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Abstract Reference [6] presents the results of a roundup of a dozen

C++ compiler and library vendors in an attempt to establish

In this paper, we describe our construction of a test har- their conformance to the 1ISO standard. We overview this
ness to measure conformance of some popular C++ com-roundup in Section 5. However, we found the roundup to
pilers and to measure the progress of the gcc C++ compiler be inconclusive. We were interested in measuring comfor-
as it moves toward ISO conformance. In an attempt to ap- mance of the commonly used C++ compilers in an unbiased
ply the same standard to all of the vendors, we use the sameénd conclusive fashion. Moreover, we wanted to investigate
test cases and the same testing framework for all execu-the GNU compiler suite to determine if gcc versions were
tions, even though some of the compilers are platform de-moving toward comformance.
pendent and there is no common platform for all compilers.  In this paper, we describe our construction of a test har-
We found that the Python language provided the function- ness to measure conformance of some popular C++ compil-
ality that we needed with its scripting facility, its platform ers and to measure the progress of the gcc C++ compiler as
independence and its object orientation to facilitate code it moves toward 1SO conformance. In an attempt to apply
reuse. Python includes a testing framework as a module ofthe same standard to all of the vendors under consideration,
the language and we have extended the framework to meawe use the same test cases and the same testing framework
sure C++ ISO conformance. for all executions, even though some of the compilers are
platform dependent and there is no common platform for
all compilers. We found that the Python language provided
the functionality that we needed with its scripting facility,
its platform independence and its object orientation to fa-
cilitate code reuse. Moreover, unlike any other language,

Conformance to a standard is one of the most importantPython includes a testing framework as a module of the lan-
endeavors that a compiler vendor might undertake. Confor-guage. This testing framework is a Python modulgtest
mance can affect acceptance of the compiler and, in manywritten by Purcell[5], and patterned after the JUnit frame-
cases, can have an impact on the language itself. Conforwork developed by Beck and Gamma([2], and included with
mance enables code portability and wider use of the lan-Python versions 2.1 and later[7].
guage and corresponding libraries. Even if code portability = We have extended the framework to facilitate measure-
is not important, conformance facilitates documentation so ment of ISO conformance. We use our extended framework
that text books and language reference manuals have a comin all test case executions. In an attempt to avoid bias for
mon frame of reference. or against any vendor, our test case selection is based on

Conformance is especially important and difficult for test cases found directly in the ISO C++ standard[1]. All of
C++ because the language standard was slow to develop andur test cases are actual examples listed specifically in the
acceptance of the standard occurred 14 years after the introstandard with outcomes specified.
duction of the language. By 1998, when the ISO standard In the next section, we provide background about
was accepted[1], there were many established and acceptednittest and in Section 3, we describe the construction of
C++ compilers in common use. our Python test harness. We assume that the reader is famil-

1 Introduction



1 class BinaryError(Exception): pass 2 The Unittest Testing Framework

2 class InvalidBinaryError(BinaryError): pass

3 class Binary: In this section, we overviewnittest the unit testing

4 def _init _( self, n = '0" ): framework included in Python versions 2.1 and later. We

2 |f?#tr(T1?er<s oére stored as integers™ first illustrate a Python classinary, and show how the

7 raise mvéndBmaryErmr’ \ class might be tested without thaittestmodule. We then

8 "Negative numbers are invalid" present clas8inaryTestand illustrate it's use and advan-

9 self.number = int( n ) tages in testingginary.

10 def __add__( self, rhs ):

E def reﬁ;‘{,??‘!f;‘[fy (Srf,g'n)lfmbemhs'number) 2.1 Incorporating test cases into the module

13 return Binary(self.number*rhs.number)

ig def r-éfuqr;]-( (zg:]f'n:;fbi}zrhs numben) In Python, each class begins with the keywaldss

16  def _ne_( self, rhs ): ' and each function begins with the keywatdf. There are

17 return (self.number!=rhs.number) classes defined on lines 1, 2 and 3 of Figure 1 and func-

18 def str _( self ). o tions defined on lines 4, 10, 12, 14, 16, 18 and 26 of the

;g nui{ggf :thieﬂf‘nrnsft:er'” binary format figure. The classes on lines 1 and 2 do not contain any data

21 result = [] or methods, as indicated by the keywgaks they are used

22 while number: to handle exceptions. Cla&snary, lines 3 to 25 in Figure

;i ;isnlig-;’r‘Szftﬁmst:;(rm;mzber%z)) 1, represents an abstraction for binary numbers. Users of

25 return ™ join(result the class mstanUathz_ary numbers using positive deuma!
numbers and then, using the overloaded operators, manipu-

26 def test(): late each binary number in the same manner as an integer,

27 binl = Binary( 17 ) applying addition, multiplication, comparison and output.

