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Force10 TeraScale E-Series — Cisco Catalyst 6500 Competitive Test

Introduction

In June 2005, Cisco Systems commissioned the Euro-
pean Advanced Networking Test Center (EANTC) to
independently validate the performance, scalability,
and availability of Cisco Catalyst 6500 versus Force10
TeraScale E-Series switches. Force10 promotes network
designs where large numbers of ports, normally spread
across multiple switches in a redundant network configu-
ration are instead "collapsed" into a single high port-
density solution comprising a single switch with up to
1,260 Gigabit Ethernet ports. Clearly this is a major
departure from current industry accepted network
design best practices and one that raises significant
questions with regard to service scalability and avail-
ability.

To answer these and many other questions raised by the
Force10 TeraScale architecture, we conducted a
number of tests to investigate just how well the Force10
switches compare to the Cisco Catalyst 6500.

Our tests are divided into the following broad catego-
ries:

• Investigate Force10 claims made in the
Tolly Group reports: We compare the
performance, availability, and scalability claims
made by Force10 as validated by the Tolly Group
with our own findings. Force10’s tests can be found
at
http://www.tolly.com/Search.aspx?VendorID=27
and are contained in Test Reports 204147 and
204148.

• Test Force10’s High Availability Claims: We
specifically tested the high availability claims made
by Force10 as this is such an important part of
Force10’s proposed network designs. We used the
claims made in the Tolly Group test reports and
Force10’s whitepapers entitled "High Availability in
the Force10 Networks E-Series" (Version 1.3) and
"Guaranteed Access to System Management even
During Processor Overload" as our guide.

• Routing Protocol Scalability, Stability, &
Resilience: In this section of tests, we focused on
the scalability, stability, and resilience of the control
plane, the brains of the switch. If the control plane is
not capable of scaling to support the high port
density of the Force10 switches, then the higher port
density offered by the E-Series is of questionable
value. For instance, can the routing protocols support
the same number of neighbors as there are ports on
the switch? How long does it take to learn routes
from such a large number of neighbor routers? What
about convergence times? A very powerful control
plane matching the very large number of interfaces
is required to ensure the switch remains stable.

• IP Multicast Scalability, Stability, &
Resilience: IP multicast traffic is becoming an
increasingly important capability of many networks,
applications range from remote learning, distribution
of market data feeds in trading rooms to the data
streams used in education for remote learning
applications etc. How does the high availability
claims for the Force10 switches apply to mission
critical multicast traffic? What multicast scalability
can I expect? How effective are Force10’s multicast
resilience features?

EANTC extensively tested the following
categories:

• Force10’s Performance claims made
in the Tolly Group Test Reports

• Force10’s High Availability Claims

• Routing Protocol Scalability, Stability,
& Resilience

• IP Multicast Scalability, Stability, &
Resilience

Tested by

2005
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Executive Summary — BGP Routing Scalability Tests

In June 2005, Cisco Systems commissioned the Euro-
pean Advanced Networking Test Center (EANTC) to
independently validate the performance, scalability,
and availability of Force10 TeraScale E-Series and
Cisco Catalyst 6500 switches.

We evaluated two scenarios in these tests.

1. Recreate the Tolly Group 6-Million BGP Path Test and
confirm results.

2. Record BGP route (not path) scalability for each
switch.

Tolly Group 6-Million BGP Path Scalability Test

This was a Force10-only test in which we tried to re-
create the Tolly Group 6-Million BGP Path scalability test
using the latest Force10 production software, Version
6.2.1.3.

We later learned from the Tolly Group that the test used
two switch ports and comprised 260,000 BGP routes
learned over 25 equal cost paths (BGP peer sessions),
thereby creating 6.5 million BGP paths. BGP paths
should not be confused with BGP routes — there were
only 260,000 BGP routes in the Tolly Group tests.

Force10 was able to achieve their Tolly Group results
through the use of "special" engineering software
customized to allow 25 equal cost paths, while
Force10’s production software limits the number of
paths to 16. When we attempted the test using
375,000 BGP routes learned over 16 equal cost paths:

375,000 x 16 = 6,000,000 BGP paths

EANTC test engineers could not achieve the same zero-
loss test result seen by the Tolly Group. In fact, at a
traffic rate of 650,000 pps per port, packet loss on the
TeraScale E-Series was 75 %. When we dropped the
transmit rate per port to100 pps, the E-Series continued
to dropped 48 % of all packets.

