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ABSTRACT

-cellocelbatropasiyrarbiLdetneirO-tcejbO++CstnemurtsnIsaxeTehT
tion of classes, templates and macros for use by C++ programmers writing

nodesuneebsahti,doirepraeyowtarevodepoleveD.snoitacilppaxelpmoc
several internal projects and undergone significant design changes and improve-

dnangisedeht,tcejorpehtfoslaoglaitiniehtssucsidew,repapsihtnI.stnem
implementation approaches considered, and some of the reasons behind our

-maxe,yrarbilsihtgnidliubnidenraelsawtahwezylanaew,yllaniF.snoisiced
ine the overall issue of code reuse through C++ class libraries, and suggest

ssalcerutuffoesudnaecnatpeccarediwotdaelnactahtsenilediugemos
libraries.

noitcudortnI.1

The Texas Instruments (TI) C++ Object-Oriented Library (COOL) is a portable collection of
tI.snoitacilppaxelpmocgnitirwsremmargorp++Cybesurofsorcamdna,setalpmet,sessalc

raises the level of abstraction to allow the programmer to concentrate on the problem domain,
asedivorpLOOC,noitiddanI.sessalcdna,sorcam,serutcurtsatadcisabgnitnemelpminoton

system independent software platform to ease the porting of applications which are built on top
,LOOCfostcepsatnatropmiehtfoemosdnihebelanoitarehtssucsidewrepapsihtnI.tifo

such as its use of polymorphism, parameterized templates, and a resumptive exception handling
ehtdnaLOOCgnitnemelpmidnagningisednidenraelewtahwerahsoslaeW.msinahcem

feedback obtained from application programmers who have used it.

ruonistoorstisahyrarbilssalchcirafotnempoleveddna++CfoesurofnoitavitomruO
extensive experience with Lisp Machine environments. TI has had considerable success using

-systrepxecitsongaidsahcus,snoitacilppacilobmys,xelpmoctnemelpmidnangisedotpsiL
tems and production scheduling advisors. While most customers were willing to see Lisp used

.selcihevyreviledsasenihcaMpsiLotecnatsiserelbaredisnocdewohsynam,gnipytotorprof
________________
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foemosedivorpnactahtsegaugnalmaertsniamerom,rehtognitagitsevninagebew,tluserasA
the expressiveness of Lisp and which are well supported on a variety of conventional plat-

no)snosaerlacinhcet-nonylniamrof(dedicedew,segaugnallarevesgnitaulaveretfA.smrof
C++ and began the design of a comprehensive class library.

.sessalcdezilarenegynamdetnemelpmidnadengisedewraeyenotuobafoesruocehtrevO
We began with the basics (such as, String, Date_Time, and Complex) to gain experience with

ycneicffiednaytilibatropdnatsrednudna,sehcaorppangisedelbissopenimaxe,egaugnaleht
issues. We next added an implementation of Stroustrup’s templates [12] (such that there

detnemelpmiyllanfisierutaefsihtnehwyrassecennoisrevnocedocecruoslaminimebdluow
in the C++ language) and proceeded to design and implement a variety of parameterized,

sA.)>dlihcn,epyT,edoN<eerT_Ndna>epyT<rotceV,sahcus(sessalcreniatnoccihpromylop
the project proceeded, we realized the need for an object-oriented exception handling mechan-

evitpmuseradetnemelpmidnadengisedew,desoporpneebteydahytilicafhcusonecniS.msi
capability for raising and handling exceptions similar in spirit to the Common Lisp Condition

otdetelpmocsawmetsysyreuqepytemitnurcitamotua,evisneherpmoca,yllaniF.]2[metsyS
round out the symbolic capabilities of the library.

troffeelbaredisnochtiw,yrarbilssalc++Cgniworgdnagnignahc-revenaneebsahLOOC
spent reimplementing internal details, adding new features, extracting common functionality

-itapmoceveihcaotredroniyrassecenerewstniartsnocemos,hcussA.cte,sessalcesabotni
ble and seamless integration of new or modified features. Overall, the design and development

denraelewsgnihtehtrofhcumsa,ecneirepxeelbaulavyrevaneebsahyrarbilssalc++Cafo
not to do, as well as for the positive feedback we received for the things we did correctly.

aniylegralsidnastcejorplanretnilarevesnoesuniyltnerrucsiyrarbilssalcsihT
maintenance-only mode of development. We expect to make the necessary changes to support

serutaefesohtnehwsmsinahcemgnildnahnoitpecxednaetalpmetdeziretemarapdradnatseht
become available in commercial compilers. For more detailed information and examples of the

ehT,tnemucodecnereferehtfosnoitcesetairporppaehtotderrefersiredaereht,sessalcLOOC
COOL User’s Guide [13].

