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Application Validation through Unit Testing

Application Validation through Unit Testing

Objectlves The objective of this lab is to understand how to take advantage of the Unit

Testing tools available in Visual Studio 2008.
In this lab, you will learn how to:
e  Generate unit tests from existing code.
e Author unit tests based off pre-existing assemblies
e  Use data to drive the unit tests
® View the test results

e Enable code coverage and examine how well the unit tests are
exercising the assembly under test.

Estimated Time to
Complete This Lab 30 Minutes

Computers used in this !I
Lab VSTSRTMO08

The password for the Administrator account on all computers in this lab is:
P2sswOrd
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Application Validation through Unit Testing

Exercise 1

Generate Unit Tests

Scenario

In this exercise, you will learn how to generate unit tests from the source code of the class you want to test. In
addition, you’ll learn how to author the unit tests manually.

Tasks Detailed Steps
Complete the following a. Open Microsoft Visual Studio 2008
tasks on: b. Select File | Open | Project/Solution.
& vsTSRTMO08 c. Navigate to C:\MSLabs\VSTS
1. Setup 2008\Work\200\UnitTesting\TicTacToeLogicSolution \ and open the
TicTacToeLogicSolution.sln solution.
2. Generate Tests for a. Open the file Board.cs. In that file you will find the methods Clear() and
the Board Class MakeMove(int, char), these are the methods we will be generating tests for.
b. Right click anywhere inside the Clear() method and select Create Unit Tests....
I S e, ST s _ R
) J <sammary> - e
< ! Clears the board for a new game. ‘
S 1/ </summary> '
¢ public woid Clear()
r/ IsGameOver = false;|
5 Cells = new List<Cel Refactor '
{r for (int 1 = 8; 1 < I Organize Usings ~ » 1)
.ﬁ { Create Unit Tests... i
v
2 Cells.Add(new Ce &, | meertsnippet...
Lf } -.'=-L Surround With. .. i
RaRY L*‘_‘*\_‘_ “‘_‘_ sl £ R i | ok i’ B oY Y
c. A dialog will appear which will prompt you to select the methods that tests should

be generated for and where the tests should be placed. Since the cursor was in the
Clear() method when Create Unit Tests... was selected, the Clear() method is
already checked in the dialog.
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Application Validation through Unit Testing

Tasks Detailed Steps

Current selection: Filter ~

[ Types |
B-F E TicTacToelogic

E-F7 {} VstsTraining

E1-7 4% vstsTraining.Board

[~ =% Board()
l'z,v CheckForGameOver()
¥ % [Clear)
I ¥ GamelsOver(System.Boolean, System. Char)
[~ % MakeMove(System.Int32, System.Char)
™2 cells
l'z’j IsGameQver
= ¢ vsteTraining, Cell

ol s e | Create a new Visual C# test project...

Settings... Add Assembly... Cancel

d. Select Clear and MakeMove for test generation.

e. Verify that you have selected Create a new Visual C# test project... for the
Output project.

Note: To modify configuration settings for test generation, select the Settings...
button. This allows you to change the default naming options for test files, classes, and
methods that will be generated. It also allows you to specify options for how you want
the test methods to be stubbed out.

By default, the items that are displayed in the window are all available classes and
members that are in the project. If you were to select Filter, you can change the
criteria of what is displayed to show only public items and also show base class items
that are available for test generation.

f. Click OK to continue with the test generation.

g. Since the option to create a new test project was selected, a dialog box will pop up
prompting you to name your new project. Type TicTacToeLogicTest as the
project name and press Create.

