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ABSTRACT 
Over the years, many reactive routing protocols for Ad hoc network had been proposed. Although this type of protocol has 
many advantages, high routing overhead is a commune defect for proactive routing protocols. Routing table creation and 
update consume an important amount of node resources. In our paper we present a new proactive routing protocol for Ad hoc 
network. The main objective of this paper is to present a new approach that can be applicable in order to reduce traffic 
overhead. 
Keywords: routing, Ad hoc, network, proactive  

1. INTRODUCTION 
The Ad hoc network is characterized by its dynamic topology. At any time, a node can change it position in the 
network. This characteristic reduce configuration and the maintenance cost. Instead of using a fixed infrastructure in 
charge of routing, the nodes in the network collaborate to forward the neighbors traffic. This means that the routing 
algorithm is distributed on all nodes. 
Because of the dynamic nature of Ad hoc networks the classic routing protocols can’t be directly applied. In general, 
the classic routing protocols consider that the topology is fix and the traffic overhead as unimportant. This doesn’t 
apply to Ad hoc network because of the nodes limited resources (bandwidth and energy) and their mobility. Therefore 
the routing protocols for Ad hoc network should minimize the routing overhead and react to topology changes. 
Many routing protocols had been proposed for Ad hoc networks. By the manner of path construction, the Ad hoc 
routing protocols can be classified in three categories. The first category is called proactive which construct and 
maintain all paths toward all the possible destinations in the network. The second category is called reactive. This 
category construct path only on demand. The third category is the hybrid protocols. This last category combines the two 
previous approaches (the proactive approach is applied for the close neighborhood and the reactive approach outside of 
it). 
Each routing technique has its advantages and inconveniences. The proactive approach constructs paths in advance 
which reduce data transfer delay, on the other hand path construction and maintenance consumes a great amount of 
node resources. For the reactive approach, on demand path construction reduces traffic overhead and the energy spent 
by the nodes. At the same time, when a path is needed the source waits for path construction before starting the 
transmission. The hybrid protocols optimize path discovery and reduce traffic overhead at the same time, their 
disadvantage is the fact that the path that results from the discovery process is not necessarily optimal (shortest path). 
The Ad hoc network is basically designed to provide connectivity between nodes. For example, an Ad-hoc network can 
be a group of mobile fire fighters trucks coordinating between each other in a rescue mission. Another similar example 
is military applications. The connectivity between all members must be maintained at all time to ensure 
communications. In cases like this the proactive approach is more suitable. Instead of initiating a path discovery for all 
the destinations (the reactive approach) which introduce an important transfer delay, it’s more efficient to construct a 
routing table containing all the destinations and perform routing hop by hop. 
So in this paper we propose a new proactive routing protocol. The main objective of this new routing protocol is to 
reduce traffic overhead. Another commune problem encountered in the proactive protocols that we try to resolve is 
routing loops. In Section I we present some of the related work, Section II we present our protocol routing protocol, in 
Section III we present some simulations and results, we conclude the paper in Section IV. 

2. RELATED WORKS 
Over the years, many routing protocols had been proposed. One of the first routing protocols proposed was DSDV 

