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Abstract

The existing CMake and CTest environment provides an exaghlatform for execution and submission
of software quality tests. However, there is little suppmriaid for regression type tests provided to
lessen the burden of writing tests and verifying the resiilts propose an additional facility to compare
measurements generated by a software quality test to a-timsewsult. Our approach enables the
ability to use multiple images as measurements, along witiger, floating point and string values for
regression tests. We describe a new testing class frameawmuck provides the functionality of reading,
writing, comparing and differentiating named measureent
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We propose an improved process for running regressionwdsth fully integrates with CTest and CDash
and leverages the existing XML based submittion processopfion of this framework will enable the
improvement of regresstion tests by providing the str@cfar comparing numerous measurement values in
the CTest process. The provided base classes to the XML meassystem are generic enough to be used
with any project, while the implementation of a derived slastends the measuments to specific Insight
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Figure 1:Existing Insight Testing data flow, the orange is used to hightlight the difference.
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Figure 2:The proposed data flow where XML is used for named measurements and a base-line.

Toolkit data objects. In this paper we will provide some lzackind, describe the implementation of our
testing framework, illustrate the framework with some epéara and then discuss the positives and negatives
of our approach.

1 Background

Often there are a variety of types of tests that need to beipeed to evaluate software quality in the extreme
programming environment. Among these tests are smokek blax, white box, and regression tes$. [
Empowered by the integration of CTest with CMake, the smealséstof configuration, compilation, and
program execution for a project are easily accomplishell @ake scripts and submitting the results to a
CDash server for viewing, aggregation and archival. Formtation or build tests the output is carefully
parsed and converted into CDash’s XML schemata (§: / / publ i c. ki t war e. coml W ki / CDash: XM.) to

be submitted the server. The process by which CTest exepragsam tests is similar to build tests.

Each test defined in a CMake script is run and the standardipugit value, and completion status along
with the executed command line and execution time are stduitido CDash the server as XML. The CTest
environment enables a basic smoke program test to verifyatheogram runs, with a successful completion
status and return value. If a regression-type test, whichldveerify its output and results, were needed,
then the test program must internally provide support f@lwating the results. This restriction may place
an excessive burden on the developers of the regressi@anbiesequiring excessive amounts of time and
effort to internally verify the correctness of the execntio

Independently of CMake or CTest, the Insight Toolkit pr@sda common testing main function (see “itk-
TestMain.h”), which provides support for validating a dsagmnage per test and setting global toolkit pa-
rameters such as the number of threads. There is still thdebusf writing code to compare commonly
used types, such as doublétk:: Vector or itk::InageRegion, in both tolerant and exact methods.
Frequently the expected values will be hard-coded intoekegrogram, making it valid for only a single
input. An interesting feature of the Insight Toolkit's test main function is when the test image and the
base-line image do not match. In this situation XML will bénped to the standard output, and then CTest
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will transmit it to the CDash server (See figue The generated XML will display the base-line image, the
test image, and then the difference between the two. Thigrfeavas the inspiration for our framework.

2 Implementation of Testing Framework Extension

We propose that program tests generate named XML measurentdgoh are then compared to base-line
XML for verification for regression tests (See figute

If we examine the XML for the CDasH{t p: // publ i c. ki t war e. conf W ki / CDash: XM.), specifically the
file which describes the valid XML for tests “ValidationSchata/Text.xsd”, we see tiNamedMeasur enent

tag. This tag applies to the fields that are displayed on thasb® dashboard for each test. Named-
Measurement can show a variety of types with tlyge attribute. Previously Dart, the predecessor of
CDash, explicitly defined the following typesiwuneric/integer, nuneric/float, nuneric/ doubl e,
nuneri c/ bool ean, text/string, text/plain,imgel/png,inmage/|jpeg.

