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Abstract: This paper described how to discover routes ¢hat satisfy QoS service requirements by
using extensions to the Enhanced Associativity Bd®euting Protocol (EABR). These extensions
were added to the messages used during route discovThese extensions specify the service
requirements, which must be met by nodes re-braitigaa route request or returning a route reply
for a destination. The performance analysis of EABE QoS support showed that more overhead
was incurred when the intermediate node discovat th cannot support the level of the QoS

requested.
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INTRODUCTION

Access Control (MAC). Because all of the reseaush |

discusses a certain aspect of QoS in MANETS, it is
QoS is characterized th as a set of service difficult for the readers to understand the relasinips

requirements

to be met by the network whileamong the research. Without a whole picture, évisn

transporting a packet stream from the source to thampossible to understand and evaluate the impogtanc
destination. The QoS is an agreement or a guaraytee of a particular method. In this paper, a compreivens

the network to provide a set of measurable preipéc

introduction to the current work on QoS support in

service attributes to the user in terms of endr-e MANETSs is presented. A Wu & Harms presented the

network delay, delay variance (jitter),

1633 suggests that with the provisioning of the Qb8
user must be able to get a service whose quality is
sufficiently predictable that the application capemate

in an acceptable way over the duration of time
determined by the usgf”.

A lot of work has been done in supporting the QoS2.

in the Internet, but unfortunately none of them tan

directly used in MANETs because of the bandwidth
constraints and dynamic network topology of
MANETs™. To support QoS, the link state information

such as delay, bandwidth, cost, loss rate, and eate 3.

in the network should be available and manageable.
However, getting and managing the Ilink state
information in MANETSs is very difficult because the
quality of a wireless link is apt to change witheth
surrounding circumstances. Furthermore, the resourc
limitations and the mobility of hosts make thingsrm
complicated and challenging with limited available
resources in a dynamic environment.

In the literature, the research on the QoS support
MANETs includes QoS models, QoS resource
reservation signaling, QoS routing, and QoS Medium

available relationships among the QoS research as follows.
bandwidth, probability of packet loss and so onCRF 1.

A QoS model specifies an architecture in which
some kinds of services could be provided in
MANETSs. It is the system goal that should be
implemented. All other QoS components, such as
QoS signaling, QoS routing, and QoS MAC must
cooperate together to achieve this goal.

QoS signaling acts as the control center in QoS
support. It coordinates the behaviors of QoS
routing, QoS MAC, and other components such as
admission control and scheduling. The QoS model
determines the functionality of QoS signaling.

QoS routing searches for a path with enough
esources but does not reserve resources. It is the
QoS signaling to reserve resources (if necessary in
the QoS model) along the path determined by QoS
routing or other routing protocols. Hence, QoS
routing enhances the chance that enough resources
can be guaranteed when QoS signhaling wants to
reserve resources. Without QoS routing, QoS
signaling can still work but the resource reseorati
may fail because the selected path may not have
enough resources. QoS signaling will work better if
it coordinates with QoS routing. However, since
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most QoS routing algorithms are complicated,5. TCP Good: The number of bytes of a TCP

there should a balance in the benefits against the connection reaching the destination per second

cost of QoS routing in the bandwidth constraint ~ (measured in kbps). This metric is an important

MANETS. indication of the amount of congestion in the
4. The QoS MAC protocol is an essential component network.

