Chapter 17 Java Data Structures

bj ecti ves

e Understand the limtations of arrays.

Become famliar with the Java Col | ecti ons Franework
hi er ar chy.

. Use the Iterator interface to traverse a coll ecti on.

. Know t he Set interface and know when to use HashSet
or TreeSet to store el enents.

e Conprehend the List interface and know whet her to use
Arraylist or LinkedList to store elenents.

. Under stand the differences between Vector and
ArraylList, and know how to use Vector and Stack.

. Understand the differences between Coll ection and
Map, and know how to use Map to store val ues
associated with the keys.

. Use the static nethods in the Collections and Arrays
cl ass.

I nt roducti on

In Chapter 7, “Arrays,” you |learned to store and process

el enments in arrays. Arrays can be used to store a group of
primtive type values or a group of objects. Once an array
is created, its size cannot be altered. Array is a useful
data structure to represent a collection of elenents, but it
provi des i nadequate support for inserting, deleting,
sorting, and searching operations. The Java 2 platform

i ntroduced several new interfaces and cl asses that can be
used to organi ze and mani pul ate data efficiently. These new
interfaces and cl asses are known as Java Col |l ecti ons

Fr amewor k.

A collection is an object that represents a group of

objects, often referred to as el enents. The Java Col | ecti ons
Framewor k supports two types of collections, nanmed

coll ections and maps. They are defined in the interfaces
Col l ection and Map. An instance of Collection represents a
group of objects. An instance of Map represents a group of
obj ects, each of which is associated with a key. You can get
the object froma map using a key. So you have to put the

object into the map using the key. A collection can be a set
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or alist, defined in the interfaces Set and List, which are
subi nterfaces of Collection. An instance of Set stores a
group of non-duplicate elenments. An instance of List is an
ordered collection of elenents. The relationships of the
interfaces and classes in the Java Col |l ections Framework are
shown in Figure 17.1 and Figure 17.2. These interfaces and
cl asses provide a unified APl for storing and processing a
collection of objects efficiently. You will learn to use
these interfaces and classes in this chapter.

AbstractCollection TreeSet
Surte’dSet

|AbstractCollection< AbstractList < _| ArrayList | | LinkedList | \_( Vector < Stack |

AN

AbstractSe ialList

Figure 17.1

An instance of Collection stores a group of objects.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | HashMap :

SortedMap

Figure 17.2

An instance of Map stores a group of objects with associated
keys.

NOTE: All interfaces and classes defined in the
Java Col | ections Framework are grouped in the

java. util package.

The Collection Interface and the AbstractColl ecti on d ass
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The Collection interface is the root interface for storing
and processing a collection of objects. Its public nethods
are listed in Figure 17. 3.

Collection

+add(Object element): boolean
+addAll(Collection collection): boolean
+clear().: void

+contains(Object elment): boolean
+containsAll(Collection collection):boolean
+equals(Object object): boolean
+hashcode(): int

+iterator(): Iterator

+remove(Object element): boolean
+removeAll(Collection collection): boolean
+retainAll(Collection collection): boolean
+size(). int

+toArray(): Object(]

+toArray(Object[] array): Object[]

Figure 17.3

The Collection interface is the root for the Set and Li st
i nterfaces.

The Coll ection interface provides the basic operations for
addi ng and renoving el enents in a collection. The add net hod
adds an elenent to the collection. The addAl | nethod adds
the specified collection to this collection. The renove

nmet hod renoves an elenment fromthe collection, if present.
The renoveAll nethod renpves the elenents fromthis
collection that are present in the specified collection. The
retainAll nmethod retains the elenments in this collection
that are also present in the specified collection. Al these
met hods return boolean. The return value is true if the
collection is changed as a result of the nethod execution.
The clear() method sinply renoves all the elenments fromthe
col | ection.

The Coll ection interface provides the query operations. The
si ze nethod returns the nunber of elenents in the

coll ection. The contains nethod checks if the collection
contains the specified elenment. The contai nsAll nethod
checks if the collection contains all the elenents in the
specified collection. The isEnpty nethod returns true if the
collection is enpty.

The Collection interface provides two overl oaded the net hods
to convert the collection into an array. The toArray()
nmet hod returns an array representation for the collection.
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The toArray(Qbject[] a) nethod returns an array with the
specified runtine type.

The iterator nmethod in the Collection interface returns an
i nstance of Iterator, which can be used to traverse the
collection using the next() nethod. You can al so use the
hasNext () nmethod to check if there are nore elenents in the
iterator, and use the renove() nethod to renpbve the | ast

el enent returned by the iterator.

The AbstractColl ection class is a conveni ence class that
provi des partial inplenentation for the Collection
interface. It inplenents all the nethods in Collection
except the equals, hashCode, size and the iterator nethods.
These net hods are i nplenented in appropriate subcl asses.

NOTE: Some of the nethods in the Collection
interface are optional. If a concrete subcl ass
does not support an optional method, the nethod
shoul d t hr ow

j ava. | ang. Unsupport edOper ati onExcepti on. Since
this exception is a subcl ass of

Runt i meException, you don’t have to place the
method in a try-catch bl ock

The Set Interface, and the AbstractSet, and HashSet C asses

The Set interface extends the Collection interface. It does
not introduce new nethods or constants, but it stipulates
that an instance of Set contains no duplicate el enents. The
concrete classes that inplenment Set nust ensure that no
duplicate el enents can be added to the set. That is no two
elenents el and e2 can be in the set such that el.equal s(e2)
is true.

The AbstractSet class is a conveni ence class that extends
Abstract Col l ection and inplenments Set. The AbstractSet class
provi des concrete inplenentations for the equals nethod and
t he hashCode net hod. The hash code of a set is the sum of

t he hash code of all the elenents in the set. Since the size
met hod and iterator nethod are not inplenented in the
Abstract Set cl ass, AbstractSet is an abstract cl ass.

The HashSet class is a concrete class that inplenments Set.

It can be used to store duplicate-free elenents. For
efficiency, objects added to a hash set need to inplenent

t he hashCode nethod in a manner that properly disperses the
hash code. Mdst of the classes in the Java APl inplenment the
hashCode net hod. For exanple the hashCode in the String
class is inplenented as foll ows:

public int hashCode()
_{
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int h = 0;

int off = offset;

char val[] = val ue;

int len = count;

for (int i =0; i < len; i++)

h = 31*h + val [of f ++];

return h;

_1

The hashCode in the Integer class sinply returns its int

val ue.

