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ABSTRACT

This documentdescribesan extensionto C++ in the areaof ex-

ceptionhandlingthat is designedto facilitate static checkingof

exceptions. It discusseghe problemswith suchstatic checking
andhow they maybe overcome.

1. INTRODUCTION

Koenigand Stroustrupwrote a paperon the C++ exceptionhan-
dling mechanism(Ref [1]) which discussesnary of the reasons
behindthe decisiongakenin theway C++ exceptionswork. This
includesthe reasongor preferringrun time checkingto compile
time checkingin the areaof exceptionspecificationconsisteng.
This documentproposesan extensionto C++ that allows static
checkingof exceptionspecificationslt dealswith thepointsraised
in Ref[1] anddiscusseshe commonobjectionsto staticchecking
thathave beenraisedon USENET

The extensionis an alternatve way of specifyingthe excep-
tions that a methodthrows (directly or indirectly). This is done
by usingthe new keyword onlythrow ratherthanthrow in the ex-
ceptionspecification.In just the sameway thatthrow() indicates
thatno exceptioncanbethrown, onlythrown() indicatesthatno ex-
ceptioncanbethrownn. In generathe samerulesthatapplyto the
existing exceptionspecificatioralsoapplyto onlythron. Theseare
dealtwith in Ref[5], sectionl5.4.

This extensionswitchesthe emphasisrom run-time check-
ing to compiletime checking.Useof onlythrown ratherthanthrow
changeghe natureof the consisteng checksin two ways: firstly,
exceptionpropagations single-level ratherthanmulti-level, and
secondly inconsistentexception handlingis treatedas an error
ratherthana warning. This extensiondoesnot alterthe behaiour
or meaningof ary prior codeandits useis optional.

Considermanexample:let uswrite thefunctionf() thatcanonly
thraw the exceptionsel or e2. Using currentexceptionspecifica-
tionsthis would be written as:

void f() throw (el, e2)
{

}

...do sonething...

However, the consisteng of thethethrow(el,e2)clausewith
theassociatedodeis notchecled atcompiletime. Insteadit is as
if codeweregeneratedhatmalesthethrowing of arything elsean
unexpectederroratruntime,thus:

void f()

{
try
{
...do sonething...
catch (el) { throw, /* rethrow */ }
catch (e2) { throw, /* rethrow */ }
catch (...) { unexpected(); }
}

If f() waschangedo useonlythrav asshavn below:

void f() onlythrow (el, e2)
{

}

thenthe developerwould know that the body of f()had been
checledby thecompilerandthatf() couldnever call unexpected().

...do sonething...

2. WHAT CHECKS ARE PERFORMED

Whena function, (), hasanonlythrow list the compilergenerally
malkesthe samechecksasfor the currentexceptionspecifications
mechanism.Theseare given in Ref [5], section15.4. However
therearesomedifferences.

Clause8 saysthat "whenever an exceptionis throvn andthe
serchfor a handlerencounterghe outermostblock of a function
with anexceptionspecificationthe function unexpectedis called
if the exceptionspecificationrdoesnot allow the exception”andit
gives an example. This is a casewhereusing onlythrov would
giveriseto acompilationerror.

Clausel0 specificallyallows whatmustbe rejectedwhenthe
keyword onlythraw is used(An implementatiorshallnotrejectan
expressiommerelybecausevhenexecutedt throws or mightthrow
anexceptionthatthe containingfunctiondoesnot allow).

Clausell saysthata functionwith anemptyexceptionspeci-
fication, throw(), doesnotallow ary exceptions.Strictly speaking
this is not accurate. Suchfunctionsare allowed to compile, but
if they encounterary exceptionat runtime, unexpected()will be
called. Using onlythrav() insteadcauseshe compilerto check
that no exceptionscanbe thrown. If any canthenthe codewill
not compile. Thusthe developerhasthe assurancéhata function
with thenew emptyexceptionspecificationpnlythron(), doesnot
allow ary exceptionsatcompiletime or runtime.

Clausel3 describeshow classesmnay acquireimplicit con-
structor/destructodeclarationsthat contain exception specifica-
tions. Whenonlythrow is usedinsteadof throw the compilershall
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not generatehe implicit constructor/destructarode. This is be-
causehedevelopermustalwaysactively selecthestaticchecking
behaiour of thenew exceptionspecificatiormechansim.

Functionsthat useonlythrov exceptionspecificationgannot
call functionsthatusethrow for theirexceptionspecificationsThis
is becausesuchfunctions may violate their exception specifica-
tionsandthisis only detectedatruntime. Thisaspecbf onlythron
is coveredin moredetaillater.

