SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

UYL OINT IV AR EEXvyv o
P=x%TI7F¥

B

KRERY 2T LIERNZF

¢E
O

i
ik

T
S 257 LLSIAR Y 5 —

i)
B

S

i
i
Rl
>

~
/

FUMR

i

https://hdl.handle. net/2324/6794514

HIRIEER : EFFRBEFETRMFRIRSE. 108 (464), pp.19-24, 2009-03-05. EFIFHRBEEFS
N—o30:

HEFIBAMR



VI A VT e AR B vy Y 2 T —F T 7 F v
N - L 7 S LI ¢ (N N
F KA 27 IR

T JTUNKZEY A7 L LSL W%t > 2 —
TTT JUNK

H5FL HIAHTOLYPDORAEVYT AT LOBEELX)VF—ZHIKT 57olc, Tatydary e Ll Fvy
TaAXEY (LLF, Fryda AV ERICFYyy 20 D) OMINERED L0 F vy ¥ 2 ZEE S 250 A < F)
HAENTVS. L0 Fvv Y al/NERTHS7HF vy vabty FFNEHETOVF—ZHKTE 5. LHL, Fvv
YaIAULIEE, L1 Fvyy a7 7R ATBEDICRIE L YA 7)bZElinb, Taty Y OrtiE Rz ¥
L9, ZORMERRRT D128, 27V YATIVT 7 AnEEa —REF vy > 2 (STC: Single-cycle-accessible
Two-level Cache) 7—F 7T 7 F v Z AR THRETS. STCT7—F77F v TlX, Tavyyaryizrrr/ntAs
IWENERF vy 22 KB LI F vy all 7V EATES. 51, STCT—F 77 F v ZHIEMT 532731
IWEME AR TIRET S, XUFI—TZHOWFERTIE, L0FvyyYaZHWe7 7a—F LT, AEUY
T VAT LOHBEIZ IV F =K T 64%, T AI%HIKRTE 7.

F—T7—F HAARZATL, Fry¥aXEY, HEIIIVF—

Single-Cycle-Accessible Two-Level Cache Architecture

Seiichiro YAMAGUCHI', Tohru ISHIHARATT, and Hiroto YASUURA

1 Graduate School of Information Science and Electrical Engineering, Kyushu University
1T System LSI Research Center, Kyushu University
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Abstract A small LO-cache located between an MPU core and an L1-cache is widely used in embedded processors
for reducing the energy consumption of memory subsystems. Since the LO-cache is small, if there is a hit, the energy
consumption will be reduced. On the other hand, if there is a miss, at least one extra cycle is needed to access
the L1-cache. This degrades the processor performance. Single-cycle-accessible Two-level Cache (STC) architecture
proposed in this paper can resolve the problem in the conventional LO-cache based approach. Both a small LO and
a large L1 caches in our STC architecture can be accessed from an MPU core within a single cycle. A compilation
technique for effectively utilizing the STC architecture is also presented in this paper. Experiments using several
benchmark programs demonstrate that our approach reduces the energy consumption of memory subsystems by
64% in the best case and by 41% on an average without any performance degradation compared to the conventional
L0-cache based approach.

Key words Embedded system, cache memory, energy consumption
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& L& lc 5. Fyv azfHTEILT, RKARTHENT 7k

BB REEI NS Ny TV —BRBIDHIAR Y AT LD
5579, HE5WBRHIARY AT LB TIHE T R IVF—DH|]
WITEELZHETHS. £z, LLOMRER DDV AT LT
FHIT B2, HOARY AT Lm 7oty Y OrEEEm Ed
RKODLENTWDE. TNHOERZMTedIcFryraXE

ML, 7I7EAZRINF—HBRENATF v S AEYAD
77 AEBEHKRLTWS. LML, FyyiaTlHEIh
T3 F—=E 7oty Y THEEI NS T RI)VF—0 0% L
EEDHTVS(1],[2. LEN>T, Frvva, 51347
Fyv T AV BEDEATVY T VAT LTHEINS T )V



MPU core [€> LO- €<> Ll-cache e
cache memory

MPU

1 LOFvyyaZBEHLEATYY T AT LOMBK.

Address space

L1-cache

MPU
core

----- Cache region

MPU SPM region

2 SPM Z#EH LIEAEV YT VAT LOMKEB LT R L AZEH
DEYT.

F—EHIRT A EIIFEETHS.

