Using the Rosewood Test Framework

Introduction

The Rosewood Test Framework (RTF) is a set of classes and macros that can be used to implement the Rosewood Embedded Progressive Testing Model (EPT).  The macros implement Probes that provide access to and control of the internal state of an application.  The framework can be compiled in and active, compiled in and inactive, or compiled out.  Depending on runtime flags, results may be logged to cout, cerr, a file, or the Rosewood Test Harness (RTH) via an Orbix interface.  Orbix client software must be available to use the RTH.  Figure 1 shows the relationship between Probes, an application, and the RTH.
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The Rosewood Embedded Progressive Testing Model provides comprehensive unit and string testing for anywhere from a single class method to an entire application. Like other components of the Rosewood methodology, EPT is iterative and incremental.  As classes and groups of classes are refined, so too is the testing infrastructure for each class.  EPT can begin with simple entry/exit tracing for “interesting” methods, and eventually evolve into a set of comprehensive transaction, data, or control flow models with a CORBA interface to the RTH for automatic regression testing.  EPT is especially well suited to support the “programming by contract” paradigm.

The Rosewood Test Harness provides a mechanism to observe and control software modules that use the Rosewood Test Framework.  The RTH can interact directly with embedded Probes, as well as with classes that have inherited from the abstract base class RTFTestable and implemented the pure virtual method performClassTest.  The RTH can run a series of tests involving Probes and RTFTestable classes, record the results, then compare the results of subsequent runs for regression testing.

Probes

For the application developer, use of the RTF entails embedding Probes directly into class methods as they are developed. The developer creates Probes using C++ macros.  These macros include:

· RTF_INITIALIZE(argc, argv, file)


initialize the RTF

· RTF_ENTEREXIT(groups, id)



log method entry and exit

· RTF_TRACE(groups, msg)



log the given message

· RTF_TRACENN(groups, msg)



log the given message with no newline

· RTF_CTRACE(groups, predicate, msg)

conditionally log the given message

· RTF_WRITE(groups, msg)



log the raw message directly

· RTF_ACTION(groups, action)



perform the given action

· RTF_CACTION(groups, predicate, action) 

conditionally perform the given action

· RTF_COLLECT(groups, type, variable, label)

collect values of a given variable

· RTF_COUNTER(groups, label)



increment a counter

· RTF_LOGCOUNTER(groups, label)


log the value of the given counter

· RTF_LOGALLCOUNTERS(groups)


log the values of all active counters

· RTF_GETCOUNTER(label)



return the value of a counter

· RTF_RESETCOUNTER(groups, label)


set the value of a counter to zero

· RTF_PAUSE(groups, message)


pause application execution

· RTF_CPAUSE(groups, message)


conditionally pause execution

· RTF_IF(predicate)




allow RTH control of branching

· RTF_ENABLE(groups)




enable the given groups

· RTF_DISABLE(groups)




disable the given groups

Each Probe is explained in more detail below.

Groups

At runtime, Probes can be enabled or disabled individually or by group.  Probe activation can be controlled from the command line when the application is started, programmatically (usually from the virtual method RTFTestable::performClassTest), or interactively from the Rosewood Test Harness.

Each Probe is automatically a member of several groups: the “All” group, the source code module, and the source code[line number] group.  Each Probe is also a member of its class group.  For example, an RTF_ENTEREXIT Probe is a member of the "EnterExit" group.  Additional groups may be supplied in a quoted, comma-delimited list as the first parameter to most RTF macros.  Thoughtful use of groups will allow different aspects of the application to be tested independently and in combination.

Compilation Flags

-DROSEWOOD
compile in the Rosewood Test Framework

-DRTH


compile in the Rosewood Test Harness interface

-DRTF_STL

use Standard Template Library classes in the RTF instead of RogueWave

The following flags are used to set execution-time default values for the various Runtime Command Line Options discussed below.  These are the values that will be used if no command line options are specified.

-DRTF_USE_COUT



Log to cout by default

-DRTF_USE_CERR



Log to cerr by default

-DRTF_USE_FILE=<”file”>


Log to the given file by default

-DRTF_USE_RTH



Log to the Rosewood Test Harness by default

-DRTF_SHOW_GROUP


Include the Probe’s enabling group in the log

-DRTF_SHOW_LOCATION


Include the Probe’s file and line number in the log

-DRTF_SHOW_INDENT


Indent each EnterExit Probe

-DRTF_SHOW_TIMER


Include execution time upon EnterExit Probe exit

-DRTF_SHOW_PROFILE


Accumulate, sum, and log all EnterExit times.

