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Introduction

Unlike point-to-point network applications, multimedia applications such as IPTV, data casting
(news, stock tickers) and distance learning depend on the ability to send the same information
from one server to many users across an IP network. The purpose of this paper is to introduce
procedures specific to testing the performance of IPTV multicast networks and services with
Shenick’s diversifEye ™ IP Quality of Experience test and measurement platform.

The deployment of this type of multipoint service presents an interesting challenge for network
operators that need to understand the performance capability of an IPTV multicast infrastructure.
The performance of unicast services is measured by sending a number of packets from a server to
a user while measuring the delay and loss across the network. These traditional performance
metrics are insufficient to quantify a good multicast service.

Multicast delivers IP packets to a group of hosts or users on the network. IGMP is a session-layer
protocol used to establish membership in a multicast group - a set of routers and users that send
and/or receive multicast data streams from the same source. Routers use three messages to
communicate to each other about the multicast traffic. A host uses the report message to join a
new group. Query messages are used to discover which hosts are members of a given group.
Report messages are sent by hosts in response to queries from a router. Finally, Leave messages
are sent when the host wishes to leave a given group.

With multicast services, capacity planners face additional challenges when testing the limitations
of a network design. Multicast protocols can be taxing on the routers resources and therefore
additional capacity limitations must be quantified. Meanwhile consumers of IPTV broadcast
video services expect instant channel changing which gives rise to stringent network performance
objectives. A sample of performance questions may include —

» What is the channel-surfing (zap rate) capacity of the network?

* For a number of multicast groups, what is the time to join each group?

* For a number of multicast groups, what is the time to leave each group?

» What is the packet loss rate, while the users are connected to a group? *1
» What is the throughput with a single multicast group with one user?

» What is the throughput with a single multicast group with a million users?
» What is the throughput with many multicast groups with many users?

» What is the throughput with many groups and users with a high zap-rate?
* How much bandwidth is required for services using different CODECs

Shenick Network Systems has developed an IPv4/IPv6 multicast emulation and performance
analysis tool to provide the answers to these questions (and more) with purpose built IGMP/MLD
features. This enables network engineers to quantify all performance aspects with a flexible tool
that offers the following benefits:

*1 As a user will not receive packets as the user changes channels. Traditional packet loss calculations may register packet
loss for this period, which is incorrect for multicast services.
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. Cost effective solution by supporting hundreds of multicast hosts in one test port
. Time saving with test-case automation for complex many-to-many topologies
. Emulates urban deployments - emulates 1 million plus subscribers per chassis
. Simple to configure channel-surfing scenarios:

* One host too one group

* One host too many groups

* Many too many
5. Reports specific Time to Join and Time to Leave metrics for each host
6. Reports Packet Loss for the periods when users are valid members of the groups
7. Distinct per-client behavior with customer user-profiles *2
8
9
1
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. Delay and Jitter measurements
. Flexible packet-size distribution profiles for various CODEC emulation
0. Long Duration testing with varying traffic volumes

To explain these benefits in greater detail, this paper introduces some real world scenarios, the
issues facing their deployments and how diversifEye™ is used to determine performance and
capacity limitations of the network design. Common applications of diversifEye™ include:

* IPTV / Video Multicast Service deployment for Network Operators
« Data casting for Enterprises
* Performance testing of multicast devices for Equipment Vendors

Finally, multicast services are rarely deployed on their own. Shenick's diversifEye™ offers a per-
user, per Class Of Service (CoS) network analysis capability. Therefore the performance of

multicast services is analyzed both in isolation and in the context of triple-play applications. This
is achieved by emulation and analysis of common Internet traffic applications.

*2 For Video Services, subscribers will change channels at different rates.
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Video Multicast Service deployment for Network Operators

New IPTV products and technologies enable network operators to deploy compelling digital TV
services using existing broadband access infrastructures. In this scenario, a network operator
wishes to deploy multicast Video-on-Demand and IPTV services across a DSL access network.
The new platform must support all of the digital TV services that consumers expect, adding to the
TV experience with enhanced features such as picture in picture and digital recording options,
while maintaining performance objectives for existing voice and data services. This requires
performance testing of multicast functionality on access network devices as well as the remote
authentication in order to retain existing investment in customer premises equipment.