The exceptionspecificationconsisteng checksarealsomade
wheneertemplatecodeis instantiatedhatemploys theonlythrov
directive. It is recommendedhattemplateclassesio not useon-
lythrow sincetemplateclassesisuallyusetheirtemplateargument
in someway andthe templateargumentmight throw exceptions
that the templateclassdoesnot knovn about. With the standard
exceptionspecificatiorthis would beacceptedy thecompilerbut
could causea fatalruntimeerror. Thisis warnedaboutin Meyers
11, item 14 (Ref[3]). Usingonlythrav would causehecodeto fail
to compilewhich s betterbut still undesirabldecausesuchcode
would be sensitie to thekinds of templateargumentthatmight be
suppliedandwouldforcethetemplateargumentclassto changeso
thatthe methodsinvoked by the templatecodedid not violate the
onlythrow list. Theproblemswith templategndthestrictercheck-
ing thatonlythrov affords werefrequentlyraisedon USENET as
areasonfor not having stricterchecking. However, the problems
exist evenwith the currentexceptionspecificatiorfacility.

3. THE PROPAGATION OF EXCEPTIONS

In D&E (ref [2]), section16.8, Stroustruparguesthatto allow an
exceptionto be propagatedrom afunctionto its immediatecaller
only wasnotanoptionfor C++. Amongthereasongivenis: It is
notagoodideato try to make every functionafire-wall. Thebest
errorhandlingstratgiesarethosein which only designateanajor
interfacesareconcernedvith non-localerrorhandlingissuesThis
arguments aprecursoto astatemenhemalesin thenext section:
By allowing multi-level propagatiorof exceptions C++ losesone
aspecbf staticchecking.Onecannotsimply look at a functionto
determinewhich exceptiongt maythrow. Theextensionproposed
in this documentis a proposalfor a form of exceptionhandling
thatis single-level propagatioronly. It mustthereforedeal with
theobjectionsraisedin D&E.

This proposalkconceedshatit is not feasibleto modify all ex-
isting C++ codeto propagater handleexceptions.Thatis why it
is beneficialto have this proposabhsanoptionalextra, ratherthana
replacementor the way exception-specificationsork at present.

It is amatterof opinionwhetherit is a goodideato make ev-
ery function a fire-wall. Eiffel, for example,takesthe view that
it is. C++ takesthe view thatit is not. Thereare mary develop-
ersthat would like to seea strongerform of contractualobliga-
tions andresponsiblitiesn C++ methodsasis the casein Eiffel
with its Designby Contract(DbC) form of pre andpostcondition
statementsThis extensionis notintendedto offer DbC despitea
degreeof convergencein this direction, neitheris it is an attempt
to male functionsinto fire-walls. It is simply an attemptto offer
an optionalform of strongerstaticcheckingfor thosedevelopers
thatwantit, asdiscussedn D&E section16.9. This doesseem
to be a goal of exceptionhandlingin C++ judging from whatis
saidin 16.9, particuarlywhenit says”ldeally, exceptionspecifi-
cationswould be checled at compiletime, but thatwould require
thatevery function cooperatesn the schemeandthatisn’t feasi-
ble”. Whena developerusesonlythrav exceptionspecificationst

doesnot requirethat every function cooperatesvith the scheme.
Only functionsthathave anonlythrov exceptionspecificatiorare
subjectto the stricterstaticchecking. Functionsthat do not have
anonlythrav exceptionspecificationarenot affectedevenif they
call functionsthatdo have one.

A C++ function may be called by a C function or indeeda
function written in someotherlanguage. This is a casewhere
multi-level propagationis neededlt is acknavledgedthatin such
casesheonlythron keyword shouldnotbeusedbut neithershould
the existing exceptionspecificatiorsyntax. Functionsthatneedto
propagateary exceptionsthatthey throw to anoutsideworld that
cannotimmediatelydealwith themcertainlyexist andC++ offers
away to dealwith this: suchfunctionssimply dont emplg ex-
ceptionspecifications.

This proposalarguesthat exceptionhandlingis improved by
the ability to declarefunctionsthatonly propagatdo theimmedi-
atecaller At the sametime it acknavledgesthat therearevalid
reasongo prefer multi-level propagationn somecases. This is
why the facility is introducedvia a new keyword. It providesan
additionalfacility ratherthanareplacement.

4. STATIC CHECKING

It is a designphilosophyin C++ that compiletime checkingis
preferredto run-time checking. This extensionhelpsto realise
this goalin the areaof exceptionhandling. However, this stricter
checkingcomesata price: it forcesthedeveloperto treatthefunc-
tion prototypeincluding ary exceptionspecificationasa binding
contract.