(Destination Sequenced Distance Vector) [1]. This algorithm is a proactive protocol that introduces the destination 
sequence number to eliminate routing loops. The nodes in the network broadcast their routing information to update 
their neighbors routing tables. Two types of updates exist, the Full dump update and the Incremental update. A Full 
dump message is sent when a significant change in the routing table happens. Thus, the size of the next Incremental 
update is reduced. 
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In [2], the GSR protocol (Global State Routing) is similar to DSDV. This protocol reduces traffic overhead generated 
by topology changes. Instead of flooding the topology changes in the entire network, the nodes exchange routing 
information with their direct neighbors only. This technique reduces the effect of node mobility on traffic overhead. 
The FSR [3] protocol (Fisheye State Routing) is a modification of the initial GSR. In this protocol, a node exchanges 
the routing information about the close neighbors more frequently than the far nodes. This technique results even more 
traffic overhead reduction.  
DREAM (Distance Routing Effect Algorithm of Mobility) [4] is a proactive protocol that decreases traffic overhead by 
the use of geographic coordinate. This protocol is based on two mechanisms: a) the Distance Effect, b) node relative 
speed. The Distance Effect is similar to the technique used in FSR. The node broadcast routing information about the 
nodes close to it more often than the nodes far away. The second mechanism means that nodes that are moving fast 
broadcast their routing information more frequently than the slow moving nodes. The result of the combination of these 
two mechanisms is the reduction of traffic overhead. 
In [5], the OSLR (Optimized Link State Routing) protocol is based on MPR (Multi Point Relay) selection. The idea is 
that each node selects a minimum subset of its neighbors that can enable it to reach all nodes two hops away. This 
subset of neighbors is called MPRs. The MPRs of a node are used to forward its data packets and routing information 
updates. Thus, the number of links flooded into the network and the traffic overhead is reduced. The use of MPRs also 
resolves the asymmetric link problem. The protocol proposed in [6] called BATMAN (Better Approach To Mobile Ad 
hoc Network) apply a slightly different approach. Instead calculating the paths to all the destinations, the node detect 
which paths are the most appropriate to reach the destinations. In BATMAN, the nodes generate periodically OGMs 
(Originator Messages). The path selected to a destination is the one with the most OGMs received from it. 
One of the recent proactive protocols is Babel [7]. Instead of calculating the shortest path, this protocol calculates the 
probability of packet transfer successfully to measure the quality of the paths. Each node generates a predefined number 
of control packets. The neighbors receive and measure the link quality by comparing the number of control packet 
received with the expected number of packets. 
After the proactive protocols, the reactive protocols appeared. DSR (Dynamic Source Routing) [8] is a reactive routing 
protocol that mainly avoids routing loops by inscribing the entire path on the data packet. On the other hand this 
protocol generates an important amount of traffic overhead. In [9], AODV (Ad hoc On demand Distance Vector) 
applies a different approach. This protocol doesn’t inscribe the path on the request packet to reduce the traffic 
overhead. All nodes that belong to a path memorize the next hop to the destination. Like DSDV, a destination sequence 
number is employed to indicate the freshness of the path and avoid routing loops. An extension of this protocol called 
AOMDV (Ad hoc On demand Multipath Distance Vector) [10] was made to construct multiple disjoined paths toward 
the destination. This protocol is well adapted to topology change but generate more traffic overhead. 
ABR (Associativity Based Routing) [11] is a protocol that selects paths based on associativity degree between nodes. 
The nodes in the network broadcast periodically Hello messages. The neighbors receive the Hello messages and record 
the associativity degree attributed to the sender node. When a path discovery process is initiated, the destination 
chooses the path with the highest associativity degree. This algorithm also uses a path reconstruction mechanism that 
can reduce transmission delay when the initial path is broken. A similar approach to ABR is applied SSR (Signal 
Stability Routing) [12]. This protocol measure signal strength to build sold path. 
In [13], LAR (Location Aided Routing) is a proactive routing protocol that uses geographic coordinates. The main 
purpose of the LAR protocol is to minimize the area where the destination can be found by the use of the previous 
geographic information (destination last know coordinates and speed). The sender node calculates the relative distance 
that separates it from the destination and includes it on the request packet. To minimize the number of nodes 
participating at the search, the intermediate node rebroadcast the request packet only if it closer to the destination than 
the previous node. To verify this condition, the intermediate node verifies if the distance separating it from the 
destination is smaller than the distance calculated by the previous node. To expend the search zone, the node increase 
the distance inscribed in the request packet before sending it. This increases the probability of the request packet 
rebroadcast by the neighbors. 
Some protocols organize the network in a hierarchical manner. The network is regrouped into cluster and each cluster 
has only one representative in charge of routing functions. In [14], CBRP (Cluster Based Routing Protocol) uses the 
hierarchical approach to organize the network. This protocol constructs paths between two nodes on demand (reactive). 
In order to reduce transmission delay, this protocol includes a local path repair mechanism. CBRP also employ the two 
hops information collected by the nodes to optimize the paths in current use. HSR (Hierarchical State Routing) [15] 
defines multiple hierarchic levels in the network. Each node has one (or more) hierarchical address that contains all 
clusters ID on the path to the root node. 
The hybrid protocols combine the reactive and the proactive approach. In ZRP (Zone Routing Protocol) [16], for every 
node the network is divided into two zones. The first zone is the Intra zone which contains all nodes N hops away or 
less, the second zone is all the nodes outside of the Intra zone. The proactive approach is used to construct paths toward 
the Intra zone nodes. When the destination is not in the Intra zone, the source executes the reactive approach. A 
different method is used in ZHLS (Zone Based Hierarchical State Protocol) [17]. This protocol divides the network into 
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zones based on nodes location, node speed and distribution on the network. Each node constructs the paths to all the 
nodes in its same zone. Inter-zone links (link between two adjacent zones) are identified and flooded in the network so 
all nodes in the network can build paths to the other zones. To find the destination, the source uses the reactive 
approach to searches for the zone to which the destination belongs.  
We made a comparison between these works in Table 1, and this is what has allowed us to deduce the unresolved issues 
for this type of routing. 