Exanpl e 17.1 Using HashSet and Iterator

This exanple creates a hash set filled with strings,

and uses an
list.

17. 4.

package chapterl7;

inport java.util.*;

public class Test HashSet

{

public static void main(String[] args)

_{

// Create a hash set

Set

set = new HashSet ();

set.

add("

Red") ;

set

.add("”

Yel | ow') ;

set.

add("

White");

set.

add("

Green");

set.

add("

Orange") ;

set.

add("

Gay"),;

set.

add("

Bl ack") ;

set.

add("

Red") ;

Systemout.println(set);

// Obtain an iterator for the hash set

Iterator iterator = set.iterator();

// Display the elenents in the hash set

while (iterator.hasNext())

Systemout.print(iterator.next() + "

iterator to traverse the elenents
The out put of the programis shown in Figure

")

HLL

in the
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% Command Prompt

C:\introjbi4>java chapter17.TestHashSet
[Orange, Green, Red, Black, Gray, White, Yellow]

Orange Green Red Black Gray White Yellow
C:\introjbi>_

Figure 17.4

The program adds string elenments to a hash set,
di splays the elenents using the toString nethod, and
traverses the elenents using an iterator.

Exanpl e Revi ew

The string “red” is added to the set twice, but only
one is stored, because a set does not allow
duplicates. Two objects 0ol and 02 are duplicate, if
0l.equals(02) is true. So, it is inportant that the
cl ass of the objects overrides the equals nethod to
conpare the contents of the objects. The equals
nmethod is defined in the Object class. By default, it
returns ol == o02.

As shown in Figure 17.4, the strings are not stored
in the order that they are added. There is no
particular order for the elenments in a hash set. To

i npose a specific order on the elenents in a set, you
need to use the TreeSet class, which is introduced in
t he next section.

NOTE: The iterator is fail-fast. That neans if
you are using an iterator to traverse a
collection while the underlying collection is
bei ng nodified by another thread, then the
iterator fails inmmediately by throw ng

java. util. Concurrent Modi ficati onException. Since
this exception is a subcl ass of

Runt i meException, you don’t have to place the
met hods of Iterator in a try-catch block. In
Exercise 17.1, you will wite a programto
create a situation that causes an iterator to
t hrow Concurrent Modi fi cati onExcepti on

The SortedSet Interface, the TreeSet C ass, and the
Conparator interface.

780



SortedSet is a subinterface of Set, which guarantees that

the elenments in the set are sorted. TreeSet is a concrete

class that inplenents the SortedSet interface. You can use
an iterator to traverse the elenents in the sorted order.

The el enments can be sorted in two ways.

* One way is to use the Conparable interface. The objects
added to the set are instances of Conparable, so they
can be conpared using the conpareTo nethod. The
Conparabl e interface was introduced in Chapter 6,
“Class Inheritance.” Several classes in the Java API,
such as the String class, and all the wapper cl asses
for the primtive types, inplenent the Conparable
interface. This approach is referred to as natural
order,

e The other way is to specify a conparator for the
elenments in the set if the class for the el enents does
not inplenent the Conparable interface, or you don’t
want to use the conpareTo nethod in the class that
i npl enents the Conparable interface. This approach is
referred to as order by conparator.

I f you choose to use a conparator, you have to create a
class that inplenents the java.util.Conparator interface.
The Conparator interface has two nethods conpare and equal s.

[BL] public int conpare(Object elenentl, Object el enent?2)

This nmethod returns a positive value, if elenentl is
| ess than el enent2; and returns a negative value, if
elenentl is greater than elenent2?2; and returns zero
if they are equal.

[BL] public bool ean equal s(bj ect el enent)

This method returns true if the specified object is
al so a conparator and it inposes the sanme ordering as
this conparator.

NOTE: The equals nethod is also defined in the
oj ect class. Therefore, you will not get a
conpilation error, if you don’t inplenent the
equal s nmethod in your custom conparator class.
However, inplenenting this nmethod may, in sone
cases, inprove performance by allow ng prograns
to determne that two distinct conparators

i npose the sane order

For exanple, you can provide the foll ow ng conparator to
conpare two el enments of the GeonetricCObject class, defined
in Section, “Abstract Classes,” in Chapter 6, “d ass

| nheritance.”
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package chapterl7;

inport chapter6. GeonetricObject;
inport java.util.Conparator;

public class GeonetricQbjectConparator inplenents Conparator
L
public int conpare(Qbject 01, Object 02)
_{
doubl e areal = ((Geonetricoject)ol).findArea();
doubl e area2 ((CGeonetricObject)o?).findArea();

if (areal < area?)
return -1;

else if (areal == area?)
return 0;

el se
return 1;

_}
I3

If you create a TreeSet using its default constructor, the
conpareTo nethod is used to conpare the elenents in the set,
assum ng that the class of the elenents inplenents the
Conparable interface. To use a conparator, you have to use
the constructor TreeSet(Conparator conparator) to create a
sorted set that uses the conpare nmethod in the conparator to
order the elenents in the set.

Exanple 17.2 Using TreeSet to Sort Elenents in a Set

This exanple creates a hash set filled with strings,
and then creates a tree set for the sane strings. The
strings are sorted in the tree set using the
conpareTo nethod in the Conparable interface. The
exanple also creates a tree set of geonetric objects.
The geonetric objects are sorted using the conpare
met hod in the Conparator interface. The output of the
programis shown in Figure 17.5.

package chapterl7;

inport chapter6.*;
inport java.util.*;

public class TestTreeSet
L
public static void main(String[] args)
_{
// Create a hash set of strings
Set hashSet = new HashSet ();
hashSet . add(" Red") ;
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hashSet . add("Yel | ow") ;
hashSet . add(" Wi te");
hashSet . add(" G een");
hashSet . add(" Orange") ;
hashSet . add(" G ay");
hashSet . add( "Bl ack") ;

Systemout.println("An unsorted set of strings");
System out. println(hashSet + "\n");

// Create a sorted tree set fromthe hash set for strings
Set treeSet = new TreeSet (hashSet);

Systemout.println("A sorted set of strings");
Systemout.printin(treeSet + "\n");

// Create a tree set for geonetric objects using a conparator
Set geonetricOoj ectSet =
new TreeSet (new Geonetri cObj ect Conparator());
geonetri cObj ect Set . add(new Rect angl e(4, 5));
geonetri cObj ect Set . add(new Circl e(40));
geonetri cObj ect Set . add(new Circl e(40));
geonetri cQbj ect Set . add(new Cylinder(4, 1));

