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CHAPTER 1 - COURSE INTRODUCTION
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COURSE OBJECTIVES

Access XML content with the Java APl for XML Processing (JAXP).
Store and retrieve a serialized Java object.
Use buffers and channels from Java's New 1/0O packages.

Use reflection classes to examine objects and classes at runtime.

* 0 %k % k¥

Create client/server Java applications using Remote M ethod Invocation
(RMI).

*

Bind and lookup objects in a naming service using the Java Naming and
Directory Interface (JNDI).
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COURSE OVERVIEW

%  Audience: Thiscourseisdesigned for Java programmers who wish to
increase their depth of knowledge in Java programming and explore the uses
of the various advanced packages.

%  Prerequidites. Intermediate Java Programming or equivalent experience.

3% Classr oom Environment:

> One Java devel opment environment per student.

Page 12 Rev5.1.5 © 2011 ITCourseware, LLC
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COURSE INTRODUCTION

USING THE WORKBOOK

Thisworkbook designisbased on apage-pair, consisting of aTopic page and a Support page. When you
lay theworkbook openflat, the Topic pageison theleft and the Support pageisontheright. The Topic
page containsthe pointsto bediscussed in class. The Support page has code examples, diagrams, screen
shotsand additional information. Hands On sectionsprovide opportunitiesfor practical application of key
concepts. Try It and Investigate sectionshelp direct individual discovery.

In addition, thereisan index for quick look-up. Printed |ab solutionsarein the back of the book aswell as

on-lineif you need alittle help.

The Topic page provides
the main topics for
classroom discussion.

The Support page has
additional information,
examples and suggestions.

JAVA SERVLETS

THE SERVLET LIFE CYCLE

#  The servlet container controls the life cycle of the servlet.

> ‘When the first request is received, the container loads the servlet class

Topics are organized into
first (3¢), second (>») and
third (=) level points.

bntainer uses a separate thread to call

he container calls the destroy ()

As with Java’s finalize () method, don’t count on this being
called.

* Override one of the init () methods for one-time initializations, instead of
using a constructor.

> The simplest form takes no parameters.
public void init () {...}

> If you need to know container-specific configuration information, use
the other version.

public void init (ServletConfig config) {...

‘Whenever you use the ServletConfig approach, always call the
superclass method, which performs additional initializations.

super.init (config) ;

along with the current date:

Today.java

private Date bornOm;
public void service(ServletRequest
ServletResponse response) throws

{

Callout boxes point out \viet was born on * + bornon.tostring());

s " + today.

important parts of the
example code.

public class Today extends GenericServlet {

request,

=] called when the servietis

CHAPTER 2 SERVLET BAsIcs
Code examples areina
Hands On: .
e fixed font and shaded. The
Addan init ) methodtoyour Zamseriernainiia] — ON-liNe file name is listed

above the shaded area.

ServletException, IOException

tostring());

The init () methodis

loaded into the container.

Page 16 Rev2.00

Pages are numbered
sequentially throughout
the book, making lookup
easy.
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CHAPTER 2 - PROCESSING XML WITH JAVA — JAXP

e ™
OBJECTIVES

%  Describe the Java APl for XML Processing
(JAXP).

%  Use SAX callbacksto parse XML.
%  Traverseand manipulatethe DOM tree.

* Use JAXPto transform an XML document
with XSLT.

© 2011 ITCourseware, LLC Rev5.15 Page 17
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THE JAVA API FOR XML PROCESSING

*

JavaAPI for XML Processing (JAXP) enables Java applications to parse and
transform XML documentswithout constraint from aparticular XML
Implementation.

>

You can devel op programs independent of the underlying XML parser by
using the JAXPAPIs; then the XML parser can be changed without
changing asingleline of application code.

The underlying XML parser can be determined at runtime by setting the
appropriate switch.

java-Dorg.xml.sax.driver=org.apache.xerces.parsers.SA X Parser

JAXP supports both object-based and event-based parsing of XML files.

>

Object-based parsing using the Document Object Model (DOM) involves
the creation of an internal data structure to represent the XML document
content.

Event-based parsing using Simple API for XML (SAX) treats the contents
of the XML document as a series of events and calls various methodsin
response to those events.

JAXP aso provides acommon interface for working with XSLT.

>

XSLT isan XML specification that provides instructions on how to
transform a source document into a result document.

You can createanew XML, HTML, or text document using an XSLT
Processor.

Just as SAX and DOM parsers can be switched at runtime, so can XSLT
processors.

Page 18
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PROCESSING XML WITH JAVA — JAXP

JAXPisbundled with the IDK, standard edition, version 1.4 or later.

Xercesand Xalan areApacheimplementationsthat come bundled with Java5.

App
JAXP
Parsing Transformation
SAX DOM
Xerces Xalan

© 2011 ITCourseware, LLC
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INTRODUCTION TO SAX PARSING

*

SAX uses an event-driven model to parse XML data.

»  The XML content is seen as a series of events, triggering the SAX parser
to call various handler methods.

SAX has the advantage of low memory consumption.

»  Theentire document does not need to be loaded into memory at one time,
thus enabling SAX to parse larger documents.

A disadvantageisthe necessity of maintaining event statein your application
code.

A SAX-compliant parser specifies handler interfaces to respond to parser
events.

»  TheContentHandler interface is used to respond to basic parsing events.

»  TheErrorHandler interface methods are called in response to problems
intheXML file.

The DefaultHandler classimplementsall the basic SAX interfaces and
providesdefaultimplementations.

> By extending the DefaultHandler you can implement only the methods
you areinterested in.

»  Asthe parser operates on the XML data, it calls your methodsin
response to the document.

Page 20
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PROCESSING XML WITH JAVA — JAXP

Applicati

on

XML Data

class MyHandler
extends DefaultHandler

—

SAX Parser

T

/|

|| setDocu mentLocator()
|_»| startDocument()
—>  endDocument()
—>|  startElement()

characters()

© 2011 ITCourseware, LLC
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SAXPARSER AND JAXP

%  Therearefour basic stepswhen using JAXP with SAX:
1. Get an instance of the SAXPar ser Factory.
SAXParserFactory factory = SAXParserFactory.newInstance() ;
2. Use the SAXPar ser Factory to retrieve an instance of the SAXPar ser.
SAXParser parser = factory.newSAXParser () ;
3. Create an instance of your classthat extends DefaultHandler.
DefaultHandler handler = new SAXHandler () ;

4. Call the parser's par se() method, passing areference to the XML data and
the handler implementation class.

parser.parse(new File("garage.xml"), handler) ;

