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ABSTRACT

,sessalcfonoitcellocasi)LOOC(yrarbiLdetneirO-tcejbO++CstnemurtsnIsaxeTehT
templates and macros for use by C++ programmers writing complex applications. Symbolic

-polevedehtsevorpmiyllaitnatsbustahtyrarbilsihtfotnenopmocenosiLOOCnignitupmoc
ment capabilities available to the programmer by providing symbol and package manipulation

fonoitatnemelpmiehtnosucoflliwrepapsihT.yreuqepytdnagnikcehcepytemitnurdna
runtime type checking and query.

noitcudortnI.1

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

computing capability which provides symbol and package manipulation and runtime type checking and query.
,LOOCnisegakcapdnaslobmysnosliatedroF.ytilibapacgnikcehcepytemitnurehtebircsedlliwrepapsihT

see the paper, Symbols and Packages in C++ [4]. For an overview of the COOL class library, see the paper,
s’resULOOC,tnemucodecnereferehtees,sliatedetelpmocroF.]1[yrarbiLdetneirO-tcejbO++CA-LOOC

Guide [5].

The ability to query an object at runtime to determine its type is commonly used in many symbolic computing
ylhgihnidnuofsiytilibapachcuS.snoitacilppatnemeganamsnoitarepoevisnetni-egdelwonkxelpmocdna

dynamic languages such as SmallTalk [7] and Common LISP [8], but the C++ language does not support this.
-mySeht,ssalccireneGehthtiwsessalc++CrofytilibapacyreuqdnagnikcehcepytemitnurasetatilicafLOOC

bol class, the SYM macro and the class macro. The Generic class provides the type_of and is_type_of
dnatcejboehtfoepytssalcehtsnruterfo_epyt.yreuqdnagnikcehcepytemitnurrofsnoitcnufrebmem

is_type_of determines whether the class type of the object inherits from a specified class type. The Symbol class
ehtnisemanlobmysserotsorcamMYSehT.tcejbossalcafonoitamrofniepytehttneserperotdesusi

"sym_package.p" file which is used to automatically create symbol objects at program startup. Finally, the
sessalcrofnoitcnufrebmemlautrivtsil_epytehtdnaerutcurtsyhcrareihssalcehtsetarenegorcamssalcLOOC

singly or multiply derived at some point from the Generic class.
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slobmyS.2

COOL supports symbolic constants and runtime symbolic objects. The Symbol class implements the notion of a
dnadetaercebnacstcejbolobmyS.)1erugiFees(tsilytreporpdnaeulav,emanasahtahttcejbolobmys

interned into a package, which is merely a mechanism for establishing separate name spaces for groups of sym-
sasnoitcnufrebmemyreuqdnagnikcehcepytemitnurcireneGehtybdezilituoslaerastcejbolobmyS.]4[slob

a way of representing the type information of a class object. A Symbol object is automatically created at pro-
testsilytreporpdnaeulavdnaemanssalcehtottesemanhtiwcireneGmorfdeviredssalchcaerofpuratsmarg

to NULL.

The SYM and class macros are implemented with the COOL macro facility [2] which gives special directives to
-cireneGrofstcejbolobmySetaercotMYSsesu)wolebdessucsid(orcamssalcehT.rossecorperpLOOCeht

derived classes. SYM(name) is replaced in the source code with the address of the Symbol object for name. At
llafosemanehtdnaslobmysforebmunlatotehT."p.egakcap_mys"elfiehtotdeddasi"eman",emitemaseht

the symbols in an application are saved in "sym_package.p". The file "symbols.C" initializes a global array of
ehtfotserehthtiwdeknildnadelipmocsidna"p.egakcap_mys"niderotssemanehthtiwstcejboslobmys

application files.

