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TCARTSBA

The Texas Instruments C++ Object-Oriented Library (COOL) is a collection of classes,
elbatropteyxelpmocetirwotdeenohwsremmargorp++Cybesurofsorcamdna,setalpmet

applications. The COOL exception handling mechanism is one component of this library that
sremmargorpotelbaliavaseitilibapacevisserpxednatnempolevedehtsevorpmiyllaitnatsbus

by allowing them to control the action to be taken by their programs when exceptional or
,esiarotLOOCybdedivorpseitilicafehtsebircsedrepapsihT.ruccosnoitautisdetcepxenu

handle, and proceed from exceptions in a C++ class library or program and provides several
.ytilibixefldnaesustifoselpmaxe

noitcudortnI.1

The Texas Instruments C++ Object-Oriented Library (COOL) is a collection of classes, templates, and macros
otytilibaehtsiyrarbilsihtfoerutaeftnatropminA.snoitacilppaxelpmocgnitirwsremmargorp++Cybesurof

create and raise exceptions in the library for which a user of this class library can define his/her own exception
-epsesisihT.emitnurtanoitacilppananisnoitpecxeehteldnahyletairporppadnaylevitceffeotsenituorreldnah

cially important since current C++ compiler implementations do not contain an exception handling facility [6].
roF.]2[yrarbiLdetneirO-tcejbO++CA-LOOC,repapehtees,yrarbilssalcLOOCehtfoweivrevonaroF

complete details, see the reference document, COOL User’s Guide [8].

eldnahdnaesiar,etaerc,enfiedotsorcamdnasessalcfotesafostsisnocytilicafgnildnahnoitpecxeLOOCehT
exceptions. It is implemented with the COOL macro facility [3] and symbolic computing capability [4] and is

ehthtiwmetsysnoitpecxenatnemelpmihtobtahtni]1[metsysgnildnaHnoitidnoCpsiLnommoCehtotralimis
ability for resumption. Briefly, when a program encounters a particular or unusual situation that is often (but not

sahnoitautisehttahtecnuonna)2(,tcejbonoitpecxenaninoitautisehttneserper)1(nacti,rorrena)ylirassecen
occurred by raising the exception, (3) provide ways to deal with the situation by defining and establishing

arofnoitcaelbissopenO.reldnahagnikovniretfanoitautisehtmorfdeecorproeunitnoc)4(dna,sreldnah
handler is to correct some piece of erroneous information and retry the operation.

-orpdnassalcnoitpecxenamorfdeviredstcejbosasnoitpecxestneserperytilicafgnildnahnoitpecxeLOOCehT
vides a generic exception handler class, a set of predefined subclasses of the base exception class, and a set of

edivorp--YFIREVdna,POTS,ESIAR,NOITPECXE--sorcamlareveS.snoitcnufreldnahnoitpecxetluafed
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-pecxeesiardnaetaercylisaeotremmargorpawolladnaytilicafgnildnahnoitpecxeehtotecafretnielpmisa
tions. In addition, the macro IGNORE_ERRORS provides a convenient means by which a programmer can

eht,yllaniF.stnemetatsfokcolbagnitucexeelihwmetsysgnildnahnoitpecxeehtelbasidylticilpxe
DO_WITH_HANDLER and HANDLER_CASE macros offer functionality similar to that described by Koenig

elbissopfotescfiicepsagnildnahrofnoisivorpahtiwstnemetatsfokcolbaetaicossaot]5[purtsuortSdna
exceptions.

Exception handlers are also represented as objects derived from an exception handler class. When an exception
noitpecxenanehW.kcatsreldnahnoitpecxelabolgafopotehttadecalpsiti,detaitnatsnisitcejboreldnah

handler object is destroyed, the handler is removed from the exception handler stack. This stack is maintained
narofdemrofrepsihcraesa,desiarsinoitpecxenanehW.]7[relliMybdebircsedtahtotyawralimisani

appropriate handler starting at the top of the exception handler stack. Since the most recently defined handler
cirenegeromrevoecnedecerpekatsreldnahdezilaicepsrodezilacol,kcatsehtfopotehttadecalperastcejbo

system-wide handlers. When a match against an exception type or group name is found, the exception handler
dradnatsehtotnoitpecxeehttroperthgimnoitcnufreldnahnoitpecxenA.noitcnufreldnahehtsekovnitcejbo

error stream and terminate the program, generate debug information by dumping a core image or stack trace to
.niaganoitarepoehtyrterdnamelborpehtxfiottpmettaro,ksid

