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Binary Files 1/3
Remember Interfaces !
Serializable has no functions in JAVA
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Binary Files 2/3

Casting again

Writing and reading object in One LINE !
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Binary Files 3/3 Extending Binary to arrays

Read Once
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Information hiding
Access modifiers (Cont’d)

(2) The protected and default access levels
• default access of a member means it has no access modifier.

• Accessing protected/default members: classes in the same package can access protected 
and default members using a qualified name.

Unit3: Introduction to classes
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• The class TestUserV3 does not compile, because 

it is not in the same package as UserV3, and 

therefore it cannot access either the protected or the 

default access level members of UserV3. 

• Instead of importing the classes in the AppletUser 

package, the TestUserV3 class would have to be 

preceded by the words “package”.



3. Information hiding
Access modifiers (Cont’d)

(2) The protected and default access levels (Cont’d)

• Inheritance of protected members:
• Any subclass inherits any protected and public members of its superclass.

• Inheritance of default members:
• Default members are inherited only by subclasses in the same package as the superclass.

• i.e. any subclass in the same package inherits the protected, public, and default access level members of its superclass. 

• Default access level is sometimes known as 'package access' for this reason.

•Protected: A level between private and public 
members, it can be accessed inside the class, from 
driven classes but never accessed from objects.

Unit3: Introduction to classes

7



1. Introduction
This unit discusses the following:

(1) Packages:

Java Packages: The Java language provides the concept of a package as a way to 
group a number of related classes. 
• Standard Java Packages: They are predefined packages which form libraries of classes 

available for programmers to use. They provide facilities including 

• input/output, 

• mathematical functions, 

• graphical user interface components 

• and data structures.

• Developer defined package: A Java program has one or more packages written for that 
application by the developer, together with standard Java packages.

(2) interfaces and abstract classes:

Interfaces are a powerful way of specifying what a class should do, without 
specifying in detail how it should implement this.

Abstract classes are useful in defining groups of classes related by inheritance.

Unit5: Packages and abstraction
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2. Java libraries
• Standard packages = Class libraries = Java API (application programming interface)

• Example: java.net package may be referred to as the networking API.

Unit5: Packages and abstraction
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2. Java libraries
Accessing standard library classes

Method1: by writing the fully qualified name, for example: 
java.util.Scanner sc = new java.util.Scanner(System.in);

Method2: by importing the library near the start of your source file. You can then refer to the 
class by its simple name, for example:

import java.util.Scanner;    OR import java.util.*;

...

Scanner sc = new Scanner(System.in);

Notes:

1) The wild card (*): Using the wild card instead of a specific class name allows the programmer to use any 
of the public items (mainly classes) contained in the java.util package. 

2) Import-on-demand: Using a wild card import declaration will not make your program any larger or 
slower because the compiler will include only the classes you actually use.

Unit5: Packages and abstraction
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2. Java libraries
3)Name clash: it means two classes with the same name in different packages. For example: 

import java.util.*;  

import java.sql.*; 

...

Date d1 = new Date(DATE_IN); //Date is ambiguous

 both libraries have a class with the name Date and thus we get an ambiguous name. 

Solution (1): to use the fully qualified name of the Date class (i.e. Method1 above)

java.sql.Date d1 = new java.sql.Date(DATE_IN);

Solution (2): to import only those classes you actually use, for example: 

import java.util.ArrayList;  

import java.sql.* 

Note that: The statement import java.awt.* only makes the classes in this package visible, not any of the 
subpackages. For example: If you need to use a class in java.awt and java.awt.event, then you 
must write:

import java.awt.*;

import java.awt.event.*;

4) The special case of java.lang: 
The only exception to this requirement for explicit naming of imported classes is the java.lang package. 
Since this package contains classes that every Java program will use, you do not need to include an import 
declaration for it.

Unit5: Packages and abstraction
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2. Java libraries

Creating your own packages

• To define a collection of classes as a package, precede the source code of each of the classes with 
the keyword package, for example: package general;

• Package names sometimes have several components, separated by a dot, to reflect the 
hierarchical organization of packages. 

Unit5: Packages and abstraction
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– Each component of the package name 
typically corresponds to a subdirectory 
within the base directory for this project or 
the base directory for Java libraries

– For example: 
package general.utilities;



2. java.util package
The java.util package

• This package consists of a number of utility classes, which provide data structures 
and other facilities, including the following.
• Java Collections Framework is used for storing and managing objects of any Java type. 

• A collection is an object that can be used for storing, retrieving and manipulating groups of 
items. For example: LinkedList, ArrayList, HashSet, TreeSet, HashMap
and TreeMap. We shall discuss them further in later sections.