stnenopmoCygolonhceTeroC.2

The fundamental cornerstones of COOL are an implementation of parameterized templates, a
dna,ytilicafgnikcehcepytemitnurdetamotuana,msinahcemgnildnahnoitpecxeevitpmuser

consistent polymorphic operations. This functionality is implemented through an enhanced
ecruos++Clanoitnevnocsetareneghcihw]4[ytilicaforcamdetacitsihposahtiwrossecorperp

code acceptable to any conforming C++ translator or compiler [3]. The use of this compiler
++Cehtotsnoisnetxeelbatropdnalufrewopenfiedotsudewolladne-tnorftnednepedni

language in an unobtrusive manner. This enabled us to experiment and gain experience with a
-orplaicremmocanielbaliavaerewyehterofebgnolsnoisnetxeegaugnaldesoporpfoyteirav

duct.

2.1. Parameterized Templates

We quickly found that the development and successful deployment of application libraries such
-marapepytdellacerutaefegaugnal++C)elbaliavateytontub(dennalpehtderiuqerLOOCsa

eterization. This allows a class to be defined without specifying the specific data types needed.
nitifoesueuqinuhcaerofsepytatadehtsefiicepsssalcehtgnisuremmargorpnoitacilppaehT

the application code.

An important and useful variety of parameterized template is known as a container class. This
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is a special kind of parameterized class where objects of some type are structured and stored
-acilppaxelpmoclacipytybdedeensreniatnocnommocynamehtseilppusLOOC.rehtegot

tions. These have turned out to be the most important and most used classes in the COOL
ehtgnillfilufotLOOCnisessalcehtllafotsesolcemocsessalcreniatnoceht,deednI.yrarbil

promise of true code reuse.

Each COOL container class supports the notion of a built-in iterator that maintains a current
swollasnoitcnufrebmemdemanyltnetsisnocfotesA.stcejbofonoitcellocehtnihtiwnoitisop

a program to move through the collection of objects in a sequential order and manipulate the
asekattahtnoitcnufani,elpmaxerof,desuebthgimsihT.noitisoptnerrucehttatnemele

pointer to a generic container object. The function can iterate through the elements in the con-
ehtrehtehwwonkotgnideentuohtiwsnoitcnufrebmemnoitisoptnerrucehtgnisuybreniat

object is a vector, a list, or a queue. The capability to easily replace one type of container
egarotsatadriehtegnahctsumnetfosnoitacilppaxelpmocecnislacitircsirehtonahtiw

mechanisms to meet requirements that evolve over time.

gningisednisremmargorpnoitacilppadnaLOOCehthtobrofesoraseussignitseretnilareveS
and using parameterized classes. First, should a template make assumptions about or enforce a

ehtfotrapebtahtdluohsrodeziretemarapebotsissalcehthcihwrevorefiidomepytcfiiceps
usage specification? Second, how much code for a template class can be moved into a base

edivorpotdegakcapylevitceffeebedocecruosehtnac,drihT?noitacilperedocecuderotssalc
a rich set of member functions without burdening applications that do not use them all?

ehtotepytdeziretemarapwenagnicudortnirofmsinahcemevitceffetsomehtsitahw,yllaniF
compiler and arranging for the inclusion of the code for that type exactly once across file

?seiradnuob

The answers to some of these questions seemed obvious, while others required several attempts
epyTehtgniredisnocnagebewnehW.detcelessawnoitceridtcerrocdnaelbatrofmocaerofeb

parameter to a template, it seemed appropriate to allow the user to control the type modifier
niatnocotetalpmet>epyT<rotceVaesuotresuenowolladluowsihT.noitacfiiceps

"integers", while another might select "pointers to integers". Although a single template class
tluseryamycneicffiefossoldnanoitadargedecnamrofrepthgilsemos,sesuhtobyfsitasnac

when copying and accessing a contained object. For example, the operator[] may return a
otnoisicedngisedehT.ecnereferedretniopartxenanistluser,retniopasitifi,tahtecnerefer

not enforce a particular type modifier resulted in the copy semantics of the contained object
ypocot=rotarepos’tcejboehtgnisusnoitcnufrebmemetalpmetehtdnaresuehtottfelgnieb

and move objects.

