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Abstract Memory systems consume a significant amount of the energy in embedded systems. Static code place-
ment techniques using scratchpad memory which dissipate the energy less than cache memory have been proposed.
However, these techniques do not have much effectiveness on multi-task embedded applications. This paper presents
a novel memory architecture which is suitable for multi-task embedded applications. A memory management tech-
nique which targets proposed memory architecture is also discussed.

Key words Embedded Systems, Energy Reduction, Memory Management, Multi-Task Applications

-25-



1. &I

PRSP — L, SR T LA v —k E OB
HBNIERICERLTVS. BEOEEEBETRY L, B
WEL, BEBY, 7L CHEL S O/BEL —DOEEEN
KICEEETNTVS. SHLEROBIES —DOHHI RS
TEHIND LHATES. BHEHBBELZICHE LIEEL
DHAH Y AT LOFBO—DICIHBE T XV F— DY RN 3T
b3, fRC, HHEREREINYTV—BETHS0D, H
BT V¥ — e 0BG ERRMICKE R BBES5 X3, &
FETE, MR TEREV T by o TEMTHREL TIHR
IXNVF—RHETZ T eNMFE TS,

HABY AT LTHEE B 7ulaeyd Tk, 4V
Fv 7 AT OHRESN HRIIIVF-ORENS) OfE
MAREV. ARMONT A 700ty TlFryya A€
U (LT, Fryva) OMEEHID 4% GeA 2%, 7
2F 1 19%) E&DTVS [17). £z, StrongARM SA-110 %
AoarayyTh 3% (e 21%, T—5H : 16%)
DEARF Py V2 THBENTVS (14, —HT, +7Fv
T+ ABRYNDT I LA THBENZ L RNF—AVF v T -
AEY XD EBIEFICKED. LiEHoT, AEY - VATLD
BEHEBIINT—CEEZZBE, AT7Fv T ATV LER
TRIREND . AREORRNZENE, /ol aky
Y ETHEBOT7 SV r—v a UHRGFERBRRCBVT, £
VFUT c ARVDBRELETATF VT« ARV EBEDIEAE
U« VAT LLETOBBLXIVF—EHIERT 3 ATV B
MERRTZ L THS.

FVFY T ABRVICEFYYVa, RTFvFIIRv R X
EY CLF, SPM) BXUHBRMBEEENIZAEIDHS. ¥
fe, TRNTHOARY CMRHLT—FRICHIBHE O
N=FR e T—FFIF%) LRFENVRE (TAV /A
T—=FTF7F %) BdB. FyyvaO8fEEdN—RIT7hH
FERIYR—PLTED, VIMIzT7OLAYHhbikelE
BIBC Ll EATHILITES. —7, SPM XHEE
N, LAFvy, BRELIELTEyyYakhBhTY
BT EHHIBNATVED, FyvyPa b@BREOYTIFYT
DLAYH5OFERa— R/ F— S EEOEMMBETH 3.
FARDEEENATVOFAL LTI, Filka—RPF—%
ZHRETAEACYIDS. YATLEHEZFvy v, SPM
BIUARMEEES ATV ORMELERL, EETE7YS
Vr—va B UCTHEYEATY « T—F 7 I F v ZHBE,
FEENEATY « T—FTF I/ F Yy HBREEhTWEIAS
n/atyy IP (Intellectual Property) %:&iR$%. FWT
2, V7 b THIRL G L TR T XL RNETE S
EIBRAEY « T—FFIF v ZRETS.

FREOBBIZLITOEY TH3. HE2BTRLIVYFv S A
TV OHEBRTXVF—HIRICEET 3 BEREIC OV TRNS.
BRIZATY) - T—FFI/FYIIEIETHHETS. F4E
TR AT EBREHOBRRICHT TORMET, BIBICES
BETHEHEZELDS.

2. BEWR

FUFvT e AT OPBTINF—HIEFERZChETIC
LHEBRENTEL. Frv kT3 FEL LTI, X
B7 72 RENEY 2 A TR UTEEET 7 X E2HIET 3
FibH 3 [6]~[8),[13]. HBLy FTCRLBEET 7 EATh
7=z 4 “MRU (Most Recently Used) 7z A" ZIMELTH
&, REZDELY MCT 7 ERTELEZET MRU VAl
DHT VAL, MRUY ATy h Lo ltBEIRRERD
DIz AT VRT3 ([6). £y M x [log, VA8 5D
BROATVEREL, FYy¥anT7EATBHICT KL
A5 MRU U x4 ZRFKT 5. SCHR[7], [8) TRE B, FHl
ENET2ALBNTEY - T RBI G R T B EE T
7eDIC MRU Yz A DX T OEEXTHREL TS, LhL, #
TOME THET 28BN H 570, ATVDORREIAELK
5. £TOty FOBERERETZ20TIREL, 77 ERDH
Lty b oty FOBROAETRTZT ETAEY
BRZHELTVS.

