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1. Introduction

1.1. Purpose

The purpose of this document is to define specific requirements, features, and functionality for
the Cyberonics unit test framework under development by the student developer team. This
document is meant to be reviewed by Cyberonics and the course instructor as a reference for
using the product, determining whether the product meets their needs, and understanding the
state of the product. This document provides a description of the entire project, including
requirements, use cases, features, use and installation guides, and information about the
development of the product. This document should be used as a reference for the project team
members, the course instructor, and Cyberonics.

1.2. Project Synopsis

This project was created by Cyberonics for students of CS4900-020 Software Testing. Its end-
product is a customized unit testing framework that developers can use with the Pocket PC
2003. CPPUnit is a full-featured open source unit testing framework and will serve as the
foundation of the project. To meet the requirements of Cyberonics, CPPUnit will be ported into
the Pocket PC 2003 environment and a customized interface for running tests will be built.

1.3. Project Environment

The framework (in this document referred to as “the testing framework”, “the framework”, or
“Boiler++”) will be compiled with eMbedded Visual C++ 4.0 SP3 using the 2003 Pocket PC SDK.
Unit testing and the test-running interface will be executed on the Pocket PC itself.

2. System Functions and Requirements
2.1. System Functions

2.1.1. Unit Test Framework

2.1.1.1  The main component of the software solution is a framework that will provide
Cyberonics with ease of designing, developing, and executing unit tests.

Language: C++ using eVC++ 4.0 IDE

Operating System: Pocket PC 2003 (Testing Environment), Windows XP (Development
Environment)

2.1.2. The test framework will allow Cyberonics to perform unit tests. A unit can be a group
of files, a file, class or a function.

2.1.3. The test framework will integrate into the Cyberonics code base.

2.1.2. Unit Test Constructs

2.2.1. The framework will have unit test features common in most unit testing frameworks. It
will:
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Run tests on units such as classes and methods
Assert state of variables and methods

Compute the elapsed time for each test to execute
Manage test suites for automation

2.1.3. Test Automation

The framework will allow Cyberonics to select single or multiple tests to be executed as a single
script. It will also allow Cyberonics to define test suites that can be executed when new code is
updated. A test suite is a class that contains multiple tests.

2.1.4. Test Summary

After running multiple tests, the framework will enable a tester to generate a report with
information including success/fail status, details of failures if any, timestamp for the tests, and
the time taken to execute each individual test and all tests together.

2.2. Nonfunctional Requirements
2.2.1. Performance Requirements
CPPUnit maintains a reasonable responsiveness when operating in a Pocket PC 2003
environment.

The framework provides an accurate picture of current progress by supplying the user
with information on the progress of the current test run.

2.2.2. Extendibility
The framework should accommodate future additions of features not implemented in the initial
release due to limited development time.

2.2.3. Reliability
The framework must be able to handle test program faults and continue operation without
causing failure in the testing application.

The framework cannot be the source of any fault or error.

2.2.4. Security Requirements

No security measures will be implemented in the testing application. This is due to the testing
application only running in a desktop or Pocket PC environment. No security will be necessary
since the desktop environment used by Cyberonics is considered secure.

2.3. External Interface Requirements

The user is able to define a test list, being able to include multiple tests from multiple test
suites. After the user has generated a list of tests, they will be able to easily run this list of tests
using the framework’s test runner. During the testing process, the framework displays its
current progress graphically. Upon completion of a test run or a user-aborted run, the
framework displays a high-level report of pass/fail/(aborted) data, with further details available
in a stored report file.

This is a draft.



3. System Behavior
3.1. Introduction
Figure 1 shows the major modes of interaction with the testing framework. On the desktop
side, the test developer uses the development environment (eVC++4, etc.) to create tests and
deploy them onto the Pocket PC 2003 device or emulator. Once the tests are downloaded to
the device or emulator, the tester runs tests by interacting with the Boiler++ GUI, which
controls running of tests using the CPPUnit library (and our additions) through the Boiler++
backend.

The majority of our work is concentrated on the elements represented in Figure 1 (b).

Development

. Boile r++ GUI
Enwinynment

Pocket PC 2003
emulator or device

Boile ++ Backend

CPPUnit Lbrary

(a) (b)

Figure 1. Modes of user interaction with the testing framework. There are two particular roles in using
the testing framework: (a) that of the test developer on the desktop environment, and (b) that of the
tester on the Pocket PC 2003 device or emulator.

In (a), the test developer interacts with the Development Environment to create tests, and the
Development Environment compiles these tests then downloads them to the Pocket PC device — if an
emulator is being used, the Environment starts up the emulator.

In (b), the tester interacts with the application GUI on the Pocket PC device or emulator. The GUI
controls the intermediary (which we call the “Backend”) between it and the test-running/reporting
library.

3.2. Select Tests

On startup of Boiler++, the application presents a list of the current test cases and suites in the project.
The list is presented in the form of a checkbox tree, which echoes the hierarchy of the test cases and
suites. Figure 2 is a screenshot from the application which shows the checkbox tree. The user selects the
test he or she wishes to run by checking the boxes (selection of a suite automatically selects the suite’s
entire contents for testing) then clicks a button to run the tests.

This is a draft.
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Selection Results

Figure 2. The test selection checkbox tree. Test cases and suites are displayed in a checkbox tree that
represents their hierarchy: the TestMemorySmoke entries are individual test methods which are
members of the suite CritterTest3. It is possible to select a family of tests by selecting the root of the
family; in this case, to run all of the TestMemorySmoke tests in CritterTest3, it suffices to only select
CritterTest3 by checking its box. Likewise, checking the All Tests box selects all tests.

In CPPUnit, test selection is normally done programmatically. In order to provide a user interface
to select tests, several new features were added. A logical breakdown of the test selection feature
follows.

3.2.1. Display Behavior

The user interacts with the checkbox tree to indicate which tests or suites must be run. In some cases,
simple selection is augmented by helpful selection from the interface: if all of a node’s descendants are
selected, it is logical to say that the user has also selected the node. If only some of a node’s
descendants are selected, the user should be able to see that this is so without fully expanding the tree.
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3.2.1.1 Classes
Details of class interactions in this feature are illustrated in Figure 3.

PrototypeDlg This is the class for the dialog window in the testing framework, which is the
component the user interacts with. When the user clicks a checkbox in the tree, PrototypeDlg
determines which node was clicked and passes that on to TreeCheckBox.

TreeCheckBox This class is original to the project, and is the display class for the test selection
checkbox tree. When TreeCheckBox receives the clicked node, it toggles the selection status of the
node and updates the node’s children and parent if needed.

Tre e CheckBox
Frototypalig +Toggleiaaid
+HitTest:H TR EEIT Bl

+5ereen To Cliert ) wid
+Get kemState): LINT
+5et bemState () uoid
+zlearSelectionwaid
+xheck A w0id
Figure 3. Extended checkbox functionality: class hierarchy. Two main classes (colored blue here because
they are FUDG original classes) interact to provide the extended checkbox behavior.

The arrow denotes an association: PrototypeDIlg manipulates TreeCheckBox.

3.2.1.2 Function
Upon user interaction with a checkbox, the parent and children of that checkbox are recursively
updated. This means that placing a checkmark on a suite will update all of its children with checkmarks,
and will update its parent to partially-selected. If all of a node’s children are selected, the node will be
marked as selected. Similarly, if a suite is unselected, all of its children will be unselected. If a parent is
marked as selected, and one of its children is deselected, then the parent will become partially selected
as long as at least one of its children is still selected. The tester may clear all selections by choosing
“Clear Selection” from the application menu.

The different states of a checkbox are illustrated in Figure 4, and Figure 5 details the component
interactions involved in the functionality.
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Figure 4. lllustration of checkbox states. Here we see extended behavior of the checkbox tree.
CritterTest has two test cases, TestMemorySmoke and TestMemorySmoke2, which are both selected. As
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a result, CritterTest is also displayed as “selected” so that the tester may see that all its component test
cases are selected without expanding the CritterTest subtree. The display looks exactly the same as if the
tester had selected CritterTest alone; the two children are updated to show as “selected”. Next, because
not all of the children of All Tests are selected, the All Tests checkbox is a gray check, which indicates
“partially selected”.
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Figure 5. Interaction among system components in extended checkbox functionality. There are three
logical layers involved in the checkbox functionality: the User, the application GUI with which the User
interacts with the application, and the Backend, which handles the logic of updating checkbox statuses.

3.2.2. Saving a Selection Set

If the project has a large number of tests, it is convenient to be able to save a set of tests selected for
ease of use the next time the set must be run. These sets can also correspond to, for instance,
subsections of the code exercised, testing criteria to be met, or steps to reproduce a bug.

3.2.2.1 Classes
Details of class interactions in this feature are illustrated in Figure 3.
PrototypeDlg This class manages the file-saving dialog and coordinates the save operation.
TreeCheckBox The checkbox tree examines itself for selected leaves (nodes with no children are
test cases) and writes the names of those tests to the file passed by the PrototypeDlg.

