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Abstract Ad hoc networks implement a distributed cooper-
ation environment, based on a peer-to-peer paradigm.
A novel routing protocol for wireless, mobile ad hoc net-  Given the limited range of wireless communication, the
works is presented. This protocol incorporates featuresnetwork is generally multihop, since direct communi-
that enhance routing reliability, defined as the ability to cation between mobiles is generally not available. For
provide almost 100% packet delivery rate. The protocol this reason, a distributed routing protocol is required in
is based on a virtual structure, unrelated to the physi- order to provide communication between arbitrary pairs
cal network topology, where mobile nodes are connectedof nodes. A major problem arises from the mobility of
by virtual links and are responsible for keeping physical nodes causing the network topology to be variable and
routes to their neighbors in the virtual structure. Routes to some extent unpredictable. In fact, communication
between pairs of mobiles are set up by using informa- |inks between nodes may be broken, nodes may fail and
tion to translate virtual paths discovered in the virtual possibly recover from failures and new links may ap-
structure. Route discovery and maintenance are basegear. The routing protocol must react promptly to re-
on unicast messages travelling across virtual paths, withcover from link and node failures and to take advantage
sporadic use of flooding protocol. Most floodings are ex- of new links. For this reasons, existing routing protocols

ecuted in background using low priority messages. The designed for fixed networks are unsuitable, and routing
routing protocol has been evaluated and compared within ad hoc networks is a major issue.

the Dynamic Source Routing protocol (DSR) by means

; k Routing protocols for wireless ad hoc networks can
of simulation.

be classified into the main categoriegalble-driven(or
proactive [9, 13, 15] andon-demandor reactive [7, 5,

1 Introduction 10,11, 14} _
Reactive routing protocols, which appear to be more

Mobile, wireless ad hoc networks are among the fastestsuitable for ad hoc networks, do not maintain up-to-date
growing areas in networking research. They are bestinformation about the network topology as it is done by
suited for applications in environments where fixed in- the proactive ones, but they create routes on demand.
frastructures are unavailable or unfeasible. Examples ofAmong reactive routing protocols, tti@/namic Source
such applications are communication in remote or hos- Routing(DSR) [5, 4] and theAd hoc On Demand Dis-
tile environments, management of emergencies, and distance Vector RoutingAODV) [11] are the most estab-
aster recovery. lished developments.

Mobile ad hoc networks are an heterogeneous mix of  In DSR, when a mobile (source) needs a route to an-
different wireless and mobile devices, ranging from lit- other mobile (destination), it initiatesraute discovery
tle hand-held devices to laptops. Such devices rely onprocess which is based on flooding. The source orig-
on-board batteries for energy supply, hence energy effi-inates aroute requesf{RREQ) packet, that is flooded
ciency of mobiles is an important issue [1]. The effect of over the network. The RREQ packet contains a list of
battery depletion is similar to a crash fault, from which hops which is collected by the route request packet as
the mobilé may or may not recover depending on the it is propagated through the network. Once the RREQ
availability of battery replacement/recharge. reaches either the destination or a node that knows a

C - route to the destination, it responds withraute reply

orresponding author

lin the rest of the paper the terms mobile and node will be used as (RREP along the reverse of the route collected by the

