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Abstract

ThisdocumentlescribesandanalyzesheZoneRoutingProtocol(ZRP),
ahybrid mobilead-hocprotocolwhich dividesthe network into overlapping
routingzones allowing for the useof independenprotocolswithin andbe-
tweenthezones.
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2 MANET in general

1 Overview

Thisdocumentlescribesindanalyzes
theZoneRoutingProtocolor ZRPfor
Mobile Ad-HocNetworks(MANETS).
The basicsof MANET and the im-
plicationsonroutingin particularare
briey coveredin Section2 to pro-
vide anintroductionto the problems
resultingfrom arapidlychangingopol-
ogywithouta x edrouter

As wewill seein Section3, ZRR,
in contrastto otherMANET routing
protocolsutilizesahybridpro-actve/re-
active approacho maintainvalid rout-
ing tableswithouttoomuchoverhead.
FurthermoreZRPdoesnotprovidea
single protocol, but ratheroutlinesa
routing framework suitablefor inclu-
sion and extensionof other existing
protocols.

In describingheprotocol,wewill
considersomespeci ¢ examplesin
order to visualize how ZRP's char
acteristican uence it's performance
(Sectiond).

Sectionb analyzesheperformance
of theZRP aswell asdiscussesari-
ousscenariosandin Sectioné thein-
formationprovidedin this document
is brie y summarized.

2 MANET in general

A Mobile Ad-HocNetwork(MANET)

isadecentralizedietwork of autonomous

mobilenodesableto communicatevith

eachotheroverwirelesdinks. Dueto
the mobility of the nodes,the topol-
ogy of the network may rapidly be
changingmakingit impossibleto use
cornventionalroutingtablesmaintained
at x edpoints(routers).Insteadeach
nodeis requirecto determinghebest
routeto a given destinationnodeby
itself.

Giventheirdynamicnature route
discovery in a MANET differs sig-
ni cantly from themoreor lessstatic
routesn wired networks: Not all nodes
inaMANET necessarilynavethesame
capabilities. Two nodes.evenif they
aredirectneighborsmay differ with
respectto signal strength,available
power, reliability etc.

Thesdlifferencesequiremuchmore
complicatedandparticularlymoreac-
tive distributedalgorithmsin orderto
maintain an accuratepicture of the
networkstopology while atthesame
time providing scalability for poten-
tially large (andever-growing) networks.
At thesameime, routediscoserymust
not useup the majority of the often
limited bandwidthavailableto todays
mobiledevices.

Furthermoreit isimportantto point
out an importantdifferenceto con-
ventionalroutingapproachedn wired
networks, eachlink is bi-directional.
If anodeA cansendpacletsto anode
B, weknow thatnodeB cansendpack-
etsbackto nodeA, andareversepath
can be entered. This is not neces-
sarily the casein awirelessnetwork,
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wherethe physicallocation and the
individualpowerresourcebavegreat
in uence upona nodestransmission
capacityandsignalstrength.

MANET routing protocolsarelP
basedandmay useunicastmulticast
or hybrid approachesand shouldal-
low for interactionwith standardvired
IP servicegatherthanbeingregarded
asacompletelyseparatentity.

A detailedyetnotoverly comple
overview of thevariousaspect®f Mo-
bile Ad-Hoc Networking is givenin

[7].

2.1 Pro-activevs. reactve

The IETF MANET Working Group
hasresearchednddevelopedanum-
berof protocolsfor mobilead-homet-
works,which have beendescribedn
[8], [9], [10], [11] and[12]. These
protocolscangenerallybecateyorized
into two groups: pro-active and re-
active protocols.

Pro-actve protocoldollow anap-
proachsimilarto theoneusedn wired
routing protocols. By continuously
evaluatingthe known andattempting
todiscovernew routesthey try to main-
tain the most up-to-datemap of the
network. This allows themto ef-
ciently forward paclets,asthe route
is known atthetime whenthe paclet
arrivesatthenode.

Pro-actve or table-drven proto-
cols,in orderto maintaintheconstantly
changingnetwork graphdueto new,

moving or failing nodesyequirecon-
tinuousupdateswhichmayconsume
largeamountsof bandwidth- clearly
adisadwantagdn thewirelessworld,
wherebandwidthis oftensparseEven
worse so, much of the accumulated
routinginformationis neverusedsince
routesmayexist only for verylimited
periodsof time.