The application uses the COOL C++ Control program (CCC), instead of the normal CC procedure, to control the
lanoitiddahtiwmargorpCClanigiroehtfoseitilibapacehtfollasedivorpmargorpsihT.ssecorpnoitalipmoc

support for the COOL preprocessor. Figure 2 shows the flow of the COOL compilation process using CCC and
."C.slobmys"

Example

Foo.C Foo.i
;cireneGssalc;cireneGssalc

Generic* obj; Generic* obj;
{))]0[slobmys_MYS&(fo_epyt_si>-jbo(fi{))oof(MYS(fo_epyt_si>-jbo(fi

... ...
}}

Bar.C Bar.i
;cireneGssalc;cireneGssalc

Generic* obj; Generic* obj;
)]1[slobmys_MYS&(fo_epyt_si>-jbo(fi)rab(MYS(fo_epyt_si>-jbo(fi

|| obj->is_type_of(SYM(baz)) || obj->is_type_of(&SYM_symbols[2]))
......

} }

p.egakcap_mysmorf//

#define SYM_count 2
MACRO SYM_DEFINITIONS(define_name) {

;)"oof",0(eman_enfied
define_name(1,"bar");

;)"zab",2(eman_enfied
}

#define MAKE_SYM(index, symbol) SYM_symbols[index].name = symbol;
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C.slobmySmorf//

#include "sym_package.p"
tnuoc_MYS//;]2[slobmys_MYSlobmyS

void SYM_package_initializer() {
...

// SYM_DEFINITIONS(MAKE_SYM);
;"oof"=eman.]0[slobmys_MYS

SYM_symbols[1].name = "bar";
;"zab"=eman.]2[slobmys_MYS

}

static Package SYM_package_s(SYM_package_initializer);

ssalccireneG.3

The Generic class is inherited by all COOL classes. For a complete definition of this class see Figure 3. It pro-
desseccasinoitamrofnisihT.ssalcesabasatisesutahtssalcynarofseitilibapacgnikcehcepytemitnursediv

with the following member functions:

;)(fo_epyt::cireneG*lobmyS
Returns the symbol type associated with the object.

;)epyt*lobmyS(fo_epyt_si::cireneGnaelooB
Returns TRUE if the object is the specified type or inherits from that type somewhere in its class hierar-

.ESLAFsnruteresiwrehto,yhc

int Generic::select_type_of (Symbol** type_vector);
If the object’s symbol type is found in the specified array of pointers to symbols, returns the integer index

sihtsesu)retaldessucsid(orcamESAC_EPYTehT.1-snruteresiwrehto,epytlobmysgnihctamehtfo
member function with the switch statement to select an appropriate execution path based upon the symbol

.tcejboehtfoepyt

virtual Symbol** Generic::type_list();
Returns a NULL-terminated array whose first element is a pointer to the symbol for the class being

.sessalcesabehtfostsil_epytehtotsretnioperastnemeleyarraehtfotserehT.denfied

The type_list member function represents the class hierarchy of the Generic-derived class. Note that the
sihcihwnoitcnufrebmemtsil_epytasahcireneGmorfdeviredssalchcaE.lautrivsinoitcnufrebmemtsil_epyt

generated automatically by the class macro. The type_of, is_type_of and select_type_of member functions use
.tcejbossalcehtfoyhcrareihssalcehtsseccaotnoitcnufrebmemtsil_epytlautriveht

Example

The following example shows runtime type checking operations on the variable n which is of type Long. Long
.]31[yrtne_MYS&,tcejbolobmySaotretniopasi)gnoL(MYS,elpmaxesihtnI.cireneGmorfdeviredsi



- 4 -

;)321(gnoL=n*cireneGnretxe
static Symbol* sym_list[4] = { SYM(long), SYM(Long), SYM(Integer), NULL };

]31[yrtne_MYS&snruter//;)(fo_epyt>-n
n->is_type_of (SYM(Long); // returns TRUE

ESLAFsnruter//;))gnol(MYS(fo_epyt_si>-n
n->select_type_of (sym_list); // returns 1

orcamssalC.4

The keyword class is a COOL macro which takes a C++ class description and generates code to support the
.noitinfiedssalcehtotnisenilgniwollofehtsddaorcamssalcehT.msinahcemyreuqdnagnikcehcepytemitnur

protected:
virtual Symbol** type_list ();