• 'Legacy' collection classes implement various simple data structures. 
• These include the Vector, Hashtable, Properties, Dictionary, Stack 
and BitSet classes. 

• They are widely used in older Java software, so it is useful to know about them. However, 
they are not recommended for use in new programs – you should use the Java 2 collection 
classes instead.

• The Calendar class and its subclass GregorianCalendar implement dates in a 
variety of representations. 

• The StringTokenizer class is useful for processing text input.

• The Random class implements methods used for the generation of random numbers.

Unit5: Packages and abstraction

13



2. java.util package
• A collection is an object that can be used for storing, retrieving and manipulating 

groups of items. 
• Example: a telephone directory (a collection of names mapped to phone numbers).

• These items may be primitive data or objects.
• Homogeneous collections store data that is all of the same type – for example, an array 

of int can store only int values. 

• Heterogeneous collections may contain data of a variety of types.

• A generic class has at least one member of an unspecified type. A programmer 
must then specify the desired type when creating an instance of the class. For 
example: 

ArrayList<String> myList = new ArrayList<String>(10);

• The angle brackets can be read as ‘of’, for example ArrayList of Strings. 

• The type(s) you provide on instantiation appear in the API as single letters in angle 
brackets after the name of the class, e.g. ArrayList<E>.

Unit5: Packages and abstraction
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2. java.util package
(1) The   ArrayList class

• Objects of the generic class ArrayList are similar to arrays, but have differences: 
– Similarities

• Both can store a number of references 

• the data can be accessed via an index. 

– Differences

• An ArrayList can automatically increase in capacity as necessary

• The ArrayList object requests more space from the Java run-time system, if necessary.

• The ArrayList is not ideal in its use of memory. 

– As soon as an ArrayList requires more space than its current capacity, the system will allocate more 
memory space for it. The extension is more than required for the items about to be added. So 
there will often be empty locations within an ArrayList – that is, the size will often be less than the 
capacity.

• Two important terms in connection with ArrayList objects: 
– The capacity of an ArrayList object is the maximum number of items it can currently 

hold (without being extended). 

– The size of an ArrayList object is the current number of items stored in the ArrayList.

Unit5: Packages and abstraction
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2. java.util package
(1) The   ArrayList class (Cont’d)

How to declare an ArrayList?

Ex1: ArrayList<String> list1 = new ArrayList<String>();

• This declaration of an ArrayList specifies that it will hold String references 

• The type “String” can be replaced by any object type.

• This declaration sets up an empty ArrayList The initial capacity is set to a default value. 
The ArrayList capacity is expanded automatically as needed when items are added.

Ex2: ArrayList<Date> list2 = new ArrayList<Date>(100);

• This declaration of an ArrayList specifies that it will hold Date references 

• The type “Date” can be replaced by any object type.

• This declaration can be used to specify the initial capacity –in this case 100 elements. 
This can be more efficient in avoiding repeated work by the system in extending the 
list, if you know approximately the required initial capacity.

Unit5: Packages and abstraction
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Interfaces
Interfaces from Java Libraries: the Iterator interface 

• This interface allows traversing / iterating through any collection, such as an ArrayList.

• The following abstract methods are defined for any class that implements the iterator 
interface: 

• boolean hasNext() - returns true if the iteration has more elements 

• E next()returns the next element in the iteration(E is the type the interface is implemented for) 

• void remove() - removes from the underlying collection the last element returned by the 
iterator; note that it is important to precede any call to remove() by a call to next()!

• Note that it is possible to declare a variable of an interface type

• any class that implements the Iterator interface may be referenced by such a variable. 

• ArrayList class implements Iterator interface, & thus may be referenced by a variable of Iterator type.

Unit5: Packages and abstraction
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ArrayList<String> X = new ArrayList<String>(); 

... 

Iterator<String> listX = X.iterator(); 

while (listX.hasNext())

System.out.print(listX.next() + " "); 



Interfaces from Java Libraries: the Comparable interface 

• This interface allows comparing  or sorting objects.

• Any class that implements the Comparable interface
must have a method compareTo.

• the type that the comparison will involve is added in <>.

• The compareTo method allows the class to  define an appropriate measure of comparison

In class below, comparison is based on salary. How to use the 'comparable' Employee class?

Usage1:

Usage2:

• Arrays is a special class in java.util, with a 
static method called sort, which can be used to 
arrange the objects of an array in order, given 
that the objects have CompareTo method.

Interfaces

Unit5: Packages and abstraction

Employee e1 = new Employee(“ali”, “kw”, 1000);

Employee e2 = new Employee(“hmd”, “kw”, 2000);

System.out.println(e1.compareTo(e2));

Example



2. java.util package
(1) ArrayList class: basic methods (Cont’d)

Unit5: Packages and abstraction
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adding

getting

removing

setting



2. java.util package
(1) The   ArrayList class – An Example

• What is the output of the following code?

