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Abstract—In this paper, an extended version DSDV (eDSDV) Protocol is proposed for Ad Hoc networks. eDSDV overcomes the 
problem of stale routes, and thereby improves the performance of regular DSDV. The proposed protocol has been implemented in 
the NCTUns Simulator and performance comparison has been made with regular DSDV. The performance metrics considered are 
packet-delivery ratio, end-end delay, dropped packets, routing overhead, route length. It has been found after analysis that the 
performance of eDSDV is superior to regular DSDV under different simulation scenarios. The proposed protocol is an extension of 
DSDV in terms of two-hop route-requests packets and dynamic buffer management algorithm which is used to avoid discarding of 
packets in case when the buffer associated with the destinations becomes full. Later in the paper an architecture for integrating 
MANET with Internet using eDSDV is presented 

Keywords- Mobile Ad Hoc Network (MANET), Routing, eDSDV, NCTUns 

 

I. INTRODUCTION  
 The popularity of ad hoc networking has been 
significant with the proliferation of mobile computers like 
laptops and palmtops. Minimal configuration, absence of 
infrastructure and quick deployment make ad hoc networks 
convenient for emergency operations. Since host mobility 
causes frequent and unpredictable topological changes, the 
formation and maintenance of ad hoc network is not only a 
challenging task but also is different from the wired 
networks. 
 Many Routing protocols have been proposed for ad hoc 
networks. They are classified into Proactive and Reactive 
type. Proactive routing protocols use the periodic update of 
information to know about the current topology while the 
reactive routing protocols create a route to a destination on 
demand basis. Few of the proactive protocols are DSDV [7], 
WRP [2], DBF [1] . While DSR [3], AODV [6], ABR [9] 
are few examples of reactive protocols. Having developed 
so many routing protocols over the years, researchers are 
working on the protocol optimizations at different levels, in 
order to make the protocols efficient. An effort has been 
made in this direction to achieve efficiency in DSDV 
protocol by overcoming the problem of stale routes. [10] in 
their proposal as well has extended the DSDV protocol by 
forwarding the packets through temporary links with one 
hop route-request, in case of stale routes. However there is 
one drawback in their strategy, in case when the buffer is 
full the packets for the required destinations are discarded. 
Moreover the route-request packets are broadcasted for only 
one hop. Finally there is no evaluation and no comparison is 

made between the proposed eDSDV and the regular DSDV 
protocol. 
 In the proposed extended DSDV protocol named as 
eDSDV, further extension to Xie’s approach is made by 
using dynamic buffer management algorithm instead of a 
fixed size buffer associated with each route entry in the 
routing table [5]. This will avoid the packet discarding. 
Further in case of broken links the route-request packets are 
broadcasted with a hop count of two rather than one. This 
will increase the probability of finding the alternate route 
via its neighbors.  
  It is observed that at higher rates of mobility and the 
growth in the network size, the performance of DSDV 
protocol drops to 75% in terms of packet delivery ratio. By 
overcoming the problem of stale routes in DSDV, it is 
expected to improve the packet delivery ratio, end-end delay 
and reduce the number of dropped packets [10]. However 
this may be achieved by having a slight increase in the 
routing overhead. It is known that the DSDV protocol is a 
better choice for achieving bi-directional connectivity for ad 
hoc hosts when integrated with the Internet.  The rest of the 
paper is organized as follows. Section 2 presents the 
proposed eDSDV protocol. Sections 3 describe the 
simulation setup and discuss the results. 

