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Abstract- Routing protocols in MANET, generally, can be ¢mtézed as table-driven and on-demand. In on-demand
each node seeks for routes only when there is teetb so. This category also called as reactiveopod. The
examples of on-demand routing protocol are DSR, XQEZRP and DSR-ARM. In some regular situation, sdimes
in the route may fail. In this situation, any paskéhat travel through these routes will be lostimpped. In some
cases any packets may still reach its destinaiohwith some delay, where the packet delay andtegiatelivery is
the main concern. QoS support in mobile ad hoc okdsvhas become an important area of research.eHbpee is an
opportunity in improving the QoS. Compared to themdnds of traditional data-only applications, thessv
requirements generally include high bandwidth amlity, high packet delivery ratio and low delate. In ad hoc
networks, we propose an extension QoS routing fgorbased on dynamic source routing protocol whidepting
Fuzzy logic to select appropriate QoS routings intimpath. The algorithm can tolerate High degréénéormation
imprecision by adding the fuzzy logic module whintegrates the QoS requirements of applicationranting QoS
parameters to determine the most qualified nodes 3theme considers not only the bandwidth andtemhd delay
of the routing but also the cost of the path. Siisb improves the network performance.

Index terms- MANET; DSR; QoS; Fuzzy logic.

1. INTRODUCTION (Omnet++) and different scenarios were tested éotke
performance of the modified protocol compared vifith
A Mobile Ad-hoc Network (MANET) is a temporary original DSR protocol. The results show that nbta@ltes
wireless network composed of mobile nodes, in which from source to the destination chosen by the DIRNMQ
infrastructure is absent. If two mobile nodes aithw  protocol are suitable for real time traffic transsions,
each other’s transmission range, they can commignicasince there is no QoS considered in the routingopms;
with each other directly; otherwise, the nodesétween  whereas the DSR with QoS shows extremely goodteesul
have to forward the packets for them. In such &.caswhere the transmission delay is not desired. Aoge
every mobile node has to function as a router tavdod ~ DSR protocol consumes channel and node bandwidth du
the packets for others. Thus, routing is a baserapn  to large amount of routing packets generated to
for the MANET. Because traditional routing protaeol establishing routes and both protocols are operatiell
cannot be directly applied in the MANET, a lot oiting  in low congestion network. Thus, from simulatiosuks
protocols for unicast, multicast, and broadcastand analysis, it can be seen that adding QoS ttngpu
transmission have been proposed since the adveheof protocol is meaningful to optimize the performarmfe
MANET [1]. traffic on the network; especially the real timaffic [2].

DSR protocol is a simple and efficient routing el  One more work, Multipath Dynamic Source Routing
designed specifically for use in multi-hop wirelegkhoc  (MP-DSR), which is based on DSR, i.e., both pro®co
networks of mobile nodes. It is an on-demand rautin work quite similar. MP-DSR uses reliability requirents
protocol that is based on the concept of sourcéngand  for end-to-end routes [3-5]. This reliability isfated by
composed of two phases: route discovery and routghe probability of having a successful transmission
maintenance. To achieve this goal, the DSR Routetween the nodes. Thus some kind of QoS is prdvide
Request control packet is modified by adding a field  The calculation of the end-to-end reliability probiy is
that will be used to determine the acceptance level pased on the link availability of the intermediatedes,
available bandwidth. The mobile node must havelewa  which is given by their movements. MP-DSR deterraine
data traffics to pass through reaching the destimat two values for a route: the amount of paths needed
nodes. In order to test the proposed model, a simual  discover and the lowest path reliability that mimt
model is implemented using the network Simulatorfulfilled for a path. When there are less routesseen
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the end nodes, more reliable routes are preferredo "flood" the network with route request (RREQxbkets
accordingly the reliability requirement is highekfter (assumed source node does not have any route ¢b rea
these two values are set, the source node sendheut destination node before).Intermediate nodes, thdh w
Route Request (RREQ) for the set amount of patashE check whether it is by itself the destination nodeot. If
message contains additional information includimg t this node is not the destination node, then thidenwill
reliability requirement, the path it has traversede add itself into the route list in the RREQ packetdier
corresponding path reliability, etc. At an interriedd and then forward this packet into its neighborsthi
node, the RREQ-packet is checked whether this gessanode is the destination node, then this node velids
meets the path reliability requirement. If so, RREQ- route reply (RREP) packet to the originator of tRREQ
packet is dropped, otherwise the intermediate rambls packet (i.e. source node), including the routetbsteach
itself to the RREQ and sends out multiple copieshed  this particular node, which was gathered from RREQ
updated RREQ to its neighbors. The amount of senpacket header. How the RREP packets travel to reach
RREQ-packets by the source is based on the nunfber source node is just simply by following the roust.ITo
neighbors that can receive this RREQ without fgilthe return the Route Reply, the destination node mastla
path reliability. When the destination receives RREQ-  route to the source node. The major dissimilarégneen
packets, it selectively chooses multiple node-dlisjo this and the other on-demand routing protocolfas it is
routes and sends back RREP-packets accordinglyil®lob beacon-less and hence it does not have need afdperi
Ad hoc networks have several silent characterigicsh  hello packet (beacon) transmissions, which are byea