2. The Exception Class

Exceptions are represented as objects of an exception class and are used as a means of saving and communicat-
.reldnahnoitpecxeetairporppaehtotnoitidnocromelborpralucitrapagnitneserpernoitamrofnietatsehtgni

When an exception can be corrected and resumption is possible, information on the new state is stored in the
sawnoitpecxeehthcihwtatniopehtotdenruterdnanoitcnufreldnahnoitpecxedekovniehtybtcejbonoitpecxe

raised. The COOL Exception class is the base class from which specialized exception classes are derived. It
puorgeromroenofotsila,gnirtslortnoctamrofa,xfierpgnirtsegassemaerotsotsrebmematadsniatnoc

names or exception aliases for which this exception class is appropriate, and a flag to indicate whether or not an
ehtgnivasrofsrebmematadlanoitiddaedulcninacsessalcnoitpecxedevired-resU.deldnahsinoitpecxe

incorrect values detected by a program. These values report the state to the exception handler and are often
.maertsevitcaretniemosotegassemrorre/noitpecxeehtgnitropernehwreldnahnoitpecxenaybdesu

The Exception class has several generic member functions for use by all exception objects. The virtual member
anoegassemnoitpecxenatroperotsrebmematadgnirtstamrofdnaxfierpegassemehtsesu)(tropernoitcnuf

specified stream. The virtual member function raise() searches for an exception handler and invokes it if found.
semanpuorgnoitpecxeehtfoenonidedulcnisitcejbonoitpecxenafisetacidninoitcnufrebmem)(hctamehT

(aliases). The output operator is overloaded for the Exception class to call the report() member function.
oslaeragafldeldnahehttesotdnadeldnahneebsahnoitpecxenatonrorehtehwyreuqotsnoitcnufrebmeM

available. Finally, the virtual default_handler() member function is invoked if no exception handler is found.

eht(rellangisehtrofyawasassalcnoitpecxedeviredanidedulcniebnacsrebmematad,evobadenoitnemsA
one who raises the exception) to indicate to an exception handler ways of proceeding from the exception. For

etairporppaehtfotcejbonoitpecxena,eulavtcerrocninasahelbairavaesuacebsrucconoitpecxenafi,elpmaxe
type is created and then the exception is raised. The exception object defined for this situation would have a

ebdluocreldnahnoitpecxenA.eulavwenehtrofrebmematadadnaeulavtcerrocniehthtiwrebmematad
established to handle this type of situation by supplying a new value (possibly by interactively informing the

wensihterots,)ecafretnietairporppanahguorhteulavwenarofgniyreuqdnaeulavtcerrocniehttuobaresu
value in the exception object, and return the exception object to the signaller. The signaller would then assign

.emuserdluowdesiarsawnoitpecxeehttniopehttanoitucexednarorrenielbairavehtoteulavwensiht

3. Exception Handler Class

When an exception handler is invoked after a successful search of the global exception handler stack, it’s
ehttcerrocyamnoitcnufreldnahehT.tnemugranasatcejbonoitpecxedesiarehthtiwdellacsinoitcnufreldnah

problem, ignore it, or do most anything else appropriate. For the case in which an attempt is made to fix the
nacdesiarsinoitpecxeehthcihwtayrarbilromargorpehtnitniopeht,elbissopsinoitpmuserdnamelborp
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selbairavlacolynaetadpu,noitamrofnietatsdnaseulavdegnahcrowenehtenimretedotstnemetatsniatnoc
accordingly, and resume execution. All the information and processing associated with exception handling is

.ssalcreldnahnoitpecxenafoecnatsninaybdetneserper

The Excp_Handler class has two data members. The first is a list of one or more exception types or group
sehctamtahtnoitpecxedesiaraeldnahotdellacebotnoitcnufaotretniopasidnocesehtdna)sesaila(seman

against a value in the exception type list. These data members are initialized by the argument list of the con-
noitcnufrebmemlautrivelgnisasahssalcreldnaH_pcxEehT.tesecnodegnahcebtonnacdnarotcurts

invoke_handler() that takes a single argument -- a pointer to the exception object -- and invokes the exception
emuserotstpmettareldnahehtrehtehwnopugnidneped,nrutertonyamroyamnoitcnufsihT.noitcnufreldnah

execution or terminate the operation.

