Heidi C. Ellisand Gerard C. Weatherby

Multiple Inheritance

 What isan Interface?
Syntax
| mplementing I nterfaces

| nheritance

Exceptions
o Complexity

 Multipleinheritance - inheriting from more than one class.
* Java doesn’t do this.
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What 1s an | nterface?

e |nterface: Sructurethat issmilar to a class, but has no data
or method bodies associated with it.

* Collection of abstract methods and static final data.
e Similar to abstract classes but contain no method code.

 Interfacesare supported by classesthat are said to “imple-
ment” theinterfaces.

 Interfacesare Java'ssubstitute for multiple inheritance.

* A single Java class can implement several Java interfaces.

* That classdoesn’t inherit any code from the interfaces so
not true inheritance.

 Interfacesare used to outline desired behavior while leaving
the specific implementation of the behavior to the classes.
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Syntax
 Thegeneral syntax for an interfacedeclaration isvery smilar
to class definition:
public interface I nterfaceName extends Interfacelist

o |talicized words are optional.
* Publicinterfaces may be used outside of current package.

* Lack of public keyword limitsuse of interfaceto current
package.

o Convention saysto capitalizefirst letters of interface name.

* Same convention as for classes.
« All methods and variables are implicitly public.
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o Attributesaretreated like constantsin an interface.

* Attributes are alwaysfinal and static.
* Attributes must beinitialized.

public interface Widget {

/I Constant to hold manufacturer's name
static final String MANUFACTURER ="ACME",;

public String getName);
public String getDescription();

}

 An interface method consists of a declar ation.
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Syntax

e Sinceinterfaceswill typically be implemented by morethan
one class, it iIsimportant to carefully consider return types
and parameter lists.

* Try to maximizereuse.
 Method declarations must end with a semicolon.
o All methodsin interfacesare public by default.

* It isillegal to use any other standard modifier.

o All attributesare public, final, and static by default whether
explicitly stated or not.

* Good practiceto usethe modifier storemind your self (and
others) of thisfact.
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|mplementing I nterfaces

e Classesthat implement an interface must override all meth-
ods declared in that interface.

* Fallureto do so resultsin an abstract class.

e Since all interface methods are public, all overriding class
methods must also be public.

e Implementing class may only apply native and abstract modifi-
ersto interface methods.

» Be careful when implementing interface methods.

* Incorrect number or type of parameterswill overload, not
override interface method.

public class Gadget implements Widget{
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public Gadget(String nm, String desc)
{ name = new String(nm);
description = new String(desc); }

public String getName()
{ return name; }

public String getDescription()
{ return description; }

public void setName(String nm)
{ name = new String(hm); }

public void setDescription(String desc)
{ description = new String(desc); }

[[ *¥*xxxxxkxxxkx HIDDEN IMPLEMENTATION ***** %%k %*
protected String name;
protected String description;

}
public class Setup
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{
public static void main(String[] arg)

{ [/ Create anew gadget
Gadget myGadget = new Gadget("FunKey", "A funkey new key");

/[ Call the displaylnfo method to display the information.
displaylnfo(myGadget);
} /] End the main function.

I/l Method that uses the Widget interface as a parameter and

/[ allows the gadget information to be printed.

public static void displaylnfo(Widget w)

{
System.out.printin(" The manufacturer is" + WwMANUFACTURER);
System.out.printin(" The name of the widget is" + w.getName());

The manufacturer is ACME
The name of the widget is FunKey
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| nheritance

 Interfaces may extend other interfaces.

e Child interfaces still may not define method bodies of parent
or own methods.

e Any classthat implementsthe child interface must definethe
body of all methods of both the parent and child interface.

e Interfaces CANNOT extend classes.
*Why not?