Page 22 Rev5.15 © 2011 ITCourseware, LLC
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SAXGaragejava

import java.io.File;

import javax.xml.parsers.SAXParserFactory;
import javax.xml.parsers.SAXParser;

import org.xml.sax.helpers.DefaultHandler;

public class SAXGarage {
public static void main(String args[]) {
if (args.length != 1) {
System.out.println("Usage: java SAXGarage garage.xml");
System.exit (1) ;
}

SAXParserFactory factory = SAXParserFactory.newInstance():;
try {
SAXParser parser = factory.newSAXParser():;

DefaultHandler handler = new SAXHandler():
parser.parse(new File(args[0]), handler);
}
catch (Exception e) {
System.err.println ("ERROR " + e);

garagexml

<?xml version="1.0"?>
<garage>
<car miles="0">
<make>Porsche</make><model>911</model><year>2001</year>
</car>
<car miles="250000">
<make>VW< /make><model>Beetle</model><year>1974</year>
</car>
<van miles="50000">
<make>Ford</make><model>E350</model><year>2000</year>
</van>
</garage>

Try It:
Compile SaxGarage.java and runit using garage.xml astheinput fileto list the make and model of each
car or van.

© 2011 ITCourseware, LLC Rev5.15 Page 23
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SAX EVENT METHODS

*

Developers usually focus on implementing the methods in the ContentHandler
interface when extending DefaultHandler .

setDocumentL ocator () —This method is called to pass a L ocator object to
your application.

> Usethe L ocator object to determine the current parsing location.

startDocument(), endDocument() — These methods are called when the
beginning or end of the XML document is encountered.

startElement(), endElement() — These methods are called when encountering
an open or close tag.

startElement (String uri, String localName, String gName,
Attributes atts)

. uri — the namespace name that is associated with this element.

. |local Name — the tagname without any namespace prefix.
. gName — thefully-qualified tagname of the element (prefix +
localName).

= atts— thelist of attributes associated with this element.
characters() — This method is called when character data is encountered.
characters(char[] ch, int start, int length)

. ch — the character array that contains the actual character data that was

found.
. start — the starting point in the array.
. length — the number of charactersto read from the array.

Page 24
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SAXHandler.java

import org.xml.sax.Attributes;
import org.xml.sax.SAXException;

) DefaultHandler provides
import org.xml.sax.helpers.DefaultHiffiEEL///// frirvisaltrio bl
handler interfaces.
class SAXHandler extends DefaultHandler ({
private boolean printChars = false;

public void startDocument () throws SAXException {
System.out.println("Vehicles In My Garage") ;

}

public void endDocument () throws SAXException {
System.out.println("\nGarage Door Closed") ;

}

public void startElement (String namespaceURI, String localName,

String gName, Attributes atts) throws SAXException {

if (gName.equals ("make")) {
System.out.print ("\n") ;

}

if (gName.equals("make") || gName.equals("model")) {
System.out.print (gName + " : ");
printChars = true;

}

public void characters(char ch[], int start, int length)
throws SAXException {
if (printChars) {

String s = new String(ch, start, length);
System.out.println(s) ;

}
printChars = false;
}
}
© 2011 ITCourseware, LLC Rev5.1.5
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INTRODUCTION TO DOM

*

DOM isaplatform- and language-independent interface for accessing XML
documents.

The parser creates an internal, tree-like data structure containing objects that
represent the various parts of the XML document.

»  Theclassesthat make up the objectsin the tree implement various
interfaces specified by the World Wide Web Consortium (W3C).

> Your application can be DOM-compliant, instead of vendor-specific.

After the parser isfinished building the tree structure, it returns areferenceto
the top node of the tree, called the Document.

An advantage of DOM isthe ability to manipulate the document after it has been
parsed.

> You can also use DOM to create a new document from scratch.

High memory useis adisadvantage of DOM when parsing large XML
documents.
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PARSING DOM wiITH JAXP

%  Parsing an XML document using JAXP and DOM involvesfour steps:
1 Get an instance of the DocumentBuilder Factory.

DocumentBuilderFactory factory =
DocumentBuilderFactory.newInstance() ;

2. Use the DocumentBuilder Factory to retrieve an instance of a
DocumentBuilder.

DocumentBuilder builder = factory.newDocumentBuilder () ;
3. Call the par se() method, passing areferenceto the XML data.
Document doc = builder.parse(new File("garage.xml")) ;

4. Use the returned reference to the Document object to examine and
manipul atethetree structure.
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DOMGaragejava

import java.io.File;

import javax.xml.parsers.DocumentBuilder;

import javax.xml.parsers.DocumentBuilderFactory;
import org.w3c.dom.Document;

import org.w3c.dom.Element;

import org.w3c.dom.Node;

import org.w3c.dom.NodeList;

public class DOMGarage {
public static void main(String args[]) {
if (args.length!=1) {
System.out.println ("Usage: java DOMGarage garage.xml") ;
System.exit (1) ;

DocumentBuilderFactory factory =
DocumentBuilderFactory.newInstance();

try {
DocumentBuilder builder = factory.newDocumentBuilder( );
Document document = builder.parse( new File(args[0]) ):
System.out.println("Vehicles In My Garage\n") ;
searchForVehicles (document) ;
System.out.println("Garage Door Closed") ;

}

catch (Exception e) {
System.err.println(e) ;

Try It:
Compile and run DOMGarage.java to list the make and model of each vehicleinthe garage using a
DOM parser.
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THE DOM API

%  DOM specifies twelve types of objects that can be included in the DOM data
structure.

> Each object represents something that existsin the XML document.
> Each object implements an interface that is specific for that object.
»  All of theinterfacesinherit from the Node interface.
%  You can use NodeL ist and NamedNodeM ap to store collections of Nodes.
%  Theroot node of the structure is the Document node.

%  From the Document node you can traverse the structure by calling various
methods.

> getDocumentElement() returns a reference to the root element.

> getElementByTagName() returns a NodeL ist of all elements with the
giventagname.

%  Element nodes represent the various el ementsin the structure.

> You can append child nodes and manipulate attributes from the Element
node.

3% Text nodes are children of Element nodes and contain the actual text.
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«interface»
Node
[ [ [ [
«interface» «interface» «interface» «interface»
Attr Document CharacterData Element
«interface» I |

NodeList «interfacey «interface»

Comment Text

«interface» ﬁk
NamedNodeMap «interface»

CDATASection

Note:
All interfacesareintheor g.w3c.dom package.