. ) Several QoS schemes and models have been
in QoS support in MANETS. All upper-layer QoS ™ 4oy eloped'in general for the wired Internet and als

components (QoS routing and QoS signaling) are  for MANETs. Two well-known QoS models for

dependent on and coordinate with the QoS MAC  the Internet are briefly described; the Integrated

protocol. Services Model and the Differentiated Services
5. Other QoS components in MANETSs, such as model and describe why these models are not

scheduling and admission control, can be borrowed directly applicable to MANETEY.

from other network architectures without or with

few modifications. Classification of the QoS Models for MANETSs: The
Intserv and the Diffserv model are not directlytabie
MATERIALSAND METHODS in the context of MANETs. This is because of the

characteristics of MANETs such as mobility, broastca

QoS Challenges in MANETSs: Ad hoc networks differ nature of the medium and so on. Many QoS schemes
adially rom the conventonal wired or "cellar [ MANET: ca be found 1 Heraure some re tase
networks. The characteristics of these networksemak h be broadlv classified i h >
the task of providing QoS guarantees in these méswvo ic emess can be broadly Classi Ile Into three caego
extremely difficult. Some of these difficulties aneell - Sgk ﬁwgrr%éggﬂnfcﬁé?ﬁ%? S
known and well pointed out in many papers includings' ind yd t sch
2.3.4 These challenges are discussed briefly below. °- 'Ndependent schemes

In®! Harpreet found some unique problems
associated with the most popular routing algorittions

MANETs and also present some difficulties ; . ;
encountered while designing the model for providing™°Pilé nodes in MANET to specify, as part of a BQ,

; uality of Service requirements that a route to a
(cghoasllen%l:a%r?nnﬁi?\]E'lThe following  are  some QOéd?estination must satisfy. In particular, the BQ MAY

include a QoS Object extension, which specifies
1. Unpredictable Network Topolo bandwidth and/or delay parameters. In order tdlena
2 chrce Radio Bandwidth pology measurements to be accumulated for end-to-end ,delay
3. Limited Battery Power EABR also provides an Accumulated Value extension.
4 S nchronizatign Effects The work of this paper was based on the ideas &f th
- oY authors of AODV as presented!$h
) P ; Any QoS parameters that have to be measured and
The QoS Models: Before going into the detail of the
availgble models, lets defi%e agset of metrics dated accumulated at each hop along the way can be stored
with QoS performance in networks that will be used®©ng With trlle associated _BhQ.mes§lage._Every"BQlQOS
throughout the rest of the thesis. extension also carries with it a "session-ID" value
1. Bandwidth Bound: The minimum rate at which which is used to identify the specific QoS flowttall
' ; e established according to the parameters of Qe B

packets can be transmitted from the source to th h : ;
o : e session-ID has to be stored along with theerout
destination throughout the length of duration f th table information associated with the particulaowfl

flow. :
2. Endtoend Network Delay Bound: The that might be created because of the extended B®. T

maximum amount of time a packet takes to reac outing table record will include in addition toetiother
from the source to the destiﬁation. This bound ittributes the session-ID, which uniquely idensifie
essential for real-time applications such as voic \é%% EOW' The routing table contents are detaited
conversations. If aft blish ¢ S q
3. Delay Variance Bound: The maximum time . - ah er estha f!sdment 0 ha Qoh route, amé no eS
difference between the arrival of two consecutive?'0Nd_the path fin IS out Lat the r_eqléestﬁ QOd
packets at the destination. This metric is cruial Parameters can no longer be mamtalneb, tkat ”% e
defining the length of the buffer at the receiver f MYST tragsmlt ha'l r?ﬁsd—LO.S.T Wessage %C hto the
real-time applications. source node, which had originally requested the now
4. Packet Delivery Ratio: The ratio of the number of Un-maintainable level of QoS. This typically resi
packets reaching the destination to the number O@dd{juor;_al |nf0trmtatk|)(|)n t? beThstor%dS 'Eog_al_‘:h per-
packets sent by the source. This metric defines thgdeS '!}.a |onhro%e ka eﬂen r%/. . (Ia S o "?35539
threshold below, which the performance of certain'dcntifies the broken flow by including the sessibn

P value associated with the flow.
applications starts to degrade. For the QoS parameters that are affected by

QOS for Enhanced Associativity Based Routing:
Using the extensions in this paper, EABR will ermabl

