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Problem solving via Object Oriented
Programming
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3. Multithreaded server

4. Chat server
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DEMO HelloServer.java: create our own

server that listens for clients to connect

HelloServer.java

Run HelloServer.java
Fom terminal type “telnet localhost 4242”

Quit telnet session with Control + ] then type “quit

Try connecting from multiple terminals



We can create our own server that will

listen for clients to connect and respond

HelloServer.java Create new ServerSocket listening on port 4242 IP: localhost

. HTTP
Port chosen because nothing else there 547
12 public class HelloServer { Port: 424
13e public static void main(String[\ args) throws IOException {
14 // Listen on a server socket Xor a connection
15 System.out.println("waiting fok,someone to connect");|

16 ServerSocket listen = new ServerSocket(4242); .

17 // When someone connects, create a specific socket for them_ Pause here Untll someone Server
18 socket sock = listen.accept(); g connects, then create Socket

19 System.out.println("someone connected");

20 sock for them

21 // Now talk with them

22 PrintWriter out = new PrintWriter(sock.getOutputStream(), true);

23 BufferedReader in = new BufferedReader(new InputStreamReader(sock.getInputStream()));

24 out.println("who is it?"); \ . .

75 String line; Create output writer and

26 while ((line = in.readLine()) != null) { input reader using SOCk

27 System.out.println("received:" + 1line);
28 out.println("hi " + line + "! anybody else there?"); ° Send output to whomever
29 }
30 System.out.println("client hung up"); connected
31
32 // Clean up shop
33 out.close(); Close up
34 in.close(); €——_ ¢ Reader and writer Read input from client
35 sock.close(); . .
36 listen.close(); e Sockets until client hangs up
37 .
38 3} d (connection lost)
This code can only handle one in.readLine() is null on

connection at a time hang up 10



We can create our own client too

HelloServer.java and HelloClient.java

What is input and what is

output is relative to each Code for HelloServer on last slide

computer

* Input to Server is output
from Client

e Output from Server is input

to client \
Socket in stream \ Socket out stream

Client side

Server side

Socket out stream Socket in stream

HelloClient or

Telnet

11



DEMO HelloClient.java: our Client that talks

to our Server

HelloClient.java

Run HelloClient.java (waits for Server to come up)

Run HelloServer.java

12



Our Client talks to our Server

HelloClientjava @ = Setup scanner to read

11 public class HelloClient {

H V4
12 public static void main(String[] args) throws Exception { Cllent S keyboa rd
13 String host = "localhost"; //"localhost” or something like %1/70.212.159"
14 int port = 4242;

15 int connectionDelay = 5000; //in milisecs, 500 seconds

16 Scanner console = new Scanner(System.in);

17

18 // Open the socket with the server, and then the writer and reager . ——
19 Socket sock = null; oop until Server answers .

20 boolean connected = false; & CI I e nt
21 System.out.println("connecting...");

& M ot Create Socket sock on same

24 //try to connect to server, throws error if server nnm

25 sock = new Socket(Chost,port); pOrt aS Server (4242)

26 connected = true;

27 } . ] .

28 catch (Exception &) { @ sock will throw exception if

29 //server not up, wait ConnectionDelay/1000 seconds and try again

30 System.out.println("\t server not ready, trying again in " + connectionDelay/1000 +

31 Thread.sleep(connectionDelay); //wait Server nOt upl try every 5

32 } og o, ©

33 } seconds until it is up

34

35 //set up input and output over socket

36 PrintWriter out = new PrintWriter(sock.getOutputStream(), true); .

37 Buffer‘edReader in = new BufferedReader(new InputStreamReader(sock.getInputStream())); = Got Server Connectlon, setup
38 System. out.println("...connected");

39 H

40 // Now listen and respond reader and erter

41 String line;

42 while ((line = in.readLine()) != null) { K OUtPUt to conSOIe

43 // Output what you read . H

44 Systen. out. printinCline); what the Server said Get input from scanner
45

46 // Get user input from keyboard to write to the open socket (sends.io - and Send to Server

47 String name = console.nextLine();

48 out.println(name); ) . .

49 } , * If Server hangs up, don’t know it until you
50 System.out.println("server hung up");

. B — press enter on keyboard. Why?

