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Introduction

Early ATM switch implementations employed
Permanent Virtual Connections (PV Cs), between
communicating endpoints. Switched Virtual
Connections (SVCs), controlled by high speed
signalling protocols are now widely-available,
allowing endpoint connectionsto be set up and
disconnected dynamically.

For ATM to be aviabletransport medium, these
connections must be established at very high speeds,
and may include both point-to-point and

poi nt-to-multipoint configurations.

Verifying SV C performancewill be critical to the
future of ATM networking solutions. To achievethe
required performance levels, switch architecturesare
changing from centralized to distributed call
processing models. Itisvital that these switchesbe
performancetested with ahigh rate of thetypesof SVC
callswhich causerea world load conditions.
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Figure 1: User-to-Network direction ATM switches which implement the
signalling protocols at the User-Network Interface (UNI).

Performancetesting isavery different
task than functional or conformance
testing, and thus requires adifferent
analysisapproach. You aren't just testing
that the switch responds properly to all
different typesof signalling test traffic.
Rather you are testing that the switch
handlesvery large amountsof signalling
test traffic that issent in different ways
acrossdifferent portsto stressthe switch
inareal world fashion.

To perform thiscritical new testinginthe
best possible way, the signalling
performance analyzer must be fast and
flexiblein terms of its number and types
of ports, and havethe ability to connect
into different types of networks. The
analyzer also needsto beflexiblein
terms of itsuse model and feature set, so
that many different real world test
scenarios can be created.

TheUNI istheinterface betweenthe user
or end station and an edge switchin the
ATM network. TheNNI istheinterface
between ATM switches. This solution
notewill discussthe key issuesinvolved
in the performance testing of ATM
switcheswhichimplement thesignalling
protocolsat the User-Network Interface
(UNI); specifically inthe
User-to-Network direction, as shownin
Figurel.
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Optimizing Performance
Through Testing

Many ATM switch vendorshave
implemented UNI signalling in their
switchesand are now trying to improve
the signalling performance. Initial
implementationsof UNI often don't
achieveahighrate of SVC calls per
second or the ability to handlealarge
number of open calls. This meansthat
evenif each SVCissetuptohandlea
fairly large amount of traffic, thetotal
amount of traffic that the switch can
handle (based on the total number of
SV C'sthat can be setup and maintained)
will belessthanideal. Thistrans ates
into ahigher cost in terms of
dollars/Mbps, which makes the switch
less competitive.

Switches need to be able to handle
increasingly high numbersof callsper
second per port and total open calls per
port. They also need to make surethat the
processing of the signalling protocols
doesnot interfere with other lower layer
functionsthat the switch needsto
perform. To achievethis balance many
switch vendors are trying new
architectures, such as distributed
processing models.
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Figure 2: A switch implemented as a rack that takes multiple line cards, each with one or more ports and

its own CPU to run the signalling. software

A switch may beimplemented as arack
that takesmultiple line cards, each with
oneor more portsand itsown CPU torun
the signalling software, asillustrated in
Figure 2.

No matter what switch architecturesare
used, satisfactory performance levels
must be attained and maintained under
real world operating conditions. While
functional and conformance testing
verifiesthe operation of individual ports
it may not guaranteeoverall performance
intheinstalled network where ahigh
level of signalling activity may occur on
every port of the switch.

To guaranteereal world performance, the
switch must be stressed by generating a
variety of SVC call profilesand
measuring call processing performance
metrics simultaneously on multiple
ports. Theidea scenariorequiresall
switch portsto betested simultaneously.

Testing switches by simulating areal
world multiport test scenario will
provide the answer to theseimportant
performance questions:

« Atwhat level of calls per second does
my switch start taking longer to setup

calls?

At what number of total open calls
does my switch start to reject calls?

How long does it take my switch to
setup or clear a large number of calls?

How does my switch's signalling
performance vary with differentcall
setup parameters (e.g. a different
requested cell rate, traffic type, etc.)?

How well does my switch respond to
certain requests while under load (e.g.
ILMI Coldstart, Layer 3 RESTART,
etc.)?

How does my switch perform now
that it supports a new signalling
protocol variant?

Are there any hotspots in the signalling
performance of my switch?

e Will my switch recover from an

excessive signalling load on multiple
ports?

¢ Which switch meets my performance

requirements?

