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Abstract: In this paper, we present a delay based routing algorithm for ad hoc wireless networks. In an ad hoc environment
there is no wired infrastructure and the mobile hosts work as a router to maintain the status about the connectivity. A mobile
ad hoc network is an autonomous collection of mobile users (nodes) that communicates over relatively bandwidth-
constrained wireless links. Each node is equipped with wireless receivers and transmitters using antennas that may be omni-
directional, highly directional, or possibly steer able. Due to nodal mobility, the network topology may change rapidly and
unpredictably over time. The network is decentralized, where network organization and message delivery must be executed
by the nodes themselves, i.e., routing functionally will be incorporated into mobile nodes. The design of the network
protocols for mobile ad hoc network is a complex issue. These networks need efficient distributed algorithm to determine
network organization (connectivity), link scheduling, and routing. But, the existing routing algorithms designed for ad hoc
wireless networks have slow response, excessive overhead and become unsuitable under the above considerations. The full
approach, for referring the internal state of the network relies on Round Trip Time (RTT) measurements only. \We consider
the RTT mean and RTT variance as fuzzy input variables and delay as a fuzzy output variable. Under such condition the
performance of the proposed algorithm is tested. It is shown that under these conditions the algorithm gives better results.
The proposed routing algorithm is simulated in MATLAB 6.5.
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Introduction:

Traditionally, ad hoc networks are considered useful in situations where the necessary infrastructure for centralized
administration may not be economically practical or physically possible. Well-known examples of these situations are
communication networks established at battlefields or disaster areas. The absence of the need for a base station contributes
positively to the ease of an ad hoc network. In an ad hoc wireless network where wired infrastructures are not feasible,
mobility and bandwidth are two key elements presenting research challenges. Mobility causes the life time of a connection
between two hosts to vary greatly; and limited bandwidth makes a network to be easily congested by control signaling.
Routing schemes developed for wired networks seldom consider restrictions of this type. We consider some factors which
affect the routing performance of ad hoc wireless networks. These factors include signal power, mobility, bandwidth,
distance, topological changes, congestion etc. These factors are subject to frequent and very difficult to model. The DBF [1]
(Distributed Bellamnford) or LS (Link State) [2] have been proposed in the past for both wire line and wireless networks.
The advantage of DBF is its simplicity and computational efficiency due to its distributed characteristics. However, the slow
convergence and the tendency of creating loops make DBF not suitable for a wireless network with high mobility, large
distance and change of topology. To address the limitations of DBF and topology broadcast in mobile wireless network, a
number of efforts have been made in the recent past. One such effort is the DSDV [3]. In this protocol, each mobile host,
which is a specialized router that periodically advertises its view of the interconnection topology with other mobile hosts
within the network to maintain up-to-date information about the status of the network. Unfortunately, in DSDV a node has to
wait until it receives the next update message originated by the destination in order to update its distance-table entry for that
destination. Recently, a number of distributed shortest-path algorithms have been proposed [4,5,6,7] that utilize information
regarding the length and second to-last hop (predecessor) of the shortest path to each destination to eliminate the counting to
infinity problem of DBF. We call this type of algorithm as path-finding algorithms. According to these algorithms, each node
maintains the shortest path spanning tree reported by its neighbors. Path-findings algorithms are an attractive approach for
wireless networks, because they eliminate counting—to-infinity problem. However, these algorithms can still incur temporary
loops in the paths specified by the predecessor before they converge; without proper precautions, this can lead to slow
convergence or incur substantial processing if a node is required to update its entire routing table for each input event. To
address these problems several routing algorithms have been proposed such as Gifni-Bertsekas (GB) algorithm [8], the light
weight mobile routing (LMR) protocol [9], the wireless routing protocol [WRP], and dynamic source routing (DSR)[10].
However, these algorithms do not satisfy the requirements of ad hoc wireless network completely. In this paper, we propose a
new routing protocol for ad hoc wireless networks which addresses some of the problems with existing approaches. The
objective of our design is to keep the routing overhead low while contributing to high overall throughput. In our proposed
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routing algorithm RTT data are used to detect wireless links in the communication path. Generally speaking, a RTT is the
interval between the sending of a packet and receiving its acknowledgement. It includes both the network delays, such as
router-queue delay and link propagation delay as well as host-processing delay, such as the time that takes the sender and
receiver to process the packet and the acknowledgement. Normally, the propagation delay is a significant contributor to the
round trip time.

Fuzzy Logic:

Fuzzy Logic was introduced by L.A.Zadeh in  1960s as a mean to model the uncertainty of natural language, and has been
widely used for supporting intelligent systems. Fuzzy set is a superset of conventional or Boolean logic that has been
extended to handle the concept of partial truth. A Fuzzy Logic system basically contains the three elements which are
following:

1. Fuzzifier
2. Interface method (fuzzy rules and
Reasoning)
3. Defuzzifier
1. Fuzzifier: A fuzzifier is responsible for mapping any crisp value into proper values in fuzzy logic space. This work is

done by using transactions from false to true (0 to 1). Mathematically, a membership function associates each element
X (X) in the universe of discourse U with a number in the interval [0, 1] as shown in (1):

1) X :U —>[0]]

There fore, a fuzzifier maps crisp data X €U into a fuzzy set X eU , and 22X (X) gives the degree of membership in the

range [0, 1]. Where 1 denotes full membership and O denotes no membership. So fuzzy sets are indeed an extension of the
classical sets in which only full membership or no membership exist. Fuzzy sets on the other hand, allow partial membership.
Fuzzy Rules and Fuzzy Reasoning: Fuzzy system performs reasoning on the input data by following a predefined inference
method. The amount of rules depends on both the number of inputs and membership functions associated to each input. The
general form of a fuzzy rule is following:

If( x;isFy) and( X, isF2)and (xsis F3) .....and (X, is F,) then (y is G).