One early decision was to design each parameterized class to inherit from an appropriate base
-citrapanehwnoitacilperedocsecudersihT.edoctnednepedni-epytderahsnistlusertahtssalc

ular type of container is parameterized several times for different objects in a single applica-
hcihwsnoitcnufrebmem,srebmematadcfiiceps-ssalcdedulcniyllacipytsessalcesabehT.noit

manipulated the current position in container classes, and member functions which raised
dediceddahewfisessalcesabehtniedoceromneebevahdluowerehT.snoitpecxe

differently on the previous issue and restricted the type parameter to data type pointers only.

elbaliavaerewsreknildetacitsihposeromfieussinaebnevetondluowhcihw(eussidrihtehT
on standard operating systems) concerns the "full-featured" versus "lean-and-mean" philoso-

-osolihphtobecarbmeotdedicedew,noitatnemirepxednasisylanaelbaredisnocretfA.seihp
phies by providing rich functionality with a template fracturing capability. This mechanism
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splits the source file on template boundaries so that each member function is copied into and
nidecalpnehtera,noitcnufhcaerofeno,selfitcejbognitluserehT.elfinwostimorfdelipmoc

an application archive library for use at link time. This provides for only those member func-
.egamielbatucexeehtotnidellupebotnoitacilppananidesuyllautcaeratahtsnoit

To control the introduction of a new parameterized type to the compiler and to automate the
TNEMELPMIdnaERALCEDdesutpmettatsrfiruo,snoitcnufrebmemehtfonoitareneg

macros that were carefully located in the application source code. This was later changed to
resuehterehw,margorplortnocnoitalipmocahguorhtecafretnienildnammocawolla

specifies the parameterized type on the command line as suggested by Stroustrup with the -X
-sysnoitalipmocetarapeslanoitidartnielbasuetiuqsimsinahcemsihT.]21[noitporelipmoc

tems, but more elegant solutions (which might have additional benefits) are possible for use in
.stnemnorivnegnimmargorp++Cdetargetnignigreme

We have found through our experience with COOL that parameterized container classes are the
hcaorppangisedcisabeht,noitiddanI.yrarbilssalc++Clarenegafotraptnatropmitsom

taken for container classes and the way in which the open issues with parameterization are
-margorpnoitacilppaybyrarbilssalcehtfoesudnaecnatpeccaetamitluehtenimreteddevlos

mers.

2.2. Exception Handling

In COOL, program anomalies are known as exceptions. An exception can be a program error
sahcusmelborplatnemadnuferomafonoitaluspacnenaro,egnarfotuotnemugranasahcus

arithmetic overflow. We believe that the current lack of an exception mechanism in the
.seirarbildetneiro-tcejboelbatropdnaelbixeflfotnempolevedehtsedepmiylsuoiresegaugnal

An exception handling system offers a solution by providing a mechanism to manage such
-saemmiretninasA.noitacilppanafoytilibatropesaedna,edocmargorpyfilpmis,seilamona

ure, we developed the COOL exception handling scheme, which is a raise, handle, and proceed
.]2[metsySnoitidnoCpsiLnommoCehtotralimismsinahcem

The COOL exception handling facility [5] provides an exception class (Exception), an excep-
,rorrE,gninraW(sessalcbusnoitpecxedenfiederpfotesa,)reldnaH_pcxE(ssalcreldnahnoit

Fatal, System_Error, and System_Signal), and a set of predefined exception handler func-
,YFIREV,POTS,ESIAR,NOITPECXE(ecafretniorcamesu-ot-ysaena,noitiddanI.snoit

DO_WITH_HANDLER, and HANDLER_CASE) allows a programmer to create and raise an
ssalcLOOCanehW.margorpanitniopynatasreldnahnoitpecxehsilbatsedna,noitpecxe

encounters an anomaly that is often (but not necessarily) an error, it represents the anomaly in
ehT.noitpecxeehtgnisiarybylamonaehtsecnuonnanehtdnanoitpecxenadellactcejbona

application program using COOL classes has the option of providing solutions to the anomaly
.stcejboreldnahnoitpecxegnihsilbatsednasnoitcnufreldnahnoitpecxegninfiedyb

When an exception handler object is created, it is placed at the top of a global exception
.]11[relliMybdebircsedtahtotyawralimisanideniatniamsikcatssihT.kcatsreldnah

When an exception is raised, a search for an appropriate handler starts at the top of the excep-
reldnahnoitpecxeeht,dnuofsiepytnoitpecxenatsniagahctamanehW.kcatsreldnahnoit

object invokes its handler function. COOL provides default exception handlers for the
dradnatsehtotnoitpecxeehtfonoitpircsedagnitropersahcus,sepytnoitpecxedenfiederp

error stream and exiting the program or dumping a core image. A default handler is only
.kcatsreldnahnoitpecxelabolgehtnodnuofsinoitpecxedesiarehtrofreldnahonfidekovni
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emasehtedivorp,ESAC_RELDNAHdnaESIAR,sorcamgnildnahnoitpecxeLOOCehT
type of functionality as the throw and try/catch statements proposed by Koenig and Stroustrup

-raparofreldnahdehsilbatseyltnecertsomehtotlortnocrefsnartESIARdnaworhthtoB.]9[
ticular type of exception. However, any object may be used as an argument in a throw expres-

kcolbhctac/yrteht,rennamralimisanI.stcejbonoitpecxeswollaylnoESIARsaerehw,nois
and the HANDLER_CASE macro establish handlers while executing a body of statements.

dnanoitinfiednoitcnufaekilsikcolbyrtaninoisserpxehctacehttahtsierehecnereffidehT
any data type can be specified in the declaration. The case statements in the

nayfitnedihcihwslobmysLOOCylnotpecca,dnahrehtoehtno,orcamESAC_RELDNAH
exception type.