New Test Project x|

Enter a name for your new project:
I'I'u:Tau:Tu:uELu:ugiu:Test

Create I Cancel |

h. Select Project | TicTacToeLogicTest Properties to open the Project designer.
On the Application tab, change the Default Namespace property to
VstsTraining.Test.

i. Select File | Save Selected Items and then File | Close.

j- Notice the reference to
Microsoft.VisualStudio.QualityTools.UnitTestFramework and
TicTacToeLogic have already been added. Your solution should now look
something like the following:
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Application Validation through Unit Testing

Tasks Detailed Steps
|

: -
[

J Solution TicTacToelogicSolution' {2 projects)

E| (7 TicTacToelogic

‘-Cﬁ TicTacToelogicTest

Solution Items
4Ll LocalTestRun, testrunconfig
3 TicTacToeL ogicSolution. vsmdi

=d| Properties

3] References

#] Board.cs

#] cell.cs

% TicTacToeDiagram.cd

=d| Properties

7 References

[ Microsoft. VisualStudio. QualityTools, UnitTestFramewark:
-« System

-« System,Core

-« System.Data

-« System.Xml

-« TicTacToeLogic

AuthoringTests, txt

#] BoardTest.cs

._-jSUIution Explorer |_fﬁTeam Explorer |';"$Class View |

3. Add test logic a.

used when

Open the newly created BoardTest.cs file and take a moment to examine it. One
thing that should be pointed out is that the methods ClearTest() and
MakeMoveTest() have been created and some basic test code has already been
created. Note that both tests have an Assert.Inconclusive method call in them.
This method is used instead of marking the tests as failures and should only be

a test really hasn’t been implemented yet.

b. Navigate to the MakeMoveTest() method and let us implement that one first.
Modify the method using the following example as a guideline:

/// <summary>

///A test for MakeMove (int, char)
///</summary>

[TestMethod ()]

public void MakeMoveTest()

{

Board target = new Board();

int cellNumber

}

implement

char cellValue

Il
w

lxl ;

target.MakeMove(celTNumber, cellValue);

Note: Since the expected behavior of MakeMove(int, char) is to throw an exception if
a move is not valid, this test is considered to be a success if no exception is thrown.

c. Navigate up to the ClearTest() method. This test is a little more tricky to

since there is no way to actually view the Cells property, but since it

should be impossible for both an X and an O to occupy the same cell, if we put an
X in a cell,
thrown, it can be assumed that the cells were cleared out appropriately. Modify
ClearTest() as follows:

call Clear() and then put an O in that same cell and an exception is not

/// <summary>
///A test for Clear (O
///</summary>
[TestMethod ()]
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Application Validation through Unit Testing

Tasks

Detailed Steps

public void ClearTest()

{ Board target = new Board();
target.MakeMove(5, '0');
target.Clear(Q);

target.MakeMove(5, 'X');

d. In Solution Explorer, right-click on the TicTacToeLogicTest and set it as the
Startup Project, then press Ctrl-FS5 to run the tests.

e. The Test Results window will display and show something like the following
while the tests are running

JE: 3| & - Cp W@ EHy e % GroupBy [Mone] -
i) Testrun: in progress, Results: 0J2 passed;  Ikemis) checkad: 0
Result Test Name Project Etror Message
@ #) InProgress ClearTest TicTacToelogicTesk
=@ Perding MakeMoveTest TicTar ToelogicTesk

f.  After the tests have completed, the window should show something similar to:

Test Results
’E: & Qﬁ > Yp o [y Eh - %y 3§ GroupBy [MNone) -
(w) Test run: completed, Results: 2/2 passed;  Ttemis) checked: 0
Result Test Mame Praject Etror Message
@@ Passed ClearTest TicTacToelogicTest
=)@ Passed MakeMoveTest TicTacToelogicTest

g. Exercise 5 will cover this window in more detail later on, but for now, it should
be pointed out that at least both tests are passing.
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Application Validation through Unit Testing

Exercise 2

Author Unit Tests

Scenario

In this exercise, you will be creating unit tests manually to further exercise the code. Authoring unit tests comes in
handy when either you don’t have access to the source code in order to generate unit tests, or when the generated
unit tests don’t quite exercise the code completely.