DOMGaragejava

public static void searchForVehicles (Document doc) {
NodeList list = doc.getElementsByTagName("car");
processVehicleList (list) ;
list = doc.getElementsByTagName ("van");
processVehicleList (list) ;

}
public static void processVehicleList (NodeList autoList) {
for (int i1 = 0; 1 < autolList.getLength(); i++) {
Node auto = autoList.item(i);
NodeList autoFeatures = auto.getChildNodes () ;
for (int j = 0; j < autoFeatures.getLength(); j++) {
Node featureNode = autoFeatures.item(j) ;
if (featureNode.getNodeType () == Node.ELEMENT_NODE) {
Element feature = (Element) featureNode;
String name = feature.getNodeName () ;
if (name.equals("make") || nahe.eqguals("model"))
System.out.println (name + " "4
feature.getFirstChild () .getNadeValue());
}
) intl Element has various methods
: System.out.println(); for querying node content.
}

© 2011 ITCourseware, LLC Rev5.15 Page 31



JAVA FOR ADVANCED PROGRAMMERS

VALIDATION

*

There aretwo types of XML validation documents:

1 Document Type Definitions (DTD) define the structure of the XML
documents, but not the content.

2. An XML Schemadefinesthe valid structure, as well as content types for
XML documents.

The ErrorHandler interface provides three methods to deal with different types
of errors.

»  fatalError() iscalled by the parser to report XML that is not well-formed.

> error() iscalled to report that the XML document will not validate
against the DTD or Schema.

» warning() is called when the condition is not an error or fatal error.
Tovalidate withaDTD you must call setValidating() on the factory.
factory.setValidating (true)

If you are validating against a schemayou must instead call

setNamespaceAwar g() and provide the schema document via the setSchema()

method.

> Use a SchemaFactory to retrieve a Schema object.

SchemaFactory f =
SchemaFactory.newlInstance (XMLConstants.W3C_XML_SCHEMA_NS_URI) ;
Schema schema = f.newSchema(new File("myschema.xsd"));
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SAXValidator will validatean XML fileagaing aDTD.
SAXVdidatorjava

public class SAXValidator {
public static void main(String argsl[]) {
if (args.length != 2) {
System.out.println (
"Usage: java SAXValidator xmlfile.xml schemafile.xsd") ;
System.exit (1) ;

try {
SchemaFactory schemaFactory =
SchemaFactory.newInstance (XMLConstants.W3C_XML. SCHEMA NS_URI);
Schema schema = schemaFactory.newSchema(new File(args([l])):;

SAXParserFactory factory = SAXParserFactory.newlInstance() ;
factory.setNamespaceAware (true) ;
factory.setSchema (schema) ;

SAXParser parser = factory.newSAXParser () ;
parser.parse(new File(args[0]), new SAXValidatorHandler());
}
catch (Exception e) { Pass object that implements

the ErrorHandler interface to

System.err.println(e) ;
the parse() method.

class SAXValidatorHandler extends DefaultHandler ({

private Locator locator;

public void setDocumentLocator (Locator loc) {
locator = loc;

}

public void error (SAXParseException e) {
System.err.println("Validation error on line " +

locator.getLineNumber () + ":\n" + e.getMessage());

}

public void fatalError (SAXParseException e) {

System.err.println("Well-formedness error on line " +
locator.getLineNumber () + ":\n" + e.getMessage());
}
}
Try It:
Run SAXValidator using garage.xml and then badGarage.xml passing in garage.xsd asthe second
parameter.
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TRANSFORMATION

*

Transformation is the process of editing an existing document with the goal of
producing a different document.

XSLT cantransform an XML document into an HTML file, atext file, or another
XML document.

>

XSLT isthe W3C standard for creating XML documents that contain
transformationtempl ates.

The templates are applied to the datain an existing XML document to
produce a new document.

JAXP contains several interfaces and classes used to ssimplify the transformation.

>

Use Transformer Factory to create a Transfor mer object that contains
the XSLT document.

TransformerFactory tFactory =
TransformerFactory.newInstance () ;

Transformer transformer =
tFactory.newTransformer (xslSource) ;

You use Transformer's transform() method to create the new document.
transformer.transform(xmlSource, xmlResult) ;

. transform() takes a Sour ce and Result objects as paramters.

. The Sour ce and Result interfaces have implementations allowing

you to work with DOM (DOM Sour ce), SAX (SAXSource) or just
regular streams (StreamSour ce).
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GarageTransform.java

import javax.xml.transform.Result;

import javax.xml.transform.Source;

import javax.xml.transform.Transformer;

import javax.xml.transform.TransformerFactory;
import javax.xml.transform.stream.StreamSource;
import javax.xml.transform.stream.StreamResult;

public class GarageTransform {
public static void main(String[] args) throws Exception {
Source xmlSource = new StreamSource ("garage.xml") ;
Source xslSource = new StreamSource ("garage.xslt");
Result xmlResult = new StreamResult ("garage.html") ;

TransformerFactory tFactory = TransformerFactory.newInstance();
Transformer transformer = tFactory.newTransformer (xslSource):;
transformer.transform(xmlSource, xmlResult);

garagexdt
<xsl:stylesheet xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform"
version="1.0">
<xsl:template match="/">
<html><body><div align="center">
<table border="1">
<xsl:apply-templates select="garage/*"/>
</table>
</div></body></html>
</xsl:template>

<xsl:template match="car|van">
<tr>
<td><xsl:value-of select="year"/></td>
<td><xsl:value-of select="make"/></td>
<td><xsl:value-of select="model"/></td>
</tr>
</xsl:template>
</xsl:stylesheet>

Try It:
Run GarageTransform.java and then open garage.html in abrowser.
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LABS

o

Createan applicationthat will use SA X toread through garage.xml and count thenumber of
vehiclesthat havelessthan 20,000 miles.
(Solution: MileageCounter .java)

Createan applicationthat will parsegarage.xml intoaDOM structure. Createanew car Element
nodeusing Document'scr eateElement() method. AppendtheElement asanew child of the
garageElement. Createthree new Element nodesfor make, model, andyear , addingthemas
childrenof your new car Element. Createtext nodesusing Document'scr eateT extNode()
method and add themaschildrentomake, model, and year with appropriatedata.

(Solution: AddNewCar .java)

Modify your program from @ to send your DOM structureto aTransfor mer to run against
garagexdt, creatinganHTML file. OpentheHTML fileinabrowser toview your results.
(Solution: AddNewCar2.java)

Page 36

Rev5.15 © 2011 ITCourseware, LLC



CHAPTER2 PROCESSING XML WITH JAVA — JAXP

© 2011 ITCourseware, LLC Rev5.15 Page 37



JAVA FOR ADVANCED PROGRAMMERS

Page 38 Rev5.15 © 2011 ITCourseware, LLC



CHAPTERS ADVANCED 1/0 — OBJECT SERIALIZATION

CHAPTER 5 - ADVANCED I/0O — OBJECT
SERIALIZATION

OBJECTIVES

%  Saveandretrieve objects.

