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Today s net or s are designed to reliably transmit tra c such as data from point
to point or from point to multipoint  , broadcasting and multicasting. In the follo
ing sections, a brief introduction to ireless net or s in general and ad hoc net or s
in particular, is given. The di erence bet een various type of ireless net or s and
mobile ad hoc net or s (MANET) ill become noticeable in these sections. The con
straints, limitations, and challenges of ireless mobile ad hoc net or s are outlined.
We also identify the need for multipoint communication in MANET.
In the multicast protocol section e analy e the core based tree (CBT) multicast
protocols ith other e isting multicast protocols. This lays the foundation of the
net or model or architecture on hich e provide the core migration protocol for
Quality of Service (QoS). Finally, e analy e various QoS components in MANET
and understand the relationship among them. Our proposal provides QoS by having
the application layer send hints to the net or layer or to the multicast routing pro
tocol responsible for maintaining the core based tree for the desired QoS. The thesis
is an e panded version of our preliminary or (Kochhal, Sch iebert, Gupta, and

Jiao 2002) on the core migration protocol.



Wireless Net or s

A ireless net or isli e any other computer net or . It connects computers to
computer net or s but ithout the need for physical ire connections. A ireless
net or can provide net or access to computers, databases, and the Internet, both

ithin and bet een buildings. The lac of a physical connection means that users
are able to roam or or  herever they ish and still have access to the computer

net or . There are three main types of ireless net or s:

. Local Area Net or s (LANSs)
2. Wide Area Net or s (WANS)

. Personal Area Net or s (PANs)

Wireless LANs (WLANSs)

Wireless LANs use either radio or infrared electromagnetic aves to transfer in
formation from one point to another. Wireless LANs deliver data rates of =~ Mbps
(megabits per second) and have a range of 0 00 meters, ith signals being able
to pass through alls. WLANs are normally used for computer to computer data
transfer ithin a building. Being broadcast by nature, ireless LANs also allo easy
implementation of broadcast and multicast services although these services must be
protected from unauthori ed access. In a typical ireless LAN configuration (see fig
ure . ), a transmitter receiver (transceiver) device called an access point connects to
the irednet or from afi ed location. The access point receives, bu ers, and trans
mits data pac ets bet een the ireless LAN and the ired net or infrastructure.
A single access point can support a small group of mobile nodes and can function

ithin a range of a fe hundred meters. The antenna attached to the access point

is usually mounted high but may also be placed any here that is practical as long



as the desired radio coverage is obtained. End user devices communicate ith the
access point through ireless LAN adapters hich are implemented as PC cards in
noteboo computers (see figure .2), ISA or PCI cards in des top computers (see fig
ure . ), or fully integrated devices ithin handheld computers (e.g. personal digital
assistants, pen based palmtop PCs) and printers. The ireless LAN adapters provide
an interface bet een the client net or operating system and the ireless lin via
an antenna. This enables the physical characteristics of the ireless connection to

become transparent to the net or operating system.

Figure . : A Typical Wireless LAN Configuration



Figure .2: Wireless net or interface card for noteboo computers (photo courtesy
of Lucent Technologies).

Wireless LAN Protocol Architectures

Wireless LANs di er from conventional ired net or s primarily at the physical
layer and at the medium access control (MAC) sublayer of the open systems inter
connection (OSI) reference model. These di erences give rise to t o approaches in
providing the logical interface point for ireless LANs. If the logical interface point is
at the logical lin control (LLC) layer, this approach usually requires custom drivers
to support higher level soft are such as the net or operating system (Bing 2000).
Such an interface allo s mobile nodes to communicate directly ith each other using

ireless net or interface cards. The other logical interface point is at the MAC
sublayer and is typically employed by ireless access points. For this reason, ireless
access points perform bridging and not routing functions. The protocol architectures

of typical ireless LAN net or interfaces are sho n in figure



Figure . : Wireless net or interface card for personal computers (photo courtesy
of Lucent Technologies).

Wireless LAN Topologies

Wireless LANs often adopt t o types of net or configurations or topologies.

These are the independent and infrastructure topologies as depicted in Figures

and

., respectively.

An independent topology supports peer to peer connectivity here mobile nodes
communicate directly ith each other using ireless adapters. Because these
ad hoc net or s can be implemented quic ly and easily (see figure . ), they are
usually created ithout the need for special tools or s ills. They also require no
net or administration. Such configurations are ideal in business meetings or in
setting up temporary or groups. Ho ever, they may su er the disadvantage
of limited coverage area. Without any centrali ed manager or additional admin
istrative or , it is not easy to e change information directly among portable
computers in a mobile environment (Per ins 200 ) (Weiser ). An access
point can e tend the range of t o independent ireless LANs by acting as a

repeater, e ectively doubling the distance bet een mobile nodes. Mobile ad



Figure . : Protocol architectures of Wireless LAN components

hoc net or s (Mobile Ad hoc Net or s (MANET) Charter ) present a di erent
net or model from those used earlier for communication protocol and design.

Summari ing, an ad hoc net or has the follo ing characteristics:

(a) Decentrali ed control.

(b) Before the construction of the ad hoc net or , each mobile host has no
information about other hosts nor lin s ( no previous administrative

or ).

(¢) Net or topology is changed dynamically by movement of hosts.

Infrastructure ireless LANs allo mobile nodes to be integrated into the ired
net or (see figure . ). The transition from the ireless to the ired media
is via an access point. The design of a ireless LAN can be simplified con

siderably if information about the net or and the intelligence to manage it



Figure . : Independent ad hoc ireless LAN

are all collected in one location. A centrally located access point can control
and arbitrate access among contending nodes, provide convenient access to the
bac bone net or , assign addresses and priority levels, monitor net or load,
manage for arding of pac ets, and eep trac of the current net or topol
ogy. Ho ever, a centrali ed multiple access protocol does not allo a node to
transmit directly to another node that is located ithin the coverage area of
the same access point (see figure . ). In this case, a pac et ill have to be
transmitted t o times (first from the originating node and then from the access
point) before it reaches the destination node, a process that reduces trans
mission e ciency and increases propagation delay. Nevertheless, such systems
generally provide higher data throughputs, larger coverage areas, and are ca
pable of servicing time sensitive tra ¢ involving voice and video. In addition,
a strategically located access point may also minimi e transmit po er and deal

ith the problem of hidden nodes e ectively.