53 console.close();

» console.nextLine() “blocks” execution 13




Friends can connect to your server if they

connect to the right IP address
Run MylPAdressHelper.java to get your address, edit HelloClient.java

Might need Local Network

toadd port = _.eesttTTTTTTIIIRRee

forwarding . “ea, ‘ Use: Public (global) IP Address

on your 4 Local network °~.  ©of SERVER to connect clients
: . ... " outside the local network

firewall .- router gives inside ™.

computers a unique _.-*;

1
Use: Frivate (local) IP Address local IP address
of SERVER to connect clients '\ (e.g., 10.10.1.6)
within the local network

Network Address
Translation (NAT) on local
router tells outsiders each
inside machine has a
different IP address (global
- address) from what IP

R " address insiders see (e.g.,

129.170.212.159) 1

Use: “locathost” to connect
clients running locally
to the SERVER



DEMO: Connecting from another machine

HelloServer.java and HelloClient.java
* Run MylPAddressHelper on server to get IP
» Start HelloServer.java on server
* Edit HelloClient.java to change localhost to server IP address
* Run HelloClient on client machines and make connection
* Connect from student machine?

15
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Currently our server can only handle one

client at a time, use Threads for more users

Use Java’s Thread mechanism to overcome single client issue

Want multiple

“concurrent” users /

e Trick: give each user
its own socket

« Use threads that run \
concurrently with

main process (more
on threads next

v

class)

* Threads are lighter public class MyThread extends Thread {
processes than main void run() {
program

* Threads inherit from } 1

Java’s Thread class

Instantiate object of
type that extends
Thread

Call start on thread
object to start
thread process
running
“concurrently” with
main process

Class extends
Thread

Threads begin
running at run()
method, not main()
Each thread
responsible for

handling one client
17



We can create a “Communicator” on a

separate thread for each Client connection

Use Java’s Thread mechanism to overcome single client issue

Communicator object
handles the socket between
Server and one Client I

Thread
HelloServer /

Communicator

Socket in stream Socket out stream

Server side

Client side
Socket out stream Socket in stream

HelloClient or

Telnet

18



By using Threads, one Server can handle

multiple concurrent Clients

Use Java’s Thread mechanism to overcome single client issue

Create a new Communicator
object on a separate Thread on
the server each time a client

connects

HelloServer

Each communicator runs
concurrently and manages
connection with one client

HelloServer
Communicator

HelloServer
Communicator

HelloServer
Communicator

HelloServer

Communicator

HelloServer
Communicator

ﬂk

HelloClient or

Telnet

A

HelloClient or
Telnet

A

HelloClient or
Telnet

A

HelloClient or

Telnet

A

HelloClient or
Telnet



DEMO HelloMultithreadedServer.java:

handle multiple Clients concurrently

HelloMultithreadedServer.java
e Starts new thread with new HelloServerCommunicator on each
connection

HelloServerCommunicator.java
* Extends Thread
* Override run
* Tracks thread ID
* Otherwise the same as single threaded version

Run HelloMultithreadedServer.java with multiple students
connecting (after editing HelloClient.java with IP address)

20



By using Threads, one Server can handle

multiple concurrent Clients

HelloMultithreadedServer.java

14
15
16

17=

18
19
20

21=

22
23

24+

25
26
27
28
29
30
31
32
33
34
35
36
37

38=

39
40

41
a7

Create a ServerSocket to listen for

incoming connections
public class HelloMultithreaded
private ServerSocket listen;// where clients initially connect °* num keepS track of how
public HelloMultithreadedServer(ServerSocket listen) { many COI'\I'\ECtiOfIS have
this.listen = listen;
) been made
* Loop forever
/**
* Listens to listen and fires off new commyst€ators to handle the clients ®* Put new Connections on
*/ . .
public void getConnections() thro Exception { thelr own Thread WIth
System.out.println("waiti or someone to connect"); Communicator

// Just keep a

ing connections and firing off new threaﬁ to handle them.
int num = @;

aemon(true) means stop this Thread
while (true) {
//1listen.accept in next 'lme bloc a connectmgmme maln Thread ends

HelloServerCommunicato = new HelloServerCommunicator(listen.accept(), num++);

client.setDaemon(true)} // handler thread terminates when main thr@gd dﬁf .
client.start(); //start new thread running ock until Client connects,
} 7 . . then return new Socket

start() causes a Thread to begin running

in Thread Object’s run() method
public static void main(Str‘i!ng[] args) tthws IOException { * Pass new ServerSOCket on

