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Abstract  With continuously increase of transistors integrated onto a chip, it has been a very important how
to achieve scalable performance improvement using these transistors effectively. Especially, exploiting different
grains of parallelism in addition to instruction level parallelism and effective use of this parallelism in a single
chip is getting more important. To this end, a single chip multiprocessor (SCM) architecture that contains
multiple processor cores has been attracted much attention. To decide suitable SCM processor core architecture
for multigrain parallel processing, this paper evaluates several SCM architectures which have different instruction
issue widths and numbers of global shared register file for near fine grain parallel processing, which is one of the
key issues in multigrain parallel processing.

1 T oic . execution DT — X7 s F v HR— M XY FIA
EMEERHERORLICE b, FyTpicsy LEIELTwa, 72, Emotion Engine?) TH,
ASNTKBOBRELEMCEAL, Xr—57 ) BR FEEORmBLELHI9L L, RICS2T7 LT
BYERREEERTAEOOT —FF 7 Fr B LY PO MVEREL= Y P& 1Ty 7 EICHERL T
YA NEROES —~BEEL 2o Twa, & V. L, FoTneyHa7E1Fv7 ki
DlF, TOF T AL, EROGSLLcEY  ERMTBIVIVFyvTIAFT ULy (SCM)
FLEL NS OBFMEFLL, FyTSHTHE  Cl, MAICOEXHIZ=ATF A7 1 7 RRIC 2D
T B EAR RO BTV A, 72k 21X, EPICY  VLIW I 72 KL 75D %), Powerd D & 5 i0H
T2 54T LB HIMATIC & D shre  BERET-SARIZ2EOX -SSR TTEY Ty
SR B 7L NVIEFIEE, predicated 7 L2 ¥ vy Y a kAT HHMEO b0 Y, Hydra,
Multiscalar, Superthreaded, Merlot ® & 3 %, 2



WERTREDA —/N— 2% 737 & HEIERL,
AV FEEERETR - F27 %7 7F 5T
RV AVEFIMELE AL v FLAVIEFIEE FIRT
557 5~8) RAW % FlexRAM @ & S 1l FL T
Oy an—p AE) o7y L
L Ayb (PE) #F v THICEHEBL, #0%
B av NS THIETA LD M0 R viod:
sz ShTws,

¥7z, OSCARYALF7 L 4> SCMW i3, ¥
WEV ANV TORFIRETH 5 (GE) Mk EEDFIR
B2 omiz, Ly KREREFIEEOL—TA¥
V=¥ a v Lok E T 1% XUty
W=FrH BN =7, EET7 Oy 7 EOMNE
WHE 14918 % RBAICEASDETHAL, 70
7T Lk bR EHTILATEL. 2
DINVFTVL A EFPRERIS) 2 k), SCMT7—F
T F Y DROBNEECTIEHL, MR
DENIAr =T N7 oy S ETELE
EZTW5,

KL TIE, SVF7 L 4 V5B E K- b
15 OSCARTVFFL ALY SCMT7—%77F%
D7y a7 OERETRETALD, TN
FIV AV BFIRBO ETERREZN—DOTH I
MR TIMEY, GARTHRORLS T ok vy
A7 BLUEREORLR A7 Oy a7 7 O—)N
VBV A 77 ANV Ho72SCM 7 —%5 7
F Il ERL L To 7.

BF, 28iTenF 7L A Y BHRBIZONT, 3
HiCTARRILTEHMT 5 SCM 22V T, 4HTIh
LOT7—FF 7 F v RMAELRTILEL ERL T
FMHEL - RICOWVTHRS,

2 TIFTL A AFIIE

AETiX, OSCARYVF IV AT VFy
TIVFTOe vy THRS, TVFTL AV EFIR
BEMIZOWTRR S,

RIVFZL A VIFIRE ) LIk, v—T YT
V—FEOMNES R 7 BOEFINEEFHT
HHMNES A7 HFIME (w2707 —F 70—
B)MWID, L—F A 5L — a3y LN VO
BCThLHHELFILE, BR7Oy 7RO A
T—=F AY P LAV OIAEFIEE RIS TR R
FYLIE 12) # SR HICHAEHET, THT 5 LL
Wb/ PR E TR ) FETH 5.