// Obtain an iterator for the tree set of geonetric objects
Ilterator iterator = geonetricQojectSet.iterator();

// Display geonetric objects in the tree set
Systemout.println("A sorted set of geonetric objects");
while (iterator.hasNext())

CeonetricOoject object = (CGeonetricoject)iterator. next():;
Systemout.println(object + ", area= " + object.findArea());

LK

mmand Prompt

C:\introjbl4>java chapter17.TestTreeSet
An unsorted set of strings
[Orange, Green, Red, Black, Gray, White, Yellow]

A sorted set of strings
[Black, Gray, Green, Orange, Red, White, Yellow]

A sorted set of geometric objects

[Rectangle] width = 4.8 and height = 5.8, area= 20.0

[Cylinder] radius = 4.8 and length 1.0, area= 125.663T0614359172
[Circle] radius = 40.0, area:z 5026.548245T43669

C:\introjbi>_

Figure 17.5
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The program denonstrates the differences between hash sets

and tree sets.
Exanpl e Revi ew

The circles are added to the set in the tree
set, but only one is stored, because these two
circles are equal and the set does not all ow
dupl i cates.

Al'l the classes in Figure 17.1 have at |east two

constructors. One is the default constructor
that constructs an enpty collection. The other
constructor constructs instances froma
collection. So, the TreeSet class has a
constructor TreeSet(Collection c) for
constructing a TreeSet froma collection c. In
this exanple, new TreeSet (hastSet) creates an
i nstance of TreeSet froma coll ection hashSet.

TIP: If you don’t need to maintain a sorted set
when updating a set. You can use a hash set,
because it is faster to insert and renove

el enents in a hash set. When you need a set to
be sorted, you can convert the set into a tree
set .

The List Interface, the AbstractlList Cass, and the
Abstract Sequenti al Li st C ass

A set stores non-duplicate elenents. To allow duplicate
el enments to be stored in a collection, you need to use a

list. Alist can not only store duplicate elenents, but also
allows the user to specify where the elenment is stored. The

user can access the elenent by index. The List interface
extends Collection to define an ordered collection with

duplicates allowed. The List interface adds position-

oriented operations, as well as a new list iterator that

enabl es the user to traverse the list bi-directionally. The
new nethods in the List interface are shown in Figure 17.6.
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Collection

List

+add(int index, Object element) : boolean
+addAll(int index, Collection collection) : boolean
+get(int index) : Object

+indexOf(Object element) : int
+lastindexOf(Object element) : int

+listlterator() : Listlterator

+listlterator(int startindex) : Listlterator
+remove(int index) : int

+set(int index, Object element) : Object
+subList(int fromIndex, int tolndex) : List

Figure 17.6

The List interface stores elenments in sequence, permtting
dupl i cates.

You can use the add(index, elenent) nethod to insert an

el ement as a specified index, and use the addAll (index,
collection) nethod to insert a collection at a specified

i ndex. You can use the renove(index) nethod to renobve an

el enent at the specified index fromthe list. You can set a
new el enent at the specified index using the set(index,

el enent) met hod.

You can obtain the index of the first occurrence of the
specified elenent in the |ist using the indexO (el enent)

nmet hod, and obtain the index of the |ast occurrence of the
specified elenment in the list using the |astlndexO (el enent)

met hod. You can obtain a sub-list using the nethod
subLi st (from ndex, tol ndex).

The nethod listlterator() or listlterator(startlndex)
returns an instance of Listlterator. The Listlterator
interface extends the lIterator interface to add bi -
directional traversal of the list. The nmethods in
Listlterator are listed in Figure 17.7.
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Iterator

Listlterator

+add(Object element) : void
+hasPrevious() : boolean
+nextlndex() . int
+previousindex() : int
+previous() : Object
+previousindex() . int
+set(Object element) : void

Figure 17.7

Listlterator enables traversal of a list bi-directionally.

The add(el enment) nethod inserts the specified elenment into
the list. The elenent is inserted i nmedi ately before the
next el ement that would be returned by the next() method
defined in the Iterator interface, if any, and after the
next el ement that would be returned by previous, if any. If
the Iist contains no elenents, the new el enent becones the
sole elenent on the list. You can use the set(el enent)

met hod to replace the |ast elenment returned by the next

nmet hod or the previous nethod with the specified el enent.

You can use the hasNext() nmethod defined in the List
interface to check if the iterator has nore el enents when
traversed in the forward direction, and use the

hasPrevi ous() nethod to check if the iterator has nore

el ements when traversed in the backward direction

The next() nmethod defined in the List interface returns the
next elenment in the iterator and the previous() nethod
returns the previous elenent in the iterator. The
next | ndex() nethod returns the index of the next elenent in
the iterator, and the previouslndex() returns the index of
the previous elenent in the iterator.

The AbstractLi st class provides a partial inplenentation for
the List interface. The Abstract Sequenti al Li st cl ass extends
AbstractLi st to provide support for linked |ists.

The Arraylist and LinkedList C asses

The Arraylist class and the LinkedList class are concrete

i npl enentations of the List interface. Which of the two

cl asses you use depends on your specific needs. |If you need
to support random access through an i ndex w thout inserting
or renoving elenments fromany place other than the end,
ArraylList offers the nost efficient collection. If, however,
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your application requires the insertion or deletion of

el ements fromany place in the list, you should choose

Li nkedList. A list can grow or shrink dynam cally. An array
is fixed once it is created. |If your application does not
require insertion or deletion of elenents, the nost
efficient data structure is the array.

ArraylList is a resizable-array inplenentation of the List
interface. In addition to inplenenting the List interface,
this class provides nethods to mani pul ate the size of the
array that is used internally to store the list. Each
Arrayli st instance has a capacity. The capacity is the size
of the array used to store the elenents in the list. It iIs
al ways at |least as large as the list size. As elenents are
added an ArrayList, its capacity grows automatically.

Li nkedList is a linked list inplenentation of the List
interface. In addition to inplenenting the List interface,
this class provides the nmethods for retrieving, inserting,
and renoving el ements fromboth ends of the list, as shown
in Figure 17.8.

| List | | AbstractSequentialList |

LinkedList

+addFirst(Object element) : void
[+addLast(Object element) : void
+getFirst() : Object

+getLast() : Object
+removeFirst() : Object
+removeLast() : Object

Figure 17.8

Li nkedLi st provi des nethods for adding and inserting
el ements at both ends of the |ist.

