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ABSTRACT

This paper proposes an integrated real-time scheduling model that makes system developers design and
implement various real-time scheduling algorithms and resource access control protocols integrally, but enables
them to reconfigure the system at need. We added a resource manager and a waiting gueue manager to the
model already proposed in [3, 4), and defined new application programming interfaces and internal standard
interfaces for the added components. The proposed model enables users to specify direct timing and resource
constraints independent of used scheduling algorithm, Also, in order to resolve priority inversion problem and
guarantee bounded blocking time on shared resources, system developers can implement various resource access
control protocols efficiently without complex low kernel modifications. In Real-Time Linux [6], we implemented
the proposed model, representative scheduling algorithms, and access control protocols on purpose to test. In order
to confirm efficiency of the model, we measured the performance of several resource access control protocols.
The results showed that the model, which even consisted of two hierarchical components and several resource
access control modules, didnt have such high run-time overhead, and could efficiently support system
reconfiguration and resource access control,
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4] SRP ¢mElgg AR ANk <714
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LIFO #4l°2 push(FFANE 5L pop(HigkA) =)
BE7) g AQE] drishe dir] F 94 s
Tk ARSIch

s ME Q. IRE ZJISEC

A ollek R3:

~ Ko B 2A=9U(&H) celling 8101 21
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A g5 RA:

- QFHE K@ AFES Al 586, B Al
Al RME2(SE) ceiling 22 WY RS
ceiling L2 £HEIC}. & NEE &
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A uhE 23!

- s JR/IS I8 AROZLH popdtd, Al

AH 2422(HE) ceilling 28 X R

O 2kl QU= K9 ME ceiling 212E

&St

FRIE HIEE Zejo] 2MzeE IR 2SS

| Mo 462 BHEILL 018 Flof 23
=2 FrameworkOiJl 2429 Y14 QEE
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Y 48 O 2F:

- Aol e=(AE CANIE B AIAE
PH=R(LA) celling 2L 30 B 3
0 XYoo 2EERI(HE ) 2O 2 &
2, &Y ¥ Jig 22 SESHL

- J%X YR HR, B &8 =0 &Y 2
H=E S8Z Uil ®HYS fAsRE ®
ABIC, (B8 R=9 AHET2Y F010
U= SH) 852 8 FE2 U2 Rl
o] 2ME(HE ) =0T BBBICL
B4 AHSAHNA @ HY ¥ Ziks ©=
SHSHL

T8 3. 2AEA) s 7Y daa AAlE] AR
SRP ¢wzl&

3.5 Hot 2™el ofy
£ A7 Aekshe B A 2AEH B
4 A2 o A7k $44 7 Aaass A9
7] $le oot 2AEE daEiEs) A A4
Aje] AAG- AJspiA, HEL- dmEga) F4E
Nkt 4= 9l ~#1Z¥ Frameworkd A3}
wiebd] Ak 2 gl 7k o] dg 7ixlch
- o}&A (predictability): thefda SS14E AT
=] A2 dlglol] digt olSo) rheEleE g
o} o]E $18) EAo] ylssla de AHgEE
WEAQ 2AEY duelEEd 3§ A
gt g bounded) BE7 A7HE wBA:
A HT Ao AAES ~AS8 Framework
&+ MR A3 oF pHsle] AFEct
« Frd A (flexibility): thHE-o] WA AA7TE 54
58 9& JssME fddd a7sly] R
o, ANzt A2 AEAEL FFo % A4l E)
A s S8l M3t AAE S AN Ao
o). oA At mee] ~AEE Framework %)
ElHlo]ant F3hd, 9] Al Halj Ad
AUES AR gy A2 duelEd
24A LR 5 gk pEAEE A’ 2A1F
7 zdle] 7|1R E49l 2AE% FrameworkE &
B8l 222 A9 wAlY guelE R A
g & sick w3t 2A1Es dae]ed Hee
M AT Ao B8-S TR T ok
« o]2] 4 (portability): A € Al2slolle]Ad 4
sle A ARE Ad Wy AEfEe]s 8 58

g dlole F2E JAA gt oput olild
3%, olF ke A del 2AEY ¢
T A HT Aol FAEFE 4 glo]
o]AE 4 qlrh

« 2§ (modularity): 74 843 AE3l A7)
I EEIE Y EEe]A AH-S TEls
E ) dwElE 4 A TeEe M 8
AFb FAgeEHR, £4A Al ATAHE o
£ otk
« A A (reconfigurability): ojz] Eop] clokst
AAZE S84 &7 2AE JEd R o4
T Y=Z B oolylt danelEI AL 7
g 5o, Alad] ApdRIR slelg &) 7b
A AP AL Al Alxds APAIR
QA j} dagh A% PRt A AA 2
HAEd 4 gl S 9 AT 5+ ok