The definition of the type_list member function and the array of symbol pointers representing the class hierarchy
.noitinfiedssalcehtretfadeddaerassalcehtfo

Example

The following example shows how the class Long which is derived from class Generic is expanded by the
-LLUNasisepyt_gnoLtahtetoN.dlobnidethgilhgihsidetarenegedoclanoitiddaehT.orcamssalcLOOC

terminated array of symbol pointers whose first element is a pointer to the Long symbol and second element is a
.retnioplobmyscireneGehtsniatnochcihwsepyt_cireneGotretniop

class Long : public Generic {
:etavirp

long num;
:cilbup

Long (long value) { num = value; }; // Make a long
tuoeulavehtteG//;};mun>-sihtnruter{)(gnolrotarepognol

;}

:otsdnapxe

class Long : Generic {
:etavirp

long num;
:detcetorp

virtual Symbol** type_list ();
:cilbup

Long (long value) { num = value; }; // Make a long
tuoeulavehtteG//;};mun>-sihtnruter{)(gnolrotarepognol

;}

extern Symbol* Generic_types[]; // initialized to {SYM (Generic), NULL }

;}LLUN,sepyt_cireneG)*lobmyS(,)gnoL(MYS{=][sepyt_gnoL*lobmyS

Symbol** Long::type_list () { return Long_types; }
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orcamcamssalC.1.4

The actual code which is expanded in a class definition and after a class definition is controlled by the classmac
orcamssalcehT.noitinfiedssalcehtdnapxedluohsorcamssalcehtwohsenfiedorcamcamssalchcaE.orcam

does not actually generate the code itself. This is defined in user-modifiable header files that specify classmac
.deriuqererarossecorperpLOOCehtotsegnahconsuhT.sorcam

In the following example, the type_list member function for the Generic-derived class is generated by defining
noitaralcednoitcnufrebmemtsil_epytehtsdnapxeorcamCIRENEG_ERALCEDehT.sorcamcamssalcowt

inside the class definition and the IMPLEMENT_GENERIC macro expands after the class the definition for
ssalcafosessalcesabelpitlumrofedockcolbetarenegotdesusiorcamETARENEGehT.tsil_epyt

definition.

elpmaxE

classmac (DECLARE_GENERIC, inside)
)CIRENEG_TNEMELPMI(camssalc

MACRO DECLARE_Generic(class, REST: bases) {
{)sesab,ssalc(SSALC_CIRENEG_NEHW

protected:
virtual Symbol** type_list() CONST;

}
}

MACRO IMPLEMENT_Generic(class, REST: bases, BODY: slots) {
{)sesab,ssalc(SSALC_CIRENEG_NEHW

GENERATE(base, bases)
};][sepyt_##esab*lobmySnretxe{

Symbol* class##_ types[] =
{ SYM(class), GENERATE(base, bases) { (Symbol*) base##_ types, } NULL };

};sepyt_##ssalcnruter{TSNOC)(tsil_epyt::##ssalc**lobmyS
}

}

The classmac macro provides two hooks as a point of customization by user defined macros. A combination of
ebnactahtsorcamehtotstnemugrasadessaperanoitinfiedssalcafosnoitcnufrebmemdnasrebmematad

changed or customized by the application programmer. There may be more than one classmac macro hook
anirehtegotdeniahcylpmiserasorcamdenfied-resurehtodnalarevessahLOOC.remmargorpehtybdefiiceps

calling sequence ordered according to the order of definition. For example, in COOL there is the
ehtnisrebmematadehtfollanonoitcnufdefiicepsasllachcihwnoitcnufrebmemlautrivstols_revo_pam

class. (The describe member function would use map_over_slots to display the name, value, and type of each
ybssalcdevired-cireneGhcaerofdetarenegyllacitamotuasistols_revo_pamfonoitinfiedehT.)rebmematad

defining classmac with the data member hook. The send_if_handles member function which supports the run-
nikoohnoitcnufrebmemehtgnizilituybdetarenegsiytilibaliavanoitcnufrebmemrofstcejbofoyreuqemit

classmac.