875



Am. J. Applied Sci., 4 (11): 874-879, 2007

cumulative measures at each intermediate node of r@ception
routing path, an extension is defined to enablenaing QoS Profile Type: If nonzero, an index for a list of
total to be maintained for that measure as the 8Q iQoS parameter field definitions and default valtes
propagated. Each intermediate node that elects tihose fields. If zero, the fields are as listedbtyein
forward a BQ MUST adjust the accumulated value inthis section, and there are no default values.
the extension so that an accurate determinationt baus A : If this bit is set, the Authentication Data fels
made. This approach is better than modifying thepresent following the bit vectors indicating thenno
values in the QoS object directly, because it eamtile  default values.
original request to be authenticated whenever that N : If QoS Profile Type is zero, this bit MUST be
required. zero. Otherwise, if the QoS Profile Type is nonzero
An intermediate node that can satisfy a BQ withwhen the 'N' bit is set, the 16 bits following the
QoS parameters specified typically SHOULD always"session-ID" field are present and part of the "Non
rebroadcast the RREQ, even if it has a route to th®efault Values" bit vector
destination. This contrasts with the situation withSession-ID : 16-bit value identifying the flow which
unconstrained BQ messages, because without any needuld be set up as a result of the extended route
for QoS an intermediate node is allowed to replth®  discovery operation controlled by this BQ message.
source node if it has a route to the destinationNon-Default Values Bit Vector: a bit vector with one
Unfortunately, the intermediate node is not likety bit for each field parameter field defined for the
have current enough information about whether theoarticular QoS Profile Type number.
remaining nodes along the path to the destinataom ¢ Authentication Data: When present, supplies
also satisfy the requested QoS. Effectively, adogrtb ~ authentication data so that nodes receiving thecBQ
this specification, every QoS path to the destimatuill check whether or not the data in the QoS objetias
be ultimately approved by the destination itsetingl same as specified by the source node.
with every intermediate node along the path from th QoS Parameter Fields: defined in accordance with the
source to the destination. QoS Profile Type. If the profile type is 0, themet
When the destination issues the REPLY message, ftelds are as defined below in this section. ForSQo
MUST also copy over the QoS extension into theProfile Type zero, the following parameter fields a
REPLY message. Each intermediate node forwardingefined, and MUST appear in this order as indicétgd
the REPLY message back to the originator of the BQhe corresponding bit in the "Non-Default Valueg Bi
message also MUST copy over the QoS extension.  Vector™
In the future, if a specification is made enablamg  Capacity Requirement: 32-bit number, measured in
intermediate node to have reliable information aboubits/second
the remaining nodes along the path, then the nodelc Maximum Permissible Delay: 16-bit number,
issue an REPLY, along with an unjustified REPLY measured in milliseconds
unicast towards the destination. The unjustifiedMaximum Permissible Jitter: 16-bit number,
REPLY would then enable the remaining nodes tameasured in milliseconds
make the proper resource reservations that would b€raffic Class. According to Differentiated Services

needed to satisfy the QoS route discovery request. Code Points
. Some fields that might occur for profile type nojual
Table 1: The EABR QoS Routing Table 0 Peak data rate, Maximum permissible BER.
Destinatiol N, Ny The EABR QoS Extensions: Several extensions are
Sourct N Ny needed in the routing table structure and the BQ an
Incoming IN N, N; REPLY messages for supporting QoS routing. The
Outgoing IN N; No extensions needed for the routing table are first
Serial Nc 5 4 described. The extensions defined in the sectiter a
Distanct 4 3 that conform to the format defined for extensiom80Q
Session I . 3 3 and REPLY messages as specified’inand ¥ and
Total No. of Active Routes Support: 2 analyzed irf”.
(Relay Load) The EABR Routing Table Extensions. Certain fields