Figure . : Infrastructure Wireless LAN

. .2 Wireless Wide Area Net or s (WWANS)

A Wide Area Net or is a computer net or that spans a relatively large geo
graphical area. A Wireless WAN (WWAN) connects geographically disparate sites
using satellite or radio transmitters. WWANSs can further be classified into t o cat

egories:

A communications satellite is essentially a micro ave lin repeater. The heart
of a satellite communications system is a satellite based antenna in a stable orbit
above the earth. In a satellite communications system , t o or more stations
on or near the earth communicate via one or more satellites that serve as relay
stations in space. The antenna systems on or near the earth are referred to as
earth stations. A transmission from an earth station to the satellite is referred
to as uplin , hereas transmissions from the satellite to the earth station are
do nlin . The electronics in the satellite that ta es an uplin signal and coverts

it to a do nlin signal is called a transponder. A satellite communication



system is used for global point to point or point to multipoint (  broadcast)
communication and it consists of several earth stations and satellite systems
operated in a number of regions or by individual countries. They are mostly

used for carrying TV channels, long distance telephone circuits, etc.

Cellular net or s are divided up into cells, each cell being serviced by one or
more radio transceivers (transmitter receiver). Communication in a cellular
net or is full duple , here communication is attained by sending and receiv
ing messages on t odi erent frequencies frequency division duple ing (FDD).
The reason for the cellular topology of the net or is to enable frequency reuse.
Cells, a certain distance apart, can reuse the same frequencies, hich ensures

the e cient usage of limited radio resources (Tanenbaum ).

Figure . illustrates the relation among various cellular net or entities.

Personal Area Net or s (PANs)

A PAN is a Personal Area Net or . Thisis anet or  hich allo s electronic de
vices ithin a fe meters of each other to communicate and synchroni e information.
The leading force in PANs is Bluetooth (Bluetooth Charter ), a short range radio
technology that simplifies communication bet een di erent devices. It is based on
the idea that a single chip fitted into electronic devices and buildings allo s commu
nication bet een them ithout ires. This means that someone using a Bluetooth
enabled laptop ill be able to al into a Bluetooth enabled building and immedi
ately pic up access to its computer net or (see figure . ). The only dra bac s
to Bluetooth, compared ith a ireless LAN, are its slo er data rate and a range of
only 0 meters ho ever, there are plans to e tend this to a range of 00 meters.

In summary, ireless mobile ad hoc net or s do not have the lu ury of a fi ed



Figure . : A Cellular System

basestation li e in an Infrastructure Wireless LAN or Cellular net or s or the Per
sonal Area Net or s (PAN). Both the Infrastructure Wireless LAN as ell as the
satellite communication system have an access to an essentially unlimited po er sup
ply, have a good coverage range, have ell defined media access protocols, and are
not as dynamic and unpredictable as a mobile node in an ad hoc net or . Both
the Wireless LANs and ad hoc net or s share the same ind of applications, li e
voice video conferencing, and other time sensitive applications. Ad hoc net or s are
similar to cellular systems for the case here they both need to support a number
of users in a small geographic area. The best e ample to illustrate this case ould
be using PDA 1i e computers in a battlefield or fire rescue operation. Ho ever, since
cellular systems have basestation support for a number of cells, scalability is not a big
problem. The overhead in doing routing, channel access, and multicast group support

ould be high as number of users increases in ad hoc net or s. All these and other



Figure . : Bluetooth Enabled Mobile Connectivity (photo courtesy of Sony Corpo
ration).

related issues ould ma e QoS support in a dense ad hoc net or very challenging.

.2 Characteristics and Constraints of Wireless Net or s

Several basic attributes of the ireless physical layer that are vastly di erent from
the ired medium can be identified. These attributes impose fundamental limits
on the range, data rate, and communications quality of ireless net or s. Wireless

net or s:
. Have ill defined net or boundaries ith overlaps in coverage areas.
2. Su er from limited spectral band idth.
. Use a shared broadcast medium.

. Lac full connectivity and are significantly less reliable than the ired physical

layer.

. Su er self interference due to multipath.



. Undergo channel changes as users move around.
. Received po er diminishes ith distance.
. Are unprotected from outside signals.
. Have time varying propagation properties.
0. Have dynamic topologies ith mobility functions such as roaming and hando s

adding comple ity.

Limitations and Constraints of Mobile Ad hoc Net or s

An ad hoc net or is a pac et radio net or consisting of hosts equipped ith
portable radios that are deployed ithout any ired basestations. In ad hoc net or s,
each host must act as a router since routes are mostly . In addition to the

ireless nature of mobile nodes, the follo ing limitations are observed in MANET:

. Nodes in an ad hoc net or move arbitrarily, thus net or topology changes

frequently, and unpredictably.
2. An ad hoc net or may consist of unidirectional as ell as bidirectional lin s.

. The scarce ireless channel band idth decreases even further due to e ects of

multiple access, signal interference, and channel fading.

. Net or hosts of ad hoc net or s operate on constrained battery po er hich

ill eventually be e hausted.

. Ad hoc net or s are also more prone to security threats.

All these limitations and constraints ma es research in mobile ad hoc net or s

more challenging.



Multicasting Routing in MANET

Multipoint communications (Diot, Dabbous, and Cro croft ) have emerged
as one of the most researched areas in the field of net or ing. As the technology and
popularity of the Internet gro s, applications, such as video conferencing, that require
multicast support are becoming more idespread. In a typical ad hoc environment,
net or hosts or in groups to carry out a given tas . Therefore, multicast plays an
important role in ad hoc net or s. In multicast, the sender transmits a single message
that is replicated ithin the net or and delivered to multiple recipients. For this
reason, a multicast message typically requires less total band idth than sending a
separate unicast message to each recipient. The sender and receivers form the group
sharing this information. In Mobile Ad hoc Net or (MANET) environments the
multicast problem is more comple because changes in net or topology are dynamic
and relatively unpredictable (Ko and Vaidya ).

Routes in ad hoc net or s are multihop because of the limited propagation range
(2 0 meters in an open field) of ireless radios. Since nodes in the net or move
freely and randomly, routes often get disconnected. Multicast routing protocols are
thus responsible for not only maintaining and reconstructing durable routes in a
timely manner but also providing multicast services. In addition, multicast routing
protocols are required to perform all the above tas s ithout generating e cessive
control message overhead. Reducing the control overhead can ma e the multicast

routing protocol e cient in band idth and energy consumption.

