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Abstract Energy consumption in the instruction cacheaccounts for a significant portion of the
total processor energy consumption. Therefore, reducing energy consumption in the instruction cache
is important in designing embedded processors. This paper proposes a method for reducing dynamic
energy consumption in the instruction cache by partitioning it to smaller (less energy-consuming)
sub-caches. When a request comes into the proposed cache, only one sub-cache is accessed by
utilizing the locality of applications. By contrast, the other sub—caches are not accessed, leading
todynamic energy reduction. In addition, the proposed cache reduces dynamic energy consumption by
eliminating the energy consumed in tag matching. We evaluated the energy efficiency by running cycle
accurate simulator, SimpleScalar, with power parameters obtained from CACTI. Simulation results

show that the proposed cache reduces dynamic energy consumption by 37%

traditional direct-mapped instruction cache.
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Functional Units 2 integer ALUs, 2 FP ALUs,

1 integer multiplier/divider, 1 FP multiplier/divider

Fetch, Decode,

) 2 instructions/cycle
Issue, Commit /ey

Branch Predictor Bimodal

Micro TLB fully-associative, 1 cycle latency

Main TLB 32 entry, fully—associative, 1 cycle latency, 30 cycle miss penalty
L1 i-cache 16KB and 32KB, 1-way to 8-way, 32 byte lines, 1 cycle latency

Sub-cache in the
partitioned cache

4KB (Page size), 1-way, 32 byte lines, 1 cycle latency

L1 d-cache 32KB, 4-way, 32 byte lines, 1 cycle latency, write-back
L2 cache 256KB unified, 4-way, 64 byte lines, 8 cycle latency, write-back
Memory 64 cycle latency
X 2 ¥4 mdo) 715 g o)
713 kil

Diconv) 71E FAHNA HElo] & (Fetch)dl 25FHE HaF AL
D(pic) Adshe B8 AN B3] Qe ARHE FF A
DL1-lookup Bl A4 Xmi?.“ﬂ £85E AelF (eycle) 7,

J1E AAY £ A4 EF 1 cycle® M

gEo] A4 v22 Q& £85% Ao)E ¢, ol FHoE ALE
DL1-miss Dii-miss = iL1 miss rates iL1 miss penalty,

iL1 miss penalty = L2 access latency (8 cycles) + L2 miss rates Memory access latency (64 cycles)

DOverhead-in-pic

BZ AN HE AN 9= ARz Q8 £29% A0|F F, ol FHLE ALE
Doverbead-in-pic = Sub-cache misprediction rates iL.1 access latency (1 cycle)
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BHEo] AAE Agste A2Hle ZEad F£3) A
o AFEA Z+ Axde] Zgad £3 AZRE ekl
th. 2T Ho|s upel o], 16KB =7 £
NAE AHESle Aadly 45 7189 AH AP A
HAE Ag3te Alzdd vlwste A4 8 =2y
o daiMe= Hi 9%, AF 8 ZEOYPY dEMe
B 6% H3}ELE ¥ 4 Ath 32KB =79 1" s
HE e Aade A5 8 Z2aYPdMs
T 4%, A5 $4 Z2addAe 3T 2% As A
3 A7 BQth

ARqHeg B W, Adde 28 AHE I+ &
| T2 g A 38 TaaddN gdEo
2 F2 A% Holi Ytk ol 23 AHE uie}
2o), A 8 Tz AFge] Ay 8 Tr
ol wja) B} &7 BEQ Ao Addnh E3, 7]
2 AHsH B N "Ho AT Az Zole A4A
o] AL UVl aie} 7AsiR gltke 3 adZ
g 53 & 5 Stk Y Zv)rt Sk HE 2
AR TFE £ dE HolXY FHAR AR $)7)
Z7VeHA Hoz, siHe wago] AdiEoE 3HAE]
g2 Aeg AAHEY o=, Adde £ AH
= A =27 S wet B 2g3Y ¢ US
Ao diadch