BAESHR[3] T, ABRUH T VAT LTIHEBEEINS )L
F—ZHkT B72DDF Yy a7 —FT0F v, I Y
A IVT 7 ARl ZEEF vy 2 2 (STC: Single-cycle-
accessible Two-level Cache) 7—F7 7 F ¥ ZIHREL T 5.
STC 7—F 77 Fvid, NEBEOF vy LBEY A XD
Fryyraz [EEFYy L LTHEBLEDD, Iy
VIOWYGADIVTT VR ATRR T —F T 0 F v THB. TV
LALIIVF—=IWNEVNEROF vy ¥ a7 7 AR
TNREWEE LRIV F—ZHRTE 5. AT, STCT—F7
JFvICDWCHIAL, ThZzGWMiEMT %700 a— FidiE
Rfizid s 5. cncky, MNERFYy a7 72X
BEPITE, BRELTATVY T VAT LOWE L R IVF—
HilJ 2 2R T % .

2. BEWHRE

2.1 LoFvvyoa

LO Fry ¥ a Mz NEEF vy oz atyyar
E L1 Fvy v oD ATV BERICERT 2HMNE IR
ENTVS 4~[8]. LOFvy v aZBliLizATIY TR
TLOMKZX 1ITRY. L0 Fvyy Y ald/ NEETHE9,
TR ABZ0DIIINF—IT L1 FryakbE/hEW. L
TehioT, LoFyyyaky bTNE, 778X xI)VF—%
HIRTZ%. —AHT, LOFvyyaIATHE, Ll1Fvyyia
NT TR RTBIEDICDR L 1A B, To
Ty OMEEK TS [ ERCTERNE A5, L0 Fvy oz
WEAEBVY TV AT LT, ATV 772 ADRM R
WEWIGEEICT 72 AL 3RV F—DOHlhRIE K E V.

2.2 R ZyFINy FXEY

LO FvyaZE LIz AT Y YTV AT LORE S fiR
W B—DDNEL LT, VI MY THIENRER AT T F
73w FAEY (SPM: Scratch-Pad Memory) % L1 F+¥v </ a
CHICTERT 2 5EAH 5. SPM ZHBH LI ATV YT R
TLOMRBIUTT FLRAZEROES TEK 2 1IRd. SPM
ELLFyyyal3RAICATRVKECH SO, Tukyya
TREEBESDRAERUANE Y VT IVY A TIVTT 7 AARETH
5. TORAT7 RLAD—HOE y v 57 K L AZER DR

Address space

Main-cache

MPU
core

----- Main-cache region

MPU Mini-cache region

3 HPCT7—FTVF ¥ DAEVY T VAT LOMKBLUTT FL
AZE DS T,

Address space

I Main-cache

4 STC7—FT7F¥DRAEVY T AT LOEEBIUTY FL
AZEOEY T,

MPU
core

Single-cache region

MPU “~..___| Multi-cache region

FHEL, TORRICED SPM & L1 FyvraDlboh
JIDBRWNT 7 AEND. 7 FLAZER-D SPM FEI I3 EHNIC
SPM ICEID B THENTED, SPM KO- R/ F—XiZy
AT LB SPM AIE—&N5%. DD, SPMIZEIDY
ToNET RLAOO— R/ F—=22FIc R LT, 77
BRI ARFEELRV. F£iz, SPM T vy ¥ 2 il BARA] R
BRI OHM L HRETS REN WD, TR AT RV
F=HNEW, LTeDoT, TardsxRar 84 5H SPM
FICH#Y) R a— K /7 — 2 ZEE T ENE T RV F—OHIK
MNRAD . a—F/F—2OEEICET % 22 ik (9]~
[12] & TITbNTWVS. 51T, SPM B4 —NR—L AT
BEMICOVTEFREN TV S [13]~[16)].