This rigour may be too much for some developerssince a
changeto the exceptionspecificationof a low level routine will
affect the callersat the higherlevel, forcing the callerto dealwith
the change. This is alsotrue of ary changedo the returntype
or parametetist but developersseemto acceptthis consequence
morereadily It is interestingto note that when prototypeswere
first introducedto ANSI C this rigour was initially resentecby
somewho soughtto trick thecompilerby declaringall routinesto
have a parametelfist of (...). Preliminarydiscussion®f this pro-
posalon USENEThave causedsimilar sentimentso be expressed
to thosethatsoughtto subvert the strongercheckingthat ANSI C
prototypesbroughtto the K&R C community Reactionssuchas
theseto a strongexceptionspecificationcheckingmechanismis
anticipatedin D&E section16.9 whereit describeghe situation
of achangdn anexceptionspecificatiorthatripplesup. It quotes
from Ref[1], saying”Suchproblemswould causepeopleto avoid
usingthe exceptionspecificatiormechanisnor elsesulvert it”.

This proposaldoesacknavliedge that the ripple effect prob-
lemsdescribedn D&E 16.9will causesomepeopleto avoid using
theexceptionspecificatiormechanisnor elsesulvertit. However,
thisis noreasomotto proposdt. The ANSI committewentahead
with the useof functionprototypesn C despitetheresentmenby
somedevelopersanddespitethetricks they resortedo in orderto
avoid the rigour suchprototypesimpose. The languagebecame
betterfor it andthe rigour is nowv acceptedas good practiseby
all. It is hopedthatthe proposalwill be acceptecandthatin the
fullnessof time the extrarigour affordedby theuseof thenew ex-
ceptionspecificationsyntaxwill be viewed aspartof a functions
contract,in just the sameway thatthe restof the prototypeis. To
easehetransition,useof thefacility is optional. Evennow, ANSI
compliantC compilerswill allow functionsto be calledfor which
thereis no prototype(althoughthey may warn aboutthe implicit
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declaration).

5. SUBVERSION

In Ref[1], section8.1, anexampleis given of how programmers
mightsulvertastrongefform of staticcheckingn orderto insulate
themselesfrom ary changeso routinesthatthey call (changeso
the exceptionspecification).However, the examplefails to point
outthatwheng() callsf() andis affectedby changego ()’ sexcep-
tion specificationjt is only affectedif g() itself hasan exception
specification Justbecausaroutinecomeswith anexceptionspec-
ification doesnot meanthatthe caller hasto have one. The static
checksthatthis documentescribeonly applyto thosefunctions
that use onlythrav for their exceptionspecifications. Functions
thatusethe existing form of throw list or thatdo not have athrow
list atall do not needthe checksthatonlythrow uses.

The examplealsosays”To allow suchcheckingevery func-
tion mustbe decoratedwnith the exceptionsthatit might throw”.
Thisis nottrue. If it werethenthis proposawould indeedbeim-
practical. Considertwo routines,let uscall themA andB: A is a
routinethatemplays onlythrov andit calls B which doesnothave
anexceptionspecification.A musttreatB asa routinethatmight
throw anything and calls to it mustbe in a try block that hasan
associatedatchall,catch(...).If A callsmary suchroutinesthenit
might prove tiresometo protecteachonewith:

try { routine... }
catch(...)
{ map exception to one in my only-list}

In this caseit mightbe easierfor A to have onetry block with
thecatch(...) attheend.

TreatingB asaroutinethatmightthrow anythingis, of course,
whathappensvith C++ by default. In Ref[1], section8.1it says
thatthis putsanintolerableburdenonthe programmewhowishes
to write afunctionthatis restrictedo a particularsetof exceptions.
It pointsout thatthe programmemvould have to guardagainstev-
ery callto everyunrestrictedunction. Thisis truebut by theuseof
onlythrowv ary suchcallsthatthe programmeforgot aboutwould
be flaggedby the compiler Functionsthatwish to restrictthem-
selwesto a particularsetof exceptionsthey canthrow do notneed
to catchevery kind of exceptionthatmight be thrown by therou-
tinesthatthey call. Thisis becausesuchexceptionscanbe caught
via abaseclass.