II. PROPOSED EXTENDED DSDV (EDSDV) 
PROTOCOL 

        
The low packet delivery in DSDV especially with more 

number of nodes and increased mobility speed is due to 
outdated/stale routes in case of broken links. The existence 
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of stale route does not imply that there is no valid route to 
the destination. The packets can be forwarded through other 
neighbors who may have routes to the destination. When an 
immediate link from the host ‘S’ to the destination ‘T’ 
breaks, the proposed protocol creates a provisional link 
through a neighbor which has a valid route to the desired 
destination. The provisional link is created by sending two-
hop route-request and route-ack messages. The hop count 
field of the route-request packet can be set to either to one or 
two. In the proposed strategy it is set to two. Whereas in the 
strategy of [10] it is set to one. Setting the hop count field to 
two will increase the probability of finding the alternate 
route than with one. However there will be certain amount of 
increase in the routing overhead due to the route-request and 
route-reply packets. Route request packet has host ID, and 
the destination. If a neighbor has a route leading to the 
destination in its routing table and the route does not make 
use of ‘S’ as the next hop, then the neighbor responds by 
sending a route ack message. Route ack as shown in the 
figure has host ID, the destination, the hop count metric for 
the destination, and the latest updated time for this path to 
destination. The message formats of the route-request and 
route-acknowledgement packets are shown in Fig 1 and Fig 
2 respectively. It can be observed that the hop count field in 
the packet format can be set to two or one. The host ‘S’ when 
finding that the next hop link is broken broadcasts a two-hop 
route-request packet to all its neighbors. In return, the 
neighbors returns the route-ack if it has a valid route to the 
destination and the host ‘S’ is not the next hop on the route 
from the neighbor to the destination [5]. 

 

A. Working of eDSDV 
Each node maintains its routing table. The routing table 

entry includes an additional entry for update time of the 
route. This update time is embedded in the route-ack packet 
and is used in selecting the provisional route. In the case of 
receiving multiple route-ack with the same number of 
minimum hops, ad hoc host ‘A’ chooses that route which 
has the latest update time. Therefore, it may be surmised 
that the proposed eDSDV follows the conventional DSDV 
but reduces the packet loss due to broken links. 

Figures 3 to 6 shows how host ‘S’ creates a provisional 
route to the destination ‘T’, when the intermediate link from 
‘S’ to ‘B’ breaks. Host ‘S’ suspends sending packets (Fig 4). 
After which it broadcasts route-request packets to its 
immediate one hop neighbors. The ad hoc hosts ‘K’,’E’, ‘U’ 
‘M’ responds with ROUTE ACK packets along with hop 
count and the route update time to ad hoc host ‘S’ , incase if 
they have route to the destination (Fig 5). Otherwise if the 
route to the destination is not present, then the route-request 
packets are forwarded to their next-hop neighbors. The 
formation of loops is avoided by using the sequence 
numbers. Table I shows the snapshot of the routing 
information received by ad hoc host ‘S’. Later on whenever 
any mobile host moves in the range of the host A then the 
routing table of host ‘S’ gets updated by the regular DSDV 
routing process.  

 
 

Figure 1. Route-Request packet format 

 
 

Figure 2. Route-Reply packet format 
 
 The details of eDSDV are given below: 
 
1. If the next hop link of host ‘S’ for the required destination 
is active, then it uses the conventional DSDV Protocol. 
 

2. In case if any outgoing link breaks, the packet is buffered 
using dynamic buffer management technique for later 
transmission. The alternate route discovery process starts. 
 

3. The host ‘S’ broadcast a two-hop Route Request packet to 
its neighbors. If the next hop neighbor or the next to next 
hop neighbor has a valid route to the destination in its 
routing table and if ‘A’ is not the next-hop in either case, 
then it sends Route Acknowledgement message enlisting its 
host ID, the destination, the hop count metric for the 
destination and the last updated time. Sequence numbers are 
used to prevent formation of loops as in the case of DSDV.  
 

4. The host ‘S’ chooses the best neighbor, based on the least 
number of hops to the destination. If there is more than one 
node having the same number of hops, then it selects the host 
with the latest routing update time.  
 

5. The packets (buffered with dynamic buffer management 
technique) are then forwarded using the latest found route 
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till, the routing table of host ‘S’ is updated by the 
conventional DSDV routing protocol.  
 Thereby it avoids sending the packets using stale routes 
and hence achieves efficiency. 
 

