Nortel

Ethernet Routing Switch 5510, 5520, 5530

Layer 2 Performance, Resiliency and Ease of Use

Premise: When considering the pur-
chase of stackable switches, network
manager s need to know the perfor-
mance characteristics of the avail-
able products. Buyers need to know
the bidirectional performance char-
acteristicsin a multiple switch stack
configuration, plus what impact, if
any, a device outage will have on the
overall performance of the switching
stack.

N ortel commissioned The Tolly
Group to evaluate the Layer 2
switching performance, resiliency
and ease of use delivered by the
company's stackable Ethernet
Routing Switch 5510, 5520 and
5530. The Nortel Ethernet Routing
Switch 5510 is a single rack-unit
stackable Gigabit Ethernet (GbE)
Layer 3 routing switch designed to
provide high-density Gigabit desk-
top connectivity to mid and large
enterprise customers wiring closets.
In addition to all the features avail-
able in the Ethernet Routing Switch
5510, the Ethernet Routing Switch
5520 is equipped with a Power over
Ethernet (PoE) capability and the
Ethernet Routing Switch 5530 addi-
tionally can support up to 12 SFP
ports and dual 10-GbE uplinks. All
Ethernet Routing Switch 5500 mod-
els can be stacked together and man-
aged as a single entity.

Test Highlights

QO Delivers superior stacking performance up to 640 Gbps of switching
capacity in an eight-switch stack using Nortel Ethernet Routing
Switch 5510-48T and 5520-48T-PWR when handling frame sizes of
64 through 1,518 bytes with ultra-low latency

O Achieves wire-speed performance across 48 GbE ports of a Nortel
Ethernet Routing Switch 5510-48T in a standalone configuration,
when handling Ethernet frame sizes of 64 through 1,518 bytes

O Achieves up to 160 Gbps of switching capacity and 80 Gbps of
aggregate Layer 2, zero-loss throughput in a configuration of two
5510-48T switches

O Enables a failed device to be hot-swapped in the stack and acquire
software and configuration files without requiring a stack reboot,
thereby maintaining mission-critical applications

O Enables quick per-port configuration of basic security features

Zero-loss (< 0.001%) Aggregate Layer 2 Throughput
of Ethernet Routing Switch 5510-48T in an
Eight-switch Stack Configuration (320 GbE ports)
As reported by SmartBits SmartFlow

Gigabits per second (Gbps)
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Ethernet frame size (Bytes)

1,024 1,280 1,518
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Note: A custom port-pairing scheme was used. See the "Test Configuration and Methodology" section.

Source: The Tolly Group, September 2005 Figure 1
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by SmartBits SmartFlow

Average Store and Forward Latency (Microseconds) of
the Ethernet Routing Switch 5510-48T
Eight-switch Stack and Standalone Switch Scenarios As Reported

30

25

23

20

20

15

10

Latency (microseconds)

11

g @ gle

64 128

256 512

Ethernet frame size (Bytes)

1,024

17

1,280 1,518

@O Standalone switch W Eight switch stack

latency.

Source: The Tolly Group, September 2005

Note: The offered load used to measure latency was 90% of the theoretical maximum; Latency reported in the chart is "cut-through"”

Figure 2

Tolly Group engineers mea-
sured the amount of usable
Layer 2, zero-loss throughput as
experienced by users. In addi-
tion, they reported the stackable
switching capacity, or the total
switching throughput "external”
to usersand "internal” between
switch stack elements. Engineers
also noted the latency and stan-
dard deviation (Jitter) of the
three Nortel stackable switches
inavariety of configurations
and different traffic frame sizes.

Engineers examined an
Intelligent Auto Unit
Replacement feature to verify
that in the event of a switch fail-
ure within the stack, other
switches continue to function
and the dormant unit can be hot
swapped without impacting
stack activity. Lastly, Tolly

Group engineers noted their
observations regarding the
ease-of-use for enabling quick
per-port configuration of basic
security features.

All tests were conducted in
September 2005 at Nortel facili-
tiesin Santa Clara, Calif. and
audited by Tolly Group person-
nel. Throughput results reported
by The Tolly Group are taken
directly from the SmartBits test
tool used in testing and identify
the full-duplex throughput
across the switch fabric. The
Tolly Group also isreporting a
bandwidth capacity measure-
ment commonly used by ven-
dors, representing the aggregate
capacity of traffic flowing
across all portsin atest
configuration.

