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1 Revision History 
Revision Date Reason for Changes 

1.0 10/30/03 Created Rev 1.0 of the OC-192 POS IP Benchmarking Report on the 
IXP2800 
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2 Executive Summary 
Intel achieved a forwarding rate of 20 Gbps when forwarding IPv4 and IPv6 traffic using the IP 
Forwarding Application-Level Benchmark Implementation Agreement (Revision 1.0) employing 
2 IXP2800 NPUs. 
 
Summary of results is as follows 

• Forwarding Rate of 20 Gbps for all packet sizes 
• Throughput of 20 Gbps for all packet sizes 
• Zero loss for all packet sizes 
• Maximum Route update rate of 58,883 updated/sec for IPv4 and 24,000 updates/sec for 

IPv6 
 

The IPv4 route table used had 135,432 route table entries with the prefix length distribution 
shown below 
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The IPv6 route table used had 1,200 route table entries with the prefix length distribution shown 
below 

IPv6 Prefix Length Distribution
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3 Reference Design Details 
The IP forwarding benchmark was run on a dual IXP2800 reference design with 2 OC-192 POS 
media interfaces.  The details of the reference design are given below. 
 

3.1 Component List                        
 

• IXDP2800 Platform with 
o 2 IXP2800 A2 1.4 GHz Network Processors with the XScale running at 700 Mhz 
o 3 Channels of 256 MB 127.3 MHz RDRAM per Network Processor 
o 4 Channels of 8 MB 200 MHz QDR II SRAM per Network Processor 

• 2 IXF18101 media cards each with an OC-192 POS Port 
 

3.2 Mechanical dimensions 
• Height 3.5 in.; Width 17.5 in.; Depth 22.5 in. 

3.3 Media, Fabric and Control interfaces 
• Media interfaces: 2 x OC-192 POS ports 
• Control interfaces: On-chip XScale control processor communicates with the data plane 

via shared memory. 
• Fabric interface: None 
 

3.4 Traffic Matrix 
 

S p i r e n t  A X / 4 0 0 0  T r a f f i c  T e s t e r

2  x  I X P 2 8 0 0  I P v 6 / I P v 6  F o r w a r d i n g  S y s t e m

P o r t  0 P o r t  1

P o r t  0 P o r t  1
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3.5 Total Power Consumption 
• Each IXP2800 A2 @ 1400 MHz consumes 25.5 Watts 

• This does not include the power consumed by the I/O interfaces on the IXP2800 
 

3.6 IP Control Memory 
• IPv4 and IPv6 

• 7.3 MB of SRAM for IPv4 and IPv6 routing lookup table (FIB), next hop forwarding 
tables and packet meta data per IXP2800 

• 123.9 MB DRAM per IXP2800 for store and forward packet data buffers. 
 

3.7 Test Equipment 
• Data plane tester: Spirent AX/4000 with 2 OC-192 POS Ports. 
• Control plane tester: Control plane application running on Intel XScale Core. 

 

3.8 Forwarding Table and Traffic Details 
• Total Number of forwarding table entries present on the DUT 

o IPv4 
� Across the whole system :    135,432 
� Per DUT Test Port  :      67,176 

o IPv6 
� Across the whole system :   1,200 
� Per DUT Test Port  :      600 

 
• Number of route table entries exercised by traffic for all packet sizes are as follows 

o IPv4 
� Across the whole system :     2,000 
� Per DUT Test Port  :     1,000 

o IPv6 
� Across the whole system :     400 
� Per DUT Test Port  :     200 

• Traffic Flow description 
o The Traffic Generator to DUT flows are setup as follows 

� Each DUT Port(i) is connected to Traffic Generator Port(i) 
� Each DUT and Traffic Generator port is setup in full duplex mode, and 

hence and receive and transmit packets at the same time 
� The Traffic and route tables are setup as follows 

• All Traffic send in on DUT Port 0 (by Traffic Generator Port 0) is 
routed to DUT Port 1 (to Traffic Generator Port 1) and vice versa 

 

3.9 NPU Software 
• IPv4, IPv6, Ethernet Rx/Tx production microblocks from IXA SDK 3.1 



  9 

• Implemented RFCs: RFC1812, RFC2544, RFC2460 (MUST checks) and RFC2373 
(SHOULD checks) 

 
Note: 

1. Latency is measured first bit in to last bit out 
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4 Data Plane Benchmark Tests 
4.1 Forwarding Rate 
4.1.1 IPv4 Forwarding Rate 
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Figure 1:Results of IPv4 Forwarding Rate Benchmark Measured in pps 
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Results of Forwarding Rate Measured in Gbps
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Figure 2:  Results of IPv4 Forwarding Rate Benchmark Measured in Gbps 

 
 
 
IPv4 Forwarding Rate with Internet Mix Traffic = 20 Gbps 
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4.1.2 IPv6 Forwarding Rate 
 

Results of Forwarding Rate Measured in pps
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Figure 3:Results of IPv6 Forwarding Rate Benchmark Measured in pps 



