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

ized types, symbolic computing and exception handling are significant features of COOL
eraserutaefesehT.remmargorpehtotelbaliavaseitilibapactnempolevedehtevorpmihcihw

implemented in COOL with a sophisticated C++ macro facility. This paper describes the
dna,tinoputliubsisetalpmetdeziretemaraproftroppuswohsessucsid,ytilicaforcamLOOC

provides details of two programmer interfaces (both implemented) for easy use of parameter-
.smargorpnoitacilppanisetalpmetdezi

noitcudortnI.1

The Texas Instruments C++ Object-Oriented Library (COOL) is a system-independent software platform consist-
otdengisedsitI.snoitacilppaxelpmocgnitirwsremmargorp++Cybesurofsorcamdnasetalpmet,sessalcfogni

raise the level of abstraction for the programmer in order to facilitate concentration on the problem domain, not
dna,gnitupmoccilobmys,setalpmetdeziretemaraP.sessalcdna,sorcam,serutcurtsatadcisabgnitnemelpmino

exception handling are significant features of COOL that substantially improve the development capabilities
larevesssorcarennamtnednepedni-enihcamdna-relipmocaniseitilicafesehtedivorpotdehsiweW.elbaliava

hardware platforms. We examined the macro language found in standard C-preprocessors and determined that it
wollaotytilicaforcamLOOCehtdepolevedew,tluserasA.serutaefesehtgnitnemelpmiroftneicffiusnisaw

the programmer to define powerful extensions to the C++ language in a seamless and unobtrusive manner. This
-orperpehtotedamsnoitacfiidomehT.]1[rossecorperpCaotnoisnetxenasadetnemelpmisiytilicaforcam

cessor are both portable and compiler independent. This paper describes this enhanced macro facility, discusses
-elpmihtob(secafretniremmargorpowtfosliatedsedivorpdna,tinoputliubsisetalpmetdeziretemarapwoh

mented) for easy use of parameterized templates. For an overview of COOL see the paper, COOL - A C++
.]3[launaMs’resULOOC,tnemucodecnereferehtees,sliatedetelpmocroF.]2[yrarbiLdetneirO-tcejbO

2. The COOL Preprocessor and the defmacro Keyword

-orpetarapesowtotnisnoitcnufrelipmocdnarossecorperpehtetarapessnoitatnemelpmiegaugnal++CynaM
grams. Others combine the preprocessor and compiler into one step. Since we needed a portable utility to
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massage C++ source code that works under both scenarios and executes after include files and standard prepro-
ayfidomotdedicedew,gnisrapsnigebflestirelipmoc++Cehterofebtub,dednapxeneebevahsevitceridrossec

C-preprocessor to support the COOL C++ language extensions. Thus, the COOL preprocessor is derived from
s’resUCEDehtybelbaliavaedam)rossecorperpCSUCEDeht(rossecorperp-Cniamodcilbupanopudesabdna

group and supplied on the X11R3 source tape from MIT. It has been modified to comply with the draft ANSI C
.detroppustonerasecneuqeshpargirttahtnoitpecxeehthtiwnoitacfiiceps

The draft-proposed ANSI C standard indicates that extensions and changes to the language or features imple-
rossecorperpLOOCehT.drowyekamgarp#ehtgnisuybedamebdluohsrelipmocrorossecorperpanidetnem

recognizes a #pragma defmacro declaration and is the single hook through which features such as the class
-yekorcamfedehT.detnemelpmineebevahstnemecnahnecihpromylopdna,setalpmetdeziretemarap,orcam

word provides a way to define and execute arbitrary filter programs or macro expanders on C++ code fragments.
:sinoitaralcedorcamfedehtfoxatnysehT

#pragma defmacro name "program" options
snoitpo>margorp<emanorcamfedamgarp#

where name is the name of the macro, program is either the name of an executable file or the name of an inter-
-lofehtfonoitanibmocynaerasnoitpodna,noisnapxeorcamehtstnemelpmihcihwnoitcnufrossecorperplan

lowing optional parameters:

recursive - the macro may be recursively expanded.
.dednapxesiorcamehtottupnieht-gnidnapxe

delimiter= x - the default delimiter (semi-colon) is replaced with x.

yrassecenehtsedivorpsihT.margorpdemanrednapxeorcamehtotstnemugrasadessaperasnoitponwonknU
handle through which COOL functions and language extensions can be identified. For example, the MACRO