Thefamily of Distance-\éctorpro-

tocols,includingDestination-Sequenced

Distance-¥éctor Routing ([13]), fall
into the category of pro-actve proto-
cols.

In contrastyeactve protocolsde-
terminethe properroute only when
requiredthatis, whenapacletneeds
to beforwarded.In this instancethe
node oods thenetwork with aroute-
requestand builds the route on de-
mandfrom theresponses receves.
This techniquedoesnot requirecon-
stantbroadcastanddiscovery, buton
theotherhandcauseslelayssincethe
routesarenot alreadyavailable. Ad-
ditionally, the ooding of thenetwork
may lead to additional control traf-

c, againputtingstrainonthelimited
bandwidth.

Theseaeactve (or on-demandjpro-
tocolsincludeDynamicSourceRout-
ing (DSR)[9] andAd-hocOndemand
DistancevectorRouting(AODV) [8],
aswell astheclassicalooding algo-
rithms.[1]
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3 Intr oductionto ZRP

As explainedabove, bothapurelypro-
active or purely reactve approacto

implementaroutingprotocolforaMANET

have their disadwantages.The Zone
RoutingProtocol or ZRP, asdescribed
in thisdocumentombinegheadvan-
tagesof both into a hybrid scheme,
takingadwantageof pro-actvediscov-
ery within a nodes local neighbor
hood, and using a reactve protocol
for communicatiorbetweertheseneigh-
borhoods.

In aMANET, it cansafelybeas-
sumedthat the mostcommunication
takes place betweennodesclose to
eachother Changesn the topology
aremostimportantin the vicinity of
anode- the additionor the removal
of anodeontheothersideof thenet-
work hasonly limited impacton the
localneighborhoods.

As mentionedearlief the ZRPis
not so mucha distinct protocol asit
providesaframeavorkfor otherproto-
cols. The separatiorof anodedocal
neighborhoodrom the globaltopol-
ogy of the entire network allows for
applying differentapproaches- and
thus taking advantageof eachtech-
nique's featuredor a givensituation.
Thesdocal neighborhoodarecalled
zones(hencethe name); eachnode
may be within multiple overlapping
zonesandeachzonemaybe of adif-
ferentsize. The “size” of a zoneis
notdeterminedy geographicatmea-

surementasonemight expect,but is
givenby aradiusof length , where
is the numberof hopsto the perime-
ter of thezone.

By dividingthenetwork into over-
lapping,variable-sizeonesZRPavoids
ahierarchicamapof thenetwork and
theoverheadnvolvedin maintaining
this map. Instead,the network may
be regardedas at, and route opti-
mizationis possiblef overlappingzones
aredetected.

While theideaof zonesftenseems
toimply similaritieswith cellularphone
servicesit is importantto point out
thateachnodehasit' s own zone,and
doesnot rely on x ed nodes(which
would be impossiblein MANETS).
Figure 1 shonvs an examplerouting
zonewith

Figure 1: Routing Zone of node A
with
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Notethatin this examplenodeA
hasmultiple routesto nodeF, includ-
ing onethathasa hopcounibof
Sinceit alsohasa routewith ,
F still belonggo A'szone.NodeG is
outof A'szone,

Thenodesontheperimeternof the
zone(i.e. with a hopcount )

arereferredo asperipherahodegmarked

gray),nodeswith areinterior

nodes.

Obviously a node needsto rst
know aboutit's neighborsbefore it
canconstructa routing zoneandde-
termineit's peripheralnodes. In or-
der to learn aboutit's direct neigh-
bors,a nodemay usethe mediaac-
cesxontrol(MAC) protocoldirectly.
Alternatively, it mayrequireaNeigh-
bor DiscoveryProtocol(NDP).Again,
weseethatZRP, asaframenork, does
not strictly specifythe protocolused
but allows for local independenim-
plementations.

Sucha NeighborDiscovery Pro-
tocoltypically reliesonthetransmis-
sionof “hello” beacon®y eachnode.
If anoderecevesaresponséo such
a messageit may notethatit hasa
directpoint-to-pointconnectiorwith
this neighbor TheNDP is freeto se-
lect nodeson various criteria, such
assignalstrengthor frequeng/delay
of beaconsetc. Oncethelocal rout-
ing information has beencollected,
the nodeperiodicallybroadcastslis-
covery messagem orderto keepit's

map of neighborsup to date. In do-
ing so, it is assumedhatthese'link-
layer(neighbor)unicastsredelivered
reliably andin-sequencgl]

If theMAC layerof thenodesdoes
not allow for sucha NDP, the Intra-
zoneRouting Protocolmustprovide
thepossibility of directneighbordis-
covery. This protocolis responsible
for determiningthe routesto the pe-
ripheralnodesandis commonlyapro-
active protocol. The IntrazoneRout-
ing Protocol,or IARP, is describedn
moredetailin in Section3.1.

