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Network slice programmable data plane model

LIU Zhongpei, LYU Gaofeng™, WANG Jichang, YANG Xiangrui
( College of Computer Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract; RMT ( reconfigurable match table) is a programmable pipeline architecture for packet processing. In order to enable the

programmable data plane to support more different network protocols, the deparser based on RMT was extended. A protocol-independent network

slicing programmable data plane model was formed by using the extended deparser and two RMT pipelines. Since reduced instruction set was used

in RMT architecture and complex instruction set was used in the extended deparser, the extended architecture was called HIRMT ( hybrid-instruction

RMT). HiRMT can support segment routing IPv6, multiple semantics for SID ( segment ID) , micro SID, multi-protocol label switching and virtual

extensible local area network. This architecture has broad application prospects. The performance of the deparser module was tested on the

Corundum prototype platform, and the results show that the extended deparser can process the packet size up to 512 B with a throughput of

100 Gbit/s with fewer resources.

Keywords: reconfigurable match table; hybrid instruction; protocol-independent; network slice
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Alg.1 P4 program description example of the
SRv6 packet processing flow

BN UL packet
i - UG 4R SC modified_packet

if (hop_limit= =0) drop ( packet) ;
else if(SRH) |
if (Des_IP = Local_IP) {
if (Segment_Left = =0) {
Des_IP = Segment_List[ 0] ;
Delete(SRH)
hop_limit — — ;
Submit( modified_packet ) ;
F
else if |
Des_IP = Segment_List[ Segment_Left | ;
Segment_Left — — ;
hop_limit - — ;
out_port = Look_up( FIB,Des_IP) ;
Des_MAC = Look_up( ADJ,Des_IP) ;
Forward (out_port, modified_packet) ;
%
else {
hop_limit - —
out_port = Look_up(FIB,Des_IP) ;
Des_MAC = Look_up( ADJ,Des_IP) ;
Forward (out_port,, modified_packet) ;
%
}
else |
flow_id = Look_up( Flow_table) ;
if(flow_id = =IPv6) {
out_port = Look_up( FIB,Des_IP) ;
Des_MAC = Look_up( ADJ,Des_IP) ;
Forward (out_port, modified_packet) ;
f
else if (flow_id = = source_SRv6) {
instruction = Look_up (' Action_table, flow_id)
Config( PDT, instruction ) ;
SRH = Look_up( Mapping_table ,instruction[ index ] ) ;
Insert( PHV,SRH, offset, SRH_length) ;
payload_length = payload_length + SRH_length;;
Des_IP = Segment_List[ Segment_Left | ;
Segment_Left - —
out_port = Look_up( FIB,Des_IP) ;
Des_MAC = Look_up( ADJ,Des_IP) ;
Forward (out_port, modified_packet) ;
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Tab.4 Deparser plus resource utilization

Deparser plus Corundum

PR W Hs WE O B4

KA W% KN W%

CLB LUTs 3281 0.28 61 460 5.20

CLB Registers 2297 0.10 38 739 1.69

F7Muxes 495 0.08 5315 0.86

CLB 665 0.45 7 340 4.97

Block RAM Tile 16 0.74 315 14.58
3 HFig

AR RMT ZE A4 v () Deparser 5 He 2y
Deparser plus, >R & 46 S LBt il 2 3 A
R E FA AL, #4 Deparser plus 5% A4
A48 >4 51T 1Y Ingress RMT  Egress RMT 45444
] AR IR G 4 4 R 2R HIRMT, 2 [6] 528 1
PMN TR AR SCAb B, 4213, Deparser plus AJ
DL B8 B A T84 BB RMT Ji 7K 28 0 42 43t



- 208 -

(FE TR SR S AN S

55 46 &

2 AR SR PR

HiRMT {328, & 42 A9 60 84 mT LAFE v]

IR KL AL B, (H B RO BT X PEREIEAT 10
A, . T LU B e AR ik £k
ARSI B R, AT i v A ok L /N3R5 ] L
i AR A, WBE L G A 7 B B A Ak
(977 SR UGEAEIR s N FPGA $272 31 ASIC H i
AR TR D B 5 B IR AR K 8 2 A 47 i
Hresdo ] ISR A

24 Deparser plus g LT 7 Fid 24484,

ENTHC S RMT 284 RS i 15 S 08 TR 2R
SAARSCAL BT BBt . AR AR R A
IRF#1 )& Deparser plus (5 7835 < 4, i H
AT A Y alter £54 1) 3 11 3 F 3 A BT 945 % L
SCHFHE 2 A % I SCAE AR

2 2 3R ( References)

(1]

(2]

CHOWDHURY N M M K, BOUTABA R. A survey of network
virtualization[ J ]. Computer Networks, 2010, 54(5) : 862 —876.
WIJETHILAKA S, LIYANAGE M. Survey on network slicing
for Internet of Things realization in 5G networks[ J]. IEEE
Communications Surveys & Tutorials, 2021, 23(2); 957 -
994.