  13 

 
 
 

Results of Forwarding Rate Measured in Gbps
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Figure 4:  Results of IPv6 Forwarding Rate Benchmark Measured in Gbps 

 
 
 
IPv6 Forwarding Rate with Internet Mix Traffic = 20 Gbps 
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4.2 Throughput 
4.2.1 IPv4 Throughput 
 

Results of Throughput Benchmark in pps
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Figure 5: Results of IPv4 Throughput Benchmark Measured in pps 
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Results of Throughput Benchmark Measured in Gbps
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Figure 6: Results of IPv4 Throughput Benchmark Measured in Gbps 

 
 
IPv4 Throughput with Internet Mix Traffic = 20 Gbps 
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4.2.2 IPv6 Throughput 
 

Results of Throughput Benchmark in pps
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Figure 7: Results of IPv6 Throughput Benchmark Measured in pps 
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Results of Throughput Benchmark Measured in Gbps
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Figure 8: Results of IPv6 Throughput Benchmark Measured in Gbps 

 
 
IPv6 Throughput with Internet Mix Traffic = 20 Gbps 
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4.3 Latency 
4.3.1 IPv4 Latency 
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Figure 9: Results of IPv4 Latency at 100% Throughput 

 
 
IPv4 Latency at 100% Throughput with Internet Mix Traffic Average = 10.80 µs 
IPv4 Latency at 100% Throughput with Internet Mix Traffic Minimum = 8.85 µs 
IPv4 Latency at 100% Throughput with Internet Mix Traffic Maximum = 13.85 µs 
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Latency @ 95%
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Figure 10: Results of IPv4 Latency at 95% Throughput 

 
IPv4 Latency at 95% Throughput with Internet Mix Traffic Average = 10.80 µs 
IPv4 Latency at 95% Throughput with Internet Mix Traffic Minimum = 6.09 µs 
IPv4 Latency at 95% Throughput with Internet Mix Traffic Maximum = 13.74 µs 
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Latency @ 90%
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Figure 11: Results of IPv4 Latency at 90% Throughput 

 
IPv4 Latency at 90% Throughput with Internet Mix Traffic Average = 10.79 µs 
IPv4 Latency at 90% Throughput with Internet Mix Traffic Minimum = 6.98 µs 
IPv4 Latency at 90% Throughput with Internet Mix Traffic Maximum = 13.92 µs 
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Latency @ 50%
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Figure 12: Results of IPv4 Latency at 50% Throughput 

 
IPv4 Latency at 25% Throughput with Internet Mix Traffic Average = 10.80 µs 
IPv4 Latency at 25% Throughput with Internet Mix Traffic Minimum = 7.8 µs 
IPv4 Latency at 25% Throughput with Internet Mix Traffic Maximum = 14.18 µs 
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4.3.2 IPv6 Latency 
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Figure 13: Results of IPv6 Latency at 100% Throughput 

 
 
IPv6 Latency at 100% Throughput with Internet Mix Traffic Average = 12.15 µs 
IPv6 Latency at 100% Throughput with Internet Mix Traffic Minimum = 9.22 µs 
IPv6 Latency at 100% Throughput with Internet Mix Traffic Maximum = 16.18 µs 
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Latency @ 95%
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Figure 14: Results of IPv6 Latency at 95% Throughput 

 
IPv6 Latency at 95% Throughput with Internet Mix Traffic Average = 12.15 µs 
IPv6 Latency at 95% Throughput with Internet Mix Traffic Minimum = 5.19 µs 
IPv6 Latency at 95% Throughput with Internet Mix Traffic Maximum = 15.88 µs 
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Figure 15: Results of IPv6 Latency at 90% Throughput 

 
IPv6 Latency at 90% Throughput with Internet Mix Traffic Average = 12.15 µs 
IPv6 Latency at 90% Throughput with Internet Mix Traffic Minimum = 7.89 µs 
IPv6 Latency at 90% Throughput with Internet Mix Traffic Maximum = 16.12 µs 
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Latency @ 50%
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Figure 16: Results of IPv6 Latency at 50% Throughput 

 
IPv6 Latency at 25% Throughput with Internet Mix Traffic Average = 12.14 µs 
IPv6 Latency at 25% Throughput with Internet Mix Traffic Minimum = 6.81 µs 
IPv6 Latency at 25% Throughput with Internet Mix Traffic Maximum = 16.39 µs 
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4.4 Loss Rate 
4.4.1 IPv4 Loss Rate 
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Figure 17: Results of IPv4 Loss Rate Benchmark 

 
 
Note: There is no frame loss for any packet size at any rate. 
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4.4.2 IPv6 Loss Rate 
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Figure 18: Results of IPv6 Loss Rate Benchmark 

 
 
Note: There is no frame loss for any packet size at any rate. 
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4.5 Overload Forwarding Rate 
 
The overload configuration is not valid in a two port forwarding setup. Hence the test was not carried out. 
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4.6 System Power Consumption 
• At 100% of throughput rate each IXP2800  consumes upto a maximum of 30 