The factthatthis proposalonly placesthe burdenof stronger
exceptioncheckingon developerghatwantto useit canbeusedto
refutesomeof theexampleghataresometimesisedto shav how a
developermightbe persaudedo subvert the system.Considerthe
developerroutineabsSqrivhich returnsthe positive squareroot of
theabsolutevalueof theamgumentandguaranteenotto throw ary
exceptions Its signatures:

doubl e absSgrt (doubl e x) onlythrow();

Thisroutineusessqrtto do its work but imagineethatthe sig-
naturefor sqrtis:

doubl e sqgrt(double x) throw(l!I | egal Argunent)

Thedeveloperwantsto implementabsSqrasfollows:

doubl e absSqgrt (doubl e x) onlythrow()
{

}

return x < 0 ? sqrt(x) sqrt(-x);

but the compilerflagsanerrorbecausé | | egal Ar gurment
is notbeinghandled.Thedeveloperchangegheabove codeto:

doubl e absSqrt (doubl e x) onlythrow)

{
try {
return x < 0 ? sqrt(x) sqrt(-x);
} catch (I11egal Argunent& {};

andthecodenow compiles.Thedeveloperis annged(soit is
armgued)thatthis hadto be donebecausée knows thatthe catch
cannever be executedbut its presencenakesthe codelongerand
thereforemorecomplex andaddsa runtimecost.

It is suprisinghow often this objectionis raisedwhenit can
be refutedby simply sayingthatthosedevelopersthathave taken
the trouble to add onlythrown() to the signaturefor absSqrthave
doneso becauseghey know they mustwrite codethatguarantees
no exceptionswill be thrown. They appreciatehat they cannot
add the promisewithout addingthe codethat is neededto en-
forceit. They alsoknow thatthis codecomeswith aruntimecost.
This shouldmale themthink twice aboutaddingsuchpromises
to performance-criticatoutines.Similar peformanceenaltiesal-
readyapplyto the existing mechanism.

6. WHEN NO EXCEPTIONS ARE THROWN

Theonlythrow directive canbe usedwith anemptyexceptionlist,

i.,eonl yt hrow() . This hastheeffect of sayingthatthefunction
is guaranteedotto throw ary exceptionsandthatthisis enforced
at compiletime (unlike throw() whereit is checled at runtime).
This is not to be confusedwith useof nothraw(), which is con-
cernedwith new (it makesit returnanull pointerin preferenceo

throwing anexception).

7. PROPAGATING EXCEPTIONS FROM DESTRUCTORS

The standardRef [5]) doesnot prohibit onefrom doing this but
points out that if this is donewhilst an exceptionis actie, ter-
minate()will be called. Coding standardsandbooksandarticles
on bestpractisepoint this out andrecommendhat exceptionsare
preventedfrom leaving destructors.For further exampleson this
seeRef[3] andRef[4] whereit is recommendethata developer
alwaysaddsthrow() to ary destructothatthey write.

Destructorgrom thestandardC++ library tendto have throw()
aspartof their signature.This is not a promisethatthesedestruc-
tors will not allow suchpropagation.It merely saysthatif they
do thena runtime error will occur: unexpected()will be called.
If thesedestructorsemplaoyed onlythran() instead,then usersof
theseclassescould be confidentthat the destructorwould never
allow anexceptionto be propagatedutside.

The ANSI committeare currently deliberatinga numberof
openissues Oneof theseraisedby Herb Sutterin March2001,is
to do with the dangersof propagatingexceptionsfrom a destruc-
tor. It readsasfollows: Destructorghatthrow caneasily cause
programgo terminatewith no possibledefence Example:Given
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struct XY { X x; Yvy; };

Assumethat X:: X() is the only destructorin the entire pro-
gramthat canthrow. AssumefurtherthatY constructionis the
only otheroperationin the whole programthat canthrow. Then
XY cannotbeusedsafely in ary context whatsoger, period- even
simply declaringan XY objectcancrashthe program:

XY xy; [/ construction attenpt might
/] term nate the program

I 1. construct x -- succeeds

[/ 2. construct y -- fails,

I t hrows exception
I 3. clean up by destroying x --

[/ fails, throws exception,

I but an exception is already
/1 active, so call

I std::termnate() (oops)

/] there is no defense

Soit is highly dangerou$o have evenonedestructothatcould
throw.

In the exampleit is the compilergeneratedconstructorthat
would call terminate().Unfortunatelyit is not alwayspossibleto
codean explicit constructorfor XY that guaranteesot to throw
ary exceptions,evenwhenqualifying the constructordeclaration
with onlythron(). Sucha constructoiwould fail to compile here
sincethe compilerwould spotthat the throw in the X destructor
preventstheXY constructiorfrom beingexception-free However,
the constructorcannotalwaystrap anddealwith suchexceptions.
If default constructorsareinvoked or constructorgrom initialisa-
tion liststhenthereis no syntaxavailableto surrouncthemin atry
blockandprovide catchhandlers Hencetheonly solutionis to de-
clarethedestructousingonlythron() andalterthedestructocode
sothatit nolongerthrows anexception. The developermight not
be ableto do this. For example,X may comefrom a third-party
library andsocannotbemodified. Thereis no easysolutionto this
exceptto saythatwith theintroductionof onlythraon(), vendorsof
third-party libraries have the opportunityto createclasslibraries
whoseclassdestructorsreguaranteedot to throw exceptions.If
they don't make useof it thenproblemdik e theabose maypersist.