Table 1: Comparison between different routing approaches 
Protocol  Advantages Inconveniences 
Reactive  Path construction happens only on 

demand which minimizes traffic 
overhead and energy spent. 
 Well adapted to small and medium 

networks. 

 The source node waits for a positive reply before 
starting to send the data. 
 Applies static routing since the first path discovered is 

used until it breaks.  
 In case a significant topology change happens during 

the discovery phase, the source is forced to launch the 
path discovery from the beginning. 
  In case of frequent topology change, the paths 

constructed don’t last long. 
 Traffic overhead increases when the number of 

destination/source increases. 
 Path quality are known only after the end of path 

discovery, this information is useful in interactive 
applications.  

Proactive  Well adapted to small networks. 
 The source compares directly the 

possible paths to choose the most 
suitable. 
 Propose a more dynamic routing; the 

paths are updated with each topology 
change. 
 Proactive protocols are more stable since 

the paths are immediately available. 
  Efficient when the number of 

source/destination increases. 
 Well adapted for interactive application. 

 Maintaining topology information up to date is 
expensive in term of energy and bandwidth since the 
nodes exchange periodically routing information. 
 When the network size expend, the update operations 

and routing information exchange can introduce a 
high transmission delay. 
  When transmissions demands are rare, a high volume 

of traffic overhead is generated pointlessly. The traffic 
overhead can lead to network congestion. 

Hybrid  Traffic overhead is limited to close 
neighbors only. 
 The path discovery is better directed 

because each node shares its 
neighborhood information (2 or 3 hops) 
which accelerates the reactive path 
search. 
 The close neighborhood information can 

be used in path repair instead of 
rediscovering a new path.  

 Accumulate both the reactive and proactive approach 
defects (control messages consume node bandwidth 
and energy, the reactive approach introduces 
transmission delay). 
 The paths discovered are not the optimal path in 

general.  

Hierarchical  Clusters head are the only nodes in 
charge of routing functions. Cluster 
members generate only a small amount 
of traffic overhead. 
 Optimize the path discovery phase since 

only the gateway nodes and clusters 
heads rebroadcast the request packets 
until the cluster to which the destination 
belongs is found. 

 The strong traffic routed by the cluster head and 
gateway node can cause network congestion or node 
failure. 
 All paths are formed by clusters heads and gateway 

nodes, this means that the paths constructed are not 
necessarily the most optimal. 

 

 
The main disadvantage of the proactive protocols is their high routing overhead. The nodes exchange routing 
information periodically to maintain the topology information up to date. This exchange is expensive in term of node 
bandwidth and energy. To choose the best path to each destination, each node compares all routing information that its 
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neighbors broadcast. This operation consumes a significant amount of node energy because of its complexity. In our 
protocol, we use a novel technique to reduce traffic overhead and the complexity of routing table update operation. 

3. OUR PROPOSITION 
In DSDV, two types of routing update exist: a) Full Dump (the entire routing table), b) Incremental. A node sends Full 
Dump update when a significant change on the routing table is detected. By doing so, the size of the next Incremental 
update will be reduced. But from time to time, a node sends the entire routing table. In OSLR, each node selects its 
MPR nodes to forward routing information. The non MPR nodes examine the routing information without 
rebroadcasting it.  Both techniques reduce traffic overhead but have a high routing information complexity. 