28 bin2 = Binary( 127 )

Binary has six member functions. Functiomnit__, lines

29 print binl, " + ", bin2, " is ", binl+bin2
30 print binl, " * ", bin2, " is ", binl*bin2
31 if binl != bin2: print "Not Equal"
32 else print "Equal"
33 if bin2 = Binary(127):
34 else print "Equal"

4 to 9, is the constructor foBinary. Functions__add. _,
_mulL_, _eqg_, and_ne_, overload the+, *, ==, and

| = operators for two binary numbers. Functiorstr__,
lines 18 to 25, enable output of binary numbers, similar to
operator << for C++, andtoStringfor Java.

Functiontest() lines 26 to 34, represents one approach
to testing clas®inary. Binary numbersinl andbin2 are
instantiated on lines 27 and 28, and then used in addition,
multiplication and comparison on lines 29 to 34. Function
test()will be invoked on line 36 when the module is exe-
cuted in stand-alone fashion.

These tests are not intended to be exhaustive, but rather
they illustrate one approach to testing a module. However
there are drawbacks in using this approach to testing. First,
the code to test the module is included in the module it-
self, which can distract the reader interested in understand-

iar with Python. The Python newbie can find gentle intro- ing the class and requires that the code to test the module be
ductions to Python aPython.org For those who are well ~ shipped with the module. Second, the person performing
acquainted with Python, we highly recommend referencesthe test must inspect the output and verify that the output
[3] and [4], these are excellent resources, but On|y for thoseis correct. If this verification were performed automatica”y
well acquainted with Python and object technology. In Sec- With @ summary report at the end of the test, the testing pro-
tion 4 we describe our test case extraction and in Sectioncess would be less prone to error.

5 we overview the C++ roundup that appeared in reference

[6]. In Section 6 we present a case study where we apply2.2 Using unittest to separate testing

our framework to some popular compilers running on sev-

eral different platforms. We measure the performance of Figure 2 illustrates an alternative, using the unittest mod-
the compilers on our test suite, including a discussion of aule, to the testing approach shown in Figure 1. The PyU-
difficult-to-parse test case from clause three of the standardnit home page can provide more information about the
We draw conclusions in Section 7. unittest framework[5] and th@ython Library Reference

print "Not Equal”

35if _name__ == " _main __":
36 test()

Figure 1. Binary number class and test code.




1 import unittest The two classesBinaryTestandBadlnputTestencapsu-

g I:gm EEEZW import |Bina|%B' c late the testing process &inary, with BinaryTesttesting
ry. Import InvalidBinaryError for success, anBadInputTestesting for failure.
4 class BinaryTest(unittest. TestCase): BinaryTestontains five methods that either initialize the
5 def setUp(self): test process, test, or recover from the test process. The first
? et ?gg;gojvn?'s’;?fr)}’(o) pass method inBinaryTest setUpon lines 5 and 6, instantiates
8 def testzero(self): ' aBinary zero as a data member. MethierDownon line
9 self.assertEqual(self.n, Binary(0)) 7 does nothing but might be used to clean up after the test
10 def testAddition(self): process. There are three test caseBimaryTest methods
E ;25” ;Si'rrt‘gayé;)«se” hirhe). Binary(7) testZergtestAdditiorandtestMultiplication Each test case
13 self assertEqual((Binary(7)+rhs), Binary(14)) containsassertEquabtatements to determine if the values
14  def testMultiplication(self): returned by theBinary API is correct. The statement on
15 for n in range(100): _ line 9 of testZerocompares the value of the data member
is ;‘?r']fé?;(srir;';q“a'(B'”ary(”)*B'”ary(n)' \ self.nto the newly instantiated numb@&inary(0), if they
are equal the test passes; if they are not egqasértEqual

