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noitcudortnI.1

The C++ Object-Oriented Library (COOL) is a collection of classes, templates, and macros for use by C++ pro-
noetartnecnocotremmargorpehtrofnoitcartsbafolevelehtsesiartI.snoitacilppaxelpmocgnitirwsremmarg

the problem domain, not on implementing base data structures, macros, and classes. In addition, COOL also pro-
setaluspacneLOOCecnis,tliuberasnoitacilppahcihwfopotnomroftalperawtfostnednepednimetsysasediv

such system specific functionality as date/time and exception handling. This paper discusses the following
:serutaefLOOC

• Preprocessor and macros
setalpmetdeziretemaraP•

• Symbols and Packages
tnemeganamcihpromyloP•

• Exception handling
snoitnevnocdnaelytsgnidoC•

• Class hierarchy and overview

COOL is the first piece of what is expected to be an ever changing and growing C++ class library. As such,
defiidomrowenfonoitargetnisselmaesdnaelbitapmoceveihcaotredroniyrasseceneblliwstniartsnocemos

features. This paper outlines the major technologies and conventions that can be used and followed to allow this
,erutcurts,noitazinagrosti,yrarbilLOOCehtgnidnatsrednunidianasadesuebdluohsrepapsihT.neppahot

and layout. It assumes the reader to have a working knowledge of C++[1]. For more detailed information and
.]2[launams’resULOOCehtfo)s(noitcesetairporppaehtotderrefersiredaereht,cipothcaenoselpmaxe

2. Preprocessor and Macros

The COOL macro facility is an extension to the standard ANSI C macro preprocessing functions available with
-orpaswollatahtrossecorperpCISNAgnizinekotdefiidomasirossecorperpLOOCehT.tnemetatsenfied#eht

grammer to define powerful extensions to the C++ language in an unobtrusive manner. This enhanced preproces-
++Cnosrednapxeorcamrosmargorpretlfiyrartibraetucexenacdnatnednepednirelipmocdnaelbatropsiros

code fragments. Macros such as those that support parameterized templates are implementations of theoretical
decnahnednaserutaefegaugnaltnacfiingisedivorpsrehtO.]3[purtsuortSenrajBybdehsilbupsrepapngised

power for the programmer heretofore unavailable with conventional C++ implementations. It is important to
otelbatpeccaxatnys0.2++Clanoitnevnocsiedocgnitlusereht,dednapxesiorcamaecnotaht,revewoh,eton

any conforming C++ translator or compiler[4].
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gnitupmocdnaegaugnalllahcihwtatniopehtsidnayrarbilehtfotrapsadeilppussirossecorperpLOOCehT
enhancements available in COOL are implemented. The proposed draft ANSI C standard indicates that exten-

ybedamebdluohsrelipmoc/rossecorperpanidetnemelpmiserutaefro/dnaegaugnalehtotsegnahcdnasnois
using the #pragma statement. The COOL preprocessor follows this recommendation and uses this as the means

hcihwhguorhtkoohelgnisehtsitnemetatsorcamfedamgarp#ehT.edamerasnoisnetxeorcamllahcihwyb
features such as the class macro, parameterized templates, and polymorphic enhancements have been imple-

.detnem

The COOL preprocessor is derived from and based upon the DECUS ANSI C preprocessor made available by
htiwseilpmoctI.TIMmorfepatecruos3R11Xehtnodeilppusdnaniamodcilbupehtnipuorgs’resUCEDeht

the draft ANSI C specification with the exception that trigraph sequences are not implemented. In addition to
otsnoitpoenildnammocwenlarevessahrossecorperpeht,evobadessucsidgnissecorporcamLOOCroftroppus

support C++ comments and includes file debugging aids.

The #pragma defmacro statement is implemented in the COOL C/C++ preprocessor and is the single hook
evahstnemecnahnecihpromylopdna,setalpmetdeziretemarap,orcamssalcehtsahcusserutaefhcihwhguorht

been implemented. The defmacro facility provides a way to execute arbitrary filter programs on C++ code frag-
gnihtyrevednaemaneht,dnuofsiemanorcamelytsorcamfedanehW.rossecorperpehthguorhtgnissapstnem

until the delimiter (including all matching {} [] () <> #" ‘’ and comments found along the way) is piped onto
situptuodradnatss’erudecorpehT.erudecorpretlfiromargorpdetacidniehtfomaertstupnidradnatseht

scanned by the preprocessor for further processing. The expansion replaces the macro call and is passed onto the
.gnisraprofrelipmoc

The implementation of a defmacro can be either external to the preprocessor (as in the case of files and pro-
tnemelpmitahtsorcamtnemelpmidnaeralced,etalpmeteht,elpmaxeroF.rossecorperpehtotlanretniro)smarg

parameterized types is internal to the preprocessor to provide a more efficient implementation. The defmacro
tonsihctamafI.selfiedulcnirofdesutahtsahtaphcraesemasehtnimargorproelfiarofsehcraestsrfiytilicaf

found, an internal preprocessor table is searched. If a match is still not found, the error message, "Error: Cannot
rorredradnatsehtottnessi,edocecruosehtnisraeppatisaemanehtsixxxerehw,"]xxx[elfiorcamnepo

stream. The fundamental COOL macros are defined with defmacro in the header file <COOL/misc.h>, which
.elfiecruos++CLOOCynanidedulcniebtsum