- ! ". ) .
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Figure 3: Hardware configuratoin for signalling performance test system with balance of multiple
ports per test system and high signalling performance per port.

As new architectures or software Performance Ana Iysis
implementations are developed, the test Rg qu irements

cases must be repeated to ensure specifie
performance is being maintained. Testing the limits of aswitch’s

Regression testing using a multiport performanceisavery different task than
performance analysis tool guarantees testingitsfunctionality or conformance

reliable performance to existing to standards. Typically the switchis
customers and demonstrates performanaiready devel oped, functioning and
levels to potential new customers. conforming to standards, but its

Purchasers of ATM switches need to be performance upder |oad conditionsisyet
to be characterized.

certain that their network designs deliver

the expected network performance. TheyCost and time-effective performance

also have to verify the performance of nevesting requires attention to anumber of

switches or newer, faster versions of the elementsof thetest procedures:

same switches to ensure asuccessful . Tne testing will require a balance

network upgrade. Acceptance testing also petween high performance stressing

requires a multiport performance analysis of individual ports and simultaneous

tool. background stressing of multiple
orts.

System test, regression test and acceptanc _
¢ The testing approach must allow for

test procedures are necessary to ensure extendable port capacity and

performance in ATM .SW'tCheS and signalling capacity to accommodate

networks. These testing procedures testing of different sizes of switches.

require a multiport signalling performance Simply adding interfaces without

test solution. Agilent Technologies can adding more signalling horsepower

offer such a solution. will dilute the performance available
to an individual port. A flexible
system of high performance multiport
modules, each with its own signalling
CPU, ensures that many ports can be
tested with adequate performance on
each port.

¢ Realistic SVC signalling load profiles
must be generated on multiple ports
in order to simulate an actual network
installation.
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Figure 4a: Stress testing switches individually.
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Figure 4b: Stress testing switches together as a network.

Correlated multiport performance 3.1 Flexible Hardware Architecture
metrics must be measured on all portand Extendable Port Capacity

to get a true indication of how the 71 jgeq| performance test system
switch performs under signalling

load. If measurements are taken on shogld be very flexib-le ir.1 Ferms qf its
only a single port then critical metricsconflguratlon and suitability for different
can be missed because there is no YP€S of networks.

guarantee that the selected port is thg should accommodate a number of
one that was affected. ports that differ in both quantity and type.
The test cases must be automated sqo achieve a balance of multiple ports
that they are easily and reliably — per test system and high signalling
repeated every time the testing is performance per port, the signalling
performed. performance test system should have a

Agilent will offer a new suite of products hardware configuration similar to that
for the Broadband Series Test System shown in Figure 3. Note that the overall
(BSTS) that focuses specifically on system is a rack that can hold multiple
multiport signalling performance testinghardware modules.

of ATM switches.

Performance testing may involve a few

The following sections describe some oports on a single switch or many ports on
the features and facilities that must be a simulated network configuration. Port
part of a signalling performance test  density within the test equipment rack
system in order for it to provide real becomesimportant. To accommodate the
world tests while at the same time beingvarious test cases port capacity should be
flexible and easy to use. easily extended and

configured, which
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Screen 1: Signalling load test system needs to give the user control
over a minimum number of elements of the SETUP messsage.

iseasy using thismodel. Each module
should haveits own processor capabl e of
generating avery high rate of calls per
second while simultaneously responding
to incoming calls and taking detailed
measurements. Each module should be
capable of generating callsover any
number of itsports, from oneto al,
allowing for an extremely high rate of
calls per second per port if only one port
is chosen. The same modul e should & so
be ableto operate over different physical
interfaces, perhaps allowing four OC-3c
or STM-1 portsor oneOC-12cor STM-4
port.

3.2 Extendable Network
Connectivity

Real ATM networks aretypically made
up of interconnected switches. In
addition to stresstesting switches
individualy, asisshownin Figure4a, the
test engineer needsto stressmultiple
switchestogether asanetwork asis
shownin Figure 4b.

By connecting thetest systemto a
network of switchesthetest engineer can
verify that under load the switches
correctly make callsthrough the network
to the destination systems. To
accomplishthis, thetest system needsto
beableto connect to multiple portsof the
System Under Test (SUT) and emulate
multiple end stations sending traffic into
the ATM network.

www.Agilent.com/comms/BSTS

Screen 2: Other paramaters users may change for different switch
implementations.