:htiwelfiredaehlevel-potanidenfiederasdrowyeketalpmetdna

#pragma defmacro MACRO "macro" delimiter=} recursive
}=retimiled"etalpmet"etalpmetorcamfedamgarp#

The implementation of the macro expander program may be either external or internal to the preprocessor. Fun-
fonosaerelosehtrofrossecorperpLOOCehtotlanretnidetnemelpmierasrednapxe-orcamLOOClatnemad

providing a more efficient execution profile to reduce compile time for the application programmer. When the
demanelfielbatucexenaroftsrfisehcraesti,edocecruosehtninoitaralcedorcamfedasretnuocnerossecorperp

program on the same search path as that used for include files. If a match is not found, it then searches for pro-
tahtgnitacidnidetropersirorrena,dnuoftonllitssihctamafI.elbatnoitcnufrossecorperplanretninanimarg

the macro expander could not be found. This search order allows an internal preprocessor definition to be over-
.enolanretxenaybneddir

When a defmacro name is successfully recognized, the name and all following characters upto and including the
ehtgnoladnuofstnemmocdna’’""><)(][}{fosleveldetsendnagnihctamllagnidulcni(retcarahcretimiled

way) are piped into the standard input of the macro expander program. The expander program performs what-
-tuodradnatsehtotnokcabdepipsimaertsretcarahcdegassamgnitluserehtdnaetairporppasi)s(noitcnufreve

put of the macro expander. This output stream is scanned as new input by the preprocessor for any further pro-
tuptuorossecorperpehthtiwdecalpersielfiecruosehtnitxetlanigiroehT.yrassecenebthgimtahtgnissec

before being sent onto the C++ compiler. The expansion replacing a defmacro name in the source code is C++
.]4[relipmocrorotalsnart++Cgnimrofnocynaotelbatpeccaxatnys0.2

3. The MACRO Keyword

The COOL MACRO keyword provides a powerful and flexible macro capability used to implement and sim-
)esacreppulla(ORCAMdemanorcamfedA.yrarbilehtnideniatnocsnoitcnufdnaserutaefehtfoynamyfilp

provides an enhanced #define macro that supports multi-line, arbitrary length, nested macros and cpp-directives
-lofehtsahORCAM.stnemugraydobdna,tser,drowyekderiuqer,drowyeklanoitpo,lanoitpo,lanoitisophtiw

lowing syntax:
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}ydob{)tsilmrap(emanORCAM
parmlist := [KEY: | REST: | BODY:] identifier [= identifier] [, parmlist]

ehtsiydobdna,sammocybdetarapessretemarapfotsilasitsilmrap,orcamehtfoemanehtsiemanerehw
code which replaces the MACRO reference. The parmlist specification allows positional, keyword, rest, and

deriuqerebyamsretemarapdrowyekdnalanoitisopehT.remmargorpehtybdefiitnediebotsretemarapydob
or optional. Optional parameters are supported by use of an equal sign followed by an identifier that specifies

.senolanoitisopderiuqerehtfollawolloftsumsretemaraplanoitisoplanoitpoehtllA.eulavtluafedeht

When KEY: is specified in the parmlist, all parameters which follow are keyword parameters. Keyword param-
-pusybtsiltnemugrananieulavadedivorpsiretemarapdrowyekA.sretemaraptnednepedni-noitisoperasrete

plying the keyword name followed by an equal sign and the argument value. REST: in the parmlist indicates
naybdewollofngislauqelanoitponA.refiitnedidemanenoybdecnerefererasretemarapgniniamerehttaht

identifier sets the identifier after the equal sign to the number of arguments remaining. Finally, BODY: in the
secarbehtnihtiwedocecruosehtllaedulcniotdednapxesiswollofhcihwretemarapehttahtsetacidnitsilmrap

after the MACRO call. This is useful for passing a source code fragment onto other nested MACROs. Exam-
.wolebnevigerastnemugrafosepyteerhtesehtfoselp

3.1. MACRO Examples

The following examples show some of the power and flexibility of MACRO. This first example uses both posi-
.sretemarapdrowyekdnasretemaraplanoit

MACRO set_val (size, value=NULL, KEY: low=0, high) {
))wol-hgih(,wol,eulav,ezis(tini

}

set_val has three parameters: size is a required positional parameter, value is an optional positional parameter
htiwretemarapdrowyeklanoitponasiwol,LLUNfoeulavtluafedasahllacralucitrapanidefiicepstonfitaht

a default value of 0, and high is a required keyword parameter. In this example, the expansion calls the func-
.lav_tesfosnoisnapxelarevesswohsgniwollofehT.stnemugraruofhtiwtininoit

set_val (0, high=20) ----> init (0, NULL, 0, (20-0))
))5-51(,5,LLUN,0(tini>----)51=hgih,5=wol,0(lav_tes

set_val (1, 2, high=25) ----> init (1, 2, 0, (25-0))

sllacelbat_dliub:denfiedsORCAMowteraerehttahtetoN.retemarap:TSERehtsesuelpmaxetxenehT
build_table_internal to do most of the work.

