
Data Structur esand Algorithms II
Lecture13: Inheritance and ADTs

Revision

� OOPandInheritance.

� A simple“labelledstack”example!

� Usinginheritancefor ADTs.
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Object Oriented Programming (OOP)

� Object-orientedprogrammingcanbeviewedas

anextensionof theideaof abstractdatatypes.

� Abstractdatatypeinvolvesadatastructurewith

asetof definedoperationson thatdata

structure.

� Objectorientedprogrammingaddsinheritance

– agivendatatype(say, t1) maybeasubtypeof

another(say, t2), andsoaccesstheoperations

anddataof thatothertype.

� Thederivedclasst2 canhaveadditional

data/methods..

� andif anoperation(or datafield) is definedfor

botht1 andt2, theversionfor t1 overridesthe

versionfor t2, andis theoneused.

� Wecancreatethisslightly different,more

specialiseddatatypeswithoutknowinghowthe

first is implemented.
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Object Oriented Programming (OOP)

� Usinginheritancein thiswaymakesit

relatively easyto re-usecodein different

applications,whereminorvariationsof abasic

approacharerequired.

� Librariesof generallyusefuldatatypes(objects)

aremadeavailable,but theprogrammercan

easilydefinespecialcustomisedversionswith

slightly differentbehaviour.

� Key conceptsin objectorientedprogramming

areencapsulationandinheritance.

– Encapsulationhasbeenmetbeforefor

ADTs - theinternalsof thedata

representationshouldbehidden,andall

communicationwith theobjectshouldbe

via thespecifiedmethods.

– Inheritanceis wheremethodsanddataof

parent(or ancestor)classesareusedby

instancesof agivenclass.
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Terminology

� Datatypes= classes; variablesof giventype=

instancesof theclass.

� Operations= methods; subtypes= subclasses.

� Setof subclassrelationsdefinesahierarchy (=

treestructureof classes).

� Normaltreeterminologyusedto referto things

(e.g.,parentclass).

� Wherethemethodsor dataof aparentclassare

usedby anobjectwesaythatit inheritsthe

methodsor data.
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Creatinga DerivedClass

To declareanew classto bederived(ie, asubclass

of) anotheronewesimplydefineourclassas(say):

class DerivedClass : BaseClass

{ ...

If wedo theabove thenBaseClassis aprivatebase

class.Whichmeansthataninstanceof thederived

classwon’t haveaccessto themethodsof thebase

class(they’ ll beprivatemethodsin thederived

class).

Usuallywewantinstancesof thederivedclassto be

ableto usethemethodsof thebaseclass,sowe

usuallysay:

class DerivedClass : public BaseClass

{ ...

Thederivedclassstill can’t getdirectlyat thebase

classesprivatedata.It inheritsthevalues,but can

only accessthemvia publicmethods.
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Example: NamedStack

� Supposewehavedefinedandimplemented(as

aclass)astackADT, with operations

IsEmpty , Push , etc.

� Now wewanta ‘namedstack’ADT, which

alsohasanameor labelassociatedwith it.

How wouldwecreatethis?

� Obviouslyall theabove operationsarestill

relevant,we justneedanadditionaldatafieldto

storethename,andmethodsto access/modify

thename.Sayagetname method.And anew

constructorthattakesanameasanargument,

allowing e.g.,:

NamedStack s("a useful stack");
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Example: NamedStack

class NamedStack : public Stack {

public:

NamedStack(char* name);

˜NamedStack();

char* GetName();

private:

char* stkname;

};

Now namedstackhasall methodsof stack,sowe

couldhave:

NamedStack mystack(‘‘alison’’);

mystack.Pop();

cout << mystack.GetName();
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NamedStackConstructor

NamedStack :: NamedStack(char* name)

{

stkname = new char[strlen(name) + 1];

strcpy(stkname, name);

}

Above is aversionthatCOPIESthenameinto the

privatedatafield,allocatingmemoryfor it. It uses

functionsfrom string.h .

Couldalternatively:

NamedStack :: NamedStack(char* name)

{

stkname = name;

}

Considerthedifferencein theseif youdid:

char name[20];

cin >> name;

NamedStack ns1(name);

cin >> name;

NamedStack ns2(name);
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Constructors

� In theexamplethe(unnamed)stackconstructor

will automaticallybeinvoked.

� But if yourbaseclasscontructorhas

arguments,andthesearedifferentto your

derivedclassconstructor, youhave to tell it

whichbaseclassconstructorto use,e.g.(using

examplefrom DS&A 1:

LJar::LJar(char* jlabel, int n) : Jar(n)

{

... // code for LJar constructor

}

This tells it to call theJarconstructorwith

argumentn.
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RemainingNamedStack
Implementation

Getnamefunctionis fairly trivial:

char* NamedStack::GetName();

{

return stkname;

}

Destructorrequiresa little morework (if

constructorallocatesmemoryandcopies).

NamedStack::˜NamedStack()

{

delete [] stkname;

}

Theabove is theformatto usewhenyouhave

createdanarrayusingpointers,andwantto delete

it.
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Example2: Stackderived fr om List

A verydifferentexampleof usinginheritancein

ADTs is thefollowing.

Supposewehave ageneralIntList class:

class IntList

{

public:

IntList();

void AccessFirst();

void AccessNext();

logical AtaNode();

int GetValue();

logical Insert(int NewValue);

void Delete();

...

}

How couldweexploit thework donein creating

this, if we thenwantto createaspecialisedlist such

asastack?
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Stackderived fr om List
Wecanmake Stackaderivedclassof IntList, but
IntList will beprivate(soStackobjectscan’t useits
methods):

class Stack: IntList {

public:

Stack() {};

˜Stack() {};

void Push(int x);

void Pop();

int GetValue();

logical IsEmpty();

private:

// no extra private data members

};

Thenew Stack’s methodscanusethemethods

inheritedfrom IntList. Makesurecurrentnodeis

alwaysthefirst node.

int Stack::GetValue()

{

return IntList::GetValue();

}
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void Stack::Pop()

{

IntList::Delete();

}

void Stack::Push(int x)

{

IntList::Insert(x);

IntList::AccessFirst();

}

Notehow weexplicitly accessIntList’smethods.

Wecannow do:

Stack s;

s.Push(1);

but NOT:

Stack s;

s.Insert(1);

asthatis privateto IntList.
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Example3: Creatinga modified ADT

Maybeyou justwantto modify slightly thewaya

coupleof methodsin anADT work; May be

possibleto useinheritancein similarway. Silly

example:

class MyStack : public Stack

{

logical Push(int);

}

int MyStack::Push(int x)

{

logical ok = Stack::Push(x);

if (ok=True) cout << ‘‘Done it!’’;

else cout << ‘‘Sorry, couldn’t’’;

return ok;

}
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Summary

� Inheritancecanbeusedto createnew ADTs

from old!

� Caneithermakenew derivedclasshaveold

oneaspublicbaseclass,sonew classcan

accessall theold methods,or make it private

anddefinenew opsusingtheold ones.

� Couldalsousesamemethodto createdifferent

versionsof anADT - Canwrite new methods

thatoverrideold.
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