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The Texas Instruments C++ Object-Oriented Library (COOL) is a collection of classes,
cilobmyS.snoitacilppaxelpmocgnitirwsremmargorp++Cybesurofsorcamdnasetalpmet

computing in COOL is one component of this library that substantially improves the develop-
noitalupinamegakcapdnalobmysgnidivorpybremmargorpehtotelbaliavaseitilibapactnem

and runtime type checking and type query. This paper will focus on the implementation and
.segakcapdnaslobmysfoegasuelpmas

** Note that currently this paper describes the implementation of symbols and packages in a
eromecalpottigniyfidomfossecorpehtnieraeW.tamrofecnereferlacinhcetyrev

emphasis on why a programmer would want to use this capability in object oriented C++ pro-
,sevitanretlarehtohtiwnosirapmocdna,egasu,snoitautiselpmaxeedulcnilliwsihT.smarg

in addition to the current reference material. **

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.
ehtfoesuevisnetxeekamsegakcapdnaslobmyS.msinahcemegakcapdnalobmysehtebircsedlliwrepapsihT

COOL macro facility. This macro facility, implemented as an extension to the ANSI C preprocessor, provides
fonoissucsidllufaroF.yawevisurtbonunaniegaugnal++Cehtotsnoisnetxelufrewopenfiedotytilibaeht

this macro facility, see the paper A Portable Implementation of Parameterized Templates Using A Sophisticated
-nuRA,repapehtees,LOOCniytilibapacgnikcehcepytemitnurehtnosliatedroF.]5[,ytilicaForcaM++C

time Type Checking and Query Mechanism for C++ [4]. For an overview of the COOL class library, see the
LOOC,tnemucodecnereferehtees,sliatedetelpmocroF.]1[yrarbiLdetneirO-tcejbO++CA-LOOC,repap

User’s Guide [6].

The ability to manipulate symbols and packages is is found in Common LISP [7] but is unavailable in the C++
lobmysemit-nurdnastnatsnoccilobmysgnidivorpybgnitupmoccilobmystneicffiestroppusLOOC.egaugnal

objects. Dynamic user-defined packages support symbol storage, query and modification at run-time and are
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.ecafretnignimmargorpesu-ot-ysaenaaivelbaliava

2. Symbol and Package

The Symbol class implements the notion of a symbol object that has a name, value and property list. Symbols
fospuorgrofsecapsemanetarapesgnihsilbatserofmsinahcemayleremsihcihw,egakcapaotnidenretniera

symbols. The Package class is implemented as a hash table of symbol objects and includes public member
,noitelpmocelyts"scamE"sedivorposlatI.slobmysgnivomerdnagnitadpu,gniveirter,gniddarofsnoitcnuf

"InterLisp" style spelling correction, and "apropos" (which finds a symbol whose name contains a specified sub-
sadesuebnacyeht,egakcapnworiehtnihtiweuqinueraslobmysesuaceB.semanlobmysehtno)gnirts

dynamic enumeration types as well as run-time variables defined at run-time.

enfiedotelbissoptisekammsinahcemEGAKCAPFEDLOOCeht,slobmysemit-nur,cimanydotnoitiddanI
constant pointers to symbols at compile-time. These compile-time symbols are interned in their package at

nidezilaitinieraLOOCniegakcapGSM_RREdnaegakcapMYSeht,elpmaxeroF.emitputratsnoitacilppa
this manner. This mechanism allows for highly efficient symbol and package manipulation and is used exten-

.seitilibapacyreuqdnagnikcehcepytemit-nurtnemelpmiotLOOCybylevis

3. DEFPACKAGE

DEFPACKAGE allows declaration of a package which contains only constant symbols with associated default
-amrofnillaerehwslobmysfoelbataputesotsdeennoitacilppaehtnehwlufesusisihT.seitreporpdnaseulav

tion is known at compile time. This saves the run-time overhead associated with the Package class. An appli-
:tnemetatsgniwollofehthtiwegakcaptnatsnocfoepytwenaseralcednoitac

DEFPACKAGE name <file> options

where name is the name of the package to create, file is the name of the file where symbol definitions in the
-liavasnoitpofotsilehT.sammocybdetarapessretemaraplortnoclanoitpoerasnoitpodna,tpekeraegakcap

able is shown below.