Force10 and the Tolly Group did not explain to readers
exactly how the test was configured, failing to explain
the difference between BGP Paths and BGP Routes, plus
misinforming the reader that this "special" engineering
software would be released as FToS Version 6.1.1.0.

The specific software used in this test has not been
made publicly available.

BGP Peer Scalability

In the Tolly Group reports, Force10 claims to support
1,500 BGP Peers. Each peer represents a TCP session
that must be established and maintained by the switch
under test. The Tolly Group’s test was limited to two
ports and did not stress the switch very heavily.

We used 24 ports in our test which stepped up the stress
on the switch, by forcing the routing protocol to
converse on multiple ports simultaneously. EANTC found
the Force10 switch could not scale beyond 1,008
peers, above this number the route processor (RP1) went
into overload condition and did not recover.

The Cisco Catalyst 6500 scaled to 2,496 BGP peers
and established them as twice as fast as the TeraScale E-
series. Beyond this number of peers, the Catalyst failed
to reliably maintain peer sessions.

BGP Route Scalability

EANTC believes Force10’s Tolly Group test does not
give a realistic picture of the TeraScale E-Series BGP
protocol scalability. Therefore, we conducted our own
BGP route scalability tests, a more realistic scalability
metric than BGP paths as tested by the Tolly Group.

Our BGP route scalability test used 32 ports: 16 ports
advertising routes, the other 16 ports acting as traffic
sources, sending traffic in a unidirectional partial-mesh
to all advertised routes.

The Catalyst 6500 scaled to 500,000 BGP routes and
passed traffic with zero-loss on all routes. Above this
number the RIB/FIB/CAM showed correct numbers of
entries (even at 1,000,000 routes) but the traffic experi-
enced packet loss, meaning the test was classed as a
fail.

The Force10 TeraScale E-Series could manage 200,000
BGP routes. At 250,000 routes and above we recorded
serious Inter-Process Command (IPC) problems; appar-
ently related to congestion on the internal control-plane
to line card data path resulting in loss of significant
numbers of IPC packets.
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The critical synchronization between Force10’s soft-
ware-based Master FIB Table on the RPM module and
the Slave FIB Tables resident in the line card memory
(CAM) was lost — this could potentially result in incor-
rect forwarding of traffic, black holes, or in the worst
case scenario, routing loops.

Summary

We found that as with other tests performed by the
Tolly Group, Force10 utilized "special" engineering
software images and used switch configurations that
cannot be replicated using production versions of
FToS, even though Force10 stated the beta image
used in the Tolly Group tests would be released as
Version 6.1.1.0.

Force10’s route scalability proved far less capable
than the Cisco Catalyst 6500 and we noted that the
task of processing routes was noticeably slower on the
E-Series.

EANTC’s numerous route scalability tests showed
some significant scalability problems with the TeraS-
cale E-Series. The most critical of which was the loss of
IPC messages and the resulting RIB/FIB/CAM desyn-
chronization that occurred.

The Catalyst 6500 processed BGP peer sessions and
routes more quickly and scaled to more than double
the number of routes and peers offered by the Force10
switch.
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Force10-specific 6 Million Paths BGP Route Scalability

Test Objectives

Force 10’s Tolly Group Test Report (204148) states that
the E1200 scales to 6-million BGP Paths while passing
"background traffic."

Firstly, it is important to understand exactly what
Force10 is claiming. BGP paths are in fact very different
from BGP routes:

BGP Routes x Equal Cost Paths = Total BGP Paths

The objective of this test was to exactly reproduce the
Tolly Group test configuration and validate Force10’s
results.

EANTC Expectations

In order to pass this test, we decided on the following
PASS criteria. All routes and paths should be learned
and correctly written to the software and hardware
forwarding tables in the switch enabling traffic to all
destinations to be forwarded in hardware.

Test Results

First, we aimed to reproduce the Tolly test configuration
exactly. This attempt failed because we mis-calculated
that Tolly Group would have used 375,000 routes,
learned over the maximum supported 16 equal cost
routes.

