ISSN(Print): 2287-5891

OlHXl 2201 =2 OISRAUOIEIE ARALSIHAL 1
http://dx.doi.org/10.3745/KTCCS.2012.1.1.001

Energy-efficient Set-associative Cache Using Bi—-mode Way-selector

Sungjae Lee' - Jinku Kang'

- Juho Lee™

- Jiyong Youn™ - Inhwan Lee™

ABSTRACT

The way-lookup cache and the way-tracking cache are considered to be the most energy-efficient when used for level 1 and level 2

caches, respectively. This paper proposes an energy-efficient set-associative cache using the bi-mode way-selector that combines the way

selecting techniques of the way-tracking cache and the way-lookup cache. The simulation results using an Alpha 21264-based system

show that the bi-mode way-selecting L1 instruction cache consumes 27.57% of the energy consumed by the conventional set-associative

cache and that it is as energy-efficient as the way-lookup cache when used for L1 instruction cache. The bi-mode way-selecting L1 data

cache consumes 28.42% of the energy consumed by the conventional set-associative cache, which means that it is more energy - efficient

than the way-lookup cache by 15.54% when used for L1 data cache. The bi-mode way-selecting L2 cache consumes 15.41% of the energy

consumed by the conventional set-associative cache, which means that it is more energy - efficient than the way-tracking cache by

16.16% when used for unified L2 cache. These results show that the proposed cache can provide the best level of energy-efficiency

regardless of the cache level.
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Table 1. Average number of ways accessed per cache access
gdl gEol AMAId-4ll) gdl dlele AAI4-gll) gd2 A 8- o)
AFE (%) [z |dolsdd|olFdel| ATE (%) |dolFA|delssd|olsdol| AF5E (%) o545 ol ol
AA/WLB | WA MAL | AE-AHA AA/WLB | A A | AEAA| AA/WLB | A AA | AEAA
gzip 100.0/99.5 1.82 1.01 1.00 97.5/93.2 161 1.14 103 | 982/580 | 141 352 117
vpr 100.0/96.9 1.66 1.06 1.02 95.8/82.8 1.76 1.34 1.10 77.4/388 1.47 467 1.20
gce 97.6/94.9 1.60 1.10 1.01 98.2/90.1 1.79 1.20 1.07 98.2/57.4 1.93 3.56 1.38
mcf 99.9/94.6 1.21 1.11 1.02 99.9/95.0 1.78 1.10 1.04 76.2/69.8 1.48 281 0.96
parser 100.0/99.2 1.52 1.02 1.00 98.4/92.0 1.73 1.16 1.05 77.1/465 1.30 4.21 1.08
gap 99.5/97.0 1.3 1.06 1.02 96.0/92.1 155 1.16 102 | 60.7/533 | 125 3.80 1.07
vortex 98.0/94.5 1.9 111 1.04 97.9/885 1.66 1.23 106 | 986/487 | 1.74 408 137
bzip2 100.0/98.4 1.01 1.03 1.00 96.6/90.6 1.80 1.19 1.05 78.9/43.6 1.54 4.38 1.20
twolf 99.5/94.2 1.50 112 1.02 99.9/94.4 1.67 1.11 1.03 99.0/82.9 141 2.03 1.06
ammp 100.0/97.7 1.00 1.05 1.00 89.4/81.2 1.46 1.38 1.02 50.0/50.0 1.18 4.00 091
art 100.0/100.0 1.00 1.00 1.00 64.7/59.1 1.2 1.82 0.92 16.9/16.4 0.84 6.02 0.78
equake 99.7/95.3 1.58 1.09 1.03 99.9/91.2 1.67 118 106 | 91.3/899 | 155 161 0.96
galgel 100.0/99.8 1.25 1.00 1.00 92.3/82.5 1.66 1.35 1.07 91.5/44.1 1.57 4.36 1.29
mesa 99.8/96.5 1.29 1.07 1.01 100.0/91.0 1.60 1.18 1.05 99.1/98.9 1.34 1.06 0.99
mgrid 100.0/99.0 1.60 1.02 1.00 94.8/61.4 1.40 1.77 1.08 47.1/29.0 1.07 5.26 0.88
et s 100.0/99.5 1.42 1.06 1.01 97.5/93.2 1.62 1.29 1.04 98.2/58.0 141 3.69 1.09
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Table 2. Access latency and hardware overhead

gd] A)A]

g2 A

HZAAAZE (ns)

QW= (%)

&g o
W= (%)

st=9] o)

A AAIZE (ns)

AR AT A 1.46 5.01
Al S AAMA 1.69 1.03 543 0.45
Aol A A Al 1.70 0.75 5.55 1.52
o] Z ol d e 7hAl 1.70 179 5.55 1.96

Table 2= URFAQl AT/AMEANAIL el FNAl, ol
FAMA Z olFdlo] e ] HIA DA dubH
ABAPEAA Ol du|EE st=glo] eWF=E HojFErh |
A HEAAA TR tiste] A rm Ak A FAEI A9

