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INHERITANCE

5.1INTRODUCTION

Inheritance is probably the most powerful feature of object-oriented
programming,afterclassesthemselves.Inheritanceistheprocessofcreatingnew
classes,calledderivedclasses,from existingorbaseclasses.Thederivedclass
inherits allthe capabilities ofthe base class butcan add embellishments and
refinementsofitsown.Thebaseclassisunchangedbythisprocess.Theinheritance
relationshipisshowninFigure5.1.

FIGURE(5.1)Inheritance.

InheritanceisanessentialpartofOOP.Itscodereusability,Onceabaseclassis
written and debugged,itneed notbe touched again,but,using inheritance,can
neverthelessbeadaptedtoworkindifferentsituations.
Reusingexistingcodesavestimeandmoneyandincreasesaprogram’sreliability.
Inheritancecanalsohelpintheoriginalconceptualizationofaprogrammingproblem,
andintheoveralldesignoftheprogram..Animportantresultofreusabilityistheease
ofdistributingclasslibraries.

Aprogrammercanuseaclasscreatedbyanotherpersonorcompany,and,without
modifyingit,deriveotherclassesfrom itthataresuitedtoparticularsituations.We’ll
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examinethesefeaturesofinheritanceinmoredetailafterwe’veseensomespecific
instancesofinheritanceatwork.

Fig5.2

Reusabilityisanotherimportantfeatureofoop.C++stronglysupportstheconcept
ofreusability.TheC++classescanbereusedinseveralways.Onceaclasshasbeen
writtenandtested,itcanbeadaptedbyotherprogrammerstosuittheirrequirements.
thisisbasicallydonebycreatinganewclasses,reusingthepropertiesoftheexisting
ones.Themechanism ofderivinganewclassfrom anoldoneiscalledinheritance(or
derivation).Theoldclassisreferredtoasthebaseclassandthenewoneiscalledthe
derivedclass.

Thederivedclassinheritssomeorallofthetraitsfrom thebaseclass.Aclass
canalsoinheritpropertiesfrom morethanoneclassorfrom morethanonelevel.
-singleinheritance:-aderivedclasswithonlyonebaseclass
-multipleinheritance:-onederivedclasswithseveralbaseclasses.
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-hierarchicalinheritance:onebaseclassmaybeinheritedbymorethanonederived
class.
-multilevelinheritance Themechanism ofderivingaclassfrom another‘derived
class’.
Figure5.3showsvariousform ofinheritance.Thedirectionofarrow indicatesthe
directionofinheritance.
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5.2DefiningDerivedClasses

aderivedclassisdefinedbyspecifyingitsrelationshipwiththebaseclassinaddition
toitsowndetails.Thegeneralform ofdefiningaderivedclassis:

Thecolonindicatesthatthederived-class-nameisderivedfrom thebase-class-name.
Thevisibilitymodeisoptionaland,ifpresent,maybeeitherprivateorpublic.The
defaultvisibility-modeisprivate.Visibilitymodespecifieswhetherthefeaturesofthe
baseclassareprivatederivedorpublicderived.
Examples:

classABC:privateXYZ //privatederivation
{

membersofABC
};

classABC:publicXYZ //publicderivation
{

membersofABC
};

classABC:XYZ //privatederivationbydefault
{

membersofABC
};

whenabaseclassisprivatelyinheritedbyaderivedclass,‘publicmembers’ofthe
base classbecome ‘private members’ofthederived classand therefore‘public
members’ofthebaseclasscanonlybeaccessedbymemberfunctionsofthederived
class.

Onotherhand,whenabaseclassispubliclyinherited‘publicmembers’ofthe
baseclassbecome‘publicmembers’ofthederivedclassandthereforetheyare
accessibletotheobjectsofthederiveclass.Inboththecases,theprivatemembers
arenotinheritedandtherefore,theprivatemembersofabaseclasswillneverbecome

classderived-class-name:visibility-modebase-class-
name
{

....//

....//membersofderivedclass

....//
};
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themembersofitsderiveclass.

5.3SingleInheritance
letasconsiderasimpleexampletoillustrateinheritance.AbaseclassBandaderived
classD.
classBcontains:oneprivatedatamember

onepublicdatamember
threepublicmemberfunctions

classDcontains:oneprivatedatamemberandtwopublicmemberfunctionsr.