Tasks Detailed Steps

Complete the following a. Open the BoardTest.cs file.

tasks on: b. In the previous exercise, we made the statement that the MakeMove method
M ySTSRTMO0S would throw an exception if an error occurred while trying to make the specific

1. Create a test that
expects an exception

move. Making statements is nice, but it would be better if we had a test to back up
that statement. Let’s do that now by defining MakeInvalidMoveTest().

c. Paste the following code at the bottom of the file, creating a new method named
MakelInvalidMoveTest(). Here we will test the theory that an exception is
thrown if both an ‘X’ and ‘O’ are placed in the same location on the board.

[TestMethod ()]
public void MakeInvalidMoveTest()
{

Board target = new Board();
target.MakeMove(8, 'X');

target.MakeMove(8, '0');
}

Note: This method performs the logic we want, but now we must tell the Microsoft
testing framework that this is a test method. To do that, notice that we must decorate
the method with the [TestMethod()] attribute.

d. Press Ctrl-FS5 to run the suite of tests again.

e. This time a failure has occurred and the results should look like:

2 3 951 = %p - U Y 2 - %y G Group By [MNane] -
o Test run: Failed, Resulks: 2/3 passed;  Item(s) checked: 1 Rerun original kests Debug original tests
Result Test Mame Project Error Message
oj@ Passed ClearTest TicTacToeLogicTest
oj@ Passed MakeMoveTest TicTacToelogicTest
¥ “ Failed MakeInvalidMoveTest TicTacToelogicTest [Test method TicTacTo

f. This test is failing because an exception is occurring, but we wanted this
exception to occur, so we need to tell the test an exception is ok. This is done by
adding the [ExpectedException] attribute to the method. The test method should
now look like

[TestMethod ()]
[ExpectedException(typeof(System.ApplicationException))]
public void MakeInvalidMoveTest()

{
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Application Validation through Unit Testing

Tasks

Detailed Steps

Board target = new Board();
target.MakeMove(8, 'X');

target.MakeMove(8, '0');
}

g. Press Ctrl-FS again to rerun the tests and verify that all three tests are now
passing in the Test Results window.

2. Explore other test
attributes

a. Open the BoardTest.cs file.

Note: One thing that was common in all three test methods we created was the
creation of the new Board class. It would be nice if code common to all tests could be
placed in one central location and be guaranteed to be run before each test. The
testing framework provided by Microsoft allows for just such a thing in a method
decorated with the [TestInitialize()] attribute.

b. Expand the Additional test attributes code section in the BoardTest.cs file.

c. Navigate to the commented section of code that defines the MyTestInitialize()
method and uncomment the whole method.

d. Add aline of code to the method, assigning a new Board object to the target
variable. The code should then look like the following example:

[TestInitialize()]
public void MyTestInitialize()
{
target = new Board();
3
e. At the top of the BoardTest class, create a property of type Board and name it
Board. The code should look similar to:

internal Board target
{

get

{

return _target;

_target = value;
}
1

private Board _target;

f. In the three methods created earlier, remove any construction of the Board class
inside of the test methods because the construction will now be done for us in
MyTestInitialize before each test is run.

g. Press Ctrl-F5 to launch the tests and verify that all three pass.

Note: Examine the other commented methods inside of the Additional test attributes
section. Methods marked with the [TestCleanup()] attribute run at the end of every
test whether an exception is thrown or not. [ClassInitialize()] and [ClassCleanup()]
are similar to their corresponding [Test... ] attributes except these run when the test
class is created and destroyed.
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Application Validation through Unit Testing

Exercise 3
Test non-public data

Scenario

In this exercise, you will be creating unit tests that will exercise non-public data. While the debate is still on as to
whether this is a good practice or not, Microsoft has provided the ability to easily perform such tasks, which do
deserve mentioning. Utilizing this tool will allow you to test non-public classes as well as non-public methods on all
classes.