 
 

Figure  3. Path between ‘S’ and ‘T’ before the link 
Breaks 

 

 
 

Figure  4. Link between ‘S’ and ‘T’ breaks 
 

 
 

Figure 5. ‘S’ broadcasts Route-Requests to neighbors 
 

 
              

           Figure  6. ‘S’ chooses ‘M’ as the next hop for destination ‘T’ 
 

 

TABLE I.  ROUTING  TABLE   AT  NODE  ‘S’ 

 
 

B. Properties of DSDV and eDSDV 
        At all instances, the DSDV protocol guarantees loop 
free paths to each destination. To see why this property 
holds, consider a collection of N mobile hosts forming an 
instance of an ad-hoc style network. Further assume that the 
system is in steady-state, i.e. routing tables of all nodes have 
already converged to the actual shortest paths. At this 
instant, the next node indicators to each destination induce a 
tree rooted at that destination. Thus, routing tables of all 
nodes in the network can be collectively visualized as 
forming N trees, one rooted at each destination. In the 
following discussion, we’ll focus our attention on one 
specific destination x and follow the changes occurring on 
the directed graph G(x) defined by nodes i and edges (i, fi(x) 
) where fi(x) denotes the next-hop for destination x at node i. 
Operation of DSDV algorithm ensures that at every instant 
G(x) is loop-free, or rather, it is a set of disjoint directed 
trees. Each such tree is rooted either at x or at a node whose 
next-hop is nil. Since this property holds with respect to 
each destination x, all paths induced by routing tables of 
DSDV algorithm are indeed loop free at all instants.  
 Starting from a loop-free state, a loop may potentially 
form each time a node i changes its next-hop. This can 

Neighbor
No. 

of 
Hops 

Via 
Node 

Update 
Time 

K 6 E 1765 
E 4 A 1860 
U 8 K 1050 
M 3 F 805 
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happen in two cases. First, when node i detects that the link 
to its next-hop is broken, the node resets pi(x) to nil. Clearly, 
this action cannot form a loop involving i. The second 
scenario occurs when node i receives, from one of its 
neighbors k, a route to x, with sequence number sk(x) and 
metric m, which is selected to replace the current route it 
has through fi(x): Let si(x) denote the value of the sequence 
number stored at node i and let di(x) denote the distance 
estimate from i to x just prior to receiving route from k. 
Node i will change its next-hop from fi(x)to k only if either 
of the following two situations occurs: 
 
1. The new route contains a newer sequence number; that is   
     sk(x) > si(x). 
2. The sequence number sk(x) is the same as si(x), but the  
     new route offers a shorter path  
     to x; that is m < di(x) 
 

 In the first case, by choosing k as its new next-hop node 
i cannot close a loop. This can be easily deduced from the 
following observation. A node i propagates sequence number 
si(x) to its neighbors only after receiving it from its current 
next-hop. Therefore, at all times the sequence number value 
stored at the next-hop is always greater or equal to the value 
stored at i. Starting from node i, if we follow the chain of 
next-hop pointers, the sequence number values stored at 
visited nodes would form a non-decreasing sequence. Now 
suppose node i forms a loop by choosing k as its next-hop. 
This implies that sk(x) <= si(x). But this contradicts our 
initial assumption that sk(x) > si(x) Hence, loop-formation 
cannot occur if nodes use newer sequence numbers to pick 
routes [7]. 
 

III. SIMULATION SETUP AND RESULTS DISCUSSION 
     

       The simulations were carried out using NCTUns 
Network Simulator [11] from Simreal Technologies. 
NCTUns is a network simulator and emulator. 

 

A. Simulation Model 
      The simulation parameters used in the simulation of the 
protocol is given in Table II. 
 The simulations were carried out by varying the number 
of nodes in multiples of 5, i.e. 5, 10, 15, 20,25,30,35 and 40. 
Eight simulations were carried out for DSDV and eDSDV 
protocols. 
 Then simulations were also carried out by varying the 
speed of the ad hoc hosts in multiples of 5 starting from 5 to 
25 m/s. Five such simulations were carried out for both the 
protocols in respect of performance metrics mentioned 
above except the route length. 
 Each data point in the graph is an average of three 
simulation runs. 
 