///////////////////////////////////SingleInheritance:Public
#include<iostream>
usingnamespacestd;
classB
{

inta; //private;notinheritable
public:

intb; //publicreadyforinheritance
voidget_ab();
int get_a(void);
voidshow_a(void);

};
classD:publicB //publicderivation
{ intc;

public:
voidmul(void);
voiddisplay(void);

};
//………………………functiondefined…………………..
voidB::get_ab(void)
{ a=5; b=10; }
intB::get_a()
{ returna; }
voidB::show_a()
{ cout<<“a=“<<a<<“\n”;}
//………………………………………………………………..
voidD::mul()
{c=b*get_a();}
voidD::display(void)
{

cout<< “a=“<<get_a()<<“\n”;
cout<< “b=“<<b<<“\n”;
cout<< “c=“<<c<<“\n”;

}
//……………………mainprogram………………………..
intmain()
{ Dd;

d.get_ab();

Theoutputof
program:
a=5
a=5
b=10
c=50

a=5
b=20
c=100
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d.mul();
d.show_a();
d.display();
d.b=20;
d.mul();
d.display();

return0;
}

TheclassDisapublicderivationofthebaseclassB.therefore,Dinheritsallpublic
membersofBandretainstheirvisibility.ThusapublicmemberofthebaseclassBis
alsoapublicmemberofthederivedclassD.theprivatememberofBcannotbe
inheritedbyD.theclassD,ineffect,willhavemoremembersthanwhatitcontainsat
thetimeofderivationasshowninfig5.4.

B
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Althoughthedatamember‘a’isprivateinBandcannotbeinherited,objectsofDare
abletoaccessitthroughaninheritedmemberfunctionofB.

Letasnowconsiderthecaseofprivatederivation.

classB
{

inta;
public:

intb;
voidget_ab();
int get_a();
voidshow_a();

};
classD:privateB //privatederivation
{

intc;
public:

voidmul();
voiddisplay();

};

themembershipofthe
derivedclassD
isshowninfig.5.5.

Inprivatederivationthepublicmembersofthebaseclassbecomeprivatemembersof
thederivedclass.Therefore,theobjectsofDcannothavedirectaccesstothepublic
memberfunctionsofB.
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thestatementssuchas

d.get_ab();
d.get_a();
d.show_a();

willnotwork.However,thesefunctionscanbeusedinsidemul()anddisplay()likethe
normalfunctionsasshownbelow:

voidmul()
{

get_ab();
c=b*get_a();

}

////////////////////////////singleinheritance:private//////////////////////////
#include<iostream>
usingnamespacestd;
classB
{

inta; //private;notinheritable
public:

intb; //publicreadyforinheritance
voidget_ab();
int get_a(void);
voidshow_a(void);

};
classD:privateB //privatederivation
{ intc;

public:
voidmul(void);
voiddisplay(void);

};
//………………………functiondefined…………………..
voidB::get_ab(void)
{cout<<”Enterthevaluesforaandb:”;

cin>>a>>b;
}
intB::get_a()
{ returna; }
voidB::show_a()
{ cout<<“a=“<<a<<“\n”;}
//………………………………………………………………..
voidD::mul()
{

get_ab();
c=b*get_a(); //‘a’cannotbeuseddirectly

}
voidD::display(void)



l̀ecture5 Mahaalihussainobjectorientedprogramming

10

{
show_a();
cout<< “b=“<<b<<“\n”;

cout<< “c=“<<c<<“\n”;
}
//……………………mainprogram………………………..
intmain()
{

Dd;

d.mul();
d.display();

//d.b=20; won’twork;bhasbecomeprivate
d.mul();
d.display();

return0;
}

5.4TheprotectedAccessSpecifier:
A privatememberofabaseclasscannotbeinheritedandthereforeitisnot

availableforthederivedclassdirectly.Tosolvethisproblem,bymodifyingthevisibility
limitoftheprivatememberbymakingitpublic.Thiswouldmakeitaccessibletoallthe
otherfunctionsoftheprogram,thuseliminatetheadvantageofdatahiding.

