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The problem motivation of this work deals with how to control the network
overhead and reduce the network latency that may cause many unwanted
loops resulting from using standard routing. This work proposes three
different wireless routing protocols which they are originally using some
advantages for famous wireless ad-hoc routing protocols such as dynamic
source routing (DSR), optimized link state routing (OLSR), destination
sequenced distance vector (DSDV) and zone routing protocol (ZRP).
The first proposed routing protocol is presented an enhanced destination
sequenced distance vector (E-DSDV) routing protocol, while the second
proposed routing protocol is designed based on using the advantages of
DSDV and ZRP and we named it as DS-ZRP routing protocol. The third
proposed routing protocol is designed based on using the advantaged of
multipoint relays in OSLR protocol with the advantages of route cashing in
DSR protocol, and we named it as OLS-DSR routing protocol. Then, some
experimental tests are doing by demonstration case studies and the

7RP experimental results proved that our proposed routing protocols
outperformed than current wireless routing protocols in terms of important
network performance metrics such as periodical broadcast, network control
overhead, bandwidth overhead, energy consumed and latency.
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1. INTRODUCTION

Wireless networks aimed toward meeting specific service necessities whereas handling specific
transmission impairments and optimizing the use of the system resources to confirm cost-effectiveness and
satisfaction for the user [1]. Taking into consideration the important features of wireless nodes such as low
power, high throughput and less latency time, therefore, it will be proposed to design the routing protocols
for the purpose of forwarding the routing request to the intended destination node so as having better whole
network performance and thus improving the performance of the network applications [2]. The most
important challenges in designing routing protocol of a wireless network is reducing the energy consumption
and increasing network lifetime [3], [4]. Some routing protocols have to achieve some quality of service
(QoS) metrics e.g. high throughput, less node delay, secure communication and large covering [5], [6].
Routing protocols in wireless networks should enhance the system performance in term of energy-efficiency,
network bandwidth, network overhead control and latency without deploying many unwanted or wasted
loops in the network with simple routing flooding schemes deployment so it can reduce number of hops and
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the cost significantly as well offering high throughput and minimizing latency issue [7]-[9]. As known
latency is the key obstacle for performance improvement of wireless systems, therefore best proposal routing
protocol is one candidate to tackle/circumvent this shortcoming. Some related works such as [10]-[14] with
aggressive adding more enhancements to standard wireless routing protocols as well network performance
improvement, the previous standards of conventional routing protocols (destination sequenced distance
vector (DSDV), dynamic source routing (DSR), optimized link state routing (OLSR), and zone routing
protocol (ZRP)) did not take care more attention about energy-efficiency issue and the capacity of those
conventional routing protocols are limited principally due to scarcity of bandwidth. Therefore, by developing
those conventional routing protocols, the traditional wireless systems can reduce the network overhead that
will reduce significantly the node and network latency for specified bandwidth [15], [16]. Finally, this work
is organized as follows: section 2 submits our proposed routing protocols with its work procedures in details,
while section 3 demonstrates our experimental tests that will be done for testing our proposed routing
protocols by given network example for each proposed routing protocol as a case study. Then, section 4 gives
the main contributions and conclusions that we got from proposing these routing protocols and gives our
thoughts for future works in this field of research in wireless networks.

2. RESEARCH METHOD

In this work, we will try to exploit the main advantages of famous wireless network routing
protocols such as DSR, DSDV, OLSR and ZRP in order to create new routing protocols for achieving high
performance gain than those traditional routing protocol [17]-[19]. The first proposed routing protocol in this
research work comes from enhancing DSDV routing protocol by adding more than one performance metric
to find the optimal route path among nodes at same network, in this proposal routing protocol enhanced
destination sequenced distance vector (E-DSDV), we consider more than one performance metrics such
sequence number, number of hops, and cost. Then, we give priority level for each performance metric, for
example we can consider the sequence number has more priority than number of hops when we want to
choose two existing paths since the path that has largest sequence number meaning this path is more recent
updated path so we can avoid routing loops through finding the route to the destination node. The second
proposed routing protocol comes from merging DSDV and ZRP routing protocols [20], [21], so we have
destination-sequenced zone routing protocol (DS-ZRP) new routing protocol. At this protocol, the optimal
route can be found by considering destination sequenced number from DSDV routing protocol and routing
zone strategy from ZRP routing protocol, so we split the entire network to some zones and there are two
types of nodes (interior zone nodes and exterior zone nodes), interior zone nodes use link state or distance
vector routing protocols entire the zone considering sequence number as a performance metric, while the
exterior zone nodes use DSR routing protocol to find the route outside the zone also considering sequence
number to choose the more recent path to the destination node. The third proposed routing protocol comes
from merging the advantages of OLSR and DSR routing protocols to have a new routing protocol named
optimized link state dynamic source routing (OLS-DSR) routing protocol [22], [23]. At this new routing
protocol, each node elects its multipoint relay (MPR) nodes from its neighbor nodes according to proposal
zone radius after that the node floods only its link state information to its MPR nodes instead to all its
neighbor nodes. Then, these MPR nodes use DSR routing protocol to flood the route cashing technology in
this protocol, which gives instantly the path for intended route to the destination which it is the main
advantage of DSR routing protocol.

