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ABSTRACT

D-NUCA caches are on-chip cache memories characterized by multi-bank partitioning
and data migration. They exhibit high hit rates while keeping the access latency low. As
counterpart, such caches are affected by high static and dynamic power consumption. In
this work we present a preliminary power consumption evaluation of a D-NUCA cache.
Results show the existing balance among static and dynamic contributions to total
power budget.
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1 Introduction

Technology trends are leading to the use of large, on-chip, level-two (L2) and level-three
(L3) cache memories. For high frequency systems, the latencies of such caches are
dominated by wire delay [1]: in order to reduce the effects of high access latencies, NUCA
Caches (Non-Uniform Cache Architectures) [2][3] have been proposed. In a NUCA design
the cache is partitioned into many independent banks usually interconnected by an
on-chip switched network; in this model banks’ access latency is proportional to the
physical distance from the cache controller. The mapping between cache lines and banks
can either be Static or Dynamic (namely S-NUCA and D-NUCA); in the latter model most
frequently accessed cache lines are allowed to dynamically migrate toward the controller.
Modern CMOS processes (70 nm and below) are characterized by high static power
consumption due to leakage currents [4], and big SRAM structures, like the one employed
in a NUCA-based system, are responsible for a big portion of total leakage power budget.
D-NUCA caches also introduce extra dynamic power consumption due to increased bank
accesses and network traffic (for data search and migration) with respect to a traditional
cache. As the reduction of the total power consumption is a big issue in modern and future
designs [4], understanding the relative contribution of static and dynamic components for
a D-NUCA cache is the very first step to be performed in order to plan future research
efforts. In this work we present the evaluation of static and dynamic power consumption
of a L2 D-NUCA cache for some SPEC CPU2000 benchmarks [5].



2 D-NUCA Power Consumption Evaluation

The basic elements of a D-NUCA cache are memory banks, network switches and network
links. For each of such elements, we derived the energy parameters that should be taken
into account for its contribution to static and dynamic power consumption.

Cache bank dynamic 41.5 pJ (read), 17.9 p] (write)
Cache bank static 235.6 mW (100°C), 137.4 mW (80°C),
70.7 mW (60°C), 35.3 mW (40°C)
NoC flit transmission | 6.0 pJ (vert. link), 1.8 pJ (horiz. link)

NoC switch dynamic 135 p]

NoC switch static 23.1 mW (100°C), 13.5 mW (80°C),
6.93 mW (60°C), 3.46 mW (40°C)

Off-chip access 12.2 nJ

Table 1 - Energy parameters for an 8 MB D-NUCA cache,
16x8 64 KB banks, targeted at 70 nm technology.

We derived the energy parameters for the SRAM banks from CACTI 4.2 tool [6]; we
modeled each bank as a whole to obtain energy consumption per access, static power and
physical dimensions.

For network links, we calculated the energy required for each transmission adopting a
simple RC model [7]; we referred to the Berkeley Predictive Technology Model [8] to
derive wire resistance and capacitance per unit length assuming an intermediate wiring
layer; the length of each link, and thus its total resistance and capacitance, was determined
according to the physical dimensions of cache banks derived from CACTL

For network switches, the energy parameters were determined according to
Muralimanohar et al. [9]; in that work a 3-stage switch architecture for worm-hole routed
networks is shown. We obtained the following data: energy consumption per flit traversal,
static power.
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Figure 1 - Evaluation methodology.

To take into account the energy required on each off-chip access caused by a cache miss,
we derived the energy dissipated on each main memory access from DRAM module
datasheets [10], assuming a modern DDR2 system.



Since leakage power greatly depends on temperature, we scaled the static power values
assuming 4 selected operating values: 100°C, 80°C, 60°C and 40 °C. We performed
temperature scaling according to the model implemented in HotLeakage tool [11].

3 Experimental Results

The methodology employed to calculate energy consumption is synthesized in Figure 1:
the workload is fed to sim-alpha simulator [12], which was extended to support NUCA
caches, and the resulting execution statistics and the energy parameters are collected to
derive total energy consumption. We conducted the experiments with an 8 MByte
D-NUCA cache built up of 16x8 64 KByte banks and targeted at 70 nm technology. System
clock is assumed to be 5 GHz. Table 1 lists the energy parameters that characterize our
evaluation.

In Figure 2 the energy consumption for two different SPEC CPU2000 benchmarks are
shown; normalized energy is used to better highlight the different contributions to total
power budget, grouped into static energy, dynamic energy and off-chip accesses. It is
worth noting that, for both the benchmarks, the static component largely exceeds the
dynamic and off-chip components for each temperature value.
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Figure 2 - Energy consumption for two different SPEC CPU2000 benchmarks.

Figure 3 shows the breakdown of dynamic energy components due to on-chip network
activity (including switching and transmitting flits), cache bank accesses and off-chip
accesses. For both the benchmarks, the contribution due to bank accesses is minimal with
respect to the contribution due to NoC activity while the contribution due to off-chip
accesses greatly varies between the two benchmarks because of the different miss-rates.

4 Conclusions

The preliminary results of our evaluation show that D-NUCA caches are likely to be
dominated by leakage power, even at low temperatures, while the dynamic contribution
to total power budget is negligible. For such reasons research efforts should go in the way
of reducing static power, and the performance improvements could be pursued at cost of
an eventual slight increase in dynamic energy requirements; in fact these latters could be



compensated by the resulting static energy savings thank to the reduced overall run-time.
Acting on saving dynamic energy will bring limited results, and efforts should be
concentrated in the reduction of energy required for NoC activity.
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Figure 3 - Dynamic energy consumption for two different SPEC CPU2000 benchmarks.
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