2.1 fHRE & XU AFINE
(w7057 —4270-38)

T/7uF—-y 7 u—-NETR, V-Rt%kAETO
AR EBUMRATT Oy 7 (BPA), #hELS
v (RB), ¥7V—F>r 7y 7 (SB) D=7
DHBES A7 (wray A7 (MT)) W 2598
5. MT &#Rif%, 2>7%4 513 BPA, RB, SB%®
MTHEOay ho—u7a—k 57—y IkEr Bl
FhbEELIZTruIU—Y 57 (MFG) 1118
RERTD. 512 MFG 205 MT BOE5#4+ &
BEITU R4t 18 1T X DBIESL, FO8
BEwruyArr7 57 (MTG) 1118 L LTH
BTs. #0%, 3254513 MTG Lo MT %,
AZF A P ATV a— Yy FOESTIETaky
FHF— S EmEB LURA —/N—~v F #&/Mb
TE2L9 7oty ddrniiraky 7N —
7 (PG) CEIDHT, 7oty HI~ VY&
B¥ A, MTG RICEHFENH VT A FIv 7R
TVa—- )y EHCAEEICE, ETRICMT %
Ty HhHHWIEPGICEIY TS,

2.2 hREIHINIE (JL—TAFHI40EE)
PGIZE ) BTSN MT 2% Doall % RB T
HHHE, TORBIRPGHRNT Oty /XL

AYF (PE) KHLT, 45— a3y LTl

DS THNBFIETENRS. T2 DBSITE, &
PEEDOO—ANV AEY), HEVIISEHSEEAEY
Y AESFET 00O —h I ¥ - a v B9
TFATHETS 5.

2.3 EHERIE IR

PG 28I ) BT N7z MT »%, BPA hfifEil
FIMEE BEHTERWRBTHIEHE, ThOHIER
F=F AV ML RVDYRAZIZHEENR, PGAD
PEICX hEFIMEEINS,

SR R FI LI B3V ClE, BPARO R F— k
AV R, BLABBEEORAT = AY b2 OHERE
NDEUMRALE —D0RMEESY X 7L L TER
T5., aviA 53, BPA #EMMEES X 71208
L7k, AZBOF - REEMITLTI A2
ST7RERTA. KRIZ, SOIYRITFTTILEDE R
Tk, Tk A - N-Ay FEZEL T
EITEMERMLTELLIICEPEICAY T 4y
IRy T a— v i$h,



OSCAR Fortran 2> 754 5 20\ B} 2 IEHERLEE
§RAIDPE~NDR Y Y a—1) v ZIZBVTHE, 7
Ja— Yy FEEELT, F—FERF—/—AYF
PEBLEMTRRAERMET AL -V AT 1977
V=) XL TdH A CP/DT/MISF i, CP/ETF/MISF
#, ETF/CP i, BXU DT/CP &%) 0 4 Fi%
FCEALBROAY P a— Vi BATVS, %
72, COEICFRI BRI T4y 7T 0Ly
ZEYYTHIEIZX Y, BPARTHWON ST —
you—hnAEY, SEEEAE), VYRS
OEREBE, F-/EBEOR#AST -5 5% - FY
F—ri—Ay FOBMLE Vol BRERHEILAS T HE
kb,

AFTVa—Y)rr7%, Iv{FZPEICHEDY
LTHNTF A ZIHET 545 % EEFCES,
7 — s EEGA R ASMGS T LERERTICHEAL,
ZPEBICERRARYYa—Fi&ERTA. M
WES A ZBEORBICEN-YaryFryN—FErH
v, A7 57 OREEZEMPEOLY - x4
Moo THEDLNE, ZDOK, OSCAR YVF7
L4 SCM D & ) i2oEidtl 2 €Y (DSM) 25
D7 =FFrF YT, FoSEXBIVAMT T
FOy MNESERDSMADEZEX b T OBTIT
b (31%), SEMPENAY Y-/ b H
PE LD DSMAQE Y= 2 4 MIBBDT, 7
ok oy HEHEEREONY FIEETIZES v,

F72, £HEFO—VL T RS (3.38) 2ED
SCM 7 —%7 75+ Tl&, TREREY S a—1n
VYA ERWTTF—YEERE TR ). T g%
DIHOREF OV T RAFTE Y BT, L
TR HG—=) S OYREERTS.