Porting COOL to a new platform or operating system starts with the preprocessor. The preprocessor contains
dnaycneicffierofyllanretnisorcamtnatropmilarevesstnemelpmiosladnatnemetatsorcamfedehtroftroppus

performance considerations. In addition, a powerful macro language, simplifying many library functions is avail-
,enilelpitlumstroppustahtxatnysenfied#decnahnenastnemelpmiORCAM.drowyekORCAMehtaivelba

arbitrary length, nested macros and preprocessor directives with positional, optional, optional keyword, required
ot,elbissopmitonfi,tlucffiidyrevebdluowserutaefLOOCehtfoynaM.stnemugraydobdna,tser,drowyek

implement without this enhanced macro language.

setalpmeTdeziretemaraP.3

The development and successful deployment of application libraries such as COOL is made easier and more use-
dnangisedotremmargorpawollasetalpmetdeziretemaraP.noitaziretemarapdellacerutaefegaugnalaybluf

implement a class template without specifying the data type. The user customizes the template to produce a
hcae(etalpmetdeziretemarapemasehtfosnoisrevlareveS.margorpaniepytehtgnitacidniybssalccfiiceps

with a different type) can exist in a single application. Parameterized templates can be thought of as meta-
.ssalcfoepytafosnoitairavsuoremuntroppusotdeniatniamebotsdeenesabecruosenoylnotahtnisessalc

Regardless of the type of object a parameterized class is to manipulate, the structure and organization of the
,elpmaxeroF.ssalcehtfonoisrevyreverofemasehterasnoitcnufrebmemehtfonoitatnemelpmiehtdnassalc

a programmer providing a vector class knows that there will be several member functions such as insert,
dnastnemugraehtgniziretemarapyB.ssalcehtfonoisrevyreveotylppatahtnoosdna,tros,tnirp,evomer

return values from the various member functions, the programmer provides only one implementation of the vec-
.emit-elipmoctarotcevfoepytehtsefiicepsnehtssalcehtforesuehT.ssalcrot
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asissalcreniatnocA.ssalcreniatnocasanwonksietalpmetdeziretemarapfoepytlufesudnatnatropminA
special kind of parameterized class where you put objects of a particular type. For example, the Vector<Type>,

fotesaniatnocyehtesuacebsessalcreniatnocerasessalc>epytV,epyTK<elbaT_hsaHdna,>epyT<tsiL
programmer-defined data types. Since container classes are so commonplace in many applications and pro-

fosnoisrevlarevesrofesabecruosenoniatniamotmsinahcemaedivorpsessalcreniatnocdeziretemarap,smarg
very useful data structures. COOL supplies several common container class data structures that can be used in

.soiranecsnoitacilppalacipytynam

Each of the COOL parameterized container classes support the notion of a built-in iterator that maintains a
wollasnoitcnufrebmemesehT.snoitcnufrebmemsuoiravybdetadpusidnareniatnocehtninoitisoptnerruc

you to move through the collection of objects in some order and manipulate the element value at that position.
reniatnocfoepytasitahttcejbocirenegaotretniopasekattahtnoitcnufani,elpmaxerof,desuebthgimsihT

object. The function can iterate through the elements in the container by using the current position member
.eueuqaro,tsila,rotcevasitcejboehtrehtehwwonkotgnideentuohtiwsnoitcnuf

In addition to this built-in current position mechanism, COOL provides support for multiple iterators over the
tahtnoitcnufaetirwotdeenyamremmargorpa,elpmaxeroF.ssalc>epyT<rotaretIehtgnisuybssalcemas

moves through the elements of a container class and, at some point, needs to save the current position and begin
hcihwta,setanimretgnissecorpyradnoceseht,emitfodoireparetfA.noitacolrehtonatastnemelegnissecorp

point flow of control returns to the previous stopping point where the current position is restored from the itera-
.seunitnocgnissecorpdnatcejborot

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

support for the COOL preprocessor, parameterized types, and the COOL macro language. CCC controls and
enildnammocrofskoolti,revewoh,ralucitrapnI.ssecorpnoitalipmocehtfostnenopmocsuoiravehtsekovni

arguments specific to the parameterized template process and processes them accordingly as suggested by
-nocrelipmoc++CmetsysehtotnodessaperastnemugradnasnoitporehtO.]2[repapngisedsihnipurtsuortS

trol program.

4. Symbols and Packages

A package provides a relatively isolated namespace for various COOL components called symbols. A symbol
snaemdenretnimreteht,larenegnI.egakcaptahtnidenretniebotdiassiegakcapralucitrapaybdenwositaht

that a particular object is uniquely identifiable in some context. When a symbol is interned, it becomes uniquely
fosgnipuorglacigolsedivorpmetsysegakcapehT.txetnocecapsemananihtiwemanlobmysehtybelbafiitnedi

symbols supporting relationships established between named objects and the values they contain. Although the
nactahtspihsnoitalerehtfoerutaneht,drawrofthgiartsylriafsisegakcapotnidepuorggniebslobmysfonoiton

exist between packages and the way in which they establish a namespace can be quite complex. COOL pro-
.segakcapdnaslobmysfonoitalupinamdnaegasuehtyfilpmisotsorcamfosdniklarevessediv

A symbol is a data object that defines a relationship between a name, a package, a value, and a property list.
tonyamti,lobmysarofdehsilbatsesiemanaecnO.lobmysehtyfitnediotdesugnirtsretcarahcasiemanehT

be changed. The value field is used to refer to some C++ object. Property lists are lists of alternating names and
,yllaitinI.lobmysahtiwsetubirttalatnemelppusetaicossaotremmargorpehtswollatsilytreporpehT.seulav

the property list for a symbol is empty.