• Solution:
[FirstItem, SecondItem, ThirdItem, FourthItem]

FirstItem

[FirstItem, SecondItem, ThirdItem, FourthItem]

[FirstItem, SecondItem, ThirdItem]

FirstItem

[SecondItem, ThirdItem]

true

[ThirdItem]

Unit5: Packages and abstraction

20



2. java.util package
(1) The   ArrayList class – Another Example

• We construct a data structure that contains: (1) the details of a computer, and (2) all the computers to which it is connected in 
a local network. 

• The first part of the class, which describes the linkage, is shown below:

• The string computer contains the name of the computer whose details are documented by this class. 

• The ArrayList linkedComputers contains the names of the computers that are linked to that computer.

• We will assume that a number of methods are required: 

• String getComputerName() returns the name of the computer whose details are in this object.

• int getNumberOfLinks() returns the number of computers that are linked to the first computer.

• boolean isLinked(String comp1) returns true if the computer comp1 is linked to the computer documented by this 
object; otherwise it returns false.

• void addComputer(String comp1) adds the name of computer comp1 to the list of linked computers. If the 
computer is already in the list of linked computers, then a ComputerErrorException exception is raised with the message 
'Computer already in links'.

• void removeComputer(String comp1) removes the computer named comp1 from the linked computers. If the 
computer is not in the list of linked computers, then ComputerErrorException exception is raised with the message 
'Computer not in links'.

Unit5: Packages and abstraction
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2. java.util package
(1) The   ArrayListclass – Another Example (Cont’d)

We shall define two constructors:  
- The first is provided with the name of the computer for which the linking information is to be held and an initial value 
of the number of locations to hold linked computers. 
- The second has a single argument, the name of the computer, and uses the default initial capacity. 
The code for these two constructors is shown below:

• We now need to develop some of the methods. The code for the first two methods is shown below. Method 
getComputerName is trivial as it merely returns the name of the computer.

• The getNumberOfLinks method returns the number of linked computers. This uses the size
method, which returns the number of items in an ArrayList. This is why we did not need an 
instance variable for the LinkingInfo class to record the number of computers that are linked.

Unit5: Packages and abstraction
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2. java.util package
Object wrapper classes

Java employed object wrappers, which 'wrap around' or encapsulate all the 
primitive data types and allow them to be treated as objects (See table).

Unit5: Packages and abstraction
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2. java.util package
Object wrapper classes (Cont’d)

Examples:

Output: 5

Output: 
The answer is Z

Output: abc

Notice the for-each statement is written in this format:

Unit5: Packages and abstraction
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More Example of array list

Access element at pos zero

Print List size
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Java Heterogeneous array of objects
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2. java.util package
(2) The HashMap class

• In many applications we require two types of object to be 
associated with each other

• Example: “user-name” and “password” (see figure)

• A hash table can store pairs of linked items in key–value pairs.

• In Java, the programmer must specify the type of both the key 
and the value; for example, <String, Integer>

How to declare a HashMap? 

Similar to ArrayList but with the types of both the key and value.

HashMap<String,String> table1 = new HashMap<String,String>();

HashMap<String,String> table2 = new HashMap<String,String>(10);

Unit5: Packages and abstraction
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2. java.util package
(2) The HashMap class (Cont’d)

Example:

Output:

Einstein's password is Ahjgeteu

Name:Einstein, PW:Ahjgeteu

Name:Mandella, PW:Khaiwncoiw

Unit5: Packages and abstraction
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Hashmap Encryption

Unit5: Packages and abstraction



Hashmap Versus ArrayList

30

ArrayList HashMap

Interface implements List Interface implementation of Map 
interface

Memory consumption Low High

Order Maintain Order Key value pair no order

Duplicates Allow duplicates Overwrite duplicate

NULL can have any number of null 
elements

HashMap allows one null key 
and any number of null values

get method By Index fetched by specifying the 
corresponding key

Hashmap duplicates
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4. Abstraction in class hierarchies
• An abstract class defines a common message protocol and a common set of 

instance variables for its subclasses. 

• One cannot create instances of abstract classes. 

• Abstract classes are specified in the class header using the Java keyword abstract

• Abstract classes usually define abstract methods, that are then overridden in the 
concrete classes derived from them. 

• It is possible to declare variables of an abstract class type

• it is not possible to create objects of an abstract class (see example after 2 slides).

• Note that a fully implemented class, with no abstract methods, is known as a 
concrete class. 
• We also use the term concrete method to identify fully implemented methods, as 

opposed to abstract methods.

