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Performance Evaluation of Real-time Mechanisms for
Real-time Embedded Linux

DAY S
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Abstract: This paper presents performance evaluation of real-time mechanisms for real-time embedded linux. First, we presents
process for implementing open-source real-time embedded linux namely RTAI and Xenomai. These are real-time extensions to
linux kernel and we implemented real-time embedded linux over the latest linux kernel. Measurements of executions of real-time
mechanisms for each distribution are performed to give a quantitative comparison. Performance evaluations are conducted in
kernel space about repeatability of periodic task, response time of Semaphore, FIFO, Mailbox and Message queue in terms of
inter-task communication for each distribution. These rules can be helpful for deciding which real-time linux extension should
be used with respect to the requirements of the real-time applications.
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(open-source project)Z Z3E L ITH6]. THEZ S LEAX
TZR2AEE RTLinxoA AlZElov 4837t o]FoA]
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Real-time Application Interface for Linux)2} XenomaiZ} THE
2ol QE Ax mAERA FE29 AAZ & Ad
oJTH7.8].

RTAIE 1996d o|g&g]o}e] DIAPM (Dipartimento di
Ingegneria Aerospaziale Politecnico di Milano) $374:~2] Paolo
Mantegazzao] €Jsh4] RTLinux 70'da $AFsHA A k) gick.
&A= ADEOS (Adaptive Domain Environment for Operating
System)E ©l&3tT JUTHI. AY Z=2AMEZEE ARM,
m68k, i386A1E, x86, PowerPC So] itk T HZolE
Z2AE Rae] P olF)AA Y Y3 F1E Ag
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Ae 74 @o] AMEEH=  AllvlEoi(semaphore), AAIZF
FIFO (First-In First Out), ™d8lX(mailbox) = W A|A]F

(message queve)®] AJ7HE A5 g
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Fig. 1. Real-time Embedded Linux Architecture.

(b) Xenomai.

Al71E 7% ADEOSH] €3 QIHHE Ao me 293
EE AAT F 7] WEoloh. whdd] I8 1(b)%k 2ol
JHYE T} @&stE Xenomaie B de AES
g F e Aol Stk ol o|FZE UEHEE AAd
ek AJZHA A5 A% RTAIZ} Xenomaio] H]&te] 94
& 235 Yehia H1s].
2. APl H|ID

RTAIE APl QIE{#o]28 Ego] EAgitt z} g
ZA3}= IPC (Inter-Process Communication)S ©]-83}] 4
AIRE B=3E 78l AAT A7t sbssith 53
LXRT & AREAL #dolX AAZE 22ao] 7hsd 573
< 7KL 3l

* RTAI services functions.

* LXRT module.

* RTAI FIFO module

* Inter-process communications.

* Semaphores.

* Mailbox functions

* Message handling functions

* Remote procedure call functions

* Semaphore functions

* Unified RTAI real-time memory management.

* mini RTAI LXRT tasklets module

BhHo] Xenomaiol] QoA Native APIE TFE 271§
RTOSS} FUs}A AMg-o] 713tk ¥F Xenomaio] A|Z
He Ad EE xeno nativeo| A AA=EW A Foht
AHEAL BN BE AMgo] sbsdith ted 2 Ve
o] AT HATF A2 FH ARgE ] ZTH17].
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¥ 1. RTAI 2 Xenomai H]#UZ BT H.
Table 1. Mechanisms of RTAI and Xenomai.

