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Unlike point-to-point network applications, multigia applications such as IPTV, data
casting (news, stock tickers) and distance leardeygend on the ability to send the same
information from one server to many users acros$Panetwork. The purpose of this
paper is to introduce procedures specific to tgstire performance of IPTV multicast
networks and services with Shenick's diversifEyeQRality of Experience test and
measurement platform.

The deployment of this type of multipoint servicegents an interesting challenge for
network operators that need to understand the meafoce capability of an IPTV
multicast infrastructure. The performance of unticsvices is measured by sending a
number of packets from a server to a user whileson@ag the delay and loss across the
network. These traditional performance metrics g®ufficient to quantify a good
multicast service.

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

group.

With multicast services, capacity planners faceitafthl challenges when testing the
limitations of a network design. Multicast protogotan be taxing on the routers
resources and therefore additional capacity linatest must be quantified. Meanwhile
consumers of IPTV broadcast video services expstant channel changing which gives
rise to stringent network performance objectivessample of performance questions
may include —

What is the channel-surfing (zap rate) capacitghefnetwork?

For a number of multicast groups, what is the timpin each group?
For a number of multicast groups, what is the timkave each group?
What is the packet loss rate, while the users aneected to a group? *1
What is the throughput with a single multicast grevith one user?
What is the throughput with a single multicast grevith a million users?
What is the throughput with many multicast grouphwnany users?
What is the throughput with many groups and uséiis avhigh zap-rate?
How much bandwidth is required for services usiiffgent CODECs
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Shenick Network Systems has developed an IPv4/IRufiticast emulation and
performance analysis tool to provide the answershé&se questions (and more) with
purpose built IGMP/MLD features. This enables nekwvengineers to quantify all
performance aspects with a flexible tool that affitre following benefits:

1. Cost effective solution by supporting hundrefimulticast hosts in one test port
2. Time saving with test-case automation for ca@rphany-to-many topologies
3. Emulates urban deployments - emulates 1 miplas subscribers per chassis
4. 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 Leanadrics for each host
6. Reports Packet Loss for the periods when wsersalid members of the groups
7. Distinct per-client behavior with customer upeofiles *2
8. Delay and Jitter measurements
9. Flexible packet-size distribution profiles f@rious CODEC emulation
10. Long Duration testing with varying traffic wwhes

To explain these benefits in greater detail, thégpgr introduces some real world
scenarios, the issues facing their deployments laod diversifEyeTM is used to
determine performance and capacity limitations lbé thetwork design. Common
applications of diversifEye include:

IPTV / Video Multicast Service deployment for Netkdperators
Data casting for Enterprises
Performance testing of multicast devices for EquptVendors

Finally, multicast services are rarely deployedtbeir own. Shenick's diversifEyeTM

offers a per user, per Class Of Service (CoS) métwoalysis capability. Therefore the
performance of multicast services is analyzed hotlsolation and in the context of

triple-play applications. This is achieved by entiola and analysis of common Internet
traffic applications.

*1 As a user will not receive packets as the ubanges channels. Traditional packet loss calculativay register packet loss for this
period, which is incorrect for multicast services
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New IPTV products and technologies enable netwg&rators to deploy compelling
digital TV services using existing broadband acde§sstructures. In this scenario, a
network operator wishes to deploy multicast VidesEemand and IPTV services across
a DSL access network.

The new platform must support all of the digital Bérvices that consumers expect,
adding to the TV experience with enhanced featsue$ as picture in picture and digital
recording options, while maintaining performancgeobives for existing voice and data
services. This requires performance testing of icagt functionality on access network
devices as well as the remote authentication irerotd retain existing investment in
customer premises equipment.

It's worth noting that this application of diveEye is equally applicable for broadcast
video services over Cable and FTTC access netvopdddgies.

Challenge

With the current access network, each DSLAM ser2880 subscribers with data
services. A network configuration change enabledticagt routing while the video
servers are connected strategically on Metro Nadesre high concentrations of users
are aggregated. These servers utilize VLAN tageémh type of service (Voice, Video
or Data) which translates at the user port as rdnerBet packets.

