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Abstract

ThisdocumentdescribesandanalyzestheZoneRoutingProtocol(ZRP),
ahybridmobilead-hocprotocolwhichdividesthenetwork into overlapping
routingzones,allowing for theuseof independentprotocolswithin andbe-
tweenthezones.
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1 Overview

Thisdocumentdescribesandanalyzes
theZoneRoutingProtocolorZRPfor
MobileAd-HocNetworks(MANETs).
The basicsof MANET and the im-
plicationsonroutingin particularare
brie�y coveredin Section2 to pro-
vide an introductionto theproblems
resultingfromarapidlychangingtopol-
ogywithouta �x edrouter.

As wewill seein Section3, ZRP,
in contrastto otherMANET routing
protocols,utilizesahybridpro-active/re-
activeapproachtomaintainvalid rout-
ing tableswithouttoomuchoverhead.
Furthermore,ZRPdoesnotprovidea
singleprotocol,but ratheroutlinesa
routingframeworksuitablefor inclu-
sion andextensionof otherexisting
protocols.

In describingtheprotocol,wewill
considersomespeci�c examplesin
order to visualizehow ZRP's char-
acteristicsin�uence it' s performance
(Section4).

Section5analyzestheperformance
of theZRPaswell asdiscussesvari-
ousscenarios,andin Section6 thein-
formationprovidedin this document
is brie�y summarized.

2 MANET in general

A MobileAd-HocNetwork(MANET)
isadecentralizednetworkof autonomous
mobilenodesabletocommunicatewith

eachotheroverwirelesslinks. Dueto
the mobility of the nodes,the topol-
ogy of the network may rapidly be
changing,makingit impossibletouse
conventionalroutingtablesmaintained
at�x edpoints(routers).Instead,each
nodeis requiredto determinethebest
routeto a given destinationnodeby
itself.

Giventheirdynamicnature,route
discovery in a MANET differs sig-
ni�cantly from themoreor lessstatic
routesin wirednetworks:Notall nodes
in aMANET necessarilyhavethesame
capabilities.Two nodes,evenif they
aredirectneighbors,maydiffer with
respectto signal strength,available
power, reliability etc.

Thesedifferencesrequiremuchmore
complicatedandparticularlymoreac-
tivedistributedalgorithmsin orderto
maintain an accuratepicture of the
networkstopology, while at thesame
time providing scalabilityfor poten-
tially large(andever-growing)networks.
At thesametime,routediscoverymust
not useup the majority of the often
limited bandwidthavailableto todays
mobiledevices.

Furthermore,it is importanttopoint
out an importantdifferenceto con-
ventionalroutingapproaches:In wired
networks,eachlink is bi-directional.
If anodeA cansendpacketstoanode
B, weknow thatnodeB cansendpack-
etsbackto nodeA, andareversepath
can be entered. This is not neces-
sarily thecasein a wirelessnetwork,
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wherethe physical location and the
individualpowerresourceshavegreat
in�uence upona nodestransmission
capacityandsignalstrength.

MANET routingprotocolsareIP
basedandmayuseunicast,multicast
or hybrid approachesandshouldal-
low for interactionwith standardwired
IPservicesratherthanbeingregarded
asacompletelyseparateentity.

A detailedyetnotoverlycomplex
overview of thevariousaspectsof Mo-
bile Ad-Hoc Networking is given in
[7].

2.1 Pro-activevs. reactive

The IETF MANET Working Group
hasresearchedanddevelopedanum-
berof protocolsfor mobilead-hocnet-
works,which have beendescribedin
[8], [9], [10], [11] and [12]. These
protocolscangenerallybecategorized
into two groups: pro-active and re-
activeprotocols.

Pro-activeprotocolsfollow anap-
proachsimilarto theoneusedin wired
routing protocols. By continuously
evaluatingtheknown andattempting
todiscovernew routes,they try tomain-
tain the most up-to-datemap of the
network. This allows them to ef�-
ciently forward packets,asthe route
is known at thetimewhenthepacket
arrivesat thenode.