Thereis anotheiproblemwith theissueof propagatingxcep-
tionsfrom destructorsdevelopershatwishto write functionswith
onlythrow lists have to worry aboutthe fact that thesefunctions
might destry objectswhosedestructorgio not have anexception
specification.Suchdestructorsnustbe treatedby the compileras
if they might thronv ary exception. This meansthat whenthese
objectsgo out of scopeor aredeleted, the function musthave a
suitablecatchclausegventhoughit is probablyimpossiblefor it to
beexecuted Onewayto approactihiswould befor thefunctionto
have atry block at the outermostevel thathasa catch(...)clause
that doesnothing (i.e it absorbsandthrows away ary exception
thatit catches).

8. IMPLICATIONSFOR THE STL AND STANDARD C++
LIBRARY

Theimplicationsfor destructorsn thestandardibrary hasalready
beenmentioned.Thereareotherfunctionsin the standardibrary
thataredefinedto throw exceptions.Thesefunctionsdo not have
throw lists though. In orderto know what exceptionsarethrovn

the standardnustbe consulted.Evenif the corventionalform of
throw list wasusedthis would be no guaranteghatthisis all that
might be thrown (althoughif anotherexceptionwerethrown, un-
expected(wouldbecalled). Perhapshatis why thestandardunc-
tionsdo notemploy throw lists. Using onlythrow() in thesestan-
dardfunctionswould guaranteehat unexpected()could never be
called. Thiswould alsomale thesignaturesensitve to changesn
the standard Adding new exceptionsthatmight be thrown would
requirethat they be addedto the onlythrow list. This neednt af-
fect the callersthoughunlessthe caller alsohasan onlythrow. In
this casethey will beaffectedandrightly so. Theuseof onlythron
will alertthemto anew exceptionthatthey musthandlein orderto
keepthepromisethey make aboutwhatexceptionghey propagate.

The contractuahatureof the C++ library interfacesspecified
in the C++ standards muchmoretightly binding thanfunctions
developedby adeveloperaspartof their projectdevelopment.The
developerswork is muchmorefluid andary standardt mustcon-
form to canbe easilychangedasthe needarises.Thusthe useof
onlythrow in standardC++ routinesis notvery likely to bedisrup-
tive to the developersincechangego the standardareinfrequent
andtheuseof onlythrav by thestandaradloesnotmearthatthede-
velopersown codehasto employ onlythrav. Thestandardoutines
would benefitfrom usingonlythron sincethey benefitdevelopers
thatwant stricterexceptionconsisteng checksin their own code
withoutit adwerselyaffectingthosethatdon't.

C++ definesthat certainstandardexceptionsmay be thrown
evenwhereno function call is apparantlybeingmade. Examples
includefailureto dynamiccastandfailure of new to allocatefrom
the heap.If anonlythrav functioncontainscodesuchasthisthen
the compiler hasto watch out for it in orderto checkthat such
exceptionsdo not propagatebeyond the function unlessthey are
mentionedn the onlythrav exceptionspecification.

Sectionb, clauseb of thestandardlescribefiow someexpres-
sionsmay yield undefinedresultsat runtime. Examplesinclude
divide by zeroandintegerunderflav. Implementation-definete-
haviour wherethestandaragaysthattheresultsareundefinedneans
that suchexpressiongnay, but are not required,to throv excep-
tions. A function that emplgss onl yt hr ow for its exception
specificationis not prohibitedfrom containingsuchexpressions.
This may seemcounterintuitive but if sucha function encoun-
teredthoseconditionsthenwhetheran exceptionis thrown or not,
thebehaiour is notdefinedby thestandard Thereforethesecases
shouldbe consideredo be partof the preconditiongor the func-
tion: the postconditionamay be metif the preconditionsare not
met.

The classexcept i on, which definesthe baseclassfor the
types of objectsthrown as exceptionsby C++ standardlibrary
componentandcertainexpressionsysesexceptionspecifications
on every memberfunction. Theseshouldbe changedso that the
keyword onlythraw is usedinsteadof throw.

