
EECS122: Introductionto CommunicationNetworks

Homework 3 Solutions

Solution 1.

a) We find out that one-layersubnettingdoesnot work: indeed,3 departmentsneed
5000 host addresses,so we need13 bits (212 � 4096 � 5000, so 12 bits are not
enough)for thehostpartof thesubnetwork. Sincewe have 16 bits available(it’ s a
classB address),this leavesonly 16 � 13 � 3 bits for thesubnetwork ID part,which
canaccommodateonly 23 � 8 departments.

Sowe have to usetwo-layersubnetting,that is, divide somesubnetworks into sub-
subnetworks. At the first layer, we use8 subnetworks of 213 � 8192 hostseach.
Threeof thesesubnetworks areallocatedto the threedepartmentsthat need5000
hostseach. For example,department1 getsthe subnetwork with ID 001, depart-
ment2 getsthesubnetwork with ID 010anddepartment3 getsthesubnetwork with
ID 011. Department1 canthennumberits hosts001xxxxxxxxxxxxx,wherethex’s
areeither1 or 0.

We areleft with 8 � 3 � 5 subnetworksof 8192hostseach.We need600 � 1024 �
210 hostaddressesfor eachof the7 smalldepartments,sowe candivide oneof the
8192-hostsubnetworks into 23 � 8 subsubnetworksof 210 � 1024hostseach.For
example,we can divide the subnetwork with ID 100, and let 100001be the sub-
subnetwork ID of department4, 100010bethesubsubnetwork ID of department5,
100011be the subsubnetwork ID of department6, andso on. Department10 can
thennameits hosts100111xxxxxxxxxx,wherethex’sareeither1 or 0.

Wearestill left with 4 subnetwork IDs (101–111)for futureuse.

(In real life it’ s slightly more complicated:addressfields that are all 0s or all 1s
arereserved,sosubnetwork 100 canhave only 6 subsubnetworks,100001through
100110.For Department10wecoulddividesubnetwork 101thesameway, andgive
it subsubnetwork 101001.)

b) If we areusingclassC network addresses,thenfor thedepartmentswith 5000hosts
we need2

�
13� 8��� 32 classC addressesper department.For the departmentswith

600hostswe need2
�
10� 8� � 4 classC addressesperdepartment.The total number

of classC network addressesneededis 3 � 32 � 7 � 4 � 124.

Solution 2. In this casepacket format is 	 s 
 d � S 
 D � data � , wheres 
 d areEthernetad-
dresses(of course,theEthernetheaderalsoincludesotherfieldsnot relevant to this prob-
lem) andS 
 D areIP addresses(of course,theIP headeralsoincludesotherfieldsnot rel-
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evant to this problem).Note thatsinceB andC areswitches,all nodesarein facton one
local network, sothelink layeraddressesremainthesamethroughout.

Solution 3.

a) Assumingfull-duplex interfaces,the maximumtotal transmissionrate is achieved
whenall thenodesaresendingandreceiving dataat theline rate,100Mbps.This is
achievedwhenno morethan100Mbpsof datais destinedto a singlenode(for ex-
ample,whendistinctpairsof nodesarecommunicatingto eachother).Theresulting
maximumtotal transmissionrateoverthenetwork is thus16 � 100Mbps � 1 
 6 Gbps.
For half-duplex interfaces,datacanonly beflowing in onedirectionatatimeoneach
link, sotheansweris half asmuch(800Mbps).

b) Considerthecasewhere15 nodeswant to transmitdatato the lastone. In thatcase
thetotal transmissionrateis limited, in thebestcase,to theline rateof thelastnode,
which is 100Mbps.