Pro-active or table-driven proto-
cols,in ordertomaintaintheconstantly
changingnetwork graphdueto new,

moving or failing nodes,requirecon-
tinuousupdates,whichmayconsume
largeamountsof bandwidth– clearly
a disadvantagein thewirelessworld,
wherebandwidthisoftensparse.Even
worseso, much of the accumulated
routinginformationisneverused,since
routesmayexist only for verylimited
periodsof time.

Thefamilyof Distance-Vectorpro-
tocols,includingDestination-Sequenced
Distance-Vector Routing ([13]), fall
into thecategory of pro-activeproto-
cols.

In contrast,reactiveprotocolsde-
terminethe properroute only when
required,thatis,whenapacketneeds
to beforwarded.In this instance,the
node�oods thenetwork with aroute-
requestand builds the route on de-
mandfrom theresponsesit receives.
This techniquedoesnot requirecon-
stantbroadcastsanddiscovery, buton
theotherhandcausesdelayssincethe
routesarenot alreadyavailable. Ad-
ditionally, the�ooding of thenetwork
may lead to additional control traf-
�c, againputtingstrainonthelimited
bandwidth.

Thesereactive(or on-demand)pro-
tocolsincludeDynamicSourceRout-
ing (DSR)[9] andAd-hocOndemand
DistanceVectorRouting(AODV) [8],
aswell astheclassical�ooding algo-
rithms. [1]
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3 Intr oduction to ZRP

Asexplainedabove,bothapurelypro-
active or purely reactive approachto
implementaroutingprotocolfor aMANET
have their disadvantages.The Zone
RoutingProtocol, orZRP, asdescribed
in thisdocumentcombinestheadvan-
tagesof both into a hybrid scheme,
takingadvantageof pro-activediscov-
ery within a node's local neighbor-
hood, and using a reactive protocol
for communicationbetweentheseneigh-
borhoods.

In a MANET, it cansafelybeas-
sumedthat the mostcommunication
takes place betweennodesclose to
eachother. Changesin the topology
aremostimportantin thevicinity of
a node– theadditionor the removal
of anodeontheothersideof thenet-
work hasonly limited impacton the
localneighborhoods.

As mentionedearlier, theZRPis
not so mucha distinct protocol asit
providesaframeworkfor otherproto-
cols. Theseparationof a nodeslocal
neighborhoodfrom theglobal topol-
ogy of the entirenetwork allows for
applyingdifferentapproaches– and
thus taking advantageof eachtech-
nique's featuresfor agivensituation.
Theselocalneighborhoodsarecalled
zones(hencethe name); eachnode
may be within multiple overlapping
zones,andeachzonemaybeof adif-
ferentsize. The “size” of a zoneis
notdeterminedby geographicalmea-

surement,asonemight expect,but is
givenby aradiusof length � , where�

is thenumberof hopsto theperime-
terof thezone.

By dividingthenetwork intoover-
lapping,variable-sizezones,ZRPavoids
ahierarchicalmapof thenetworkand
theoverheadinvolvedin maintaining
this map. Instead,the network may
be regardedas �at, and route opti-
mizationispossibleif overlappingzones
aredetected.

While theideaof zonesoftenseems
to imply similaritieswith cellularphone
services,it is importantto point out
thateachnodehasit' sown zone,and
doesnot rely on �x ed nodes(which
would be impossiblein MANETs).
Figure 1 shows an examplerouting
zonewith ��� � .
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Figure 1: Routing Zone of nodeA
with ����� .
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Notethat in this examplenodeA
hasmultipleroutesto nodeF, includ-
ing onethathasahopcountof ��� � .
Sinceit alsohasa routewith ��� � ,
F still belongsto A'szone.NodeG is
outof A'szone,

Thenodesontheperimeterof the
zone(i.e. with a hopcount�

� � � )
arereferredtoasperipheralnodes(marked
gray),nodeswith �

��� � areinterior
nodes.

