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     Abstract

Internet Protocol Television (IPTV) is a service on the Internet where digital TV signal 

data is delivered to the participants using the Internet Protocol (IP). IPTV promises to 

provide many TV channels with lower price for operators, lower price for consumers and 

it is also distributed more efficiently than using the nowadays prevalent coaxial cable 

distribution. As it is assumed that broadband connection of households will grow at a 

brisk pace, IPTV will play more and more important role in the incoming years in our 

lives. The plenty of TV channels requires large bandwidth for high clear TV programs in 

IPTV service which is a contradictory issue to the limitation of user access line 

bandwidth and aggregation network bandwidth. Multicast as a mature one-to-many 

packet data delivery technology, the use of multicast for IPTV service is considered 

necessary to resolve such contradiction. But which multicast or what level multicast will 

be best suited for this emerging technology is still a burning question. In this thesis we 

identify the appropriate multicast solution for IPTV. To accomplish our goal, we have 

done literature survey in gathering information to analyse different AL multicast protocol 

and IP multicast protocols. We have tried to find out different problems related to this 

protocol to deployment.  Finally we have identified the best suited solution to carry 

multicast traffic for IPTV service.    
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Chapter One

             Introduction

1.1 Motivation

Internet Protocol Television (IPTV) [1] is a system of distributing digital television 

content by using IP over a network infrastructure, where end user receives video streams 

through set-top box which is connected to a broadband connection. In general, IPTV 

means delivering television content to the receiver by using Internet technology, instead 

of using traditional format like broadcast or cable. The IPTV and Internet TV are not 

similar. Internet TV is a service like Youtube where a user can watch content by 

streaming or downloading. But IPTV is a part of “Triple Play” service which consists of 

IPTV, VOIP and Internet access. From the last few years, the market for IPTV service 

has grown rapidly and the trend is being continued. In the following charts [3], the pace 

of IPTV subscriber growth continues to accelerate. In figure 1.1 shows a forecast of the 

growth of the IPTV subscribers worldwide from 2006 to 2010. Figure 1.2 shows a 

forecast of the growth of IPTV service revenue worldwide from 2006 to 2010. 

                     Fig: 1.1 Growth of IPTV subscribers from 2006 to 2010[3]
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       Fig: 1.2 Growth of IPTV service revenue from 2006 to 2010 [3]

IPTV is a multicast service which permits only the channel actually being viewed by the 

end user. So, it is more bandwidth efficient than conventional analog or digital TV 

services. Now telecommunications service providers view IPTV as technology that 

enables them to use their IP based network infrastructures to offer multi-channel 

television services. But launching a new service always involves a number of technical 

and non-technical risks. To make this service successful according to user expectation 

reliable multicast is essential. Even though there are different types of multicast 

mechanism has been proposed for this new technology. But which multicast mechanism 

will full fill the user expectations and beneficial for service provider is still burning issue.    

1.2 Background of Network (IP) Layer Multicast

The first multicast model have introduced by Steven Deering in 1988 [7]. He proposed 

the Network Layer (IP) multicast model based on a notion of a group. In this system all 

interested host from a multicast group for communicating with each other. Each of the 

multicast group is identified by a special multicast address called class-D address. Every 
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host who want to receive data, they must have to join in a particular multicast group by 

contacting the routers that are attach to that group using Internet Group Management 

Protocol version 3 (IGMPv3) [10].  After joining to a multicast group, a host can receive 

all data that are sent for that belonging multicast group without knowing the source 

address.

 The first deployment of Network Layer (IP) multicast took place in 1992 but still it is not 

widely deployed. There are several technical and non-technical issues like security,

scalable address allocation, congestion control, reliability, infrastructure and management 

are behind its wide-spread use. We will discuss about Network Layer (IP) multicast in 

details in chapter (4). 

1.3 Background of Application Layer Multicast

 As we discussed above, the most efficient way to provide multicast is to implement in 

the network layer. But, the limited deployment of multicast in the network layer and 

increasingly demanding multi-user applications support have led to considerable interest 

in alternative approach in which multicast are implemented at Application Layer (AL)

[19,20,24,26,27]. In AL, data packets are replicated at the participating end hosts not like 

in the network routers as in IP multicast.  Logically, the end hosts form an overlay 

network and each link of overlay corresponds to a direct unicast path between two group 

members. In the overlay network, all the data packet are send as unicast packets and 

forwarded from one member to another according to some defined rules. For deploying 

application layer multicast, it does not require any additional support or changes in the 

infrastructure which makes rapid and seamless deployment of multicast applications. 

1.4 Research Goals

In our thesis we mainly focused on to introduce the new technology (IPTV). And try to 

find out which multicast (which level) mechanisms will be appropriate for this 

technology. To solve our problem we have analyzed different network layer and 
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application layer protocol. Their advantage and drawback to support IPTV traffic on 

multicast environment is also analyzed carefully. Currently used multicast protocol for 

this technology is also reported here. This study provides a good understanding of the 

current challenges and problem with multicast mechanism. At last we have come out with 

solution with best suited multicast mechanism for IPTV which will dominate in future is 

the case of user satisfaction and service provider benefits.

1.5 Related Work

There are many researches have done and still on going by International 

Telecommunication Union to give standard multicast mechanism to provide IPTV 

service. In October 2006 its proposed CDN based overlay and P2P based overlay for 

IPTV service [49]. In May 2007 ITU working group came up with concept overlay 

multicast mechanism [48]. At present ITU working group doing research on Multicast 

middleware to make Overlay multicast and Network layer multicast compatible with it

[47].

1.6 Thesis Outline

The thesis is organized as follows; Chapter 2 is an overview of the IPTV, Here we have 

given idea about IPTV technology, its characteristics and difference with traditional 

internet TV and why multicast is essential for this technology. Chapter 3 represent 

resilient IPTV multicast architecture and explained how IPTV traffic will flow through 

this IP backbone.  Chapter 4 is an overview of Network layer multicast protocol and its 

merits and demerits in the case multicast data transmission. Chapter 5 is emphasis on, 

how PIM protocol and it will work on the core network to provide IPTV service. Chapter 

6 provides Overview of Application layer multicast protocol. Chapter 7 represent how 

Overlay multicast mechanism can support IPTV service. Chapter 8 focuses on, the 

solution of which multicast is appropriate for IPTV service and will dominate in future. 

Finally Chapter 9 offers concluding remarks and future works.  
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Chapter Two

    Overview of IPTV

As a result of broadband service providers moving from offering connectivity to services, 

the discussion surrounding broadband entertainment has increased significantly. The 

Broadband Services Forum (BSF) membership has identified a number of services that 

require significant focus in this decade. One of these is Internet Protocol Television 

(IPTV). Internet Protocol Television (IPTV) is a rapidly maturing technology for the 

delivery of broadcast TV and other media-rich services over a secure, end-to-end 

operator managed broadband IP data network. This chapter will provides an overview of 

what IPTV is all about and different type’s technologies required to provide IPTV 

services [31].

2.1 Types of IPTV services

The term IPTV service is used as a broader meaning. So IPTV service encompasses a set 

of elementary services offerings, which is as follows [34]

1. TV broadcasting

2. Video-on-Demand (VOD)

3. Network-based Time Shifting (Pause Live TV) facilities

4. TV on demand or Catch-up TV

5. Network-based Personal Video Recorder (NPVR)

Besides these IPTV service model provide more various types of attractive services. Its 

feature is to enables the broadband service provider to develop new and unique services 

to differentiate their offering from competitors.
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2.2 Characteristics of IPTV

IPTV is used to offer services that duplicate or exceed the features and function of a 

direct broadcast satellite system by means of an IP network. Service providers often 

choose IP technology when they wish to deliver multiple consumer services over a single 

network as it can efficiently provide voice and high-speed data access in addition to IPTV 

on a single platform. In a typical system, for continuously delivering video program to 

hundreds or thousands of viewers simultaneously, a high-speed IP network is used. But 

delivering IPTV and VOD services to the end user requires high bandwidth. The total 

number of IPTV channels streamed online determines the total bandwidth requirements. 

The total transmission rate of the IPTV content measured in Mbit/s equals to sum of all 

streams. From the streaming server each channel is sent only once to the network. For 

distributing IPTV service to the end users, multicast technology is used in the core and 

access networks which reduce overload. 

2.3 Necessity of Multicast for IPTV service

With the rapid growth of broadband network environments, rich content service like 

graphics, voice and video are increasingly demanding by subscribers. This provision of 

rich content requires transmission of large data amount which increase loads on servers 

supplying the content and on the distribution networks. At present, the unicast technology 

is no longer adequate for video streaming service like IPTV where subscribers and server 

loads increasing rapidly. As a result, researchers have been looking forward for multicast 

technology instead of unicast technology. By using the multicast communication, the 

deployment of multimedia application can be facilitated greatly. In multicast 

communication, only one copy of data packet is sent using a single address for the entire 

group of receivers. The two most important benefits of using multicast are: it reduces the 

load on the server as servers sends only one packet instead of multiple packets to the 

receivers and it reduces the overall bandwidth consumption as only one data packet is 

transmitted wherever possible.  So in order to provide resilient IPTV service proper 

multicast mechanism is essential.
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2.4 Basic IPTV Network Elements

There are four major network components required for providing IPTV services. These 

are as follows [31],

1. Video head end

2. Core or edge network

3. Access network

4. Home network

   

      

Video Head End
Core or Edge

Network
Access Network Home Network

Figure 2.1- IPTV Basic Network Elements

      

2.4.1 Video head end

Like other form of television (cable TV or satellite TV) IPTV service requires a video 

head end. At this point in the network where all sorts of linear and on demand programs 

are captured and formatted for distribution over the IP network. Basically head end takes 

each individual channel and encodes it into a digital video format like MPEG-2 which 

has lower bit-rate requirements for encoding television signals. After encoding, each 

channel is encapsulated into IP and sent out over the network. These channels are 

typically IP multicast or unicast packet stream.
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2.4.2 Core or edge network

IPTV core or edge network transport the encoded group of channel which is forwarded 

from the video head end.  At the network edge the IP network connects to the access 

network.

2.4.3 Access network

Basically Access network is the link from the services provider to the individual 

subscriber. Different types of technologies used to serve individual subscriber like Digital 

subscriber line (DSL), passive optical network (PON). IPTV networks also use variants 

of asymmetrical DSL (ADSL) and very-high-speed DSL (VDSL) to provide the required 

bandwidth to run an IPTV service to the subscriber. The service providers also place DSL 

modem (DSLM) at the customer premises to deliver an Ethernet connection to the home 

network.

