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Three Macintoshes -- the ones across the top of the diagram -- are connected to an AppleTalk network.
Two of the Macintoshes run the student's application program which communicates via whatever protocol
is being studied. The figure shows the sample solution for laboratory 4, the Maze Game, running on the
machines at the ends of the figure. Underneath each machine running the Maze Game is another
Macintosh acting as a debugger. Debugging machines are connected to application machines by a serial
link and control the Macintosh running the application program. A programmer may set breakpoints,
examine and change memory, trace instructions and perform the usual debugging operations on the
application machine through a multiple-window, mouse-oriented program on the debugging machine.
Between the the two application machines is a "spy" -- a promiscuous listener on the network. It can display
all network traffic in a packet format. The spy machine is used to observe how the two application machines
are communicating. Although typical, the exact configuration in Figure 1 is not essential. Debugging
machines may be removed, application machines may be added, multiple networks can be bridged
{possibly using multiple spies), and a "packet injector” program can be run on a Maciniosh connected 1o
the network. These and other configurations were constructed by students during the course. Indeed, an
essential element of the course requires reconfiguration of equipment for investigating different protoco!
issues.

The students were given 7-10 days for each laboratory listed below. Although our environment does not
completely meet our set of criteria for development tools, our students did not complain about a lack of
materials, an undue amount of busywork or the total time to complete an assignment. We did receive
several complaints that some assignments did not include references to documentation that were, in fact,
required for completion of the assignment.

Assignments

1. Practice using the Lisa to program the Macintosh: write & Pascal program that can create a window, write
text to that window, present dialogs to read strings and numbers, and manipulate various dialog controls
{radio buttons, push buttons, check boxes); learn how to move files between Macintoshes, Lisas and
Linix.

2. Practice using the Macintosh Protocol Package and its tools: wire together several networks, write a
Pascal program that can send and receive DDP packets, distinguish broadcast packets from
single-destination packets, accommodate packets of many different types, mainiain several socket
connections, validate packets, inject packets into the network via the Poke program, trace packets via the
Peek program.

3. Write a Time Server and a Timer User: write a program that implements the DoD Internet time server
protocol. The program should use UDP for packet delivery (UDP was provided). Multiple, simultaneous
requests should be handied correctly. Write another program that asks the time from the server. The UDP
package is implemented with soft layering, so the time server must be fit into the same paradigm.

4, Implement a distributed Maze game: write a program that uses a Maze-Game protocol for playing a
version of Maze War. The protocol describes how players report their positions and interactions with other
players. Students must also implement features of the protocol for players entering the game and leaving
the game. No "master” host can be used -- the protocol is egalitarian.

5. Implement a reliable byte stream: Use the P5 (full-duplex, sliding-window, byte-stream protocol with
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retransmission on timeout and piggy-backed acknowledgements) protocol given in Tanenbaum (P6 for
extra credit -- P6 uses a more sophisticated acknowledgement technigue). Write a program that
implements the Unix "talk" program on the Macintosh, i.e., divide the screen into two windows where the
teft window displays all characters typed on a local machine and the right window displays all characters
typed on a remote machine. The program should use AppleTalk's Name Binding Protoco! for connection
setup.

6. Measure file transfer protocels: Write a program that uses a half-duplex protoco! {packet/acknowledge)
for transferring a file using DDP. Compare the performance of the program with a (provided) program that
implements the DoD Internet Trivial File Transfer Protocol {also a half-duptex protocel but with two extra
protocol layers: UDP and IP}.