-DRTF_BUFFER_SIZE=<size>

Set the default RTH buffer size

-DRTF_TIME_FORMAT=<”format”>
Set the default timestamp format

-DRTF_HOST=<”host”>


Set the default RTH host

If the ROSEWOOD symbol is not defined, no RTF code will be included in the compiled application. RTH enables communication with the Rosewood Test Harness; Orbix client software must be available.  The RTF uses several RogueWave classes, including RWCString, RWTimer,  and RWBag.  The RogueWave Tools.h++ library must be available.  As an option, Standard Template Library classes may be used in place of RogueWave by defining RTF_STL.

Runtime Command Line Options

-rtf_log cout


enable logging to cout

-rtf_log cerr


enable logging to cerr

-rtf_log <filename>

enable logging to <filename>

-rtf_enable <group>

turn on execution for the indicated group

-rtf_timestamp <format>
log timestamps in the given format

-rtf_timing


enable EnterExit timing

-rtf_profile


enable EnterExit time accumulation and logging

-rtf_identify


log group name when a Probe is executed

-rtf_location


log the location of the Probe

-rtf_indent


indent output from nested Probes

-rtf_buffer <size>

buffer size for RTH communication

-rtf_host <host>

enable communication with RTH

-rtf_notiming


disable EnterExit timing

-rtf_noidentify

do not log group name when a Probe is executed

-rtf_nolocation

do not log the location of the Probe

-rtf_noindent


do not indent nested EnterExit Probes

-rtf_input <file>     

read additional commands from the given file

If no -rtf_log option is specified, the default is -rtf_log cerr.  -rtf_log cerr, -rtf_log cout and -rtf_log <filename> may all be specified at the same time.  <filename> is any valid Unix file name.

-rtf_enable <group> enables execution for the specified group.  Once enabled, execution will occur at each Probe until the group is disabled (via RTH), or the application terminates.  <group> is any valid C++ character string that does not include spaces or commas.  Multiple ‑rtf_enable options may be specified on a single command line.

The following groups are predefined for every Probe:

· All
· <source code module>
· <source code module>[<line number>]
<class>
<source code module> is the name of the file containing the Probe, and is implemented using the __FILE__ macro.  <line number> is the line in the source code file where the macro appears, and is implemented using the __LINE__ macro.  <class> is the class of the Probe itself (e.g., EnterExit, Counter, etc.), not the application class containing the Probe.

The -rtf_timestamp <format> parameter specifies a valid format for the C library function strftime.  For example, "%X" logs the time, "%x %X" logs the date and time.  If no format is specified, “%X” is assumed.  By default, no timestamp is logged.

-rtf_timing enables the EnterExit timing mechanism.  Elapsed time is written to the log and is used by RTH to determine if the execution time for a method falls within an acceptable variance during a regression test.

-rtf_profile enables the EnterExit time accumulation and logging mechanism.  An atexit() function is registered.  When the application exits, the accumulated execution time for each enabled EnterExit block is logged.  In other words, RTF can be used to provide a simple profiling capability.

-rtf_identify will log all matching group names that enable execution.  To disable a Probe, all matching group names must be disabled.

-rtf_location will log the source code module name and line number along with any other information produced by the Probe.

-rtf_indent indents nested EnterExit Probes in the log.  All logging from all subsequent Probes will also be indented.  Note that indentation will occur whether an EnterExit Probe is enabled or not.

-rtf_buffer <size> sets the size of the buffer used by the Counter and Collect Probes when communicating with the Rosewood Test Harness. The default value is 100.

-rtf_host <host> enables communication with Rosewood Test Harness running on the specified host.  The Rosewood Test Harness must be a registered Orbix server on the specified host.

-rtf_input <file> RTF command line options may be specified in a file.  The file will be opened and read when the rtf_input command is encountered, so subsequent commands on the command line may override commands in the file.

Probe Details

RTF_INITIALIZE(argc, argv) The Rosewood Test Framework needs to be initialized before the first Probe is encountered.  The initialize macro takes two parameters: argc and argv.  All RTF options will be removed from argv, and argc will be updated accordingly.