In ERBOR (Effective Routing Based on Overhead Reduction) protocol, a different method is used in the exchange and 
the examination of routing information. First, a node sends it entire routing table only if a new neighbor is detected. If 
no new neighbor is detected, the node broadcast only the changes in its routing table. This technique reduces 
substantially traffic overhead and routing information complexity. 

Our proposition is build like this:  a node needs to contain three tables and a list of its neighbors. The first table is the 
RT (Routing Table). A routing entry contains a) the destination ID, b) the next hop, c) number of hops. The second 
table is NXUT (Next Update Table) which contains all the topology updates that the node didn’t send yet. Every 
routing update contains the destination ID, the number of hops and the type of the update (remove or add entry). The 
last table is DUT (Delayed Update Table). This table contains all updates that need to be checked (if the entry is still 
valid) before it can be sent. If an entry contained in DUT is deleted before the next update, this means that the routing 
entry is no longer valid and a delete update is added to the NXUT. If not, a positive update (the path still exists) is 
added to NXUT. 

All routing updates packet contains the transmitter node ID, the packet type (entire routing table or just the last 
topology changes) and a collection routing updates. An Incremental update is a list of updates (delete update and new 
entry). The full routing table contains the entire routing table that the node has access to (neighbors and all the other 
paths). Each node broadcast its routing information periodically only. We suppose that the sender node ID is “A” and 
the receiving node ID is “B” to explain our routing protocol.  

3.1. Incremental update exchange 
The incremental update contains all NXUT update entries. Once NXUT is sent, it’s reinitialized to an empty table. 

This means no change has been detected since the last incremental update sent. Two kinds of updates exists a) Delete 
update (negative update), b) New entry update (positive update). 

3.2. Delete update 
If the number of hops is equal to 0, the routing update means that the path to the corresponding destination is lost. If 

the node receiving this update uses the node “A” as a next hop to the corresponding destination, this entry is deleted. A 
new update entry is added to “B” NXUT that indicates that the path to the deleted destination is lost. If the node “A” is 
not the next hop toward the destination, this means it possible that “B” has another path to the destination. The node 
“B” adds a new positive update to its DUT. Te node “B” verifies first if the entry attributed to the destination is still 
valid. If “B” doesn’t receive a delete update from the corresponding next hop, “B” adds a new positive update toward 
the destination in its NXUT to inform “A” that another path exists. On the anther hand if “B” receive a delete update 
from the corresponding next hop, B deletes the positive update form DUT and add a delete update to NXUT to inform 
its neighbors that the entry is no longer valid. 

3.3. New entry update 
When “B” receives a new update entry, it starts by verifying if it already contains a routing entry to the same 

destination. If it’s the case, “B” compares the existent routing entry with the corresponding update entry (the number of 
hops).  If the new path is shorter than the one contained in “B” routing table by more than one hop, the number of hops 
on the new path is incremented by one and the new update is added to NXUT ( the new path replace the existing one). 
In the opposite case (if the path contained in “B” routing table has an inferior hop count than the corresponding routing 
update), “B” adds a routing update entry to its DUT (to verify that the entry still exist before sending it to “A”). 

The third possible case is that the ID of the destination is not available for “B” (a new destination). “B” first verifies 
that no delete update corresponding to the destination exist (this entry hasn’t been deleted recently), this new entry is 
added to “B” routing table and the new positive update is added to NXUT. If not, (this means that “B” has recently 
deleted this entry) this update is ignored to avoid routing loops. 
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3.2. Full routing table exchange 
When two nodes detect each other (become neighbors), the next update they send is their full routing table. Each node 
compares its routing table with the new neighbor routing table and calculate the list of entries that the other neighbor 
don’t have and the shorter paths that the new neighbor have. This complimentary list is added to NXUT so both nodes 
can update each other routing table. Both nodes also add the ID of the new neighbor to the neighbors list and a new 
update containing the new neighbor ID (number of hop set to 1) to announce the new available path. 

If a node receives a full routing table from an existing neighbor, the routing table is treated differently than the new 
neighbor. For example “A” send its routing table to “B” (“A” and “B” are already neighbors). The node “B” compares 
the path based on “A” (routing entries that the next hop is “A”) with the routing table broadcasted by “A” to verify if 
any entry has been deleted (to detect invalid paths). 