18 class BadinputTest(unittest. TestCase): will raise an exception and the test will fatestAdditionis
19 def setUp(self): one test case but actually tests two addition operations. The
5(1’ def fg'sfﬂr\‘le;as\'/g?srﬁg) testMultiplicationmethod is also a single test case but tests
22 Binary should fail with nega- 100 multiplication operations.

tive input™™ The BadinputTestlass uses thassertRaisestatement
;i ;?r!fg';‘sse_fl“)?aises('”Va“dBi”anyfmr' \ to make sure that thBinary API handles bad input. The
25 def testDﬁcimaI(self): testNegativéest case on line 21 of Figure 2 makes sure that
26 se|f.asser[Raises(|nva”dBinaryError‘ \ Binary raiseS the exceptiohnvalidBinaryEl‘ror, |ine 23, |f
27 Binary, 0.5) the user of the API attempts to instantiate a negative binary

number; this test case passes. HowetastDecimal the
method to test for decimal input on line 25 does not pass
since theBinary API does not raise an exception when the
user attempts to instantiate a decirBahary. This is the

28 if __name__ == " _main_":
29  unittest.main()

Figure 2. Using unittest This figure illustrates a only test case in Figure 2 that fails.

better approach to testing a Python module using unittestwill automatically callsetUpandtearDownbe-

the module unittest. In this example, the methods fore and after each test case execution and the three test
that are prefixed with “test” are test cases that can methods inBinaryTestwill be invoked automatically by

be used to test class Binary. unittest. Similarly, thesetUproutine forBadlnputTesand

both of its negative test cases will be called automatically.
In fact, there is a lot that will happen automatically when
we use the example in Figure 2 in stand-alone fashion.
. . S Whenmainis invoked on line 29, all methods that begin
summarizes the unittest module[7]. Mark Pilgrim’s excel with “test” in classesinaryTesandBadInputTestre rec-

lent public-domain bookDive Into Python presents in- . . .
: : : ) ognized as test cases and a test suite is constructed consist-
depth examples of using unittest, including a thorough test. :
! ing of each of these methods. These test cases will then
suite for a Roman numeral module[4]

h le in Fi 2i h dulesi be run automatically; the order of execution is determined
. The exgmp el_:jn I_:lgure |mporIFst ree mo (;J ftest by a function that sorts the test cases lexicographically by
Blnary an _Inval BlnaryErro_r on fines 1 2 and 3 respec- - yhe name of the function using the built-in Python function
tively. Theimportformat on line 1 requires that all uses of

he | dmodule b fixed with th aul th cmp The testing framework provides an environment in
the imported module be prefixed with the module name; the , ;-1 the test cases can execute and a report is generated.

form_at used onlines 2 a”?' 3 dp not require the mo.dule nameAIternativer, the user can construct the test suite and pass
prefix. The two classes in Figure BjnaryTeston line 4, the name of the test method as a parameter to the newly
andBadinputTeson line 18, encapsulate the test cases that constructed test suite; we use this technique in Section 3.
we will use to test clasBinary. Both of these classes are Executing the tests in Figure 2, produces the output be-
derived fromTestCasga class in modulanittest this inher- low, with 5 test cases executed and one test case failure
itance is indicated by putting the class hames in paremheseﬁestDecima)l:

at the point of declaration on lines 4 and 18. By inherit-

ing from TestClasswe acquire useful methods to facilitate

testing and we exploit many of them in this example.




