Data Structur esand Algorithms I
Lecture 13: Inheritance and ADTs
Revision
» OOPandInheritance.
» A simple“labelledstack”example!

» Usinginheritancefor ADTS.

Object Oriented Programming (OOP)

» Usinginheritancen thisway malesit
relatively easyto re-usecodein different
applicationsywhereminor variationsof abasic
approacharerequired.

» Librariesof generallyusefuldatatypegobjects)
aremadeavailable,but the programmecan
easilydefinespecialcustomisedrersionswith
slightly differentbehaiour.

» Key conceptsn objectorientedprogramming
areencapsulatioandinheritance.

— Encapsulatiomasbeenmetbeforefor
ADTs - theinternalsof the data
representatioshouldbe hidden,andall
communicatiorwith theobjectshouldbe
via the specifiedmethods.

— Inheritancas wheremethodsanddataof
parent(or ancestorrlasseareusedby
instance®f agivenclass.

Object Oriented Programming (OOP)

» Object-oriente¢rogrammingcanbeviewedas
anextensionof theideaof abstractatatypes.

» Abstractdatatypenvolvesa datastructurewith
asetof definedoperation®onthatdata
structure.

» Objectorientedprogrammingaddsinheritance
—agivendatatypgsay t1) maybea subtypeof
another(say t2), andsoaccesshe operations
anddataof thatothertype.

w» Thederivedclasst2 canhave additional
data/methods..

» andif anoperation(or datafield) is definedfor
bothtl andt2, theversionfor t1 overridesthe
versionfor t2, andis theoneused.

» We cancreatethis slightly different,more
specialisedlatatypesvithoutknowinghowthe
firstis implemented

Terminology

» Datatypes- classesvariablesof giventype=
instanceof theclass.

» Operationss methodssubtypes= subclasses

» Setof subclasselationsdefinesa hierarchy (=
treestructureof classes).

= Normaltreeterminologyusedto referto things
(e.g.,parentclass).

» Wherethe method=or dataof a parentclassare
usedby anobjectwe saythatit inheritsthe
methodor data.




Creatinga Derived Class

To declareanew classto bederived(ie, asubclass
of) anotheronewe simply defineour classas(say):

class DerivedClass . BaseClass

{ .

If we dotheabove thenBaseClasss a privatebase
class.Whichmeanghataninstanceof thederived
classwon't have acces¢o the methodsf thebase
class(they’ll be privatemethodsn the derived
class).

Usuallywe wantinstance®f thederived classto be
ableto usethe methodof the baseclass sowe
usuallysay:

class DerivedClass : public BaseClass

{ .

Thederivedclassstill cant getdirectly atthebase
classeprivatedata.lt inheritsthevaluesbut can
only accesshemvia public methods.

Example: Named Stack

class NamedStack : public Stack {
public:
NamedStack(char*  name);
“"NamedStack();
char*  GetName();
private:
char* stkname;
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Now namedstackasall methodof stack,sowe
couldhave:

NamedStack mystack(“alison”);

mystack.Pop();
cout << mystack.GetName();

Example: Named Stack

» Supposeve have definedandimplementedas
aclass)astackADT, with operations
IsEmpty , Push, etc.

» Now wewanta ‘namedstack’ ADT, which
alsohasa nameor labelassociateavith it.
How would we createthis?

» Obviouslyall theabove operationsrestill
relevant,we just needanadditionaldatafieldto
storethename andmethodgo access/modify
thename.Sayagetname method.And anew
constructothattakesa nameasanargument,
allowinge.g.,:

NamedStack s("a useful  stack");

Named Stack Constructor

NamedStack :: NamedStack(char*  name)

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

}

Above is aversionthat COPIESthe nameinto the
privatedatafield allocatingmemoryfor it. It uses
functionsfrom string.h

Couldalternatvely:

NamedStack :: NamedStack(char*  name)
{

stkname = name;

}
Considetthedifferencein thesef youdid:

char name[20];
cin  >> name;
NamedStack nsl(name);
cin  >> name;
NamedStack ns2(name);




Constructors

» In theexamplethe (unnamed}¥tackconstructor
will automaticallybeinvoked.

» Butif yourbaseclasscontructoras
agumentsandthesearedifferentto your
derivedclassconstructaryou have to tell it
which baseclassconstructoto use,e.qg. (using
examplefrom DS&A 1:

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

/I code for LJar constructor
}

Thistellsit to call the Jarconstructomith
argumentn.

Example2: Stack derived from List

A very differentexampleof usinginheritancen
ADTs s thefollowing.

Supposeve have ageneralntList class:

class IntList
{
public:
IntList();
void AccessFirst();
void AccessNext();
logical AtaNode();
int  GetValue();
logical Insert(int NewValue);
void Delete();

}

How couldwe exploit thework donein creating
this, if wethenwantto createa specialisedist such
asastack?
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Remaining Named Stack
Implementation

Getnamdunctionis fairly trivial:

char* NamedStack::GetName();

{

return  stkname;

}

Destructorequiresa little morework (if
constructomllocateanemoryandcopies).

NamedStack::"NamedStack()
{

delete [] stkname;

}

Theabove is theformatto usewhenyou have
createchnarrayusingpointersandwantto delete
it.

Stack derived from List

We canmale Stacka derivedclassof IntList, but
IntList will be private (soStackobjectscant useits
methods):

class Stack: IntList {
public:

Stack()  {k;

“Stack()  {k

void Push(int  x);

void Pop();

int  GetValue();

logical ISEmpty();
private:

/' no extra private data members
h
Thenew Stacks methodsanusethe methods
inheritedfrom IntList. Make surecurrentnodeis
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();
}

Note how we explicitly accessntList’'s methods.
We cannow do:

Stack s;
s.Push(1);

but NOT:

Stack s;
s.Insert(1);

asthatis privateto IntList.

Summary

» Inheritancecanbeusedto createnew ADTs
fromold!

» Caneithermake new derivedclasshave old
oneaspublic baseclass,sonew classcan
accessll theold methodspr malke it private
anddefinenaw opsusingtheold ones.

» Couldalsousesamemethodto createdifferent
versionsof anADT - Canwrite newv methods
thatoverrideold.
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Example 3: Creatinga modified ADT

Maybeyou justwantto modify slightly theway a
coupleof methodsn anADT work; May be
possibleto useinheritancan 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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