{)tser:TSER,eman(elbat_dliubORCAM
char* name[] = { build_table_internal(rest) NULL}

}

MACRO build_table_internal (first, REST: rest=count) {
,tsrfi#

#if count
build_table_internal (rest)

fidne#
}

build_table has two parameters: name is the name of the table of char*’s and rest refers to all the remaining
deddebmesillacsihttahtetoN.tnemugratserstignissaplanretni_elbat_dliubsllacelbat_dliub.stnemugra

within the initialization braces of the table and is followed by a NULL. In build_table_internal, first is set to
erastnemugratnuocgniniamerehtdna,llacorcamgnikovniehtnitsiltnemugratserehtfotnemugratsrfieht

left in rest. build_table_internal uses the ANSI # character on first to double quote the value. A conditional
ylevisrucerdellacsiorcameht,orez-nonsitnuocfI.stnemugragniniamereraerehtfieesottnuocstsetesualc

with the remaining arguments. When there are no more arguments, build_table regains control and appends the
.lanretni_elbat_dliubfotluserehtotecarbgnisolcdnaretcarahcLLUN
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-niatnocelbatdetanimret-LLUNafonoitcurtsnocehtetartsulliotwolebnwohssielbat_dliubfoesuelpmasA
ing character strings. The first line shows the macro call and the second shows the resulting expansion.

;)7,6,5,4,3,2,1,elbat(elbat_dliub

:otsdnapxe

char* table[] = {"1", "2", "3", "4", "5", "6", "7", NULL};

nidnuoferutaefnoitisoptnerrucehtfoegatnavdasekatosladnaretemarap:YDOBehtsesuelpmaxetsalsihT
the COOL container classes [2]. This is used to implement a general purpose loop macro similar to that found in

.]5[PSILnommoC

MACRO LOOP (type, identifier, object, BODY: body) {
;refiitnediepyt{

for ( object.reset(); object.next(); ) {
;)(eulav.tcejbo=refiitnedi

body
}

}
}

LOOP has four parameters: type is the type of each element in a container class (such as, int), identifier is the
siydobdna,ecnatsnissalcreniatnocafoemanehtsitcejbo,epytnevigehtfoderalcedebotelbairavafoeman

the body of code to apply on each element in the container object. A specific example for the parameterized
.wolebnwohssissalc>tni<tsiL

extern List<int> list1;
};1rav<<tuoc{)1tsil,1rav,tni(POOL

:otsdnapxe

extern List<int> list1;
;1ravtni{

for ( list1.reset(); list1.next(); ) {
;)(eulav.1tsil=1rav

cout << var1;
}

}

In this example, list1 is an instance of List<int> which is a container class representing a list of integers.
elbairavregetniyraropmetaothcaegningissa,stnemeleehthguorhtsetaretidnatcejbotsilsihtsekatPOOL

var1 and printing its value. The net result will print all elements in the list.

setalpmeTdeziretemaraPLOOC.4

One of the main uses of the COOL macro facility is the implementation of template, DECLARE and IMPLE-
ybdefiicepssatahtsirammargetalpmetehtfoxatnysehT.setalpmetdeziretemarapgnitroppusrofTNEM

Stroustrup in his paper, Parameterized Types for C++ [6]. COOL fully implements this functionality such that
++Cehtnidetnemelpmiyllanfisierutaefsihtnehwyrassecennoisrevnocedocecruoslaminimeblliwereht

language. COOL provides templates for a number of parameterized classes (such as, Range and Iterator) and
s’resULOOCnidebircsederahcihw)elbaT_hsaHdnaeerT_yraniB,tsiL,rotceV,sahcus(sessalcreniatnoc

Guide [3].