Obviously a node needsto �rst
know about it' s neighborsbefore it
canconstructa routingzoneandde-
termineit' s peripheralnodes. In or-
der to learn about it' s direct neigh-
bors,a nodemay usethe mediaac-
cesscontrol(MAC)protocolsdirectly.
Alternatively, it mayrequireaNeigh-
borDiscoveryProtocol(NDP).Again,
weseethatZRP, asaframework,does
not strictly specifytheprotocolused
but allows for local independentim-
plementations.

Sucha NeighborDiscovery Pro-
tocol typically reliesonthetransmis-
sionof “hello” beaconsbyeachnode.
If a nodereceivesa responseto such
a message,it may note that it hasa
directpoint-to-pointconnectionwith
thisneighbor. TheNDP is freeto se-
lect nodeson various criteria, such
assignalstrengthor frequency/delay
of beaconsetc. Oncethe local rout-
ing information has beencollected,
thenodeperiodicallybroadcastsdis-
coverymessagesin orderto keepit' s

mapof neighborsup to date. In do-
ing so,it is assumedthatthese“link-
layer(neighbor)unicastsaredelivered
reliablyandin-sequence.”[1]

If theMAClayerof thenodesdoes
not allow for sucha NDP, the Intra-
zoneRoutingProtocolmustprovide
thepossibilityof directneighbordis-
covery. This protocol is responsible
for determiningthe routesto thepe-
ripheralnodesandiscommonlyapro-
active protocol. TheIntrazoneRout-
ing Protocol,or IARP, is describedin
moredetail in in Section3.1.

Communicationbetweenthedif-
ferentzonesis guardedby the Inter-
zoneRoutingProtocol,or IERP, and
provides routing capabilitiesamong
peripheralnodesonly. That is, if a
nodeencountersa packet with a des-
tination outsideit' s own zone– i.e.
it doesnot have a valid routefor this
packet – it forwardsit to it' s periph-
eralnodes,whichmaintainroutingin-
formationfor theneighboringzones,
so that they canmake a decisionof
whereto forwardthepacketto. Through
theuseof abordercastalgorithmrather
than�ooding all peripheralnodes,these
queriesbecomemoreef�cient. The
InterzoneRouting Protocol and the
BordercastResolutionProtocolarepre-
sentedin Sections3.2and3.3.

As we can see,the Zone Rout-
ing Protocolconsistsof severalcom-
ponents,whichonly togetherprovide
the full routingbene�t to ZRP. Each
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ICMP

BRP

IARP IERPNDP

IP

ZRP

Figure2: ZRPcomponents

componentworksindependentlyof the
otherandthey mayusedifferenttech-
nologiesin order to maximize ef�-
ciency in their particular area. For
example,a reactive protocolsuchas
AODV might be usedas the IARP,
while the IERP is mostcommonlya
pro-activeprotocolsuchasOLSR[14].

Figure2, asadaptedfrom [1], il-
lustratesthe different protocolsand
their interactions.

Eventhoughthehybrid natureof
the ZRP seemsto indicatethat it is
a hierarchicalprotocol, it is impor-
tant to point out that the ZRP is in
fact a �at protocol. In a hierarchi-
cal network architecture,two differ-
entprotocolsaremaintainedfor com-
municationamong(a) eachindivid-

ual cluster's nodesand (b) the dif-
ferentclusters.The main difference
hereis thatin theZRPthereis aone-
to-onecorrespondencebetweennodes
and routing zones,causingoverlap-
ping zonesmaintainedby eachindi-
vidualnodes(see[1] for details).

