Performance evaluation of ITER Synchronous
Data Network using Time Sensitive Networks

David Andrino-lzquierdo (david.andrino@alumnos.upm.es)’, Mariano Ruiz?,
Alejandro Pifias! Julidn Nieto! Anze Zagar2

IUniversidad Politécnica de Madrid

°|TER International Fusion Organization

Abstract Synchronous Databus Network

This paper presents the results of the evaluation of the performance of

Legend
° ° o, o ° PON = Plant Operation Network DAN = Data Archiving Network
using Time Sensitive Networks (TSN) and the PREEMPT__RT Linux TON - Tine Communcaon Netwark G = Conrl ek Netvor
kernel in the real-time data communication network used in the ITER Central supervision & automation, monitoring and data handling Human Machine Interface
CODAC architecture (SDN). A fine-grained benchmark capable of CODAC Server CODAC Server CODAC Server coonc r = i
° . ° . ° . an = ermina es B Sefely
measuring latency across distinct communication stages has been im- CODAC services Applications Archiving e = Desk
° . ° ° ° ° [ Ter i ( I
plemented, which allows for granular optimization analysis. Three in- _g"_ o
° ° ° ' | I
crementally optimized system configuration profiles have been defined Rest of the world L® o l — g g
. ° . Interface Interface Interface
and benchmarked. The results, conducted in isolation and saturated ' ' —— CODAC HPC |
I ontrol Group s
° ° ° ° rver erver Central Central Safe
(iperf) conditions, demonstrate that the use of TSN and real-time COPAC serve coPACS e Control mortock | || Sysm |
. R . . R . R . . R CODAC services| Crwan‘nel AF,ness ‘ i ‘ System Occupational
optimizations allow for deterministic communication even in mixed and appicatons F =3 Gooway | == = = = = |
. renl TC .|§ DAN T ,=|=7 ﬁ 7 7
scenarios. P o | = = |
[ I I [ |
Acknowledgement Pt Systom G (x— 207
]N ’7 N TCN D;Tm T““ TCN | |
This work was supported by Grant PID2022-1376800B-C33 funded oo e . o et Fact [ Ty
by MCIN/AEI/lO13039/501100011033 and by "ERDF A Way Of S:ENéSIgSga {***} Host Controller Controller Controller Controller Controller Controller
making Europe' (Corresponding author: D. Andrino-Izquierdo) =T
Signal Remote Remote Signal Signal Signal Signal
Interface o o] Interface Interface Interface Interface

Sensors / Actuators

Benchmark Definition System optimization profiles

e e Baseline: No special optimizations applied. Default Linux and NIC
. User Space .
' | Pub Sub | configuration.
create ts A recv ts . L. . L. . . .
mill v _gl_ 1 N — e T'SN: Time Sensitive Networking optimizations applied. Time-Aware traffic
SDN g SDN . .
S scheduler (IEEE 802.1Qbv) and reception steering.
\,:::::::::::::::::::::::::::::::::::::::::::::Qﬂ::::::::::::::::::::::::::: CCIIIICIIIIIIIIIIIIIIIIIIIIII: . . . . . . .
Kernel Space l jj, | e RT-TSN: Real-Time optimizations applied on top of TSN. CPU isolation,
sch[0] e 8 [ Senoduer 0 real-time scheduling, and interrupt and process affinity.
Virtual VLAN interface | yy 9 g‘j Virtual VLAN interface
sch[l] cheduler T Scheduler 1 . .
| S | ] muple g RT-TSN Configuration
I‘.:'_'_::'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_ '_'_'_'_'_'_'_'_'-8:'_'_'_'_'_'_:'_'_'_'_'_'_::'_"_'_'_'_'_'_'_'_'_ '_'_'_'_'_'_'_'_:'_'_'_'_'_'_'_:'_'_'_'_'_'_'_'_'_'_'_'_'_'_':
' Hardware i T T B lisgr fpfcia - _‘ - l_i|1u§ K_er_ne_l - Network Interface Card
' | LY PHY l X lf Isolated CPU \ |
|
hwTx B A A hwRx | Pub —> PCP=1 | 20% .~
/ \ === ==_ - | VLAN [o -~ | el 0—‘ =
e O . Non-isolated CPU Prio(;ity | i > o,
net Code | : -
Network - : iperf |—— 5 PCP=0 » | Queuel WJ
- | | :
S - | | | (100 ps!
- - | ethtool > taprio | GCL —>»| IEEE 802.1Qbv
---------------------------------------------------------------------------------------------------------- St S
Results Network Interface Card o _L_ingx_Ke_rn_eI _____ L_Jsier _Sp_ac_e
/ | Isolated CPU \l
PCP=1 Queue 0
.. > Queue 0 QO IRQ ——> Sub |
RT-TSN profile reduces the mean RTD by 94.8% and the Standard Deviation by {\}—) IRQ Thread .
. - | lovewe |l | L .
97.8% compared to the Baseline profile. S0 S Non-solated CPU |
PCP=0 Queue 1 : I
. . ———> Queue 1 Q1 IRQ » iperf
Round-Trip Delay (RTD) by Experiment QR Ro Thvead |
|
| |
_ 1 No Load — Filter rules | ntuple «——— ethtool |
[ 3 Iperf T I — |
6 .
5 -
G 4.381 Conclusions
E -
D . 0 . .
E 5. e Granular benchmark that allows for detailed analysis of communication
optimizations.
2 - 1 e Time Sensitive Networking allows for deterministic communication in
. mixed priority environments.
A 0.305 5 %0.550 e Real-Time optimizations increase the system determinism significantly,
. : ___  —0.205 . . ..
0 - 0-100 further improving the communication performance.
Baseline TSN RT

GRUPO DE INVESTIGACION EN
INSTRUMENTACION Y
ACUSTICA APLICADA

UNIVERSIDAD
POLITECNICA
DE MADRID

POLITECNICA




