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Highly Efficient TCP/IP Offload Engine
for Gigabit/10 Gigabit Ethernet
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YosuimicHr TANIZAWAT! and Naonisa SHIBUyaf!

The increase of video streaming traffic over networks has created several
problems for host processors that process the TCP/IP protocol. The problems,
such as higher required operating frequency and/or increased power consump-
tion, are especially important when the processors are used in embedded sys-
tems. In order to solve these problems, we have designed and implemented a
hardware-based TCP/IP offload engine, called NPEngine™. Compared to a
conventional embedded CPU, NPEngine™ configured for Gigabit Ethernet can
achieve about 80 times higher throughput at the same operating frequency, or 22
to 29 times higher throughput for the same power consumption. NPEngine™™
configured for 10 Gigabit Ethernet achieves a bidirectional throughput of over
9 Gbps at 90 MHz operating frequency. The total power consumption of the
system using a low power FPGA is estimated to be about 2 W, which is much
lower than that of a conventional PC-based system.
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Fig.1 Structure and issues of network equipment.
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Fig.4 Conventional generic receive processing (left) and receiving processing of NPEngineTM with
direct transfer method (right).
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Fig.5 Conventional sequential receiving processing (upper) and pipelined receiving processing of
NPEngine™ (lower).
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Fig.6 Overview of ACK processing.
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Fig.7 Block diagram of dedicated hardware.
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Table 1 Data bus width and maximum operational frequency of implemented NPEngine .

7 — X N A1 [bit] i KB I # [MHZ]
1 Gbps it NPEngine™ 32 40
10 Gbps fift NPEngine™ 128 100
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Fig.8 Block diagram of evaluation environment (left) and top view of FPGA board (right).
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Fig.9 Comparison of transfer rates of software-based system and NPEngine at same frequency.
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Fig.10 Comparison of transfer rates of software-based system and NPEngine™ at same power
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Table 2 Summary of comparison of software-based system and NPEngine™.
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Fig. 13 Receiving transfer rates of 10 Gbps NPEngincTM in multi-connection transfer.
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Fig.11 Block diagram of evaluation environment (left) and top view of FPGA board (right).
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Fig. 14 Transfer rates of NPEngincTM in simultaneous and bi-directional transfer.
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Table 3 FPGA core power consumptions of 1 Gbps NPEngine™ and 10 Gbps NPEngine™.
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Table 4 Total power consumption of equipment with 10 Gbps NPEngine ™.
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