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Lecture 9Lecture 9

Network programmingNetwork programming

Manipulating URLsManipulating URLs

�� URL is an acronym for URL is an acronym for Uniform Resource LocatorUniform Resource Locator and is a reference and is a reference 
(an address) to a resource on the Internet. (an address) to a resource on the Internet. 

�� Sample structure of a URL. The resource name part may contain: Sample structure of a URL. The resource name part may contain: 
host name, file name, port number(optional) and reference (optiohost name, file name, port number(optional) and reference (optional)nal)

ht t pht t p: / /: / / j ava. sun. comj ava. sun. com

�� you can create a URL object in Java from an absolute URL or a you can create a URL object in Java from an absolute URL or a 
relative URL.relative URL.

�� The URL class provides several methods implemented on URL The URL class provides several methods implemented on URL 
objects. You can get the protocol, host name, port number, and objects. You can get the protocol, host name, port number, and 
filename from a URL.filename from a URL.

Protocol Identifier Resource Name
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Example codeExample code
i mpor t  j ava. net . * ;  i mpor t  j ava. net . * ;  
i mpor t  j ava. i o. * ;  i mpor t  j ava. i o. * ;  
publ i c c l ass Par seURL {  publ i c c l ass Par seURL {  

publ i c st at i c voi d mai n( St r i ng[ ]  ar gs)  t hr ows Except i on {  publ i c st at i c voi d mai n( St r i ng[ ]  ar gs)  t hr ows Except i on {  
URL aURL = new URL( " ht t p: / / j ava. sun. com: 80/ docs/ books/ "  + URL aURL = new URL( " ht t p: / / j ava. sun. com: 80/ docs/ books/ "  + 

" t ut or i al /" t ut or i al / i ndex. ht ml #DOWNLOADI NGi ndex. ht ml #DOWNLOADI NG" ) ;" ) ;
Syst em. out . pr i nt l n( " pr ot ocolSyst em. out . pr i nt l n( " pr ot ocol = "  += "  +

aURL. get Pr ot ocol ( ) ) ;  aURL. get Pr ot ocol ( ) ) ;  Syst em. out . pr i nt l n( " hostSyst em. out . pr i nt l n( " host = "  += "  +
aURL. get Host ( ) ) ;  aURL. get Host ( ) ) ;  Syst em. out . pr i nt l n( " f i l enameSyst em. out . pr i nt l n( " f i l ename = "  += "  +
aURL. get Fi l e( ) ) ;  aURL. get Fi l e( ) ) ;  Syst em. out . pr i nt l n( " por tSyst em. out . pr i nt l n( " por t = "  += "  +
aURL. get Por t ( ) ) ;  aURL. get Por t ( ) ) ;  Syst em. out . pr i nt l n( " r efSyst em. out . pr i nt l n( " r ef = "  += "  +
aURL. get Ref ( ) ) ;  aURL. get Ref ( ) ) ;  

}}
}  }  

Output of the above code:Output of the above code:

protocol = httpprotocol = http
host = java.sun.comhost = java.sun.com
filename = /docs/books/tutorial/index.htmlfilename = /docs/books/tutorial/index.html
port = 80port = 80
ref = DOWNLOADINGref = DOWNLOADING

Connecting with a URL (1)Connecting with a URL (1)

�� openSt r eam( )openSt r eam( ) : returns a  : returns a  j ava. i o. I nput St r eam j ava. i o. I nput St r eam object, from object, from 
which you can read easily as reading from an input stream. It mawhich you can read easily as reading from an input stream. It may y 
throw an throw an IOExceptionIOException
Example codeExample code
i mpor t  j ava. net . * ;i mpor t  j ava. net . * ;
i mpor t  j ava. i o. * ;i mpor t  j ava. i o. * ;

publ i c c l ass ReadURL {publ i c c l ass ReadURL {
publ i c st at i c voi d mai n( St r i ng[ ]  ar gs)  t hr ows Except i on {publ i c st at i c voi d mai n( St r i ng[ ]  ar gs)  t hr ows Except i on {

URL osu = new URL osu = new URL( " ht t p: / / www. osu. eduURL( " ht t p: / / www. osu. edu/ " ) ;/ " ) ;
Buf f er edReader  i n = new Buf f er edReader (  Buf f er edReader  i n = new Buf f er edReader (  

new I nput St r eamReader ( osu. openSt r eam( ) ) ) ;new I nput St r eamReader ( osu. openSt r eam( ) ) ) ;