synonyms. RREQ. This means that the source may receive several




RREP messages corresponding, in general, to differentdelivery rate that is, to deliver most of the data packets
routes to the destination. DSR selects one of these routesn spite of faults breaking the routes or buffer overflows
(for example the shortest), and it maintains the other caused by overloaded nodes. Given the intrinsic nature
routes in a cache. The routes in the cache can be used agf wireless, ad hoc networks, reliability is a major issue.
substitutes to speed up the route discovery if the selected Links failures may occur due to interferences on the
route gets disconnected. To avoid that RREQ packetswireless medium, or, most probably, to hodes’ mobility,
travel forever in the network, nodes that have already when pairs of nodes move out of the reciprocal trans-
processed a RREQ discard any further RREQ bearingmission range or are shadowed by obstacles. The situ-
the same identifier. ation where a node is disconnected from the rest of the
In AODV, routes are also set up by flooding the net- network is equivalent to a recoverable crash fault of the
work with RREQ packets which, however, do not col- node. Node failures may be caused by battery depletion,
lect the list of the traversed hops. Rather, as a RREQhardware faults, or by software crashes.
traverses the network, the traversed mobiles store infor-  Failures may be recoverable; for example a broken
mation about the source, the destination, and the mobilelink may become available when the two nodes move
from which they received the RREQ. The latter informa- again within the transmission range of each other or
tion is used to set up the reverse path back to the sourceacross an obstacle, or a node fault due to a depleted bat-
When the RREQ reaches a mobile that knows a routetery may be recovered after the battery replacement.
to the destination or the destination itself, the mobile re-  Link and node failures may rise at any time, and may
sponds to the source withraute replypacket which is  be revealed during the route discovery phase or during
routed through the reverse path set up by the RREQ, alsaccommunication along a route already established.
setting the forward route from the source to the destina- The common approach to deal with faults during the
tion. To avoid overburdening the mobiles with infor- route discovery phase is to exploit flooding-based pro-
mation about routes which are no longer (if ever) used, tocols. If a combination of faults prevents the source
nodes discard this information after a timeout. A com- from building a route to the destination, the destination
parison between DSR and AODV can be found in [12]. is declared unreachable, and the route discovery can be
The main difference between DSR and AODV is in tried later in the hope that the disconnection has been
the way they keep the information about the routes: in recovered.
DSR itis stored in the source while in AODV it is stored Faults affecting a communication between two mo-
in the intermediate nodes. However, the route discov- biles along a route that was successfully established are
ery phase of both is based on flooding. This means thatmanaged by means of rute maintenanceprotocol,
all nodes in the network must participate in every dis- which, however, may not avoid substantial packet losses.
covery process, regardless of their potential in actually Once a routeR has been established, the source starts
contributing to set up the route or not, thus increasing sending packets througR. If a link or a node ofR
the network load. fails, the node preceding the failed link or node detects
To reduce this burden, we propose an alternate rout-the failure of . Typically, the latter node sendsaute
ing strategy (calle&irtual Routing Protocalor, briefly error messageRERR to the source. Once the source
VRP which manages node mobility and link and node receives the RERR it starts again a route discovery to
failures with a limited dependency on flooding for route establish a new route and resume communication. In the
discovery. VRP also implements different priority levels time elapsed between the notification of the RERR and
for messages: higher priorities are mainly used by uni- the setup of a new route the source cannot send further
cast messages, while almost all floodings are performeddata packets generated by the application layer for that
on lower priorities. destination. Although the packets can be buffered by
The rest of the document is organized as follows: the source, packets may be dropped if the buffer size is
Section 2 discusses the reliability issues of routing in exceeded. Furthermore packets sent in the time elapsed
ad hoc networks, Section 3 introduces the system modelbetween the occurrence of the fault and its notification
and preliminary definitions, and Section 4 presents the to the source may also be lost. For this reason the man-
Virtual Routing protocol. Simulation studies are pre- agement of data packet losses is generally left to the ap-
sented and discussed in Section 5 and Section 6 draw$lication layer, and packet losses should be kept as low

the conclusions. as possible.
The overhead of the routing protocol may also con-

tribute to packet losses. In fact, both the route discovery
2 Reliability Issues and the route maintenance protocols rely on a consider-
able number of packets travelling in the network. This
In a wireless ad hoc network where pairs of mobiles is specially true if the above protocols rely on flood-
communicate by exchanging a variable number of dataings. These packets contribute to network congestion,
packets along routes set up by a routing algorithm, re- and may contribute to longer buffering of data pack-
liability may be defined as the ability to provide high ets, and, ultimately, to data packet losses if the mobiles
buffer capacities are exceeded.



3 System Model

We consider a mobile ad hoc network composediby
mobiles, each of which is assigned a unique integer ID
ranging from O ton — 1. Mobiles communicate with
each other via radio transceivers, and they use a MAC
protocol to solve contentions over the wireless channel.