Multicast Protocols

To enable multicasting, a protocol is needed to define multicast groups. In con
ventional multicasting algorithms, a multicast group is considered as a collection of
hosts that register ith that group. This means that if a host ants to receive a

multicast message, it has to oin that particular group first. When any host ants



to send a message to such a group, the host simply sends to the multicast address
of that group. All the group members then receive the message. Multicast routing
protocols build trees to deliver messages to a multicast group. Multicast routing
protocols are of di erent types: sender initiated and receiver initiated protocols. In
sender initiated protocols such as the DVMRP (Pusateri ) and PIM DM (Estrin,
Farinacci, Helmy, Jacobson, Liu, and Wei ), the receiving group is assumed to be
fairly dense and the sender initiates the multicast assuming all routers in the net or
are interested in receiving the multicast. Routers that do not need to for ard the
message to multicast group members prune themselves from the multicast tree. In
receiver initiated protocols li e CBT (Ballardie, Francis, and Cro croft ) and
PIM SM (Estrin et al. ) (Deering et al. ), the receivers initiate their o n
connection to the tree. In each of these receiver initiated protocols, a ell no n
router e ists that accepts connection requests from other routers. This router is
no n as the rende vous point in PIM. In CBT this router is called the core .
The returning ac no ledgment builds a branch of the tree bac to the initiator along
the reverse path of the connection request. The Core Based Tree (CBT) creates a
single delivery tree for each multicast group. In other ords, the tree used for for
arding multicast messages of a particular group is a single tree regardless of the
location of the source node and the group of corresponding receivers. A single router
is chosen to be the core router of a delivery tree. All messages to a particular group
are for arded as unicast messages to ard the core router until they reach a router
that belongs to the corresponding delivery tree. Then, the pac et is for arded to all
outgoing interfaces that are a part of the delivery tree e cept the incoming interface.
This has been illustrated in figure . ).
Since CBT constructs only one delivery tree for each multicast group, multicast
routers are required to eep less information in comparison to the requirements of

other routing algorithms. CBT conserves net or band idth too because it does not
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Figure . : Core Based Multicast Tree

require ooding of any multicast pac et over the internet or . Ho ever, using a single
tree for each group may lead to tra ¢ concentration and bottlenec s around the core
router. Moreover, having only one delivery tree per multicast group may also result
in non optimal routes and therefore delay in delivering messages. Thus, if a multicast
application requires some QoS it cannot be guaranteed ith CBT. Hence, the shared
tree protocol has to be modified to ma e it Quality of Service (QoS) sensitive.
An e ort to find a minimal cost tree in terms of qualities li e delay, band idth, or
hop count, for a given subset of nodes gives rise to the ell no n
, hich is NP complete. Moreover, heuristics for building QoS sensitive

multicast trees are impractical for mobile ireless ad hoc net or s, if they require

no ledge of the complete net or topology.



QoS in MANET

Recently, because of the rising popularity of multimedia applications and potential
commercial usage of MANETSs, QoS support in MANETS has become an unavoidable
tas . A lot of or has been done on supporting QoS in the Internet, but unfor
tunately none of them can be used in MANETS because of the band idth
constraints and dynamic net or topology of MANETSs. To support QoS, the lin
state information such as delay, band idth, cost, loss rate, and error rate in the
net or should be available and manageable. Ho ever, getting and managing the
lin state information in MANETS is very di cult because the quality of a ireless
lin is apt to change ith the surrounding circumstances. Furthermore, the resource
limitations and the mobility of hosts ma e things more complicated. The challenge

e face is to implement comple QoS functionality ith limited available resources
in a dynamic environment.

Wu and Harms (Wu and Harms 200 ) have identified and studied the follo ing
QoS components in MANETS, hich includes QoS models, QoS resource reservation
signaling, QoS routing, and QoS Medium Access Control (MAC). The relationship
among these are as follo s:

First of all, a QoS model specifies an architecture in  hich some inds of services
could be provided in MANETSs. It is the system goal e should implement. All
other QoS components, such as QoS signaling, QoS routing, and QoS MAC must
cooperate together to achieve this goal. We must first find out hat is feasible for
supporting QoS in MANETSs because it ill in uence the functionality of all other
QoS components. For e ample, if e ant to provide only di erentiated quality of
services, signaling for every o state is unnecessary.

Second, 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 functionality of QoS signaling is determined by the QoS



model.

Third, QoS routing searches for a path ith enough resources but does not reserve
resources. It is the QoS signaling that reserves 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 hen QoS
signaling ants to reserve resources. Without QoS routing, QoS signaling can still

or but the resource reservation may fail because the selected path may not have
enough resources. QoS signaling ill or better if it coordinates ith QoS routing.
Ho ever, since most QoS routing algorithms are complicated, e must balance the
benefits against the cost of QoS routing in the band idth constrained MANETS.

Fourth, the QoS MAC protocol is an essential component in QoS support in
MANETs. All upper layer QoS components (QoS routing and QoS signaling) are
dependent on and coordinate ith the QoS MAC protocol.

Finally, other QoS components in MANETS, such as scheduling and admission
control, can be borro ed from other net or architectures ith fe if any modifica
tions.

In our proposal, e provide QoS at the application layer. The application layer
gives hints to the multicast routing protocol at the net or layer to maintain core
based multicast trees ith some node regularly selected as the core on a hop by hop
basis. This core migration algorithm tries to continuously adapt the core to net or
variations and finally, in steady state, to reach an optimal position corresponding to

the desired QoS specified by the multicast application.

Hop Fan out Count QoS metric

In this thesis, in addition to hop count and delay, e also propose an additional
QoS metric no n as hop fan out count. The hop fan out count, in addition to the

the number of hops, also ta es into account the fanout at a node. Thus, hop fan out



count, can be considered as a measure of minimum contention for the shared ireless
medium at a node. The hop fanout count is calculated in the follo ing manner:

The hop fan out count of a leaf node ith one neighbor is equal to one unit (same
as hop count).

Let, a node have children, and let these children have their hop fan out

counts be sy e
Let this set of child hop fan out counts be denoted as . This set is reduced
to a set containing unique values using the formula ( ( )), here is value

appearing  times in the set

The hop fan out count at node ith set having unique elements is

In this thesis, a core migration protocol to provide Quality of Service (QoS) for
multicast applications in a ireless mobile ad hoc net or is proposed. The core
migration protocol constructs a core based multicast tree to achieve desired qualities
of the multicast application. The rest of this thesis document is organi ed as follo s.
Chapter 2 outlines the core selection and migration fundamentals. The e isting core
selection and or migration algorithms are analy ed for their applicability to mobile
ad hoc net or s. Chapter focuses on the design philosophy of the core migration
protocol. The proposed QoS based core migration protocol design along ith the con
trol messages e changed are e plained. Chapter evaluates the performance analysis
of core migration ith respect to some performance metrics. In addition, the chapter
also discusses the trade o s bet een providing dynamic QoS ith multicast reliability.
We rap up our discussion in chapter by giving an overvie of the accomplishments

of our or , and providing a glimpse of our future or and direction.



In this chapter, e identify some of the issues that need to be considered for
developing an e cient or an ideal core migration algorithm. The purpose of the core
selection algorithm is to locate that net or node (i.e. a router) hose use as the
core of the multicast group results in the best multicast tree ith respect to the
desired QoS specified by the multicast application. This optimal or best multicast tree
has performance advantages such as reduced net or band idth usage, reduced lin
congestion, and reduced end to end delay. The chapter begins ith a brief e planation
of the some of the ob ectives required in an e cient core migration and selection
protocol. This leads to a discussion of hy the e isting solutions ould fail to be

applicable in the realm of ireless mobile ad hoc net or s (MANETS).