RTAI API package Xenomai native APl package
Semaphores Semaphores
Condition variables Condition variables
Mutexes Mutexes
Bits Event flag groups
FIFOs Message pipes
Message queues(PIOSIX) Message queues

Messages
Shared Memory
Extended Mailboxes

Message passing support
(shared) Heaps
Message queues

9} vl ARXZE B2 7He] FE w3 ARS-ETL

« ClHfo[A 1/0 M2[: HA7ZF VO HEE ¢34 RIDM
(Real- Time Device Module)o] A &Ft}

- BIXIAER] K2 AR gl AAE fAYES
A3 AA Ao 2ok

¥ 1& RTAI®} Xenomaig o]-&F 739 =217 <
Hol2= Al 71 Fa3k APIE vlwslE17]. &3t
9] zlol= o} IitAQl AATL HAUEE BF A4
e & F AUtk

I AlAIZE HC|E Bl5A 13

RTAI9} Xenomaies AAIZF F@AA7} obd AAZT BR
& 9% UEso]xoltt. meba RTAIY XenomaiE A&
37] AsiAe SFAAZE Dasick olHd HU s
£ o83t HARE Y= 2siE 7R A A
|5 T (tool chain)®] 34 Aot TAE A 73
o] ERgte s At AREA} FA37)7} wl¢- ojHTh

£ =RdAMe 384 HES 43& 53k oldet 2
< i AN HA gss AdE 8831 RTAIS
XenomaiZE +H3}5ch

* Ubuntu 10.04 LTS

* Intel Core2 Duo CPU E8400 @ 3.00GHz

* kernel 2.6.32.11

* gec4.43
1. RTAI

RTAIZ s§x)3}7] Aol Ad AL E st a3t 2
< }71A 2X)7F Besti

* build-essential

* kernel-package

* libncursesS-dev

#7122 F RTAINA Ads= Ad F 7P 4
F1del 2.6.32.113} RTAI-3.8.1& the Hho} Mx5m wjA
o SHA =70 3B ek LZE a2 AF
ok

# cd /ust/src

# tar xvfj linux-2.6.32.11.tar.bz2

# In -s linux-2.6.32.11 linux

# tar xvfj rtai-3.8.1.tar.bz2

# In -s rtai-3.8.1 rtai
RTAIE #EF 52 Addr AYP=HEE AHI
& @A AL BFoFE AMEI = FEF(ubuntw)d] 7
9 AT A d71N e 9FE WAL 4 domw
Vanilla A9g AMEBTH
# cd /ust/src/linux
# patch -pl < /ust/src/rtai/base/arch/x86/patches/hal-linux-2.6.
32.11-x86-2.6-03.patch
71'dol]l RTAI HAE 2§ F Fad 2 Ad 43S
ot AubERl Ad Aol wlg- BEFFeR ofot 2o
A AL FHA T 2EE U B RES
FAsIAoF gA F&o] 7Fssith
# cp /boot/config-2.6.32-28-generic /ust/src/linux
# make oldconfig
# make menuconfig
RTAIE ARE3}7) Sside wifold 4o Badhe
GTE Fokd 7 Hlwold 2ad 44 vEhiith
* General setup
- Prompt for development and/or incomplete code/
drivers = "y"
* Enable loadable module support
- Enable module support = "y"
- Module unloading = "y"
- Module versioning support = "n"
* Processor type and features
- Preemption Model = Voluntary Kernel Preemption
(Desktop)
- Processor family
* Power Management options
- CPU Frequency scaling = "n"
a1 99 AL Jid A et 443 FHEd o
23 thE3t o] A Ao} ZES A F
# make
# make modules_install
# make install
# update-grub
Ad Agdo] U REZCE AUC|EE dha, 1
T FEEFE 3 Bol=E tedt 22 4R Shojof
gt o]F REZHE AU°lE sfa 2H-Eele] RTAIR
HE AR FHRSlo} gt
# vi /etc/default/grub
GRUB_HIDDEN TIMEOUT=0-& F2J4]g]
# update-grub
# shutdown -r now
RTAIZ} 23] & AEE Fe & a9 spHox 44
ZHAYE BES AAske $HS AP
# cd /ust/src/rtai
# make menuconfig
B =RodAe 45 B4 ©|&F FIFO, Anfxzo], =
dutrE 2E P2 AAGT e e 438 ¢
8 ¥ RTAIE AA]gH.



