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Abstract-The majority of the routing protocols de
signed and implemented to date for mobile ad hoc net
works (MANET) rely on flooding of route requests for the
establishment of routes on demand, flooding of topology
information, or the hop-by-hop dissemination of distances
or paths for each destination. The signaling overhead
incurred with these strategies consumes excessive amounts
of the scarce bandwidth available in a MANET as the
number of nodes and the number of information flows
increase. We introduce Dircast as an alternative for routing
in MANETs. Dircast assumes that each node knows its
own geographical coordinates and the geometry of the
terrain in which the network is deployed. To find the
route to a destination, a node selects a limited number
of relays to forward a route request mesage based on
their coordinates and the boundary vertices of the terrain
if the prior location of the destinartion is unknown, or
based on the prior location of the destination if it is
known. H the destination is reached, a route reply is sent
back to the source containing its coordinates. We compare
Dircast with OLSR and AODV, which are representatives
of traditional proactive and on-demand routing approaches
in MANETs, and show that Dircast attains much lower
routing overhead, which also leads to better delivery rates
and shorter end-to-end delays.

I. INTRODUCTION

Many routing protocols have been proposed to date
for mobile ad hoc networks (MANET), and the vast
majority of them can be characterized as proactive or
on-demand. In a proactive routing protocol, signaling
packets disseminate on a breadth-first search (BFS) man
ner and reach all network nodes to update them with the
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state of a link or destination. In most on-demand routing
protocols proposed to date, route requests (RREQ) are
disseminated also on a BFS manner to reach those
nodes that can answer the requests. Unfortunately, the
signaling overhead incurred by either of these approaches
is excessive as the size of the MANET increases, and
not surprisingly many alternatives have been proposed in
the recent past. Furthermore, many geographic routing
protocols have been developed that improve on the
performance of the basic routing methods; however, their
limitation is that the geograohical coordinates of the
destinations must be known by the sources.

The summary of prior related work presented in
Section II indicates that, despite the fact that many
distributed algorithms exist for depth-first search (DFS)
[1], BFS [2], and geographical routing [3]-[5], very few
attempts have been made using a hybrid DFS-BFS rout
ing method to achieve the benefits of geographic routing
without having to know the destination in advance in
MANETs. The few efforts that have addressed DFS
focus on random walks [6], [7] or routing with location
information (e.g., GPSR [4], WSR [8]) with the source
nodes having to know the geographical coordinates of
the receivers.

The main contribution of this paper is the introduc
tion of Dircast, which is described in Section III and
constitutes a novel approach to on-demand routing in
MANETs based on DFS and BFS taking advantage
of knowledge at each node of its own geographical
coordinates and the geographical boundaries of the entire
MANET, but without having to know the coordinates
of intended destinations. In a nutshell, given that a
source node knows its own geographical coordinates
within the geographical region occupied by the MANET
and its own location, if the source does not know
the prior geographical coordinates of the destination, it



partitions the MANET region in four directions defined
by four boundary vertices of a rectangle covering the
entire MANET region, chooses those neighbors with the
shortest distances towards those boundary vertices, and
transmits a RREQ that is forwarded only over each of
these directions. The process is repeated, until either
a route to the intended destination is found, or the
source needs to restart the search by further subdividing
teh MANET region using new vertices over whoich
the search is resumed. If the source knows the prior
geographical coordinates of the destination, it fowards
its route request in that direction. Section IV presents
the results of simulation experiments comparing Dircast
with AODV and OLSR in MANETs. The results indicate
that Dircast reduces signaling overhead substantially
compared to the traditional BFS approach used in on
demand and proactive routing in MANETs today.

II. RELATED WORK

The traditional on-demand routing protocols in use
today are synonymous with the flooding of route requests
(RREQ) when a path needs to be established, and several
schemes have been proposed to reduce the signaling
overhead incurred with such a breadth-first search (BFS)
approach. These schemes include the use of an expand
ing ring search, the use of a connected dominating set
heuristics to reduce the number of nodes retransmitting
the flood packet [9], the use of geographical information
to direct the flooding [10] and probabilistically reducing
the number of retransmissions [11]. While these schemes
alleviate the broadcast-storm problem, they do not ad
dress the need for flooding that is inherent in any BFS
approach.

The most common strategy to reducing the overhead
of route signaling in the past has been hierarchical
routing [12]-[15]. The limitation with such hierarchical
and hybrid routing schemes is that they do not address
the inherent need for flooding and the need to update the
affiliation of nodes to clusters or zones when nodes move
away from their home clusters or clusters are partitioned
into two or more components due to mobility.

There have been only a few attempts to solve the
problems incurred with flooding by using DFS instead
of BFS. These approaches have focused on the use of
random walks [6], [7] in which a route request starts
at the source and travels along a single path found
by consecutive random next-hop choices in search for
the destination. The limitation of this prior work is
that the communication complexity incurred in reaching
destinations when packets have to traverse random walks
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may be comparable to that of flooding, but with much
longer delays.