2. E cient or Ideal Core Selection and Migration Protocol

The core selection and migration protocol is designed to construct core based trees
using one of several di erent types of quality of service metrics li e number of lin s
(hop count), hop count ith fanout (contention), delay, and band idth. The core
selection algorithm tries to find that net or node ( , a router) hose use as the
core of the multicast group results in an optimal multicast tree ith respect to a
desired performance metric such as the net or band idth usage, end to end pac et

delivery delay, lin congestion, number of hops traversed by a message to reach the
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farthest member in the group, etc. Core migration occurs after selecting a ne core
for a multicast group. Hence, core selection and migration constructs an optimal
multicast tree hose branches ta es into account the required QoS of the multicast
application.

An e cient core selection and migration algorithm for mobile ad hoc net or s

depends upon the follo ing:

. Implicit or e plicit participation in the selection process by all the nodes or

members of a multicast group or net or .
2. Number of messages e changed during selection.
. Number of times the core selection algorithm is e ecuted.

. Success of the core selection algorithm in finding the best possible core in terms

of the desired performance metrics.

. Overhead involved in core migration to select a ne core and transfer the core
state, hich in turn consists of group information, number of pac ets sent or to

be sent, ac s received, and related information.

. Ho other members of the group are made a are of the ne core (if there is a

core migration) and the ability to recover from faults.

In this thesis, e propose an e cient QoS sensitive responsive algorithm for
MANET that moves the core implicitly on a hop by hop basis, so as to continu
ously adapt to net or wvariations and finally, in steady state, to reach an optimal

position corresponding to the desired QoS.

2.2 Relevance of e isting Core Selection Algorithms

A number of methods (Thaler and Ravishan ar ) have been proposed for

center selection, but these methods are all not feasible for the ireless mobile ad hoc



net or environment. In this section, e present a brief overvie of these methods
and analy e them for their applicability to ireless MANET. Typical approaches to

select a core are either administrative or static selection, or dynamic center selection.

2.2.  Static Center Selection

Administrative selection usually chooses the first node, source or member, of the
multicast group (or net or ) as the core. There are other administrative methods,

hich also base their decision on some simple heuristics.

Administrative selection is static, as the core so selected remains fi ed irrespective
of changes in the net or topology. Therefore, the core may be located at a node
that provides poor performance. This also implies that administrative selection may
sometimes lead to a router being selected as the core center hose optimality ith
respect to various performance metrics may degrade, depending upon hether or not
the changes in net or topology ma e the relative location of the core less e cient.

Administrative selection can be summari ed as having the follo ing characteristics:

. Static in nature.

2. Initial core location may or may not be strategic, depending on the net or

topology.

. Topological changes in the net or may decrease the performance of the tree

during the lifetime of the multicast session.

2.2.2  Dynamic Center Selection

The dynamic center selection algorithm tries to adapt to the net or dynamics
by invo ing the algorithm multiple times over the lifetime of a group until the tree
branches re ect the desired QoS requirements of the multicast application. If the ne

core is di erent from the old one, then the core is said to be migrated. Thus, core
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migration enables the group to respond to significant changes in membership or net

or topology, and also to avoid highly congested areas by rerouting multicast paths
through lightly loaded areas of the net or . Dynamic center selection algorithms can
be divided into t o categories: e plicit center selection algorithms and implicit center

selection algorithms.

E plicit Dynamic Center Selection

An e plicit core selection algorithm requires that henever the algorithm is run
all net or mnodes or members of the multicast group compute their eight functions
and e change eights among themselves, so as to select the node ith the minimum

eight as the core. Moreover, this ind of algorithm also requires a termination
condition e pressed in terms of, say, number of hops or lin s to traverse, number of
members or nodes participating, or a timeout period, so as to successfully terminate
the algorithm.

Thaler and Ravishan ar (Thaler and Ravishan ar ) propose t o minimi ation
protocols, the MIN MEMB and HILLCLIMB protocols, here the best nodes are
found in a distributed and automated fashion by minimi ing a eight function using a
list of group members or sources. The eight functions studied are: the average delay,
the ma imum delay, ma imum distance, average distance, the ma imum diameter,
and actual cost (equal to the number of lin s in the tree rooted at the root and
e tending to all nodes participating in the center location algorithm). All other

eight functions, e cept delay, require local distance information, hich is applicable
for routers in a static or fi ed net or but are inconsistent in a dynamic mobile ad hoc
net or . Moreover, the algorithm also requires complete participation among either
all the net or mnodes or all group members or all sources, hich is not practical
for multicasting in an unpredictable and dynamic ireless mobile ad hoc net or

environment. Thus, it is applicable only to a fi ed ired net or li e the Internet.



Fleury (Fleury, Huang, and McKinley ) propose several core selection
heuristics. Each heuristic defines a method to e plicitly identify a set of candidate
core nodes, from hich the core can be selected. These heuristics can be classified
according to hether the center selection is random or deterministic. Moreover,
the set of nodes used in any of these heuristics ranges from the entire net or or
group to a specific multicast tree. All of the heuristics proposed, li e the random
router member tree node and topological center in the net or group tree, require

no ledge of the net or topology. The respective members collect this information
at the core or any router, by means of the Join_Requests that contain the member
to core paths and are delivered to the core.

These heuristics are also not feasible for ireless mobile ad hoc net or environ
ments, as the net or topology collected by various Join_Requests ill not re ect the
changes in the topology of the net or . These changes occur during the entire life
time of the multicast group. Hence, net or topology information collected through

Join_Requests is inaccurate and not practical for ad hoc net or s.

Implicit Dynamic Center Selection

On the other hand, an implicit core selection algorithm requires the old core to
ust monitor the net or over regular intervals of time for the desired performance
metric. For e ample, the core can monitor the delay by calculating the time di er
ence relative to itself bet een the transmission of a pac et (or a group of pac ets)
and their corresponding ac no ledgements. The algorithm then ma es a decision
according to a threshold, hich may be either fi ed or computed dynamically. For
e ample, the algorithm may decide to migrate the core if one branch consistently
has an additional delay of more than over the desired QoS. Thus, intuitively, an
implicit core selection algorithm should involve less overhead than an e plicit core

selection algorithm.



In this chapter, e present a detailed description of the ne Core Selection and
Migration protocol. The protocol does not rely on topology based metrics and has less
overhead. This is achieved by averaging the specified QoS metric using periodic QoS
measurements for pac ets ac no ledged at the current core node and then deciding

accordingly to move the core on a hop by hop basis.