The operator wishes to determine performance ohéteork with

256 Multicast groups with MPEGA4 digital streams

The zap rate for individual users surfing throudiiree streams

The overall zap rate for all users, surfing throagjitihe streams

The multicast throughput of the device with all @Q@ubscribers connected
The loss, delay and jitter measurements of thausise
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Topology

Using a DSL Modem with Ethernet LAN connectivity) Bthernet attached set top box
can receive quality video traffic bundled with datvice for High Speed Internet (HSI)
on the same twisted pair. For modern DSLAMSs, anefftbt backhaul has several
advantages over traditional ATM connections. Irs tinstance, Voice, Video and Data
connections are delivered over distinct VLANS.
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Figure 1: IPTV Network Architecture using VLANs
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This section outlines the steps required to emwatkanalyze typical multicast sessions
for an Ethernet attached IPTV Video Server and €@untManager. In the test
environment, a high-performance VLAN switch is attuced to reduce the number of
test ports required. Without the switch, one test 5 required to generate traffic for
each emulated subscriber.

In this configuration, diversifEye can generatdficafor many different users from one
test port, where each user is distinguished byiquenVLAN tag. The switch in turn is

configured to process each VLAN stream and disagdee the traffic over various

Ethernet ports to the DSL modems. In this way, edigbrsifEye 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 servieggpiires five basic steps. Each step is
simplified with context-sensitive help and takefew moments to configure. The steps
outlined below include:

Configure diversifEye 's test ports with Hosts &jglications
Specify the IP address for the clients and seMets
Configure the multicast server applications

Configure the multicast client applications

Run the test and view the results
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A diversifEye Host is the layer 2-3 properties loé tvirtualized device. diversifEye per
flow architecture enables thousands of these hostse created resulting in multiple
unique end-point configurations per test port.

Test Port ; O
End-paint traffic

Test Port : 1
Content Servers

Figure 3: Port Configuration

Each Host may represent one client device and hgivem a unique VLAN tag. In
addition, each Host may be supplied with an IP amdmote gateway address. The IP
address represents a virtual router, which is tsecteate the IP routes for the clients
across to and from the NUT.
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In turn, the gateway address is the IP addressechdjacent network hop. In the diagram
above, VLAN tags 1 to 250 represent the user traffid VLAN tag 300 is used for all
video traffic in the service provider network. Likise, a different test port and Host is
used for the Video Server/Content Manager appbaoatiIn this case, each service (Voice,
Video & Data) or application has its own Host wath individual VLAN tag. An example
configuration is shown below:
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Figure 4 : Host VLAN setting for IPTV Server
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The clients and servers IP details are now corgigiuAs described above, the first stage
Is to choose the client and server Hosts and IReadds. Following this the multicast
client and server applications are configured anidutlize the configured Hosts.
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Figure 5: IPTV IGMP client application settings
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Next the server configuration is specified with thelticast version, address, group count

and server bit rate.
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Figure 6: IPTV IGMP Server application setting

The details above configures a single video seheadrgenerates five multicast streams,
beginning at multicast group address 224.1.16.X0rate of 3Mbps using a payload of

1413 bytes.

The client configuration specifies the client bebavincluding it’s join and leave
characteristics for the streams that participatdéntest. Options are available for
traversing the multicast groups in various mannacduding:

Sequential — joining each multicast group one aftemext
Random — joining any groups available under thedase entry
Concurrent — joins all of the multicast groups &fae, at the same time
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IGMP Client Properties
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Figure 7: IPTV IGMP Client Join & Leave settings

In addition, the configuration specifies the Josdle characteristics:

The options are:
Never — the client never leaves the group

After Join — the leave is sent immediately afteeipt of the first packet
After Duration — the leave is sent after a spedfication set on the GUI

The option 'Rejoin Delay' allows the tester to $fyean interval to allow the session to
finish (taking into consideration network leaveelaty for the streams traversing network
equipment) before the next join request is made th& next stream. Finally, the
Membership Report count and interval specify the osmembership report packets to

be sent out during the session.
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diversifEye is now configured to emulate a multtcaent joining and leaving five

multicast groups, from a single server. diversifEyenerates significant amount of
performance information for analysis in real-timedalater post analysis processing.
Specific multicast metrics are generated on a pientéper sampling period, that
simplifies the task of monitoring network perforncan