V. 85 &3

£ AolMe] A 53 2AL ogt Ad
59 FHeke] A A8 ARk EAss Ae) opd
2, P g3 d@AIE] A8 Ak 2 &
AE=] 249 f-845% g FFsted vk
E AR Al AT ARE ez 2 gy
25t Ad WAYE A glo] FRACE A
g 4 slerke #lsky, =7 AR Hem1E: §
Ao g AAEHsle HFH=rt dvt ARAVME
#elshed] givk

B Qs AgE B AN 2AFY 2
@S Real-Time Linux(RT-Linux)Addl| Aoz
TF&skeck 7]8F RT-Linux+ Linux 2.2.14¢) 78
¥ RT-Linux 228 A%l AMH3c}l. RT-Linux
+ rtl_time.o, ttl_sched.o, rtl_fifo.o, rtl_posix.o &
o] FAHo R ARl ARl 7hedt vl Jle] RER
FAEle] 9leH, tl_schedo REE 2= F=A],
RM 251Z3], mutex 52 TIRKE)E &2 d7gL
[3, 41014 RT-Linux¢] 7]& rtl_sched.oZ 2| &%)
Framework, A3 #A8]A} 5-& 783 rtl_thread.o
2 gAsiga ol rMieR FAeR AR-yAA
753 RM, EDF a3 2A1Ee] REES A¥
o TRk ¥ AFexe 7|8 FEE
ol Mt 2AEE B Atel AdE ¥
A5y g $ealE $AEREI o) E
ke TRl ARl AT A AAESS AHH
L2 PNt
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4.1 Al~E ARt A M &F 2y

A ZAo)] AMEH Al~ElE Pentium I MMX
233MHz, 32KB L1 Cache(Enabled), 512KB L2
Cache(Enabled), 128MB RAM, 33MHz PCI bus,
GASAN TVGA, 3Com 3C905, Seagate st34572W
4GB HDD %9 sodfeirlds 7igick ahibre
2 AHSe A 33 e Alad selHE AL
43k e o 2 AAE o4 wile]
Qe et B AFelxie WEY ZaAX6
A= TSC(time stamp counter)E o]-g3lkch
TSCE ®Els] Z2A] AGe chip Wl WA
% A& 64-bit time stamp A|S7]olt) o] A=7]
o] 64-bit g2 vl Z2AY AlelF % 14 FI
u], AMAH= RDTSC(read time stamp counter) *3
Zol2 B3 o] & ool @ ¢ Ark A A
g ZgAde 233MHzo| B2 3R}e] CPU AR)E
©} oF 4~5 nancsecond X2 MAEE 7|Rich

B =X A% &4 AAe T AY
£ 100000 Ak, Wl HRA 288 AREE
25 daia izl gagtelth Ad $3F F70e
choret stedel REES B 4+ Jed ¥
FEE ola@ AZE 2% Ik wely
A 27 Ashe 7 %] iy Hele) H$ A
B A7he opieh

4,2 Mutex ZZ(lock)/a#M(unlock) X|¢d

B2 odpeEe [3, 4004 Ayt ~A1E% Frame-
workAyell 3% Cyclic Executive [13], Rate
Monotonic [14], Earliest Deadline Fist [14],
Preemptive Weighted Fair-Queuing {15] 53} %2
dEAs)l ~AlEEe F7)H d2am B
Azl A A AAYNH AY AR AT
Al = A AFH FE R 2AE 2l
#A%% Framework’del4] 7% Az 2H5)
dAlgte st AT 8BSk dAdd J1E A
E99} A A7t A givke Zg #as
Ak

£ AofMe clefgt 2Rl AT Aol AAE mutex
A A A7 FP3ka, olE RAES 2o
A]§el| 2= FIFO, PRlority, PIP(Priotity Inherit-
ance Protocol), NCSP(Non-preemptive Critical
Section Protocol), PCP(Priority Ceiling Protocol),
SRP(Stack Resource Policy) 54 A%-& &35l
t}. ©}& FIFQ, PRI, PIP -2 7]t »#22]9) o
kg ubA] ok th4l, PCP2} SRP 5-& 7]dl 27
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Zel7} RM2lA] opu)¥l EDFQIA|4] ule} ohas 7
Axofo} k. YubHoZ RME 7IMESE 3o}
F¥% PCP+ Basic Prority Ceiling Protocol S &
#3l= 4, EDFol4+= Basic Preemption Ceiling
Protocol-& A48k =3 RME 7leE 73
SRP= Stack Based Priority Ceiling Protocold &
£3}0, EDFAM4=  Stack Based Preemption
Ceiling Protocol g A-85kc]"?, wje}y SRPs} PCP
£ Tasted gl ZIt ez ~AlEeet A
A Aol AL WAF A% WAE rHH AR
HBebdolojek g} 3k NCSPO| 7-$- AMAF 7]
U sl Eeolld] Aleislol drt olEidt FdllA
Wazm 2AFRH A AT Ade AR 594
S FAEEAME A AAEeRs EEoR
Fjsjeiol drh £ HolMe ME & 7 250
ZAolAE oRF A A Aol AAFe] ¥
1A 2pgslm AR Al 2wzl dvhig
sHerke #]lehal Y