as dynamic topology, bandwidth constrained, vaeéabl node to inform its neighbors of its presence. The
capacity links, energy constrained operation angsighl ~ fundamental approach of this protocol during thateo
security etc.Since the nodes in mobile Ad hoc ndtwo creation phase is to launch a route by flooding tRou
acts as a router and host, the routing protocothés Request packets in the network. The destinatiore nod
primary issue and has to be supported before angetting a Route Request packet, responds by traimgfe
application can be deployed for any ad hoc wirelesRoute Reply packet back to the source, which cathe
network. route traversed by the Route Request packet rateive

In our scheme we consider mainly the implementation
and popularization of QoS routing. In this paper we
modified DSR to support QoS functions because it ca
achieve good performance in MANET which includes th
nodes less than hundred level. In MANET the imp@eci
information due to dynamic topology is the main = U
problem, we used Fuzzy theory to solve it. In #theme
we found multi path between source and destinabipn
using MP-DSR protocol and among multiple paths aihe
the appropriate path is selected for applicatiomgis
Fuzzy logic [6-9].

2. DYNAMIC SOURCE ROUTING (DSR)

Dynamic source routing protocol (DSR) is an on-dedya

source routing protocol, whereby all the routing
information is maintained (continually updated)vatbile

nodes. DSR allows the network to be completely-self  sowes

organizing and self-configuring, without the need &ny
existing network infrastructure or administratiomhe

&) Destination

protocol is composed of the two main mechanisms of
"Route Discovery" and "Route Maintenance", whichrkvo
together to allow nodes to discover and maintaine® to
arbitrary destinations in the ad hoc network. (b). Path taken by the Route Reply (RREP) packet.

2.1 Route Discovery Figure 2.1 Creation of route in DSR.

DSR search for some routes from source node t@ destination node, after receiving the first RoREjuest
destination node are as follows; first source notllestart  packet, replies to the source node through therseveath
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the Route Request packet had traversed. Nodeslsan aset theory extends this concept by defining partial
be trained about the neighboring routes traversedata membership. A fuzzy set A on a universe of discels
packets if operated in the promiscuous mode. Tduger is characterized by a membership function that gake
cache is also used during the route constructi@sehlf  values in the interval. Fuzzy sets represent consemse
an intermediary node receiving a Route Requestahas linguistic labels like slow, fast, small, large,avg, low,
route to the destination node in its route cachentit medium, high, tall, etc. A given element can beeanber
replies to the source node by sending a Route Reiply  of more than one fuzzy set at a time. A fuzzy seh AJ

the entire route information from the source nodldhe  may be represented as a set of ordered pairs. [Ezich

destination node. consists of a generic element x and its grade of
membership function; that is, i n, x is called gpsuort
2.2 Route maintenance value if . A linguistic variable x in the universef

) ) ) ) ) discourse U is characterized by and , where isethre set
In case of link/route failure, the intermediate esdwhich ¢ x __ that is, the set of names of linguistic \eswof x,

detect link/route failure, will send route errorBHRR)  \jth each Tx i being a fuzzy number with membership
packet to the source node. When source node receivgnction ux i defined on U. For example, if x indicates
RERR packet, it will try to find alternative routéem its height, then may refer to sets such as short, medau
route cache. If alternative routes are not avaglabburce g A membership function is essentially a cutvet
node, then, will enter route discovery phase tad ﬁirevy defines how each point in the input space is mappea
routes. Although DSR can respond a route quicklyyembership value (or degree of membership) betveen
unfortunately it yields a long delay when a roug i gng 1. As an example, consider a fuzzy set tafl.the
rebuilt. Finding a route in wireless network requir ypjverse of discourse be heights from 40 inche®@o
considerable resources, such as time, bandwidth anfches. with a crisp set, all people with heightof nore
power because it relies on broadcasting. inches are considered tall, and all people withghiebf
less than 72 inches are considered not tall. Thsp cet
membership function for set tall is shown in Fig@ré.
The corresponding fuzzy set with a smooth membgrshi
function is shown in Figure 3.2. The curve defiries

The past few years have witnessed a rapid growthen transition _from not_ tall a_lnd shows the degree of
number and variety of applications of fuzzy logiL), ~ Memberships for a given height.