It's worth noting that this application of diversifEye™ is equally applicable for broadcast video
services over Cable and FTTC access network topologies.

Challenge

With the current access network, each DSLAM serves 2000 subscribers with data services. A

network configuration change enables multicast routing while the video servers are connected
strategically on Metro Nodes where high concentrations of users are aggregated. These servers
utilize VLAN tags for each type of service (Voice, Video or Data) which translates at the user
port as raw Ethernet packets.

The operator wishes to determine performance of the network with

« 256 Multicast groups with MPEG4 digital streams

- The zap rate for individual users surfing through all the streams

- The overall zap rate for all users, surfing through all the streams

« The multicast throughput of the device with all 2000 subscribers connected
- The loss, delay and jitter measurements of the streams
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Topology

Using a DSL Modem with Ethernet LAN connectivity, an Ethernet attached set top box can
receive quality video traffic bundled with data service for High Speed Internet (HSI) on the same
twisted pair. For modern DSLAMSs, an Ethernet backhaul has several advantages over traditional
ATM connections. In this instance, Voice, Video and Data connections are delivered over distinct
VLANES.

Home User DSL

s T
B.H‘f E‘ T e ugk
e E_‘f; %r Multicast Enabled
T n E—‘ = ~ DSLAM
| N = Hi Spesd Internet ;
VLAN 40

BTV / Vol
VLAMN 300

Internet

VolP Gateway

Figure 1 IPTV Network Architecture using VLANSs

diversifEye™ Configuration

This section outlines the steps required setup to emulate and analyze typical multicast sessions for
an Ethernet attached IPTV Video Server and Content Manager.

In the test environment, a high-performance VLAN switch is introduced to reduce the number of
test ports required. Without the switch, one test port is required to generate traffic for each
emulated subscriber. In this configuration, diversifEye™ can generate traffic for many different
users from one test port, where each user is distinguished by a unique VLAN tag. The switch in
turn is configured to process each VLAN stream and disaggregate the traffic over various
Ethernet ports to the DSL modems. In this way, each diversifEye™ test port can emulate
hundreds of multicast users.
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Figure 2 diversifEye configure with IPTV VLAN

To create a diversifEye™ test for multicast services requires five basic steps. Each step is
simplified with context-sensitive help and takes a few moments to configure. The steps outlined
below include:

- Configure diversifEye™ 's test ports with Hosts and Applications
- Specify the IP address for the clients and servers Hosts

- Configure the multicast server applications

- Configure the multicast client applications

« Run the test and view the results
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Configure diversifEye™ Test Ports

A diversifEye™ Host is the means by which multiple users can be configured over each port.

Test Port O -
Client Subsystems

Shenick
diversifEye™

Test Port 1 -
Sarver Subsystams

Figure 3 diversifEye port Configurations

Each Host may represent one client device and hence given a unique VLAN tag. In addition, each
Host may be supplied with an IP and a remote gateway address. The IP address represents a
virtual router, which is used to create the IP routes for the clients across to and from the NUT. In
turn, the gateway address is the IP address of the adjacent network hop.

In the diagram above, VLAN tags 1 to 250 represent the user traffic and VLAN tag 300 is used
for all video traffic in the service provider network. Likewise, a different test port and Host is
used for the Video Server/Content Manager applications. In this case, each service (Voice, Video
& Data) or application has its own Host with an individual VLAN tag. An example configuration
is shown below:

[E £dd New Host(s) Wizard

Gi | Detail:
1. General Details =cnere Toae

2. Link Layer Details
3. Configure PPPOE Settings

Mo, of Hosts: [ |

Link Layer Details

4_Configure Statistics Settings Name: [crient] |
5. Additional Configuration Description: Physicel Interface: \Card S | ’j
MAC Address:  [34:12.a1: 21 et J
MTLE [1492 |
Type: [ wirtuat Host | @ Lik Layer: [ Tagged Vian x|
Metwork Yisible: [l Tagging
IP Address Assignment: |5‘tat|c > | “LAM Priority: |1 - |
IP Address: [132 165 201 2029 | YLAN IO 200 |
Gatevvay Host: Mo Gatesway Hosts selected | ’:
Advertize Routes: | Disabled S |
PPPoE Enabled: [l

| < Prev H et = || Finizh || Cancel

| = Prey || Mext = ” Finish || Cancel

Figure 4 Host VLAN setting for IPTV Server
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Specify IP address information for Clients and Servers
The clients and servers IP details are now configured. As described above, the first stage is to

choose the client and server Hosts and IP addresses. Following this the multicast client and server
applications are configured and will utilize the configured Hosts.

