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Responsive MultiThreaded Processor (RMTP) (3 @&MZFOUMDN—R I 7 AL v KM
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Responsive MultiThreaded Processor (RMTP) executes multiple hardware threads with
priority simultaneously. Resources of the processor are allocated based on the priority. When
we execute multiple threads exclusively, threads’ execution with a fixed priority may cause a
priority inversion problem. To solve this problem, in this paper we designed and implemented
an efficient exclusive control mechanism with software. To evaluate our mechanism, we exe-
cuted the program that multiple threads with different priority access a shared resource on the
RMTP simulator, and measured the execution time of each thread. Simulation results show
that our mechanism decreases the duration that a higher priority thread is blocked by a lower
priority thread when these threads are executed exclusively, more greatly than a exclusive
control mechanism with a fixed priority.
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1: GETOTID R1 iR1 <~ thread id

2: GETTT R2, R1 iR2 <- thread table

3a: AWDI  R3, R2, Oxff  ;R3 <- my priority

4: lockit: LL R2, O(RB) R2 <~ lock(load linked)

5: ANDI  R2, Oxtf iR2 <= lock[7:0]

6: BNEZ R2, lockit ibranch if locked

7: LI R4, Oxff ;R4 <- Oxff: highest priority
8: o R2, R3 ;R2 <- my priority

9: CHGPR  #0, R1, R4 ipromote my priority to highest
10: sc R2, O(RS) ;lock variable <- my priority
11 BEQZL  R2, lockit ;brunch it SC failed

12: CHGPR  #0, R1, R3 jrestore my priority
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struct sem_struct{
volatile int counter;
struct thread_struct *ewq;
struct thread_struct *owner;
unsigned int org_prio;

4 sem.struct #ilitk

v 7 32 EET SMiEEK (X 4) 3H5HML D OS
PIC BRI TR L TH <. sem.down() T counter
Z177JAV ML, sem_up() T counter 2 1 A
YIIVRART B FHITIWET, EOALYRES
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BAERMET B7DIC, FIACUTOAY 2B
mny 3.
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(1) counter 177U AV LT 3.
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(a) BHEEIEC ewq ICEAL YR 2T 5.
(b) org-prio IC owner DBEEZFRET 5.
(c) owner DAL FO@EELBHAL vE

OEEEEIEL, BAL Y ROREE
DOFHEINUE owner DAL Y K DE
KEZBAL Y FOBEEICBERAS.

(d) BALYRET7 V747 ALYEH S
LA

(e) %FD%, sem.up() IC&LD activate Th
725 owner ICHAL Y R ZEEL, ¥
VF4Antsya s ETT5.

(3) counter = 0 THUL owner ICHAL YR %
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sem_up
sem_up() BIEUC 1) 2 L O@RF LITICRT.
(1) counter Z1AY7UA/FT 3.
(a) ewq BZELLIERICHED.
(b) ewq NETHWVWESIE, ewq 15 5HD
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(2) owner IC NULL 2&E7 5.

(3) HALYEBERIDRL v R O#EFERE ML T
WAIRE, orgprio ICRFEL THW-TTOMEIC
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FAHNEY Y aVEFRTHRD AL v R iZFEHITHIG
DALY R OBREEAEZ#MEL, KU T12HV
Yy arvaEEFTBHAL Y RREBTNHROZEDR
BELEAL YR THS. ZF0ORD, JHuSEHFERE
THL 3, BEEEAL Y KV RELEAL Yy RICT
oy 7 ENBHEEZHIET AT LN TES. TNHIC
&b, EFD RMTP ADAE Y1y 7 CidHHMIc
RET LIV S L HBHNETREOEVN I VT 14
Ve sy aryDREEERT AT LHNTETHS. L
L EREORE, FHITHNOBEHEEDEM,
BT 5 DI & Vo IR {Th AV E WIF W
7%, RMTP O R oy 7 & lEBL TA—/ 3y
RAKELE->TLES LR TFHEENS.