This is a draft.
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ZVector<Testltem> The collection of Testltems that holds suites and tests which the checkbox tree
represents. TreeCheckBox iterates over it to find selected tests or suites (and drills down into the suites
until it gets to test-case level).

Testitem This class represents a test case or suite in the checkbox tree; it is examined for its

selection status and, if it is selected and has no children (leaf nodes are test cases only), its test’s full
name.

Suector<Testhermn
+zizelrint
+alement®)Test bam

Prototype Dlg TreeCheckBox
-m_TreeList:Trea Cheack Box: ~ite i ctor: Svector <Test kam
+0n Sawe Selectvoid +zave Test(zave F ILE™)waid
+Get 53w File MameCioid +lzSelected(:bool
+Gettem9ta.1se(j:|m. Tasttem
+Htem Ha= Children(:boal “m_term HTREE 24

-m_full Hame :std:string

Figure 6. Save selection set: class hierarchy. Four main classes work together to deliver the save
functionality.

3.2.2.2 Function

After the user has finished selecting the tests to be run, the user chooses the “Save Selection” option
from the Selection Menu (illustrated in Figure 7). This will bring up a “Save As” dialog where the user is
prompted to provide a filename for the test selection set. If the user provides a filename that already
exists, the system will ask the user if he or she wishes to overwrite the existing file. The project will then
open a file for writing and write the names of the selected tests into the file. Upon completion, the

program will return to the test selection tree. Figure 8 illustrates the system component interactions
involved in saving a selection set.

Load Selection
Save Selection

Clear Selection

Selection|Results

Figure 7. The Selection menu. The Selection menu is located in the menu bar of Boiler++. Here, the Save
Selection menu option is selected. Only a portion of the entire screen is shown here.

This is a draft.
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Figure 8. Interactions among system components during selection set saving. There are four logical
layers in the operation of saving a test selection set. Three are recognizable from the previous

interaction diagram; the new layer is the file to which the test names are written. The Boiler++ Backend
deals with it directly.
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3.2.3. Loading a Selection Set

If a particular test set (or combination of sets) is of interest, the user saves time by being able to quickly
select sets. The load function makes it possible to re-use test selections without re-selecting the tests
afresh.

3.2.3.1 Classes
Details of class interactions in this feature are illustrated in Figure 9.
PrototypeDIlg Upon selection of the Load option, OnLoadSelect is called. This will open a file for
reading as specified from the user and pass the file pointer to loadTest in the TreeCheckBox class.
TreeCheckBox LoadTest will read the names of the tests in the file and search our list for the test.
Once found it will call SetCheck to place a checkmark on that test. SetCheck will then call
updateChildren and updateParent to maintain the proper checkbox display behavior.

Suector<Testhem >
+sizelrint
+element™ () Testkem

Pritotype Dig Tree ChechkBox
-m_Treelist: Tree Chedk Box -ite miviector: Suvector<Test kem:
-2 File: TCHAR HoadTest(Joad F ILE Jvoid
+0n Load Select]):wid +5et Chechiyboal
+Get Open File MameCrwid
Testkem

-m_item :HTREEIT B
-m_fullMarme:=std :=tring

Figure 9. Load selection set: class hierarchy. The interactions in this feature are very like those in the
save feature.

3.2.3.2 Function

At any time during the test selection process, the user may select “Load Selection” from the Selection
Menu (also depicted in Figure 7). This will bring up an “Open” dialog that will list all of the previously-
saved test selection files. When a user selects a file, the program opens it, reads the test names from it,
and checks the appropriate checkboxes in the test tree. No checkboxes are unchecked during this
process, so any test that was selected by the user prior to loading a test selection set will remain
selected. This allows the user to load multiple saved test files so as to run the sets together. When a
selection set has been loaded and the appropriate tests marked as selected, the program will display a
confirmation box, which shows the number of tests successfully marked and the number of tests not
found in the tree. The class interactions which deliver the load functionality are depicted in Figure 10.

This is a draft.
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Figure 10. Interactions among system components during selection set loading. The actions here are
much like those of the save operation, except that the interaction with the test selection set file is in
reading test names out rather than writing them in.
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3.2.3.3 Faults, Anomalies, and Enhancement

Because of the recursive nature of the process used to update checkbox statuses (according to the
number of children selected), the number of tests being loaded affects the amount of time required
to load the list. (further content pending due to ongoing development)

3.2.3. Registering a Selection Set
A selection of tests is a subset of the entire set of tests registered with the test runner. Some
manipulation is required in order to run only the desired tests.

3.2.3.1 Classes
Classes involved in this function, and the relationships between them, are illustrated in Figure 11.

PrototypeDIlg When Start is clicked, this class begins the process of running the tests.

TestRunner This class is responsible for coordinating the test run.

TestFactoryRegistry This class creates test registries, which are lists of tests to pass to TestRunner
to manage.

TreeCheckBox This class is original to the project, and is the display class for the test selection
checkbox tree. The items in the tree are Testltems.

Testltem This is another original class which links a test case to its representation in the selection
tree.

ZVector This is a generic collection class, created by Craig Muller, which is used to store the
individual tests that were selected by the user.

Test This is the class that all test cases and test suites inherit from. The class allows access to a
suite’s children (test cases).

Test Suite This class inherits from Test; it has the access method used to add tests to the test
registry.

This is a draft.
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Dvactar<Testham > TreeCheckBox Prototype Dig Te st Runner
-ite mmiector: Zhviector< Testhem -m_Tree List: Trea Check Box
+add Bement:uoid +get Tests () Test™ +0n BeginTestiwoid +add TestiTest® nt Jwaid
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-m_test:CppUnit: Test ™
-m_iterm:HTRE EIT B +get Child Test Court (rint

+get Child Test Abjndex int Jwaid
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Figure 11. Test selection: classes hierarchy. There are several CPPUnit, original, and third-party classes
(colored in green, blue, and orange respectively) interacting to provide the test selection functionality.
Here we only show those classes that are directly involved with test selection and the subsequent
required operations to create a registry of only the selected tests to run. An arrow denotes an
association; a dotted line with a triangle: a generalization; a diamond: a collection (for instance, ZVector
is a collection of Testltem objects).

3.2.3.2 Function

When the user clicks the “Run” button, the application creates a new test registry out of the selected
tests. It examines the tree, accesses the selected tests through their links in the Testltem objects in the
selection tree, and then adds each of those tests to a new registry. The test runner takes the registry,
runs the tests, and reports back the results. The interaction of all the layers is broken down sequentially
in Figure 12.

This is a draft.
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Figure 12. Interaction among system components during test selection. There are four logical Iayers- of
interaction in test selection: the User, the GUI the user directly interacts with, the Boiler++ backend
intermediary between the GUI and the test-running library, and the CPPUnit library itself, which handles

test running.
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3.3. Run Tests
3.3.1. Progress Bar

The progress bar displays how many tests are completed out of the total number of tests being
tested.

CritterTest

TestMemnarysmoke (=
TestMemorySmokes] |

Critter Testz
TestMemarySmake
TestMernarySmakes]
TestMernarySmoked
TestMernarySmmaked)
TestMernarySmakeS

TestMemarySmoked| |
: TestMemarySmoke?]

=] &) Tests

CritterTast
M TestMemarySmioke |=
<[ TestMemorySmokes] |
E| v CritterTest2

-H TestMernorySmoke2]

-[F TestMermorySmaked|
-[F TestMermaorySmake
<[ TestMemorySmoked||
- [ TestMemorySmoke7|

TestMermnorySmoke

[ TestMemarySmoked

M TestMemorySmokeS

Completed test run,
Some tests faled.

V] TestMermnorySmoked| |
TestMermnorySmoke?]

i > — ] [T>

1] [T»

Selection Results Selection Results Selection Results

Figure 13. The progress bar during running tests. As tests are executed, the progress bar is updated to
show how far along the test run has progressed.

3.3.1.1 Classes
The interactions and hierarchy of these classes is detailed in Figure 14.

TestRunner This is the class that runs the tests. TestRunner also owns a TestResult object which
coordinates the tests and listeners.

TestResult This is the class which calls the individual tests and communicates with the test
listeners. We will refer to it most often as “Event Manager” (the name of the variable in TestRunner),
which is a more descriptive name for its function.

TestListener This is an interface which provides a template for test listeners. Listeners keep track
of test information such as pass/fail status.

FUDGProgressBarlListener This class is added to the TestRunner as a listener, inheriting from the
TestListener interface. The GUI adds a function pointer to this listener which will be called at the end of
each test case. The function passed has access to the progress bar.

PrototypeDlg This class initializes the progress bar object and test runner, and owns the
function mentioned above which updates the progress bar.

CProgressCtrl This is the MFC wrapper for the progress bar. This class provides methods to set the
limits and position of the progress bar.