3.1 Intrazone Routing Pro-
tocol (IARP)

SinceZRPassumesthat local neigh-
bor discovery is implementedon the
link-layerandisprovidedby theNDP,
the �rst protocol to be part of ZRP
is theIntrazoneRoutingProtocol, or
IARP. Thisprotocolis usedbyanode
tocommunicatewith theinteriornodes
of it' s zoneandassuchis limited by
thezonesradius� (thenumberof hops
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fromthenodeto it' speripheralnodes).
Sincethelocalneighborhoodof a

nodemay rapidly be changing,and
sincechangesin the local topology
arelikely to have a biggerimpacton
anodesroutingbehavior thanachange
on the otherendof the network, the
IARP isapro-active,table-drivenpro-
tocol.

The nodecontinuouslyneedsto
updatetheroutinginformationin or-
derto determinetheperipheralnodes
aswell asmaintaina mapof which
nodescan be reachedlocally. The
IARPallowsfor localrouteoptimiza-
tion throughtheremovalof redundant
routesand the shorteningof routes
if a routewith fewer hopshasbeen
detected,as well as bypassinglink-
failuresthroughmultiple(local)hops,
thusleveragingglobalpropagation.

As mentionedearlier, it is possi-
ble thata nodeA canbroadcastmes-
sagesto a nodeB, but that nodeB,
dueto limitationsin it' ssignal-strength
(causedby interference,for example)
or low transmissionpower, can not
reachnodeA. Therefor, it is impor-
tant for the IARP to provide support
for unidirectionallinks amongthelo-
calnodes.

Due to it' s pro-active nature,lo-
cal route discovery is very ef�cient
and routesto local destinationsare
immediatelyavailable.In ordertonot
overutilizetheavailablebandwidthre-
sources,theIARP – asthenamesug-

gests– is restrictedto routingwithin
the zone,which is why it is referred
to asa“limited scopepro-activerout-
ing protocol”[3].

Global route discovery, commu-
nicationwith nodesin adifferentzone,
is doneby guiding the routequeries
to theperipheralnodesinsteadof �ood-
ing all local nodes.In orderto adopt
a traditionalpro-active link statepro-
tocol for useastheIARP in theZRP,
thescopeof theprotocolneedsto be
limited to thesizeof thezone� . This
maybeimplementedbyaddingaTime
To Live (TTL) to the route discov-
ery requests,initialized to �

�

�

, and
decrementedbyeachnodeuntil it reaches

�

(whenit is discarded).

In Figure1,uninterruptedlinesin-
dicate the areaswhere the IARP is
usedto provide routing betweenthe
nodes.TheIntrazoneRoutingProto-
col includinganexampleimplemen-
tation(aTimerBasedLink StateIARP)
is describedin moredetail in [3].

3.2 Interzone Routing Pro-
tocol (IERP)

As the global reactive routing com-
ponentof theZRP, theInterzoneRout-
ing Protocol,or IERP, takes advan-
tageof theknown local topologyof a
node's zoneand,usinga reactiveap-
proachenablescommunicationwith
nodesin otherzones.
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Routequerieswithin theIERPare
issuedon demand,that is only when
arequestfor arouteis made.Thede-
lay causedby theroutediscovery (in
contrastto IARP, wherethe route is
immediatelyavailable)is minimized
throughthe useof bordercasting,an
approachin which thenodedoesnot
submit the query to all local nodes,
but only to it' speripheralnodes.Fur-
thermore,anodedoesnotsendaquery
back to the nodesthe requestcame
from,evenif they areperipheralnodes
(as explainedin Section3.3, Figure
5).

In orderto convertanexisting re-
active routingprotocolfor useasthe
IERP in the ZRP, it is necessaryto
disablepro-activeupdatesfor localroutes,
sincethisfunctionalityis providedby
theIARP. Furthermore,theIERPneeds
to beableto takeadvantageof thelo-
cal routing informationprovided by
the IARP, aswell aschangetheway
routediscoveryis handled:Insteadof
�ooding a routerequestto all nodes,
it shouldinsteadusethe Bordercast
ResolutionProtocol(BRP)toonly ini-
tiaterouterequestswith peripheralnodes.

