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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 2842% 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

o HAZALRSTHAL 7

g1 FHo] AN -9l #a1 dlolg A 4-slo)) @2 7)) (8- )
AFE (%) |AolFA|dolEd o5l AFE (%) |4 |l 15l AFE (%) |do1F4 |5 |0l F 4ol
7§ A1/WLB A A] AL | AEAA AA/WLB | AHA] A e A AHA/WLB | A AL | A
gzip 100.0/99.5 1.82 1.01 1.00 97.5/93.2 1.61 1.14 1.03 98.2/58.0 141 3.52 117
vpr 1000969 | 166 | 106 | 102 | %8828 | 176 | 134 | 110 | 774/388 | 147 | 467 | 120
gee 97.6/94.9 160 | 110 | 101 | 98201 | 179 | 120 | 107 | 982/574 | 193 | 35 | 138
mef 99.9/94.6 120 | 111 | 102 | 999/050 | 178 | 110 | 104 | 762/698 | 148 | 281 | 096
parser | 1000/992 | 152 | 102 | 100 | 984/920 | 173 | 116 | 105 | 77.1/465 | 130 | 421 | 108
gap 99.5/97.0 1.35 1.06 1.02 96.0/92.1 155 1.16 1.02 60.7/53.3 1.25 3.80 1.07
vortex 98.0/94.5 1.9 111 1.04 97.9/885 1.66 1.23 1.06 98.6/48.7 1.74 4.08 1.37
bzip2 100.0/984 | 101 | 103 | 100 | 966/906 | 180 | 119 | 105 | 789436 | 154 | 438 | 120
twolf 99.5/94.2 150 | 112 | 102 | 999/44 | 167 | 111 | 103 | 990/&29 | 141 | 203 | 106
ammp | 1000/977 | 100 | 105 | 100 | 894812 | 146 | 138 | 102 | 500/500 | 118 | 400 | 091
art 100.0/1000 | 100 | 100 | 100 | 647/59.1 12 182 | 092 | 169164 | 084 | 602 | 078
equake 99.7/9.3 158 1.09 1.03 99.9/91.2 1.67 1.18 1.06 91.3/89.9 1.55 1.61 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 99.8/96.5 129 | 107 | 101 | 1000010 | 160 | 118 | 105 | 99.1/989 | 134 | 106 | 099
mgrid 1000/990 | 160 | 102 | 100 | 948614 | 140 | 177 | 108 | 471/290 | 107 | 526 | 083
o 1000/995 | 142 | 106 | 101 | 975032 | 162 | 129 | 104 | 982/80 | 141 | 369 | 109
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Table 2. Access latency and hardware overhead

Zl AA

g2 A
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oHEH = (%)

=g of =9 o]

W= (%)

A AAIZE (ns)

AR ABARG A 1.46 5.01
Aol FAAMA 1.69 1.03 543 0.45
Aol A A Al 1.70 0.75 5.55 1.52
o] Z o] d el 7hAl 1.70 179 5.55 1.96
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