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Show all your work very clearly. Partial credits will only be given if you
carefully state your answer with a reasonable justification.
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1)
a) (2 pts each)

i) Name an Internet application that works according tclieat-server paradigm.
i) Name an Internet application that works according tgthie peer-to-peer paradigm.

i) Name an Internet application that works according tdyteid client-server/peer-to-peer
paradigm.

iv) Name an application-layer protocol that is stateless.
v) Name an application-layer protocol that maintains state
b) A user at node A uses FTP to upload four files to node @&deérminating the FTP session.

i) (4 pts) Which of the two nodes is the client and whicé srthe server in this scenario?
You need to briefly explain/justify your answer to receivedit.

i) (6 pts) How many TCP connections in total are establidheig the FTP session? You
need to briefly explain/justify your answer to receivedit.

i) (6 pts) If we want to draw an analogy between FTP andR{Tin what sense FTP
establishes persistent connections, and in what sensstablishes non-persistent
connections? You must briefly explain/justify your answeereceive credit.

c) (6 pts) Suppose you click on a link at your Web browsetowwnload a Web page. Suppose
that the IP address for the associated URL is notechah your local host, so that a DNS
look-up is necessary to obtain the IP address. Supposeydhatiocal DNS server uses
iterative queries and it contactsINNS servers before sending your host the IP addrete of
requested Web server. Each successive contact incurayaadeRTT, i = 1, ...,N. Further
assume that the Web page associated with the linkiosrgactly one object, a small HTML
file with no other referenced objects. Let Ridenote the delay between the local host and the
Web server containing the object. Assuming that the rimesson time of the object can be
neglected, how much time elapses from the time whemwli®et clicks on the link until the
client receives the object?

d) (6 pts) TCP is a reliable transport layer protocol and heelssum field in a TCP segment is
used towards ensuring reliability. But why does a UDP segmawe a checksum field?
Explain briefly.
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2)

a) Assume that there is a router and two links betwedrTdhserver and an FTP client as shown

b)

below. The first link has transmission rate#ps and the second link has transmission rate R
bps. Assume that the client wants to download awilach is divided into three packets each
of size L bits. Assume further that all propagation amt@ssing delays are negligible.

i) (6 pts) How long does it take from the time when theesestarts sending the file until the
client has received the whole file itR R;?

i) (6 pts) How long does it take from the time when theegestarts sending the file until the
client has received the whole file itR R;? How long does the second packet spend in the
router’s buffer?

Router

FTP R, m R, FTP

Server Client

(12 pts) Consider a 1 Mbps channel with a 20 msec one-wgagaton delay, i.e., 40 msec

roundtrip propagation delay. We want to transfer a filsipé 13500 Bytes. Each segment has
a total size of 1625 Bytes including the 125 Bytes header,eaeh segment contains 1500

Bytes of data. When there is data to be transmittedy sagment contains the maximum

number of bytes. Assume that ACK segments are of 128sHghg and there is a processing
delay of 1 msec after a segment is fully receivechatréceiver until the transmission of the

corresponding ACK is startedso-Back-N protocol is used with a window size of N = 4

segments. Assume thatery 6" segment crossing the forward channel is lost while ACKs are
not lost or corrupted. Assume that the processing aglélye sender after an ACK is received
is negligible. How much time is required to completetth@sfer of the whole file and receive

the final ACK at the sender? Assume that the timeouteaich window is set to 50 msec

starting from the beginning of the window.

(6 pts) Consider a transmission link running at 1 Gbps¥@ bps). Assume that the speed of
propagation is 3 x fOokm/s. What is the maximum distance between a TCPcsoand
destination so that a window of size 100,000 Bytes can lyeutilized?
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3)

a) We would like to transfer a 6 MBytes (6xX1Bytes) file using TCP. Assume that the sender is
in the slow start phase at the beginning of the fdaedfer and the slow start threshold is set to
10 MBytes. Assume further that TCP has been modifiealléav very large windows so that
the TCP receive window is always 4 MBytes (4XB3tes) during the entire connection. The
distance between the sender and the receiver is 600@dsmme that the speed of propagation
is 3 x 16 km/s. Each TCP segment has a size of 1000 Bytes. @hsntission speed of the
connection is 100 Mbps (100 x ®1Bps). For simplicity, ignore processing and store-and-
forward delays.

i) (8 pts) Suppose no segments are lost. How long doaeeittd transfer the entire 4 Mbytes
file?

i) (6 pts) What is the average channel utilization, U, dutte transfer of the file?

iii) (8 pts) Redo part i) if the TCP receive window is alwayliBytes (1x16 Bytes) during
the entire connection.

b) (10 pts) Consider the case of two TCP connections sharsmggle link with transmission rate
of R bps, as shown in the figure below. Assume tlvatdonnections have the same MSS, but
RTT. = RTT,/ 2. Also assume that no other TCP connections or Ub&ydans use the shared
link and no packets are lost except for the bottleneckerouBuppose that both TCP
connections are operating in the AIMD mode at all times

TCP Connection 1 (RT)) RTT,=RTT,/ 2

--=""" Bottleneck router ~ TCP Connection 2 (RTJ
with capacity R bps

Similar to what we did in class, use the following figureorder to plot the time evolution of
the joint throughputs realized by two connections assgrthat the joint throughput initially
starts at point A.

Connection
throughput

Connection 1 throughp R
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