refiitnedi=tnuoc
Defines identifier as a symbolic name constant. If specified, the package file will include

taegakcapehtnidenfiedslobmysforebmunlatotehtsimunerehw,"munrefiitnedienfied#"
compile-time. The default is to not define this constant.

mun=tsrfi_esu
When num is non-zero, the first value defined for a symbol is the one used. Redefinition attempts

.0sitluafedehT.YLNO_ECNOybdesusinoitposihT.derongiera
mun=trats

Use num as the starting (first) index of symbols in the package. The default is 0.
mun=tnemercni

Increment each symbol index in package by num. The default is 1.
mun=etalpmet

Inclusive-or each symbol index in package with num. The default is 0.
mun=xam

When num is non-zero, generate an error when the number of constant symbols in the package
.0sitluafedehT.munsdeecxe

nospace = num
When num is non-zero, remove all whitespace from symbol names. The default is 0.

evitisnes|pac|rewol|reppu=esac
upper and lower converts all symbol name alphabetical characters to uppercase and lowercase,

otsrettelgniniamertrevnocdna,emanlobmyshcaeforetteltsrfiehtsezilatipacpac.ylevitcepser
lowercase. sensitive preserves the case of the symbol name and is the default.

rehtrufstegyrtneegakcapehT.sretemarapstinodesabyrtneelbategakcaplanretninasdliubEGAKCAPFED
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.LOBMYS_EGAKCAPFEDhtiwmargorpehttuohguorhtdefiicepsslobmyshtiwdetadpu

4. DEFPACKAGE_SYMBOL

DEFPACKAGE_SYMBOL adds, updates and retrieves the values and properties of constant symbols. It is
:xatnysgniwollofehtsahdna]2[orcamfedLOOCasadetnemelpmi

DEFPACKAGE_SYMBOL (package, symbol, [type], [value], [property], [expander])

gnieblobmysehtfoemanehtsilobmys,otsgnoleblobmysehttahtegakcapehtfoemanehtsiegakcaperehw
added or accessed, type is the optional data type of the value, value is the optional value of the symbol or pro-

orcamdenfied-resulanoitponafoemanehtsirednapxedna,ytreporpehtfoemanlanoitpoehtsiytreporp,ytrep
which is to be invoked in place of the default expansion of DEFPACKAGE_SYMBOL. The expander will be

:stnemugragniwollofehthtiwLOBMYS_EGAKCAPFEDybdellac

expander (index, symbol, type, value)

where index is the index number of symbol in the package, and expander, symbol, type and value are the argu-
.LOBMYS_EGAKCAPFEDotdeilppusstnem

DEFPACKAGE_SYMBOL causes a macro definition unique to the specified package to be written to the pack-
tes,slobmysehtenfiedhcihwsllacorcamotsdnapxeorcamSNOITINIFED_>egakcap<ehT.elfinoitinfiedega

the symbol values, and set the symbol properties. Each DEFPACKAGE_SYMBOL would generate a
.elfinoitinfiedegakcapehtniorcam_ytreporproorcam_eulav,orcam_enfied

MACRO package##_ DEFINITIONS (define_macro value_macro property_macro) {
)eman,xedni(orcam_enfied

value_macro (index, type, value)
)eulav,epyt,ytreporp,xedni(orcam_ytreporp

...
}

For example, the SYM package is defined with DEFPACKAGE. It’s symbols will be stored in the file,
-kcapMYSehtnislobmysforebmunlatotehtniatnoclliw,tnuoc_MYS,tnatsnocdemanehT.p.egakcap_mys

age. The case of each symbol is preserved. A symbol’s value may be updated. Zero is the starting index for
-xamehtnotimilonsiereht,yllaniF.xednis’lobmysehtnoenodsiro-evisulcnirotnemercnioN.egakcapeht

imum number of symbols allowed in this package.