The Symbol and Package classes implement the fundamental COOL symbolic computing support as standard
dnaeulavlanoitponahtiwemanasahtahtlobmysafonoitonehtstnemelpmissalclobmySehT.sessalc++C

property list. Symbols are interned into a package, which is merely a mechanism for establishing separate name
-cnufrebmemcilbupsedulcnidnaslobmysfoelbathsahasaegakcapastnemelpmissalcegakcaPehT.secaps

tions for adding, retrieving, updating, and removing symbols.

lobmysemit-nurdnastnatsnoccilobmysgnidivorpybgnitupmoccilobmyselbixefldnatneicffiestroppusLOOC
objects[5]. You can create symbolic constants at compile-time and dynamically create and manipulate symbol
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objects in a package at run-time by using any of several simple macros or by directly manipulating the objects.
edivorp,snoitalsnarthtiwsnoitpircsedlautxetegassemrorreeganamLOOCnisegakcapdnaslobmyS

polymorphic extensions to C++ for object type and contents queries, and support sophisticated symbolic comput-
.segaugnallanoitnevnocnielbaliavayllamrontongni

5. Polymorphic Management

C++ version 2.0 as specified in the AT&T language reference manual[6] implements virtual member functions
ro(deyaledsihT.emitnurlitnunoitatnemelpminoitcnufcfiicepsaottcejbonafognidnibehtyaledtaht

dynamic) binding is useful where the type of object might be one of several kinds, all derived from some com-
-hpargafotahtsielpmaxecissalcehT.noitcnufafonoitatnemelpmidezilaicepsagniriuqertubssalcesabnom

ics editor where, given a base class graphic_object from which square, circle, and triangle are derived, special-
aetirwnacremmargorpa,metsysahcusnI.dedivorperaaeraehtetaluclacotsnoitcnufrebmemlautrivdezi

function that takes a graphic_object argument and determine its area without knowing which of all the possible
.siyllaertnemugraehtstcejbolacihpargfosdnik

This dynamic binding capability of C++, while powerful and providing greater flexibility than most other con-
segaugnalcimanydylhgiH.smelborpfosepytemosrofhguonetonllitssi,segaugnalgnimmargorplanoitnev

such as Lisp allow the programmer to delay almost all decisions until runtime[7]. In addition, facilities for
elbaliavasnoitcnufrebmemelbissopllafotsilatseuqerroepytstienimretedotemitnurtatcejbonagniyreuq

are often present. These kinds of features are commonly used in many symbolic computing and complex
.yadotdelkcatsmelborptnemeganamsnoitarepoevisnetni-egdelwonk

COOL supports enhanced polymorphic management capabilities with a programmer-selectable collection of mac-
ehtybdetatilicafsisihT.]1[segakcapcimanyddna,stcejbocilobmysemit-nur,stnatsnoccilobmys,sessalc,sor

Generic class that, combined with macros, symbols, and packages, provides efficient run-time object type check-
.egaugnal++Cehtnielbaliavanuytilanoitcnufcihpromylopdecnahnedna,yreuqtcejbo,gni

The Generic class is inherited by most other COOL classes and manipulates lists of symbols to manage type
ebircsedadna,seitilibapactnirpdettamrof,seireuqtcejbodnagnikcehcepytemit-nursddacireneG.noitamrofni

mechanism to any derived class. The COOL class macro (discussed below) automatically generates the neces-
-mocsihtfotfienebtnacfiingisA.sessalcdeviredehtnisnoitcnufrebmemesehtrofedocnoitatnemelpmiyras

mon base class is the ability to declare heterogenous container classes parameterized over the Generic* type.
-upinamremmargorpehtstel,ssalcrotaretideziretemarapdnanoitisoptnerrucehthtiwdenibmoc,sessalcesehT

late collections of objects of different types in a simple, efficient manner.

ehT.ytilibapacgnikcehcepytemitnurehtsicireneGybdetatilicafserutaeflufesutsomdnatselpmisehtfoenO
type_of() and is_type_of() virtual member functions accomplish this kind of run-time type query for an object

nachctapsidnoitcnufdnanoitanimretedepyT.ssalccireneGLOOCehtmorftniopemostadeviredsitaht
become quite tedious, however, if there are many types of objects. Ideally, each would be derived from a com-

.deriuqerebthgimtahtnoitarepotnatropmihcaerofnoitcnufrebmemlautrivaroftroppusedulcnidnaesabnom
However, it is sometimes not feasible to have such a situation, especially with a high number of objects

,orcamesac_epytehtsievobadenoitnemenoehtotralimisemehcsetanretlanA.secruoslarevesmorfdeniatbo
analogous to the C++ switch statement. It gathers all possible type cases and allows the user to symbolically

noitcelloclobmysehtfoemossetamotuasihT.stnemetatsesacehtybdetneserpertcejbofoepytehtnohctapsid
and manipulation required with the earlier mechanism.