The differences mentioned above are minor, however, when compared to the philosophical
ehtsdniwnuworhteht,enoehtnI.noitpmusersusrevnoitanimret:swollofmetsyshcaesledom

stack before the call of the exception handler in the try/catch, thus supporting a termination
hcihwllacnoitcnufaotnisdnapxeESIAR,dnocesehtnielihw,gnildnahnoitpecxerofledom

searches for an exception handler to invoke, thus supporting the resumptive model of exception
.gnildnah

It is interesting to note that although COOL allows both termination and resumptive models for
)yrter,yletairporppaeromro(noitanimretdnasreldnahtluafedylno,snoitpecxegnildnah

handlers were used for exceptions raised in the COOL classes. Support for a resumptive
ehttahtderevocsidewtub,krownoitatnemelpmilanoitiddahcumeriuqertondidledom

termination/retry model is the most appropriate for a generalized class library. A tight binding
noitacilppaehtdnanoitpecxenagnikovninoitcnufrebmemssalcehtneewteb)tcartnocro(

function in which the exception might be resumed is absolutely necessary to ensure that all
sitI.reldnahaybylevitceffedootsrednudnadettimsnartsinoitamrofnietatsdnacitnames

unlikely that this scenario is true in anything other than tightly coupled modules of a single
.elbanoitseuqmetsysevitpmuseragnitroppusfossenlufesuehtsekamhcihw,noitacilppa

2.3. Symbolic Computing

COOL supports efficient and flexible symbolic computing by providing symbolic constants and
-imanyddnaemit-elipmoctastnatsnoccilobmysetaercnacuoY.]7[stcejbolobmysemitnur

cally create and modify symbol objects at runtime by using a simple macro interface or by
eganamotLOOCnihtiwdesuerasegakcapdnaslobmyS.stcejboehtgnitalupinamyltcerid

error message text for translation, to provide polymorphic extensions for object type and con-
-nocnielbaliavayllamrontonsnoitarepocilobmysdetacitsihpostroppusotdna,seireuqstnet

ventional compiled languages.

The fundamental COOL symbolic computing capability is supported through the Symbol and
htiwemanasahtahtlobmysafonoitonehtstnemelpmissalclobmySehT.sessalcegakcaP

an optional value and property list. The name is a character string used to identify the symbol.
dnasemangnitanretlafostsilerastsilytreporP.tcejbo++CemosotsreferdlefieulavehT

values which allow the programmer to associate supplemental attributes with a symbol. This
noitatneserperlanoitanretninaddaylisaeot,elpmaxerof,desuneebsaherutaeftsilytreporp

for all message strings to an application by representing the messages as symbol objects with
.tsilytreporpehtnoderotssegaugnaltnereffidrofsnoitalsnarteht

Symbols are interned into a package, which is merely a mechanism for establishing isolated
dnaslobmysfoelbathsahasaegakcapastnemelpmissalcegakcaPehT.secapseman

includes member functions for adding, retrieving, updating, and removing symbols. This
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package information is maintained across file module boundaries in an application-specific file,
sielfisihT.noitamrofniderahsfonoitartsigerehtrofesabatadnoitacilppaedurcagnidivorp

used in COOL to store such things as class hierarchy information, class names, and the loca-
redroniyrassecensimetitsalsihT.detarenegsissalcetalpmetdeziretemarapaerehwfonoit

to automate the expansion of a template exactly once within a single application. Clearly, such
etarapesehtfostimilehtgnihctertssi++Ctahtnoitacidninaeraseuqinhcetnoitatnemelpmi

compilation model of software development traditional in the UNIX environment. We have
gnimmargorpgnitroppusehtdnaegaugnalehthtobmorf,troppuselfi-retnifoepytsihtdnuof

tools, to be absolutely necessary for the productive development of complex C++ applications
.stnenopmocelbasuerfoseirarbilgnisu

2.4. Runtime Type Support

COOL supports an efficient runtime type checking and query capability, and a describe
rossecorperpLOOCehT.]6[ssalccireneGehtmorfeviredhcihwsessalcrofmsinahcem

automatically generates for each Generic-derived class a list of symbols which provides the
dna)(fo_epytehtybdesusihcihwdnanoitamrofniecnatirehnissalcdnaepytssalc

is_type_of() member functions of the Generic class.

sihtfotfienebtnacfiingisA.sessalcLOOCehtfotsomybdetirehnisissalccireneGehT
common base class is the ability to declare heterogeneous container classes parameterized over