3 HMEWHE SCM 7—F77F+

RECIE, $EFMET /Y Y TNF YT
VFSaE Y (SCM) 7=FF2F v BLUTED
FuE YA TICONTHRRS, FFEDD, LT
DT —%F 7 F v 2 BBICFMTEL 70y /LN
MyIalb—yERERELL.

31 Xy hT—UBLVXEY
T—%77F«x
AL TEHMET 5 SCM DAy b7 —7 BLUR
EYT—FF 7 Fvid, EMREEFIREIC BT
PEROFMMCHAF vy ¥ 2B E ) Btz RL
w5 OSCAR ¥ VF ¥ LAY SCM 7 —%7 7

Bus Interface

e T e R P e

e TR BB T e
.
Multiple Bus

A S 0 0570 R OGS DG G R A A DM

B 1: OSCAR WV FZ7 L 4> SCM T —%7 2 F %

F 4 11),20) 143, OSCAR vV F 7L £ SCM
T—%FrFrEid, M1nkHIZ, CPU, 7%
L=yt (DTU), G—AAN7uar S L XE)
(LPM), @—AV7F—% AE1) (LDM), BIU”
At A€ (DSM) 2o 7oty vyl
Av b (PE) % HEEFHE (1 0%E 3 KON
) TEHEL 1Sy T RCERLAT-FT 7 F v
THhHbH. RELOFMTIE, PEE1FvSI21-4
EBBENBIDLTS.

LPM 44 ® CPU TETT 5707 7 2 %4
WL, SEOFMicit1 70y 7 TT 7 ATE
2bokt s, I, LDMIZPEEFDOT—¥
PRETAL0ICHAL, TOFEI IPEHT Y
IMSA L, ATyl suyredsn, 72,
DSM iX B PE L o PE ORAEH» S HBFCT 7 £ A
Theh <NV FE—F AEYTHY, AMHET A7
BT — S %P, 2707 —% 70— LEIZBT
B AFIv I AT a— )y TBOArTa—)
v EROBAEICERT 5. DSM OEEIX 1IPE
H72h 16K/ SAFEL, BPERLDT 7 AL A
Fyyidlrzuy s, WPE~NDYE-FT LA
BoLAFriiddarayrbsah E6IZ, Fv
THERIZ I LA AEY (CSM) P RSN, &
PECHEEENBF— 72T SH. 2O CSMD
TRV ATy ik, SRIOFMTIZ20 72y
VR W

OSCARTLVF 7L 4> SCMT7—F77F%T
1k, Thb ATEEO AT VITHL T VX FHEY)
nFE—SEBEFIZEICLD, HFEORVEFTIL
HEFHIENTES,



3.2 JOtvyHar

&PEX 2 CPUIE, SPARC VO #EMICHERLL
A== F7 Uty Th5H Sun Microsys-
tems #£® UltraSPARC IV 2 €7 L L 770
Ly THH, RELTHEML-SCM 7 —F5 2
F ¥ TiX, Z® UltraSPARC II1 7/ 0¥ v i3
7 FHES A OBRL VAR EF S O—N VL
DR EBET B 0064 ML 72,

o7ty WX, BRDNALT S 42 ks
DA=N—=ZAAS5 Ty % Thb. SROHEMET
2, TONRATSAFEKE 1,2, 4252k
KXo To v VvAva—, 24 2—, 442~
DA=N—=Ah ST oyt LTHEETL. By
AyPa— YT ORNRE L HHSEIEMEN D
WENYTTDOIY P UKIZ12TH B,

3.3 HBE/O-NNLI X4

KL TI, £F7/o—n"uvLr x4 (GR) %
ML 727 =% 5 7 F v I2onT L EEME TR .
GRiZiX, £ PER® CPUPEKICIT 7 A
BILENTEDLLDLTE. ZOLEDT /LAY
A1 7uy 27 l, TROGIIEHMESIAZD
T YERICMEAT S, ¥£72, GR DXL 8, 16,
32 L EX TEHERTTS.

4 MEBERHME

REITIE, YT NAva—-Hb0IEIVFT N
Ava-D7ut ¥ a7 %0 PE 2 BEEEHL
72SCM 7 =% 7 7 F ¥ iZxtL, Rk R IG5 i
TRAL CEFML BRI OVTHR~< S, i
BL7&7ur 503 0Tn38THS.

AN=ZT Y7 ZORB ) Zn7ray s sz
WRAXDARHS %2 5 Fortran Vv —7 7 1) —
I—-FThY, MBEOEHRES 27 (57—
FAV M) #oO.