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 leavebleas issued
Packet Loss (while the client is connected to ttoeig)
Network Latency (Min/Max and Average)

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

5 diversifEye Test Results
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All test results can be saved to spreadsheet foumsat 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 9997 353
0211/2004 181021 0 0 D 790.24 a7
02/11/2004 18:10:22 0 0 0 0 0
02/11/2004 18:10:23 0 0 0 0 0
02/11/2004 18:10:24 1 456 0 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 a7
02/11/2004 18:10:28 0 0 0 0 0
02/11/2004 18:10:29 0 0 0 0 0
02/11/2004 18:10:30 1 3.56 0 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 D 792.83 280
02/11/2004 18:10:34 0 0 0 0 0
02/11/2004 18:10:35 0 0 0 0 0
02/11/2004 18:10:36 1 3.6 0 0 0
02/11/2004 18:10:37 0 0 0 629.03 223
02/11/2004 18:10:38 0 0 0 1000.03 363
0211/2004 18:10:39 0 0 0 am 283
02/11/2004  18:10:40 0 0 0 0 0
02/11/2004 181041 0 0 0 0 0
02/11/2004 18:10:42 1 45 0 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 0
02/11/2004 18:10:47 0 0 0 0 0
02/11/2004 18:10:48 1 3.61 0 0 0
02/11/2004 18:10:49 0 0 0 628.45 222
02/11/2004 18:10:50 0 0 0 999.38 363
02/11/2004 18:10:51 0 0 0 804.59 284
02/11/2004 18:10:52 0 0 0 0 0
02/11/2004 18:10:53 0 0 0 0 0
02/11/2004 18:10:54 1 3.54 0 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 0
02/11/2004 18:10:59 0 0 0 0 0
02/11/2004 18:11:00 1 455 0 0 0
02/11/2004 18:11:01 0 a 0 627.35 222
02/11/2004 18:11:02 0 0 0 999.88 363
02/11/2004 18:11:03 0 0 0 806.95 285
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For a single IGMP client, single server and fiveltmast groups, with duration of one
second and a rejoin delay of five seconds, thdtseeshow the join is issued at a time TO
and the Leave is issued 1 second later. Five sectatdr 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 pafsker 1,214,978.14 Bytes/s

During the time leaving, packets are being receigedhe client. After a period, the

results indicate that no more packets are receiadd;ating the client has successfully
left the multicast group.
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Channel Surfing/Zap Rate Performance Test

With minimum configuration, diversifEye can detenmithe total number of channel
changes (Zaps) the multicast server can processch@nnel hopping behavior is set by
configuring several multicast group addresses &mheclient. Short duration and rejoin
delays are used to maximize the channel zap raeh Enulticast session is accessed
concurrently. The performance objective is thathealient can change channels three
times a second. For a maximum of 2000 clients octedeto the DSLAM, the
requirement is for 6000 Zaps/second.

The test is run for at least 60 seconds. The mesilthis test are shown below from the
diversifEye results analysis IGMP Summary graplnithe results, the number of joins
issues is 139078 over 240 seconds, with an oveedibrmance of ~580 Zaps per second.

Test Summary: Mumber of Clients: 10
Time To Join Thrashold: O (mz)
Test Time: 14:03:06.800 - 14:05:06.300 - 210 ssconds.
Application Data: Time to Jainfms): Min: 124 Ava: 216707 Max: 207582
Mumber of Joins: 138078
Mumber of Leawes: 138978

TCP Detalls: Avarage Saner Bit Rate (Mbps) 9.7 2649760142667
Client to Server:
FPackets Dropped by Clients: 0
Packats Qut Of Sequence:
Packet Loss (%) 0
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Financial trading floors have traditionally beemrdted on a single floor in a building.
Now trading floors can span multiple floors and,some designs, extend over multiple
buildings in different locations. The most criticeéquirement for multicast trading
networks is high availability with no downtime. Bhimeans that the network must be
designed so that there is no single point of failsach that performance objectives are
maintained during failover. With this fast movingdustry, the goal is to create an
environment to test reliable multicast deliverytest lab was set up to test solutions for
financial clients such as stock brokers and banks.

