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A Preactivating Mechanism for Suppressing the Performance
Degradation in a VI-CMOS Cache Using Address Prediction

RyoTArRO KoBAYASHI,# Ryo FuJiOKA,"® HIDEKI ANDO?
and TOSHIO SHIMADA

As the supply voltage of CMOS circuits goes low, the leakage current, which has been
negligibly small, rapidly increases. This paper proposes a mechanism that suppresses perfor-
mance degradation when the dynamic leakage cut-off (DLC) scheme, which controls power
consumption by the set, is adopted to a VT-CMOS cache. Although the DLC significantly
reduces leakage current, it causes a long delay to activate circuits in the selected set, leading
performance degradation. Our mechanism predicts a reference set with address prediction and
activates the set in advance. As a result, the delay is hidden and performance degradation
is alleviated. Our results show that, in a 2-way, 32 KB cache, our mechanism can suppress
performance loss to 8.9% and 1.1% on average for SPECint2000 benchmark and SPECfp2000
benchmark, respectively, while the conventional DLC cache degrades performance by 17.2%
and 5.8%, respectively. The results also show that our mechanism slightly increases the leak-
age power over the DLC cache, but can still reduce the static power to approximately 1% of
that of the usual non-DLC cache. While the dynamic power of our mechanism increases the
total power, our mechanism can reduce the total power to approximately 23.7% and 6.9% of
the usual non-DLC cache in 70nm and 35 nm process technology, respectively.
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Fig.3 Structure of a set in our proposed mechanism.
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Table 2 Parameters for each process (Transistor).
Process Gate pwell-n™ pwell-nwell Transistor
Supply
(nm) Cap. Cap. Cap. Res.
((F/pm) | (fF/um?)  ((Ffum) | (F/um?)  (F/pm) | (KQ-pum) V"(I;jge
cell pass Area Line Area Line Nch  Pch
70 1.56  1.16 1.56 0.27 2.57 0.10 1.4 3.3 0.7
50 1.56  1.16 2.19 0.27 3.60 0.10 0.8 2.0 0.6
35 1.56 1.16 3.13 0.27 5.14 0.10 0.5 1.2 0.5
03 O0OoOooooooooboooooo 04 0OD0O0O0OOOOOOOOO
Table 3 Parameters for each process (Wire). Table 4 Benchmark programs.
Process Width Res. Cap. goooo oo goooo
(nm) (nm) (mQ/um) | (fF/pum) bzip2 input.source 2 1645M
70 120 500 0.278 gce ccep.i 1586 M
50 80 1020 0.294 gzip input.log 2 1010M
35 60 1760 0.300 SPEC mcf inp.in 173M
int2000 parser test.in 224M
perlbmk scrabbl.in 218M
1.0 T vortex lendian.raw 810M
vpr place.in 709M
s -\ ammp ammp.in 3923M
applu applu.in 535M
_ \-\ apsi apsi.in 812M
c DLC
0 06 SPEC art c756hel.in 1721M
.E \- fp2000 equake inp.in 679M
a mesa mesa.in 307M
g o4 mgrid mgrid.in 577TM
< X\w_mc swim swim.in 891M
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Fig.4 Access time.
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Table 5 Processor configurations.
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Table 6 IPC of the base model.
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Fig.6 Performance degradation from the base model.
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Fig.7 Static power to the base model.
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Table 7 Threshold voltage, subthreshold slope and
leakage current for each process (25°C).

Process Vin S Tcak
(nm) (V) (mV/decade) | (pA/pm)
70 0.16 80 1
50 0.13 80 3
35 0.11 75 7
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Table 8 Average number of operations per cycle for each circuit.

Number of Operations per Cycle
Model Preactivating Mechanism
Cache Address Predictor Well Address
Decoder Driver Field
base 2.96 - - - -
reactivating
?Smde predfetor) 2.92 4.16 3.68 2.40 2.92
?ﬁ;%‘;“:i"itr’c“(icmr) 2.92 1.16 3.69 2.48 2.92
simple (1000) 2.95 - - - -
simple (2000) 2.95 - - - -
simple (4000) 2.96 - - - -
09 0000 1000000000000000
Table 9 Dynamic energy per operation for each circuit.
Dynamic Energy per Operation (pJ)
Process Preactivating Mechanism
(nm) Cache | Address Stride Hybrid Well Address
Decoder  Predictor  Predictor  Driver Field
70 28.4 9.2 14.5 30.9 0.6 16.7
50 15.6 4.9 8.1 17.0 0.3 8.0
30 7.8 2.4 4.1 8.5 0.2 1.3

Total = 100%
(dynamic = 7%) Total = 149%
base

(dynamic = 5%)

Total = 209%
(dynamic = 4%)
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Fig.8 Total power of the cache and our preactivating

mechanism.
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Fig.9 ED product to the base model.
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Table 10 ED product to the base model (average of the
benchmarks).

Rate of ED Product

Model 70 nm 50 nm 35nm

process  process  process
conventional 8.5% 7.4% 6.4%
preactivating
(stride predictor) 20.3% 16.8% 12.6%
preactivating
(hybrid predictor) 26.2% 20.6% 15.5%
simple (1000) 17.7% 22.2% 27.8%
simple (2000) 23.1% 30.5% 39.5%
simple (4000) 30.4% 41.8% 55.5%

0 6000000000Oconventional 000 OODLC
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Table 11 ED? product to the base model (average of the
benchmarks).

Rate of ED? Product

Model 70 nm 50 nm 35nm
process  process  process

conventional 9.4% 8.2% 71%

preactivating

(stride predictor) 21.4% 17.7% 13.3%

preactivating

(hybrid predictor) 26.4% 21.7% 16.2%

simple (1000) 18.0% 22.6% 28.2%

simple (2000) 23.3% 30.8% 39.9%

simple (4000) 30.7% 42.1% 56.0%
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Table 12 Performance degradation from the base model
for each cache configuration (average of the
benchmarks).

Performance Degradation

Model 32KB 32KB 64 KB
2-way 4-way 2-way
conventional 11.3% 11.3% 11.4%

preactivating

(stride predictor) 5.4% 5.3% 5.5%

pctoine | s son
simple (1000) 1.5% 1.3% 1.8%
simple (2000) 1.1% 0.8% 1.3%
simple (4000) 08%  05%  1.0%
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Table 13 Static power to the base model for each cache
configuration (average of the benchmarks).

Rate of Static Power
32KB 32KB 64KB
2-way 4-way 2-way

0.8% 1.6% 0.8%

Model

conventional

preactivating

(stride predictor) 1.4%

2.8% 1.4%

preactivating
(hybrid predictor)
simple (1000)
simple (2000)
simple (4000)

1.5% 2.9% 1.5%

12.3%
18.6%
26.8%

22.3%
31.5%
42.7%

13.1%
20.6%
31.7%
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