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PART A

1. In a communication graph, there is a link of length 3000 Km and capacity 4Mbps between nodes A and
B. Node C is connected to node B by a 6000 Km long link with capacity 2Mbps_ The link BD is 900
Km long and has 1OMbps Capacity. Assume data travels through these links at speed of light. Speed of
Iight=Jxl O' Km/Sec. (a) What is the transmission delay if(i) A sends a 1000 byte packet to Band (ii)
B sends a 100 byte packet to C? (b) What are the propagation delays between C to Band B to A?
Links are bidirectional. (c) A wants to send a 450 byte packet to D through B. B is supposed to follow
the store and forward model, that is, B will receive the whole packet from A and then start
transmitting the packet to D_ What is the end-to-end delay seen by the packet? (d) Now, A wants to
send a 5_5MB file to D in chunks of 550 byte packets. To prevent any packet loss, when A sends a 550
byte packet to D (same way as explained in (cj), D responds with a 55 byte packet to A (through B)
acknowledging that it has successfully received the packet. Only after receiving the acknowledgement
does A send the next 550 byte packet. Assuming no losses, how long will it take A to send the file to
D? (e) A has finished transmitting everything to D. IfD starts sending 550 byte packets back-to-back to
B, then how many packets will D have transmitted before B starts receiving the first packet sent by D?
What does this value have to do with the term "bandwidth-delay product"? (f) Now suppose A sends
two 600 byte packets back-to-back to C. What is the end-to-end delay experienced by each packet? Is it
different for the two packets? (1+1+1+2+2+2=9)

2. Calculate the latency (from first bit sent to the lat bit received) for the following: (a) 1 Gbps Ethernet
with a single store and forward switch in the path, and a packet size of 4000 bits. Assume that each
link introduces a propagation delay of 11 micro second and that the switch begins retransmitting
immediately after it has finished receiving the packet. (b) Same as (a) but with 4 switches (c) Same as
(b) but assume the switch implements "cut-through" switching. It is also able to begin retransmitting
the packet after the first 256 bits have been received. (2+ 1+3=6)

3. For the following, assume that no data compression is done. Calculate the bandwidth necessary for
transmitting in real time. (a) HDTV high-resolution video at resolution of 1920* 1080,24 bits/pixel, 30
frames / second. (b) POTS (Plain Old Telephone Service) voice audio of 8-bits samples at 8 KHz (c)
GSM mobile voice audio of 260-bit samples at 50 Hz. (d) HDCD high-definition audio of 24-bit
samples at 88.2 KHz (e) For which topology you will use coaxial cable? (0.5x4+ 1=3)
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4. Application transmits data at a steady rate (for example, the sender generates an N-bit unit of data
every k time units, where k is small and fixed). When such an application starts, it will continue running
for relatively longer period of time. Answer the following questions justifying your answer: a) Would a
packet switched network or a circuit switched network more appropriate for this application? Why?
b) Suppose that a packet switched network is used and the only traffic in this network comes from
such applications described above. Assume that the sum of the application data rates is less than the
capacities of each and every link. Is congestion control needed? Why? (2+2=4)

5. In a discrete time slotted system packet sizes are equal and the same are equal to one time slot.
Consider a slot-wise i. i. d. discrete arrival process feeding a cut through switched, infinite buffered,
queue with FCFS service rule that serves at most one packet per time slot in a work conserving
manner. The number of arrivals A(n) in the time slot (n, n+ 1) is a random variable that takes the values
0,1,2, and 3 with probabilities Po, PI, P2, and p, respectively. po+ PI+ P2+P3=1. Find the condition for
stability. Offer physical interpretation. (2+ I=3)

PartB

6. In modem packet switched networks, the source host segments long application layer messages (for
example an image or a music file) into smaller packets and sends the packets into the network. The
receiver then reassembles the packets back into the original message. This process is called message
segmentation. Figure below (Taken from Book written by Prof. Ross and Prof. Kurose) illustrates the
end to end transport of a message with and without segmentation. A 9x 106 bits long message is to be
sent from the source to the destination as shown in the figure. Suppose that capacity of each link in the
figure is 3 Mbps. Ignore propagation, queuing and processing delays. (a) The message is sent from
source to destination without message segmentation. How long does it take to move the message from
the source host to the first packet switch? Assume each packet switch uses a store and forward packet
switching. What is the total time to move the message from the source host to the destination host? (b)
Now suppose that the message is segmented into 3,000 packets, with each packet being 3000 bits long.
How long does it take to move the first packet from the source host to the first packet switch? (c) How
long does it take to move the file from the source to the destination when message segmentation is
used? Compare with part (a). (d) Discuss the drawbacks of message segmentation. (1+1+2+1=5)

Source
a.

Packet switch P~ck<ort~Viitch

• End.bend m@ssage transport: 10)withol) message segmen-
tation; (b) with rnssscqe segmentation.

(Ref: Book Computer Networking: A Top-Down Approach Featuring the Internet: 1. Kurose and K.W. Ross, Pearson)
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7. (a) Prove that inter-arrival time distribution of a Poisson arrival process is exponential.
(b) Discuss the "failure of Poisson arrival model" in the context of internet.
© Why per-flow queuing is desirable? Why it is hard to implement the same? (1+2+2=5)
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