5. B i

AZETIE, RMTP IO X¥ 1w &, RMTP fiD
27 AP 34— Ny R EERIL IR T S
¥i, REZEBEEEFDOAL v R TEROMEHIE
EIARED, BEMEEZTDEVET 4L RMTP
ADE<7 +EAVEHEED IPC DFHAIEITY, §F
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5.1 IR (i 3 %

EEHEOREI T T VEERU C EETITA
W, V314V RMTP O7 —F5 7 F ¥ FIiC{EIE
L7 GNU gecc, RMTP DB MA%Z8I0L 7z GNU
binutils ZAWVWTITo 7. gee DA T 3 vicid- 02
TSHERNTAV ISV ETIEST. A4S0
N=TavVRUTDE1DEVTHS.

RMT PU @& itieih B0 &
FHL .. fStRBRRON—-F YL 7EBEDNET
UF 4T ALY RBITHRAINZ T Lickb, 2%
EHERD, B—AL v K OXRTHENBEITO RMT

Bl 0O EE Y B
~N—2 Nt d-14
GNU gcc 3.4.0
GNU binutils 2.14
Newlib 1.12.0
= e u: h gzgﬁ
TOT47AVYER 8
FryaALyFE 32
EAEDISE 256level
BETvFH 8
BRI 4
FIEE@ 72T 4
BEL Y22 32bit x 32entry X 8set

BRI X—LLY XA
PR/ NV Y R 2
TZRINEUL ) A= LWLV RSB

32bit x 64entry
64bit x 8entry X 8set
64bit x 64entry

BE MRS

64bit BMUE R
WEAR Y RV
TPEVINBUNN Y B VEE
Sy b

AEYT7 /A=Y b
BWI=vk

4 + 1 (Divider)

2 + 1 (Divider)

1

1 (8IU x 2 line)

1 (4FPU x 2 line)
2

1

1

PUM XD ELELTWVS. LALAENS, TOHE
2RO RMT PU RREF v 7 {L/EEDD8, Fb
i& Cadence #£0 NC-Verilog ZF\ =20y 7L~
YIalb—rarickiFkxot. CPU Zuvy2id
100MHz ICRREL 7=. AL 7= RMT PU ORIPFIT
BEOMBERE 21C, HOEEEEY OBEEE3IC
EFNFNRT.

5.2 F—/\"vFDOHA

A€oy y, T +OZRBEE—-AL YR T
RITFSREHFORTRT ETORMEA -/ R &
LT, RMTP D 64-bit ® CPU Count Register
HOWTEHMEIT- 2. 1720, FHlILfzd =k
ICiX, CPU Count Register DFIFH LI ZHFR
(0.04 psec) LFENS.

84 2809 2NA—) v K (B
spin lock | spin unlock spin lock spin unlock
for RMTP for RMTP
0.35 0.11 0.66 0.33

®y Qv Z2OF =3Iy B R
spin lock | spin unlock

89% 200%

Aoy IDBRE, Ra4DSSENCA—/ Ny
Riz/hEwz eBdnh 3. BHEOAE Oy 2Tk



RAWH PV, £/2, RMTP HOX¥ oy 7k,
lock T3|E_ LT 2@EIBIDSRESTED, un-
lock TITTDEERICRTEF TRV BT 56
BB PV, KoT, THIZYUROEREWVZ 3.

Z5%RB3LA— 1N\ RoEmBIIN D AkEk
HLT>TVED, ZhiZEEORE Y ay 7Dt —
3NNy R AENIC N E W, SO
VI THMINICKEL L>TLES>TWB T &IC
£3.

Ba 3 7xDA I3 E (
down up down for RMTP | up for RMTP

1.19 1.83 1.47 1.85

87 3ZaxNA—)3Ny K e

down | up
24% 1%

—H, L7 +DBR[REF MDA ay Mick
NTL2EHITA—/ Iy KR REVDOLGH B, Th
B2 7BV TIRAE oy 2 & 2HHbEED
RECIZ T, €77 + BRSSO SEBOREN
HB3-DTH3.

& 7T, down, up HiCHIIMBIZ A V0w Zic
HERB ENEW. Thid, EEOETT +DOBEN R
oy ZLUBL TRABWDTHS. %1z, &
AL =M 5 A —/3\w R BIEBICNE L, F+—
INYRICIE AL EBN VT L ZTTRREVZ 3.