The class keyword is implemented as a COOL macro to add symbolic computing abilities to class definitions. It
,yhcrareihecnatirehnistinierehwemoscireneGsniatnocssalcehtfi,dnanoitinfiedssalc++Cdradnatsasekat

generates member functions for support of run-time type checking and query. In addition, a symbol for the
sihcihwedoclautcaehT.MYSegakcaplobmyslabolgLOOCehtotdeddasiepytssalccireneGdevired

expanded in a class definition and after a class definition is controlled by the classmac macro discussed below.

fonoitanibmocA.sorcamdenfiedresuybnoitazimotsucfotniopasaskoohowtsedivorporcamcamssalcehT
data members and member functions of a class definition are passed as arguments to macros that can be changed
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or customized by the application programmer. The COOL Generic class uses the data member hook to imple-
ehtybdefiicepskoohorcamcamssalcenonahteromebyamerehT.noitcnufrebmem)(stols_revo_pamehttnem

programmer. COOL has several, and other user-defined macros are simply chained together in a calling sequence
dnapxedluohsorcamssalcehtwohsenfiedorcamcamssalchcaE.noitinfiedforedroehtotgnidroccaderedro

the class definition. The class macro does not actually generate the code itself. This is defined in user-
-itamotuatahtmsinahcemesopruplarenega,elpmaxeroF.orcamcamssalcayficepstahtselfiredaehelbafiidom

cally creates accessor member functions to get and set each data member can be created by defining a classmac
erarossecorperpLOOCehtotsegnahcoN.orcamssalcehtfokoohrebmematadehtotdehcattasitahtorcam

required.

The member functions added by Generic and the class macro to derived COOL classes manipulate symbols
evahyamyehT.ssalccfiicepsarofeertecnatirehniehttceflerslobmysesehT.egakcapMYSlabolgehtniderots

optional property lists containing information associating supported member functions and their respective argu-
,noihsaflacitnedinanidetroppusyllacitamotuaoslaeracireneGmorfdeviredsessalcdenfied-resU.stsiltnem

resulting in addition symbols in the global symbol package. As discussed earlier, these symbols must have
ehtybdeganamsisihT.emitputratsmargorptaegakcapehtezilaitiniotedocdnamehtrofdetacollaegarots

COOL file symbols.C that should be compiled and linked with every application that uses COOL. An automated
tcerrocehtgnihsilbatseybdehsilpmoccasinoitazilaitinilobmysdnaputesegakcaptcerrocgnirusnirofdohtem

dependency in an application make file.

snoitpecxE.6

In COOL, program anomalies are known as exceptions. An exception can be an error, but it can also be a prob-
-tcejbofotnempolevedehtedepminacsnoitpecxE.woflrevonoitamrofnironoisividelbissopmisahcusmel

oriented libraries. Exception handling offers a solution by providing a mechanism to manage such anomalies
msinahcemdeecorpdna,eldnah,esiarasiemehcsgnildnahnoitpecxeLOOCehT.edocmargorpyfilpmisdna

similar to the Common Lisp Condition System[8]. When a program encounters an anomaly that is often (but not
:nacti,rorrena)ylirassecen

• Represent the anomaly in an object called an exception
noitpecxeehtgnisiarybylamonaehtecnuonnA•

• Provide solutions to the anomaly by defining and establishing handlers
noitcnufreldnahagnikovniybylamonaehtmorfdeecorP•

The COOL exception handling facility[9] provides an exception class (Exception), an exception handler class
dna,langiS_metsyS,rorrE_metsyS,lataF,,gninraW(sessalcbusnoitpecxedenfiederpfotesa,)reldnaH_pcxE(

Error), and a set of predefined exception handler functions. In addition, the macros EXCEPTION, RAISE,
.margorpanitniopynatanoitpecxenaesiardnaetaercylisaeotremmargorpehtwollaYFIREVdna,POTS

When an exception is raised (through macros RAISE or STOP, for example), a search begins for an exception
gnillacybnoitpecxeehthtiwslaed,dnuoffi,reldnahnoitpecxenA.noitpecxefoepytsihtseldnahtahtreldnah

its exception handler function. The exception handler function can correct the exception and continue execution,
ehtfohcaerofreldnahnoitpecxena,LOOCnI.margorpehtdnero,noitucexeemuserdnanoitpecxeehterongi

predefined exception types exists on the global exception handler stack.

gnildnaH.noitpecxefoepytcfiicepsarofnoitcnufreldnahnoitpecxecfiicepsasekovnireldnahnoitpecxenA
an exception means proceeding from the exception. An exception handler function could report the exception to

rehtonA.reggubedahtiwremmargorpehtybesurofegamierocapordro,margorpehtdnednarorredradnats
way of proceeding is to query the user for a fix, store the fix in the exception object, and return to where the

noitpecxelabolgafopotehtnodecalpsisi,deralcedsitcejboreldnahnoitpecxenanehW.desiarsawnoitpecxe
handler stack. When an exception is raised, a call searches for a handler. The handler search starts at the top of

.kcatsreldnahnoitpecxeeht

There are six predefined exception type classes provided as part of COOL. The exception class is the base class
,langiS_metsyS,gninraWeranoitpecxEmorfdevireD.devirederasessalcbusnoitpecxedezilaicepshcihwmorf