2.3 Horizontally Partitioned Cache

Horizontally Partitioned Cache (HPC) 7 —F7 7 F ¥ &
FCAERVEEIONEEDOF vy 22 Mini Fvy o) LilH
YA ZXDF vy a2 (Main Fvva) 28D [17]~[19]. HPC
T—FFIF¥DAEYT T AT LORREBLCT B L A%
MOERSTHEK 31K, 7 RLAZEMIE - DOME, Main
Fyy Y affiEB I T Mini F vy ¥ 2 BIICHEIETNTED
FNFNOF vy a0 Y TENTVS. SPM ZH# L7z
AERUY T VAT LEEBRIC, 772X RLAD—EDE Y
57 RUAZEMOMEEZHEL, ZOMRICKD EBELMN
FHOF vy > aDBHNT 72 AEND. SPM ZHH LIz AT
VYTV ATLEDENE, BB 7 RLADI—R/F—4&
% Mini Fvv ¥ 2 BN T 5 LN TESHTDHS.

3. STC7—*7UF~+

STC 7—F 7 7 F¥INEEDF vy 2 (Small Fvv o)
LY A XDF vy ¥ a (Main Fvya) 2 HEEOF vy
VabLTHEELENS, LIV INVYAIIIVTT 7
AR[RERT —FT 7 F ¥ THB. STCT—FTI7F¥YDAE
VYT VAT LOBEBLUT RLUAEBOES TEK 41
/R, STC 7—F77F v Tl&, HPC 7—F7 7 F v L[Alkk
7 FLAZEMIE DOME, Single Fvv ¥ 2K B KT
Multi F v ¥ 2l ABENTNS. STCT—FT7F %
L HPC 7—F 5 7 F vy DEWIE, Multi F v ¥ 2 fgigo#]



Enable bitl bitl  bitd bitd
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| Sense Amplifier |

outl out0

X5 217X 2% SRAM 77 L.

WCTHB. Single Fr¥v ¥ afllICFET S a— R/ FT—4%
32T Main FvvaZzTLTTY 7 AEN%S. Thid HPC
T7—FT 7 F¥IBVT, Main F vy ¥ 2 EIBICIFEET B O—
R/F=RIF2T Main Fvyy¥azZ N LTT7 7ERAENS T
EEEUEETHS. —H, Multi Fvy ¥ alBlICHFEET S
=R/ F—=E%FTFvTAE) NS IE—F B, B
BIC Small F v ¥ aZz EHE (F—XNEHEIN TV I 5
BEEZRUBELHE) §5. STCT7—FT77F ¥ T, T
DEEEHE GBEERL) INZNRTHZREBEREDT 1>
7 Main F v v ¥ 2 lGBEEE 3. Bt TH B Main F v
A DRBRED T A E Main F vy ¥ ah5iBWHENS.
DFED, Multi Fvv ¥ 2 fE@EHlE Main F+vv 22 B KT Small
Fry L aDWAIKEHDHBTENTNS

SPM ZH# LIz XAEVY TV AT LR HPC 7—F7 7 F ¥
DAEVY T VAT LERMIC, STCT—FTI7F ¥ DAE
VYT YATLTET 7EAENZDEELELNFADAEY
DHTHB. SPMEBWIBEIC HPC 7 —F T 7 F vy DAEY
YT VAT LDESE, 78R RLAO—EHOE Y v 57
R LU RZER O ZHEL, ZOMEEIcEH b Y Tosnzf—o0
AEVZET 7R ZXFTHIELY. STC 7—FT 7 FvyDAEY
YTV AT LGE, CHEE NIHEEAD Single F vy & o fEBOD
FICBOT7 7 ATARNEAEY D Main Frv>aThHs e
—RICIRES. —H, HESNIFEED Multi 4 & 2
DEARIFEBLLDF Yy v aica— R/ T—=215H2% (L 1L<
BREBELHICERY) b 5AV. £9 Small Fvy ¥ anT
JEAL, TALEEAIC Main Yy > aZz7 78X d %)
FEERANE, Lo Fvy ozl AV YT VAT LEH
B 7 aty Y OMEEK 25 [ ZRI 9. liF vy ¥ a\[Fk
W7 7 XThE, oty I OMREE FIEFA Uk HVEEEL
BIXINF—RMET B LICDEMNS. STCT—FT7F ¥
T, Small FvyadDXF% SRAM 7 LA Tid7< D #!
TVw T T7uy 7 (FF) 7 LA ZHWTHKT 22 2ickD,
F—=RT 4 —=)VRAT 7E¥ AT SHC Small F¥vadb
b IRAEHEL, TORERRTS.