RESULTS AND
ANALYSIS

ZERO-LOSS THROUGHPUT
IN AN EIGHT-SWITCH
STACK

The Tolly Group tested the
Ethernet Routing Switch 5510-
48T (seven switches) and 5520-
48T-PWR (one switch) in an
eight-switch stack configura-
tion. In thistest, atotal of 320
GbE ports were used (40 ports
per switch) and connected to the
320 SmartBits ports. Engineers
used a custom port-pairing
scheme. For details of the port-
pairing scheme, see the "Test
Configuration and
Methodology" section. The
Tolly Group verified that the
Ethernet Routing Switch 5510-
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48T and Ethernet Routing
Switch 5520-48T-PWR switch-
esin this configuration provid-
ed 320 Gbps (640 Gbps full
duplex) of zero-loss aggregate
Layer 2 throughput using 320
GbE ports for the Ethernet
frame sizes of 64, 128, 256,
512, 1,024, 1,280 and 1,518
bytes. The stackable switching
capacity was 640 Gbps. (See
Figure 1.)

Thistest also proved that the
Nortel stacking solution func-
tions properly with mix of
Power over Ethernet (POE)
switches and non-PoE switches
in the same stack and that mix-
ing the two types doesn't have

NORTEL

ETHERNET ROUTING SWITCH

any impact on the performance.
No PoE client devices (e.g.

Vol P phone, WLAN AP) were
actually connected during the
testing as al ports were used for
traffic generation equipment.

The Tolly Group also measured
the average latency and calcu-
lated its standard deviation val-
ues in the eight-switch stack

Nortel

Ethernet
Routing Switch
5510, 5520, 5530

Zero-Loss
Throughput,
Resiliency and Ease of Management

GSERTIPIED

configuration. (SmartFlow cal-
culates the standard deviation
from its measured latency val-
ues and reports.) The Nortel
Ethernet Routing Switch 5510
and Ethernet Routing Switch
5520 switches in the stack con-
figuration demonstrated very
low latency and standard devia-

tion, introducing just 6-23
microseconds of average latency
and 0-9.7 microseconds of stan-
dard deviation. (See Figure 2.)

ZERO-LOSS THROUGHPUT:
NORTEL 5510-48T AND
TWO STACKING PORTS

Feature
Switch fabric

QO 192 Gbps (5530)
O 80 Gbps per switch

of eight
Power over Ethernet

Link aggregation
O Distributed MultiLink

O |EEE 802.3ad
Quality of Service

|IEEE 802.1p

Security

QO Denid-of-Service (DoS)
protection

Traffic flow analysis

Export)

Q 160 Gbps (5510 and 5520)

Sackable switching capacity

O |EEE 802.3af (5520 only)

Trunking for link fail-over

O IETF DiffServ (DSCP) and

O IPFIX (IPFow Information

Nortel
Ethernet Routing Switch 5510
Product Specifications*

Port forwarding/filtering perfor-

mance

O For 10 Mbps: 14,880 pps max-
imum (64-byte packets)

O For 100 Mbps: 148,810 pps
maximum

O Upto 640 Gbpsfor afull stack O For 1000 Mbps: 1,488,100 pps

maximum
O For 10 Gbps: 14,880,950 pps
maximum (5530 only)
Network protocol and standards
compatibility
10BASE-T/100BASE-TX/RJ
45/1000BASE-T
| EEE 802.3u Autonegotiation
on Twisted Pair
|EEE 802.3x (10/100 Flow
Contral)
|EEE 802.3z 1000BA SE-SX
and 1000BA SE-L X
|EEE 802.3a¢ 10 Gigabit XFP
(5530 only)
|EEE 802.1d MAC Bridges
|EEE 802.1Q (VLAN Tagging)

co 0 0 O O o©

O |EEE 802.1D Spanning Tree
Protocol

SFPGBICs

O 1000BASE-SX

O 1000BASE-LX

O 1000BASE-CWDM

10 Gigabit XFPs (5530 only)

O 10GBASE-LR

O 10GBASE-ER

O 10GBASE-SR

For moreinformation contact:
Nortel
4655 Great America Parkway,
Santa Clara, CA 95054 USA
Phone: (408) 495-3708
Fax: (408) 495-9647