[E Add New IGMP Client(s) Wizard

Application Detail:
1. Application Details fpplieation Dstalle

2. Client Details

3. Join Detalls - ot Rews: I l
4. Additional Configuration Configure As: Single Cliert per Row Q
5. Passive Analysis Narme: [Set_Ton_Box 1

Description:

B4 Add New IGMP Client(s) Wizard

e [Hete] | o oication Detals IR el 2

ToSIDiffSery: o | 2 client Details _

Media Stream Method: W 3..Join Details UEL s ‘ IGhPy2 -]
4. Additional Configuration Router Aler: [¥l

8. Passive Analysis

The following are the multicast groups which the client can join:

Interested Group List: ‘Mowe_channel | »
IP &ddress \ Source | Destination
23925211 1234 1234

Group list port setting overrides:

Accept data from any source part [
Accept datato any destination port (|

| < Prev || hlext = ” Finish H Cancel

Figure 5 IPTV IGMP client application settings
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Configure the Multicast Server Applications

Next the server configuration is specified with the multicast version, address, group count and

server bit rate.

bl Detail
1. Application Details Server Details

2. Server Details
3. Streamed Caontent
4. Additional Configuration

Router Alert: [

The followving sre the Multicast groups the server will stream to:

Multicast Group List: ‘Mgvi37Channgl

[

224 11610

IP Address =
|

224 1.16.11

22411612

22411613

22411614

1. Application Details

2. Server Details

3. Streamed Content

4. Additional Gonfiguration

Streamed Content

The IGMP Server can stream RTP or Mon-RTP data:

hiedlia Transport: RTP -

The streamed content can either ke from a file or arbitrary dsts
produced by the Server:

Stream Cortert: | Deta -]

[1a13 |
[z [Matsis ¥

Payload Size:

Data Rate:

‘ = Prev || Next = || Finish || Cancel

Figure 6 IPTV IGMP Server application setting

The details above configures a single video server that generates five multicast streams,
beginning at multicast group address 224.1.16.10 at a rate of 3Mbps using a payload of

1413 bytes.

Configure the Multicast Client Applications

The client configuration specifies the client behavior, including it’s join and leave characteristics

for the streams that participate in the test. Options are available for traversing the multicast
groups in various manners, including:

- Sequential — joining each multicast group one after the next
«Random - joining any groups available under the test case entry
- Concurrent — joins all of the multicast groups available, at the same time
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IGMP Client Properties [z|

Join Details |

The fallowying fields contral howe the client interacts swith the multicast

groups;
Join Groups: [v]
Jain Strategy: Sequential -
Szclilile] Advanced IGMP Settings
Fandarm
The follovwing fields Seqne o rrart
Leawve Group: After Duration The followving Membership Report values correspond to "Robustness Yariakle"

. - and "Unsolicited Report Interval" in RFCs 337635110
Duration of Jain; 980

Delay before Rejoin: (20 Report Count: |2 |
Report Interval 1000 | | P |
A

It & client failz to receive a packet from a multicast group within
a configured time period, it can attemmpt to rejoin the groug:

Rejoin After Failure: ]

Join Timeowt: 2 | |SE.33 - |J

Ok Cancel

Figure 7 IPTV IGMP Client Join & Leave settings

In addition, the configuration specifies the Join/Leave characteristics:

The options are:
« Never — the client never leaves the group
« After Join — the leave is sent immediately after receipt of the first packet
« After Duration — the leave is sent after a specific duration set on the GUI