X 5 BXOHK 61 217X 2 5DO—fEMNE SRAM 7 I//riack
U FF 7L A7%2539. SRAM 7 LA DR L TV A EILE

Enable datal data0
Index

01 00

clko D Q] ¢ D Q]
o
R

:g_b_ 11 10

T ek D Q] ¢ D Q_‘

Multiplexer
outl out0

X6 217X 235D FF 7 LA.

DIFO XS HFIECHRAHT.

(1) 77%vRXT7RLADA YTy I A %TFaA—RL, ik
bR ZT—RIA U ERET S, TaA—REEBHCEY b
A ETVFv—IF 5.

(2) Enable FHICEXDT—RIA U ETEHIETES.

(3) VAT VTRBEZEHNT, T—2%ZHHT.

Yy ke TIVTTAT cFyvahbad—R/F—X%&
HAHNTHAFZE SIC FEFNEITMA, 778 AT FLADXR
7& SRAM 7 LA SR Uiz 2 7Ozt L, by
S IRMERITS. by UGS, Z7OHHH L L
WKiHAH LTV IR TOT 2 A DT —2T 4 — )L ROED S B
by hLiYzADEE IOy a7 AES. SRAM 7 LA
THRINZF vy > aTRINSOMENER 1 A 7T
ibnTWVa. —4, FFDMERFL TV AHEIZ SRAM L ki
BigDEIIT 7 AMEETHS. SRAM 7 LA DA ULF
IE (2 OT—RIA4 EHEX D &I Small Fvy 2 ad
vy b/ IRERIDOHINE, EBELDFvyanTIvR
TRENDIIRET 5.

F7LAzZHwiEROey b/ AEROHEICET 2K
Mi&, RIVFTLITEBEITC R T LRI OBIERE 2 /2 UH
bEZEDICHFLL. Multi Fvv ¥ 2 HIHOY A X% Small
FrvaDYARXD N fEET DL, [log2(N)] Ev FD&T
AT FBRIET ZHENH D, Multi Fvv ¥ 2 8BZOY 1 X%
4MB, Small F+v ¥ 2D A X% 1KB, T4 VA X% 32B
EIRET S E, 1280 bX 3251 DT AEY BRET
H5. FHD 65nm CMOS 7Bt AZHNTTDERTAEY
HORIVFTL oY BRI R TR st UIBER 2 R
& o TRER, FNFNK 550 ps, #9420 ps THo7z. SRAM

7 LA DinHHLUTIE (2) D> T IVdA 7 VDNn0% A
VUTHEITEND LT B L, BEREED 500 MHz LI O
ABRT Oy FICB TR F vy > aDT—RT 1 U EiEEE
TEBHHC Small FyvadDbw b/ I ARHERETH .

T2z A YR TV T7T 47D Small Fvyva
%19, Region Z 7137 RLAZERO LS 5 OMEBICEENS
W EHET B -OIFHENS. Small ZZ1d Small F+vv o
BB RTTH%. Region X7 H XU Small % 772Nz



[ Region-tag | Small-tag | Index [Offset]
— 1
______ Flip-floparray_____ SRAM array

19p0d3

| Sense amp. | | Sense amp. |

—9 Py MUX
hit/miss ldata

7 29xA <ty b TVIUTT 47 Small Fyy o,

Energy consumption model
Execution time model

1
Placement i
algorithm !

1

_________________________________

Mapping framework

Optimal map

8 AV TTL—LT—/.

& DM Main F¥v ¥ 2 fiDZF (Main #7) TH%. Small
Fyviadty b/ IAHGEE, Region % 7 7% AU o fEEf]
JE L RIRFCITDNS.

