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Abstract

Leakage energy reduction for caches has been the target
of many recent research efforts. In this work, we propose a
novel compiler directed approach to reduce the data cache
leakage energy by exploiting the program behavior. The
proposed approach is based on the observation that only a
small portion of data are active at runtime and the program
spends a lot of execution time in loops, so a large portion
of data cache lines, which are not accessed by the loops,
can be placed into leakage control mode to reduce leakage
energy consumption. The experimental results show that
the proposal approach is comparable to the pure hardware
based approach in reducing data cache leakage energy.

1. Introduction

Cache leakage energy reduction has been the target of
many recent research efforts. While most studies focus on
reducing cache leakage energy by using circuit or architec-
tural techniques [3, 4, 1, 5], a compiler-directed leakage en-
ergy optimization strategy is proposed for instruction cache
[2]. For the data cache, Zhang [9] et al. recently present
code restructuring techniques for array-based and pointer-
intensive applications to reduce leakage energy. While this
approach can reduce the data cache energy consumption
significantly, it may increase the code size and thus impact
performance by inserting activate/deactivate instructions at
the cache line granularity. In contrast, in this paper, we pro-
pose a compiler-directed data cache leakage optimization
strategy at the loop granularity (also called loop-aware ap-
proach in this paper).

The proposed approach is based on the observation that
only a small portion of data are active at runtime and the
program spends a lot of execution time in loops, so a large
portion of data cache lines, which are not accessed by the
loops, can be placed into leakage control mode to reduce
leakage energy consumption. In this work, we propose an
optimistic approach to place the cache lines into low leak-
age mode during the execution of innermost loops.

The rest of the paper is organized as follows. Section 2

presents the compiler-directed data cache leakage optimiza-
tion strategy. Section 3 shows the experimental results. Fi-
nally, we draw our conclusions in section 4.

2. Compiler-Directed Data Cache Leakage Re-
duction

It is well known that in general, a program spends a large
percentage of time executing only a small portion of the pro-
gram, i.e, loops, which have been the targets of traditional
performance-oriented optimizations. If the size of the data
accessed by the loop is less than the size of the data cache,
the rest of the cache lines can be placed into low leakage
mode during the loop execution. And since loops are likely
to take a long period of time to execute, this strategy can
result in significant leakage energy savings.

While theoretically, the compiler can choose arbitrary re-
gions of code and apply the proposed strategy to reduce the
data cache leakage energy, the exploration of the large de-
sign space is beyond this paper. In this work, the proposed
strategy works on the innermost loop granularity to reduce
leakage energy, since the innermost loop provides a good
tradeoff between large execution time and small data foot-
print. We assume the support of turn_on/turn_off in-
structions to manage the leakage mode of L1 data cache.
Thus the compiler’s job is to insert an turn_on instruction
before an innermost loop and an turn_of £ instruction af-
ter an innermost loop. We also implement an optimization
phase to remove redundant turn_on/turn_off instruc-
tions for adjacent loop regions. To reduce the performance
penalty of activating each data cache line that is accessed
by the streamlining code, we employ the just-in-time acti-
vation technique proposed in [10]. For loops that access a
large set of data (close to or larger than the size of the data
cache), we propose to use loop transformations (i.e., loop
tiling and loop distribution) to reduce the data footprints of
innermost loops before applying the proposed approach.

3. Experiment

We employ the state-preserving leakage control mech-
anism introduced in [1]. The proposed compiler-directed
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Figure 1. Percentage of leakage energy sav-
ings

strategy is implemented in trimaran 2.0 [6]. The VLIW
configuration used in our experiments has four [ALUs (inte-
ger ALUs), two FPALUs (floating-point ALUs), one LD/ST
(load/store) unit and one branch unit. The energy numbers
are the same as those in [2]. To ensure diversity, we use a
suite of six benchmarks from SPEC INT 95 [7] (129.com-
press, 130.1i) and Mediabench [8] (cordic, g721decode,
g721encode and idea).

3.1. Energy and Performance Results

Figure 1 shows the percentage of leakage energy savings
for the loop-aware approach and the pure hardware based
approach, which uses a 2-bit saturating counter to manage
the leakage of each cache line [4]. Except 129.compress,
we find that the proposed strategy leads to more leakage
energy reduction. In average, the loop-aware approach can
save 6.4% more leakage energy of L1 data cache than the
pure hardware based approach.

The energy delay product results of the loop-aware ap-
proach are presented in figure 2. To compare our ap-
proach with the pure hardware based approach, the results
are normalized with the energy delay product of pure hard-
ware based approach. We find that except 129.compress,
the loop-aware approach has a better energy delay product
than the pure hardware based approach (the less the bet-
ter). These results show that the loop-aware approach is
very competitive in terms of energy and energy delay prod-
uct, compared to the pure hardware based approach.

4. Conclusions

In this paper, we propose a novel compiler directed ap-
proach to reduce the data cache leakage energy. Our strat-
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Figure 2. Normalized energy delay product for
loop-aware approach.

egy is based on the observation that if program hotspots
only access a limited number of data, the rest of the “cold”
cache lines can be placed into low leakage mode during
loop execution. The experimental results show that the loop
aware approach is comparable to the recently proposed pure
hardware based approach in reducing data cache leakage
energy.
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