Thetest system al so needstheright
balance of per-port control and
configuration settings since different
ports can be connected to different
switches, each of which can havea
different configuration and exhibit
different behavior.

To minimize test development time, test
configurationsthat have been saved for
one port inthe system must be able to be
re-used on new portsthat have been
subsequently added to the system.

3.3 Realistic SVC Signalling Load
Profile Generation

Regardless of the type of physical

interface or number of ports, the test

engineer needsto be ableto generate

realistic signalling load profiles. This

will involve control of thefollowing

elements of signalling generation.

« Different versions of the UNI

« Different SETUP parameters

¢ Large numbers of end-station
addresses

¢ ILMI to facilitate address registration

« Different call initiation profiles,
duration and open call limits

e Per-port settings

Each of the above capabilities will now
be examined in further detail.
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Figure 5: User may choose a rate that is contant.
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Figure 6: User may choose a rate that increases at a specified rate.

3.3.1 Different Versions of the UNI

Different protocol versionsof the
signalling test traffic will need to be
generated-at least UNI 3.0, 3.1, 4.0 or
Q.2931. Regardless of the protocol
chosen, thetest methodol ogy should be
the same. Since at thisstagethe user is
not concerned with conformancetesting,
the user should not have to make
significant changesto the test
configuration to execute performance
testsusing different protocols. The user
should simply be able to choose the
protocol of interest, and then run the
sametest.

3.3.2 Different SETUP Parameters

SV Csareestablished to set up apath that
will transfer ATM cell traffic. Itisnot
enough to test that aswitch can handlea
high level signalling activity requesting
the same type of cell traffic connection.
Thetest engineer needsto generate a
high volume of the most common types
traffic requests on switched virtual
circuits (SVCs).

Thesignalling SETUP message contains
the traffic descriptor, a specification of
the type of traffic that will be sent over
therequested SVC. The signalling load
test system needsto givethe user control
over aminimum number of el ements of
the SETUP message, asshown in Screen

1. Thiswill alow stressing of the
switch’s capacity to accept or deny call
setups as traffic conditions change.

It may also be necessary to change other
parametersfor different switch
implementations. Asaminimum, the
user should be allowed to change
parameters shown in Screen 2 to assure
that theanalyzer can interoperate with
the SUT.

3.3.3 Large Numbers of End-station
Addresses

Connections must be established
between source and destination
addressesin any of the common
destination formats. To emulatethis
traffic thetest analyst must beableto
specify source and destination addresses
invariousformats-at least the Network
ServiceAccessPoint DataCountry Code
(NSAPDCC), the Network Service
Access Point International Code
Designator (NSAPICD), plusthe NSAP
E.164 and E.164 Native formats.

The more addressesthere are, the more
completely the analyzer will stressthe

KIA Y TH=
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Figure 7: User may choose a rate that increases in random bursts within some Screen 3: lser can easily change test paramaters.
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Souw
routing tables of the SUT. Eachporton  the network asthey run different H oo
theanayzer will have an address that applications. The user should be ableto Fort1 Rondom
will be used asthe source addressfor chooseacall ratethat is constant (afixed - o
calls, and each sourceaddress shouldbe  rateof callsper second), increasing at Fored Handom
ableto make callsto alarge number of some specified rate (or stepped), or in Eal Bucstion
. . e . . “pn Fixud Random
destination addresses. In addition, there  random bursts within some specified T — DA —
should be somerandomnessin the range. These three cases are shownin Maximum: B8] secs
system so that the same addressesarenot  Figures5, 6and 7. Tost Limits
alwayssent inthesameorder al thetime. . Maximum Opun Calls : [TBBE0 | Continu At : [TBHE | Opun Calls
: L Intherandom case, control over the time Tota Gt it [—]
Again, thisisimportant to emulate real . . | yolidia
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3.3.4 ILMI to Facilitate Address
Registration

Thelocal (source) addressesfor all the
ports on the analyzer will need to be
configuredintheswitch or switchestobe
tested, so that they can route
appropriately. The Integrated L ocal
Management Interface (ILMI) makes
this process easier asthe user can just
configure addresses on the analyzer and
useILMI to exchange thisinformation
with the switch.

Intypical scenarios, thisprocessis
performed once at the start of thetest,
which requires the user to have manual
control over thiscapability.

