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Name _____________________________________________________________

(Read your question carefully and show your work)

1. Consider the car-caravan analogy in section 1.6. Assume propagation speed of 100 km/hour (all cars travel at the same speed).

a. Suppose a caravan of 3 cars travels 150 km, beginning in front of one tollbooth, passing through the second tollbooth and third tollbooth, and finishing just after passing through the fourth tollbooth. The distance between two tollbooths is 50 km. All cars arrive at a tollbooth before they are sent through a tollbooth. The service time for each car at a tollbooth is 15 seconds. What is the end-to-end delay? (10 points)

b. Now consider that each car is like a packet of a message. As soon as a car arrives at a tollbooth, it is serviced immediately rather than waiting for other cars to arrive. At the beginning they are lined up just before the first tollbooth. Only one car can pass through the tollbooth at a time. What is the end-to-end delay (i.e. all cars had gone through the fourth tollbooth)? Assume that the service time at a tollbooth is 20 seconds. What is the average queuing delay at each tollbooth? (10 +5 points)

Solution:

1 a) The service time for 3 cars at each tollbooth = 3 x 15 = 45 sec

There are 4 tollbooths.

The delay in reaching a tollbooth from the previous one 

= transmission delay + propagation delay

 The delay (for the caravan of 3 cars)in reaching the second tollbooth from the first = (50/100) hr + 45 sec = 1800 sec + 45 sec = 1845 sec.

The delay (for the caravan of 3 cars)in reaching the third tollbooth from the second = (50/100) hr + 45 sec = 1800 sec + 45 sec = 1845 sec.

The delay (for the caravan of 3 cars)in reaching the fourth tollbooth from the third = (50/100) hr + 45 sec = 1800 sec + 45 sec = 1845 sec.

The service time at the fourth tollbooth = 3 x 15 = 45 sec.

( The end-to-end delay =  (1845 x 3) + 45 = 5580 sec = 1 hr 33 mins

b) Queuing delay of the first car at first tollbooth = 0 sec.

    Queuing delay of the second car at first tollbooth = 20 sec.

    Queuing delay of the third car at first tollbooth = 40 sec.

However there is no queuing delay in each of the other tollbooths.

The end-to-end delay = queuing delay + transmission delay + propagation delay

It is sufficient to consider the time required by the third car to compute the total end-to-end delay.

The delay (for the 3rd car ) in reaching the second tollbooth from the first = 40 + 20 + 1800 = 1860 sec

The delay (for the 3rd car ) in reaching the third tollbooth from the second = 0 + 20 + 1800 = 1820 sec

The delay (for the 3rd car ) in reaching the fourth tollbooth from the third = 0 + 20 + 1800 = 1820 sec

The service time at the fourth tollbooth = 20 sec.

( The end-to-end delay = 1860 + 1820 + 1820 + 20 = 5520 sec. = 1hr. 32 mins.

The average queuing delay at the first booth = (0 + 20 + 40)/3 = 20 sec.

No queuing delay at any other booth since time to reach from one booth to the next is grater than service time at a booth.

________________________________________________________________________

2. Consider sending a file of 1,000,000 bits from Host A to Host B. There are two links (and one switch) between A and B, and the links are uncongested (that is, no queuing delay). Host A segments the file into segments of 10,000 bits and adds 100 bits of header. Each link has a transmission rate of 100, 000 bits per second. Find the delay of moving the file from A to B. What would be the delay if the segment size is 5,000 bits with the same size header (100 bits)? (10+10 points)

Solution:
2) We assume the file of 1,000,000 bits is the payload without the header.

 The original file is fragmented into 100 segments of 10,000 bits.

1 fragment has 10,000 bits + 100 bits header.

Assuming there is no queuing delay and propagation delay,

Delay = transmission delay 

R = 100,000 bps

Transmission delay of each segment at host A (first link) = (10,000/100,000) + (100/100,000) = 0.101 sec.

Transmission delay of each segment at the switch (second link) = (10,000/100,000) + (100/100,000) = 0.101 sec.

( Transmission delay of 100 segments = (2 * 0.101 + 99 * 0.101) sec.

  = (0.202 + 9.999) sec. = 10.201 sec.

( Delay in moving the file from host A to host B = 10.201 sec.

Now, let us consider the case when the segment size = 5000 bits.

The original file is fragmented into 200 segments of 5,000 bits.

1 fragment has 5,000 bits + 100 bits header.

Assuming there is no queuing delay and propagation delay,

Delay = transmission delay 

R = 100,000 bps

Transmission delay of each segment at host A (first link) = (5,000/100,000) + (100/100,000) = 0.051 secs.