3.  PROPOSED ROUTING PROTOCOLS

In this section, we will describe in details the work procedure of each proposed routing protocol
taking into account the main network performance metrics considered for each one of these protocol. Each
proposed routing protocol has a work procedure related to its network behavior and we suppose that all hosts
can communicate easily with each other in the given coverage area and it is assumed also all links between
hosts are in full duplex communication mode. For our network model, we assume that hosts don’t know any
things about their location, direction, or nearby nodes. Since we considered a multi-hop network model, then,
we suppose the link costs among hosts may determine using sequence number and number of hops
respectively.

3.1. First proposed enhanced routing protocol

This work considers one of the famous routing protocols for mobile ad hoc networks—namely:
DSDV which it is examined against two important metrics as sequence number and number of hops in order
to deliver the sender's messages to the recipient with minimal time and the reliable path possible. This work
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comes with proposing a creative method of calculating optimal routing path by enhancing DSDV routing so

we called it enhanced DSDV routing protocol (EDSDV), this approach procedure is based originally on

Bellman-Ford algorithm and then sequence number to know whether this node has currently receive this

message or not so as avoiding unproductive routing loops. In our enhanced routing protocol, nodes can work

together to obtain an objective opinion about the credibility of another node. The work procedure of our

proposed routing protocol EDSDV describes as follows as shown in Figure 1:

a) Step 1: select source node; in this step, we must choose one node as a source node to other destination
nodes, so we can begin our search mission to find the optimal path to all other network nodes except
selected source node.

b) Step 2: initial routing attribute; each node instantly has its own routing paths to other nodes, so we can
screenshot this current initial route attribute for our selected source node to find the next optimal paths to
same other nodes.

c) Step 3: attributes evaluation; in this work, we consider each node’s routing table has two attributes
(sequence no. and number of hops or cost). In this step, we will give the priority for node which has
largest sequence number rather than number of hops which means this node has more recent update
information (i.e. its routing table is updated recently), so new joining or leaving nodes in wireless
network are considered instantly.

d) Step 4: update decision; in this step, we will update the routing table attributes according to sequence
number firstly and then according to the number of hops as shown in the following cases:

— If sequence number of any node is greater than all other nodes, then the next path for our source
node will be via this node regardless the number of hops for these nodes.

— If the sequence numbers of two nodes or more are equal, then we will consider the node that has less
number of hops to be via node for next path of our source node.

— If the sequence numbers of two nodes or more are equal and the number of hops of same two nodes
or more are also equal, then we will consider the current existed node as via node for the next path
of our source node.

e) Step 5: new attributes updated; step 4 is repeated for all outgoing links from our source node and then
new attributes are updated accordingly for source node.

Largest Seq. Mo. Select Source Node and Equal Seq. No. and No. of Hops
Initialization its Attribute using
Sequence No. and No. of Hops

Equal Seqg. No.

