EECS122: Introductionto CommunicatiorNetworks
Midterm 2 Solutions

Problem 1. A sourceprocessandsink processarerunningthe stop-and-vait protocolon two hostsconnectedy a 16 Mbps
802.5tokenring (and neitherhostis usingthe ring for anything else). The maximumtoken-holdingtime is 2 ms, thering
lateng is < 0.3 ms, andthe numberof hostson the ring is < 250. Dataframesare 800 bytes,ack framesare 200 bytes.
Assumethetokensizeis negligible (zero),andsois processingime on the hosts.Assumethering canloseframes but never
the token. Whenthe sourcesendsa paclet, it setsa retransmissiotimer and passeghe paclet to a lower layer, which then
takescareof sendingthe pacletontothering.

a) (2points) Theprotocolis correctfor whatvaluesof theretransmissiotimeout?

Stop-and-vait is correctonly if the timeoutis greaterthanary possibleround-triptime (RTT), sowe must
find themaximumpossibleRTT.

Whenthe sourcesendsa messageby handingit down to a lower layer, that lower layer mustthenwait to
obtainthetoken. Thelongestit might have to wait is whenthetokenhasjustgoneby, andmustgo all theway
aroundagain. Thattakesonering lateng (L), plus up to onetoken-holding-timg(THT) for eachstationthat
might capturethe tokenalongthe way (up to 248 stations becausehe sourcedoesnt wait for itself, andthe
sink hasnoreasorto capturethetoken).

Oncethesourcehasthetoken, it sendghe dataframe(requiringatransmissiorime of %ms) immediately
followedby thetoken.

We mustthenwait for thetokento getto the sink soit cansendthe ackframe. (By thetime thetokenarrives,
thedatamusthave alreadyarrived,becausdt wassentbeforethetoken). This requiresthe propagatiordelay
from the sourceto the sink, plusup to one THT for eachstationthat might capturethe token alongthe way
(again,upto 248stations).

Thenthe sink sendghe ackframe,requiringatransmissiortime of 21%0,\%;655, andwe mustwait for it to reach
the source,requiring the propagatiordelay from the sink to the source. The two propagatiordelays,from

sourceto sink andsink to sourceaddupto L.

In total, we have waitedup to 496 THT + 2L + %5 =992ms+ 0.6 ms+ 0.5 ms= 9931 ms.

Sotheprotocolis correctfor all timeoutvalues> 9931 ms.

This problemwasgradedasfollows: A half pointwasgivenfor indicatingthatthe protocolis correctfor all

timeoutvaluesgreaterthanthe round-triptime (we alsoaccepted>). A half pointwasgivenfor recognizing
thatthereareup to two token rotations(mediaaccesgimes) per round-triptime (one beforethe datais sent,
and one after the datais sentand beforethe ack is sent). One point was given for taking into accountall

threecomponent®f theround-triptime: transmissiorime (for onedataframeandoneackframe,not 250 of

them—tolenringsarenot store-and-fonard),propagatiordelay(oneor two ring latenciesnot 250 of them),
andtoken holding times (248 or 249 or 250 of them pertokenrotation,not one or two). If only two of the
threecomponentsvereincluded thatwasworth a half point. Expressionsippearingnthepagedid notcount
if they werenotactuallyusedto derive thefinal answer Arithmetic errorswereignored.




b) (2 points) If thereareno active stationsbesideshe sourceandsink, andthe actualring lateng is 0.1 ms, andthere
are no transmissiorerrors,what is the efficiency of the protocol? Remembethat an efficiency of 100% meansthe
protocolcandeliver dataasfastasthe network (LAN in thiscasewill allow. Thenetwork mayhave its own inefficiency
(comparedo therateof the physicallayer), but thatis not consideredninefficiency of theretransmissiomrotocol.

Theefficiengy of the protocolis its throughputdivided by the rateof thechanne(LAN).

The throughputof the protocolis onepacket per RTT. Theround-triptime is the transmissiortime of a data
frame, plus the propagatiortime from sourceto sink, ?Iusthe transmissiortime of an ack frame, plus the

propagatiortime from sink to sourcefor atotal of L + fg?wbg’ggs =0.1ms+0.5ms= 0.6 ms.

