1. Switching

Considering a small network of four hosts and three links as depicted in the figure below.  A 1MB message is to be sent from A to D. The bandwidth of links is 0.8 Mbyte/second. Propagation delays of the links are negligible.


Host A ----- Host B------ Host C----------Host D

(A). Assume that circuit switching is used and the total circuit set-up time is 100 ms, what is the time to send the message from A to D? 
(B). Assume that message switching is used and queuing delays are negligible, what is the time to send the message from A to D? 

(C) Assume that packet switching is used, packet size is 240 bytes and header size is 10 bytes, what is the time to send the message from A to D? (WITH PIPELINING)

(D) Same questions in A, B & C but the bandwidth of  the link between host C and host D is 1 Mbyte/s.

2. Performance Analysis

For parts A and B, assume host A is connected to B via a point-to-point duplex link which has a data rate of 1 Mbps and propagation delay of 10 msec.




HOST A------------------------------HOST B

Host A has a large amount of data that must be reliably sent to Host B.  Assuming Stop-and-Wait protocol is used to assure reliable delivery, the data frame size is 1000 bytes each, and the ACK frame size is 64 bytes.

(A). Assuming that Host B takes 0 time to process an incoming data and send an ACK frame back to A, what is the smallest time the retransmission timer can be set to at Host A which eliminates unnecessary retransmissions? 
(B). Assuming there are no transmission errors, what is the link utilization in the direction from A to B?

Hint:
· Link utilization = the time to send a frame without delay and ACK/ the time in A (OR the time to send a frame from A to B + the time an ACK frame back to A)
· Link utilization = size of a frame/ (the time to send a frame from A to B + the time an ACK frame back to A)
 (C). A new, different channel has a bit rate of 4 Kbps and a propagation delay of 20 msec. For what range of frame sizes does stop-and-wait protocol give an efficiency of at least 50 percent?

