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Topic list

Grouping Objects

— Developing a basic personal notebook project using Collections
e.g. ArraylList

2. Indexing within Collections

— Retrieval and removal of objects
3. Generic classes

— e.g. ArrayList
4. Iteration

— Using the for loop

— Using the while loop

— Using the for each loop

* Next SlideDeck:
coding a Shop Project that stores an ArrayList of Products.




The requirement to group objects

 Many applications involve collections of objects:
— Personal organizers.
— Library catalogs.
— Student-record system.

* The number of items to be stored varies:

— [tems added.
— [tems deleted.



Example: A personal notebook

Notes may be stored.

Individual notes can be viewed.

There is no limit to the number of notes. |

It generally tells you how many notes are stored.




Java API: the class library

Many useful classes.

We don’t have to write everything from scratch.

Java calls its libraries, packages.

Packages contain individu
classes

Java Language Java Language

java javac javadoc jar javap JPDA

rogeled  Jconsole Java VisualVM  JMC JFR Java DB Int| Jvm Tl
IDL Deploy Security Troubleshoot Scripting Web Services RMI
Deployment Java Web Start Applet / Java Plug-in

User Interface
Toolkits

Libraries |

lang and util Collections Concurrenc: y Utilities JAR
Base Libraries Logging Management Preferences API Ref Objects
Reflection Regular Expressions Versioning Zip Instrumentation

Java HotSpot VM

ava Virtual Machine



https://docs.oracle.com/javase/8/docs/api/

Java API: the class library

Back to the notebook:

* Grouping objects is a recurring requirement.
— The java.util package contains classes for doing this

Java Language Java Language
java javac javadoc jar javap JPDA
ez JConsole JavaVisualVM  JMC JFR Java DB Int'l JUM TI
IDL Deploy Security Troubleshoot Scripting Web Services RMI

Deployment Java Web Start Applet / Java Plug-in

eeeeeeeee

Collections Concurrency Utilities JAR

Management Preferences API Ref Objects

Base Libraries

Reflection Regular Expressions Versioning Zip Instrumentation
Java Virtual Machine Java HotSpot VM



https://docs.oracle.com/javase/8/docs/api/

Java’s _ Framework

iterator()

Iterable<E> > Iterator<E>

Collection<E>

P i t . ‘
rogramming a g List<E> 1)( Set<E> > Queue<E> ‘ Map<K, V>
these Interfaces — T A

1 I I

SortedSet<E> ’ Deque<E> ‘ SortedMap<K, V>
- 0
NavigableSet<E> ‘ NavigableMap<K, V> |
) ArraylList HashSet PriorityQueue HashMap
Implementation . [Inkedl1s LinkedHashSet  ArrayDeque(Deque) HashLinkedMap

Classes Stack TreeSet(SortedSet) LinkedList(Deque) HashTable(sync)

Vector(sync) TreeMap(SortedMap)




ArrayList Collection

* We specify:

— the type of collection
* eg.:ArraylList

— the type of objects it will contain
* e.g.:.<String>

* We say
— “Arraylist of String”



|
import the ArrayList package

import java.util.ArraylList; >

public class Notebook
{

// Storage for an arbitrary number of notes.
<___private ArrayList <String> notes; —>

declares notes as a private “ArrayList of <String>"

// Perform any initialization required for the notebook.

public Notebook ()
{

< notes = new ArrayList <String>(); >

notes is initialised by calling the constructor using new

Note: new and ()




Object structures with ArrayList

"Recharge phone"



Adding a third note

"Buy bread" "Recharge phone" "11:30 meet John"




Features of the ArrayList Collection

* It increases its capacity as necessary.

* |t keeps a private count
— size () accessor.

* |t keeps the objects in order.

Details of how all this is done are hidden.

— Does that matter?
— Does not knowing how, prevent us from using it?




import java.util.ArrayList;

public class Notebook

{

private ArrayList <String> notes;

public Notebook(){
notes = new ArraylList <String> ();

}

public void storeNote(String note){
notes.add(note);

}

(Adding a hew note
t of type String

public int numberOfNotes(){

return notes.size(); - Returning the
} 3 number of notes

)
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e.g. ArraylList
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ArrayList: Index numbering

-

B =
T, -

"Buy bread" "Recharge phone" "11:30 meet John"
‘ |



Retrieving an object — showNote()

r

\_

Index
validity
checks

.