FL techniques have been used in image-understanding¢

applications such as detection of edges, featuracton, vt
classification, and clustering. Fuzzy logic posesdbility
to mimic the human mind to effectively employ moaés

3. FUZZY LOGIC

3.1 Introduction

reasoning that are approximate rather than exact. | .., °°
traditional hard computing, decisions or actions laased oaf
on precision, certainty, and vigor. Precision aadainty -

carry a cost.

40 45 50 55 60 65 70 75 80 85 20
input

3.2 Fuzzy Sets and Membership Functions

Zadeh introduced the term fuzzy logic in his serina Figure 3.1 crisp membership functions.
work “Fuzzy sets,” which described the mathematits
fuzzy set theory (1965). Plato laid the foundafienwhat
would become fuzzy logic, indicating that there was
third region beyond True and False. It was Lukagiew
who first proposed a systematic alternative tobivalued g
logic of Aristotle. The third value Lukasiewicz pased el
can be best translated as “possible,” and he asdigra .
numeric value between True and False. Later heoesgbl
four-valued logic and five-valued logic, and thee h
declared that, in principle, there was nothing tevpnt
the derivation of infinite-valued logic. In a crisget,
membership or nonmembership of element x in se$ A i
described by a characteristic function , where aRdzzy

0.8

a0 a5 50 55 &0 65 70 75 an as an
input

Figure 3.2 an example of a fuzzy membership functio
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We can extend this concept to multiple sets. If we 0 forx<a
consider a universe of discourse from 40 inche®Go . I P R -
inches, then, to describe height, we can use tteee Sixiab.c)= |Axg '+ for asx<b -3
values such as short, average, and tall. In pgcthe A0’ +Hc-a?) forsx<c

terms short, medium, and tall are not used in thets 1 forx>c
sense. Instead, they imply a smooth transition.z{fuz
membership functions representing these sets aversh
in Figure 3.3. The Figure shows that a person Witight
65 inches will have membership value 1 for set el
whereas a person with height 60 inches may be ab@em ,qqqciated with term sets that appear in the aeeter

of the set short and also a member of the set mediu consequent of rules.

only the degree of membershi_p varies_ with these.set:_,,_3 Fuzzy | nference System

_Varloqs types of membgrsh|p funct!ons are usedp fuzzy inference system (FIS) essentially defirges
including triangular, trapezoidal, generalized tstibped, onlinear mapping of the input data vector intocalar
Gaussian curves, polynomial curves, and sigmoi utput, using fuzzy rules. The mapping process lires
functions. Figure 3.3 shows trapezoidal membershi@hputlo’utput membership functions, FL operatorgz§u
functions. Triangular_ curves depend on three pat@msie ¢ rules, aggregation of ' output sets, and
a, b, and ¢ and are given by defuzzification. An FIS with multiple outputs care b
considered as a collection of independent multistnp

In Equation (3.3), a, b, and c are the parametatare
adjusted to fit the desired membership data. ligdasy a
fuzzy inference system, membership functions are

0.x<a fcab.c)= single-output systems. A general model of a fuzzy
o inference system (FIS) is shown in Figure 3.4. Fh&
x-a+b-a for ,a< x<b . - . .
Cte-b  for b x< a1 maps crisp inputs into crisp outputs. It can bendeem
g x=e for’ SXsC o the figure that the FIS contains four componenite t
or,X>c

fuzzifier, inference engine, rule base, and defi@ziThe
rule base contains linguistic rules that are predidy
experts. It is also possible to extract rules fronmeric
data. Once the rules have been established, thedrl $e
viewed as a system that maps an input vector tougout
vector. The fuzzifier maps input numbers into
corresponding fuzzy memberships. This is requined i
order to activate rules that are in terms of lisgai
variables.

short medium tall
1l

o.8t
0.6t
0

0.4

0.2t

4. PROPOSED WORK

o

40 as 50 55 60 65 70 s 80 85 20

height In ad hoc networks, we propose an extension Qohgpu
] ) . . algorithm based on dynamic source routing protocol
Figure 3.3 Trapezoidal membership functions. while adopting Fuzzy logic to select appropriate SQo

