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Instructions
1. Read all instructions.  Failure to follow instructions will result in loss of points.

2. This is a closed-book examination. 

3. You are permitted one 8.5 by 11 inch sheet of notes (both sides OK) that you have prepared.

4. You are permitted 80 minutes to complete this examination.
5. Do not start the exam until the proctor has told you to start.
6. Answer any three (3) questions, and no more.  
7. Leave sufficient room in the upper lefthand corner for the staple and staple your answer sheets in the room you have left.

8. Start the answer to each question on a new page (i.e., do not put the answer to more than one question on the same page).

9. Use exactly one page of paper (both sides is OK, or two pages front side only) to hold the answer to each question, and please write legibly.

10. Put the question number in the top center of each answer page and label each part of the question answer.

11. Show your work.

12. Include your last name and page number in the upper right hand corner of each answer page.

13. Assemble your answers in numerical order of the questions when you submit them.

14. Print your family name and first initial in the upper right hand corner of this page, and complete the honor statement affirmation below.

Read and sign the following statement.  This page MUST be attached to your examination answers and MUST be completed to obtain credit for this examination.

On my honor, I have neither given nor received unauthorized aid on this examination.

Signed ________________________________________

Printed Name: __________________________________

UFID: ____________-_____________

1. Suppose you want to transfer a file of size L=1,000,000 bytes through a network over a path of k=5 hops, each of which has a data rate of R=2 Mbps. Set-up time is S=500 ms. when it is needed, packet payload length is 1,000 bytes when it is needed, and headers are H=60 bytes when they are needed.  Consider processing delay and queuing delay to be negligible, and the medium to be reliable (i.e., do not consider acknowledgements or retransmissions). 

a. How much time will the transfer take for a circuit-switched network?  Explain.

b. How much time will the transfer take for a message-switched network?  Explain.

c. How much time will the transfer take for a packet-switched network?  Explain.

d. Are there any combinations of L, k, R, P, and H for which message-switching is faster than packet-switching?  Explain. 

2. Compare circuit switching and packet switching.  

a. Which type of network protocol gains greater advantage from long duration connections?  Explain why.

b. Which type of network protocol gains greater advantage from applications that present traffic in the form of intermittent bursts?  Explain why. 

c. Which type of network typically has intelligence in the middle and dumb end devices?  Why is this the case for this type of network, and why would this historically be expected? 

d. In what ways does virtual circuit switching combine circuit switching and packet switching? Is it the best of both worlds, or the worst, or something else.  Explain.   

3. Interprocess Communication and Sockets

a. What is needed to identify a process on the Internet?  Explain. 

b. What is the difference between a client process and a server process?   How does this manifest itself in the way that sockets are opened for each of these process types?  Explain.

c. How does server socket handling differ in TCP and UDP?  Why? 

d. Consider a multi-threaded server that listens on one well-known port that is servicing five clients at the same time.  How many sockets will the server have if it is a connectionless server?  How many if it is a connection oriented server?  Explain.  

4. Consider a link with length 500 km and data rate 8 Gbps. Assume that the propagation speed is 2.5 x 108 mps. Packets are 1,000 bytes, including header. 

a. With continuous transmission, how many bits are on the link at a time?

b. What is the protocol utilization for Stop-and-Wait ARQ? 

c. How large does the sender’s window have to be to achieve maximum utilization for GBN-ARQ?

d. How many bits of sequence number are needed (assuming packets are numbered sequentially) for GBN-ARQ?  For SR-ARQ?

5. Consider application requirements.

a. Characterize applications that would be best served by TCP.  Explain.

b. Characterize applications that would be best served by UDP.  Explain.

c. What type of application is served well by neither TCP nor UDP?  Explain.

d.  How would you design a transport layer service that satisfies these types of applications?  Explain and justify your answer.  