Communicatiorbetweerthe dif-
ferentzonesis guardedby the Inter-
zoneRoutingProtocol,or IERR and
provides routing capabilitiesamong
peripheralnodesonly. Thatis, if a
nodeencounters packet with a des-
tination outsideit's own zone— i.e.
it doesnot have avalid routefor this
paclet — it forwardsit to it's periph-
eralnodeswhichmaintainroutingin-
formationfor the neighboringzones,
so that they can make a decisionof
whereto forwardthepacletto. Through
theuseof abordercasalgorithmrather
than ooding all peripherahodesthese
gueriesbecomemoreefcient. The
InterzoneRouting Protocol and the
BordercasResolutiorProtocolarepre-
sentedn Sections3.2and3.3.

As we can see,the Zone Rout-
ing Protocolconsistsof severalcom-
ponentswhichonly togethemprovide
the full routingbene t to ZRP. Each
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NDP j IARP

IERP — ICMP

BRP

Figure2: ZRPcomponents

componenworksindependentlpf the
otherandthey mayusedifferenttech-
nologiesin order to maximize ef -
cieng in their particulararea. For
example,a reactve protocolsuchas
AODV might be usedasthe IARP,
while the IERP is mostcommonlya
pro-actve protocolsuchasOLSR[14].

Figure2, asadaptedrom [1], il-
lustratesthe different protocolsand
theirinteractions.

Eventhoughthe hybrid natureof
the ZRP seemsto indicatethat it is
a hierarchicalprotocol, it is impor-
tant to point out that the ZRP is in
facta at protocol. In a hierarchi-
cal network architecturetwo differ-
entprotocolsaremaintainedor com-
municationamong(a) eachindivid-

ual clusters nodesand (b) the dif-
ferentclusters. The main difference
hereis thatin theZRPthereis aone-
to-onecorrespondendeetweemodes
and routing zones,causingoverlap-
ping zonesmaintainedby eachindi-
vidual nodegsee[1] for details).

3.1 Intrazone Routing Pro-
tocol (IARP)

SinceZRP assumeshatlocal neigh-
bor discovery is implementedn the
link-layerandis providedby theNDP,
the rst protocolto be part of ZRP
is the IntrazoneRoutingProtocol or
IARP. Thisprotocolis usedby anode
to communicatevith theinteriornodes
of it's zoneandassuchis limited by
thezonegadius (thenumberof hops
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fromthenodeto it' speripherahodes).

Sincethelocal neighborhooaf a
node may rapidly be changing,and
since changesn the local topology
arelikely to have a biggerimpacton
anodegoutingbehaior thanachange
on the otherend of the network, the
IARP is apro-actve,table-drvenpro-
tocol.

The node continuouslyneedsto
updatethe routinginformationin or-
derto determindheperipherahodes
aswell as maintaina map of which
nodescan be reachedlocally. The
IARP allowsfor localrouteoptimiza-
tionthroughtheremoval of redundant
routesand the shorteningof routes
if aroutewith fewer hopshasbeen
detected aswell as bypassingink-
failuresthroughmuiltiple (local) hops,
thusleveragingglobal propagation.

As mentionedearlier it is possi-
ble thatanodeA canbroadcasimes-
sagesto a nodeB, but that nodeB,
dueto limitationsin it' ssignal-strength
(causedy interferencefor example)
or low transmissionpower, can not
reachnodeA. Therefor it is impor-
tantfor the IARP to provide support
for unidirectionalinks amongthelo-
calnodes.

Dueto it's pro-actve nature,lo-
cal route discovery is very ef cient
and routesto local destinationsare
immediatelyavailable.In orderto not
overutilizetheavailablebandwidthre-
sourcesthelARP —asthenamesug-

gests- is restrictedto routing within

the zone,which is why it is referred
to asa“limited scopepro-actverout-
ing protocol”[3].

