meets our expectations.

a. IntheProvisionNewEmployee WorkflowShould class, remove thdgnore]
attribute from theThrowExceptionOnNullFirstName() method.

b. This test looks simply runs the workflow with a inpdhrameter and expects an
appropriate exception to be thrown.

c. Run the tests.

d. Realize that the exception being thrown is actuedigning from the WF Activities
within the workflow. You can decide whether to emesthe workflow manages its
own argument properties.

e. IntheProvisionNewEmployee WorkflowShould class, remove thdgnore]
attribute from theThrowExceptionOnNullLastName() method.

Run the tests.

g. Again, you can decide whether to ensure the wonkfteelf manages its own
argument properties.
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