Fatal and Error. From the Error class, the System_Error and Verify_Error classes are derived. The default
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exception handlers are called only if no other exception handler is established and available when an exception
morfdeviredebnacsepythcuS.sepytnoitpecxenworiehtgninfiedfonoitpoehtsresusreffoLOOC.desiarsi

the Exception class of one of the derived exception types. All user-defined exception classes should have public
.stolsatad

The COOL exception handling facility provides several macros which simplify the process of creating, raising,
NOITPECXEehT.ytilicaforcamLOOCehthtiwdetnemelpmierasorcamesehT.snoitpecxegnitalupinamdna

macro simplifies the process of creating an instance of a particular type of exception object. The RAISE macro
siorcamPOTSehT.reldnahnoitpecxenarofhcraesdnanoitpecxenaesiarylisaeotremmargorpehtswolla

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

Finally, the IGNORE_ERRORS macro provides a mechanism to ignore an exception raised while executing a
.stnemetatsfoydob

The COOL exception handling mechanism is similar in several ways to that proposed by Koenig and
reldnahnoitpecxeLOOCagnisuybdetnemelpmiebnacsesualchctacdnatnemetatsyrtriehT.]01[purtsuortS

with the system functions setjmp and longjmp. In addition, both designs treat exceptions as objects that are
noitpecxefognipuorgasesoporplasoporpT&TAehT.snoitcnufreldnahotstnemugrasadessapdnadetaitnatsni

objects as a mechanism for organizing exceptions into groups similar to the compile-time mechanism for organ-
sesudnayhcrareihnoitavirednoitpecxenasniatniam,dnahrehtoehtno,LOOC.seihcrareihotnisessalcgnizi

some of the COOL symbolic computing facilities for run-time type checking and query. A grouping of excep-
denfiedebyam)s(emansailaerehwdetnemelpmigniebyltnerrucsilasoporpT&TAehtotralimissemannoit

for an exception object. For example, rather than defining a new exception class derived from Error, an Error
ecuderotdetcepxesisihT.tnemugranasadessap)s(emanpuorg/sailadefiicepsehthtiwdesiarebnacnoitpecxe

the need for many different types of exception classes whose only difference is the type name.

snoitnevnoCdnaelytSgnidoC.7

A standard source code style allows several programmers to easily maintain and understand each other’s code
elgnisa,noitiddanI.elytsdnatamrofs’noitcesamorfderrefniebnacnoitamrofnicitnameslanoitiddaesuaceb

style presents a more coherent, professional software package for potential source code users. This is particularly
foeno,yllaniF.edocecruosllaotsseccaetelpmoceriuqersetalpmetdeziretemarapecnis,LOOCroftnatropmi

the foundations of object-oriented programming is code reuse. This is much easier if a programmer is able to
ehtsesserddaedocecruosLOOCehT.tuoyaldnanoitazinagrostidnatsrednudnaedocecruoshguorhtesworb

following C++ coding style conventions:

snoitnevnocgnimanssalcdnaelbairaV•
• Organization and contents of class header files

srebmematadcilbuP/detcetorP/etavirP•
• Source code documentation

tuoyaldnanoitatnedniedocecruoS•
• Error message text resource package

etiustsetnoissergeR•
• Source code system independence

erudecorpdliuB•

7.1. Naming Conventions

A prime objective for a naming convention is allowing programmers to recognize what sort of component a
.snoitacilppaCnienodneebyllacipyttonsahhcihw,semanlufgninaemgnisusilaogrehtonA.otsrefereman

The following naming conventions are used throughout the COOL source code. The reader is strongly
:senilediugemasehtwollofotdegaruocne

• Directory, .C, and .h file names should be the same or close to the class being defined and the declara-
dnadenfiedsissalcgnirtSeht,elpmaxeroF.yrotceridelgnisaniebdluohsselfitnemelpmidnanoit
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.yrotceridbusgnirtS/LOOC∼ehtnideniatnocdnaC.gnirtSdnah.gnirtSselfiehtnidetnemelpmi

• Class, struct, and typedef names should be capitalized with the words separated by underscores:

;}...{wodniW_cireneGssalc
struct String_Layout { ... };

;naelooBtnifedepyt

• All function names should be lowercase with each word separated by an underscore character:

;)ooftni(nuf_ymdiov
char* get_name (ostream&);

:_sihtiwnigebdluohssnoitcnufetaciderP•

Boolean is_type_of (int);

• Variable and data member names should be lowercase with words separated by underscores:

;tnuoc_fertni
char* name;

• Global and static variables should be appended with _g or _s, respectively:

;g_tnuoc_edontni
static char* version_s;

• Preprocessor statements and MACRO names should be uppercase:

)x:)x-(?)0<x((SBAenfied#

• Constants (const) declarations should be uppercase:

;0=ESLAFtnitsnoc
const int TRUE=!FALSE;

noitazinagrOeliFredaeHssalC.2.7

All header files defining the structure of a class or parameterized template should be organized into sections in
:redrogniwollofeht

• Included files and typedefs necessary for the class.
.srebmematadetavirpfonoitinfieD•

• Declaration of private member functions and friends.
.srebmemataddetcetorpfonoitinfieD•