Global route discovery, commu-
nicationwith nodesn adifferentzone,
is doneby guiding the route queries
totheperipherahodesnsteadf ood-
ing all local nodes.In orderto adopt
atraditionalpro-actve link statepro-
tocol for useasthelARP in theZRP
the scopeof the protocolneedgo be
limited to thesizeof thezone . This
maybeimplementedy addingaTime
To Live (TTL) to the route discov-
eryrequestsinitialized to , and

decrementetly eachnodeuntil it reaches

(whenit is discarded).

In Figurel, uninterruptedinesin-
dicate the areaswherethe IARP is
usedto provide routing betweenthe
nodes.The IntrazoneRoutingProto-
col includingan exampleimplemen-
tation(aTimerBased.ink State ARP)
is describedn moredetailin [3].

3.2 Interzone Routing Pro-
tocol (IERP)

As the global reactve routing com-
ponenif theZRRP thelnterzoneRout-
ing Protocol,or IERR takes advan-
tageof theknown localtopologyof a
nodes zoneand,usingareactve ap-
proachenablescommunicationwith
nodesn otherzones.
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Routequerieswithin thelERPare
issuedon demandthatis only when
arequesfor arouteis made.Thede-
lay causedvy theroutediscovery (in
contrastto IARP, wherethe routeis
immediatelyavailable)is minimized
throughthe useof bordercastingan
approachn which the nodedoesnot
submitthe queryto all local nodes,
butonly toit's peripherahodes.Fur
thermoreanodedoesnotsendaquery
back to the nodesthe requestcame
from, evenif they areperipherahodes
(asexplainedin Section3.3, Figure
5).

In orderto corvertanexistingre-
active routing protocolfor useasthe
IERP in the ZRR it is necessaryo
disablepro-actveupdatedor localroutes,
sincethisfunctionalityis providedby
thelARP. FurthermorethelERPneeds
to beableto take advantageof thelo-
cal routing information provided by
the IARP, aswell aschangethe way
routediscoveryis handled:Insteadf

ooding arouterequesto all nodes,
it shouldinsteadusethe Bordercast
ResolutiorProtocol(BRP)to only ini-
tiaterouterequestsvith peripherahodes.

In Figure 1, dottedlinesindicate
the areaswherethe IERP is usedto
provideroutingbetweerthezones.The
InterzoneRoutingProtocolincluding
anexampleimplementatior{Reactve
SourceRouting)is describedn more
detailin [4].

3.3 BordercastResolutionPro-
tocol (BRP)

The BordercasResolutionProtocol,
or BRP is usedin the ZRP to direct
therouterequest#itiatedby theglobal
reactve | ERPtotheperipherahodes,
thusremoving redundantjueriesand
maximizingef ciency. In doingso, it
utilizesthemapprovidedby thelocal
pro-actve IARP to constructa bor-
dercastree. Unlike IARP andIERP
it is not so mucha routing protocol,
asit is pacletdelivery service.

TheBRPkeepdrackof whichnodes
aqueryhasbeendeliveredto, sothat
it canprunethebordercastreeof nodes
thathave alreadyreceved(andrelayed)
the query When a noderecevesa
guerypacletfor anodethatdoesnot
lie within it's local routing zone, it
constructsa bordercastreesothatit
canforward the paclet to it's neigh-
bors. Thesenodes,upon receving
thepaclet, reconstructhebordercast
treesothatthey candeterminavhether
or not it belongsto the tree of the
sendingnode. If it doesnot, it con-
tinuesto procesghe requestandde-
terminedf thedestinatiories within
it's routing zone and taking the ap-
propriateaction,uponwhichthenodes
within this zoneare marked as cov-
ered.

In orderto detectwhenarouting
zonethey belongto hasbeenqueried,
two levelsof QueryDetectionarepro-
videdby BPR.As they relaythequeries
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to theperipherahodesthenodede-
tectthe queryandnoteswhich zones
havebeencovered.Thisisreferredo
asthe rst level of QueryDetection,
orQD1.

Secondly in networks that usea
singlebroadcasthannelanodecan
determinehis informationby listen-
ingtothetraf c broadcasamongother
nodes. This approachis referredto
asQD2. Figure3 shavs nodeA bor-
dercastinga query to the peripheral
nodesD andF. NodesB andC, as
they relay the query note that node
A's zonehasbeenqueried(QD1). In
single-channehetworks, nodeE can
listen to the trafc and cometo the
sameconclusionusingQD?2.

