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Workbook 1
Introduction
In this course you will work through a series of practical exercises which will improve your Java pro-
gramming skills and teach you how to write distributed and concurrent programs in Java. The course
focuses around the construction of a instant messaging system, and during the next five weeks you will
write both the client and the server components. There are no lectures associated with this course, but
there are two questions based on the material in this course in the final exam. This course assumes you
have studied the Part 1A Computer Science Tripos course Programming in Java, or have familiarised
yourself with the Java programming language over the summer vacation.

You are required to attend a two hour practical lesson once a week for the five weeks. During the
practical lesson you will work through a workbook like this one. You may take the workbook home at the
end of the lesson to complete any unfinished sections. You will also need to complete the associated
assessed exercise, or ticklet, described at the end each workbook. You will need to complete all five
ticklets in order to receive the tick associated with the practical elements of this course.

Important

An on-line version of this guide is available at:

http://www.cl.cam.ac.uk/teaching/0910/FJava

You should check this page regularly for announcements and errata. You might find it useful to refer to
the on-line version of this guide in order to follow any provided web links or to cut 'n' paste example code.

Getting help
In each practical class you will find three course instructors who have the following duties:

Lecturer The lecturer has written the material for this course and is able to offer advice on its
content and correctness as well as more general help with programming.

Assessor The assessor or ticker marks submitted exercises and discusses them with students.
Demonstrator The demonstrator is responsible for providing practical help on the content of the

workbook and associated Java programming exercises.

Aim of this course
The course is designed to accommodate students who have studied Programming in Java last year
(or equivalent) but may have different levels of programming experience; consequently the material is
taught in a practical class setting where you can work at your own pace. Each practical class explores a
new programming topic and provides pointers to further background reading. Each exercise is designed
to provide experience and insight into the practical effort of designing, building and testing software.
The work for each week is cumulative, building on work undertaken for previous weeks, so by the end
of the course you will have written a substantial piece of software.

What to do each week
The tasks you need to perform on week n of the practical class can be expressed as follows:

1. Arrive at the practical class on week n at the start of your allocated time period (1400-1600 or
1600-1800).

2. Find your computer as allocated on the seating plan.

http://www.cl.cam.ac.uk/teaching/0910/FJava
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3. Collect workbook for week n.

4. When the ticker comes to your desk, be prepared to discuss the practical work you completed for
for week n-1.

5. Leave your computer at the end of the session, taking your workbook(s) with you; you may continue
to complete any exercises in your own time.

6. Submit your solution to the exercises for week n (which must pass the automated tests) before 23:59
on the Sunday following the practical class on week n.

Note: when n=1 (i.e. the first week), the ticker will mark your submission for "Tick 0", the exercise set as
work to do over the summer vacation period. The last ticklet, along with any outstanding work, will be
marked in a practical class held on Monday 18th January 2010; no new work will be set in this practical
class.

Many of you will find that nobody else will occupy your allocated seat in any other session, and conse-
quently there are likely to be free workstations for you to use outside your session if you find you need
a little extra time to complete the practical work. Remember that the ticker will come to you during your
session (not the other way around) therefore you must sit in the correct place for your session!

Answering questions
As you progress through the workbook each week, you will be presented with questions in a grey ques-
tion box just like the one shown at the end of the next section. Make sure you follow the instructions
and answer any questions in the question boxes; you will need to complete these instructions in order
to gain your ticklet.

The phrase crsid in these notes refers to your University of Cambridge Common Registration Service
IDentifier (CRSID). This is the username you use to log in to PWF workstations; for example, Alastair
Richard Beresford uses the crsid "arb33". Please replace the string crsid with your own CRSID when-
ever it appears in the workbook.

Using Eclipse
The first part of today's practical class introduces the Eclipse Integrated Development Environment
(IDE).