ESAC_EPYT.5

The TYPE_CASE macro is analogous to the C++ switch statment. It gathers all possible type cases and allows
ehtsesutI.stnemetatsesacehtybdetneserpertcejbofoepytehtnohctapsidyllacilobmysotresueht

Generic::select_type_of member function as shown in the following macro expansion of TYPECASE.

elpmaxE
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;g*cireneG
TYPE_CASE (g) {

case Vector: // If the object is a vector
rotceVrofgnihtemosoD//....

break;
case List: // If the object is a list

tsiLrofgnihtemosoD//....
break;

default: // Else do the rest
....

}

:otsdnapxe

Generic* g;
static Symbol* switch_symbols_g[3] = {SYM(Vector), SYM(List), NULL};

{))g_slobmys_hctiws(fo_epyt_tceles>-g(hctiws
case 0: // If the object is a vector

rotceVrofgnihtemosoD//....
break;

case 1: // If the object is a list
tsiLrofgnihtemosoD//....

break;
default: // Else do the rest

....
}

6. Comparison with Dossiers

The COOL runtime type checking and query capability is very similar to the Dossier interface proposed in the
ehtdnassalcreissoDehthtoB.]6[++CninoitamrofnIepyTotsseccAemitnuR,notniLdnaetnarretnIybrepap

COOL Symbol class represent the type information of a class object. Both the mkdossier tool and the COOL
-nocot)"p.egakcap_mys"dna"h.reissod__"(elfiecruos++Caetareneg)orcamssalcehtgninnur(rossecorperp

tain the type information. The Dossier interface generates type information for all classes, but COOL generates
.ssalccireneGehtmorftniopemostaylpitlumroylgnisdeviredsessalcnoylnosnoitcnufrebmemepytemitnur

This is done automatically by the COOL preprocessor and the code actually generated can be customization by
noitamrofniepytemitnurowtehtneewtebsnosirapmoceromwohsotstpmettaelbattxensihT.resueht

mechamisms.
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LOOCREISSOD
------------ -----------

][slobmys_MYSlobmySnretxe)(sessalc**reissoDnretxe
Boolean Dossier::isA(Dossier*) Boolean Generic::is_type_of(Symbol*)

)(fo_epyt::cireneG*lobmyS)(dIssalCteG::ssalc*reissoD
DossierItr Dossier::parents() Symbol** class::type_list()

enon)(nerdlihc::reissoDrtIreissoD

Class Foo foo; class Foo foo; // :public Generic
cireneGcilbup://;rabraBssalc;rabraBssalc

extern Dossier* FOO; SYM(Foo); // &SYM_symbol[0]
]1[lobmys_MYS&//;)raB(MYS;RAB*reissoDnretxe

foo.GetClassId() returns FOO foo.type_of() returns SYM(Foo)
))raB(MYS(fo_epyt_si.oof)RAB(Asi>-)(dIssalCteG.oof

snoisulcnoC.7

Texas Instruments has been using the symbolic computing capability in COOL for the last two year. Applica-
devired-cireneGfoyreuqepytdnagnikcehcepytemitnurdna,segakcap,slobmysLOOCdezilituevahsnoit

class objects. Most COOL classes contain Generic base class. A significant benefit of this common base class
eht,noitiddanI.epyt*cireneGehtrevodeziretemarapsessalcreniatnocsuonegoreteheralcedotytilibaehtsi

COOL exception handling facility [3] takes advantage of the runtime type checking of exception objects. An
LOOCehthtiwdehsilpmoccasinoitamrofniepytrofstcejboslobmysehtgnitarenegrofdohtemdetamotua

macro facility [2].