NS3D/SUB4Y) Zo7uy s s, skt
WHFFEFTD CFD 715" S5 & [NS3D| 47
—F [SUB4] OESMEN —7ICRLSh
% 4 D0 Do-loop D H b, &bHEFTIHEEOK
ZV2FHE®D Do-loop DIV —THKF 1 %Y
HBLZbDT, 420 WOEHEESY R 7 %5
2. SUB4 DFEAMEIN —7 % Doall TEEZ L —
TThHY, SEOFEME, SR —T DEF
i SCM # BHERL TWa=wLF T oty

YO SCM HTHEAL, SCMIZEI ) LToHR
fedAs b= arkE5H12 SCM WD PE [
TEMRELFIREE4T% ) Z L2 BEL T
A% AT % > T 5.

FPPPP/FPPPP 07 U% 5 A, SPECEH95
Ny F<—2 [FPPPP| 5L ¥ 7TV —F
[FPPPP| #HEHL 72D THB. Z0H
TW—F L E7 075 AEFEOETHBOKN
% T HOLHATHY, FTN—F e
A 333 BOEMRES R 7 SR EN 5.

4.1 ®HHSRTHE PERICET 35%M

BRLDIZ, aRTENENEN1, 2, 4 (1Issue,
2Issue, 4Issue) TH A7 Ok v ¥ 27 % ED SCM
T=F%77F%vIIBWT, PEHE 1254 FTE
ZACEEEIT o7, 5T, RADT—FF7F %
ZBWT3R2ERDHEFEFT— N VL T 27 RN
7:7—=%77F% (GR) CHLTCLEMEEITo7:.
ENCDT %57 7 F v DMREER, B—D v 7
AYa—=7 0%y HiC L 5 ETRRIT 5 HEEH
EEELT, W2, 3, 41RT

Y, BT -FF 2 FXICBVRTIRIZA—D LS
YURIEE L B RFARGSEITE 4 (1ssue x

- 4PE, 2Issue x 2PE, 4Issue x 1PE) DREDMEEIC

EFBT B L, lssue x 4PEIZE 2 D R/8— X<+
1) 7 AKMETIZ 2ssue x 2PE D 1.47 4, 4lssue x
1PE D 249 FEOEREEZ BTV 5. FARC, K30
NS3D Tl 2Issue x 2PE @ 1.23 f&, 4Issue x 1PE
D 1.89 f%, X 4 ® FPPPP Tit 2Issue x 2PE O
1.40 4%, 4lIssue x 1PE @ 241 fEOMEEA N FhN
Boh, WIFNOBED 1Issue x 4PE DB D
BOWHBEZRL TS, ZOBBRELT, A—ri—
AAG Ty da T BETIR, 1227 FYoad
Ny Tl RO S ETRICHIE SR
ZRFEFIEL »RATEZ WA, SCM7 —F 57
7Fr TIXPEREERTILICL Y, EXT oy
7 &EH O BIICHB L - X ) KX LIS ST
FATAIENTELLOTHLEELLNS,
Fv7APEH4DBICERT AL, K2 Tt 1ls-
sue x 4PE 2L, 2Issue x 4PE 4% 13.3%, 4Issue
x 4PE 3 13.8% DM LA BT 5, FEfkic, X
3 T 2Issue x 4PE T 13.0%, 4Issue x 4PE T
13.5%, 4 TliX 2Issue x 4PE T 19.6%, 4lssue
x 4PE T 214%DM M EA B TS, 2ot



. Program S
’ 1lssue —+— !
35 L 1ssue/GR -
| it o
. SSu G
3t 4|5%,e PR /ﬂV g
4lssue/GR -~ W =
g 25 A
2
3 2F
b=
§. 15
7]
1 b
0.5
0 L s
[ 1 4 5

Nzumber of Pgs
B2 5y FAARNR—AT MY 7 RIZBITAEER
L3R

Program NS3D(SUB4)
1lssue —— i

4

Speed-up ratio
&

0 1 2 3 4 5
Number of PEs

B 3: NS3D I= ) 5 @ L&

Po, 7Ly a7 EEOHGAEITHE 4120 T
b, MERTEN 2 OISO AL IZLAL
EbbRnI tHFbhs,

4.2 #HEI/O-NNWL I XHICETS
B fi]