In our test we found the DUT’s software routing table
managed to learn all 375,000 routes offered over the
16 equal cost paths as can be seen in the SHOW IP
BGP SUMMARY command below. The route table also
confirms that 6,000,000 paths are not equal to
6,000,000 BGP routes — note that only 375,000
routes are in the software routing table (RIB).

Although the software route table demonstrated it was
able to hold 375,000 BGP routes, the same cannot be
said of the CAM serving the hardware forwarding
engines on each line card. Based on Force10 documen-
tation, the CAM can hold 256K (262,144) IPv4 FIB
entries and as such we expected to see CAM overload
and calculated the expected packet loss as follows:

((375,000-262,144)/375,000)*100 = 30.09% loss

Test Highlights
➜ Force10’s 6-million BGP paths result was

achieved using just two switch inter-
faces, with 260,000 advertised BGP
routes, learned over 25 equal cost
paths.

➜ EANTC was unable to exactly reproduce
Force10’s 6-million BGP path result with
the Tolly Group, because FToS production
versions support 16 instead of 25 equal
cost paths. Contrary to the Tolly Group
report, the software used for the Tolly
test has not been publicly released as a
production version.

➜ EANTC’s attempt to replicate the Tolly
Group test using 16 equal-cost paths
failed. Clearly, the resulting 375,000
unique routes exceeded Force10’s BGP
scalability from both the control and
data plane hardware perspective.

During the 375,000 route test, the
Force10 TeraScale architecture exhibited
the following fatal issues:
➜ Severe IPC (Inter-Process Communica-

tion) problems resulting in "very slow"
BGP route/path learning.

➜ A task crashing on a single line card
caused the switch to power-cycle all
line cards in the chassis.

➜ Low memory as the number of routes
and paths increased, causing already
learned BGP peer sessions to be lost.

➜ Force10 switch ran out of hardware
switching engine FIB/CAM space. This
means any additional routes would
not be hardware switched, only
learned by the control plane.  This
caused packet loss even at 100
packets/sec.
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Route Table Convergence. We noted that
Force10’s BGP route table converged very quickly;
however, updating of the FIB/CAM on each line card
took a long time and the switch issued large numbers
of error messages indicating the internal switch archi-
tecture was under stress (see Figure 1: RP1 running
low on memory).

Figure 1: RP1 running low on memory contains an
extract from the console log, which shows the switch
complaining about lack of memory. Note that BGP
peers were lost, as the E1200 could not allocate suffi-
cient memory to sustain the connection.

The console log shown in Figure 2: Out of IPC buffer
confirmed that the route table management process
(RTM) was experiencing difficulty in updating the line
cards. This appears to be due to congestion on the
100Mbps internal control plane to line card manage-
ment path, indicated by the fact that IPC (inter-process
communication) messages are being queued for trans-
mission.

It is clear from the error messages above, (which were
repeated numerous times) that inter-process messages
were lost and the system waited for acknowledge-
ments from the line cards that never arrived.

All line cards were affected by this problem, slowing
down the test progress drastically because the switch
had to send the same messages to line cards repeat-
edly in an attempt to maintain RIB/FIB/CAM synchro-
nization, which had clearly been lost at this stage.

As the test progressed, the DUT reported that the FIB/
CAM on each line card ran out of entries and could
not be written to learn all routing table entries (see
Figure 3: RADIX insertion failure).

This message confirmed the test’s 375,000 BGP routes
exceeded the DUT’s CAM scalability limit, and that it
is not possible that the E1200 could learn 6,000,000
unique BGP routes.

The system was stalled for a further 45 minutes, in a
state where only 173,681 entries were successfully
written to the FIB/CAM on each line card --- showing
that Force10 did not implement any working counter
measures against this system overload.

Next we started the test traffic and recorded 75%
packet loss — greater than we expected, it seems the
switch did not know where to send the majority of
packets generated by SmartBits.