K

340

* Supported services
- Fifo = "m"
- Semaphores = "m"
- Mailboxes = "m"
2. Xenomai
RTAIS TL& Ad RS 93] 2ls2 Ad 26328
A Y= xenomai-2.5.32 T o} o] &3t} 7| BAHA +
A #AL RTAIS}E FU3}H-
# cd /ust/src
# tar xvfj linux-2.6.32.11.tar.bz2
# In -s linux-2.6.32.11 linux
# tar xvfj xenomai-2.5.3.tar.bz2
# In -s xenomai-2.5.3 xenomai
Xenomai RTAIS} 5% $7ol4 4% 24 49e
A7) 93l Vanila ALE ALSBT olo] thd A 4
23YEE e 2
# cd /ust/src/xenomai
# scripts/prepare-kernel.sh --arch=x86 --adeos=/ust/src/xenom
ai/ksrc/arch/x86/patches/adeos-ipipe-2.6.32.11-x86-2.6-03.patch -
linux=/usr/src/linux
2] F RTAISH Zo] AR ARE3laL e 25 2=
& AL o83t Fde HAH.
# cp /boot/config-2.6.32-28-generic /ust/src/linux
# make oldconfig
# make menuconfig
Xenomaie x869) |z A] FEL doz & Jriu &
H thE3 22 AAE disable A|AF Tk
* CONFIG_CPU_FREQ
* CONFIG_APM
* CONFIG_ACPI_PROCESSOR
» CONFIG_INTEL IDLE
* CONFIG_INPUT PCSPKR
* CONFIG PCI_MSI
* CONFIG_CC_STACKPROTECTOR
9o Aol BY F & wRA ALgshe AN WA
YES AHEEE] fiste] oS3t o] A4S dk

* Real-time sub-system — interfaces — Native API

n

- Message pipes = "y
- Counting semaphores = "y"
- Message queues = "y"

A g7 & HEZOE QUoE Yk o
Wol A AR Xenomai AL BB Fof THE 7
22 o]F3 T HAXE vpFE gt

# cd /ust/src/xenomai

]
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# ./configure
# make
# make install
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AQE YA At FE e 2EL AL TF
st} AFSGT 22 oj9h o] AFPslAE F|Hid
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1. 718 Etx3e| 71y

Ad FrelA aY 29 2L 50 ms FUIE Ze T
o F714 g AsE4E Ast] F 50 vHE 33
o 2345 & 20| UephdTh LRHH<Q RTOSS] 3¢ 10
msE 7RO sjef ol Aguje] Fr|2 A BRI
£ 7Es Aok AW Bka=e] BE- 50 ms7} wol
2857 Wi olF THLE 4% E4E APtk

® 20 vebd dde AR F7] 50 msollA AA B
239 71449 Qo F BAZ RTAIS] B4 23]
o] 15878 ns PHE A, Xenomaio] Z-$-ole=
82609 15 WS HE A7 WASAT. A B Ha
XenomaiZ7} RTALRT} oF 2u] 7}7to] AEEE A58 Bloh

Kernel Space 50ms

€| Task

I 2. F7H gad X
Fig. 2. Periodic task structure.

E 2. Periodic Taske] A& A}
Table 2. Experimental results of the Periodic Task.

A’ [ns] o [ns] B [ns]
RTAI 64 38890 15878
Xenomai 21 42426 8269
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Kernel Space

sem_post
50ms P sem_pend
€| Taski Task2 |
29 3. ArkES] B4 98 Bam T2
Fig. 3. Task structure for Semaphore evaluation.
X 3. Semaphore®] 2% A3}
Table 3. Experimental results of the Semaphore.
% [ns] Y [ns] BT [ns]
RTAI 1300 2942 2034
Xenomai 1027 2244 1416

2. M|} ( semaphore)

Aetzoje] A5 E4E 98t a9 37 o] AAIRE
B=3E T3k Ag FhollA Taskl# Task2r} 2
3 Taskl2 50 ms 714 E}&2FolH MulEolg F=Ed
th Task2E AulEAE 53] fJste] ti7lsta okt
Tasklo] MuiEol7} F=sW oS HES AYPsith &
Task2® AulE oS E3l Taskl® YA 50 msz2 =
7138t 3 k. e B4 Tasklo] AnfEols =3
AFRE Task27} AlulEZAE 53 A@7R] ZE AR
£ AF3HE olH AT HA] F 50 ¥HE FYIHP
e ® 33 2ok