SHVEDOV A V, GADASIN D V, KLYGINA O G.
Determining shortest paths between two arbitrary nodes in a
composite transport network using segment routing [ C ]//
Proceedings of the 2021 Systems of Signals Generating and
Processing in the Field of on Board Communications, 2021
1-8.

DI, St — ) e o0 A SRR S HRALSE B[ ) ] B
{4, 2013, 34(7) : 95 -99.

JI X M, LIANG M G. Implementation of a vector network
programmable switch[ J]. Software, 2013, 34(7): 95 -99.
(in Chinese)

Ly, L, TR, 5. BREMREERIT]. AT
Sk, 2022,59(1): 1-21.

MA X X, YANG F, WANG Z, ot al.
network interface card[ J]. Journal of Computer Research and
Development, 2022, 59(1): 1 —=21. (in Chinese)

HAESR, AN, T, 4. AT RS EORBERL)]. i
BLEfs, 2001(10) ; 32 -35.

XIAO Z R, XIAO Z G, WANG B, et al. Programmable
network technology overview[ J]. World Telecommunications ,
2001(10) ; 32 —35. (in Chinese)

MCKEOWN N, ANDERSON T, BALAKRISHNAN H, et al.
OpenFlow: enabling innovation in campus networks [ J].
ACM SIGCOMM Computer Communication Review, 2008,
38(2) .69 -74.

BOSSHART P, GIBB G, KIM H S, et al.

Survey on smart

Forwarding

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

metamorphosis; fast programmable match-action processing in
SDN [ J]. ACM SIGCOMM Computer
Communication Review, 2013, 43(4) . 99 - 110.

SONG H Y. Protocol-oblivious forwarding: unleash the power

hardware for

of SDN through a future-proof forwarding plane [ C ]//
Proceedings of the Second ACM SIGCOMM Workshop on Hot
Topics in Software Defined Networking, 2013 127 - 132.

WANG T, YANG X R, ANTICHI G, et al.
mechanisms for high-speed packet-processing pipelines[ C]//
Proceedings of the 19th USENIX Symposium on Networked
Systems Design and Implementation, 2022 1289 —1305.

CHOLE S, FINGERHUT A, MA S, et al. dRMT:

disaggregated programmable switching [ C ]//Proceedings of

Isolation

the Conference of the ACM Special Interest Group on Data
Communication, 2017 1 - 14.

XING J R, HSU K F, KADOSH M, et al
programmable switches [ C ]//Proceedings of the 19th

Runtime

USENIX Symposium on Networked Systems Design and
Implementation, 2022 651 —665.

MA Z J, BI J, ZHANG C, et al. CacheP4; a behavior-level
caching mechanism for P4 [ C ]//Proceedings of the
SIGCOMM Posters and Demos, 2017 108 —110.
SANTOS AMORIM K, PAVANI G S. Ant
distributed  multilayer
restoration in IP/MPLS over optical networks[ J]. Computer
Networks, 2021, 185 107747.

TULUMELLO A, MAYER A, BONOLA M, et al. Micro
SIDs: a solution for efficient representation of segment IDs in
SRv6 networks [ J ]. IEEE Transactions on Network and
Service Management, 2022, 20(1) . 774 -786.

CHENG W Q, LIU Y S, JIANG W Y, et al. G-SID: SRv6
header compression solution [ C ]//Proceedings of the 2020
IEEE 20th
Technology (ICCT), 2020. 126 —130.

FORENCICH A, SNOEREN A C, PORTER G, et al
Corundum ; an open-source 100-gbps nic[ C]//Proceedings of
the 2020 IEEE 28th Annual International Symposium on
Field-Programmable Custom Computing Machines ( FCCM) ,
2020 38 —46.

ZHANG Y, PAN T, ZHENG Y, et al. VXLAN-based INT:
in-band overlay
monitoring[ C]//Proceedings of the IEEE INFOCOM 2021-
IEEE Conference on Computer Communications Workshops
(INFOCOM WKSHPS) , 2021; 1 -2.
TAN L Z, SU W, ZHANG W, et al.
telemetry ;

colony

optimization-based routing  and

International Conference on Communication

network  telemetry  for network

In-band network

a survey [ J ]. Computer Networks, 2021,
186 107763.

ABUJODA A, KOUCHAKSARAEI H R, PAPADIMITRIOU
P. SDN-based source routing for scalable service chaining in
datacenters [ C ]// Proceedings of the 14th International
Conference on Wired/Wireless Internet Communication,
2016 66 —77.

MECHTRI M, GHRIBI C, SOUALAH O, et al. NFV
orchestration framework addressing SFC challenges[ J]. TEEE

Communications Magazine, 2017, 55(6) : 16 —23.