URL: http://mww.nortel.com

*Veendor-supplied information not
verified by The Tolly Group
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The Tolly Group tested the
Ethernet Routing Switch 5510-
48T in a configuration with two
switches and measured the
throughput across the 5510-48T
switch at the bottom of stack
only. In this test, the primary
DUT was the Ethernet Routing
Switch 5510-48T at the bottom
of the stack; the Ethernet
Routing Switch 5510-48T at the
top was utilized to provide the
connectivity between the
SmartBits ports and the stack-
ing ports (Nortel provides two
full-duplex 20 Gbps stacking
connections and these cannot be
connected to the SmartBits
directly) The Tolly Group veri-
fied that the Ethernet Routing
Switch 5510-48T switch at the
bottom of the stack provided 80
Gbps of zero-loss, Layer 2
throughput using 40 Gigabit
Ethernet ports (of the 48 on the
device) and two stacking ports

NORTEL

for the Ethernet frame sizes of
64, 128, 256, 512, 1,024, 1,280
and 1,518 bytes. Engineers used
acustom port-pairing scheme.
For details of the port-pairing
scheme, see the "Test
Configuration and
Methodology" section. The
stackable switching capacity
was 160 Gbps. (SeeFgure3)

The test results prove that the
Ethernet Routing Switch 5510-
48T can utilize two full-duplex
20 Gbps connections to the
other Ethernet Routing Switch
5510-48T and 40 full-duplex
GbE ports of the switch were
connected to the 40 GbE
SmartBits ports.

ZERO-LOSS THROUGHPUT:
NORTEL 5510-24T AND
TwWO STACKING PORTS

The Tolly Group tested the
Ethernet Routing Switch 5510-

ETHERNET ROUTING SWITCH

24T in aconfiguration with
three switches and measured the
throughput across the Ethernet
Routing Switch 5510-24T in the
middle of stack. The Ethernet
Routing Switch 5510-24T sup-
ports 24 10/100/1000 Base- T
ports and two GBIC ports. Ports
23 and 24 offer configuration
flexibility by allowing network
administrators to configure
each port as either 10/100/1000
or make use of SFPand CWDM
GBICs. In thistest, the primary
DUT was the Ethernet Routing
Switch 5510-24T in the middle
of the stack and the Ethernet
Routing Switch 5510-24T
switches at the top and bottom
of the stack were used to con-
nect with the Spirent tools.

The Tolly Group verified that
the Ethernet Routing Switch
5510-24T in the middle of the
stack provided 64 Gbps of zero-

Zero-loss (< 0.001%) Aggregate Layer 2 Throughput
and Switching Capacity of Ethernet Routing Switch
5510-48T with Two Stacking Ports

As reported by SmartBits SmartFlow
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Note: A custom port-pairing scheme was used. See the "Test Configuration and Methodology" section. For this configuration, 40 GbE

ports and two stacking ports were used.

Source: The Tolly Group, September 2005

Figure 3
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NORTEL

ETHERNET ROUTING SWITCH

Zero-loss (< 0.001%) Aggregate Layer 2 Throughput
and Switching Capacity of Ethernet Routing Switch
5510-24T with Two Stacking Ports
As reported by SmartBits SmartFlow
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Source: The Tolly Group, September 2005
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Note: A custom port-pairing scheme was used. See the "Test Configuration and Methodology" section. For this configuration, 24 GbE
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Figure 4

loss, Layer 2 throughput using
24 GbE ports and two stacking
ports for the Ethernet frame
sizes of 64, 128, 256, 512,
1,024, 1,280 and 1,518 bytes.
The stackable switching capaci-
ty across al ports was 128
Gbps. (See Figure 4.) Engineers
used a custom port-pairing
scheme. For details on the port-
pairing scheme used, see the
"Tegt Configuration and
Methodology" section.

The test results prove that the
Ethernet Routing Switch 5510-
24T supported and fully utilized
afull-duplex 20 Gbps connec-
tion to the top Ethernet Routing
Switch 5510-24T, another full-
duplex 20 Gbps connection to
the bottom Ethernet Routing
Switch 5510-24T and, finally,
24 full-duplex GbE ports of the
middle switch were connected
to the 24 GbE SmartBits ports.

ZERO-LOSS THROUGHPUT
FOR A STANDALONE
SWITCH

Engineers measured the zero-
loss (<0.001%) Layer 2
throughput (across 48 GbE
ports) of aNortel Ethernet
Routing Switch 5510-48T ina
standal one configuration, when
handling Ethernet frame sizes
of 64, 128, 256, 512, 1,024,
1,280 and 1,518 bytes. See the
"Test Configuration and
Methodology" section for a
detailed port-pairing descrip-
tion. Engineers al'so measured
the average latency and its stan-
dard deviation in the same con-
figuration. Standard deviation
of the latency valuesis a statis-
tical method of calculating how
much the latency of a set of
received packets varies from the
mean. It issimilar to jitter.

