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Abstract : Almost all microprocessor chips employ on-chip caches, because confining memory accesses in on-
chip reduces the latency for memory accesses and the frequency of driving high capacitance I/O pads. The trend
increases the cache capacity to confine more memory accesses in on-chip for achieving high performance and low
power consumption. However, this trend also increases the energy consumed for cache accesses. In this paper, we
propose a novel architecture for low-power direct-mapped instruction caches, called history-based tag-comparison
cache. The cache attemps to reduce the count of tag comparison required for program execution, thereby saving
the energy. Program-execution history recorded in a BTB (Branch Target Buffer) is used for the tag-comparison
omittion. In our evaluation, it is observed that more than 90 % and 80 % of tag-comparison count are reduced for
floating-point programs and some integer programs, respectively.
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% 1: Normalized Tag-Comparison Counts

Benchmark ‘ C-TCTIL-TCT H-TC [ H-TC HIL
e R e | e
099.g0 1.000 T 0.3203 ] 0.7604 | 0.4027 | 0.2378
124 m88ksim | 1.000 | 0.3302 | 0.4217 | 0.1858 | 0.1361
129.compress 1.00010.3528 7 0.1751 | 0.1718 | 0.0706
126.gcc 1.000 [0.3343 1 0.6810 | 0.2812 [ 0.2278
1300 1.000 | 0.3515 [ 0.4500 | 0.1811 | 0.1684
132.ijpeg 1.000 770.2992 [0.1062 | 0.0560 | 0.0311
134 perl 1.000 ]70.3436 | 0.6643 | 0.1361 | 0.2249
T47 vortex 1.0007 1 0.3213 1 0.8838 | 0.27T4T | 0.2837
102 swim 1.000 | 0.2957 [ 0.0623 [ 0.0622 | 0.0278
107 mgrid 1.000 | 0.2600 [ 0.0008 | 0.0002 | 0.0002
110.applu 1.000 170.2657 1 0.0252 | 0.0248 | 0.0070
125 turb3d 1.000 | 0.2813 | 0.0849 | 0.0727 | 0.0266
14T apsi 1.000 [70.2801T 10.1050 | 0.0476 | 0.0307

e H-TC ideal : N—F 7 = 7Hl% ZEL 2\ 148
BiRexA b - R=2 -y 7HEHFR. H-TC LD
EWIE, NX—T s ]‘ﬁs’%#“\’??l(#‘\’?“/; .
IARBELLEV), ZHN, TVT VYT T4
7 BTB(BTB KB AHAIANREL V) %
BETHHETH5.

e HIL-TC (History-based InterLine Tag-Comparison)
AT =4y - ¥ FHREBEHR (IL-TC) L & X
M- R=Z - 57 HEFK (H-TC) i abe.
TCO 757 0THY, Do, A1 v¥—=51> -
TOU—DFHIIDORY T HEEITS .

%8B, B-TCideal DF ¥ v ¥ o - 44 X% 5 U5 BTB
BEELRE, ETOFMTF VBN, &4F vy
Va2 HARIE 2K NA L, FTAH AL X1E 32 54 1,
PEGEHEFRBEE 2 v b - H Y%, BPTZY MY
¥t 2048, BTB x> M UHud 2048(t v F 512 D 4
7 r4), RASYV A XE8 LIRET 5.

5.2 RKEBHER

Yial—varERERUIRYT. 70554108
W, ETOHRIZERF K (C-TC) DERICESRLL
Twb, ¥, A9 =74r - 5 7HBFR (IL-TC)
EEANY - N=R - F FHEBHR (H-TC) %l d 5.
—fRIZ, TRTTADOREFIEA 7)) A FVEFTT
Hb. FD1D, Ar¥—=54v - BRI, &
THRTUT T IIBNTF I IBREZE 65~T70%HR L
Twh, ThICHL, BEARY) - N—2 - ¥ 7 HEHR
&, 7057 APET 5HEEL T OV — 7HEE) £
BTh0, FOESVIC Lo THRIIHELTHD. fl
2, ETOBR/MUETOS T LI TiE 90~99%,
129.compress R 132.4peg DEHT T T T AIBWTIZ
80~90% D ¥ JIEEBMEIHEER L. ThonTo
7T 5%, RBHEEONV—-THEE*BEL TWEHE
FERBH. INICKL, 147.vorter R 099.g0 &\ o T2 EE
TUT 5 ATIE, $10~25%RED ¥ 7 e mEEIRE
ThHoi:.

KT, N=F o7z THHETERLZEAMN) - X=X -
¥ S RBHROBEBET IV (H-TCideal) &, HEMHETF
Vv (H-TC) Z k¥ 5. AL 7 X942, HEMET N
TREOLDOER IO T Mt LT, KEREIBTR
ERAZEFTERDP o Ll WS, BEEFLT
RBINOERTOS T AIHLTORES Y 7 BRI
HIRBLERL TWh., BIZIE, 147 vortex D ¥ 7 HBR
HIRERIE, HEETVHFH12%TH A 0I5, HEE

FITIZH80% ThbH. TOHRELED, LAY - N—
A - T HBAEROHRIE, G46F vy a2 BLUBTB
DN—F 7 2 THIFN L DEBNEREVEFEL D,
B®&IZ, WERFR (C-TC) L #HebeHFR (HIL-TC)
THBTA. @ TORMNEAET O S MIBWT, #
ALEFRTIIH TR LD ¥ 7 B EBHIR 2 R L
7o Fi, BETOSS AMIELTY, ¥ 7 EEEEIR
FIIRETH 9T%(132.15peg), BAKTHI 72% (147 vortex)
Thotz. TDEIH, AvF—F4y - § 7 hEHR
EERMY - R=R - FSHBFROEAELEIILD,
BOTKEL Y 7 WBREIHHIRS R B LD TES

6 BhHi)Z

AT, ¥4V 27 b - Tv7HEF vy Lo BIENY
BIEFHELELT, LANY - R—=Z - ¥ RS
REL. KERTH, ETBECESE, 72722
REEVX vy Y aNCHET A0 G2 TFOHET S,
IhIZED, SUMBOETEERL, ¥ 2T -7
TEARLWI Y T HBICBITAEE LAV E— % HIR
TE5,

BENYF -0 5BOTERVITo R, ks
FHBERERBLC, £ETORMINEET YT LT
#190~99%, 2 0DERT TS T AT SORULD Y &
HERBERAER L. T2, BEBRRSNAY
Y—FA4y - FTREBFREOBEDLEIZLY, &6k
%Y T HBEBOBIEATRETCH LI L BRI, 5%
NRATG A BERERB L5307V 3alb—s
VIZEDE, LVHEMLFMEITO)FETHS.

i E

BED» SHWEREL, MKE KERY R 7 L8R
FAfRRE REEARIE, BHERRE B, PPRAM
IV —THEERERM, HOUN, EE0HEKICRHL
Y. B, AR, CHEHEFEE M
BEERZE (A)(2) BBARIZ [ A5 A LSII X 5 X % HALHT
BEIP2T7OT7 —X%7 75+ B LU R ZBHMOMR
(FREFE5 1 12358002), BRRE [ 2 /0y vy 7 BHRK
B E TS RPBEERAB O AT L - 772 F ¢
DRFFFAZ] (BREES 1 09358005), % 5UNC, —iREF
RIRAF—FTN - YAFLLSIT —FF 7 F % DikEt
FHEICHET HH%] RREES | 11308011) 12 £ 5.
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