9. HANDLING OF CONSTRUCTORS

Oneof the primary usesfor exceptionsis thatthey provide away
for constructorgo fail in spitethe factthatthey do not returnan
errorcode. For programmershatwish to handletheseexceptions
it is usefulfor themto know whatexceptionsmightbethrown. The
throw list wasintendedo provide this but thecontentf thethrow

list cannotbereliedon. For this reasonthe useof throw liststend
to bediscouragedThisis ironic becausehey discouragehevery
thing thatthey were supposedo encourage.This is becauseahe
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developersthatwould wantto usethemtendto be developersthat
preferstrongercompile-timechecking.Developersthatprefernot
to have exceptionschecled by the compilertendnot to usethrow
lists atall. Sowhilst the useof exceptionsaremary, they tendto
be of particularusein constructorandthis is whereonlythraw is
particularlyuseful.

The useof onlythran() in constructorsloesnot affect devel-
opersthat do not wish to be concernedwith exceptions. Some
codeis exception-neutrali.e it is not goingto translateor absorb
anexception.it merelyallows suchexceptiongo propagateipto a
callerthatcanhandleit. This codesimply doesnotuseonlythrow.
It doesnt matterthatit is calling codethatdoesuseonlythrow.

10. TYPE CHECKING OF EXCEPTIONS

Overloadinga functionon its onlythrows list is not allowed. This
meansthat variation in the contentsof an onlythrows list for a
function with a given signatureis not allowed. A function may
not be overloadedby providing a versionwith onlythrav and a
versionwithout onlythrav. A function may not be overloadedby
providing aversionwith onlythrov andaversionwith throw.

C++ alreadyhasto copewith the fact that a developermay
definea functiontwice with differing exceptionspecificationsin-
cluding no exceptionspecificationat all. The approacthasbeen
thattheexceptionspecificatiordoesnottake partin functionmatch-
ing for overloadedunctions. This proposaldoesnot alterthe sit-
uation.Suchattemptawill be caughtby thelinker asit attemptso
link a duplicatedefinition of thefunction. Not all linkersalertthe
developerto this situation.

11. EXCEPTION HANDLING AND TEMPLATES

In Ref [3], item 14 is devotedto discussingherisksin usingex-
ceptionspecificationsn templatecode. After several examples
it concludeswith ‘templatesand exceptionspecificationsdont
mix’. This proposalsaysthat this is even more the casewhen
usingonl yt hrow. Using t hr ow may resultin unexpected()
being calledwhenthe developerdid not want it to be, but using
onl yt hr ow will resultin the codefailing to compile which is
alsoundesirable.Sincetemplatecodemay usecodethat comes
from thetemplateargumentthatthe authorof the templatecodeis
notevenawareof, it is betterfor templatefunctionsto beexception-
neutral. This is only arecommendatiofor developersthough.
DeveloperghatuseSTL containershouldpaycloseattention
to therecommendationit meanghatfunctionsthatuseSTL con-
tainersarebestcodedwithout exceptionspecifications.

12. MIXING THE USE OF THROW AND ONLYTHROW

Therearetwo casedo consider:

1. A function usesthrow for its exceptionspecificationand
callsroutinesthatemploy onlythrow

2. A function usesonlythrav for its exception specification
andcallsroutinesthatemplay throw

The first caseis simple: the compiler should treat the on-
lythrow directivesin exactly the sameway asit would throw di-
rectives.

The secondcaseis a bit tricky. Whenan onlythrav function
calls onewith a corventionalthrow list, it hasto worry aboutthe

factthewhenit makesthe call, unexpectedmaybe called. Thisis
eventhe casewhendestructorsnight be calledthathave anempty
exceptionspecification(lik e the onesin the standardC++ library
tendto do). Whathappensvhenunexpected()is calledcannotbe
known by thecompileratthis point. It maywell bethedefaultbe-
haviour but this could easily be overriddenvia setunexpected()
at ary point. The developer may, for all the compiler knows,
have usedsetunexpected()to map unexpectederrorsto his own
application-definedinexpectedexception.

The simplestsolutionseemsgo be that functionsthat useon-
lythrow for their exceptionspecificationsannotcall routinesthat
employ thethrow keyword for their exceptionspecificationsThis
meansthat compilersthatimplementonlythrav mustshipwith a
standardibrary thatusest insteadof usingthrow.

This putspressureon the old style of exceptionspecification
to be deprecated.This is an undesirableside effect. However,
evenwithouttheold style,multi-level propagatiornis still possible:
functionsthat wish to propagatesxceptionswithout having ary
handlingcodesimply don't useexceptionspecifications.

The inability for a function that hasan onlythronv exception
specificatiornto call functionsthathave a throw exceptionspecifi-
cationraisestwo issues.