Net or Model

The mobile ad hoc net or can be modeled as a net or consisting of identical
mobile hosts (nodes). These mobile hosts employ a pac et radio net or to com
municate ith each other. The nodes falling in the coverage area of any node are
said to be neighbors and they can simultaneously receive a message transmitted from
that node. All lin s are assumed to be bi directional and the transmission range in
either direction of a bi directional lin is also assumed to be equal. The topology
of the mobile ad hoc net or is dynamic. Such a net or can be represented by an
undirected graph (), here is the set of nodes and is the set of logical
lin s bet een neighboring nodes. We assume that nodes leave and oin the multicast
group arbitrarily. We also assume that the lin layer protocol ta es care of transient

lin faults and that all failures in the system are temporary.



.2 Design Philosophy

Our aim is to design an e cient core placement and migration protocol for ad
hoc net or s that migrates the core until the tree branches re ect the desired QoS
requirements of the multicast application. If the di erences in desired qualities are
not above a threshold, e do not to migrate the core, thus avoiding frequent core mi
grations. As discussed earlier, an implicit core selection algorithm intuitively involves
less overhead than an e plicit core selection algorithm. Moreover, any algorithm that
requires complete mno ledge of the net or or multicast tree is not useful across an
unpredictable and dynamic mobile ad hoc net or . Thus, such algorithms are im
practical. Additionally, an ideal algorithm to locate the center of a multicast tree in

an ad hoc net or should require:

. Implicit participation by nodes or members of a multicast group (or net or )

to minimi e a performance metric, such as delay.

2. Minimal interaction bet een neighboring nodes during core selection, migration,

and dissemination of the ne core location.

. Incremental migration of the core as opposed to distant migration, thus ensuring
minimal overhead in terms of the messages e changed during transfer of the core
state and also reducing the ris of failure, hich may be aggravated by a distant

core migration in a ireless mobile ad hoc net or .

Finally, of the several eight functions that can be minimi ed to ma e a deci
sion on core placement, our protocol, as an e ample, uses delay as the function to
be monitored as opposed to parameters li e minimum ma imum average distance or
ma imum diameter. The reason is the other parameters are more appropriate for a
static net or  here mno ledge of net or topology can be obtained easily. Addi

tionally, e believe that our protocol is generic as it can be easily e tended to include



other QoS parameters li e hop count, band idth, etc. or a combination of these.

Protocol Design

The core placement protocol is designed to monitor the net or nodes implicitly
for delay variations above a defined and then migrate the core on a hop by
hop basis to a strategic position, eventually reaching an optimal position at steady

state. Thus, the protocol design has to address the follo ing points:

. Initial core selection during bootstrap of the CBT bac bone.

2. Continuous monitoring by the core for unacceptable increases in delay above the
specified value no n as and then ma ing the decision to migrate the
core accordingly to eep the overall delay ithin an acceptable limit specified

as i.e. a margin above the
. Hop by hop reliable migration of the core ith minimal overhead.

. Dissemination of ne core information.

For e ample, let us consider the multicast tree sho n in Figure . and assume
that all the nodes are members of the multicast group. The core sends multicast
pac ets via the on tree routers , 2, , and to the members. The arro s indicate
ho routers , 2, , and reach the core ith ac no ledgments for the multicast
pac ets. The core thus records the history of the delays in terms of the relative time
di erence bet een the pac ets sent and the corresponding ac no ledgments received
from the respective subtree branches to the core. Assume that has a greater
delay than the others do, hich implies that the core is not at its best or optimal
position to equali e the delay from all the subtrees. Thus, the protocol ta es care of

the suboptimal placement in the follo ing manner:
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Figure . : E ample Core Based Multicast Tree

. Core selection during bootstrap of the CBT bac bone. The protocol uses ran
dom selection of the core initially or the first host of the multicast session can

be chosen as the core.

2. The decision for core migration is obtained by calculating the over
the history of delays gathered by the current core over each lin to hich the

core is connected.

Figure .2 depicts a possible history of delays accumulated from the four on tree

routers (OTRs) by the core. Let us define the follo ing array for analysis:
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Figure .2: History of Delays used for Core Selection

: An array used by the core to store the samples of delay obtained

from each of the  neighboring on tree routers
In order to decide hich branch is sho ing a consistent delay, the core has to
compute a parameter, , for each of the  neighboring on tree routers
through hich it has monitored the delay. The can be computed from

the recursive equation given belo

That is, the at step s at step ( ) and the
at step , here 0 0 and
A small value of | say 0.2, gives more eightage to later values hereas

0 gives more importance to earlier values. Since a mobile ad hoc net or is
characteri ed by dynamic changes in net or topology, assigning importance to the
most recently monitored values enables the core placement protocol to adapt to the
most recent changes in net or topology ithout neglecting the remaining history of
delays monitored by the core. For e ample, 0. ill give equal significance to
both the current and past samples.

The parameter is computed by the core using both the history of

delays and the eighing factor . The gives the core a comprehensive



local vie of the imbalances in delay over its subtree branches, hich is basically
caused by asymmetric changes in its net or topology. Thus, changes
ith net or topology and therefore it is used by the core placement protocol along
ith to move the core to the ne t hop in an attempt to minimi e imbal

ances in delay. No , referring to figure .2, it can be concluded that the

delay graph sho s a from . That is, for
. Hence, is the ne t probable position for the

core.
The is the desired QoS specified to the core by the multicast application
and is the ma imum limit above the required QoS value hich the multicast

application can safely tolerate.

In addition to the is used in order to avoid frequent core
migrations due to miniscule changes above the . The value of is
dependent upon the minimum delay improvement that ould occur ith core mi
gration and also depends upon the dynamics of the mobile ad hoc net or . Hence,
there is a bet een the responsiveness of the protocol to the ad hoc net or
dynamics and the value of the . In practice, the best position for the core
varies as nodes move in the net or . There is also overhead involved in moving the
core. For these reasons, a should be used to prevent the bac and forth
movement of the core for minimal improvements in delay.

After deciding upon the ne position of the core, the protocol enters a

here it transfers its state, i.e. multicast group information, to its
probable ne position. In this e ample, a message is unicast

from (the old core) to (the ne core).



Control Messages

This is a part of the normal multicast ith its associated data pac et and control

header.

This is an ac no ledgement corresponding to the data sent by the core. This
ac no ledgement is for arded by the other OTRs to the core. Other QoS
metrics e cept delay, for e ample hop count or hop fanout count can also be

included ith this message.

The mobile ad hoc net or topology is dynamic and unpredictable. The core
thus eeps trac of the ac no ledgments for arded by other multicast group
members. Since this multicast is done through a tree based structure, it is
possible that a node may receive multiple ac no ledgments from its ne chil
dren, or it may receive a request for an ac no ledgment from its ne parent.
This may result in the same node for arding the same ac no ledgment multi
ple times to its parent and ultimately to the core. In order to avoid e cessive
tra ¢ due to multiple receptions of the same ac no ledgments, the core sends
a o _ message for the corresponding ac no ledgment
sequence received and verified as for arded by all other non core multicast
group members. The decision to migrate the core is also included ith this

- _ message, hen a su cient history is available to

prove that one of the ne t hop neighbors ould be a better core.