Bl g dold He wWEHE 3w oju g1 A
A A o] ElolE] H A AAZ] H]E] Aoz 7|
wl &, Table 29] Ak AJAPIAA L HITAAAHE ]
ole] HIAAA T s AR} dolEdsMAlE WLB
gk o AAl A9 dlolZe] dlolE o] Uof
W) wiel] A HIEAAAZRe] Eojuhn, Table 2914
AN AFAPGAAI 9L SlolFAAMAIS] FEAAAIES] Aol
WLBE d37] 93 A1z yeinh opiinixz o
AT o el F=AAMA ek HEA AAZEe] 2o
dolFAAMA A WTTel H+3h7] A8 A|7kE Ve
npA o 2 o] F g o] A A= WLBSF WITE ¥
2 sk, AA WLBe A AA I WTTS A+
AAzEe] FALEE7] wiTell, olF el dEaiale] HEAA
He Sl EAAMAI el FAAMAI L] HIAAAE A
2,
T8 Table 2= A9t ABAAIANAIY stEdlo] WA
giulste] zb Al FRAA AMEShE doldE el o)
F71E e =] oW =S HolFEy oF B9, Jol=
A = dRE AFAPEAA A WLBE F7H 02 ALE
st7] wiol, delEAMAE T3] feAE gk
AR E T EE Z2d stedle] WA 1.0103
w7k Bastty WA glol Al WLBE 7iAle] 7
e Zhell tigk MRR 9ol AKX 2 B HEws 7|5
nE, WLBS A7 7iAe Aol ARSTE iAo
2 Zopxlrh, wEhA Table 204 HEo] glo] %A <
A st=go]l oW EE 4-9o] A #E 17HA A
© 1.03%0] A%k 8-9o] 7HAIQl @ 27§ Aol A= 0.45% =
A L AL wlE) o whe g Zhagtth ¢ o] A A Al <]
A, el WITE e EA8ts BE E5d fjg
Valid HE9] HFozH 1 A7} A A7lel wls)
2w, AA el ANAE AN AR FU3 A5
WTTE ARz, do]FH Aol A e dA st=do] 9

il
fo,
(o3

o > g oo

HIl=E d@do] AZASFE Aoz el uaha
Table 2914 HZo] fo]FA Ao % A st=9of
QW =T} 4-910] A G 1A I E 0.75%0] A T,
g-glo] AAIQ Ml 274N S A= 152% = A gl ARl
nle oF 2w Zr}sich wpxwto . o)Fglol e A el B}
=90 owleE gFor ¢olZdMAet glo]F2
Al Ztzboll A s = e =e] o] "l A o] F 4
ol ME A ¢ FlEgo] SHFEE oF 2% AER o AL
o] oW EE AA o]Fdo]MEAAle] &l AoiA Al
e AgekA] G Aoz waHch

FAMA= AR AANAM T SFE YA 2ES Al
T =M delEdAAe delFAAAe] 9
ol dE IS A AREStel F 7IWel s Astem
A, B e AAeM MY w2 e oduA EdEe
AT3te olFdolAEMNAIE At Ak o]F 9o

AEFfAle] oA &4 SPEC CPUZK olZg7Ao]4a&
£3le] AlEeol S T Hrbskh

Alpha 21264 Z2A|M L] & o] &3 Algg ol Al
27 ol dojAdAE gl oA oA
&S wol7] % B5¥E v)es AMEEA g2 dnbEl
TARGA AL HlE] 2757%2] AUAE 2nHlEte], o=
ANt 2 FF9 dux a&S AT 2 o]
FdlolAuAAl = wdl dloly FfAlolA LWt AwA}
Aol wlel 2842%9] olUAE 2HEH, o=

Aol mlal] o U] A7} 1554% 7HA4dE Ao|th wEk o
Zool e A= dW2 Aol DAl A BALYA A ol
H3l 1541%9] oAUAE AHshH, o= 9
& AR Aau7F 1616% AT Aolt) o
ol glol e 7} A Q] o] FaASA I =
9 YA &S ATIgeE AL i
7} dojA = ol f= olF ol AAAAZF o] FA A A2

N1 (R bt B

=
>
o
B =

o,



olEAAMAIe] Aol IMES S ARgShEA,
ZAAZE AN EEE 23T W Hosks dole) s
Hagtehs WFoz THy] fEoln AEHlR 4
o el xﬂ%f& olF Aol dEAATY v AN EE 87
of dial A dlole] WitHel Mg Al FEeAA,
741 o 1E17H Al gl 2 AN 2zt
LOOANRA, B2 A ddel A o] dAel 4]
8 A melth vpve R ol Fslolad
AR SHCA golFAAA R o] 54
& Holu, ool THE f]
= A Sl 3ol AL} 5

o (K

T

O:

1.0170, 1.047,
loﬂ }\]—D]—

I;

Y
=

Ae A
A

o]

o,

L
L

il
it

5o >,
ofr

o)
T
b
g

Ho
re

# o

[1] D. A. Patterson, John L. Hennessy, Computer architecture: a
quantitative approach, 3rd Ed., Morgan Kaufmann Publishers
Inc., San Francisco, CA, USA, 2002.