HEFO—NNVV P RATOPRICERBTHE, F
v 7RI APEEBINTWAL X, SO v¥H
F— FEERDL LR WE 2DT ¥ AARIS—AT )
7 A KBTI 1Issue T 3.7%, 2Issue T 6.5%,. 4Is-
sue T 6.3%DHERMALEBRTVE. F— Y EXDNE
W 3 @ NS3D Tit, 1lssue T 21.5%, 2Issue T
23.1%, 4Issue T 23.8% Difem L%, F#IZEK4
@ FPPPP Ti, 1Issue T 14.4%, 2Issue T 14.4%,
4lssue T 14.7% O ESE R, XEF T~
NV T RAIBEHTHAI Db 5.

iz, NS3D B LU FPPPP iBWIE/ o—
NV TRATT7ANDY T R YR % B2 CEHE
ZiTo7. VYR IEEIL0A (GRO), 84 (GRS),
164 (GR16), 324 (GR32) & L7:. PE¥4D

Program fpppp(fpppp)

Speed-up ratio

0 1 2 3 4 5
Number of PEs

4: FPPPP | BV} 5 B L&

BAECV VRS REEELSE- L&D, BH—DY
YINAVa—TayFOETERE1IELE
EOMEEMLEEE, {5, 612KT.

B 5 ¢ NS3D IZBWT, 1llssue B 7 a—,\u
LY A ZHEGEE (GRO) L Cra— v ¥
A¥H 84 (GR8) DAL 19.1%D AR L% BT
WA, FO—NVL VRS % 324 (GR32) L
2L TH 21.5% OiEmEE, LI Xy KHEH
RLTOARERMREELZRON V., G4RITE
F2HBHNIT 4 LR S FET, 2lssue BRI
GRS T 20.5%, GR32 T 23.1%MD A L, 4lssue
B2 GR8 T 21.0%, GR32 T 23.8%MN Mg 1L
ZoTHBY, 8KUENL Y X% AWVTH NS3D
TiEAEZEER LIRS .

—7%, E6® FPPPP Ti3, 1lIssue EZ GROIZ
LT GR8 T 8.7%D e £, GR32 Tid 14.4%
OHEEmEL, VLI XSFEOEMIL b EWEL
NAMREEERLEML TWwa. FHRIC, 2ssue BF
|2 GR8 T 8.9%, GR32 T 14.4%DHAEA L, 4lssue
B2 GR8 T 9.3%, GR32 T 14.7%DHEER L E %2
O, =NV I RyREDHEML & b
mLET s,

NS3D Tid, GR8 DIFETE&T — ¥ 5k - Mo
335RBEBE ST — N L T AFIZED S THRT
WAH, FPPPP TiX 189%ick & EoTwa, &
DEWIL, F—rE% - AHOBBEEICL L EE
Zoh5,

5 &

KB TIE, VFF LA iEFILEL S E— T
BYVINFyTINFTOLyY (SCM) 7—%
TIFrDT Oy HERERITE 20, v F
TV Ay BN —EFTH 2 D MAEETILE



Program NS3D(SUB4)

EGRO
“i@GR8
__{{DGR16
DGR3

P 3 AD RS

1 2
Tty a7 OSERTH

5: FS O — NV L YA S ORI X B FEER
=D EV (NS3D)

Program fpppp{fpppp)

1 2
IOy a7 ORSRTHR

K 6: £EFES -Vl TR 5 ORI & B EER
F#EoE (FPPPP)

EHARTBOER AT Oty H a7 HDO SCM
T—¥F 7 FyICBAL CHEiL 7o/, FORKR,
BEREBET 7O 5 MC80WT, 1 H8RIT x
4PE D SCM i2IFIZR—F TV YRV OHD 4 i
47 x 1PE ® 1.89 %, SPECfp95 » FPPPP I8
WTh, 14451T x 4PE © SCM i 4 &4 54T x
1IPE @ 241 5%, 7ok vy ¥ a7 OHGERITRD
Wm& v, Fv 7AW PE KOO HH R LI
BT 52 LOHERD b,
EE/O—SNL TR IYOFECEL T, %KiE
REBHT O 5 MZBNWT 1455 T x 4PED
SCM IZ 32 KDHEF 0 -V LI R & F/ML7:
EEIZ215%DMEEMEEXBELZLHSTE, F0OF
WU EBRATE,. LIAFEYYTT LT Y X A
DYRICEY, BRI LEEZRADDLEELL
ns.
ABOBREE LT, KBET ) r—v a it
LIVFr L A E5Mbr @A L 725D SCM ET
DOFE, XEVT—FF 2 F ¥y DEL LREEIE
Fons,

AEFFRO—EiE, STARC [ HEEF L2 > %A
FSHABS L INF T - FT Oy OS]
B QUESY oY (AN

SE NI

[1] M.Schlansker and B.Rau. EPIC:Explicitly Parallel In-
struction Computing. Computer, Vol. 33, No. 2, pp.
37-45, 2000.