2.4.4 Home network

Home network distribute IPTV services to the home. As IPTV services require huge 

bandwidth, wire line technology is use at the home network. STB is the end point of the 

home network where the television set is connected.

2.5 Technologies for IPTV

2.5.1 Coding and compression

The most integral component of IPTV is coding and compression technology. The main 

goal of this technology is to reduce the number bits that are required to represent the 

video image. An uncompressed standard definition video requires 270 mbps [33].So 
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compression is essential to transmit video over a broadband network. Moving Expert 

Group (MPEG), International Telecommunication Standard Sector (ITU-T), and 

Microsoft Media are very commonly used compression technique for IPTV. The main 

advantage of this coding and compression technology is it reduced the required 

bandwidth for encoded content quite significantly. For example MPEG-2 encoded 

broadcast TV in standard definition has dropped the bandwidth around 2 Mbps and 

MPEG-4 can provide similar quality at 1 Mbps. This coding and compression have not 

only resulted in lower bandwidth but also advanced functionality which is very important 

for IPTV service. Such as MPEG-4 includes media object function, where the part of a 

video content displayed simultaneously on the screen can be changed.  

2.5.2 TV Broadcast Servers

The main functionality of most IPTV system is to provide customers with traditional 

broadcast TV. TV Broadcast servers are real-time server which take TV channel as input 

and stream them out to a transmission network. The source of the input signal to the 

broadcast server limits the complexity of the IPTV broadcast services. Basically there is 

no fixed number of channels that a server can transmit but both hardware and the 

transmission networks have some limits.

2.5.3 Video-on-Demand servers

IPTV service providers are offering content on demand. Unlike broadcasting, the video 

contents are stored on a storage server in encoded form. From this storage server user can 

find and select the content which the like to watch. As all the contents are send 

individually through unicast programming with VCR like controls including pause, fast 

forward and rewind. The IPTV middleware controls the user interface. In general VOD 

need huge storage capacity and higher throughput from the server to the transmission 

network.
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2.5.4 Web casting server

Web casting servers are very similar to the broadcasting VOD servers. These servers are 

stream video content in very low quality over the public internet for viewing on a 

computer screen. These servers can operate without any auxiliary systems such as DRM. 

But these servers can not said to offer substitute or competitive services to commercial 

IPTV. 

2.5.5 Auxiliary systems

There are several auxiliary systems run in parallel to coding and transmission within an 

IPTV services. In a commercial environment these are subscription management, billing 

digital management (DRM), metadata etc. In the traditional broadcasting all these 

functions were designed as pre processed passive information with in the data. But in 

IPTV all of these auxiliary systems can be iterative. This allows subscribers to change 

subscription, perform instant purchase, voting etc. So, auxiliary systems become more 

complicated as more advanced features are designed to offer in an IPTV services. This is 

one of the complex areas where telecommunication operators usually have more focused 

than traditional broadcasting operator.

2.5.6 Set-top boxes

Set-of box is a piece of hardware that takes IP packets with encoded video and decodes 

that video content and then displays it on a television. It works as a decoder. Most set-of 

boxes are like mini computers which run embedded software and provide user interaction 

through graphical interface. Basically a set-of box communicates with auxiliary system 

for user interactivity and representation. In addition, set-of boxes include some local 

recoding functionality.
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2.6 Middleware for IPTV

For IPTV the term middleware describes the software packages to deliver IPTV service

[32]. There are a variety of vendor’s available with their own unique approach to IPTV. 

The middleware selection by a service provider can impact the IPTV network 

architecture. The middleware is basically a client server architecture where the client 

resides on the STB. The middleware controls the user interaction with the Service and, 

plays a significant role in controlling the users all types of experience. For example, the 

user Interface and services available to a consumer are made available and controlled by 

the middleware. This middleware software package handles user authentication, channel 

change requests, billing, VOD requests etc.

2.7 IPTV Quality of Services

QoS is very important requirement for IPTV as it is a real-time service. For IPTV service 

it’s very difficult to maintain QoS. Specifically IPTV QoS affect on packet loss, packet 

reordering, packet duplication, and packet faults latency and jitter.  A small amount of 

delay does not directly affect the quality of experience of IPTV.  But a delay longer than 

1 second may result a much worse QoS toward end-user experience.  Therefore the 

packet loss rate must be lower than 610 , in order to have less than one visible art effect 

per movie on the TV screen. There are some standards (table 1-1) given by ITU-T J.241 

for classified IPTV services [36] [37].  Exact PLR requirements for video have not yet 

established.  

Packet loss ratio (PLR) QoS

PLR  510 Excellent service quality (ESQ)

510   PLR 410*2  Intermediate service quality (ISQ)

2* 410 < PLR < PLR_out = 0.01 Poor service quality (PSQ)

PLR_out = 0.01 < PLR IP end-to-end service not available

Table 2.1 PLR for IPTV Service [34]



                                                                      Study of Reliable Multicast for IPTV Service

22

2.8 Differences between IPTV and Internet TV

As the battle for viewer attention rages on, everyone from the cable operators to media 

service provider are scrambling for the best way to bring content to their end users.  The 

main issue to this battle is the choice between delivering video over the Internet (Internet 

TV/Video) and using an IPTV infrastructure to viewer living rooms.  Recently IPTV 

showing great promise to the end users with its many attractive features compare to 

traditional IP service. There are some basic difference of these two types of delivery has 

been shown on table 2.2 [32].

               IPTV           Internet TV 

Coverage area Limited operator area (Local) Potential worldwide

End User Basically known user Any user in the internet

Video Quality Guaranteed and Control QoS QoS is not guaranteed

Video format 

Technology

MPEG-2,MPEG-4,Microsoft 

VC-1

Windows media, quick time flash 

etc. 

Receiver 

Device

Display monitor with set top box Personal computer

Reliability Secure and reliable transmission Reliability of transmission depends 

on the connection type.

Security Usually IPTV customers are 

authenticated, and contends of 

IPTV is protected. 

Internet IP is open for all

Table 2.2 Differences between IPTV and Internet TV [32]
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Chapter Three

 IPTV Multicast Architecture

IPTV is an up coming matured technology for the delivery broadcast TV and other rich 

interactive and multimedia services over IP back bone data network. IPTV is distinctly 

different from internet video which allows user only to watch movie without any end to 

end management and quality of service considerations. IPTV Offers attractive revenue 

generating services like delivering of voice and data and video. There fore to deliver this 

new and attractive technology to the end users a proper and resilient architecture is 

required. Siemens and juniper network developed a complete solution to help service 

providers to introduced IPTV successfully. Based on their solution, in this chapter we 

have provided an overview of IPTV Service architecture.

3.1 Service Architecture

Basically IPTV service architecture has two main parts[39]. First one is Access Network 

and second one is Core Network. IPTV traffic is sourced from Super Hub Office (SHO).

For reliable video transmission there are two SHO are placed. It is assume that both SHO 

are always alive to ensure rapid recovery in the case of one SHO is fail. In general, feeds 

for the broadcast video service are located in SHO. This site contains the real-

time encoders used for the broadcast video service, along with the asset 

distribution systems for on-demand services. This site may also contain back-

office systems such as the subscriber database. Video streams are transmitted from 

the SHO to receive at Video Hub Office (VHO). At VHO video streams are further 

processed and transmitted out towards the IPTV receiver. The VHO is where the majority 

of the video pumps used for on-demand services are typically located. It is also where the 

real-time encoders for local television stations reside. A VHO typically serves a 
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metropolitan area of between 100,000 and 1,000,000 homes. Transport for video traffic 

between the VHO and IP/MPLS core network is provided by a distribution edge routers 

(DER) [43]. These routers are interconnected to the core network with the access 

network.

             

SHO SHO

Core Network

Access Network

Access Network

Access Network

VHO

VHO

End user End user

End user End user

End userEnd user

Backup SHO

Fig 3.1 Service Architecture of IPTV

3.2 Core Network

For core network design it is consider that the network as an IP backbone network. There 

are two types of approaches are consider for designing core network. The main task of 

core network is to carry IPTV traffic from SHOs to VHOs. At IP based core network the 

unicast traffic is routed by using OSPF or IS-IS routing algorithm based on traditional 

Interior Gateway Multicast Protocol (IGMP). These algorithms route traffic over the 

shortest path between source and destination, based on the administrative weights 

assigned to each network link. For multicast traffic, a single multicast tree connects the 

two SHOs and all the VHOs. The SHOs are assigned a common anycast source address 

so that each VHO is routed to the nearest SHO as it joins the multicast tree. Thus traffic 



                                                                      Study of Reliable Multicast for IPTV Service

25

is transmitted from the nearest SHO to each VHO. Then each VHO receives a single 

copy of the multicast traffic at any given point in time. If a link from SHO to VHO goes 

down then the backup link from SHO will delivery data to that VHO. This creates 

redundancy of SHO. VHO is automatically re-routed to the SHO if any failure occurs. 

There are two ways IPTV core network can be design. First one is integrated on existing 

IP backbone. Second one is Dedicated Overlay with Existing IP Based Network [39].

3.2.1 Integration with an Existing IP Backbone

In the case of existing IP backbone core network design for IPTV, it is assume that 

service provider already has IP network over which they will provide IPTV traffic to the 

customer. Here the links between the backbone routers are shared and the links between 

access routes dedicated for IPTV services. The main advantages of this kind of design is 

to Utilizing an existing infrastructure enables rapid deployment of the new services, with 

minimal overhead and efficient utilization of the network resources.  

Fig 3.2 Core network of IPTV with existing IP back bone
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3.2.2 Dedicated Overlay with Existing IP Based Network

Here it is consider a network provider overlaying a dedicated topology on top of an 

existing network infrastructure. This is implemented by using links between the common 

backbones routers are dedicated along with the existing backbone routers links that will 

support only IPTV traffic. The main advantage of this design lies in performance 

management as the links are dedicated for IPTV traffic. Here also the links among the 

access routes is also dedicated. 

Separate backbone for IPTV

        Fig 3.3 Core network of IPTV with separate IP back bone
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3.3 Access Network

When building an IPTV-capable broadband access network, it is efficient to design 

access network based on VLAN [40] [42]. VLAN not only limit the broadcast domain 

but also potentially ensuring that subscribers cannot see each other’s information and 

reducing network traffic. The DSL Forum has recently finished the specification for the 

fundamental architecture for Ethernet based DSL access networks, which includes also 

definitions for the delivery of multicast services. They have differentiates between two 

different approaches for connecting broadband DSL users to the access network, first one 

is known as VLAN per subscriber or customer VLAN and second one is also known as 

VLAN per service or service VLAN mode.