5.3 RMTP ADET 7+ & BEDEI T +DHE:

3EDALYE thy, thy, thy (BSEEEE tho > th: >
the) ICHBWT, {KEBEED thy, L HEEED the B
REOHRER LI T HICIDEBRT BT L 2EELL:
TalSLaEEFTLE. £, th) BL{BEEAER
Lixngoe L.

the & tho REIL 0¥ SLEHNTED, Y55
LUV —-2ADERICEFZERT 5. BiRO HERL
31 ALy F B TERITERPET 200 psec TH
b, REOEMEESICKTTS.

Y2alb—varyTid, OSHT—h LI=EIEIC the,
thy, tho DIEICAL v K &L 7=

6 H7iERENTHh HEEBOETRZ{TDEVE
X7 4, BEBEERMETZET A EAVEIBSDE
ALY EDIPC ZRY.

6 TR, ¥Ialb—a DRI SH 471 usec
BELILTAT3DDAL Y KAMESAERL TW3
DB B. TDEE, the XD BIICERKL 7= th,
HEFZ RICHWBLIT=BIT, the T DY Z&h,
thy BRFERNTZETIPCH 0 LEoTWVS, %
7z, tha &D &L EED B thy BN—F 91 7 &
ZEOBIMERT RS, 8ZRTLSHBiED,

AR 200usec THRTITBRTD thy IKKB I VT«
AtV v a3y DFRTRID 730usec > TL
EoTW5.

o TG RS (ome) |

BTN (u se0)

He SUEMRETOIVEIT+EMVEEEDR/ALYED
1PC

u e T rm s e |
. » THE (FoR91 20ms)

B 7 RMTP DY 7+ EAVEHEDBZAL v KD IPC

1200 [ (B SR SG BT NRL |
. DEIIF
1000 BRMTPRD LT
2%

AT (u sec)

THO TH2

8 JUFAIVED Y a Y DRITHRT ETORMO IR

ZCHL T RMTP BIOE 7 4 Tk thy A tho
DEEERMET 2120, RTHIRTLSIC th, DY
3BEON—F 17 BEEFRATEILHTES. C
&Y, M8ERTEADBEED tholc kB HY
T AIIVE T Y 3y DRITRRZK 220psec T THISE
FTHTELATE:. FhUH, BREBVESELR
D tho DEITFRT X TORIZHY 1020usec ' 5, @
480pusec ETHIHT AT LN TE.


研究会temp
テキストボックス


6. RiRLSH®ROME

FAETIE, RMTP ICBWVWTHEHAIC L ORE
T3 EY R ER T 3 72Hic, RMTP BD
Aévay st +R2RE - FELE

RMTP TESIC Aoy 2% BT HhHIf2
T8, HEBR\7 V7 LATHAL Y RE, i
TOEERICE-TR, 2UFshte s arzsE
THRDAL Y RON—F 2 2 7EEHNEDON Y A7 L
2HHMEELTU R STIEENS 5.  ORIEE R
THRREHIC, BRLIZAC YOy Tk, A€ oy
Dick O REENI IV T o ANVE DY a v EETH
DAL v FiZ RMTP TREAIGES BEBEEEZ 52
3. TORE Oy NI &BA =Ny Fid/ph&({,
IVF 4 ANE 7Y gy OFRITERNIERICEVES
KRBEUTHZ e gh ol £lzCDLE, &%
BERSICRTT AT LICXAMMDAL Y RICHT 2
HEBI/NEHZ5h 3.

—4, ¥ 7 xEACTERRELZERT ABE6IC
i3, BEOBBICEBLIZAL Y RIZT oy ZiReEIC
TBRRCLIz. E6ic, BROBBICHIILIZAL Y
Fix7avrEnizAL v F ORBBSEEMET 5
T & TR L. Y Ialb—vaYy
KEBFMETIE, COLTTAZHNBIETYY
TFAANEI Y aV BRITHDAL YRR UT 44
Vo arsNoAL Y RICE DRI ZE8ENEL
L, 7oy rEnizso@m W BeEEHOAL YR D
TayF s THNERBICEHET A D TER. L
ML, ROy ZicNTER T 23—/ Ny R
BREWEDZ VT 40V 7Y 3y OEITREIHE
WERIKRRMETH AT ehahoi:.