-aretIdeziretemarapdnanoitisoptnerrucehthtiwdenibmoc,sessalcesehT.epyt*cireneGeht
tor class, allow the programmer to manipulate collections of objects of different types in a

.rennamelbisnetxedna,tneicffie,elpmis

The symbols generated by the COOL preprocessor are added to a single file that functions as
-ollaotnoitacilppaehthtiwdeknildnadelipmocsielfisihT.yrotisoperlobmysnoitacilppaeht

cate storage, and to initialize the symbols and the global symbol package at program startup
sinoitazilaitinilobmysdnaputesegakcaptcerrocgnirusnirofdohtemdetamotuanA.emit

accomplished by establishing the correct dependency in an application makefile, and through
.egaugnal++Cehtybdetroppusnoitazilaitinitcejbocitatslabolg

The power of the symbolic computing features available in COOL significantly enhances the
,yletanutrofnU.sniamodfoyteiravanismelborpevlosotremmargorpnoitacilppaehtfoytiliba

the complexity of the symbol system and the necessity for an application-specific database to
seitlucffiiddnasnoitseuqehtfoynamtahteveilebeW.esustidetimilylerevessahtitroppus

reported to us are directly or indirectly related to this feature. The basic problem is the lack of
melborpsihT.erutcurtsnoitacilppaelohwehttuobaegdelwonkhtiwtnemnorivnegniniatnoca

is reflected in the template expansion process, the runtime type system, and the
-ecrofnehtiwgnivaherasrelipmoc++Cytlucffiideht,noitiddanI.msinahcemegakcap/lobmys

ment of the "one-definition" rule and 100% type-safe linkage can also be directly traced to this
wohrettamon,rewsnaehteraseirotisoperegarotsdesab-elfitahteveilebtonodeW.melborp

much automation and "magic" is used. Fundamentally, these types of issues require a suppor-
sahcussegaugnalrehtonidnuofsisahcum,noitulostnagelednatsuboraroftnemnorivneevit

Lisp and Smalltalk.

________________
UNIX is a registered trademark of UNIX Systems Laboratories, Inc.
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weivrevOyhcrareiHssalC.3

The COOL class hierarchy is a rather flat inheritance tree, as opposed to the deeply nested
emitnuretatilicafotssalccireneGehtmorfdevirederasessalcxelpmocllA.ledomklatllamS

type checking and object query. Simple classes are not derived from Generic due to space and
hcihwssalcesabamorfstirehnissalcreniatnocdeziretemaraphcaE.snrecnocycneicffie

includes all type-independent code. The COOL class hierarchy is as follows:

mungiB
Complex
Pair<Type1,Type2>

egnaR
Range<Type>

lanoitaR

Generic
Binary_Node

Binary_Node<Type>
eerT_yraniB

Binary_Tree<Type>
>epyT<eerT_LVA

teS_tiB
Date_Time

noitpecxE
Error

System_Error
rorrE_yfireV

lataF
System_Signal

gninraW
Excp_Handler

reldnaH_pmuJ
Generic<Type>

gnirtS_neG
Vector

Vector<Type>
Association<Type1,Type2>

edoN_tsiL
List_Node<Type>
tsiL
List<Type>

elbaT_hsaH
Hash_Table<Type1,Type2>

egakcaP
Set<Type>

>epyT<rotaretI
Matrix

Matrix<Type>
>dlihcn,epyT<edoN_D

N_Node<Type,nchild>
>dlihcn,epyT,edoN<eerT_N
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)d’tnoc(cireneG
Queue

Queue<Type>
kcatS

Stack<Type>
lobmyS

String
remiT

Random
pxegeR

4. Who Tried To Use COOL And Were They Successful?

emosrofredroniniamoddnaecneiduaralucitraparofdetegratebdluohsyrarbilssalc++CA
measure of success to be easily determined. Initially, the COOL project had no specific custo-

enimreteddnaegaugnal++CehthtiwecneirepxeniagoterewslaogtcejorpruO.dnimnirem
if a rich collection of classes could be designed and used by a variety of application program-

tnereffidnispuorglareveserewereht,emitehttA.rennamelihwhtrowdnalacitcarpanisrem
parts of the corporation that had expressed some interest in the language. Many of these users

Cerewsrehtollitselihw,ADAgnisugniredisnocerewsrehtO.sremmargorppsiLremroferew
programmers on UNIX and PC platforms. To collect and disseminate information to this

ngised,seussi,saedifonoissucsidrofmurofliam-enadehsilbatseew,puorg-resuesrevid
reviews, and so forth. This provided valuable information and insight into the needs of a

deriuqertahtstseuqergnitciflnocynamnidetluser,revewoh,oslatI.sremotsucfoyteirav
space/time tradeoffs in the class designs and implementations.

