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Lecture Objectives

To seesome bad design (Java 11)
To seeabetter design (Java 12)

Tolearn how to use the Collections packagein
Java 1.2.

Toillustrate features of Java that help (and
hurt) the design of the Colledions API.
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The Collections APl in Java 1.1

o Basically four classes plusoneinterface:
— Vect or (resizeable generic array)
— St ack
— Hasht abl e (map of keys and values)
— Properties (map of keysand valuesthat are
Strings)
— Enuner at i on (a sloppy iterator pattern)
o Pathetic Design
— St ack ISA Vect or?
— Properties ISA Hasht abl e?
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The Collections API In Java 1.2

Deprecatesthe Java 1.1 stuff

Contains new data structuresincluding linked
list, queue, set, and map.

Contains generic algorithmsincluding sorting.
Mostly inj ava. uti | .
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Outline

Provide an overview of the Colledions API
Discussthe basic supporting interfaces.
Discussthe new basic data structures.

[llustrate a sample program that generatesa
“concordance’ (sorted listing of wordswith
line numbers).
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Overview of Collections API

e Much better than data structuresin Java 1.1.

o Definesa new iteration mechanism (the
| t er at or); makesthe Enuner at i on semi-

deprecated.
e Inheritance-based (of course)

o Still incomplete. Though intended to be much
smaller than STL, much ismissing.

¢ Not thread-safe.
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Basic Supporting Interfaces

e Therearesome new supporting interfaces. The
four most important are:
— Col l ection
—lterator
— Conpar abl e
— Conpar at or
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Colle ction Interface

Representsa group of objects (its elements)

Different implementations place restrictions
(such as allowing/disallowing duplicates,
maintaining the wllection in sorted order)
Basic operations.

bool ean contai ns( Object el enent )
bool ean i sEnpty( )

int size( )

Iterator iterator()

To design your own implementation of a
Col | ecti on, extend
Abstract Col | ecti on.
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More On Collection

o All collections, by convention, have two
constructors:
— Construct empty

— Construct with a set of referencesthat r eference
objectsin any other collection

e Abstract Col | ecti onisan abstract class

that implements many of the “generic”
methodsin theCol | ecti on interface
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ltera tor Interface

Providesthree methodsthat are used to access
any Col | ecti on.

bool ean hasNext ( )
Cbj ect next( )
voi d renmove( )

hasNext returnst r ue if theiteration has
moreitems. next returnsthe next item and
advancestheiterator. r enove removesthelast
accessed item (can’t be alled twicein arow).

Officially preferred over Enuner at i on.

Not agreat iterator pattern because advancing
and accessng current item are combined.
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Example

Output the montentsof any Col | ecti on.

static void printCollection( Collection C)
{

Iterator itr = Citerator( );
while( itr.hasNext( ) )
Systemout.printin( itr.next(") );

}
If the underlying collection is rted, the output
will be sorted.

Not bidirectional (but other iteratorsare).
Thereareno public concreteiterators!!
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How Do You Get An lterator?

e Each Col | ect i on classdefinesa concrete
classthat implementsthel t erat or interface
— ArraylLi st could defineArraylLi stlterator
— TreeSet could defineTr eeSet | t er at or

e Thei terat or () method creates an instance
of the appropriate concrete classand returnsit.

o Statictypeof the returnislterator.
e Dynamictypeistheconcretel t er at or .

e Could makethe concreteimplementation of
| t er at or package-visibleand hideit.
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Compa able Interface

e Defined inj ava. | ang. Has one method:

int conpareTo( Object rhs )
throws Cl assCast Exception

e SamesemanticsasString. String
iImplements Conpar abl e, asdo the primitive
wrapper classes (e.g. | nt eger).

« If you have a Conpar abl e classin your code,
you may have a conflict in Java 1.2.
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Compa ator Interface

« Hasonemethod:
int conpares( Object |Ihs, hject rhs )

o Comparestwo dbjects, with return valuethat is
likeconpar eTo.

e Usetooverridethedefault (or non-existent
ordering) for collectionsthat are sorted.

e Similar to thefunction object in STL.

o Predefined constant function object is
Col | ecti ons. REVERSE ORDER.
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Example of Comparato r

e Sorting strings by length. Need to provide a

comparison object.
final class Conp inplements Comnparator

public int conpare( Object |hs, Object rhs )
{ return ((String)lhs).length( ) -
((string)rhs).length( ); }

/1 In sone other class
static void sortListOStringsByLength( List L)

Col l ections.sort( L, new Comp( ) );
}

o Note: latest version uses stable mergesort.
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Why Java Needs Templates

« Although function object in previous example
looks almost the same as C++ STL code, the
comparison cannot beinlined.

o Result: sorting simplethingsisreatively
expensive because each comparison hasthe

over head of amethod call. Similar to problems
with gsort in C.

o Lotsof parameterized type proposals are under
consider ation for Java, but none seem to solve
this problem.
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Data Structures

o Several data structures
— List, with list iterator
— Stack and Queue
— Set
— Map
¢ Not thread-safe.

Tuesday, September 05, 2000 Copyright 1996, 199, M. A. Weiss 17

List

o Ordered collection (also known as sequence).
Position in the list mattersand can be specified
by an integer index (Oisfirst position).
Elementsare not necessarily sorted.

e Li st isaninterface. It isimplemented by
ArraylLi st,Li nkedLi st (alsoVect or).

e Watch out for j ava. awt . Li st conflict.
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Array List and Vect or

o Useful if you neal to access by position, because
you can do direct indexing.

o Insertionsand deletions are expensive, except
at high-end.
e Insertion at the end of an ArrayLi st causes

an expansion if full with a guarantee of efficient
performance.

e ArraylLi st ispreferred over Vect or.

e Vect or isretrofitted toimplement Li st
interface. Useful if thread-safety is needed.

