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Abstract

EPICS is a widely used software framework for real-time controls in large facilities,

igh Perfomance Ntworks (HPX) [Teoosc reminm accelerators and telescopes. Its multithreaded 10C (Input Output Controller) Core
(" ime Gommunication Network (1o i CODAG = software has been developed on traditional single-core CPUs. The ITER project will use
T e Nt _— modern multi-core CPUs, running the RHEL Linux operating system in its MRG-R
Plant Opsration Network (FON) real-time variant. An analysis of the thread handling in |IOC Core shows different options

e . Operation Network (PON) for improving the performance and real-time behavior, which are discussed and
- evaluated. The implementation is split between improvements inside EPICS Base,

- which have been merged back into the main distribution, and a support module that
speten | g comoter | | convater | M | o | | contoer makes full use of these new features. This paper describes design and implementation

aspects, and presents results as well as lessons learned.
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top - 0B:50:00 up 1B days, 13:49, 7 users, load average: 1.20, 1.54, 1.20

Threads: 29 total., 1 running, 28 sleeping, @ stopped, 0 zombie

%Cpuf(s): 14.0 us, 0.2 sy, 0.0 ni, 85.4 id, 0.4 wa, 0.0 hi, 0.0 s1, 0.0 st
KiB Mem: 12327468 total. 11579136 used, 748332 free,  B88180 buffers

ﬁiB Swap: 23437304 total, 33776 used, 23403528 free, 6011940 cached

| | * Parallelization of callback threads
* PXI/PXle/cPCI chassis over PCle link Less latency, lower queue usage, higher o e B 01 oo e s

20910 lange 200 0 17%9m 4976 2668 5

.00 scan-3
.00 scan-2
.00 scan-1
.00 scan-0.5%

I .00 scan-0.2
.00 scan-0.1

20911 lange 20 0 17%9m 4976 2668 S 0.00 CAS-TCP
0:00.00 CAS-beacon

(0:00.00 CAS-UDP

PID USER PR NI VIRT RES SHR S %CPU %MEM  TIME+ COMMAND
20902 lange 20 0 1759m 4976 2668 R 99.9 0.0 0:43.29 cbmScanner
20891 lange 20 0 1759m 4976 2668 S 14.0 0.0 0:06.00 cbLow-2
20892 lange 20 0 1759m 4976 2668 S 14.0 0.0 0:06.02 cbLow-3
20889 lange 20 0 1759m 4976 2668 S 13.6 0.0 0:05.97 cbLow-0
® Enhancement Of EPICS th read Show 20890 lange ~ 20 0 1759m 4976 2668 S 13.6 0.0 0:05.98 cblow-1
20884 lange 20 © 1759m 4976 2668 S 0.0 0.0 0:02.37 _main_
. 20885 lange 20 0 1759m 4976 2668 S 0.0 0.0 0:00.00 errlog
routl nes 20887 lange 20 0 1759m 4976 2668 S 0.0 0.0 0:00.00 taskwd
20888 lange 200 0 1735m 4978 2668 S 0.0 0.0 0:00.00 timerQueue
20893 lange 20 © 1759m 4976 2668 S 0.0 0.0 0:00.00 cbMedium-0
. . . . 20894 lange 20 © 1759m 4976 2668 S 0.0 0.0 0:00.00 cbMedium-1
EaS|er Correlat|0n W|th L|nux SyStem |eve| 20895 lange 20 0 1759m 4976 2668 S 0.0 0.0 0:00.00 chMedium-2
20896 lange 20 © 1759m 4976 2668 S 0.0 0.0 0:00.00 cbMedium-3
20897 lange 20 © 1759m 4976 2668 S 0.0 0.0 0:00.00 cbHigh-8
Commands 20898 lange 20 0 1759m 4976 2668 S 0.0 0.0 0:00.00 cbHigh-1
20899 lange 20 © 1759m 4976 2668 S 0.0 0.0 0:00.00 cbHigh-2
20900 lange 20 © 1759m 4976 2668 S 0.0 0.0 0:00.00 cbHigh-3
; ; : 20901 lange 20 © 1759m 4976 2668 S 0.0 0.0 0:00.00 dbCalink
® PICMG 1 3 con |p||ant |ndUStr|a| PC 20903 lange 20 0 1750m 4976 2668 S 0.0 0.0 0:00.00 scanOnce
" 20904 lange 20 © 1759m 4976 2668 S 0.0 0.0 0:00.00 scan-10
0.0 0.0 0:00
0.0 0.0 0:00
0.0 0.0 0:00
0.0 0.0 0:00
0.0 0.0 0:00
0.0 0.0 0:00
0.0 0.0 0:0
0.0 0.0
0.0 0.0

- : : processing throughput 20013 lange 20 0 1750m 4976 2668 S
Red Hat Enterprlse Linux (RHEL) Output of top command showing EPICS

* Real-time extensions (RHEL MRG-R) * Rule-based CPU affinity, scheduling thread names.
policy, and priority settings £ tes for eareit

Fine-tuning to run IOC on subset of CPUS, i i o e
; dedicate CPUs to EPICS or external iy R Tl B Pl e
F J r St R esu l t S real-time processing, optimize system's pp 1o neteh thread feves zosn
performance R
' ' Example rules file:
Improvement of real-time behavior on a test system DI thosads on CPUS 0.3,
running a simulated fast control loop, sampling an but run TestLoop at priority 99 on CPU 4.

analog signal from an A/D converter and reading time
stamps from a timing card

rowl loop fime Perodelly. Further Possibilities and Plans

7,0E4 3,7E4
1,0E4 ;
o ] * Callbacks for Scan-l/O mechanism
51,0E2 5L.0E2 5 .
" 101 °Loe Add callbacks to the scanloRequest API, so that drivers know when records have
1,060 1,0E0 ; I finished processing
1,0E-1 laBE'ljﬂl"l [ I IR R L I IR I L

2 usec sea Min f Max above

No optimization. * Driver ,,private® callback threads
Add additional user-configurable priorities, so that drivers can use dedicated callback

) ges L oweltime (w: TO3) s ops o oopPenod (T-TH) threads, with configurable number of parallel threads and queue depth (depth = 0
L 3 HOE directly processes records from driver thread)

1,0E3 o 1,0E3
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see Min Max above The authors would like to thank the ITER CODAC team and the EPICS Base Developers
Dedicated core, high priority. for their cooperation, help, and fruitful discussions.
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