4. J—FBXUT—2EE

4.1 AVINAZTL—LT—7

AEVY T VAT LOBEEZIIVF—I3a—FBXUT—%
BLiE I SAKIFEL TV BTz, ABUY TV AT LDOEE TR
IVEF LR, AEVAT Yo7 FOREMEEHRZ S
TEWNTES. STC T —FT7 IV F ¥ 2ENGHTZ7dDa
VIMMTTL—LT =D ERKSIRT. By N7 T r—
vavzEayIsAIVL, FTT7 7 AINVBIUYEET KL X
MRESTEATRUAT V27 VO A N&BS. T3y Hie[
WBZETT RLAL—AZESET 5. RkiEkI— RBXT
TF—=RZEBERDZIZDIC, ATVAT V7 UK, TR
LA FL—=ABITWL OO DHilIZEGE< v EY T T L—L
T—JICANTS. v EYTTL—LT—THDY I al—
RIFREHTCRITZINF—ETNVEBICGRA IV TETIVEME
HAUTHBZ R IVF—BRIUETY A 7 VBERBE . a—
RECED 7))V TV X LI KA T CRIIHT 5.

4.2 IXIVF—BLUCRAIZIVITETIV

AEVY TV AT LOBEE T RIVF— Brota BEXTE—7v
N7 TV — 3 Y OFEITRE Tiota WG TFO XS AN TET

Code_and_Data-Placement
Input: TR,F,tconst
Output: F’
FEin=infinity;

repeat
for(t = 0;¢ < |F|;t + +)do
o= Ft];

tentatively place memory object o to the multi-cache
region;

TR’ = modified TR according to the relocation of o;
Calculate Eynp = Energy(TR');

Calculate tymp = time(TR’);

if (Btmp £ Emin and tump < teonst)

Enin = Etmp§
Opest = 05
end if
end for

Remove opesy from F

Append o0pes; into F/;

Update TR according to F' and F”;
until E,,;, stops decreasing
Output F’

9 I—FBIUTFT—ZEET VI XL,

TENTES.

Etotal = NRStag - ErStag + NRSdata - ERSdata
+Nrur - Erv + Nroft - Eroff
+Nwstag - Ewstag + Nwsdata - Ewsdata
+Nwus - Ewn + Nwogs - Ewogy (1)
Tiotat = NRsdata * TRSdata + NrM - TRM
+Nrosf - Tross + NwSdata - TWSdata
+Nwwm - Twa + Nworr - Twoss (2)

CCC, ERrstags Ersdatas Erv, Erofss Ewstags Ewsdata,
Ewur BXU Bwopp lZFNEN, Small Frv 22D R T HidH
L, Small Fvv P aDF =AML, Mail Fvvad
AL, ATF YT ATV OHEAHL, Small FvvadiR
J#EEZAF, Small Frv ¥ aDTF—REZIAR, Main F vy
VaDEXABBICATF v T AEY OFEZIAHLOEEIEICE
T HHBELINF—2ZKL TS, Nrstag, Nrsdatas Nru,
Nroffs Nwstags Nwsdatas Nwm BET Nwops (FEIRED
FATEEZ RS, Trsdates Trrv, Trofry, Twsdatar Twu B
KU Twopy WSEDOIATRIEIZER LTV S, 28 N, OfElE
XvEYTTIL—LU—THDY I 2L —RICT7 FLAML—
A AN UKD D, ZBE, BXKU T, DHEEZEAETVEY 2—
IVOMEZ WS,

4.3 7IWIV XL

IR T7IVIV RALDANE, ABRVATI2 7RI R
FETHB. ATRVAT TV MIIBE, To—rOIVER,
BRUEBNEENS. 7TV r—rar7/ualdsL07 R
APL—ZXATREE7T7INAVZALDOAIITHS. FATHERHEH