At the end of the test, SmartBits brought down all BGP
peers, and the Force 10 switch cleared the routing
table. Due to the earlier problems with internal commu-
nication; however, the DUT found it impossible to
remove the obsolete network prefixes from the

1d1h23m: %RPM0-P:RP1 %KERN-5-INT: RP1 running low on memory, available memory 181157888 bytes
1d1h32m: %RPM0-P:RP1 %MEMMGR-2-LOWWATERMARK: ALLOC - size: 32946, Memory requested exceeded low water
mark, Current Usage: 94
00:24:38: %RPM0-P:RP1 %BGP-5-ADJCHANGE: Connection with neighbor 192.93.1.3 closed. Cannot allocate
memory
[...]

Figure 1: RP1 running low on memory

1d1h32m: %RPM0-P:RP1 %SWP-2-IPC SEND FAILURE: SWP:swpSend: queue 72, rtm0 to fibAgt11, failed to send
out an IPC buffer
1d1h32m: %RPM0-P:RP1 %RTM-3-SWP DEQUEUE FAILURE: RTM: rtmMessageSwitch MT_SWP_ACK: Failed at SWP
dequeue
1d1h32m: %RPM0-P:RP1 %SWP-2-IPC SEND FAILURE: SWP: swpDequeue: queue 47, rtm0 to fibAgt0, failed to
send out an IPC buffer
[...]

Figure 2: Out of IPC buffer

1d1h35m: %E48TF:5 %FIBAGT-6-IPFIBT2_RDX_INSERT_FAILED: IPFIBT25, RADIX INSERTION FAILED, LOCATION:
1[...]

Figure 3: RADIX insertion failure
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forwarding hardware (CAM). In a real network, this
could lead to traffic being forwarded into a black
hole, or in a worse case scenario being sent into a
routing loop.

We repeated the same test three times with smaller
amounts of background traffic (100 packets/s per
port). All test runs showed unstable behavior. At one
point, a task crashed on line card eight, and in an
attempt to recover, the Force10 switch automatically
powered off every line card.

A single process, initially failing on a single line card
caused a "domino effect" in which all line cards in the
chassis were power-cycled. In a real network, users
would be badly affected by such a failure.

Once the line cards came online again, the system
was still unstable, getting 15 out of the 16 BGP peers
to work and losing more than 48% of all packets, even
at 100 packets/sec.

EANTC Analysis

With the co-operation of the Tolly Group, we were
able to see exactly how Force10 set up the test with
both a limited configuration and specially adapted
software that allowed up to 25 equal cost paths,
reducing the number of routes necessary to 260,000;
inside the scalability limits of the FIB/CAM on each
line card.

We could not recreate the test configuration exactly,
as Force 10’s production software allows a maximum
of 16 equal cost paths.

The important point is that Force10’s Tolly Group test
did not scale to 6,000,000 BGP routes as it might first
appear; it scaled to 260,000 routes. In our recre-
ation of the tests using 375,000 BGP routes over the
maximum 16 equal cost paths supported in FtoS
Version 6.2.1.3, we observed the following issues:

• Memory management problems.

• Route processor module (RPM) to line card
communication problems.

• Inconsistent state between route table (RIB), FIB and
CAM.

• A task crash on a single line card that triggered the
switch to power off ALL line cards.

We never succeeded in forwarding traffic to all
375,000 routes (only 173,681 entries were ever
entered in the CAM) and at 100 packet/sec

forwarding rate, we incurred substantial packet loss.

We found the BGP scalability published in the
Force10 Tolly Group test report is not attainable with
production hardware and software.

Test Configuration and Methodology

When we started our tests, we were unaware of
exactly how the Tolly Group had configured the test,
there not being enough details in the Tolly Group
report to allow the test to be accurately reproduced.
We therefore proceeded with our best estimation of
how the 6-million BGP paths were achieved.

Later, after contacting the Tolly Group, we found the
Tolly Group test was limited to two interfaces. We feel
that such a two-port test configuration is not represen-
tative of any enterprise or service provider network
architecture.

EANTC’s BGP route scalability test discussed here
used a more realistic 32 Gigabit Ethernet port test
configuration to provide 16 traffic sources transmitting
to the 16 equal cost paths used in the test. We started
our tests by advertising the exact same 375,000 non-
contiguous eBGP routes per port using an "Internet
Mix" of network prefix sizes between /17 and /32
bits in size, thereby simulating a real-world network.