1
2

3
4
5
6
7
8

©

10
11
12
13

14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31
32
33
34

#!/usr/bin/env python2.2

import unittest, fnmatch, os, sys, cpptests 1 import unittest, os, re
def doTests(fullpath, directory): 2 class CppTestCase(unittest. TestCase):
dirlist = os.listdir(fullpath) 3 def _.init __(self, testfun, fname):
runner = unittest.TextTestRunner() 4 unittest. TestCase. _init  _(self, testfun)
suite = unittest.TestSuite() 5 self.compile = [ "g++ -c -DGCC29x %s.cpp", \
for fname in dirlist: 6 "g++ -Wno- -c -DGCC30x %s.cpp", \
if os.path.isfile(fullpath+'/'+fname) \ 7 "cl /w /nologo /c -DMSVC6x %s.cpp”, \
and fnmatch.fnmatch(fname, "*.cpp"): 8 "bcc32 -w- -q -c -DBORLANDS55 %s.cpp”, \
gen = cpptests.CppTestCase("testExecute”, \ 9 "CC -c -DMIPS %s.cpp" \
fname[:-4]) 10
suite.addTest( gen ) 11 selflink = [ "g++ -0 %s.exe %s.0", \
runner.run(suite) 12 "g++ -0 %s.exe %s.0", \
13 "cl /nologo /w /Fe%s.exe %s.obj", \
def cleanUp(fullpath): 14 "bcec32 -q -e%s.exe %s.obj", \
dirlist = os.listdir(fullpath) 15 "CC -0 %s.exe %s.0" \
for fname in dirlist: 16 ]
if os.path.isfile(fullpath+'/'+fhame) and\ 17 self.fileName = fname
(fnmatch.fnmatch(fname, "*.0") 18 self.toPass = not (fname[:4] == "fail")
or fnmatch.fnmatch(fname, "*.obj") 19 self.hasMain =
or fnmatch.fnmatch(fname, "*.exe")): 20 self.directory = o0s.getcwd()
os.remove(fname)
21 def setUp(self):
if _name__ == " _main _": 22 print "Executing: %s.cpp" % self.fleName
if len(sys.argv) != 2: 23 oldFile = open(self.fleName+".cpp”, "r")
print "usage: ", sys.argv[0], " <clause dir>" 24 currentline = oldFile.readline()
else 25 while currentline:
directory = sys.argv[1] 26 if re.search("main", currentline):
fullpath = os.getcwd()+'/'+directory 27 self.hasMain = 1
if os.path.isdir(fullpath): 28 break;
os.chdir(fullpath) 29 currentline = oldFile.readline()
doTests(fullpath, directory) 30 oldFile.close()
cleanUp(fullpath)
else 31 def tearDown(self): pass
print directory, " is not in this directory”
print "Current directory is: ", os.getcwd() 32 def testExecute(self):

33 #Code for this method in Figure 5

Figure 3. The Test Case Generator

Figure 4. The Test Case Class

% python binarytest.py
F....

compiler comformance. We begin the section by presenting
FAIL: testDecimal (__main__.BadInputTest) a test case generator.

Traceback (most recent call last): .
File "binarytest.py”, line 27, in testDecimal 3.1 Test Case Generation
self.assertRaises(InvalidBinaryError,Binary,0.5)
File "/usr/local/Python-2.2/Lib/unittest.py",

line 279, in failUnlessRaises Figure 3 illustrates our test case generation module that

raise self.failureException, excName we call runtests.py consisting of two functionsgdoTests
AssertionError: InvalidBinaryError on lines 3 to 13, analeanUpon lines 14 to 21. Each
Python module contains a global namespace with an iden-

Ran 5 tests in 0.019s o
FAILED (failures=1) tifier called__name_ that stores the modules name. When

a Python interpreter session begins executing a module, the
value of_name_is __main_. Thus, we begin our test case

3 Construction of the Test Harness generation by running the Python interpreterontests.py
and thef statement on line 22 evaluatesttoe.
In this section we present the cla€ppTestCasehat we When the session begins, tliestatement running from

derive from clasSestCasgin theunittestmodule. We use  lines 23 to 34 verifies the user input and calls functions to
CppTestCasas a wrapper for our C++ test cases that test run the tests and clean up. Our test suite is partitioned into



directories and we have a directory for each clause in the

standard that we test. Thkstatement on line 23 verifies

that two parameters were entered and line 28 verifies that

the second parameter is a valid directory within the current

directory. Then, functiongoTestsand cleanUpare called

to do the testing of the clause and clean up afterward. 1 def testExecute(self):
FunctiondoTestsccepts two arguments (line 3): the full2  def testExecute(self):