Our testing framework produces and analyzes the XML tags DaftMeasurenents or
NarmedMeasur enents. The generated tags of a test are compared against a sepdviatebase-line

file containing verified results. Any significant differesodetected are printed to the standard output so that
CTest can report it to a CDash server. To produce a basedinéhie output of the test should be carefully
verified manually for correctness and accuracy. What fal@ithe file “tfRegressionTestTest2.xml” which

is a sample base-line used in the testing of the framework:

<?xm version="1.0" encodi ng="US-ASCI | " ?>
<I-- created on victoria at Thu Apr 30 14:35:53 2009 -->
<out put >
<Dart Measurenent name="Text String" type="text/string">string text val ue</DartMasurenent>
<Dart Measurenent name="TextPlain" type="text/plain">this is
some plain text
</ Dar t Measur enent >
<Dart Measur enent name="Nunericlnteger" type="nuneric/integer">0</DartMeasurenent>
<Dart Measur enent name="NumericFl oat" type="numeric/float">1. 1</ Dart Measurenent >
<Dart Measur ement nane="Numeri cDoubl e" type="nuneric/ doubl e">2. 222222222</ Dart Measur ement >
<Dar t Measur enent name="Nurmeri cBool ean" type="nuneric/bool ean">1</ Dart Measur enent >
</ out put >

An object oriented programing approach was taken to impieriee interface for program tests with a class called
testutil::RegressionTest. This class provides the functionality to help generate@mdpare measurements. It
does this by operating in two modes: compare mode and nopa@mode. In non-compare mode the measurements
are simply outputted to a file. In compare mode a file of the {iasemeasurements is loaded, and then the test
measurements generated are compared and output by anibldessitor design patternl]. Some highlights of the
Regr essi onTest interface follow:

voi d SetRel ativeTol erance(doubl e tol);
doubl e CetRel ativeTol erance(void) const;

int Measurenent Text String(const std::string &tr, const std::string &ane);
int Measurenent Text Pl ai n(const std::string &str, const std::string &nane);

int Measurenent Nunericlnteger(long i, const std::string &nane, bool tolerant = false);
int Measurenent NunericFl oat (float f, const std::string &nane, bool tolerant = true);
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tiReqressionTestTest3 Passed

Execution Time (s) 0.00 (mean:0.00 std:0.00)

Iplaypen/blowek1/lJTestingFramework/utilities/TestingFramework/tests/tiTests2 tfRegressionTestTest3 -1
Infs/mead/Users/blowek1/src/papers/lJTestingFramework/Source/utilities/TestingFramework/tests/xmlitfRegressionTestTest3.xml

Completion Status Completed
Test TextString difference string text value
Baseline TextString  string text value

1el
<thisis

Command Line

Difference TextPlain  ~~
> this is different
Test Numericinteger 1
Baseline Numericinteger 0
Test NumericFloat 2.2
Baseline NumericFloat 1.1
Test NumericDouble  4.44444
Baseline NumericDouble 3.333333333333333
Test NumericBoolean 0

Baseline

NumericBoolean 1

Figure 3:This is the output of a test displayed on a CDash server designed to show all the differences for the basic
measuement types.

i nt Measurenent Nuneri cDoubl e(doubl e d, const std::string &iane, bool tolerant = true);
i nt Measurenent Nuneri cBool ean(bool b, const std::string &ane, bool tolerant = false);

/Il the function to performthe test and create neasurenents
int Test(int argc, char *argv[]) = 0;

/1] This should be passed the conmand |ine argunents. It will the

/1] call ParseAndRenmoveArguments to extract the input and out put

/1] files. Next it will try to open them read the input file, and then invoke Test
/1] with the remaining argunents. Finally the files will be

I11 closed.

11

/Il 1f in conpare node, the the return value is the nunber of

/1] measurenments that did not match. Qtherwise it is the return

/1] value of test.

int Main(int argc, char *argv[]);

The command line arguments that tRegr essi onTest : : Mai n method knows are “-1 inflename.xml” and “-O out-
filename.xml”. If “-1” is not specified then the regressiosttvill run in non-compare mode. When the “-O” argument
is specified the test will direct the output to an XML file. Otiése the test will direct the output of the difference
visitor to the standard output so that CTest will parse artairsuthe XML to a CDash server.

