EECS122: Introductionto CommunicatiorNetworks
Midterm 1 Solutions

Problem 1. (2 points) Two nodesare connectedoy a point-to-pointlink with a propagation
delayof 1 us anda datarate of 10 Mbps. How long after one nodebegins sendinga 1000 byte
pacletwill it becompletelyrecevedby theother?

We first needto getthe paclet onto the link (this is the transmissiortime), thenwe
needto getthe lastbit acrossthe link (this is the propagatiordelay). Or thoughtof
anothemay, wefirst needto getthefirst bit acrosghelink (propagatioriime),thenwe
needto getthe paclet off thelink andonto the destinatiornode(transmissiortime).
Eitherway thetotal time is the sumof transmissioriime andpropagatiordelay

8 bits second. ' 10° ps _ 800y
byte 10x 10° bits second

transmissiortime = 1000bytes

propagatioriime = 1 us
totaltime=801us

Problem 2. (2 points) If a mail transferagentwishesto senda messageo foo@barcom, it
mustopena connectiorto port 25 of somelP addressHow doesit determinethe IP address?A
sentencer two is sufficient.)

TheMTA first looksup the mail exchangeffor thedomainname(barcom)usingDNS
(the domainnamesystem). The mail exchangeris returnedas a hostname,so the
MTA thenlooksupthelP addresgor thathostnameagainusingDNS.

(Noticethatthe MTA mightendup talking to two differentnameseners,becausehe
nameof the mail exchangeifor barcomneednot endwith “bar.com”.)

Answersthatneglectedto talk aboutmail exchangersor neglectedto talk aboutDNS
(ornameseners),recevedatmostonepoint, possiblylessif therewereothermistales

(likelooking up “foo@barcom”, which is notadomainnameandthereforecannotbe
lookupupin DNS).



Problem 3.

a) (2 points) Label the figure below to shav all addresseshat exist in the network. Use
lettersto representP addresseandintegersto represenkEthernetaddresses.

Onepossiblecorrectanswels shavn belov. EveryinterfacehasbothanEthernet
addressaindan|P addressexceptthatan Ethernetswitchis transparentsoit has
no addressesAn Ethernetswitchis a drop-inreplacementor a hub, soframes
areneveraddressetb theswitch,only to hosts(includingrouters) andtheswitch

copiestheframeswithout alteringthem.We did notdeductary pointsif Ethernet
addresswvere assignedo the switch, but we did deducta half point if ary IP

addressewereassignedo the switch,becausdt is alink-layer device andhasno

network layer.

Sincethe router hastwo interfaces,it needstwo setsof addressesAt the Eth-
ernetlayer, this is simply becausehe Ethernetaddresphysicallyresideson the
interfacehardware,andtherearetwo interfaces.At the IP layer, it's becausean
IP addresdastheform nethost andeachinterfaceis on a differentnetwork (the
whole purposeof arouteris to forward datagramg$rom onenetwork to another).
Assigningonly oneEthernetaddressandonelP addresgo therouterwasa one-
pointdeduction;assigningwo Ethernetaddresseandonly onelP addressvasa
half-pointdeduction.

guinevere %&im‘et arthur IP router lancelot

G A X Y L
1 2 3 4 5
Ethernet segment 1 Ethernet segment 2 Ethernet segment 3
to arthur: 12 G A 12 G A
tolancelot | 3 3 G 13 GL 45 GL

b) (2 points) Supposeuinereresendsa pacletto arthur In eachrectanglen thefirst row,
write all addressethatappeatrin the headersasthe paclet traversesthe Ethernetsegment
abovetherectangle.

Hostsusethe network layerto sendpacletsto otherhosts,andthe network layer
usesthelink layerto sendthesepacletsonehopatatime. Sothe pacletwill be
an|P datagram(with sourceanddestinationP addressesgncapsulatethsidean
Ethernetframe (with sourceand destinationEthernetaddresses)The switchis
transparentsothe pacletis the sameon Ethernetsggmentsl and?2.

Onecommonmistale wasto leave out the IP addresseswhich costone point.
Even for hostson the samenetwork, the IP layer is still presentand function-
ing (becausehe transportlayer above the IP layer knows how to talk to the IP
layer, but not how to talk to thelink layer). This wasillustratedin the solutionto
homevork 3 problem2.



c) (2 points) Now supposeguinevere sendsa paclet to lancelot. Fill in the secondrow of
rectanglessin partb.

The IP datagrancontainssourceand destinationlP addressesf guinevereand
lancelot,but thistimeit is forwardin two hops.For thefirst hop,it is encapsulated
insideanEtherneframegoingfrom guinevereto therouter;for thesecondcop, it
is encapsulatethsideanEthernetframegoingfrom therouterto lancelot.Again,
theswitchis transparentsothe pacletis the sameon Ethernetsggmentsl and2.

