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Abstract

Whenan AutomatedTestingEquipment(ATE) company
designsa new system,the issueof backward compatibil-
ity is alwaysa major concern,both for thecompanyand
its customers. If backward compatibility is maintained,
the ATE application engineers face the difÞcult task of
trying to supportnew featureson an aging system.The
alternativeis to face the problemof converting old test
programsto the new environment.Translationof legacy
code involvesan automatictranslation tool, and some
applicationeffort appliedto thoseproblemsthe transla-
tor couldnÕt resolve. To minimizethe amountof work
required from the application engineers, the tool needs
to be semantically-aware; that is, the tool mustcontain
domain-speciÞcknowledge andusethat knowledge when
translating. The more knowledge a tool has at its dis-
posal,the lesscodean applicationengineeris forced to
translatebyhand.

Until recently, it has beendifÞcult to perform auto-
matic translationsatisfactorily becauseit was not cost
effectiveto write a translatorthat possessedsuch seman-
tic understandingof the testprograms. By makinggood
use of Functional Programming techniques and tools,
we were able to construct a cost-effective, semantically-
aware translationtool in a fractionof thetimeneeded by
traditional methods.Baseduponits performanceduring
testing, webelieve the tool to correctly translatethema-
jority of testprograms,therebygreatly easingthe appli-
cationsengineersÕburden.

1 Introduction

CredenceSystemsCorporation(Credence)hasa longtra-
dition of maintaining 100%backwardcompatibility when
releasingnew software. Testprogramswritten 10 years
agowill executeon the latestversionof the Quartettest
system.Customershave beensavedfrom needingto port
testprogramswhenanew systemor releasecameout,but
therehasbeena cost.Thecustomersareforcedto usean
agingApplicationProgramInterface(API), andthekinds
of optimizationsavailableto Credencesoftwaredevelop-
ersaregreatlyrestricted.

Credencerecently madethe decisionto migratefrom
SunOS4.3 to theSolaris.This in turn requireda change
from Kernighan& Ritchie (K&R) style C [KR78] to
ANSI C [KR88, ISO90].This wasforceduponCredence
becausethe C compiler usedon the original conÞgura-
tion is notavailableunderSolaris.TheC compilerchosen
for thenew conÞgurationis theGNU C Compiler(gcc),
which compilesANSI C. While gcc canbeconÞguredto
be very forgiving of non-ANSI code,it is nowherenear
as lax as the original C compiler. In addition, the ben-
eÞtsof requiringANSI-compliancearegreat. Credence
alsotook this opportunityto make signiÞcantchangesto
the AutomatedTestingEquipment(ATE) API; in partic-
ular, thecentraldatastructurewasmadeinto anabstract
datatype,in order to give Credencesoftwaredevelopers
morefreedomin optimizingthe internals.

Committingto thesechangespresentedCredencewith
anage-oldproblem:how to copewith legacy code?Cus-
tomersÕtestprogramsnow need to beupdated:

¥ They needto beSolaris-compliant;



¥ They needto beANSI-compliant, and

¥ They needto usethenew API.

Caremustbetakento minimizetheimpactto customers,
while preservingthe readabilityandcorrectnessof their
code.

Thispaperdescribestheautomatedtranslationtool that
GaloisConnectionsInc. (Galois)developedto solveCre-
denceÕs legacy codeproblem. By building upon an ex-
isting C parserand analysistoolkit written in the func-
tional programminglanguageML [MTHM 97], Galois
wasquickly ableto constructa translatorthatcouldcope
with all threeof thepointsabove. Theoutputof theTrans-
lator is a list of necessarychangesin diff [MANa] for-
mat. This diff Þle is passed to the UNIX patch utility
[MANb], producingthe translatedprogram. Using the
diff formatfor changeshasmany advantages:

¥ Only thosepartsof theoriginalprogramthatneedto
bechangedgetchanged,soimpactoncustomercode
is minimized.

¥ Thediff Þleprovidesanexplicit log of thechanges
thatareproposed.

¥ patch canalsousethe TranslatorÕs diff output to
reversethetranslation.

TheTranslatordoesnot constitutea 100%solution;there
areboundto becasesthattheTranslatorcannotcopewith.
In such cases,a CredenceApplicationsEngineerwill be
neededto do the translationby hand. In practice,we ex-
pectthe tool to correctlytranslatemorethan95%of test
code.