Since the transmission range of the mobiles is lim-
ited, the network is multihop and its topology changes
with time due to nodes mobility or faults. In the real
world the wireless links are not necessarily symmetric,
i.e., mobilei might send messages to mobjlelirectly,
but j may not be able to send messages tirectly.
However, we focus on ad hoc networks with bidirec-
tional links, thus meeting the specifications of the IEEE
802.11 RTS/CTS protocol [2] which works only with
bidirectional links.

Under this assumption it is possible to model the net-
work at any timet as an undirected grap&(V, E),
whereV is the set of nodes, and is the set of links
at timet. Link (i,7) € F (thatis,i andj areadjacen}
iff both nodes are within each other’s transmission range
at timet and they are not shadowed by obstacles. The
set of all nodes that are adjacent to a nogecalled the
Neighbor Sebf i, denoted byV;.

VRP assumes the existence of a link-layer protocol,
which ensures that each mobile is always aware of its
neighbors. This assumption is feasible with the IEEE
802.11, as it can provide such information to the routing
protocol [2]. This assumption is also used by other rout-
ing protocols such as [10] and [6]. If the link layer can-
not provide such service, this information can be con-
structed by the routing protocol by exchanging "hello”
messages between the mobiles.

VRP uses different priority levels on messages: e.g.
low, mediumand high. Priority levels are used inter-
nally by the mobiles to decide the order in which the
messages should be sent, i.e., when mablias mes-
sages of different priorities to send, it sends one with the
highest priority. If the node has multiple messages with

the same priority, it can choose any one of these mes-

small subset of other mobiles (callpders. A vir-

tual pathfrom a source to a destination is a path in

the virtual structure. A route from source to desti-

nation is constructed by translating the virtual path;
i.e. by chaining the routes from scouts to peered
mobiles in the virtual path. The virtual structure is

redundant; i.e. there are many virtual paths for any
source-destination pai.

route discovery by means of unicast messages
which translate the virtual path travelling from
source to destination along the route. If dis-
covery fails, a different virtual path is attempted.
Flooding-based discovery is the last resource after
repeated failures of the unicast-based discovery.

reactive scout update when the route translation re-
veals that the route to a peered mobile stored in
a scout is invalid. Scout updates require a flood-
ing which, however, is performed in low prior-
ity, since most probably route setup can be suc-
cessfully achieved using an alternate virtual path.
This greatly reduces the network congestion due
to flooding. In order to fully exploit the power
of flooding protocols, reactive update of scout-peer
routes is combined with the proactive update of all
routes from the given scout to all its peers.

random distribution of routes: VRP does not at-
tempt to set up minimum length routes, however
routes are essentially constructed at random by
translating some virtual path. While this feature
somehow increases the time to set up routes and
the number of data packets to be dispatched in com-
munication, it distributes over the network the bur-
den of packet dispatching, thus contributing to a re-
duced congestion.

4.1 The Virtual Structure

VRP defines a directed graph(V, A) (called virtual
structurg, which is unrelated to the actual network

sages. A newly proposed supplement of the 802.11, thetopology. Node sel” represents the mobiles and set

802.11e [3, 8], introduces the concept of priority levels
at the link-layer.

4 The Virtual Routing Protocol

TheVirtual Routing ProtocolVRP) has been developed
with the goal of providing high delivery rate in mobile,
ad hoc networks. To this purpose, VRP incorporates
the following strategies to reduce the use of floodings

A represents the virtual links. Given a virtual link
(i,j) € A, mobilei is called ascoutto j andj is said
to be peeredby i. Given mobile:, the peer setp; is
defined asP, = {j : (i,j) € A}, and thescout seis
Si={j:(j,i) e A}.