Tasks Detailed Steps
Complete the following a. In Solution Explorer, right click on the TicTacToeLogicTest project and select
tasks on: Add | New Test.
M ySTSRTM08
1. Create a new unit _ .
test class = fﬁ' WALE =] Refresh
=2 Refl g5 yjilg
=] At
Cﬁ EBos Rebuild
Clean
Run Code Analysis
Project Dependencies. ..
Project Build Order...
Add * | o] Mew Test..,
Add Reference. .. 22| Mew Item,.,
Add Web Reference... :i:|  Existing Item...
Add Service Reference., .. [y Mew Folder

b. The Add New Test dialog pops up and under Templates: select Unit Test

Add New Test ed |
Templates:
=i f?j ﬁﬁ —
. - Description
Database Unit GenericTest  Load Test
Test Use & unit test to exerdse C++, C#, or
Visual Basic source code. Choosing Unit
H 13 Test also lets you create ASP.NET unit
$_- r 1 Qg - tests and data-driven unit tests,
= ¥
Manual Test  Manual Test  Ordered Test A unit test calls the methods of a dlass,
(text format) (Word format) passing suitable parameters, and
verifies that the returned value is what
=5 = @ you expect. You can code unit tests by
ot ot hand.
Unit Test Unit Test Web Test
Wizard
Test MName: ICeII‘I’est.cs
Add to Test Project: Eﬁ'ﬁcTacToeLogicTest j

OK I Cancel |
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Application Validation through Unit Testing

Tasks

Detailed Steps

c. For Test Name type in CellTest.cs and press OK.
d. After CellTest.cs is opened, type using VstsTraining; at the top of the file.

2. Create and use a
private accessor for
Cell class

a. Open Cell.cs in the TicTacToeLogic project and right-click anywhere in the
editor to bring up the following menu

T

Refactor 3

Organize Usings 3

Create Private Accessor »

TicTacToelogicTest

>

\) %| create Unit Tests...
i

1

| E Insert Snippet...

e -
L 1| surround with. ..

@._n 8 | Go To Definition

*; Find All References
2
Breakpoint » -4
i, | e= Run To Cursar

e

§ | & | cut

s - I

{52 Copy

k

A A g, YA g nt s M e )

b. Select Create Private Accessor | TicTacToeLogicTest. This will create a
private accessor for the Cell class and place it in the TicTacToeLogicTest
assembly.

c. Open up Solution Explorer and notice that a new file has been added to the test
project called TicTacToeLogic.accessor. This file contains the necessary
reflection logic in order to exercise the non-public code.

d. Navigate to TestMethod1 (within the CellTest.cs file) which was created for
you when you created the CellTest class, and change the signature and body to
look like the following code block.

[TestMethod]
public void ValidateXValueIsAllowed()

{

VstsTraining.Cell_Accessor accessor =
new VstsTraining.Cell_Accessor();

accessor.Value = 'X';
Assert.AreEqual<char>('X"', (char)accessor.Value);

e. Press Ctrl-F5 in order to execute the tests.

3. Regenerate the
private accessor

a. One thing to point out is that since the VstsTraining_CellAccessor class is
generated from the original Cell class, any modifications made to the Cell class
that you would like to test will require you to manually re-generate the
VstsTraining_CellAccessor class.

b. To re-generate the private accessor for Cell, open Cell.cs.

c. Right-click anywhere in the file and select Create Private Accessor |
TicTacToeLogicTest.

Note: The private accessor has now been updated to reflect the latest version of the
Cell class. One thing to point out is that if any non-public items that are under test
have had their names changed since the last time the private accessor was re-
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Application Validation through Unit Testing

Tasks

Detailed Steps

generated, there might be compiler errors in the test code now.
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Application Validation through Unit Testing

Exercise 4

Create Data-Driven Unit Tests

Scenario

In this exercise, you will create unit tests that retrieve their test values and expected answers from a database. Data-
driven testing is convenient when there is an API that needs to be tested with multiple input values. Instead of
writing multiple tests that just have different data and the same logic, the data can be pulled from a database and the
logic will only be written once. In this example, we will be setting up the data-driven testing all through code, but
this can also be performed from the test view by selecting an existing test and pressing F4 to get to the test

properties.