. routings in multi path. The algorithm can tolerdigh
Trapezoidal curves depend on four parameters aed 3fegree of information imprecision by adding thezfpz

given by logic module which integrates the QoS requiremerits
application and routing QoS parameters to deterrttire
Q fox<a most qualified node. This scheme considers not trdy
f(x;ab,cd)=|¥&Ma forsx<b bandwidth and end to end delay of the routing tad the
faex<c cost of the path. So it also improves the network
dx-d-G faex<d 3 performance. On the other hand merit of using fuagjc

is that it can be implemented by hardware. Thiseadhke
q foped realization of scheme easier and faster.
Where S(x;a,b,c) represents a membership function.1 FLQDSR: Fuzzy logic QoSDSR
defined as
A usual routing algorithm includes two parts: Route

discovery and route maintenance.
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4.1.1Route discovery

The routing in FLQDSR consists of mainly th
components: a) the establishment of tiple paths
between source node and destination node, by |
modified DSR, (b) collection of the link state athé total
route state, and (c) computation of the most gedl
route for application requirement through fu:
controller.

4.1.1.1 Multiple paths Establishment

The mechanism of route discovery, of DSR, can ezl
to find the multiple paths, between source andirizsbn
nodes, in the Mobile ad hoc network. This is calss
multi path DSR. However in DSR the data is sent
once the route is found. Multiaths can only be used
route maintenance phase. In FLQDSR the
transmission can be initiated only after multi gatire
discovered between source and destination n

4.1.1.2 Link state collection

In usual QoS routig algorithm only consider to seal
feasible routing. It is the precondition that theda get:
and keeps the up to date local state about allotudy
links. The state information link (i,j) containgdalay(i,j),
including propagation, queuing and jocol processing
delay. b) The residual bandwidth (i,j) , and c) cost(
which can be defined according to the conditionsedct
node the collection of local state is taken chdrgeMAC
layer protocol. It can be either by adding suchcfioms
on pregnt MAC layer or by adopting directly a MA
protocol which is designed for this request. In
simulation we modified 802.11 to collect the de
between the node and neighboring nodes througtol
message, the residual bandwidth is calculated syuree
reservation function

A path. P=i->j->........ men QoS metric can be defined
follows:

Delay (P) =delay (i,j)+...... +delay(m,

Bandwidth (P)=cost(i,j)+......... +cost(m,

The path QoS state collection depends on

propagations of route reply (RREP).Threew fields are
added in to DSR RREP message format. The routee:
entry is also modified to conserve the informatiédfhen
the destination node initiates the RREP, it wiliart its
local state in RREP. Then the intermediate nod&ceg
the correspondin fields in the message according to
RREP information and its own state. At last therse
node can acquire the path QoS state.

4.1.1.3 Fuzzy QoS Route Choosing

The main module of FLQDSR is shown in above fig
It identifies which route in multip paths provides most
appropriate QoS to application request. With theaghyic
variation of network topology, the network statusd
control action are determined in an impre
environment. Fuzzy logic is proposed to solve ¢
nebulous questions. The blodiagram shown in Fig 4
is a fuzzy controller. It consists of three sub zy
controllers and a route selecting mod

a) The Fuzzy process of
requirements

b) The selected QoS parameters fuzzy he

c) The fuzzy matching between outputs oth (a)
and (b).

d) Route selecting.

application Q

The fuzzy membership functions used in solutionswt
problem are continuous functions of two kinds tgalar
tri(x;a,m,b) and trapezoidal trap(x;a,m,n,b) ascdesd in
equations 4.1 and 4.2, where m and n are mvalues, a
and b represents the upper and lower bounds régglgc
for non zero values of tri(x) and trap|