This is a draft.
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Figure 14. Progress bar: class hierarchy.

3.3.1.2 Function

Once the start test button is clicked the progress bar becomes visible starting at zero percent. After a
test case is complete the progress bar is incremented by the percentage of one test case out of total test
cases. Once the tests are complete the progress bar disappears.

(figure forthcoming)
Figure 15. Interaction among system components updating the progress bar.

3.4. Report Results

When the tests are run, the test runner keeps statistics on the tests. It is desirable for those statistics to
be put into a report that is easily readable. To achieve this goal, reports are generated in XML form
(Figure 16, formatted output in Figure 17). XML reporting was chosen for a few reasons. First, it is easy
to extend what is reported by CPPUnit’s XMLOutputter through the use of an XMLHook which can add
features such as timing to the results. Next, formatting is simple with XSL stylesheets, which adds to the
ease of making large sets of results readable. Display of selected information immediately after the test
run — which we will refer to as “immediate results” — provides the user a summary of statistics on the
screen of the testing application, communicating which tests have passed and failed without requiring
the user to port the full XML results to a desktop computer for viewing.
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B output.xml - WordPad -0l x|

Fle Edit view Insert Format Help
s EEEE RS

<?xml werzion="1.0" encoding='I30-8859-1' =ztandalone='yes' 7>
<?uml-stylesheet type="text/x=l" href="FUDGoutput.xsl"?>
<TestRun>
<FailedTests>
<FailedTest id="1">
<NamerCritterTest: : TestMemor y3moke</ Namea>
<FailureTyperissertion</FailureTypesr
<Location>
<FilexC:%Documents and Settings' lstuart'\ My Documents), FUDGY SawpleTestFiledCritterTest.cpp</Files>
<Linex12</Line>
</Locations
<Messagerassertion failed
— Expression: mw.AssociatedP (3)
</ Nessage>
</FailedTest>
<FailedTest id="2">
<Name>CritterTest: : TestNemor y3mokez </ Name >
<FailureTyperlissertion</FailureTyper
<Location>
<FilexC:y Documents and Settings' lstuart) My Documentsh FUDGY SamwpleTestFileh CritterTest.opp</Files
<Liner18</Line>
</Location>
<Messagerassertion failed
— Expression: mw.AssociatedP (3]
</ Message>
</FailedTest>
</FailedTests>
<duccessfulTestss
<Test id="1"x
<Name>CritterTest: : TestNemor y3moke< / Hamea>
</ Test>
</ BuccesstulTestas
<3tatistics>
<Testg>2</Tests>
<FailuresTotalrZ</FailuresTotal:>
<Errors»0</Errorss
<Failures-Z</Failures:>

</Statistics>
</ TesatRun>
For Help, press F1 MUM -z

Figure 16. Raw XML output. The XML-formatted results include information on each test case such as
pass/fail status, failure location, and error message. There are separate subtrees for failed tests,
successful tests, and overall test statistics.

(figure forthcoming)
Figure 17. Formatted test run report as Viewed on desktop.

3.4.1. TestTiming

CPPUnit does not offer timing information about tests; however, one of the options for results output
was in XML form. The XML output can also be added to by using XML hooks, which we use to add the
timing information to each test’s individual report. The information about each test is gathered by
listeners during the test run and used in output after the run is over (note timing data in Figures 16 and
17); we added a listener for the timing information.
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3.4.1.1 Classes
Classes involved in this function, and the relationships between them, are illustrated in Figure 18.
This function shares

TestRunner This is the class that runs the tests. Here, we need to set its outputter in order to have
XML-formatted results. TestRunner also owns a TestResult object which coordinates the tests and
listeners.

TestResult This is the class which calls the individual tests and communicates with the test
listeners. We will refer to it most often as “Event Manager” (the name of the variable in TestRunner),
which is a more descriptive name for its function.

TestListener This is an interface which provides a template for test listeners. Listeners keep track
of test information such as pass/fail status.

FUDGListener This class implements the TestListener interface and keeps track of time for each
test and for the whole test run. In the future we may extend it for other purposes related to monitoring
test runs.

XmlHook This is another interface, which provides the XML output writer access to the
information that a listener has collected.

FUDGXmIHook This class implements the XmlIHook interface and specifically hooks into the
FUDGListener class for timing information.

XmlOutputter This class writes the results output. It uses XmlHooks to gather information to write.

<4 interface ¥ <4 interface =
Testlistener XmlHook
+=tart Test]):woid +zuccess il Test Added()woid
+end Test(Jwaid +HailTestéddedwid
Te st Runner TestResult +atatiztics Addedwoid
-eventhdanager Test Result -Tming Cas= Diagram:Cpp Unit Deque - T
+add Test(owoid +addListenen ) wid 1 1
1
+eatOutputtarvoid v v
FUDGListener FIUOGY miHo ok
Aimesmap Aimesmap
-total Time :double total Time :double
¥miD utputter +start Tast])wid +suctessilTest Addediaid
-mi_hooks Hooks +endTest(void +alTestidded 1 wid
+add Hooht )y umid +statistic=Ad ded(oid
+add Successful Test7):wid +add Timen ) wid
+add Failed Test]):wid
+add Statistica)wnid

Figure 18. Test timing class hierarchy. There are several CPPUnit and original classes (colored in green
and blue respectively) involved in running and reporting on tests. Here we show only the classes directly
involved in the timing functionality.

3.4.1.2 Function

When the TestRunner starts, it has an outputter specified, a registry to run, and a set of listeners added
to the Event Manager. The Event Manager goes through its list of tests: it starts a test, starts a listener,
and then ends a listener when the test has ended. The listeners are specialized; we have the
FUDGListener keeping track of timing, and a TestResultCollector which keeps track of which tests were
successfully run and which failed. When all the tests have been attempted, the Event Manager returns
control to the Test Runner, which begins to write output. The XML outputter accesses the
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TestResultCollector information then uses its XML hooks to add the other information to the XML results
output file. This process is illustrated in Figure 19.

2.1, Start*[for each tes]—m

2.2 Stam*lor each lesHe Tesi TeslListeners
TestRunnar —1. Run—| Event Manager 3. End*[lor each esi]l—

4_ End*[for each lest—

TesiResultCaollecior FUDGLstensr

L k

&. Reference I’ Statisfics
i Stalistics i

XmiHooks

5. Print Result XmiQutputter 7. Extend Cutput L
FUDGXmIHo0K

9. Write Output*[for each lesi]

L% 1

XmiFils

Figure 19. Interaction among system components during test running. The process of running and
reporting on tests involves several objects and classes; here we show the process from when the Test
Runner is started to the writing of the XML output file. The steps are numbered sequentially; steps
which share numbers are part of the same action (for instance: ‘2.1. Start’ and ‘2.2. Start’: test listeners
are started alongside tests).

4. Problems, Conflicts, and Resolution

4.1. Testing Framework Selection
The first issue we encountered was finding a framework that fulfilled Cyberonics requests and would
work in eMbedded Visual C++ 4.0 (eVC4) with minimal or no changes to the chosen framework.

4.1.1. Approach

To find the right framework we had to add some additional requirements to remove the ambiguity of
making our decision: high usability, low setup time in other environments, presence of existing
documentation, and amount of available features. With better guidelines in place we constructed a list
of potential frameworks to investigate further.
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4.1.2. Solution

After completing research we decided on CPPUnit because it has the best user history, available
features, and available documentation of all the frameworks we investigated. Specifically, we chose
CPPUnit over WCEUnit due to the built-in functionality already available.

4.2. Development Environment Setup

After selecting our framework we needed to set up our development environment. From
communication with Cyberonics we knew that we were to use eVC4 with the Pocket PC 2003 emulator.
Once we figured out the setup, we also needed a dedicated development environment in which to work,
as the machines in our chosen lab would reset every night and erase all our setup work.

4.2.1. Approach

At first during installation we encountered Windows XP blocking the Pocket PC 2003 emulator from
running. After that we needed to decide which Service Pack was sufficient for getting CPPUnit to work,
without causing issues for Cyberonics. We also needed to run a project to see if our installation was
successful. Lastly, we needed to work with the CS Facilities team to establish a persistent environment in
the Windows lab.

4.2.2. Solution

We found information on why Windows XP was blocking the emulator from running, and adjusted the
registry accordingly. Next, through research on the different service packs, and what Cyberonics
currently uses we deemed Service Pack 3 to be sufficient for our development. Then, we used the
example “Hello World” program provided, and after some investigation on the emulator we finished our
installation by running the program. Lastly, we provided setup instructions to and met with CS Facilities
staff to ensure that we had the desired environment.

4.3. CPPUnit Port into eV(C4
CPPUnit is not designed to work in eVC4, and we needed to find out how to make it compatible.

