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Abstract This paper describes design and implementation of the real-time scheduler for RMT Processor. We
make use of UL-RM and UL-EDF which are the algorithms of U-Link Scheduling scheme. On multithreaded pro-
cessors, including RMT Processot, the effectiveness of scheduling algorithms depends on a task set. We then design
the scheduler so as to have an expandability to a lot of scheduling algorithms. Also the overhead of task manage-
ment on multithreaded processors tends to be:larger than that on uniprocessors. Therefore, we implement the task
management mechanism which does not require heavy computation. In addition, we impelement the schedule func-
tion whose overhead, caused by the scheduler-calls, is lower than the global scheduling scheme or the partitioning
scheme, by making use of the advancement of U-Link Scheduling scheme.

Key words Real-Time Scheduling, Task Scheduler, U-Link Scheduling, RMT Processor, SMT

BMETBZTAF ALy FEITBERShTVS. L0 b, #¥K

1. FL&IC
DALy K% FRKICEITT& 3 Simultaneously Multithread-

BEEOMABRAHRY ZAT LT, YTAE AL AERF TR
AT LAREOAN—T vy FHBEREN B, LALARXRS, ~—
Fo=7HBRECHBRENZHRS H HMHAH S XF AT,
EVEE SR LT B EANBLY. £ 5\ T, BiEERK
BTRRL T 0SS ADOWFIELBHEZLTAL—T v b &

ing(SMT) [7] 1%, BERD R—/—RH FRMRIE<LF AL v
FALTICHNRT NI BO AN —T v F 2 ERCEB D LA
MEATNS 3. REDFEZICHNTY, EAL v FOE
SEREIZHE > T SMT £ AR LIS Y 7L ¥ 1 ARBER
TaktydThHB 'Rasp.onsive Multithreaded Processor(RMT

_31_



Higher Priority

@ In Executoin t Release Time

Thread 1
Thread 2
Thread 3
Thread 4
Thread 5 3 5t

Thread 6 J___M@

Thread 7 1 n

IR '

Lower Priority

1 RMT Processor i235tT 5 ZITORF

Processor) [8] DHIFEMREEIT>TV5.

< AF ALy FEITN TR ok v R ERHICR o E
ic&y, HE, eAFTakydReAF ALy R aky Y
ERBLELEYVTAIL LAY a— Y I TAA Y XLOH
RHLBEAMCTFDRATWS., R4 bBEOHEICEVT, SMT
FatyHEHRELEYVTAIL LR a—Y VT HRT
%% U-Link A7 ¥a—) 7 #RBL TS [9]. U-Link 2
Brla—Y i, YTAY AL BERUPALV—T v FORTHE
RORSVa— YV FRED OHRNTHS. RARXTH,
U-Link 22—V v ¥ 5% RMT Processor IZR#EL, &
B R BT TR AT a—FFRHLIZ L DA —/3—
~vFbHEIBTE B L LRT. £, AFRLyFT oty
+Ti, =7 aty kT, RV a—=YrITNAdY
XADEENRSY A7ty MCRERETS. T0ked, AN
KIS THED Ry a—Y /T ALhEHEETHLE
MR TTETS. £2C, BEORTTa—) vITNAY X
AlCbRETEBLIICHEBEEEEBLTCITAIA LAY
Ja—FOBRHROELETS.

2. Responsive Multithreaded Processor

RMT Processor [8] i+, #ESHEfH& SMT 2 M BHE=
=y FEPLLTBYTAS A MABES aty v /AT
2T, YT NFA hiB{EHE Responsive Link [10], a2 Fa—
P 1/0(PCl64, USB2.0, IEEE1394 %), I/ 1/0(PWM
RER, SAVALYYFE)E 1Ty FICHRBL LTS
FAYALDRBRAYATLLSITHS.

2.1 @BEEfE SMT

RMT Processor Ti&, SMT ZfFC Lo TV IV ALY F
HTEOKERMLELBEAL Yy FOBFIRTICL DBV AT A
LSEOMERMEEXERL TS, L LML, SMT ETT
i, ALy FRTHESOX vy a B0 —F 7=7RRO
HANRETHNT, EALVy FORTHENEHLTL X
3. YFAEAL LY AT AT, FRMESERICEETHIL
W, FHEANREFRMOTHMRBAET S LIZEEL (AW,
RMT Processor 1%, 0k 5 2B ERT 57D HEE
& SMT EfT2RBLTW5. EEEME SMT T, A~
L—F AV IV RT AREAL y FICEEEERET DL E

EEICL, EEEOHVAL v FICHL TEENICN —F U=
TRREZHIV LTS,

RMT Processor iX, 8 PO/N—FK U x7av7x% A b& &R
BELTWABDT, ALy FEMNSUTOBAITE, HEEMHE
SMT TS L > THIBEER P 2a— Yy IO L IR ITL
A LEITHAETHD. TOBRFERLICTYT. BEEOR
WAL v K 1~3 DETIE, ZOMOEEEERL v F ORI
EBrZHTWARNILRADbRSE. Zhick), EEEOHN
ALy K OETHROEHRET L MET 52 L XTHETH
3. —FT, ALy FOBEENELRBIIoN, EDAL Y
FEFOEFICHTIBEEEAL v FORENRELRLT
LES LW BEALHS. TNk, RMT Processor D
SEEERTE SMT RITEW T, YTNF A LREEERTHT
LIXEETHS. L Lidd, EEEME SMT it HR
W2 B AT Y a—Y v 7#ERHHIE, RMT Processor
FRHALEYFAIAL LY AT LEERTHILENTED LS
Abh3.