Upon reception of a - _ message, the non core multicast

group members chec  hether ne core information is available. If the core has



included its decision to migrate, then a _ message ill be for arded

upstream to ard the core.

In order to avoid the repetitive core ac no ledgments due to dynamic changes in
topology, the core stabili es it by sending a L _ message
to all the other multicast group members. This message, hen received by a
non core multicast group member, acts as a final signal to recogni e the ne

core as the current core for the multicast group.

When a node finds itself ith ne neighbors, it needs to synchroni e its data
and ac no ledgments ith its neighbors. The tree based structure is follo ed
only in case of a _ and _ messages, i.e. an ac no ledgment
ill be for arded only by a child to its parent. Ho ever, other messages li e
- _ and _ can o in either direction. The
node ith ne mneighbors thus queries its ne mneighbors to find hat messages
they are a aiting that it might be able to send. This approach can be visuali ed
as a generous approach here every ne neighbor ta es care of its ne  neighbors

and vice versa.

A node, upon receiving a _ message from its neighbor, ill reply

ith its current status consisting of data received, data and core ac no ledg
ments for arded, and data ac s stabili ed. The node that initiated the query
process ill then analy e this query reply and ill initiate an appropriate trans

mission of data or data (or core) ac s or stabili ed messages.

A node ill initiate a Data_Request message if it finds after the _



and its associated _ _ message that its ne neighbors have the

data that it needs.

A node ill initiate a - message if it finds after the _
and its associated - - message that its ne child (or children)

has an ac for the data that it needs.

A node ill initiate a - _ message if it finds after the

_ and its associated _ _ message that its ne neigh
bors have stabili ed an ac that it has not. In the process, it might happen that
this o _ message received from ne neighbors may con

tain the information about the ne core.

A node illinitiate a L message if it finds after the _
and its associated _ _ message that its ne neighbors have a

core ac that it needs to for ard to its parent.

A node ill initiate a - _ message if it finds after the
- and its associated _ _ message that its ne neigh

bors have already recogni ed the ne core as the root of the multicast tree.

During this state, a copy of the old core state information is transferred to the
ne core. Since the core repositions itself dynamically on a hop by hop basis,

transferring this state information is relatively fast.



Core Migration Steps

A detailed dia i
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Introduction

In this chapter, e present proofs of correctness that the protocol moves the core
to ard the optimal location and reaches that location hen the net or is stable.
Further, simulations are also conducted to analy e the performance of the protocol
and ays of reducing the message overhead, hich is mainly due to its e ort to provide
multicast reliability. The ould also study the tradeo bet een the responsiveness of

the protocol to the ad hoc net or dynamics and the value of the

.2 Correctness

The core monitors the delay on the subtree branches by —ay of the time (rel
ative to itself) at hich multicast pac ets are sent and the corresponding ac no ledg
ments received. For a given multicast tree topology, the delay monotonically increases
as the message travels greater distances. Moving the core to ard the branch ith
the highest delay decreases the delay on that branch. The delay increases on the
other branches, but that delay remains less than the previous delay on the longest

path. Since the net or topology is static , the core continuously migrates itself



on a hop by hop basis until it reaches a position here the di erences in delay are
not above a necessary to migrate. This in turn ta es into con
sideration details such as hether minor di erences in delay are leading to frequent
core migrations bet een neighboring routers or hether the delay variation is large
enough to move the core ithout producing an even larger delay on another branch.
Thus, the core migrates to that optimal position here the delays from all the subtree

branches are appro imately equal, hich is at the center of the multicast tree.

When the net or topology changes, the that is computed for

the samples ill also change accordingly. Thus, hop by hop migration of the core
ill lead the core to ard the best position for the current topology. At steady state,
the core ould migrate to an optimal position here it equali es the delay coming
from all the subtree branches. Since the topology is changing, the core moves to ard
the currently optimal core. The migration changes to ard a di erent optimal node
hen the topology changes. Thus, the core is al ays moving to ard a currently

optimal position.

Simulations

The simulations have been performed using SimJava (version .2) (Ho ell and
McNab ) as our discrete event simulator. We assume that at any given simulation
time, all the nodes are connected to at least one other node. The ireless channel has
been modelled as a bidirectional shared medium ith collision avoidance. The delay

is assumed to be equal in either direction unit delay for each ireless transmission.



Mobility Model

Much of the research literature in ad hoc ireless net or ing resorts to inaccurate
and unrealistic random models. The mobility model used in these simulations is a
slight variation of the random direction model (Royer, Melliar Smith, and Moser
200 ) hich again is a modification of the Random Waypoint Model (Broch, Malt ,
Johnson, Hu, and Jetcheva ).

The Random Waypoint mobility model randomly places the nodes ithin the
predefined simulation area. Each node then selects a destination ithin that area and
a speed from a uniform distribution of user specified speeds. The node then travels
to its selected destination at the selected speed. Once it reaches the destination, it is
stationary for some random pause time. At the end of the pause time, it selects a ne
destination and speed combination, and then resumes movement. This model causes
continuous changes in the topology of the net or . It must be noted that any protocol
developed for mobile ad hoc net or s ould have its simulation performance partly
dependent on the inherent characteristics of the mobility model used. Because a node
must select a destination in the simulation area, the node is most li ely to travel in
the direction in hich there are the most destinations from hich to choose. This
predisposes nodes to choose destinations that are either in the middle of the simulation
area, or that they reach by travelling through the middle. This characteristic creates
a situation in  hich nodes converge in the center of the area, and then disperse, and
then re converge, etc., resulting in

The Random Direction model lets nodes select a in  hich to travel
instead of selecting a destination ithin the area. The direction is measured in degrees

hich can be any here bet een 0 to . At the beginning of the simulation, each
node selects its direction in degrees and then finds a destination on the boundary in
this direction of travel. It then selects a speed and travels to that destination at the

given speed. Once it reaches a destination, it rests for the given pause time and then



selects a ne degree bet een 0 and 0. The direction is limited because the node is
already on the boundary and nodes do not pass through the boundary.

