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A Study on the Scheduling Improvement for Periodic Real-time Tasks
on Middleware based on Linux (TMOSM/Linux)

Ho-Joon Park’ - Chang-Hoon Lee'"

ABSTRACT

For real-time applications, the underlying operating system (OS) should support timeliness guarantees of real-time tasks. However, most of
current operating systems do not provide timely management facilities in an efficient way. There could be two approaches to support timely
management facilities for real-time applications: (1) by modifying OS kernel and (2) by providing a middleware without modifving 0S. In our
approach, we adopted the middleware approach based on the TMO (Time-triggerred Message-triggered Object) model which is a well-known
real-time object model. The middleware, named TMSOM (TMO Support Middleware) has been implemented on various OSes such as Linux
and Windows XP/NT/98. In this paper, we mainly consider TMOSM implemented on Linux (TMOSM/Linux). Although the real-time schedul-
ing algorithm used in current TMOSM/Linux can produce an efficient real-time schedule, it can be improved for periodic real-time tasks by
considering several factors. In this paper, we discuss those factors and propose an improved real-time scheduling algorithm for periodic real-time
tasks. In order to simulate the performance of our algorithm, we measure timeliness guarantee rate for periodic real-time tasks. The result
shows that the performance of our algorithm is superior to that of existing algorithm. Additionally, the proposed algorithm can improve system
performance by making the structure of real-time middleware simpler.

U dAlZE 88 (Real-time Application), DIEHO (Middieware), &lAlZH D}@MO AAIZE (Real-time Middleware Scheduling),
TMO(Time-triggerred Message-triggered Object). TMOSM/Linux(TMO Support Middleware for Linux)
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2.2 TMO Support Middleware(TMOSM/Linux) (18 3)& ugdo] Blazg $E2aY H2aED
(2g 2)= TMOSM/Linux®l W% +2elth TMOSM/ o} gtolw XFE(Timing-chart)® X & #olt}. z}zte] v
Linux: A ¢4z elazs vEgol Baaw ol tlaze] $HEsy WA WIMTVE 718 31 2
Fray, Bgol ICTS OCT= el vgslo] Bazzt o o
g odjol & 4R e A, FEZE Y ef23(SpM,
TMO Part (Application) SvMIEol At o] ol AYHE $HEZa W P
L 7h giehd vhA o A AEile] A AlxElo] obd U
[ODSS(Uae:Spenﬁeusmrage) 0ODSS Support - % EH/:_:lﬂ- A) 8§ !;;h;}
(%) SpM(User Specified Code) | SpM Support Dased
Library
J SvM(User Specified Code) | ------ SvM Support
& WTMT
KELIVRT Interface 4 w oy
[ Timeliness Support p[ Network Support ] { Misc. Support
ICT & OCT
WTMT Scheduler Message Support s
g N
Schedule Dispatcher SpM & SVM
ication \
WTMT Scheduler IcT ocT lAﬂmT f::nle)g s':ultch o non real
Middleware Timer Handler %
A, f,_) { ] { ] Other Processes AT
. Message
from Kernel Scheduling from/to Another Node
(12! 2) TMOSM/Linuxel 7] =iel 7 | | | |
0 +1 +2 . +3
Lgze 7l s SpMely SYMEZA TMOSM/ time quantum
Linuxel o9& stauls Asgch vjESgol gaznis 77 (3% 3) njssllof BfATe] M8 M =9{ef ElOjY RE
X40 Eﬂ/\ a8 7\-1 ’IMOQM/LIHUX“‘ ;_'41‘ }7]7’:' 9%6;3"'% E’}Lo‘ ‘, Eﬂ LH—’] SDNI SVI\/IL;_‘{__‘ ]}’a‘xq o R O}\}-tﬂ- D]]/'\L‘:
drk =@ viEdel Hafs Ang gofuiel ofs tF ol#ut, 53 TMOSM/LinuxolAl SpM& WTMTe| <3}
9 shube] AlsE ol d B9 S99 ool of A -rilzifli AgAcs Ao dach (1 P oy
Aol A of vich BA Mgk vEHo] BaAas SpME #E3t7] sl WTMT7F SpM& #al b R
Al WTMT(Watchdog Timer Management Task), ICT % HojEr)
(Incoming Communication Task), OCT(Outgoing Commu-
nication Task)2 1HE 1 159 cd go 1) 93 2. MCB SpMinfol.ist SpMReservationQ  ThreadReadyQ
SpM > MID, Time SpM Thr.
@D WIMT : o] Bz $dd Aol os) elolm 2n 52 SvM /
G 7140 HaAT F Rt S8 Ee iy Ha Spi 4
A(SpMeol vt SvM) & *?‘ﬂ‘a’ & vaey. w3 AN .
\~ Cd