RTF_ENTEREXIT(groups, id)  Should be placed at the beginning of each "interesting" method.  Id is usually the scoped name of the method (e.g., "MyClass::myMethod()" or "MyClass::constructor").  When enabled, "Entering <id>" will be logged on execution, along with a timestamp if requested.  On exit (actually, when the object created by the ENTEREXIT macro goes out of scope and is destructed), "Exiting <id>" will be logged, along with the elapsed execution time if requested.  Note that this macro can actually be used in any C++ block, not just a method.  In that case, the id should be the scoped name of the method plus additional information to identify the specific block.  For example, “MyClass::myMethod()/Read File”.  This Probe is a member of the EnterExit group.

RTF_TRACE(groups, message)  When enabled, log the given message.  It is often useful to TRACE method parameters immediately after the ENTEREXIT macro.  For example, TRACE("Parameters", "p1=" << p1 << ", p2=" << p2);. Note that the TRACE macro allows the use of the shift operator.  An endl is shifted out at the end of each message.  This Probe is a member of the Trace group.

RTF_CTRACE(groups, predicate, message)  When enabled, and when the predicate evaluates to a non-zero value, log the given message.  The predicate may use any legal C++ boolean and/or arithmetic constructs, for example “i+1 == top && ptr != NULL”.  This macro is a member of the Trace group.

RTF_ACTION(groups, action)  When enabled, execute the given action.  The action can be any legal C++ statement(s).  Note that “legal C++ statement(s)” include other RTF Probes.  This macro is a member of the Action group.

RTF_CACTION(groups, predicate, action)  When enabled, and when the predicate evaluates to a non-zero value, execute the given action.  RTF_CACTION can be used to implement a more sophisticated ASSERT statement.  Instead of simply aborting execution or printing a message, any diagnostic and/or corrective action may be taken, including detailed logging and error recovery using additional Probes.  The predicate may use any legal C++ boolean and/or arithmetic constructs, for example “i+1 == top && ptr != NULL”.  This macro is a member of the Action group.

RTF_COLLECT(groups, variable_type, variable, label)  Values for the specified variable of the specified type are accumulated into a buffer for use by the Rosewood Test Harness.  This macro is a member of the Collect group.

RTF_COUNTER(groups, label)  When enabled, increment a counter each time the Counter Probe is executed.  The Rosewood Test Harness has a mechanism to query Counter Probes to provide a simple profiling capability.  If Counter Probes are active, their values can be displayed at any time using either the RTF_LOGCOUNTER macro or the RTF_LOGALLCOUNTERS macro.  This macro is a member of the Counter group.

RTF_LOGCOUNTER(groups, label)  When enabled, the value of the given counter will be logged.  The label must match exactly the label for an RTF_COUNTER Probe.  This macro is a member of the LogCounter group.

RTF_LOGALLCOUNTERS(groups) When enabled, the values of all active counters will be logged.  This macro is a member of the LogCounter group.

RTF_GETCOUNTER(label) Return the value of the given counter.  Note that no group is specified.  If the counter is not active, zero will be returned and an error message will be logged.  This macro is intended to be used as part of the predicate parameter to other RTF macros such as RTF_CTRACE.

RTF_RESETCOUNTER(groups, label) When enabled, set the value of the given counter to zero.  This macro would normally be used immediately after an RTF_LOGCOUNTER or RTF_LOGALLCOUNTERS macro to reset the counter. This macro is a member of the ResetCounter group.

RTF_PAUSE(groups, message)  When enabled, pause application execution until explicitly unpaused.  If logging is enabled to the RTH, the RTH unpause mechanism will take precedence over either cerr or cout.  If logging is enabled only to a file, no pause will occur, although the message will still be displayed.  If logging is enabled to either cout or cerr, first the message will be displayed, then the macro will wait for an <Enter> keypress on cin.  This macro is a member of the Pause group.

RTF_CPAUSE(groups, predicate, message)  When enabled, and when the predicate evaluates to a non-zero value, pause application execution until explicitly unpaused.  This macro is a member of the Pause group.

RTF_IF(predicate)  Replace regular C++ if statements with the RTF_IF macro to allow the Rosewood Test Harness to perform code coverage tests.  This macro is a member of the If group.

RTF_ENABLE(groups)  Enable the given groups.  Subsequent Probes which are members of the given group will be activated.  This macro is intended to be used in the RTFTestable::performClassTest method.

RTF_DISABLE(groups)  Disable the given groups.  This macro is intended to be used in the RTFTestable::performClassTest method.

RTFTestable

An abstract base class that provides the primary testing interface for the Rosewood Test Harness.  Classes that will be testable using the RTH should inherit from this base class and implement the virtual method performClassTest.  Each level of the class hierarchy which implements this method should invoke the method in its parent class as the first step in the implementation.