When the node “A” doesn’t receive a routing update from “B”, it deletes “B” from the neighbors list and all paths 
based on “B” from the routing table. For each neighbor or path that “A” delete, a delete update is added to the NXUT 
to inform the neighbors about the topology changes. 

In addition to the routing information exchange method, a second mechanism is included to the protocol. This 
mechanism aims to reduce the complexity of routing information treatment. In OSLR, all neighbors of a node treat its 
routing messages but only the MPRs rebroadcast the nod’s updates. Our idea is to use the same MPR concept to adapt 
the protocol to dense network and create our own approach of MPR selection. Also, we try to reduce routing 
information treatment without losing the routing accuracy. 

In ERBOR, the MPRs is the set of neighbors wish make the node able to reach all its two hop neighbors. All the 
neighbors that can be reached by an MPR don’t belong to the MPR list. If a node can’t be reached by any one of the 
MPRs nodes, this node is added to the MPR list. 

The routing table combines all accessible paths of the node and its MPR list. The MPR selection is included in the 
routing message treatment. When a node receives a routing packet, it first examines the sender ID field to determine if 
it’s a new neighbor or not. If the sender node is a new neighbor, the node verifies if there is an existing path toward this 
neighbor. In case there is a path to the new neighbor, all paths that this neighbor can provide are already accessible. 
Thus, the neighbor is redundant for path computing and is not a new MPR. Since new neighbor routing information is 
ignored, it can be added to the neighbor nodes only and it’s not necessary to send the full routing table of the node in 
the next update. To reduce routing information treatment, all routing updates of the neighbors that are not included in 
the MPR list are ignored. The routing packets received from neighbors are used only to check the validity of the link 
(the neighbor didn’t move away). In case a neighbor can’t be reached by any existent path, the ID of the neighbor is 
added to the MPR list and the next update sent by the node is a full routing table. 

If one of the MPRs becomes accessible by another MPR of the same nod, the first MPR that announce the update (the 
new link) replace the other MPR. The other MPR is removed and therefore becomes a neighbor. This mechanism 
enables the node to minimize the MPR list and thus minimize routing information treatment. 

We use the concept of destination sequence number presented in DSDV. But instead of using it to mark the freshness of 
the path, the sequence number is used to keep track of the neighbors routing packets. A node verifies the sequence 
number of the incoming routing packet to verify that all its neighbors routing packet have been received. If a node 
detect that some routing information from its neighbor didn’t arrive, it removes the routing entry attributed to the 
neighbor and broadcast a delete update. This leads to a new exchange of routing table between the two neighbors or the 
discovery of an alternative path between them via an MPR node. The goal of this mechanism is to avoid the incorrect 
exchange of routing information (routing loops). 

4. SIMULATION 
To validate our proposition, we implemented a network simulator in Java. The programming language choice was 

motivated by the multiple advantages of Java (portability, multiplatform, free development tool). During the 
implementation and test of the simulator we used an Intel i3-380M (CPU 2.53GHz, 3MB L3 cache, 2GB DDR3 of 
RAM). We also used NetBeans IDE 7.0 as a development tool to build and test our simulator. 

In all our simulations we took interest only on the network layer. All nodes in the network exchange routing 
information via a wireless interface and process it to update their routing table. At first, we used a green links to display 
the links between the node and all its neighbors. After implementing the MPR selection algorithm, we used the green 
link to display the MPR nodes only instead of all the neighbors. As shown in Figure 1, each node selects a subset of its 
neighbors as MPRs. For example, node 1 and 5 are neighbors but they are not MPRs to each other because they share a 
commune MPR which is node 2. Node 1 and 5 consider each other redundant in routing calculation, thus they are not 
MPR to each other. 
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Figure 1 MPRs selection 

In our simulation, all nodes have the same transmission ranges. Routing messages are broadcasted each 1.5s. The edit 
toolbar enable the user to restart the same simulation from the beginning, to pauses the simulation or edit the network 
topology. The second interface shows the routing table of the selected node. The selected node is marked in blue one the 
simulation screen. In the third interface the simulator display the quantity of traffic overhead at each instance of the 
simulation.  Figure 2 is an example of how the network topology is visualized in the simulator and Figure 3 shows the 
three others user interfaces (edit toolbar, routing overhead monitor and the routing table interface).  