Neglect No. of Hops Consider No. of Hops Stay Same Attribute

APPLY DSDV

Update Mode's Attribute

Figure 1. Effects of selecting different switching under dynamic condition

3.2. Second proposed emerged and enhanced routing protocol

In this proposed routing protocol, we merge the advantages of two known routing protocols DSDV
and ZRP, where DSDV has two main advantages: 1) all nodes use sequence number to update their routing
tables around all neighbour nodes occasionally, and then they increment and append their sequence numbers
when sending their local routing tables which this sequence number will be attached to route entries created
for this node; 2) this protocol has a low latency time since the routing table was proactively initiated and no
need to new routing determinations. In contrast, ZRP has a main feature of combining two routing behaviors
(proactive and reactive) in his work to find the optimal path from source to destination. This protocol
determines paths to neighbors’ nodes within minimum number of hops via either link state routing protocol
or distance vector routing protocol for interior nodes within same zone, while it uses a route discovery
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protocol for determining routes to exterior (peripheral) nodes outside the source node’s zone. Thus, ZRP has

the following two main advantages; 1) diminishing the control burden for extended paths that will be

important if using proactive routing protocols are used across the path, 2) eliminate routing delays within a

region that might be happened by path detections for interactive routing protocols. So, our proposed routing

protocol DS-ZRP merges all above advantages of these two protocols which its work procedure describes as

follows as shown in Figure 2:

a) Step 1: network Initialization. Let N be the number of nodes at a multihop wireless network, and suppose
the source node is (S) and the destination node is (D).

b) Step 2: intra-zone routing evaluation. Is destination node (D) within node (S) zone? If yes, we can apply
Intra-zone routing using distance vector or link state routing protocol to reach destination node (D).
Now, to know if the path to an intended destination node is more recent, destination sequence numbers
are verified and considered (i.e. DSDV routing protocol). Any nearby node that has a route request
within a smaller sequence number, it cannot forward this route request and so on.

c) Step 3: inter-zone routing evaluation: Is destination node (D) within node (S) zone? If no, we can apply
Inter-zone routing using DSR protocol to reach destination node (D) as follows:

— Node (S) goes to publish a route query (RREQ) to all its exterior nodes outside the source node’s
zone using DSR protocol.

— To know if the path to an intended destination node is more recent, destination sequence numbers
are verified and any nearby node that has a route request within a smaller sequence number, it
cannot forward this route request.

— When the RREQ reaches the peripheral or exterior nodes, they will also apply the same previous
procedure to check whether target host (D) located at same zone or not.

— Through all routing path, any host node detects the destination node (D) within its same region and
then returns the route reply (RREP) by reversing the RREQ path.

d) Step 4: data transfer. After complete above steps, data is transferred along the new initiated optimal path
for our selected source node.

Netwaork
Initialization

Inter-Zone Where !5 Intra-Zone
Destination
Node?
APPLY APPLY
DSDV DSR
Data
Transfer

Figure 2. Proposed DS-ZRP routing protocol diagram

3.3. Third proposed emerged and enhanced routing protocol

In this proposal protocol, a routing process that can merge the advantages of using multipoint relays
in optimized link state routing (OSLR) protocol with the advantages of route cashing in DSR protocol.
The main advantage of using multipoint relays is that the overhead of flooding link state information is
reduced by requiring fewer nodes (multipoint relay-MPR) to forward the information instead of broadcasting
information to all neighbor nodes. While using of route cache can speed up route discovery and it can reduce
propagation of route requests since a single route discovery may yield many routes to the destination, due to
intermediate nodes replying from local caches. The work procedure of our proposed routing protocol OLS-
DSR can be described in the following steps as shown in Figure 3:
a) Step 1: network initialization. Let N be the number of nodes of multi-hop wireless network and let the

source node is (S) and the destination node is (D).
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b)

¢)

d)

2

4.

Step 2: initiating route discovery. Source node (S) floods RREQ to specify its multipoint relay (MPR) so
that the RREQ forwards through it. Assuming the multipoint relay is with zone radius »-hops neighbor
nodes.

Step 3: intra-zone routing evaluation. Is the destination node (D) within zone radius (r-hops)? If yes,
apply (RREQ) directly to get more recent destination path by the use of sequence number (SN), if the
sequence number at any node is less than that of any node, it cannot send RREP.

Step 4: inter-zone routing evaluation: If the target host (D) isn’t around the zone’s source node (S) (i.e.
the distance is greater than r-hops), then route cashing is performed with radius (r-hops) in order to
specify the multipoint relays.