In Figure1, dottedlines indicate
the areaswherethe IERP is usedto
provideroutingbetweenthezones.The
InterzoneRoutingProtocolincluding
anexampleimplementation(Reactive
SourceRouting)is describedin more
detail in [4].

3.3 BordercastResolutionPro-
tocol (BRP)

The BordercastResolutionProtocol,
or BRP, is usedin the ZRP to direct
therouterequestsinitiatedby theglobal
reactiveIERPto theperipheralnodes,
thusremoving redundantqueriesand
maximizingef�ciency. In doingso,it
utilizesthemapprovidedby thelocal
pro-active IARP to constructa bor-
dercasttree.Unlike IARP andIERP,
it is not so mucha routing protocol,
asit is packetdeliveryservice.

TheBRPkeepstrackof whichnodes
aqueryhasbeendeliveredto, sothat
it canprunethebordercasttreeof nodes
thathavealreadyreceived(andrelayed)
the query. When a nodereceives a
querypacket for anodethatdoesnot
lie within it' s local routing zone, it
constructsa bordercasttreesothat it
canforward the packet to it' s neigh-
bors. Thesenodes,upon receiving
thepacket,reconstructthebordercast
treesothatthey candeterminewhether
or not it belongsto the tree of the
sendingnode. If it doesnot, it con-
tinuesto processtherequestandde-
terminesif thedestinationlieswithin
it' s routing zoneand taking the ap-
propriateaction,uponwhichthenodes
within this zonearemarked ascov-
ered.

In orderto detectwhena routing
zonethey belongto hasbeenqueried,
two levelsof QueryDetectionarepro-
videdbyBPR.As they relaythequeries
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to theperipheralnodes,thenodesde-
tectthequeryandnoteswhich zones
havebeencovered.Thisis referredto
asthe �rst level of QueryDetection,
or QD1.

Secondly, in networks that usea
singlebroadcastchannel,a nodecan
determinethis informationby listen-
ing to thetraf�c broadcastamongother
nodes. This approachis referredto
asQD2. Figure3 showsnodeA bor-
dercastinga query to the peripheral
nodesD and F. NodesB and C, as
they relay the query, note that node
A's zonehasbeenqueried(QD1). In
single-channelnetworks,nodeE can
listen to the traf�c and cometo the
sameconclusionusingQD2.

QD1
A

B C

D

E
F

QD2

QD1

Figure3: QD1 andQD2.

Simplydetectingthatagivennode
hasalreadybeencovered,however,
is not enough.Theprotocolneedsto
droppacketsthatwouldbesentto al-

readycoverednodes.Thisisdoneus-
ing Early Terminationor ET, which
obviously relieson QueryDetection,
aswell asLoopback Terminationor
TL (in which routesthat loop back
into thequeryingnodeszoneareelim-
inated,sincethesenodescanbereached
locally usingIARP).

In order to further eliminateun-
necessarybroadcasting,theBRPmay
implementSelectiveBordercasting. In
this approach,a nodeneedsto know
network topologyinformationfor an
extendedzoneof size � �

�

�

.
Giventhisknowledge,anodecan

furthereliminateperipheralnodesfrom
its list of bordercastrecipients,if the
outerperipheralnodesoverlap. Fig-
ure4 showsanexampleof how node
A is ableto remove nodeC from its
bordercastingspanningtree,sincenodes
GandH canbereachedthroughnodes
B andD respectively.

J

A

C
DB

E

F G H
I

Figure4: SelectiveBroadcasting.
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In the context of ZRP, the BRP
canbeseenasthegluewhich tiesto-
gethertheIARP andthe IERPin or-
der to take full advantageof thepro-
activeandreactivecomponentswhere
they arebestused.

TheBordercastResolutionProto-
col, including the implementationis
describedin moredetail in [5].