4.3.1. Approach
Our first goal was to set CPPUnit up as a project in Visual Studio 2005/2008 in order to get an idea of
what was involved. Even when following steps available online, this proved to be very difficult. Once we
started trying to get CPPUnit to compile in eVC4, we found that the lessons we learned in Visual Studio
did not apply to eVC4. Another issue we encountered involved us trying to create a Dynamic Library File
(.dll) instead of a Static Library File (.lib). Lastly we found out that in order to use CPPUnit we would
need the RITTI library.

After compiling the library another conflict arose: how to use the library in a testing program.
Once again we could not find good resources on what we could use in eVC4 versus what was needed to
run a CPPUnit test.

4.3.2. Solution

After much experimentation we used the information learned from the Visual Studio 2005/2008
documentation to figure out that a Static Library File would be more appropriate for our needs over a
Dynamic Library File: a Static Library File is easier to develop and to include in development. With the
aforementioned documentation we found instructions on how to install the RITTI libraries into the eVC4
environment. With the RITTI libraries and the decision to go with a Static Library File, we were able to
compile the CPPUnit library.

This is a draft.
23



When trying to figure out how to create and run a test, we searched for existing C++ projects that
would work in the eVC4 environment. After some searching we found a project that was compatible
with eVC4 and successfully ran a CPPUnit test.

4.4. Parallel Development Project Merge

In the beginning of development, we had two versions of the project being developed — one team was
working on the XMLOutputter additions and one on developing the GUI. When we tried to merge these
two development paths, we encountered a bug with a library that was being used in the XMLOutputter
which could not be used with the MFC GUI.

4.4.1. Approach

A library for using STD::Map (an implementation of a hash map) was not compatible with the MFC
compiler, leaving us with the options of: trying to fix the linking error, finding another hash map library
that is compatible with MFC, or not using a hash map.

4.4.2. Solution

After many unsuccessful tries to fix the linking errors, we decided to no longer pursue that course of
action. Due to eVC4’s compatibility issues with our first choice of a hash map implementation we
decided to use a linked list instead for simplicity.

5. Acknowledgments

Kip Granson and Melanie Church with CS Facilities, Purdue University, for setting up
machines for our use

Dr. Aditya Mathur, Software Testing professor, for his guidance and insight

Sourceforge.net for CPPUnit documentation and the CPPUnit community for tutorials and
setup instructions: http://sourceforge.net/apps/mediawiki/cppunit/index.php

TopCoder for the TopCoder UML Tool, which we used to make some of our diagrams:

http://www.topcoder.com/wiki/display/tc/TopCoder+UML+Tool

Craig Muller at CodeProject, for ZVector: http://www.codeproject.com/KB/trace/zvector.aspx

Sean Laxton with ITaP (Information Technology at Purdue) for coordinating our videoconferences
with Cyberonics

6. References

1. Pocket PC 2003

Emulator: http://www.microsoft.com/downloads/details.aspx?familyid=57265402-47A8-4CE4-
9AA7-5FE85B95DE72&displaylang=en

2. CPPUnit

Main Page: http://sourceforge.net/apps/mediawiki/cppunit/index.php?title=Main_Page

3. eMbedded Visual C++ 4.0

Download: http://www.microsoft.com/downloads/details.aspx?Familyld=1DACDB3D-50D1-41B2-
A107-FA75AE960856&displaylang=en

Developer Resources (for use with an emulator): http://msdn.microsoft.com/en-
us/library/aa446907.aspx

eVC4 Service Pack 3

This is a draft.
24



Download: http://www.microsoft.com/downloads/details.aspx?Familyld=5bb36f3e-5b3d-419a-
9610-2fe53815ae3b&displaylang=en
Information: http://msmobiles.com/news.php/2314.html

This is a draft.

25



Appendix A: User Manual

1 eVC4 Environment Setup

This setup needs to be done on each computer that will be running CPPUnit.
1. Download the file in this link:
http://support.microsoft.com/default.aspx?scid=kb;en-us;:830482

Copy the Ccrtrtti.lib and Ccrtrtti.pdb files from the Emulator folder in the RITTI download to the

folder that is named Emulator inside the \Lib folder of the Pocket PC 2003 SDK.
The default path name for computers with Pocket PC 2003 SDK is:
"C:\Program Files\Windows CE Tools\wce420\POCKET PC 2003\Lib"

Detailed instructions are located in the provided link if they are needed.

2. The CPPUnit include file needs to be added to the execution paths:

Go to menu options Tools->Options. Then go to the tab Directories.

Leave CPUs box on Win32(WCE ARMV4) option (or change to this option if not selected):
*xx*E*Add picture for ARMV4A option®*******

Add a New entry (looks like a dotted line box with a spark, first on the left of the icons)

options 2| x|

Diebug I Compatibility I Diownload | Buld  Directaries | Wu:urloilf Elz

Flatfarmm; CPU = Show directaries for:
|POCKET PC 20 7 |[4in32 [WEE emulator) |irclude files =]
Directories:

C:AProgram Files\windows CE Toolswoed 208POCKET PC 20034 neludether
C: '\F'rn:ngram FI|ES"-.WIHI:|DWS CE Toalz\weed 208POCKET F'I: EDDB'xmfc:'xlnc:Iud

Co++ 4, D'xEEIMMEIN'&EVE'&MYF‘HDJEETS'\EF"F'LINIT 112 1"~INI:LL|DE§ !|

(] % I Cancel

Browse for CPPUnit include folder. This folder will be located where the Boilerpp source files
are, or where the CPPUnit source files was unzipped to.

Example: C:\Documents and Settings\Desktop\Boilerpp\cppunit-1.12.1\include.
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Deb  Directory name: ] I Ll_“ :

Elath [MYPROJECTS\CPPUNT-1121WNCLUDE | Cancel | E
Fac o
- (= EVC 4| Metwark.. | G
Diire [==r MuProjects +
? [= cppurit-1.72.1 m
C: B3 copunit eher
E; £ maveh = clud
[ [lude
o Dnves: )
I: I = j

el |

Repeat the previous steps for the Win32(WCE Emulator) option:
Change CPUs box to the Win32(WCE Emulator) option:

options 2| |

Debug | Cormpatibility | D owrload | Buld  Directonies | Wnrl{ 4|p

Platform: CPUs: Show directonies for:
|POCKET PC 20 x| |'win32 [wCE ARMY4 |finclude fies =]

IR O

Directaries:

C:4%Program Filestwindows CE Toolshweed 205POCKET PC 20034 noludehaf
C:AProgram FilezsVwindows CE Toolsweed 20NPOCKET PC 2003%mfchincild

(] 4 I Cancel

Repeat rest of the steps to finish setting up the Win32(WCE Emulator) option.
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2 Boilerpp Project Setup
The Boilerpp Project will work without any modification. The following steps are to add code to be
tested.

Note: To run the Boilerpp project on the Pocket PC 2003 device change the compile option Win32(WCE
ARMV4) option. Otherwise this program will run on the Pocket PC 2003 emulator (Win32(WCE
Emulator) option).

*Ekkx*xE*add picture of this option change™ *#* & #xkkxkk

1. Create/Add the source files being tested, if any. Follow Project->Add to Project->Files... and

browse for files to add. (Critter.h is the file being tested in the example)
Bl tutorial? - Microsoft eMbedded Yisual C++

tlEru:uject Build Tools ‘Window Help

—

Eile Edit Wew Inse

1) | = o | . 3et Ackive Project i !’ | G4 [countTestCases j |
2z Add To Project L Mew, ..

[Glabals) i il
Al Dependentes. . e Mz Folders _i

tutorial2 ~||POC Settings... AlL+F7 LA e

Export Makefile, ., =
@ Components and Controls, ..

Workspace "tutonal2 Insert Project inko Workspace. .. [nTest=(void)

- tutorial2 fil 7
Eja Source Filez # Get the top level =uite from the
i Cpplinit: :Test *#=uiteT = Cppllnit: :Te

@ Critter T est.cpp

] CritterT est2. cpp
[#1 CrdAe ~rn P = it R St e

2. Create "...test.cpp" and "...test.h" to set up the tests to run the source files. Again follow the
example test program. (CritterTest.h and CritterTest.cpp are the testing files for Critter.h)

HErAAk R Rx XXX *2dd picture here with the GUI files present ***#**

3. #finclude "StdAfx.h" in all of the new (or added) .cpp files.

This is a draft.
28


http://redlea.net/490/wiki/index.php5?title=File:T_file_setup5.jpg�

#include "Stdif=z . k"

#include <cppunit-extensions-HelperMacros hr
#include “"Critter:s k"
#include "CritterTe=st2 h"

CEFPUNIT_TEST_SUITE REGISTRATION{ CritterTests )

vold CritterTest?:  TestMenorvSnolked (wvoid)

Hemorvse m:

CPPUNIT_ASSERT( m.AssociatedP(0) ):

CPPUHIT_ASSERT(! m. A=szsociatedP(42) ):

CPPUHIT_ASSERT{ m. AssociatedP(3) }; % thisz should fai1l =~
T

4. Repeat steps 1-3 to add more files to test.

5. Follow example test documentation, and CPPUnit documentation, to add more testcases.
http://cppunit.sourceforge.net/doc/1.0/cppunit_cookbook.html

This link is the best source for test setup information.

