CMPT-401 Assignment 4

1. The deadline

4:30pm, Nov. 12th, Friday, 2004.

2. Where to submit?

Please drop your homework into the assignment box outside the CS main office. Make sure you get the right box: there is a “CMPT 401” tag on it.

3. Policy

Unless otherwise specified, all assignments handed in late will be penalized, with those handed in one day late losing 10%, and those being handed in two days late losing 20%. No assignment will be accepted more than two days late.

No collaboration allowed.

4. Questions (33 points)

Q1. (2 points). In the central server algorithm for mutual exclusion, describe a situation in which two requests are not processed in happened-before order.

Key: Event A happens before B but B arrives at the central server before A does.

Q2. (2 points). Give an example execution of the ring-based algorithm to show that processes are not necessarily granted entry to the critical section in happened-before order.

Key: Similar to Q1. The token may be grabbed by B first then A. However, A happens before B.

Q3. (4 points). In a certain system, each process typically uses a critical section many times before another process requires it. Explain why Ricart and Agrawala’s mutual exclusion algorithm is inefficient for this case, and describe how to improve its performance.

Key: The RA algorithm requires that each entry to the CR needs permission from all other members. If a process needs to enter CR for n times, it is required to send the request n times to group members, which wastes the time and bandwidth.

A possible improvement is: Suppose process P just leaves its CR. If its wants to enter CR again, it can just simple do that if no process in its waiting queue.

Q4. (2 points). In the Bully algorithm, a recovering process starts an election and will become the new coordinator if it has a higher identifier than the current incumbent. Is this a necessary feature of the algorithm?

Key: no. Instead of sending an ELECTION message, a recovered process can send an inquiry asking who is the coordinator now. Hence, avoid a new round of election.

Q5. (2 points). In ring-based election algorithm, it is possible to have two ELECTION messages circulating simultaneously. While it does not harm to have two of them, it would be more elegant if one could be killed off. Devise an algorithm for doing this without affecting the operation of the basic election algorithm.

Key: Suppose it takes time t for a message to circulate once. If a node receives two ELECTION messages within the period of t, it can discard the second message.

Q6. (4 points). In the centralized algorithm for mutual exclusion, suppose that the coordinator crashes. Does this always bring the system down? If not, under what circumstance does this happen? Is there any way to avoid the problem and make the system able to tolerate coordinator crashes?

Key:  It will bring the system down if there is any request to enter CR from clients. To be fault-tolerant, it had better use some election algorithm.

Q7. (3 points). A distributed system may have multiple, independent critical regions. Imagine that process 0 wants to enter critical region A and process 1 wants to enter critical region B. Can Ricart and Agrawala’s algorithm lead to deadlocks? Explain your answer.

Key: Yes. One scenery:  Process P1 gets resource A, P2 gets B, P1 asks for B, P2 asks for A.

Q8. (2 points). We have repeatedly said that when a transaction is aborted, the world is restored to its previous state, as though the transaction had never happened. We lied. Give an example where resetting the world is impossible.

Key: Any reasonable example.

Q9. (4 points). Please list the assumptions made by the snapshot algorithm that we discussed. And explain what could happen if these assumptions no longer hold.

Key: 1)There are no failures and all messages arrive intact and only once  2)The communication channels are unidirectional and FIFO ordered  3)There is a communication path between any two processes in the system.

Break of 1): if a node fails, the algorithm won’t terminate. 

Break of 2): if it is not FIFO, the global state taken won’t be correct

Break of 3): If not, the algorithm won’t terminate.

Q10. (8 points). This exercise is about Lamport and vector timestamps. Here you can find a chat program written in Java RMI. For convenience a script to compile and run the program is included. That is, after unpacking the file you can (on Linux) execute the following to compile the program:

 ./compile

After this, you should start the program three times on different terminals by the command: 

./run n A B C

where n is the number of the terminal the program should run on (1-3). 

When all programs have started you should press enter on each of the terminals. You are then ready to send messages between the programs. Each message you type in should be prefixed by the terminal number you want the message to appear on. For example: 

2 This is a message to terminal two

You may observe that in this program there is not distinguished clients and servers: All the programs are identical and play the role of both client and servers. 

The exercises: 

1. Extended the program to maintain and show Lamport timestamps 

2. Extend the program to also show vector timestamps. 