)sesailA(semaNpuorGnoitpecxE.4

As with most exception handling systems, the COOL exception facility supports the grouping of exceptions by
-nocehtstroppusoslaytilicafgnildnahnoitpecxeLOOCeht,evobadenoitnemsa,revewoH.yhcrareihssalceht

cept of exception group names or aliases. Grouping of exception names is implemented through the alias/group
-pecxeelgnisaesiarotremmargorpawollasemanpuorgesehT.tcejbonoitpecxehcaenirebmematademan

tion but associate that exception with several names or aliases rather than with just one. This means that a single
tnereffidrednuetairporppasreldnahnoitpecxetnereffidlarevesfoenoybdeldnahebthgimssalcnoitpecxe

situations. The net result for the programmer is that only one exception class needs to be defined instead of
]4[ytilicafgnitupmoccilobmysLOOCehtgnisudetnemelpmierasemanpuorgehT.sessalcralimisyrevlareves

for efficiency, but could be implemented using simple character strings to represent each name.

ssalccireneganissalc>epyT<rotceVdeziretemarapagnitnemelpmisiremmargorpaesoppus,elpmaxeroF
library to be used by several other programmers in the company. Some of these other programmers want to have

elpmisaylnotnawsrehtoelihw,noitpmusergnidulcni,snoitpecxehtiwgnilaedrofsnoitpofotesdeliateda
fail-safe termination mechanism. The Vector class programmer wishes to provide exception handling in the over-

hsilpmoccaoT.ssalcehtfosresulaitnetopllasefisitastahtnoitcnufrebmem][rotarepo::>epyT<rotceVdedaol
this, a single exception class Out_Of_Bounds is derived from the base class Exception with appropriate data

sirorresdnuobfotuoxedninafI.eulavwenelbissopadnaeulavxednidloehtniatnocotdeddasrebmem
detected, an exception object is created with one type name provided by the class hierarchy mechanism --

tnereffidgnitneserper--deldnaH_toN_fI_lataFdnarorrE_rotceV--semanpuorgowtdna--sdnuoB_fO_tuO
exception reporting granularity. These three names for one exception type allow three different users of this

remmargorpssalcehtgniriuqerelihwsreldnahnoitpecxeriehtninoitacitsihposfoslevelgniyraveveihcaotssalc
to only implement one exception class for the parameterized vector class. If an Out_Of_Bounds exception is

-pecxeehtrehtieeldnahnactahtkcatsreldnahnoitpecxelabolgehtnodnuofreldnahnoitpecxetsrfieht,desiar
tion type or one of the three exception group names supported will be invoked.

sreldnaHdnasepyTnoitpecxEdenfiederP.5

COOL provides seven predefined exception class and five default exception handlers. The Exception class is
dna,rorrE,lataF,gninraWehT.devirederasessalcnoitpecxerehtollahcihwmorfssalcnoitpecxeesabeht

System_Signal classes are immediately derived from the base class. The System_Error and Verify_Error
rebmemtropertluafedasahsepytnoitpecxedenfiederpesehtfohcaE.ssalcrorrEehtmorfdevirederasessalc

function and a default exception handler member function that is only invoked if no other exception handler is
.desiarsinoitpecxenanehwkcatsreldnahnoitpecxelabolgehtnodnuofdnaremmargorpehtybdehsilbatse

For exceptions of type Error and Fatal, the default exception handler reports the error message on the standard
htiwksidottuoecartkcatsro/dnaegamierocasetirwro)(tixehtiwmargorpehtsetanimretdnamaertsrorre

abort(). If the exception is of type Warning, the warning message is reported on the standard error stream and
,rorrE_metsySepytfosinoitpecxeehtfI.desiarsawnoitpecxeehthcihwtatniopehttasemusermargorpeht

the system error message is reported on the standard error stream and the program is terminated. If the excep-
-sysehtfollacehtretfanoitucexesemusermargorpehtdnadetropersilangiseht,langiS_metsySepytfosinoit

tem function signal(2). In all cases, the default exception handler is merely a place-holder to insure that there is
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at least one handler for each type of exception available at all times on the global exception handler stack. Users
desusemanpuorgnoitpecxeralucitrapeldnahtahtsessalcreldnahnoitpecxenworiehtedivorpotdetcepxeera

within the COOL class library in a more appropriate application-specific manner.

sorcaMgnildnaHnoitpecxE.6

The COOL exception handling facility uses the COOL macro facility [3] to create macros for creating, raising,
-rapafoecnatsninagnitaercfossecorpehtsefiilpmisorcamNOITPECXEehT.snoitpecxegnitalupinamdna

ticular type of exception object. The RAISE macro allows the programmer to easily construct and raise an
ehT.noitcnufreldnahehtekovnidnareldnahnoitpecxeetairporppanarofhcraesamrofrepneht,noitpecxe