Widget
AN

DesignWidget
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public interface DesignWidget extends Widget {

I/l DesignWidgets have the name and description inherited from
// Widget as well as methods bel ow.

public int getHeight();

public void setHeight(int h);

public class GadgetDesign implements DesignWidget{

public GadgetDesign(String nm, String desc)
{ name = new String(nm);
description = new String(desc);

}

I/l Methods to carry out methods defined on Widget
public String getName()
{ return name; }
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public String getDescription()
{ return description; }

public void setName(String nm)
{ name = new String(nm); }

public void setDescription(String desc)
{ description = new String(desc); }

/l Methods to carry out methods defined on DesignWidget
public int getHeight()
{ return height; }

public void setHeight(int h)
{ height=h; }

[[ *¥*xxxxxkxxxkx HIDDEN IMPLEMENTATION *** %% x %%
protected String name;

protected String description;

protected int height;
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public class Setup
{
public static void main(String[] arg)
{
I/ Create a new design gadget and set its height.
GadgetDesign myDesign = new GadgetDesign("FunKey", "A funkey new key");
myDesign.setHeight(4);

/[ Call the displaylnfo method to display the information.
displaylnfo(myDesign);
} /I End the main function.

I/l Method that uses the Widget interface as a parameter and

// allows the gadget information to be printed.

public static void displaylnfo(DesignWidget d)

{
System.out.printin(" The manufacturer is" + dMANUFACTURER);
System.out.printin(* The name of the widget is" + d.getName());
System.out.printin(" The gadget's height is" + d.getHeight());

}

}
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The manufacturer is ACME
The name of the widget is FunKey
The gadget's height is4

 Interfacesalso allow usto ssmulate multiple inheritance:

Widget

DesignWidget Marketlnfo

SalesWidget

public interface Widget {
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static final String MANUFACTURER ="ACME";
public String getName();
public String getDescription();

}

public interface DesignWidget extends Widget {
public int getHeight();
public void setHeight(int h);

}

public interface Marketinfo {
public double unitCost();
public double profitMargin();

}

public interface SalesWidget extends DesignWidget, MarketInfo {
public float maxDailyProduction();

}

public class SalesGadget implements SalesWidget{
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public SalesGadget(String nm, String desc)
{ name = new String(nm);
description = new String(desc);

}

I/l Methods to carry out methods defined on Widget
public String getName()
{ return name; }

public String getDescription()
{ return description; }

I/l Methods to carry out methods defined on DesignWidget
public int getHeight()
{ return height; }

public void setHeight(int h)
{ height =h; }

I/l Methods to carry out methods defined on Marketinfo
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public double unitCost()
{ return cost; }

public double profitMargin()
{ returnretail - cost; }

/Il Methods to carry out methods defined on Saleswidget
public float maxDailyProduction()
{ return production; }

/I Methods in addition to those defined on the interfaces.
public void setName(String nm)
{ name = new String(hm); }

public void setDescription(String desc)
{ description = new String(desc); }

public void setCost(double amt)
{ cost=amt; }

public void setRetail (double amt)
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{ retall =amt;}

public void setProduction(float prod)
{ production = prod; }

[[ *¥*xxxxxkxxxkx HIDDEN IMPLEMENTATION *** %% %%
protected String name;

protected String description;

protected int height;

protected double cost;

protected double retail;

protected float production;

public class Setup
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{
public static void main(String[] arg)

{
I/ Create anew design gadget and set its height.
SalesGadget mySales = new SalesGadget("FunKey", "A funkey new key");
mySales.setHeight(4);
I/ Note that these methods are not defined in the interface.
mySales.setCost(100.00);
mySales.setRetail (200.00);
my Sal es.setProduction((float) 1000.00);

/[ Call the displaylnfo method to display the information.
displaylnfo(mySales);

} /I End the main function.

I/l Method that uses the Widget interface as a parameter and
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// allows the gadget information to be printed.

public static void displaylnfo(Saleswidget d)

{
System.out.printin(" The manufacturer is" + A MANUFACTURER);
System.out.printin(* The name of the widget is" + d.getName());
System.out.printin(" The gadget's height is" + d.getHeight());
System.out.printin("The unit cost is" + d.unitCost());
System.out.printin(" The profit marginis" + d.profitMargin());
System.out.printin(* The maximum daily productionis” +

d.maxDailyProduction());

The manufacturer isACME

The name of the widget is FunKey

The gadget'sheight is4

The unit cost is 100.0

The profit margin is 100.0

The maximum daily production is 1000.0

Assertions, Exceptions and I nheritance Object Structures

19



Heidi C. Ellisand Gerard C. Weatherby

| nheritance

* Notethat inheritance was not used in the class structure, just
In the inter faces.