1. Third party libraries may usethe old exceptionspecifica-
tion mechanism.If they do thenthey cannotbe called by
functionsthatwantto useonlythrow.

2. Third party codegeneratorssuchasOMG IDL compilers,
may generatecode that cannotbe called from a function
thatwishesto useonlythrow.

The first point is not the seriousproblemthat it may seem
to be at first glance. The lack of an ABI in C++ alreadyforces
the vendorsof third-party C++ librariesto reproducesxactly the
compilationervironmentof the peoplethatthey aretrying to sell
to. Thevendors library mustalreadybe compiledwith the same
compiler at the samerelease with the samecompiler switches,
on the sameoperatingsystemat the sameversionwith the same
patchesasthecustomergodethatwishesto useit. Whencompil-
ersbecomeavailablethatimplementonlythrav, vendorswill have
to make a decisionasto whetheror nottheir library supportssuch
acompiler If it doesthenthelibrary codemay have to be altered
to useonlythrown in exceptionspecificationghat previously used
thethrow keyword.

Similarconsiderationapplyto third-partycodegeneratorgx-
ceptthatin the caseof OMG IDL theremay needto be a change
to the OMG standardhatdefinesthe mappingfrom IDL to C++.

13. COMPARISON WITH JAVA EXCEPTION HANDLING

Ref[1], section8.2 discusseshe dangersf a compilerthat pro-
ducegoomary warningsaboutexceptionghatarenotbeingcaught
andhandledandsuggestshatif developersreally wantthis sortof
checkingthat it might be provided by someseparateool in the
future. It is certainlytrue that developersresentbeing shavered
by spuriouswarnings. However, this proposalis for onlythrav
to causeerrorswhenexceptionsarenot beinghandledratherthan
warningsandtheerrorsareonly issuedvhenthedeveloperchooses
to write codethatmakesguaranteeaboutwhatwill bethrovnthen
inadwertently breaksthoseguaranteesJustcalling codethat em-
ploys onlythron will not causesucherrorsto beraised:thedevel-
opersown functionsmustemploy onlythraov andnothandleoneor
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moreof theexceptionsin thatlist. By the useof baseclassexcep-
tionsit is aneasymatterto catchandhandlegroupsof exceptions
thatmapontoasingleexceptionin the developersonlythrow list.

A potentialdangerwith onlythrow is that oncea developer
hasdecidedto write functionsthatuseonlythrav they get shawv-
eredwith errorsfrom the compilereitherbecausehey arecalling
routinesthatthrow exceptionshey werenotawareof, or becaause
they arecalling routineswith no exceptionspecificatiorandhave
not usedcatch(...) aroundsuchcalls. This situationcould be ex-
acerbatedy usingmary routineswith onlythrav specifications.
Thereareseveral sourcef suchcalls:

1) ThestandardC++ library

onlythronv shouldbe usedin moderationin the standardC++
library. Lessonscanbe learntfrom Java here,whosefoundation
classesften throw exceptionsthat have to be dealtwith by the
immediatecaller Thistendsto de-sensitizehe developerto such
exceptionsandsometimesliscardthem (just to shutthe compiler
up).

2) Third-partyclasslibraries

It is possiblethat the developeris forced to usea classli-
brary whoseroutinestendto useonlythrav in an excessve way.
Imaginethe incorvenienceto the developerif sucha library used
onlythron(IntegerOverflow) for every function that had an inte-
gerparameteandthe developerwantedto call suchroutinesfrom
methodshewaswriting andwhich wereusingonlythrow lists.

3) Codewritten by the developer

It is up to the developerto strike the balancebetweencode
that never throws exceptionsand codethat paysexcessve regard
to exceptionswhich shouldbe exceptional afterall.

The dangersabore are sometimesarguedasa reasonfor not
employing strong checkingin exception specifications particu-
larly by Java programmerghat have had a tasteof the Java ap-
proachof single level propagation. During early USENET dis-
cussionghis proposalwascomparedo the way exceptionspeci-
ficationsaredoneusingJava. Thereareseveralwaysto dealwith
the dangersaibore andsomeimportantdifferencesbetweenava’s
approachandthe approachof C++with the onlythraw facility:

Java’s stricter exceptioncheckingpolicy is not optional: use
of onlythrav is. C++ developersthat preferthe stricterapproach
areadvisedo getusedto addingonlythrow() to ary functionsthat
they write. Thenthe compilerwill tell themwhatexceptionsthey
arefailing to handlemuchasJasadoes.