. . executed =

path to the dlre_ctory containing the clause unq|er e, compiled = (0s.system(self.compile[0] % \
path and the directory nameijrectory. The function gath- 5 self fileName) == 0)
ers a list of the files contained in the directory, instantiates  if compiled and self.hasMain:
a test runner, usingextTestRunneiand a test suite, using ’ linked ;f_EOE-SVStem(Sh?:f_I-":lk[ol % o
TestSuite ClassedlextTestRunneand TestSuiteare part of . ”éizd;'e ame, selffileName)) == 0)
the unittestframework, which we import. Théor loop in 19 executed = (0s.system("%s.exe” % \
doTestseexamines each name in the list to determine if itsl self.fileName) == 0)
a file, and verifies that it has the proper extension (our test )

have appextension, but there may be other files i It self.toPass and self.nasMain \
Case§ pp ! y ; H3 and compiled and executed:
the directory). If the name represents a file with a C++ ex4 print "PASS: Semantics properly supported”
tension, a test case is generated, line 10, with two parark®- elif selftoPass and self.hasMain
ters passed to the constructor: the function that executes the Sﬂgt C,,‘;”;Fﬂ'.e‘ée":;‘gm?c"st ﬁ’é‘f‘:;tj‘;‘;)rte "
test,testExecuteand the prefix of the name of the C++ tesfg failures.add(self fileName)
case. After the test case is generated it is added to the @St elif self.toPass and self.hasMain and \
suite. The final action ofloTestss to tell theTextTestRun- 20 not compiled and not executed:
ner object,runner, to run the tests, line 13. 2 print "FAIL: Should have compiled

failures.add(self.fileName)

FunctioncleanUp lines 14 to 21 of Figure 3, cleans ung elif self.toPass and not self.hasMain and \
after the test suite is executed. We could have used #ae compiled and not executed:
tearDownmethod inCppTestCasederived fromunittestto 25 _ print "PASS: Compiled as expected”
clean up after each individual test case, but we found it m elif selftoPass and not selfhasMain and \

p %}e not compiled and not executed:
efficient to simply clean up after all test cases when the test print “FAIL: Should have compiled"
suite has been executed. Line 15 gets a listing of the fikss _ failures.add(self.fileName) _
in the directory of the clause under test andftreloop ex- 30  €lif not self.toPass and self.hasMain \

and compiled and executed:

amines each file to see if it should be removed: In running print "FAIL: Executed but shouldn't have"
each test case, we may have constructed an object file orsx- failures.add(self.fileName)
ecutable and these are also removed as part of the cIea’MJp elif not self.toPass and self.hasMain \
process. and compiled and not executed:
36 print "PASS: Semantics properly supported”
37 elif not self.toPass and self.hasMain
3.2 The C++ Test Case Wrapper 38 and not compiled and not executed:
39 print "PASS: Did not compile, as expected"
40 elif not self.toPass and not self.hasMain \
Figures 4 and 5 illustrate clagppTestCasea wrapper 41 and compiled and not executed:
for our C++ test cases extracted from the ISO C++ staff pint "FAc'i'a:( Snouid ot )ha"e compiled*
. . . allures.a selr.nieName
dard. The class contains four methods. _I\/Ietm]tj lines elif not self toPass and not. self.hasMain \
3 to 18, is the class constructor, asetUp lines 19 to 28, 45 and not compiled and not executed:
performs initialization for each test case. MethedrDown 46 print "PASS: Did not compile, as expected"

does nothing because we recover from test case executioffin  €'s&: .
. L A print "logic errors

the test case generator after the entire suite is executed, as

described in the previous section. FuncttestExecutés

the longest method in the class and we show only the signa-

ture in Figure 4; the code faestExecutés in Figure 5. Figure 5. The testExecute method for the Test Case
The constructor folCppTestCasenit in Figure 4, ini- Class

tializes the data used in the test case. The method begins

by calling the constructor of the super cla$sstCasgon

line 4, passing the name of the function that will execute

the test case; in our framework this functiortéstExecute

introduced earlier in our discussion of Figure 3. It is im-



portant that theCppTestCaseonstructor explicitly call the 1 namespaceN {

constructor of the superclass because, in Python, constric- int i,
- . . int g(int a) { return a; }

tors for superclasses are not automatically invoked. Lines it j():
through 14 initialize a list that contains the calls for each of void q'();
the compilers that we use to execute C++ test cases; the &c- } .
tual compiler is chosen itestExecutdy indexing into this ; EzmzszE:{N int 1 =1}
list. Included with the compiler call is a flag, passed using int g( char {a) { Il overloads N:ig( int)
the-D option, that may be used testExecutéo determine 10 return l+a; // | is from unnames namespace
the name of the files to include; we discuss our solution & P _ o
the variation in include file names in the next section. nt /I error: duplicate definition

. . int j( /I OK: duplicate function declaration
also set the name of the file for this C++ test Casetdﬁass 14 int j() { /I OK: definition of N:j()
flag that indicates if this test case is supposed to pass or fgl, return g(i); // calls N:g( int)

andhasMain a flag that indicates if this test case has a malf ,
function. Finally, thedirectory s initialized to the current g ) it qQ);
working directory, line 18.

