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Modern processors have been equipped with Hardware Perfor-
mance Counters (HPCs) and Performance Monitoring Units
(PMUs) to keep track of hardware events, building adequate
tools to debug and analyze systems. Recent research projects
addressed the problem of building processor power models by
correlating variations on power to hardware events. Here, we
intent to tease the workshop participants claiming that HPC-
based power models are helpful only in very strict and con-
trolled conditions and do not deliver reliable estimates to sup-
port power management algorithms.

The main reason identified so far for the problems shown here
is HPC register multiplexing. Intel processors feature over 200
monitorable events, and multicore ARM processors are reach-
ing the count of 100. One can think that the more, the best,
but due to the increase of circuit power and complexity, event
signals need to be routed to the PMUs, making it impossible
to monitor all events simultaneously. The number of HPCs
in Intel and ARM processors are model-dependent but are, at
most, 8 and 6, respectively. Besides the reduced quantity, the
use of HPCs is further restricted by hardware design when sets
of events are mappable only to one HPC or some HPC is fixed
to a unique event.

To support our claim we consider the impact of HPC mul-
tiplexing in two recently published HPC-based power models
for Intel processors. Both are empirical models that correlate
power measurements to HPCs’ registry. Bircher and John [2]
propose abstract submodels for CPU and peripherals while
Bertran et al. [1] provides detailed submodels for CPU com-
ponents such as the pre-fetcher (FE) and the branch-prediction
unit (BPU). Nevertheless, what is significant about these mod-
els to sustain our position is the fact that the models use,
respectively, 7 and 11 distinct events.

The cited papers show that the models approximate the power
of their systems with acceptable errors; therefore, we do not
question their correctness. However, the experimentation sce-
nario used in their evaluation methodology is, in fact, very
controlled and, perhaps, unrealistic. In real systems, several
events would be monitored to implement not only the power
model, but also schedulers [4], memory allocators [3], and so
on, increasing the multiplexing degree.

We produced data showing that, in the presence of HPC mul-
tiplexing, the result of event accounting gets unreliable: the
greater the multiplexing degree, the higher the errors in HPCs.
Figure 1 shows the growth in HPC error with increased mul-
tiplexing degree of two events used in the power models. Sim-
ilar errors are shown by virtually all events under the same
conditions. The figures show 11 of the 13 applications from
the PARSEC-3.0 benchmark ran on an Intel i7-2600 proces-
sor. The HPCs were configured and accessed using the Linux
Perf-Tool (the perf ). The error shown in the figures is the
difference between the events accounted without multiplexing,
and the result when events are measured grouped, randomly,
4-by-4, 8-by-8, or 16-by-16.

Event accounting is a powerful tool to allow systems to in-
trospect on their behavior, but current PMU implementations
limit the full potential of the technology. How do we solve
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Figure 1: Impact of HPC multiplexing to measure Instructions
(top) Last-level cache miss (bottom).

that? Will we find efficient ways to route signals from all
corners of a silicon die to a PMU? Can we implement better
software mechanisms to, for instance, forecast event counts or
explore the correlation among events? The best solution is still
unclear to us, but we believe that PMUs can be used to gener-
ate more reliable power estimates of complex systems, and our
future work will explore ways to achieve such power models.
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