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Model ISO/OSI

Aplikacni

e podpora end-user procesu (aplikace ftp, http, ...)
Prezentacni

e forma prenosu dat (transformace, Sifrovani, ...)
Relacni

® fizeni spojeni mezi aplikacnimi procesy
Transportni

e spojeni, transparentni prenos dat (pakety, TCP, UDP)
Sitova

e smerovani, adresovani (IP, ...)
Linkova

e pakety = ramce, fizeni toku dat na prenosovém mediu
Fyzicka

e hardware, fyzické propojeni (el. impulsy, signaly, ...)
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Protokoly

IP (Internet Protocol)
e sitova vrstva
e adresovani (IP adresa)
e spravné poradi paketu

TCP (Transmission Control Protocol)
e transportni vrstva
e spojove orientovany (zaruka spravného prenosu)

UDP (User Datagram Protocol)
e transportni vrstva
e rychlejsi nez TCP
e nespolehlivy ("posta”)
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Porty

Pripojeni k siti
e obvykle jedno fyzicke pripojeni
e vSechna data prochazeji timto pripojenim
e problém prifazeni konkrétnich dat konkrétni aplikaci

Porty

e protokoly TCP a UDP mapuji data na jednotlivé procesy podle
portU

e port je 16bitové Cislo
e 0-1023 vyhrazeno pro standardni sluzby (http, ssh, ...)
e adresace dat = adresa stroje (IP) + port
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Java a sité

Balicek java.net

e Podpora komunikace s TCP
o URL
o URLConnection
o Socket
o ServerSocket

e Podpora komunikace s UDP
o DatagramPacket
o DatagramSocket
o MulticastSocket
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Java a sité

Java.net. InetAddress
® reprezentace IP adresy
e |Pv4 (32 bits)
e |Pv6 (128 hits)
® unicast i multicast
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Trida] ava. net . URL

URL (Uniform Resource Locator)
e adresa zdroje v internetu

e adresa ma dve zakladni Casti
o identifikator protokolu (http, ftp, ...)
o nazev zdroje (hostname, filename, port, ...)

e http://perchta.fit.vutbr.cz:8080/java

Vytvoreni spojeni (konstruktory)
e "write-once" objekty
e vyjimka MalformedURLException
e new URL("http://perchta.fit.vutbr.cz:8080/java')

* new URL("http", "perchta.fit.vutbr.cz", 8080,
"java')
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Prace s URL

Ziskani informaci o URL

e getProtocol, getHost

e getPort, getFile,...

e ne kazda URL ma vSechny casti

Ukazka:

URL aURL =

System.
System.
System.
System.
System.

out.
out.
out.
out.
out.

new URL('http', "perchta.fit.vutbr.cz", 8080,
"java');

printIn("protocol = " + aURL.getProtocol());

printin("host = " + aURL.getHost());
printin(CC'filename = " + aURL.getFile());
printin(port = " + aURL.getPort());
printIn(""ref = " + aURL.getRef());
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Prace s URL

Primé cteni
e openStream() — otevre spojeni a vrati objekt tridy
InputStream

e Cteni ze streamu

Ukazka:

URL yahoo = new URL('http://www.yahoo.com');
BufferedReader 1n = new BufferedReader(
new InputStreamReader(yahoo.openStream()));

String inputline;
while ((inputline = In.readLine()) !'= null)
System.out.printin(inputline);

in.close();
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Prace s URL

Vytvoreni spojeni

metoda openConnection

komunikacni linka mezi procesem a URL

PO uspesném navazani spojeni = objekt tfidy URLConnection

Cteni pomoci URLConnection = pfimé Cteni
zapis pomoci URLConnection = zapis dat na server

©)

© na strane serveru obvykle cgi-skript

formulare, ...

postup:

©)

©)

O

vytvoreni URL

otevreni spojeni
ziskani proudu
zapis/Cteni do/z proudu
uzavreni proudu
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Prace s URL

Vytvoreni spojeni — Cteni

URL yahoo = new URL('http://www.yahoo.com');
URLConnection connection = yahoo.openConnection();
BufferedReader 1n = new BufferedReader(

new InputStreamReader(connection.getlnputStream()));

String inputline;
while ((inputline = In.readLine()) '= null)
System.out.printin(inputline);

in.close();
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Prace s URL

Vytvoreni spojeni — zapis

® reverze retezce:
http://java.sun.com/cgi-bin/backwards

e format: string="'retézec"

String str = "Retezec';