DEFPACKAGE SYM <sym_package.p> count=SYM_count, case=sensitive, use_first=0,
0=xam,0=etalpmet,1=tnemercni,0=trats

Shown below, SYM is a macro defined to add a symbol name to the SYM package. expand_sym is the
.lobmysehtfoyrtneelbatlobmysehthtiwMYSfosecnerruccosecalperhcihwMYSroforcamrednapxe

SYM_symbols is an array of pointers to Symbol objects and is initialized with the symbol names found in the
.p.egakcap_myselfi

Symbol* SYM_symbols [SYM_count];

#define expand_sym (index, symbol, type, value) (SYM_symbols[index])

{)lobmys(MYSORCAM
DEFPACKAGE_SYMBOL(SYM, #symbol,,,, expand_sym)

}

COOL supports run-time type query by using the SYM package to store all class name which inherit from the
MYSehtotssalccireneGdeviredaddaotorcamMYSehtsesuLOOCniorcamfedssalcehT.ssalccireneG

package. An application uses SYM to access a symbol in the SYM package.
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;jbo*cireneG
obj->is_type_of (SYM(Error));

:otsdnapxe

Generic* obj;
obj->is_type_of (SYM_symbols[1]);

Each DEFPACKAGE_SYMBOL adds or updates a symbol table entry and optionally sets either the symbol’s
elfinoitinfiedegakcapehtotninettirwsiegakcapeht,tliubsielbatlobmysehtretfA.ytreporproeulav

specified in DEFPACKAGE. How this package file of symbols is loaded into the application depends on the
.detaercgniebegakcapfoepyt

Several macros in COOL simplify the process of creating, accessing and initializing a package at run-time.
aetaercYLNO_ECNOdnaEGAKCAP_TXET,EGAKCAP_LOBMYS,EGAKCAP_NOITAREMUNE

specific type of package, define macros which are used to add symbols to the package and update their values
.egakcapehtfonoitazilaitiniemit-nurehtenfieddna,seitreporpdna

Examples

(1) Assuming the SYM package was created with:

DEFPACKAGE SYM <SYM> name=sym_package.p, count=SYM_count, case=sensitive,
0=xam,0=etalpmet,1=tnemercni,0=trats

:egakcapMYSehtotlobmysaddaotdesusiMYSorcamehtdna

#define expand_SYM (index, symbol, type, value) (SYM_symbols[index])

{)lobmys(MYSORCAM
DEFPACKAGE_SYMBOL(name, #symbol,,,, expand_SYM)

}

In an application program:

SYM(Exception); SYM(Warning); SYM(Error); ... SYM(Random);

:otdnapxedluow

SYM_symbols[0]; SYM_symbols[1]; SYM_symbols[2]; ... SYM_symbols[35];

-kcapMYSehtrofelfip.egakcap_mysehtni)rossecorperpLOOCehtyb(dedulcniebdluowgniwollofehtdna
age:

#define SYM_count 36

MACRO SYM_DEFINITIONS (define_macro, value_macro, property_macro) {
)"noitpecxE",0(orcam_enfied

define_macro (1, "Warning")
)"rorrE",2(orcam_enfied

...
define_macro (35, "Random")

}

In COOL, the SYM package would be initialized with the symbols found in the sym_package.p file by using the
sesuegakcap_lobmys_tnemelpmi.margorpnoitacilppaehtniorcamegakcap_lobmys_tnemelpmi

SYM_DEFINITIONS to create an instance of Package for SYM.

)"p.egakcap_mys",MYS(egakcap_lobmys_tnemelpmi
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:htiwdetaercsawegakcapylnO_ecnOehtgnimussA)2(

DEFPACKAGE Once_Only <Once_Only> name=once_only.p, count=, case=sensitive,
0=xam,0=etalpmet,1=tnemercni,0=trats

:egakcapylnO_ecnOehtrofelfip.ylno_ecnoehtnidedulcniebdluowtahwswohsgniwollofeht

MACRO Once_Only_DEFINITIONS(define_macro, value_macro, property_macro) {
)troppuS_gnirtS,0(orcam_enfied

value_macro (0, char*, "vtbl.C")
...

define_macro (22, List_Support)
)"C.tsiL_esaB",*rahc,22(orcam_eulav

...
}

(3) The following shows how the ENUMERATION_PACKAGE macro is implemented using DEFPACKAGE
:LOBMYS_EGAKCAPFEDdna

MACRO enumeration_package (name, file, REST: options) {
snoitpoelfiemanEGAKCAPFED

#define expand_## name (index, symbol, type, value) index
)eman##_dnapxe,,,,lobmys,eman(LOBMYS_EGAKCAPFED)lobmys(emanenfied#

}

5. ENUMERATION_PACKAGE

ENUMERATION_PACKAGE is a simple interface to the DEFPACKAGE facility for creating and accessing
-refersilobmysanehW.eulavonevahslobmysnoitaremunE.slobmysemit-elipmoc,tnatsnocfoegakcapa

enced, its index is returned. Symbols in an enumeration package can be used anywhere a standard enum can be
noitacilppaehttuohguorhtdetcellocerayehtecnissmunenehtddaotreisaeeraslobmysnoitaremunE.desu

source base and maintained in a separate file.

