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Caveat

Thesetersenotesare not a substitutefor readingthe textbook. The textbook provides mary more examplesand
explanations.Thesearearoughdraft of my lecturenotes.

1 StepsWhen Defining Classes

A typeis agroupof elementandpermittedoperation®onthem.A classis auserdefinedtype. It consistof agroup
of objects andpermittedoperations.

1. Determinewhattheclassshoulddo.

Write a shortEnglishdescriptionof theclasss purposeandthenwrite codeusingtheclassfrom a users point
of view. Thisrevealswhatpublic functionsthe classmustprovide.
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2. Definetheclass.We now work from the classimplementors point of view.

(a) Write theclassnamee.g.,cl ass f oo.

(b) Write publ i c andpri vat e.

(c) Write function prototypedor eachpublicly usedfunctionin theusecode.
After this point, thereis no needto look attheusecode.

(d) Determineastrategyy for implementingtheclass.

Write a shortEnglishdescriptionfor how to implementthe class. For example,“Our shoppingcart’s
contentswill bestoredin avectorof pairs,eachstoringanitem’s nameandprice”

| supposat would be usefulto documenthis designdecisionasa commenin the code.
(e) Write the memberfunctiondefinitions.

2 Defining Member Functions

2.1 Public vs.Private

Public members canbe accessethy usersof a class.Private members cannotbe accessetly usersof a class.They
exist to easeémplementation.For example,if a helperfunctionwould be useful,thereis high probabilityit should
be a privatememberfunction.

Summary:

public: usedby classusers

private: implementatiornelpers

2.2 Propertiesof ClassMembers

C++ designelStroustrupwritesthatordinarymemberfunctionshave threelogically distinctproperties:

e Canaccesdoththe public andprivateportionsof aclass.
e Areinsidetheclass.

e Mustbeinvoked usinganobject,e.g.,goo. si ze() .

We will now considemriting functionswithout all threeproperties.Satic member functions have only thefirst
two properties:They canaccespublic andprivateportionsandareinsidethe class.Friend member functions have
only thefirst property: They canaccesgublic andprivateportions.

2.3 Invocation Using an Object

Whenusinga memberfunction,we mustspecifywhich objectto use.For example,to invoke thesi ze() member
functiononthe goo object,we usegoo. si ze() . Whendefininga memberfunction, we aregiven“free” access
to the“currentobject” (called*t hi s in C++). Conceptuallywhenwe move from the users point of view to the
implementors point of view, we move from usinganexplicit objectgoo to theimplicit “currentobject’

The currentobjectstoresits valuesfor the classvariables. For example,in the shoppingcart definition, i n-
sert 's definition usesthe private variablei t ens residingin the objectfor whichi nsert wasinvoked. In an
ordinarymemberfunction, if a variableis not definedin the function aseithera local variableor a parameterthe
currentobjectis searchedor thevariable.



Conceptually, oneway to view memberfunctioninvocationsuchasgoo. si ze() is asinvoking si ze with
a hiddenfirst amgumentof the goo object. Thus,conceptually, goo. si ze() is equvalentto si ze( goo) . This
may helpunderstanadvhy a C++ compilergivesstrangeerrormessagesometimes.

2.4 Static ClassMembers

Satic class members canaccesboththeprivateandpublic portionsof a classandaremember®f theclass but they
arenotinvoked usinganobject. Becausehey arenotinvoked usingan object,they cannotusethe currentobjectto
look up valuesfor classvariablessuchasi t ens describedabove.

To definea staticmembeifunction,prefixthewordst at i ¢ to thebeginningof thememberfunctiondefinition.
Be surethe definition doesnot accessary non-staticmembersbut it may accessoth private and public static
membersin otherwords,it maynotaccessry variableswhosevaluesarestoredin the currentobject.

Toinvoke a staticmemberi nt foo(int x) definedin aclassgoo,

insidethe class: usef oo( 3) , where3 is anarbitraryi nt value.

outsidethe class: usegoo: : f 00( 4) ; . Prefixingwith goo: : indicatesf oo is partof theclassgoo.