C++providesathirdvisibilitymodifier,protected,whichservealimitedpurpose
ininheritance.Amemberdeclaredasprotectedisaccessiblebythememberfunctions
withinitsclassandanyclassimmediatelyderivedfrom it.Itcannotbeaccessedbythe
functionsoutsidethesetwoclasses.Aclasscannowuseallthethreevisibilitymodes
asillustratedbelow:
Classalpha
{

private //optional
……… //visibiletomemberfunctions
…….. //withinitsclass

protected:
……. //visibiletomemberfunctions
…….. //ofitsownandderivedclass

public:
…….. //visibletoallfunctions
……. //intheprogram
};

Table1:InheritanceandAccessibility

Theoutputofprogram:
Enterthevaluesforaandb:510
a=5
b=10
c=50

Enterthevaluesforaandb:1220
a=12
b=20
c=240
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Figure1Figure5.6:Accessspecifierswithoutinheritance

Figure2Figure7.7:Accessspecifierswithinheritance

wecanuseinheritancetocreateanewclassbasedonCounter,withoutmodifying
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counteritself.Anewclass,CountDn,thataddsadecrementoperatortotheCounter
class:

5.5TheUnifiedModelingLanguage(UML)
TheUMLisagraphical“language”formodelingcomputerprograms.“Modeling”

meanstocreateasimplifiedrepresentationofsomething,asablueprintmodelsa
house.TheUMLprovidesawaytovisualizethehigher-levelorganizationofprograms
withoutgettingmireddowninthedetailsofactualcode.
IntheUML,inheritanceiscalledgeneralization,becausetheparentclassisamore
generalform ofthechildclass.Ortoputitanotherway,thechildismorespecific
versionoftheparent.ThegeneralizationintheCOUNTENprogram isshowninFigure
.3.Inheritance

InUMLclassdiagrams,generalizationisindicatedbyatriangulararrowheadontheline
connectingtheparentandchildclasses.Rememberthatthearrowmeansinherited
from orderivedfrom orisamorespecificversionof.Thedirectionofthearrow
emphasizesthatthederivedclassreferstofunctionsanddatainthebaseclass,while
thebaseclasshasnoaccesstothederivedclass.
Noticethatwe’veaddedattributes(memberdata)andoperations(memberfunctions)
totheclassesinthediagram.Thetopareaholdstheclasstitle,themiddleareaholds
attributes,andthebottom areaisforoperations.

Ex:W.Pdefineclass….
#include<iostream>
usingnamespacestd;
classB
{protected:

inta; //privatenotinheritable
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public:
intb; //publicreadyforinheritance
voidget_ab();
voidshow_a(void);

};
classD:publicB //publicderivation
{ intc;

public:
voidmul(void);
voiddisplay(void);

};
//………………………functiondefined…………………..
voidB::get_ab(void)
{ a=5; b=10; }

voidB::show_a()
{ cout<<"a="<<a<<"\n";}
//………………………………………………………………..
voidD::mul()
{c=b*a;}
voidD::display(void)
{

cout<< "a="<<a<<"\n";
cout<< "b="<<b<<"\n";
cout<< "c="<<c<<"\n";

}
//……………………mainprogram………………………..
intmain()
{ Dd;

d.get_ab();
d.mul();
d.show_a();
d.display();

d.b=20;
d.mul();
d.display();

return0;
}
EX:Writeaprogram todecrementthecountervariableusinginheritance?
program todecrementthecounter
#include<iostream>
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usingnamespacestd;
classCounter
{
protected:
intcount;//count
public:
Counter():count(0)//constructor
{}
voidinc_count() //incrementcount
{count++;}
intget_count()//returncount
{returncount;}
};
classCountDn:publicCounter//derivedclass
{
public:
voiddec_count()
{count--;}
};

intmain()
{
CountDnc1; //c1ofclassCountDn
cout<<"\nc1="<<c1.get_count(); //display
c1.inc_count(); //incrementc1
c1.inc_count(); //incrementc2
c1.inc_count(); //incrementc2
cout<<"\nafterincrementc1="<<c1.get_count();//displayagain
c1.dec_count();
c1.dec_count();
cout<<"\nafterdecrementc1="<<c1.get_count();//displayagain
return0;
}