Exanple 17.3 Using ArraylList and LinkedLi st

This exanple creates an array list filled with
nunbers, and inserts new elenents into the specified
|l ocation in the list. The exanple also creates a
linked list fromthe array list, inserts and renoves
the elenents fromthe list. Finally, the exanple
traverses the |ist forward and backward. The out put
of the programis shown in Figure 17.9.

package chapterl7;
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inport java.util.*;

public class TestList
{
public static void main(String[] args)

_{
Arraylist arraylist = new ArraylList();
arrayli st.add(new Integer(1));
arrayli st.add(new Integer(2));
arrayli st.add(new I nteger(3));
arrayli st.add(new Integer(1));
arrayli st.add(new Integer(4));
arrayli st.add(0, new |Integer(10));
arrayli st.add(3, new |Integer(30));

Systemout.printin("Alist of integers in the array list:");

Systemout.println(arraylist);

Li nkedLi st linkedList = new LinkedLi st (arraylist);

linkedLi st.add(1, "red");
li nkedLi st.renovelLast ();
li nkedLi st. addFi rst ("green");

Systemout.printin("Display the linked list forawd:");

Listlterator listlterator = linkedList.listlterator();

while (listlterator.hasNext())

Systemout.print(listlterator.next() + "

")

| L

Systemout.println();

Systemout.println("Display the linked list backward:");

listlterator = linkedList.listlterator(linkedList.size()):;

while (listlterator.hasPrevious())

Systemout.print(listlterator.previous() + " "

HLL

ommand Prompt
C:\introjb4>java chapteri7.TestList
A list of integers in the array list:
[18, 1, 2, 30, 3, 1, 4]
Display the linked list forawrd:

green 10 red 1 2 30 3 1

Display the linked list backwrd:
1330 21 red 10 green
C:\introjb4>

Figure 17.9

The program uses the array list,

and

| i nked

|ists.
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Exanpl e Revi ew

A list can hold identical elenents. Integer 1 is
stored twice in the list. ArraylList and LinkedLi st
can be operated simlarly. The critical differences
between themare their internal inplenentation, which
i npacts the performance. ArraylList is efficient for
retrieving elenents, and for inserting and renoving
elements fromthe end of the list. LinkedList is
efficient for inserting and renoving el enents
anywhere in the |ist.

You can use TreeSet to store sorted el enents. But
there is no sorted list. However, the Java

Col I ections Framework provides static nmethods in the
Col | ections class that can be used to sort a |ist.
The Collections class is introduced in the section,
“The Collections Cass,” later in this chapter.

The Vector and the Stack d ass

The Java Col | ecti ons Framework was introduced with Java 2.
Several data structures were supported prior to Java 2.
Anmong them are the Vector class and the Stack class. These
cl asses were redesigned to fit into the Java Col |l ections
Framewor k, but their old-style nethods are retained for
conpatibility. This section introduces the Vector class and
the Stack class.

In Java 2, Vector is the sanme as Arraylist, except that
Vect or contains the synchroni zed net hods for accessing and
nodi fying the vector. None of the new collection data
structures introduced so far are synchronized. If

synchroni zation is required, you can use the synchronized
versions of the collection classes. These cl asses are
introduced |later in the section, “The Collections Cass.”

The Vector class inplenents the List interface.
Additionally, it has the follow ng nethods contained in the
original Vector class defined prior to Java 2, as shown in
Figure 17.10.
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Vector

[+addElement(Object element) : void
+capacity() : void
+copyInto(Object[] anArray) : void
+elementAt(int index) : Object
+elements() : Enumeration
+ensureCapacity() : void
+firstElement() : int
+insertElementAt(int index) : void
+lastElement() : Object
+removeAllElements() : void
+removeElement(Object element) : void
[+removeElementAt(int index) : void

+setSize(int newSize) : void
+trimToSize() : void

+setElementAt(Object element, int index) : void

Figure 17.10

The Vector class in Java 2 inplenents List,

styl e nmethods are retained.

Mbst of the additional

nmet hods in the Vector class

but its ol d-

listed in

the previous UML diagramare simlar to the nmethods in the

Li st interface.

These net hods were i ntroduced before the

Java Col | ections Franmework. For exanpl e, addEl enent (Obj ect

el enent)

is the sane as the add((Obj ect el enent) nethod,

except that addEl enment nethod is synchroni zed. You should
use the ArrayList class if you don’t need synchroni zation.
ArraylLi st works much faster than Vector.

NOTE: The el enents() nmethod returns an

Enuner ati on.

The Enuneration interface was

introduced prior to Java 2. This interface is
interface.

superceded by the Iterator

NOTE: Vector has been widely used in Java
programm ng, because it was the Java resizable
array inplenmentation prior to Java 2. Many of

the Swi ng data nodel s use vectors.

Swi ng data

nodel s are introduced in “Rapid Java Application

Devel opnent Using JBuil der 4.~

The Stack class represents a last-in-first-out stack of

obj ect s.
stack. You can retrieve,

i nsert,

or

The el enents are accessed only fromthe top of the

renove an el enent from

the top of the stack. The Stack class extends the Vector

cl ass and provides the follow ng additional

shown in Figure 17.11.

nmet hods, as

790



Vector |

2

Stack

+empty() : boolean

+peek() : Object

[+pop() : Object
+push(Object element) : void
+search(Object element) : int

Figure 17.11

The Stack class extends Vector to provide a last-in-first-
out data structure.

The Stack class was introduced prior to Java 2. The nethods
shown in the previous diagram were used before Java 2. The
enpty() nethod is the sane as i skEnpty(). The peek() nethod

| ooks at the elenent at the top of the stack w thout
renoving it. The pop() nmethod renoves the top el enent from
the stack, and returns the renpoved el enent. The push(Qbj ect
el enent) method adds the specified el enent to the stack. The
search(bj ect elenent) nethod checks if the specified
elenent is in the stack.

Exanpl e 17.4 Using Vector and Stack

This exanple presents two prograns to rewite Exanple
7.1, using a vector and a stack instead of an array,
respectively. The programreads student scores from

t he keyboard, stores the scores in the vector, finds
t he best scores, and then assigns grades for all the
students. A negative score signals the end of the
input. A sanple run of the programis shown in Figure
7.12.