«—
new HelloMultithreadedServer(new ServerSocket(4242)).getConnections(); port 4242 to constructor

}

}
} Big idea: start a new thread whenever a client connects ° Then call getConnections()

. . . . 21
so this thread can go back to listening for new clients



HelloServerCommunicator runs on its own

Thread, handles one Client’s connection

* Extends Thread
 When start() called on Thread, it

HelloServerCommunicator.java

9 public class HelloServerCommunicator extends Thread {

10 private Socket sock = null; // to talk with client Ca"S Th read'S run() methOd

11 private int id; // for marking the messages (just for clarity in reading conso

12

13= public HelloServerCommunicator(Socket sock, int id) {

14 this.sock = sock; .

s wisid-i4 Save socket to talk to Client and

. keep id for convenience

19 * The body of the thread is basically the same as what we had in main() of the single-threade

20 */ ° .

a21e public void run() { Prlnt |d number SO we Ccan

22 // Smother any exceptions, to match the signature of Thread.run() .

24 System.out.println("#" + id + " connected"); . .

25

26 // Communication channel Communlcatlng

27 BufferedReader in = new BufferedReader(new InputStreamReader(sock.getInputStream())); .

28 PrintWriter out = new PrintWriter(sock.getOutputStream(), true); Setup run() to fu nct|on the same as
29

30 // Talk H - 1

o T tnCwho 15 187°: ¢ single-threaded version

32 String line;

33 while ((line = in.readlLine()) != null) {

34 System.out.println("#" + id + " received:"™ + line); . .

35 out.printlnC"hi " + line + "! anybody else there?"); NOW thls Thread runs |ndependent|y Of
36 }

37 System.out.println("#" + id + " hung up"); other ThreadS

38

39 // Clean up

40 out.close(); . .

41 in.close(); Handles one Client connection

42 sock.close();

43 1

44 catch (I0Exception e) {

45 .printStackT ; .

. ,  CprimestackiraceQ Stops when HelloMultithreadedServer
47 1 22

48} stops (daemon true)



1. Sockets
2. Server
3. Multithreaded server

» 4. Chat server
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DEMO: Chat application

ChatServer.java and ChatClient.java
* Run MylPAddressHelper on server to get IP
e Start ChatSever.java on server
e Edit ChatClient.java to change localhost to server IP address (in
main())
* Run ChatClient.java to connect to ChatServer
* Run ChatClient.java from student machine?

24



Goal: Chat server allows communication

between multiple clients

Client sends message
to server

When one Client sends ChatServer
a message, want to
broadcast it to all
other clients

Clients do not know
about each other so
) %
Server coordinates égo
messages <
S

Server receives
message from Client,

then repeats message
to all other Clients

ChatClient(0) ChatClient(1)

ChatClient(2) ChatClient(n-2) ChatClient(n-1)




Goal: Chat server allows communication

between multiple clients

Client sends message
to server

i ChatServer
What if a message

comes into a Client
that is “blocking”
waiting for input
from keyboard?

Would like to see
message displayed /&
even if typing (or
if not typing)

<
2
2
(28
<

ChatClient(0) ChatClient(1) ChatClient(2) ChatClient(n-2) ChatClient(n-1)



Client listens for keyboard on main thread

creates Communicator on second thread
Client

Server uses
Communicator, one for

each client

Both Server and Client I

threaded Communicator
ChatClient

Communicator | Client uses two threads:
1. Listen for keyboard input (blocks
Thread until Enter key pressed)
2. Communicates with server on
separate Thread (does not block
waiting for keyboard input)
27




Client listens for keyboard on main thread

creates Communicator on second thread

Client

Server has one Thread per

Each Client has

two threads:

Client 1. Keyboard
2. Communicator
! ¥
ChatServer ChatServer ChatServer ChatServer ChatServer