The option 'Rejoin Delay' allows the tester to specify an interval to allow the session to finish
(taking into consideration network leave latency for the streams traversing network equipment)
before the next join request is made for the next stream. Finally, the Membership Report count
and interval specify the use of membership report packets to be sent out during the session.
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diversifEye™ Results

diversifEye™ is now configured to emulate a multicast client joining and leaving five multicast
groups, from a single server. diversifEye™ generates significant amount of performance
information for analysis in real-time and later post analysis processing. Specific multicast metrics
are generated on a per client/per sampling period, that simplifies the task of monitoring network
performance. These statistics include:

«Join Latency - Time Joining (Min/Max and Average)

- Leave Latency — Time Leaving (Min/Max and Average)

- Packets received by the client after the leave has been issued
- Packet Loss (while the client is connected to the group)

- Network Latency (Min/Max and Average)

diversifEye™ statistics are updates over various sampling periods. The table below demonstrates
the number of joins/time to join, number of leaves/time to leave and the number of packets
received after a leave was issued.

iversifEye Test Results [ [=][x]

Edt Vindow  Help

—
B Fine Statistics { One Second Interval ) : Multicast (IGMP/MLD): 192.168.200.3 /9200 to 192.168.201.5 /92... i E

@]

Bit Rate for IGMP Client 192.168.200.3 / 9200 to IGMP Server 192.168.201.5 [ 9200

S—
5] Mormal Statistics { Thirty Seconds Interval ) : Multicast (IGMPMLD): 192.168.200:3 /9200 to 192.168.201.... o &’ [

@|E)

Bit Rate for IGMP Client 192.168.200.3 [ 9200 to IGMP Server 192.168.201.5 / 9200

1] E‘ Refresh Deley: |10 Seconds | Time Period: |10 Minutes | view Typs: [ Table -]

= Refresh Delay: [15econd | Time Period: |10 Minutes | Yiew Type: | Table -]

Tinte: Out Bits/s Server I Bits/s Clent I In Biytes After Leave Clisnt Tire | outBsfs Server I Bitsfs Clent I In Biytes After Leave Cliert
) 3 533 663,544.822) 7183592 0 0 3,930,312 000, 1,480, I 31366
3 E 132 663, 2| 5 3,990,319.961 R [
E E, g
6 [} 0
i B, [1
E B 0
E 5 0
E E, 0
6 [ 0
i B, 0
E B 0
E 5 0
2004-11-021 0o 3 33 E E, Z 0 1 4000,
2004-11-0218:14:16 900 3,891,442400 663,544,800 62 [2004-11-02 16:20:58.900 | 3990,308.010] 2509485 491
Packet Rate for IGMP Client 192.168.200.3 /9200 to IGMP Server 192.168.201.5 /9200 Packet Rate for GMP Client 192.168.200.3 / 9200 to IGMP Server 192.168.201.5 /9200
Joins Client | Leaves Client | In Packets Atter Leave Cliert [ Joining Timems Client | Leawing Timems Clh | Joins Client Leaves Cliert | InPackets &fter Leave Client | Joining Time ms Cliert Leawing Time ms Client
5.000] 5000, 5084000 143 222,000 0.000 [EE
5,000/ 5000 £45.000 0.0/ 4330 o
5.000] 5000, 0.001 0.000
5000/ 5000 0.000
5.000] 5000, 20641 0.000
5000/ 5000, [ 0.000 1
5,000/ 5000 222.000] 0.000,
] 5001 D00 4129
0000] 0.000]
92.000] 0.000
153 000 0.000]
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All test results are saved in a spreadsheet format, which is used for post analysis processing.