The first programthat uses a vector is given as
fol | ows:

/1 _Assi gnG adeUsi ngVector.java: Assign grade
package chapterl7;

inport java.util.*;
inport chapter2. Myl nput;

public class Assi gnG adeUsi ngVect or

{
// Main nethod

public static void main(String[] args)

_{

Vect or scoreVector = new Vector(); // Vector to hold scores
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doubl e best = 0; // The best score
char grade; // The grade

// Read scores and find the best score

Systemout.println("Please enter scores. " +
"A negative score termnates input.");
do
1

Systemout.print("Please enter a new score: ");
doubl e score = Ml nput.readDoubl e();

if (score < Q) break;

// Add the score into the vector

scor eVect or . addEl enent (new Doubl e(score));

// Find the best score
if (score > best)
best = score;
} while (true);

Systemout.println("There are total " + scoreVector.size() +
" students "):

// Assign and display grades

for (int i=0; i<scoreVector.size(); i++)
_{
// Retrieve an elenent fromthe vector
Doubl e doubl enj ect = (Doubl e) (scoreVector. el ement At (i));

// Get the score
doubl e score = doubl eObj ect . doubl eVal ue() ;

if (score >= best - 10)

grade = 'A';

else if (score >= best - 20)
grade = 'B';

else if (score >= best - 30)
grade = 'C ;

else if (score >= best - 40)
grade = 'D ;

el se
grade = 'F' ;

Systemout.println("Student " + i + " score is " + score +
" and grade is + grade);

|

***|Insert Figure 17.12
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Command Prompt

C:\introjbi4>java chapterl17.AssignGradeUsingUector
Please enter scores. A negative score terminates input.
Please enter a new score: 70

Please enter a new score: 6O

Please enter a new score: 50

Please enter a new score: HO

Please enter a new score: 0

Please enter a new score: -1

There are total 5 students

Student 8 score is 70.0 and grade is A
Student 1 score is 60.0 and grade is A
Student 2 score is 50.0 and grade is B
Student 3 score is 40.0 and grade is C
Student is 8.0 and grade is F

Figure 17.12

The programrecei ves scores, stores themin a vector,
and assigns grades.

The previous programwould work if you replace al

the occurrences of Vector by Stack, because Stack is
a subcl ass of Vector. However, you can rewite the
previ ous exanpl e exclusively using the stack
operations that operate elenents only fromthe top of
the stack. The revision of the program using the
Stack class is given as foll ows:

package chapterl7;

inport java.util.*;
inport chapter2. Myl nput;

public class AssignG adeUsi ngSt ack
{
// Main nethod
public static void main(String[] args)
_{
Stack scoreStack = new Stack(); // Stack to hold scores
doubl e best = 0; // The best score
char grade; // The grade

// Read scores and find the best score
Systemout.println("Pl ease enter scores. " +
"A negative score termnates input.");
do
1
Systemout.print("Please enter a new score: ");
doubl e score = Myl nput.readDoubl e();

793



if (score < Q) break;

// Add the score into the Stack
scor eSt ack. push(new Doubl e(score));

// Find the best score
if (score > best)
best = score;
} while (true);

Systemout.printin("There are total " + scoreStack.size() +
' students "):

int i = scoreStack. size();

// Assign and display grades
while (!scoreStack.isEnmpty())
1
// Retrieve an elenent fromthe Stack
Doubl e doubl eObj ect = (Doubl e) (scoreSt ack. pop());

// Get the score
doubl e score = doubl eObj ect . doubl eVal ue() ;

if (score >= best - 10)

grade = 'A';
else if (score >= best - 20)
grade = 'B';
else if (score >= best - 30)
grade = 'C ;
else if (score >= best - 40)
grade = 'D ;
el se
grade = 'F';
Systemout.println("Student " + i-- + " score is " + score +

' and grade is " + grade);

|

Exanpl e Revi ew

Exanple 7.1 uses an array to store scores. The size

The Map

of an array is fixed once the array is created. You
shoul d use array lists, linked lists, vectors, or
stacks to store an unspecified nunber of el enents.

The el enent type in an array can be primtive type
val ues or objects, but the elenent type is the Java
Col | ections Framework nust be the Object type.

nterface, the Abstract Map cl ass, the SortedMap

I
interface, the HashMap class, and the TreeMap cl ass
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The Collection interface represents a set of el enents,
stored in HashSet, TreeSet, Arraylist, LinkedList, Vector,
or Stack. The Map interface maps keys to the elenents. The
keys are |ike indexes. In List, the indexes are integer. In
Map, the keys can be any objects. A map cannot contain
duplicate keys. Each key can map to at nost one value. The
Map interface provides the nethods for querying, updating,
and obtaining a collection of values and a set of keys, as
shown in Figure 17.13.

Map

+clear() : void

+containsKey(Object key) : boolean
+containsValue(Object value) : boolean
+entrySet() : Set

+get(Object key) : Object

+isEmpty() : boolean

+keySet() : Set

+put(Object key, Object value) : Object
+putAll(Map m) : void
+remove(Object key) : Object

+size() : int

+values() : Collection

Figure 17.13
The Map interface maps keys to val ues.

The update nethods include clear, put, putAl, and renove.
The clear() method renoves all mappings fromthis map. The
put (Obj ect key, Object value) nethod associates the
specified value with the specified key in this map. If the
map previously contained a mapping for this key, the old

val ue associated with the key is returned. The putAll (Map m
nmet hod adds the specified nmap to this map. The renove( bj ect
key) method renoves the mapping for the specified key from
this map.

The query net hods include contai nsKey, containsVal ue, and

i SEnpty, and size. The contai nsKey(Qbj ect key) checks if the
map contains a nmapping for the specified key. The

cont ai nsVal ue(j ect value) nethod checks if the nmap
contains a mapping for this value. The isEnpty() method
checks if the map contains any mappings. The size() nethod
returns the nunber of nmappings in the map.

You can obtain a set of keys in the map using the keySet ()
nmet hod, and obtain a collection of values in the map using
the values() nmethod. The entrySet() nmethod returns a

coll ection of objects that inplenent Map.Entry interface.
Each object in the collection is a specific key-value pair
in the underlying nap.
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The AbstractMap class is a convenience class that inplenents
all the nethods in the Map interface, except the entrySet ()
met hod.

The SortedMap interface extends the Map interface to
mai ntai n the mapping in an ascendi ng order of keys.