3 Running the Test Project

To compile the project click the Rebuild Button.

[POCKET PC 2003 Emulator == |ﬂ|£1 RERERU ‘

Febuild All

If compile is successful the Device or Emulator will have the Boilerpp Test Project loaded on to
it.

3.1 Location of the Project in the Device/Emulator

1. Initial Emulator view
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[ Pocket PC 2003
Erulatar  Help

@ Sunday, Movember 08, 2009

E Tap here to set owner information

=] Mo upcoming appaintments

2. Select Programs from the Windows Menu Dropdown
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[ Pocket PC 2003 s

Emulatar Help

§ &F o< 12:28
08, 2009

information

3. Select File Explorer
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MSMN Pictures
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Eﬁk
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4. Select My Device from the My Documents dropdown
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i

Emulatar Help

Show +

+ My Documents
31 Templates

Edit Open

5. Select "Prototype" to run the Testing files ********x**adit, fix with final project name
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Fy Pocket PC 2003

Ermulator Help

ZlEx

@ My Device -

P &F ot 12:34 €3

i ConnMgr
1My Documents
[ profiles
[£31Program Files
ChTemp
= windows

. Prototype

11/7/09 456K

Edit open |~ ] 11 &2

3.2 Testing Options

This section outlines what all of the different options for selecting tests.
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FL Pocket PC 2003 u

Ermulator  Help

#1% |Prototype F £F o< 7:59 @

-] Al Tests

Start Test

Selection Results

3.3 Test Selection

Clicking All Tests will check all of the suites and testcases.
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_lrix

Ermulator Help

P &F 2808

= [ Critter Test

¥ TestiMemorySmoke

= & TestiMemarySmoke?
- fA CritterTest2
CritterTest3
CritterTestd
CritterTests
CritterTesth
CritterTest?
CritterTests

= [# CritterTest

Start Test

Selection Results

Clicking a suite will run all of the tests in that suite. Also, unless all suites are checked All Tests
will have a partial check mark.
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Emulatar  Help

.
i

&.

'

- Critter Test2
- Critter Test3
- Critter Test4
- Critter Tests
- Critter Testa
- Critter Test?
- Critter Tests
- Critter Testo

Start Test

Selection Results

Clicking a testcase will run that test case. Also, unless all testcases in a suite are checked the
suite, as well as All Tests, will have a partial checkmark.
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Emulator  Help

Prototype i o 42 818 @

O CritterTest

TestMemorySmoke
« [ TestMemarySmoke2

-0 CritterTestz

-0 CritterTest3

-0 CritterTestd

-0 CritterTests

-0 CritterTestd

-0 CritterTest?

-0 CritterTests

- CritterTesto

2 M S S

Start Test

Selection Results

If you click a checked checkbox it will uncheck itself and all tests/suites beneath it (if there are

any).
Before:
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After:

Ep Pocket PC 2003

Ermulator

Help

=100 x|

i

o qZ8:30

= [ CritterTest
- [ TestMernorySmoke
‘o [#] TestMemarySmoke?

w- [ CritterTest2
B[O CritterTest3
B[O CritterTest4
B[O CritterTests
B[O CritterTests
B[O CritterTest?
B[O CritterTests
-] CritterTesto

Start Test

Selection Results

This is a draft.

39



Es Pocket PC 2003

Ernulator  Help

=101

- O CritterTest2
B[O CritterTest3
B[O CritterTest4
B[O CritterTests
B[O CritterTests
B[O CritterTest?

B[O CritterTests
= CritterTesto

Start Test

Selection Results

Last there is a Clear Selection option that will clear all selected tests.
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E5 Pocket PC 2003 .

Erulator  Help

=101 |

- C] Critter Test

Critter Test2
Critter Test3
- Critter Test4
- Critter Tests
- Critter Testa
- Critter Test?

- Critter Tests
- Critter Testo

Save Selection

Clear Selection

T &F g9

O TestMemorySmaoke

5 TestMemarySmokez

Selection

Results

3.4 Load/Save

3.4.1 Save

Once tests have been selected the tests can be saved to a file.
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Ermulator Help

lEx

Save Selection

Clear Selection

Selection|Results

P & (846 (D

O CritterTest
-~ O TestMernarySmoke
- [ TestMemarySmoke?
<O CritterTestz
<O CritterTest3
<O CritterTestd
<O CritterTests
<O CritterTests
<O CritterTest?
<O CritterTests
<O CritterTesto

1. After "Save" has been selected the Save As window will popup.
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Ez Pocket PC 2003

f Pockat PC
T & o< 12:32

Save As

MHame: |

Folder: |N|:|r‘|e

Type: |Tezt

Location: |Main MMEMMOrY

oK

123(1(2]3]4]|5]6[7[8[0]0]-
Tabja[wle[r[t]y[uli[o]p
caP[a[s[d][f]a]n]ifk][I1];]"
shift[ z[x [c[v[b[n|m], |
ctlai] " [v] [4

|
I

2. Once "OK" has been clicked the file will be located at the location chosen, and will be available for

loading.
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File Explorer T e

E My Documents «
ChBusiness
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3 Templates
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Edit Open |.A ]

wd

3.4.2 Load

A test can be loaded and those tests will be checked if they exist. In addition any previously loaded or
selected tests will remain selected.

1. Once "Load" has been selected the Load window will popup.
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Cancel
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2. After the file has been selected the application returns to the Test Selection screen and shows how
many tests were successfully loaded and how many tests could not be loaded. If they couldn’t be loaded
it means they no longer exist in the current test set, which could be that they have been deleted or
renamed.
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- ¥ CritterTest
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& Prototype

H-[JCHtterTesta
#-[] CritterTest?

-] CritterTests
#-[] CritterTesto

Start Test

Selection Results

4 Viewing Output
4.1 Immediate Result Viewing

After running the test file a window will appear with which tests passed, failed, or were not ran.

*HAx**Show picture with a test passed, failed, and not ran**#****
The green box shows a test that passed. The red box shows a test that failed. The black box
shows a test that wasn’t ran.

4.2 Viewing XML Output
To view the XML Output first it needs to be transferred to a computer.

1. On the emulator window: Emulator>Folder Sharing...
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Es Pocket PC 2003

e

=101 ]

Folder Sharing

If wou share a Folder, all conent in the Folder appears in the
Storage Card Folder, in the root direckory of the \WindowsCE File

system,

€ Doinot share afolder
¥ share this folder:

Ik

Zancel

X

e

= Temp

=) Windows
ﬂPrututypE
xmilOutput

12/1/09 481K
12/1/09 1.35K

El‘
.

Edit open [« [T /1] /3

2. Choose the folder you want to share & click OK

Folder Sharing

If wou share a Folder, all conent in the Folder appears in the

Storage Card Folder, in the root directory of the WindowsCE File

system,

" Do not share a folder
¥ share this folder:

I Ci\Documents and Settings) JenniiDeskkoplemulator_ ... I

ok |

Zancel

This is a draft.
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3. The folder is now in My Device as Storage Card

Bz Pocket PC 2003 B

Emulator Help

=10 x|

E My Device -

£ ConnMgr

1My Documents

=y profiles

[C31Program Files

Storage Card|

Eh Temp

=y windows

EAprototype 12/1/09 481K
xml0utput 12/1/09 1.35K

Edit Open |+ (]| @ /2 [~

4. Open the XML document and select Tools->Options

This is a draft.
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o

Emulator  Help

.I:F Pocket Word i o} o 929 @
k?xml version="1,0" encoding="T3-58559-1'

standalone="yes'®
<TestRun:= spell Check

<FailedTests> | Word Count
«FailedTest id{ Insert Date

<Mame=CritterTy Recognize
ame= Alternates...

<FailureType

=Location=
<File=CiiDg Send via E-mail...

Beam Document...

Settings! Jennit D
Test2, cpp</File

Zline=12<
<{Location> Delete Document

Revert to Saved
Save Document As...

=Message >3

- Fvoreccinn: m

New Edit ¥iew (Tools| T, El*

Options..

5. Select Storage Card from the Save to drop down:
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o

Emulator  Help

HPocket Word T &Y of£ 9:32
i

(7]

Options

Default kemplate:
|Ellank Docurment

Save bo!

Storage Card

Now the XML output is available in the folder selected in step 2.

*x*xx*add any steps to finalize being able to view the XML doc****

Once transfer is complete the XML output can be viewed using our XML style sheet.

*Ex*E*finished xml view pic**#****
5 Creating a new Boilerpp Project

Following these steps will create a new Boilerpp Project.
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Note: If the compile option is changed from Win32(WCE Emulator) option (to run on the
emulator) to the Win32(WCE ARMV4) option (to run on the device) then steps 3 and 4 will need
to be repeated.