BRINEVFry Y2k CPU AT & L1 Fvv ¥ aOfic A
B 5FHLH0, Filter Cache [12], Block Buffering [4], [20],
S-cache [15], L-Cache[5] % EM&H 3. Filter Cache id5EiciR
NeFEORTRELEMAFETHD, Frv i 0RFHE
fILEXT, BENEY, ThbBET I ERICBELRIRIV
F—ANEWF Yy T2k CPU 7 & L1 F¥v ¥ 2 DMICHE
AT 37 THB([12]. Filter Cache i&7 7 A DRI
HENHVBEICHRP K E V. Block Buffering i&Fv+v ¥ a
ATV EALBICEEB LR vy o TaysDa—F/
TF—EBLUCEDTOY Y « T RLRAENY 77 EBFLTH
< [4],[20). RDTZEADTOy Y « 7 RLVANNY T 7IicR
FLTWw37ayy « TRLREELVWEE, BBLEVLa—
R/T—=2E3 77 RICFET B F vy ¥ 2 = EEILE
¥BBBEE. S-cache JFEKICETENZEATOY /D
I—FRERAONEEABVICERTEETFrYyVaDX
TR ENTBICE D EHBI XVF—RHIB L T3 [15].
HBICETENZER Ty 7 28 E T RURICERT 34
EHH D, S-cache & SPM LUz A€V THS. L-Cache i&
S-cache BN & LT BRAT Y B2 N—THOEAT O Y
B LETHETH S [5).

MREEHET 5 L T—EBiHRHAMTHIBEEPL, 7
R EECENIS 5 FEAB B [2), [0], 26]. ERENchaE
BT 372D X E Y PEBABEIC B, X [26] TUE, 7
075 LADETOMPEEMLTVS. TOFERT Y
T=vavRENSEMUIEDEFHLED TR LIETER.
Fiz, TadSLARARBICANEEREL TN TLES.
CORERZRRT 21D, EHTI2MEEEEICHTEN
BV DO OWMFICIBE LIRS [2) TREEhTV3.
BIRIE, SREICHITE NS 256 MOMAIZEMLUISER, 16
LSy MNCEMTES. 17— FE328y b LTHLE 448
OfSE—EICREBTE, AEVADT 7L AEREHIHKTE
5. XHR[9] TIF, HEBICETEINZEE L I-GRF1EEmENY

-26-



S LTW3. BEX70y A0S LIRadlE—DIic R
FTRTLTAERYANDT 7 L AR EHIETE 5.

Frv a2 TORBHULBICHBVLETHD, YV
A8 GEEE) 20a—F/F—2ELHRAMTLEND B
%, SPMICHART 72 RAKBBHRIXIVF—HNKEN. L
Mo, WEICT Ve AEh%a—R/5F—%% SPM ICEHE
T3 TIRIVF—REIBTE 3 (1), [10],[19], [23]). 3K (1]
i3, Jao—nNIVERERAZy IDTF—2ENHE LT SPM I
BBT2FEETHS. SPMICEET S RREOI—RELEF
ISR [23) T, B, BEATOv I BIUERENRE L
FHEI TR [10], [19] TREEATVS. XHR[10] TREBIE,
FyyaDarvIrVs bt - IARHIFET S0 FEER, &
ROBBENRAEMENT— K/ F—2ZF vy ¥ a UKUVEH
BAREL T3,

EEV 7 P27 DRBIKEL LD, $EROT Y
r—oavBREELTVAEREE Ao TER. VI
TDa—-FR/F—RBHEI-C LT, RRICEEINS
I— RRFERICBREN B TF—2OEMEZ UL, SPM OER
DHIBH LT SPM ICEETE Y, SPM ADI—F/F—
AEETOIXNF—HIEHRIENTLES. ZT T, &7
ENBZ AR BN THEEICKITENS O— FOFERICBREH
B3F—2EHLNULHEHTEE, AVFFAL - AL vFH
R4 LTBBIC SPM 24 —/3— L4 ¢ 388 SPM FHEES
BRI T3 (3], [11], [16), [18), [21], [22), [24], [25]. SPM &
SEBVWHENETF—2%FT7F v« ABEVICHEML, A—
N—=LAFBa—R/F—E2ELXTFvT - AEVDLEHEHH
TRENDS.