Examples

///////////////////////////////////////////////////////////////////////////

// RTFTest.cpp

//

///////////////////////////////////////////////////////////////////////////

//

// DESCRIPTION: Example program for the Rosewood Test Framework

//

// REVISION HISTORY:

// ID     Date      By   Description

// -----  --------  ---  ------------------------------------------------

// V1.00  06/02/98  TAB  Initial Creation

///////////////////////////////////////////////////////////////////////////

#include "RTF.h"

class RTFTest

{

public:

  void test1(char *p);

  void test2(void);

  void test3(void);

};

int main(int argc, char *argv[])

{

  RTF_INITIALIZE(argc, argv);

  RTFTest test;

  test.test1("aParameter");

  test.test2();

  test.test3();

  RTFControl::dumpInternalState();

}

void RTFTest::test1(char *p)

{

  RTF_ENTEREXIT("test1", "RTFTest::test1");

  RTF_TRACE("parameters", "p=" << p)

}

void RTFTest::test2(void)

{

  RTF_ENTEREXIT("test2", "RTFTest::test2");

  for (int i = 0; i < 5; i++)

  {

    RTF_COUNTER("test2,loop1", "RTFTest::test2/loop1");

  }

  RTF_LOGCOUNTER("test2,loop1", "RTFTest::test2/loop1");

  for (i = 0; i < 3; i++)

  {

    RTF_COUNTER("test2,loop2", "RTFTest::test2/loop2");

  }

  RTF_LOGCOUNTER("test2,loop2", "RTFTest::test2/loop2");

  RTF_LOGCOUNTER("test2,loop3", "RTFTest::test2/loop3");

  RTF_TRACE("test2", "Display all counters at once:");

  RTF_LOGALLCOUNTERS("test2")

  RTF_RESETCOUNTER("test2,loop1", "RTFTest::test2/loop1");

  RTF_RESETCOUNTER("test2,loop2", "RTFTest::test2/loop2");

}

void RTFTest::test3(void)

{

  RTF_ENTEREXIT("test3", "RTFTest::test3");

  RTF_CTRACE("test3", 1>0, "This message should be printed");

  RTF_CTRACE("test3", 0>1, "This message should NOT be printed");

  RTF_ACTION("test3", 

    RTF_TRACE("test3", "This is an example of a nested Probe");

    for (int i = 0; i < 3; i++)

    {

      RTF_COUNTER("test3", "RTFTest::test3/loop1");

    }

  );

  RTF_CACTION("test3", RTF_GETCOUNTER("RTFTest::test3/loop1") == 3, 

    RTF_TRACE("test3", "After the loop, count is 3");

  );

  RTF_CACTION("test3", RTF_GETCOUNTER("RTFTest::test3/loop1") != 3, 

    RTF_TRACE("test3", "Uh oh.  Something's wrong with the counter.");

  );

  // show indentation by nesting a call

  test2();

}

Glossary

Control Flow Model  A testing model that validates control paths through a system under test.  Code Coverage tests usually fall into this category.

Data Flow Model  A testing model that verifies the correct transformation of data within a system under test.

EPT  See Embedded Progressive Testing.

Embedded Progressive Testing  A testing methodology utilizing test probes embedded in the system under test.  The selection of Probes and their location determine the type of testing model.  The model is progressive in that it allows iterative and incremental development of the testing model itself during development of all or part of a collection of class hierarchies.

Macro  A C++ mechanism that allows a Probe to be optionally compiled into or out of an application.

Orbix  A CORBA-compliant ORB used by the Rosewood Test Harness.

Probe  A C++ macro inserted into an application under test to observe and control the application’s state.

Programming by Contract  A programming paradigm where method entry and exit conditions are explicitly specified.  Some languages, such as Eiffel, support this paradigm directly.  Others, such as C++, require additional programming.

Rosewood Test Framework  The classes and macros used to implement the Rosewood Embedded Progressive Testing Model.

Rosewood Test Harness  A stand-alone program separate from the Rosewood Test Framework that provides interactive access to the Probes embedded in an application under test.  The Test Harness provides a simple profiling capability as well as a comprehensive regression testing mechanism.

RTF  See Rosewood Test Framework.

RTH  See Rosewood Test Harness.

Transaction model  A testing model that verifies the processing of a transaction within a system under test.  A transaction usually equates to a scenario in a Use Case.
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