ssalcruodna++CesuotylekilerewohwsremmargorpebottuodenrutsresulaitnetopehT
library in the short term and programmers who had no immediate need or opportunity for use,

-orplareveS.snosaerlanosrepro,lautcelletni,stcejorperutufelbissoprofdetseretnierewtub
jects had just begun their design and prototyping phases when they evaluated COOL. One pro-

nworiehtdepoleveddnaLOOCesuottondediced,rotalumisLDHVagnidliubsawhcihwtcej
C++ classes for performance and efficiency reasons. A second project which was working on

serutaefdednetxeehtdnayrarbilssalcruodesu,metsysselurgniniahc-drawrofelbaddebmena
such as parameterized types and the symbolic computing capability. Another project used

sessalcemosfosnoisrevnworiehtdengisedoslatey,yrarbilssalcruofostnenopmocemos
too. In each case, there was a desire and need for many of the basic data structures found in

nosaeryramirpehT."yllaitrap"si"?lufsseccusyehtereW"noitseuqehtotrewsnaehT.LOOC
for our lack of success was that programmer expectations, design, requirements, and the C++

sliatedniatnocsnoitcesgniwollofehT.rehtohcaehtiwenilnisyawlatonerewflestiegaugnal
about which COOL components were used and how they were or were not appropriate for the

.dnahtakrow

4.1. What Did Our Users Like?

To date, the two most favorably received aspects of COOL are the implementation of
-nemtcejorprelipmocselurehT.yrarbilehtfoerutanelbatropehtdnasetalpmetdeziretemarap

tioned above extensively used not only our collection of parameterized container classes, but
,larenegnI.msinahcememasehtgnisusessalcetalpmetcfiiceps-noitacilppalarevesetorwosla

we have received favorable response from this project concerning the syntax and expressive
otssengnilliwelbaredisnocdesserpxesredaeltcejorpemoS.msinahcemetalpmetehtforewop

give up a small percentage of performance and/or efficiency if that resulted in a highly portable
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software platform upon which they could design and build their applications. This position,
-ilppaehtgnitnemelpmirofelbisnopsersreenigneehthtiwderahsyllasrevinutonsaw,revewoh

cation.

Another strongly echoed statement is that the distribution of the class library in source format
,sessalcehtfoesuehtdna,egaugnal++Cehtfognidnatsrednuehtdecnahneyltnacfiingis

polymorphism, and class derivation within an application framework. Many users were in the
suoiravrofedocecruosgnikrowenimaxeotytilibaehtdnuofdna++Cgninraelfossecorp

class library components a great aid. We also found that all possible uses of a given class
ehtsahcussnoisicedtahtos,ssecorpngisedevitaretiruonidetapicitnaebsyawlatondluoc

private/protected interface were often incorrectly specified. In addition, when an application
ehtegnahcotyrassecensemocebsemitemosti,sessalcyrarbilhtiwecnatirehnielpitlumsesu

inheritance specification for one or more shared base classes to virtual. Finally, parameterized
-niamebotsdeenesabecruosenoylnotahtnisessalc-atemsafothguohtebnacsetalpmet

tained to support numerous variations of a kind of class. This requires distribution of template
,sihT.tamrofdelipmocyllaitraprodetpyrcnenwostistpodarodnevhcaesselnuedocecruos

however, seems too restrictive and not desirable from the user’s point of view.

LOOCehtenimaxedluowssalcfoepytralucitrapadedeenohwsresutahtdnuofnetfoeW
design and implementation for a similar class, then proceed to copy the source code and

yllaitinitahtottnereffidyrevssalcanignitluser,ecafretniehtyfidomdnaretlayltnacfiingis
supplied. The reason most often sighted for this course of action was not due to functionality

titahtnoitpecreparehtartub,ecafretnidetcetorp/etavirpehthtiwytlucffiidroseicneicfied
must be inefficient because it was not hand-crafted by the individual. This reaction is at the

esruocahcustpeccalliwsremmargorptonrorehtehwdnaesueredocfomelborpehtfotraeh
of action. It seems to depend partially upon the individual’s "pain-threshold" for modifying

eulav-llamsroF.ssalcyrarbilehtfoeulavdeviecrepehtsesrevssalcwenagnitaercro/dna
classes such as string, the answers seems to be variable, but for larger value classes such as

yrarbilehtgnisurovafotylekileromhcumsinoisicedeht,reffubtxetdnanoisserpxeraluger
class [1].