1. Insert Boilerpp Source Files by first selecting Add To Project -> Files...

L] Fil= Edit “iew Insett |Projeck Buld Tools Window Help

8@ W@ | g & SethctieProt b |G [countTestCases =]
EE Add To Project 4 [ew

MicT estRunner - oo vI E7Y
4 = Dependencies. . (G Mew Foltler,

CPPURit_Static_ > ||FOCKE’  Settings... Alt+F7 003 Ernu
P Export Makefile, .,

@ Components and Contrals., ..

Bl CPPUnit_5tatic_ Insert Project into Workspace. .. [

[T =i T S T

s

Then select the Boilerpp Source Files

Insert Files into Projeckt - ilii

Look ir: |J Frototype j & £ ER-

[ ]

File narne: I"E'»-"eu:h:ur.h" "Pratatype. cpp” "Pratobype. b 'Pra (] 4 I
Filez of type: |E++ Filez [.c:.cpp:cxsstiz bz thzinl.rc) j Cancel |

[Figert inko: I Pratatype J

4
2. Change compile option to Win32(WCE emulator) Release (if compiling for operation on a
Pocket PC 2003 device, use the Win32(WCE ARMV4) Release option):

Bl tutorial? - Microsoft eMbedded Yisual C++

File Edit Wiew Insert Project Buld Tools ‘Window Help

| —

A 2EHE 2@ - - OER | SfcountTestCases (™
[Globalz) L" [&ll global membersz) jl § RunTests LI @ -
tuitorial? F|[POCKETPC2003 = |[win32 WCE emulatar] Release = ||POCKET PC 2003 Emulatar

Windd [w/CE ARMYA] Debug
in32 PwWCE ARMY Y] Feleaze
it [hA E:

| 2] ¥

Wiork zpace 'tutonial2' 1 project(s] : e ; ]
=-{E5 tutorial? files Bt

Eﬁ Source Filez 7/ et the top level suite from the registry
- [F] CritterTest.cpp Cpplnit: :Test #suiteT = Cpplnit::TestFactoryR:

L [ CritbarT 22t? enn
3. Go to Project->Settings->Link
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Type Ccrtrtti.lib in the Object/library modules box:

i Project Settings 2 x|

| Settings For: General | Diebug I C/C++  Link I Fiescuurc{ EE
I'W'in32 [\WCE emulator] Releaze j Eoegii IEeneral _ﬂ B |
o WEEBEE tutarial2

Output file narme:

Iemulatl:urFi eltutonial2, exe

Objectdibrary modules;
I:Drelil:u:] aygzhell ib| Cortrttiib|''C:Program Filezs\Microzoft

[T Generate debuginfc [ Ignore all default libraries

I Generate mapfile

Project Optians:

commctrl. b coredll b $[CE sB6Carelibz] avgzhel lib il
Cortritilib "C:5Program Filez\Microzoft eMbedded C++

l 40 ;I
' ok I Cancel |

Type the full path name of CPPUnit.lib in quotes in the Object/library modules box. For example
"C:\Documents and Settings\Desktop\Boilerpp\CPPUnit.lib":

fProject Settings 2

e R I Debug i C/C++  Link | F!esu:uuru:nif 1|>
; |Win32 [WwECE ermulator] Release L‘ Categorny: IGeneral LI ﬂl
o WS btonial2

Output file name;
Iemulatu:urF! el/tutarial?, exd

Objectibrary modules:
lebedded C++ 4 CommonsEVC W MyProjectz\CPPU it k"

[T Generate debuginfo [ Ignore all default libraries

[ Generate mapfile

Froject Options:

cammctl b caredll lib $[CE«B86Carelbe] avgzhel lib 3
Cortrttilib "C:A\Program FileshMicrosoft ebbedded C++
4. CommonsEVChkyProjects\CPPUnit ib" /nologo ﬂ

(] I Cancel |
I

Note: The libraries for running on the emulator and running on the device are different. The
emulator library is compiled with the Win32(WCE Emulator) option selected; where the device
is compiled with the Win32(WCE ARMV4) option selected.

This is a draft.
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4. In Project->Settings->C/C++->Project Options add /GX to the Project Options.

i X

Settings For; General I Diebug | CAC+H+ Link. | Hesuurca EE
I'W'ln32 [WCE emulator] Releaze j Eeenol Reset |
ERBIEE tutarial?
W arning level: O ptirnizations:
i Level 3 _‘J I Drefault LI
™ W amings as emars ¥ Generate browse info
Debug infaor:

|N|:une ;I

Freprocessor definitions:
I_WINSE_'W’I:E =$[CEV erzion) $(CePlatform),_i386_UMDEF

Froject Optiohs:

/nologo A3 AGRAGH] /D i’
_wWIN32 WCE=${CEVersion] /D "${CePlatiom]" /D
"_i386_" /D UNDER_CE=${CEVersion] /D 386" |

ak. I Cancel |

From here follow the Boilerpp Project Setup

6 FUDG CPPUnit Library

6.1 Compiling a FUDG CPPUnit Library

1. Open the FUDGCPPUnit project file (For example: C:\Documents and
Settings\Desktop\Boilerpp\ CPPUnitCompiler\CPPUnitCompiler.vcw)

Mame = | Size | Type | Date Modified |
VSN File Folder 12012009 7:22 PM
L) ARMY4Dbg File Faolder 11/30/2009 11:03 PM
IChemulatorRel File Folder 12/1/2009 7:27 PM
CPPURitCompiler . wch 281 KB WCEBFile 11/30/2009 11:05 PM
'f.éCPPUnitCDmpiler.vcl 10KE HTML Document 12/1/2009 7127 PM
CPPURitCompiler,vco 51kKE %COFile 11)30/2009 11:05 PM
i3] CPPURIECompiler vop a6 KB Projeck File 12012009 7:22 PM

PLRECampiler o 1KEB Project Workspace 11)30/2009 10:35 F‘M|

2. Click the rebuild button
|POCKET PC 2003 Emulator | & |ﬁ|£| B ] ‘
 [Rebuid Al

3. Your new library file will be in the emulatorRel file in the FUDGCPPUnit project file (if
compiled with ARMV4 option, it will be in the ARMVA4Rel file)
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Mame = l Size ! Type l Date Modified

VSN File Folder 12012009 7:22 PM
L) ARMY4Dbg File Faolder 114302009 11:03 PM
u;pemulaturRel File Folder 12112009 7:27 PM |
CPPURitCompiler,wch 281 KB WCEBFile 11/30/2009 11:05 PM
ECPPUnitCDmpiler.vcl 10KE HTML Document 12/1/2009 7127 PM
CPPURitCompiler,vco 51kKE %COFile 11)30/2009 11:05 PM
CF‘F‘LInitCu:umpiIer.vcp aa KB Project File 12)1)2009 7:22 PM

FrE] CPPURIECompiler o 1KEB Project Workspace 11)30/2009 10:35 PM

6.2 Creating a new FUDG CPPUnit Library Project

This is assuming that the CPPUnit framework being used does not yet include the FUDG
CPPUnit additions.

1. Add the following files in the CPPUnit source and include with the FUDGCPPUnit files:

FUDGProgressBarListener (.cpp and .h)
FUDGTestListener (.cpp and .h)
FUDGTestTime (.cpp and .h)
FUDGTextTestRunner (.cpp and .h)
FUDGXmIHook (.cpp and .h)

Source:
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Mame = Size | Type | Date Modified -
(SN File Folder 1212009 7122 PM
@ AdditionalMessage. cpp 1KE 4+ Saurce file 11/30/2009 10:35 PM
@ Asserter.cpp IKB T4+ Source file 11)30/2009 10:35 PM
@ BesDyvnamicLibraryManager. ... 1KB C++ Source file 113002009 10:35 PM
@ Brief TestProgressListener.cpp 1KB C++ Source file 11)30/2009 10;35 PM
@ CompilerQukpukter . cpp 5KE C++ Source file 11)30/2009 10:35 PM
.En:ppunit.dsp 16 KB WC++ 6 Project 11)30/2009 10:35 PM
.:E‘En:ppunit_dll.dsp 17 KB WC++ 6 Project 11)30/2009 10:35 PM
n:ppunit_u:lll.vu:p 17 KB  Project File 11/30/2009 10:35 PM
@ DefaultProtector.cpp 1KE 4+ Saurce file 11/30/2009 10:35 PM
@ DefaultProtector b 1 KB C Header fil= 11)30/2009 10:35 PM
@ CliMain. cpp 1KB C++ Source file 113002009 10:35 PM [
@ DvnamicLibraryManager.cpp ZKB C++ Source file 11)30/2009 10;35 PM
@ CrynamicLibraryManagerExcep. .. 1KE C++ Source file 11)30/2009 10:35 PM
Exception.cpp 3KE T4+ Source file 11)30/2009 10:35 PM
(Bl FUDEProgressBarListener . cpp 1KE 4+ Source file 11)30/2009 10:35 PM
FUDGETestListenet.cpp 1KE 4+ Source file 11/30/2009 10:35 PM
FUDGTestTime. cpp 2KB T4+ Source file 11/30/2009 10:35 PM
@ FUDGEText TestRunner . cpp 4 KB  C++ Source file 11/30/2009 10:35 PM
FUDGxmIHook. cpp 2KB C++ Source file 113002009 10:35 PM
(2] Makefile. am ZKE AMFile 11)30/2009 10;35 PM
= MakeFile.in Z3KE INFilz 11/30/2009 10:35 FM
@ Message.cpp 3KE C4++ Source file 11)30/2009 10:35 PM
@ FlugInManager.cpp 3KE C4++ Source file 11)30/2009 10:35 PM
@ FlugInParameters, cpp 1KE 4+ Source file 11/30/2009 10:35 PM
@ Pratectar.cpp 2KB T4+ Source file 11/30/2009 10:35 PM
@ ProtectorChain.cpp 2KB T4+ Source file 11)30/2009 10:35 PM
@ ProtectorChain.h 1 KB i Header file 113002009 10:35 PM
m ProtectorContext.h 1 KB i Header file 113002009 10;35 PM LI

