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e Collections framework: unified architecture for collection classes
— Collection interfaces: sets, lists and maps
— Abstract implementations: provides partial implementations
— General-purpose implementations
— Algorithms: useful functions on collections, e.g. sorting ...

— Legacy implementations: older classes
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Collections - Interfaces

Collections - Interfaces

e Col | ecti on: group of objects
Collection Map Iterator —No assumptions about the order or about duplicate elements
e Li st : ordered collection, also known as a sequence
T —Duplicates are generally permitted; allows positional access
e Set : familiar set abstraction
List Set SortedMap Listiterator —No duplicate elements permitted

e Sor t edSet : set whose elements are automatically sorted
—Using Conpar abl e interface or by a Conpar at or object

e \Vap: mapping from keys to values

SortedSet —Each key can map to at most one value.
RandomAccess e Sort edMap: map automatically sorted by key
—Using Conpar abl e interface or by a Conpar at or object
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Collection Interface

e Modification methods in the collection interfaces are optional

—Unsupport edOper at i onExcept i on if they are attempted

Iterator iterator()

int size()

bool ean i sEnpty()

bool ean cont ai ns(Cbj ect 0)

bool ean contai nsAll (Col |l ection c)

bool ean add(Cbj ect 0) (optional)
bool ean addAl | (Col | ection c) (optional)
bool ean renove(Chj ect o) (optional)
bool ean renoveAl | (Col | ection c) (optional)
bool ean retai nAll (Col l ection c) (optional)
void clear() (optional)

Qbj ect[] toArray()
Object[] toArray(Object[] a)

List and Set Interface

e Li st interface: extra positional versions of collection interface

Obj ect get(int index)

Obj ect renove(int index) (optional)
(bj ect set(int index, Object elenent) (optional)
Li st subList(int from ndex, int tolndex)

voi d add(int index, Object elenent) (optional)
bool ean addAl | (i nt index, Collection c) (optional)

int indexOf (Obj ect o)

int |astlndexOf (Qbject o)
Listlterator listlterator()
Listlterator listlterator(int index)

e Set interface: same methods as Col | ect i on interface
— Different behaviour, since no duplicates are allowed
—Influences: add, addAl | , equal s, hashCode
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Map and SortedMap Interface

e Map interface: contains inner interface Map. Entry

bool ean cont ai nsKey( Cbj ect key)
bool ean cont ai nsVal ue( Cbj ect val ue)
Set keySet ()

Set entrySet()

Col | ection val ues()

Obj ect get (Obj ect key)

bj ect renove(bj ect key) (optional)
Obj ect put (Obj ect key, Object value) (optional)
void putAll(Mp t) (optional)
int size()

bool ean i sEnpty()

void clear() (optional)

e Sor t edMap interface: extra functionality involving comparisons

Conpar at or conparator ()

Obj ect firstKey()

bj ect | ast Key()

Sor t edVap headMap( Cbj ect toKey)

lterator Interface

e |t erat or: visit elements in Collection one by one
—r enpve method removes element returned by next

bool ean hasNext ()
Obj ect next ()
voi d renove() (optional)

elListlterator: iterator for use with lists
—bi-directional, index retrieval, element replacement, . ..

voi d add(Obj ect 0) (optional)
bool ean hasPrevi ous()

int nextlndex()

Obj ect previous()

int previouslndex()

Sort edMap tail Map(Obj ect fronKey) voi d set (Qbject o) (optional)
SortedMap subMap(Obj ect fronkKey, Object toKey)
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Iterator iter = c.iterator();
while (iter.hasNext())

Object obj = iter.next();
// do sonething with obj

—

/1 Renpving el enents fromcollection

iter = c.iterator();
iter.next();
iter.remove();

I/ junp passed first el ement
/1 remove first elenment of Iist

/1 can't call renove() again before calling next()

I
1 . ; .
iter.next(); /'l passing new first el ement
returned Curr_ent iter.remove(); /1 renoving new first el enent
element position of
Iterator
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Collections - Classes

Collections - Classes

e Names of classes typically is <Implementation-style><Interface>

AbstractCollection
Hash Table | Resizable Array | Balanced Tree | Linked List | Hash Table + Linked List
‘f Set HashSet TreeSet LinkedHashSet
List ArrayList LinkedList
Map | HashMap TreeMap LinkedHashMap
AbstractList AbstractSet AbstractMap
i i f e Support all of the optional operations in the collection interfaces
Abstract No restricti the el ts th tai
SequentialList HashSet TreeSet HashMap TreeMap e NO restricutons on the elements they may contain
T e Abstract classes provide skeletal implementations of the core
collection interfaces
LinkedList ArrayList
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Collections - Lists

e ArraylLi st : resizable-array implementation of the List interface
— Best all-around implementation of the List interface
—Implements RandomAccess interface (SDK 1.4)

ArraylList()
ArrayList(Collection c)
ArrayList(int initialCapacity)

voi d ensureCapaci ty(int mnCapacity)
void trinfToSi ze()

e Li nkedLi st : doubly-linked list implementation of List interface
— Better than ArrayList if elements frequently inserted or deleted