Our mobility model used in the simulation uses the Random Waypoint mobility
model only initially to randomly place nodes ithin the predefined simulation area. It
then borro s upon the concept of the direction of travel from the Random Direction
mobility model. But after this, our model introduces t o more parameters. One
is the mobility time ( ) and the other is the pause time ( ). Every node
first selects hether it belongs to either the pause group or the mobile group. Those
belonging to the pause group ill decide randomly for ho much time they ill be
paused ( ). Those belonging to the mobile group ill have to decide four values
at random. First is the direction in degrees, second is the destination along that
direction, third is the time for hich they 1ill be mobile ( ). and fourth is
the speed. Nodes select their direction degree as before but they may choose their
destination any here along that direction of travel. They do not need to travel all the

ay to the boundary. This change is incorporated in the
(Royer, Melliar Smith, and Moser 200 ). After both the timers and
have e pired, the nodes are again evaluated as to hether they belong to the
pause group or the mobile group. Those nodes belonging to the pause group and
having no idea about their destination and the direction of travel ill do their initial
selection only hen they find themselves for the first time in the mobile group. This
is not the case ith the nodes ho ere in the mobile group but are no in the pause
group. The case hen the nodes reach their destination is the same as ould be for
the Random Direction mobility model. We believe that our model accommodates
typical cases in an application here nodes should ait and observe or be involved
in a real time situation li e a battlefield or a fire rescue operation. We ould refer to
our model as the

There are other recent models in the literature and they discuss group mobility



rather than individual mobility. The group mobility model (Agar al, Krishnamurthy,
Kat , and Dao 200 ) models group movement. The model pre generates motion
vectors for each node. The model initially places the nodes randomly ithin their
groups, and place the groups at random ithin the predefined simulation area. Then
each group is given a randomly chosen tra ectory and speed. This is random because
more accurate models of group movements require of a application,

hich are currently not available. All the nodes ithin that group follo this chosen
tra ectory and speed but ith a small random variance. This small variance is meant
to model real life e ects, such as animals or people moving ith varying speeds and
application specific responsibilities. Once this motion vector is follo ed for a certain
random period of time, the group ill pause for a short period and ill then choose
another vector. We ould li e to evaluate our protocol performance simulations using

the group mobility model. This is left as future or .

. .2 Simulation Parameters and Scenarios

The follo ing simulation parameters ere identified for having di erent simulation

scenarios. They are listed belo

The propagation model is the free space model that has a po er signal attenu
ation of . here is the distance bet een the nodes. In our simulation, e
assume that nodes ithin each other s transmission range are able to capture
and loc each other signals as a strong signal, hereas nodes out of range ould

not be able to hear anything and so there ill be no interference.

The data rate for the simulations is 2 Mb second and the pac et si eis  bytes.



Table . : MANET Deployment Area for Protocol Simulations

The number of nodes ( ) along ith the simulation area define the density of
nodes in the net or . The density in turn may have e ects on the overhead
involved in MAC layer contention, CBT tree construction overhead (using the
Breadth First Search Algorithm), and other related net or variables. The
simulations have been performed using mnet or sofsi es 0, , 00, and 20

nodes, respectively (see table . ).

The simulation area is one of the factors in deciding the node density. The units
are in . The MANET deployment area si es for the di erent numbers

of nodes are sho n in the table

The speed of each node is selected from a uniform distribution of user specified
speeds ranging from a minimum ( ) of 0 meters sec to a ma imum

( ) of 0 meters sec.

The interconnection pattern of an ad hoc net or is determined in part by the
communication range ( ). For the simulations described here, is held

constant at 00 meters.

In addition to the speed, the mobility time ( ) and the pause time ( )

determine the amount of mobility in the net or . Lo er the speed and higher



the pause time, the lesser is the movement in the net or and viceversa. The
mobility and pause times are randomly selected bet een a minimum and ma
imum mobility and pause times. For the simulations described here,

2 seconds, 0 seconds, second and

seconds (see figure .2).

For the simulations, the QoS refers to , , and metrics.

In the case of the delay metric, it is called the

The is the desired QoS specified to the core by the multicast appli
cation and is the ma imum limit above the required QoS value that
the multicast application can safely tolerate. For the simulations, the threshold

is chosen from 0to 0 of

The core monitors and maintains a history of the estimated QoS metrics gath
ered from its neighboring on tree routers (OTRs). This history is then eighted
over a value . Since a mobile ad hoc net or is characteri ed by dynamic
changes in net or topology, assigning importance to the most recently mon
itored values enables the core placement protocol to adapt to the most recent
changes in net or topology ithout neglecting the remaining history of QoS
monitored by the core. For our simulations, is varied from 0. to .0 (see

figure . ).
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Simulation Results

Figure . sho s the average number of neighbors for appro imately constant
node densities ith varying speeds and ith 0 seconds. Our simulations have
sho n the impact of increasing pause times ith varying speeds produces a slight
change in the average number of neighbors a node may have. This is partly due to
the communication range of 00 meters. For a node moving at a ma imum
speed of 0 meters sec, ith ma imum pause time of seconds, the node ould cross
ust 0 meters. So even if e assume that 0 of the nodes are mobile and the rest
are paused, then in that case, assuming uniform initial deployment, there ould not

be an appreciable decrease in the average number of neighbors a node may have (see



—+— 50 Nodes
—x~— 75 Nodes
<¢- 100 Nodes
8- 120 Nodes

Pause times (sec)

Neighbors 2 0

speed (meters/sec)

Figure .2: Average Number of Neighbors ith varying speed and varying pause times

figure .2).

We no consider some simulation scenarios to verify the correctness of our core
migration algorithm. Additionally, e ouldalsoli etota e into account the number
of control messages e changed in the process of selecting the core and the consequent
migration. In order to verify the correctness of the core migration protocol, it ould
be best to note the enhancement of the QoS metric after every core migration step. If
the ne t hop core migration provides better a QoS value then the core is moving in a
correct direction, so as to get to an optimal position here it tries to balance a better
QoS value to all its branches and subsequently to all its multicast group members.
We introduce a parameter no n as the ( ). The

is the sum of the di erence of the estimated QoS value at all the



branches rooted at the core from the desired QoS value. If this sum is ero or a positive
value then e have achieved the desired QoS. If is negative and if there
is a core migration in a branch that has the ma imum negative value,
then the protocol is correct. For simplicity, e assume that the multicast application
specified a QoS equal to one fourth the number of nodes involved in the simulation
and that e have a threshold of 2 over this desired QoS. We construct the Core
Based Tree (CBT) ith a core that is selected randomly using the breadth first search
algorithm. The simulation stops at time 000 seconds or hen the core finds that
it is able to balance the QoS from all its tree branches, hichever occurs first. In
order to ma e the core decision, the core maintains a history of the QoS estimated
over its tree branches. In order to ma e an appro imate guess about the ne t hop
core location, it ould be best if the core ma es a decision over at least samples of
monitored delays.

Figure . sho s ho the core migration protocol tries to achieve as much im
provement in QoS as possible ith each core migration step. We have assumed the
random variation of node mobility is bet een to 0 meters sec, bet een 2
seconds to 0 seconds, and bet een second to . The eighing factor is
assumed to be 0. .