OutputofExample:
Inmain()weincrementc1threetimes,printouttheresultingvalue,
decrementc1twice,andfinallyprintoutitsvalueagain.Here’stheoutput:
c1=0← afterinitialization
c1=3← after++c1,++c1,++c1
c1=1← after--c1,--c1
The++operator,theconstructors,theget_count()functionintheCounter
class,andthe--operatorintheCountDnclassallworkwithobjectsoftype
CountDn.
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5.6SpecifyingtheDerivedClass:
FollowingtheCounterclassinthelistingisthespecificationforanew class,

CountDn.Thisclassincorporatesanew function,operator--(),whichdecrementsthe
count.Howeverandhere’sthekeypointthenewCountDnclassinheritsallthefeatures
oftheCounterclass.
CountDndoesn’tneedaconstructorortheget_count()oroperator++() functions,
becausethesealreadyexistinCounter.
ThefirstlineofCountDnspecifiesthatitisderivedfrom Counter:classCountDn:

publiccounter
Hereweuseasinglecolon(notthedoublecolonusedforthescoperesolution
operator),followedbythekeywordpublicandthenameofthebaseclassCounter.This
setsuptherelationshipbetweentheclasses.ThislinesaysthatCountDnisderived
from thebaseclassCounter.

SubstitutingBaseClassConstructors
Inthemain()partofExample1wecreateanobjectofclassCountDn:

CountDnc1;
Thiscausesc1tobecreatedasanobjectofclassCountDnandinitializedto0.But
wait—howisthispossible?ThereisnoconstructorintheCountDnclassspecifier,so
whatentitycarriesouttheinitialization?Itturnsoutthat—atleastundercertain
circumstances—ifyou don’tspecifya constructor,the derived class willuse an
appropriateconstructorfrom thebaseclass.
Inexample1there’snoconstructorinCountDn,sothecompilerusesthenoargument

constructorfrom Count.
Thisflexibilityonthepartofthecompilerusingonefunctionbecauseanotherisn’t
availableappearsregularlyininheritancesituations.Generally,thesubstitutioniswhat
youwant,butsometimesitcanbeunnerving.

5.7SubstitutingBaseClassMemberFunctions
Theobjectc1oftheCountDnclassalsousestheoperator++()and
get_count()functionsfrom theCounterclass.Thefirstisusedtoincrement
c1:
++c1;
Thesecondisusedtodisplaythecountinc1:
cout<<“\nc1=”<<c1.get_count();
Againthecompiler,notfindingthesefunctionsintheclassofwhichc1isamember,
usesmemberfunctionsfrom thebaseclass.

Withinheritance,
however,thereisawholeraftofadditionalpossibilities.Thequestionthatconcernsus
atthemomentis,canmemberfunctionsofthederivedclassaccessmembersofthe
baseclass?Inotherwords,canoperator--()inCountDnaccesscountinCounter?The
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answeristhatmemberfunctionscanaccessmembersofthebaseclassifthe
membersarepublic,oriftheyare
protected.Theycan’taccessprivatemembers.
Wedon’twanttomakecountpublic,sincethatwouldallowittobeaccessedbyany
functionanywhereintheprogram andeliminatetheadvantagesofdatahiding.A
protectedmember,ontheotherhand,canbeaccessedbymemberfunctionsinitsown
classor—andhere’sthekey—inanyclassderivedfrom itsownclass.Itcan’tbe
accessedfrom functionsoutsidetheseclasses,suchasmain().

5.7.1DerivedClassConstructors
.WhathappensifwewanttoinitializeaCountDnobjecttoavalue?Cantheone-
argumentconstructorinCounterbeused?Theanswerisno.AswesawinCOUNTEN,
thecompilerwillsubstituteano-argumentconstructorfrom thebaseclass,butit
drawsthelineatmorecomplexconstructors.Tomakesuchadefinitionworkwemust
writeanewsetofconstructorsforthederivedclass.ThisisshownintheCOUNTEN2
program.