We feel that for the most part, COOL provides very efficient implementations of a variety of
llarofetairporppaniebyamsessalcehtfoerutanderutaef-llufeht,revewoH.serutcurtsatad

users. We originally implemented one heavy-weight String class, for example, that contained
-eganamyromemrehtodnagnitnuocecnereferdetnemelpmidnaseitilibapacgnihctamnrettap

ment techniques. We later added a streamlined version of this class that had a subset of the
siht,snoitautisynamnI.snoitarepognirtscisabtsomehtylnodedivorpdnasnoitcnufrebmem

was the more popular class of the two. In those cases where a more full-featured class was
ralimisA.detaicerppasawecafretnielbitapmocaevahdnaedargpuotytilibaeht,dedeen

request was made for the List<Type> class. We therefore feel that one possible design choice
dnaLOOCsadetomorpebdluow,gnisitrevdanierewewfi,hcihw(seirarbilowtedivorpotsi

COOL-Lite). This approach seems appropriate for general purpose class libraries and could be
-thgilevahthgimyrarbilesabatada,elpmaxeroF.seirogetaccfiicepseromrehtootdeilppa

weight classes that provide basic storage and retrieval facilities perhaps built on a flat file
-nochtiwssalclufrewoperomdnarehciradereffooslatub,ytilibatropdnadeepsrofMASI

currency control, nested transaction support, logging and recovery.
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?ekilsiDsresUruOdiDtahW.2.4

The most common problem voiced from users concerned the requirement that any of their
dnalobmyseritneehttahtderiuqercireneGmorfdeviredssalcLOOCadesutahtsnoitacilppa

package mechanism also be linked into their application, even if they did not use the symbolic
-mochtiwseirarbildnaseihcrareihssalchtiwtnerehnimelborpasisihT.seitilicafgnitupmoc

plex or intertwined dependencies. For example, a class derived from Generic will result in
-exeehtotnideknilgnieboslaegakcaPdnaelbaT_hsaHrofsetalpmetehtfosnoitatnemelpmi

cutable image. An additional concern already mentioned is the complexity of the symbol setup
.noitacilppahcaehtiwdeknildnadelipmocebotelfiesabatadyrailixuanarofytissecenehtdna

This is partially due to our implementation and the necessity for portability, but also because of
-elpmisrodnevlaicremmocynaM.smroftalpynamnoygolonhcetrekniltnerrucfoetatseht

menting environments should not have this problem.

ehtdnasrepolevedyrarbilehtneewtebnoitacinummocehtsawytlucffiidtnacfiingisrehtonA
library users on the intended use of and interface for the classes. A C++ class browser utility

dnasessalcelbaliavaehttuobaremmargorpagnitacudefosmelborpehtyfilpmisyltaergdluow
their functionality. As class libraries grow and the relationships between objects become more

)1(eromdna)1(pergsahcusslootlanoitidartfoytilibacilppadnassenlufesueht,xelpmoc
begin to break down. More modern tools designed for this problem such as the graphical class

evrucgninraelehtesaeyllaitnatsbuslliwtnemnorivnetnempoleved++CrebaSehtniresworb TM

and information explosion. Using such tools, a programmer will be able to more easily identify
-moceromaetalimissadna,snoitinfiednoitcnufrebmemdnaetatsetacol,smelborpecnatirehni

plete mental model of the library. This will be particularly true if in fact the promise of
ebotsinoitacilppaelgnisanihtiwstnenopmoctnereffidrofseirarbilssalclarevesgnitargetni

realized.

5. What Did We Learn and What Would We Do Differently?

dnatsrfieht,snoisicedngisedtnereffidlarevesekamdluowew,wonkwonewtahwhtiW
foremost of which would be to simplify the interdependencies between the classes. This would

-neGssalcesabagnivahfodaetsnI.yhcrareihssalcehtgnippiflyllaitnesseybdehsilpmoccaeb
eric that provides the run time typing capability and from which most other classes are

dnagnirtSsahcussessalC.ssalcenoladnatsasassalcsihtedivorpdluowew,devired
Vector<Type> would not be derived from Generic. In this manner, users who wanted the

ytilibapacepytemitnurtegtondluowLOOCnidnuofstcejboeromroenofoytilanoitcnuf
linked into their application. Those users who needed the symbolic computing facilities could

-epythtiwssalcgnirtSa,elpmaxeroF.ssalcetairporppaehteviredotecnatirehnielpitlumesu
query support could be multiply derived from Generic and String to produce the desired

.tluser

The Exception and Excp_Handler classes are the only classes in COOL which require the
ruomorfstlusersihT.msinahcemegakcapdnalobmysdnaytilibapacgnikcehcepytemitnur

current implementation of handling exceptions. We would change this implementation and use
ssalcnoitpecxehcaetneserperotstcejbolobmysLOOCfodaetsnisgnirtsretcarahcelpmis

name. Most of the COOL classes raise exceptions and we would still want to eliminate the
.sessalcesehtfoynagnisunehwmsinahcemegakcapdnalobmysehtgnidulcnifoytissecen

In addition to removing the Generic dependency in all classes, we would also provide a
________________

Saber C++ is a trademark of Saber Software, Inc.
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ottcejborotaretinafonoitonehttroppustahtsessalcreniatnocehtrofssalcesabnommoc
allow for the commonality of these class objects. This base class would probably contain only

deviredehtniecafretniralucitrapaecrofneotsnoitacfiicepsnoitcnufrebmemlautriverup
classes.