For analy ing the impact of on the core decision time, e consider t o values
of ., oneis 0. and the other is 0. . We perform the simulations for the 0 node
net or having the same mobility pattern as the one used in figure . . This is
because, from figure ., e find that in a 0 node net or the simulation attains
an almost optimal position at time 20 simulation seconds, hich is the earliest of all
the net or si es simulated. The control message overhead of maintaining multicast
reliability overshado s the time required to attain an optimal core position in the
Core Based Tree (see figure . ). Figure . sho s that 0. performs ell until

the total QoS imbalance reaches .0. For values greater than .0, the core migration
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Figure . : Verifying the Correctness of the Core Migration Protocol

protocol ta es a lot of time to settle to an optimal core position.
The frequency of core migrations contributes directly to the control overhead
involved in informing the ne core and the subsequent core state transfer. Intuitively,
e suggest that there are only three factors responsible for a change in the frequency
of core migrations. First is the , second is the value of , and third is the
minimum number of samples, , monitored by the core as its QoS history. For the
simulations, eassume tobe(. or(., eassume tobe or ,and the threshold
to be bet een 2 and of the desired QoS. We again perform the simulation on
anet or sieof 0 nodes. We count the total number of core migrations in 000
seconds of simulation time. Figure . sho s that the core migration frequency is

dominated mostly by and
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Figure . : Impact of on the performance of the Core Migration Protocol ( 0 nodes)

Finally, figure . sho s the control overhead of the Core Migration Protocol hile
maintaining multicast reliability. The control messages are due to t o events. First is
the change in the neighbors of a node resulting in query and query reply messages for
maintaining neighbor no ledge of data and or ac received. Second is due to core
migration resulting in informing all other nodes about the ne core and the core state
transfer. As seen in figure . , this control overhead can be reduced drastically if the
nodes avoid query and query reply messages. The synchroni ation messages are not
a big problem as they are either piggy bac ed ith the data messages sent by a node
or via the ac no ledgement messages sent bac to the core. From our simulations,

e calculated the average number of messages of type Data, Query, Query Reply,

Synch Messages, Data Ac no ledgment, and Core Ac no ledgment messages for a



Figure . : Core Migration Frequency ith |, number of samples ( ), and

( 0 nodes)

net or ofsi e 0. We then calculate the percentage of the total number of messages

e changed and then plot it on a pie chart (see figure . ).

Optimi ations and Enhancements

From the simulation results, it becomes clear that the Core Migration Protocol
performance depends to a greater degree on  and the . A value of 0.
and should be nominal enough to avoid frequent core migrations.
To reduce the control message overhead, the Core Migration Protocol should become

intelligent in the follo ing manner:

. Each node could remember ho its neighbors ere for some amount of time



Figure . : Core Migration Protocol Control Message Overhead ( 0 nodes)

and then avoid the Query Query Reply sequence, by intelligently sending piggy
bac ed messages of the last t o or three data messages or data ac no ledgments

according to hether the ne neighbor is its parent or a child.

. Each node should use the mobility prediction concept on its e isting neighbors

to find hen they ill be out of its communication range and act accordingly.

. Each node should increase transmission range hen the node finds itself ith
fe er then nominal neighbors or hen the node is partitioned from the net or .
This ill avoid this orphan node having to query many neighbors hen it re

connects to the net or .



In our control overhead simulations, e did not include the overhead involved in
maintaining the multicast group on a CBT in the presence of mobility and looping.

This is a sub ect of future or .



In this chapter, e discuss the e ibility o ered by the ne core placement pro

tocol. We also give the conclusions and future or .

Fle ibility O ered

The core migration protocol bases its decisions upon the history of the delays
monitored over  samples. In addition, the computation of the uses a
simple mathematical or statistical measurement.

The three factors ., and minimum number of samples, , determine
the e ectiveness of the core selection protocol in adapting to the net or dynamics
and associated protocol overhead. This is because a smaller time period  implies
that the core ma es a decision on core migration in less time. In this case, the core
may migrate frequently trying to adapt to the changes in net or topology, hich
also results in greater overhead.

The protocol can also be enhanced to ad ust  to result in a protocol ith reduced
overhead and latency. This also applies to other QoS metrics li e hop count and hop

fan out count.



Table . : Comparing Various Center Selection Algorithms

.2 Conclusions

Table . compares the various center location algorithms and multicast protocols.

With respect to the comparison in table . it can be concluded that our protocol

is simpler to implement and has less overhead. It achieves the same result as (Thaler

and Ravishan ar ) in a stable net or , although ith some additional delay. The
migration protocol uses and in order to avoid frequent core migrations
due to miniscule changes above the . The value of is dependent

upon the minimum delay improvement that ould occur ith core migration and it



also depends upon the dynamics of the mobile ad hoc net or .

Future Wor

Our future research includes e tending our QoS sensitive protocol to not only
meet the delay requirements of a multicast application but also to meet the other QoS
requirements li e band idth. We ould also li e to include the overhead involved in
maintaining the multicast group on a CBT in the presence of mobility and looping.
The best  ay of doing this may be to develop our o n multicast routing protocol that
inherently supports the core migration protocol at the application layer. We ould
also li e to use the concept of mobility prediction to ma e the protocol intelligent.

During this research, e ere tempted to or on e tending a single core based
multicast approach to using multiple cores. Ho ever, solutions to this ind of archi
tecture are challenging. Similar solutions e ist in the literature in the form of a mesh
or a cluster based architecture. Providing QoS on this architecture by borro ing
some ideas from the core migration protocol seems a reasonable ay of e tending the

or .
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Mobile ad hoc net or s consist of ireless mobile hosts that communicate ith
each other, in the absence of a fi ed infrastructure. Multicast applications have cer
tain desired Quality of Service (QoS) requirements li e lo delay, high band idth,
minimum hop count routing, etc. hich should be met by the mobile ad hoc net or s
(MANET). Multicasting is usually accomplished by constructing a multicast tree and
transmitting the pac ets over this tree, replicating pac ets at the branch points. In
a group shared multicast tree, the choice of the root (core) plays an important role
in in uencing the organi ation of the tree and a ecting the performance of pac et
delivery. The ob ective is to construct a tree hose leaves achieve the desired quali
ties of the multicast application. E isting multicast routing protocols li e CBT and
PIM SM proposed for establishing and maintaining the group shared tree ignore the
issues of core selection and migration, and are not QoS sensitive. We investigate an
algorithm hich migrates the core on a hop by hop basis, so as to continuously adapt
to the net or dynamics and henever the topology remains constant for a su cient

duration, the core reaches an optimal position hich corresponds to the specified QoS.



Our algorithm is more practical for mobile ad hoc net or environments than other
protocols, since it does not rely on topology based metrics and has less overhead.
This is accomplished by averaging the specified QoS metric using periodic QoS mea
surements for pac ets ac no ledged at the current core node. We present, proofs of
correctness to sho that our algorithm moves the core to ard an optimal position
corresponding to the desired QoS. Our or also analy es the performance of the core

migration protocol through simulations.
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