3.3.1 VLAN per subscriber

In the VLAN per subscriber model, there is a dedicated VLAN for each subscriber. This 

model also known as 1:1 model or C-VLAN [40] since there is one VLAN for each 

subscriber. The main feature of this model is that, it puts the subscriber in the centre of 

the consideration and provides simple connectivity to the IP network for delivery of

multiple services. The C-VLAN is created between the access elements (ONT/OLT, 

DSLAM) and BSR, in order to carries all traffic for all services to and from each 

individual subscriber. As in this model a C-VLA to a subscriber, a single physical 

connection from the DSLAM to the edge router can support 4095 subscribers (assuming 

that VLAN stack is not used). That means each DSLAM can support 4095 subscribers 

(4).  Figure 3.4 showing a general customer VLAN model.
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Fig 3.4 Access network of IPTV with VLAN per subscriber model

Besides this VLAN stack is used in the large network to increase VLAN scaling beyond 

4095 and distinguish between physical locations in the network. The inner VLAN tag 

identifies the customer’s port at the DSLAM. The outer VLAN tag identifies the DSLAM 

and can be added by the DSLAM or by the next aggregation switch. This approach is 

only used when all the services are provided by a single IP edge router.

The main advantage of this 1:1 mapping is that, it can enable the edge router to 

efficiently manage the bandwidth for each subscriber. This typical mechanism first limits 

the traffic to each DSLM then save the bandwidth to each subscriber on the  DALM and 

allocate this bandwidth to the other broadband application currently bring used [40].

The drawback to the 1:1 mapping is that C-VLANs are point-to-point paths which do not 

natively support distributed multicast replication between C-VLANs.

So a pure C-VLAN model works well if and only if most television traffic is expected to 

be Video on demand which is unicast to each customer.
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Besides the customer VLAN (C-VLAN) a special multicast VLAN is used. The multicast

VLAN is a kind of service VLAN and it has single tagged only. The Multicast-VLAN is

used for distributing the multicast traffic from the IP edge to the DSLAM and for 

transporting IGMP messages between the multicast router and the multicast hosts. 

  
Fig 3.5 Access network of IPTV with CVLAN model

In this model, there is one customer VLAN per subscriber which carries all unicast traffic 

(Internet access, VoIP, VoD). In addition, one VLAN carries multicast traffic to all 

subscribers. Therefore, if there are N subscribers, the network supports N+1 VLANs.

3.3.2 VLAN per Service

There is a shared VLAN is used to deliver services to customer in the VLAN per service 

model. This model is also known as the N:1 model or service VLAN model, since 

multiple subscriber shares each VLAN and each service is separated by each VLAN.

Basically this model is used when IPTV service is introduced onto an existing broadband 

network. The advantage of this model is the lower risk of disrupting the existing service, 

as different services are putting on different VLAN.
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Fig 3.6 Access network of IPTV with VLAN per service model
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Chapter Four 

             Overview of Multicast at Network Layer

Multicast [4] refers to send one copy of datagram from a source to a subset of 

destinations simultaneously by using the most efficient way over each link of the 

network. While sending, it creates copies of datagram only when the links to the 

destinations are split. In multicast, the sender has to send every datagram only once to the 

destination and on the physical link, there can be at most one copy of the datagram. In 

compare to broadcast, only the related senders and receivers join in the transmission and 

reception of multicast datagram. The figure 4-1 in below is an illustration of that concept.

    

             Fig: 4.1 (a) Unicast, (b) Multicast and (C) Broadcast

For example, the Source wants to transmit data to the destinations, Host 1 and Host 2. In 

unicast, the Source needs to send a copy of the datagram for Host 1 and Host 2 separately 

and duplicate copies will be appeared on links which is shown in figure 4-1(a). In 

multicast, the Source have to send one copy of datagram to each intermediate node, 

copies the datagram and sends it to the outgoing links. There is no duplicate packets 
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present like in unicast which is shown in figure 4-1(b). In broadcast, the Source sends one 

copy of datagram to each outgoing link at each intermediate node. For that reason, the 

Host 3 that does not require a copy of datagram, will get a copy of the datagram, like in 

figure 4-1 (c). So, in case of broadcast, unnecessary packets will travel through the 

networks. 

4.1 IP Multicast addressing

Every host must need to know the address of a multicast group to send data to a multicast 

group or join to receive data from a group.  There are five classes of address in IPv4 

address [5] format namely A, B, C, D and E. For unicast routing, Class A, B, and C 

addresses are used between hosts in the Internet. For multicast routing, only Class D 

addresses are used. Class E is reserved for future use. An IPv4 address for has given 

below in Figure 4.2.

.

Fig: 4.2 IPv4 address format

However, it is not efficient to use IP address in class-based format as given above. 

Suppose a company ask for class B address for 1000 computers but it has the high risk 

that most of the allocated IP address leave unused. For avoiding the problem of 

inefficient use of IPv4 address, Classless Inter Domain Routing (CIDR) is proposed. In 
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CIDR, the address is used with a network prefix instead of network ID in IPv4. For 

example, a CIDR address is 208.80.20.0/22. Here /22 means that in CIDR first 22 bits 

will be used as network ID, and the rest 10 will be used as host ID. 

IP multicast assignment is controlled by The Internet Assigned Numbers Authority 

(IANA). The range of IP multicast group address is 224.0.0.0 to 239.255.255.255 or 

224.0.0.0/8. There are many multicast addresses is assigned for using permanently. There 

are some examples of permanently assigned multicast addresses given below in table 4.1 

[5].

Address Meaning

224.0.0.0 Based Address

224.0.0.1 All systems in this subnet

224.0.0.2 All routers in this subnet

224.0.0.3 Unassigned

224.0.0.4 DVRMP routers

224.0.0.5 OSPFIGP all routers

224.0.0.6 OSPFIGP designated routers

224.0.0.12 DHCP server

224.0.0.13 All PIM routers

Table 4-1: multicast table assignment

4.2 Internet Multicast Routing Protocols

The first Internet multicast model [7], has been proposed and described by Steven 

Deering in the late 1980s and from the beginning of 1990s it has been tested and 

implemented on the Multicast Backbone (MBone). He proposed the Network Layer (IP) 

multicast model based on a notion of a group. In this system all interested host form a 

multicast group for communicating with each other. Each of the multicast group is 

identified by a special multicast address called class-D address. Every host who want to 
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receive data, they must have to join in a particular multicast group by contacting the 

routers that are attach to that group using Internet Group Management Protocol version 3 

(IGMPv3) [10].  After joining to a multicast group, a host can receive all data that are 

sent for that belonging multicast group without knowing the source address. However, IP 

multicast is not yet widely deployed. There are some technical and non-technical issues 

open for further investigation to meet with the requirements suitable multicast, like 

scalable multicast routing, reliable multicast routing, resilient multicast routing and 

multicast flow and congestion control. At presently, the Internet multicast group 

architecture consists of group management protocols, routing protocols, and transport 

protocols which are described below. In the multicast architecture, group management 

protocols are used for the hosts to report their group membership information, group join 

and group leave information to the multicast routers on the subnet. Nowadays, Internet 

Group Management Protocol (IGMP) [7] is used in the internet multicast as the group 

management protocol. There are some new protocols are also in the research such as the 

Receiver-initiated Group Membership Protocol (RGMP) [8].

4.3 Internet Group Management Protocols

All IP hosts use the Internet Group Management Protocol (IGMP) [7] to report their host 

group memberships to multicast routers. IGMP has three versions such as IGMPv1, 

IGMPv2 and IGMPv3.

4.3.1 IGMP Version 1

In IGMP version 1 [7], hosts can only join in multicast groups. There is no leave 

opportunity. In this version, a timeout based mechanism is used by routers to discover the 

groups that are uninterested to the members. This is the first version that used widely in 

Internet multicast. 
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4.3.2 IGMP Version 2

In IGMP version 2 [9], a leave message opportunity that was not available in IGMP v1 

has added to the protocol. For this leave facility, termination of group membership is 

reported quickly to the routing protocol, which is important for high-bandwidth multicast 

groups. Moreover, IGMP version 2 support low leave latency which reduces the time for 

a multicast router to know that there are no longer any members of a particular group 

present on attached network. This is a most important improvement than version 1.

4.3.3 IGMP Version 3

IGMP version 3 [10] is a most enhancement version. In this version, source filtering 

facility is added for which host can specified the interest in receiving packets from a 

specific source address. IGMP version 3 is designed to be interoperable with versions 1 

and 2. The most important advantage of IGMPv3 is that it is interoperable with IGMPv2.

Here is a study of IGMP versions for IPTV service [28]: IGMP version 1 do not used for 

IPTV as it does not support leave capability. IGMP version 2 and 3 both can be used for 

IPTV. IGMP version 2 supports Any Source Multicast (ASM) networks.  Most deployed 

IPTV clients support IGMP version 2. The major enhancement in IGMP version 3 is 

support for Source Specific Multicast (SSM). This is an important security enhancement 

since it prevents clients from receiving traffic generated by other subscribers on the 

network.  IGMP version 3 is a backward compatible with IGMP version 2.

4.4 Multicast Routing Protocols

The aim of the multicast routing protocols is to make an efficient multicast datagram 

transmission between sources and receivers on the internet. A natural tree structure is 

considered for multicast routing [12]. In multicast, there are two multicast tree namely, 

source based tree and shared tree, are used which is given in Figure 4.3. In source based 

tree (Figure: 4.3-a), sources use the shortest paths to reach their host subnets. But in 
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shared tree (Figure 4.3-b), the sources first send their data to the core router to reach the 

hosts subnet. In a source based tree, the source act as a root of the tree where branches of 

the tree are the paths toward the receivers. So, for each source sending data to each group 

consists of a separate tree. This tree is called as a Shortest Path Tree as it builds a union 

of shortest paths throughout the network. As source based trees use the shortest path for 

minimum delay, these structures are appropriate for areas where group members are 

densely distributed. In case of shared tree, there is only one common root shared by all 

sources in the group which placed at some chosen point in the network. This common 

root is called the rendezvous point (RP). In this shared tree, all traffic is sent from source 

to the root (RP), and then all the traffic is forwarded down the shared tree to reach all 

receivers.  So, shared trees have longer delays as packet requires first to send the RP 

before distribution but it has better resource utilization than source based trees, while 

increasing the traffic concentration. Moreover, it requires less router state to be 

maintained then source based tree.