Whena developercallsafunctionthatuseshestrictercheck-
ing this doesnot force the developerto be strict, unlike Java. In
Jaraif a methodhasa throw list thenanyonewho callsit hasto
handleit otherwisethey geta compilationerror This aspectof
Jarawasmentionedrepeatedlywhenthis proposalwasdiscussed
on USENETandwascited asa reasorfor rejectingthe proposal.
The fear was that standardC++ library routineswould use on-
lythrow andthusmightforcedevelopergo addexceptionhandling
codeto their functionsthatwasnot previously required.

The dangerof excessve useof onlythronv by third-party li-
brariescertainly exists andhasno easysolution. Developerswill
have to be patientasthe developersof suchlibrariesgrov more
experiencedn its use.In time the useof onlythrav will probably
peakandthendiminishto the minimum essentialsThis situation
will beeasiemith thedevelopers own codewhichcanbechanged
atwill.

Thereis animportantaspecto Java exceptionhandlingthat
this proposaldoesnot wish to emulate:in Java staticcheckingis
ignoredfor exceptionghatderive from runtimeexception.In C++

thereis ar unt i me_except i on baseclassaspartof the stan-
dardhierachy This proposaldoesnot intendthat exceptionsthat
inherit from runtimeexceptionare exemptfrom static checking.
Themeaningof onlythraw is alwaysthatthe exceptionsin the on-
lythrow list arethe only onesthatcanbethrown andthisis trueno
matterwhatthey inheritfrom andno matterwhatotherexceptions
may exist andno matterwhatthey inheritfrom.

It is alsosaidthat Java exceptionhandlingis fragile: thata
changeto the exceptionspecificationfor a low level routine can
easilyripple way up andimpacta large amountof code. Onehas
to wonderin casedike this why more useis not madeof the ex-
ceptionhierarchy A new exceptionthatinheritsfrom a baseclass
alreadyin the onlythraw list would have noripple effectatall un-
lesssomecodehigherupwasspecificallyinterestedn thisnew ex-
ception(in which casethe handlingcodewould have to be added
aryway). Onehasto presumehatthenew exceptionis notrelated
to the otherexceptions.If thisreally is the casethenperhapst is
right that thereis a ripple effect. After all if somethingnew can
happerthenall the potentiallyaffectedcodeoughtto know about
it. Therisks of this happeningasa projectis in the early stages
canbereducedy establishinganexceptionhierachyearlyonand
stronglyencouraginghe useof exceptioninheritance.

Anotherpointworth makingis thatmary developersfeel that
Java overusesexceptionsfor situationsthatwould be handledus-
ing error codesin otherlanguageslin thosesituationC++ devel-
opersoughtto considererror codes. This is anotheway of min-
imising theripple effect whena low level routinechanges Error
codesareoftenimplementedisinganenumbut Javadoesnothave
enums.Perhapghis is why Java usesexceptionswhereC++ code
would find the error codeapproachmoreuseful.

Jara exceptionhandlingprovidesa usefulexampleto C++ of
how staticcheckingcanbe peformedandthe benefitsit gives. It
demonstratethatit is possibleo implementacompilerthatmales
thesechecks. Jasa exceptionhandlingis sometimegroublesome
becausét is compulsoryfor codethatcalls a functionwith anex-
ceptionspecification.However the sameis nottrue for C++ since
thechecksareonly madefor functionsthathave anonlythrov ex-
ceptionspecification.

14. SUMMARY

1. The keyword onl yt hr ow shall be usedto denotean ex-
ceptionspecificationthatis subjectto static checkingand
for a function that usessingle level propagatiorof excep-
tions.

2. Functionghatuseonl yt hr owfor their exceptionspecifi-
cationarechecled to ensurethat exceptionsnot in the ex-
ceptionspecificatiorcannotpropagateutsidethefunction.
For ary thatdo a compilationerrorshallresult.

3. Functionsthatuseonl yt hr ow for their exceptionspec-
ification are not allowed to call functionsthat emplo the
t hr ow keyword for their exception specifications. Any
suchattemptshallresultin acompilationerror.

4. A compilerthatoffersonl yt hr owshalluseit in the STL
it suppliesin theform onl yt hr owm() ondestructoronly
wherecurrentlythe standarchast hr ow( ) ;

5. Functionghatdonothavetheonl yt hr owform of excep-
tion specificatiormay call functionsthatdo.
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6. A Functionthatusesonl yt hr ow for its exceptionspeci-
fication may containexpressionghat undercertaincondi-
tionsyield undefinedoehaiour, accordingto the standard.

7. A Functionthatusesonl yt hr ow for its exceptionspeci-
ficationis not allowedto suspendhe consisteng checking
for exceptionghatinheritfrom thestandara unt i me_excepti on
baseclass.
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