Solution 4.

a) The maximumtransmissionrate from the server is 100 Mbps, but the maximum
transmissionrateto all thecomputersis 16 � 10Mbps � 160Mbps. Hencetheachiev-
ablerateis simply min � 100Mbps
 160Mbps� � 100Mbps.

b) In this case,the maximumtransmissionratefrom the server is 10 Mbps,while the
rateto thecomputersremainsthesame.Hencetheachievablerateismin � 10Mbps
 160Mbps� �
10 Mbps. We canseethat in bothcasestheachievablerateis limited by the link to
theserver for this configuration.

c) Oncetheswitchstartsforwardingthepacket to theserver, it mustalwayshave bits
to send,otherwisethereis going to be a gapin the transmissionof the packet, and
thepacket will be lost. Thesimplest(andin fact,best)solutionis for theswitch to
completelyreceive thewholepacket beforeit beginsforwardingit to theserver.

A morecomplicated,lessrobust, andthusworsesolutionwould be the following.
The switch figuresout the lengthof the packet (from the header),sayL bits. The
switchwaitsuntil it hasreceivedat least 9

10L bits (nine tenthsof thepacket) before
it startsforwarding the packet to the server. Sincethe incoming rate is 1� 10 the
outgoingtransmissionrateto theserver, thebuffer of theswitchwill not bedrained
until thewholepacket is received.

Solution 5. ARP tablestranslatethe network addressof a nodeto its Ethernetaddress.
For computert sucha pair would be[(c.k:u)], which is theentrythatappearsin ARP1for
subnetc. Similarly, theentriesin ARP2for subnetb are[(b.i:z),(b.s:w)], correspondingto
computersn andr respectively.
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Solution 6. SupposethereareK � 1 levels in the domainhierarchy, root domainbeing
level 1, subrootbeinglevel 2, andsoon until level K (theleavesof thetree,that is, hosts).
Let every namedomainat level i, 1 � i � K, have Li subdomains(domainsat level i � 1).
Theneachnameserverfor adomainat level i, 1 � i � K, needsLi entries,onefor thename
of eachsubdomain.

Thetotal numberof namesneededis

K � 1

∏
i � 1

Li
� L1 � L2 ����� LK � 1

This productmustbe equalto the total numberof names,109. Therefore,if K � 2, then
L1

� 109. If K � 3, L1 � L2
� 109, andassumingL1

� L2, wegetL1
� L2

� 104 � 5. If K � 10,
we only need10 entriesper server. We seethat the greaterK is (the deeperthe tree,the
morelevelsin thehierarchy)thesmallerthenumberof entrieseachnameserverneeds.On
theotherhand,thedeeperthe tree,the larger the look-up time of a namebecomes:for a
treeof depthK, theworst-caselook-uptime is on theorderof K � 1 (seeproblem7).

Solution 7. Let p betheprobabilityof anameto befoundin thelocalserver. Let K bethe
numberof levels,Li bethenumberof entriesat level i, andL � ∏K � 1

i � 1 Li (seeproblem6).
Thentheexpectedlookuptime is:

p ��� time for local lookup����� 1 � p ����� time for non-locallookup�

Thetime takenfor a local lookupis 1 � α log � LK � 1 � , sincelocal serversarein level K � 1
of thehierarchy(level K is hosts).A non-locallookupconsultsK servers:thelocal server,
plusK � 1 serversfrom theroot to theK � 1st server, which is responsiblefor thenon-local
name.Sothetime takenfor anon-locallookupis

� 1 � α log � LK � 1 ������� K � 1����� 1 �
K � 1

∑
i � 1

α log � Li ���

If we usecaching,p increases,sotheexpectedlookuptime decreases.Thepriceto payis
memoryfor thecacheandtime for cacheoperations.