4 Examples

In orderto betterunderstandhow the
differentcomponentsof theZRPwork
togetherandhow routing is doneus-
ing this approach,we will consider
a few examples. Several scenarios
arepossible,amongthemstationary
nodesin adensenetwork,mobilenodes
moving in differentdirectionswith and
without stableand/orstationary�x-
pointsandstationaryor moving net-
workswith instableor frequentlychang-
ing nodes.In theseexamples,a node
is consideredstationary, if it doesnot
moverelativeto theothernodes(even
thoughit maybemoving into thesame
direction). A stablenodeis onethat
broadcastswith aconstantsignaland
doesnot undergopower �uctuations.

4.1 BRP

Beforewe go into examplesof how
routesbetweennodesfrom different
zonesaredetermined,let usconsider

anexampleof how BRPperformsQuery
Detection.

H

A

B

C

D

F

E

G

Figure5: A BRPExample.

In Figure5, nodeA needsto send
a packet to nodeH. SincenodeH is
not within it' s zone, it constructsa
bordercasttree spanningits periph-
eralnodesC, E andF, andsendsthe
queryto its local neighborsB andD.
BothB andD notethatH is notwithin
theirzonethey in turnconstructabor-
dercasttree. Note that they only in-
cludeperipheralnodesof theirs that
havenotbeencoveredpreviously.

That is, nodeB will not include
nodeD, eventhoughit is aperipheral
nodefor B's zone. Similarly, node
D'streewill notincludenodeB. Node
D thenforwardsthe requestto node
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F, which determinesthatnodeH lies
within its routing zone, and replies
with thecorrectroute.

4.2 Stationary nodesin adense
network

Let usextendthenetwork from Fig-
ure 1 to spana few morenodes.An
examplesituationof sucha station-
arynetwork,wherethenumberof nodes
andtheirpositiondoesnotchangefre-
quently might be a numberof peo-
ple attendinga conference,commu-
nicatingwith eachother. This exam-
ple lendsitself to show thebasicsof
ZRP, sowewill investigateit in more
detail.

Figure6showsthenetworkgraph;
theradiusof eachnode'szoneis still

� � � . Again, as before, the pe-
ripheralnodesfor nodeA aremarked
gray. In this example,nodeA hasto
sendapacket to nodeU.

NodeA usesthe IARP to deter-
mine of node U is within its zone.
SinceIARP is pro-active, the infor-
mationthatU is in this routingzone
is readily available,andnodeA ini-
tiatesa routerequestusingIERP. As
explainedin Section3.3, IERP now
utilizesBRPtobordercasttherequest:
It is not �ooded to eachof thenodes
in A's zone,but only to B, D, E, F,
H andJ, theperipheralnodes,which
in turn searchtheir routingtablesfor
thedestination.

V

A

B

E

H

D

C

G

I

F
J

K

L

M

N

O P

Q

R

S

T

U

Figure6: A stationarynetwork with
����� .

NodeH doesnot�nd U in its rout-
ing tableandthusbordercaststhere-
questto its peripheralnodes.Figure
7 showsnodeH's routingzone.

Throughtheuseof BPR,thebor-
dercasttreeof nodeH doesnot con-
tainnodesForA: thesebrancheshave
beenpruned,sincethesenodeshave
alreadybeencovered.NodeH broad-
caststheroutequeryto nodesM and
N. Someof the peripheralnodesof
nodeN'szonearealsoperipheralnodes
of nodeU'szone–anexampleof how
zonescan (and frequentlydo) over-
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Figure7: NodeH'szone.

lap. In Figure8, theperipheralnodes
for bothnodeU andnodeN areshaded.

Now nodeN bordercaststhequery
to nodesR andS(nodesM andH are
alreadymarkedascovered),whichin
turn reply with the correctroute,as
they both know U to be within their
local zone.

