EECS122: Introductionto CommunicatiorNetworks
Homeawork 3 Solutions

Solution 1.

a) We find out that one-layersubnettingdoesnot work: indeed,3 departmentsieed
5000 host addressesso we need13 bits (212 = 4096 < 5000, so 12 bits are not
enough)for the hostpart of the subnetverk. Sincewe have 16 bits available(it's a
classB address)this leavesonly 16 — 13 = 3 bits for thesubnetvork ID part,which
canaccommodatenly 22 = 8 departments.

Sowe have to usetwo-layersubnettingthatis, divide somesubnetvorksinto sub-
subnetvorks. At the first layer, we use8 subnetvorks of 213 = 8192 hostseach.
Threeof thesesubnetvarks are allocatedto the threedepartmentshat need5000
hostseach. For example,departmentl getsthe subnetvark with ID 001, depart-
ment2 getsthe subnetvork with ID 010anddepartmenB getsthe subnetvork with

ID 011. Departmentl canthennumberits hostsO0LXXXXXXXXXXXXX, wherethex’s
areeitherl or O.

We areleft with 8 — 3 = 5 subnetvarks of 8192hostseach.We need600< 1024=
210 hostaddressefor eachof the 7 small departmentssowe candivide oneof the
8192-hostsubnetverksinto 23 = 8 subsubnetwrks of 210 = 1024 hostseach. For
example,we candivide the subnetwork with ID 100, andlet 100001 be the sub-
subnetvork ID of departmen#, 100010be the subsubnetark ID of departmenb,
100011be the subsubnetwrk ID of departmen®, andso on. DepartmentlO can
thennameits hosts100111xxxxxxxxxxwherethex's areeitherl or 0.

We arestill left with 4 subnetwork IDs (101-111)or future use.

(In reallife it's slightly more complicated: addresdields thatare all Os or all 1s
areresered, so subnetvark 100 canhave only 6 subsubnetarks, 100001through
100110.For DepartmeniLO we coulddivide subnetvork 101the sameway, andgive
it subsubnetwrk 101001.)

b) If we areusingclassC network addresseshenfor thedepartmentsvith 5000hosts
we need2(13-8) — 32 classC addresseper department.For the departmentsvith
600 hostswe need2(10-8) = 4 classC addresseper departmentThe total number
of classC network addresserseededs 3-32+7-4= 124.

Solution 2. In this casepaclet formatis [s,d | S D | data], wheres,d are Ethernetad-
dressegof course the Ethernetheaderalsoincludesotherfields not relevantto this prob-
lem)andS D arelP addresse¢of coursethe IP heademalsoincludesotherfields not rel-



evantto this problem). Note thatsinceB andC areswitches,all nodesarein facton one
local network, sothelink layeraddressesezmainthe samethroughout.

Solution 3.

a) Assumingfull-duplex interfaces,the maximumtotal transmissiorrate is achieved
whenall thenodesaresendingandreceving dataat theline rate, 100 Mbps. Thisis
achieredwhenno morethan100 Mbps of datais destinedto a singlenode(for ex-
ample,whendistinctpairsof nodesarecommunicatingo eachother). Theresulting
maximumtotal transmissiomateoverthe network is thus16- 100Mbps= 1.6 Gbps
For half-duplec interfacesdatacanonly beflowing in onedirectionatatime oneach
link, sotheanswelis half asmuch(800Mbps).

b) Considerthe casewherel5 nodeswantto transmitdatato the lastone. In thatcase
thetotal transmissiomateis limited, in thebestcaseto theline rateof thelastnode,
whichis 100Mbps.

Solution 4.

a) The maximumtransmissionrate from the sener is 100 Mbps, but the maximum
transmissiomateto all thecomputerss 16- 10Mbps= 160Mbps Hencetheachiey/-
ablerateis simply min(100Mbps 160 Mbps) = 100Mbps

b) In this case the maximumtransmissiorratefrom the seneris 10 Mbps, while the
rateto thecomputersemainghesame Hencetheachiezablerateis min(10Mbps 160Mbps) =
10 Mbps We canseethatin both caseghe achievablerateis limited by thelink to
thesenerfor this configuration.

c) Oncethe switch startsforwardingthe paclet to the sener, it mustalwayshave bits
to send,otherwisethereis goingto be a gapin the transmissiorof the paclet, and
the paclet will belost. The simplest(andin fact, best)solutionis for the switchto
completelyreceve thewhole paclet beforeit beginsforwardingit to the sener.

A more complicated Jessrobust, and thus worsesolutionwould be the following.
The switch figuresout the length of the paclet (from the header) sayL bits. The
switchwaits until it hasreceved at Ieastl—goL bits (nine tenthsof the paclet) before
it startsforwarding the paclet to the sener. Sincethe incomingrateis 1/10 the
outgoingtransmissiomrateto the sener, the buffer of the switchwill not bedrained
until thewhole pacletis receved.

Solution 5.  ARP tablestranslatethe network addresf a nodeto its Ethernetaddress.
For computert sucha pair would be [(c.k:u)], whichis the entrythatappearsn ARP1for
subnefc. Similarly, theentriesin ARP2for subnetb are[(b.i:z),(b.s:w)], correspondingo
computers andr respectiely.