• Declaration of protected member functions and friends.
.sdneirfdnasnoitcnufrebmemcilbupfonoitaralceD•

• Inline member functions of the class follow the class definition.
.elfietarapesanierasnoitinfiednoitcnufdneirf/rebmemrehtO•

In general, only the data member definitions and function prototypes of the member functions and friend func-
secuderdnanoitacfiicepsehtmorfnoitatnemelpmiehtsetarapessihT.tcurtsnocssalcehtniraeppadluohssnoit

clutter. Define inline functions after the class {...}; statements. In addition, the keyword inline should appear in
drowyeketavirplanoitpoehT.dianoitatnemucodasanoitatnemelpmilautcaehtnidnanoitinfiedssalcehthtob

usage is explicitly stated. Finally, avoid multiple instances of scoped sections: There should be no more than one
.slebalcilbupdna,detcetorp,etavirpehtfohcae
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ataDcilbuPdna,detcetorP,etavirP.3.7

In general, class data should be encapsulated in either the private or protected sections. Data specific to a partic-
ehtnidetacolataD.noitcesetavirpehtnidetacolebdluohssessalcdeviredelbissoprofesuonhtiwssalcralu

protected section might include such things as configuration or adjustment data members that a derived class
hcuseralcedtondluohsresuehtdna,atadcilbupniatnocsessalcLOOCoN.egnahcrorotinomottnawthgim

data. Aside from being bad object-oriented programming style, classes with public data cannot be made per-
yamhcihwsessalcnoitpecxedeviredehteradradnatssihtotnoitpecxeenoehT.BDOOehtniderotsdnatnetsis

require public data members in order to allow query and/or update of alternate values.

noitatnemucoD.4.7

Documentation of all files is very important. Terseness should be the general rule for all header files and com-
-atnemucodlladnaelfiecruos/redaehelgnisaevahsetalpmetdeziretemaraP.selfiedocllarofelurehtssenetelp

tion should be located there. If in doubt, more documentation is better than less documentation. A high-level
dluohsselfiredaehssalC.ytilanoitcnufs’elfiehtfonoitpircsedaedivorpdluohselfihcaefopotehttatcartsba

also contain a brief description of the public interface.

Each function in a source code file should have a preceding block comment specifying the input and output
,selfiredaehnisnoitinfiedenilnixelpmocroF.ytilanoitcnufehtfosisponysfeirbagnivigsallewsasretemarap

a block comment of this type should only be used when the purpose is not obvious because these comments do
otrosseccanagnidivorpyllausu(edoclaivirtniatnocsnoitcnufenilnitsomecniS.elfiedocehtniraeppaton

some private data member), comment requirements for inline function can be relaxed.

001yrevestnemmockcolbegral,yllacfiicepS.senilecruoswefyrevedetnemmocebdluohsedocecruosllA
lines is unacceptable. No comment should contain operating system specific names or terms unless that section

-nocnoitalipmoclanoitidnocybdednuorrusebdluohsedoceht,yrassecensisihtnehW.cfiicepsylurtsiedocfo
structs. These are handled by the preprocessor relative to that specific operating system.

noitazinagrodnatuoyaL.ssalcyreverofnettirwebdluohsegapnamafomrofehtninoitatnemucod,yllaniF
will be as that with the -man macro package available for nroff(1)/troff(1). Section names and requirements for a

-orprocilbup(srotcurtsnoC,noitpircseD,sessalCdneirF,ssalCesaB,sisponyS,emaNedulcniegapnamssalc
tected as necessary), Protected Member Functions (when appropriate), Public Member Functions, Files, See

.detnemucodebosladluohsdnanaclairetamlevel-hgihdnayrotcudortnI.)yrassecennehw(sguBdna,oslA

7.5. Source Code Indentation

Indentation and source code structure is relaxed, but it is suggested that the programmer use the C++ mode
htiwenilenootdetcirtserebdluohsstnemetats,larenegnI.LOOChtiwdeilppusdnascamEUNGrofelbaliava

indentation reflecting block and scoping visibility. Location of such items as braces, spacing around parentheses,
detnednidnadekramebnacsnoigerelohw,desusiedom++CehtfI.remmargorpehtotputfelsinoosdna

appropriately, providing a simple means by which all source code can be brought into the same format.

egakcaPecruoseRegasseMrorrE.6.7

All error message text strings in an application should use the ERR_MSG package available in COOL. The
htiwdetaicossasgnirtstxetllatahtgnirusniegakcapsihtsesuyllacitamotuaemehcsgnildnahnoitpecxeLOOC

error messages are stored as the value of a symbol. All error message symbols are automatically processed and
ebnacnoitalsnartegaugnala,ralucitrapnI.noitarugfinocroetadpuysaegnitatilicafsuht,elfienonidetacol

added to the property list of each symbol entry, providing an efficient and convenient means for internationaliz-
.noitacilppananisegassemtxetehtgni

7.7. Regression Test Suite

Each new or modified class contained in or added to COOL must also include a standalone test program. This
ehtnideniatnocsorcamtsetehtaiveruliafrosseccustroperdnasnoitcnufdnaserutaefllaesicrexeyllufdluohs
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otstropdnasesaelerwenrofstsetnoissergernidesusimargorptsetsihT.elfiredaehh.tset/edulcni/LOOC∼
other software platforms to insure a complete and working implementation.

