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ABSTRACT

In this paper, we present a method for
implementing bridges that support time-sensitive
networks (TSNs) as software in general-purpose
processors and analyze the performance of bridges
implemented based on them. In this paper,
CBS(Credit Based Shaper) and TAS(Time Aware
Shaper) of TSN are implemented with Intel DPDK,

and the 99 percentile one-way latency of 2 hop
communication through the TSN-supported bridge is
718ps and 560ys, respectively.

I.M E

TSN(Time Sensitive Network)> IEEE 802.1
working groupell4] ZWEElaL lv EFOR A
A]¢d(deterministic latency)= RASH= Zlo] EAlo]
t} TSNS AA7 Y EQ =S Algsleg ArlEe o
&7, 22k 2 Hx Y| E$]=, 5G URLLC (Ultra
Reliable Low Latency Communication)£}2] Fowf
SellA g A7) 28w gl

Za}e-F oA TSN He|A]5 E‘rooh‘& ZqF
A skl o1 s wlaskl e, wlaE Fa)
£ CPU| AA7F 2l Ad-S A-gspd L’:: 125p
s5 FATS B33, FPGA 7B Alell= 34 1ps A
AAZE 2o 7Fes Wik SflellA= XMOS
t=do]E 7MES. 2 TAS (Time Aware Shaping)™
4 29A = sPsled FH(Queue) MIVAHE 748
sk,

Intel DPDK % o]43F £z ESe] 7|4t HES =
A= e E we oAyl 2=k Intel
DPDKE o]-83}e] A|A|d 7P ES A skl
Bl Intel DPDK 7} 200GbpsE #l5-3h= 2H9-E %L‘Gd
o] AL= 4 9le-S w3k Intel DPDKE
7k 2 TASE T3l 4 & 54 A1 97%9] &&
2 73ms?] AAAZEE DA 4 9leS Bl

B =rollAe Wg Z2A140ll4] Intel DPDK 7|4}
o2 2xEge] 7HF TSNAY BIIAE gk
gt e o] 7]k BHER| = F Al 2 A A
4 ZRAME g wH, 2lns A 7|4 TSN
Bejz|ohs thEA v $gxeadler QI3 Ay
A3lE oWt 4 gl Aol ok B E=iellA=
TSN2| CBS(Credit Based Shaper)2} TAS(Time
Aware Shaper)E& A|3h= HIA|E 339l om,
FF BEIX] ] 25 whksk A AAZRS 99l
71F22 CBSE 718usE TASE 5605 245k
k.

o ATE BREEEATY FleARle] Q] A9l SaugigIch

*°

First & Corresponding Author : Korea Railroad Research Institute, ilmubyun@krri.re.kr, 193751, A3]4d

%  Korea Railroad Research Institute, kkj8000@krri.re kr, 21371, A3]<d
**  Department of Artificial Intelligence, Sungkyunkwan University, semih@skku.edu, EHJ(tA[214)

*#%% TSN lab, arm@tsnlab.com, 37

T3 1 202109-224-D-LU, Received September 2, 2021; Revised October 1, 2021; Accepted October 5, 2021

1982

www.dbpia.co.kr



= TSNA| ] 22 Ede] 7]HE Belx] A

s
s
2

. 2ZEQ0] 7|4 BRX] HA|

H =wellA] APk BElx]e] e Y 132
ol & =rellA= BEIF S dHole] FA A|AX7
AaAF)aL ~EF % el wb2 =Ax7F W ]—E—
23lsl7] flA 2t ZEAA HE AR ok o
7 =S sl BElR]elle F 3719 ixﬂxﬂ 4
4=gler, o] & 3hb= Rx Z=AX = DPDK
o]l AA= dlole]el] Fo dare]ES ALl 7} ol
Ul 284 Tx ol A= s 533} Rx =
EAAE o]l Z#%)2] VLAN ID<} PCP(Priority
Code Point)Z o]&3lo] vt =Z#|glo] AAE F=
AR s ol Z#H|e)S AAsHs I3 3]
gt Tx ZRAKXE otful =gl By S~
o we}l 802.1QFF2] CBS%} TASE Ag3lo] Tx
o] ojeiul Zade Tx B2 YRy oJ3e &
3}, OSZeAAE 2 Z2AA 9] slelr|e Ale
2 BEX] #AE $3 &S St
Rx ZEAAL F 13} 7ko] zF Rx EE2] Rx B
o A= 718 2t ZH(round robin) W] E
Herh o= Rx W el A= A71E o7] AHell=
441714 FAERE gt = $7] wistelo) ek )
7l Fl A FIEE $13F IEEE 1588
PTP(Precison Time Protocol) 3{Zlo] &Eafshd -4
¢ (priority) & 7 A AA sk A4 Fell A7
ghtl. o= TSNellA= A7t 5713k7) =ofolit TAS
2 CBS E2ke- Al o 2 S=ast 4= 9ly| ujEo]c)
e AAES AN E Feldt 5 o] wEl He
o] Fofl AAkght
Tx ZEAAE 3E 29} o] 7+ & W Fof 94
=9l wE} el kel A9t TUE A=
o2 B ol FHFlo] vt ==yl wale

r
\1
loﬁmo i

ou

Rx processor OS processor Tx processor

DPDK DPDK

Queueing
Algorithm CBS/TAS

T T
-
| |

L

e
x Buffer Tx Bu

|
|
Buffer
F\FO FIFO

‘ EthemetPorH ‘

Port 1
Queuet

Memory
DPDK Queue|
ueue |
Port 2
Queue
[Queue2
Port 3
Queue
{ Queue2

| L

3

| ¥
Rx Buffer Tx Buffer x Buffer  Tx Buffer

FIFO FIFO FIFO FIFO

| Ethernet Port 2 ‘ ‘ Ethernet Port 3 ‘

)o
©

NIC

a3 1. 2EESe] 7l BElA] FEE
Fig. 1. Structure of software-based bridge

E 1. Rx ZEANY & 3=
Table 1. Pseudo code of Rx processing

Rx processing
while
for each port

packet = read_packet_from_rx_buffer();
if packet is PTP packet
parse_ptp_packet();
priority = HIGHEST;
else
priority = packets.vlan.priority;
end
routing_table = routing_table_update(packets);
pusch_packets_into_queues(packets,priority,
routing_table);
endfor
endwhile

E 2. Tx Z2AKY & F=
Table 2. Pseudo code of Tx processing

Tx processing
while
if PTP queue is not empty

/lreturn index.port and index.queue for PTP
index = queue_selection_for_PTP();
else if TAS mode is on
/lreturn index.port and index.queue if any TAS
queue has packets and TAS slot is available
index = queue_selection_with_TAS();
else if CBS mode is on
/fupdate credits for queues
credits = credit_updates_for_queues();

[{return index.port and index.queue of the queue
having the maximum credit
index = queue_selection_with_CBS(credits);

endif

if index == NULL
index = normal_queue_selection();
endif

send_first_packet_from_queue_to_buffer(index);
endwhile

2 3R Tx ZeARel AR8-== NIC(Network
Interface Card)= TSNS o[3l|5}A] Fslm2 Tx ¥
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4 2
CPU Intel(R) Celeron(R) CPU J3160 @ 1.60GHz
4core
v|xe] | 4GB DDR3
NIC 1Gbps Intel i210 rev3 x 4 port
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Fig. 2. Development product of software-based bridge
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Fig. 3. Simulation Environment
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Fig. 4. One-way latency of two-hop communication
between end-points A and B when CBS and TAS are
applied
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