The Tolly Group verified that
the Ethernet Routing Switch
5510-48T provides wire-speed
throughput for all ports by
recording 48 Gbps of zero-loss,
Layer 2 throughput using 48
GbE ports for the Ethernet
frame sizes of 64, 128, 256,
512, 1024, 1280 and 1,518
bytes.

Tolly Group auditors also mea-
sured the average latency and
jitter in this configuration for
the Ethernet frame sizes of 64,
128, 256, 512, 1,024, 1,280 and
1,518 bytes. Latency was mea-
sured using the "cut-through”
method. The Nortel Ethernet
Routing Switch-5510 switches
in standal one mode demonstrat-
ed very low latency and stan-
dard deviation by recording 5-
20 microseconds of average
latency and 0.9-9.9 micro-sec-
onds of standard deviation.

© 2005 THE TOLLY GROUP PAGE 5




THE TOLLY GROUP

"INTELLIGENT AUTO UNIT
REPLACEMENT"
VERIFICATION

The Tolly Group verified that
even in the event of asingle
switch failure within a stack of
Ethernet Routing Switches, the
other switches continue to func-
tion. The Tolly Group also veri-
fied that Nortel's Intelligent
Auto Unit Replacement feature
enables afailed device to be
hot-swapped in and automati-
cally download the master
image and configuration files

NORTEL

used by the other switchesin
the stack without requiring a
reboot of the stack. The busi-
ness benefit of not requiring a
stack reboot is that mission-crit-
ical applications such asIPtele-
phone calls or on-line Web ses-
sionsremain active even as a
switch is being replaced. This
test was performed only on the
Ethernet Routing Switch 5530
but, according to Nortel, this
feature is available on all
Ethernet Routing Switch 5500
models, since they support the
same software.

ETHERNET ROUTING SWITCH

EASE OF USE/
MANAGEMENT

This test was a demonstration of
the single-click security provi-
sioning for the Ethernet Routing
Switch 5530-24TFD switch.
(While this feature was tested
only on this switch, it is avail-
able on al of the Nortel
Ethernet Routing Switch 5500
models.) Thisfeatureis avail-
able as a standalone Java appli-
cation or it can be browser-
based. The demonstration used
the Netscape browser. First,

SmartBits
SmartFlow

Test bed

Aggregate Layer 2 Throughput Performance of ERS 5510-48T and
5510-48T-PWR in an Eight-switch Stack Scenario (320 GbE ports)
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Source: The Tolly Group, September 2005
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NORTEL

ETHERNET ROUTING SWITCH

|

Nortel Ethernet Routing Switch Back View
Eight-Switch Stack with Connected Stacking Ports

Source: The Tolly Group, September 2005

Figure 6

engineers clicked on the switch
ports needed to provision with a
feature or features. Then alist of
available features was presented
viaadrop-down menu, and
users could click on the one(s)
they wanted and apply them.

The security provisioning appli-
cations were accessed through a
QoS wizard. Thiswizard allows
switch administrators to quickly
configure basic security features
by enabling per-port security
protection from attacks such as
ARP spoofing, DHCP spoofing,
and DHCP snooping. The
demonstration did not involve
testing any simulated attacks or
threats, but the interface was
very simple and intuitive.

TEST CONFIGURATION
AND METHODOLOGY

For performance tests, The
Tolly Group tested three Nortel
stackable switches, all running
version 4.2.0.4 of the switch
software: Ethernet Routing
Switch 5510, 5520, and 5530.

According to Nortel, thiswas
production software generally
available to the customer base.

For the Layer 2, zero-loss
throughput test of the stand-
alone Ethernet Routing Switch
5510-48T the test bed was con-
figured such that the SmartBits
SmartFlow port-pairing scheme
was: Port #1 of the switch was
destined for Port #2, and Port
#3 for Port #4 and so on. So, the
total number of portsinvolved
in this test was 48 ports, which
in turn connected to the same
number of SmartBits ports.

Engineers measured the Layer 2
throughput of the switchina
stand alone configuration (48
GbE ports) for the Ethernet
frame sizes of 64, 128, 256,
512, 1,024, 1,280 and 1,518
bytes. Also, engineers measured
the average latency and its stan-
dard deviation (calculated and
reported by the SmartFlow) in
the same configuration.

For the test, engineers set up the

SmartBits cluster, configured
the switch for Layer 2 in stand-
alone mode and then connected
the SmartBits cluster to the
switch. Engineers also config-
ured SmartFlow for the appro-
priate port-pairing scheme,
frame sizes, load profile and
test duration. Then they ran the
test and record the results. The
test was repeated twice more
and the results were averaged.