St r i ng i nput Li ne;St r i ng i nput Li ne;

whi l e ( ( i nput Li ne = i n. r eadLi ne( ) )  ! = nul l )whi l e ( ( i nput Li ne = i n. r eadLi ne( ) )  ! = nul l )
Syst em. out . pr i nt l n( i nput Li ne) ;Syst em. out . pr i nt l n( i nput Li ne) ;

i n. cl ose( ) ;i n. c l ose( ) ;
}}

}}

This prints out the source code for the webpage This prints out the source code for the webpage www.osu.eduwww.osu.edu
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Connecting with a URL (2)Connecting with a URL (2)

�� openConnect i on( )openConnect i on( ) : Returns a : Returns a URLConnect i onURLConnect i on object that object that 
represents a connection to the remote object referred to by the represents a connection to the remote object referred to by the URL. URL. 
It may throws an IOExceptionIt may throws an IOException

t r y {t r y {
URL osu = new URL osu = new URL( " ht t p: / / www. osu. eduURL( " ht t p: / / www. osu. edu/ " ) ;/ " ) ;
URLConnect i on osuConnect i on = osu. openConnect i on( ) ;URLConnect i on osuConnect i on = osu. openConnect i on( ) ;

}  cat ch ( Mal f or medURLExcept i on e)  {  / /  new URL( )  f ai l ed}  cat ch ( Mal f or medURLExcept i on e)  {  / /  new URL( )  f ai l ed
.  .  ..  .  .

}  cat ch ( I OExcept i on e)  {}  cat ch ( I OExcept i on e)  {
.  .  ..  .  .

}}

�� The The URLConnect i onURLConnect i on class provides many methods to communicate class provides many methods to communicate 
with the URL, such as reading and writing.with the URL, such as reading and writing.

SocketsSockets

�� Sometimes you need a lowSometimes you need a low--level network communication, such as level network communication, such as 
a clienta client--server applicationserver application

�� The TCP protocol provides a reliable pointThe TCP protocol provides a reliable point--toto--point communication point communication 
channel via the sockets.channel via the sockets.

�� A socket is an endpoint for reliable communication between two A socket is an endpoint for reliable communication between two 
machines. To connect with each other, each of the client and themachines. To connect with each other, each of the client and the
server binds a socket to its end for reading and writing.server binds a socket to its end for reading and writing.

�� The The j ava. netj ava. net package provides two classes package provides two classes —— SocketSocket and and 
Ser ver SocketSer ver Socket —— to implement the client and the server, to implement the client and the server, 

respectively.respectively.
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Establishing a simple serverEstablishing a simple server

�� Five steps:Five steps:

1).1). Create a Create a Ser ver SocketSer ver Socket objectobject
Ser ver SocketSer ver Socket ser ver =new ser ver =new Ser ver Socket ( por t , queueLengt hSer ver Socket ( por t , queueLengt h) ;) ;

2).2). The server listens indefinitely (or blocks) for an attempt by a The server listens indefinitely (or blocks) for an attempt by a client to client to 
connectconnect

Socket  connect i on = Socket  connect i on = ser ver . acceptser ver . accept ( ) ;( ) ;

3).3). Get the Get the Out put St r eamOut put St r eamand and I nput St r eamI nput St r eamobjects that enable the objects that enable the 
server to communicate with the client by sending and receiving bserver to communicate with the client by sending and receiving bytesytes

I nput St r eamI nput St r eam i nput  = i nput  = connect i on. get I nput St r eamconnect i on. get I nput St r eam( ) ;( ) ;
Out put St r eamOut put St r eam out put  = out put  = connect i on. get Out put St r eamconnect i on. get Out put St r eam( ) ;( ) ;

*  You can get a stream of other data types from the *  You can get a stream of other data types from the I nput St r eamI nput St r eam
and and Out put St r eamOut put St r eam

4).4). Processing phaseProcessing phase: the server and the client communicate via the : the server and the client communicate via the 
I nput St r eamI nput St r eamand the and the Out put St r eamOut put St r eamobjectsobjects

5).5). After the communication completes, the server closes the connectAfter the communication completes, the server closes the connection   ion   
by invoking by invoking cl ose( )cl ose( ) on the on the SocketSocket and the corresponding streamsand the corresponding streams

Establishing a simple clientEstablishing a simple client

�� Four steps:Four steps:

1).1). Create a Create a SocketSocket objectobject
Socket  connect i on = new Socket  (Socket  connect i on = new Socket  ( ser ver Addr essser ver Addr ess ,  por t ) ;,  por t ) ;

2).2). Get the Get the Out put St r eamOut put St r eamand and I nput St r eamI nput St r eamof the Socket. The of the Socket. The 
server and the client must send and receive the data in the sameserver and the client must send and receive the data in the same
formatformat