Tasks

Detailed Steps

Complete the following
tasks on:

M vSTSRTMO08
1. Create the database

a. Make sure that Microsoft SQL Server Compact 3.5 is installed.
b. Right-click on the TicTacToeLogicTest project and select Add | New Item.

] Propertic £| Refresh
+- [«=] Referen |ﬁ| Biuild

T

=] Autharin .
< BoardTe Rebuild
4] CellTest. Clean

] YSCoded
_1 Run Code Analysis

Project Dependencies. ..

Project Build Crder. .

Add b mewTest...
Add Reference. .. ] Mew Item...
c. Select Local Database from the Visual Studio installed templates section.
d. Name the database DataDrivenTesting.sdf and press Add.
e. Open the Server Explorer by selecting View | Server Explorer.
f. Right-click on Data Connections within Server Explorer and select Add

Connection....
[FEYCata Connections
4 Se [¢#] Refresh

-

4

| &dd Connectian. .

Create Mew SQL Server Database, ..

g. You may initially see the “Choose Data Source” dialog, and if so, you should
select Microsoft SQL Server Compact 3.5, and press Continue to bring up the
“Add Connection” dialog. Otherwise, you will immediately see the "Add
Connection" dialog, and if so, click on the Change... button select Microsoft
SQL Server Compact 3.5, and press OK.

h. Press the Browse... button and select the C:\MSLabs\VSTS
2008\Work\200\UnitTesting\TicTacToeLogicSolution\
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Application Validation through Unit Testing

Tasks Detailed Steps

TicTacToeLogicTest\DataDrivenTesting.sdf file.

i. The connection window should now look like the one below.

Enter information to connect to the selected data source or
dick "Change” to choose a different data source andjor

provider,
Data source:
Microsoft SQL Server Compact 3.5 ((NET Fra Change... |
—Data Source
' My computer

" ActiveSync connected device

r Connection Properties

Database:
IC: MSLabsVSTS Work\UnitTesting\TicTacToeLogicSolutic

Create...
Password:
|
[~ Save my password
Advanced... |
Test Connection | 0K | Cancel |

4

j- Press OK to finalize the connection.

k. After the database is created, expand the newly created DataDrivenTesting
database tree in Server Explorer. Right click on the Tables folder and select
Create Table.

@0 TicTacToeLogicSolution - Microsoft Visual Studio

Flle Edit View Project Build Team Debug Data T4

im-iE-EH e % R 8-F
Rl %% K BREEERR|E (==

rver Explorer

BRSS!

B- L]] Data Connections

. B [& DataDrivenTesting.sdf
5 g

: - Cd Replication

- 24 Servers

Mew Query

|x0q|00_|_ Q}g|_|am|dx;| NETNET=
H

Properties

I. Set the Name to CellData.
m. Create two columns

e ColumnName: InputValue, DataType: nchar, Length: 1, Allow
Nulls: Yes

e ColumnName: ExceptionExpected, DataType: bit, Allow Nulls:
Yes
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Application Validation through Unit Testing

Tasks

Detailed Steps

n.

Click OK to save the table as CellData.

Selecta page ) Refresh [ Help
2 General

—1ojx|

Name [CeliData

Column Name Data Type I Length Allow Mulls | Unique Primary Key
InputValue nchar 1 Yes No No
ExceptionExpected | bit 1 Yes No

No

:Zf|’2l‘

Default Value

False

Connection
False

Microsoft SQL Server Compact

Default Value
Defautt value for the column

DataDriven Testing sdf

37 View connection propetties

0K Cancel
LI%

2. Create a data-driven
test

{

e.

Open CellTest.cs.

Navigate to the ValidateXValueIlsAllowed method. Instead of creating more tests
that will just test other valid and invalid values for the Cell.Value property, we
will instead allow our database table to drive this one test with various values.

Add the DataSource attribute to the ValidateXValuelsAllowed method. This not
only tells the test to be a data-driven test, but it also tells the test where to retrieve
its data from. The first parameter tells the test what type of data adapter to use, the
second parameter is the connection string, the third parameter specifies what table
to use from the database for the test, and the fourth tells how the data should be
retrieved and used.