4.1. The template Keyword

The template keyword provides a mechanism for defining parameterized classes. A parameterized class is a
tadefiicepssitcejbodeniatnocehtfoepytehterehwssalcreniatnocasiesulacipytA.ssalctnednepedni-epyt

compile-time. For example, vectors can be declared to hold a specific type of element, such as, a vector of
.>epyt<rotceV,ssalcdeziretemarapelgnisamorf,selbuodforotcevarosregetni
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yamtrapevitaralcedehT.ssalcafotrapnoitatnemelpmiehtdnatrapevitaralcedehtotnidedividsietalpmetA
occur many times in an application and is analogous to including a header file for a class which contains the

sniatnoctahtelfiehtotsuogolanasitrapnoitatnemelpmiehT.snoitcnufrebmemenilnistidnanoitinfiedssalc
the source code implementing the member and friend functions of the class. COOL provides four variations of

:strapowtesehtrofetalpmet

template <class type [, parms]> class name<type> { class_description };
.ssalcemanehtfotrapevitaralcedehtrofetalpmetssalcehtsenfieD

template <class type [, parms]> inline result name<type>::function { ... };
.ssalcemanehtfotrapevitaralcedehtrofnoitcnufrebmemenilninasenfieD

template <class type [, parms]> result name<type>::function { ... };
.ssalcemanehtfotrapnoitatnemelpmiehtrofnoitcnufrebmemasenfieD

template <class type [, parms]> name { anything };
.ssalcemanehtrofetalpmetahtiwdetaicossaeslegnihtynasenfieD

This last form is used to define such things as typedefs or friend functions of a parameterized class. When this
simrofsihtnehW.noitinfiedssalcehterofebdednapxeerastnetnoceht,etalpmetssalcehterofebdnuofsimrof

found after the class template, the contents are expanded as part of the class implementation. Note that this
dnuofewgnihtemossiti,rehtaR.]6[purtsuortSybdebircsedxatnysepytdeziretemarapehtfotraptonsimrof

lacking in the original proposal and found very useful in several COOL container classes for defining predicate
detsenfosnoitaralcedcitamotuaedivorpotsimrofsihtfoesurehtonA.0.2++Crednussalcehtrofsepyt

parameterized classes, that is, to declare a parameterized class for a class template which is itself derived from
.etalpmetssalcdeziretemaraprehtona

Each variation of template allows additional optional parameters with the following syntax:

]smrap,[]eulav=[emanepyt=::smrap

where type is the type of the parameter, (such as, class or int); name is the name of the parameter that is substi-
.emanretemarapfoeulavtluafedehtsieulavdna;dednapxesietalpmetnehwdetut

The following is an example of template for the class, Vector<type>.

snoitcnufetaciderp//{rotceV>epyTssalc<etalpmet
typedef int (*Vector_## Type##_ Predicate) (const Type&, const Type&);

;)&epyTtsnoc,&epyTtsnoc()erapmoC_##epyT##_rotceV*(naelooBfedepyt
;}

template <class Type> class Vector<Type> { // Parameterized Vector class
:etavirp

Type* v; // Vector of pointer to Type
tnuoctnemelE//;stnemele_muntni

int size; // Size of vector object
:cilbup

Vector<Type> (); // Empty constructor
ezishtiwrotcurtsnoC//;)tni(>epyT<rotceV

Vector<Type> (const Vector<Type>&); // Constructor with reference
rotcurtseD//;)(>epyT<rotceV∼

inline Type& operator[](int n); // Operator[] overload for Type

...snoitcnufrebmemrehto...//...
;}
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][rotarepodaolrevO//>epyTssalc<etalpmet
inline Type& Vector<Type>::operator[] (int n) {

;]n[v>-sihtnruter
}

template <class Type> // Constructor with size
{)ntni(>epyT<rotceV::>epyT<rotceV

this->v = new Type[n];
;n=ezis>-siht

this->num_elements = 0;
}

... // ... other member functions ...