Watts 
• The typical power consumption of each IXP2800 is 25.5 
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5 Control Plane Benchmark Tests 
 

5.1 Forwarding Table Update Rate 
 
Maximum IPv4 Route update rate = 58,883  route updates/sec, with 1 route update per call.  
Maximum IPv6 Route update rate = 24,000 route updates/sec, with 1 route update per call.  
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5.2 Forwarding Rate With Concurrent Forwarding Table Update Rate 
5.2.1 IPv4 Forwarding Rate With Concurrent Forwarding Table Update Rate 
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Figure 19: Results of IPv4 Forwarding Rate With 100% of Concurrent Forwarding Table 

Update Rate Measured in pps 
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Update Forwarding Rate in Gbps
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Figure 20: Results of IPv4 Forwarding Rate With 100% of Concurrent Forwarding Table 

Update Rate Measured in Gbps 
 

 
IPv4 Forwarding Rate With 100% of Concurrent Forwarding Table Update Rate and Internet 
Mix Traffic = 20 Gbps 
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Figure 21: Results of IPv4 Forwarding Rate With 75% of Concurrent Forwarding Table 

Update Rate Measured in pps 
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Figure 22: Results of IPv4 Forwarding Rate With 75% of Concurrent Forwarding Table 

Update Rate Measured in Gbps 
 

 
IPv4 Forwarding Rate With 75% of Concurrent Forwarding Table Update Rate and Internet Mix 
Traffic = 20 Gbps 
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Figure 23: Results of IPv4 Forwarding Rate With 50% of Concurrent Forwarding Table 

Update Rate Measured in pps 



  36 

 
 

Update Forwarding Rate in Gbps

0

5

10

15

20

25

48 64 128 256 512 1024 1280 1518 2048 4472 9180

Frame Size (Bytes)

Fo
rw

ar
di

ng
 R

at
e 

(G
bp

s)

29,441 Route Updates/sec
Theoretical Maximum

 
Figure 24: Results of IPv4 Forwarding Rate With 50% of Concurrent Forwarding Table 

Update Rate Measured in Gbps 
 
 
IPv4 Forwarding Rate With 50% of Concurrent Forwarding Table Update Rate and Internet Mix 
Traffic = 20 Gbps 
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Figure 25: Results of Forwarding Rate With 25% of Concurrent Forwarding Table 

Update Rate Measured in pps 
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Figure 26: Results of Forwarding Rate With 25% of Concurrent Forwarding Table 

Update Rate Measured in Gbps 
 

 
 
IPv4 Forwarding Rate With 25% of Concurrent Forwarding Table Update Rate and Internet Mix 
Traffic = 20 Gbps 
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5.2.2 IPv6 Forwarding Rate With Concurrent Forwarding Table Update Rate 
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Figure 27: Results of IPv6 Forwarding Rate With 100% of Concurrent Forwarding Table 

Update Rate Measured in pps 
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Figure 28: Results of IPv6 Forwarding Rate With 100% of Concurrent Forwarding Table 

Update Rate Measured in Gbps 
 

 
IPv6 Forwarding Rate With 100% of Concurrent Forwarding Table Update Rate and Internet 
Mix Traffic = 20 Gbps 



  41 

 
 

Update Forwarding Rate in pps

0

5000000

10000000

15000000

20000000

25000000

30000000

35000000

40000000

68 128 256 512 1024 1280 1518 2048 4472 9180

Frame Size (bytes)

Fo
rw

ar
di

ng
 R

at
e 

(p
ps

)

18,000 Route Updates/sec
Theoretical Maximum

 
Figure 29: Results of IPv6 Forwarding Rate With 75% of Concurrent Forwarding Table 

Update Rate Measured in pps 
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Figure 30: Results of IPv6 Forwarding Rate With 75% of Concurrent Forwarding Table 

Update Rate Measured in Gbps 
 

 
IPv6 Forwarding Rate With 75% of Concurrent Forwarding Table Update Rate and Internet Mix 
Traffic = 20 Gbps 
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Figure 31: Results of IPv6 Forwarding Rate With 50% of Concurrent Forwarding Table 

Update Rate Measured in pps 
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Figure 32: Results of IPv6 Forwarding Rate With 50% of Concurrent Forwarding Table 

Update Rate Measured in Gbps 
 
 
IPv6 Forwarding Rate With 50% of Concurrent Forwarding Table Update Rate and Internet Mix 
Traffic = 20 Gbps 
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Figure 33: Results of IPv6 Forwarding Rate With 25% of Concurrent Forwarding Table 

Update Rate Measured in pps 
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Figure 34: Results of IPv6 Forwarding Rate With 25% of Concurrent Forwarding Table 

Update Rate Measured in Gbps 
 

 
 
IPv6 Forwarding Rate With 25% of Concurrent Forwarding Table Update Rate and Internet Mix 
Traffic = 20 Gbps 
 