Include:
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Mame = Size | Type | Diate Modified -
SN File Folder 1212009 7:22 PM
L) config File Folder 11)30/2009 10:35 PM
_Jextensions File Folder 11)30/2009 10:35 PM
I phagin File Folder 11/30/2009 10:35 PM
| portabilitsy File Folder 11f30/2009 10:35 PM
[ Jkools File Folder 11)30/2009 10;35 PM
i File Falder 11/30/2009 10:35 PM
@ AdditionalMessage. b 3KE C Header file 11)30/2009 10:35 PM
@ Asserter.h 6 kKE C Header file 11)30/2009 10:35 PM
@ BriefTestProgressLiskener.b 1KE 1 Header file 11/30/2009 10:35 PM
@ ConpilerOukputter b A KE C Header file 11)30/2009 10:35 PM
h] Exception.h 3KB C Header file 11)30/2009 10:35 PM
h’ FUDGProgressBarlListener. b 1 KB i Header file 113002009 10:35 PM
i|FuDETestListener b 1 KB i Header file 11)30/2009 10;35 PM
@ FUDGTestTime, b 1KE C Header file 11)30/2009 10:35 PM
FUDGTextTestRunner.b 3KE C Header file 11)30/2009 10:35 PM
ﬁ FUDEEmIHook,. b ZKE C Header file 11)30/2009 10:35 PM L
1| Makefile, am 1KE AMFile 11)30/2009 10:35 PM
@ Makefile.in 18 KB IN File 11)30/2009 10:35 PM
E Message.h S5KB  Header file 11)30/2009 10:35 PM
E Oukputker. b 1 KB i Header file 113002009 10:35 PM
_ﬂ Portability. b 6 KB i Header file 11)30/2009 10;35 PM
E Protectar,h 3KE C Header file 11)30/2009 10:35 PM
E Sourceline. b Z2KE C Header file 11)30/2009 10:35 PM
E SynchronizedObject. b ZKE C Header file 11)30/2009 10:35 PM
E Test.h 4 KB C Header file 11/30/2009 10:35 PM
E Testfssert.h 17 KB C Header filz 11)30/2009 10:35 PM
E TestCaller.h S5KB  Header file 11)30/2009 10:35 PM
m TestCase.h 2KB C Header file 11)30/2009 10;35 PM _l‘

2. Start new WCE Static Library with a project name like "CPPUnit". On page 2 don't check any
options.
Page 1:
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I'f'l, WCE MFC Activex Controbafizard
E WCE MFC Appfizard [dil) &% Create new workspace
EWEE MFC Appwizard [exe)  Add o curent workspace

#CE Static LiI:nrar_l,lE [T Dependency of:

New 21 x|
Filez  Frojects | Wiorkzpaces |
% |WCE Pocket PC 2002 Application Project name:
VWCE Pocket PC 2003 MFC Appwizard [exe] I
& |'"WCE Application ;
o] WEE ATL COM Apphwizard SRR
@ WCE Dynamic-Link Libran IE:"-.D:::::uments and Settingz'. e J

CE s

5]

[w]*in32 [CE ARMY4)
[1%/in32 MCE ARMYA)
[1/in32 MCE ARMYAT)
[1/in32 [CE MIPS1E)
[1%/in32 [CE MIPSI

i

J.:

B[ | Cancel I

Click "OK"
Page 2 (don't check any of the options):

WCE Static Library - Step 1 of 1 7] ]

Do you want the Fallawing in paur static lbram 7

™ Pre-Compiled header

™ MFC support

< Back [ewt » | Finizh I Cancel

Click "Finish"
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3. Change compile option to "Win32 (WCE emulator) Release" and make sure Pocket PC 2003
Emulator is selected (If using a Pocket PC 2003 device, use the Win32 (WCE ARMV4) Release
Option).

. CPPURit_Static_Lib - Microsoft eMbedded ¥isual C++ - [C3 i mfch MicTestRunner.h]

[ File Edit Miew Inserk Project Build Tools ‘Window Help
1% | = [ | p 3 | L P ||E|E| e |Eﬂ|cnuntTestEases ||
MfcT estRunner ;II [0 class members] ;” b feT estRunner ;I @ -
CPPURit_Static_ » ||POCKET PC 2003 ||win32 (wCE emulator) Release = ||POCKET PC 2003 Emulator | |
= a2 w/in 32 WCE ARMYA] Debug
: e in32 MWCE ARKY4] Releaze
=-{E8 CPPUnit_Static_Lib files = |[#/ind2 [WEE emulator] D ebug

Ea Source Files (RS e R ok —
= Additionaltd essage. cpp class TestSuite;

P e ] Assertercpp
4. Tools->Options->Directories->New (looks like a dotted line box with a spark, first on the left
of the icons) (Do this step for Win32(WCE ARMV4) if this is for a Pocket PC 2003 option).

Debug | Caormpatibility | D awrload | Buld  Directories | Wnrl{ 4|>

Flatfarmm; CPL=: Show directaries for:
|POCKET PC 20 | |win32 [wCE ARMY4) = ||Include files =]

X+
C:AProgram Fileztwindows CE Toolz'weed 205POCKET PC 20034 neludehaF

C:AProgram Filezstwindows CE Toolg'weed 205POCKET PC 2003mfchinciud
C:AProgram FilezVwindows CE Toolg'weed 208POCKET PC 20034athinchude

Directaries:

ok I Cancel

Browse for CPPUnit include folder.
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Deb  Directory name: ] I Ll_“ :
B3t I YPROJECTS\CPPUNIT-1 12 TUNCLUDE Carcel | E
PO -
- (= EVC 4| Metwark.. | =
Diire [= MyProjects +
? [= cppurit-1.72.1 ﬁ

L: £ cppunit Eer

C: £ maveh = chad

C: (lude:

o Dirives: Chp
I: I = j

el |

5. Add files by following Project->Add to Project->Files... Add all of the files in cppunit-
1.12.1/src/cppunit and cppunit-1.12.1/include/cppunit except for

Win32DynamicLibraryManager.cpp.
Menu Selection:

L] Fil= Edit Mew Insett |Project Build Tools Win

|8 || 5 E

Set Ackive Project

Fl._|:||:| T Project

dow  Help

L |Eﬂi |cuuntT estCaszes
Mew, ..

bl

MfeT estBunner

DEfendenties. .

Setkings. ..
Export Makefile, ..

CPPURit_Static_ » ||FOCKE

% Mew Falder

Alt+F7

@ Compaonents and Contrals., ..

=8 CPPUnit_Static_

Insert Project into Workspace. ..