Challenge

The greatest challenge is to facilitate deploynfienhew multicast services in a rapid but
flexible manner for a secure, manageable and deat@twork design. In addition to the
multicast zero packet loss requirement, the perdmce levels of existing mission-critical
trading applications must be maintained. Therefapplication performance analysis is
required for each user during normal and failowerditions.

Topology

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

Hundreds of VLANs/thousands of clients communiaatin one Multicast servers

Hundreds of VLANSs/thousands of clients communiggtio many Multicast
servers

Vo U

Test Port : O = P )
End-point traffic T - - e -~ 1GDb VLAN trunk

- vy, N - VLANS 101-110
Client VLANS: ' ‘ '
101-110 trunk

Test Port : 1 VLANS:
Application Server 101-110 trunk

Figure 8: diversifEye emulating Multimedia Clie&sServers
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In this situation, manual configuration of the eowmment is complex. However,

diversifEye has a number of key features to simgdérformance testing or large and
evolving network designs:

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

Facilitates the addition of new VLANs with “impahd append”

High VLAN density support - one test port suppaer 500 VLANS
Flexible results analysis to monitor different penhance thresholds
Multi-user client emulation configuration

Per Application, Per User, Per VLAN performancelgsia

There are Global, Regional and local multicastarea
in this configuration.
Background multicast traffic incorporates each of e B R S S
these. = -~
v Al
There is a single transmitter for groups in thelf@lo ‘ ‘“*a{/ |
scope. There is a single transmitter for groupghién
Regional scope. s et e
v S
I I
Test Port : 0 Switch ___,.—‘ a G Switch
Client / Servers
VLANS:
44,45 e — et e
N LI 4

Test Performance of IGMP based Multicast Services with emulated IPTV STBs

Regional Multicast Group

Test Port : 1
Client / Server

VLANS:

113,115
The specific VLAN configuration is specified by thuser and the test group XML is
automatically created by a diversifEyeTM scriptprgcess. This is simply imported into
diversifEye, saving much time manually setting bip test environment. As the network
design evolves, additional VLANs are created angeaded to the existing test group.

These features are extremely valuable to testeeting environments with hundreds of
VLANSs and thousands of users.
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The test group is run and with non-failover corais the results are analyzed on a per
client or per VLAN basis.
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Next, the failover event is triggered and test kssshow that all multicast traffic is
delivered with no packets dropped by the networkthWihe multicast services deemed
reliable, the next step is to emulate and analjigepeerformance of other applications
running across the network. This is simply achiewath the diversifEye multi-client
feature. In diversifEye, this enables the testecdofigure thousands of clients with a
small number of key strokes, as shown below.
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Figure 9: Adding HTTP functionality to IPTV STB
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The failover test is repeated and the performamd®mth multicast and application traffic
is analyzed. The example results show the appticatsponse times and packet loss for
the configured clients. These results show a spwket loss with application response
times greater than 1 second, which is deemed iogrif for this network.

Number of Response Times

HTTP Server Response Times

1400 1500 1600 1700

HTTP Response Times (ms)

Performance metrics are available on a per-cligaeit, VLAN and per application basis,
giving the test lab a clear indication of user eigee for both multicast and unicast
applications. Performance metrics are availabler oxaious sampling periods (one
second, ten seconds, 30 seconds, etc). This ensddesrs to automatically trigger
network outage events at specific times and monit@ results for performance
degradation for the duration of the outage.

In fact, it is possible to trigger the network ay#a from diversifEye. With the
diversifEye analysis tool, results analysis is endtically run on a regular basis, where
the results are correlated with the state of thevok. Finally, with the wealth of
information available, the analysis is configuratdedisplay and graph a subset of results
in many available forms (e.g. Histogram, time s9rie

Test Performance of IGMP based Multicast Services with emulated IPTV STBs
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