ThelP addressewereworthonepoint,andtheEthernetaddressesereworthone

point. If therouterwasassigneanly oneEthernetaddressye alreadydeducted
a whole point for thatin parta, so we did not deductagainfor it here. (If we

accidentallydeductedwice for this mistale, tell us.)

d) (2points) How doesguineveredecidewhoseEthernetaddresso sendeachpacletto, and
how aretheseaddressekearned?Briefly describethe mechanism# afew sentences.)

Therearetwo questions—whoseaddressandhow is it learned?Notice thatin
partb guineveresendgsheframeto thedestination(arthur),while in partc guine-
veresendgheframeto therouter Thischoiceis basecnwhetherthedestination
is on the samenetwork asthe source which is determinedusingthe sourceand
destinationIP addresseand the netmask. This was discussedn section3.3.2
of the textbook, and explainedmore clearly on the “Internet model” web page
(which waslinked from the Announcementsection),andwasintegral to the so-
lution of homevork 3 problem10.

Regardlessof whoseEthernetaddresss chosenit is discoveredusingARP (the
addresgesolutionprotocol). The sourcebroadcasts messagen the local net-
work askingwho hasa particularIP addressandthe owner of that IP address
sendsarespons&ontainingits Ethernetaddress.

Onepoint wasawardedfor the first question,andonepoint for the second.For
the secondjuestion githermentioningARP or describinghow it workswassuf-
ficient. For thefirst questionyrecognizingthatthe framewill be addressetb the
destinatioror therouterdependingon whetherthe destinationis on thelocal net-
work wasworth a half-point, anddescribingthe correctmethodfor makingthis
determinatiorearnedhe otherhalf-point. A commonanswemwasto useARP to
determinewhetherthe destinationwaslocal, but ARP is not usedfor that, it is
usedonly to maplP addresse® link-layer addresseslhedestinationlP address
determineswvhetherthe destinationis local, andfailure to getan ARP response
meanghehostor the network is down.



Problem 4.

a) (2 points) The nodesbelov have beenrunninga shortest-patmouting protocol (suchas
RIP or OSPF)ongenoughthatthepathshave stabilized.Show theroutingtablesfor nodesA
andD. Usea separateow for every destinatiomode indicatingthe next nodeon the path.

The answeris shavn belon. A routing table mapsdestinationgo next hops,
wherea next hop simply tells the routerhow to forward the paclet to the next
router A next hopdoesnotincludethe entire paththatthe pacletwill follow. In
reallife, anext hopis aninterfacelD (like “my 3" interface”), plusthe address
of thenext routeronthe pathif thatinterfaceis attachedo amultipointlink. The
picture belonv shows no interfacelDs or link 1Ds, so the problemasked for the
next node.Onepointwasawardedfor demonstratingnunderstandingf whata
routingtableis, andanothempoint wasfor indicatingthe correctshortespaths.

A’s routing table

B: B

C:B
D: B
E: E

b) (2 points) ExecuteDijkstra’s shortest-patlalgorithmwith nodeA asthe source.Number
the nodesin the figure in the orderthey are addedto the shortest-pathree (startingwith
nodeA asnumberl), anddraw starsnearthe edgeselongingto thefinal shortest-patiree.

This was very similar to homevork 4 problem2, exceptthat this problemdid
not requirea diagramfor eachstepof the algorithm. To illustrate the answer
however, eachstepis shavn below. Thealgorithmis explainedin section3.4.20f
thetextbook. The orderingof the nodeswasworth onepoint, andidentifying the
shortest-pattreewasworth onepoint.



Problem 5. (2 points) ConsiderasharedEthernethatusesa singlecoaxialcable(norepeaters).
Supposethe maximum propagationdelay from ary stationto ary otheris 10 ys. Whatis the

channelacquisitiontime? In otherwords,how soonaftera stationbeginsto transmitcanit besure
thatits framewill notcollide with anothex(if it hasnt already)?

Call thetransmittingstationT;. If anothertransmittingstationT, is goingto collide
with Ty, it muststarttransmittinglessthan10 s after Ty starts,otherwiseit will hear
T1 andnot transmit. After T, starts,it will take no morethan10 ps beforeT; hears
thatanotherstationis transmitting(detectsa collision). Therefore|f thereis goingto
be a collision, T musthearit no morethan20 s afterit startstransmitting.In other
words,if T; hearsno collision duringthefirst 20 ps, thentherecannotbea collision.

Notice that the recever(s) of the framesare not involved in collision detection. A
stationsdetectsa collision simply by hearingthatit is not the only onetransmitting.
The problemstatedthattherewereno repeatergalsoknown ashubs),but the answer
would have beenthesameif therewerehubs,which aredesignedo make themultiple
segmentdook to the stationdik e a singlesharedoroadcasmedium.

Thecorrectanswer(20 ps) wasworth a pointanda half. A correctexplanationadded
anotheralf point, but anincorrectexplanationsubtractedh half point.