TNEMELPMIdnaERALCED:ecafretnIremmargorPlaitinInA.2.4

As stated earlier, a template for a parameterized class is divided into a declarative part and an implementation
afosecnatsnisetaercremmargorpeht,troppusetalpmetdeziretemarapgnitnemelpmitatpmettatsrfiruonI.trap

parameterized class using DECLARE to expand the declarative part and IMPLEMENT to expand the imple-
ehtsetarenegTNEMELPMIdnaepytcfiicepsarofssalcdeziretemarapehtsenfiedERALCED.trapnoitatnem

member functions supporting this type-specific class. DECLARE must be used in every file that includes or
epythcaerofnoitacilppaehtniecnoylnodesuebtsumTNEMELPMI.ssalcdeziretemarapehtfoesusekam

over which the class is parameterized; otherwise the linker will generate errors about multiple versions of the
:desuebdluowgniwollofeht,selbuodforotcevaetaercot,elpmaxeroF.snoitcnufrebmememas

#include <Vector.h>
;>elbuod<rotceVERALCED

IMPLEMENT Vector<double>;
;)03(sv>elbuod<rotceV

DECLARE expands to code which defines a vector class of doubles and its associated inline member functions.
nidednapxednadetarenegebotsnoitcnufrebmemdetaicossastihtiwnoitinfiedssalcasesuacTNEMELPMI

the file. When compiled, this causes the class Vector_double to be declared and defined. One drawback of the
dnadetarenegsisnoitcnufrebmemstillahtiwssalceritneehttahttcafehtsi,revewoh,TNEMELPMIfoesu

linked into the program image, even if the programmer only requires the use of two or three member functions.
-unitnoC.wolebdessucsid)CCC(margorPlortnoC++CLOOCehtfoesuehtybdediovaebnacmelborpsihT

ing with the example above, the template for the Vector<type> class for doubles would expand to the following
:edoc

// predicate functions
;)&elbuodtsnoc,&elbuodtsnoc()etaciderP_elbuod_rotceV*(tnifedepyt

typedef Boolean (*Vector_double_Compare) (const double&, const double&);

ssalcrotceVdeziretemaraP//{elbuod_rotceVssalc
private:

double* v; // Vector of pointer to double
tnuoctnemelE//;stnemele_muntni

int size; // Size of vector object
:cilbup

Vector_double (); // Empty constructor
ezishtiwrotcurtsnoC//;)tni(elbuod_rotceV

Vector_double (const Vector_double&); // Constructor with reference
rotcurtseD//;)(elbuod_rotceV∼

inline double& operator[](int n); // Operator[] overload for double
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...snoitcnufrebmemrehto...//...
;}

// Overload operator []
{)ntni(][rotarepo::elbuod_rotceV&elbuodenilni

return this->v[n];
}

// Constructor with size
{)ntni(elbuod_rotceV::elbuod_rotceV

this->v = new double[n];
;n=ezis>-siht

this->num_elements = 0;
}

... // ... other member functions ...

;)03(svelbuod_rotceV

Declarations of nested parameterized types and the use of non-type arguments in a template definition are also
-iddanI.>>tni<rotceV<rotceVhtiwstnifosrotcevforotcevaeralcedotelbissopsiti,elpmaxeroF.detroppus

tion, a class template derived from another class template is supported, that is, a type parameter in one template
>2T,1T<noitaicossALOOCeht,elpmaxeroF.epyttahtfoetalpmetssalcrehtonaeralcedotdesuebnacssalc

class is a parameterized container class that takes two type arguments, T1 and T2. The header file for this class
.setalpmetgniwollofehtsah

template <class T1, T2> Association {
DECLARE Pair<T1, T2>; // Declare Pair object type

sriaPforotceVeralceD//;>>2T,1T<riaP<rotceVERALCED
}

... // ...
erehnoitinfiedssalc>2T,1T<noitaicossA//

template <class T1, T2> Association {
;>2T,1T<riaPTNEMELPMI

IMPLEMENT Vector<Pair<T1, T2>>;
}

By using template in this manner, DECLARE for the Association<T1,T2> class invokes DECLARE on the
ehtrofTNEMELPMI,esiwekiL.sessalc>epyT<rotceVdna>2T,1T<riaPehtrofsepyttcerroc

Association<T1,T2> class invokes IMPLEMENT for the Pair<T1,T2> and Vector<Type> classes.

sietalpmetanehwdesuebotsenilediugedivorpotdesuerasretemarapetalpmetsastnemugraepyt-noN
expanded. For example, the N_Tree<Node,Type,nchild> class in COOL takes as arguments a node type (either

ehtsefiicepstahttnemugranadna,dlohlliwedonhcaeepyt-eulavehtgniyficepsepyta,)cimanydrocitats
number of initial subtrees (or children) each node is to have. The node argument is itself the name of a

ehtnopudesabdetarenegyllacitamotuasinoitinfiedetalpmetdeziretemarapdetsenadnassalcdeziretemarap
supplied type and number arguments. As such, a single template can be used to generate several different classes