Approaches based on DFS that have improved over
random walks in the past use geo-Iocation information
for the routing of packets. Starting with the first pro
posals on geographical routing (e.g., Greedy Perimeter
Stateless Routing (GPSR) [4]), they have assumed that
the sources know the geographical coordinates of the
destinations, or at least regions where the destinations
may be located. Cartesian Routing [16] uses latitude and
longitude address to determine the position of route rel
ative to that of the destination. Location-Aided Routing
(LAR) [3] adjusts the zones where route requests are
sent based on the coordinates of the destinations. The
Location-Based Multicast (LBM) protocol [17] reduces
flooding by using an extension of LAR; a node can
forward a packet to a forwarding zone, or to the nodes
within a distance to the center of a geocast region.
GeoGRID is an extension of GRID [18] in which a for
warding zone is composed of multiple two-dimensional
logical grids. Two types of GeoGRID are proposed; a
flooding-based GeoGRID restricts the gateway nodes
within forwarding zone to forward the geocast packets,
and a ticket-based GeoGRID restricts the gateways nodes
to be only those holding tickets evenly distributed by the
source to rebroadcast the geocast packets. GeoTORA
[19] is an extension of TORA that floods geocast
packets to a geocast group. In the Distance Routing
Effect Algorithm for Mobility (DREAM) [20], each node
periodically broadcasts location information about its
own position to maintains routing tables and uses this
information to transmit data packets.

III. DIRCAST

The key assumption made for the correct operation
of Dircast is that each node knows its own geographical
location and the geographical boundaries of the MANET.
A node also shares its geographical coordinates with its
immediate neighbors, but it does not know a priori the
location of its intended destinations. It follows that a
node can compute the Euclidean distance between itself
and each of its one-hop neighbors, which we simply call
neighbors in the rest of this paper.

For convenience, in the rest of this paper we use
examples in which the geographical region occupied by
a MANET can be represented by a square, and hence
the geographical boundaries of the MANET are defined
by the four vertices of the square. Figure 1 illustrates an
example of a node S searching for destination node Dl,
D2 and D3. If the geographical region of a MANET



Fig. 2. Destination Feedbacks Coordinates Information to Source

Fig. I . Elect Four Forwarders Along With Four Directions

If D or any node that has a valid route to the destination
receives a RREQ for D, then it sends a RREP to the
previous hop. As illustrated in Figure 2, the geographical
coordinates of the destination node D, (Xd, Yd), is
included in the RREP. Therefore, S knows where D is
located when it receives the RREP.

As shown in Figure 3, after node S receives the
RREP including destination coordinates for D, node S
starts data transmission. Node S computes the shortest
Euclidean Distance from its neighbors to D(Xd, Yd).
If node S must re-establish its route to node D, it
nominates a single forwarder for the RREQ, which is
that neighbor with the shortest Euclidean distance to D.
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is defined by a polygon, the vertices of such a region
are called boundary vertices . In the example of Figure
1 , the polygon defining the MANET region is Vi =

{VI , V2, V3 , V4}, and the coordinates of the boundary
coordinates are VI (0, 0), V2(L,0) , V3(0,L) , V4(L ,L).

As shown in Figure I, source node S and destination
node D are denoted by their coordinates as S(Xs , Ys )

and Di(Xdi , Ydi) respectively, and the assumed known
information on boundary vertices Vi denoted by (Xi , }i).

Every node transmits Hello messages periodically,
which contain its geographical coordinates . Ovdr time,
each node learns the geograohical coordiantes of its one
hop neighbors.

After node S receives data flow, it checks the route
information. If the route is ready, then S starts data
transmission immediately. Otherwise, S is required to
build a route to teh destination. Node S broadcasts a
RREQ to all its neighbors located within transmission
range. However, before sending its RREQ, node S first
determines which neighboring nodes are the qualified
forwarders. To determine such nodes, node S computes
the Euclidean Distance from each one-hop neighbor to
the four boundary vertices Vi of the MANET region. The
neighbors with the shortest distance to Vi are nominated
as forwarders. The RREQ from node S specifies the
qualified forwarders. Each neighbor receiving RREQ
packet from S checks whether the node itself is one
of the qualified forwarders. Only those nodes listed in
teh RREQ are permitted to forward the RREQ. Such
forwarders follow same procedure described for S, by
computing the next qualified forwarders, selecting the
ones with the shortest distance to Vi. This procedure is
repreated, until D is reached or a RREQ timeout expires.

If no route is found within a RREQ timeout period,
ndoe S retries broadcasting RREQ packets and again
follows the procedure described as above. If node S has
attempted the maximum number of allowed retries and
still has not received the feedback from D, then the
buffered data packets should be dropped. The timeout
should be proportional to the number of times that the
length of the selected search axis is covered by the
transmission range, which is assumed to be the same
for all nodes. However, forward progress made by each
hop of a RREQ being forwarded along a search axis is
difficult to determine, because the physical location of
nodes along the given axis is random. Hence, in this
paper, we simply apply the standard timeout definition
used in AODV.