Last year you used the command-line tools javac and java developed by Sun Microsystems. This year
you will learn to use Eclipse to write, compile, and test your Java programs. Eclipse is a very powerful
development environment, but to paraphrase Stan Lee, with great power comes great responsibility.

In this section of the workbook you will learn how to create a new Java project in Eclipse, how to create
new packages and classes, and how to compile and test your code. You will also learn how to export
a Java jar file in order to submit your tick. You will begin by writing a simple "Hello, world" program to
learn the basic operations of Eclipse.

This course uses PWF Linux. If your PWF workstation is currently running Windows please reboot it
into Linux and log in using your PWF username and password. Once you have logged in, please do
the following:

1. Start the Eclipse program by using the Application menu at the bottom right-hand side of the screen
and selecting Teaching Packages→Computer Laboratory→Eclipse.

2. A dialog box will appear asking for you to select your "workspace". Leave the default as is, which
should be /home/crsid/workspace.

3. A splash screen will be visible for thirty seconds or so, after which the main screen of Eclipse will load.
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4. Create a new project by using the Eclipse window menus File → New → Java Project to bring up
the New Project dialog box. Enter "Further Java" as the project name and click on the Finish button.

5. At the moment you will still see an Eclipse welcome screen. Close the tab with the label "Welcome"
to reveal the main developer screen. The left-hand window pane contains the Package Explorer, the
centre and right-hand portions of the screen are currently mostly blank.

6. In the Package Explorer pane, click on the triangle or arrow next to the "Further Java" project you've
just created. The arrow should now point downwards (▼) to reveal a sub-directory called "src" asso-
ciated with the project. Right-click on the "src" icon to reveal a menu; on this menu select New →
Package to reveal a pop-up dialog box; in the dialog box enter uk.ac.cam.crsid.fjava.tick1
as the package name and close the dialog box.

7. Your next task is to create a class called HelloWorld inside the package you have just created.
This can be done from either the File menu (then New → Class) or by right-clicking on the "src"
directory in a similar fashion to the previous step. In the dialog which appears, check the tick box
beside "public static void main(String[] args" to auto-generate a main method in your class. Click the
button Finish to create the class.

8. You should see a source file HelloWorld.java appear in the Package Explorer, although you
may need to expand the view of the package you have created by clicking on the arrow next to the
package name so it points downwards (▼).

9. The central portion of the screen should display an editor window for the file HelloWorld.java.
(In future, you can open source files by double-clicking on the icon representing the source file in
the Package Explorer.) Edit the contents of the file in the central edit portion of the screen to read
as follows:

package uk.ac.cam.crsid.fjava.tick1;

public class HelloWorld {
 public static void main(String[] args) {
  System.out.println("Hello, world");
 }
}

At this point you might like to explore some of the more advanced auto-complete features in Eclipse.
For example, when writing the body of the main method, type Sys and then type Ctrl+space to see
a list of possible completions; choose System and press Enter. Now press "." and wait briefly for
a set of possible classes, methods and static references within System; select out. Press "." and
wait briefly for a set of possible classes, methods and static objects within System.out.println
and select println. Typing (" will auto-generate ") and place the cursor inside the quoted string,
enabling you to simply type Hello, world. Finally, press the tab key twice to move outside the
terminating quote and round bracket and enter ; to finish the line of code.

10. To compile and run your new Java program, click on the "Run" button in the Eclipse menu bar,
or right-click on the source file HelloWorld.java in the Package Explorer and then select Run
As... → Java Application. If all has gone well, you should see Hello, world printed in the bottom
Console portion of the Eclipse window.

11. Create a Java jar file using the code you have just created. To do this, go to the File menu and
select Export.... A dialog window should pop up; expand the folder Java and select JAR and press
the Next button. In the subsequent dialog window, expand the "Further Java" project and tick the
box next to the package uk.ac.cam.crsid.fjava.tick1 to indicate you wish to export the code
in this package. In addition, tick the box further down the dialog box labelled "Export Java source
files and resources". You must remember to do this whenever you generate a jar file for submission
as practical work since the source files are required for marking. Enter a name for the jar file by
clicking on the Browse button and selecting a suitable destination directory; please save your file as
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crsid-HelloWorld.jar. Once you have entered a suitable filename for the jar file, press Finish
on the export dialog to complete the export.