Fig: 4.3 (a) Source tree and (b) Shared tree
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Nowadays, there are many multicast protocols available to support multicast 

communication. Some of them use source based tree approach like Distance Vector 

Multicast Routing Protocol (DVRMP), Multicast Open Shortest Path First (MOSPF) and 

Protocol- Independent Multicast Dense Mode (PIM-DM) and some of them use shared 

tree approach like Protocol-Independent Multicast Sparse Mode (PIM-SM), Core-Based 

Tree (CBT) and Border Gateway Multicast Protocol (BGMP).  If needed, PIM-SM can 

be switched to a source based tree. Here we are going to describe some of the most 

important protocols that are mostly used for multicast routing nowadays.  

4.4.1 Distance Vector Multicast Routing Protocol (DVMRP)

The DVMRP protocol [13] uses distance vector algorithm to construct the multicast tree. 

In DVMRP, a multicast router controls the correct interface for the received packet 

whether the same interface in used to send data to the sender. If the information is correct 

then the packet is forwarded according to the outgoing interface list of the corresponding 

source-group pair (S,G) entry; otherwise, it will be discarded. This process is known as 

Reverse Path Forwarding. The outgoing interface of (S,G) entry list includes all the 

interfaces without the incoming one. By sending prune messages from downstream 

routers some of the outgoing interfaces can be pruned. The router, which do not used as 

upstream router or want to receive data from the group G. The specific pruned interfaces 

then restored after a certain time-out period. So, for maintaining an interface pruned, 

downstream routes have to send prune messages periodically. This process is called flood 

and prune [13]. The DVMRP works as follows: suppose a source X wants to send a 

multicast traffic to the group members Y and Z. First, the X will sends the datagram to 

the multicast address of the target group, and then a router receiving the datagram checks 

the multicast routing table for the target group. If there is no route information in the 

router for that groups it forwards the packet to all connected links without the incoming 

one. The routers without downstream group members called Leaf routers send an explicit 

prune message to upstream for avoiding unnecessary datagram. Finally, the forwarding 

paths that are not pruned make a multicast tree from the source to the group members.
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4.4.2 Multicast Open Shortest Path First (MOSPF)

The MOSPF [17] is an extension of the link state routing protocol OSPF version 2 to 

support multicast routing. In MOSPF, each router has the whole network and 

membership information. A MOSPF router distributes this information by flooding a link 

state advertisement, called a group membership LSA. In MOSPF, routers advertise their 

local state information periodically to the network, and each router collects this 

information in a link-state database. Based on the arrival of the first data packet for a 

group, each router builds the shortest path tree whose root is the datagram source. Each 

router maintains this tree construction knowledge for future usage. 

4.4.3 Core Based Tree (CBT)

In CBT [16], a core router acts as the root of the shared tree for each group. When a 

sender sends datagram to the group, the datagram first reach its core router. Then the core 

router forwards the datagram to its any neighbors in the multicast tree. After receiving a 

datagram, router sends it out to all its interfaces in the shared tree except one from which 

datagram comes. In CBT, the style of tree construction is called bidirectional shared tree. 

The main problem in CBT is core placement. 

4.4.4 Protocol-Independent Multicast (PIM)

At present, Protocol-Independent Multicast (PIM) is mostly used for multicast routing. 

The “protocol-independent” part refers to the fact that PIM does not include its own 

topology discovery mechanism, but instead uses routing information supplied by other 

traditional routing protocols such as Border Gateway Protocol. 

There are four types of PIM:

 PIM Sparse Mode (PIM-SM) [46] is used where subscribers of a particular multicast 

group are sparsely distributed in the network. PIM-SM by default uses unidirectional 
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shared trees rooted at some selected router called Rendezvous Point (RP). Before 

sending data, source encapsulates data in PIM control messages and sends it to the RP 

by unicast. This encapsulation is done in a source local router called Designated 

Router (DR). The DR is elected from all PIM routers which restrict sending 

unnecessary control messages. When required PIM-SM can switch from the shared 

tree to the shortest path tree.

 PIM Dense Mode (PIM-DM) [46] is used where subscribers of a particular multicast 

group are densely distributed in the network. PIM-DM use only source based trees 

where multicast traffic is flooded to all parts of the network. So, it does not require 

RP. When there is no interested host in the router, then it sends a prune messages to 

remove them from the tree. PIM-DM is more efficient where all receivers are 

interested in receiving data but it does scale well for the larger domain where more 

receivers are not interested for data.

 PIM Source Specific Multicast (PIM-SSM) [11] constructs a tree rooted in just one 

source which offers a more secure and scalable model for a limited amount of 

applications such as broadcast service. In PIM-SSM, source S sends an IP datagram 

to an SSM destination address G, and by subscribing to channel (S, G), receivers can 

receive this datagram.

 Bi-Directional PIM (BIDIR-PIM) [46] is based on PIM-SM. The main difference 

between BUDIR-PIM and PIM-SM is in the way of sending data from source to RP. 

As we described, PIM-SM sends data from source to RP by encapsulating or using 

source based tree whereas BIDIR-PIM uses shared tree which in bi-directional. 

4.5 Inter-domain Multicast Solutions

The multicast routing protocol described so far apply to multicast routing protocol within 

a single domain. In this section we are going to describe two most important inter-domain 

multicast protocols namely Multicast Source Discovery Protocol (MSDP) and Boarder 

Gateway Multicast Protocol (BGMP).
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4.5.1 Multicast Source Discovery Protocol (MSDP)

Currently, Multicast Source Discovery Protocol (MSDP) [26] is the most commonly used 

for inter-domain multicast solutions. It is a mechanism to connect PIM Sparse-Mode 

(PIM-SM) RP in different domains to exchange information about the multicast source in 

their domains. It works as follows:

The PIM-SM RPs run MSDP in each domain and then it communicates with MSDP of 

another domain’s RP via a TCP connection. In this way, MSDP peer sets up TCP 

connections between themselves for exchange information about sources for particular 

groups in different domains. When a local RP receives a PIM Register message from an 

active source in its domain, it sends Source Active (SA) messages to its MSDP peers 

which contains the address of the source, the multicast group address, and the address of 

RP which sending SA message. As long as the source is active, these SA messages are 

sent periodically. After receiving the SA messages, each MSDP peer checks the receivers 

in its local domain whether any of them are interested for receiving the traffic from the 

advertised source. If any receiver is interested then that RP will send a PIM-SM join 

message back to the source directly by creating a forward tree towards the sender. 

The importance of MSDP is that it is easy to implement. In addition, it does not require 

depending on competitor’s RP for transmitting multicast traffic. However, MSDP is not a 

long term solution for inter-domain multicast due to scalability, join latency and burst 

source problems. Scalability problem arises as the amount of SA messages flowing over 

MSDP would become too large to handle.  Join latency problems which arises due to the 

SA message that discarded by RPs without receivers for the particular group.     

         

4.5.2 Border Gateway Multicast Protocol (BGMP)

A long-term solution is currently being investigated to allow full inter-domain multicast 

routing in a network with domains running different multicast routing protocol called 

Border Gateway Multicast Routing Protocol (BGMP) [26]. BGMP is not yet deployed 
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but it could be the answer for inter-domain multicast. It supports both Source-Specific 

Multicast (SSM) and Any Source Multicast (ASM) models and it allows receivers to 

construct the bidirectional inter-domain shared trees.

4.6 Multicast service models (ASM and SSM)

Any Source Multicast (ASM) [26] is known as the most traditional multicast model. It is 

an open model where any host can join and leave a given multicast group any time from 

any location. In ASM, source sends packet to the group address and then it is delivered to 

the all members of the group. Moreover, it is not required for sender to be a member of 

the particular group. This model supports both source-specific and shared tree. 

Up to now, this Model is being supported by all multicast-enabled networks. But this 

model has been experiencing by some deployment problems such as address collisions as 

same address can be possible to use by another multicast group. So, it is difficult for a 

group to find a unique multicast address. Moreover, in this model receivers do not know 

about the sources from which they want to receive traffic, so they are easily affected by 

flooding attacks. 

To solve those problems in ASM model, the new multicast service model know as Source 

Specific Multicast has been developed. In SSM [26], traffic is delivered from only one 

specific source to the receivers of the group. With SSM a host identifies a channel with 

only one source and many receivers (S,G). Here S is the source address and G is receiver 

address. When a receiver (G) wants to receive multicast traffic from source (S), it needs 

to subscribe to (S,G) channel. Then source (S) transmits traffic to receivers in a per-

source basis. Thus for every group the source is different from one another which

resolves the address collision problems in ASM. In SSM, no other source is allowed to 

send traffic on the same channel when one source is busy in sending traffic. So, this 

model is simplifies the inter-domain multicast routing as there are no need for shared 

trees.   
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4.7 Advantages and Disadvantages of IP multicast

IP multicast is the most efficient way to meet with the new emerging Internet 

applications, as it is able to reduce the load on the server, since the server has to send 

only one packet per link, instead of multiple packets to different receivers. In addition, 

the overall network load i.e. overall bandwidth consumption reduce dramatically by using 

the multicast as only one copy of data packet is transmitted. Moreover, it reduces the cost 

of network resources by conserving bandwidth and server and network processing. 

  

However, the deployment of IP multicast is not up to satisfactory for its complexity and 

some technical and non-technical limitations such as maintaining routers in per group-

state, scalability, reliability, and congestion control and security problems. 
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Chapter Five               

      PIM at Network Layer for IPTV

In the previous chapter we have described some multicast routing protocol for the 

network layer. In this chapter, we are going to describe a widely used multicast routing 

protocol namely Protocol Independent Multicast (PIM) for the better understanding of 

multicast routing. At present, either PIM-SM or the new protocol PIM-SSM have been 

using in the IPTV core network for distributing multicast traffic throughout the IP 

backbone. 