Unit5: Packages and abstraction
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4. Abstraction in class hierarchies
When you should not use an abstract class

• A class type should be declared abstract only if the intent is that concrete subclasses can be created to 
complete the implementation.

Designing an abstract class hierarchy

• Construct an abstract class hierarchy by factoring out common behavior in a number of subclasses.

Unit5: Packages and abstraction
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Example

A system needs to keep track of a wide variety of items.

We can define a number of classes to model the

various sorts of items, e.g. Book, MusicCD, VideoDVD,

ComputerGame, and so on. We find that there are

certain common features between many of the classes.

For example, each class will need instance variables,

itemName, itemCode and unitPrice, and associated

methods for accessing or modifying this data. Instead of

repeatedly implementing these separately in each class,

we can factor out the common behavior by defining a

more general class Item, from which all these classes

inherit. The Item class will define instance variables

itemName, itemCode and unitPrice.

The associated methods for accessing or modifying this data may be either concrete or abstract, depending on the

circumstances; for example, getName is likely to be the same for all subclasses of Item, so it can be implemented as a concrete

method. If returning the unit price depends on factors that differ between types of item, then getUnitPrice could be left as an

abstract method to be overridden by each specialized subclass. In this case, Item must be declared as an abstract class. We can

apply this factoring at a number of levels, if appropriate. So, for example, we may be able to identify commonality between

MusicCD, VideoDVD and ComputerGame. In this case we can factor out the common aspects and define a superclass, say,

MultimediaItem. This could be either concrete or abstract, as before, depending on how similar the common behavior is.



4. Abstraction in class hierarchies
Abstract classes and polymorphism

• Consider the class hierarchy on the right. Assume we have 
defined an array of Employee references as follows:

Employee[] staff = new Employee [10];

NOTE: We are not creating Employee objects; only 
Employee references. 

We can then store references to objects of any subclass of 
Employee in the array, e.g. 

staff[0] = new WeeklyEmployee(…)

...

• We can take advantage of the common behavior imposed 
on the hierarchy of classes by the Employee abstract class. 
If we want to display the wages for all employees in the 
staff array, we write the code on the right. Here we are 
using the calculatePay method, which we know every 
employee object must have regardless of whether it is a 
MonthlyEmployee object, a WeeklyEmployee object or 
any other subclass of Employee. This is an example of 
polymorphism. 

• A message to which objects of more than one class can 
respond to is polymorphic or to show polymorphism

Unit5: Packages and abstraction
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Example of Abstract method

Declaring properties

Function with implementation

Unit5: Packages and abstraction



4. Abstraction in class hierarchies
Abstract classes compared to interfaces

DIFFERENCES

Interface:

• An interface is not a class.

• All its methods are abstract and it may contain only constants. 
– The methods are implicitly treated as abstract and the constants are treated as if declared as public static final.

• An interface can be implemented by any number of unrelated classes, which declare this using the implements keyword. A class may implement 
any number of interfaces. 

Abstract class:

• An abstract class uses the keyword abstract in the class header.

• It normally has at least one abstract method, either defined within the class or inherited from a superclass, and its abstract methods must be 
explicitly declared abstract. It can also have concrete methods (that is, it may be fully implemented) and instance variables, unlike an interface.

• It can only constrain its own concrete subclasses, by requiring them to implement its abstract methods – it cannot constrain any other classes. 

SIMILARITIES

• They can both place requirements on objects of other classes.

• Both can have abstract methods (although neither need have abstract methods). 

• You cannot create objects of an abstract class type or an interface type. You can, however, create reference variables of either type. These are 
normally used to refer to an object of a subclass of the abstract type or to an object of a class that implements the interface, respectively.

• Both can inherit: the abstract class from another class; the interface only from another interface.

Unit5: Packages and abstraction
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4. Abstraction in class hierarchies

Composition as opposed to Inheritance 

• composition, also known as aggregation, occurs when objects of a class contain objects of 
another class – an object of the class is 'composed' of objects from one or more other classes.

• In the example below, a Date object is composed of two String objects, an ArrayList object.

Unit5: Packages and abstraction
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Composition of composition 



Choosing between composition and 
inheritance
• Use Inheritance when there is a “IS –A” relationship between classes or simply type of.

• If you just want to reuse code then this means child class inherit many things with no need.

• Don’t use inheritance for polymorphism, as in this case Interfaces are better.

• Use Composition “Has-A” relationship. Big class use facilities offered by another class.

• Composition tends to be more flexible than inheritance.

• Inheritance hierarchies easier to read than network of compositions.

• Composition tends to be more common.
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