It should be noticed that VRP is, to some extent, inde-
pendent of the graph implementing the virtual structure.
However, it appears that the graph should be regular (i.e.
the degree is the same for all nodes) to ensure that the
number of peers is the same for all scouts, thus con-

in route discovery and maintenance, thus reducing thetributing to an even distribution of the load in the Route

network congestion:

e a virtual structure where each mobile, called a
scout is responsible for maintaining routes to a

Discovery. The most suitable graph structure should be
selected considering properties such as diameter, bisec-
tion width and the scalability, i.e., the capacity of toler-
ating addition or removal of mobiles without disrupting



Figure 1: A Rings of Rings witlx = 3 rings ofy = 6 nodes
each and 3 scouts per node=£ 3).

the structure itself. VRP was simulated using different
virtual structures, like: RoR, hypercube, CCC and torus,

however results reported in this paper are obtained using  Given the virtual pathV P = (vpg,vp1,

the Rings of RinggRoR) structure which is introduced
below.

The Rings of RinggRoR) structure is based on con-
gruences [16] and it is defined as follows. Assume that
there are two integerg; andy, such thatx «y = n
(if needed, this assumption can be met by introduc-
ing dummy nodes), and let be an integer such that
1 < s < y. The nodes in the virtual graph are ar-
ranged intox rings, each of which is composed ky
nodes; each node is connectedste 1 nodes inside its
ring and to 1 node in the next ring.

Formally, setV is partitioned intoz rings, called
Vo, Vi, ..., Vo—1, Where, for eaclu € [0,2), V, = {7 :
axy <1i< (a+1)=y}. Link (¢,5) belongs toA iff
eitherj mod y = (i + d) mod y for somel < d < s
orj = (i +y) mod n. ARoOR withz = 3,y = 6 and
s = 3 is shown in Figure 1.

A notable feature of RoR structure is the redundancy

of virtual paths, whose degree is determined by param-

eterszx, y, ands. Even in the occurrence of multiple
node and/or link failures, it is most likely that there ex-
ists a virtual path of available nodes from the source to

the destination, and this path can be translated in a route

chaining valid links.

Another advantage of RoR is the ability to be "reshuf-
fled” when the average length of routes constructed
over the virtual structure is unsatisfactory. Although

the independence of virtual and physical structures pre-

vents from guessing how the virtual structure should
be reshuffled, random reshuffling may also provide
positive results. Reshuffling may be implemented by
congruence-based [16] implementation of mobiles iden-

4.2 Route Discovery

Route Discovery is used by a mobiléo set up a route
from itself to mobilej. If j is a neighbor of, then the
route is trivial. Otherwise the route acquisition is di-
vided in two steps: theirtual path setupand thephys-
ical route setup All messages of this phases are high
priority messages.

In the virtual path setup the souréeestablishes a
loop-freevirtual pathto the destinatiory on graphlL:
the virtual path is a path from the source to the destina-
tion, where every intermediate node (if any) is a scout to
its successor node and a peer of its predecessor node in
the virtual path. Sincé is known in advance by all mo-
biles, this step does not require communication. The vir-
tual path is constructed by the source notg selecting
a shortest path of available nodedlirtonnecting desti-
nationj to any node in{i} U N;. Mobiles belonging to
the selected virtual path are calleidtual hops
ce, VD)
with vpg i andvp, = j, the physical route setup
consists in chaining the routes stored in the scouts
vpg, VP1, - .., VP;_1. 10 this purpose the souréesends
aroute translation(RTRAN$ message which traverses
all the virtual hops. The route translation message car-
ries the destination I}, the virtual path/ P, and the list
of (physical) hops taken by the RTRANS message. This
listis updated as the RTRANS is propagated through the
network.

The RTRANS message is first routed fromy = i to
vps . If vpy is a neighbor of, theni simply puts the ID of
vpy in the physical route of the RTRANS and forwards it
towvp;. Otherwise, asis a scout tap, it attaches to the
RTRANS message its own route @@,. The RTRANS
message is forwarded along mobiles in this route until
reaching scoutp; .

When a node which is not part of the virtual path re-
ceives a RTRANS, it simply forwards the message to the
next node in the physical route.

When an intermediate nodep, of the virtual path
receives the RTRANS, it appends to the RTRANS its
own route to nodevpiy1, and it forwards the mes-
sage through this route. This process is repeated until
RTRANS reaches the destinatign= vp;. As an opti-

mization, when mobilé receives an RTRANS, it deliv-
ers this message directly to destination if the destination
isin NVy,.