[DataSource("System.Data.SqlServerCe.3.5",
"data source=IDataDirectory/\DataDrivenTesting.sdf",
"CellData", DataAccessMethod.Sequential),
Deploymentltem("TicTacToeLogicTest\\DataDrivenTesting.sdf")]

Rename the method from ValidateXValuelsAllowed to ValidateCellValues.
This needs to be performed since we will now be testing more than just the ‘X’ as
the value.

Change the body of the ValidateCellValues method to look like the code below.

[DataSource("System.Data.SqlServerCe.3.5",

"data source=|DataDirectory|\\DataDrivenTesting.sdf",
"CellData", DataAccessMethod.Sequential),

DeploymentItem("TicTacToelLogicTest\\DataDrivenTesting.sdf"),

TestMethod]

public void ValidateCellValues()

VstsTraining.Cell_Accessor accessor
new VstsTraining.Cell_Accessor();

char inputValue = Convert.ToChar(
TestContext.DataRow["InputValue"]);
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Tasks

Detailed Steps

try
{
accessor.Value = inputValue;
Assert.AreEqual<char>(inputValue, (char)accessor.Value);
}
catch (Exception)
{
if
(!Convert.ToBoolean(TestContext.DataRow["ExceptionExpected"])
)
{
Assert.Fail(
"An exception was thrown when one was not
expected.");
}
}
b

3. Populate the
database and
execute the test

a. Navigate to Server Explorer and expand the tree view of the
DataDrivenTesting.sdf node until you see the CellData table.

b. Right click on the CellData table and select Show Table Data

#9 TicTacToeLogicSolution - Microsoft Visual Studio
File Edit Wew Project Buld Team Debug Data I?

Tl Y e
PE) % % KB B IR ER| S (== 4

Server Explorer

EINERRS.. |

B LJJ Data Connections

=S LL DataDriverTesting. sdf

; B~ [ Tables
(e | CelData

: [~ [ Replication Drop Table

'?‘-5 Servers

Table Properties

| ¥00|00 | .,}{_|.|a.|0|dx3 Jailag EA

able Schema

Show Table Data

Copy
Refresh

i [l & Co

Properties

P ket |

c. Populate the table with the following data

Inputtalue ExceptionExpected
1 False
o] False
¥ True

d. Press Ctrl-FS5 to execute the tests. All tests should pass and the Test Results
window should look similar to Figure below
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Tasks Detailed Steps

Te ]

E i - % - 0 a4 By @ - 3 Gowps

(w) Testrun: completed, Results: 77 passed;  Itemis) checked: O

Result Test Name Project

4] @ Passed ClearTest TicTacToeLogicTest
4=] @ Passed MakeMoveTest TicTacToelogicTest
4=] @ Passed MakeInvalidMoveTest TicTacTosLogicTest
4=] @ Passed validateCellvalues TicTacTosLogicTest
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Application Validation through Unit Testing

Exercise 5

Viewing Test Results

Scenario

Thus far we have done quite a bit of testing, but we really haven’t taken the time to view the results except for
taking a look at the Test Results window briefly. This exercise will examine the Test Results window at a deeper
level which will allow you to really examine what is going on for each test that is executed.

Tasks

Detailed Steps

Complete the following
tasks on:

M ySTSRTMOS

1. Getting to know the
Test Results window

a. From the tests run in the previous exercise, take a look at the Test Results
window. This window is the portal to all the information you will need when tests
are being run and after the test run has completed.