N

by

—> else if(noteNumber < numberOfNotes()) {

public void showNote (int noteNumber)

{
if(noteNumber < 0) {

// This is not a valid note number.

J

System.out.printIn(notes.get(noteNumber));
\}
else {
// This is not a valid note number.

} [ Retrieve and

}

print the note]




Removing an object

(

Index

validity

\.

checks

public void removeNote(int noteNumber)

{
/, if(noteNumber < 0) {

// This is not a valid note number, so do nothing.

)

— else if(noteNumber < numberOfNotes()) {
// This is a valid note number.

notes.remove(noteNumber);
} |Delete the note at]

the specific index
else {

// This is not a valid note number, so do nothing.

)

)




Removal may affect numbering

4 A

This String had an index of 2
before removal.

Now it has an index of 1
after removal.

/

"11:30 meet John"



Removal may affect numbering

BEFORE AFTER
myBook: myBook:
Notebook Notebook
notes notes . ‘ﬁm""ﬁlﬁm
— *

- Sty - Stri : String : String
"Buy bread" "'#C%I’gﬁhﬂ" "11:30 meet John" "Buy bread" "11:30 meet John"

0 1 2 0 1

Size: 3 \ / Size: 2
NOTE the change in index numbering
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Generic/Parameterized Classes

OVERVIEW PACKAGE |@Ef.cisi USE TREE DEPRECAT

PREV CLASS NEXT CLASS FRAMES NO FRAMES
SUMMARY: NESTED | FIELD | CONSTR | METHOD DETAI

compactl, compact2, compact3
java.util

@ass ArrayList<E>

java.lang.Object
java.util.AbstractCollgction<E>
java.util.Abstrac
java.util.Arr

Collections are known as parameterized or generic types.
Note <E> is the parameter.

E gets replaced with some Class or Type




OVERVIEW PACKAGE USE TREE

PREV CLASS NEXT CLASS FRAMES N
SUMMARY: NESTED | FIELD | CONSTR | METHO

compactl, compact2, compact3
java.lang

Class String

java.lang.Object
java.lang.String

\

String is not parameterized.




Generic/Parameterized Classes

PREV CLASS NEXT CLASS FRAMES
SUMMARY: NESTED | FIELD | CONSTR | METH

compactl, compact2, compact3
java.lang

Class String

java.lang.Object
java.lang.String

PREV CLASS NEXT CLASS FRAMES |
SUMMARY: NESTED | FIELD | CONSTR | METHG

compactl, compact2, compact3
java.util

Class ArrayList<E>

java.lang.Object
java.util.Abstract(ollection<E>
java.util.AbstfactList<E>
java.utilfArrayList<E>

|

String is not parameterized.

Arraylist is parameterized.

The type parameter <E>

says what we want a list of e.g.:
ArrayList<Person>
ArrayList<TicketMachine>
ArrayList<String>
etc.




Generic/Parameterized classes

* ArrayList implements list functionality:

boolean add (E e)
Appends the specified element to the end of this list.

void clear()

Removes all of the elements from this list.

E get(int index)

Returns the element at the specified position in this list.

E remove(int index)

Removes the element at the specified position in this list.

int size()

Returns the number of elements in this list.




add
size

~ /7

clear

ArrayList ——

remove /
get
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Processing a whole collection (iteration)

* We often want to perform some actions an arbitrary number of times.

— E.g.,
* Print all the notes in the notebook.
* How many are there?
* Does the amount of notes in our notebook vary?

* Most programming languages include loop statements to make this possible.

* Loops enable us to control how many times we repeat certain actions.