Therestof thepaperis organizedasfollows. Section 2
describesin moredetail the requirementsof the transla-
tor, givesexamplesof the kinds of translationsrequired,
anddiscussestheissuesthataroseasa result of thosere-
quirements.Section 3 presentsthe basicideaof GaloisÕ
solution,anddescribesin some detail thetranslationpro-
cess. In Section4, we discussthe FunctionalProgram-
ming technologythatunderliestheTranslator.

As the tool is still beingreadiedfor deploymentat the
time of writing, accurateÞguresfor performancearenot
available. Section5 presentssomeÞguresbasedon the
TranslatorÕs performanceduring testingso far, andSec-
tion 5 concludes.

2 The Problem
Thereare two fundamental requirementsfor the transla-
tion tool:

¥ Translatedcodemustcompilecorrectlyon the new
system.

¥ Code changesshould be as minimal as practical.
Translatedcodemust preserve macros,comments,
andexistingcodestructure.

TheÞrstis acorrectnesscriterion; thesecondensuresthat
theupgradehasminimalimpact onCredenceÕscustomers.
All of thechallengesarisingfrom this projectstemfrom
the fact that thereis signiÞcanttension betweenthe two
requirements.

The Þrst requirementcould mosteasilybe satisÞedif
the translatorcodeacteduponpost-processedcode; that
is, codethathasbeenrunthroughtheC preprocessorcpp.
This is the codethat C compilersactually work on: all
commentshavebeenremovedandmacrosexpanded.But
doingsowouldviolatethesecond requirement.

In order to satisfy both requirements,the translator
mustproducepre-cpp code.Thismeansthatthetranslator
mustbeawareof comments,#defineÕd macros,#ifdef
structure,and#include Þles,preservethemin theoutput,
andensurethattheresultcompileson thenew system.

2.1 Compilation Requirements
Broadly, the requirementsstemmingfrom the need to
have codecompilewith gcc on the new systemmay be
dividedinto threecategories:

¥ Translatedcodemustcompile underSolaris;

¥ Translatedcodemustbe ANSI-compliant (or close
to), and

¥ Translatedcodemustusethenew API.

Wewill look ateachof thesein turn.

Solaris Most of the differences betweenSunOS4 and
Solarislie in aspectsof the operating systemitself
(suchassignalmechanisms).Thetestprogramstend
not to beheavy in their useof OSprimitives,sothis



aspectof the translationis simpler than it Þrst ap-
peared. However, the changeto Solarishasintro-
ducedmany new systemfunction names,such as
signal andclock, which may collide with names
in testprograms.Thesenamesarecommon in test
programs,andthey mustbe renamedunderSolaris
to avoid conßict.

ANSI TherearemajordifferencesbetweenK&R C and
ANSI C, too many to detail here. Mattersare fur-
thercomplicatedin this casebecausetheoriginal C
compilerwasa very lax implementationof K&R C.
Programsthat would be in error with otherK&R C
compilerswouldpassunscathedthroughtheoriginal
C compiler. Among the mostcommonproblemsin
this category arevariablesandfunctionsbeingused
without therelevant.h Þlebeingincluded.ANSI C
also introduced the conceptof function prototypes,
which area moredetailed kind of functiontypedef-
inition not available in K&R C. ANSI C compilers
usefunction prototypesdo perform more stringent
type-checking.Thefactthattheoriginal C compiler
wasso lax in its type-checkingonly exacerbatesthe
situation.Thedifferencebetweentheway K&R and
ANSI dealwith #define macros,coupledwith some
veryimaginativemacrousages,presentsaveryinter-
estingchallenge(seeSection2.2below).

New API CredenceÕs API is basedarounda datastruc-
turecalledaPINLIST. In theoriginalAPI, it wasde-
Þnedasa typedefto an unsignedshort,andthis in-
formationwasvisible to testprogrammers.Thenew
API makesthatstructureopaque.Thus,any testpro-
gramthatusedpointersto unsignedshorts insteadof
explicitly deÞningPINLISTs,pointerarithmeticover
PINLISTs, or otheroperationsthat arepossiblebe-
causethe innerstructureof PINLIST is known, will
breakunderthenew API unlesschanged.