) teonst EHTEDHINE LTEASND. ATV T VAT L
DOHBTINF—BXCE—7y v 7TV — 3 v OFITHE
& TR BX ORI CRULIEZRNVF—ETIVEICE A3V
FETIVEHNTHESLS. 7I)VI3V XLDAL V=138
TOAEUA TV 7 hH Single F vy & 2 fEEICEE S iz
JREETHEE S, Z LT, Multi Fvv ¥ aflIEICHETXE A
EVA TV FOREEEY N FBRRDONS. T OEEIX
—DDAEYXT VI b ok F DREANS—DRT, 0%
Multi F v & 2 fEIAEE LTz & 2D )V F—HlEz 3
HIBLTiibhsd. COERFORTORAEIAT V2
7 MR UTITbNS., RTDAEVXT V27 ML TEE
Baf1-o720b, REIFIVF—DERENATVA TV 2
TN Opest @ F 05 F' "\BEESES. TOREEZI R IVF—
MHIKE NI 722 £ THlF 3. BRIV Y X L3 HRE
T F 275,

5. REHR

4 IFHEC EEMBC DENBench 1.0 [20] ZXYF<—7%
ELTHIRL. FIALERNYF =D %K 1ITRT. HE
MeP 7—F77F ¥ D GNU C a2 1L TBXTT /Ny H
EAEVATV 2 MU XA MDERBXT7 FLAML—ZD
ERICER LTz, &Y ITIWVRRAINVFI—=0DT7 RLA
FL—XDOEXIX, BRHID 100 FmazkAFy S Lich D
1000 A& Uiz, RLIWORLIET 7707 a— Ry A Xk
7 RLARL—AHFICEHNZ I— R A XD L TH5. Bk
FERETAHYIFIVDT LA L—X tasksetA, tasksetB
BEU tasksetC > VY TWRRAI TSV r—2a>yD7 R
AP L—AZEEBIRR L TER Uz, B2 taskset A 13X aes,
cjpeg, des, djipeg BXU huffde 575 %. tasksetA TlZ,
BYVTIWRAT DT TVr—arh100 Afmac eicy)
DEDLOENSERITEIN TV T Z2E L. tasksetA T
huffde WEITENIH L 1X aes DHEXICRS. TNHIVF
RAG it Liz7 RLA b L—ZADOE T RO 500 e
EAFv T LizdEd 3000 Hinae L.

KRB 8IRLIEa—RBXUTT—2DR v EV T T L—
LU—27%F L. O—RBXUOTF—ZEEB7 VI XLE
FIF LIz 7 L—LU—JICREL TV D, ETRREOHFIE Lo
Fyy T aZB LIEATVY T AT LOFITRE & FE L
To. BAEVEY 12— )VOWHE T IIVF—ETF IV L OF TR
EREHD 65nm CMOS 77 ./ 0 Pk VT HELE > 7ol i
Uiz, Fhz, A 7F w7 AEY & LT Micron mobile SDRAM
MT48H16M32LFCM-75 IT [21] DETIVZEH L. EB®T
WBE2IORTAVF v T AERVDAY T4 FL— 3 VeiE
Lz, EMCHETEZATIYY T VAT LIIMBICET S AE
VYTV ATFLEL, 8 3 bOMH/NY T 7 EFEDEREL
Fz. HPC 7—F 77 F ¥ IicBWF % Mini F v ¥ 2 BB X O
STC 7—FF 7 F ¥ % Multi F v & 2 KDY 1 i
4AMB EARGE LTz,

B 10 ICBEZE B KU STC 7—FT7 7/ F XY DAEV YT
AT LOWHETXIVF—O R Z/RT. MBI R)VF—DfEIZ

£2 AVFvTABRVOAY T4 T L= a Yy
On-chip Memory
L1-cache

Main-cache

Configurations

4way 8KB or 2way 8KB or 2way 4KB
line size:32byte

L0-cache, Mini-cache | 2way 1KB or Direct map 1KB

or Direct map 512B, line size:32byte
1KB or 512B

Small-cache
SPM

120%
HL0Energy U SPMEnergy CJHPC Encrgy B STC Energy

ESSO% e .|
5

60% = e T — —

g . L
Z 0% l 5 il alil B H
20% H sl & H

R N I R N R O IV
« FFF TS ¥ & &

F&FL &

Benchmarks

X 10 EHYLUWHET IV F—.