As it is propagated fromto j, the RTRANS collects
the sequencé of the traversed mobiles. If the routes
stored by the scouts are up-to-date, RTRANS eventually
reacheg andR is a physical route fromto j.

It should be observed that virtual paths are loop-free
and the RTRANS message travels along routes fspm
tovpg1 which do not contain loops. Thus the RTRANS

tifiers, leading to an isomorphic virtual structure. This message always reaches the destination, if all scouts
matter is beyond the scope of this paper and is subject ofhave valid routes to their peers. However, routes stored
ongoing research. by different scouts in the virtual paths may not be dis-



¢ o 1 imum allowable number of attempts. If this maximum is
j=vp, '/ﬂo\ reached without success, the source attempts to set up a
route to the destination by flooding the network with an
\. X high-priority route reques{RREQ as it is done in DSR.
If this ultimate attempt also fails, the upper application

\OJ‘J layer is notified that the destination is unreachable.
P2 It should be observed that route discovery based on
i=vp, unicast messages travelling along virtual paths performs
OSowrce O Vitualhop @ Physical routeunit @ Destination well only if the scouts have valid routes to their peered
mobiles most of the time. Under this hypothesis, the
Figure 2: Virtual path translation. overhead of the flooding-based protocols can be avoided

in most of the cases and the cost of the route discovery

L . . . is proportional to the length of roufe along which runs
joint, implying that routeR may contain loops. For this the RTRANS message.

reason, upon receiving the RTRANS message, the desti-
nation cuts the loops iR to obtain a loop-free rout&’
from ¢ to j. This process is illustrated in Figure 2 show-
ing the route of an RTRANS message from the source
1 = vpo 10§ = vps.

After cutting the loops, the destination sends to the
source aoute replymessage containing’. This mes-
sage is routed through the reverse of rolite As it re-
ceives the route reply, the source may start sending dat
packets to the destination througt.

The Route Discovery may fail due to node or link
failures, disrupting the route stored in some scaut
in the virtual path. This means that some nadalong
the route going from scoutp; to vpgy1 iS unable to
forward the message to the next ndden the route.

4.3 Scout Update

The Scout Updatés executed by a scoutwhen it re-
ceives a route error notifying that the route to some peer
k € P;is no longer valid. The Scout Update phase of
the protocol is similar to the reactive route discovery of
aDSR. However in VRP the Scout Update executed by
mobile i, beside looking reactively for peére P; also
looks proactively for routes to all nodes in.

Another feature of Scout Update in VRP is the for-
warding of messages in low priority which greatly re-
duces the interferences with the packets used in route
When nodet detects the failure, it attempts to find discovery and in data communication, which are for-

a new route (aletoup) from itself to the destination ~‘varded with higher priorities.
of the RTRANS message. To this purpose it executes a 1he Scout Update initiated by mobileuses amul-
Route Discovery by selecting a virtual path fréno j tiple destination route reque{MD-RREQ message,
and by translating this virtual path into a physical route. Which contains the ID of scout and the list of hops
If the detour is also broken, the node detecting the de-collected as it is propagated through the network. The
tour failure may attempt another detour. This process is MD-RREQ message is flooded in the network as a low
repeated up to a maximum number of iterations, accord- Priority message.
ing to a parameter set by the source and stored in the When MD-RREQ reaches nodec P, that is,i is
RTRANS message itself. a scout tah, thenh responds with @oute reply(RREP
After forwarding the RTRANS through the detour, sent as a low priority message along the reverse of the
node h sends aoute error (RERR) to the last scout path accumulated in the MD-RREQ. In any césalso
through which the RTRANS has passed, nogg. The forwards the MD-RREQ to its neighbors to guarantee
RERR is used to warnpy, that the route it has archived that the MD-RREQ reaches all the mobiles in the net-
to reachvp,1 is no longer valid. Whenp,, receives  work. To avoid the MD-RREQ packets travel forever in
the RERR it starts a Scout Update, which will be de- the network, nodes that have already processed an MD-
tailed later. RREQ discard any further MD-RREQs belonging to the
If the maximum allowable number of detours is Same Scout Update.
reached without success, a RERR is sent back to the Itis implicitly stated that the destinations of the MD-
source along the reverse of the route accumulated in theRREQ are all peered mobiles af This means that
RTRANS message. The route error will first reach the updates the routes to all of its peered mobiles, not just
scoutwvp, before reaching the sourcep(, is the last  to the one that was notified as broken. If the mobiles
scout through which the RTRANS has passed).vps haves peers, the proactive update of routes to all peers
receives the route error, it determines that its route toin P; add little overhead to the reactive update of the
vpg+1 IS No longer valid and it starts a low-priority Scout route from: to & since the additional cost consists in
Update. s — 1 unicast RREP messages travelling in the reverse
Once the source receives the route error, it retries thedirections along the newly discovered routes fromo
route discovery using different virtual paths up to a max- everyh € P;.



