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Caveat

Thesetersenotesarenot a substitutefor readingthe textbook. The textbook providesmany moreexamplesand
explanations.Thesearea roughdraftof my lecturenotes.

1 StepsWhen Defining Classes

A type is agroupof elementsandpermittedoperationsonthem.A class is auser-definedtype.It consistsof agroup
of objects andpermittedoperations.

1. Determinewhattheclassshoulddo.

Write ashortEnglishdescriptionof theclass’s purposeandthenwrite codeusingtheclassfrom auser’spoint
of view. This revealswhatpublic functionstheclassmustprovide.
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2. Definetheclass.Wenow work from theclassimplementor’s pointof view.

(a) Write theclassname,e.g.,class foo.

(b) Write public andprivate.

(c) Write functionprototypesfor eachpublicly usedfunctionin theusecode.

After thispoint, thereis no needto look at theusecode.

(d) Determineastrategy for implementingtheclass.

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

I supposeit wouldbeusefulto documentthis designdecisionasacommentin thecode.

(e) Write thememberfunctiondefinitions.

2 Defining Member Functions

2.1 Public vs.Private

Public members canbeaccessedby usersof a class.Private members cannotbeaccessedby usersof a class.They
exist to easeimplementation.For example,if a helperfunctionwould beuseful,thereis high probability it should
beaprivatememberfunction.

Summary:

public: usedby classusers

pri vate: implementationhelpers

2.2 Propertiesof ClassMembers

C++ designerStroustrupwritesthatordinarymemberfunctionshave threelogically distinctproperties:

� Canaccessboththepublicandprivateportionsof aclass.

� Are insidetheclass.

� Must beinvokedusinganobject,e.g.,goo.size().

We will now considerwriting functionswithout all threeproperties.Static member functions have only thefirst
two properties:They canaccesspublic andprivateportionsandareinsidetheclass.Friend member functions have
only thefirst property:They canaccesspublicandprivateportions.

2.3 InvocationUsingan Object

Whenusingamemberfunction,we mustspecifywhichobjectto use.For example,to invoke thesize() member
functionon thegoo object,we usegoo.size(). Whendefininga memberfunction,we aregiven“free” access
to the “currentobject” (called*this in C++). Conceptually, whenwe move from theuser’s point of view to the
implementor’s point of view, we move from usinganexplicit objectgoo to theimplicit “currentobject.”

The currentobjectstoresits valuesfor the classvariables.For example,in the shoppingcart definition,in-
sert’s definition usesthe privatevariableitems residingin the object for which insert wasinvoked. In an
ordinarymemberfunction, if a variableis not definedin the functionaseithera local variableor a parameter, the
currentobjectis searchedfor thevariable.
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Conceptually, oneway to view memberfunction invocationsuchasgoo.size() is asinvoking size with
a hiddenfirst argumentof thegoo object. Thus,conceptually, goo.size() is equivalentto size(goo). This
mayhelpunderstandwhy aC++ compilergivesstrangeerrormessagessometimes.

2.4 Static ClassMembers

Static class members canaccessboththeprivateandpublicportionsof aclassandaremembersof theclass,but they
arenot invokedusinganobject.Becausethey arenot invokedusinganobject,they cannotusethecurrentobjectto
look up valuesfor classvariablessuchasitems describedabove.

To defineastaticmemberfunction,prefixthewordstatic to thebeginningof thememberfunctiondefinition.
Be surethe definition doesnot accessany non-staticmembers,but it may accessboth private and public static
members.In otherwords,it maynotaccessany variableswhosevaluesarestoredin thecurrentobject.

To invoke a staticmemberint foo(int x) definedin aclassgoo,

inside the class: usefoo(3), where3 is anarbitraryint value.

outsidethe class: usegoo::foo(4);. Prefixingwith goo:: indicatesfoo is partof theclassgoo.

2.4.1 When to Use

Usea staticmemberwhenever you wantto write codethat is independentof any particularobjectin theclass.One
frequentuseis to definehelperfunctionsfor usewith STL functions.Thesehelperfunctionsusuallycanhave only
a fixednumberof parametersandwe wantto ignorethehidden“currentobject” parameterthatwould bepresentif
we usedamemberfunction.