URL url = new URL('http://java.sun.com/cgi-bin/backwards');
URLConnection connection = url.openConnection();

connection.setDoOutput(true); // smér komunikace
PrintWriter out = new PrintWriter(
connection.getOutputStream());

out.printin('string=" + str);
out.close();

Seminar Java X — p.14/37



Sokety

Sokety

e komunikace typu klient — server
o server ceka na zadost (pripojeni) klienta
o Kklienti se pripojuji na server
o server vytvari spojeni
o klient i server zasilaji/Ctou data
e vytvorené spojeni
o soket na strané klienta
o soket na strane serveru
o komunikace prostfednictvim proudu

Java.sun.com/j2se/1.5.0/docs/guide/net/overview/overview.html
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Sokety

Client
Application

Server
Application

PR ServerSocket
§ instance

| accept()

------------------------------

The
accept()
methad
blocks the
caller until a
connection
has been
estahlished.

The twio
sockets are

o
connected.

Seminar Java X — p.16/37



Tfida] ava. net . Socket

jJava.net.Socket
e reprezentuje jednu stranu komunikace

e soket na strané klienta
o zadost o vytvoreni spojeni se serverem
o new Socket(String host, iInt port)
o new Socket(lnetAddress address, Int port)

e Cteni ze soketu
o ziskani vstupniho proudu
o InputStream getlnputStream()
e zapis do soketu
o ziskani vystupniho proudu
o QutputStream getOutputStream()
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Tfida] ava. net . Server Socket

Java.net.ServerSocket

reprezentuje server
neni potomek tridy Socket!
po pripojeni klienta vytvari objekt tfidy Socket
vytvoreni serveru

o new ServerSocket(int port)

o port na kterém server nasloucha
naslouchani spojeni

o metoda accept()

o blokujici operace
o vytvari objekt tfidy Socket
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Sokety

Metody
e getPort()
e getLocalPort()
e getlnetAddress()
e getLocalAddress()

Seminar Java X — p.19/37



Sokety: ukazka aplikace

Server

ServerSocket ss = new ServerSocket(9000);
Socket s = ss.accept();

BufferedReader 1n = new BufferedReader(
new InputStreamReader(s.getlnputStream()));
PrintStream out = new PrintStream(s.getOutputStream());

System.out.printin(in.readLine());
out.print(juchuu');
out.flush(Q);

out.close();
in.close()
s.close();
ss.close();
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Sokety: ukazka aplikace

Klient

try {
s = new Socket("'localhost', 9000);

System.out.printIn(’'Client: new socket port " +
s.getLocalPort());

out = new PrintStream(s.getOutputStream());
out.print("juchuu');
out.flush(Q);

out.close();
s.close();

}
catch (UnknownHostException ex) {}

catch (Java.i1o.l10Exception ex) {}
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Sokety: ukazka aplikace

Problém uvedené ukazky
e obslouzi pouze jednoho klienta a pak skonci
e = nekonecna (podminéna) smycka

ServerSocket ss;
try {
SsS = new ServerSocket(9000);
// while(true) {
for (int conns = 0; conns < 1; conns++) {
Socket s = ss.accept();
// obsluha klienta s
+

ss.close();

}
catch (Java.i1o.10Exception ex) { ex.printStackTrace();}
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Sokety: ukazka aplikace

Problém uvedené ukazky
* pfi obsluze klienta nemuze obslouzit dalSi
e soubézné obslouzeni klientl
e = vilakna

ServerSocket ss;
try {
SsS = new ServerSocket(9000);
// while(true) {
for (int conns = 0; conns < 1; conns++) {
Socket s = ss.accept();
(new WebClientThread(s)).start();
}

ss.close();

}
catch (Java.i1o.l0Exception ex) { ex.printStackTrace();}
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Sokety: ukazka aplikace

... pokracovani

class ClientThread extends Thread {
Socket s;

public ClientThread(Socket s) {
super();
this.s = s;

}

public void run() {
try {
// obsluha klienta s
s.close();
} catch (Java.i1o.l10Exception ex) {
ex.printStackTrace();

}
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Implementace jednoduchého WWW serveru

import java.net.™;
import java.io.*;

public class WebServer {
public static void main(String[] argv) {
new WebServer().start();

by
public void start() {
try {
ServerSocket ss = new ServerSocket(9000);
for (int conns = 0; conns < 1; conns++) {
Socket s = ss.accept();
(new WebClientThread(s)).start();
}
ss.close();
+
catch (Java.i1o0.10Exception ex) { ... }
by
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Implementace jednoduchého WWW serveru

class WebClientThread extends Thread {

Socket s;
public WebClientThread(Socket s) {
super();
this.s = s;
by
public void run() {
try {
PrintStream out = new PrintStream(
s.getOutputStream());
out.print('<html>");
out.print('<p>Time: " +
(new java.util.Date()).toString());
} catch (Java.i1o.10Exception ex) { ... }
by