%  Send an object across a network
connection.

%  Customizethe serialization process.

%  Handleexceptionsthrown during the
serialization process.

%  Support compatibility between
versions of a Serializable class.

- /
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WHAT IS SERIALIZATION?

%  Serializing, or marshalling, an object convertsit to a"stream of data."

» A serialized object contains the information necessary to deserialize, or
unmarshal, the object.

%  The ObjectOutputStream and Objectl nputStream classes are used to write
and read objects on any type of existing I/O stream.

»  Towriteaserialized object to afile, create an ObjectOutputStream from
a FileOutputStream.

. Thedatainthefileisin aproprietary Javaformat, soit will be
difficult for you to read it.

»  Towriteaserialized object to another Javaprogram, retrieve the

OutputStream from a Socket and create the ObjectOutputStream
from that.

. The other Javaprogram will re-create the object when reading it.

»  Towriteaserialized object to abyte array, createa
ByteArrayOutputStream from a byte[] and wrap an
ObjectOutputStream around it.

. This array could then be stored inaDBMS.
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birthDate:Date title:String name:String
value = 08/05/1930 value = "astronaut" value = "Neil Armstrong"

astronaut:Person
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SERIALIZABLE OBJECTS

*

A serializable object must be an instance of aclassthat implements
java.io.Serializable(orjava.io.Externalizable).

java.io.Serializable defines an interface with no methods.

package java.io;
public interface Serializable {}

> Implementing theinterface ssmply marksyour classfor special treatment
by theVirtual Machine.

The serialization mechanism uses reflection to construct the Serializable objects.

> If the superclass of a Serializable classis not Serializable, it must have
a no-argument constructor.

= The serialization mechanism usesthis constructor to initializethe
fields of the non-serializable superclass(es) of the object.

. If the superclass does not have a no-argument constructor, you can
use the Exter nalizableinterface to work around this constraint.
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ThisPer son classisan example of aSerializableclass. ThetoString() and equals() methods areincluded
to compareoriginal objectswith restored objects.

Person.java

public class Person implements Serializable {
private String name;
private String title;
private Date birthDate;
private int id;

public Person() {

}
public Person(String nm, String ti, String shortBirthDate, int i) {

name = nm;

title = ti;

id = 1;

try {
SimpleDateFormat df = new SimpleDateFormat ("M/d/yyvy");
birthDate = df.parse(shortBirthDate) ;

}

catch (ParseException e) {
System.err.println("Parsing error: " + shortBirthDate) ;
birthDate = new Date() ;

}
public boolean equals (Object obj) {
if (! (obj instanceof Person)) {
return false;

Person p = (Person) obj;

return name.equals (p.name) &&
title.equals(p.title) &&
birthDate.equals (p.birthDate) &&
id == p.id;
}
public String toString() {
SimpleDateFormat df = new SimpleDateFormat ("MMM d, vyvyy");
return title + " " + name + " born " + df.format (birthDate) +
" id " + 1id;
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WRITING AN OBJECT

*

ObjectOutputStream's writeObject() method serializes (marshals) an object.

»  Themarshalled object contains structural information necessary to
reconstruct the object.

Build an ObjectOutputStream from any OutputStream.
Marshalling an object invol ves dissecting the object into its component elements.

> If the object has already been written to this ObjectOutputStream, only
ahandleiswritten.

»  This protects against recursive relationships and preserves shared
references.

»  AnObjectSreamClassidentifying the class of the object iswritten first.
=  Thisincludes the name and serialVersionUI D of the class.
> Primitivefieldsarewritten to the stream.
> Referencefieldsareserialized recursively.
»  staticfieldswill not be serialized.
. Only data specific to theinstance is written.
»  transient fieldswill not be serialized.

Since reference data (object members) must also be sent, they must implement
Serializable.

Transmitting an object will expose private data members.
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ThewriteObject() method takesan Obj ect, not a Serializable. Thismeansthat attempting towriteanon-
serializable object will not result in acompiler error, but in a NotSerializableException, which will
be caught in the | OException catch, but will not be very descriptive.

WriteObj.java

import Jjava.io.FileOutputStream;
import java.io.IOException;

import Jjava.io.ObjectOutputStream;

public class WriteObj ({
public static void main(String args[]) {
Person armstrong = new Person("Neil Armstrong", "Astronaut",
"08/05/1930", 1);

ObjectOutputStream out = null;
try {
out = new ObjectOutputStream(
new FileOutputStream("astronaut.ser")):;
out.writeObject (armstrong) ;
System.out.println("Wrote \"" + armstrong + "\" to file");
}
catch (IOException e) {
System.err.println("Error writing object: " + e.getMessage());
}
finally {
try {
out.close() ;
}
catch (IOException e) {
System.err.println(e.getMessage()) ;

Try It:
Compileand run WriteObj.java. You can look at the resulting astronaut.ser fileand seeif you recognize
any of thedata.
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READING AN OBJECT

*

ObjectlnputStream's readObject() method deserializes (unmarshals) an
object.

Build an ObjectlnputStream from any InputStream.

> Creating an Objectl nputStream from a stream which does not contain a
serialized object will result in aStreamCor ruptedException.

The readObject() method returns a java.lang.Object.

> Downcast the object to the appropriate class, making sure to catch the
ClassCastException which may result.

Unmarshalling an object involves assembling the object from its component
elements.

> If the object has been read from the stream already, then areference to the
existing object isreturned.

> First, the ObjectSreamClassis read.
. Thisisthen used to load the class and verify the version.

»  Theno-argument constructor of the first non-serializable superclassis
called.

> Primitive datamembers are set directly from the stream.

= No Serializable class constructor iscalled and field initializers are
alsoignored.

> Reference data membersare deserialized recursively.
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ReadObj.java

import Jjava.io.FileInputStream;
import java.io.IOException;
import java.io.ObjectInputStream;

public class ReadObj {
public static void main(String argsl[]) {

ObjectInputStream in = null;
try {
in = new ObjectInputStream/(
new FileInputStream("astronaut.ser"));
Person p = (Person) in.readObject();
System.out.println(p) ;
}
catch (ClassCastException e) {
System.err.println("Error casting object to a Person");
}

catch (ClassNotFoundException e) {

System.err.println("Class not found"); [SUeamConupdexmmnon
} —f‘“"—___—__—_———_—_———____ extends IOException
catch (IOException e)

System.err.println("Error reading object: " + e.getMessage());
}
finally {

try {

in.close() ;

}
catch (IOException e) {
System.err.println(e.getMessage()) ;

Try It:
Compileand run ReadObj.java to |oad the person.
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HANDLING EXCEPTIONS

%  Attempting to serialize an object containing datathat is not Serializable will
resultinaNotSerializableException.