To test that all routes/paths were learned and written
to the hardware forwarding engines on each line
card, we then transmitted uni-directional 64-byte traffic
at 650,000 packets/sec per port as background

00:27:39: %E48TF:8 %TME-2-TASK SUSPENDED: SUSPENDED - svce:170 - inst:8 - task:fat2Mover
00:27:39: %RPM0-P:CP %CHMGR-2-CARD_DOWN: Major alarm: Line card 8 down - task crash
00:27:39: %RPM0-P:CP %IFMGR-1-DEL_PORT: Removed port: Gi 8/0-47
00:27:39: %RPM0-P:CP %CHMGR-5-CARD_RETRY_RESET: line card 8 power-cycled to attempt bring-up
00:27:46: %RPM0-P:CP %CHMGR-5-CARD_RETRY_RESET: line card 12 power-cycled to attempt bring-up
00:27:53: %RPM0-P:CP %CHMGR-5-CARD_RETRY_RESET: line card 6 power-cycled to attempt bring-up
00:28:01: %RPM0-P:CP %CHMGR-5-CARD_RETRY_RESET: line card 0 power-cycled to attempt bring-up
[? repeated for all line cards present in the system ?]

Figure 4: Task crash
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traffic and measured the packet loss and average
latency. Just in case we misunderstood the Tolly
Group’s meaning of "background traffic", we also ran
the test with each port configured to transmit at 100
packet/sec. Finally, we also noted any problems we
came across during the test.

EANTC recorded the time taken to establish a stable
state routing state with all BGP routes/paths learned,
the time taken to reflect this state in the CAM of a
single line card, plus packet loss and average latency.
In addition, we recorded any problems we encoun-
tered.
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BGP Route Scalability Test

Test Objectives

This test assessed the maximum BGP Route scalability
and recorded what happens when the device under test
exceeds its BGP capacity. Unlike Force10’s Tolly Group
tests, we chose not to use BGP Multipath (equal cost
routes), but instead to focus on the true BGP route scal-
ability of the DUT, not the BGP Path scalability.

Test Results Force10

250,000 Non-Contiguous BGP Routes – Single
Line Card. Based on our previous test results, where
we tried to recreate the Tolly Group’s 6-million BGP path
test (and failed), we started with a 250,000 route
configuration. (We used prefix sizes of /18 to /32
evenly distributed from 1.0.0.0 to 33.140.192.0.) It
took Force10 5:09 minutes to fully populate the soft-
ware-based FIB. The CAM on the line cards was never
populated with the correct number of entries (only
214,978 entries were in the CAM). Figure 4: Force10
Inter-Process Communication (IPC) Problems is an
extract from the console log, which shows the warning
messages we observed repeatedly during the test.

The software-based FIB (forwarding information base),
which acts as a master table from which the individual
CAMs (content-addressable memory) on each line card
are populated were now de-synchronized.

In a FIB-based switch such as the Force10 TeraScale E-
Series, it is imperative that the FIB and CAM remain
synchronized, otherwise the switch’s control plane loses
all visibility of exactly what is in the CAM and what is
not.

We saw this exact same problem in the OSPF contin-
uous route flap tests we ran; where the desynchroniza-
tion of the RIB/FIB/CAM caused the route processor
RP1 to go into an unknown state, never
to recover. In this situation, the switch
failed to respond to route-flaps, poten-
tially putting the network in danger of
routing loops.

From the results above, it appears the same could
happen with BGP and the loss of IPC messages could be
rooted in architectural problem in the E-Series.

When traffic was sent, we observed between 7–14 %
packet loss for different test runs.

Test Highlights
➜ Catalyst 6500 scaled to 500,000

BGP routes maintained in the
Routing and Forwarding Informa-
tion Bases and the Content Addres-
sable Memory (RIB/FIB/CAM).
Force10’s RIB/FIB/CAM managed
200,000 BGP routes.

➜ Catalyst 6500 fully populated its
hardware with all 500,000 routes
in less time (1min 51secs) than it
took Force10 to populate just
200,000 routes (3min 2secs).

➜ At 250,000 BGP routes and above,
Force10 ran out of FIB/CAM on the
line cards and couldn’t forward
traffic to all routes in hardware.