a3 73 3¥ 894 RHole A% uim Afes {1
A Hole B HY TS B3 ¥& AFolth B
9] AFME, AH T BAR] BE 13 HH
A A NS 1 AlEE 7HEsnh e Ag, A
A A BEFd HE A2 AHY 7R wE
th2A Jehdth ¥ 38 CACTIE B3 Qe 749
T BE 24 M AE HAETh B B
= g} 2o}, A9 ARl AXNA HE INge=s
Aol EHA F2 A Uk "ok BolAq o
el 28 Figel A2 AZEE “1 AND gate delay +
AR A HD APz AMSA “1 AND gate
delay”= PSC #A£E7} 71871 MAE A4E &4
3317) 43 Fas Ao = 0114 nsoln(AHARAL L)
ASIC STD130 DATABOOQK([14]), MB AH A A
7+& 0873 ns (CACTD o|dtf. ¥ 304 Hol= nis}
gol, At B AHE 71Ed JF AP A4
HME BE 283 AT NE AT 2 A
e Hade Al 7t oA, FAH el

® 34 A e =8 HE AR e

wHo] A4 AA 249

g1 Faes A3 AP Azko) AR wWio|d. of
o} e 23 HE A 2aE A4HY 2t F
Zvetel weh o ZA Jehdt 71E A9 Afde
A4 277 Frska AT Alzre] Fvlkshed wha) Al
tEteE BE A4E HD Azl AHe HAF A7t
old AH AL zZ7| H$H7) wFoltt aHRE,
ZZ2AM9 &5/} AR WAL AF =277 AXA
HE Absle B A4le AddeE Bo $2 AT
£ 2y Aoz 7iddch

5.2 LX] A2

F 4% CACTIZ %3 @& Z A4 74 & &
W HE A 2EE 54 dUAE Roln itk 71E
A A AAY ABAdo] S/ wet A &
w7 AR AL 4§ doh Ak B AdE
3 W ogE A FAF AP ASd HsiME A 4
quzrlg 2udthe AL ¢ 4 Utk A 2L F
3 gA4siEle A =712 ol "2 v AR
He quAS gr] WEelth w3 & Al 3
2= A A77F FUMEHA HE JA2GA LR
HE quAE AxE d1 s, Adete B8 Ade
A Ao Z7lo BAQS AFR 3hite] ME A4
oke Hosly] dEe] A AVt AAYEE & W
A A A22HE qURdE Jolrt VA &eve
FHE 7M.

SimpleScalar® E3§ 29| 43 Astd] CACTIY
Uz W4E giygstd 48 dquA 28 Any Hue
a8 99 2k o] 2 TolN Hele F duA &RE
ggo] AT ARHE 4 duRe FHE e
th 7+ o= AL J1EY B/F AV 13 B
Nl AR %o AFeet 2t FxY R &8
A7E Yehdo, 2 ZdlA, “L1 access”= 13 74
Had 258 54 JUAE vepdii, ‘L1 miss"= 1
2 A elxz s 319 wWd WEE HIeed
A58 JUAE Jebdd, ZHZA] Hole Hieh 2
o], 16KB 27|19l 2% AHAE 71&9 AF AV A
9} MiwEle A5 & TIAPGME HI 37%, A5
29 Z2addgME BT 2% FF duA LRE
A7tk RKB 2719 B AdE AS $& =2
g HF 57%, 45 & ZEIHdqMe Hd
60%9 57 oA 4£EE AL oz B
T ARE AAY 2V ARSE duiFez FL 9

E4AH PG e B 8 HD A &R oA Blw

Access Time (ns)|1-way|2-way|4-way|8-way| pic

Energy (n]) | 1-way | 2-way | 4-way | 8—way | pic

16KB 1129 | 1.312 | 1.316 | 1.383 | 0.987

16KB 0473 | 0634 | 0935 [ 1516 | 0.232

32KB 1.312 | 1455 | 1.437 | 1457 | 0.987

32KB 0621 | 0759 | 1.059 [ 1666 | 0.232
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