2.2 Example Translation Issues
In this sectionwe give someexamplesof the kinds of
problemstheTranslatorhasto dealwith.

Unit Macros. A commonuse of macrosin test pro-
gramsis to have macrosdenotingunits,asa form of doc-

umentation:

#define MS *0.001
#define MA *0.001

...

... func34 (20MA, 300MS);

Here, 20MA is intended to mean Ò20milliampsÓ,and
300MS is intendedto meanÒ300millisecondsÓ.In K&R
C, thesework Þne, since macro expansionacts at the
string level. In ANSI C, macroexpansion actsat thelex-
emelevel. Consequently, since20MA and300MS constitute
singlelexemes.Theproblemis thatwhile 20*0.001 is le-
gal ANSI C syntax,thesinglelexeme20MA is not, andis
reportedasanerrorby gcc.

Functions whose return type has changed. Thereare
a numberof functionsdeÞnedby the CredenceAPI, but
not implementedby it; they are intendedto be imple-
mentedin the testprogram.Credencemadea few small
changesto thesefunctionsafew yearsago.Thesechanges
hadno impactto customerswhile they wereusingaK&R
C compiler.

Since the original C compiler didnÕt require a func-
tionÕs deÞnitionto be in scope beforethat function was
used,many customersdidnÕt botherincluding the head-
ersthatdeÞnedthesefunctions,andasa resultthereturn
typeof thesefunctionsdefaultedto int. Thisallowedtest
programmersto returnvaluesfrom thesefunctions,even
thoughthosevalueswouldalwaysbeignored:

test1 () {
...

return SUCCESS;
}

Thesefunctions all return void. The return statement
above would yield an error undergcc, so the Translator
mustreplacethestatementwith asimplereturn.

Opaque PINLIST. Theoriginal deÞnitionfor PINLIST
wasa typedefto unsignedshort. Occasionally, for a va-
riety of reasons,customersdecidedto useunsignedshort
insteadof PINLIST whendeÞning variables.This would
leadto situationssuchas:



unsigned short pl[] =
{1, 2, 3 | LAST_PIN};

int someUnrelatedVariable;
...

func_test(pl, 0, 10);
...

Herea function in the CredenceAPI, func test, is be-
ing called. The function expectsa PINLIST as its Þrst
parameter. This works Þneunder the old API, but the
new API deÞnesPINLIST asa structure.In orderfor this
codeto functionasintendedunderthe new API, a num-
ber of changesmustbe made. Sincepl is beingpassed
into a function expectinga PINLIST, its deÞnitionmust
bechanged.This is morethanjust a simpletextual sub-
stitution,however. SinceplÕs original static deÞnitionis
incompatiblewith plÕsnew type,it mustbeexplicitly ini-
tialized.Theresultingtranslation is:

PINLIST *pl = pinlist_init();
int someUnrelatedVariable;

pinlist_addPin(pl, 0, 1);
pinlist_addPin(pl, 1, 2);
pinlist_addPin(pl, 2, 3);
...

func_test(pl, 0, 10);
...

pinlist_destroy(pl);

Thevariablepl hasbeenchangedto a PINLIST, andthe
creationfunction hasbeencalled. The staticvaluesare
also assignedto the structure. Function func test is
calledasbefore,but now its parametersaretypecorrect.
Finally, thePINLIST is destroyedbeforethefunctionex-
its.

3 The Solution
The Translatorworks by parsingC sourceÞles one at
a time, analyzing them to discover what changesare
needed,if any, and thenoutputtinga list of changesre-
quired.Thissectionexploresthatprocessin moredetail.

Thetranslationprocesshastwo phases.TheÞrstbuilds
a databaseof known entities,andthe secondanalyzesa
sourceÞle,usingthatdatabaseto build a list of required
changes.

Theinitial phaseinvolvesreadingin all relevantheader
Þles. These includeall SolarissystemÞles,all external
CredenceAPI Þles,andall internalCredenceAPI Þles.
Every variable, function, type,andmacro that is deÞned
in theseÞlesis enteredinto a database.For eachentity,
we recordits name,type,headerÞleof origin, andwhich
of the threecategoriesabove it belongsto: Solaris,Ex-
ternal,or Internal. The distinctionbetweenexternaland
internalCredenceheaderÞlesis important,becauseinter-
nal functionsarenot supported,andarenot intendedto
beusedby thetestprogrammer. TheTranslatorwarnsof
suchusages,but doesnot remove them.

