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Linux Real-time Extensions -
for Ubiquitous Devices

MAKOTO TAKIZAWA t , HITOMI TAKAHASHI *
SHIGERU MORIWAKE | , SHUN’ICHI GONDOW 1 ,
TOMOHIRO NAGATA + and HIDEYUKI TOKUDA 11

As a spread of wireless media and portable computers, ubiquitous computing, where ma-
chines exist everywhere, is paid attention. Under the ubiquitous computing, small and
portable computers are required. The guarantee of real-time and CPU resource is needed
for applications on small computers to work well, because the resource of such small comput-
ers is limited as well as unchanged in comparison with normal computers. We implement a
guarantee of real-time as a extension of normal OS and evaluate it. Real time OS can guar-
antee the real-time performance and acquire CPU resource on the small computers whose
resource are limited.
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2. AEFIRTFNAR
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OBEEHHTEFNAATHS. AEFFATNA
2L T OE#ENH S Y.

o HEHHTIRE

o Ny T YU HFMNEN

o Effi7z I/O AR

o o N7 BHEERTRE

o +HBARL—NBSB

I TRAFBHEETNA AECEHRTESIEFS
AFINA A THSB, U-core & U-Jacket ZRIFEL TW
3. U-core E3AEFF A Ea—F 4 VT ITHE
AEARREEER (CPU, ATVURE) 2EBHLZ
INBIN— R 27 TH 5. £7- U-core WL ER/NE
DAHAEBEZED, U-Jacket SIFIZNDTI)NA X
DEFNAEETH B, U-Jacket ERTFTA AT LR
T ED U-core 2557 4832 F L, U-core
MAEICHEARENTIE O THRAET 2B BRIRE/AR T
NARXTH . :

U-core DERIEF Y AT INA Al B 0EE
CHERLANSENET S EEA NS, LM LET
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FTEIZEELY, FOEDIEFY ATINA AT
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3. Linux TOU7ZIV% A AR

UPWNIALLATLTRUTINVIALTIATID
R E D, N—RUTWNEIALIAIEVT
NUTWNIA LT ATIZHTENSD. T T value
fanction? ZRVWTEET 5. B2 27 ORHHH
KM SNV, JATACESTEDRA
A F AERKIC/2 DR, TOIATEN—FUT
WEA LT AT ENS, E-FEMEIHEKINRE S
WHEIK, TOPRAVELMEI L TWE, £
DIADEI) T RITNIILI AT ENWS. K/T
YT RUTNEIA LI RIEETTHITIVIA L
VAT LEEBTD.

AEFIATNAALETY T MU TN A LD
AL EERT 5700, HAALKEET CPU THD
Strong ARM BX U Xscale £ T Linux {24 21U 7
NEALERE T, ERVTNIALEYHR—F
¥ 5 0S8 &L T CMU(Carnegie Mellon University)
O Linux/RK® ZTICiEE 2T 27/, RK(Resource
Kernel) 13 LKM(Loadable Kernel Module) & LT
REINTWD O, TEFED Linux KT H50B0E
HETUTNY A LIRAARETH 2

3.1 Linux/RK

RK OR#ELT, RETS v bR—L~BEIE
BTHB. Bixd 75y MR—LTIREKOBETH>
THETRMNELS. RKIZOD-FRIZOS 1<
EEE TSI ETEARRICERTS. ¥ RK X
LKM &L TREINTWS YD, BEENSEN. L
MUEF TV IEREN—RIVERTA 2T —R
ELTHABADLENRDS.

LK, % 328 CRK ORAMETH ST (Re-
serve) BHICDWT, B33 BBV TTFROELSE
FEHVY Aty MIDOWTHRARS, £4%E 34HT
IZEHAZ L v R (Periodic thread) IZBAL THIBAYT 5.

3.2 F# (Reserve)

FRERTOT I LT HHBEEREOEDETT
HD. FHEERELTCPU B, #EAEY, v
RNT—U#E, T4 XV BERNTFHTEETHS. CPU
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B1 CPU BETH

BRETHER 1IRT. CPURMTHIZC, D, T
D3I DDONRTA—FTERIN, TRuLZX0OH
HEERL, CRHES TRICBI2ETRMEZET. D
Ty R ERUEM TUTTH5. E7HH
CW DUENCRE T T246ENH 5.