Node S and intermediate nodes determine which
neighbors are the best relays before forwarding a RREQ.
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If a node is unable to re-establish a route to a
destination based on the coordinates of the destination,
the coordinates for teh destination are erased and the
route search reverses to the original four-direction search
procedure described before.

IV. PERFORMANCE EVALUATION

A. Scenarios

We conducted discrete-event simulations in Qualne
3.9.5 [21]. In the simulations, the terrain size is set to be
a rectangular-shaped area of 2200x600 m 2 and 3000x800
m 2 for total nodes as 100 and 150, respectively. The
nodes move with the speed randomly chosen between
1m/s and 20m/s according to the random waypoint
(RWP) mobility model. The simulation time is 900
seconds, and pause times vary from 100 seconds to 900
seconds by increments of 100 seconds for each test, each
of which runs for 9 random seeds. Data transmissions are
generated by constant bit rate (CBR) sources, and the
flow durations are exponentially distributed with a mean
value of 100 seconds. The number of flows is equal to
30 and 40 percent of the total number of nodes. For each
second, 4 data packets of 512 bytes are generated. For
the simulation of radio propagation, we use the two-ray
signal propagation model, which is common for open
space scenarios. At the physical layer, we use the IEEE
802.11 protocol operating with a data transmission rate
of 2M bit/soThe radio range is approximately 250m . At
the MAC layer, we use the IEEE 802.11 DCF protocol.
Finally, at the transport layer, we use the UDP protocol.

We set two scenarios as experiments. The larger
sized terrain (3000x800 m 2 ) is sparser than the smaller
sized one (2200x600 m 2). When nodes move faster,
they possess lower density and fewer neighbors within
transmission range. The collected data show the 95%
confidence interval of the mean value.

B. Metrics

Three performance metrics are measured in our paper.
Packet Delivery Ratio is the ratio of the total number
of received data packets by all destination sides to the
total number of the transmitted packets by all source
sides. Routing Overhead is the ratio of the total number
of routing messages to good received data packets,
which implies the average network routing load per good
data packet. End-to -End Delay is the average latency
including routing, data transmission and retransmission
per good received data packet.

C. Performance Analysis

As shown in Figure 4 and Figure 6, the overall PDR
performance in the first scenario is much better than in
the second one, and this is because network connectivity
in the first scenario is stronger. In Figure 6, we observe
that both of Dircast and AODV attain lower PDRs when
pause times increase. This is because nodes lack enough
neighbors in a sparse network, and when nodes stop
moving for a longer period, they no longer have the
chance to get more neighbors when they leav a pporly
connected region, which impacts the ability to find paths
that reach destinations. In the first scenario, the network
is denser and thus nodes have sufficient neighbors to
attain paths to reach destinations, which leads to higher
PDRs when pause time increases.
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Fig. 3. Source Re-broadcasts RREQ With Destination Information
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Fig. 4. Packet Delivery Ratio (100 nodes 30 flows)
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As shown in Figure 7 and Figure 5, Dircast is very
stable in both scenarios and provides the smallest routing
overhead, while AODV shows the worse performance in

In both scenarios, it can be observed that the PDR
of Dircast is much better than that of AODV. This
result proves that more bandwidth is available for data
transmission with Dircast, which is due to the much
reduced signaling that it incurs. By contrast, AODV has
to drop more data packets for long waiting times for data
packets resulting from too many signaling packets being
scheduled for transmission.

Compared to the other two protocols, the performance
of OLSR is the worst in both scenarios. The weakness
of OLSR is that topological information is unstable in
a MANET, which leads to too many topology control
messages often outdated, and sources having much lower
probability of reaching the destinations.
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the second scenario and OLSR performs the worst. For a
sparser network, AODV must incur more effort locating
the intended destinations. For each time of attempted
RREQ, all neighbors are involved with relaying control
messages, while Dircast only chooses a small portion
of neighbors to relay RREQs. Based on OLSR design,
regardless of the demand of data flow, each node keeps
periodically sending Hello messages and Topological
Control messages to its neighbors, which causes too
much control overhead.

As shown in Figures 8 and 9, compared to AODV and
Dircast, OLSR attaints the shortest end-to-end delays in
both scenarios. Dircast attains a shorter average delay
than AODV;this is because bandwidth is saved in Dircast
by the reduction of signaling traffic, which leads to much
shorter data queuing times.

V. CONCLUSION

The main contribution of this paper is the introduction
of Dircast, a new approach to on-demand routing based
on geographical coordinates that combines DFS and BFS
to permit geographical routing without the source nodes
having to know the geographical coordinates of destina
tions in advance. The results of simulation experiments
show that Dircast incurs very limited control overhead
that remains stable under a wide range of operational
conditions, which leads to better packet delivery ratios
and delays than traditional on-demand and practive rout
ing solutions.
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