) . . . are conceptually added to each route table entry
The EABR QoS Object Format: QoS information will  corresponding to each network node requesting QoS.
be encoded into a standard format. The standamtto The fields are needed to notify endpoint nodesaises
allows both complete flexibility for specificatioof  where QoS parameter value are agreed upon, but the
arbitrary values for various QoS requirements, alsd  associated service qualities can no longer be ®ept
allows very compact representation, especiallytf@ maintained. The specific additional fields deperd
well-known requirements of common applications suchthe QoS object field entries, but the followingt lis
as voice over IP (VoIP). In this section, the stad illustrates the general idea.
object format is presented. This object formatised 1. Session-ID
as the main part of the QoS Object Extension. 2. Maximum Delay
RSV: Sent as 0, value unused and undefined o13. Minimum Available Bandwidth
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4. List of Sources Requesting Delay Guarantees SHOULD NOT rebroadcast the BQ. Exact mechanisms
5. List of Sources Requesting Bandwidth Guaranteesfor estimating neighborhood traffic levels are away
QoS Object Extension Format: A node appends a from the scope of this paper. Additional signalamy
QoS Object extension to a BQ in order to discover grotocols may be defined in the future in ordeoliain
path that satisfies the QoS parameters, which ara higher probability of collecting the necessary
presented in the QoS Object, which is situated inith neighborhood bandwidth utilization information.

the QoS Object extension data. If the QoS object in the BQ specifies a delay
A node originating a BQ message MAY append a Qo$arameter, then any node forwarding the request MUS
Object Extension after the BQ data, optionallydeled  ensure that an Accumulated Delay extension is ptese
by one or more Accumulated Value extensionsin the BQ before forwarding the message. A node th
according to the specific data in the QoS Objectagrees to satisfy delay constraints has to meabare
extension. average time it is currently requiring to forwardlata
Accumulated Value Extension Format: The  packet, including processing time, average queuing
Accumulated Value Extension Format may be appliedlelays and propagation delays. Call this average t

to BQ messages containing the QoS Object extensiothe FORWARDING_DELAY. Before forwarding the

It provides information about the cumulative vathat BQ, an intermediate node MUST compare the current
has been experienced by nodes along the path frem tvalue of its FORWARDING_DELAY to the current
originating node to the node currently processing t value of the difference between the Maximum Delay

BQ. value in the QoS object extension, and the valuiaén
Type : TBD Accumulated Delay Extension. If the remaining gtela
Length D2 is less, the node MUST discard the BQ and not
Value Type . 8 bits specifying the type of the retransmit it. Otherwise, the node subtracts
value stored in the Accumulated Value field FORWARDING_DELAY from the value in the
Reserved: Sent as zero, ignored on reception Accumulated Value extension and continues procgssin
Accumulated Value: This field indicates the current the BQ.

estimate of cumulative parameter value from the A node forwarding a BQ also records the Source
originating node up to the intermediate node ID in the BQ message in the list of source nodes
retransmitting the RREQ on behalf of the origingtin requesting delay guarantees in the corresponding
node. destination's route table entry. These source sxade

The Accumulated Value Extension MUST be to be notified with a QOS_LOST message in casesther
appended to a BQ by a node re-broadcasting a requas a significant change in FORWARDING_DELAY at
for a QoS route whenever it is needed to measwre thhis node.
accumulated value of the parameter of the typengine If the QoS object in the BQ specifies a jitter
the Value Type field; the accumulation occurs athea parameter, then any node forwarding the request MUS
node starting from the originating node. This who ensure that an Accumulated Jitter extension isepites
each next intermediate node, or the destination, ttn the BQ before forwarding the message. Before
determine whether the path can still meet the redqui forwarding the BQ, an intermediate node MUST
parameter specification within the QoS Object data. = compare its recently computed typical jitter va(aall
QoS Object Authentication Extension: The QoS it NODE_JITTER) to the current value of the diffece
Object Authentication Extension may be used so thabetween the Maximum Jitter value in the QoS object
nodes receiving QoS route discovery message magxtension, and the value in the Accumulated Jitter
verify that the source node in fact originated @eS  Extension. If the remaining allowable jitter is$e the
request. This extension does not verify the caateh node MUST discard the BQ and not process it any
any extension other than the QoS Object extensiorfurther. Otherwise, the node subtracts NODE_JITTER
because other extensions may have variable fiblais t from the value in the Accumulated Jitter extensiowl
are modified in transit. continues processing the BQ.