3. RIVFERRIICELEAEY 7—FTIF%

ATY THBINZLXVF—RHETEEDHIE, 7ot
R s TRVF—DNEVRABUAT VL RTELHEELL
Lizho T, BEETT 7eAEh3a— R/ F—42%2T7 7%
A e TRIVF—PPENAEBYZEBTHESN. LHL, V
7Y 2 T OBRBEOMAREREENET S r—va YO
oEnick b, BEETT 7 EAENBZI—F/ F—2%E2T
FRFICHRIF TR C LIXEL oz, ARVARDERTHS
HIZ TR 7B SPM BEITFHKIR, C ORERMRIRT 5T
D—DTH%. LHL, SPM DA —NR_—LADBICATFv
T e ARUANT V2R B, AEY « VAT LRETOMH
BIXVF—HIEEEX 588, A — 1 —LAOFEEICERET
BRENHB. AETR, ATRYDOIRINVF— - EFVERL,
BBOSRAINEITENZRATAEY « VAT LEEROHE
IXNVF—ZHBTEBAEY « T—F T/ F T+ ZRET 5.

3.1 IXIF—-EFIV

ALY - VAT LK TOEBIXNF—2HIET 370
i3, BRDAE)DIRNVF— « EFNEERTZIHENDS.
TTTR, Fvyvy¥a, SPMBIXUAT7Fv T« AEYDIR
WF— - EFIERT. TINVF— - EFNVTHAT BT A—
XELUTO&SICEHT 3. '

e FEop:Fvy¥a+V—FOTRXIF—

e Eow:Fyy¥a-I4 bOIXNVF—

e Esgr:SPM U—ROIRNF—

e Esw :SPM 54 FDIR)IVF—

e Eor:AT7Fv7S -+ A®Y - Y—ROTX)VF—

o Eow:A7Fv7+ XEY « A FOZXILF—

®  Nygy: Fyv¥aDEEE

® Eugr: &Y+ )V—ROIRF—

o Eugw': &Y« 54 KOIXNF—

® FEiuar:T—% * U—ROZXIVF—

¢ Eigtaw . T—& * FA FOTXNF—

® Rpissr:F¥y¥asV—F-IXH

® Rpmisaw . F¥y¥acIA4h XK

® Emissr: F¥y¥a-U—F s IRAOIXIVF— - F—
IN—wy R

® Enmisaw i F¥y¥a- SA b IRADZFRIVF— - A —
="y F .

¢ Epuo i ATF VT RADIIIVF—

e Epramr:DRAM U—FODIX)VF—

e Eppramw : DRAM 54 bDIRIVF—

Fyy¥adVU—R/F4F SPMOY—F/54F 7
FT RAEBEYDV—R/SA DT I ERABIOHDIRV
F—@ZZTOThR (), (2), (3), (4), (5) BXU (6) TRD3
TENTES.

Ecr = Nwau : (EtngR + EdataR) + Rmissk - Enissr (1)

Ecw = Nwa.y . EtagR + EtagW + EdataW

+Rmissw - Bmissw (2
Esr = Edatar (3
Esw = Edataw (4)
Eor = Epus + EprAMR (5)
Eow = Epus + EDrAMW (6)

8.2 AEY T—FTIF¥

BRTBZINVFERVICELIZAEY « T—FTIF+ TR,
FERIBBIhBa— R/ F—4% SPM Tlk&<, NEED
TNy b e TIVTTAT FoyvaREPEELEXE
VRT3, sBTR, CTOINV-Ev s TIITT4T
F¥w ¥ 2% Frequently Accessed Cache (FA-Cache) LFEXS.
FA-Cache i3 % A ZBIC I 781 VBT RE S Wil D a—
R/ F—2DHMRETEB ATV THS. £z, FA-Cache T
BRTR ISP YTENEZI—K/F—& T FA-Cache
DOFIFARFICISCT, L1 FyyPalcMFT5eNTELH
Bedo.

1ICRRTEIAEY  T—FTFI/F v DAEVEREE,
2 ICHH) SPM BEFETHAI NS XEVBERZRY. B

-27-



Off-Chip Memory

1 BRTBAEY - 7—FFI/FvDAEUHEE
Fig.1 A memory hierarchy for our memory architecture.

Off-Chip Memory

H2 @ SPM BEFRTHASNS AT UEE
Fig.2 A memory hierarchy for dynamic scratchpad management.
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3 FA-Cache D7—F5JF ¥
Fig.3 FA-Cache architecture.
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