5.1 PIM-SM

The Protocol Independent Multicast Sparse-Mode (PIM-SM) [11] is the most widely 

deployed protocol for IPTV service in Network Layer.  In PIM-SM, edge router remains 

unaware about the source from which multicast data can be provided for a certain 

multicast group G. PIM-SM creates a single multicast routing tree before sending any 

data. This tree is rooted at a core rendezvous point (RP) for all multicast group members 

within a domain. Receiver sends their interest to join a particular multicast group G via 

IGMPv1 or IGMPv2. A Designated Router is elected from one of routers in the receiver’s 

LAN which is responsible for joining the multicast group and forwarding multicast traffic 

to the LAN. It works as follows: when a receiver wants to join for receiving multicast 

data, it sends a join message to its DR. The DR then sends a PIM (*, G) Join message 

towards the RP for that group. All join messages from the receivers to RP form a shared 

distribution tree for G called Rendezvous Tree (RPT). When a source multicast a packet 

to the group, the DR on the source’s LAN receives that packet and then it unicast to the 

RP after encapsulating in a PIM register message. The RP then encapsulates and forwards 

the packets down the shared tree (SPT) to the receivers. In this way, the PIM-SM works 
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to send data to the all interested receivers. If there is no interested receivers in the DR, it 

will remove the tree by sending a PIM (*, G) Prune message towards RP.  

    

             
          Fig: 5.1 PIM-SM at core network 

Data distribution using shared tree can be effective for the large number sources since 

forwarding on the shared tree is performed only by using a single multicast forwarding 

entry. But the process of encapsulation and decapsulation before forwarding of the data 

packet is expensive in terms of router CPU time. Moreover, there are many cases (e.g. 

Internet broadcast type streams) where shortest path is most efficient in forwarding 

packet from a source to a receiver. Therefore, PIM-SM allows a designated router serving 

a particular subnet to switch to a source-based shortest path tree in which encapsulation is 

not needed. In source based tree, when receiver sends a join message, the DR sends a (S, 

G) message to the next upstream router by specifying both the source for the multicast 

data they would like to receive. This Join message is forwarded hop-by-hop to the up 

stream router up to reaches either a router on the same LAN as S or another router which 

already consists a (S,G) where it forms a source based distribution tree called shortest 



                                                                      Study of Reliable Multicast for IPTV Service

45

path tree (SPT). This (S,G) data forwards to the RP from natively down SPT and then the 

RP forwards data on down to the RPT. For inter domain routing, RP use Multicast Source 

Discovery Protocol (MSDP) to know about sources in other PIM domains. When an 

active source is identified then RP join that source by shortest path tree and forward data 

down the local shared tree to the receivers.

5.2 Limitations of PIM-SM service mode

Though PIM-SM service model has several advantages like well scalable across the large 

networks, it can be used for either shared trees or source based trees, it is not a good 

model to implement for multimedia service as it has several limitations with using 

IGMPv2/PIM-SM and MSDP which are as follows: first of all, PIM-SM’ s shared tree 

mechanism and MSDP represents unnecessary interim mechanisms, contributing to join 

latency and operational overhead until the final shortest path tree is constructed when the 

source address is well known before the receiver joining the group and the shortest 

forwarding path is the preferred forwarding mode. Secondly, when a receiver can not 

identify from which particular source it would like to receive multicast data to join a 

given multicast group. Then a receiver will be forwarded all sources to that group. 

Thirdly, address collision is the biggest deployment challenge of the inter-domain 

multicast. At present, there is not a single mechanism for preventing an application from 

sending to any multicast address. So, it is a high risk of address collisions among multiple 

applications.

5.3 PIM- SSM 

   
The PIM-SSM is a method of multicast forwarding which uses shortest path tree to 

particular sources described by users using IGMPv3. For SSM, IANA has allocated IP 

addressed of 232.0.0/8 in which SSM is the sole forwarding model.  In the PIM-SSM, the 

edge routers need to know about the IP address S of the multicast source providing the 
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multicast group G. When a receiver wants to join in multicast group G for receiving 

multicast data, a receiver DR issues a PIM Join request to the corresponding source 

directly. This Join request is then forwarded to the multicast source via the shortest path 

until it reaches a router who already knows about the multicast group G. The present SPT 

is then forwarded down to the requesting edge router.   

Basically, there are two methods to know the IP address S of the corresponding multicast 

source by edge router [2]:

 The interested receiver can use IGMPv3 to sends the request for a specific 

multicast group address G and in each IGMP join message, it can explicitly 

consists the multicast source address S.

 By configuring the edge router making to know about a fixed mapping G  S. So, 

whenever any Join message (IGMPv1/IGMPv2 or IGMPv3) occurs without 

specifying the particular IP address of the multicast source, the edge router can 

use this specific mapping to determine the absolute multicast source for multicast 

group G.  

    Fig: 5.2 PIM-SSM at core networks
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5.4 Advantages of PIM-SSM

There are several benefits of PIM-SSM which mitigates the problems of PIM-SM. These 

are as follow: PIM-SSM solves the problem of access control mechanism in PIM-SM. As 

describes earlier, in PIM-SSM only one source is allowed to transmit to a channel (S, G), 

where G is an SSM address and also each receiver can specify only a single source from 

which it is interested to receive data. Also, the elimination of shared tree forwarding 

reduces in consuming network resources. Moreover, The source (S) transmits traffic to 

receivers in a per-source basis which is as like as SSM addresses are” local” to each 

source. Thus for every group the source is different from one another which resolves the 

address collision problems in PIM-SM. Furthermore, there is no required for RP-based 

shared tree or MSDP for source discovery as the multicast tree in SSM is always rooted 

at the source S for an SSM channel (S, G). So, complexity of multicast routing 

infrastructure for SSM is reduced which makes immediate deployment easier. Last but 

not least, a large portion of Internet multicast application space has been holding by 

point-to-multipoint such as IPTV. To handle this case, the SSM model will be most 

efficient as sources are well known.   
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Chapter Six

Overview of Multicast at Application Layer

In application layer multicast (ALM), all multicast related tasks such as group 

membership management and packet replication are handled by the end systems. The end 

systems self organise into a logical overlay network and multicast data using the overlay 

edges which are unicast tunnels. So ALM bypasses the need to modify the network 

infrastructure, thus enable instant deployment of multicast services in the Internet. But 

application layer multicast protocols must send the identical packets over the same link,

which are less efficient than native multicast. Figure 6.1 shows the basic idea of 

application-layer multicast.

           

           ………………… connection between overlay node to end host

            ………………… connection between Overlay nodes

Fig 6.1 Overlay network for ALM

6.1 Types of Application Layer Multicast

Over the last few years many research going on to overcome these draw back of 

application layer multicast. Some solution comes as overlay network can provide 
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topology aware multicasting. This technique can make Al multicast more efficient. So 

depending up on how the overlay nodes are selected, Application layer multicast can be 

classified into various ways [24].

 Al multicast on types of way point multicast.

 Al multicast on types of overlay multicast.

 Al multicast on types of P2P multicast.

6.2 Deployment level of AL Multicast Protocols

Application layer multicast protocols are deployed at the infrastructure level (proxy 

based) or end system level [27]. For the proxy based ALM protocol, there are some 

dedicated servers or proxies on the internet where these proxies self organize themselves 

into an overlay network to provide secure and efficient multicast service to then end 

hosts. On the other hand unlike proxy based, end system level Al protocols end hosts 

have the capability to perform multicast functionality as well as data forwarding 

responsibility.

                            

                                                                                                    
                Fig 6.2 Proxy Based ALM
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The key advantage of proxy based ALM protocols is that it can take advantage of current 

IP multicast by including a representative of an island as an overlay node. There fore it 

increase efficiency of AL multicast and decrease the over head at the end host from any 

data forwarding responsibility. But in order to deploy this approach it needed to placed 

proxies over the inter network which is not cost effective approach. This approach is also 

less optimizes because it can not provide general multicast service rather than services 

specific to a particular application.

                
                       Fig 6.3 End to End system ALM

On the other hand End system ALM protocols are more flexible and adaptability and easy 

and immediate deployment than proxy based. But end system can scale well for the large 

number of users. 

6.3 Approaches AL Multicast Protocol

Application layer multicast protocol organise group members in to two topologies. One is 

control topology and another one is data topology. Control topology is periodically 

exchanges the refreshment messages to identify and track the ungraceful departed 

member from any group. And data topology usually identifies the data path for a 
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multicast packet. Now depending upon the sequence of construction of the control and 

data topology, application layer multicast protocol has four different approaches [26].

 Mesh first approach

 Tree first approach

 Implicit approach

 P2P overlay

6.3.1 Mesh first approach 

In the mesh first approach group members first organize themselves distributedly in to 

the overly mesh topology, so that there are multiple path exits each pair of member. Then 

a source specific tree rooted at any member created using well known multicast routing 

mechanism, e.g. DVMRP. NARADA and SCATTERCAST are most representative 

protocols belonging to this class.

NARADA

NARADA [26] [21] was one of the first application layer multicast protocols which 

provided the capability of implementing multicast functionality at the application layer.

Mesh Construction

During the mesh construction each member in a group or node in that mesh maintains the 

list with the current state of the other entire members in that particular group. When a 

new member that wants to join that multicast group, it first obtains the list of group 

member that are already joined to the mesh. This list information can be typically 

obtained from the rendezvous point (RP) with the help of a bootstrap protocol. New then 

subsequently sends the join request message to some of the randomly selected member 

from the list and tries to join the group as their neighbour. The join procedure succeeds 

when at least one member accept the new member join request. After joining the group, 
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New will then start exchanging period refresh message with its neighbour on the mesh. 

And this information will further propagate until it reaches to all the member of the 

group. Similarly if any member wants to leaves the group, it will send a leave request 

message to the neighbour on the mesh and this message will propagate to all the member 

of the mesh.

Tree Construction

In NARADA, the multicast data delivery tree is source based tree. The multicast data 

delivery path is computed by using well known Reverse Path Forward by any specific 

member of the group. The following figure showed an example of such tree. 

Design Goal

The main design goal of NARADA protocol is robustness. 

Limitations

Due to some reason NARADA protocol design is not optimal,

 Initial neighbour selection by a new node is random.

 Links created is very important during the partition reparation but later it become 

superfluous.

 Nodes join and leave group dynamically.

 Quality of data path depends on the quality of the link that constitutes the mesh.                                                            

      

node 2

node 1 node 4

node 3

node 5

node 5
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                  Fig 6.4 Mesh structure of NARADA Protocol

Deployment level

This protocol deployed at End to End ALM system.

6.3.2 Tree first approach

Unlike mesh first approach, protocols belonging to the tree first approach construct a 

shared data delivery tree directly. In this approach, members organize themselves by 

choosing their parents in the tree. The choice of parent is very important for the 

efficiency and performance of the tree. Choosing appropriate parent, the members of the 

group organize themselves in the tree and discover some other members that are not their 

neighbours on the overlay tree and set up the additional links to these members. Banana 

tree protocol, Host multicast tree protocol, YOID, ALMI are the most useful protocol 

under this approach. The protocols of this approach differ among themselves in the tree 

building algorithm.