MethodsetUp lines 19 to 28 in Figure 4, parses the test
case to determine if it contains a function main. If it does, Figure 6. Namespace example
the hasMainflag is set to true on line 20 and the test case
will be compiled, linked and executed.

The code for the final method @ppTestCasetestEx-

/I error: different return type

te is sh in Fi 4. The first part G6StE ‘ make a judgement about whether or not the test case passes
ecute IS snown in Figure 2. € hirst part GeSIEXECUe  pased on the values in these two flags and the outcome of

chooses the compiler, link and execute call, and then COM e compile and link/execute phases of the test. Thus there

piles the program. If the test_ca_se has a main and it SUCCESS;re four variables that must be modeled, producing 16 pos-
fully compiled, the program is linked and executed.

sible paths, 6 of which are infeasible. We model the ten

The system calls to compile, link and execute the pro- yossiple outcomes on lines 12 through 48 of Figure 4.
gram are on Lines 4, 7 and 10 of Figure 4 where the results

are assigned to variblemmpiled linked andexecuted All .
of the systems that we used follow the convention thatupon4 ~ Test Case Extraction
successful compile, link or execute, a zero value is returned,
otherwise a non-zero value is returned. However, the Win-  Each clause in the standard contains C++ examples and
dows 95 and 98 operating systems do not follow this con- descriptions of the expected outcome. In section 5 we dis-
vention, but rather return zero value for both success andcyss the discrepency in the number of test cases extracted
failure. Thus, our framework will not provide correct re- from the ISO standard by different testers. Given the com-
sults on these two systems. plexity of the examples and the inclusion of multiple er-
Some examples in the ISO standard are intended to com+ors in a single example, we are not surprised by this dis-
pile, others are intended to link, execute and give a speci-crepency.
fied output, and still others are intended to fail. We trans- A single example in the standard can produce many test
lated the examples into test cases that are either positive otases. Some examples expand into multiple positive test
negative, depending on whether or not they are expected taases while others may expand into a single positive test
successfully compile, link or execute. Negative test casescase and multiple negative test cases. Consider the example
are intended to expose compilers that accept a superset oh Figure 6, taken from clause 3 of the 1ISO standard, which
the standard. Thus, a negative test case does not pass #pecifies rules for name lookup in namespaces. The code
it compiles successfully, or compiles and executes successin the figure represents a single example in the standard but
fully. Forty-six percent of the test cases that we extracted clearly this must be more than one test case. For example,
from the standard are negative test cases and these form athere are errors on lines 12 and 17 of the example; if this
important part of our measurement of ISO comformance. example is used as a single test case and the program fails,
The most important function destExecutés to deter-  the tester will not be able to determine if the error occured
mine whether or not the test case passes or fails, based onn line 12, line 17 or both.
the values of the two flagePassandhasMainand the out- In our approach, we generate three test cases for Figure
come of the compile, link/execute phase of the test process6: one test case with no errors that should pass, another test
If the toPassflag is true then this is a positive test case and case with the first error that should fail, and a third test case
if the hasMainflag is true than this test case is supposed with the second error that should also fail. Thus, we get one
to link, execute and possibly give a specified output. We positive and two negative test cases. However, a different



#if defined(BORLANDS55) GCC, BorC++, BCC, Comeau and MSFT/Za.