:xatnysgniwollofehtsahdna]2[ORCAMLOOCasiEGAKCAP_NOITAREMUNE

ENUMERATION_PACKAGE (name, file, REST: options)

dnaEGAKCAPFEDotnodessaperatahtsretemaraperasnoitpodnaelfi,emanerehw
DEFPACKAGE_SYMBOL. The macro name(symbol) is automatically defined to add symbol to the name

.egakcapemannilobmysfoxedniehtnruterdnatsixetonseodtifiegakcap

Example

In the example below, the FONT package is created with ENUMERATION_PACKAGE. fg_13, fg_25 and
,22,51,1otdnapxe)31_gv(TNOFdna,)52_gf(TNOF,)31_gf(TNOF.egakcapsihtnislobmysera31_gv

respectively and are the 1st, 15th and 22nd element in the FONT package, respectively.

;)"h.egakcap_tnof",TNOF(EGAKCAP_NOITAREMUNE

if (f == FONT(fg_13) || f == FONT(fr_25)) do_fixed_width_font();
;)(tnof_htdiw_elbairav_od))31_gv(TNOF==f(fiesle

:otsdnapxe

if (f == 1 || f == 15) do_fixed_width_font();
;)(tnof_htdiw_elbairav_od)22==f(fiesle
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EGAKCAP_TXET.6

TEXT_PACKAGE is a simple interface to the DEFPACKAGE facility for creating and accessing a package
nanisegassemrorrella,elpmaxeroF.emanlobmysstisaemasehtsieulavtluafedesohwslobmysgniniatnoc

application could be implemented as text symbols and the symbol definition file for this text package would then
nispahrep(noisrevrehtonahtiwdetutitsbusebnactxetegassemehT.segassemehtllafoyrammusaniatnoc

another language) at run-time. The COOL error message facility [3] is implemented in this manner.
:xatnysgniwollofehtsahdnaORCAMhtiwdetnemelpmisiEGAKCAP_TXET

TEXT_PACKAGE (name, file, REST: options)

where name, file and options are parameters that are passed on to DEFPACKAGE and
emanehtmorflobmyseveirterdnaddaotdenfiedsi)lobmys(emanorcamehT.LOBMYS_EGAKCAPFED

package. If symbol has not already been added to the package, it is added and the char* value is returned. If
.denrutersieulav*rahcgnitsixeeht,egakcapehtnitneserpydaerlasilobmys

Example

In the following example, after creating the ERR_MSG package with TEXT_PACKAGE, the ERR_MSG
ehtfonoitalsnarttnerrucehtotsdnapxeGSM_RRE.slobmysegassemrorreeveirterdnaddaotdesusiorcam

error message in the ERR_MSG_entries table. This table is initialized at run-time with the compile-time error
.elfip.egakcap_rreehtnidnuofsgnirtsegassem

TEXT_PACKAGE (ERR_MSG, "err_package.p");
;)"d%ezisdilavnI:)(eziser::gnirtS"(GSM_RRE

:otsdnapxe

ERR_MSG_entries[37].value;

and is the 37th symbol and contains the default value of "String::resize(): Invalid size %d".

EGAKCAP_LOBMYS.7

SYMBOL_PACKAGE is a simple interface to the DEFPACKAGE facility for creating and accessing a pack-
sretnioperaegakcaplobmysaniseirtnE.emit-nurtadengissaebnacseulavesohwslobmyssniatnochcihwega

to Symbol objects. Symbols known at compile time are interned in their package at application startup time and
,defiicepstonfI.seitreporpfotesadnaeulavaevahyamslobmyS.emit-nurtadeddaeraslobmyslanoitidda

the value and properties are non-existent, that is, no space other than storage for a NULL pointer is allocated for
:xatnysgniwollofehtsahdna]2[ORCAMLOOCasiEGAKCAP_LOBMYS.elbatanimeht

SYMBOL_PACKAGE (name, file, REST: options)

dnaEGAKCAPFEDotnodessaperatahtsretemaraperasnoitpodnaelfi,emanerehw
DEFPACKAGE_SYMBOL. SYMBOL_PACKAGE creates a package and defines three macros for use in

lobmysseveirterrosdda)lobmys(emanorcamehT.egakcapsihtnislobmysgniveirterdna,gnitadpu,gnidda
from the name package. The macro DEF_name adds or updates the value of a symbol in the name package.