WTMTs &g 1a g Az7t AEskis glo]vg 78

Aehs dEe et d=ekole Aeshe g 5

Execution by

Alg} ahebd WTMTE: TMOSM/Linuxe] @3 e wTMT
El= (invocation)
@ ICT&OCT © o] 2z TMOSM/Linuxel WlAA & (28 4) WIMTLHOlA{S] SpM He| 2+

qeehs ol d 7Rt ICT=gi o] WA e

Fazolm, OCT= Wiie] waz&

q&e s B AAE MEYaLE
L

WTMT F714e2 SpMel MCB(Method Control Block,
AAC ¥ SpMe] 2HE AR Fo] A3y F4)E TEstd A
3 AlZko] kel SpME ¢1& 3l SpM-Reservation Queued]]

fr

AAE Abgstel FEED 58] ICTE A2y 957y Arlsith ojd@ A AlEl SpMe Foll thA] d WTMT
AR A Ay st i Aol g ol&} #<lxlo] Ready-Application-Thread Queuec] wjzis
SVME Hotuiel WIMTRRE ~AEd g 84 W, olgl FukEe] WTMTE g ¥ F7|(time-slice)ol

g g, SpME A P



486 HEXMEIES=EX A XH11-AR HT7T=(2004.12)

3. TMOSM/Linuxoll 412} 4lAIZE ol 23@Y
Y02 F

2 dollAds F7130 dAZ Bl SpME 75 A
£ TMOSMS WIMT 2A&9 dndF 4A A 14}
ol diaf vt

@ (2¥ 5 H¥E TIAAMSL 252 7vke] TMOSMe
A ez FEE AT UE F2E el st
Ea B 45 $IAAY 2AFHE Haa TF
< #3% Execution-Queue® #Hj@ch EdAAY 2A
8% o gd-gdel2 $9 Execution-Queued] Y&
“runnable” ¥ Aeie] H23E FEAZIYG dY g22
& 2AF3HE DOS AolA AAzE nlEdAE ML
AsME AAIZE vEdo] oA 7 Aol B3t
7] e ex2 25 959 XPNT/RB#H 22 #4
WREe] He F9AE dE Haa 2AF K19
7FE87] o] WA vlEdo] oA F Aol W
gk g glE2 7wkl TMOSMe] SpM-Reserva-
tion-Queues} Ready-Application-Thread-Queue® &
Pahe AL CPU A4 GulE 2 B9 ofle}t Al
g oHF=g FrA

McB
(Method Control Block)

PCB
(Process Control Biock)

SpM-Reservation
Queue

L]

Execution-Queue

Execution { )

Execution - Queue in OS

Ready-Application-
Thread Queue

!
I
‘é select & resume

Ready-Application-Thread Queue
in TMOSM/Linux
(I8 5) B3 7S A8 0S4 2|52 J|8re] TMOSM
e 7z

B0oHS-9uWIL|
time-slice

@ TMOSM®| WTMT ZAgs = o ed-&eol2nir}
SpM 7& %8 AAS7] wiel HAF &89 Al
4 BRE ge-edols fo o8 HeErh A& 5
o, SpMel F717} 1xoln BY-Feel27t Imsecd]
A%, WIMT 2#Agee SpM +F o5& ZAAI

A8 12 T 1,000 dPEt old F¢, WIMT &
AgelE SpME W TEAII7] 3 099 EE
3 Aol A 2HER foX AFFUX], ol
e ~AEd dndFe CPU &Y & 2 sn
Azg enE =g S/

® TMOSM$] SpM## 27} W B (Array) 725 Hol o
7} W&ol SpM 7t AL AgodE F B Azte] F
A7b =7 FAT A2g eHIHE F7F B SpM 7t
F7tE Ay g4 ARE FU18HA € mebd AAz
ol Edo] AelAe F ALL A5 AdE 24T 5 A
tHol.

4. mMetet JAZE ol MOl AMNEY WDEE

41 Heokst 7=

g% 2 sluke] TMOSMoIA WIMT 2A%% ¢ndz
E 2437 f8 AdE Az nEYY 2AEY dag
Z2 AGHY (29 6)& WIMT 2AZEHd o8} SpMo|
TEHE WE F2E BAFT WIMT 2Alges & =
FolA A ~AEY dndFel s MCBdl S5
Av SpMe TEAEE AR 7F5E SpME Execu-
tion-Queuedl] ¥iX =1 £FAA 2AFEHE o) €ld-&elo]
zntt} 2AE9 P3| we} Execution-Queued 1= j2
A 2AFYIE A TR AN vjSdololM SpM-
Reservation-Queue$t Ready-Application-Thread-Queue® A}
L34 7] WEe] vEde F2E BdsA

MCB
(Method Control Block)

i
Calculation for
Invocation Time
of SpM Real-time Middieware

l Level

N I 4 OS Levse!