 We could have used some class inheritance if we had wished.
* Classinheritanceisfrequently used in conjunction with
Interface inheritance.

 Notethat use of the classisnot restricted to methods defined
on theinterface.

* Use of object isbased on typeof variable used to reference
It.
* SalesWidget variable can only use interface methods.

* SalesGadget variable can use all methods defined on Sales-
Gadget.
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* Oneof the most important features of an interfaceisthat it
can be used as a datatype.

* e.g., parametersand return types
 Aninterfacevariable can be used just as you would any class.
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Exceptions

 Interfaces may be defined to throw exceptions.

interface Example{
publicint getPrice(intid) _
throws java.lang.RuntimeException;

}

* Rulesfor overriding methodsthat throw exceptions:

1. New exception list may only contain exceptionslisted in the
original exception list or subclasses of the originally listed
exceptions.

2. Original exception list isautomatically assigned to the new
method so new exception list doesn’t need to contain any
exceptions.

e In general, interface' s exception list (not class') deter mines
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exceptionsthat can and cannot be thrown.

* Implementing classes cannot add exceptionsto interface
exception list.

* Methods defined on a class only (not on interface) can
have any exceptions on exception list.
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Complexity of Algorithms

 What resources (time, space, |/0) doesthe algorithm require?

e Criteria used when selecting between algorithmsthat per-
form the same basic task include:

* Speed of execution
* Complexity of data structuresused
* Memory requirements

 How do each of these grow asthe data set the algorithm
workson getslarger?

e Supposethe size of the problem can berepresented by the
number N

 Typically N would be the number of data elementsto be pro-
cessed.
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e Find aformulathat expresses, say, the speed of the algorithm
In terms of N.

e Thiscomplexity is often called the order of the algorithm and
denoted using “big oh” notation O(N).

« Example 1. Linear Search

* Search an array A of N elementsfor a particular element x

* For the moment assumethat it isknown that X isin the
array.

inti;

[lempty

for (1=0; x I=item[i]; i++);
* On average, how many comparisons must be made?

* What arethe best and wor st case scenarios?
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Complexity of Algorithms

 Example 2: Binary Search

e Search asorted array A of N elementsfor a particular num-
ber x.

 Natural language version of the algorithm:

1. Find the midpoint of the array. Then what?
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Constantsdon’t matter (much)

 If onealgorithm hasorder O(1000n), another order O(n*n)
which would you use on lar ge sets of data?

e In general, for sufficiently large numbers, the differences
among log(n), n, n*n, exp(n) isso much greater than the dif-
ference, say, between n and ¢c*n, where cisa constant, that we
normally discount constant multiplesin measuring complex-
Ity. Thus

O(n) = O(1000n) = O(n/1000) = linear complexity
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Only the Dominant Term Matters

 What isthe difference between an algorithm with complexity
O(n?) and an algorithm of complexity O(n%+ 3n + 1)?
e For largen, n+ 3n + 1 < n°+ 3n’+ n® < 5n°

e Since constantsdon’t matter we consider both algorithmsto
be of order O(n?)

 Notethat from calculusor discrete mathematics we have, for
positive integer constant c,

log,n << n® << 2"
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Complexity of Algorithms

O(n) | O(logn) O(nlogn)| O(n?) o(nd) 02"
linear log nlogn |quadratic| cubic exponential
1 0 0 1 1 2
2 1 2 4 8 4
4 2 8 16 64 16
8 3 24 64 512 256
16 4 64 256 4096 65536
31 5 160 1024 32768 4294967296
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Array complexity

« What isthetime complexity of inserting an element into index
4 of an array?

* Notethat thisoverwritesthe current element at index 4.
al4] ="a’;
 What isthetime complexity of accessing the element at index
3of an array? System.out.printin(a[3]);

e SUppoOSe an array, roster, of namesisto be maintained in
sorted order. What isthe average time complexity for insert-

Ing a new element in the appropriate location without losing
any data?
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