B TRT CE2EWER LS ERBIRE, C
B 2 E1T L TW AWK A2 EBIRE SR, £z
ROBETHIZIZERTRM C 235 2HREL
3. HIBEEEN S B T O¥SE £ TO I OB)E
MB, UYU—REBEFIVILT 3 BEICHNNS.

e Hard reserves: ] THIZBWT, C&FENRE

EHIEROBPETAr Va— > ranizn.
e Firm reserves: D FHIZENRLEL TWH2NnT
Ot A, E2EEEOTOE ANETIREREIC
RNER P a—-y rrans.

o Soft reserves: C ZTRTHELAZELTH, X
FYa—yrrans.
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@ Tt R4
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B2 UyUy—2twhk

3.3 UV—Xtv I (Resource Set)

K 23U V=2t b EFRHOBBRERT. UV —
Aty METHROEATHD, 1 DU LOTHE S I—
EX7LT, UY—Aty FREATL DB ok
ACBEMIEND. VY =Ry FEREEROTH

£1 EAMAL Y FA APIs

B e
rt_make_periodic (B, BRIAWER) | FAHIETOLBDOMENE
TR BIAERERS L OB A
: B
rt_wait_for_start_time (void) TAMETRANANG X TR
rt_waitfor.next_period(void) RO R E TR

ZHRELAEDBOTHD, -7 T r— 3>~
DA Tr—AERD.

3.4 BAHIXL v K (Periodic thread)

RK YW R—FTBEMAL Y RTIE, AL w RH
At TRORLETEINS. @8 0SOTavARy
Pa—ITHD, F1AIT TV T AP a—5 T
EEEESE 2 ER L, BELEDERAT + 7OBEE
R ERERE RT3, AHA LY RiZ, ROFE
THETS. 1) 7O ARAYRGTOBVTARt T
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REABBODRIET 5. 2)tFBBOT 1 TEIDAHS
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REANBBNDRIREL, KOFAIEVABREHFD
DB Zh 2@ 0iRY. 22T, SRBNTOMLEER
FAMtLUTThS. UEEERT 200 API %
1SV, ZOAPIZAWTERT Y FYr—
Ta EBlO— RER 3ITRT.

4. 1

A H T Linux/RK(RK) &% @ Linux(Linux)
ZHBRLY 7Y A LEOFE % iPAQ H3970 £ T
fro/z. FHBEERTIIEEMAL Y RERWTEIEES %
T, E7L—LF vy T2HELR. Linux D7 L—
LF vy TENE SO A DFE LN ENORE TH
FL, EFERUCARLCHLUTRK D7 L—LF vy 7
ZHEELE. ZO=ZD08EREO—HN T 71V R
FLDEE T 7 ANVEEE, 2y M T—JIZARY—
IDTEINZHET-IYBEEOBEOY AITHL
Tiro 7.

4.1 FMRIE

B2 Ly Ri3 Hewlett-Packard ¥t @, iPAQ
H3970 IZTEIT L. H3970 ® CPU I3 XScale PXA
400MHz THY, AEUIZ64MB O DRAM & 32MB
® Flash ROM Z## L TWw3. 0S &L T hand-
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main()
time start; /*BAGAR T/
time period;/* & #{*/

/* MR BRAGRE I DR E 1 B ¥/

start = 1 s;

/* BRIOREE 500 S VR *+/
period = 500 ms;

/* DB OE % FMETI T 220 DRE */
if (rt_make_periodic(&period, &start) < 0)
return -1 /* T5— */ :

/* BROARER & TIRIR */
if (rt_wait_for_start_time() < 0);
perror("rt_wait_for_start_time");
while (TRUE) {
BRI R AN B E
[* R E THRER*/
if (rt.wait_for.next_period() < 0);
perror("rt_wait_for_next_period");
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FN% Mplayer DI RS 2 THREL, BEL
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Jounarling Flash Filesystem, version 2) TH 5.
Linux #AWAEL T DAV VREETEA LS
&, BEROTL—LF vy TR 4 755, SHELTT
TARBEWED T L—AF vy T3 30 N5 40 I Y
BEESEToOTHELTHBY, RENIT EaoT.
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