4.4 Route Maintenance 100 R T
N L *
Once a route has been established and communication g %r @ T 1
along this route has been initiated, the route can get dis-  § , .-
. . . o 80 | . "~ .
connected. Disconnection occurs when two consecutive £ LT g
mobilesr, andr,,; in R = {rg,r1,...,7,} lose their E nf e o N\g 1
connection because of failures, obstacles or exceeded & s :
transmission range. In this case mobijenotifies the 8 e : y 7
. . . 1] "
sourcer, that routeR is disconnected, by sending a 3 DSR 20 sources —+—
RERR message S V= koot R 1
route error ( Age. ' ' VRP20 sources - -~ o
Contrary to the technique used in the Route Discov- 0 - ! !
. 0 5 10 15 20
ery protocol;, cannot notify the last upstream scout be- Velogity (/9

cause data messages do not carry information to identify

the virtual hops. Figure 3: Comparison of the average packet delivery ratio of
As the RERR message inherit the priority from mes- DSR and VRP with20 or 40 CBR sources, each of duration of

sages suffering the route error, in this case RERR inher-15 seconds.

its the medium priority of the data message. When the

source receives the route error, it must set another route ] ) )

to the destination, if a route to that destination is still de- N Particular we considered experiments withand40

sired. The new route is set up by the source by means ofSPUrces, combined with' BR Len of 15sec andi0sec.

the (high priority) Route Discovery phase of the proto- ~ The mobility model used is theandom waypoint
col. model [12] in a square field. In this model each mobile

starts in a random location paused fause timeWhen
the pause time expires the mobile moves to a randomly
imulation and Analvsi chosen des'tlnatllon |nS|dg the area with a random speed.
5 Simulation and alysis The speed is uniformly distributed betweghvmaz).
The simulative evaluation compares VRP with DSR, When the r_nob”e r(_aaches the de_st|nat|on, It pauses again
for pause timehen it restarts moving. We spause time

which is also a source routing algorithm. The DSR im- o0 1 d varied f 0 (stati works) tQ0
plementation was based on [4]. Comparison between thel® 1S€C and variedmaz from 0 (static networks)

VRP and AODV is part of future work. ms. ) ) .

We developed a simulatofor wireless ad hoc net- Vxe p(ra]rformed experiments with = 7.5 m]? bILIjes]:
works modelling events above the physical layer. The eac wit atransmlSSlon range seetom, in a fie 1 0
simulator proceeds irounds In the link-layer imple- side1000m. The virtual structure chosen for the simula-

mentation a random subset of not-interfering mobiles is tions is the Ring of Rings witl: = 3 rings andy = 25

selected for each round, and these mobiles transmit theirmObil('}S per ring in the5 mobiles network. The number

packets. Note that only mobiles that have some packetsmc scouts for VRP has been setde= 5.

to transmit in this round are considered. In the comparison between VRP and DSR we con-
This model is a simplification of th&02.11 DCF that sidered thd”acket delivery ratiptheAverage Route Dis-

use Request-to-Send (RTS) and Clear-to-Send (CTS)covery delayand theNormalized routing loagdwhere the
control packets for “unicast’ data transmission to a Packet delivery ratio is defined as the ratio between the

neighboring node. The RTS/CTS is used to implement g delivered data packets over the number of packets gen-
form of virtual carrier sensingand channel reservation erate.d by gach CBR source, and the Normalized routing
to reduce théidden terminal problerfe]. load is defined as the ratio between the total number of