SHOBELL TR, 70y 7 &N ALy K OR
ETTVr—avIicEDIBBTEREIICTBT
LHEIOND. FRXTRALYFOXTAYTF
AME OSDAY Y 2 —SHEEAL TWAS, Tov
JENFALYRDOAVFFANR AV TFF AN F vy
T alBBENA0h, AEVICEBERIN DM %
JVF LAV I a Vv DEEFHLTERST L
ATEhiE, XOHPROIWBHURIENTTREL X3 L
#2605, ¥, HN—F Y 7HHEuEEGRSO?) &
V7 + 2 TIC KO EERL TR 7 i i B Bt
HRFLLTHWAZEHTENE, XDA— Ny
R /NS WHERIES ATREL k3 L EX HN 3.

Wi ARSCOBIZEE, BEHATIREME CREST
DFBIC L 3.

2 ¥ X W

1) Craig, T.: Queuing Spin Lock Algorithms to
Support Timing Predictability, Proceedings of
Real-Time Systems Symposium, pp. 148-157
(1993).

2) Johnson, T. and Harathi, K.: A Prioritized
Multiprocessor Spin Lock, IEEE Transactions
on Parallel and Distributed Systems, Vol. 8,
No. 9, pp. 926-933 (1997).

3) Kobayashi, H. and Yamasaki, N.: RT-Frontier:
A Real-Time Operating System for Practi-
cal Imprecise Computation, Proceedings of the
10th IEEE Real-Time and Embedded Technol-
ogy and Applications Symposium (RTAS’04),
pp. 255-264 (2004).

4) Rajkumar, R., Sha, L. and Lehoczky, J.: Real-
time Synchronization Protocols for Multipro-
cessors, Proceedings .of the Real-time Systems
Symposium, pp. 259-269 (1988).

5) Rajkumar, R., Sha, L. and Lehoczky, J.: Real-
Time Synchronization Protocols for Shared
Memory Multiprocessors, Proceedings of the
10th International Conference on Distributed
Computing Systems, pp. 116-123 (1990).

6) Sha, L., Rajkumar, R. and Lehoczky, J.:
Priority Inheritance Protocols: An Approach
to Real-Time Synchronization, IEEE Transac-
tions on Computers, Vol. 39, No. 9, pp. 1175-
1185 (1990).

7) Yamasaki, N.: Responsive Multithreaded Pro-
cessor for Distributed Real-time Systems, Jour-
nal of Robotics and Mechatronics, Vol.17, No.2,
pp. 130-141 (2005).

8) fR#EFs, ILLE{S1T: Responsive Multithreaded
Processor DA RITHE, WM EE:
AV a—~F 4TV AT L, Vol. 44, No. SIG
11(ACS 3) (2003).

9) NHEZ, B, FH#—, WEHETT: Respon-
sive Multithreaded Processor M AL v F REI{#
PO RET L B3, BT RRIELEE 28T
TG EAERE Ry b TI—=D BT HEY—S
¥ ay 7 (ETNET2005), pp. 31-36 (2005).

10) WHELZ, PSS, BHEERS, ILEHETT: Respon-
sive Multithreaded Processor D [FEJSfH#EDRE
LRE, HROAEZSPIZEHRE 2003-ARC-145,
pp. 37-42 (2003).

11) #H3AZ, PILESS, G, LIEHE1T: Respon-
sive Multithreaded Processor IC #3\F % EREHML
HAGHOHANRE, BTSRRI S
EEFLEIC T 3T — o> av 7 (RTP2004),
pp. 15-20 (2004).

12) #HdhZ, PILESS, BHlRs, (LIEH{S1T: Respon-
sive Multithreaded Processor O iy {StiAH#E,
WHORELR/NGE: AV a—F A VTV RT
L\, Vol. 45, No. SIG 11(ACS 7) (2004).