.egakcapemanehtnilobmysafoytreporpasetadpurosddaYTREPORP_eman_FEDorcamehT

Example

The SYM package could be created using SYMBOL_PACKAGE:

)"p.egakcap_mys",MYS(EGAKCAP_LOBMYS

and the following macros for accessing the SYM package would be defined:

)eman(MYS
Adds the specified symbol name to the SYM package, if not already defined. Returns a pointer to a

dnaegakcapMYSehtotoof,emanlobmysehtsdda)oof(MYS,elpmaxeroF.tcejbolobmyS
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.]73[slobmys_MYS&otsdnapxe

DEF_SYM (name, type, value)
Sets the specified symbol name in the SYM package with the specified value and type. For exam-

gnirtsehtotooflobmysfoeulavehtstes;))"!sgniteerG"(gnirtS,gnirtS,oof(MYS_FED,elp
"Greetings!".

DEF_SYM_PROPERTY (name, property, type, value)
Sets the named property of the symbol name in the SYM package with the specified type and value.

-eulavehtstes;))gnirtS(MYS,lobmyS,epyt-eulav,oof(YTREPORP_MYS_FED,elpmaxeroF
type property of symbol foo to the symbol String.

YLNO_ECNO.8

ONCE_ONLY provides a simple interface to the DEFPACKAGE facility to allow an application to control the
larevesnidecnerefersielbatronoitcnufaerehwnoitacilppananilufesusisihT.edocfonoitcesafognissecorp

source files and needs to be defined the first time it is referenced. ONCE_ONLY is a COOL MACRO [2] and
:xatnysgniwollofehtsah

ONCE_ONLY (symbol) { body }

where symbol is the name of a symbol and body is the body of code to insert in the source only once. symbol is
laitinistidnaegakcapYLNO_ECNOehtotdeddasilobmys.ecnoylnodelipmocsiydobtahterusneotdesu

value is the file name where symbol was first defined. When symbol is encountered and its current value is the
edocehtneht,elfitnereffidanidnuofsilobmysfI.delipmocsiedocfoydobehtneht,elfitnerrucehtsaemas

is not inserted into the source stream.

elpmaxE

The AUTO_DECLARE macro defined below insures that IMPLEMENT is called only once in an application
dedulcniebdluowdnaTNEMELPMIdnaERALCEDfodaetsnidesuebdluowtI.epytdeziretemarapagnisu

in every source file that references the parameterized type.

{)epyt,ssalc(ERALCED_OTUAORCAM
DECLARE class<type>;

{)epyt##_ssalc##_tnemelpmI(YLNO_ECNO
IMPLEMENT class<type>;

}
}

AUTO_DECLARE (List, int);
;1tsil>tni<tsiL

9. Status of COOL

Texas Instruments has been using the symbolic computing capability in COOL for the last year. Applications
ssalcdevired-cireneGfoyreuqepytdnagnikcehcepytemit-nurdna,segakcap,slobmysLOOCdezilituevah

objects. In addition, the COOL exception handling facility [3] takes advantage of the run-time type checking of
.stcejbonoitpecxe

COOL is currently up and running on a Sun SPARCstation 1 (TM) running SunOS (TM) 4.x, a TI System 1500
,1.12/SOgninnur07ledom)MT(2/SPa,3.2XINEXOCSgninnur07ledom2/SPa,VmetsySITgninnur

__________________
SunOS and SPARCstation 1 are trademarks of Sun Microsystems, Inc.

.noitaroproCtfosorciMfokramedartderetsigerasiXINEX
PS/2 is a trademark of International Business Machines Corporation.
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noisrev)tnorfc(rotalsnart++CT&TAehtezilitustropSPIMdnaCRAPSehT.0.4so/CSIRgninnurSPIMadna
2.0 and the XENIX and OS/2 ports utilize the Glockenspiel translator with the Microsoft C compiler.
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