The HashMap and TreeMap cl asses are two concrete

i mpl enentations of the Map interface. The HashMap class is
efficient for locating a value, inserting a mapping, and
del eting a mappi ng. The TreeMap cl ass, inplenenting
SortedMap, is efficient for traversing the keys in a sorted
order. The keys can be sorted using the Conparable
interface, or using the Conparator interface. If you create
a TreeMap using its default constructor, the conpareTo

met hod in the Conparable interface is used to conpare the
elenents in the set, assumng that the class of the elenents
i npl ements the Conparable interface. To use a conpar at or,
you have to use the constructor TreeMap(Conpar at or
conparator) to create a sorted map that uses the conpare
nmet hod in the conparator to order the elenments in the set.

Exanpl e 17.5 Usi ng HashMap and TreeMap

This exanpl e creates a hash map that maps nort gages
to borrowers. The Mortgage cl ass, introduced in
Chapter 5, “Progranm ng with Objects and C asses,”
was used to nodel nortgages. Recall that you can
create a nortgage using the follow ng constructor

publi c Mortgage(doubl e annual InterestRate, int nunCf Years,
doubl e | canAnpunt )

The program first creates a hash map with the
borrower’s nane as its key and nortgage as its val ue.
The programthen creates a tree map fromthe hash
map, and di splays the mappi ngs in ascendi ng order of
t he keys. The output of the programis shown in
Figure 17.14.

package chapterl7;

inport java.util.*;
inport chapter5.*;

public class Test Map
{
public static void main(String[] args)
_{
// Create a hash set
HashMap hashMap = new HashMap() ;
hashMap. put ("John F Smth", new Mortgage(7, 15, 150000));
hashMap. put ("Greg Z Anderson", new Mortgage(7.5, 30, 150000));
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hashMap. put ("Joyce M Jones", new Mrtgage(7, 15, 250000));
hashMap. put ("Gerry K Lewi s", new Mrtgage(7.85, 30, 20000));
hashMap. put ("Mat hew T Cook", new Mrtgage(7, 15, 100000));

// Display the |oan amount for Gerry K Lew s
Systemout.println("The | oan anpbunt for " + "Gerry Klewis is " +
((Mort gage) (hashMap. get ("Gerry K Lewi s"))). get LoanAnmount ());

// Create a tree map fromthe previous hash nap
TreeMap treeMap = new TreeMap(hashMap) ;

// Get an entry set for the tree map
Set entrySet = treeMap.entrySet();

// Get an iterator for the entry set
Iterator iterator = entrySet.iterator();

// Display mappings
Systemout.println("\nD splay nmapping in ascendi ng order of key");
while (iterator.hasNext())

Systemout.printlin(iterator.next()):

L L

mmand Prompt

C:\introjb4>java chapteri?.TestHap
The loan amount for Gerry K Lewis is 20000.0

Display mapping in ascending order of key
Gerry K Lewis=chapter5.Hortgage@2fEE8Y

Greg 2 Anderson=chapterS.HMortgage@738798
John F Smith=chapterS.Mortgage@ih222f
Joyce M Jones=chapter5.HMortgage@3169f8
Mathew T Cook=chapter5.Hortgage@2i57he

Figure 17.14
The program denonstrates using HashMap and TreeMap.
Exanpl e Revi ew

Al'l the concrete classes that inplenent the Map
interface have at |east two constructors. One is the
default constructor that constructs an enpty map, and
the ot her constructor constructs a nmap from an

i nstance of Map. So, new TreeMap(hashMap) constructs
a tree map froma hash map

Unlike the Collection interface, the Map interface
does not provide an iterator. To traverse the map,
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you create an entry set of the mappings using the
entrySet () nmethod in the Map interface.

Tl P:

If you don’t need to maintain a sorted nap

when updating the map. You can use a hash map,

because it

is faster to insert and renopve

mappi ngs in a hash map. When you need the nap to
be sorted, you can convert the map into a tree
map.

The Coll ections d ass

The Coll ections class contains various static nethods for

operating on collections and naps,

col |l ecti on cl asses,

cl asses,

as shown in Figure 17.15.

Collections

+binarySearch(List list, Object key) : int

+binarySearch(List list, Object key, Comparator ¢) : int

+copy(List src, List des) : void

+enumeration(final Collection ¢) : Enumeration
+fill(List list, Object 0) : void

+max(Collection c¢) : Object

+max(Collection ¢, Comparator c) : Object

+min(Collection ¢) : Object

+min(Collection ¢, Comparator ¢) : Object

+nCopies(int n, Object o) : List

+reverse(List list) : void

+reverseOrder() : Comparator

+shuffle(List list) : void

+shuffle(List list, Random rnd) : void
+singleton(Object o) : Set
+singletonList(Object o) : List

+singletonMap(Object key, Object value) : Map
+sort(List list) : void

+sort(List list, Comparator ¢) : void

+synchronizedCollection(Collection ¢) : Collection

+synchronizedList(List list) : List

+synchronizedMap(Map m) : Map

+synchronizedSet(Set s) : Set

+synchronizedSortedMap(SortedMap s) : SortedMap

+synchronizedSortedSet(SortedSet s) : SortedSet

+unmodifiedCollection(Collection ¢) : Collection

+unmodifiedList(List list) : List

+unmodifiedMap(Map m) : Map

+unmodifiedSet(Set s) : Set

+unmodifiedSortedMap(SortedMap s) : SortedMap

+unmodifiedSortedSet(SortedSet s) : SortedSet

Figure 17.15

for creating synchronized

and for creating read-only collection

The Coll ections class contains static methods for supporting
Java Col | ections Franmework.

Mbst of the nethods

in the Collections class deal with

lists. You can use the sort nethods to sort a |list using the
Conparabl e interface or the Conparator interface. You can
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use the binarySearch nmethods to find an elenent in a pre-
sorted list. To use the binarySearch(list, key) nethod, the
list must be previously sorted through the Conparabl e
interface. To use the binarySearch(list, key, conparator)
nmet hod, the list nmust be previously sorted through the
Conparator interface.

You can use the copy(src, des) nethod to copy the source
list to the destination |ist. You can use the fill(list,
object) nethod to fill a list with the specified object. You
can use the nCopy(n, object) nethod to create a list with n
nunber of the specified object.

The m n and nmax nmethods are generic for all the collections.
You can use themto find the m ni rum and maxi num el enent in
a col |l ection.

The Coll ections class defines three constants EMPTY SET,
EMIPY LI ST, and EMPTY MAP for an enpty set, an enpty list,
and an enpty map. The class al so provides the

si ngl eton(Obj ect o) nmethod for creating an i mut abl e set
containing only a single item the singletonList(Object 0)
met hod for creating an inmmutable |ist containing only a
single item and the singletonMap(Ohject key, Object val ue)
met hod for creating an i nmmutable map containing only a

si ngl e mappi ng.