%  Any |OException generated during an attempt to write an object to an
ObjectOutputStream will be copied to the OutputStream in addition to being
thrown.

%  Theapplication reading serialized objectsisresponsible for handling any
exceptions discovered in the | nputStream.

%  ThereadObject() method throws a ClassNotFoundException if the VM can't
find the object's .classfile.

»  This happens even if you don't downcast the object.
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BadBatchProcessor.java

public class BadBatchProcessor implements Runnable, Serializable {
private ArrayList<Runnable> jobs;
private ListIterator<Runnable> iterator;

public BadBatchProcessor (ArrayList<Runnable> jobs) {
this.jobs = jobs;

[ The Listlterator implementation

: iterator = jobs.listIterator(); l returned is not Serializable.
public static void main(String args[]) {
BadBatchProcessor processor = null;
File serialFile = new File("batch_processor_bad.ser") ;
if (serialFile.canRead()) {
ObjectInputStream in = null;
try {
in = new ObjectInputStream(new FileInputStream(serialFile)) ;
processor = (BadBatchProcessor)in.readObject () ;
System.err.println("Found previous batch processor : " +

processor) ; This will catch the exception thrown
} when reading the bad serialized object.
catch (IOException ioex) {

System.err.println("Error occurred reading
+ serialFile + ": " + iloex);
System.exit (1) ;

}
catch (ClassNotFoundException cnfex) {
System.err.println("Class " + cnfex.getMessage ()
+ " not found while unmarshalling " + serialFile);
System.exit (2) ;
}

Whileseriaizing the BadBatchProcessor, an Exception will bethrown dueto the non-seriadizable
Listlterator.

Try It:
Run BadBatchProcessor onceto createthe serialized object with the Exception. Thenrunit againto see
what happenswhen the object isread.
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CUSTOMIZING SERIALIZATION

*

*

Serializing an object aso serializes the data members of the object.

Usethetransient modifier to specify that a data member should not be
seridized.

»  Thetransient datawill not beinitialized when the object isread.

Serialization behavior can be altered by defining the readObject() and
writeObject() methods in the class to be serialized.

private void readObject (ObjectInputStream in)
throws IOException, ClassNotFoundException

private void writeObject (ObjectOutputStream out)
throws IOException

> Implementing writeObject() and readObject() allows the class to pre-
and post-process the serialization process, usually handling static or
transient data members.

> ObjectOutputStream provides defaultWriteObject() to seriaize the
object.

. This method can only be called from writeObject() to write the
Serializable portion of the object.

> ObjectlnputStream provides defaultReadObject() to deseriaize the
object.

. This method can only be called from readObj ect() to read the
Serializable portion of the object.
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Usethetransient modifier either for datawhich istemporary, such as mouse coordinates, or for data

which cannot be successfully serialized. Whilethe Serializable interface does not require any

implementation, it isthe developer's responsibility to ensure that the classand all of its data members

are, infact, Serializable. Failurewill resultin aruntimeexception.

BatchProcessor.java

public class BatchProcessor implements Runnable, Serializable {
private ArrayList<Runnable> jobs;

private transient ListIterator<Runnable> iterator; [

Since the Listlterator
is not Serializable,

public BatchProcessor (ArrayList<Runnable> jobs) ({ l declareittransient.

this.jobs = jobs;

iterator = jobs.listIterator();

public void run() {

while (iterator.hasNext() && ! Thread.interrupted()) {
Runnable job = iterator.next () ;

job.run() ;

Deserialize the non-
transient fields first.

}

throws IOException, Cla otFoundException {
in.defaultReadObject () ;
// get a list iterator to start at

Read the index stored

at serialization and get

an Iterator to continue
where we left off.

int firstJob = in.readInt():;
iterator = jobs.listIterator(firstdJob);

private void writeObject (ObjectOutputStream out)
throws IOException {

Serialize the non-
transient fields first.

out.defaultWriteObject () ;

// store the index of the next job for use at deserialization

out.writeInt (iterator.nextIndex()):;

Store the index of the next
job for use at deserialization.

Try It:

BatchProcessor hasamain() method. Thefirst timeyou runit, it createsanew batch of test jobsand runs

for acoupleof seconds. Eachtimeyou runit after that it will continuewhereit | eft off.
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CONTROLLING SERIALIZATION

*

Classesthat need to completely control the serialization process can implement
java.io.Externalizable, whichextendsSerializable.

Exter nalizable declarestwo methods, readExter nal() and writeExter nal().

Thisinterface completely replacesthe default serialization behavior for
assembling and disassembling the component elements.

>

An Externalizable class must provide a no-argument constructor which
Isinvoked before readExternal ().

The readExternal() and writeExter nal() methods must explicitly read
and write any data necessary to reconstruct the object.

. Thisincludes fields from the class and all its superclasses.
readObject() and writeObject() will not be called on the class or any
superclass, and defaultReadObject() and defaultWriteObject() are not

avalable.

The ObjectStreamClass and internal handle are used in the same way as
they are for Serializable classes.

Use Exter nalizable when you need more control than readObject() and
writeObject() provide.

>

Coordinating with the default serialization may betedious; it might be
easier to use Externalizable.

An Externalizable object can override the serialization behavior of its
superclass.
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Customer isasubclassof Person, so it inherits Per son's seriaization behavior. For privacy, wewant to
leavethe personal information out of the serialized objects. The eas est way to do thiswithout changing
Per son isto use Externalizable.

Customer.java

public class Customer extends Person implements Externalizable {
private int accountNumber;

// required no-argument constructor for Externalizable mechanism
public Customer () {
// provide a dummy birth date
// Person can't handle null
setBirthDate (new Date()) ;

Here we must define appropriate
defaults for the fields we will not be
serializing. For most, null will suffice.

public Customer (int accountNumber, String name, String title,
String birthDate, int id) {
super (name, title, birthDate, id);
this.accountNumber = accountNumber;

// read Person.id and Customer.accountNumber
public void readExternal (ObjectInput in) throws IOException ({
setId(in.readInt());
accountNumber = in.readInt():;

All other fields for Person have
been defaulted by Customer's
} no-argument constructor.

// write Person.id and Customer.accountNumber, we don't want to
// expose the other fields of Person on the output stream.
public void writeExternal (ObjectOutput out) throws IOException {

out.writeInt (getId()):; -

5 The only data we write
out.writeInt (accountNumber) ; . .

} from Person is the id.

Try It:
Test Customer with WriteCust and ReadCust.
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VERSIONING

%  Every SerializableclasscontainsaserialVersionUID.

>

By default, thislong valueis calculated from the name and signature of
the class and its fields and methods using the Secure Hash Algorithm.

