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Network Architecture and Protocols |

Problem 1

Consider sending a packet of F bits over a path of (7 links, Each link transmits
it K bps. The network is fightly loaded so that there are no queuing delays.
Propagution delay is negligible.

i

Suppose the network is o packer-switched virtual-circuit network. Dennte
the VC setup time by 1, seconds. Suppase the sending layers add a total of k

bits of header 1o the packet. How long does it take 1o send the file from
sousce o destination”

Suppose the network is a packet-switched datagram network and u connec-

tionless service 15 used. Now suppose each picket has 2h bits of header
How long does it take to send the packet?

Finally, suppose that the network is o circuit-switched network. Furthier sup-
pose that the transmission rate of the circuil between source and destination
i & bps. Assuming 1 setup time and h bits of header appended 1o the

packet, how long does it take to send the packet”
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Problem 2

This elementary problem begins to explore propagition delay and transmission
delay, two central concepts in data networking. Consider two hosts, A and B,
connecied by a single link of rate K bps. Suppose that the two hosts are sepa-
rated by m meters, and suppose the propagation speed along the link is 5
melersisec. Host A is 1o send u packet of size L bits to Host B,

a. Express the propagation delay, dw. in terms of mrand 5.

b. Determine the transmission time of the packet. o _ . 10 terms of L and R.

€. lgnoring processing and queuing delays. obtain an expression for the end-
o-end delay

d. Suppose Host A begins to transmit the packer at time r = (L Atnme r=d
where is the last bit of the packet?

o Supposed . s greater than d . At me r=d, . where 15 the first bit of
the packet’

i lua::}: o 18 less than o, Atume r=d,__, where is the firsi bit of the

g Suppose s =25+ 107, L = 100 bits, and R = 28 kbps. Find the distance m 50
that of - equals o
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Perform a Traceroule between source and destination on the same continent

three different hours of the day,

& Find the uverage and standard deviation of the round-trip delays o each of
the three hours.

b. Find the number of routers in the path at each of the three hours, Did the
paths change during any of the hours?

¢. Try 1 identify the number of ISP networks that the Traceroute packets pass
through from source to destination. Routers with similar names anddor similar
[P addresses should be considered us part of the same ISP In your experimens,
do the Largest delays oceur s the peering interfaces between adjacent ISP?

d. Repeat the above for u source and destination on different continents. Com-
pare the intracontinent and inlercontinent results,

Problem 3
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Problem 4

Suppose two hosts, A and B, are separated by 10,000 kilometers and are con-

nected by a direct link of & = | Mbps. Suppose the propagation speed over the
limk is 2.5 « 10# metersisec.

i How long does it take 1o send the file, assuming it is sent continuously ?

b. Suppose now the file 15 broken up into 10 packets with cach packet contain-
ing S000 bits. Suppose that each packet is scknowledged by the receiver
und the transmission time of an acknowledgment packet is negligible.
Finully, assume that the sender cannot send a packet until the preceding one
is acknowledged. How long does it ke to send the file?

¢. Compare the results from (a) and (b),

o T Ra

Problem 5

In modern packet-switched netwarks, the source host scgments long, application-
liayer 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 nto the original message. We refer 1o this process as message segmenfation,

Figure 1.1 illustrates the end-to-end transport of a message with and without

message segmentation. Consider o message that is 7.5 » 107 bits long that is to be

sent from source Lo destination in Figure 121, Suppose each fink in the ligure is

15 Mbyps. Ignore propagation, quening, and processing delays,

a. Consider sending the message from source 1o destination withour messige
segmentation. How long does it tuke 10 move the message from the source
host 10 the first packet switch? Keeping in mind that each switch uses store-
and-forward packet switching, what is the total time 1o move the message
from source host 1o destnation host?

b. Now suppose that the meseage is segmented into 3,000 packets, with each
packet being 1.500 bits long. How long does it take W move the first packet
fram source host 10 the first switch? When the first packet is being sent
from the first switch to the second switch, the second packet is being sent
from the source host 1o the second switch. At what time will the second
packet be fully received at the first switch®

¢ How long does it take 10 move the file from source host to destination host

when message segmentation 15 used? Compare this result with your answer
m part (a) and comment.
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Figure 1.21 + End4oend message ransport: (o) withaut Message segmean
lafion; (b] with message segmeniation
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