5 118 Spring 2011 : Homework 4

Problem 1

In the rdtd3. 0 protocol, the AUCK packets that How from the receiver buack to the sender don’t have scquenoe

mumboers, even though they do bave an ACK ficld that contains the segquence number of the data packet that
they are acknowledsing. Why don’t these ACK packets necd sequence numbers?

Cronsider why we necded sequence numbers 1o the brst place. We saw that the sender needs sequence immbers
=0 that the reeeciver can tell if a data packet 15 2 duphicate of an already received data packet. In the casc
of ACKs, the sender does not need this info (e, & sequence number on an ACK) to tell detect a0 duplicate
ACK. A duplicate ACK i obwious to the rdt3 () receiver, since when it has reecived the onginal ACK it
transitioned to the next state. The duplicate ACK i not the ACK that the sendoer necds and henoe 15 enored
by the rdt3.0) sender.

Problem 2

Consider the Go-Back-N (GBN) protocol with a sender window size (N) of 3 and a sufficiently large sequence
mumber range. Suppose that, at tirme £, the next in-order packet that the recelver s expecting has a scquence
mumber of k. Assume that the mesdinm does not reorder messages.

. What are all possible values of the ACK held inoall possible messapes curmently propagating back to

the sender at time £7 Justify your answer.

b. Following (a), what are the possible sets of sequenoe nnmbers inside the sender’s window at time 87

Jusstify your answer.

a. (Given that the recciver is waiting for packet k, then it has already received (and ACKed) packet k-1
and the N-1 packets boefore that., If none of those N ACKs have been yot received by the sender, then
ACK messages with valmes of [ N,k 1] (ie, [k 3,k 1]) may still be propagating back.

b. Let's discuss two boundary situation:

Suppose all of these ACKs in (a) have been meecived by the sender, then sender’s window is [k, BV 1]

(i, [k, &1 2]).

suppse none of the ACKs have been wet recetved at the sender. To thas second case, the sender’s
window contains & 1 and the N packets ap to and incloding & L. The sender’s window 15 thas

k- N,k 1] (ie, [k 3 & 1]).

By these arpuments, the senders window 15 of siee 3 and berins somewhere in the range of £ 3 and k.

Problem 3

Consider an HTTT chient that neods to retneve a single object of seee (O = 100 KBytes from an HTTT
server.  Assume we ane wsing non-persistent HT'TT. I the meeamum sepment siee 5 15 536 Bytes, RTT =
L0 misee, and the transport protocol s TOT with a static window sme W

a. For a transmission rate of 28 kbps (that’s kilobits per second), determine the minimum possible lateney.

Determine the minimum window siee that achoeves this latency.
b. Repeat (a) for 100 kbps.

c. Repeat (a) for 10 Mbyes.
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The object consists of 100 KBytes/536 Byte ~ 187 packets (scgments).
The minimum window needs to be greater than the (bandwidth-delay prodoct (536) to fully otilize the link,
and no preater than 187,

a. Latency — TCOP sctup | request fresponse = 0.1 sec | [00] see | (800 kb [/ 28 kbps)] = 2877 sec
W = 0.1 sce * 28 kbps [/ 536 byte | 1 = 165

The minirmmmem window siee 15 20

b, Latency = 0.1 see | 0.1 sec | (800 kb / 100 kbps) — 8.2 sex
W = 0.1 sce * 100 kbps [/ 536 byte | 1 = 333

The minirooem window s1ee 15 4.

¢. Latency = 0.1 see | 0.1 sec | (800 kb / 10000 kbps) = 0,28 see
W = 0.1 sce * 10000 kbps [ 536 byte | 1 — 234.20
The minimmm window sise s 187 (235 > 187).

Usually the window siee i exprossod in number of segrmenis.

Here woe allow you to express it in bytes: 2536 bytes, 4%¥536 bytes, 18T*536 bytes.

Problem 4

This problem is about estimating round-trip times (RTTs). Given o = (0.1, let Sample RTT, be the moest
recent sample BT, ket Soamgple KTT,  be the next most recent sample RTT, and so on.

g In a TCI* connection, suppose four acknowledgments hase been retorned with corresponding sample
RTTs Samgde Ty, SampleRTT,, SampleRTT, and Sample BTT;. Exproes EstimalcdRTT, the
estimated RTT after all four ACKs have been reccived,, in termes of the four sample RTT s,

b, Exproess this as a peneral formula for nosample RTTs.

a. If Estrrnatcd BT Ty 15 the estimate after the nth sample:

FEstimated TTTy, =Sample TTT,
Estimated RTTy —x - Sample RTT; | (1 - x) - Semple RTT,
Estimated RTTy = - Sumple RTTy | (] )+ Estirnated RTT,
=« Sample RTTy | (1 z)[z- SampleRTT; | (1 x) - Sample RTT) |
)
)

H

== « Sample RTTy | (1 « %« Sample RTT; | (1 u'.'}z « Sarnple T
Estimated RTTy —x - SampleRTTy | (1 x) - Estimated RTT,
==« SampleRTTy | (1 - ) = Somple RTT,
I (1 =)z SampleRTT; | (1 =) - Sample RTT,

!

h. EsttrnatedRTTh = x - E?_.JI:I I]E“ 1. Sample RTT; | (1 u'.'}{ﬂ . Sample RTT,
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