Zi:lg':de <mem.h> The Plum Hall test suite is based on providing a test case
#include  <memory.h > for each sentence in the ISO stano!a}rd. For c!auses 1 through
#endif 16, describing the language definition, this line-by-line ap-

proach produced some 4,356 test cases. Perennial has used

struct T { int a; } a similar approach but produced nearly 10 times as many -

#define N sizeof(T)

int main 0 { a total of 35,993 test cases for the same clauses.
char buf[N]; We found the Conformance Roundup to be inconclusive,
T obj; so we decided to design our own conformance tests. In an
&%ﬁcgy(tt?&&obj N) attempt to factor out bias, we decided to use the same testing
memcpy(&obj, buf, N); framework for all test executions. Moreover, rather than
if (1138 != obj.a) return 1; engage in a line-by-line interpretation of the ISO standard,
return 0; which might bias us toward the compiler with which we

} were most familiar, we have chosen to only extract explicit

examples from the standard with outcomes specified. Using

Figure 7. Handling include file variations this approach we extracted 760 test cases.

6 Case Study

testing approach might generate many more test cases than
three using the example in Figure 6.
Many of the positive examples will not compile as de-L ~ typedef int f;

. . : . struct A {

scribed in the_ standard. Somg e_xamp!es require varlableé)r friend void f(A &);
type declarations, or header file inclusion. We have found 4 operator int();
wide variation in nomenclature of include files across vens void g(A a) {
dors. In some cases we were able to avoid the problem @f f(a);

this variation in include file names if the class or functiory

in the included file is not part of the test. For example, a

variable declaration such atring s; might be modified to

int s; if the purpose of the test does not involve gteng Figure 9. A Test case that all compilers failed
class.

However, in some cases a function or class in the in- ] ) ]
cluded file is part of the test. The example in Figure 7, taken [N this section, we apply our testing framework to some
from clause three of the ISO standard, illustrates a test cas@OPular C++ compilers running on several different plat-
where the functiomemcpyis part of the test. In the figure, ~forms. The compilers in our study includorland 5.5.1
memcpyis used to copy a value fromsiruct to a buffer ~ Visual C++ 6.0, gcc 2.95.2gec 2.96 gec 3.0.4andMIP-
and then back again to theruct; the test case succeeds Spro7.3.1.2mWe execute'd the test cases quland 5.5.1
if the value is successfully transferred in both directions. @ndVisual C++ 6.0 on Windows NT and Windows 2000
However, the Borland compiler placesemcpyin mem.h p!atforms; all (_)f the rest of the_ test cases were executed on
while the other compilers placeemcpyin memory.h The Lmux_or Solaris syst_ems running version 7.1 of Red Hat or
conditionally compiled code, lines 1 through 5 of Figure 7, Solaris SunOS version 5.8. We have tested the framework
chooses the file to include based on the compiler under testOn Python versions 1.5 through 2.2; we note that for ver-
sions of Python prior to 2.1, the unittest module must be
downloaded separately. To provide some insight into the
efficiency of the Python framework, we were able to run
the 217 test cases for clause 14, containing the largest num-

Reference [6] presents the results ofcundup of a ber of test cases, in 5.125 seconds on a Dell Precision 530
dozen G+ compiler and library vendors in an attempt to workstation, with a Xeon 1.7 GHz processor and 512 MB
establish their conformance to the 1SO standard. In theof Rambus memory.
roundup, three major suppliers of+€conformance test The table in Figure 8 summarizes our results, where
suites were asked to evaluate the compilers; these werethe first column lists the names of the compilers and the
Dinkumware Ltd. Perennial Inc.andPlum Hall Inc. The columns labeled 3 through 15 list the results for clauses 3
compilers being tested for conformance included IBM, Sun, through 15 for the respective compilers. The column la-
Kuck and Associates, Metrowerks, Intel, HP, MSFT/Ze, beledFailureslists the total number of test cases failed by