STOP macro is similar to RAISE, except that it guarantees to end the program if the exception is not handled.
ehT.orezotsetaulavenoisserpxedefiicepsemosrofnoitressanafinoitpecxenasesiarorcamYFIREVehT

IGNORE_ERRORS macro is a wrapper that can be placed around a body of statements to ignore exceptions
evitceffereldnahnoitpecxenahsilbatseorcamRELDNAH_HTIW_ODehT.ydobtahtgnitucexeelihwdesiar

for the duration of a block. Finally, the HANDLER_CASE macro establishes an exception handler that transfers
.]5[purtsuortS/gineoKybdesoporptpecnochctac/yrtehtotralimissesualcesac-noitpecxefoseiresaotlortnoc

6.1. The EXCEPTION Macro

The EXCEPTION macro simplifies the process of creating an instance of a particular type of exception object.
-ugradefiicepsehtgnisutcejbonoitpecxenaetaercotremmargorpnoitacilppaehtrofecafretninasedivorptI

ments to indicate one or more group names, initialize any data members, or generate a format message.
:xatnysgniwollofehtsahdnaorcamLOOCasadetnemelpmisiNOITPECXE

EXCEPTION (excp_name [, group_names] [, format_string] [, args])

,)gninraWrororrE,sahcus(epytssalcnoitpecxeehtgnitneserperlobmysLOOCehtsieman_pcxeerehw
group_names are one or more pointers to COOL symbols each of which represents a group or alias name for

tamroffonoitanibmocynaerasgradna,gnirtslortnocelbitapmoc)2(ftnirpasignirts_tamrof,noitpecxesiht
arguments and keyword arguments to initialize data members. For example, the following macro invocation

:evobadessucsidssalc>epyT<rotceVehtrofnoitpecxesdnuob-xedniehttnemelpmiotdesuebthgim

EXCEPTION (Out_Of_Bounds, SYM(Vector_Error), SYM(Fatal_If_Not_Handled)),
;)epyT#,i=xedni_dab,"s%epytforotcevrofsdnuobfotuod%xednI"

The first argument is the exception type (ie. a new exception class derived from Exception), the second and
sihthtiwdetaicossaebot)sesaila(semanpuorgowtrofelbatlobmysLOOCehtniseirtneerastnemugradriht

exception object, the third argument is a message string, and the last two arguments provide values for the fields
:setarenegorcamsiht,dednapxenehW.rebmematadasezilaitinioslatnemugrahtruofehT.egassemehtni

(Exception_g = new Out_Of_Bounds(),
Exception_g = set_group_names(2, SYM(Vector_Error), SYM(Fatal_If_Not_Handled)),

,"s%epytforotcevrofsdnuobfotuod%xednI"(ftnirph(GSM_RRE=gsm_tamrof>-g_noitpecxE
i, #Type)),

,i=xedni_dab>-)g_noitpecxE)*sdnuoB_fO_tuO((
Exception_g);

This comma-separated expression creates a new Out_Of_Bounds exception object on the heap and assigns it to
rebmem)(seman_puorg_tesehtgnisuslobmyssadeddaerasemanpuorgowtehT.g_noitpecxEretniopeht

function. The format message is created by hprintf(), which is a variation of printf(2) that returns a formated
-anretnielpmissetatilicaftahtelbatGSM_RRELOOCehtnidecalpsignirtssihT.paehehtnodetacollagnirts

tionalization of text strings in an application [4]. Finally, the data member bad_index is initializied with the
.ieulav

6.2. The RAISE Macro

The RAISE macro simplifies the process of creating and raising an exception. The exception object is con-
etairporppaehtfodnuofsienofI.)(esiarnoitcnufrebmemehtgnisudesiarsidnaNOITPECXEgnisudetcurts
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-pecxeehtsnruterESIAR.tnemugranasatcejbonoitpecxeehtdessapdnadekovnisinoitcnufreldnahs’ti,epyt
tion object if the exception handler function returns or if no exception handler is found. RAISE is implemented

:xatnysgniwollofehtsahdnaorcamLOOCasa

RAISE (excp_name [, group_names] [, format_string] [, args])

,)gninraWrororrE,sahcus(epytssalcnoitpecxeehtgnitneserperlobmysLOOCehtsieman_pcxeerehw
group_names are one or more pointers to COOL symbols each of which represents a group or alias name for

tamroffonoitanibmocynaerasgradna,gnirtslortnocelbitapmoc)2(ftnirpasignirts_tamrof,noitpecxesiht
arguments and keyword arguments to initialize data members.