Figure3: QD1andQD2.

Simplydetectinghatagivennode
has alreadybeencovered, however,
is notenough.The protocolneedgo
droppacletsthatwould be sentto al-

readycoverednodes.Thisis doneus-
ing Early Terminationor ET, which
obviously relieson QueryDetection,
aswell asLoopbad& Terminationor
TL (in which routesthat loop back
intothequeryingnodeszoneareelim-
inated sincethesenodescanbereached
locally usinglARP).

In orderto further eliminateun-
necessarproadcastingheBRPmay
implementSelectivaBordercasting In
this approacha nodeneedsto know
network topologyinformationfor an
extendedzoneof size

Giventhisknowledge,anodecan
furthereliminateperipherahodedrom
its list of bordercastecipients,f the
outer peripheralnodesoverlap. Fig-
ure4 shovs anexampleof how node
A is ableto remove nodeC from its
bordercastingpanningree,sincenodes
G andH canbereachedhroughnodes
B andD respecitrely.

Figure4: Selectve Broadcasting.
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In the contet of ZRP, the BRP
canbeseenasthegluewhichtiesto-
getherthe IARP andthe IERPin or-
derto take full advantageof the pro-
activeandreactve componentsvhere
they arebestused.

TheBordercasResolutiorProto-
col, including the implementations
describedn moredetailin [5].

4 Examples

In orderto betterunderstandhow the
differentcomponentsf theZRPwork
togetherandhow routing is doneus-
ing this approach,we will consider
a few examples. Several scenarios
are possible,amongthem stationary
nodesn adensenetwork, mobilenodes
movingin differentdirectionswith and
without stableand/or stationary x-
pointsandstationaryor moving net-
workswith instableor frequentlychang-
ing nodes.In theseexamplesanode
is consideredtationary if it doesnot
moverelativeto theothernodeqeven
thoughit maybemovinginto thesame
direction). A stablenodeis onethat
broadcastsvith aconstansignaland
doesnotundego power uctuations.

4.1 BRP

Beforewe go into examplesof how
routesbetweennodesfrom different
zonesaredeterminedlet usconsider

anexampleof how BRPperformsQuery
Detection.

Figure5: A BRPExample.

In Figure5, nodeA needgo send
a pacletto nodeH. SincenodeH is
not within it's zone, it constructsa
bordercastree spanningits periph-
eralnodesC, E andF, andsendshe
gueryto its local neighborsB andD.
BothB andD notethatH is notwithin
theirzonethey in turnconstrucebor-
dercastiree. Note thatthey only in-
clude peripheralnodesof theirsthat
have notbeencoveredpreviously.

Thatis, nodeB will notinclude
nodeD, eventhoughit is aperipheral
nodefor B's zone. Similarly, node
D'streewill notincludenodeB. Node
D thenforwardsthe requestto node
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F which determineshatnodeH lies
within its routing zone, and replies
with thecorrectroute.

4.2 Stationary nodesin adense

network

Let us extendthe network from Fig-
ure 1 to spana few morenodes.An
examplesituationof sucha station-

arynetwork, wherethenumberof nodes

andtheirpositiondoesnotchangdre-
guently might be a numberof peo-
ple attendinga conferencecommu-
nicatingwith eachother This exam-
ple lendsitself to shawv the basicsof
ZRP, sowe will investigatat in more
detail.

Figure6 shavsthenetwork graph;
theradiusof eachnodes zoneis still

Again, as before, the pe-
ripheralnodedor nodeA aremarked
gray In this example,nodeA hasto
senda pacletto nodeU.

Node A usesthe IARP to deter
mine of node U is within its zone.
SincelARP is pro-actve, the infor-
mationthatU is in this routing zone
is readily available,and nodeA ini-
tiatesa routerequestusinglERP. As
explainedin Section3.3, IERP now

utilizesBRPto bordercastherequest:

It is not ooded to eachof the nodes
in A's zone,but only to B, D, E, F,

H andJ, the peripheralnodeswhich

in turn searchtheir routingtablesfor

thedestination.

Figure6: A stationarynetwork with

NodeH doesnot nd U initsrout-
ing tableandthusbordercastshere-
guestto its peripheralnodes. Figure
7 shovs nodeH'sroutingzone.