 

TABLE II.  PARAMETERES  USED  IN   EDSDV SIMULATION 

Parameter Value 
Number of Packet(Traffic)  

Sources 2-5 

Topology Size 800x800 m 
Transmission(radio) range 250 m 

Traffic Type Constant Bit 
Rate (CBR) 

Packet size 512 Bytes 
Standard packet sending rate 5 packets/sec 

[ 20Kbps] 
Standard Ad Hoc host speed 20 m/s (Max) 

Mobility Model Random 
waypoint 

Pause Time 5 sec 
Simulation Time 900 sec 

Wireless channel bandwidth  
DSDV periodic route update 

interval 10 sec 

No. of times the eDSDV ROUTE 
REQUEST may be resent 2 

Time duration before sending a 
new ROUTE REQUEST 1 sec 

 
 

B. Simulation Results Discussion 
Packet Delivery Ratio 
 The ratio of the number of packets originated by the 
“application layer” to the number of packets received by the 
destination. Figures 7 and 8 shows the graph of the two 
protocols as a function of the number of nodes and node 
speed respectively. In the graphs eDSDV is marked as Eff-
DSDV. 
 It can be seen from the graph that the performance of 
eDSDV is better than the regular DSDV in both the cases. It 
may as well be observed that the packet delivery ratio of 
DSDV drops to almost 75% for 40 nodes and mobility 
speed of 25 m/s. Whereas for eDSDV it is more than 90% 
for the same scenario. 
 
Dropped Packets 
 The number of data packets that are not successfully 
sent to the destination. Fig 9 shows the number of dropped 
packets for the two protocols as a function of the number of 
nodes. While Fig 10 shows for the node speed. Among 
DSDV and eDSDV the performance of the latter is better. 
The dropped packets rate increases in both the cases for the 
DSDV and eDSDV due to the increase in the routing table 
exchanges among the nodes and broken links. As the 
mobility rate increases the rate of dropped packets of DSDV 
is relatively higher than that of eDSDV. 

 



K R KHAN et al: THE PERFORMANCE OF THE EXTENDED DSDV (EDSDV) MANET ROUTING  . . . . 
 

IJSSST, Vol. 10, No. 2                                                                                               ISSN: 1473-804x Online, 1473-8031 print 42

 
 

Figure 7. Packet Delivery ratio vs No. of Nodes 
  
 Figures 11 and 12 shows the performance of eDSDV 
with 1-Hop and 2-Hop Route-Request packets. It can bee 
seen from the graphs that the performance of the eDSDV 
with 2-Hop Route-Request is better than with 1-Hop Route-
Request. The better performance is due to the fact that 
eDSDV running on ad hoc hosts uses dynamic buffer 
management algorithm rather than bounded buffer size as in 
the case of [10] using 1-Hop route request. Due to the 
bounded buffer algorithm using static approach, the packets 
are discarded when the buffer is full. The packets are not 
discarded as long as there is free buffer space in the ad hoc 
host and hence the packet drop rate with 2-Hop route-
request is lesser. 
 
End To End Delay 
 The delay experienced by a packet from the time it was 
sent by a source till the time it was received at the 
destination. Figures 13 and 14 shows the End-End delay for 
the two protocols as a function of the number of nodes and 
node speed respectively. The performance of eDSDV is 
better than DSDV protocol for varying number of nodes 
especially between 15 and 30 nodes. Because of using the 
temporary routes in the eDSDV the packet latency naturally 
is bound to decrease. However, with the increase in the 
mobility rate and the number of nodes, the delay is bound to 
increase as is indicated in both the graphs. Figures 15 and 
16 shows the performance of the eDSDV with 1-Hop and 2-
Hop Route-Request respectively. It may be observed that 
the performance of the eDSDV protocol with 2-Hop Route-
Request is better than 1-Hop Route-Request. This is due to 
the fact that, with 2-Hop Route-Request broadcast, the 
chances of finding the alternate provisional route to the 
destination improves further than in comparison to 1-Hop 
Route-Request. 
 