Finally, we would also provide both a simple version and full-featured version of many of the
-serhcihwsessalcdeziretemarapehtfonoisrevatnemelpmidluowew,elpmaxeroF.sessalc

tricts the type parameter to data type pointers and removes the use of references. We believe
esiwrehtodluowohwsresuynamyfsitasdluowsessalcfonoisrevelpmisehtgnidivorptaht

alter a COOL class implementation to reduce its complexity for space/time considerations. In
dna,esuotreisaemehtgnikamsessalcLOOCehtrofngisedehtyfilpmisdluowti,noitidda

allowing for more code reuse.

We like the "forest" hierarchy structure and believe that it is more appropriate for applications
sahcus,seirarbilssalcrehtonidnuoferutcurtsdetsenylpeedklatllamSehtnaht++Cninettirw

Gorlen’s NIH class library [8]. In an effort to reduce even further the complexity and size of
enilni-nonyrevegnicalproftpoosladluowew,yrarbilssalcehtsesutahtnoitacilppana

member function in its own source file and the resulting object file in the archive. This would
ehtotninoitacilppananidezilituyllautcasnoitcnufrebmemesohtylnoknilotsreknilecrof

executable image. Finally, we are concerned about the single namespace and the inevitable
anidenibmoceraseirarbilssalcdepolevedyltnednepedniowtnehwtlusertahtsehsalceman

single application. In one case we are familiar with, a user trying to use COOL with the Stan-
snoitcnufdnasemanssalcotsegnahclarevesekamotdah]01[yrarbilssalcsweiVretnIdrof

that were common to both libraries. It appears that with the current language definition, the
retteleerhtroowtahtiwsemanlabolgllagnixfierperiuqerotsinoituloselbanosaerylno

prefix in order to reduce the chance of a clash. This, however, is clearly not acceptable and we
.noitulosmret-gnolelbaivylnoehtsisecapsemanetalosiotnoisnetxeegaugnalaeveileb

6. Conclusion

The COOL project has been an exciting and rewarding experience, serving not only to fulfill
aroftnioplacofasaoslatub,++Chtiwecneirepxeelbaulavgnidivorpfotnetnilaitiniruo

larger discussion within the company regarding software productivity and code reuse. Our
roflaitnetopdnaytilibacilppagninrecnocnoitamrofnielbaulavdedivorpsahpuorg-resuesrevid

utilization of C++ class libraries in a variety of projects and platforms. We conclude that a
:setalpmetdnaserutcurtsatadcisabynamfognitsisnocyrarbilssalc

• can significantly aid the portability of an application
sremmargorpCynamybmsicitpekselbaredisnochtiwdeweiveblliw•

• must be supplied in source code format
esoprupehttiusotdesopmoced/defiidomebnetfolliw•

• provides a medium for the dissemination and spread of ideas and techniques

eraereht,LOOCnidnuofserutcurtsatadcisabehtfoynameriuqersnoitacilppatsomelihW
always other necessary components. It is our conjecture (based on a limited application test

:stnenopmocssalcfosepytruoferiuqeryllautcalliwstcejorpynamtaht,)tes

• basic data structures -- strings, templates, containers, etc.
.cte,sexobgolaid,snottub,sunem--stegdiwecafretni-resu•

• network/communication -- file transfer, TCP/IP, remote access, etc.
stcejbo"eulavhgih"cfiiceps-niamod--cfiiceps-noitacilppa•

If there is one significant lesson we have learned from COOL, it is that W.C. Fields was right
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in saying: "You can’t satisfy all the people all the time!" On the other hand, a C++ data struc-
noitanibmocni,nactahtstnenopmocsahyhcrareih"tserof"anidezinagroyrarbilssalcerut

with other libraries, satisfy most of the people most of the time. We think this is about the best
.elbissopsitaht

7. Status

COOL is currently running on a Sun SPARCstation 1 running SunOS 4.x, and a PS/2 MTMTMT

MTmodel 70 running OS/2 1.2. The SPARC port utilizes the AT&T C++ translator (cfront) and
)rotalsnartT&TAehtfotropasihcihw(rotalsnart++CleipsnekcolGehtsezilitutrop2/SOeht

with the Microsoft C compiler.

stnemegdelwonkcA.8

Many people contributed ideas, suggestions, and criticisms that have helped shape the class
-roCllirreM,lliduaCyrreT,ekruBderFeraesehttsgnomA.tnempoleveddnanoituloveyrarbil

nish, Carey Jung, Asif Malik, Dane Meyer, LaMott Oren, Jeri Steele, Dan Stenger, and Brian
.rotciV
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