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Xenomai

Prerequisite

O0O0OXenomaiD OO OOOODDOOOODOOOODOOODOO (Parallel Computing)D OO 0ODO
O (Threading Programming) 0 000000 OO

Parallel Computing
e Introduction to Parallel Computing Tutorial(HPC@LLNL)
PThreads Programming

e POSIX Threads Programming(HPC@LLNL)
e PThreads Programming

OO PThreadsO OO OO

General Overview

XenomaiDOOOLnuxOOOOODOOOODOODOOODOODOOODOOODOOKernelgXenomail 00O O

O (Preemption)D 0000000000 DO OO (Response Time)O OO 00O 0O O [OXenomaiO LinuxO O

godbooooododouooooooodotuooooooodooonooooooogod
0000000000000 (Dual Kernel Architecture)JD 00000000000 DOOOO0OOOO
gbdooooooodooouobooooooooooouoon

Xenomai 30 OO OOOOOO

1. OO O (Dual Core[JCodename Cobalt)JXenomail D OO OO OCobaltD 0D OO0 O LinuxODOOO
O00000000d((ualkerne)DOOOOOOOCobaltO OO0 OO0OO0OOO0OOOOODOOO
000000000000 00((IdleProcess)JO0OCobatD 0D D O0OO0O0OOOODODOOLinuxd
O00000D000o0ooooooo((Preemption)JCO0OO0O0OO0OO0O

2. 0 OO (Single Core[JCodename Mercury):Xenomaill 0 00 0 0O 0O O MercuryJO 0O 0O O O O Linux
0000000 OPREEMPT-RTO 000 (Patch)0 DO O 00000000

@ How to pronounce Xenomai? XenomaiOl 0 O OO0 0O OO Xe
nomail0O0O0O% ). [3X]. [k "))

D00000000QHUangD 000000000000 Cobaltd 0000000 Mercury.
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OQCobalt 00000000 OONY0ONO0OODODDDDDO (real-time threads) D 0000000
O000000LnxDOOOOODODOOOOOODOO0OODOOOOODOCebaltD OO D OOOOOOOO
O0000000LnuxDOOOOOODOOODOOOO00ODOOOOXenomaiddODO OO libcobaltd O
OORTOSAPIDDOO0O0O0O0O0OOCobaltD0 0000000000 00000000Xenomai 3000
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l _l_} Device drivers
- (RTDM-based)

Kernel

S libcobalt (POSIX subset + extensions)
copperplate interface

1 J | J i i non-POSIX real-time APIs

Fig. 1: Cobaltd O O

User

0 figure 10 O O O device drivers(0 0 0 0 0 0)0 O O O XenomailO O O O Real-Time Driver
Model(RTDMJO 0 00000 0)Y000 000 (User Mode)d O O O O (User Applications)d 0 0 O
OlibcobaltD DAPID O OO OOCobtOD O OO D)DODOOO0OO0OOODOOODOODO libcobaltd
OAPIOOPOSIX1003.1cO0 00 00DOOD0ODO0OODOODOOOOOPOSIX100300DODO00O0O0OO@DO
OO00oOoOoPOSIXODOOOO)DODOOOcooperplatel 00O O0OO0O

Xenomai 30 O Optimistic interrupt protection 0 0 0O O 0O O O O (Interrupt Mask)O O O J[ichanging the
interrupt mask) -0 000 000 OO O critical sectiond O O O OO O (interrupt mask)[JO Optimistic
interrupt protection0 0 0 OO 0O O XenomaiO OO 0O OO latency(Dd O LatencyD OO OO OO0

O interrupt handling[]

00O O /Mercury

Mercuryd O PREEMPT-RT PatchO LinuxDO OO OO OO0OO0OO0OO0OOOODOO O CobaltgMercuryd O
0000000000000 0000D0000000DO0DO0O0dLnuxdoO0Od

O (Enable)PPEEMPT-RTJU D 00000 O0ODOODOOOODODOOOOODOOOOOO

O (Responsiveness) D OO0 D00 00O (itenD DO ODOD0OO0OODOODOODOODOODOOO)O
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OO00ODOOOPREEMPT-RTO OO DOODOO

OMercuryDOOODO0ODOD0OOXenomai 300000OPOSIXODAPIDODODOODOODOOODOO(O
ONPTLO OO OO linuxthreads]O OO OO0 0O0ODO

XenomaiDMercuryDDDDDDDDDDDDDDDDDPOSIXDAPIDDDDDDDDDDDDDD(D
ONPTLO O O O O linuxthreads)D O O O O ??