YOID

Like NARADA, YOID [26] [21] is one of the first application layer multicast protocol in 

the group of tree first approach. Unlike mesh first approach which has indirect control on 

the tree structure, YOID creates data delivery tree directly and YOID has a direct control 

over the different aspect of the tree structure. Therefore in YOID, the quality of the data 

delivery does not depend on the quality of the mesh.

Tree construction

Like all protocol based on this approach maintain a shared tree. The entire member in a 

group is equally responsible to finding its appropriate parent on the tree. Each member on 

the tree has some imitation to adopt number of child on the tree that it is willing to 
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support. When a new member wants to join a group, it starts to find a parent by 

contacting a rendezvous point on the group. RP then responds the newcomer by 

providing a list of current and randomly selected members. If in any case the joining 

member is the first node of the group, it becomes the root or it can select any one member 

from the list as a parent.

Mesh construction

During the mesh construction each member on the shared tree finds a few other members 

at a random manner which not tree neighbours. It uses some additional links along with 

the tree link. These additional links along with the tree links are define as mesh. The 

additional mesh links are used for recovery from tree partitions.

Design goal

The main design goal of this protocol is robustness and simple tree building mechanism.

Limitations

This simple tree building mechanism of tree first approach may create a structure that 

causes loops and bad performance in the tree. To overcome this problem with YOID 

different mechanism has been proposed. One of the solutions to overcome this problem is 

SWITCHSTAMP. Another problem with this simple tree building protocol is high data 

loss and high latency. Different algorithm such as latency refinement algorithm and loss 

rate refinement algorithm has been proposed to solve the problem.

Deployment level

This protocol deployed at End to End ALM system level.
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HMPT

Host multicast tree protocol [26] is another application layer multicast protocol which 

uses the tree first approach and has some similarities but some better performance than 

YOID protocol. A group shared is built In the Host multicast protocol. Here tree is built 

in such a way that maximum degree at each node is sustained and cost per tree link is 

minimized. In this protocol member to member round trip time is added as optimization 

matrix.

Tree construction 

Tree construction in HMTP is similar to YOID. Member in the group are responsible for 

finding parents on the shared tree. According to figure a member who wants to join the 

tree contacts with the root and set itself as a potential parent. From the root the new 

comer collect the list of the root’s children nodes. Based on the value of optimization 

matrix (RTT), the new comer find closest node among the potential parents and to its 

own children. If the closest node itself a potential parent, then the new comer sends join 

request to that node (node R).  The parent node then accepts a new comer as its child. 

Otherwise the nearest potential parent’s child becomes the potential parent. The new 

comer then collect the list of child of the potential parent and search for the closest node 

to the potential parent and its child and the whole process is continuing all over. 
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node 2

node 1

node 4

node 3

node 5 node 5

R

                         Fig 6.5Tree structure of HMTP Protocol

6.3.3 Implicit approach

In Implicit approach, all protocol creates a control topology with some specific 

properties.  There are different protocols under this approach, namely KUDOS, NICE. 

KUDOS follows two layer hierarchy where NICE follow three layer hierarchies to 

increase scalability.

NICE

NICE [26] protocol organize group members into a hierarchical control topology. When a 

new member joins any group or any existing member leaves the group, the operation of 

this protocol is to create and maintain the hierarchy among the membesr. This protocol is 

very useful for the real time data delivery for large number of group. This protocol 

deployed at End system.

In NICE protocol all the group members are assigned to the lowest layer L0 where they 

are grouped into clusters. Cluster size is usually defined from K to 3K-1 where K is 

constant. The nodes in each cluster are closest to all other members of the cluster. Each 
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cluster has cluster leader. The choice of the cluster leader is very important so that new 

who wants to join the group can quickly find its position in the hierarchy using very small 

number of queries to other members.

The joining procedure of this protocol is very complex. When a new member wants to 

join in any group, it first contacts to the RP. From RP it receives the information of the 

highest layer members (Ln). From these members it choose the member closest member 

to it. The cluster leader notified that the new comer is on its cluster Ln-1.The new 

member then search for that cluster and look for the closest member to it again. This 

process continues until the new member find the appropriate cluster in the layer L0.

        

node 2

node 1
node 4

node 3 node 5 node 5

node 1

node 1

Layer L0

Layer L1

Layer L2

node 5

                                    Fig 6.6Hierarchical structure of NICE Protocol

This protocol is known as hierarchical multicast protocol. This protocol is very useful for 

real time video streaming service.

6.3.4 P2P Overlay

Recently P2P [26] overly system has become very popular due to its potential to transport 

large scale application very efficiently. Basically P2P overly construct an overly network 

on top of the existing IP network. P2P overlay network infrastructure can be classified 

two ways. One is unstructured and another one is structured overlay networks. The main 
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difference between these two types is, in unstructured overlay nodes are organized 

themselves in a random manner but in structured overlay nodes are organized themselves 

in a controlled fashion. Due to the random group formation unstructured overlay is less in 

compared to the structured overlay. But one of the problems with structured P2P overlay 

is churn (the rate at which nodes join and leave the network) is high. Considering this 

problem structured P2P overlay can be used for application layer multicast. CAN, 

SCRIBE, PASTRY are well know overlay network under P2P overlay approach.
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                          Fig 6.7 P2P Overlay Network

6.4 Features of Application Layer Multicast

Application layer multicast features are as follows [21] [24] [20]:

 In Application layer multicast, it does no require for multicast at the network layer 

infrastructure or allocation of a global group identifier like IP multicast address.

 In Application layer multicast, packets flows over the virtual layer via unicast. So 

flow control, congestion control, and reliable delivery services available for 

unicast transmission can be exploited. That means using application layer we can 
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achieve full facilities of unicast service.

 As in application layer multicast end system are responsible to perform multicast 

functionality. So to provide multicast service on application layer no need change 

network infrastructure such as routers. So it is possible to deploy multicast service 

on application layer immediately and very easily.

 Application layer can form overlay network to distribute multicast data 

efficiently. Overlay multicast network has given flexibility and advanced features 

for application layer multicast with greater efficiency of network layer multicast.

6.5 Limitations of Application Layer Multicast

 For Application layer multicast, all the multicast functionality is performed by 

end host. It causes extra over head at end user.

 For application multicast data packet replicate by end host. So it send same packet 

same link many times. This causes extra over head on network. That mean ALM 

is not efficient in term of proper utilization of network resources.

 Application layer multicast for overlay network on top of the physical network to 

provide flexibility in data transmission but in overlay network, overlay nodes are 

organized themselves randomly with any knowledge of underlying network. This 

causes unnecessary delay in data transmission.

 In application layer multicast same packet travel on same link many times. It 

causes large tree expansion. There fore ALM causes unnecessary use of network 

bandwidth.
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Chapter Seven

Overlay Multicast at Application Layer for IPTV

Multicast for IPTV can be provided by basic native network service or by application 

layer service. In the previous chapter we have given some overview of different types of 

application layer multicast protocol. Overlay multicast (also called as application level 

multicast) has recently emerged as crucial solution to the real time data delivery with 

multicasting and QoS facilities. Overlay multicast offer a new dimension for application 

layer multicast combining the flexibility and advanced features with great efficiency 

compare to native multicast. In an Overlay multicast approach all participating nodes are 

organized themselves in to an overlay topology on top of the IP network for distribute the 

content to the end host [45]. In this approach there is a virtual unicast connection between 

all nodes. In Overlay multicast some nodes are work as proxy of the end hosts to reduce 

the overhead to the end hosts. These proxy nodes are recognised as MSN. These 

multicast service node takes all kinds of routing information form the under lying 

network to make the data routing on overlay more efficiently.                 

     

    Fig 6.1 Overlay Network for Overlay multicast  
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7.1 Functional Architecture of Overlay Multicast for IPTV

As native IP multicast has not deployed due to some problems, Overlay multicast has 

emerged as an alternative solution to provide IPTV service over multicast environment.

Many research going on to provide contemporary real time service such as IPTV using 

Overlay multicast technique. Following figure showing functional architecture to provide 

IPTV service in an overly environment.
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Media Signaling Proxy

End Host End Host
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Fig 7.2 Functional Architecture of Overlay Network of IPTV [47]
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7.1.1 IPTV service level multicast

The main task of service level multicast is to construct and manage logical multicast path 

to provide internet group application services over the unicast or multicast network. After 

exchanging control messages among the multiple end hosts a logical multicast delivery 

path for real time and reliable data transport is constructed over the physical transport 

network among them. 

7.1.2 IPTV session manager

IPTV session manager is responsible to configure and maintain the IPTV service flow. 

One session manager can handle multiple session at a time. Besides this IPTV session 

manager need to perform session initialization, session release, session membership 

management and session status monitoring.

7.1.3 IPTV multicast agent

IPTV multicast agent creates an overlay multicast delivery path over the physical 

transport network and forward data along this created physical path. When ever IPTV 

session agent wants to join or leave any session it first contacts with session manager 

through childIMA or parentIMA. IPTV multicast agent is also responsible for session 

maintenance by exchanging information between other IMAs. Multicast agent keeps 

track of loop detection and avoidance and report IPTV session status to the session 

manager. It is also responsible for tree partition and recovering and parent switching 

during the session.

7.1.4 Proxy for IPTV media signaling

Media signalling measure the status of the media in overlay network by sending media 

signal to the end hosts and receiving media signal from end hosts
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7.3 Advantages and Disadvantages of Overlay Multicast 

As the Overlay multicast construct unicast connection between host and receiver on top 

of the existing network. It must be efficient from both the network and application 

perspective. Even though Overlay multicast (Application level) has emerged as an 

alternative solution for IPTV service it has some benefits as well as drawbacks [45] [27].

Advantages

 As it routes the multicast traffic through an overlay multicast network using 

unicast, it is very easy to deploy. So, it does not need to change any network 

elements such as routers but it does some cost of deploying proxy on the overlay.

 Overlay multicast network can minimize the redundant transmission of data 

through the network.

 Overlay multicast network can implement on application layer, so no need of 

special operating system for it.

 Overlay multicast is very useful for multi group communication, in term of 

control overhead reduction.

 Overlay multicast network can use the internet infrastructure effectively to 

provide higher lever service to end users.

 Unlike ALM, In Overlay multicast MSN can take all kind of routing information 

from underlying network to make data distribution efficiently.

Disadvantages

 Overlay multicast is less efficient than native IP multicast in terms of bandwidth 

saving by proper utilize the available network resources.