➜ Force10 displayed error messages
showing congestion on the route
processor module (RPM) to line
card internal data path. Inter-
process messages were lost. This
resulted in the RIB/FIB/CAM
becoming de-synchronized, a
potentially dangerous situation.

Force10#show ip fib line 0 summary
 Total Number of Routes in the FIB database is 250102
 Total Number of Routes in the CAM is 232381
 Total Number of Routes which can be entered in CAM is 262144

Figure 1: FIB, CAM Summary
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50,000 Non-Contiguous BGP Routes — 4 Line
Cards. As the test evaluated not only the control
plane’s ability to learn the routes, but also the ability of
the DUT to provide hardware-based forwarding of
traffic to each network, the above tests were deemed
to have failed. We therefore reduced the number of
routes to be advertised to 200,000. (We used prefixes
/16 to /32 evenly distributed from 1.0.0.0 to
92.231.0.0.)

At this network size, no packet loss was observed, so
the Force10 switch passed the test.

Figure 2: Force10 Route Scalability Results

Tests Results Cisco

During the test with 1,000,000 routes, we noticed that
though all tables (FIB/CAM) contained all 1,000,000
entries, some streams were forwarded in software (see
Figure 5: Cisco FIB TCAM Exception).

Figure 3: Cisco Route Scalability Results
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indication of whether RIB/FIB/CAM were fully populated
with all routes only; it was not a frame loss test.

2912 FAIL

900,000 Yes 3m 53s 40.52 2606 FAIL

700,000 Yes 2m 47s 23.92 2036 FAIL

600,000 Yes 2m 31s 11.42 1637 FAIL
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Force10 TeraScale E-Series — Cisco Catalyst 6500 Competitive Test

EANTC Analysis

For a platform to offer high levels of scalability, it is
necessary to look beyond simple port density and
packet forwarding performance alone as the key
criteria for selecting a switch and consider whether the
switch will provide a stable platform that can be relied
upon for the transport of mission critical traffic.

In this test we saw a difference between the Cisco
Catalyst 6509 and the Force10 TeraScale E-Series
when tested with exactly the same number of ports.
Throughout the tests, the Catalyst impressed us with its
rock-solid scalability, fast route learning, and overall
routing protocol stability.

Catalyst 6500 learned more than twice as many
routes (500,000) as Force 10’s E1200 (200,000),
completing the task in just one minute 51 seconds.
During the Force10 test runs with 250,000 routes or
more, we observed serious internal communications
problems between RPM (management card) and line
card(s). Some internal messages were dropped
leading to inconsistent state between FIB and CAM.
We also noticed that this problem got worse if ports
were distributed over many line cards because the
number of CAMs that need to be synchronized with
the FIB, increased. In a multi-card configuration we
also noted a doubling of the packet loss, even though
the number of routes and the traffic rate remained the
same.

Test Configuration and Methodology

32 ports were used in the test. 16 ports were
connected to eBGP routers emulated by SmartBits,
each in a different Autonomous System (AS). A
manual search was used to find the maximum BGP
route scalability. Traffic at 64 bytes frame size was
sent to all routes advertised by each BGP Peer at 75%
of the line rate to confirm full functionality and hard-
ware forwarding of all traffic. SmartBits advertised an
even distribution of prefixes with different prefix
lengths. An Internet Mix of prefix sizes was not
possible in this test due to the very large number of
routes to be generated.

22:19:04: %RPM0-P:RP1 %SWP-2-IPC SEND FAILURE: SWP:swpSend: queue 27, rtm0 to fibAgt6, failed to send
out an IPC buffer
22:19:04: %RPM0-P:RP1 %SWP-3-IPC HDR DUMP: SWP: IPC Header Dump: SWP IPC header dump: mlen = 1804
source.c
22:19:04: %RPM0-P:RP1 %RTM-3-SWP DEQUEUE FAILURE: RTM: rtmMessageSwitch MT_SWP_ACK: Failed at SWP
dequeue

2d17h: %MLSCEF-SP-7-FIB_EXCEPTION: FIB TCAM exception, Some entries will be software switched

Figure 4: Force10 Inter-Process Communication (IPC) Problems

Figure 5: Cisco FIB TCAM Exception
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Force10 TeraScale E-Series — Cisco Catalyst 6500 Competitive Test

BGP Peer Scalability

Test Objectives

In Force10’s Tolly Group Test Report 204148, it is
claimed that the Force10 TeraScale E1200 was able to
maintain up to 1,500 BGP Peers.