Communicator

Communicator

Communicator

Communicator

Communicator

/'y 'y

— e eml e e o e -

A A

— e ol e s e - —

A A

- oemm mm e s e e . - - -

/'y /'y

- e s e e s e - - -

/'y /'y

kR E I O e

ChatClient
Communicator

ChatClient
Communicator

ChatClient
Communicator

ChatClient
Communicator

ChatClient
Communicator




. a ® a
ChatServer.java _ Server
Set up ServerSocket to listen for

. . Communicators
14 public class ChatServer { CIlent conneCtlons - I__.tl_l—-l—T I:-I:I_ .
15 private ServerSocket listen; // for accepting connections Communicator
16 private ArraylList<ChatServerCommunicator> comms; // all the connections with clients - - -
17 Client
18= public ChatServer(ServerSocket listen) {
19 this.listen = listen;] . .
20 comms = new ArrayList<ChatServerCommunicator>()® Create one Communicator for each Client
2} : : .
2z * Keep Communicators in comms ArrayList
24 * The usual loop of accepting connections and firing off new threads to handle them
25 */
26-  public void getConnections() throws IOException { Block until Client connection, then create new
27 while (true) {
28 //listen.accept in next line blocks until new connection JCommur"cator runr“ng on |ts own Thread
29 ChatServerCommunicator comm = new ChatServerCommunicator(listen.accept(), this);
30 comm. setDaemon(true);
i com startQ; W _?_Et dademon startdd * Returns new socket for this

addCommunicator(comm)y r r nnln .
B! cadru A g,la Communicator
mm rr | .

B to comms Arraylist * Also pass reference to this
37 * Adds the handler to the list of current client handlers ChatServer object so clients
38 */
39 public synchronized void addCommunicator(ChatServerCommunicator comm) { can Ca" methods on this object
40 comms . add(comm) ;
4 \ (call broadcast())
43c /e _ | Add or remove Communicator
44 * Removes the handler from the list of current client handlers /
45 */ H H
4p= public synchronized void removeCommunicator(ChatServerCommunicator comm) { ObJeCt from comms ArrayLISt
47 comms . remove(comm);

48 } 29

AQ



0 a - a
ChatServer.java . : Server
J * Synchronized keyword makes sure that if two

messages arrive at the same time, that broadcast™"™"="*L ) L J L] _

finishes the first message before the second communicator [ ] [ ][]
45 */ Topic of next class Client - - -
46= public synchrpnized void removeCommunicator(ChatServerCommunicator comm) {
47 comms . reglove(comm) ;
48 1
49
50= /x*
51 * Sends tjie message from the one client handler to all the others (but not echoing
52 */
53¢ public synchronized void broadcast(ChatServerCommunicator from, String msg) {
54 for (ChatServerCommunicator ¢ : comms) {
55 if (c != from) { $—____ Clients will ask Server to broadcast message to all
56 c.send(msg); . .
57 } Clients, loop over each Communicator (except
B ) ¥ Client that sent message) and ask Communicator
60 to send a message to its Client
61= public static void main(String[] args) throws Exception {
62 System.out.println("waiting for connections");
63 new ChatServer(new ServerSocket(4242)).getConnections();
64 1 \
65 ¥ main() set up ServerSocket listening on port 4242

30



Each ChatServerCommunicator runs on

own Thread and talks with one Client

ChatServerCommunicator.java Extend Thread to run in own thread

g . .
9 public class ChatServerCommunicator extends Thread { :
; ) L. . . mmuni r
10 private Socket sock; // each instance is in a different thread and has its own socket Communicators
11 private ChatServer server; // the main server instance e T — — -

12 private String name; // client's name (first interaction with server) ;

13 private BufferedReader in; // from client Communicator

14 private PrintWriter out; // to client Client - - -
15

16¢ public ChatServerCommunicator(Socket sock, ChatServer server) {

17 this.sock = sock; H H :

18 i3 SE = SAIeE; \ * Save socket to communicate with Client
19 } . .

20 e Save ChatServer to communicate with
a21= public void run() {

z " ject | ()
= it ot prnE RO ChatServer Object (e.g., call broadcast
24

25 // Communication channel H

26 in = new BufferedReader(new InputStreamReader(sock.getInputStream())); run() Cé\"Ed When Thread IS Sta rted
27 out = new PrintWriter(sock.getOutputStream(), true);

28

29 // Identify -- first message is the name

30 name = in.readLine();

31 System.out.println("it's "+name);

32 out.println("welcome "+name);

33 server.broadcast(this, name + " entered the room");

34

Set up in reader and out writer as before

35 // Chat away
String line;
gg wﬁileg((line = in.readLine(Q)) != 1)
38 String msg = name + ":" + line;
39 System.out.println(msg); . .
4 g PSR, WD On any input from Client, call broadcast() on Server
- 2 i broadcast() on Server will call send() on each
44 System.out.println(name + " hung up™); . °
42 sZr‘v:r‘.broazcast(this, name + "gleit theérm__- Comm unlcator (next SIldE)
4
47 // Clean up -- note that also remove self from server's list of handlers so it doesn't broadcas
48 server.removeCommunicator(this);
49 out.close(); . .
50 tisan, $~ When Client hangs up, call removeCommunicator() on .