.sremmargorpybdesumroftneinevnoctsomehtnetfosidnaLOOCniylevisnetxedesusiorcamESIARehT
The following example continues with the index-bounds exception for the Vector<Type> class from above.

ecnatsissasedivorptahttnemnorivnegnimmargorplairotutanognikrowsiremmargorpnoitacilppanaesoppuS
at runtime to novice programmers. The programmer wishes to set up an exception handler to handle the index-

.noitarepoehtgniyrterdna,tcejbonoitpecxeehtnitluserehtgnirots,eulavwenarofgnitpmorpybrorresdnuob
The class programmer implementing the Vector<Type> could write the code for the member function

:swollofsatissecorpdnanoitpecxenaesiardnayrarbilssalcehtni][rotarepo::>epyT<rotceV

class Out_Of_Bounds : public Error {
:cilbup

unsigned int bad_index;
;xedni_wentnidengisnu

char* container;
;epyt*rahc

Out_of_Bounds() { format_msg = "Index %d out of bounds for %s of type %s"; }
};)epyt,reniatnoc,xedni_dab,gsm_tamrof(mrof<<xfierp_gsm<<so{)so&maertso(troperdiovlautriv

;}

int Vector<Type>::operator[] (int i) {
{)EURT(elihw

if (i >= 0 && i < this->number_elements)
;]i[atad>-sihtnruter

{esle
Error* e = RAISE (Out_of_Bounds, bad_index = i, container = "Vector", type = #Type);

))(deldnah_noitpecxe>-e(fi
i = e->new_index;

}
}

}

The application programmer writing the programming environment defines an exception handler function to
ehtrofnoitcnufehthtiwetaicossaottcejboreldnahafoecnatsninadnaxedniwenaroftpmorp

Out_Of_Bounds exception in the following manner:

{)pcxe&noitpecxE(reldnaH_xednI_sdnuoBdiov
excp.report(cout);
cout << "New index to use instead: " << flush;

;xedni_wen.pcxe>>nic
excp.handled(TRUE);

}

Excp_Handler vec_eh (Bounds_Index_Handler, SYM(Out_Of_Bounds));

sihtfosnoitpecxerofyrassecensiepocsrevetahwtaderalcedebdluohshe_cevtcejboreldnahnoitpecxeehT
type to be handled in this manner. This is usually, but not always, declared as a global instance so as to insure

ehtsnurmetsyssihtforesuehtnehW.noitacilppanafonurehtgnirudsemitllataelbaliavasireldnahehttaht
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noitpecxeeht,yrarbilssalcehtnidesiarsinoitpecxesdnuoB_fO_tuOeht,xednisuoenorrenahtiwmargorp
handler Bounds_Index_Handler written by the application programmer is invoked and prompts for a new

-margorpssalceht(metsyssihtnidevlovnis’remmargorpeerhtehttahtetoN.deyrternoitarepoehtneht,xedni
mer, the application programmer, and the novice programmer) had no interaction with each other and no discus-

elbasawremmargorpssalceht,revewoH.ytilicafgnildnahnoitpecxeehtotecafretnidnangisedehtrevonois
to use a flexible exception handling system that was customized with an application-specific handler to afford a

desiarehtmorfgnideecorp,elpmaxesihtnitahteton,yllaniF.remmargorpecivonehtrofmetsyslufpleherom
exception involves no use of the system setjmp/longjmp functions.

orcaMPOTSehT.3.6

The STOP macro creates and raises an exception similar to the RAISE macro except that it guarantees to ter-
sireldnahnoitpecxeonfiro)emuserotstpmetta.ei(snruterreldnahnoitpecxenafinoitucexemargorpetanim

found. The exception object is constructed in the same manner using the EXCEPTION macro and raised using
:xatnysgniwollofehtsahdnaorcamLOOCasadetnemelpmisiPOTS.)(potsnoitcnufrebmemeht

STOP (excp_name [, group_names] [, format_string] [, args])

,)gninraWrororrE,sahcus(epytssalcnoitpecxeehtgnitneserperlobmysLOOCehtsieman_pcxeerehw
group_names are one or more pointers to COOL symbols each of which represents a group or alias name for

tamroffonoitanibmocynaerasgradna,gnirtslortnocelbitapmoc)2(ftnirpasignirts_tamrof,noitpecxesiht
arguments and keyword arguments to initialize data members.