You can provide your own public static final long serialVersionUID
for backward compatibility.

. Usethe serialver utility (before you change the class) to find out
the old version ID: serialver Person.

%  You must ensure that the changes are both forwards and backwards compatible.

>

Adding, removing, or modifying methods is compatible, though you must
consider your business logic.

Adding fieldsis compatible.

. The new class must handle default values for fields missing from
old objects.

. Theold classwill ignore the unknown fieldsin new objects.
Removingfieldsisincompatible.

. Theold class might rely on non-default values from thefields
missing in new objects.

You may need to use readObject() and writeObject() to ensure
compatibility.
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Person.java.new

public class Person implements Serializable {
public static final long serialVersionUID = 5043296006500641384L;

private String name;
private String title;
private Date birthDate;
private int id;
private String quote =
"Be respectful to your superiors, if you have any. - Mark Twain";

public String toString() {
SimpleDateFormat df = new SimpleDateFormat ("MMM d, vyvyy");

StringBuilder result = new StringBuilder();
result.append(title) .append (" ") .append (name) ;
result.append (" born ") .append(df.format (birthDate)) ;
result.append (" id ") .append(id) ;

if (quote == null) {

result.append (" Ss version: no quote specified");

}

Here we handle objects serialized

else { under the old version of the class.
result.append (" quote ") ;
result.append('"") .append(quote) .append('"") ;

}

return result.toString() ;

Try It:
Make sureyou haveadready run WriteObj with theorigina version of Per son.

Make abackup copy of Person.java, then copy Person.java.new to Person.java. Compile
Person.java, then run ReadObj to view the old serialized object with the new class.

Now run WriteObj to create anew serialized object. Restore Person.java from the backup, then compile
it and run ReadObj to view the new object withtheold class.
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LABS

o

(3]

Writean Employeeclasswithappropriatefields, includingahireDate. WriteaDepar tment class
whichhasan Employeefor themanager. Writean applicationwhich createsaDepar tment object
andwritesittoafile. (Hint: UseSimpleDateFor mat tocreateahiredate.)

(Solution: Employee.java, Department.java, WriteDept.java)

Writean applicationthat readsaDepar tment object fromafileanddisplaysit.
(Solution: ReadDept.java)

Modify thesolutionto @ toreadfromafilethat doesn't contain aserialized object.
(Solution: ReadJunk.java, junk.txt)

Inthe next set of exercisesyou will modify your Employeeclassto create anew version. You should savea
copy of Employee.java and dept.ser before continuing.

o

Runserialver ontheEmployeeclassand copy thevalueintoanew serialVersionUI Dfieldin
your Employeeclass. Then, add anew Datefield, departmentStar tDate, to Employee. Donot
modify toString() toincludethisfieldyet. Inyour constructor(s), default thedepar tmentStartDate
tothehireDate. Makesureyour new classworkswiththeserialized objectsyou createdin @;

you shouldstill beabletodisplay theobject using ReadDept.
(Solution: Employee.java.4)

UseSimpleDateFor mat toincludethedepar tmentStar tDateinthetoString() method. What

happenswhenyourun ReadDept?
(Solution: Employee.java.5, explanation5.txt)

Fix your EmployeeclassusingreadObj ect sothat if thedepar tmentStar tDatewasmissinginthe
serialized object, itwoulddefaulttohireDate. Verify that thisworkswithReadDept.
(Solution: Employee.java.6)

Modify your applicationthat writesthedepartment sothat it usesthenew Employeeclasswitha
non-default depar tmentStar tDate. After creatingthenew serialized object, restoretheoriginal
versionof Employeeand verify that you canread thenew serialized object withtheoldclass.
(Solution: WriteDept7.java)
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CHAPTER 8 - NETWORKING WITH SOCKETS

\
OBJECTIVES
%  Write Javaprograms that act as
clients.
%  Usethe Socket class to specify a
host and port for a server.
%  Send and retrieve data over a socket.
%  Createaniterative server program.
%  Communicate between aclient and
server.
%  Access Web content through URLSs.
- /
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CLIENTS AND SERVERS

%  Aclientisany program that initiates communication with aserver.
» A Javaclient can beeither an applet or an application.

% A clienttypicaly containsthe user interface, but uses a server to interact with a
database or some other resource.

»  Theclient may be unableto interact directly with the resource, or it may
just be more efficient to have asingle server program accessing the
resource.

% A server program provides aservice and waitsfor clientsto "call."

> Serversin Javaaretypically applications or servlets (Java applications
attached to a web server).

% A server can even act as aclient, requesting services from another server.
%  Clientsand serverscommunicate using many different mechanisms:

> Remote Method Invocation (RMI) — networking is made to look like
normal method calls.

»  Applet/Servliet communication — networking is handled by the web
server.

> Common Object Request Broker Architecture (CORBA) — networking is
handled by an ORB (usually a separate process) and callslook like
normal method calls.

> Sockets — dataistransmitted directly between two separate processes.
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Inthischapter youwill create aclient-side socket communi cations classthat communi catesthrough sockets
with aserver program (which you will also create). Provided isaGUI-based client program that will use
your socket communications class. The nameof the provided client programisClientGUI . Theclassyou
create will be called SocketHandler, with one static method named echo().
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PORTS, ADDRESSES, AND PROTOCOLS

3% A client needs to know what host the server ison.

» A host isacomputer that can be identified by either an IP address or a
hostname (which is converted to an address).

% A client also needs to know which process on the host is the actual server
program.

> Process | Ds change every time a program starts, so each host has a set of
numbers called ports which identify servers.

»  Wesay that aserver "listens’ on a specific port.
3% A client needs to know how to communicate with the server.

» A protocol definesthe format of the communication (how much datais
being sent, what comes first, etc.).

»  Two types of protocol in common use are stream and datagram.

. The most common stream protocol, TCP, is the default
because it does alot of automatic error checking.

. The most common datagram protocol, UDP, is used when speed is
very important and errors do not matter.

% A client must know the host, port, and protocol of the server in order to find
and communicate with it properly.
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Try It:

Compileand run ClientGUI .java. When the send button is pressed, ClientGUI passesthe datafrom the
sendAreato SocketHandler, which currently just returnsthe datato ClientGUI, who displaysitinthe
receiveArea. Look at the source codefor both ClientGUI .java and SocketHandler.java. Wewill
develop SocketHandler to send the datathrough socketsto aserver, whichwill simply echo thedata
back, and then SocketHandler will returnthe echoed datato ClientGUI. Wewill not modify

ClientGUI .java.