Each round of the simulator lasts for the time required routing packets transmissions over the number of deliv-

to send one packet. In the simulations the link band- ered data packets.

width was set tdMb/s and the packet size fd2 byte. Figure 3 (CBR of duration of5 sec.), and Figure 4
Hence, the round duration was sefl{256 seconds. (CBR of duration of60 sec.) compare the packet de-
Traffic is modelled as a number of randomly se- livery ratio of VRP with DSR. It is seen that VRP out-

lected source/destination nodes, where each sender ger{gerforms DSR in the packet delivery ratio. Also, the

erates a Constant Bit Rate (CBR) traffic. The number of Eighhdelivir%/ ratiol of VRPhiS substantially l;n?ffelcted
senders is constant during the whole simulation experi- PY the mobiles velocity. The major cause of the lower

ment, while the duration of each connection is randomly geliver):j ?tio OfbDfoR is hifgI]h perCﬁhtage of mes;a%es
selected in the intervdlo, CBRLen). Simulation ex- ropped due to buffer overflows. This percentage is de-

periments were performed under different traffic loads. picted in Fig_ure 5, with buffer sizes ranging_frcﬂﬁo to
1000, and with a data traffic generated &y simultane-

2The  simulator  can  be  downloaded  from ©0US CBR connections, where each connection has a du-
http://www.di.unipi.it~-ste/AdHocSimulator.tgz ration of 15 seconds. Since the route discovery in DSR
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Figure 5: Percentage of dropped data messages due to buffeFigure 7: Comparison of normalized routing load between
overflows in DSR withd0 CBR connections, each of duration VRP and DSR, evidencing high priority overhead of VRP.
of 15 seconds Simulation with20 CBR connections of duratiof0 seconds.

is based on flooding and all messages have the same primessages, and the amount of traffic due to high priority
ority, the number of simultaneous flooding, with a high messages is lower than the amount of traffic of DSR.
traffic load, consume all the available bandwidth. This
induces the overflow of data message buffers in most of
the nodes.

The Average Route Discovery delay to establish
routes in VRP and in DSR is compared in the plot of
Figure 6. It is noticed that the average delay of DSR is
always smaller than the average delay of VRP. This is
because DSR always perform a flooding to find a route,
while VRP forwards unicast RTRANS messages along

6 Conclusions

A new Routing Protocol for wireless, ad hoc networks,
named VRP has been presented. VRP has been devel-
oped with the goal of providing reliable routing, defined
as the ability to provide almost 100% packet delivery
rate. To this purpose VRP incorporates several strategies

. . aimed at reducing the network congestion due to route
routes translating virtual paths, and such routes may be . . .
discovery and maintenance, usually based on flooding-

relatively long and may contain loops. Also, the source
may send several RTRANS messages to establish a sinpased protocols.
y 9 VRP has been evaluated and compared with the Dy-

gle route, and may eventually performs a flooding in the . : g
case that all RTRANS fail. However, when VRP suc- namic Sour'ce Routing protocol'(DSR) by means o.fS|m
ulation. It is seen that the delivery rate of VRP is al-

ceeds in establishing the route to the destination with the .
. ; ways much above the delivery rate of DSR, although at
first RTRANS message, the delay of the VRP is close to . . .

the expense of increased delay in route discovery. Fur-

the delay of the DSR. ; X o
The plot in Figure 7 compare the normalized routin thermore, the routing overhead due to high priority mes-
P 9 P 9 sages of VRP is lower than the overhead of DSR under

load. Itis r_10t|ced that VRP performs bettgr t.h_an DSR. different network loads, while the total overhead of VRP
Moreover, it should be observed, that a significant part is lower than the overhead of DSR onlv under hiah net-
of the traffic generated by VRP is due to low priority y g

work loads.



Future work includes the further development and [12] C. E. Perkins, E. M. Royer, S. R. Das, and M. K.
optimization of VRP and extended comparison of VRP
with other reactive and hybrid routing protocols.
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