T T
Source File location:

= [

s

Look ir; | %4 My Network Places j = = ER-
Additi @:--DESHDP ZHotector.h
i) My Documents
@ Asser oulu]
: j by Computer ]
i BeCsll e Local Disk [C:) |L|I:-rar';.fl"-“lanager.|:pp
@ Brief T 5 Program Files LibraryManagerException, cp
63 Comp [5) Microsoft eMbedded C++ 4.0 fN-CPP
&3] Defau I3 Comman CRP
Iy EVC
1 = MyProjects _’I
C it-1.12.1
File name Q_u:ppunl ]
i _I
Filze F b Firay - Maneal
[ el |
This is a draft.
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e Select all of these files except for Win32DynamicLibraryManager.cpp:

Insert Files into Projeck el

Lok i I_'.l cppunit j P e Ef-

File name: I"M eszage.cpp’ "AdditionalM eszage. cpp' "Asser | oK I
Filez of bype: |E++ Filez [.c;.cpp;. cxx tiz bt inl; re) j Cancel |
-

Insert inte: | CPPUnit_Static_Lib |

4

Included File location:

Insert Files into Project i ed |

Laoak ir: |20 cppunit j 4 I:jg Ea-
: Desktop =

@B by Documents i h] Sutputter.h

4 My Computer 0] Partability.h

< Local Disk [C:] fisterer b [h] protectar h
i) Program Files oy E Sourceline b
03 Miciosoft ebbedded Co+ 4.0 h] Synchronized

[C=) Camman h] Test.h
) EvC
I3 MuProjects _bl
: I cppunit-1.12.1

File narme 2 include | ok I
& =1 Faneal |

Ll ~F b

e Select all of these these files (add all files in folders as well. You will have to go into each folder and

select the files):
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21 x|
Loak i IL’_".‘ cppunit j . £k -
h':lcnnﬁg "

L] additionalMessage. b Ll cutputter. b

) extensions a Asserter.h a Partability. b
Ifjplugin n BriefTestProgressListener.b B Protector.h
TIpartabiliey Compilerdutputter, b Sourceling. b
| itools hronized
= )

1] | d

File name: I"Test.h"".ﬁ.dditinnaIMessage.h"".-'f-.sserter.h""Bri | [k I
Filez of type; |E++ Files [ cpps otz bt inl;re) LI Cancel |

Insettinto:  [CPPUnit_Static_Lib =

&

6. C/C++ tab Project Options add /GX

Settings For; General I Diebug | CAC+H+ Library I Br-:uwsg EE
|Wln32 [WCE emulator] Releasze j Eategot R |
E=BEE CRPLUnit Static Lib
Wwarning level: O ptirnizations:
I Level 3 j I Default j
[ wamnings as emnars [T Generate browsze info
Debug infaor:

INu:une j

Preprocessor definitions:
I_WINSE_'W'I:E =4$[CE%ersion), $[CeFlatform),_i386_UMDEF

Project Options:

/nologo A al/Gx]/D _WIN3Z_ WCE=${CEVersion] /D«
"CePlatiorm]™ /D "_i386_" /D
UNDER_CE=${CEV&rsion] /D "UNICODE" /D I

] 8 I Cancel |

7. In Portability.h remove all but evc4 config file from the platform specific config section.
This is the only line you need:
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#ifndef CPPUNIT_PORTABILITY_H
#define CPPUNIT_PORTABILITY _H

#if defined{ WIHN3Z) é&é ldefined({WIH3IZ)
¥ define WIN3Z 1
fendif

<% include platform specific config *7

¥ include <cppunit-config-config-evcd h:

& Version number of packages
#ifndef CPPUNIT_VERSION

fdefine CPPUNIT_VERSION "1.12.0"
#endif

#include <cppunit-config-CpplUnithpi h: s+ define CPPUNIT API & CPPUNIT_NEED DLL DECL
#include <cppunit-config-SelectD]llloader h:

To compile the project click the Rebuild Button.

|POCKET PC 2003 Emulator =& |ﬂ|£1 B M ‘

Febuild All

9. After successfully compiling the Library file is now available in the emulatorRel file that is
created in your project file (this will be in ARMV4Rel if compiled with the Win32(WCE ARMV4)

option).
& CPPURit_Static_Lib 10O x|
J File Edit ‘Yiew Favaorites Toals  Help | "f
J @ Back - “__) » .? /- | Search - Folders - J Address I,_) C++ 4.EI'I,CI:IIT|IT||:|n'I,E'I.I'C'I,M';.-'F'r‘DjEEtS'I,CF'F‘UI'Iit_StatiE_Libj G0
Mame | Size | Type | Drake Modified |
File and Folder Tasks % [CiemulatorDbg File Folder 9292009 6:41 PM
9 Make Fold ICiemulatorRel File Folder Q292009 7119 PM
2 Ma " | e O | CPPURE_Skatic_Lib.weh T21KE  YCE File 1182009 12:14 AM
(2] Eﬁ';:'i:s"' this Folder bo the & CPPURIt_Static_Lib,vel 10KE HTML Document 0/28(20008 7:19 FM
B share this folder CPPURIt_Skatic_Lib.vea EOKE YCO File 11/8/2009 12:14 AM
{5 CPPURit_Static_Lib.vep BOKE Project File 9/29/2009 7:22 PM
I8l CPPURIE_Static Lib,sow 1 KB Project Workspace Qf29/2009 &:41 PM

This is a draft.
62



http://redlea.net/490/wiki/index.php5?title=File:CUnit_Lib12.jpg�
http://redlea.net/490/wiki/index.php5?title=File:CUnit_Lib13.jpg�

Appendix B: Glossary
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Appendix C: Test Validation Protocol and Report

(to be edited in future drafts)

Parameters

Parameters selected for validation were chosen for their ability to cause errors or to reveal errors. The
parameters selected were: testcase tree expansion, testcases selected, testcases saved, testcases
loaded, clear selection, immediate results viewing, save file location, load file location, output file

location.

Constraints

Constraints were selected based on Boundary Value Analysis. For each parameter these are the

constraints for test development:

Testcase Tree Expansion
1. Condensed

2. Partially Expanded

3. Fully Expanded

Testcases Loaded
1. None Selected
2. One Selected
3. Many Selected
4. All Selected

Save File Location

1. Leave Location Alone
2. Move One Directory

3. Move Many Directories

Testcases Selected
1. None Selected
2. One Selected

3. Many Selected
4. All Selected

Clear Selection
1. None Selected
2. Some Selected
3. All Selected

Load File Location

1. Leave Location Alone
2. Move One Directory

3. Move Many Directories

Output File Location

1. Leave Location Alone
2. Move One Directory

3. Move Many Directories

This is a draft.

Immediate Results Viewing
. None Failed

. Some Failed

. All Failed

. None Passed

. Some Passed

. All Passed

. No Testcases Ran

. Some Testcases Ran

. All Testcases Ran

O oo NOOUL S WN R

Testcases Saved
1. None Selected
2. One Selected
3. Many Selected
4. All Selected
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Constraint Test Set
The following set of constraints was selected initially to cover all constraints for each parameter. Next,
after all constraints were covered once, constraint selections were made to attempt to cover as many

constraint pairs as possible. Pairings were also selected to maximize the effectiveness of the pairing (for

example, pairing Testcases Saved with Testcases Loaded). Finally, invalid pairs were eliminated and
replaced with valid pairs to cover more pairs.

These parameters are numbered, as follows:
. Testcase Tree Expansion
. Testcases Selected

. Testcases Saved

. Testcases Loaded

. Clear Selection
. Immediate Results Viewing
. Save File Location

. Load File Location

. Output File Location

O o0 NOULDE WN -

The constraints for each parameter follow the constraint lists that were in the Constraints section.

Constraint Set:

Parameters
Consza'”t 1 2 3 4 5 6 7 8 9
1 1 1 1 1 1 7 1 1 1
2 2 2 2 2 2 9 2 2 2
3 3 3 3 3 2 8 3 3 3
4 1 4 4 4 3 2 1 2 3
5 2 1 3 4 3 1 2 1 3
6 3 2 1 4 2 3 3 2 1
7 2 3 4 1 2 4 1 3 2
8 3 4 2 1 3 5 2 3 1
9 2 4 1 3 2 6 3 1 2

The constraints for all of the parameters except for Immediate Results Viewing (parameter 6) are

covered by constraint set four. Constraint sets five through nine are used to fulfill the rest of parameter

six’s constraints and then to cover more constraint pairs in the other parameters.

Test Setup

Test Results
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Appendix D: Administration Information

This section enumerates tasks performed and denotes which team members were responsible
for each.
(will be edited in future drafts)

1. Presentations
Lauren Nate Mike Jenni Brad

4-Sep create X X X

present X X X
18-Sep create X X X

present X X
2-Oct create

present X X
16-Oct create

present
30-Oct create X X X

present X X
13-Nov create X

present X X
4-Dec create

present X X
11-Dec create

present

2. Documentation
Lauren Nate Mike Jenni Brad
Requirements/Interim 1

Content X X X X X
Assembly
Design Document/Interim 2
Content
Assembly
Interim 2 version 2 X
Figures X
Project Report Outline X
Final Report Rough Draft Content X
Assembly X
Figures X
Final Report Draft 2 X
User Manual
Validation Protocol & Report
Final Report Draft 3 X
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3. Source
Lauren Nate Mike Jenni Brad

CPPUnit X
Timing X
Checkbox functionality X
Merge X X
Load/Save X
XML/XSL X
4. Research
Lauren Nate Mike Jenni Brad
Frameworks
CPPUnit X X
Google Test X X
jUtAsserter X
WCEUnit X X
eVC4/Pocket PC resources X X X X X

5. Administrative / Meta / Miscellaneous
Lauren Nate Mike Jenni Brad
Wiki setup
Cyberonics contact
Facilities interface

xX X X X

Meeting minutes
Assembla setup X
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