In this single kernel configuration, all the non-POSIX RTOS APIs Xenomai 3 provides are accurately
emulated over the native threading library (preferably NPTL, but also supports linuxthreads for legacy
setups).

[ I l """ ' Device drivers
‘J (RTDM-based)

Kernel

e 4 | Glibc
' L B copperplate interface

| | | i i non-POSIX real-time APls

User

Fig. 2: MercuryO O O

O0000000Xenomaill [

000000000000 000000000D0000O0DO000DO0000000O0ORTOSAPIDDODO
0000000 (@OOdLinuxdO OO CONFIG_PREEMPT)JO O OO O OO Xenomai 30 Mercuryd OO0 0O
—0000000LnuxO0OOOMercuryD OO OO0OO0O0OOO0OODODOOOO@OODOOODODODO
OLnuxOODOOOODOOOODOOOOOOO)O
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Xenomai API

XenomaiOAPID OO O OO (0 O)OPOSIXAPIDO OO DO O POSIXOAPI — O 0 XenomaiD OO OO0
O POSIX API(CO O O libcobaltD O O O)O OO OPOSIXOAPID O OO OlibcobaltD DO OO OO0
O copperplate0 000000

000 POSIXO OO OAPIO Xenomaill O O 0O 0O O APIJ

e (100 Xenomai 3.0.50 O POSIXO O O API
e POSIX 100320070000

00 0O POSIXO O O APIC O OXenomail O O O O API:

e Alchemy API
e Smokey API

Cobaltm O OO O

ADEOS

CobaltDOOODOInuxDOODODODOOOODOODOOOODDOOOOAdeos(Adaptive Domain
Environment for Operating System)

Adeos[] 20010 O O Karim Yaghmouro oo g ®
OoOo20000000000SMPOOOOOOOO?

000000 OPhilippe GerumO OO 00000000000 000000000OD 200506
O OPhilippe GerumO O O AdeosD 0000000000000 l-pipedoog.™

20000 KarimO OO0 D0DOO0O0O00OO0OD0DOODOOO0DOODOODOOODOOAdeos,Adaptive Domain
Environment of Operating System[J0 0 0 0000000000000 O0O0O0ODOOOOOOOOOO
O00000D0000ooooooo“pipeline'00000Ox860 000000000000 0O0OO0O
godbooooododouooooooodotuooooooodooonooooooogod
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ORTOSO OO OO OO OODOWindRiverd RTlinuxd O O RTHALO O O O

ADEOS (Adaptive Domain Environment for Operating System)J0 0 000 000000000000
OOo0DOOooooosOooOonoooDoobOoooooobDOooDoooobOoooooobooooooan
00 xenomai 20 0 00O

20050 60 170 [JPhilippe GerumO O O O LinuxO O O I-pipefJl-pipeC O ADEOS[O O I-pipeC0 0 0O OO O
0000 [Oxenomai3d O I-piped O O O O O dovetail[]

Xenomai 40 0O O I-pipe0 O O O Dovetail

Xenomai O OO OdOdOO

00 Xenomai 300000
00 Rasberry Pi 40 O O Xenomai 4
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Xenomai Programming

Tunables

Tunables(C 00 0)00O0O0O000O00000O0@OO0O00000O0Oheap)D 0000000000
00 (0000 Verbosity Level0 D D0 Ologd 0000D0)IO0O00

0 O TunablesO O O O Configuration Tunables(O OO OO0 0)0 00000000 O0O0OOOOOOODO
oo booouooboboooood

OCOOTunablesDOOOO0OOOO0OODOOOOODOOOO0OODOOOOODOOOODO

0O O O configuration O runtime tunableD 0D 0000 OO0 0O OO OAPKDO O O xenomai/tunables.hD O O
0)yooOo

