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Abstract One major factor in improving the performance of embedded processors is the use of data and instruc-
tion caches. In this paper, we propose an L1 data cache optimization algorithm which selects a suitable cache
configuration for a given embedded application. Qur algorithm can have the area constraint by introducing CRMF
(Configuration Reduction approach by the Miss Factor) and CRCB(Configuration Reduction approach by the Cache
Behavior). Our algorithm finally selects best cache size, block size and associativity under the area constraint for a
targeted application. We demonstrate the effectiveness of our algorithm by applying it to Mediabench.
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3.4 CRMF1 Fi%

2R THAIED, Ty F¥ A XPIHSRI Ak 2 i
55, TSV yr—vary7uadsARE—0RE, Tay
294 XHRE—THNE, EDF vy aB@, LM
BOTLIBHI RBARTHS. chid, FicFyyva
SRRABY T I ARMCHEST 51, CORMEEBER
LLIEBEKR, TayidA XL d vy s a Bk /AR
LT, Bt TEZTLERELTVS. DD, TOvy
YA XB—EDB L, FvyaBREBEICHLTAEYT
e ARMERIMEL, FO%, BEbEhizFvy o BR]/
HEgEOL L, 7Oy 79 A XeRRLTHeNTES. MY
Tiz, TOEXZELICLIz CRMF]1 FELRRT %:
CRMF1 £

(1) a4 X b =8¢,LT, 77U —var7u
FSLD nBOXEYTF VA FNFhicDNT, SHEGIHE
FEIRFERFE + CRCBl1 FEEZHWT, MR (m,8,a) (m =
64,128,256, ,mm,a = 1,2, ,am) DF vy ¥adby b/IX
ZHETS.

(2) () DERIS, FNFhOF+y v afIBICDVTAEY T
2L ABERHL, BNDRAEBY P ABHESXZFvy o
ﬂ/ﬂ!?&ﬂﬁ’& Mopt, Copt 83‘6

(3) PFUsr—var7adSLOnlORAEYT7 Y LAENE
HUCDWVT, CRCB2 FHEEAWVT, Fvv v allil (mopt, b, aopt)
(b=16,32,-++ ,by) Dk b /I AEHETS.

(4) (3) DEREDS, TNFNDF vy VafiRIEDNWTAEY T
2 ARMERHL, BIDOAEY 77 EAREEEX S Tay 791
X% bopt &L, F¥v Y2l sopt = (Mopt, bopt, topr) ZWMHT S,

CCTCARYVTVLABM T, FvrviaT7 s ARHE
Teo A VAERVDT 72 AHHWE T,n, Fvva, ALUA
TV HOIEERFMEE Toem, IABE npmiee BT 7 ARE
Naccess £ L, T (1) CHHTS. LR ULEFETE, XK(1)
2BEIC, T, % 19.5ns], Toeem 2 20[ns/B] L LT 3.

T=T.+ (Tm +bx Tc_m) X nm.',,/naccua (1)

CRMF1 FEZAVB T LT, Onxlgm xam+nxlgh’ x
am) BOLw F/IRADHET, ATV T I AR 2 R/ME
TRLHNTES.

3.5 CRMF2 F%

&, THVyr—var7uds Lo n@OAEY T IER
FRFIICOWT, HEGEMBIFAREHRFE L CRCBL Fi;,
CRCB2 FHZAVT, MR (64,8,0) (6 = 1,2, ,am) D
Fyyvanbw M/ IRMYEENILT S, TOLERRC,
VSR I ADORBZHRITZ LA TES.

BIT, STV yr—var/adsLOn@OATY
T I ZAFNFRICONT, Fry yaBBIREVFry Y
MBEENRIC, by b/ IARYETHLERXS. LTBM, T
Oy 794 XHE—DRE, WSFry T aBRm BAKEL
LT, ISRIREBERETsC L@ TER. Chis, #
MBI AN T O /YA XCOBEETZHTHD. &6
i, AROEEIHEECH L TEEELTYS

CORREMATI L, UTO &S HRFERHORIEATTHE
Lixs. 4, HiK (64,8,0) (a=1,2,-++ ,am) DY F/ZRX
MHEEh, TSRS ADOEHEHBITELETS. TTT,
YK (128,8,a) Tik, ZEM2BIEZDT, Fyviadty
B 2f5ICD, S ABUREMCED L THT S, EBRICE,
Xy FTPYVIT T4 THRORE, ABYT FLAIKE->TH
Hifety P —BIRREEThTWAREY, Thibd I A%
My s, O%b, EWEOEIRAFEMPERLFHEND.
heBELs L, R Q) ZHHLTERBROBIBATHEE &
3. WUTIiC, CDBEXREL LICLIz CRMF2 FE2ERT %:
CRMF2 F%

(1) m=64 LT 5.

(2) CRMF1 F£#& (1) THLIhDHE (m,8,am) DI ARE
Nmiss(m) £ L, TO3 BPWABHI ABZ neom &9 5.

(3) (QIEBVT, nmiss(m) = ncom DWE, am — am—_1 &
T5.

(4) npiss(m)/2 € ncom ZMITRD, (a), (b) ZRDET.

(a) npisa(m) = npiss/2 €T 5.