12. Finally, to check that your export was successful start up a Bash terminal (hint: look in the Applications
menu at the very bottom of the screen). Change your working directory using the command cd so
that your working directory is the same as the location of your jar file. Run your program as follows,
making sure you get the same output as shown below:

crsid@machine:~> java -cp crsid-HelloWorld.jar \ 
uk.ac.cam.crsid.fjava.tick1.HelloWorld
Hello, world
crsid@machine:~> 

1. Modify the HelloWorld program so that if the program is given a single argument on the
command line the program will say hello to the argument provided. For example:

crsid@machine:~> java -cp crisd-HelloWorld.jar \ 
uk.ac.cam.crsid.fjava.tick1.HelloWorld crsid
Hello, crsid
crsid@machine:~>

If the program receives no arguments on the command line it should print Hello, world
as before.

2. It is often useful to test programs with command line arguments inside Eclipse. Test your
program in this way now by editing the settings needed to run your HelloWorld program.
To do so, go to the main Eclipse menu select Run → Run configurations... (in some ver-
sions of Ecplise this is Run → Run ...). This opens a new dialog window which allows you
to create a custom mechanism for running the HelloWorld program. Check that the name
of the run configuration is something sensible (like "HelloWorld") and that the Main class
is uk.ac.cam.crsid.fjava.tick1.HelloWorld. Click on the "Arguments" tab and add
your crsid as an argument to the "Program arguments" text box; finally click the "Run" button.
You should see Hello, crsid printed to the console in Eclipse.

Connecting to the Internet
The second half of today's class uses the Eclipse environment to write a simple chat client.

Many distributed systems use the client-server metaphor for communication. This style of communica-
tion will be explored in more detail in the Concurrent and Distributed Systems course, as well as the
Digital Communications I course. A server is a piece of software which runs indefinitely, accepting re-
quests from multiple clients and providing those clients with any information or other services they re-
quest. For example, a web server runs indefinitely, responding to requests from many web browsers.
Last year you wrote a very simple client when you used an instance of the URL class to create a URL-
Connection object, and thus connect to a web server and download descriptions of board layouts for
Conway's Game of Life.

The Java programming language provides several libraries to support the construction of distributed sys-
tems. In this course we are going to explore writing clients and servers with the Socket and Server-
Socket classes respectively. These classes use the TCP/IP communication protocol, which won't be
explained in detail here, but is taught in the Digital Communications I course. For this course it is suf-
fices to know that a TCP/IP connection provides a method of transmitting a stream of bytes between
a client and a server (and back again) and that the TCP/IP protocol guarantees reliable and in order
delivery of any bytes sent. A TCP/IP connection is initiated by a client connecting to server running on a
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particular machine and port. For example, the Computer Laboratory website runs on a machine called
www.cl.cam.ac.uk on port number 80. Port numbers allow multiple servers and clients to run on a
single machine.

The Java DatagramSocket class supports a datagram service, an unreliable mechanism for send-
ing packets of data between two computers on the Internet. This class uses the UDP/IP protocol for
communication. The Java MulticastSocket class supports multicast communication, a method of
sending the data to many computers simultaneously. Today we will use the Socket class to create
TCP/IP connections.

Reading data from an instance of a Socket class in Java blocks the execution of the program until
data is available. This can be a useful feature, since you will often want your program to wait until at
least some data is available before continuing execution. In the next section you will take advantage of
this feature. Later on, you will discover the limitation of this approach and learn how to write your first
multi-threaded application to overcome this problem.