This test uses a realistic 24-port test configuration, with
each port emulating a number of BGP peer routers.
During the test, the number of BGP routes was kept as
constant as possible, only the number of BGP peers was
varied to assess maximum scalability.

EANTC Analysis

Test results show that the BGP implementation on Cata-
lyst 6500 scales much better and proved to be more
stable than the BGP implementation on the Force10
TeraScale E1200.

The Catalyst 6500 scaled to 2,496 BGP peers. The
Force10 E1200 scaled to 1008 BGP peers.

Test Results Force10

Figure 1: Force10 BGP Peer Scalability with
200,000 routes

Test Results Cisco

Though the number of BGP peers established was
2,496, Cisco informed us their best practice and design
guides do not recommend using such a high number of
BGP peers in real networks unless absolutely critical.
(Cisco normal guideline: 1000 BGP peers).

The convergence time (time to start BGP peers plus time
to populate Forward Information Base/Content Address-
able Memory) was calculated by monitoring the start-up
of the BGP peers on the device under test.
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696 Yes Yes Yes 4:09 PASS
1,560 Yes No N/A N/A FAIL
1,500 No No N/A N/A FAIL
1,412 Yes No N/A N/A FAIL
1,200 Yes No N/A N/A FAIL
1,008 Yes Yes Yes 5:39 PASS

Test Highlights
➜ The TeraScale E-Series scaled to a

maximum of 1,008 BGP Peers, not
greater than 1,500 as claimed in
the Tolly Group Report.

➜ Beyond 1,008 peers, the Force10
switch saw sustained 100 % CPU
utilization on the route processor
RP1.

➜ At 1,200 peers and above, the
Force10 E1200 continuously cycled
large numbers of BGP peers, first
losing, then restoring peer
sessions, never achieving a stable
state.

➜ The Catalyst 6500 scaled to 2,496
BGP Peers, 2.5 times Force10’s
maximum scalability and at this
network size remained totally
stable.

➜ The Catalyst also established BGP
Peer sessions nearly twice as fast
as the Force10 switch.
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Force10 TeraScale E-Series — Cisco Catalyst 6500 Competitive Test

Figure 2: Cisco BGP Peer Scalability with
200,000 routes

Test Configuration and Methodology

• This test uses a number of pre-defined TRT
configurations. Each configuration emulates a
different number of eBGP Peers per port. As the test
progresses, the number of BGP peers is increased,
but the number of routes advertised as a whole
remains approximately constant (within the
constraints of the test topology) and easily within
the route scalability of the DUT.

• TRT advertises non-contiguous route blocks so that
the DUT cannot aggregate these into a single RIB/
FIB/CAM entry.

• TRT uses a full-mesh traffic pattern between all BGP
Peers in the test and exercises every advertised
route, thereby confirming the switch is able to not
only learn the routes, but also forward traffic on all
routes in hardware.

• After setting up BGP Peer Sessions and advertising
routes to the DUT, TRT will pause before sending
traffic.

• Use the DUT’s console to confirm all peer sessions
have been established, all routes have been
learned and that the Route Table (RIB), Forwarding
Information Base (FIB) and the hardware CAMs
have been correctly programmed.

• If all peer sessions, routes/prefixes appear correct,
start the test traffic.

• Record the number of peers successfully
established.

• Record frame-loss and average latency.

• If there is no frame-loss and the average latencies
indicate all flows were hardware switched,
increase the number of BGP peers and repeat the
test.
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1,008 Yes Yes Yes 3:29 PASS
1,560 Yes Yes Yes 4:23 PASS
2,496 Yes Yes Yes 4:00 PASS
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Appendix

Spirent SmartBits 6000C

The testing environment included Spirent’s SmartBits
load generator in combination with TeraRouting Tester
software.