= 2| @y [ % Run v pBDebug + 1 @ |EYy 2F v %2 5 | GroupBy: Mone] —
(¥) Testrun completed Results: 7/7 passed; Item(s) checked: 0
| | Result | Test Name | Project | Error Message |
O oj@ Passed MakeMoveTest TicTacToelogicTest
O oj@ Passed ClearTest TicTacToelogicTest
O oj@ Passed MakelnvalidvoveTest TicTacToelogicTest
O oj@ Passed ValidateCellValues TicTacToelogicTest
=] Output ETast Results

b. From this window, tests that are currently running can be paused, resumed, or
even stopped. This functionality is only enabled when tests are actually running,
which is why the buttons are currently grayed out.

v | %y Run » p¥Debug - | By 2 - %9 3 | croupBy: [Mone]
(¥) Testrun completed Results: 7/7 passed; Item(s) checked: 0
| | Result | Test Mame | Project | Error Message |

O gﬂ@ Passed MakeMoveTest TicTacToeLogicTest

4@ Passed ClearTest TicTacToelogicTest

O gﬂ@ Passed MakeInvalidMoveTest TicTacToelogicTest

4@ Passed validateCellvalues TicTacToelogicTest

=] Output ETest Results

c. The Test Results window also allows you to view previous test runs. These are
accessible via the dropdown list located right next to the play/pause/stop buttons

d. When tests are run, if for some reason a test fails, the Test Results window will
automatically have that test checked, making it easy for you to fix the code and
then just re-run that particular test. To run only that test, instead of pressing Ctrl-
FS (or F5) to run the tests, you would just press the Play button. This button is
enabled in Figure below because a test in the window is selected.

3 3 @y - 2006-03-18 10 - v I @ Ey =F - % 3 GroupEy [None] - | [l Coly

0 Test run: Falled, Results: 6/7 passed; Itemis) checked: 1 Rerun ariginal tests Debug original tests

Regd gsk_hame Project Error Message
v gﬂ@ Failed ClearTest TicTacToelogicTest Test method YstsTraining, Test,
&= Fasse MakeMoveTest TicTacToeLogicTest
gi‘]@ Passed MakelnvalidMoveTest TicTacToelogicTest

gi‘]@ Passed ‘alidateCellvalues TicTacToelogicTest

2. Get test details for a
particular test

a. Double click on the ClearTest entry in the Test Results window. This will bring
up test details for that particular test method. From this window you can see,
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Tasks

Detailed Steps

among other things, the duration of the test, when the test started, and when the
test ended. This is all considered to be common results that are available for all

tests.

ClearTest [Results]

—| Common Results

Test Mame:!
Resulk:
Duration:

Camputer Mame:

Skart Time:
End Time:

ClearTest [Resulks]

ClearTest
Passed
00:00;00.0816553

3/15/2006 11:14:48 AM
318/2006 11:14:49 AM

b. Other information is available from this window as well. Double click on the
ValidateCellValues entry. This test was our data-driven test, so the results of
each data run is available here. The Data Row column specifies which row in the
database was used for that particular test.

ValidateCell¥alues [Results] ~ Start Page

—| Common Results

Test Name:
Result:
Duration:
Computer Name:
Start Time:

End Time:

ValidateCellvalues
Passed
00:00:01, 1129042

3718/2006 11:14:49 AM
3{18/2006 11:14:50 AM

—| Data Driven Test Results: 3 of 3 passed

Result | Duration

Passed  00:00:00.0135478 0
Passed  00:00:00.0003246 1
Passed  00:00:00.0007651 2

CellTest.cs " Cell.cs | Board.cs

Data Row  Error Message
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Application Validation through Unit Testing

Exercise 6

Examining Code Coverage of Tests

Scenario

The previous exercises have all focused on how to test the code, but in this exercise we will find exactly what code
gets tested with the tests, and more importantly, what code is not being tested at all. While 100% code coverage
doesn’t guarantee that the code is bug free, at least it shows that you are hitting all code paths.