orcaMYFIREVehT.4.6

The VERIFY macro asserts that an expression has a non-zero value by raising an exception of the specified
desiarsidnaNOITPECXEhtiwdetcurtsnocsitcejbonoitpecxeehT.orezotsetaulavenoisserpxeehtfiepyt

using the member function raise(). The exception type is optional and, if not given, defaults to Verify_Error.
ehtfonoitatneserpergnirtsagnirotsrofrebmematadasniatnocdnarorrEmorfdeviredsissalcnoitpecxesihT

expression that failed. VERIFY is implemented as a COOL macro and has the following syntax:

)]sgra,[]gnirts_tamrof,[]seman_puorg,[rorrE_yfireV=eman_pcxe,noisserpxe_tset(YFIREV

where test_expression is the C++ expression to be verified, excp_name is the optional argument specifying the
ropuorgastneserperhcihwfohcaeslobmysLOOCotsretnioperomroenoeraseman_puorg,epytnoitpecxe

alias name for this exception, format_string is a printf(2) compatible control string, and args are any combina-
orcamgniwollofeht,elpmaxeroF.srebmematadezilaitiniotstnemugradrowyekdnastnemugratamroffonoit

invocation might be used to implement an alternate approach for the index-bounds exception discussed above:

{)itni(][rotarepo::>epyT<rotceVtni
VERIFY ((i >= 0 && i < this->number_elements));

;]i[atad>-sihtnruter
}

Since only the expression to assert is passed as an argument, the VERIFY macro creates a Verify_Error excep-
:setarenegorcamsiht,dednapxenehW.srebmemataddetirehniehtsezilaitinidnatluafedybtcejbonoit

if (!(i >= 0 && i < this->number_elements))
,)(rorrE_yfireVwen=g_noitpecxE(

Exception_g)->raise();

orcaMSRORRE_ERONGIehT.5.6

The IGNORE_ERRORS macro ignores an exception that is raised while executing a body of statements. If an
ehttahtserusniorcameht,ydobsihtfoepocsehtnihtiwelihwdesiarsisepytroepytdefiicepsafonoitpecxe

handler for that exception is not invoked, but rather, control is returned to the point immediately following the
:xatnysgniwollofehtsahdnaorcamLOOCasadetnemelpmisiSRORRE_ERONGI.ydob
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}ydob{)]seman_puorg,[]rorrE=ssalc_pcxe,[rtp_pcxe(SRORRE_ERONGI

If an exception of type excp_class (or with group group_names) is raised while executing body, then excp_ptr is
gniwolloftnemetatsehtotsrefsnartlortnocmargorpdnatcejbonoitpecxesihtfosserddaehtottes

IGNORE_ERRORS. If no exception is raised while executing body, then excp_ptr is set to NULL. The
,defiicepstonsissalc_pcxefI.sorcamYFIREVro,POTS,ESIARehthtiwdesiarneebevahtsumnoitpecxe

the default exception class is Error. IGNORE_ERRORS is implemented using the system functions, setjmp
esuacebdekovniebotsrotcurtsederiuqertondluohssecarbehtnihtiwstnemetatseht,tluserasA.pmjgnoldna

the setjmp/longjmp mechanism does not currently support this capability.

desiarrorrEepytfonoitpecxenaerongiotdesusiSRORRE_ERONGI,tnemgarfmargorpgniwollofehtnI
while using operator[] of the Vector<Type> class. In this case, the exception object is send to the standard error

neebdahreldnahnoitpecxerehtoondnadesutonerewSRORRE_ERONGIfI.seunitnocnoitucexednamaerts
defined, the default exception handler for Error would terminate the program with a call to exit(2).

;]4[atad>tni<rotceV
Error* e;
IGNORE_ERRORS (e) {

;itni
i = data[5];

}
if (e != NULL)

;e<<rrec

6.6. The DO_WITH_HANDLER Macro

The DO_WITH_HANDLER macro establishes an exception handler whose scope is restricted to a specified
ehtnisemanpuorgrosepytnoitpecxeehtfoenotsniagasehctamtahtreldnahnoitpecxenA.stnemetatsfoydob

exception list is established during execution of a series of statements. The specified exception handler will be
reldnahdehsilbatse-yltnecer-eromrehtoondnadesiarsipuorgroepytdefiicepsehtfonoitpecxenafidekovni

matches the type or group names. The exception must have been raised with the RAISE, STOP, or VERIFY
:xatnysgniwollofehtsahdnaorcamLOOCasadetnemelpmisiRELDNAH_HTIW_OD.sorcam