Step 5: multipoint relays selection. Using route cashing strategy, the greater paths are reduced and then
network overhead is damped since it stores only the most recent multipoint relays, note that we should
notice that RREQ by source node (S) for destination node (D) is assigned a higher destination sequence
number and then any intermediate node that receives a route request with a smaller sequence number, it
cannot forward this route request and so on.

Step 6: initiating route reply. Now, the destination node (D) is known by the multipoint relays, then
RREP is reversed according to the evaluation of the pair MPR/SN.

Step 7: data transfer. After the completion of RREP process, data transfer can be taken place now

Network
Initialization

Election of
MPRs

Inter-Zone whgre !5 Intra-Zone
Destination

Node?

APPLY APPLY
OLSR DSR

Data
Transfer

Figure 3. Proposed OLS-DSR routing protocol diagram

RESULTS AND DISCUSSION
Before presenting the experimental results, we first introduced the background details of network

assumptions, network constraints and performance parameters. Below are the hypotheses constraints are
considered to do our experimental results for the proposed routing protocols [24], [25]:

All hosts contain perfect communication coverage opportunities assuming they are existed in a 2D space.
All hosts are located in same coverage ranges assuming the communication links are in full-duplex mode.
Our network model is assumed to be a multi-hop network.
Each host doesn’t have any information about its location, direction, or nearby nodes.
Link costs of hosts determine using sequence number and number of hops consequently.
The proposed emerged and enhanced routing protocols must work in a decentered way.
Network under consideration is assumed to have a low message and computational complexity.
For given network structure, the tested proposed routing protocol must cover the area of interest with
fewer hosts as possible.

So, the evaluations of our proposed emerged and enhanced routing protocols are considering the

following network performance metrics:
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— A number of nodes: this metric specifies whole wireless network size in average because there are some
nodes joining or leaving instantly. To simplify the mathematical computation and analysis; we do our
experimental test with less than 50 nodes.

— A number of hops: this metric defines the cost or distance between one node and other and also to simplify the
calculations, we assumed small number of hops among different nodes in each considered network topology.

— Sequence number: this number is also called destination sequence number which it is applied to prohibit
paths from going into infinity associated with classic distance vector routing protocols. So, the path that
has largest sequence number meaning this path is more recent updated path.

— Routing zone: some routing protocols used routing zone in order to minimize the flooding route requests.
Accordingly, nodes are divided into two types: interior and exterior (peripheral) nodes. The interior nodes
are the nodes whose are located inside the routing zone where routing zone radius equals d hops and these
nodes used link state or distance vector routing protocols. While the exterior nodes are those nodes that
are located outside routing zone radius and they are used DSR routing protocol.

Now, we consider the network topology shown in Figure 4 to demonstrate and do first experimental test
for E-DSDV. In this experimental test, we will try to construct a new routing table for node (n4) using our proposed

E-DSDV routing table. The new routing table for node (n4) is constructed by applying E-DSDV shown in Table 1.

Figure 4. Network topology for applying E-DSDV routing protocol

Table 1. Routing table determination for ngusing E-DSDV routing protocol

Current Distance Vector Directed Neighbor Nodes New Distance Vector
Dest. Cost SN By n, By ns By ns By n¢ Cost SN Via

n; - - 55/5 40/4 - - 55 5 n,

n 20 5 20/5 35/4 - - 20 5 n

n; 10 4 45/5 10/4 - - 45 5 n

ns 20 2 - - 20/2 55/4 55 4 ng

ng 15 4 45/5 - 60/2 15/4 45 5 n

ny - - - - 45/2 45/4 45 4 ng

ng - - - - 50/2 - 50 2 ns

For second experimental test, we supposed to have a network topology as shown in Figure 5 in order
to test the work of our second proposed routing destination-sequenced zone routing protocol (DS-ZRP), and
as a case study, the destination (D) is not within node (s) zone, so we will apply step 3 of above work
procedure to find the route from source node (s) to destination node (D) assuming the network performance
metric is a sequence number with zone radius is 2. So, we will split the entire network into some zones with
zone radius (2) and they will be two types of nodes: interior zone nodes and exterior (peripheral) zone nodes.
The interior zone nodes use link state or distance vector routing protocols inside the zone taking into account
the sequence number as a performance metric, while the peripheral zone nodes use DSR routing protocol to
find the route outside the zone also taking into account the sequence number to choose the more recent path
to the destination node. Then, the work procedure of applying DS-ZRP routing protocol can be described as
follows as shown in Figure 6:

— Node (S) sends RREQ to all its peripheral nodes ((C, D, E, F, H)) using DSR routing protocol.