Tasks

Detailed Steps

Complete the following
tasks on:

M ySTSRTMO8
1. Enable code
coverage

a. Open Solution Explorer and double-click on the localtestrun.testrunconfig file.

b. Select Code Coverage from the listbox and select the TicTacToeLogic.dll
artifact to instrument. There is no need to run code coverage on the test assembly.

localtestrun.testrunconfig (Modified)

General Select artifacts to instrument:
Controller and Agent
Artifacts to instrument | Path

2lx]

Deployment *ﬂi‘l’lcTacToeLogic.dll <Solution Directory =\TicTacToeLogic'bi
Hosts N X N -
Setup and Cleanup Scripts O ﬁﬂ'l'lcTacToeLoglcTest.dll <Solution Directory =\TicTacToeLogicTe:
Test Timeouts

Web Test

< | |
Add Aszembly... |

¥ Instrument assemblies in place

Re-signing key file: |

Code coverage measures what source code is executed during test
execution. Select the artifact to instrument for code coverage analysis.

Artifacts are assemblies and ASP.NET Web sites,
| Close I

Save As... | Apply

c. Click Apply and Close.

d. Press Ctrl-F5 to run the tests again. This test run will collect code coverage
information since it is now enabled.

2. View code coverage
results

a. From the Test menu, select Windows | Code Coverage Results.

b. Expand the tree view in the Code Coverage Results window so that both the
Board and Cell class can be seen.

verage Results

M= = B X
Hierarchy | Mot Covered (Blocks) | Not Covered (% Blocks) I Covered (Blocks) I Covered (St Blocks) |
E‘“Qﬁ tfsSetup@TFSRTMOS 2008-01-210... |87 17.98 % 397 82.02 %
E|,€?<: TicTacToeLogic.dll 87 17.98 % 397 82.02 %
B-{} vste 87 17.98 % 397 82.02%
; 18.42 % 372 81.58 %
-2 Cel 3 10.71% 25 89.29 %

5] Output| 5] Code Coverage Results |£Test Results |

c.  Well, most of the code was covered in the Cell class, but as you can quickly see,
84 blocks were not covered in the Board class.
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Application Validation through Unit Testing

Tasks Detailed Steps
d. Finish expanding the Board class to figure out where the code is that was not
covered.

MR S
Hierarchy I Mot Covered (Blocks) I Mot Covered (% Blocks) I Covered (Blocks) | Covered (% Blocks
=-{} VstsTraining 87 17.98 % 387 82.02 % -
E-vig Board 84 18.42 % 372 81.58 %
@ .ctor() 1] 0.00 % 3 100.00 %
. =:-:
=g Clear() 1] 0.00 % 10 100.00 %
- GamelsQver(bool,char) 5 100.00 % 1] 0.00 %
- MakeMove(int32,char) 0 0.00 % 2 100.00 %
- get_Cells) 0 0.00 % 2 100.00 %
- get_IsGameOwver() [} 0.00 % 2 100.00 %
- set_Cells(dass System,Colle... 0 0,00 % 1 100,00 %
- set_IsGameOver(bool) 1] 0,00 % 1 100,00 %
vig Cell 3 10.71% 25 89.29 % -
4| | 3

5] Output ;Coda Coverage Results |§Test Results |

e. In order to figure out what lines of code were never tested, double-click on
CheckForGameOver. This will open the Board.cs file within the
TicTacToeLogic project, and shows the lines colored with red lines being code
paths that were never run, and green paths showing what code was executed. If
your screen doesn’t show the colors, close the Board.cs file and double-click
CheckForGameOQOver again.
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private woid CheckForGameOver()

S ig

{

_r‘i // Check for first row winner

1 if ((Cells[®].Value == Cells[1].Value) && (Cells[1].Value == Cells[z

_;': GameIsOver(true, (char)Cells[8].Value); }

5

:j if (!IsGameOver) ;

& {

;- // Check for second row winner

A if ((Cells[3].value == Cells[4].Value) && (Cells[4].Value == Ce*

} { Lis
GameIsOver(true, (char)Cells[3].Value);

. 3

4 }

3 if (!IsGameOver)

{

s // Check for third row winner

(" if ((Cells[6].Value == Cells[7].Value) && (Cells[7].Value == Cé

4 {

i GameIsOver(true, (char)Cells[6].Value);

2 ¢

4 1

- if (1IsGameOver) '
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