DO_WITH_HANDLER (exh_func [, excp_types]) { body }

sepytnoitpecxeeromroenofotsilasisepyt_pcxe,noitcnufreldnahnoitpecxenafoemanehtsicnuf_hxeerehw
and group names, and body specifies one or more C++ statements surrounded by braces. In the following exam-

-atsesissalc][rotarepo::>epyT<rotceVehtnimelborpsdnuob-xedniehtrofreldnahnoitpecxedezilaicepsa,elp
blished for a small body of code:

extern void New_Out_Of_Bounds_Handler(Exception&);
;]4[atad>tni<rotceV

DO_WITH_HANDLER (New_Out_Of_Bounds_Handler, SYM(Out_Of_Bounds)) {
;mustni

for(int i = 0; i <= data.length(); i++)
;]i[atad=+mus

}

This code fragment contains a typical indexing problem where the programmer has an inaccurate loop-
nehW.desiarebotnoitpecxenagnisuacdnasemitynamootenoxedniehtgnitnemercnisuht,tsetnoitanimret

expanded, this macro generates:
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;)&noitpecxE(reldnaH_sdnuoB_fO_tuO_weNdiovnretxe
Vector<int> data[4];
{

Excp_Handler _do_eh(New_Out_Of_Bounds_Handler, SYM(Out_Of_Bounds));
;mustni

for(int i = 0; i <= data.length(); i++)
;]i[atad=+mus

}

6.7. The HANDLER_CASE Macro

The HANDLER_CASE macro establishes an exception handler that transfers control to a set of exception-case
detnemelpmisiESAC_RELDNAH.stnemetatsfoydobagnitucexeelihwdesiarsinoitpecxenanehwsesualc

as a COOL macro and has the following syntax:

}sesualc_esac{}ydob{ESAC_RELDNAH
case_clauses ::= case ([excp_spec]) : {statements} [case_clauses]

]lced_pcxessalc_pcxe,[]sepyt_pcxe[=::ceps_pcxe
excp_types ::= excp_class_or_group_type [, excp_types]

otlortnocrefsnartotdekovnieblliwreldnahnoitpecxena,ydobgnitucexeelihwdesiarsinoitpecxenafI
case_clauses. The statements of the case_clause whose excp_spec matches the raised exception type or one of

yamdnadesiartcejbonoitpecxessalc_pcxeehtotdnuobsilced_pcxeelbairavehT.detucexesisemanpuorgsti
be referenced by any statement in the matching case_clause. The exception must have been raised with RAISE,

gnisudetnemelpmisiorcamESAC_RELDNAHeht,SRORRE_ERONGInisa,yllaniF.YFIREVro,POTS
the system functions, setjmp and longjmp. As a result, the statements within the matching case_clause should

sihttroppusyltnerructonseodmsinahcempmjgnol/pmjtesehtesuacebdekovniebotsrotcurtsederiuqerton
capability. The following example shows the use of this macro with the index-bounds problem used throughout

:repapsiht

Boolean calculate_sum (Vector<int>& v1, int start, int end)
{

HANDLER_CASE {
;mustni

for(int i = start; i <= end; i++)
;]i[1v=+mus

}
v1.push(sum);

}
case (SYM (Out_Of_Bounds), Error eh) : {

;he<<rrec
return FALSE;

}
case (SYM (Resize_Error), SYM (Static_Error), Error eh) : {

;he<<rrec
abort();

}
case (Error eh) : {

;he<<rrec
exit();

}
return TRUE;

}

This function takes a reference to a vector object, a starting index, and an ending index to compute the sum of
silortnoc,noitareposihtgnirudsrucconoitpecxenafI.sexedniesehtgnidulcnidnaneewtebstnemeleeht
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eht,desiarsisdnuoB_fO_tuOepytfonoitpecxenafI.esualctnemetatsesacetairporppaehtotderrefsnart
exception object is printed on the standard error stream and the value FALSE is returned from the function. If

detnirpsitcejbonoitpecxeeht,rorrE_citatSrororrE_eziseRrehtiefoemanpuorgasahnoitpecxedesiareht
on the standard error stream and the program aborts. Finally, as a default condition, if any other type of excep-

-pecxeonfI.stixemargorpehtdnamaertsrorredradnatsehtnodetnirpsitcejbonoitpecxeeht,desiarsinoit
tions are raised, the sum of the elements is pushed onto the end of the vector object and the value TRUE is

.noitcnufehtmorfdenruter

7. COOL Exception Handling Comparison to Koenig/Stroustrup Proposal

noitpecxedetneiro-tcejbo,tnednepednirelipmoc,elbatropastnemelpmiytilicafgnildnahnoitpecxeLOOCehT
handling capability. Exceptions are classified according to subtype relationships making it easy to test for a

deyevnocsinoitamrofnietatshcihwhguorhtsrebmematadevahstcejbonoitpecxeesehT.snoitpecxefopuorg
from the point at which the exception is raised to the handler. The base exception and handler classes contain

-avireddnaecnatirehnihguorhttliubebnacseitilibapacdetacitsihposeromhcihwnopusnoitcnuflautrivcireneg
tion.