Loops in Programming

* There are three types of standard loops in (Java) programming:
— while
— for
— do while

* You typically use for and while loops to iterate over your ArrayList collection,

OR

e you can use another special construct associated with Collections:

 for each D *
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Recap: for loop pseudo-code

[General form of a for loop ]

for(initialization; boolean condition; post-body action)

{

statements to be repeated

}




Recap: for loop syntax

for(wnt 1= ; 1 < 445 (1++)

7 J\\

for /n/tla//zatlo boolean condition; post -body act/on)

statements to be repeated

)




Recap: for loop syntax

for(int 1 = 0; 1 < 45 1i++)

initialization inti=0-: Initialise a loop control variable (LCV) e.g. i.
? 11t can include a variable declaration.

boolean i< 4 Is a valid boolean condition that typically tests
J

condition the loop control variable (LCV).

post-body i++ A change to the loop control variable (LCV).

action Contains an assignment statement.




Recap: for loop flowchart

true

boolean
——— | statement(s) — | update

condition?

for(inti=0;i<4;i++)
false {
System.out.printIn(i); r
} :




for loop: for iterating over a - (e.g. ArrayList)

/**
* T,ist all notes 1in the notebook. )
index by 1

*/
public void listNotes ()

{ . :
: : . . : /for each value of i less than the size \
for(int 1= 0; 1 notes.size (Y; 1++) { of the collection
System.out.println (hotes.get (1)) ; ’

print the next note,

Increment J

and then increment i
} \C /
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Recap: while loop pseudo code

General form of a while loop ]

[ while keyword }

AN

<

while (loop condition) {

boolean condition J

[Statements to be repeated}

loop body
}

while we wish to continue, do the things in the loop body



Recap: while loop construction

Declare and initialise loop control variable (LCV)
while(condition based on LCV)

{
“do the job to be repeated”

“update the LCV”

This structure should always be used



Recap: while loop flowchart

true
— | statement(s)

boolean
condition?

inti=1;
false while (i <= 10)

{

System.out.printin(i);
i++;

}



while loop: iterating over a _(e.g. ArrayList)

/**

* TList all notes 1n the notebook.
2y

public void listNotes ()

{

int 1 = 0;
while (i < notes.siz@ {

System.out.println (@es . get@) ;
1++;

Increment i
by 1

/while the value of i is less than the\
size of the collection,

print the next note,

Qnd then increment i /




for versuswhile

/**

*/

{

}

* List all notes in the notebook.

public void listNotes ()

for(int i—.0; i < notes.size(): i+s) ( | ltmustbeinitialised, tested and changed.

Variable i is the
Loop Control Variable (LCV).

>inti=0is the initialisation.

/**

*/

public void listNotes

* T,ist all notes 1in the noteb

int 1 = 0;
while (1 < notes.size ()
System.out
it++;

fhitln (notes.get (1)) ;

I < notes.size() is the test.

i++ is the post-body action i.e. the change.
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for each loop: pseudo code

General form of the for-each loop

[ for keyword } / loop headerJ

T~

—

for (ElementType element : collection)

{
}

[Statement(s) to be repeated}

loop body +

For each element in collection, do the things in the loop body.



for each loop: iterating over a - (e.g. Arraylist)

/**

* List all notes 1n the notebook.

*/

public void listNotes ()

{

for (String note : notes)>{

System.out.println (note);

*,

for each note (of type String)
in the notes collection,
print out note




for each loop

e Can only be used for access;
— you can’t remove the retrieved elements.

* Can only loop forward in single steps.

e Cannot use to compare two collections.



for each versus while

e for-each:
— easier to write.
— safer: it is guaranteed to stop.

* while:
— we don’t have to process the whole collection.
— doesn’t even have to be used with a collection.
— take care: could be an infinite loop.



ArrayList Collection

* We specify:

— the type of collection
* e.g..notes

— the type of objects it will contain
* e.g.:.<String>

* We say
— “notes is an ArraylList of String”



Summary

Java Collections Framework
— ArraylList

import java.util.ArrayList;
private ArrayList <String> notes;
notes = new ArrayList <String>();
notes.add (note) ;

notes.size() ;

notes.get (noteNumber)
notes.remove (noteNumber) ;

Iterating collections
— for each

* for (String note : notes)
{System.out.println(note);}



Questions?