Your first task is to use the Socket class to connect to a server on the Internet to retrieve the data
sent by the server and print it to the console. The data sent by the server starts with a welcome
message, and then proceeds to send the current time, once per second.

3. Find the Java documentation for the Socket class (http://java.sun.com/javase/6/docs/api/) and
read the documentation for the constructors, as well as the getInputStream and getOut-
putStream methods.

4. Some hints and tips for this part can be found below. Create the class StringReceive in
the package uk.ac.cam.crsid.fjava.tick1. The main method should accept two argu-
ments, the name of the server first, and the port number of the service second. Your program
should connect to the server using an instance of the Socket class, and do the following three
tasks in an infinite loop: (1) read bytes from the Socket object; (2) interpret the bytes returned
as text; and (3) print the text to the console. You can test your program by connecting to the
machine java-1b.cl.cam.ac.uk on port 15000. If all is well, you should see the following
output:

Welcome!
Mon Nov 2 14:23:18 GMT 2009
Mon Nov 2 14:23:19 GMT 2009
Mon Nov 2 14:23:20 GMT 2009
...

If you are running your program on the command line you can terminate it with Ctrl+c. If you
are running it inside Eclipse, you should click on the red square at the top of the console sub-
window to terminate it.

5. Make sure that your program checks the number of arguments provided and parses them cor-
rectly. If the number of arguments are incorrect or malformed, your program should print

This application requires two arguments: <machine> <port>

to the standard error stream (hint: use System.err) and call return from the main method
to halt your program. If your program cannot connect to the server on the provided port number
it should print

Cannot connect to [machine] on port [port]

to the standard error stream and terminate. Some example arguments and associated respons-
es are shown in Table 1, “Unit tests for StringReceive”.

http://java.sun.com/javase/6/docs/api/
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args response

none This application requires two arguments: <machine> <port>

java-1b.cl.cam.ac.uk twenty This application requires two arguments: <machine> <port>

java-1b.cl.cam.ac.uk 1024 Cannot connect to java-1b.cl.cam.ac.uk on port 1024

Table 1. Unit tests for StringReceive

Hints 'n' tips
• Use Ctrl+Shft+o to organise your import statements and fill in any missing ones.

• Use the appropriate constructor for the Socket class to initiate a connection to the server.

• Create a local array of bytes of a small fixed size (e.g. byte[] buffer = new byte[1024];)
to store the responses from the server.

• The method getInputStream on the Socket object will return an InputStream object which
allows you to read in the data from the server into an array of bytes.

• An instance of the InputStream class has an associated read method which will pause the execu-
tion of your Java program until some data is available; when some information is available, the read
method will copy the data into the byte array and return the number of bytes read; the number of bytes
read is a piece of information you will find useful later.

• The String class has a number of constructors which enable you to reinterpret an array of bytes as
textual data. Use the following constructor to convert data held in the byte array into a String object:

public String(byte[] bytes, int offset, int length)

A simple Java instant messaging client
Your final task is to use the Socket class to write your first instant messaging client. Your client will
communicate with a server running on java-1b.cl.cam.ac.uk on port number 15001 (note this is a
different port number than the one used earlier). The clients and server will communicate by sending text
between them. You may have noticed that you've already written half the code! Your implementation
of StringReceive is already capable of connecting to the server and displaying any messages sent
between users.

6. Change the port number used by StringReceive in Eclipse to display the instant messages
sent by any client to the server. (If you complete this task early in the session, you may not
see many messages since nobody else is sending any; you should receive a brief welcome
message from the server however.)

Your final task in this workbook is to successfully send messages to the instant messaging server. One
of the difficulties which must be overcome is that reading user input from System.in, and reading data
from the server via a Socket object, both block the execution of your program until data becomes avail-
able. Consequently you must write a multi-threaded application: one thread will run in a loop, blocking
until data is available on a Socket object (and then displaying the information to the user when it's
available); a second thread will run in another loop, blocking until data has been typed in by the user
(and sending the data to the server when it becomes available).