2.4.1 Whento Use

Usea staticmembemwhene&er you wantto write codethatis independendf any particularobjectin the class.One
frequentuseis to definehelperfunctionsfor usewith STL functions. Thesehelperfunctionsusuallycanhave only
afixednumberof parametersndwe wantto ignorethe hidden“currentobject” parametethatwould be presenif
we useda memberfunction.

2.5 Friend Functions

A friend function is afunctionlogically associatedvith aclassthatis notamemberof theclassbut still needsaccess
to private portions. For example,the outputoperatoroper at or << for the shoppingcart classneedsaccesgo the
privatevect or of itemsin theshoppingcartbut cannotbe amemberfunction becausef thewaythei ost r eam
library is constructedLooking atthe codefor oper at or <<, we seethatit doesaccesshe privatei t ens portion
of its shoppi ngCart agumentsc, e.g.,sc. i tens. begin().

Even thoughfriend functionsare not part of the class,their definitionscanappeardirectly inside the classif
desired. Justprefix the definition with f r i end. Make surethatthey accesonly staticclassmembersor usean
objectpassedsanargumentto accesshe privateparts.

Thepublic andprivatelabelsdo notimpactfriendssincethey arenot classmembers.

2.5.1 Whento Use

Friendfunctionsshouldbe usedwhena function needsaccesgo the private portion of a classor oneof its objects,
but the function cannotor shouldnot be part of the class. Commonexamplesincludeinput and outputoperators.
Anotheruseis for binary operatorsfor which both parameterdiave equalimportanceso, if it was written asa

memberfunction,it would not be clearwhich parameteto useasthe hiddencurrentobject.

3 OverloadedFunctions

Overloaded functions aretwo or morefunctionswith the samenamebut differentparametersThe parametersnust
differ in numberand/ortype. (Differing only in returntypeis not sufficient.) For example,the STL functionsor t
takeseithertwo or threeagumentsdependingn whetheronespecifiesa comparisoroperator



3.0.1 Whento Use

Useoverloadedunctionswhentwo or morefunctionsperformthe sametask, but differentfunctionsareneededo
handledifferentparameters.

3.1 OverloadedOperator Functions

Almostall C++ operatorsanbedefinedfor usewith classesWe introducethe syntaxby example:bool oper -
ator||(const foo & f, const foo & g). Since|| for built-in typestakestwo argumentsjt musttake
two argumentsvhenoverloadingit. At leastoneof thesetwo argumentamustbe a userdefinedtype; otherwiseyou
would betrying to redefinethe operationon two C++ built-in types.

Overloadedoperatorghatare classmembershave onefewer parametershanif they werenot classmembers.
For example,if you decideto make oper at or! aclassmemberit will take no agumentswhile, if not a class
membey it would have oneargument. This is becauselassmemberdshave a first parameteof the hiddencurrent
object.

Tips:

e Choosean operatorappropriatefor the function’s purpose.For example,if afunctionis to addtwo comple
numbersuseoper at or +.

e For mary operators,also considerimplementingtheir assignmenform. For example,if oper at or- is
defined,it mayalsobe usefulto defineoper at or - =.

4 Heuristics

It is anart, not scienceo decidewhethera function shouldbe overloaded given an operatomame,be a friend or
staticfunction.

4.1 General Questions

e Doesit needaccesdo the privateportion of a class?If yes,make it anordinarymembera staticmemberor
afriend.

e Doesit needaccesdo anobject?If yes,malke it anordinarymemberor a friend function. If no, considera
staticmember

e Canit haveahiddenfirst parameteconsistingof thecurrentargument?Thatis, mustthenumberof parameters
befixed?If thenumberis fixed, considera staticmember

e Doesit needaccesgo the private portion of multiple objects? If noneof theseobjectsis mostimportant,
considerafriend function.

e Is its functionsimilar to otherfunctions?o anoperator?lf yes,make it anoverloadedunction, possiblyan
overloadedperatorfunction.

4.2 SpecificHeuristics for Ordinary, Static, and Friends

1. By default, make a classfunctionanordinarymembeifunction.

2. If it isto beusedasan STL helperfunction,male it static.



3. If it is abinaryoperatomwith two objectagumentsmake it afriend.

4. How mary objects’privateportionsdoesit use?zero=- static,one=- ordinary two or more=> friend.