 
Figure 2 Simulation screen 

 
Figure 3 User interfaces 

In the routing table interface, it’s possible to select any node and display its current routing table and update table. In 
Figure 4, we selected node 0 to show its routing table and update table.  

 
Figure 4 Routing table interface 
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It’s also possible to visualize the path to any destination. When the user chooses a destination, all the links forming the 
path to the destination change color from green to blue. Figure 5 shows an example of how a path to the destination is 
displayed in the simulation screen. The path in blue is formed from node 11 to node 29.  

 
Figure 5 Path display 

In order to show the protocol reaction to node failure, it’s possible to introduce node failure during the simulation by 
the use of the routing table interface. The node that the user chooses to introduce a failure in is marked in red as shown 
in Figure 6. In this example we chose to turn off node 4. Once node 4 is down, all links with its neighbors disappear. 
The user can turn on a selected node the same way. 

 
Figure 6 Node failure 

At first, the problem was how to correctly flood all routing information in the network. Once we resolved the flooding 
problem, we encountered many routing loops problems. That’s where we added the concept of DUT structure to avoid 
incorrect flooding of information. Then the biggest challenge was to make the protocol function adequately for a large 
size network (up to 800 nodes). To achieve that goal we used the MPR concept. 

To measure traffic overhead, we made a frame that compute at all time the volume of routing messages exchanged in 
the network. Two charts are drawn in the frame. The chart in red represent the volume of traffic overhead exchanged if 
all nodes in the network broadcast their entire routing table. The chart in green is the traffic overhead generated by 
ERBOR. The traffic overhead in both charts is measured by counting the number of entries in the routing packets 
generated by the nodes in the networks. 

 
Figure 7 Traffic overhead measurements 
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In Figure 7, our simulation show that the traffic overhead in the two charts is almost equals at the start. At first the 
nodes exchange their routing table to update their new neighbors which explain the similar routing overhead in the two 
charts. Once the nodes finish detecting their neighbors, the nodes in ERBOR start exchanging only routing updates 
which is why the traffic overhead of ERBOR starts to decrease. Once the entire network converges, the nodes only 
exchange small routing information to maintain the link with their neighbors. 

The initial purpose of the simulator was to verify that ERBOR function correctly. The simulator creates a given number 
of nodes and provides a random nodes movement senior different at each execution. At any time the user can see the 
evolution of the routing table in real time. The simulator also compares the traffic overhead generated by ERBOR with 
the traffic overhead generated if the entire routing table is exchanged. The user can freeze nodes movement and edit the 
network topology. 

After testing ERBOR in different scenarios, the simulation demonstrate that the protocol function properly. The 
protocol reduces routing overhead but it suffers from slow convergence. The slow convergence is caused by the delay of 
routing information transmission. Topology changes are not flooded immediately, routing information is exchanged 
periodically. Unlike other proactive protocol, the exchanges of some routing information are delayed to ensure that the 
information is correct. This exchange delay eliminates routing loops but slows down the routing protocol convergence. 

ERBOR present some advantages and other inconveniences. The protocol reduces effectively routing overhead. The 
goal of our future works is to improve ERBOR performance. By the use of our own simulator, it was easy to identify the 
influence of some environment factors on the routing protocol (node mobility, network density, routing information 
exchange interval, network size). Like other proactive protocols, ERBOR performance is influenced by those factors. 
ERBOR performance can be enhanced by the use of a local repair mechanism. Instead of immediately announcing that 
a link with a neighbor is broken, the node try to find an alternative path to the neighbor that moved away. This 
mechanism aims to reduce the effect of node mobility on the routing protocol performance. 

5. CONCLUSION 
In this paper we present a work in progress. The approaches that our protocol applies can reduce substantially traffic 
overhead generated by nodes. On the other hand, the technique used to avoid routing loops slows down the protocol 
convergence. In future works, we will include more mechanisms to enhance our protocol performance.  For instance, 
we’ve noticed the effect of node mobility and network density on the amount of overhead generated. Also, the MPR 
selection algorithm can be changed to minimize as much as possible full routing table exchange. 
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