Link Capacity, Delay, Jitter and QOS LOST A node forwarding a RREP with the QoS extension
Message gpecification: A capacity (bandwidth) also records the Source IP address in RREP megsage
specification in a QoS object does not require thehe list of source nodes requesting jitter guaesta
inclusion of any Accumulated Value extension in thethe corresponding destination's route table entiyese

BQ. Any node that has sufficient unreserved linksource nodes are to be notified with an ICMP
capacity to forward data, or in the case of theQOS LOST message in case there is a change in
destination to supply data does not modify anyNODE_JITTER at this node.

contents of the BQ for the purpose of fulfilling a The QOS_LOST message is generated when an
bandwidth specification in the QoS object. intermediate node experiences a significant change

In order to fulfill such a specification, a nodesiia  its ability to live up to the QoS guarantees it hasde
take into account neighborhood traffic conditiond.  as part of generating a REPLY during the QoS Route
recent history indicates that neighboring transimiss  Discovery process.
will likely interfere with the node's ability to oy out The QOS LOST message is forwarded to all
the indicated bandwidth specification, then the enod sources potentially affected by the change in tloS Q
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parameter. These are sources to which a REPLYawith Table 3: The OC & CC for QOS-LOST Operation in
QoS extension has been forwarded in the past. EABR
Routing Operation Operation Communicatio
RESULTSAND DISCUSSION Protoco Complexity n Complexit
EABR QOS-LOST  No Action No Actior
Performance Analysis of the EABR with QOS EABR- QOS-LOST O (D+Z+Z1) O (N+Y+Y1)
Support: The analysis of the EABR with QOS support _QO¢<
depends also on two the two factors described én th
previous papers®®, namely Operation complexity CONCLUSION
(OC): which can be defined as the number of steps ] ] ] ] o
required to perform a protocol operation. The sdcon  Conventional routing algorithms aim at finding a
factor is the Communication complexity (E@hich ~ route to the destination with minimum number of fiop
can be defined as the number of messages exchangedithout considering factors such as congestion gilon
performing a protocol operation. the links and bandwidth availability along a path.

; ; Attempts have been made at devising routing
supgohr? ?grf?gg]aggfn:nzlgsigggeeiﬁsg V}lg? ?nc())rsealgorithms that take QoS factors into account andi &
computation on the intermediate nodes to compl wit E)haethrg(r]c:jrir:etrggnstgurce to the destination that caisfga

tmh:ssgoess rv?/ﬁluIE)eemSg:SinandBltJr':etthZ(teotgr m?nkfgrmg? This paper described how to discover routes that
9 ying. an satisfy QoS service requirements by using

operations performed and total number of message : L .
egchange WFiJ” remain the same in terms of Operati% xtensions to the Enhanced Associativity BasesiRput
rotocol routing protocol. These extensions amedd

and communication complexities analysis. h d duri o h
There is only one additional case that in which thd©® the messages used during route discovery. These

QOS-Route will be invoked, specifically when any extensions specify the service requirements, which
intermediate node fails to provide the required QIdS =~ Must be met by nodes re-broadcasting a route reques
this case the source will be notified by a QOS-LOSTreturning a route reply for a destination. _
message sent by that node and a new QOS-Route The performance analysis of EABR with QoS
discovery will be initiated by the Source Node. support showed that more overhead is incurred when
Beside that the following variables are defined inthe intermediate node discover that it cannot stigpe
Table 2 to be used when referring to time andevel of the QoS requested.
communication complexities.
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