(b) m=2m &¥35.

(5) m=2m &LT. (2) 2175.

COFEZRVBILT, by /I AYER O(n xlgm” x
a +nxigh xa) (m” £m') (a £ am) CEITTES.

4. L1 T—32F vy aBBbFE

3 RTCREB UL FERR— AR F vy ¥ a MRBELEY X5
LERETS. AFHRANIWET IV yr—a v L ERE
B eFry v a iR EBIRTACLEENLLTVS.
F oy ¥ a IREHIL Y AT LOBMERZK 4 IR, Frvya
77 AR L ik, CACTH.2(3) ZAVWTHMT 3. o
RF TV 5—a>DAERYTIRAD N L—XT 7411V,
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FryvvaBgm, Ty s¥A X HEK o ORFE
BiZR (2)~@) DL S5ici3. 7L, CACTI DHRLE,
m/(bx a) < 8 DRAREH, 77 L ARMORMEDHTE
Bz, HfenBHEENS 460 BB,

m=2"16<i<22 (2)
b=2i:3§‘i§10 (3)
a=2":0£ig4 (4)

Fry a2l s = (m,b,a) DT 7L AWE T(s), Witk
A(s), TIRIRIIE A L5, ZFETR, R (5) 2HTH
R (sopt) ZBFHETHLEBNLT B,

§ = {s]A(s) £ Ac}
Vs € SIEDWT, T(sopt) £ T(s) (5)

BIRRESEOGE, 3 RTHRE U LBEE RRRET
i, CRCB1 Fi, CRCB2 F#:, CRMF1 F#, CRMF2 F
EEAVT, A =00 & LR (5) Bl TRIBEZEET 5.

HERINEEAT BB, sBO7IVTY XLCMA, ¥
ZHR UEREEOHIRET-TWS. ¥7, b =8 DEHE
BEICBNT, Fry ol s = (m,ba) BEZXS. m, a
EEEL, CARbLEBRLTE, WRFHEBIEEVERS
REEFNSEHEBAL, v M/ I AHERITDEL. Thic
£oT, FEAMAEEYIKLDD CRMF1 FEZBATHC &N
TE3. E5IT, bRBRFT ZBIERGRE G S
Db b/IRAYERITDEY. Chickd, oIy
MR RHERITICLNTES.

5. BHEIEsEER
Fay Y afiRBEEY RF L2 C++HEc k> THEB L

2 ARER
FIVT—vav | FL—AFAX | BRVE | o7 o lf HWETHE | XK [1)+CRCBI+CRCB2 b0 XRK[7) E32
(B] {mm?] | (m|KB),b[B].a) | [sec] (Fiif) (oec] (ET7IE) [sec] (AAE {sec] [aec] (B7E)
ADPCM 5222285 =L 16,16,1 2.18(2.00 3.34(11.88 14.57(57.83 9.40(-) 56.06(201.75'
ADPCM 5222285 0.5 16,32,1 2.31(2.51 3.35(11.88 13.92(57.83 56.44(201.75
ADPCM 5222285 1.0 16,16,1 2.27(2.00 3.37(11.88 14.45(57.83, 56.40(201.75
JPEG 55041814 L (256,32,1) 23.92(3.96 43.01(16.80 194.86(627.7' 99.08(-) | 745.06(2137.82
JPEG 55041814 1.0 (64,64,2) 22.21(3.31 42.27(16.90! 194.70(627.71 740.55(2137.82
JPEG 55041814 2.0 (128,32,2) 22.50(2.92 42.03(16.90, 102.90(627.71 747.08(2137.82) |
< ICREL Iz, RBREE, OS A Debian GNU/Linux, CPU
e & Intel Pentium II 933MHz, A€Y%R 384MB, 2734
Cede
Fh% GNU/GCC version3.4.6, &7 7V Fr—a Vit Me-
diaBench (2] @ adpcm, jpeg DIV a—4TH5. HEEHEE
cact SimploScler BERER2IRLE. PL—AY A XOEBR FL—RT7

ANDYA X, ETHHOMERANICRLEE W T3 HEE »
M IRHEEBRERLTVWS. £, XRR[7) 2RE, 2F%
TRCEMBRE N

#2h6, AFEIHR(L) LTI, adpem T2 O—
FTIETY 6.36 %, jpeg L I—H TIIT98.50 18, R [7)
L DT, adpem T2 O—4C4.31 {5, jpeg T a—%
T 4.14 SRTRHSBIB/ENTVS, E5K, CRMF1 F&
BLU CRMF2 FEERFHET, 2ERLRRICSHE LV I 2
L—a YT BETE, R[] DTk, adpem
IV a—H T 4.89 1%, jpeg T I—H Tid T 4.58 1%,
Xk (7) L DAL TIE, adpem T a—F T 2.81 45, jpeg T
VA HT 230 BETRUMIHBE TN 3.

6. & v U

FETE, Fry a2 BRBRET VI XLEZEBRL, *
DOIMESEREITo 1. BUERZ LML, BAT 8.50 fSFEIc
Fry s ERBILT BT L ERLE. Sz, ffFvy
Va2 F vy VallBHATER LS TZLENSS.
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