3.3.5 Different Call Initiation Profiles,
Call Duration and Open Call Limits

Once addresses are specified, the user
needsto be ableto vary therateat which
calsaremadeinto the SUT over time.
Thiswill emulate end stations that send
different levels of signalling trafficinto

www.Agilent.com/comms/BSTS

over thelength of each call, (i.e. how
long the call staysopen beforethe test
system releasesit) should also be
configurable, and both fixed and random
call durations should be allowed. The
number of calls per second, in
conjunction with the duration; the
maximum number of open calls; and the
overall duration of thetest determine
how the number of open callsvaries over
time. The user should easily be ableto
changethesetest parametersasshownin
Screens3and 4.

Figure8illustrateshow these parameters
work together to affect the total number
of open callsover time. One more
parameter can greatly increasetherange
of control over open calls, and thusthe
overal usefulness of the system. An
upper and lower limit on thetotal number
of open callsalowsthetest systemto
cycle repeatedly between an upper and
lower boundary. When upper and lower
open call limitswork in conjunction with
the call rate and call duration, very

Screen 4: User can vary the number of calls per second, in
conjunction with the duration, and other parameters over
time.
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Figure 9: Total number of open calls to cycle over time. When upper and lower open call limits work in conjunction
with the call rate and call duration, very flexible real-world behavior is achieved.

---------------------------------- flexiblereal-world behavior isachieved.
| Figure 9 shows how these parameters
allow the total number of open callsto
cycleover time.

. Thisdegreeof flexiblecall profile
B sec Time 60 65 control isnecessary if hotspotsin switch
Figure 8: The number of calls per second, in conjunction with the  gj gnalling performance are to be
duration; the maximum number of open calls; and the overall . Iy .
duration of the test determine how the number of open calls varies identified. A variety of test cases can be

over time. devised to establish thelimits of
performance.

3.3.6 Per-port Settings

Inreal-world traffic conditions all ports
attached to aswitch will not behavethe
same way. Each switch port will be
attached to adifferent end station or to
another switch which handles callsfrom
many end stations. Every end station will
be sending traffic according toitsown
network needs, with different call rates,
length of calls, and so on. Thereforethe
analyzer should alow most of the above
test parametersto vary on aper-port basis
to emulatethereal world. Thiswill make
for areadlistic mix of different traffic on
different portsover time.

3.4 Correlated Multiport
Performance Metrics

For different scenarios, different
measurementsarerequired. For
example, when the user wants to know
how the total number of open calls
affectsthe switch’'saverage call setup

Copyright 2000 Agilent Technologies 9

time, those measurements should be
taken for that test and otherswill not be
required. There should be awide breadth
of statisticsand eventsavailablefor the
user to choosethe relevant metricsfor an
individual test. Some examplesof typical
statisticsand eventsare shown in Figure
10.

M easurements should also be taken such
that it is possibleto correlate various
statistics, errors and events against each
other over time. Thiswill providethe
user with key information about exactly
what was happening on the SUT when
the error occurred or the performance
dropped off. For example, with some of
the above stati stics and events sel ected
and logged over time, the user could
produce graphs similar to those shownin
Figure 11 to give amuch clearer
indication of performance variations.

When themeasured performance metrics
indicate a performance problem it will
be necessary to revert to functional
testingto establish the exact cause of the
problem. For example, under certain

KX Y TH=
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Statistics Events

How Open Calls Affect Setup Time
A

Test Started
Test Stopped
Test Paused

Elapsed Test Time

Number of Calls Remaining in Test
Attempted Call Rate

Actual Call Rate

Total Number of Attempted Calls
Total Number of Connected Calls
Total Number of Failed Calls
Total Number of Cleared Calls
Avg/Min/Max Setup Time
Avg/Min/Max Teardown Time
Inbound Calls Accepted

Valid Setups Received

All Calls Cleared

individual test.

performance stress conditionsthe switch
may be generating non-conformant
signalling messages. Thiswill require
detailed protocol anaysiswhichisnot
provided by amultiport performance
analysistool.

The Broadband Series Test System
allowsfunctional test and load test tools
to be used simultaneously. The
advantage of thisisthat functional
troubleshooting can be carried out more
quickly when the measurements are
correlated with the same signalling | oad
that was used to uncover the problem.