Request
bandwidth

end-to-end

delay Path
PathDelay  g.ndwidth

I

Traffic Fuzzy Route Fuzzy

Path Cost

Controller Controller

Integrative Fuzzy
Route State

Integrative
Fuzzy Request

QoS Matching
Controller

QoS Matching Degree

|

Route

» Selecting

Fig 4.1 Structure of fuzzy controll

Qx<a
x-a+m-axJ(am
Qa=m
b—x+b— mxJ(mb)
Qb=m
Q0 x=b

Tri(x;a,m,b)= am

bzm 41
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= : : application resea_rch fo fuzzy sets in MANET, ih'E;r(_Jl to
Slejtzzy TypeFunction | Parameter Function depend on experience to design rules. The fuzzigidec
S T 0010 theory can be used to determine the rules. Alldistic
f [0,0.10] rules are shown in table 3.
~M Trap [0,12,25,50] Table 1 “request bandwidth” fuzzy set
~L Trap [25,50,100,100] Table 2 “End to End Delay” fuzzy set
b) Route Fuzzy controller
Fuzzy | Type Parameters Function This controller is responsible for the fuzzy proces
Set Function route QoS statements its structure is the samehas t
. traffic fuzzy controller. The difference is thatetlinput
~R1 Tri [0,0,300] variables are the path bandwidth and path delag. ath
put is integration fuzzy route state. The represtéon of
~R2 | Trap [200,400,600,800] Path bandwidth is change to (B1, B2, B3, B4, anjl B5
~R3 | Trap [600,800,1000,1200] ¢) QoS Matching Controller
~R4 | Trap [1000,1200,1400,1600] The control rules of this element are based on the
matching degree (MD) between” Integrative fuzzy
~R5 | Trap [1400,1600,1800,2000] request” and “integrative fuzzy route state”
Ox<a MD=1|1 for FuzzyrequestFuzzyroute stat(
Trap(x;a,m,n,b)=| x & maxi(am
1, X mA Oother
b- % b-nxd(nb) b#n -42
1b=n If the MD is one then the route is selected asctffe
axsb one; otherwise it is invalid.
a) Traffic Fuzzy controller Table 3 Linguistic Rules of “Traffic Fuzzy Contreil

(RB: Request Bandwidth D: End to End Delay)
In this element, the application request and enerd
delay are entry variables. The output is integeafivzzy ~R1 ~R2 ~R3 ~R4 ~R5
request according to linguistic rules. The keys of RB
controller design are two aspects: One is the fuzzy
mappings of entry variables and their membership
functions; the other is the foundation of definthg fuzzy D
rules. Considering the mobile feature of MANET, th _ _ _ . .
universe  of discourse of bandwidth is [0,| =S | Higher | Higher | Higher | Higher| Higher
2Mbps].According to experience the request bandwitlt
divided into five classes “lower, low, medium, hjgh
higher”. They are presented as fuzzy sets;;~, ~R;,
~Ry, ~Rs ‘“respectively in table 1.The graphical
representation of the same is shown in Fig 4.2rAsent
real time application includes voice and video. iThe d) Route selecting algorithm
average requirements of end to end delay are lihiite

Sms and 25ms respectively. So the linguistic vé&iab From all the valid routes the most appropriate Qu&e
End to end delay” is presented by “short, middé®g” s through the algorithm described as follows.

Fuzzy sets shown in table 2.Fig 4.3 shows graphmaétepl:

representation of membership function for “end tal e If the “Path bandwidth” >= “Request bandwidth”, the

delay”. The fuzzy rules can be defined through espe .
experience or other principles .Since there areenotigh goc«zess trns to step 2 else, jump to step 4.
ep2:

~M | Medium| Medium| Medium Medium Medium

~L | Lower Low Medium| High Higher
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If there are two or more paths which is satisfy the[2] Sharmin Sultana, Salma Begum, Nazma Tara, Ahsan

condition of Stepl, compare their “path cost “, thate
which has least cost will be selected. Then theyaro
enters step3.0Otherwise the present route thattisfied
the requirement is the selecting result .The progadso
turns to step3.

Step3:

Start-up the bandwidth reservation program to resére
requirement on each link of selected path. Thedséme
data packets to destination. When the applicatessisen
is finished, the reserved bandwidth will be freed.
Step4:

If no route is satisfied the condition, this rouéguest of
route is refused.

4.1.2 Route Maintenance

When there are some paths broken due to mobiligxir

of nodes, the source node gets the failure infdonat
through the RERR message and modifies
corresponding entry in the route cache. This mdashan
same as the route maintenance in DSR. If source hasl
valid path to destination in its route cache theother

session that has QoS requirement is initiated.

CONCLUSION
We here proposes a QoS routing scheme that isiragr
DSR and adopted fuzzy logic to decide to most fjedli

route for mobile ad hoc network, because DSR can

achieve good performance. This scheme is suitabie f
small scale (nodes less than 100) MANETSs. As acgmnt
of this method, it can be listed that supporting
unidirectional link, the greater flexibility of roe
choosing and possibility to include more informatio
from traffic and network status in order to takeidin
without a considerable increase in controller camipy.

In this scheme multiple effective QoS routes anenth
from source to destination, and an appropriateerasit
selected among multiple routes. During the failof®ne

of the link in selected route, an alternate avéidéab
appropriate route is selected if available. Othsennew
route is discovered. Though FLQDSR is not suitdbte
large scale MANETS, but the basic idea of fuzzydan
be extended to AODV.
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