
EECS122: Introductionto CommunicationNetworks

Midterm2 Solutions

Problem 1. A sourceprocessandsink processarerunningthestop-and-wait protocolon two hostsconnectedby a 16 Mbps
802.5token ring (andneitherhost is using the ring for anything else). The maximumtoken-holdingtime is 2 ms, the ring
latency is

�
0 � 3 ms, and the numberof hostson the ring is

�
250. Data framesare800 bytes,ack framesare200 bytes.

Assumethetokensizeis negligible (zero),andsois processingtime on thehosts.Assumethering canloseframes,but never
the token. Whenthe sourcesendsa packet, it setsa retransmissiontimer andpassesthe packet to a lower layer, which then
takescareof sendingthepacketontothering.

a) (2 points) Theprotocolis correctfor whatvaluesof theretransmissiontimeout?

Stop-and-wait is correctonly if the timeoutis greaterthanany possibleround-triptime (RTT), so we must
find themaximumpossibleRTT.

Whenthe sourcesendsa message,by handingit down to a lower layer, that lower layer must thenwait to
obtainthetoken.Thelongestit mighthaveto wait is whenthetokenhasjustgoneby, andmustgoall theway
aroundagain.That takesonering latency (L), plusup to onetoken-holding-time(THT) for eachstationthat
might capturethetokenalongtheway (up to 248stations,becausethesourcedoesn’t wait for itself, andthe
sinkhasno reasonto capturethetoken).

Oncethesourcehasthetoken,it sendsthedataframe(requiringa transmissiontimeof 800 bytes
16 Mbps ) immediately

followedby thetoken.

We mustthenwait for thetokento getto thesinksoit cansendtheackframe.(By thetime thetokenarrives,
thedatamusthavealreadyarrived,becauseit wassentbeforethetoken).This requiresthepropagationdelay
from thesourceto thesink, plusup to oneTHT for eachstationthatmight capturethe tokenalongtheway
(again,up to 248stations).

Thenthesink sendstheackframe,requiringa transmissiontime of 200 bytes
16 Mbps , andwe mustwait for it to reach

the source,requiringthe propagationdelayfrom the sink to the source.The two propagationdelays,from
sourceto sinkandsink to source,addup to L.

In total,we havewaitedup to 496THT � 2L � 1000bytes
16 Mbps � 992ms � 0 � 6 ms � 0 � 5 ms � 993� 1 ms.

Sotheprotocolis correctfor all timeoutvalues� 993� 1 ms.

This problemwasgradedasfollows: A half point wasgivenfor indicatingthat theprotocolis correctfor all
timeoutvaluesgreaterthantheround-triptime (we alsoaccepted� ). A half point wasgivenfor recognizing
that thereareup to two tokenrotations(mediaaccesstimes)perround-triptime (onebeforethedatais sent,
andoneafter the datais sentandbeforethe ack is sent). Onepoint wasgiven for taking into accountall
threecomponentsof theround-triptime: transmissiontime(for onedataframeandoneackframe,not250of
them—tokenringsarenotstore-and-forward),propagationdelay(oneor two ring latencies,not250of them),
andtokenholding times(248 or 249or 250of themper tokenrotation,not oneor two). If only two of the
threecomponentswereincluded,thatwasworthahalf point. Expressionsappearingonthepagedid notcount
if they werenot actuallyusedto derive thefinal answer. Arithmetic errorswereignored.



b) (2 points) If thereareno active stationsbesidesthe sourceandsink, andthe actualring latency is 0.1 ms,andthere
are no transmissionerrors,what is the efficiency of the protocol? Rememberthat an efficiency of 100% meansthe
protocolcandeliverdataasfastasthenetwork (LAN in thiscase)will allow. Thenetwork mayhave its own inefficiency
(comparedto therateof thephysicallayer),but thatis not consideredaninefficiency of theretransmissionprotocol.

Theefficiency of theprotocolis its throughputdividedby therateof thechannel(LAN).

Thethroughputof theprotocolis onepacket perRTT. Theround-triptime is thetransmissiontime of a data
frame,plus the propagationtime from sourceto sink, plus the transmissiontime of an ack frame,plus the
propagationtime from sink to source,for a totalof L � 1000bytes

16 Mbps � 0 � 1 ms � 0 � 5 ms � 0 � 6 ms.

To obtainthe maximumchannelrate, imaginethat the sourcenever waits for acksbeforesending,andthe
channelnever losespackets. In this scenario,the sourcesendsasmany packetsasit canfor oneTHT, then
letsthetokengoaroundthering beforerepeating.In oneTHT thesourcecansend2 ms � 16Mbps � 1 packet

800 bytes �
5 packets,andit doesthiseveryTHT � L � 2 � 1 ms.