Solution 8. Let NA, NB, and NC be the numberof networks that useclassA, B, or C
network addresses,respectively. A network with k hostsuses:

� aclassA addressif 216 � k � 224;

� aclassB addressif 28 � k � 216;

� aclassC addressif 1 � k � 28.
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Weknow thatthenumberof networkswith k hostsis:

N � p ��� 1 � p � k � 1

Therefore,wehave:

NA
� 224

∑
k � 216 � 1

N � p ��� 1 � p � k � 1 � N � p �
∞

∑
k � 216 � 1

� 1 � p � k � 1 � N ��� 1 � p � 216

NB
� 216

∑
k � 28 � 1

N � p ��� 1 � p � k � 1 � N � p �
∞

∑
k � 28 � 1

� 1 � p � k � 1 � N ��� 1 � p � 28

NC
� 28

∑
k � 1

N � p ��� 1 � p � k � 1 � N � p �
∞

∑
k � 1

� 1 � p � k � 1 � N ��� 1 � p �

EachclassA network usesup224 addresses(seeproblem9). EachclassB network usesup
216 addresses.EachclassC network usesup 28 addresses.Therefore,thetotal numberof
addressesusedis:

U � NA � 224 � NB � 216 � NC � 28

Now, a network with k hostsassignsonly k addresses,evenif it hasusedup morethank
addresses.Therefore,thenumberof addressesreallyassignedto hostsin classA, B, andC
networksis:

V � 224

∑
k � 1

k � N � p ��� 1 � p � k � 1 � N � p �
∞

∑
k � 1

k ��� 1 � p � k � 1 � N � p � 1
p2

� N
p

Thatis,U � V is thenumberof addresseswasted.
Knowing V andU , we can computethe efficiency of this addressingscheme. The

efficiency is definedas:

numberof addressesreallyassigned
numberof addressesreserved(usedup)

� V
U

Notice that N will cancelout. Dependingon the valueof p, we find that the efficiency
variesbetweenabout2% and12%.

Solution 9.

a) If thecompany usesthreeclassB networks, thenit will useup 3 � 216 � 196608IP
addresses.sinceeachclassB network addresscomprises216 IP addresses.Notethat
“to useup” meansto reserve so that otherscannotuseit, that is, to consume.So
even if thecompany will actuallyassignto its 1500hostsonly 1500of the196608
IP addressesit hasbeengiven,it hasstill usedup all of them.
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b) If thecompany usesoneclassB network addresswith subnetting,it usesuponly 216

IP addresses.

c) If the company adoptsCIDR addressing,it could get 23 � 8 classC network ad-
dresses,which meansit usesup 8 � 28 � 2048IP addresses.Thecompany coulduse
a network ID of 21 bits to identify its supernetwork. Theremaining11 bits areused
asfollows: 2 bits identify theLAN (we actuallyhave only 3 LANs, sooneLAN ID
is left availablefor futureuse)andtheremaining9 bits identify thehostin theLAN
(29 � 512 � 500).

Solution 10.

a) Theknown factsarethefollowing:

– All hosts/routersbelongto thesamenetwork (10xxxx).

– Hostb androuterinterfacer arebothonsubnet1.

– Hostc is on subnet2.

– Hosta is on neithersubnet1 nor 2.

Fromthe first two facts,we know that subnet1 musthave a 3-bit mask(like inter-
facer), so its ID is 101. Thereforehostb musthave the samemask(111000)and
anaddressof 101xxx,wherethex’s areeither1 or 0 but xxx �� 111(becausethat is
hosta’saddress).

For hostc, thingsareabit morecomplicated.Supposethemaskof subnet2 is 3 bits
long (111000). The ID of subnet2 cannotbe 100, becausethenhostson subnet2
would think thathosta wason their local network, becauseits addressbeginswith
100. TheID of subnet2 cannotbe101either, becausethenhostson subnet2 would
think hostb wason their local network, becauseits addressbeginswith 101. Since
the ID of subnet2 must begin with 10, we have eliminatedall possibilitiesfor a
3-bit mask,so the maskmustbe at least4 bits long (111100). The ID cannotbe
1000,becauseagainhosta would appearto beon subnet2, sotheID mustbe1001.
Thereforea possiblemaskfor host c is 111100,in which caseits addresscan be
anythingof theform 1001xx,like100101.

b) 10xxxx

c) Sincesubnet1 hasa3-bit mask,thereare3 bits left for distinguishinghosts,sothere
canbeat most8 nodesonsubnet1.
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