Othersetsof headerÞlesmaybeaddedto thedatabase,
asneeded. For example,acustomersitemayhaveacom-
mon testinglibrary of their own that their testprograms
use. The Translatorwill be deployed with a database
already populatedwith standardSolaris and Credence
headerÞles,sothatusersneedonly addthoseheadersthat
arespeciÞcto their siteor project.

Thesecondphaseof the translationproceedsby read-
ing in a singlesourceÞle. The Þle is parsed: translated
from text into anabstractsyntaxtree,a data-structureen-
abling analysisof the sourceÞle. This is similar to the
secondphaseof a C compiler, which follows application
of the preprocessor. In fact, the TranslatorÕs parseris a
little more sophisticatedthan that of most C compilers,
becauseof our specialneedsandthefact thatwe needto
parse#-directivesaswell.

The heartof the Translatoris a suiteof functionsthat
walk over the abstractsyntaxtreeandgeneratechanges
that mustbe made. Eachof the tasksmentionedabove
hasa correspondingfunction. Someof the functionsare
simple,liketheonethatdiscoverswhenareturnvalueap-
pearsin a function thatreturnsvoid, andchangesthere-
turn statementinto a simplereturn.Others,like discover-
ing whena headerÞleneedsto beincluded,requiremore
analysis.Themostcomplex of all of the functionsis the
oneresponsiblefor the PINLIST translation. It incorpo-
ratesa clever type inferencealgorithm,which is capable
of discovering whenvariablesnot declaredasPINLISTs
arein factusedassuch.

The changesgeneratedby all of these functions are
fed into a differenceengine,which composesall of the
changesandoutputsthemin diff format.Typical output
looksthis:



2a3,9
>
>
> #include "box.h"
> #include "summary_protos.h"
> #include "shutdown_device.h"
>
>
3c10
< int initialize_tester(){
---
> void initialize_tester(){
4c11
< return 99;
---
> return;

TheUNIX patch utility understandsthis outputand uses
it to transformthe original test program into the a pro-
gramthat usesthe new API, andcompilesunderSolaris
with gcc. The notation2,3a9 meansthat the following
8 lines wil l be addedto the original program. In this
example, three#includes were needed. The next two
patchdirectivesresult in changesreßectingthe fact that
initialize tester hasbeenchangedto return void.
LinespreÞxedby Ò<Óarethelinesin theoriginal thatare
to bereplaced;linespreÞxedby Ò>Óarethelinesintended
to appearin their place.

All of the changesderived by the Translatorare pre-
sentedin thiseasyto understandformat,enablingapplica-
tionsengineersandcustomersto readilyseewhatchanges
areproposed(or have beenenacted).The sameÞle can
alsobe usedto undoany changes,shouldthey be erro-
neous.

4 The Underlying Technology
In this sectionwe discussthe possibleapproachesto the
problem, and explain someaspectsof FunctionalPro-
gramming,the powerful technologybehindthe Transla-
tor.

4.1 Possible Approaches
Thereare at leastthreepossibleapproachesto generat-
ing thecodechangesrequiredto allow themigrationfrom

SunOS4.3 to Solaris and enforce the use of the new
opaquePINLIST API.

Firstly, we could provide detailedguidelinesto allow
clientsto translatetheir programsby hand. This maybe
acceptableif the numberof programsweresmall,but the
installedbaseof testprogramsis in the orderof tensof
thousands.It wassimply not feasibleto expectclients to
changesomany linesof their legacy testercode.

Secondly, we could provide scripts (written, for ex-
ample,in perl [Vro96]) that make syntacticchangesto
client programs. In the past, Credencehas usedsuch
scriptsto translateprogramsfrom oneversionto thenext,
but thecurrenttranslationtaskismuchmorecomplex than
any attemptedpreviously. The differencebetweenK&R
C and ANSI C is profound,and the task of converting
programsthathadusedanopendatatypeto theuseof an
abstractoneis daunting.This is beyondwhatcanreason-
ablybedonewith ascriptinglanguage.

Thirdly, we could provide a semantically-awaretrans-
lator. It becameobviousvery quickly thatsucha transla-
tor wasneeded;theproblemquickly becameoneof where
to Þndsuchabeast.TheÞrstattemptlookedatmodifying
the opensourceANSI C compilergcc. Thereare some
fundamentalproblemswith usingsuchacompilerto pro-
videa translator.