I3 4% RM 3 EDF 7[db 2~ Ewiadeils9]
A4 A2 Aol A mutex lock AE-E He F
th oJ7)A] mutex lock F|do)F w]l2=7} mutex
lockS 243 ¥ (pthread_mutex_lock() T&), L
£ AFH o2 locking A Kmutex7} unlock Ak
e 3 == S £59) AL o8 da=m
AA Z2AME A7)7A 488 F ATE 9
vlgich o] Ajglell= ARl& 7] el sk et
& AlYE dead AAEY shed 429 AR
4 Fch o¥elld x&HL mutex lock 83
Adsie] 7] Fel olu] 7] FA =z g
o, o] ke A locke LAY H2zE EF
g Aigrelct dijales diy] Bz gl 02
Aol mutexr} unlock AMel-g guF} yE2-

“ A7) =2 A mutex lock R Alzholch A

Holla] FH) Fols 4 FA] muexE A-F37 o
2zrre] AAE Aol Eab dir]sta glek
¢k4] 98 wle} zo] FIFQ, PRI, PIP, NCSP=
74k Bz AAESY] FRele FE 594
o7 38 4 gol "ty ole Akl AT Al
H A2 RM(Z¥ 4(a))7F EDF(23 4(b)) =A1E2]
AellA] FUg Ad A7 29 F3 glrk PCP
A F 7t 2AgR el AT Ad APk 7
Ztk o= FUE AR G S AEEE A4
v djale] elaze] el ot AF o
Aeks AHolA ol ¥o)r) wEelck et SRP
2] 7% EDFejjA] 0.5 ~ 1| msec A¥E v] A|dz5ch
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o] RMAMe] SRPE = H-E7)A 4548
2AEkR] o= WA, EDFARS] SRPE $AE$E
A7) Wi Ao Fogck I3 4@ 2
7 4(b) 2FoA NCSP#} FIFOE A3t =)
AAe] Ag ] 7o Wazm Mgt SETE
A Azbe] Zolsle AL di7] ¥AzEE b7
FollM Adesi(Ee A 9GA) £oE s
o Folck. NCSP& 7wt ~A1Z2 Wie] B4 W
2) g WAA TN Aelng sl AL Ad A7t
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——PFIP —a—PRIO
——FIFO —=— NCSP

RS ~HEE 71212 mutex ok 22 4|2t
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=3
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4 8 )
P
§ 7 T
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25 e
- o -
ﬂ 3 el I
w2z
M
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0 Lo - M . .
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€471 7ol olo] 47| Fol B3 AH4
(b) EDF 2712

O8] 4. Mutex lock A

2% 5% RM W EDF 7|3t 2sl&eiabel|ais)
A A Ao) AWE mutex unlock A|d-E B
). 7|4 mutex unlock A|deldt sjiz=r}
mutex unlockS- 8.3% F (pthread_mutex_unlock()
3%, 1 FA BHSANN] =t s A
D) == U] gaag F AT Haad At

7 8% £ AE uidinh o] AlziellE A
ol elamE F) Foll ARt ok AdE H
238 ~AER et 289 A7k ERith
2 x5 ¥ ) 771 obdel Wil F
l ej2ze] Shpoirt

RM 2Ageielde AAdez e 7 =
23 sk Al 7 AR FUE Azt
& Welx W, EDFS 7% Y hshe ¢dd
2 5 glrk ol ok U deag g
sl 2AZ=she A anlE AL wEeld,
EDF?] H4og g Zeld™ a2h} NCSPE
7t 2AER e SA dge] g wAAle
Reln®, ¥ 2AEN 2% 71 AL A4
AZRe Reld dlaz siesks FHsite A&
g 4 Slct

[ PP - +—SRP —s—FCP
| PRI0  —-FIFO -=—NCSP

2H(gsec)

o - M W A ;o N @
T

————t I
0 5 10 15 20
Fo| delol BfA3 7HE

FE 2 212k muter unlock =2 Al

Ead

RNS

(a) RM =723
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ZH{gsec)
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217 5@} 13 5(0) ESellk] PIP, SRP, PCP
5ol 7F &2 ¥%® A9l A7k Belw, FIFO
o} PRIOZ} #2t Axe] A Alzkg Heleh ol
PIP, SRP, PCP2] 7% unlock-3 T&% w|~=9]
FAY SAE9E lockslr] A $AE9E B
e 4nE Az Aoz gddc
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89 wtAle] ~AES] Framework 0.2 7XE 7]|&
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Y eE ~AEFY £ e HE B A
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A A 9 d)7] - BeiAE Soleieled, of
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Helslglrt Ak mele cipEe] A7 Al
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B QA Alglgt 53F AASY mde gl
ZaAMAA e ~AEHE AR kw2 gk A
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SMP A~ Aot 2o 715-% Avz e
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