3).3). Processing phaseProcessing phase: the server and the client communicate via the : the server and the client communicate via the 
I nput St r eamI nput St r eamand the and the Out put St r eamOut put St r eamobjectsobjects

4).4). After the communication completes, the client closes the connectAfter the communication completes, the client closes the connection.ion.
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The server sideThe server side

i mpor t  i mpor t  j ava. l angj ava. l ang. * ;. * ;
i mpor t  i mpor t  j ava. i oj ava. i o. * ;. * ;
i mpor t  j ava. net . * ;i mpor t  j ava. net . * ;

c l ass Ser ver  {c l ass Ser ver  {
publ i c  st at i c  voi d mai n( St r i ng ar gs[ ] )  {publ i c  st at i c  voi d mai n( St r i ng ar gs[ ] )  {

St r i ng dat a = " Let ' s  t est  i f  we can connect . . . " ;St r i ng dat a = " Let ' s  t est  i f  we can connect . . . " ;
t r y  {t r y  {

Ser ver SocketSer ver Socket ser ver _socketser ver _socket = new Ser ver Socket ( 1234) ;= new Ser ver Socket ( 1234) ;
Syst em. out . pr i nt l n( " ISyst em. out . pr i nt l n( " I ’’ veve st ar t ed,  dear  c l i ent s. . . " ) ;s t ar t ed,  dear  c l i ent s. . . " ) ;

Socket  Socket  socketsocket = = ser ver _socket . acceptser ver _socket . accept ( ) ;( ) ;

Syst em. out . pr i nt ( " Ser verSyst em. out . pr i nt ( " Ser ver has connect ed!has connect ed! \\ n" ) ;n" ) ;
Pr i nt Wr i t erPr i nt Wr i t er out ToCl i entout ToCl i ent = new = new Pr i nt Wr i t er ( socket . get Out put St r eamPr i nt Wr i t er ( socket . get Out put St r eam( ) ,  ( ) ,  

t r ue) ;t r ue) ;

Syst em. out . pr i nt ( " Sendi ngSyst em. out . pr i nt ( " Sendi ng st r i ng:  st r i ng:  ‘‘ "  + dat a + "  + dat a + “ ’“ ’ \\ n" ) ;n" ) ;
out ToCl i ent . pr i nt ( dat aout ToCl i ent . pr i nt ( dat a) ;) ;

out ToCl i ent . c l oseout ToCl i ent . c l ose( ) ;( ) ;
socket . c l osesocket . c l ose( ) ;( ) ;
ser ver _socket . cl oseser ver _socket . cl ose( ) ;( ) ;

}}
cat ch( Except i oncat ch( Except i on e)  {e)  {

Syst em. out . pr i nt ( " WhoopsSyst em. out . pr i nt ( " Whoops !  I t  di dn' t  wor k!!  I t  di dn' t  wor k! \\ n" ) ;n" ) ;
}}

}}
}}

(this example is got from (this example is got from http://http://www.cise.ufl.edu/~amyles/tcpchatwww.cise.ufl.edu/~amyles/tcpchat//))

A simple server/client pair exampleA simple server/client pair example

A simple server/client pair example (cont.)A simple server/client pair example (cont.)
The client sideThe client side

i mpor t  i mpor t  j ava. l angj ava. l ang. * ;. * ;
i mpor t  i mpor t  j ava. i oj ava. i o. * ;. * ;
i mpor t  j ava. net . * ;i mpor t  j ava. net . * ;

c l ass Cl i ent  {c l ass Cl i ent  {
publ i c  st at i c  voi d mai n( St r i ng ar gs[ ] )  {publ i c  st at i c  voi d mai n( St r i ng ar gs[ ] )  {

t r y  {t r y  {
Socket  Socket  socketsocket = new = new Socket ( " l ocal hostSocket ( " l ocal host " ,  1234) ;" ,  1234) ;

Buf f er edReader  Buf f er edReader  i nFr omSer veri nFr omSer ver = new = new Buf f er edReader ( newBuf f er edReader ( new
I nput St r eamReader ( socket . get I nput St r eamI nput St r eamReader ( socket . get I nput St r eam( ) ) ) ;( ) ) ) ;

Syst em. out . pr i nt ( " Recei vedSyst em. out . pr i nt ( " Recei ved st r i ng:  st r i ng:  ‘‘ " ) ;" ) ;

whi l e (whi l e ( i nFr omSer ver . r eadyi nFr omSer ver . r eady ( ) )  ( ) )  
Syst em. out . pr i nt l n( i n. r eadLi neSyst em. out . pr i nt l n( i n. r eadLi ne( ) ) ;  / / Read one l i ne and out put  i t( ) ) ;  / / Read one l i ne and out put  i t

i nFr omSer ver . c l osei nFr omSer ver . c l ose( ) ;( ) ;
}}
cat ch( Except i oncat ch( Except i on e)  {e)  {