¥ Compilershave someof the requiredlevel of se-
manticunderstanding,but compilersarecomplex to
modify, requiringspecializedknowledgeof their in-
ternalalgorithms. A seniorengineerwith someex-
periencewith compilersspenta monthworking on
modifyinggcc with very little success.

¥ Compilersare written to understand programwith
the aim of producingan executableimage,not out-
putting the original programswith modiÞcations.
Compilespay no attentionto things that matter to
humanusers,like commentsandlayout of code. If
no one was ever going to need to read or main-
tain themodiÞedprogram,acompilerwouldmakea
solid basefor a translator. However, makingthere-
sult readableinterferesseverely with the functional
changesrequired.

¥ Even having overcomethesedifÞculties, the ma-
jor changeof making PINLISTÕs structureopaque



requiresknowledge of analysissystemspowerful
enoughto recover theunderlyingabstraction.

ThroughsomeresearchCredencediscoveredthat there
was a technology that was capable of providing a
semantically-awaretranslation:FunctionalProgramming.

4.2 Functional Programming
Functionalprogramminglanguageshave beenunderde-
velopmentin universitiesfor thelasttwentyyears,andare
now readyfor prime-time. They provide many features
thataredirectly relevantto thelegacy codeproblem:

¥ Tree-manipulationis the breadand butter of func-
tional languages.They provide very concisemeth-
ods for specifying the structureof recursive trees,
and for describingpassesover treeswhich collect
information, and which can generatenew versions
of the trees. This is directly relevant to codetrans-
formersbecause,after parsing,codeis represented
asanabstractsyntaxtree.Writing analysispassesis
straightforward, even whenvery complex or subtle
informationis beinggathered.Functionallanguages
are not appropriatefor all tasks,but of all the ap-
plication for which functional languageshave been
demonstrated,handlingandmanipulatingcomputer
programshasconsistentlybeen themostpopular.

¥ Functionallanguageprogramsaretypically 1/10 to
1/5 the size of correspondingprogramswritten in
languageslike C++ or Java, and this translatesdi-
rectly to a productivity increase. It hasoften been
saidthatawell-writtenfunctionprogramreadslikea
design-document,andthatprogrammingin thefunc-
tional languageis design-level programming. This
raisesthequestionasto how all theimplementations
detailsget added.The answer is that the functional
languagecompiler provides them. Often it can do
a great job, and producecodecomparablein efÞ-
ciency to C++ codethatmight take daysto produce
by hand. In other cases,the codemay be signiÞ-
cantly lessefÞcient.However, whenthecodeis not
speed-critical,the trade-off betweencode-efÞciency
andprogrammerproductivity shouldbeweightedto-
wardsproductivity. The ensuingreduction both in
softwarecostandin time to marketarecompelling.

Building upon the SML/NJ C-Kit [HOM], a C
front-endfor the functional languageStandardML
[MTHM97], Galoiswasableto producea translator
prototype1 in just four weeks.TheprototypeÕs core
moduleswere of sufÞcient quality that they com-
prisethecoreof theÞnishedtool. We estimatethat
the sametask,usingtraditionalmethodsandbuild-
ing upona similar toolkit for manipulatingC code,
wouldhave takenat least3 months.

¥ Functionalprogramsmake strong useof powerful
typesystems,andGaloisÕengineersareexperienced
in both the designandimplementationof type sys-
temsin functionallanguages.Thetechniquesandex-
perienceof implementingtypesystemswasdirectly
applied to the analysisrequiredto recover the ab-
stractionbehindthePINLIST structure.

Galois chosethe functional languageStandardML pri-
marily becauseof theexistenceof theC-Kit andthe fact
thatPasalichaddonesigniÞcantwork in StandardML us-
ing theC-Kit to implementaprototypePINLIST analysis.
Otherfunctionallanguages,suchasHaskell [PJHA+] and
OCaml[Ler], wouldalsohavebeensuitable.

4.3 Other translators
AnnoDomini [EHM+99], producedby Danishsoftware
company Hafnium ApS, useda complex type systemto
Þnd Y2K relatedshortcomingsin software. The tool
was implementedusing the ML Kit [BRTT93], a Stan-
dard ML compiler with somespecialmemorymanage-
mentfeatures.The authorsclaim that the projectwould
have beenimpossiblewithout the useof functionalpro-
grammingtechnology.