LOF vy yaZzf# LIz ATV Y TV AT LOBEBEL R )LF—
TIEHEL T3, HPC BXU STC 7—FT 7 F v DRAEY
YT VAT LTI RO 2 0 & L 3oV — 22 HlE
TETWV5. TINS5 HPCBLU STC 7—FT7 7 FrvicxfL
TR L7 L—LT— 72l Ca— RE&EZIT- 2.
F7z, SPMICBIU Tidin & FATRIBNZ W R S EIC SPM
THAE O BT TN E, SPM SEIICEET 23— FHvie <k
BIEICES CTRITo 2. STC 7—F T 7 F v TlE, LOFvy
VaBHOA TV T VAT LR L THRED A —/N—
R SRR TH 64%, L TH 41% D1 T 3 )L F— 7% H]
WTETVD. 100 5bhEXIICELDYVITIVERY
D7 TVr—a Y Tlid SPM EHEHLIZAET VYTV AT L
PERELEIVFERERLTWS. COREREENVFI—TD7
7T 4 7= RY A XHWPNENC LITERLTWE EEZ SN
%. —JT, STC 7—F T 7 F X EIVF R AT efbifig LT
VFR=TICBOTHIEND B.

6. EHYIC

ARETE, YVINYAIIVT I AR BEES vy A
(STC) 7—F77F v, BXU STC 7—F7 7 F ¥ EGE
R %7Da2)815TL—LT—0EER LIz, EEMBC
DENBench 1.0 NV F3— 7 Z{HH LIz LB T, STC 7—
FTIFYDAEVY T VAT LOWEIZIIVF—IZ L0 Fvv
VaEOAT VYT VAT LU THERMK N R RKAT
#64%, FEHUTH A%DHE T X)VF—ZHIR T E 2.

HEE ARSI A REARBIRER Y A7 LG IHBE D
VA—ZE L, MASHRERE TR 2 —, (Fk) A —-
V¥ MBI UE AR SHOM I TITbN Iz D TH 5.
AL D—E0E, FARAHREHEZEN (JST) OYKISMELERT
ZHEEEZE (CREST) &MY A7 LOBEMEE I bx i
U7 Bisg B L) OXBIC K38 DTH 5.



(1]

2]

[5]

[7]

(8]

(9]

(10]

(11]

£1 RXRUF=IT7 TV =gV

Benchmarks | Description Code size | Active code size
aes AES 55.10 KB 3.47 KB
cjpeg JPEG Compression 71.34 KB 10.53 KB
des DES 56.76 KB 7.91 KB
djpeg JPEG Decompression 75.95 KB 6.50 KB
huftde Huffman Decoder 49.23 KB 0.88 KB
mpeg2dec MPEG-2 Decoder 84.76 KB 9.66 KB
mpeg2enc MPEG-2 Encoder 112.30 KB 33.38 KB
mp3player MP3 Player 64.64 KB 7.31 KB
mpegddec MPEG-4 Decoder 256.05 KB 27.47 KB
rgbemyk RGB to CMYK Converter 49.18 KB 2.03 KB
rgbhpg High-Pass Gray-Scale Filter 49.45 KB 2.19 KB
rgbyiq RGB to YIQ Converter 49.38 KB 2.09 KB
rsa RSA 100.23 KB 10.91 KB
tasksetA aes, cjpeg, des, djpeg, huffde 308.38 KB 27.34 KB
tasksetB mpeg2dec, mp3player, rgbcmyk, rgbhpg | 248.02 KB 21.19 KB
tasksetC mpeg2enc, mpegddec, rgbyiq, rsa 517.96 KB 62.66 KB
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