Transmission delay of each segment at the switch (second link) = (10,000/100,000) + (100/100,000) = 0.051 secs.

( Transmission delay of 200 segments = (2 * 0.051 + 199 * 0.051) sec.

   = (0.051 + 200 * 0.051) sec. = 10.251 sec 

( Delay in moving the file from host A to host B = 10.251 sec.

________________________________________________________________

3. Suppose two hosts are separated by 5,000 kilometers and are connected by a direct link of R = 1540 Kbps. Suppose the propagation speed over the link is 250,000 kilometers/sec. Consider sending a file of 500,000 bits from Host A to Host B. Suppose the file is sent continuously as one big message. What is the maximum number of bits that will be in the link at any given time? What is the width (in meters) of a bit in the link? (10+5 points)

Solution:

3) R = 1540 Kbps.

    Propagation speed = 25 x  104 km/s

    Propagation delay = 5000/250000 = 0.02 sec

   Bandwidth delay product = R * propagation delay = (1540 x 0.02)Kb = 30.8 Kb

 =   30800 bits

The maximum number of bits in the link at any given time = Bandwidth delay product

 = 30800 bits.

Width of a bit = propagation speed / transmission rate = 250000000/1540000 

= 162.338 m

4. Imagine that you have trained your St. Bernard, Bernie, to carry a box of three 8mm tapes instead of a flask of brandy. These tapes each contain 7 gigabytes. The dog can travel to your side, wherever you may be, at 18 km/hour. For what range of distances does Bernie have a higher data rate than a transmission line (ignore propagation delay) whose data rate (excluding overhead) is 150 Mbps? (15 points)

Solution:

4) Amount of data in 3 tapes = 3 x 7 = 21 GB = 21 x 109 bytes = 168 x 109 bits

    Let the distance traveled by Bernie = D m

    Speed of Bernie = 18 km/hr = 5 m/s

    Time required by Bernie to travel distance (D) = D/5 sec

   Data transmission rate of Bernie = 168 x 109 / (D/5) bits/sec = 840 x 109 / D bits/sec

   Transmission rate of the transmission line = 150 Mbps = 150 x 106 bits/sec

   ( equating the data transmission rate of Bernie to the transmission line we get,

   840 x 109 / D  = 150 x 106

   or, D = 5600 m 

 This is the limiting case when the transmission rate of Bernie equals the transmission rate of the transmission line.

 However, we are asked to find the range of distances for which the transmission rate of Bernie exceeds the transmission rate of the transmission line.

( D < 5600m because in this case 840 x 109 / D > 150 x 106

Ans: 0 < Range of Bernie < 5600 m

5. Consider the reliable data transfer (rdt) like TCP. In our communication, bits are never lost but may have errors in transmission. Messages are sequenced 0, 1, and 2. Sender waits for messages from the user in that sequence starting with sequence number 0. Receiver sends back positive ACK and negative NAK receipt of the message. You are designing Stop and Wait protocol (i.e., Sender does not accept any message from the user until the sent message has been received by the receiver.  How many states are needed for the finite state machine (FSM) description of the Sender? Describe each state. Starting with the initial state describe the transitions with actions that happen in the first three states. You do not need to give the transitions and action from the third state (15 points)

5) In this problem 6 states are needed in the FSM description of the sender. 

Description of states:


Wait for call 0 from above (initial state)


Wait for Ack 0


Wait for call 1 from above


Wait for Ack 1


Wait for call 2 from above


Wait for Ack 2

FSM description of first three states along with the transitions and actions are given in the diagram below.

                         rdt_send(data)

   

        

sndpkt=make_pkt(0,data,checksum)



udt_send(sndpkt)








  rdt_rcv(rcvpkt)&&(corrupt(rcvpkt) | | isNAK(rcvpkt))

 






                      udt_send(sndpkt)








                      





    





rdt_rcv(rcvpkt)&& notcorrupt(rcvpkt)&& isACK(rcvpkt)














         ^
(no action)























The process continues

for sequence no.1 and 2

but we are required

to show transitions and 

actions till third state

6. Determine the 1’s complement of the 8 bit checksum of the following message given in hexadecimal

ABCDEF0B3E


The checksum is computed using 8 bit 1’s complement addition. (10 points)

Solution:
6) Message in hexadecimal is ABCDEF0B3E

  AB     1010 1011

+CD
1100 1101


0111 1000

carry

+ 1


0111 1001

EF 
1110 1111


0110 1000

carry

 +1


0110 1001

0B       0000 1011


0111 0100

3E        0011 1110


1011 0010

Taking 1’s complement of 1011 0010 we get 0100 1101 which is 4D hex.

Wait for call 0 from above





Wait for ACK or NAK 0 








Wait for call 1 from above