The translator FermaT[War99] is able to capturethe
entirefunctionalityof anIBM mainframeassemblerpro-
gram, and produce an equivalent, maintainable C or
COBAL program.

TheDesignMaintenanceSystem[MB97] is a software
engineeringtoolkit producedby Texassoftwarecompany
SemanticDesigns.It is intendedto supporttheincremen-
tal engineeringandmaintenanceof largeapplicationsys-

1It wasableto derive a list of headerÞlesneededto be includedin
a sourceÞle, discover whenCredenceAPI entitieswereshadowed by
localdeÞnitions,andoutputtheappropriatediff Þle.



tems,driven by domainknowledge,semantics,captured
designsandautomation.

The principalsbehindthe latter pair of productshave
a backgroundin rewrite systems,which arevery closely
relatedto functionalprogramming.

5 Performance
The tool is being readiedfor deploymentat the time of
writing, so accuratemetricsof its performanceandtime
saveddueto its useareobviouslynotavailable.However,
we cangive someÞguresbasedupontheTranslatorÕs be-
havior duringthe(ongoing)testing phase.

Recall that the TranslatorÕs operation may be divided
into two phases: known entity databasecreation, and
translation:

¥ Typically, whencreatingthedatabaseof known en-
tities, the Translatorprocessesbetween 1,000 and
2,500 headerÞles. Our test suite containsaround
2,500headerÞles,comprisingaround100,000lines
of code.TheTranslatorprocessestheseÞlesin less
than45secondsonaPentiumII I 900MHz.

¥ We have testedthe Translatoron about1000 Þles
(some100 createdby Galois, for unit and regres-
siontesting;therestbeingrepresentative of real test
programs,providedby Credence),comprisingovera
million lines of code. On that input, the Translator
processesmore than 300 lines per secondon aver-
age2.

Themostimportantfactorin judgingthesuccessof the
Translatorfrom CredenceÕs point of view is time: how
muchtimewill besavedby usingtheTranslatorinsteadof
somealternative?This is impossibleto measureandeven
quite difÞcult to estimate. (It is worth noting that Cre-
denceÕs clientshave many millions of lines of testcode
betweenthem. Translationby handis simply not aneco-
nomicallyviableoption.)

2ProcessingtimevariesgreatlybetweentheSolaris/ANSIconversion
passandthePINLIST translationpass:the latter is an orderof magni-
tudeslower. This is mainly dueto the fact that the Solaris/ANSIpass
neednot processheaderÞlesif they exist in theknown entity database,
whereasthePINLIST passmustprocessthemregardless,in orderto de-
riveaccuratetypeinformation.

Thatsaid,we aresurethattheTranslatorwill beprove
to invaluable. Credencehad a teamof engineerscomb
throughthe900Þlesmentionedabove,translatingthemto
Solaris/ANSIby hand. This took approximately6 engi-
neermonths3. TheTranslatorcantranslatethesamesetof
Þlesin lessthantwo hours.Of course,sincetheTransla-
tor is nota100%solution,anapplicationsengineerwould
needto work on someof thoseÞles.Justhow muchÞeld
interventionwill be requiredremainsto be seen,but we
areconÞdentthatit will bewithin tolerablelimits.

6 Concluding Remarks

The Translator is capableof successfullytranslatingal-
most all test code, and the translatedresult is as easy
to read as the original code. By making the PINLIST
datatypeopaque,Credencehasgiven itself greaterfree-
dom to optimizethe implementationof its systemarchi-
tecturewithout inconveniencingits customers.Their cus-
tomerscannow take advantageof state-of-the-artoperat-
ing systemsandfastertestingenvironmentswith a mini-
mumof fuss.

By usingfunctionalprogramming, Galois wasableto
produceahigh-qualitytool with asmallteamof engineers
in a matterof months. Suchtechniquesarenot limited
to the translationof legacy code. Galoisusesfunctional
programmingasits coretechnology, designingexecutable
modelsof complex systems,domain-speciÞcspecialpur-
poselanguages,andpowerful analyses.
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3Themaintaskof theteamwasto discoverhowto dothetranslation,
sothis is anunfair comparison.But itÕs theonly oneweareablemake.
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