For the zero-loss Layer 2
throughput test of the Ethernet
Routing Switch 5510-48T and
5510-48T-PWR in an eight-
switch stack configuration,
SmartBits SmartF ow was con-
figured for the following port-
pairing scheme: 20 ports of the
switch #2 were destined for the
20 ports of the switch #1 and
the other 20 ports of the switch
#2 were destined for the 20
ports of the switch #3 and so on
across the eight-switch stack.
Finally, 20 ports from switch #1
were destined for 20 ports of
switch #8. The total number of
portsinvolved in this test was
320 ports, which in turn con-
nected to the same number of
SmartBits ports. The test proce-
dure was similar to the stand-
alone Ethernet Routing Switch
test. (See Figures 5 and 6.)

For the zero-loss Layer 2
throughput test of the Ethernet
Routing Switch 5510-48T ina
three-switch stack configuration
(24 GbE ports and two stacking
ports), SmartBits SmartFlow
was configured for the following
port-pairing scheme: 10 ports of
the switch in the middle of the
stack were paired with 10 ports
of the switch in the top, the
other 10 ports of the switchin
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the middle were paired with 10
ports of the switch in the bottom
and the remaining four ports of
the switch in the middle were
paired each other. The procedure
was similar to the standalone

NORTEL ETHERNET ROUTING SWITCH

(40 GbE ports and two stacking
ports), SmartBits SmartFlow was
configured for the following
port-pairing scheme: 40 ports of
the switch in the bottom of the
stack were paired with 40 ports

Ethernet Routing Switch test.

For the zero-loss Layer 2
throughput test of the Ethernet
Routing Switch 5510-48T in a
dual-switch stack configuration

Ethernet Routing

of the switch in the top of the
stack. The test procedure was
similar to the standalone

with

SPIRENT

Switch test.

Vendor Product
Spirent Communications

Spirent Communications SmartBits 60

The Tolly Group gratefully acknowledges the providers of test equipment used in this project.

SmartFlow ver 4.7

Web address
http://www.spirentcom.com

00C ver 2.6 http://www.spirentcom.com

TERMS OF USAGE
USE THISDOCUMENT ONLY IFYOU AGREE TO THE TERMSLISTED HEREIN.

This document is provided, free-of-charge, to help you under-
stand whether a given product, technology or service merits
additional investigation for your particular needs. Any decision
to purchase must be based on your own assessment of suitability.

This evaluation was focused on illustrating specific features
and/or performance of the product(s) and was conducted under
controlled, laboratory conditions and certain tests may have
been tailored to reflect performance under ideal conditions; per-
formance may vary under real-world conditions. Users should
run tests based on their own real-world scenarios to validate per-
formance for their own networks. Commercially reasonable
efforts were made to ensure the accuracy of the data contained
herein but errors and/or oversights can occur.

The test/audit documented herein may also rely on various test
tools the accuracy of which is beyond our control. Furthermore,
the document relies on certain representations by the sponsor
that are beyond our control to verify. Among theseis that the
software/hardware tested is production or production track and
is, or will be, available in equivalent or better form to commer-
cial customers.

The Tolly Group provides afee-based service to assist usersin
understanding the applicability of a given test scenario to their
specific needs. Contact us for information.

When foreign translations exist, the English document is consid-
ered authoritative. To assure accuracy, only use documents
downloaded directly from The Tolly Group's Web site.

PROJECT PROFILE

Sponsor: Nortel

Document number: 205137

Product Class: Stackable Gigabit Ethernet switch
Products under test:

® Ethernet Routing Switch 5510-24T

® Ethernet Routing Switch 5510-48T

® Ethernet Routing Switch 5520-48T-PWR
® FEthernet Routing Switch 5530-24TFD

Testing window: September 2005
Softwar e status:
® Generally available

For more information on this document, or other ser-
vices offered by The Tolly Group, visit our World Wide
Web site at http://mwww.tolly.com, send E-mail to
info@tolly.com, call (561) 391-5610.

Information technology is an area of rapid growth and constant change. The Tolly Group conducts engineering-caliber testing in an
effort to provide the internetworking industry with valuable information on current products and technology. While great careis taken
to assure utmost accuracy, mistakes can occur. In no event shall The Tolly Group be liable for damages of any kind including direct,
indirect, special, incidental, and consequential damages which may result from the use of information contained in this document. All

trademarks are the property of their respective owners.
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