Execution Queue

BONS- SWn

7/ Y

Execution ( )

(T8 6) SpMe| M#E sk Mo LhF 7=

42 Mok 2MER ¥DAF
o Ehe-&dol btk MCBY $8Ho] 9l SpMe] 7
5 oJRE A4y Ad B =RolAE AUBLS WEL



21=0 CEHIITMOSMAA

.3
50009 HeiFebei 1,0000] v o) ke 1000 BRY-

Bl

%E}' ])\i EL ')\ 9\1‘:}' T(CD Dermd%}: WTMT 22A ]i;:'21
7} SpMSl FEOIEE A el MCBE Beh: *
7] Alzte] Btk &, WTMT A8 E o 16k -&to

2vttt MCBel &5 e SpMel 5 %8 #AAYs}
= o] ofet 1,0005} |-geto] 2~ wirl SpMe] FE of -
£ AASHA ®ok ok vl A== MCB 79 7
A g Fo4F o MEE SpMel B e AL SpMe F
717 A Toen. perioa @01 ME AL} o] 47
S E molA AGE AA nEde] AEY dadls

of A&}

T

Al

Ehman = SM @ F71 /€] - o)~
Fhos = S,M,8l F7] /BRI — 2ol
té:vgpf,/! = SDMNQ %7] /E]'Or} “%a‘o] Eal

o 27 Aol A4

—_ (: C 1 2
T(.‘CI), N G.C.D (t Wk ], f\_ugi,;. Ny "',t{::g,l = )

e 2 SpM A4 3 SpM F71 A B

)

Pida = S, M, F71 /8 — Fefol~
Toep 2= G.C.D. AT gep 7, il e 0)

(28 N2 AgAg A7 vjEdo 2AEY dn8EL
BARL T scneauiercouner > EFY-& ko] 27} st wjul
O WIMT ~#Fefo] o3 gol F7hguhi~2). WIMT
2AEAE T soncdutercounter & Ticn pevioa -8 0] 834
MCB #& #A4EAE 24393
ol SpMef F5E MY T pesiredinvocation
S TEHA). B T sencautercounter 801 T pesireaimvocation Bk B.
a9 SpMel T+EHHS~6). SpMY & Fr)7) @A
@ o SpMo} PEH F URE SPMpopecoum IS FIHA
ZIek(7). Ajekst '1L}_°ﬂ = SpM-Reservation-Queue 9+
Ready-Application - Thread-Queue’} §17] wi&-o] SpMe]
TEEHE WTMT :‘:ﬂ]%ei ¥ SpME Execution-Queue]
Mg Aloke ~AlEd dae)Ee WIMT A #e7)

T SchedulerCounter MOA

T((D perind iiko}

LinuIGAM =718s 718 A BR230] AHIEE Sl ftot o154 487

MCB ¢ #4 Slog #5024 CPU A4 gl %
Azel eWFE BAE s E

False
TSchcdu‘arConnter mod TGCD-vaﬂnﬂ =0

Tbssirodlnvoc-te €
lenvoket:ount * SPMPerlod) + slenllTlme

TDlsIrnﬂlnvoca!u <= TSchedulquountar

l SPMinvokecount € SPMinvokecount + 1 '

I Invoke SpM l

(38 7) ®ersh Az DS 2HES Sn2IE
5 AH % 45 ¥it

ARbet 2A&Y dnuse A% B4¢ A8 A" A
gyl B4 g 2 AlEdolHE smdlojide
A A7t agh x86 W2 Al A¥e] HE Y4(1.5GH)
PCe} iHle) = Al2€]l StrongArm CPU(206MHz)E AHE-
3 27t gE PDACIA st th SpMe 4+ 100
A 100707 104 F7hste] SpMe FUlE 1x4M 52 A
olel WY & AH&SATE ZHzhe] SpME 500msecs] ¥
SFxe A (178 832 PCY PDANA A& o
A AHE BHoFE AT Ay dag Sy s1EY
diglFaA WIMT =AZe7F SpME 758 dvig
TSrrhedulerCrmnter T pesireatmocae 2] F01E AXbsl T (2