}
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Java RMI

RMI
¢ Remote Method Invocation

e objekt bézici na jednom JVM muZe volat metodu objektu beziciho
na jinem JVM

e protokol komunikace je oddelen od aplikace

¢ podobné ale jednodussi nez CORBA

Klient — server
e server registruje vzdalené objekty
e klient se dotazuje serveru na vzdalené objekty
e klient ziskava reference na vzdalené objekty = jim zasila zpravy
e klient se dotazuje serveru na vzdalené objekty
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Java RMI

Skeleton
e entita na strané serveru
® reprezentuje vzdaleny objekt
e provadi volani metod, serializaci/deserializaci

Stub
e |okalni reprezentace vzdaleného objektu
® ne jeho kopie!
e provadi volani vzdaleného objektu, serializaci/deserializaci
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Java RMI
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Java RMI: vzdalené objekty

Rozhrani Jjava.rmi .Remote
e definuje vzdalené metody vzdaleného objektu

e kazda vzdalena metoda musi deklarovat vyjimku
RemoteException v klauzuli throws

import java.rmi.Remote;
import java.rmi.RemoteException;

public iInterface Hello extends Remote {
String sayHello() throws RemoteException;

}
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Java RMI: server

e trida Server implementuje rozhrani Hel lo = vzdaleny objekt

e pouze metody rozhrani mohou byt vzdalené volany

import java.
import java.
import java.
import java.

.registry.Registry;
.registry.LocateRegistry;
-RemoteException;

.server ._UnicastRemoteObject;

public class Server implements Hello {

public Server() {}

public String sayHello() {
return "Hello, world!";

}

Seminar Java X — p.31/37



Java RMI: server

e objekt je potfeba exportovat (vytvoreni stub)
e stub je potreba registrovat

public static void main(String args[]) {
try {
Server obj = new Server();
Hello stub = (Hello)
UnicastRemoteObject.exportObject(obj, 0);

// Bind the remote object’s stub iIn the registry
Registry registry = LocateRegistry.getRegistry();
registry.bind("Hello", stub);
} catch (Exception e) {
System.err.printIn(’'Server exception: " +
e.toString());
e.printStackTrace();
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Java RMI: klient

® musi se pripojit ke vzdalenému serveru
e dotazuje se na registrované objekty

import java.rmi.registry.LocateRegistry;
Import java.rmi.registry._Registry;

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

String host = (args.length < 1) ? null : args[0];

try {
Registry registry =

LocateRegistry.getRegistry(host);

Hello stub = (Hello) registry.lookup(''Hello™);
String response = stub.sayHello();
System.out.printIn(''response: " + response);

} catch (Exceptione) { ... }
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Java RMI: béh

Server
e kompilace
e nastaveni CLASSPATH
e spustéeni Java RMI registry
e spusteni serveru

export CLASSPATH=""$CLASSPATH:classDir"
rmiregistry &
java -classpath classDir Server &

Klient
e spusteni klienta
java -classpath classDir Client

Poznamka: rmic

Seminar Java X — p.34/37



Java RMI: modifikace

e vzdalena metoda getString() bude mit argument
e tfida argumentu musi implementovat rozhrani Serializable

public Interface Hello extends Remote {
String sayHello(Task task) throws RemoteException;

}

public class Task implements Serializable {
private String str = 'task'';
public String getString() {
return str;

}
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Java RMI: modifikace

e modifikace serveru a klienta

Server:
public String sayHello(Task task) {
return "Hello, world! " + task.getString(Q);

}

Klitent:

Hello stub = (Hello) registry.lookup(''Hello™);
String response = stub.sayHello(new Task());
System.out.printIn(''response: " + response);
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Zdroje informaci

http://www. javaworld.com
http://java.sun.com/j2se/1.5.0/docs/index.html
http://java.sun.com/j2se/1.5.0/docs/guide/rmi/index._.html
http://java.sun.com/docs/books/tutorial/rmi/TOC.html
http://www. javacoffeebreak.com/articles/rmi_corba/
http://my.execpc.com/ gopalan/misc/compare.html

http://www.webopedia.com/quick ref/0SIl_ Layers.asp
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