ClientGUI java
public class ClientGUI extends JFrame ({

JButton send = new JButton ("Send") ;
send.addActionlListener (new ActionListener () {
public void actionPerformed (ActionEvent e) {
String host = hostField.getText () ;
int port = Integer.parseInt (portField.getText());
String textToSend = sendArea.getText():;

String result = SocketHandler.echo(host, port, textToSend);
receiveArea.setText (result) ;

SocketHandler.java
public class SocketHandler {
public static String echo(String host, int port, String input) {
return input;

}
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THE SOCKET CLASS

%  Useajava.net.Socket object to connect to a server.

»  Various constructors are available to allow you to pass the server's
hostname or IP address and the server's port number.

Socket s = new Socket (host, port) ;
. Pass a host as either an InetAddress object or asa Sring.
. Pass the port as an int.

3% The Socket constructor locates the host on the network and connects to the
server listening on the given port.

> UnknownH ostException means that the constructor cannot convert a
hostname to an IP address.

> | OException means there is a problem finding the host or port.
%  The Socket constructors assume TCP protocol is being used.

»  Additiona methods and classes exist for using UDP and other protocols.
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Hands On:
L et’sbegin building SocketHandler.java.

SocketHandler.java
import java.io.*;
import java.net.*;

public class SocketHandler {
public static String echo(String host, int port, String input) {
String receive = "";

try {
Socket s = new Socket (host, port):;

}

catch (UnknownHostException e) ({
System.err.println("UnknownHost" + e.getMessage()):
System.exit (1) ;

}

catch (IOException e) {
System.err.println(e.getMessage()):;
System.exit (2);

}

return receive;
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COMMUNICATION USING 170

%  Onceaclient has constructed a Socket object, all communication between the
client and server is done using the Javainput and output classes.

%  The getOutputSream() method returns the OutputStream object that you use
to send data to the server.

%  ThegetlnputStream() method returns the I nputStream object that you use to
read data from the server.

> You can convert these streams to any 1/O class that you would like.

%  Any type of data can be sent across these streams: String objects, Java
primitives, or even Serializable objects.

> You need to pick an 1/O class that is appropriate for your data.

%  Calling close() on the Socket will send an end-of-file to the server; do not forget
this!
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Hands On:

Addthel/O codeto SocketHandler. The query string from the ClientGUI sendAreamay have
embedded newline characters, and each linewill come back from the server individualy, sowewill senda
"\u0004" and when it comesback wewill know that everything sent has been echoed.

SocketHandler.java
Socket s = new Socket (host, port);

BufferedReader in = new BufferedReader (
new InputStreamReader (s.getInputStream()));

Force the PrintWriter
PrintWriter out = to flush the buffer.

|

new PrintWriter(s.getOutputStream(), true);

out.println(input);
out.println("\u0004");

We'll use this to
l end messages.

String line = in.readLine();
while (!line.equals("\u0004") ) {

receive += line + "\n"; Smpmmensava
System.err.println("Client DEBUG: " + line); | 'ePlies™u0004".

line = in.readLine():;

}
in.close();
out.close();
s.close();

}

catch (UnknownHostException e) {

Try It:

Compileyour client. If you areon ahost or network with INET services (UNIX or Linux hostswill have
theseavailable) you can runyour client against port 7, the standard echo server. Otherwiseyou will haveto
wait until you havebuilt your server ...
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SERVERS

%  Server programsaretypicaly daemons: they stay running in the background all
thetime.

%  Your server will loop infinitely, waiting for clientsto try to connect it.

%  When requests start coming in, you have two ways to handle the requests:
iteratively or concurrently.

»  Aniterative server ssimply handles each client completely before it goes
on to listen for other clients.

» A concurrent server handles multiple clients at once by using a separate
thread or process to handle each one.

%  Youwould use an iterative server when the service provided is quick, or the
service is based on scarce resources.

»  Aniterative server may be ableto handle the client request quicker than it
could handle the separate thread or process.

» A scarce resource could be a database that only allows a few connections
at once.

> If more requests come in while the server is busy serving the previous
one, they are queued by the underlying network software layer.
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Hands On:

Let'sbegin building the server side. Create aclass named EchoSer ver withamain() method. Wewill leave
thetry and finally blocksempty for now.

EchoServer.java
import java.io.*;
import java.net.*;

public class EchoServer ({
public static void main(String[] args) ({
Socket clientSocket = null;
BufferedReader sockin = null;
PrintWriter sockout = null;
try {

}
catch (IOException e) {
System.err.println(e.getMessage()) ;

}
finally {

}
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THE SERVERSOCKET CLASS

3% Use a Server Socket to listen for clients.
»  The port to be listened on is passed to the constructor.
ServerSocket ss = new ServerSocket (7777) ;

%  The accept() method is a blocking call that returns a Socket object when a
client connects with a Socket.

Socket s = ss.accept () ;

»  The Socket object returned by accept() has the client address, port, and
protocol.

»  All client communication is done through this Sock et object.
%  Retrieve the input and output stream objects to send and receive data.
%  Usethefollowing stepsfor abasic iterative server:
1. Create a Server Socket on a specific port.
2. Start aninfiniteloop.
2a.  Call accept(), which blocks and returns a Socket object.

2b. Retrieve 1/O stream objects from the Socket and communicate
withtheclient.

2c.  Cadll closg() to free up the temporary Socket.

3. Go back to the top of the loop.
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Hands On:

Construct a Ser ver Socket on your own port. Ask theinstructor for the appropriate port number. Create a
Socket object when aclient connects. Read each linefrom the client and echo it back through the socket.

EchoServer,java
public class EchoServer ({
public static void main(String[] args) ({
Socket clientSocket = null;
BufferedReader sockin = null;
PrintWriter sockout = null;
try {
ServerSocket listenSocket = new ServerSocket (7777);

while(true) (
clientSocket = listenSocket.accept();:;

sockin = new BufferedReader (
new InputStreamReader (clientSocket.getInputStream())):;

sockout =
new PrintWriter(clientSocket.getOutputStream(), true);

String linein;
// Read from socket until client closes its end

while ((linein = sockin.readLine()) != null) {
sockout.println(linein);
System.err.println("Server DEBUG: " + linein);
}

System.err.println("Server DEBUG: Connection closed");
sockin.close();

sockout.close();

clientSocket.close():;

}

catch (IOException e) {
System.err.println(e.getMessage()) ;

}

finally {

try {
if (clientSocket != null)
clientSocket.close();

}
catch (IOException e) {}

}
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CONCURRENT SERVERS

%  Concurrent servers are more complex to design, build, and maintain than
iterativeservers.

%  Concurrent servers can handle multiple, simultaneous client requests.

»  They do this by executing multiple processes or threads, one for each
client request.

%  Concurrent servers can be faster than iterative serversif each client will take a
long time to process, and if there are enough threads in the operating system for
eachclient.