 

 
 

Figure 8. Packet Delivery ratio vs Node Speed 
 

 
 

Figure  9.  Dropped Packets vs No. of Nodes 
 
Routing Overhead 
 The number of control packets produced per mobile 
node. Control packets include route requests, route replies 
and error messages. Figure 17 shows the performance of the 
two protocols for routing overhead as a function of the 
number of nodes. Figure 18 shows for the case of node 
speed.  The routing overhead of eDSDV is found to be 
slightly higher than the regular DSDV protocol as expected. 
This increase is due to the fact that the additional routing 
control messages are generated in the case of broken links. 
One hop Route-Requests and Route-Ack packets are 
broadcasted by the node observing the stale route. These 
additional packets are not present in regular DSDV. The 
trade-off is between the routing overhead and the packet 
delivery ratio or end-end delay. For most of the applications 
it is desirable to have a good packet delivery ratio, lesser 
delay and less number of dropped packets. For achieving all 
this in eDSDV the routing overhead metric can be 
compromised. As stated earlier, the routing overhead of the 
eDSDV with 2-Hops is higher in comparison to the eDSDV 
with 1-Hop as shown in Figures 19 and 20. This is because 
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of one more level of the broadcast of the route-request 
packets from the immediate neighbors of the source, 
initiating the broadcast. The increase in the routing overhead 
can be a tradeoff with the dropped packet rate and the end-
end delay. 
 

 
Figure 10. Dropped Packets vs Node Speed  

 
 

 
 

Figure 11.  Dropped Packets with 1-hop vs 2-hops Route-Request as a 
function of No. of Nodes 

 
 

 
 

Figure 12.  Dropped Packets with 1-hop vs 2-hops Route-Request as   
              a function of node speed 

 

 
 

Figure 13.  End-End delay vs No. of Nodes 
 

 
 

Figure 14.  End-End Delay vs Node Speed 
 

Route Length  
 The average route length (in terms of the number of 
hops) of all the packets that reach the destination from the 
source. Figure 21 shows the performance of the two 
protocols as a function of the number of nodes. The 
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performance of the both the protocols are almost the same. 
DSDV supersedes the eDSDV due to the reason that the 
latter may use longer routes for sometime when the link 
breaks. 
 

 
 

           Figure 15.  End-End Delay  with 1-hop vs 2-hops Route-Request as 
a function of no. of nodes 

 

 
             

Figure 16.  End-End Delay  with 1-hop vs 2-hops Route-Request as a 
function of  node speed 

 

 
 

Figure 17.  Routing overhead vs no. of nodes 
 
 

 
 

Figure 18.  Routing Overhead vs node speed 
 
 

 
 

Figure 19. Routing overhead with 1-hop vs 2-hops Route-Request as a 
function of no. of nodes 
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Figure  20.  Routing Overhead  with 1-hop vs 2-hops Route-Request as a 
function of node speed 

 

 
 

Figure 21.  Route Length as a function of no. of nodes 
 
 

IV. EXTENDED DSDV(EDSDV) FOR INTEGRATING MANET 
AND THE  INTERNET 

 
 As an application of eDSDV, architecture for 
integrating MANETs and the Internet using the integrated 
eDSDV routing protocol is presented.  
 With the integration of MANET routing protocol and IP 
protocol, Internet connectivity to the MANET nodes can be 
achieved [Fekri and Bodhe, 2006]. Due to the architectural 
differences between the Internet and MANETs like 
communication topology, routing protocols, and operation, 
it becomes necessary to introduce an intermediate entity 
capable of connecting to the Internet possibly using Mobile 
IP and to MANET owing to an ad hoc routing protocol. The 
strategies in the literature have used Mobile IP agents or 
access points or gateways at the periphery of the Internet in 
order to enable MANET nodes get multi-hop wireless 
Internet access [5] Ammari, 2007].  
 