[2] D. Brooks, V. Tiwari, M. Martonosi, “Wattch: a framework
for architectural-level power analysis and optimizations,”
Proc. of ISCA, Vancouver, British Columbia, Canada,
pp.83-94, 2000.

[3] J. Montanaro, etal, “A 160 MHz, 32b 0.5W CMOS RISC
microprocessor,” IEEE Journal of Solid-State Circuits, Vol.31,
No.11, pp.1703-1714, November, 1996.

[4] K. Inoue, T. Ishihara, K. Murakami, “Way-predicting
set—associative cache for high performance and low energy
consumption,” Proc. of ISLPED, San Diego, CA, USA,
pp.273-275, 1999.

[5] A. Hasegawa, I. Kawasakai, K. Yamada, S. Yoshioka, S.
Kawasaki, P. Biswas, “SH3: high code density, low power,”
Proc. of MICRO, Ann Arbor, Michigan, USA, pp.11-19, 1999.

[6] D. Nicolaescu, A. Veidenbaum, A. Nicolau, “Reducing power
consumption for high-associativity data caches in embedded
processors,” Proc. of DATE, Munich, Germany, pp.1064-1068,
2003.

[7] S. Lee, J. Kang, I. Lee, “Way-lookup buffer for low-power
set-associative cache,” IEICE Electronics Express, Vol.8,
No.23, pp.1961-1966, December, 2011.

[8] J. Kang, S. Lee, L. Lee, “Way-tracking set-associative caches,”
IEE Electronics Letters, Vol.46, No.22, pp.1497-1499, October,
2010.

[9] D. Burger, T. Austin, “The simplescalar tool set version 2.0,
Technical Report 1342, University of Wisconsin, Madison,
June, 1997.

[10] SPEC 2000 Benchmark. http://www.spec.org.

[11] N. Muralimanohar, R. Balasubramonian, and N. P. Jouppi,

“CACTI 6.0: A tool to model large caches,” Technical Report,
HPL-2009-85, HP Laboratories, April, 2009.

ORI 2201 =2 OISAONKIE ARALLTHAl 9

o o =y
e-mail : sjlee@csl.hanyang.ac.kr
2003 FFrhshar A7) 5 ok (344

20083 sHeFu st AR FE B FE )
(344
2008 ~& A sroruietn A EE

233
e-mail : jinkukang @hanyang.ac.kr
20061 A AT}

20074 FeFeisk A7 7 E 4 3 o)
(Z8H4Ah)

W2d~3 A BFYSL AAAFY
LR S ENEE

BAITOR AT op7|9A, HEZRAN, AW A2F 5

of & &
e-mail : racin@hanyang.ac.kr
20119 FFRS AAEADFE TR

(&b

z X
e-mail : gojilyong @gmail.com
2012 FFojeta 7 FE (A
0129 ~d A FSddsta AAHFE
AT A4}

Tl ok 22 o, HFE u& F

of el =
e-mail : ihlee@hanyang.ac.kr
1979 A-&digta H7] &8t (3HAH
19861 M&hetal d7]e g4 A
19943 University of Illinois at Urbana-
Champaign(¥HA}H)

1997d~3 A st

e e wg

PAa ok 7 FFE o}7] €l A, Fault-tolerant computing 5

KIPS Tran Comp Comm Sys



10 SEMeFal=2X/87EH 2 S8 AL Mi1E H1=(2012. 10)

AUA Fgol E2 ofTHolA=Y A3
=+t x| 2% .0 o 3"

ol M AL AT 0 F

£ e AL AN A 58 5

dolFA A o] e ATste], RE Hde] 7 H/\MW 7
ZaAA e o E o] &3 AlBuolA 75_401] mhER, oFelold
£ 2Hlste], dolEdAAet 2E FE OﬂLiA] &S AT E} a8 o F el e =
Al Bl el | A 2:4]7F 1554% 43 Zlo|t). B
glolFAAA el vl A &H]7F 16.16%

Az &S A
) ‘z‘% 79 A Z&S AT o)F
AAE duL FHAANANA Al

ol Wlal 2842%9] UAE LHlstn, ofi= fo]=4
Al kARl AP Hlsf 1541%9] A E Anlshe, o=

7|HE : HBALAINAL, OIHXIZE, OISHOIMETHAI

Fote dolSAAAIe dE2 AAA TP e oA 58S AlFehs

c]/qbﬂ;ﬂ}\]
1 AP AL b8l 27.57%2] oy
wl elole] AN AR ABAAN
g o] dlo] B A= 2 Al
&g Aol

A kgt Alpha 21264