Mg Aeks ~AEY UdaelFo] gEss 7y
TMOSM =AEY dadFho Y5 g BoFe)
Mzzgl oME =) v AS abol: 0 i 0] Hu oA
& SpMel AAA rAgel HEsiAl AAEE Justh 1
Hub SpMel 7k Sk A, Atole w43 FUkeA H
o Al oM e lE WTMT 2A&E=E SpMY
A4 E BAsFA £k B8] SpMel 7 905 100
QD A &kl Apeol7h whs AV e AN £ gl
7L o]fri= PC %3 PDAS] 4%o| SpMe] 47} we A%
Al g sk 535t7] wFolth uhebA o]l g

/1% SpMel HAY Rge PEA 9ok

gl

qel o)z}



488 FEMeIEE =R A MT-AF XMT7Z(2004.12)

30

-1 Of more [ proposed scheduling algarithm
3 [] existing WTST aigorithm
x 12 +
=
BT
NEELE:
£ gd
3 ]
8
7 -
= o
3 =
{0
2 -
]
£
3 A
10 20 30 40 50 60 70 80
Number of SpM's invocated on PC
k)
=t= Or mora [ proposed scheduling algorithm
E [] existing WTST algorithm
2 12
s
11
E
" 10 o
-
8 -
7
¢ NA  NIA NIA
e
5 24
g - —
10 20 30 40 50 60 70 80 80 100
Number of SpM's invocated on PC
(3% 8) Algajold #xt

B =RdAE A sEde 2AEY S dA
Al e ol EAFES dis dAmegon Idm A
Edlol 2A2Y dneF S AU AL AN
€40 F2E FE A v @& FREH
P oejaas 7 HAYFFEE ojfdd FrH
B2zl FF 48E go¥oz AAL &+ =
2718 Adstgith. BF Agd 2AEY dnYdSH 7|E
9 2A1&Y ¢nYEL vla BASPT. F/15¢ Az
Had $7 A2 APols F dugdEe A% olslt a2
A gkrh a2y FIAQ AAZE Baa ) FUrES
& AN =AY 4n8Fd Ao U4 Fua

#1083

[1] Park, H. J. and Lee, C. H, “Deadline Handling in a
Real-time Middleware on LINUX,” IDPT, pp.648-651,
2003.

[2] Kim, K. H,, Ishida, M. and Liu, J.,, “An Efficient Middle-
ware Architecture Supporting Time-Triggered Message
-Triggered Objects and an NT-based Implementation,”
Proc. ISORC'99 (IEEE CS 2nd Int'l Symp. On Object-
oriented Real-time distributed Computing), pp.54-63,

1990

{3] Kim, J. G., Kim, M. H,, Min, B. J. and Im, D. B,, “A soft
Real-Time TMO Platform-WTMOS~and Implementa-
tion Techniques,” Proc. ISORC'98, Kyoto, Japan, 1998.

(4] Kim, M. H. and Kim, J. G., “Linux based TMO execution
platform for embedded applications,” presented at UKC
2004, (proceedings will be published in Oct., 2004).

[5] Kim, K. H, “APIs for Real-Time Distributed Object
Programming,” IEEE Computer, Vol.33, No.6, pp.72-80,
2000.

[6] Kim. K. H. “Real-Time Object-Oriented Distributed
Software Engineering and the TMO Scheme,” Int’l Jour.
Of Software Engineering & Knowledge Engineering,
No.2, pp.251-276, 1999.

[71 Kim, K. H. (Kane) and Kopetz, H., “A Real-Time Object
Model RTOk and an Experimental Investigation of Its
Potential,” Proc. COMPSAC'H (IEEE Computer Socie-
ty’s 1994 Int’l Computer Software & Applications Conf.),
Taipei, pp.392-402, 1994.

[8] Robhins, K. A. and Steven, “Practical UNIX Program-
ming,” Prentice Hall, 1996.

[9] Kim, K. H., Subbaraman, C. and Kim, Y., “The DREAM
Library Support for PCD and RTOXk programming in
C++,"” Proc. WORDS'% (IEEE Computer Society 2nd
Workshop on Object-oriented Real-Time Dependable
Systems), Laguna Beach, pp.59-68, 1996.

o s F
e-mail : hjpark@konkuk.ac kr
1996d 4w S s (gAh
1998 A=disha AapA sk (A AL
1998 ~E A A5t PFE - AR
EAEa WA
#4 5ot : Embedded System, Real-time
Middleware

o & &
e-mail : chiee@konkuk.ackr
1980 Mg 8w}
1977¢ =538y e dabsta) Al
1993 578719 Aadstad what
1996 ~20000d A=l ehw A &ls A
AREAY 9%
2000 ~2002 A=oistw AR FA ey Y4
20014 ~2002'd H=ojgw PFrEMoie g
1980 ~d A A=oistn AFE Ty @
Talob: A Al ad, L9, Bt AAAAY F