The TeraRouting Tester (TRT) application provides the
first integrated control and data plane routing test that
includes system-level configuration and analysis of
routed networks. TRT is an easy-to-use application that
allows network service providers and network equip-
ment manufacturers to precisely determine the perfor-
mance of a router under a variety of realistic and worst-
case scenarios. TRT exposes the true performance of a
router by providing stress testing of the routing software,

the data forwarding hardware, and the overall system
architecture under both static and dynamic routing
conditions. A key strength of the application is its use of
a deterministic and repeatable test methodology.

Hardware and Software Versions of the Devices under Test

Force10 E1200/E600 Cisco Catalyst 6500
Route Processor IBM PowerPC 750FX (Rev D2.2) Supervisor Engine 720 WS-SUP720-3BXL
Gigabit Ethernet Line
Card

LC-EF-GE-48T CEF720 48 port 10/100/1000 Ethernet
WS-X6748-GE-TX with WS-F6700-
DFC3BXL Distributed Cisco Express
Forwarding (dCEF) daughter cards

Software Version FToS 6.2.1.3 s72033-ipservicek9-mz.122-18.SXE2

Figure 4: Spirent SmartBits 6000C

Figure 1: Force10 E1200 Figure 2: Force10 E600 Figure 3: Catalyst Product Family
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TRT includes a routing stack that allows each TeraMet-
rics port to act as one or more peer routers to the
device under test (DUT). These peer routers establish
adjacencies with the DUT to exchange routing infor-
mation, and in the process, determine basic routing
protocol performance. Test data is then transmitted to
the advertised routes at user-specified rates to deter-
mine the forwarding performance of the hardware.

By simulating various network events (such as route,
session, and link flaps), TRT then attempts to charac-
terize the DUT behavior under various real-life stress
conditions. With TRT, you can determine convergence
time by observing the receive rate and the maximum
latency over time for both the flapped routes and the
stable routes in the router.

Test Topology Example

The four test areas explored various topologies and
configurations. Each test report includes an in-depth
description of test topology. As an example, Figure 5:
Force10 E1200 672-Port Snake Test Topology shows
the physical test topology used for Force10’s frame
loss test in a snake topology. In this example the
SmartBits tester (the device on the left side of the
picture) is cabled with only two ports to the DUT.

Figure 5: Force10 E1200 672-Port Snake
Test Topology

Spirent SmartBits
Hardware Version

Card Type LAN-3325A
Card Core Firmware 5.30.036
Routing Firmware 5.00.024
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About EANTC

EANTC (European Advanced Networking Test Center)
is an internationally recognized test lab based in
Berlin, Germany. We offer vendor neutral network test
facilities for manufacturers, service providers and
enterprise customers. Our business areas include:

➜ Test and Certification Services for Network
Equipment Manufacturers

EANTC provides external quality assurance by
testing conformance, performance and robustness
of single systems as well as the interoperability of
multiple components. More than 14 years of testing
experience, the use of state of the art analysis
equipment and active participation in industry
forums enable us to conduct tests even for the most
advanced customer requirements.
EANTC tests cover the full range of Carrier
Ethernet, IP, and MPLS networks, IP services
including firewalls and VPN gateways, ATM, and
voice over packet networks.

➜ Test Services for Service Providers and
Enterprises

EANTC supports network operators during all
stages of the infrastructure life cycle: From network
design and RfP creation through prototype testing
during the tender process and acceptance testing
up to trouble-shooting and future capacity
planning. Our tests ensure network performance,

availability and resilience. They reduce the risk of
network failure and cost of operation.

➜ Philosophy

In all our activities — whether we conduct tests,
provide consultancy or training — only the highest
quality serves our purpose. EANTC invests much in
research, education and development of new test
methods to meet the demands of our customers.
Our active participation in industry forums is a
must to stay up to date.
We often find ourselves mediating between
network operators, vendors and systems integrators
in a cross-cultural environment. EANTC test
services result in neutral, unbiased facts. Our
detailed test reports provide the basis for rational
decisions and actions. We ensure confidentiality in
any required way.

➜ History

In 1991, EANTC was founded at the Technical
University of Berlin. EANTC soon started to test and
certify network components for high speed network
technologies, and continued the close cooperation
with the university after its spin-off in 1999.

EANTC AG
Einsteinufer 17, 10587 Berlin, Germany

Phone: +49.30.3180595-0
E-Mail: info@eantc.com
Web: http://www.eantc.com/