2] M.Oka and M.Suzuoki. Designing and programming
the emotion engine. IEEE MICRO Magazine, Vol. 19,
No. 6, pp. 20-28, 1999.

[3] http://www.sun.com/microelectronics/ MAJC/.
MAJC Home Page. Sun Microsystems, Inc., 2000.

K.Diefendorff. Power4 focuses on memory bandwidth.
Microprocessor Report, Vol. 13, No. 13, 1999.

{5] L.Hammond, B.Hubbert, M.Siu, M.Chen, and
K.Olukotun. The Stanford HYDRA CMP. IEEE MI-
CRO Magazine, Vol. 20, No. 2, pp. 71-84, 2000.

[6] T.N.Vijaykumar and G.5.Sohi. Task Selection for a
Multiscalar Processor. In 81th Int’l Conf. on Microar-
chitecture (MICRO-31), Nov-Dec 1998.

[7] J.-Y. Tsai, Z. Jiang, E. Ness, and P.-C. Yew. Perfor-
mance Study of a Concurrent Multithreaded Proces-
sor. In Proc.4th Int’l Conf. on HPCA-4, Fec 1998.

(8] http://www.labs.nec.co.jp/MP98/.  MP98 Project.
NEC Corporation, 2000.

[9] R.Barua, W.Lee, S.Amarasinghe, and A.Agarwal.
Maps:A Compiler-Managed Memory System for Raw
Machines. In Proc. of ISCA-26, June 1999.

[106] Y.Kang, M.Huang, S.Yoo, Z.Ge, A.Keen, V.Lam,
P.Pattnaik, and J.Torrellas. FlexRAM:An Advanced
Intelligent Memory system. In Proc. Int’l Conf. on
Computer Design, Oct 1999.

K, B, A, $B. >/ VF vy TN FTa Lyt
EToRMAELFIE. FHRLEERHIE, Vol. 40,
No. 5, pp. 1924-1934, May 1999.

[12] . <AF7 0ty HY X7 4 L CORMREDFINIE.
{&#mAE, Vol. 37, No. 7, pp. 651-661, Jul 1996.

[13] Padua and Wolfe. Advanced compiler optimization for
super computers. C.ACM, Vol. 29, No. 12, pp. 1184
1201, 1996.

[14] %, #H, FH, M%, &%, Fortran ¥/ 07 —% 70—
WHED= 7 0y R 7 ERFE. B%%, Vol. J75-D-1, No. 8,
pp. 511-525, 1992.

[15] &%, 4H, A, %K. Fortran 707 7 AHES 2
7 ? oscar {2 BT HEFIE ITHR. BFe#H (D-I) , Vol.
J75-D-1, No. 8, pp. 526-535, 1992.

[16] Kasahara, Honda, and Narita. A multigrain paralleliz-
ing compilation scheme for oscar. In Proc.4th Work-
shop on Lang. and Compilers for Parallel Computing,
Aug 1991.

[17) &%, 5H, %K. Fortran 7 U/ 7 LHRES A7 BD
IR, E%5& (D-I), Vol. J73-D-I, No. 12, pp.
951-960, 1990.

[18) %K. WFIMIEEA. 203, 1991

[19] #HH, B8R, BF, 5. BERENELTIAEICST S

F—BEAV—7lF -y 0—h54¥—arFiE 1F

MALEELERCE, Vol. 40, No. 5, pp. 20542063, May

1999.

%R, RESE. <AVFIL A RFHbar 452D

7 =% 77 F v ¥ig. EFHIR, IDCY8-10, CPSY98-10,

FTS98-10, pp. 71-76, 1998.

[21] Sun Microelectronics. UltraSPARCTM User’s Man-
ual. Jul. 1997.

=

11

[20



