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1. INTRODUCTION
The high-performance design goal of clusters leads to hard-
ware without power saving mechanisms and worst case cool-
ing scenarios. If cluster components are fully utilized, this is
the most energy efficient way to get this calculation power.
But with a low utilization the hardware consumes nearly as
much energy as when it is fully utilized. Therefore, there
exist multiple approaches to reduce low utilization phases,
but these phases still arise due to hardware bottlenecks, un-
balanced load or sequential phases of a program.

In these low utilization phases cluster hardware can be turned
off or switched to a low-power mode if supporting these
modes. The general facility to reduce energy consumption
is using hardware supporting multiple operating states such
as dynamic voltage frequency scaling (DVFS). The impact
of using DVFS for different application types differs in the
influence on the time-to-solution (TTS) [1, 2, 3].

There are multiple approaches to reduce energy consump-
tion of HPC applications like exploiting the inter-node slack
or bottleneck detectiong [4, 5, 6]. For specific applications it
is also possible that executing the application with a larger
number of power scalable nodes at a lower frequency saves
energy. A similar approach is to use more energy efficient
hardware (like hardware for mobile devices) to build a clus-
ter which increases TTS, but can decrease energy-to-solution
(ETS) [7].

The main problem is to identify the phases of low utiliza-
tion. If shutting down the component to early or waking
up the component to late the TTS will be considerably
increased. There exist multiple approaches, partly on-line

(just-in-time) and off-line, but the non-determinism of par-
allel programs brings predicton failures. Naturally, the on-
line (and some of the off-line) algorithms have impact on
the applications’ performance. Each of the algorithms is
rated by the energy consumption and the performance im-
pact, an upper bound for energy savings has yet—as far as
we know—not been specified.

With our analytical model the power estimation for the
whole cluster (and a breakdown to its components) is pos-
sible to identify the ETS for parallel applications. There is
no further need to use a power profiling tool on component
level. The usage of a power profiling tool for clusters in
a productive environment is problematic, because the mea-
suring points may be not applicable (because of the high
hardware density of the nodes and components). Further,
it seems that measuring the power consumption of a larger
count of nodes (we are talking about many hundred to a few
thousand nodes) is not practical.

This simulator differs from existing simulators, because the
components utilization for estimating the power consump-
tion is extracted from the system’s kernel, not using perfor-
mance counters. The component power characteristics are
determined only once using micro benchmarks and vendor
information.

With trace files containing the component utilization and
hardware power characteristics, the power consumption of
each component can be estimated. Because the compo-
nents’ future utilization is known from trace files, several
look-ahead strategies are designed.

Furthermore, energy aware hardware is simulated to deter-
mine upper bounds for energy savings without performance
degradation. This simulation is based on several strategies
for switching to modes with different power consumption
in low utilization phases. The estimated power consump-
tion under usage of the different strategies is analyzed based
on different program and hardware configurations. Simulat-
ing hardware which is energy-proportional [8], it is possible
to estimate the power consumption of specific applications
without hardware overhead. Naturally, this is the energy
needed for this specific application and an upper bound for
any power saving strategy.



The first results show the potential of this approach. The de-
viance between the estimated node power consumption and
the measured one is between 1 % and 3 % for longer traces.
The mean power saving bounds of all experiments calcu-
lated with the different strategies are ranging between 11 %
and 13 %. The mean hardware overhead is about 30 % [9].
However, these savings are upper bounds. But even if only
fractionally reached, a high performance cluster center can
save a significant amount of energy (and reduce its operating
costs).

For example the fastest public and official listed HPC clus-
ter has a peak power consumption of about 2483.47 kW 1.
If this cluster reaches a power saving of 1 %, this results
in power savings of about 200 MWh per year (see equa-
tion 1). Assuming 0.05e per kWh 2 these are savings of
about 10.000e/year. This saving is equivalent to about 108 t

CO2 produced when generating the energy in a power plant.
The same amount of CO2 is produced when driving about
630.000 km by car 3. For the second listed cluster these val-
ues have to be triplicated based on the higher peak power
consumption of this specific cluster.

2483.47 kW ∗

1

100
∗ 24 h ∗ 365

≈ 596.03 kWh per day ∗ 365

≈ 217.55 MWh per year

(1)
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