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Abstract In order to meet different requirements of performance, flexibility and quality of service in new network
scenarios such as 5G and 8K video, network processor (NP) becomes increasingly complex and diverse. Traditional
network processors try to integrate amount of heterogeneous processing resources such as processor cores, caches and
accelerators on a single SoC (system on chip) to provide highly customizable capabilities. However, with the failure of
Moore’s Law and Dennard’s scaling law, developing one-big network processor becomes unsustainable as it faces
greater challenges in R & D cycle, cost and innovation iteration. We propose a novel agile customizable architecture
for network processor, namely ChipletNP, which decouples heterogeneous resources and uses Chiplet technology to
quickly customize new NPs by combining existing mature chip products. ChipetNP is highly flexible as it has an agile
switching network which can connect diverse heterogeneous resources with high throughput and predictable delay.
We develop a network processor chip, i.e., YHHX-NP, based on ChipletNP architecture, which integrates commercial
CPU, FPGA (field programmable gate array) and agile switching chip. Our results show that ChipletNP supports
various emerging network functions such as SRv6 (segment routing over IPv6) with ultra-low latency (<2.82 ps), and
achieves more than two times energy efficiency improvement compared with commercial chips.
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Fig. 1 LX2160A architecture
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Fig. 9 Function deployment of SRv6 on YHHX-NP prototype chip
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Fig. 10 Topography schematic diagram of SRv6 demo environment
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Frame 25: 1800 bytes on wire (8008 bits), 1888 bytes captured (8008 bits) on interface \Dewice\NPF_{51B7B381-4955-497A-BF21-4E4DFCC753DF}, id @
Ethernet II, Src: ©9:00:00_ca:00:92 (00:00:00:22:00:82), Dst: Dell_aa:00:03 (f4:8e:38:22:00:03)
+ Internet Protocol Version 6, Src: 2001:1:1::2, Dst: 28@1:2:3::1

@11e .... = Version: &

. B899 BOBd .... .... ..., ... ... = Traffic Class: @x@@ (DSCP: CS@, ECN: Not-ECT)
. 0000 Pooe 0PEE PO PO = Flow Label: @xB0E00

Payload Length: 144
Next Header: Routing Header for IPv6 (43)
Hop Limit: 128
Source Address: 2001:1:1::2
Destination Address: 208@1:2:3::1
~ Routing Header for IPv6 (Segment Routing)
Next Header: ICMPw6 (58)
Length: &
[Length: 56 bytes]
Type: Segment Routing (4)
Segments Left: 2
Last Entry: 2
Flags: 0x0@
Tag: 0060
Address[8]: 2001:3:1::2
Address[1]: 2881:3: 1
Address[2]: 2001:2:3::1
Internet Control Message Protocol vb

Fig. 11 Packet capture screenshot for SRv6 source end processing
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Frame 76: 1008 bytes on wire (8000 bits), 1000 bytes captured (8000 bits) on interface ‘\Device\NPF_{51B7B381-4955-497A-BF21-4EADFCC753DF}, id @
Ethernet II, Src: 00:00:00 22:00:02 (00:00:00:2a:00:02), Dst: Dell aa:@0:03 (f4:8e:38:aa:00:03)
v Internet Protocel Version 6, Src: 20@1:1:1::2, Dst: 20@1:3:4::1

@11e .... = Version: &

. Bege eeed .... ... ..., ... ... = Traffic Class: @x@@ (DSCP: CS@, ECN: Not-ECT)
. D000 PooE 00PD BOEE PO = Flow Label: @xB0000

Payload Length: 144
Next Header: Routing Header for IPv6 (43)
Hop Limit: 128
Source Address: 2001:1:1::2
Destination Address: 2001:3:4::1
~ Routing Header for IPve (Segment Routing)
Next Header: ICMPwh (58)
Length: &
[Length: 56 bytes]
Type: Segment Routing (4)
Segments Left: 1
Last Entry: 1
Flags: @x0@
Tag: 0000
Address[@]: 2001:3:1::2
Address[1]: 2801:3:4::1
Internet Control Message Protocol vb

Fig. 12 Packet capture screenshot for SRv6 middle processing
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Table 2 Resource Evaluation of Functional Modules in

Coupled Chiplet

R 2 BEEHR IR R,

SRv6 Yfigfith
LUT FF BRAM

i 1Pv6 ZhH 158 142 0
SRv6 WA FH 2132 878 5
SRv6 FAILLFR 1827 1213 10
SRv6 A H 1912 1300 10
it SILRE AR 3 834 2932 52
SRv6 HJfigfH S Al 9863 6465 77
FPGA OS 15 160 8 461 44
FPGA OS 8 145016 217524 526

() REASE B

TAETE 125 MHz B 8 45 52 . R A B 6 fiff A%
W, A0 45 28 3k F (lookup table, LUT) %5, Bl 2 45 40 31
PR fi A s (flip flop, FF) %l ; HeA7i# (block memory,
BRAM) %t i, I3 2 thml LU Y, 740 A 0ok 3R &
SRv6 JJ RERLH, SRv6 T BE % 5 BT 4 L 2 6.8%, AF
TG IR & L2 2.97%; FPGA OS T fig B 4 % IR AV 4
24 10.5%, 2517 2 GE IR 5 24 3.89%, AT LAA & 3 HE
BHRA I T RE S

AR SR H BT R RRE T A2 ) NP 2244 ChipletNP, 2
H T FEF Chiplet 4 A i #5557 9% IR F1 38 4, Ab#E
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processing pipeline development
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