Time Joins Joining Leaves | Client Leaving Client In
Client Time ms Client Time ms Packets After
Client Leave
02/11/2004  18:10:19 0 0 1 628.93 223
02/11/2004  18:10:20 0 0 0 999.7 353
02/11/2004  18:10:21 0 0 0 790.24 279
02/11/2004  18:10:22 0 0 0 0
02/11/2004  18:10:23 0 0 0 0
02/11/2004 18:10:24 1 4.56 0 0
02/11/2004  18:10:25 0 0 0 627.09 222
02/11/2004  18:10:26 0 0 0 1002.45 354
02/11/2004  18:10:27 0 0 0 790.24 279
02/11/2004  18:10:28 0 0 0 0
02/11/2004  18:10:29 0 0 0 0
02/11/2004  18:10:30 1 3.56 0 0
02/11/2004  18:10:31 0 0 0 628.22 222
02/11/2004  18:10:32 0 0 0 999.53 353
02/11/2004  18:10:33 0 0 0 792.83 280
02/11/2004 18:10:34 0 0 0 0
02/11/2004  18:10:35 0 0 0 0
02/11/2004  18:10:36 1 3.6 0 0
02/11/2004  18:10:37 0 0 0 629.03 223
02/11/2004  18:10:38 0 0 0 1000.03 353
02/11/2004  18:10:39 0 0 0 801 283
02/11/2004  18:10:40 0 0 0 0
02/11/2004 18:10:41 0 0 0 0
02/11/2004  18:10:42 1 4.5 0 0
02/11/2004  18:10:43 0 0 0 627.28 222
02/11/2004 18:10:44 0 0 0 999.64 353
02/11/2004  18:10:45 0 0 0 804.35 284
02/11/2004  18:10:46 0 0 0 0
02/11/2004  18:10:47 0 0 0 0
02/11/2004  18:10:48 1 3.61 0 0
02/11/2004  18:10:49 0 0 0 628.45 222
02/11/2004  18:10:50 0 0 0 999.38 353
02/11/2004 18:10:51 0 0 0 804.59 284
02/11/2004  18:10:52 0 0 0 0
02/11/2004  18:10:53 0 0 0 0
02/11/2004 18:10:54 1 3.54 0 0
02/11/2004  18:10:55 0 0 0 629.26 223
02/11/2004 18:10:56 0 0 0 999.72 353
02/11/2004  18:10:57 0 0 0 804.31 284
02/11/2004  18:10:58 0 0 0 0
02/11/2004  18:10:59 0 0 0 0
02/11/2004  18:11:00 1 4.55 0 0
02/11/2004  18:11:01 0 0 0 627.35 222
02/11/2004  18:11:02 0 0 0 999.88 353
02/11/2004  18:11:03 0 0 0 806.95 285

Shenick diversinyeTM Testing Performance of Multicast Services Page 12




Cont... Time quns J_oining Leaves CIier_lt Leaving Client In
Client Time ms Client Time ms Packets After
Client Leave

02/11/2004 18:11:04 0 0 0 0 0
02/11/2004  18:11:05 0 0 0 0 0
02/11/2004 18:11:06 1 3.48 0 0 0
02/11/2004  18:11:07 0 0 0 628.62 222
02/11/2004 18:11:08 0 0 0 999.54 353
02/11/2004  18:11:09 0 0 0 807.22 285
02/11/2004 18:11:10 0 0 0 0

02/11/2004 18:11:11 0 0 0 0

02/11/2004 18:11:12 1 4.16 0 0

02/11/2004  18:11:13 0 0 0 629.51 223
02/11/2004 18:11:14 0 0 0 999.59 353
02/11/2004 18:11:15 0 0 0 810.31 286
02/11/2004 18:11:16 0 0 0 0

02/11/2004 18:11:17 0 0 0 0

02/11/2004 18:11:18 1 5.15 0 0

02/11/2004  18:11:19 0 0 0 627.45 222
02/11/2004  18:11:20 0 0 0 999.97 353
02/11/2004 18:11:21 0 0 0 812.9 287
02/11/2004 18:11:22 0 0 0 0 0
02/11/2004 18:11:23 0 0 0 0 0
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Results Analysis

For a single IGMP client, single server and five multicast groups, with duration of one second and
a rejoin delay of five seconds, the results show the join is issued at a time Toand the Leave is
issued 1 second later. Five seconds later the next join occurs. A diversifEye™ analysis shows that
the:

- Average Time Joining is 4.5ms average
- Average Time Leaving — 2,433ms average
- Number of Packets received after Leave is 859 packets/s or 1,214,978.14 Bytes/s

During the time leaving, packets are being received at the client. After a period, the results
indicate that no more packets are received, indicating the client has successfully left the multicast

group.

