Problem 14.
In our solution, the sender will wait until it receives an ACK for a pair of messages (seqnum and seqnum+1) before moving on to the next pair of messages.  Data packets have a data field and carry a two-bit sequence number. That is, the valid sequence numbers are 0, 1, 2, and 3. (Note: you should think about why a 1-bit sequence number

space of 0, 1 only would not work in the solution below.) ACK messages carry the sequence number of the data packet they are acknowledging.

The FSM for the sender and receiver are shown in Figure 2.  Note that the sender state records whether (i) no ACKs have been received for the current pair, (ii) an ACK for seqnum (only) has been received, or an ACK for seqnum+1 (only) has been received. In this figure, we assume that the seqnum is initially 0, and that the sender has sent the first two data messages (to get things going). A timeline trace for the sender and receiver recovering from a lost packet is shown below:
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Figure 2: Sender and receiver for Problem 3.11
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Problem 15.

This problem is a variation on the simple stop and wait protocol (rdt3.0).  Because the channel may lose messages and because the sender may resend a message that one of the receivers has already received (either because of a premature timeout or because the other

receiver has yet to receive the data correctly), sequence numbers are needed.  As in rdt3.0, a 0-bit sequence number will suffice here.

The sender and receiver FSM are shown in Figure 3.  In this problem, the sender state indicates whether the sender has received an ACK from B (only), from C (only) or from neither C nor B. The receiver state indicates which sequence number the receiver is waiting for.
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Figure 3. Sender and receiver for Problem 3.12

Problem 17.

Because the A-to-B channel can lose request messages, A will need to timeout and retransmit its request messages (to be able to recover from loss). Because the channel delays are variable and unknown, it is possible that A will send duplicate requests (i.e., resend a request message that has already been received by B).  To be able to detect duplicate request messages, the protocol will use sequence numbers.  A 1-bit sequence number will suffice for a stop-and-wait type of request/response protocol.

A (the requestor) has 4 states:

· “Wait for Request 0 from above.”  Here the requestor is waiting for a call from above to request a unit of data.  When it receives a request from above, it sends a request message, R0, to B, starts a timer and makes a transition to the “Wait for D0” state.  When in the “Wait for Request 0 from above” state, A ignores anything it receives from B.

· “Wait for D0”.  Here the requestor is waiting for a D0 data message from B.  A timer is always running in this state.  If the timer expires, A sends another R0 message, restarts the timer and remains in this state. If a D0 message is received from B, A stops the time and transits to the “Wait for Request 1 from above” state. If A receives a D1 data message while in this state, it is ignored.

· “Wait for Request 1 from above.”  Here the requestor is again waiting for a call from above to request a unit of data. When it receives a request from above, it sends a request message, R1, to B, starts a timer and makes a transition to the “Wait for D1” state.  When in the “Wait for Request 1 from above” state, A ignores anything it receives from B.

· “Wait for D1”. Here the requestor is waiting for a D1 data message from B.  A timer is always running in this state.  If the timer expires, A sends another R1 message, restarts the timer and remains in this state. If a D1 message is received from B, A stops the timer and transits to the “Wait for Request 0 from above” state. If A receives a D0 data message while in this state, it is ignored.

The data supplier (B) has only two states:

· “Send D0.” In this state, B continues to respond to received R0 messages by sending D0, and then remaining in this state. If B receives a R1 message, then it knows its D0 message has been received correctly.  It thus discards this D0 data (since it has been received at the other side) and then transits to the “Send D1” state, where it will use D1 to send the next requested piece of data.

· “Send D1.” In this state, B continues to respond to received R1 messages by sending D1, and then remaining in this state. If B receives a R1 message, then it knows its D1 message has been received correctly and thus transits to the “Send D1” state.

Problem 20.
There are 
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 possible sequence numbers.

a) The sequence number does not increment by one with each segment. Rather, is increments by the number of bytes of data sent. So the size of the MSS is irrelevant -- the maximum size file that can be sent from A to B is simply the number of bytes representable by 
[image: image4.wmf]Gbytes

 

4.19

2

32

»

.

b) The number of segments is 
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. 66 bytes of header get added to each segment giving a total of 194,156,028 bytes of header. The total number of bytes transmitted is 
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Thus it would take 3,591 seconds = 59 minutes to transmit the file over a 10~Mbps link.
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