The COOL exception handling macros, RAISE and HANDLER_CASE, provide the same type of functionality
gnildnaHnoitpecxE,repapriehtnipurtsuortSdnagineoKybdesoporpstnemetatshctac-yrtdnaworhtehtsa

for C++ [5]. Both throw and RAISE transfer control to the most recently establish handler for a particular type
ylnoESIARsaerehw,noisserpxeworhtanitnemugranasadesuebyamtcejboyna,revewoH.noitpecxefo

passes exception objects. In a similar manner, the try-catch block and the HANDLER_CASE macro establish
yrtaninoisserpxehctacehttahtsierehecnereffidehT.stnemetatsfoydobagnitucexeelihwsreldnahemos

block is like a function definition and any data type can be specified in the exception declaration. The case state-
slobmysesehT.stcejbolobmysLOOCylnotpecca,dnahrehtoehtno,orcamESAC_RELDNAHehtnistnem

allow for group names and aliases to be used to handle a single kind of exception in one of several ways.

-imret:swollofmetsyshcaesledomlacihposolihpehtotderapmocnehw,revewoh,ronimerasecnereffidesehT
nation versus resumption. In the one, the throw unwinds the stack before the call of the exception handler, thus

aotnisdnapxeorcamESIAReht,dnocesehtnielihw,gnildnahnoitpecxerofledomnoitanimretagnitroppus
function call before the stack is unwound, thus supporting a resumption model for exception handling.

noisulcnoC.8

The COOL exception handling facility is a set of classes and macros that provide a mechanism to detect and
ninoitpecxeehthtiwlaedotreldnahnoitpecxenaekovnidnahsilbatseyltnednepednidnanoitpecxenaesiar

another part of the application. An exception handler may either fix the problem and resume execution, retry the
hctamdna,reldnah_tluafed,esiar,tropersnoitcnufrebmemlautrivehT.margorpehtetanimretro,noitarepo

can be customized in user-defined exception classes derived from the base Exception and Excp_Handler
,RELDNAH_HTIW_OD,SRORRE_ERONGI,YFIREV,POTS,ESIAR,NOITPECXEsorcamehT.sessalc

and HANDLER_CASE provide a consistent and convenient way for the programmer to create, raise, and handle
.snoitpecxe

There are still a number of problems that need to be addressed in the COOL exception handling system. Of
fonoitcurtsedehtdna,srotcurtseddnasrotcurtsnocnidesiarsnoitpecxeeldnahotwoheranrecnocralucitrap

objects when setjmp/longjmp are used. Texas Instruments has been using the exception handling facility inter-
elbixeflafoesuehttahtdnuofevaheW.yrarbilssalcLOOCehthtiwnoitcnujnocnistcejorplarevesnoyllan

exception handling system enables programmer’s to customize the error handling to suit a specific application.
-orpehtfoytivitcudorpehtgnisaercniyltnacfiingissuht,elbasuerdnalufesueromeraseirarbilssalc,tluserasA

grammer and thus enabling applications to be prototyped in a shorter time period than might otherwise be possi-
)MT(2/SPa,x.4)MT(SOnuSgninnur)MT(1noitatsCRAPSnuSanogninnurdnapuyltnerrucsiLOOC.elb

model 70 running SCO XENIX 2.3, a PS/2 model 70 running OS/2 1.1, and a MIPS running RISC/os 4.0. The
__________________

SunOS and SPARCstation 1 are trademarks of Sun Microsystems, Inc.
.noitaroproCsenihcaMssenisuBlanoitanretnIfokramedartasi2/SP

XENIX is a registered trademark of Microsoft Corporation.
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strop2/SOdnaXINEXehtdna0.2noisrev)tnorfc(rotalsnart++CT&TAehtezilitustropSPIMdnaCRAPS
utilize the Glockenspiel translator with the Microsoft C compiler.
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