2.5 Friend Functions

A friend function is a functionlogically associatedwith aclassthatis notamemberof theclassbut still needsaccess
to privateportions.For example,theoutputoperatoroperator<< for theshoppingcartclassneedsaccessto the
privatevector of itemsin theshoppingcartbut cannotbea memberfunctionbecauseof theway theiostream
library is constructed.Looking at thecodefor operator<<, we seethatit doesaccesstheprivateitems portion
of its shoppingCart argumentsc, e.g.,sc.items.begin().

Even thoughfriend functionsarenot part of the class,their definitionscanappeardirectly insidethe classif
desired.Justprefix the definition with friend. Make surethat they accessonly staticclassmembersor usean
objectpassedasanargumentto accesstheprivateparts.

Thepublicandprivatelabelsdonot impactfriendssincethey arenot classmembers.

2.5.1 When to Use

Friendfunctionsshouldbeusedwhena functionneedsaccessto theprivateportionof a classor oneof its objects,
but the functioncannotor shouldnot be partof theclass.Commonexamplesincludeinput andoutputoperators.
Another useis for binary operatorsfor which both parametershave equal importanceso, if it was written as a
memberfunction,it wouldnotbeclearwhichparameterto useasthehiddencurrentobject.

3 OverloadedFunctions

Overloaded functions aretwo or morefunctionswith thesamenamebut differentparameters.Theparametersmust
differ in numberand/ortype. (Differing only in returntypeis not sufficient.) For example,theSTL functionsort
takeseithertwo or threearguments,dependingon whetheronespecifiesa comparisonoperator.
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3.0.1 When to Use

Useoverloadedfunctionswhentwo or morefunctionsperformthesametask,but differentfunctionsareneededto
handledifferentparameters.

3.1 OverloadedOperator Functions

Almost all C++ operatorscanbedefinedfor usewith classes.We introducethesyntaxby example:bool oper-
ator||(const foo & f, const foo & g). Since|| for built-in typestakestwo arguments,it musttake
two argumentswhenoverloadingit. At leastoneof thesetwo argumentsmustbeauser-definedtype;otherwiseyou
wouldbetrying to redefinetheoperationon two C++ built-in types.

Overloadedoperatorsthatareclassmembershave onefewer parametersthanif they werenot classmembers.
For example,if you decideto make operator! a classmember, it will take no arguments,while, if not a class
member, it would have oneargument.This is becauseclassmembershave a first parameterof thehiddencurrent
object.

Tips:

� Chooseanoperatorappropriatefor thefunction’s purpose.For example,if a function is to addtwo complex
numbers,useoperator+.

� For many operators,also considerimplementingtheir assignmentform. For example, if operator- is
defined,it mayalsobeusefulto defineoperator-=.

4 Heuristics

It is anart, not science,to decidewhethera functionshouldbeoverloaded,givenanoperatorname,bea friend or
staticfunction.

4.1 GeneralQuestions
� Doesit needaccessto theprivateportionof a class?If yes,make it anordinarymember, a staticmember, or

a friend.

� Doesit needaccessto anobject?If yes,make it anordinarymemberor a friend function. If no, considera
staticmember.

� Canit haveahiddenfirst parameterconsistingof thecurrentargument?Thatis,mustthenumberof parameters
befixed?If thenumberis fixed,considerastaticmember.

� Doesit needaccessto the privateportion of multiple objects? If noneof theseobjectsis most important,
considera friend function.

� Is its functionsimilar to otherfunctions?to anoperator?If yes,make it anoverloadedfunction,possiblyan
overloadedoperatorfunction.

4.2 SpecificHeuristics for Ordinary , Static, and Friends

1. By default,make aclassfunctionanordinarymemberfunction.

2. If it is to beusedasanSTL helperfunction,make it static.
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3. If it is abinaryoperatorwith two objectarguments,make it a friend.

4. How many objects’privateportionsdoesit use?zero � static,one � ordinary, two or more � friend.
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