Tuesday, September 05, 2000 Copyright 1996, 199, M. A. Weiss 19

Linke dList methods

Implements a doubly-linked Li st .

L ots of methods. Here are some:
void addFirst( )
voi d addLast ( )
Chject getFirst( )
Chj ect getlLast( )
Cbj ect renoveFirst( )
bj ect renovelast( )
void clear( )
Listlterator listlterator( int index )

Can implement stack and queue oper ations.

Accesswith get and set supported but
obviously horrendously slow.
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List (Continued)

e Li stlterator isaninterfacethat supports
bi-diredional iteration. Also (optionally)
supportsadd (insert a new element prior to the
next element in theiteration) and r enove
(removes last accessed element)

e St ack classfrom Java L1isstill here, butis
synchronized and could be slow.

e Thereisno classnamed Queue.

Tuesday, September 05, 2000 Copyright 1996, 199, M. A. Weiss 21

Using The List Interface Type

e Ifonly ArrayLi st or Li nkedLi st
operationsyou areusing aredefined in Li st
interface, should declarethereference using
thelLi st interface.

— Makes code more flexible

— Can change implementation from Arr ayLi st to
Li nkedLi st later

— Sameidea o preferring Reader /Wi ter as
referencetypes
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Optional Methods

Starting in Java 12, interfaces can specify that
some of its methods are “optional.”

| mplementor will throw

Unsupport edQper ati onExcept i on if.it
does not want to implement an optional
method. Thisisa runtime exception.

Purely a convention; no language rule involved.
Useful if you are

— lazy; or
— implementing immutable containers

Tuesday, September 05, 2000 Copyright 1996, 199, M. A. Weiss 23

More On Optional Methods

Convention isthat interface will document that
the method might not be supported.

Caller isexpected to check documentation of
classthat implementstheinterfaceto seeif
method is supported.

If caller doesn’t do that, and callsthe method
anyway, will get an exception. Clearly thisis
considered a programming error, soitisa
runtime exception.

Optional methods are somewhat controversial.
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Sets

e Set isaninterfacethat extendsCol | ecti on.
Duplicates are not allowed. Methods are:

bool ean add( nject el enent )
bool ean renove( Object el ement )

e HashSet isan efficient implementation.

— UseshashCode. Recall that the hashCode of two
objects must return the same valueif the two dojeds
are considered equal. Otherwise, object won’t be
found in aHashSet .

e TreeSet isasorted-order (red-black tree
version). Uses natural item order, or can be
constructed with a Conpar at or .
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Maps

e Map isan interfacethat extendsCol | ecti on
and stores elementsthat consists of key, value
pairs. Keys must be unique. Methods are:

hj ect put( oject key, Object value)
hj ect get( nject key )

Obj ect contai nsKey( bj ect key )

bj ect renpve( Object key )

e HashMap and Tr eeMap implement Map. The
latter keepskeysin sorted order.
e keysand valuesmay benul | .
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Getting a Collection from a Map

o A collection of keys, values, or key/value pairs
can be extracted from the map. An iterator can

then traver se the collection.
Set keySet( )
Col l ection val ues( )
Set entrySet( )

o Each key/valueentry isof thetype
Map. Ent ry. Useget Key and get Val ue on
the Map. Ent r y object.
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Concordance Example

o Read file containing words (several to aline).

o Output each uniqueword, and alist of line
number on which it occurs.

e Basicalgorithm: Usea Tr eeMap: map words
to alinked list of lines. When the Tr eeMap Is
iterated, words come out in sorted order.
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Concordance Code Part |

import java.util.*;
i mport java.io.*;
cl ass Concordance

public static void main( String [ ] args )

try
{
Buf f eredReader inFile = new BufferedReader (
new Fi | eReader( args[0] V) );

Map wor dMap = new TreeMap( );
String oneli ne;

/! Read the words; add themto wordvap
for(int |lineNum= 1;
(oneLine = inFile.readLine()) != null;
i neNumt+)

StringTokeni zer st = new StringTokeni zer( onelLine );
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Concordance Code: Part Il

whil e( st.hasMoreTokens( ) )
{

String word = st.nextToken( );
List lines = (List) wordMap.get( word );
if( lines == null )

lines = new LinkedList( );
wor dvap. put ( word, lines );

lines.add( new Integer( lineNum) );

}

/1 Go through the word map
Iterator itr = wordMap.entrySet( ).iterator( );
while( itr.hasNext( ) )

printEntry( (Map.Entry) itr.next( ) );

catch( | CException e )
{ e.printStackTrace( ); }
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Concordance Code: Part Il

public static void printEntry( Map.Entry entry )

/1l Print the word
Systemout.printin( entry.getKey( ) + ":");

/1 Now print the line nunbers
Iterator itr = ((List)(entry.getValue())).iterator();

Systemout.print( "\t"

while( itr.hasNext( ) )
Systemout.print( ", "

Systemout.println( );

+ itr.next( ) );

+itr.next( ) );

Tuesday, September 05, 2000 Copyright 1996, 199, M. A. Weiss 31

Summary

e Collections API has some power, but isstill a
“work in progress”

e Needs:
— Priority Queue
— Efficient synchronized algorithms

e Even 50, it' seasy to use, and probably better
than you could casually do your self.
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