
P3: Concurrency
CSE 335, Spring 2009

Completed project due by Tuesday, April 28 at 11:59 p.m.

Objectives

• Develop a multithreaded application.

• Gain experience working in a team.

• Gain experience using the active-object and monitor patterns.

Description

The NSA has hired your development team to help in the “war on terror.” Your assignment is to build
a system that tracks border crossings by individuals on the terror watchlist. Each border checkpoint
has a server that transmits the names of people as they cross the border. The FBI has a server that
transmits updates to the terror watchlist (names are only added to the list, never removed). Your
system’s job is to listen to these servers and display the data, providing special notifications when a
person on the watch list crosses.

To aid in the development of your software, we have provided you with two testing servers:
watchlist-server and border-server. Each server simulates their real-world counterpart by
transmitting made-up data and random times. We also have provided a client program that can
connect to the servers and print the data it receives. The networking functionality is implemented
by classes in the ssocket library.

Requirements

Your solution must follow the design outlined in Figure 1. Your system should listen to one watchlist
server and three border servers. You should have an active object for each server your system listens
to and a single active object for the GUI. The listener actors should store the data they input into a
shared passive object, the data model. The GUI widgets should use this data model as their source
of information. Because concurrently executing actors will be accessing the data model, the model
should be implemented as a monitor.

The GUI parts of the design deserve some extra explanation. In the figure, the GUI cloud repre-
sents all the GUI widgets and mediators in your system. A GUI manager active object implements
the GUI control loop. Its run method should have a loop that switches back and forth between let-
ting FLTK handle user events and making sure the GUI is up-to-date with respect to the data model.
We discussed a similar implementation in class.1

The requirements for the graphical interface are as follows:

1http://www.cse.msu.edu/˜cse335/S09/03_Architectural_Design/01_Architecture_Intro.pdf
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Figure 1: Object diagram depicting configuration of system.

• It should allow the user to view all the individuals that have crossed the border and their time
of crossing (info. provided by the border server).

• It should enable the user to see which of these border crossers are on the terror watchlist.
Note that all border crossings by a person on the watchlist should be indicated, even if that
crossing took place before their name was added to the list.

• The GUI should automatically stay up-to-date with the incoming information.

• The GUI should be reasonably usable.

Beyond these requirements, you have creative license to make the GUI interface as cool or as lame
as you want (cool is preferred).

Finally, your solution must use the design patterns and techniques we have learned throughout
the semester to support the principles of good design. For example, the server listeners should be
reusable with other types of data models.

Additional Constraints

Since this is a team project, all members of the team must participate. You are encouraged to have
different teammates work independently on different parts of the system and then compose the parts
at the end. Of course, this will require careful planning to ensure that the parts fit together properly.
The design in Figure 1 suggests some possible divisions of labor (i.e., around the different design
components). If you do not participate, you will receive a zero on the project. Poor participation may
result in a deduction. Each member of the team will provide an evaluation of his/her teammates’
contributions at the end of the project (more details to come).

Networking Library and Applications

You will be provided with several directories containing source code. One of them is a a ssocket
directory that contains classes for transferring strings over the network. Specifically, there is a
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String Sender Socket class, which is used to serve strings to clients, and a String Receiver Socket
class, which is used to receive strings from a server.

The servers directory contains the watchlist and border servers that you will use to test your
application. The servers use String Sender Socket objects to transmit their data. There is a
Makefile in the server directory that builds both servers. When you run a server, you must pass it
a port number to listen on. Your team will be assigned a set of port numbers that you can use on
black. For example, the following will launch three servers that listen on ports 7777, 8888, and
9999, respectively:

$ ./watchlist-server 7777 &
$ ./border-server 8888 &
$ ./border-server 9999 &

Note that the “&”s cause the servers to run in the background. You should be careful to kill servers
when you are done with them. Use the following command to list the running jobs:

$ jobs -l
[1] 7559 Running ./watchlist-server 7777 &
[2]- 7560 Running ./border-server 8888 &
[3]+ 7561 Running ./border-server 9999 &

Each job has an index number at the left (1–3 in the example). You can kill each server using its
index, like this:

$ kill %1
$ kill %2
$ kill %3

Again, be sure to kill servers when you are done with them!
The watchlist server sends messages that tell you to add new people to the watchlist. One

message comprises three strings (i.e., you will need to make three calls to receive per message).
The strings are “add” followed by the person’s last and first names.

The border server sends messages that indicate when a person was observed crossing the bor-
der. Similar to the watchlist server, one message comprises three strings. The strings are the date,
followed by the person’s last and first names.

In the client directory, there is a network client application that you can use to test the servers.
The client just connects to a server and prints each string that the server sends on a line. When you
run the client, you must pass it a host and port number. For example, to connect to a server running
on the current machine and listening on port 7777, you should use the command:

$ ./client localhost:7777

The client uses a String Receiver Socket to communicate with the servers. Your code will also
use objects of this type. To understand how to use receiver sockets, read the documentation in
String Receiver Socket.h and look at the client code.
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Procedure

For this project, each team must share a repository. Your team’s repository has already been prepared
for you, complete with the networking libraries discussed previously. The repository is located in:

/user/cse335/S09/team-repos/TEAM/

where “TEAM” is the name of your team (all lowercase). The repository is set up using the trunk-
s/branches/tags schema, and all of the sources have been placed in the trunk. Thus, you will want
to begin by checking out the trunk.

When you complete the project, make sure that you have added and committed all of your files,
and then tag the submission as “submission-P3”.

Hints

• This project uses the ACE library. Look at the example Makefiles to see how to compile
programs that use ACE. Especially, note that you need to set the “-D REENTRANT” compiler
flag.

• This is the first time you will be sharing a repository with others. Be careful not to get in each
others’ way by editing the same file(s) in parallel. When your teammates commit changes to
the repository, you can download those changes to your working copy using “svn update”
(or “svn up” for short). Try to get in the habit of checking for updates before you commit
your own changes.

Extra-Credit Opportunity

For up to five points of extra credit, design your active objects so they incorporate a termination
protocol (a concept we discussed in lecture). That is, your active objects should be capable of
receiving requests to terminate, and in the event of such a request, do so gracefully. Graceful
termination should include such steps as freeing dynamically allocated memory and closing files
and network connections. Threads should also terminate as promptly as possible, so that the human
user does not have to wait an inordinate amount of time for the application to finally quit. Note
that the design of String Receiver Socket is less than ideal for satisfying this requirement. But
regardless, you should use this library class as-is (i.e., do not modify String Receiver Socket).
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