Li nkedLi st ()

Li nkedLi st (Col | ection c)
voi d addFirst (Object o)
voi d addLast (Cbj ect 0)
Object getFirst()

bj ect getlLast()

Obj ect renoveFirst()

Obj ect renovelast ()

Collections - Sets

e Hash table: array of linked lists called buckets
— Computes hash code of object, used as index in array
— Very efficient to find object in hash table
—Need to redefine equal s and hashCode of Obj ect class
—hashCode should returni nt (will be reduced mod # buckets)

e HashSet : hash table implementation of the Set interface
— Best all-around implementation of the Set interface
—I terator returns elements in random order

HashSet ()

HashSet (Col | ection c)

HashSet (int initial Capacity)

HashSet (int initial Capacity, float |oadFactor)
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Collections - Sets

e Li nkedHashSet : hash table + linked list implementation of Set
— Insertion-ordered Set that runs nearly as fast as HashSet
—1terator returns elements in insertion order

Li nkedHashSet ()

Li nkedHashSet (Col | ecti on c)

Li nkedHashSet (i nt initial Capacity)

Li nkedHashSet (int initial Capacity, float |oadFactor)

e Tr eeSet : red-black tree implementation of SortedSet interface
—1terator returns elements in sorted order
— Slower than hashSet , but elements are ordered

TreeSet ()
TreeSet (Col | ection c)

TreeSet (Conparator c)
TreeSet (SortedSet s)

Object Comparison

e Ordered collections need to compare objects to sort them

e Default: class implements Conpar abl e interface
—Class provides i nt conpar eTo( Qoj ect ot her) method
— Problem: only one such method for a given class
—What happens if class does not implement Conpar abl e

e Flexible: pass object that implements Conpar at or interface

public interface Conparator

int conpare(Object ol, Object 02);
e Defined and created using anonymous class (see example p.21)
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Obj ect get Key()
Obj ect get Val ue()
Obj ect set Val ue(Qbj ect val ue)

e HashMap: hash table implementation of the Map interface
— Best all-around implementation of the Map interface

HashMap()

HashMap(int initial Capacity)

HashMap(int initial Capacity, float |oadFactor)
HashMap(Map m)

o Tr eeMap: red-black tree implementation of SortedMap interface

TreeMap()

Tr eeMap( Conpar ator c)
TreeMap(Map m

Tr eeMap( Sort edMap m)

all . putyl 4979797 J970% , 1ICW LIl Uyt Alytira Tuailly 77
staff. put("567-24-2546", new Enpl oyee("Harry Hacker"));
staff.put("157-62-7935", new Enpl oyee("Gary Cooper"));
staff. put ("456-62-5527", new Enpl oyee("Francesca Cruz"));

/1 remove an entry
staff.renove("567-24-2546");

/1 replace an entry
staff. put ("456-62-5527", new Enpl oyee("Francesca Mller"));

/Il iterate through all entries
Set entries = staff.entrySet();
Iterator iter = entries.iterator();
while (iter.hasNext())
{
Map. Entry entry = (Map. Entry)iter.next();
Obj ect key = entry. getKey();
Obj ect value = entry. getVal ue();
Systemout. println("key=" + key + ", value=" + value);

}
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Collections - Algorithms

e Generic collection interfaces
—Only need to implement algorithms once
— Select minimal collection interface (highest in the hierarchy)
— Use provided methods to implement algorithm

public static Object max(Collection c)
{
if (c.isEmpty()) throw new NoSuchEl enent Exception();
Iterator iter = c.iterator();
Conparabl e | argest = (Conparable) iter.next();
while (iter.hasNext())
{
Obj ect next = iter.next();
if (largest.conpareTo(next) < 0)

Collections - Algorithms
e Col | ecti ons class (with s) contains useful methods

static int binarySearch(List list, Cbject key)

static int binarySearch(List list, Cbject key, Conparator c)
static void copy(List dest, List src)

static void reverse(List |ist)

static void shuffle(List list)

static void sort(List list)

static void sort(List list, Conparator c)

| argest = next; static void swap(List list, int i, int j)
return |argest;
}
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Collections - Algorithms

e Example of sorting list using Conpar at or object
— Notice the use of an anonymous class

List staff = new LinkedList();
/1 add sone stuff to the linked |ist

Col | ections.sort(staff, new
Conpar at or ()

public int conpare(Object a, Object b)
{

doubl e sal aryDi fference = ((Enpl oyee)a). get Sal ary()
- ((Enpl oyee) b).getSalary();
if (salaryDifference < 0) return -1;

if (salaryDifference > 0) return 1;
return O;

}
b

Legacy Collections

e Classes that existed since the beginning
—Hasht abl e and Pr operti es subclass
—Vect or and St ack sublacss
—Bi t Set class

e Hasht abl e and Vect or have synchronized methods
—Shouldn’t use these classes unless need synchronization
—Use HashMap and Arr ayLi st instead

e Use Enuner at i on instead of | t er at or interface
—hasMor eEl enent s instead of hasNext
—next El enent instead of next
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