Throughtheuseof BPR,thebor-
dercastree of nodeH doesnot con-
tainnoded- or A: thesebranchesave
beenpruned,sincethesenodeshave
alreadybeencovered.NodeH broad-
caststheroutequeryto nodesM and
N. Someof the peripheralnodesof
nodeN'szonearealsoperipherahodes
of nodeU'szone-anexampleof how
zonescan (and frequentlydo) over-
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Figure7: NodeH's zone.

lap. In Figure8, theperipherahodes

for bothnodeU andnodeN areshaded.

Now nodeN bordercastthequery
tonodesk andS (nodesM andH are
alreadymarkedascovered),whichin
turn reply with the correctroute, as
they both know U to be within their
localzone.

4.3 Mobile nodeswithout a
stationary xpoint

In thisexample wewill seehow ZRP
dealswith link-failuresandlink-opti-
mization,sincemoving nodeswill con-
stantly have to updatetheir network
map,asnodesthat usedto be within

Figure8: Overlappingzones.

their zonemove out of transmission
range.For simplicity, let usconsider
a much smallerinitial network. In
Figure 9, the arrows indicatethe di-
rectionin whichthenodesaretravel-
ing. As we obsere nodeA, we mark
its peripherahodesgray.

As nodesD and B move further
away from eachother they losetheir
connection,just as nodesC and E.
However, nodeE movescloserandis
ableto establisha point-to-pointcon-
nectionwith nodesA andD. Simi-
larly, nodeF movescloserandis able
to establisikconnectionsvith nodesE
andA. Thesechangesrere ectedin
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Figure9: Mobile nodeg(1).

FigurelO.

Figure10: Mobile nodeq(2).

In this example, it is interesting
to pointoutthatnodeD remainsape-
ripheralnodefor A'szone eventhough
thelocal routefrom A to D changes.
Thischangeshavstheneedfor apro-
active IERP: the changesn the net-
works topology like will have taken

placewithin a shortperiod of time.
Nodesconnectedo E only needto
addanadditionalperipherahode(F),
asE maintaingt' sconnectiorio node
D. However, werea nodeconnected
to E requesta routeto C, the IERP
would needto initiate anew routere-
guest,as C no longeris within the
gueryingnodes zone and the route
needgo go throughD.

5 Performance

In orderto maximizeperformancef
theZRP, we needo minimizetheamount
of controltrafc thatis sent. Thus,
we wish to maintainan overview of
the networks topologythatis asac-
curateaspossible(at ary giventime
— thus minimizing delayscausedoy
routediscoveryrequests)vhile atthe
sametime requiringsendingaslittle
packagesspossible.
Giventhehybridnatureof theZRP,
this goal can be reducedto nding
thecorrect—i.e. optimal—sizeof the
routing zoneradius for the given
network —which mayvary from case
to casedependingnthecircumstances.
For example,in a stationarynet-
work asconsideredn Section4.2, it
would be possibleto increase to a
larger number without too much of
a penalty: in this situation,the posi-
tion or thenumberof availablenodes
changesnfrequently sothat,givena
largerrouting zoneradius,the nodes
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couldtake advantageof thecompara-
bly staticandimmediatelyavailable,
sincepro-actvely maintainedroutes.

Theexamplein Sectiord.3onthe
otherhandwouldnotbene tfromlarge
zonesthecostof maintainingheever-
changindocalroutesstoohigh,par
ticularly sincemostof theroutesare
soshort-livedthatthey areneverused.
Insteadazoneradiusof would
bebene cial, to ensurghatthezones
overlapenoughto allow for route-re-
dundang. Note,however, thatreduc-
ing effectively turnsthe ZRP
into a completelyreactve protocol,
obsoletingheadwantagegainedrom
its hybrid nature:all routing is done
on-demandqusinglERP),asnonode
is ableto contactanothemodeusing
IARP.

The resultsof [16] showved that
thelARP trafc growswith thenum-
ber of nodesin a given zone,while
increasednobility of athe nodesin-
creasesERPtraf c: asnodesmove,
the routesbetweenzonesbreakand
needto be “re-discovered”. Increas-
ingthenumber of nodesn theglobal
network hasonly limited effectonthe
amounbf pro-actvetrafc, sincepro-
active IARP updatesrelocaltoazone.
In generaljt canbestatedhat“larger
zonesprovide moreef cient queries,
whichcompensatef®r thelARP main-
tenancecost’([2]).