ecnednepednImetsySedoCecruoS.8.7

COOL places great importance upon system independent code and features. As such, system-specific functions
secfiircasecnamrofrepllamslarenegnI.etairporppaerehwsevitceridrossecorperpfi#htiwdednuorrusebdluohs

in implementation are preferred if system independence and portability is improved.

erudecorPdliuB.9.7

COOL contains a modified Imake utility from the MIT X11R3 source tape that implements a system-
sedivorpekamI.edocecruosdnasessalcwenllarofdesuebdluohssihT.erudecorpdliubtnednepedni

configuration and rules files for localization and/or customization of system build utilities and commands to aid
.smroftalperawdrahdnasmetsysgnitareporehtootseitivitcagnitropni

8. Class Hierarchy

The C++ Object-Oriented Library (COOL) class hierarchy implements a rather flat inheritance tree, as opposed
-nuretatilicafot,ssalccireneGehtmorfdevirederasessalcxelpmocllA.ledomklaTllamSdetsenylpeedehtot

time type checking and object query Simple classes are not derived from Generic due to space efficiency con-
tnednepedni-epytderahsnistlusertahtssalcesabamorftirehnillasessalcreniatnocdeziretemarapehT.snrec

code. This reduces code replication when a particular type of container is parameterized several times for
:swollofsasiyhcrareihssalcLOOCehT.noitacilppaelgnisanistcejbotnereffid

Pair<T1,T2>
egnaR

Range<Type>
lanoitaR

Complex
cireneG

String
Gen_String

pxegeR
Vector

Vector<Type>
Association<Pair<T1,T2>>

edoN_tsiL
List_Node<Type>
tsiL
List<Type>

emiT_etaD
Timer

teS_tiB
Exception

gninraW
Error

System_Error
lataF

System_Signal
rorrE_yfireV

Excp_Handler
reldnaH_pmuJ

Hash_Table
teS

Hash_Table<Key,Value>
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egakcaP
xirtaM

Matrix<Type>
eueuQ

Queue<Type>
modnaR

Stack
Stack<Type>

lobmyS
Binary_Node

Binary_Node<Type>
eerT_yraniB

Binary_Tree<Type>
>epyT<eerT_LVA

N_Node<Type>
>epyT<edoN_D

N_Tree<Type,Node,nchild>

sessalCgnirtS.1.8

The String class provides dynamic, efficient strings for a C++ application. The intent is to provide efficient
noitacollaeddnanoitacollayromemtuobagniyrrowmorfremmargorpehtseerftahtytilanoitcnufekil-*rahc

problems, yet retains the speed and compactness of a standard char* implementation. All typical string opera-
,eteled,knay,hcraesgnirts,nosirapmoclacixelevitisnesni-esacdnaevitisnes-esac,noitanetacnocgnidulcnisnoit

and replacement are provided.

The Regexp class provides a convenient mechanism to present regular expressions for complex pattern matching
,esoprup-larenegsedivorpssalcgnirtS_neGehT.epytatad*rahcni-tliubehtsezilitudnatnemecalperdna

dynamic strings for a C++ application with support for reference counting, delayed copy, and regular expression
-margorpnoitacilppaehtrofnoitcnufgnirtsretcarahcdetacitsihposaedivorpotsitnetniehT.gnihctamnrettap

mer. The Gen_String class combines the functions of the String and Regexp classes, along with reference count-
.noitalupinamgnirtsretcarahcdecnavdaedivorpot,noitcellocegabrag-flesdnagni

8.2. Number Classes

The COOL number classes are a collection of numerically-oriented classes that augment the built-in numerical
-naRehT.srebmunxelpmocdna,sepytdekcehc-egnar,noisicerpdednetxesaserutaefhcusedivorpotsepytatad

dom class implements five variations of random number generators. The Complex class implements the complex
ni-tliubmorfdnaotnoisrevnoc,snoitcnufcirtemonogirtdnacitemhtiracisabsedivorpdna++Crofepytrebmun

types, and simple arithmetic exception handling. The Rational class implements an extended precision rational
eht,yllaniF.sepytatadlaciremunni-tliubehtmorfstlusernoitacnurtro/dnaffo-dnuoretauqedanirofepytatad

parameterized Range <Type> class enables arbitrary user-defined ranges to be implemented in C++ classes.
.epytlaciremunralucitraparofseulavdilavfoegnaratcelesotsessalcrebmunrehtohtiwdesusisiht,yllacipyT

8.3. System Interface Classes

System Interface classes include classes for calculating the date and time in different timezones and countries
-exessalcemiT_etaDehT.margorpnoitacilppaemosnistniopowtneewtebnoitarudemitehtgnirusaemdna

cutes time zone-independent date and time functions. This class also supports all time zones in the world, along
.secnereffidemitgnivasthgilyadrolacitilopnopudesabgnildnahetanretlagniriuqersesaclaicepslareveshtiw

The Timer class is publicly derived from Generic and provides an interface to system timing. It allows a C++
.wondna)kram(tniopecnereferaneewtebemitehtdrocerotmargorp
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sessalCecneuqeSderedrO.4.8