5 The C++ Conformance Roundup



| Compiler [ 3]4]5[6 ] 7[8]9]10[11]12]13] 14 | 15 Failures | % Passed|
gcc 3.0.4 8 |0 1 2 9 9 1 0|12 3 0 24 1 70 90.7
MIPSpro 7.3.1.2m || 13| 1| O 2 8 4 2 0 7 3 3 29 0 72 90.5
gcc 2.96 8|0 2 2 10| 8 1 0|12] 3 2 27 1 76 90.0
gcc 2.95.2 8 |0 1 2 (14|10 1 0|12 3 2 31 2 86 88.6
Borland 5.5.1 13|01 0|16 7 4 1 |11(10]| 2 38 1 104 86.4
VisualC++ 6.0 191 4 9 17| 15| 7 6 9 | 13|19 | 80 2 201 73.6
VisualStudio 7.0 15/0 | 4 4 |1 15| 15| 7 4 | 11| 12| 18| 67 2 174 77.1
| TotalCases [[88]2]20[14[84[90[38[41[54[53[52[217] 7 [ 760 | — |
Compilar 3 4 5 & T B 3 40 4112 13 14 45 Falurus %Passed
Blgec 104 B4 3 5. B b 1A g M4 O 507
-.lf-"ﬁipl'l:i'l'.!-.'l.lm =1 0 2 B 4 2 6 T Ad 2D (3 SOLE
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Figure 8. Results of our study

the respective compiler and the final colur®Passedrep- performance of a given compiler on these tests may not
resents the percentage of test cases that passed. The bottodirectly predict the performance of the compiler on a real
row of the table in Figure 8 lists the number of test cases in world program or test suite. To underscore the intricacy of
each of the respective clauses, with the total number of testhe test cases, consider Figure 9, a test case that all compil-
cases at 760. For example, column one of the table showsers failed. The purpose of the test case is to illustrate that
that thegcc 3.0.4compiler failed 8 out of 88 test cases for the expression on line 6 of the example is not a function call
clause 3 of the ISO standard. and that argument-dependent name lookup does not apply;
rather the expression is a cast equivalemt(a)[1, §3.4.1].
However, the compilers that we tested find the expression
on line 6 to be a redeclaration of the friend function on line
3 and become confused with thgedefon line 1. None of

the compilers were able to compile this example correctly.

The final column of Figure 8 shows that the first three
compilers passed at least 90% of the test cases, withahe
2.95.2andBorlandcompilers very close to 90%. Moreover
the VisualC++ 6.0 compiler also performed quite well in
the tests.

Our goal here is to show that our testing framework is ~ The graph in Figure 8 provides an overview of compli-
extensible to multiple platforms and to provide some mea- ance on a clause by clause basis. For example, the four bars
sure of how the compilers stack up against the examples inat the top of the graph illustrate the percentage of clause 15
the 1ISO standard. We are not considering compile speedtest cases passed by each of four compilges:3.0.4 MIP-
efficiency of the optimized code or the friendliness of the Spro7.3.1.2mBorland 5.5.1andVisual C++ 6.0. The bar
environments of the respective compilers. Moreover, the in the graph for clause £onversionsshows thagcc 3.0.4



andBorland 5.5.1passed both tests whiMIPSpro7.3.1.2m  [5] S.Purcell. Python unit testing framewodocumentation freely avail-

and Visual C++ 6.0failed one of the two test cases. The able at http:/pyunit.sourceforge.nebarch 2002.

bars for clause 4 might indicate that the latter two compil- [6] H. Sutter. C++ conformance roundu@/C++ Users Journal 19(4),

ers did poorly on this clause but, in fact, they failed only a ~ April 2001.

single test case. [7] Guido van Rossum. Python Library Reference Python Software
One of our goals was to measure the progress of the ~oundation, 2001.

gcc C++ compiler toward ISO conformance and Figure 10

reveals that gcc is making steady progress toward confor-

mance. The graph in the figure contains three bars for each

of the clauses, where the top bar for a clause representes the

most recent version of gcc in our tesggc 3.0.4 the sec-

ond bar representgcc 2.96and the third bar represents the

oldest versiongcc 2.95.2 For all clauses that we tested,

gcc 3.0.4performed as well or better thatc 2.95.2 Also,

for clause 14, which tests templates, gcc has shown steady

improvement toward ISO conformance.

7 Concluding Remarks

We have described the construction of a Python test
framework that allows us to use the same test harness for
compilers on different platforms. We have used the exam-
ples from the ISO standard together with the described out-
comes to construct test cases to measure the conformance
of popular compilers. Since nomenclature for include files
varies across vendors, we conditionally compile the correct
header file for the respective compiler.

Our results indicate that all of the compilers in our test
suite performed very well and that the GNU C++ compiler
is moving steadily toward conformance to the ISO standard.
We believe that our approach is adaptable to other forms
of testing where cross-platform compatibility is important.
We are currently extending our framework to perform unit
testing on C++ classes.
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