Sotheefficiency of thestop-and-wait protocolis:

1 packet� 0 � 6 ms
5 packets� 2 � 1 ms �

2 � 1
5 � 0 � 6 � 70%

An alternateexpressionfor theefficiency of thestop-and-wait protocolis theoverall efficiency (of stop-and-
wait-on-token-ringcomparedto thephysicallayer)dividedby theefficiency of thetokenring:

800 bytes� 16 Mbps
RTT
THT

THT 	 L
�

0 � 4 ms� 0 � 6 ms
2 ms� 2 � 1 ms �

0 � 4 � 2 � 1
0 � 6 � 2 � 70%

This problemwas gradedas follows: For eitherapproach(throughputdivided by channelrate, or overall
efficiency divided by token ring efficiency), one point was given for the numeratorand one point for the
denominator. For thenumerator, a half point wasgivenfor expressingthroughputasonepacket perRTT, or
expressingoverallefficiency asonedataframetransmissiontimeperRTT; theotherhalf pointwasfor correct
computationof RTT. For thedenominator, ahalf pointwasfor understandingthatthechannelrateis lessthan
16Mbps(or thatthetokenring efficiency is lessthan1) becauseof theoverheadof thering latency; theother
half point wasfor correctcomputationof thedenominator.

Problem 2. Supposea sourceformsfive-bit codewordsfrom two-bit messagesby appendingthreecheckbits asfollows:

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

a) (2 points) How many bit inversionspercodewordcana receiveralwaysdetect?

Every pair of codewordsdiffer by at leastthreebits, andsomediffer by exactly threebits. Although three
bit inversionscould turn onecodeword into another, two cannot,sothereceiver canalwaysdetectup to two
inversionspercodeword.

In termsof Hammingdistance,the closestpair of codewordsare separatedby a distanceof three,so the
receivercanalwaysdetecterrorsaslongastherearelessthanthreeof thempercodeword(soup to two).

A correctanswerwith no explanationandnowork shown received1.5points.

b) (2 points) How many bit inversionspercodewordcana receiveralwayscorrect?

Every pair of codewordsdiffer by at leastthreebits, andsomediffer by exactly threebits. Invertingtwo bits
couldmovethemessagecloserto someothercodeword,causingthereceiverto guessthewrongcodeword,but
invertingonly onebit alwaysleavesthemessagecloserto theoriginal codeword, so thereceiver canalways
detectup to oneinversionpercodeword.

In termsof Hammingdistance,the closestpair of codewordsare separatedby a distanceof three,so the
receivercanalwayscorrecterrorsaslongastherearelessthan3/2 of thempercodeword(soup to one).

A correctanswerwith no explanationandnowork shown received1.5points.



Problem 3. (2 points) EachATM switchbelow hassix inputs(a–f)andsix outputs(alsoa–f; thelinks arebidirectional).The
virtual
 circuit tablesshow inputson theleft andoutputson theright. A cell containingVCI 6 is enteringinput c of oneof the
switches.Draw thecell (includingits VCI) on every link it traverses.
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Problem 4. In the figurebelow, thereis a transportlayer connectionbetweenhostsA andD, andanotherbetweenhostsB
andC,with thedataflowing left-to-rightin bothcases.Supposeall packetsarethesamesize(bothdataandacks),andeverylink
hasa datarateof 10 packets/second.Assumethepropagationdelays,queueingdelays,andprocessingtime areall negligible
(zero).Becauseof theinefficiency of theprotocol,thelinks arenot fully utilized; in particular, theleft-to-right traffic on link L
is only 6 packets/secondon average.

link L

host A router

host B

routerrouter

router host D

host C

a) (2 points) If thetransportlayersusea congestioncontrolalgorithmthatallocatesbandwidthfairly, whatis theaverage
throughputof theA-D connection?TheB-C connection?

Thetotal throughputis 6 packets/second,soallocatingbandwidthfairly to thetwo connectionsgives3 pack-
ets/secondto eachone.

b) (2 points) Whatnetwork resourcedoesTCPallocate(approximately)fairly?

Storage(theamountof datain theroutersandon thelinks at any instant).

c) (2 points) If thetransportlayersareTCP, whatis theaveragethroughputof theA-D connection(approximately)?The
B-C connection?

TCPgivesapproximatelythesamewindow W to eachcompetingconnection.A connectionwith awindow of
W hasa throughputof W � RTT. Thepropagationdelaysandqueuingdelaysarezero,so theround-triptime
is composedof thepacket transmissiontime at eachhop. Every link hasa datarateof 10 packets/second,so
thepacket transmissiontime is 0.1 seconds.For theA-D connection,a round-tripis tenhops,sotheRTT is
1 second.For theB-C connection,a round-tripis six hops,sotheRTT is 0.6seconds.Thetotal throughputis
6 packets/second,so:

W
1 second

� W
0 � 6 seconds�

6 packets
second

W � 2 � 25packets

Thethroughputof theA-D connectionis W � 1 second� 2 � 25 packets� second, andthethroughputof theB-C
connectionis W � 0 � 6 seconds� 3 � 75packets� second.