4.3 Mobile nodeswithout a
stationary �xpoint

In thisexample,wewill seehow ZRP
dealswith link-failuresandlink-opti-
mization,sincemovingnodeswill con-
stantlyhave to updatetheir network
map,asnodesthatusedto bewithin

N

���

���

���

���

���

���

���

���

���

���
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J

K
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Q

R

S

T

U
V

G

Figure8: Overlappingzones.

their zonemove out of transmission
range.For simplicity, let usconsider
a much smaller initial network. In
Figure9, the arrows indicatethe di-
rectionin which thenodesaretravel-
ing. As weobservenodeA, wemark
its peripheralnodesgray.

As nodesD andB move further
away from eachother, they losetheir
connection,just as nodesC and E.
However, nodeE movescloserandis
ableto establishapoint-to-pointcon-
nectionwith nodesA and D. Simi-
larly, nodeF movescloserandis able
to establishconnectionswith nodesE
andA. Thesechangesarere�ectedin



5 Performance 15

F

A

B

C
D

E

Figure9: Mobile nodes(1).

Figure10.

F

B C
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E

D

Figure10: Mobile nodes(2).

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

placewithin a short period of time.
Nodesconnectedto E only needto
addanadditionalperipheralnode(F),
asEmaintainsit' sconnectiontonode
D. However, werea nodeconnected
to E requesta route to C, the IERP
wouldneedto initiateanew routere-
quest,as C no longer is within the
queryingnode's zoneand the route
needsto go throughD.

5 Performance

In orderto maximizeperformanceof
theZRP, weneedtominimizetheamount
of control traf�c that is sent. Thus,
we wish to maintainan overview of
the networks topology that is asac-
curateaspossible(at any given time
– thusminimizing delayscausedby
routediscoveryrequests),whileatthe
sametime requiringsendingaslittle
packagesaspossible.

Giventhehybridnatureof theZRP,
this goal can be reducedto �nding
thecorrect– i.e. optimal– sizeof the
routing zone radius � for the given
network – whichmayvary from case
tocase,dependingonthecircumstances.

For example,in a stationarynet-
work asconsideredin Section4.2, it
would be possibleto increase� to a
larger number, without too much of
a penalty: in this situation,theposi-
tion or thenumberof availablenodes
changesinfrequently, sothat,givena
larger routingzoneradius,thenodes
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couldtakeadvantageof thecompara-
bly staticandimmediatelyavailable,
sincepro-activelymaintained,routes.

Theexamplein Section4.3onthe
otherhandwouldnotbene�t from large
zones:thecostof maintainingtheever-
changinglocalroutesis toohigh,par-
ticularly sincemostof theroutesare
soshort-livedthatthey areneverused.
Instead,azoneradiusof � �

�

would
bebene�cial, to ensurethatthezones
overlapenoughto allow for route-re-
dundancy. Note,however, thatreduc-
ing ���

�

effectively turnstheZRP
into a completelyreactive protocol,
obsoletingtheadvantagesgainedfrom
its hybrid nature:all routing is done
on-demand(usingIERP),asno node
is ableto contactanothernodeusing
IARP.

The resultsof [16] showed that
theIARP traf�c growswith thenum-
ber of nodesin a given zone,while
increasedmobility of a thenodesin-
creasesIERPtraf�c: asnodesmove,
the routesbetweenzonesbreakand
needto be “re-discovered”. Increas-
ing thenumber� of nodesin theglobal
networkhasonly limitedeffectonthe
amountof pro-activetraf�c, sincepro-
activeIARPupdatesarelocaltoazone.
In general,it canbestatedthat“larger
zonesprovide moreef�cient queries,
whichcompensatesfor theIARPmain-
tenancecost”([2]).

A moredetailedanalysisof ZRPs

generalperformancecanbefoundon
[16] and[17].

5.1 Performancegainon the
exampleof Bordercast-
ing

In thissection,wewill show how BRP
can minimize the numberof broad-
castssigni�cantly. First let us con-
sider a network as shown in Figure
11.

The�rst 8 nodesconnectedto the
nodein themiddleshouldbeseenas
thatnode's peripheralnodes(that is,
interior nodesare not shown in this
example),the8 nodeson theoutside
astheperipheralnodesof theextended
zone. As we cansee,the total num-
ber of queriesif no BRP would be
usedwouldsumup to be40!

