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Extended Abstract

Modern high-performance cache implementations use subarrays to reduce the capacitive load on the bit-
lines and achieve faster access time [6]. To overlap bitline precharging time with address decoding and
wordline assertion, caches typically precharge al subarrays simultaneously prior to a cache access.
Though only a small number of subarrays are accessed on a cache access, precharging all subarrays leads
high energy consumption in modern and future high-performance deep-sub micron caches, because current
CMOS scaling trends significantly increase the |eakage from bitlines as process generation evolves [2, 3].

To precharge only the required subarrays (and reduce precharging activity and energy), delayed pre-
charging technique was proposed, which uses part of address information to identify the subarray to be
touched. [4, 5] Therefore delayed precharging ensures to precharge only as many subarrays as the set-asso-
ciativity of the cache. However, the technique directly affects the cache access time by placing the pre-
charge time on the cache access critical path. Our simulations on SPEC2000 and Olden benchmarks show
that the performance impact of delayed precharging is over 10% for both level-1 instruction and data
caches.

Recently, resizable caches have also been proposed. [1, 7, 8] Resizable caches identify the cache size
requirements during or prior to the application execution and provide only the required cache size for each
program phase or for the whole program execution. The unused cache portion is not precharged to save
energy. However, to avoid block aliasing and maintain the correctness, data in the disabled subarrays are
destructive and dirty data are written back to lower level caches on every cache resizing. This process
increases cache misses and incurs performance impact. Also, resizable caches' resizing granularity is
coarser than subarray size, resulting in sub-optimal offerings of cache sizes. [8]

In this research, instead, we propose gated precharging technique, which exploits cache accesses tem-
poral locality on cache subarrays to identify the subarrays that are most likely to be touched in near future.
Our simulation results with SPEC2000 and Olden benchmarks show high temporal locality on cache sub-
arrays for both data and instruction caches; 95% of level-1 data cache hits occur in the subarrays touched
during the last 100 cycles, and instruction cache accesses are even more localized, so that we experienced
99% of level-1 instruction cache hits occurring in the subarrays touched during the last 100 cycles.

Asatemporal locality measure, gated precharging associates a simple cycle-counter with each subarray.
The counter is used to measure how many cycles it takes since the last touch on the subarray. Every access
on a subarray resets the corresponding counter. When the counter value passes a certain threshold value,
the subarray is not precharged until the next cache access on itself. We call the subarray in this statusto be



disabled. As opposed to disabled subarrays, the subarrays that are touched recently and precharged on
cache access are called enabled.

Cache hits on disabled subarrays are delayed by one extra cycle to precharge the subarray and enable the
subarrays. With high temporal locality of the subarrays, the cache hits are more likely to occur on the
enabled subarrays, and disabled subarrays stay long in the disabled status. Therefore, the precharging activ-
ity of caches is effectively reduced with minial performance impact. In an 8-way out-of-order superscalar
processor, simulation results on SPEC2000 and Olden benchmarks show that, within 2% of performance
impact, gated precharging reduces 85% of the precharging activity of 32K direct-mapped level-1 data
cache on average. For 32K direct-mapped instruction cache, more than 90% of the precharging activity is
removed with only 2% of performance impact; only slightly more than one subarrays are enabled on aver-
age. Instruction cache shows better reduction because instruction footprints are typically more stable and
exhibit higher temporal locality than data accesses patterns.
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