 Overlay network is fully mashed based and each node is communicated with each 

other via unicast. Therefore overlay multicast session causes large tree expansion 

on the network. 
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 As in Overlay multicast tree expansion is large it causes delay to exchange 

information from source to receiver. So Overlay multicast can not guarantee

significant QoS for real time service like IPTV.

 The performance of overlay multicast is significantly affected by the number of 

proxies, and thus the overlay design is very critical for overlay multicast.

 For single group multicast communication, overlay multicast has higher control 

overhead.

Therefore in order to deploy Overlay multicast in a large manner for multicast data 

distribution, above mentioned problems have to over come.
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Chapter Eight

  Akami Content Distribution Network
                                                    

Internet and real time multimedia technologies like IPTV have changed our life 

effectively. As the popularity of real time multimedia entertainment over the internet are 

increasing day by day, innovative infrastructure and proper technologies are needed to 

efficiently distribute the huge amount of real time traffic. Akami Content distribution 

network provides an intermediate layer of infrastructure which delivers real time content 

from the content providers to large group of users with better QoS. In previous four 

chapters we have discuss about Application layer multicast and Network layer multicast. 

This chapter we will give an overview of Akami content distribution network for reliable 

multicast for IPTV service.

8.1 General Architecture of CDN Network

Content Delivery Network replicate contents by several mirrored web servers which are 

strategically placed at different location to deal with large number of users. The web 

servers are distributing in a common method used by the service provider to improve the 

performance and scalability of the network. Content distribution network has 

combination of distribution infrastructure, content distribution infrastructure, request 

routing infrastructure and accounting infrastructure. By maximizing bandwidth, 

improving accessibility and maintaining correctness of the content during the content 

replication, CDN improve the performance of the network. Thus CDN distribute content 

very fast and reliable to cache servers located to the end users. From cache servers users 

can get the requested content. Figure 9.1 shows general architecture of CDN.
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   Fig 8.1 General Architecture of CDN

Following figure shows the general content delivery environment of Akami CDN, where 

the replicated web servers are located at the edge of the network. End users are connected 

to the replicated web servers. Users requested web content is served by the replicated 

web servers which are originally fetched from the main server.

8.1.1 Components of Content Distribution Network

There are three basic components of CDN [57].

Content provider

Content provider is responsible for delegates the URI name space of the web content to 

be distributed. These web contents are holds on the original serves of the content 

provider.
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CDN provider

CDN provider is basically a proprietary organization or company who provides the 

infrastructure facilities to the content providers to deliver the live content timely and 

reliable manner to the end users.

End users

End users are basically clients who access the live content from the content providers.

8.1.2 Components of CDN Architecture

 Content Delivery Infrastructure: It is responsible for deliver content to the end 

users from the surrogate servers.

 Request Routing Infrastructure: Responsible for directing the end users requested 

content form the surrogate servers.

 Distribution Infrastructure: Responsible for replicating the content form original 

server to the surrogate servers.

 Accounting Information: Responsible for reporting the distributed content 

activities.

8.2 Basic interactions of Content Distribution Network

Delivering real time multimedia service like IPTV in a reliable manner to large number 

of users is a great challenge. To deliver real time service IP multicast seems good 

technique where original servers send live stream to multicast group. The underlying 

network copies the packets as needed which causes lower bandwidth consumption. But to 

deploy IP multicast for real time service it is needed to change network infrastructure 

which is costly. IP multicast is also not suitable for VOD service. That is why many 

searchers have taken Akami Content Distribution Network as an alternative solution for 

real time multimedia service.
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Akami Content Distribution Network provides high QoE and reliable data transmission in 

two ways [53].

 Content Splitting

 Content Caching

Stream splitting retrieves a single live broadcast stream from the originating server and 

splits the stream for delivery to all requesting users. This eliminates the need for multiple 

redundant transmissions of the same content. The reduction of in-bound streams from 

one-to-many to one-to-one saves a significant amount of bandwidth and enables a larger 

audience to enjoy high-quality access to live content. 

Stream caching allows for frequently requested on-demand content to be stored locally 

close to the end users. As a result content is retrieved from the origin once but can be 

used to serve multiple requests. When an edge delivery node receives request for on-

demand content, it checks to see whether the requested media already resides in its local 

cache. If the media is not already in the cache, it acquires the media file from the server 

and simultaneously delivers it to the requesting client. The content will be very 

transparent to the end user as if they are served from the original source. This caching 

technique is done by some surrogate server or replicated web server which serve the 

content to the end users and work on be half of the original server.

8.3 Content Distribution Network Overview

Content distribution network provides a new approach to improve the performance of the 

network in a congested environment. The basic goal behind this approach is to avoid the 

congested link with in the network. If the content distribution link between client and the 

server is not congested then the performance of content distribution is good. For this 

reason CDN provide content to the end user from some surrogate to avoid the congestion. 

The basic concept behind the CDN is shown in the following figure.
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In figure 8.2 showing one end user are trying to communicate with main server directly 

within the backbone network [51] .This link between main server and end user is

congested. However there is another server, which is called replicated web server or 

surrogate server or edge server with in backbone network. This end user is also connected 

with these surrogate server and obtaining better connectivity than main server. The end 

user can obtain all information it needed through these surrogate servers. And end users 

will get better performance by connecting with these surrogate servers instead of the

main server. One surrogate server can handle a large portion of end users request with 

improved perceived response time. 

   

Congested Path

End Users

End Users

Main Server

Surrogate Server

Surrogate Server

Fig 8.2 Typical content flow diagram of CDN 

Figure depicts a high level view of for real time streaming CDN as it is used for live 

streaming like IPTV. As we can see beyond of this figure there are three types of system 

in CDN for reliable multicast content delivery. One is content delivery block which is 

concern with managing the content workflow. Second one is content routing block which 

consists of technology to serve the end users with the correct content from the correct 

place. And the third one is Content managing block, which keep track of the CDN 

according to the end users feedback.
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8.4 Advantages of Content Distribution Network

 In CDN edge server are placed strategically in different location. And end users 

are served from different edge serve. So instead of all traffic from one serve and 

one backbone CDN divide the traffic load. 

 In CDN the capacity sum of the strategically placed edge server is higher than the 

network backbone capacity. This can increase the number of users.

 As In CDN contents are delivered to the end users by the edge servers which are 

usually placed very near to them. Which causes lower latency and increased 

delivery speed to the end users and they will have improved QoS of the content. 

 As in CDN total network traffic is divided by different edge servers which cause 

freeing up the network capacity and lowering the content delivery cost.

 In CDN the processing capacity of edge servers is added to the main server which 

causes the improvements in ability to handle many end users than the main server 

may able to handle.

 Another advantage of CDN is that improvement of application reliability. In CDN 

end users are served by the edge server so if the main server goes down one of the 

edge server may able to provide content to the end users. 

 CDN can improve the scalability of networked applications significantly.
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8.5 Limitations of Content Distribution Network

 One of the main problems with CDN is its manageability. CDN consists if many 

edge server which are geographically distributed in different locations. So to 

manage and administrate this site is very complex and costly. 

 Another major problem with CDN is that application may need to redesign before 

it uses into the edge servers. This kind of application modification requires 

additional time for testing and removing bugs.

 As in CDN content are distributed by the edge server to the end users, so number 

of users and limited by the number of edge servers.

CDN based real time service can easily deployed because CDN based service can be 

implemented over current unicast based network. No need to install multicast enable 

network. But to provide CDN based real time multimedia service like IPTV, the content 

provider has to pre install web server in an appropriate place so that each end user can 

find and connect to that web server. As the performance of CDN based multimedia 

service tightly depend on performance and the power of the CDN web server so the QoS 

of the contents is totally depend on the number of web server is used to deliver the 

contents. But the content provider can not install infinity number of web server. There 

fore CDN based real time service is adequate in term of group size is small.
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Chapter Nine

Reliable Multicast

Multicast emerges as a crucial element for the deployment of scalable network of IPTV. 

Multicast is an efficient mechanism for single source application such as IPTV. But 

reliable multicast for contemporary real time service is still a controversial issue. From 

home users to service providers are suffering for this. There fore, in order to provide this 

new technology (IPTV) to the end user with expectation and with better QoS reliable 

multicast is essential.

9.1 End user expectations for IPTV

Introducing a new service like IPTV for the end user is always a risk as all users have 

certain requirements and expectations to meet with. End users have been enjoying TV 

service from the long time. So, they have come to expect a higher level of service in 

regarding quality of service (QoS), availability, latency, delay and cost. Therefore, it is 

necessary to meet with the user requirements and expectations for making the IPTV 

service successful.      

Here we are presenting some of the user expectations below:

 They want guaranteed real time quality of service.

 They want a broad portfolio of video service like broadcast TV, VoD, time-shift 

TV etc.  

 They want high availability in service, i.e. no single point of failure and fast 

recovery mechanisms for sub-second failover times.

 They want easy and convenient handling.

 Last but not least they want the service with low cost.
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9.2 Comparison of IP Multicast and Application Layer Multicast 

From the above mention user exceptions asked for the reliable multicast mechanism. In 

recent years, there has been a significant interest in the use of Application Layer 

Multicast (ALM) for Internet video streaming service like IPTV rather than IP multicast. 

The most key driving approach towards ALM is that it does not require support from 

routers and network infrastructures, and it is extremely cost effective and easy to deploy. 

Here, we are giving a comparative study of IP multicast and ALM for IPTV service in 

below. 

 IP multicast requires routers to maintain per-group state which increase the 

overhead and complexity at the IP layer. Moreover, it violates the “stateless” 

principle for IPTV service. In case of application layer multicast, it does not 

require router to maintain per-group as it implements in the end systems. 

 As IP multicast is implemented by router, it can avoid the multiple copies of same 

packet on the same link and it can construct optimal tree. As ALM implemented 

in the end nodes and does not use router so it has to send multiple copies of the 

same packet on the same link for the end users. Thus, ALM is less efficient in 

terms of bandwidth saving than IP multicast. 

 Application layer multicast builds overlay network on top of the existing physical 

network to perform unicast data delivery but it incur low performance penalties in 

compare to IP multicast.

  

 To deliver multicast data and to exchange routing information, IP multicast 

routing protocol builds multicast trees. When a host joins or leaves any multicast 

group, it informs its designated multicast router. Multicast routers then exchange 

this information about the group membership over the multicast tree. All these 

kind of group membership information and updating multicast tree is carried by 
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IGMP protocol. So, there is no redundant path in tree delivery structure which 

cusses network efficiency and scalability for IP multicast. 