.serutaefdnasroivahebtnereffidhtiw
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)CCC(margorPlortnoC++CLOOC:ecafretnIremmargorPdesiveRA.3.4

The DECLARE and IMPLEMENT macros discussed above were the first programmer interface implemented
dahmsinahcemnoisnapxeorcamsihttaht,revewoh,derevocsidnooseW.troppusetalpmetdeziretemaraprof

two serious problems. First, the type over which a class was parameterized would have to support all operators
larevessahssalc>epyT<tsiLLOOCeht,elpmaxeroF.dedeenroelbacilppatonfineve,etalpmetehtnidesu

member functions that use operator<. However, if what the programmer needs is a list of window objects and
gnidneffoehtmorfsrorreemit-elipmoc,<rotarepoeriuqertahtsnoitcnufrebmem>epyT<tsiLesurevetonseod

functions that got macro-expanded are nevertheless generated. Second, with the simplistic linkers available on
elbatucexeehtotnideknilsnoitcnufrebmemesehtfollastegnoitacilppana,yadotsmetsysgnitarepoynam

image. Typically, an application uses only a small percentage of the member functions of a parameterized class.
-eriuqeryromemdnaezismargorpgnisaercni,daehrevosselesuerasnoitcnufrebmemdesunugniniamerehT

ments.

A revised programmer interface for parameterized templates was implemented to resolve these problems and
relipmoc/rossecorperpehtdnaresuehtneewtebecafretniniamehtsadesuebotmargorpwenadnuorasretnec

in a make file. This program, the COOL C++ Control program (CCC), augments the standard CC script. For
CCgniylrednuehtothguorhtthgiartsdessaperastnemugraenildnammocdnasnoitporesu,snoitarepotsom

program. However, when the -X option is specified, the CCC program goes to work in the following manner.
stnawremmargorpehttahtetacidniotenildnammocehtnodesusi">raB<ooF"X-,detseggus]6[purtsuortSsA

to parameterize class Foo<Type> over some type Bar. Additional options for include file search path and a
ssalcgnitnemelpmi)s(elfiredaehehtsdnfiCCC.wolebdebircsedsaderiuqereraevihcrayrarbildenfied-resu

Foo and type Bar, then proceeds to define that type for the compiler. It then fractures the implementation of
,elfiecruosetarapesaninoitcnufrebmemenilni-nonhcaegnicalp,seiradnuobetalpmetgnolaepytwensiht

compiling it, and putting the resulting object file in a user-specified library archive. If a particular operator is
-moca,)evoba<rotarepofoelpmaxeehthtiwsa(deziretemarapsissalcehthcihwrevoepytehtrofdenfiedton

pile time error for that one file is generated. However, the remaining member functions, one in each fractured
.yrarbilresuehtotdeddadnadelipmocllitsera,etalpmet

For each parameterized class in an application, CCC fractures the parameterized class definition along template
otnidelipmocebotssalcdeziretemarapehtfonoitcnufrebmemagniyficepsetalpmethcaegnisuac,seiradnuob

a separate object file. These separate object files are then added to an application-specific object library. Since
nidesuyllautcasnoitcnufrebmemesohtylno,yrarbilehtnieludomtcejbonwostinisinoitcnufrebmemhcae

the application are linked into the final executable image. To use CCC, the programmer specifies a library
-ugraenildnammocsasessalcdeziretemarapcfiicepsdna,setalpmetgniniatnocselfiredaeheromroeno,eman

ments to CCC. Other arguments are passed on unchanged to the C++ compiler and system linker. A single
.htobtontub,elfiecruos++CaelipmocroepytssalcdeziretemarapassecorprehtienacCCCfonoitacovni

For example,

CCC -lapp -c List.h String.h -X "List<String>"

expands the template for a list of strings. The resulting object files from the fractured parameterized List<Type>
tondluohstitahtetacidniotrelipmocehtotdessapsinoitpoc-ehT.a.ppabil,yrarbilehtniderotserassalc

continue with the link phase. The library archive libapp.a is added to the list of libraries specified in the make
.petsknilehtgniruddehcraesebotelfi

The net result is a library archive containing object files, each implementing one member function for the
sorcamehtfoesuehthtiwevobadefiitnedismelborpowtehtsevlosssecorpsihT.epytdnassalcdeziretemarap