Solution 6. SupposehereareK — 1 levelsin the domainhierarchy root domainbeing
level 1, subrootbeinglevel 2, andsoon until level K (theleavesof thetree,thatis, hosts).
Let every namedomainatlevel i, 1 <i < K, have L; subdomaingdomainsatleveli + 1).
Theneachnamesenerfor adomainatleveli, 1 <i < K, needd.j entriesonefor thename
of eachsubdomain.

Thetotal numberof nameseededs

K—1
l_l Li=Li-Lo---Lk-1
=

This productmustbe equalto the total numberof names10°. Thereforejf K = 2, then
L1 =10°. If K=3,L;-Ly=10°, andassumingd., = L,, wegetL; = L, = 10*°. If K = 10,
we only need10 entriesper sener. We seethatthe greaterK is (the deepetthe tree, the
morelevelsin the hierarchy)the smallerthe numberof entrieseachnamesenerneedsOn
the otherhand,the deepetrthe tree,the larger the look-up time of a namebecomesfor a
treeof depthK, theworst-casdook-uptimeis ontheorderof K + 1 (seeproblem?).

Solution7. Let p betheprobabilityof anameto befoundin thelocalsener. LetK bethe
numberof levels,L; bethe numberof entriesat level i, andL = [ L; (seeproblems).
Thentheexpectedookuptimeis:

p- (timefor locallookup) + (1 — p) - (time for non-locallookup)

Thetime takenfor alocallookupis 1+ alog(Lk—1), sincelocal senersarein level K — 1
of the hierarchy(level K is hosts).A non-locallookupconsultsK seners:thelocal sener,
plusK — 1 senersfrom therootto theK — 15t sener, whichis responsibléor the non-local
name.Sothetime takenfor anon-locallookupis

(1+alog(Ly 1))+ (K—1)-(1+ Ealog(u))

If we usecaching,p increasessothe expectedookuptime decreaseslhe priceto payis
memoryfor the cacheandtime for cacheoperations.

Solution 8. Let Na, Ng, and Nc be the numberof networks that useclassA, B, or C
network addressesgespectiely. A network with k hostsuses:

e aclassA addressf 216 < k < 224
e aclassB addressf 28 < k < 216

e aclassC addressf 1 < k < 28,



We know thatthe numberof networkswith k hostsis:

N-p-(1—p)?
Thereforewe have:
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EachclassA network usesup 224 addressegseeproblem9). EachclassB network usesup
216 addressesEachclassC network usesup 28 addressesTherefore the total numberof
addressessedis:

U =Na-22%4+Ng-2164+ Nc- 28
Now, a network with k hostsassignonly k addressesvenif it hasusedup morethank

addresseslhereforethenumberof addressereally assignedo hostsin classA, B, andC
networksis:

224 0 1
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Thatis,U —V is thenumberof addressewasted.
Knowing V andU, we can computethe efficiency of this addressingscheme. The
efficiencgy is definedas:

numberof addresseeeally assigned v
numberof addressesesened (usedup) U

Notice that N will cancelout. Dependingon the value of p, we find that the efficiency
variesbetweerabout2% and12%.

Solution 9.

a) If the compaly usesthreeclassB networks, thenit will useup 3- 216 = 196608IP
addressessinceeachclassB network addressomprise'6 IP addressedNotethat
“to useup” meansto resene so that otherscannotuseit, thatis, to consume.So
evenif thecompary will actuallyassignto its 1500hostsonly 1500 0f the 196608
IP addresse# hasbeengiven,it hasstill usedup all of them.



b) If thecompaly usesoneclassB network addressvith subnettingjt usesup only 216
IP addresses.

c) If the compaly adoptsCIDR addressingit could get 22 = 8 classC network ad-
dresseswhich meanst usesup 8- 28 = 2048IP addressesThe compary coulduse
anetwork ID of 21 bits to identify its supernetwrk. Theremainingll bits areused
asfollows: 2 bitsidentify the LAN (we actuallyhave only 3 LANs, sooneLAN ID
is left availablefor future use)andthe remaining9 bits identify the hostin the LAN
(2° = 512> 500).

Solution 10.
a) Theknown factsarethefollowing:

— All hosts/routerdelongto the samenetwork (10xxxx).
— Hostb androuterinterfacer arebothon subnett.

— Hostcis onsubnet?.

— Hostais on neithersubnetl nor 2.

Fromthe first two facts,we know that subnetl musthave a 3-bit mask(like inter-
facer), soits ID is 101. Thereforehostb musthave the samemask(111000)and
anaddres®f 101xxx,wherethex’s areeitherl or 0 but xxx # 111 (becauséhatis
hosta’saddress).

For hostc, thingsarea bit morecomplicated Supposehe maskof subnet? is 3 bits
long (111000). The ID of subnet2 cannotbe 100, becauseéhenhostson subnet2

would think that hosta wason their local network, becausets addres$egins with

100. ThelD of subnet2 cannotbe 101 either becaus¢henhostson subnet2 would
think hostb wason their local network, becausets addres$eginswith 101. Since
the ID of subnet2 mustbegin with 10, we have eliminatedall possibilitiesfor a
3-bit mask, so the maskmustbe at least4 bits long (111100). The ID cannotbe
1000,becaus@againhosta would appeato beon subnet2, sothe ID mustbe 1001.
Thereforea possiblemaskfor hostc is 111100,in which caseits addresscan be
arything of theform 1001xx,like 100101.

b) 10xxxx

c) Sincesubnetl hasa 3-bit mask.thereare3 bitsleft for distinguishinghosts,sothere
canbeatmost8 nodeson subnetl.