To obtainthe maximumchannelrate,imaginethat the sourcenever waits for acksbeforesending,andthe
channelnever losespaclets. In this scenariothe sourcesendsas mary pacletsasit canfor one THT, then
letsthetokengo aroundthering beforerepeatingln oneTHT thesourcecansend?2 ms- 16 Mbps- &)BL&Z; =

5 paclets,andit doesthisevery THT + L = 2.1 ms.
Sotheefficiengy of the stop-and-wait protocolis:

lpaclet/0.6ms 2.1

= =709
5paclety2.1ms 5.0.6 70%

An alternateexpressiorfor the efficiency of the stop-and-wait protocolis the overall efficiency (of stop-and-
wait-on-token-ringcomparedo the physicallayer) divided by the efficiencgy of thetokenring:
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This problemwas gradedas follows: For either approach(throughputdivided by channelrate, or overall
efficiency divided by token ring efficiency), one point was given for the numeratorand one point for the
denominatar For the numeratora half point wasgivenfor expressinghroughputasonepaclet perRTT, or
expressingoverall efficiency asonedataframetransmissiorime per RTT; the otherhalf pointwasfor correct
computatiorof RTT. For thedenominatora half pointwasfor understandinghatthe channerateis lessthan
16 Mbps (or thatthetokenring efficiengy is lessthanl) becaus®f the overheadf thering lateng; the other
half pointwasfor correctcomputatiorof the denominatar

Problem 2. Suppose sourceformsfive-bit codavordsfrom two-bit messageby appendinghreecheckbits asfollows:

message: 00 01 10 11
checkbits: 000 011 111 100

a) (2points) How mary bit inversiongpercodavord canarecever alwaysdetect?

Every pair of codevordsdiffer by at leastthreebits, and somediffer by exactly threebits. Althoughthree
bit inversionscould turn onecodevord into anothertwo cannot,sothe recever canalwaysdetectup to two
inversiongpercodevord.

In termsof Hammingdistancethe closestpair of codevords are separatedy a distanceof three, so the
recever canalwaysdetecterrorsaslong astherearelessthanthreeof thempercodevord (soup to two).

A correctanswerwith no explanationandno work showvn received 1.5 points.
b) (2 points) How mary bit inversiongpercodavord canarecever alwayscorrect?

Every pair of codevordsdiffer by at leastthreebits, andsomediffer by exactly threebits. Invertingtwo bits
couldmovethemessageloserto someothercodevord, causinghereceverto guesshewrongcodevord, but
invertingonly onebit alwaysleavesthe messageloserto the original codevord, sothe recever canalways
detectup to oneinversionpercodeavord.

In termsof Hammingdistance the closestpair of codavords are separatedy a distanceof three, so the
recever canalwayscorrecterrorsaslong astherearelessthan3/2 of thempercodevord (soupto one).

A correctanswewith no explanationandno work shovn received 1.5 points.



Problem 3. (2 points) EachATM switchbelav hassix inputs(a—f) andsix outputs(alsoa—f; thelinks arebidirectional). The
virtual circuit tablesshow inputson the left andoutputson theright. A cell containingVCl 6 is enteringinput ¢ of oneof the
switches.Draw thecell (includingits VCI) oneverylink it traverses.

a b8:f5 d
b9: e8
b c6:e7 e
e9:d5 7
a a2:f9 d c fl:bl f a a5:b7 d
a6: f7 6 - J a9: d2
b c2:e6 e b b6:cd e
c6: d6 c4: el
c e7:c8 f a ar:.c7 d c e3:al f
6 - J a9: d4 - J
b b7:f9 e
b8: c2
c d4:b9 f

Problem 4. In thefigure below, thereis a transportiayer connectiorbetweerhostsA andD, andanotherbetweenhostsB
andC, with thedataflowing left-to-rightin bothcasesSupposeill packetsarethesamesize(bothdataandacks),andeverylink
hasa datarate of 10 paclets/secondAssumethe propagatiordelays,queueingdelays,andprocessingime areall negligible
(zero).Becausef theinefficiency of theprotocol,thelinks arenotfully utilized;in particulat theleft-to-righttraffic onlink L
is only 6 paclets/secondn average.

a) (2points) If thetransporiayersusea congestiorcontrolalgorithmthatallocatesbandwidthfairly, whatis the average
throughputof the A-D connection?The B-C connection?

Thetotal throughputs 6 paclets/secondso allocatingbandwidthfairly to thetwo connectiongives3 pack-
ets/secondo eachone.

b) (2 points) Whatnetwork resourcadloesTCP allocate(approximately¥airly?
Storaggtheamountof datain theroutersandon thelinks atary instant).

¢) (2 points) If thetransporfayersare TCRE whatis the averagethroughpuiof the A-D connectionapproximately)?The
B-C connection?

TCPgivesapproximatelythe samewindow W to eachcompetingconnection A connectiorwith awindow of
W hasa throughputof W/RTT. The propagatiordelaysandqueuingdelaysarezero,sothe round-triptime
is composeaf the paclet transmissiortime at eachhop. Every link hasa datarateof 10 paclets/secondso
the paclket transmissiortime is 0.1 secondsFor the A-D connectiona round-tripis tenhops,sothe RTT is
1 secondFor the B-C connectionaround-tripis six hops,sotheRTT is 0.6 secondsThetotal throughputis
6 paclets/secondso:
W W _ 6 paclets
1 second+ 0.6seconds second

W = 2.25 paclets

Thethroughputof the A-D connectioris W/1 second= 2.25 paclets/ secondandthe throughputof the B-C
connectionis W/0.6 seconds= 3.75 paclets/second