A moredetailedanalysisof ZRPs

generaperformanceanbefoundon
[16] and[17].

5.1 Performancegainonthe
example of Bordercast-

ing

In thissectionwewill shav how BRP
can minimize the numberof broad-
castssigni cantly. First let us con-
sider a network as shown in Figure
11.

The rst 8 nodesconnectedo the
nodein the middle shouldbe seenas
thatnodes peripheralnodes(thatis,
interior nodesare not shawn in this
example),the 8 nodeson the outside
astheperipherahodesf theextended
zone. As we cansee,the total num-
ber of queriesif no BRP would be
usedwould sumup to be 40!

Figurell: QueryFlooding

Now we introduceselectve bor-
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dercastingA largenumberof broad-
castscanbe avoided, sincemary of
thezonesoverlapandperipherahodes
connectto the samenodesin the ex-
tendedzone.As Figurel2shaws,the
numberasbeenbroughtdownto 16,
adecreasef over50%!

Figurel2: Selectve Bordercasting

Thetremendousdwantageof us-
ing Selectve Broadcastingn thelERP
is visualizedin Figure13,asadopted
from[16], [17] andothers.

6 Summary

TheZoneRoutingProtocol(ZRP)pro-
videsa hybrid routing framework, in
whicheachnodemaintaindocalroutes
within its zonein a pro-actve man-
ner, while interzonecommunication
is performedn areactve mannerin
orderto improve performanceof the
reactvelERPandavoid havingtorely

on ooding all neighboringhodesthus
riskingexhaustingheavailableband-

width, it makesuseof a bordercast-
ing protocol.

It is importantto notethat all of
the componentof the ZRP provide
the necessarye xibility optimal for
nodesn aMANET:

eachnode may choosea dif-
ferentzoneradius , according
to its signalstrength transmis-
sionpower, velocity etc.

ZRP providessupportfor uni-
directionallinks, whichfrequently
occurin MANETSs

localneighborsaredetectedis-
ing NDP, which canbeimple-
mentedonthelink-layer. Even
thoughthisrequireperiodicmes-
sagesto maintainan accurate
overview of theinterior nodes,
thereis not much of an over
headsincethisis performedwithin
the(comparablysmalllocalzone

sinceonly link-layerunicastare
presumedo bereliableandin
sequencethesepropertiesare
no requirementgor othertraf-
c

the protocolsthat make up the
ZRPareimplementatiorspeci c.
Thatis, oneMANET with cer
tainrequirementsnayadjustAODV
for useasthe|[ERPandOLSR
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Figurel3: IERPTraf ¢ perRouteDiscovery

asthe IARP, while in another
situationit might be favorable
touseTBRPFasthelARP and
DSRasthelERP

by basingall componentsnthe
IP, ZRPcanprovide all theser
vicescustomersreusedo from
wired networks. Another ad-
vantagas thepossibilityof im-
plementingsecurityaspect®n
thelP layer(for examplethrough

the useof IPsec),thusremov-
ing costlyoverheadrom thewire-
lessprotocol

vastperformanceagainthrough
theuseof link-optimization,se-
lectivebordercastingQueryDe-
tection(1 and?2), Early Termi-
nationandLoopbackTermina-
tion (seeFigurel13)

the ZRP candeterminethe ap-
propriatezoneradiusdynami-
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cally on-demandasshavn in
[17]; propagatiorof thenew rout-
ing zoneis concevablebut would
needto beimplemented)

In contrasto otherMANET rout-
ing protocols ZRP, asmentionedabove,
providesa hybrid approachaframe-
work of protocols. Thus,it doesnot
directly con ict or competewith ary
of the protocolsdescribedn [8], [9],
[10], [11] and[12], butis ableto take
advantageof eachof thoseprotocols
strengthsgdependingnthesituation,
requirementgandimplementation.

Also, ZRP is more suitablethan
otherprotocolsfor largenetworksspan-
ningdiversemobility patterngy pro-
viding the bene ts of both reactve
and pro-actve routing in a at net-
work that takesadwantageof a near
hierarchicalapproach.

TheZoneRoutingProtocolis for-
mally describedby the Mobile Ad-

HocNetworks(MANET) Working Group

in anlETF InternetDraft to expire in
January2003 ([1]). Its components
IARP, IERP and BRP are described
in the IETF InternetDrafts [3], [4]
and[5] respectrely.
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