Threads in Java are created either by inheriting from the class java.lang.Thread or implementing
the interface java.lang.Runnable. In either case, you place the code which runs inside the new
thread inside a method with the following prototype

public void run();
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. You should create a new thread via inheritance today, but you will often find it useful to implement the
Runnable interface in more complicated programs because Java only allows a class to inherit code
from one parent.

A partially completed class is shown below:

//TODO: import appropriate classes here

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

  String server = null;
  int port = 0;

  //TODO: parse and decode server and port numbers from "args"
  //      if the server and port number are malformed print the same
  //      error messages as you did for your implementation of StringReceive
  //      and call return in order to halt execution of the program.

  //TODO: why is "s" declared final? Explain in a comment here.
  final Socket s = //TODO: connect to "server" on "port"
  Thread output = new Thread() {
   public void run() {
    //TODO: read bytes from the socket, interpret them as string data and
    //      print the resulting string data to the screen.
   }
  };
  output.start();

  BufferedReader r = new BufferedReader(new InputStreamReader(System.in));
  while( /* TODO: ... */ ) {
   //TODO: read data from the user, blocking until ready. Convert the
   //      string data from the user into an array of bytes and write
   //      the array of bytes to "socket".
   //
   //Hint: call "r.readLine()" to read a new line of input from the user.
   //      this call blocks until a user has written a complete line of text
   //      and presses the enter key.
  }
}

Take a careful look at the use of class Thread in the above code. The variable output is a reference
to an unnamed child of the class Thread which overrides the run method. The method start is then
called on the reference. When output.start() is invoked, the body of method run is executed
and simultaneously execution of the rest of the program proceeds. In other words, the body of run is
executed concurrently with the rest of the program. As a result the above program structure provides
one (new) thread of execution to print out messages from the server, whilst the another (original) thread
of execution handles the user input.

7. Why is the Socket object s declared final? Write a comment above the definition of s to
explain why.

8. Complete the implementation of StringChat by completing the sections marked TODO.

9. Test your implementation works by connecting to java-1b.cl.cam.ac.uk on port 15001
and send (and hopefully receive!) messages from your classmates.
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Ticklet 1
You have now completed all the necessary code to gain your first ticklet. Please generate a jar file which
contains all the code you have written for package uk.ac.cam.crsid.fjava.tick1. Please use
Eclipse to export both the class files and the source files into a jar file called crsid-tick1.jar. Once
you have generated your jar file, check that it contains at least the following classes:

crsid@machine~:> jar tf crsid-tick1.jar
META-INF/MANIFEST.MF
uk/ac/cam/crsid/fjava/tick1/StringChat$1.class
uk/ac/cam/crsid/fjava/tick1/StringChat.class
uk/ac/cam/crsid/fjava/tick1/StringChat.java
uk/ac/cam/crsid/fjava/tick1/StringReceive.class
uk/ac/cam/crsid/fjava/tick1/StringReceive.java
uk/ac/cam/crsid/fjava/tick1/HelloWorld.class
uk/ac/cam/crsid/fjava/tick1/HelloWorld.java
crsid@machine~:>

When you are satisfied you have built the jar correctly, you should submit your jar file as an email
attachment to ticks1b-java@cl.cam.ac.uk.

You should receive an email in response to your submission. The contents of the email will contain
the output from a program (written in Java!) which checks whether your jar file contains all the relevant
files, and whether your program has run successfully or not. If your jar file does not pass the automated
checks, then the response email will tell you what has gone wrong; in this case you should correct any
errors in your work and resubmit your jar file. You can resubmit as many times as you like and there is
no penalty for re-submission. If, after waiting one hour, you have not received any response you should
notify ticks1b-admin@cl.cam.ac.uk of the problem. You should submit a jar file which successfully
passes the automated checks by the deadline, so don't leave it to the last minute!
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