The ordered sequence classes are a collection of basic data structures that implement sequential access data
-resuaetaercotetalpmetcirenegaezimotsucotresuehtgniwollasuht,sessalcdeziretemarapsaserutcurts

defined class. The Vector<Type> class implements single dimension vectors of a user-specified type. The
ssalc>epyT<eueuQehtotralimis,erutcurtsatadtuo-tsal,ni-tsrfilanoitnevnocastnemelpmissalc>epyT<kcatS

but it implements a conventional first-in, first-out data structure. These two classes each hold a user-specified
ciremundefiiceps-resuarofsecirtamcitemhtiralanoisnemid-owtstnemelpmissalc>epyT<xirtaMehT.epytatad

data type. The vector, stack, and queue classes can be dynamic in size.

sessalCecneuqeSderedronU.5.8

The unordered sequence classes are a collection of basic data structures that implement random access data
cfiicepsaetaercotetalpmetcirenegaezimotsucotresuehtgniwollasuht,sessalcdeziretemarapsaserutcurts

user-defined class. The List<Type> class implements Common Lisp style lists providing a collection of member
sniatnochcihwfohcae,sedonfonoitcellocafostsisnoctsilA.tnemeganamdnanoitalupinamtsilrofsnoitcnuf

a reference count, a pointer to the next node in the list, and a data element of a user-specified type. The
tnereffidfoebyamstcejboehT.rehtonadnatcejboenoneewtebnoitaicossanastnemelpmissalc>2T,1T<riaP

types, with the first representing the key of the pair and the second representing the value of the pair. The
noitcellocastnemelpmidnassalc>epyT<rotceVehtmorfdeviredyletavirpsissalc>epytV,epytK<noitaicossA

of pairs. The first of the pair is called the key and the second of the pair is called the value. The
.eulavehtdnayekehtrofsepytdefiiceps-resufoselbathsahstnemelpmissalc>epyTV,epytK<elbaT_hsaH

8.6. Set Classes

The set classes implement two basic data structures for random access set operations as parameterized classes,
>epyT<teSehT.ssalcdenfied-resucfiicepsaetaercotetalpmetcirenegaezimotsucotresuehtgniwollasuht

class implements random access sets of objects of a user-specified type using the parameterized type capability
sissalc>epyT<teSehT.elbaliavaeraecnereffiddna,noitcesretni,noinusahcussnoitarepoteslacissalC.++Cfo

publicly derived from the Hash_Table<KType,VType> class and is dynamic in nature. The Bit_Set class imple-
hguoneegral)rahcdengisnu(setybforotcevhtgnelyrartibrananiderotserastibesehT.stestibtneicffiestnem

to represent the specified number of elements. Elements can be integers, enumerated values, constant symbols
.eulavlargetninanistlusertahtnoisserpxerotcejbofoepytrehtoynaro,egakcapnoitaremuneehtmorf

8.7. Node and Tree Classes

The node and tree classes are a collection of basic data structures that implement several standard tree data
cfiicepsaetaercotetalpmetcirenegaezimotsucotresuehtgniwollasuht,sessalcdeziretemarapsaserutcurts

user-defined class. The Binary_Node<Type> class implements parameterized nodes for binary trees. The
owtsahedonhcaeerehweertanisecneuqesdetros,cimanyd,elpmisstnemelpmissalc>epyT<eerT_yraniB

subtree pointers. The AVL_Tree<Type> class implements height-balanced, dynamic, binary trees. The
.ssalc>epyT<eerT_yraniBehtmorfdeviredylcilbupsissalc>epyT<eerT_LVA

The N_Node<Type,nchild> class implements parameterized nodes of a static size for n-ary trees. This node class
-curtsnocehT.evahyamedonhcaetahtseertbusforebmunlaitiniemosdnaepytehthtobrofdeziretemarapsi

tors for the N_Node<Type,nchild> class are declared in the public section to allow the user to create nodes and
nahtiwsa,gninaemcfiicepsaevahnacgniredroehterehweertyra-nnafoerutcurtsdnagnidliubehtlortnoc

expression tree. The D_Node<Type,nchild> class implements parameterized nodes of a dynamic size for n-ary
yamedonhcaetahtseertbusforebmunlaitiniemosdnaepytehtrofdeziretemarapsissalcedonsihT.seert

have. The D_Node<Type,nchild> class is dynamic in the sense that the number of subtrees allowed for each
-siretcarahchtworgemit-nurgnitroppus,ssalc>epyT<rotceVehtsesu>dlihcn,epyT<edoN_D.dexfitonsiedon

tics.

The N_Tree<Node,Type,nchild> class implements n-ary trees, providing the organizational structure for a tree
si>dlihcn,epyT,edoN<eerT_N.desuedonfoepytcfiicepsehttuobagnihtongniwonktub,sedonfo)noitcelloc(

parameterized over a node type, a data type, and subtree count, where the node specified must have a data
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member of the same Type as the tree class. The subtree count indicates the number of possible subtree pointers
.nettirweboslanacsrehtotub,dedivorperasessalcedonowT.edonnevigynamorf)nerdlihc(

9. Status of COOL

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

and a MIPS running RISC/os 4.0. The SPARC and MIPS ports utilize the AT&T C++ translator (cfront) version
.relipmocCtfosorciMehthtiwrotalsnartleipsnekcolGehtezilitustrop2/SOdnaXINEXehtdna0.2
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