The methods in the Collection and Map interfaces are not

t hread-safe. The Coll ections class provides six static

met hods synchroni zedCol | ection(Col |l ection c),
synchroni zedLi st (List list), synchroni zedMap(Map m,
synchroni zedSet (Set set), synchroni zedSortedMap( Sort edVap
m, and synchroni zedSort edSet (SortedSet s) for w apping a
collection into a synchroni zed version. The synchroni zed
coll ections can be safely accessed and nodified by multiple
t hreads concurrently.

The Col |l ections class al so provides six static nethods
unnodi fi abl eCol | ection(Col |l ection c), unnodifiabl eList(Li st
l'ist), unnodifiableMap(Map m, unnodifiabl eSet(Set set),
unnodi fi abl eSort edMap( Sortedvap m, and

unnodi fi abl eSort edSet (SortedSet s) for creating read-only
coll ections. The read-only collections not only prevent the
data in the collections frombeing nodified, but also offer
better performance for read-only operations.

Exanple 17.6 Using the Collections C ass

Thi s exanpl e denonstrates using the nmethods in the
Col l ections class. The exanple creates a list, sort
it, and search an elenent. The exanple waps the |ist
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into a synchroni zed and read-only |ist. The output

the programis shown in Figure 17.16.

package chapterl7;

inport java.util.*;

public class TestCollections
{
public static void main(String[] args)
_{
// Create a list of three strings
List list = Collections.nCopies(3, "red");

// Create an array |list
Arraylist arraylList = new ArraylList(list);

Systemout.printin("The initial list is " + arraylList);

list = null; // Release list

[/ Fill in "yellow' to the Iist

Collections.fill(arrayList, "yellow');

Systemout.printin("After filling yellow, the list is " +
arraylist);

// Add three new elenents to the [|ist

arraylist.add("white");

arrayli st.add("bl ack");

arrayli st.add("orange");

Systemout.println("After adding new el enments, the list is\n"
+ arraylist);

// Shuffle the Iist

Col | ections. shuffle(arraylist);

Systemout.println("After shuffling, the list is\n"
+ arraylist);

// Find the minimum and maxi mum el enments in the |ist

Systemout.printin("The mnimumelenent in the list is
+ Collections. mn(arraylList));

Systemout.println("The maximumelenent in the list is
+ Coll ections. max(arraylList));

// Sort the list
Col l ections.sort(arraylist);
Systemout.println("The sorted list is\n" + arraylist);

// Find an elenent in the list
Systemout.println("The search result for gray is " +
Col | ections. bi narySearch(arraylList, "gray")):

// Create a synchronized |ist
List syncList = Collections.synchronizedLi st (arraylList);

// Create a synchronized read-only Iist
Li st unnodifiabl eList = Collections.unnodifiablelList(syncList);

arraylList = null; // Release arrayli st

of
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syncList = null; // Release synclLi st

:

unnodi fi abl eLi st. add("bl ack");

|1

catch (Exception ex)

System out. println(ex);

HLL

Command Prompt

C:\introjbi4>java chapteri7.TestCollections

The initial list is [red, red, red]

After filling yellow, the list is [yellow, yellow,
After adding new elements, the list is

[yellow, yellow, yelleow, white, black, orange]
After shuffling, the list is

[white, black, orange, yellow, yellow, yellow]
The minimum element in the list is black

The maximum element in the list is yellow

The sorted list is

[black, orange, white, yellow, yellow, yellow]
The search result for gray is -2
java.lang.UnsupportedOperationException

C:\introjh4>
4

Figure 17.16

The program denonstrates using Coll ections.

Exanpl e Revi ew

The program first creates a list filled with the sane
el ements 3 tines using nCopies(3, “red”). This |ist
is an instance of List, but it is not an array list,
nor a linked list. The programcreates an array |ist
fromthe list.

The program uses Collections.fill (arraylist,
“vellow’) to replace each elenent in the list with
“yel l ow.”

After adding three new elenents into arraylist, the
Col l ections.shuffle(arraylist) rearranges the

el enents in arraylist.

The program uses Collections. mn(arraylList) to find
the m ninumel enent in arraylList, and uses
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Coll ections. max(arraylList) to find the naxi nrum
el enment in arraylist.

Col l ections.sort(arraylList) is invoked to sort
arrayList. Collections.binarySearch(arrayli st,

is invoked to find “gray” in arrayList. This
met hod returns -1, if “gray” is not in arraylist.

The program finally uses

Col |l ections. synchroni zedLi st (arraylList) to create a
synchroni zed list for arraylList, and then creates a
synchroni zed read-only |ist by wapping the
synchroni zed list using the unnodifiablelList. As
shown in Figure 17.16, an
Unsupport edOper ati onException is thrown when the
program attenptes to add a new el enent to the read-
only list.

The Arrays d ass

The Arrays class contains various static nethods for sorting
and searching arrays, for conparing arrays, and for filling
array elenments. It also contains a nethod for converting an
array to a list. Figure 17.17 shows in the nethods in

Arrays.

Arrays

+asList(Object[] a) : List
+binarySearch(byte[] a, byte key) : int
+binarySearch(char[] a, char key) : int
+binarySearch(double[] a, double key) : int
+binarySearch(float[] a, float key) : int
+binarySearch(int[] a, int key) : int
+binarySearch(long[] a, long key) : int
+binarySearch(Object[] a, Object key) : int
+binarySearch(Object[] a, Object key, Comparator ¢) : int
+binarySearch(short[] a, short key) : int
+equals(boolean[] a, boolean[] a2) : boolean
+equals(byte[] a, byte[] a2) : boolean
+equals(char(] a, char[] a2) : boolean
+equals(double[] a, double[] a2) : boolean
+equals(float[] a, float[] a2) : boolean
+equals(int[] a, int[] a2) : boolean
+equals(long[] a, long[] a2) : boolean
+equals(Object[] a, Object[] a2) : boolean
+equals(short[] a, short[] a2) : boolean
+fill(boolean[] a, boolean val) : void

+fill(boolean[] a, int fromIndex, int tolndex, boolean val) : voidj

Overloaded fill method for char, byte, short, int, long, float,
double, and Object.