DECLARE and IMPLEMENT. First, operators not defined for a type cause compile-time errors on that one
ruccoylnolliwsrorreelipmoc,yrarbilanidedivorpdnadetnemelpmineebsahssalcdeziretemarapaecnO.elfi

when a type is selected that does not have all operators implemented. The user of the class will see these, and if
,dnoceS.ssalcepytehtotrotarepoyrassecentahtddanaceh/s,deriuqersinoitseuqninoitcnufrebmemeht

only member functions actually used in an application are linked into the final executable image.
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CCCotstnemevorpmIerutuF.4.4

CCC essentially provides a more sophisticated version of the IMPLEMENT macro discussed above. However,
-nocrednunoitpoenO.selfietairporppaehtniorcamERALCEDehtecalpotderiuqerllitssiremmargorpeht

sideration to resolve this problem is the use of a command line switch similar to the +e0/+e1 switchs on the
epytehteralcedotdesuebdluownoitpo0e+ehtfotnelaviuqeeht,oiranecssihtrednU.rotalsnarttnorfcT&TA

for a parameterized class and generate the inline member functions (as the DECLARE macro does) but not to
enononoitpo1e+ehtfotnelaviuqeehtesudluowremmargorpehT.snoitcnufrebmemgniniamerehtetareneg

source file to cause the remaining non-inline member functions to be generated and placed in a library archive.

dluohsremmargorpA.sessalcdeziretemarapdetsenfonoitacfiicepsehtsnrecnocCCChtiwmelborpdnocesA
be able to use -X"Vector<List<int>>" on the command line to specify creation of nested parameterized classes.

ebdluohsresrapenildnammocdetacitsihposeromA.yletairporppaesacsihteldnahtonseodCCC,yltnerruC
able to recognize and implement nested types before trying to expand the outer most parameterized class.

noisulcnoC.5

The COOL macro facility provides a mechanism to implement significant language features and extensions for
nanidetnemelpmisiytilicaforcamehT.snoitatnemelpmiegaugnaltnerruchtiwelbaliavanuerataht++C

enhanced preprocessor that is both efficient and portable, thus allowing for delivery of enhanced language
.ytilanoitcnufsetalpmetdeziretemarapehtfotraehehttasinoisnetxeorcamsihT.smroftalpynamnoserutaef

CCC is used in place of the normal procedure for controlling the compilation process. It provides all of the
deziretemarapdnarossecorperpLOOCehtroftroppuslanoitiddahtiwmargorpCClanigiroehtfoytilanoitcnuf

type expansion. Finally, the preprocessor provides an ideal mechanism for quickly prototyping and testing addi-
.relipmocafonoitacfiidomrootsseccagniriuqertuohtiwxatnysdnasnoitcnufegaugnallanoit

6. Status of COOL

Texas Instruments has been using the enhanced macro facility and the implementation of parameterized tem-
yllufsseccusneebevahsmargorpdnasessalcynaM.raeytsalehtrofstcejorplarevesnoyllanretnisetalp

designed and implemented, taking full advantage of the power of parameterized templates and the enhanced
deziretemarapcisabynamgniylppusyrarbilssalcafoesuehttahtdnuofevahew,ralucitrapnI.ytilicaforcam

container classes significantly increases the productivity of the programmer, enabling applications to be proto-
nuSanogninnurdnapuyltnerrucsiLOOC.elbissopebesiwrehtothgimnahtdoirepemitretrohsanidepyt

SPARCstation 1 (TM) running SunOS (TM) 4.x, a PS/2 (TM) model 70 running SCO XENIX 2.3, a PS/2
T&TAehtezilitustropSPIMdnaCRAPSehT.0.4so/CSIRgninnurSPIMadna,2.12/SOgninnur07ledom

C++ translator (cfront) version 2.1 and the XENIX and OS/2 ports utilize the Glockenspiel translator 2.0a with
.relipmoc0.6CtfosorciMeht

The COOL preprocessor source code is available in compressed tar(1) format in the file /pub/cpp.tar.Z via
otnoitutitsnirolaudividniynaotdetnargsinoissimreP.)141.951.742.821(MOC.IT.CSCmorfPTFsuomynona

use, copy, modify, and distribute this software, provided that all copyright statements and permission notices are
sihtsedivorpdetaroprocnIstnemurtsnIsaxeT.noitatnemucodgnitroppusdnaseipocllani,tcatni,deniatniam

software "as is" without express or implied warranty.

secnerefeR.7
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