— Using DSDV routing protocol, only node (C) forwarding RREQ since it has a higher destination sequence
number.

— Then, node (C) sends RREQ to all its peripheral nodes ((J, K, 1)) using DSR routing protocol.

— Using DSDV routing protocol, only node (K) forwarding RREQ since it has a higher destination
sequence number.

Then, node (K) find out the destination host (D) is within same its zone and then return RREP by reversing

the RREQ path such as [K-C-S].
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Figure 6. Optimal route from source node (S) to destination node (D) using DS-ZRP routing protocol

In third experimental test, we will check our last proposed routing protocol an OLS-DSR.

We consider the network topology shown in Figure 7 to do our test and we will explain the using of this
proposed routing protocol by the following steps below and then solve a demonstration example using the
above network for sending packets from node (S) to node (D), considering the network performance metric is
the sequence number with zone radius is 2.

Node (S) sends RREQ to all its multipoint relays so it will send RREQ to nodes (A, F) as shown in Figure 7.
Since the RREQ passes through node (C), so it is also forward it to node (H).

The route reply will be in reverse direction and containing pairs of multihops relays and higher
destination sequence number. For example, let us take the path for RREQ as (C, F, I, L)-most recent
updated sequence numbers and the route reply as [C/5, F/5, 1/7, L/11] which it represents the header of
path contains pair of [Node/SN].

Now, data can be sent over this path [C/5, F/5, 1/7, L/11] as described in Figure 7.

Assume SNj, is the destination sequence number at node (n). We will assume sequence numbers in order
to clarify the concept of proposed routing protocol.

—
§N=4———®SN=4——» sN=p > SN=10
I (| ! [CF1] :

Figure 7. Optimal route from source node (S) to destination node (D) using OSL-DSR routing protocol
[C/5,F/5,1/7, L/11]
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In Table 2 shows a comparison among these proposed routing protocols versus traditional routing
protocols considering main network performance metrics such as periodical broadcast, network control
overhead, bandwidth overhead, energy consumed and latency. This table shows that our proposed routing
protocols outperform than traditional routing protocol working separately.

Table 2. A comparison among proposed emerged enhanced routing protocols vs. tradition routing protocols

Routing Protocol  Periodical Broadcast  Network Control Overhead ~ Bandwidth Overhead  Energy Consumed Latency

DSDV HIGH HIGH HIGH HIGH MEDIUM
DSR HIGH MEDIUM MEDIUM MEDIUM HIGH
OLSR HIGH HIGH HIGH HIGH HIGH

ZRP MEDIUM MEDIUM MEDIUM HIGH MEDIUM
E-DSDV LOW MEDIUM HIGH MEDIUM LOW
DS-ZRP LOW MEDIUM MEDIUM LOW LOW
OLS-DSR LOW LOW LOW LOW LOW

5.  CONCLUSION

In this work, we will try to exploit the main benefits from known wireless network routing protocols
such as DSR, DSDV, OLSR and ZRP in order to propose new emerged enhanced routing protocols for
achieving high performance gain than those traditional wireless network routing protocol. The first proposed
routing protocol in this research work comes from enhancing DSDV routing protocol by adding more than
one performance metric to find the optimal route path among nodes at same network, in this proposal routing
protocol E-DSDV, we consider more than one performance metrics such sequence number, number of hops,
and cost. The second proposed routing protocol comes from merging DSDV and ZRP routing protocols so
we have DS-ZRP new routing protocol. At this protocol, the optimal route can be found by considering
destination sequenced number from DSDV routing protocol and routing zone strategy from ZRP routing
protocol. The third proposed routing protocol comes from merging the advantages of OLSR and DSR routing
protocols to have a new routing protocol named OLS-DSR routing protocol. At this new routing protocol,
each node elects its MPR nodes from its neighbor nodes according to proposal zone radius after that the node
floods only its link state information to its MPR nodes instead to all its neighbor nodes. Then, these MPR
nodes use DSR routing protocol to flood the route cashing technology in this protocol, which gives instantly
the path for intended route to the destination which it is the main advantage of DSR routing protocol.
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