IGMP: Time Joining and Leaving Client 1

il

10

Time daoining (ms)

095215900 095245900 09:53:21.900 09:53:54.900 0954:27.900 0955000800 09:55:33.900

Time

046
|

LA EL LS T

09:52:15900 09:52:48.900 09:53:21.800 09:53:54.900 09:54:27.900 09:55:00.800 08:55:33.900

Time Leaving (ms)
A
]

Time
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Channel Surfing/Zap Rate Performance Test

With minimum configuration, diversifEye™ can determine the total number of channel changes
(Zaps) the multicast server can process. The channel hopping behavior is set by configuring
several multicast group addresses for each client. Short duration and rejoin delays are used to
maximize the channel zap rate. Each multicast session is accessed concurrently. The performance
objective is that each client can change channels three times a second. For a maximum of 2000
clients connected to the DSLAM, the requirement is for 6000 Zaps/second.

The test is run for at least 60 seconds. The results of this test are shown below from the
diversifEye™ Results analysis IGMP Summary graph. From the results, the number of joins
issues is 139078 over 240 seconds, with an overall performance of ~580 Zaps per second.

Test Summary: Mumber of Clients: 10
Time Tao Join Threshold: 0 (ms)
Test Time: 14:03:06.900 - 14:06:06.900 : 210 seconds.
Application Data: Time to Join(ms): Min: 124 Ave: 216707 Max: 297582
Mumber of Joins: 139078
Mumber of Leaves: 138978

TCP Details: Average Server Bit Rate (Mbps) 9.72649769142857
Client to Server:
Packets Dropped by Clients: 0
Packets Out Of Sequence:
Packet Loss (%) 0
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Data Casting for Financial Services Enterprise

Financial trading floors have traditionally been located on a single floor in a building. Now
trading floors can span multiple floors and, in some designs, extend over multiple buildings in
different locations. The most critical requirement for multicast trading networks is high
availability with no downtime. This means that the network must be designed so that there is no
single point of failure such that performance objectives are maintained during failover. With this
fast moving industry, the goal is to create an environment to test reliable multicast delivery. A test
lab was set up to test solutions for financial clients such as stock brokers and banks.

Challenge

The greatest challenge is to facilitate deployment for new multicast services in a rapid but
flexible manner for a secure, manageable and scalable network design. In addition to the
multicast zero packet loss requirement, the performance levels of existing mission-critical
trading applications must be maintained. Therefore, application performance analysis is
required for each user during normal and failover conditions.

Topology

A key requirement is to rapidly recreate network topologies for many environments. For
each network design, two topologies types are required for very large network
deployments: These are:

« Hundreds of VLANSs/thousands of clients communicating to one Multicast servers
« Hundreds of VLANSs/thousands of clients communicating to many Multicast servers

Shenick B
diversifEye™ Client

V0LAMS 107 -170
Trunk

1 Gb VLAN trunk
VLANS 107-110

1GbB &a /

VLANS 107-110 1 Gb VLAN trunk

VLANS 101-110

VLAMs 137-110

Test Port 1
Server
VELAMS 107 =110
Trunk

Figure 8 diversifEye emulating Multimedia Clients & Servers
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diversifEye™ Configuration Details

In this situation, manual configuration of the epwiment is complex. However, diversifEle
has a number of key features to simplify perforneatesting or large and evolving network
designs:

« Automatic generation of test groups for complex yammany networks *3
« Ability to import the test groups via XML

- Facilitates the addition of new VLANSs with “impahd append”

«High VLAN density support - one test port suppavsr 500 VLANS

- Flexible results analysis to monitor different peniance thresholds

« Multi-user client emulation configuration

- Per Application, Per User, Per VLAN performancelgsia

The specific VLAN configuration is specified by theer and the test group XML is

automatically created by a diversifE{lescripting process. This is simply imported into
diversifEyé", saving much time manually setting up the testrenment. As the network design
evolves, additional VLANSs are created and appertdéde existing test group. These features are
extremely valuable to testers creating environmetitts hundreds of VLANs and thousands of
users.

*3 Each test is configured in diversifEykas a test group.
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