%  Thealgorithm for aconcurrent TCP server is.
> Primary server (alwaysrunning)

1 Create a Server Socket on the port for the service being offered.

2. Block on an accept() message to the Server Socket.

3. Create an object (multi-threaded) or spawn a child process (multi-
process) to handle the client request.

> Secondary server (either an object or a separate process)

1. Provide the service to the client viathe Socket returned from the
accept().

2. close() the Socket and clean up (athreaded object releases
resources and is garbage collected, a process rel eases resources and
dies).
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ConcurrentServer.java

public class ConcurrentServer implements Runnable ({
private Socket client;
private Thread theThread;
private static int count;
private static ThreadGroup threadGroup;

Create a new thread. ]

{

public ConcurrentServer (Socket s)
client = s;
theThread = new Thread(threadGroup, this, "Socket" + count);
System.out.println("Client connected to server: " + count +

", Current active threads: " + threadGroup.activeCount()) ;
count++;
theThread.start () ;

}

public void run() {

Start the thread. ]

BufferedReader sockin = null;
PrintWriter sockout = null; -
Get the input stream
try | from the client socket
sockin = new BufferedReader ( '
new InputStreamReader (client.getInputStream()) );
sockout = new PrintWriter( client.getOutputStream(), true);

// loop, reading input from the socket and writing

// the data to the client socket till client closes socket

String linein = null;

while( (linein = sockin.readLine()) != null ) {
sockout.println( linein );

}
public static void main(String[] args) ({
threadGroup = new ThreadGroup ("Sockets") ;
try {
ServerSocket ss = new ServerSocket (7777):;

while (true) {
// wait for the connection
Socket s = ss.accept():;
// create a threaded object to handle the client
new ConcurrentServer(s):;

}
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THE URL CLASS

% A Uniform Resource Locator (URL) alowsaJavaprogram to easily retrieve
data (typically afile) from ahost, using well-known protocols.

»  TheJavaprogramisacting asaclient.
»  The server you connect to depends on the protocol you specify.
. Typical protocolsfor aURL include HTTPR, FTP, file, and mailto.

% A URL can be constructed in much the same way you would typea URL into a
web browser:

URL myPage = new URL ("http://www.example.com/index.html") ;
»  TheURL protocol, host, port, and file can aso be specified individually:

URL myPage = new URL("http", "www.example.com", 80,
"index.html") ;

%  Datacan beretrieved from the URL object using one of three methods:
> getContent() — requires a ContentHandler to convert the data.
> open3ream() — returns an I nputStream that can be read.

> openConnection() — returns a URL Connection object.
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GetFilejava

import Jjava.io.BufferedReader;

import Jjava.io.InputStreamReader;
import Jjava.io.IOException;

import Jjava.net.MalformedURLException;
import java.net.URL;

public class GetFile {
public static void main(String[] args) ({
String contents = null;
BufferedReader buf = null;

try {
URL myPage = new URL("http://www.google.com/index.html");

buf = new BufferedReader (new InputStreamReader (
myPage.openStream()));

while ((contents = buf.readLine()) != null) {
System.out.println (contents) ;

}
catch (MalformedURLException e) ({
System.err.println(e.getMessage()) ;

}
catch (IOException e) {
System.err.println(e.getMessage()) ;

Note:
Thisprogrammay fail to connect if you areinsideafirewall without aconfigured proxy server. To specify
proxy information, add thefollowing two linesof code:

System.getProperties () .put ("proxyHost", "Host_IP");
System.getProperties () .put ("proxyPort", "Port_Number");

ReplaceHost_| P and Port_ Number with the appropriate valuesfor your proxy server.
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THE URLCONNECTION CLASS

%  The URL Connection class allows a program to obtain details of aresource
prior to using it.

% A URLConnection objectisretrieved from a URL object by calling
openConnection().

URLConnection conn = myPage.openConnection () ;

%  Methods such as getContentL ength() and getContentType() can be used to
help determine what type of datathe URL represents.

> For instance, if the datais very long, you may want to create an input
stream to read it, or if it isan image, you may not want to retrieveit into a
Sring.

%  getlnputStream() and getOutputSiream() can be used to read from and write
to a URL Connection,

»  Writing to a URL Connection will only work if the protocol supports
output (such asHTTP) and if setDoOutput(true) has been called.

. This method is often used with appl et-servliet communication.
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GetConn.java

import Jjava.io.BufferedReader;

import Jjava.io.InputStreamReader;
import Jjava.io.IOException;

import Jjava.net.MalformedURLException;
import java.net.URL;

import Jjava.net.URLConnection;

public class GetConn {
public static void main(String[] args) ({
String contents = null;
URLConnection conn = null;
BufferedReader buf = null;
try {
URL myPage = new URL("http://www.google

conn = myPage.openConnection () ;
System.out.println("File type: " + conn.getContentType());
int len = conn.getContentLength();
if (len == -1)
System.out.println("File length unknown") ;
else
System.out.println("File length: " + len);

.com/index.html") ;

System.out.println("Hit RETURN to continue");

System.in.read() ;

buf = new BufferedReader (new InputStreamReader (

conn.getInputStream())) ;

while ((contents = buf.readLine()) != null) {

System.out.println (contents) ;

}

catch (MalformedURLException e) ({
System.err.println(e.getMessage()) ;

}

catch (IOException e) {
System.err.println(e.getMessage()) ;
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LABS

(1) Createan applicationthat takesthe URL for animageonthecommandlineandwritesalocal copy

of theimage. Theprogram should verify that the URL actually pointstoanimageusing

URL Connection.getContentType(). Y oucantest your programwithanarbitraryimagefromthe
internetusingHT TPor FTPprotocol, or withafileonthelocal machineusingfileprotocol.

(Hint: Thecontent-typeheader for mostimagetypesstartswithimage/.)

(Solution: Getlmage.java)

(2] Create aserver that waits for aconnection and sends an arbitrary text file to any client that

connectstoit. (Hint: Theserver writestothesocket, but doesnot read fromit.)
(Solutions: SendFile.java, data.txt)

(3] Writeaclienttoaccesstheserverin®. (Hint: Theclient readsfromthesocket, but doesnot write
toit.)
(Solution: RetrieveFilejava)

(4] Modify theserver from @ sothat it storesusagestatistics, such asthetotal number of connections,

inanobject. Havetheserver listen onaseparateadministrativeport and send thestati sticsobject to
theclient. (Hint: Theserver must listen concurrently toboth Ser ver Sock et objects.)
(Solutions: Server Satistics.java, SendFile2.java)

®  Writeanadministrativeclienttoreadthestatisticsobject fromtheserverin@.
(Solution: AdminClient.java)
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