URV < (Ju—v|<e-u)V(u—-v|<e-v) (1)

The visitor design pattern was used for the purposes of cdngpawvo measurements and outputting the difference
between measurements. The standard compare visitor pesron exact match for text based measurements, but it
can electively perform an approximate comparison with aregtnic relative tolerance (see equatirfor numeric
types. For numeric and string text types, the standardrdifiee visitor outputs both the base-line and then test
measurements. However, for plain text a “diff” algorithnused based on the longest common subsequences of lines.
Using this pattern enables custom comparisons of exisfipestor of custonhype attributes. Figur& show a CDash
page where the difference output of many different typespearmed.
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itktiMeasurementFilelmagelnsightTest?2 Passed

Difference Different Images

Baseline Different Images
PNG

Test Different Images PNG

Difference Different Images
PNG to JPEG

Baseline Different Images
PNG to JPEG

Test Different Images PNG
to JPEG

A
Execution Time (s) 0.00 {(mean:0.00 std:0.00)

Iplaypen/blowek1/1JTestingFramework/itktfMeasurementFileimagelnsightTest2 -1
Infs/mead/Users/blowek1/src/papers/lJTestingFramework/Source/xml/itktiMeasurementF ileimagelnsightTest2.xml

Completion Status Completed
ImageError Different Images
PNG 2407

Command Line

ImageError Different Images 7604
PNG to JPEG

Figure 4:The CDash display of single test which has two test images not matching base-lines.

3 Example Tests

To customize the testing framework, classes were derivat Regr essi onTest and the two visitor classes. To
these classes we added functionality that enables the fisestom measurements based on the Insight Toolkit’s
commonly used types and object, includingk: : Si ze, i tk::Index, itk::Region, itk::Point, itk::Vector,
itk::Matrix and image files. Most of these measurements are composis, tyeaning they will output multiple
XML tags. The ability to use images as measurements is psrfi@pmost important feature of our framework. The
functionality mimics“TestMain”, which is based art k: : Di f f er encel mageFi | t er . Figure4 illustrates an example
of utilizing multiple image file base-lines.

3.1 ShiftScalelnPlacelmageFilterTest

The ShiftScalelnPlacelmageFilter test was ported to tlaisiéwork from the existing Insight test locating in “Test-
ing/Code/BasicFilters”. We chose this test because théntebbeen passing even though the execution of the filters
had changed. To verify the pipeline execution a string messant was created which contains what was previously
output tost d: : cout . By capturing the output and using it as a string measuremenare able to compare the output
each time the test is run. TIkel t er WVt cher class was modified to direct the output to the satra ngst reamas

the measurement. Doing so enables us to verify which filtersum on each update of the pipeline.

Previously some get member functions were invoked with titput going tost d: : cout. These invocations were
changed to individual numeric integer measurements. Atewipusly verification of the pixel's values for the filter
was performed via hard coded checks with each check progacoustom error message if it failed. Since the pixel
types for the filters arehar, each one of these checks was also converted into numezgeinineasurements. This
change resulted in over 35 lines of unnecessary code baimgvexl from the test.
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3.2 PipeToXML 6

3.2 PipeToXML

“PipeToXML" is a simple program for converting existing teto the new XML wrapped framework. It executes
another program and converts the standard output intoregdtiat can be used as a single plain text argument. By
wrapping the program’s output as a named measurementnexissts can also have their outputs compared and any
differences detected and displayed.

4 Discussion

There are strengths and weaknesses to our approach. Urdtaty we have added another interface and more code
to an already complex system, which further steepens theitepcurve. The separation of the base-line XML, may
need more data stored to verify the tests. With the ease diipieg more test values, additional care must be taken to
verify that the measurements in the XML are correct and peta

On the positive side our approach separates the base-tinetfre test data. This separation enables a single test to
be run with multiple inputs, and so there can be multiple@crbase-lines to match those inputs. Because the XML
output can specify multiple images, a single test can havéptaiimages verified for correctness. As shown in the
first example, this framework can significantly reduce th@ant of code required to perform common testing tasks.
More named measurement types that can be displayed on CBashake understanding and fixing failed tests easier.
Also by redirecting some output to a separate string measemg detecting when the execution of a test changes can
be more apparent.
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