{get/set} config tunable(name)
{get/set} runtime tunable(name)

00000000 verbosity leveld O runtime tunableD OO 00O 0O

#include <stdio.h>
#include <xenomai/tunables.h>
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set runtime tunable(verbosity level, 1);
printf("verbosity level=%d\n", get runtime tunable(verbosity level));

ConfigurationtunableD OO OO0 000000 O0ODO00OOODOOODOOOOOOOOOOOOOOO
0 set_config_tunable()J

Configuration tunables

NAME DESCRIPTION DEFAULT

cpu_affinity same as -cpu-affinity option any online CPU

no_mlock same as -no-mlock option off

no_sanity same as -no-sanity option !CONFIG_XENO_SANITY
no_registry same as -no-registry option off (i.e. enabled)
mem_pool_size |same as -mem-pool-size option [1Mb

session_label |same as -session option none (i.e. anonymous)

registry root |same as -registry-root option |CONFIG_XENO_REGISTRY ROOT
shared_registry|same as -shared-registry option |off (i.e. private)

Runtime tunables

NAME DESCRIPTION DEFAULT
verbosity levellsame as -verbose option |1
trace_level same as -trace option |0

0000000 0Otunabled 00O (OO define_{config/runtime} _tunable(name)
O read_{config/runtime} tunable(name) )JO O O O (Overriding)0 O O tunableD0 000000000
ooooonon

Entry Point

000000 o0ocC/C++00000000main()0 000000000000 0OAPIDODOODOO

O (Automatic)D OO (Manual) DO OO O OO OOO(Bootstrap)l0 0 OO0 O OO ODOOOOODO

0 xeno-config -Idflags0] O O 0 O O O O O xeno-config -posix -alchemy -IdflagsC 0 0O 0O 0O O O O posix
Oalchemy APIDOD OO OO0OOOCOXenomai 300 000000000000 0OOOODOOOOOO0O

oottt oooo g
000000000000 DOO0O0O0xeno-config-ldflags-no-auto-init0 00000000 O00O0O00OO

00000000000 xenomai init(&arge, &argy)D0 00 0000000000000000000
ooooq

O0000000000 (Command Line Arguments)

0000000000000 00000 (Automatic Bootstrap)D OO [JXenomaid DO DO ODOOOO
O00000Omain()D00000000000000

If the automatic bootstrap mode is used, the application directly receives the set of command line
switches passed on invocation in the main() routine, expunged from the Xenomai 3 standard options.
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Y PREEMPT _RT patch versions, The Linux Foundation Wiki, Available at
https://wiki.linuxfoundation.org/realtime/preempt_rt_versions

% Daniel Bristot de Oliveira and Romulo Silva de Oliveiral, Timing analysis of the PREEMPT RT Linux
kernel, SOFTWARE: PRACTICE AND EXPERIENCE, Vol. 46, 2016, pp. 789-819.

3 Ching-Chun Huang, Chan-Hsiang Lin, and Che-Kang Wu, Performance Evaluation of Xenomai 3,
Proceedings of the 17th Real-Time Linux Workshop (RTLWS), Graz, Austria, October 21 to 22, 2015.
YTime-critical D000 0000000000000 0000O0000000000O0OO0OO0O0
O000D0000000DO0DOoOooDOoOtime-criticalD 00000000000 DODOOOOODOOO
goooooooad

000000000000ooOoooooooo

000000000000 000000oooOoooooonn

' Rollinger, B., Bleiner, D., Chokani, N., & Abhari, R. S., The Real-Time Driver Model and First
Applications. 7th Real-Time Linux Workshop, Lille, France, 2008

® Karim Yaghmour, Adaptive Domain Environment for Operating Systems, Technical Report, Opersys,
Sherbrooke, Canada, February 2001, https://www.opersys.com/ftp/pub/Adeos/adeos.pdf.

* Karim Yaghmour, A Practical Approach to Linux Clusters on SMP Hardware, July 2002,
https://www.opersys.com/ftp/pub/Adeos/practical-smp-clusters.pdf.

19 Philippe Gerum, Xenomai - Implementing a RTOS Emulation Framework on GNU/Linux, White Paper,
Xenomai, 2004.
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