3.5 Test Automation

To savethe user timein re-running and
customizingtests, it should be possibleto
control most aspects of atest without
having to use the analyzer's graphical
user interface (GUI) every time.

The performancetest tool should have
some kind of application programming
interface (API) which allows the user to
execute testsfrom aprogram or ascript.
Theuser should be ableto usethe GUI at
first to specify atest and get it working.
Thereafter, it should be possibleto load
the sametest programmatically or viaa
script and run it, analyze results and do
post-test analysis. Thiskeepsthe user
from having to always sitin front of the
display torun atest, and it makeit easier
for the user to customize testsand link
different tests together.

www.Agilent.com/comms/BSTS

Starting Post Test Script
Test Call Attempts Limit Reached
Open Call Upper/Lower Limit Reached

Call Attempt Rate Set to X

ILMI Registration Attempt

ILMI Registration Error

ILMI Coldstart Initiated/Received
L2/L3/Physical Errors/Events

)
Figure 10: Typical statistics and events chosen as metrics for an

Open
Calls

Time

Setup
Time

Time

Time Required to Setup 10,000 Calls

Completed
Calls

time X Time

Figure 11: Statistics and events selected and logged over timegive a much clearer indication of

performance variations.

Once auser hasaworking test that finds
aperformanceproblem, it iscritical that
they be ableto verify that any changes
that they make to addressthe problem
actually work. Onceatest is specified, it
should be easy to save al thetest
parameters and any past test results. This
should include some capability for
saving the configuration of atest that
spans multiple portswith different
settingsfor different ports. Repeatability
isthekey here.

When the user wantsto test anew switch
or anew releaseit should be easy to
re-run an existing test and compare the
resultsagainst past resultsasaregression
test. Thetest system should provide
somekind of pass/fail resultindicationin
thiscase. Thisisatough problem,
because like the measurements, the
pass/fail criteriawill differ for any given
test scenario. The system needsto be
flexible enough to allow the usersto
customizethe analysis of thetest
measurementsto fit their needs.
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Conclusion

As SV Cshave becomemoreprevaentin
ATM networks, higher performance of
the SV C-related functions switch
functionsisrequired. Even after aswitch
isfully functional and conformant to
standards, thereis plenty of work todoto
verify that it offers competitive SVC
performance under real -world
conditions.

Thus, performancetesting isan
important complement to functional and
conformancetesting functions, yet it
demands unique capabilitiesfrom the
analysistool.

UNI signalling performancetestingisa
challenging new problem that requiresa
rigorous solution. Generating high rates
of calls per second with flexible profiles,
and maintaining many active SVCs
across multiple portsiscritical. And all
this has to be done while simultaneously
making the appropriate performance
measurements. Theideal solution will
balance breadth and depth of testingin a
system that isquick and easy to use, but
also adaptable to awide variety of
real-world scenarios.
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Acronyms

API Application Programming Interface

ATM Asynchronous Transfer Mode

BSTS Broadband Series Test System

CPU Central Processing Unit

DCC Data Country Code ATM address
format

GUI Graphical User Interface

ICD International Code Designator ATM
address format

ILMI Integrated Local Management
Interface

NNI Network-to-Network Interface

NSAP DCC Network Service Access Point Data
Country Code

NSAP ICD Network Service Access Point
International Code Designator

0C-3 Optical Carrier 3 - 155 Mb/s

0C-12 Optical Carrier 12 - 622 Mb/s

PVC Permanent Virtual Circuit

STM-1 Synchronous Transport Module 1
- 155 Mb/s (Europe)

STM-4 Synchronous Transport Module 4
- 622 Mbs (Europe)

SvVC Switched Virtual Circuit

SuT System Under Test

UNI User-to-Network Interface

dX Y =
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The Agilent Technologies BSTS is the industry-standard ATM/BISDN test system for R&D engineering, product development, field trials and
QA testing. The latest leading edge, innovative solutions help you lead the fast-packet revolution and reshape tomorrow’s networks. It offers
a wide range of applications:

ATM traffic management and signalling
Packet over SONET/SDH (POS)
switch/router interworking and performance
third generation wireless tesing

complete, automated conformance testing

The BSTS is modular to grow with your testing needs. Because we build all BSTS products without shortcuts according to full
specifications, you'll catch problems other test equipment may not detect.
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