 Reliability is one of the most important requirements for the network to provide 

real time services like IPTV. In the case of reliability, Application layer multicast 

is more reliable than IP multicast.  

 In application layer multicast group membership, multicast delivery structure, and 

data forwarding are controlled by the end hosts. So, End system in application 

layer multicast has very little knowledge about underlying network infrastructure. 

It causes huge penalty on the end host in the case of latency and lower efficiency 

compared to IP multicast.

 In the case of multimedia distribution, reliable and timely multicast 

communication is necessary. Application layer multicast opens more possibilities 

for doing congestion and error control in a multicast group for reliable multicast 

communication compare to IP multicast.

 Another key drawback of Overlay network in application layer multicast is that, 

as in Overlay network multicast nodes are connected each other overlay with 

taking underlying topology in consideration. As a result two nodes in the overlay 

network may separated by couple up hop on the IP layer. It causes high delay in 

transmission data and unnecessary traffic on the network.

 Application layer multicast can be deployed very easily with the current Internet 

infrastructure which is not possible in IP multicast. Because IP multicast depends 

on router but in particular, there is lack of incentive to install multicast router and 

to carry multicast traffic. Due to this problem IP multicast deployment becomes 

slow down.
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9.3 Deployment challenges of Network Layer Multicast for IPTV

From the above section it is quite sure that IP multicast is best solution for group 

communication. But due to some major problem still this mechanism has not deployed 

widely. Here we have described some major deployment challenges for network layer 

multicast.

9.2.1 Group management

In multicast group management refers to as a set of access control mechanism which 

determine who send and who receive data from particular multicast group. Group 

management function includes receiver authorization, sender authorization and group 

creation In IP multicast ASM does not consider group management. Due to this reason 

there are several problem occurs in network such as 

 Flooding attack, where high rate unnecessary data transmitted to the multicast 

group, which causes congestion in networks. Flooding attack prevent the valid 

user to receipt appropriate data.

 Transmit the alternative data and packet loss and change the content of the 

session.

 Reception unauthorized multicast data such as pay for content or pay per view 

event

These above mention problems affect content providers and multicast users heavily 

especially for real time service like IPTV.

9.2.2 Address allocation

Address allocation will be major problem for IP multicast as multicast becomes more 

popular. In current IPv4 protocol model have very limited IP address. As address is 

limited there might be run out of address in future in IP multicast. Currently in IP 
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multicast IP address are allocate to group randomly. Due to the lack of structure on 

address allocation, it is possible to have two session use same address and can interleave 

their data. This problem will affect the QoS for IPTV service.

9.2.3 Network management

In IP multicast network management debug the problem that occur with the multicast tree 

during the transmission and monitor the utilization and operation for the purpose of 

network planning. There are many different types of debugging tool used in IP multicast 

to monitor network such as Mrinfo, SNMP, Multimon, and Mlisten etc. But problem is 

none of these tools are robust enough to support commercial deployment for 

contemporary IPTV service. They only partially identify various issues in monitoring and 

debugging but cant not identify all problem regarding to the current protocol architecture. 

So in order to insure soft QoS of IPTV to the customer proper network manage tool is 

essential.

9.2.4 Cost of Multicast Services

Current IP multicast model does not support any multicast cost effective mechanism. 

This is one of the most significant reasons behind the slow deployment of native IP 

multicast. In the case of deployment and manage, IP multicast is more costly than 

unicast. Because network services cost such as network maintenance cost, infrastructure 

cost and management cost is very higher. So the IPTV service provider will be benefited 

if the saving of bandwidth is higher than the deployment and management cost.

9.2.5 Multicast security

Security in IP multicast is very important and complicated. The current IP multicast does 

not mandate any user authentication. Only the source authentication is done in service

provider level but not any kind of receiver authentication. So the security in network 
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level is still the burning question. To provide reliable IPTV service IP multicast should 

provide following mechanism 

Authentication

By the authentication process host proves its identity to create, send and receive data 

from any group.

Authorization

By authorization process authorized host can perform specific task in a group

Encryption

Encryption mechanism ensures that any unauthorized host can not read data on the 

network.

Data integrity

Data integrity mechanism ensures that data remain same during the transmission.

These are the deployment challenges to deploy IP multicast for contemporary real time 

services. Even though the innovation of PIMSSM and IGMPv3 for IPTV service, group 

management, address allocation and network management problems have been overcome 

up to some extent, but widely deployment of IP multicast for group communication is 

still contradictory issue.  

9.4 Features of Overlay (Application Layer) Multicast

In the previous section we have given overview of comparison between application layer 

multicast and network layer multicast. Even though it seems, that native IP multicast is 

best solution to deliver IPTV media. Because IP multicast mechanism shows huge 

performance in terms of resource utilization of network as well as media sender. But 

native IP multicast fully depends on the underlying network. This means that, in order to 

make IP multicast possible current network infrastructure has to change. To do so service 

provider has to pay more expenses to adopt this mechanism. Due to this reason native IP 

multicast mechanism has not deployed from the beginning in the internet. That’s why 

some researcher proposed application layer multicast as an alternative solution for IPTV 

service. But from the previous section we have seen that, even though application layer 
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multicast is flexible and immediate deployable it has some limitations too. There fore 

alternative solution of overlay multicast at application level will dominate in future over 

native IP multicast and application layer multicast due some it’s following specific 

features.

 Using overlay multicast it is possible to achieve comparable performance to IP 

multicast.

 Unlike application layer multicast, Overlay multicast is a good mechanism for 

large group’s size and multi group communication.

 Along with application layer multicast and IP multicast, Overlay multicast 

approach makes the best use of unicast and multicast and multicast tunnelling 

schemes.

In short we can say that Overlay (application level) is bridge between other two type’s 

application and network layer multicast.

So after doing all the analysis on application layer multicast and network layer multicast 

and overlay multicast on application level we can summarize our study as follows

Comparison 
metrics

Application layer 
multicast

Network layer 
multicast

Overlay multicast

Deployment cost Low deployment High cost to 
deploy

Medium cost to 
deploy

Efficiency Efficiency level 
low

Efficiency level 
high

Efficiency level 
medium

Robustness Less robust Robustness is high Robustness is high
Comparability Low Low high

Table 9.1 Comparison between different multicast mechanisms  

From the table we can say as there has not been enough consideration on overlay 

multicast mechanism, we proposed to take overlay multicast for delivering IPTV media 

where contemporary media delivery and large group size support both required.



                                                                      Study of Reliable Multicast for IPTV Service

79

Chapter Ten

                 Conclusion

Today, it is a big challenge for telecom and Internet service providers for delivering high 

quality of IPTV service over a broadband network up to the user expectations. As 

mentioned earlier, there should not be any compromise in service availability and QoS, 

even when a failure occurs in the network. IPTV service always put strict demands on an

easily deployable resilient service architecture, packet loss, delay and low cost which 

described in chapter 8. For a reliable IPTV service, this is the most concerning issue to 

determine at which layer multicast should be implemented. For this, we have first 

described different protocol of IP multicast in chapter 4 and 5. Then we have described 

different protocol for application layer and overlay multicast in chapter 6 and 7. After 

then, we have conducted a comparative study of IP multicast, application layer multicast 

and overlay multicast for determining a suitable multicast layer for IPTV service. From 

our study, we can summarize as follows:

 Application layer multicast has some disadvantages such as longer delays and less 

efficient tan IP multicast and overlay multicast.

 Compare to IP multicast, overlay multicast can achieve equal performance.

 Overlay multicast is a good choice where number of group is larger than application 

layer multicast.    

 Compare to IP multicast and overlay multicast, Application layer multicast has 

overwhelming advantages such as immediate deploy-ability and application-specific 

adaptation.

Based on our studies, it seems that network layer multicast can be a practical solution for 

many in multi-user communications but IP multicast is deployed widely because of some 

problems related to per group state maintaining, reliability, congestion control and 

security. Due to these reason, application layer has been proposed as an alternative 

solution for group communication. But application layer multicast is not efficient enough 

compare to IP multicast in the case of network resource utilization. Therefore, overlay 
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multicast has been emerged as a crucial solution for group communication which has the 

ability to adopt facilities of application layer multicast and IP multicast. So, it seems that 

overlay multicast is a suitable long term solution for multi-user applications. 
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Appendix

IPTV Internet Protocol Television

VOIP Voice over Internet protocol

IGMP Internet Group Management Protocol version 

BSF Broadband Service Forum

NVPR Network based personal recorder

DSL Digital subscriber line

PON Passive optical Network

STB Set-Top Boxes

MPEG Moving Expert Group

PLR Packet loss ratio

VHO Video head office

SHO Supper hub office

DER Distributed Edge router

MPLS           Multi Protocol Label Switching

DSLAM Digital Subscriber Line Access Multiplexer

DVMRP Distance Vector Multicast Routing Protocol

IANA Internet Assigned Numbers Authority

IP Internet Protocol

ISP Internet Service Provider

IS-IS Intermediate System to Intermediate System

MBGP Multicast Border Gateway Protocol

MPLS Multi Protocol Label Switching

MN Measurement Node

MOSPF Multicast Open Shortest Path First

MSDP Multicast Source Discovery Protocol

NACK Negative Acknowledgment

OSPF Open Shortest Path First

PIM Protocol-independent Multicast

PIM-DM Protocol-independent Multicast Dense Mode
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PIM-SM Protocol-independent Multicast Sparse Mode

PIM-SSM Protocol-independent Multicast Source Specific Multicast

QoS Quality of Service

RGMP Receiver-initiated Group Membership Protocol

RP Rendezvous Point

RTP Real Time Protocol

RTCP Real Time Control Protocol

SLA Service Level Agreement

SPR Shortest (Single) Path Routing

SSM Source Specific Multicast

TCP Transport Control Protocol

UDP User Datagram Protocol

VLAN Virtual LAN

C-VLAM Customer Virtual LAN

CIDR Classless Inter Domain Routing

DHCP Dynamic Host Configuration Protocol

PIM-DM Protocol-independent Multicast Dense Mode

MBone   Multicast Backbone

QGMRP QoS-guaranteed Multicast Routing Protocol

QMBF QoS-aware Multicast Routing with Bounded Flooding

QMRP QoS-aware Multicast Routing Protocol

AL Application Layer

ALM Application Layer Multicast

HMTP Host 

MSN Multicast Service Node

IMA IPTV Multicast Agent

ISM IPTV Session Manager

CDN                           Content Distribution Network
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