Syst em. out . pr i nt ( " WhoopsSyst em. out . pr i nt ( " Whoops !  I t  di dn' t  wor k!!  I t  di dn' t  wor k! \\ n" ) ;n" ) ;
}}

}}
}}

(this example is got from (this example is got from http://http://www.cise.ufl.edu/~amyles/tcpchatwww.cise.ufl.edu/~amyles/tcpchat//))
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A simple server/client pair example (cont.)A simple server/client pair example (cont.)
�� What happens on the screen if you run the code?What happens on the screen if you run the code?

�� First run First run Ser ver . j avaSer ver . j ava

�� Then run Then run Cl i ent . j avaCl i ent . j ava

A simple server/client pair example (cont.)A simple server/client pair example (cont.)

�� If you run If you run Cl i ent . j avaCl i ent . j ava without running without running Ser ver . j avaSer ver . j ava
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DatagramsDatagrams

�� The UDP protocol provides a mode of network communication The UDP protocol provides a mode of network communication 
whereby whereby datagramsdatagrams are sent over the network. are sent over the network. Dat agr amSocketDat agr amSocket ss
are used for the connection.are used for the connection.

�� A datagramA datagram’’s arrival, arrival time and order of arrival is not s arrival, arrival time and order of arrival is not 
guaranteed. Itguaranteed. It’’s used whenever an information needs to be s used whenever an information needs to be 
broadcast periodicallybroadcast periodically

UDP exampleUDP example
i mpor t  j ava. net . * ;i mpor t  j ava. net . * ;

c l ass cl ass Get Dat eGet Dat e {{
f i nal  st at i c f i nal  st at i c i nti nt PORT_DAYTI ME = 13;PORT_DAYTI ME = 13;
publ i c st at i c voi d mai n( St r i ng[ ]  ar gs)  t hr ows Except i on {publ i c st at i c voi d mai n( St r i ng[ ]  ar gs)  t hr ows Except i on {

Dat agr amSocketDat agr amSocket dgsocketdgsocket = new = new Dat agr amSocketDat agr amSocket ( ) ;( ) ;
I net Addr essI net Addr ess dest i nat i on = dest i nat i on = 

I net Addr ess. get ByName( " news. ci s. ohi oI net Addr ess. get ByName( " news. ci s. ohi o-- st at e. edust at e. edu" ) ; ;" ) ; ;
Dat agr amPacketDat agr amPacket dat agr am;dat agr am;
byt e[ ]  byt e[ ]  msgmsg = new byt e[ 256] ;= new byt e[ 256] ;

dat agr am = new dat agr am = new Dat agr amPacket ( msgDat agr amPacket ( msg,  ,  msg. l engt hmsg. l engt h,  dest i nat i on,  ,  dest i nat i on,  
PORT_DAYTI ME) ;PORT_DAYTI ME) ;

dgsocket . send( dat agr amdgsocket . send( dat agr am) ;) ;

dat agr am = new dat agr am = new Dat agr amPacket ( msgDat agr amPacket ( msg,  ,  msg. l engt hmsg. l engt h) ;) ;
dgsocket . r ecei ve( dat agr amdgsocket . r ecei ve( dat agr am) ;) ;

St r i ng r ecei ved = new St r i ng r ecei ved = new St r i ng( dat agr am. get Dat aSt r i ng( dat agr am. get Dat a( ) ) ;( ) ) ;
Syst em. out . pr i nt l n( " Ti meSyst em. out . pr i nt l n( " Ti me of  machi ne: "  + r ecei ved) ;of  machi ne: "  + r ecei ved) ;

dgsocket . c l osedgsocket . c l ose( ) ;( ) ;
}}

}}

Sample Sample excutionexcution: : 
alpha> java alpha> java GetDateGetDate
Time of machine: Tue May 24 00:16:42 2005Time of machine: Tue May 24 00:16:42 2005
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Supplemental readingSupplemental reading

�� Custom networkingCustom networking
http://java.sun.com/docs/books/tutorial/networking/index.htmlhttp://java.sun.com/docs/books/tutorial/networking/index.html

�� JavaTMJavaTM Programming Language Basics, Socket CommunicationsProgramming Language Basics, Socket Communications
http://developer.java.sun.com/developer/onlineTraining/Programmihttp://developer.java.sun.com/developer/onlineTraining/Programming/Basicng/Basic
Java2/socket.htmlJava2/socket.html