+sort(byte[] a) : void
+sort(byte[] a, int fromIndex, int tolndex) : void

Overloaded sort method for char, short, int, long, float, double,
and Object.
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Figure 17.17
The Arrays class contains static nethods for arrays.

The array nust be sorted before the binarySearch nethod is
used. The binarySearch nethod returns the index of the

search key, if it is contained in the list. Gherwse, it
return —(insertion point) — 1. The insertion point is the
poi nt at which the key would be inserted into the list. The

fill method can be used to fill part of the array or the
whol e array wth the sanme value. The sort nethod can be used
to sort part of the array or the whole array.

Exanple 17.7 Using the Arrays C ass

Thi s exanpl e denonstrates

Arrays class. The exanpl e
values, fills part of the

using the nethods in the
creates an array of int
array with 50 el enents,
el ement,

sorts it,
array with another one,
shown in Figure 17.18.

searches for an and conpares the
The output of the programis

package chapterl7;

inport java.util.*;

public class TestArrays

{
public static void main(String[] args)
_{
// Create an array of 10 int val ues
int[] array = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9};
// Fill array fromindex 6 to index 8 with 50
Arrays.fill(array, 6, 8, 50);
Systemout.printin("After filling, the array is");
for (int i=0; i<10; i++)
1
Systemout.print(array[i] + " ");
2
System out. println();
// Sort the array
Arrays.sort(array);
Systemout.println("After sorting, the array is");
for (int i=0; i<10; i++)
1
Systemout.print(array[i] +" ");
1

Systemout. println();

// Search for 30 in the array
Systemout.println("Search 30 in the array : " +
Arrays. bi narySearch(array, 30));
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// Search for 3 in the array
Systemout.printin("Search 3 in the array : " +
Arrays. bi narySearch(array, 3)):

// Search for -30 in the array
Systemout.println("Search -30 in the array : " +
Arrays. bi narySearch(array, -30));

// Test if two arrays are the sane

int[] a = newint[10];

Systemout.println("Conpare array with a : " +
Arrays. equal s(array, a));

_1
b

mmand Prompt

C:\introjbi4>java chapteri7.TestArrays
After filling, the array is

B1 23455050839

After sorting, the array is

B1 2345895050

Search 30 in the array : -9
Search 3 in the array : 3

Search -30 in the array : -1
Compare array with a : false

C:\introjb44>

Figure 17.18
The program denonstrates using Arrays.
Exanpl e Revi ew

The program first creates an array of 10 int val ues,
fills 50 elements to array at index 6 and 7. The sort
method is used to sort the entire array.

The program uses the binarySearch nethod to search
for 30, 3, and =30 in the array. The return value is
-9 for searching 30, because 30 is not in the |ist
and the insertion point for 30 is at 8. The return
value is 3 for searching 3, because 3 is in the |ist
and its index is 3. The return value is -1 for
searching -30, because -30 is not in the list and the
I nsertion point for -30 is at O.

The program al so uses the equals nethod to conpare
two arrays.

Chapt er Sunmary
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This chapter introduced data structures using Java

Col I ections Franmework. You |learned to use Set to store non-
duplicate el enents, use List to store sequenced el enents,
and use Map to store elenents mapped with keys. Set, List
and Map are interfaces.

HashSet and TreeSet are concrete inplenentation classes for
Set. Elenents in a HashSet are not ordered, but they are
ordered in a TreeSet.

Arrayli st and LinkedList are the concrete inplenentation
classes for List. ArraylList uses a resizable array to store
el ements, and LinkedList uses a linked |ist to store

el ements. ArraylList is efficient for retrieving el enents,
and for inserting and renoving el enents fromthe end of the
list. LinkedList is efficient for inserting and renoving

el enents anywhere in the list. Vector is simlar to
Arraylist except that all nmethods in Vector are
synchroni zed. Stack is a subclass of Vector that provides
met hods for stack operations.

HashMap and TreeMap are concrete inplenentation classes for
Map. Use HashMap if the elenents are not ordered, use
TreeMap to order elenents in a map.

The Collections class provides various static nethods for
operating on collections and maps, for creating synchronized
col l ection classes, and for creating read-only collection

cl asses.

The Arrays class contains various static nethods for sorting
and searching arrays, for conparing arrays, and for filling
array el enents.

Revi ew Questi ons
7.1 Describe Java Coll ections FranmeworKk.

7.2 How do you create an instance of Set? How do you insert
a new elenment in a set? How do you renove an el enent
froma set? How do you find the size of a size? How do
you traverse the elenents in a set?

7.3 \Wat are the differences between HashSet and TreeSet ?
How do you sort the elenents in a set using the
conpareTo nethod in the Conparable interface? How do
you sort the elenments in a set using the Conparator
interface?

7.4 How do you add, insert, and renove elenents froma
list? How do you traverse a list in both directions?

7.5 What are the differences between Arraylist and
Li nkedLi st ?
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7.6 How do you create an instance of Vector? How do you add
or insert a new elenent into a vector? How do you
renove an el enent froma vector? How do you find the
size of a vector?

7.7 How do you create an instance of Stack? How do you add
or insert a new elenent into a stack? How do you renove
an element froma stack? How do you find the size of a
stack?

7.8 How do you create an instance of Map? How do you add or
insert a pair of elenent and key into a nmap? How do you
renove an entry froma map? How do you find the size of
a map? How do you traverse entries in a nap?

7.9 Describe the static nethods in the Coll ections class
and Arrays cl ass.

Progranm ng Exerci ses

17.1 Create a programw th two threads accessing and
nodi fying a set concurrently. The first thread
creates a hash set filled with nunbers, and adds a
new nunber to the set every one second. The second
thread obtains an iterator for the set and
traverses the set through the iterator back and
forth every one second. You will receive a
Concurrent Modi fi cati onExcepti on, because while
traversing the set in the second thread, the
underlying set is being nodified in the first
t hr ead.

17.2 Correct the problemin the previous exercise using
synchroni zation so the second thread does not
t hrow Concurrent Modi fi cati onExcepti on.

17.3 Rewite Exanple 17.4 using an Arraylist.

17.4 Read a text froma text file. Count the occurrences of
the words using a hash map. Convert the hash map
to a tree map. Display the words and their
occurrences in ascendi ng order of the words.

(Hint: For each word, check if it is already a key in the
map. |f not, add the key and value 1 to the nap.

O herwi se, increase value for the word (key) by 1 in the
map. )

17.5 Wite a programto read in 10 doubl e nunbers and use
the sort nmethod in the Arrays class to sort these
nunbers.
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