Where F; and G are the fuzzy sets associated with the input and output fuzzy variable x; and vy, respectively where i= 1, 2,
3....n.

Defuzzifier: Once the input data have been numerically processed by fuzzy reasoning then they are converted back to the
crisp values. This task to convert data into the crisp data is done by defuzzifier or we can say that the defuzzifier combines
together mathematically the result of each rule into a single crisp value. Several methods are used to doing so.

Proposed Routing Algorithm: The proposed routing algorithm consists the following points:

Fuzzy Input Variables: Input variables for the proposed routing algorithms are defined as the RTT mean t in equation (2)
and RTT variance o in equation (3) being i=1,2,3,4,.....n are the max samples. Since the maximum value of RTT is always
limited by either the timeout timer or the fast retransmit mechanism. Equation (2) and (3) imply the fuzzy input variable t
(RTT mean) and oy (RTT variance) from 0 to Tmax where Tmax is the maximum sample. A Fuzzifier has to map the crisp
valuestand o into the fuzzy draft.

) t=(1/n) ) _ti
i=1

n
3) a= (Un) Y (ti—t)?
i=1
The figure 1 and figure 2 shows the RTT mean and RTT variance respectively. The RTT mean has been divided into three

fuzzy sets small (from 0 to 0.4) medium (from 0.2 to 0.8) and large (from 0.6 to 1.0) and the sets small (from O to 0.4)
medium (from 0.2 to 0.8) and large (from 0.6 to 1.0) have been used for another fuzzy input variable RTT variance.
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Figure 1: Input Variable RTT Mean
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Figure 2: Input Variable RTT Variance
Fuzzy Output Variable: We have only one fuzzy output which is delay and this fuzzy output variable has been divided into
three singleton fuzzy sets poor( from 0 to 0.4), average (from 0.2 to 0.8) and excellent (from 0.6 to 1.0) as shown in figure 3.
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Figure 3: Output Variable Delay

Fuzzy Rule Base: The collection of the fuzzy rules that are expressed as fuzzy condition statements forms the rule base of a
fuzzy logic. The rule base provides the various delay based routes for different ranges based on the RTT mean and RTT
variance. This proposed approach is generic and should be easily modified to fit with different routing metrics. The Centroid
of area method is used as defuzzification methods to produce the non fuzzy set. The fuzzy rules are given below:

(If RTT mean is Small) and (RTT variance is Small) then Delay is Excellent.

(If RTT mean is Small) and (RTT variance is Medium) then Delay is Excellent.

(If RTT mean is Small) and (RTT variance is Large) then Delay is Excellent.

(If RTT mean is Medium) and (RTT variance is Small) then Delay is Poor.

(If RTT mean is Medium) and (RTT variance is Medium) then Delay is Average.

(If RTT mean is Medium) and (RTT variance is Large) then Delay is Excellent.
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. (If RTT mean is Large) and (RTT variance is Small) then Delay is Poor.

. (If RTT mean is Large) and (RTT variance is Medium) then Delay is Poor.

. (If RTT mean is Large) and (RTT variance is Large) then Delay is Poor.

Delay
RTT Mean / RTT Var. Small Medium Large
Small Excellent Excellent Excellent
Medium Poor Average Excellent
Large Poor Poor Poor

Table 1: Fuzzy Inference Rules
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Figure 5: Delay O/P with respect to RTT Mean and RTT Variance
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Figure 6: Delay with small RTT Mean and medium RTT Variance
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Figure 6: Delay with small RTT Mean and small RTT Variance

Experimental Results: The fuzzy rule base is represented as a 3D-decision surface, presented in figure 5 and MATLAB
has been used for the same. Inputs to the proposed routing algorithm are on the horizontal axes and the output is on the
vertical axis. The decision surface illustrate that when both RTT mean and RTT variance are small then delay is excellent
but, as RTT mean increases up to large with small RTT variance the delay becomes poor. Against it, when RTT mean is
small and RTT variance increases up to the large the delay is gain excellent. In the decision surface it is also clear that when
RTT mean is small and RTT variance is large then delay is excellent but as we increase the RTT mean up to medium and put
RTT variance large then delay is again excellent but as RTT mean reaches at large the delay becomes poor.

Conclusions: We have studied several existing routing algorithms for ad hoc wireless networks and found that no single
routing algorithm is the solution for the same. The fuzzy metric approach improves the performance compared with the other
approach used traditionally in the routing technique. The proposed approach offers the improvement schemes with its
features such as it yields loop free routes, helps in multi path routing, gives the faster response at low overheads and the
overall evaluation is positive in the sense that we applied an intelligent algorithm for inferring statistically the internal state of
the network, and the outcome was surprisingly accurate. The results of the proposed routing algorithm confirm that the
protocol presents a considerable reduction of routing overhead, whereas the overall performance is competitive with other
protocols. Optimization extensions on the basic operation of the protocol are also proposed to improve load balancing,
bandwidth utilization, and enhance the quality of the routes used.
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