2.2 AL v HEHg

RMT Processor IR\ Th, EFALy F# 8 2@
BT TR R R T HBET S, —IC, VT
FRARRAL v FIX, ALy FOERE AT VISERT HLEN
HBHDOT, KEBpA—NR~YFERSB., VTNVIALYRT A
BT, AMZ A7 2 BEECESTAY Y a—NT 50
W, AVTFXARAL yFRERICRETD. TOROA—
Ny ERYTAH A MEDIETIC %2285 = &8 UEE LKA
L &h 3. RMT Processor Cik, av7FAF A v FIT &
BEITHEA— 1~y FEHIRT 2z, IV T XA bRkl
FTRHADA Y F T ¥y aThdavr7¥Abxyyva
##FTVB. RMT Processor THE 32 ALy KD ar 7%
AR EF Py 2T, AFAZARICETATHILVRS.

3. BERURE

AT, U-Link A7 ¥ 2—Y 7 4 (2 2) iZ Rate Mono-
tonic(RM) 5] & Ealiest Deadline First(EDF) [5] %@/ L
7 AT Y XLThD UL-RM KU UL-EDF Ot & REIC
L TiR~<3. ABRXTH, MEOLHBEEF R 9] 2AV
ROTATY X bz EETE (HEFA7ERAVBTAIYX
~%FNEH UL-DRM RU UL-DEDF L FES).

3.1 R&Ta—Y I PLTYXLEEESS

2, Ry Ta—UryTAT Y XAKFELBSZON
THBTE. ST, KEOHS L, HHURHOTS V=T
savERDLEDa— FIZEBL, £, THREZEELTR
BLTWAZ LIZEREEShW.

EIE BT 5 RMT Processor 1%, 8 2DN—F =72
VTR PREELTVES, AERITEN4THEED, K
Ry Y a2—FTIHRES ot v ¥ (LP) L4 2ABLE. T4
bbb, BBT4-DH A7 BRBCEITTETHS. & LP I
12DLF 4% 2— (RQ) ZRIFEL TS,

3.1.1 FR/ER

RQH, YR ML LTRESh DI EMBVE, YAL


五味
テキストボックス


£ Co-scheduled set
3 Axis set

N Axis task

B3 Normal task

Submitted Tasks
B2 U-Link X7 ¥a—Yr 75X

Priority

X3 @EsEEERs)

IS A 7 ER MR ROHRRPEKESR>TLEI LW
SRENHD. —HT, URAMEETIHRBEERSFICLTL
oL, FRIFLALERENLEICR-oTLEN, AEY
DRBIZHRB. £ T, RQOBEERMEHIBL, »oAEY
DREEBIT 57HIC, Linux ® O(1) 27 P 2—FTAVS
NTWAEEEERS (K 3) 2ICAT 5. AFETIREEEL~
NERICBRELE.

FY RV IIBEEECISL TEAERFIOBERICH VIS THHh
B, FRIENEMTBL, FRIOBEENERDIBENE
ABNBM, TOBKIE, BEOY R MEEREAL TEEE
MR E#T T L. Bitmap i3, EEEREFIOERICFI RS
BEMSNTOBRAIHIETAE Y Fdsty F &5, HBR
o, BEEEES A ERBTIHAICE, £, —BRUIC
Ty hERTWAE vy F2%B5. ELT, EOE v MoxET
ZEEEEFINERTHD Y A MATEHD Y X 71 Rk
EFAITHA. HERIIFIC0Q) THY, vy M ETY
T hABIC Lo THREIT I LN TE BT, EEEERTIC
X o T RQBEDA—1—~y FERHEIRTE S LEXOLND.

®iZ, RQ~DF R 7 DBIMECHIRFTEICOWTHREATS.
RQ OEFBITIX, # X7 % RQIZEBMT 3 enqueue-task BI%
RUHIRY 5 dequeue-task BA¥A H 5.

enqueue_task B¥it, R¥Pa—Y 7T Y XAKTE
O task_prio %% AT, EEERIICKT 2EEELZHH
5. WRIZ, insert_array B EFIAHL CHEEERSICS 2
BT, BT, set_bit B%% AV T bitmap OXIET 3
vybity b+5. —F, dequeue_task (%%, list_del B8

void enqueue_task(*task, *rq)
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task->priority = task_prio(task, rq);
insert_array(task, rq->array + task->priority);
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if (list_empty(rq->array + task->priority))
clear_bit(task->priority, rq->bitmap);
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rvoid task_period_end(*task)

{
rq = task->rq; lp = task->run_lp;
deqﬁeue_task(task, task->rq) ;
task_period_end_algo(task) ;

}
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void global_schedule(*rq)
{
temp(0...3] = 4 of highest priority tasks;
for each 1p = LP[0...3] {
prev = lp->current_task;
next = task[j++];
next->run_lp = 1p;
context_switch(prev, next);

1p->current_task = next;
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(void local_schedule(*1lp, *rq) h
{

next = highest priority task;

prev = lp->current_task;

next->run_lp = 1p;

context_switch(prev, next);

1lp->current_task = next;
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(void task_prio(*task, *rq)
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if (task->period > rq->max)
return PRIO_NUM;
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return O;
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void task_prio(*task, *rq)
{
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}
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