Example:-Writeanoopprogram todecrementthecountervariableusing
constructorinthederivedclass.
//counten2.cpp
//constructorsinderivedclass
#include<iostream>
usingnamespacestd;
classCounter
{
protected: //NOTE:notprivate
intcount; //count
public:
Counter():count() //constructor,noargs
{}
Counter(intc):count(c) //constructor,onearg
{}
intget_count() //returncount
{returncount;}
Counteroperator++() //incrcount(prefix)
{returnCounter(++count);}
};
classCountDn:publicCounter
{
public:
CountDn():Counter() //constructor,noargs
{}
CountDn(intc):Counter(c) //constructor,1arg
{}
CountDnoperator--() //decrcount(prefix)
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{returnCountDn(--count);}
};
intmain()
{
CountDnc1; //classCountDn
CountDnc2(100);
cout<<“\nc1=”<<c1.get_count(); //display
cout<<“\nc2=”<<c2.get_count(); //display
++c1;++c1;++c1; //incrementc1
cout<<“\nc1=”<<c1.get_count(); //displayit
--c2;--c2; //decrementc2
cout<<“\nc2=”<<c2.get_count(); //displayit
CountDnc3=--c2; //createc3from c2
cout<<“\nc3=”<<c3.get_count(); //displayc3
cout<<endl;
return0;
}

//////////////////////////////////
//Example:-Writeanoopprogram todecrementthecountervariableusing
//constructorinthederivedclass.
//counten2.cpp
//constructorsinderivedclass

#include<iostream>
#include<conio.h>
usingnamespacestd;

classCounter
{
protected://NOTE:notprivate
intcount;//count
public:
Counter():count()//constructor,noargs
{}
Counter(intc):count(c)//constructor,onearg
{}
intget_count()//returncount
{returncount;}
voidinc_count()
{++count;}
};
classCountDn:publicCounter
{
public:
CountDn():Counter()//constructor,noargs
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{}
CountDn(intc):Counter(c)//constructor,1arg
{}
voiddec_count()//decrcount(prefix)

{--count;}
};

intmain()
{
CountDnc1; //classCountDn
CountDnc2(100);
cout<<"\nc1="<<c1.get_count(); //display
cout<<"\nc2="<<c2.get_count(); //display
c1.inc_count();
c1.inc_count();
c1.inc_count();

cout<<"\nc1="<<c1.get_count(); //displayit
c2.dec_count(); //decrementc2
c2.dec_count();

cout<<"\nc2="<<c2.get_count(); //displayit
CountDnc3=c2; //createc3from c2
cout<<"\nc3="<<c3.get_count(); //displayc3
cout<<endl;
getch();
return0;
}

Thisprogram usestwo new constructorsin theCountDn class.Hereistheno-
argumentconstructor:
CountDn():Counter()
{}
Thisconstructorhasanunfamiliarfeature:thefunctionnamefollowingthecolon.This
constructioncausestheCountDn()constructortocalltheCounter()constructorinthe
baseclass.Inmain(),whenwesay
CountDnc1;
the compilerwillcreate an objectoftype CountDn and then callthe CountDn
constructortoinitializeit.ThisconstructorwillinturncalltheCounterconstructor,
which carries outthe work.The CountDn()constructorcould add additional
statementsofitsown,butinthiscaseitdoesn’tneedto,sothefunctionbodybetween
thebracesisempty.Callingaconstructorfrom theinitializationlistmayseem odd,but
itmakessense.Youwanttoinitializeanyvariables,whetherthey’reinthederivedclass
orthe base class,before any statements in eitherthe derived orbase-class
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constructorsareexecuted.Bycallingthebaseclassconstructorbeforethederived-
classconstructorstartstoexecute,weaccomplishthis.Thestatement
CountDnc2(100);
inmain()usestheone-argumentconstructorinCountDn.Thisconstructoralsocalls
thecorrespondingone-argumentconstructorinthebaseclass:
CountDn(intc):Counter(c)argumentcispassedtoCounter
{}
Thisconstructioncausestheargumentctobepassedfrom CountDn()toCounter(),
whereitisusedtoinitializetheobject.Inmain(),afterinitializingthec1andc2objects,
weincrementoneanddecrementtheotherandthenprinttheresults.Theone-
argumentconstructorisalsousedinanassignmentstatement.
CountDnc3=--c2;