Figure11: QueryFlooding

Now we introduceselective bor-
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dercasting.A largenumberof broad-
castscanbe avoided,sincemany of
thezonesoverlapandperipheralnodes
connectto thesamenodesin theex-
tendedzone.As Figure12shows,the
numberhasbeenbroughtdown to16,
adecreaseof over50%!

Figure12: SelectiveBordercasting

Thetremendousadvantageof us-
ingSelectiveBroadcastingin theIERP
is visualizedin Figure13,asadopted
from [16], [17] andothers.

6 Summary

TheZoneRoutingProtocol(ZRP)pro-
videsa hybrid routingframework, in
whicheachnodemaintainslocalroutes
within its zonein a pro-active man-
ner, while interzonecommunication
is performedin a reactivemanner. In
orderto improve performanceof the
reactiveIERPandavoidhaving to rely

on�ooding all neighboringnodes,thus
riskingexhaustingtheavailableband-
width, it makesuseof a bordercast-
ing protocol.

It is importantto notethat all of
the componentsof the ZRP provide
the necessary�e xibility optimal for
nodesin aMANET:

� eachnode may choosea dif-
ferentzoneradius� , according
to its signalstrength,transmis-
sionpower, velocityetc.

� ZRP providessupportfor uni-
directionallinks,whichfrequently
occurin MANETs

� localneighborsaredetectedus-
ing NDP, which canbe imple-
mentedon thelink-layer. Even
thoughthisrequiresperiodicmes-
sagesto maintainan accurate
overview of theinterior nodes,
there is not much of an over-
headsincethisis performedwithin
the(comparably)smalllocalzone

� sinceonly link-layerunicastsare
presumedto be reliableandin
sequence,thesepropertiesare
no requirementsfor othertraf-
�c

� theprotocolsthatmake up the
ZRPareimplementationspeci�c.
Thatis, oneMANET with cer-
tainrequirementsmayadjustAODV
for useastheIERPandOLSR
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Figure13: IERPTraf�c perRouteDiscovery

as the IARP, while in another
situationit might be favorable
to useTBRPFastheIARP and
DSRastheIERP.

� bybasingall componentsonthe
IP, ZRPcanprovideall theser-
vicescustomersareusedto from
wired networks. Another ad-
vantageis thepossibilityof im-
plementingsecurityaspectson
theIP layer(for examplethrough

the useof IPsec),thusremov-
ingcostlyoverheadfromthewire-
lessprotocol

� vastperformancegain through
theuseof link-optimization,se-
lectivebordercasting,QueryDe-
tection(1 and2), Early Termi-
nationandLoopbackTermina-
tion (seeFigure13)

� theZRPcandeterminetheap-
propriatezoneradiusdynami-
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cally on-demand(asshown in
[17]; propagationof thenew rout-
ingzoneisconceivablebutwould
needto beimplemented)

In contrasttootherMANET rout-
ingprotocols,ZRP, asmentionedabove,
providesa hybridapproach,a frame-
work of protocols.Thus,it doesnot
directly con�ict or competewith any
of theprotocolsdescribedin [8], [9],
[10], [11] and[12], but is ableto take
advantageof eachof thoseprotocols
strengths,dependingonthesituation,
requirementsandimplementation.

Also, ZRP is moresuitablethan
otherprotocolsfor largenetworksspan-
ningdiversemobility patternsbypro-
viding the bene�ts of both reactive
and pro-active routing in a �at net-
work that takesadvantageof a near-
hierarchicalapproach.

TheZoneRoutingProtocolis for-
mally describedby the Mobile Ad-
HocNetworks(MANET) WorkingGroup
in anIETF InternetDraft to expire in
January2003 ([1]). Its components
IARP, IERP andBRP are described
in the IETF InternetDrafts [3], [4]
and[5] respectively.
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