AutEo]o] Lo Xenomaiz} RTAIS] HI&le w]w3F
o WE g3 Jg 495 2932 ok
3. FIFO

3% 4= AQ FH 50 mse] F7]ZQ) RT TaskolA]
FIFOE B3t ARMSAL 37| Ef2aAZ dHlo|HE Adsin
A ARERE I A I eI E HlojHE A
@3he FEo|th

FIFOE ¢]7]%} 27|18 25 AYslE 2=(0 RDWR)E
ARgol B7Fsste e g ASE A8 F 7/H¢] FIFO
£ AR8ETE E3 He BA4E 918 RT Taskollx d]o]
BHE A3l o] v 714 2™ A S
Xenomai®] 73-% FIFO7} X 14 Jephd wuie} Zo] wAR
v}o] E(message pipe)E g} ol Slth

3. write 2. read
1 |
Kernel Space

| 7devriit | [ 7devrrio |

4, rtf_get 50ms 1. rif_put

via RT_FAFOs viaRT_FAIFOs
€| RT_Task

¥ 4. FIFO E4& A ka3 72
Fig. 4. Task structure for FIFO evaluation.

E 4. FIFO9] 2F A3
Table 4. Experimental results of the FIFO.

H’ [ns] HoF [ns] F [ns]
RTAI 798 1259 973
Xenomai 1079 1615 1289

Kernel Space

50ms 1. Send msg

2. Receivemsg

g Taskl |<==> Mailbox/ Message queue <|==I> Task?

4, Receive msg

3. Send msg

2% 5. Mailbox & Message queue 412 93} B} A= -2,
Fig. 5. Task structure for Mailbox & Message queue evaluation.

% s olQukaslulA AR A A,

Table 5. Experimental results of the Mailbox and Message queue.

FH4F [ns] 9} [ns] B [ns]
RTAI Mailbox 5430 10747 7090
Xenomai 3189 5707 3737
Message queue

X 49 A¥ Z2HE BHE 509 APl tisle] RTAI
A AFsh= AAIZE FIFO7t Xenomaidl A AlFdhe HAIA]
glo]xze] Hlgte G Heg HTh webA Ad I
I AR 33| ERF ] HlolH HAFelx= RTAIZ}
o 45S Hola itk
4, HdetAet HA|X|F(mailbox & message queue)

ol Ao AMSEE v duk2e) wAIAFe B9 X
13} o] RTAIE WYukA7t AFE} Xenomais WA]
A EA%TE wE £ = oAe 4% 248 RTAI
A Wdulrz a8)3 XenomaidAE HAIXFE o] &
sled a9 59 2 FEE 083t Holy AFd] A
He AA dAYUEY H5E 243tk

APL 50 mse] F71E ZHe Tasklo] wlgupz} A
A7l HAAE BE HolHE ZIvhEd Task2rt w1
ghat AR A HAIRE ¢olth uehA dlojE A
Foll 9Jste] Task2® 50 mse] F7]817} o]FoA]v dlo]E]
FAFo] o]Folxick E|A Task27} TRA] WlGupAL) wA]
Aol BIARE GBI Tasklo] HoJEE Wolerh 4
B Tasklo] HAIAE B APIFE Task2r} w2 w4
A o] Tasklel] HujA ThA] wrolg wj7ix] ZA Azt
& X3RS A= F 59 2k 2 JERd uied
Zo| wjgurzo] st WAXF7} Holg Aol 3
A B 5A4E eI dRtdeg ddukaes
1:19] Ef2=30] AY HFE Agdte WAUESLE AMEH
o WA FE N9 g3 729 go|y Ago] 7fsdt
HAUZeZ AHZHA e oH$u A7tE e &
AL AAZE A 2F FEe w9 f-83 F Rt
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