 Two of the important issues involved in the integration 
are reducing the Mobile IP overhead and providing full-
duplex connectivity to the Ad hoc nodes. The existing 
strategies using the reactive routing protocols are not 
efficient for providing the bi-directional connectivity, due to 
a lot of control overhead resulting in gateway discovery and 
maintenance of the state. In order to provide bi-directional 
connectivity and reduce the MIP overhead a pro-active 
protocol like DSDV is suitable. We have shown that the 
performance of the eDSDV is superior to regular DSDV. 
Therefore it can be employed for the same. The proposed 
architecture is shown in Fig 22. The proposed framework 
uses one of the ad hoc hosts known as Mobile Internet 
Gateway (MIG) to act as a bridge between the two 
networks.  
 The full-duplex communication between MANET 
nodes and the Internet host is through this MIG. The MIG 
accesses the router in the wired network. The MIG runs the 
eDSDV protocol and takes care of the addressing 
mechanisms to ensure the transfer of packets between the 
hybrid networks.  
 The ad hoc routing protocol eDSDV and Mobile IP 
coordinate with each other to provide the connectivity 
across the hybrid network as shown in the Figure 5.16. 
 Apart from providing full duplex connectivity for ad 
hoc network nodes, one more advantage of this strategy is 
that it does not require the flooding of the gateway 
advertisements for registration of ad hoc hosts with the 
MIG. The MIG and the ad hoc hosts learn about their 
presence from the routing table exchanges 
 The nodes which are not under the coverage of the MIG 
access the Internet using muti-hop communication links. Fig 
22 shows the communication scenario between the two 
networks. The right side of the figure shows the 
infrastructure network (Internet) having the Home Agent, 
Correspondent Node, MIG. 
 

 

 
 

Figure 22.  Architectural framework 
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 The left side has the ad hoc hosts using the eDSDV 
routing protocol. Every ad hoc host registers with the HA 
and creates a binding at HA by mapping its home address to 
the care of address (COA) provided by the MIG. It may be 
noted that the MIG acts as the FA for all the ad hoc hosts. 
After receiving the data packets sent by the CN, the router 
tunnels them to the MIG/FA. Then the MIG delivers the 
packets to the ad hoc host using the eDSDV protocol. On 
the other hand, after receiving the data packets sent by the 
ad hoc host, the MIG delivers them to the CN thru the router 
using the IP routing in the infrastructure network. The 
control overhead using the eDSDV is bound to be less due 
to the fact that ad hoc hosts send their registration 
information to the MIG only at the time of joining the ad 
hoc network. There is no broadcast of the agent 
advertisements as is required in other strategies like [4] [8]. 
 The proposed framework can provide the following 
three modes of communication in order to provide full 
duplex communication: 
 Communication within the MANET (Intra-MANET 

routing) 
 Communication from Ad Hoc Host to Correspondent 

Host 
 Communication between Correspondent Node and an 

Ad Hoc Host 
 

V. CONCLUSION 
 

 In this paper we have implemented the proposed 
eDSDV protocol. The performance of the proposed protocol 
and regular DSDV is assessed with respect to metrics Packet 
delivery ratio, End – End delay routing overhead and 
dropped packet rate. Simulations were carried out with 
identical topologies and running different protocols on the 
mobile nodes. The proposed protocol is an extension to the 
enhanced DSDV routing protocol proposed by 10] and 
Kumar, 2004. In their approach the packets are discarded in 
case of buffer associated with the destination is full. This 
problem is solved in the eDSDV by using dynamic buffer 
management technique. Another extension is to use 2-Hop 
route-request packets rather than one. Using 2-Hop route-
request packets certainly improve the end-end-delay. The 
reduction in the dropped packet ratio, end-end delay and 
improving the packet delivery ratio is at a cost of slight 
increase in the routing overhead. The simulation results 
indicate the better performance of the eDSDV with 2-Hop 
route-request rather than one. 
 The results of the simulation also indicate that 
performance of the eDSDV protocol is certainly superior to 
standard DSDV. It is also observed that the performance is 
better especially when the number of nodes in the network 

is in the range of 10 to 30. Further, the performance 
comparison can be made between the proposed protocol and 
the other classes of the ad hoc routing protocols with 
different simulation parameters and metrics. 
 One of the important advantages of eDSDV routing 
protocol is that it can be used to provide bi-directional 
Internet connectivity to ad hoc hosts with minimum control 
overhead. The ad hoc hosts have the global view of the 
network because of the routing exchanges taking place 
between them at discrete intervals of time. In this paper, we 
have also discussed the proposed architecture for integrating 
the MANET and the Internet using the eDSDV protocol. 
One of the notable features of the proposed framework is 
that it can be used to provide full bi-directional connectivity 
between MANET nodes and the Internet wired hosts. 
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