. e e o Server and shut down this Thread



Each ChatServerCommunicator runs on

own Thread and talks with one Client

ChatServerCommunicator.java

58=

59
00
61

62¢

63
64
65
66

¥

Communicators

Communicator

o [ 1 I

J,f#*
* Sends a message to the client
* @param msg
*/
public void send(String msg) {
out.println(msg);
} \
When another Client sends a message
to the Server via broadcast() method,
the Server will call send() on each
Communicator to broadcast the
message to all Clients

32



ChatClient manages keyboard input and

creates a ChatClientCommunicator

ChatClient.java

Server

Set up scanner for keyboard input

A —

Communicators

11 public class ChatClient {

12 private Scanner console; ifiput from the user

13 private ChatClientCommunicator comm; // fLommunication with the server Communi
14 private boolean hungup = false; // has the server hung up on us?

15

Client

16= public ChatClient(Socket sock) throws xception {
17 // For reading lines from the co
}g conscle = new Scanner(System.in);
20 // Fire off a new thread to handle incoming messages from server
21 comm = new ChatClientCommunicator(sock, this);
22 comm. setDaemon(true); °
25 o stars0s O __ Create Communicator on another
24 .
e o nane"; Thread (so not stopped by blocking
g; zz;rrge:;rgﬁa;eg?nsole.nextLine(); //blocks until keyboard 1npu§canner)’ Start Th read running
29 }
30 . .
e e While Server is connected, block here (due to
* Get console input and send it to server;
33} stop & clean up when server has hung up (noted by hupse®S  gcanner nextLine()) until user presses enter key,
o P e Cirungupy © s Toexeseeen 2 then tell Communicator to send keyboard messages
37 //console.nextLine() blocks un text is entered
29 y  OTReosete nextined; toServer ¢ corver hangs up, Communicator will
w3 ’
41 [ . 3
e call this method to inform ChatClient
E /:/Notes that the server has hung up (so handleUs 1Ll terminate) Object
45¢ public void hangUp() { . .
o e s e main() calls constructor passing socket on
48

49= public static void main(String[] args) throws IOException { / |Oca|hOSt port 4242 then hand’euser()

50 new ChatClient(new Socket("localhost"”, 4242)).handleUser();

51 1
52 } 33



ChatClientCommunicator runs on its own

Thread to communicate with Server

ChatClientCommu nicator_java Run on own Thread so not blocked by Server

10 public class ChatClientCommunicator extends Thread scanner Communicators

11 private Socket sock; // the underlying socket for communication

12 private ChatClient client; // for which this is handling communication

13 private BufferedReader 1in; // from server

14 private PrintWriter out; // to server

15

16 public ChatClientCommunicator(Socket sock, ChatClient client) throws IOException {

17 this.sock = sock;

18 this.client = client; \ . o
19 in = new BufferedReader(new InputStreamReader(sock.getInputStream())); ® Save SOCket to Communlcate Wlth Chatserver
20 out = new PrintWriter(sock.getOutputStream(), true); S I' t t . t 'th Ch tCI' t
S * Save client to communicate wi atClien
22

23 public void send(String msg) { H H

24 //called when have keyboard input ObJeCt (Ca" hangup() |f server hangs up)
25 this.out.println(msg);

26 }

27

<28 public void run() { \ Send keyboard message passed by
29 // Get lines from server; print to console

30 try { ChatClient Object to Server

31 String line;

32 while ((1ine = in.readLine()) != null) {

33 System.out.println(line);

o ¥ \

3 L]

" } ttch CI0Exception €3 { Read data from ChatServer and write

37 e.printStackTrace();

38 } to console

39 finally {

40 client.hangUpQ;

41 System.out.println("se hung up");

42 H

s d If ChatServer hangs up, tell ChatClient

44 // Clean up .

4s try { Object, then end Thread

46 out.close();

47 in.close();

48 sock.close();

49 }

50 catch (I0Exception e) {

51 e.printStackTrace();

53 }
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