COOL is currently running on a Sun SPARCstation 1 running SunOS 4.x, a PS/2 model 70 running SCO
SPIMdnaCRAPSehT.0.4so/CSIRgninnurSPIMadna,2.12/SOgninnur07ledom2/SPa,3.2XINEX

ports utilize the AT&T C++ translator (cfront) version 2.x and the XENIX and OS/2 ports utilize the Glocken-
.relipmocCtfosorciMehthtiwrotalsnart++Cleips
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----------------------------------------------------------------------------------------------------

Figure 1: The Symbol class

class Symbol : public Generic { // Define the Symbol class
sseccasdeenssalcegakcaP//;egakcaPssalcdneirf

protected:
const char* pname; // Symbol name

eulavlobmyS//;lav*cireneG
Association<Symbol*, Generic*>* proplist; // Property list

)(nretni::egakcaPesU//;)eman*rahctsnoc(lobmySenilni

public:
Symbol (); // Used for constant symbol[]

rotcurtseD//;)(lobmyS∼
Boolean get (const Symbol*, Symbol_GenericP&); // Lookup value

eulavtsilptes//;)*cireneG,*lobmyStsnoc(tupdiov
Boolean remove (const Symbol*); // Remove value from plist

emanprofrosseccA//;TSNOC)(eman*rahctsnocenilni
inline Generic* value (); // Accessor for value

eulavwenteS//;)*cireneG(tes*cireneGenilni
inline Association<Symbol*, Generic*>* plist(); // Accessor for properties

lobmystnirP//;)*lobmyStsnoc,&maertso(<<rotarepo&maertsodneirf
friend ostream& operator<< (ostream&, const Symbol&);// Print symbol
;}

----------------------------------------------------------------------------------------------------
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----------------------------------------------------------------------------------------------------

C.raBdnaC.ooFCCC:2erugiF

Foo.C Bar.C

ppcLOOCp.egakcap_mysppcLOOC

Symbols.C

i.raBi.slobmySi.ooF

CC CC
o.raBo.slobmySo.ooF

a.out

----------------------------------------------------------------------------------------------------
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----------------------------------------------------------------------------------------------------

ssalccireneGehT:3erugiF

class Generic {
:detcetorp

Generic(){} ; // Abstract class’s have Protected constructors
;)(tsil_epyt**lobmySlautriv

public:
virtual ∼Generic(); // Virtual destructor

lobmysepytehtnruteR//;)(fo_epyt*lobmySenilni
Boolean is_type_of(Symbol* type); // Type checking predicate

;)rotcev_epyt**lobmyStsnoc(fo_epyt_tcelestni
virtual Boolean map_over_slots(Slot_Mapper procedure, void* rock = NULL);

tamrof"war"emosnistolsllayalpsiD//;)&maertso(ebircseddiovlautriv
friend ostream& operator<< (ostream&, const Generic&); // Overload output operator

rotarepotuptuodaolrevO//;)*cireneGtsnoc,&maertso(<<rotarepo&maertsodneirf
void print(ostream&); // terse print
;}

Symbol* Generic_types[] = {SYM (Generic), NULL};

{TSNOC)(tsil_epyt::cireneG**lobmyS
return Generic_types;

}

inline Symbol* Generic::type_of() {
;))(tsil_epyt>-siht(*nruter

}

extern Boolean compare_types( Symbol** typelist, Symbol* type);
{TSNOC)epyt*lobmyS(fo_epyt_si::cireneGnaelooBenilni

return compare_types(this->type_list(), type);
}

extern int compare_multiple_types(Symbol** type_list, const Symbol** test_types);
{TSNOC)sepyt_tset**lobmyStsnoc(fo_epyt_tceles::cireneGtnienilni

return compare_multiple_types(this->type_list(), test_types);
}
----------------------------------------------------------------------------------------------------


