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1 The Power Efficiency Challenge

Power consumption is becoming a key factor in designing applications and com-
puting systems.

On mobile devices, having an efficient power management translates directly
into how long the battery lasts while using the device. The highest ranked metric
in mobile devices evaluation is usually the battery life and improving it will lead
to even increased functionality and richer applications.

Power management is also relevant for tethered devices (connected to a
power supply). For example, in current datacenters, the energy cost is quickly
going to overcome the cost of the physical system itself [2]. Increased power
consumption leads to more complex power supplies that also add costs. More
importantly, energy consumption in Information Technology (IT) industry has
a considerable impact on the environment, since during 2010 the CO2 emissions
of U.S. data centers were on par with those of an entire country like Argentina
or Netherlands1 .

Most likely, the importance of power management techniques is going to
increase in the future. On mobile devices, the increase in performance require-
ments due to new functionality will overcome the advances in battery capacity.
Concerning datacenters, in 2010, the energy consumed in U.S. by data centers
reached the 3% of the overall energy production [14], and this power demand is
estimated rapidly growing 10% − 12% a year [15].

2 Facing the Challenge

This thesis focuses on runtime, software level solutions on multicore architec-
tures. Such approaches often operate on control knobs to reduce or optimize
the number of resources allocated to an application, thus decreasing its power
consumption. This implies reducing the number of cores used by the appli-
cation, scaling down their frequency or acting on other software or hardware
mechanisms. A specific combination of the knobs values is often referred as
a “configuration”. However, each configuration is characterized by a differ-
ent performance and power consumption and, in general, those having a lower
power consumption are also characterized by lower performances. Accordingly,
the best configuration depends on the application’s user requirements. In the
following, we describe two scenarios addressed in this thesis:

1http://www.hpcwire.com/2010/06/15/the_coming_c_change_in_datacenters/
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Power Capping To improve data centers efficiency, over-subscription of
data center power is recently becoming a common practice [13]. Data center
power demand is intentionally allowed to exceed the power supply, under the
assumption that correlated spikes in servers’ power consumption are infrequent.
However, this exposes data centers to the risk of power outages, caused by
unpredictable power spikes (e.g. due to an increase in the power consumption of
more servers at the same time). Such an event would have catastrophic effects,
since it would lead to degraded user experience or to a service outage. For
these reasons, to achieve power safety and to avoid having under-utilized power
provisioning, power capping techniques have been recently proposed [17]. These
techniques monitor data center power consumption and, when it is close to the
available capacity, they force some server to reduce its power consumption.

Performance Requirements In some cases, applications don’t need to
run at maximum performance. Nevertheless, the user would still like to have
some guarantees on minimum application’s performance. This scenario provides
power saving possibilities, since it would be possible to reduce the number of re-
sources used by the application, thus decreasing application’s performance (still
keeping it above the requirement specified by the user) and reducing its power
consumption [16]. For example, suppose to have a data backup application
that, each night, collects and compresses the data produced by the employees
of a company during the day and sends them to a remote storage. We could
require this application to complete this process in a 12 hours time frame. The
application could probably finish the process in a shorter time frame. However,
doing so would not necessarily have an advantage from the user perspective and
by slowing it down we could reduce its power consumption while at the same
time be completely functional.

3 Thesis Contributions

In this thesis, we propose different algorithms to decide the best configuration
to apply to a parallel application according to the requirement expressed by its
user. These algorithms differ in the type of knobs they operate on, on the type
of requirements they can satisfy, on their accuracy and on the overhead they
have on application execution. In detail, we designed the following algorithms:
i) Two heuristics [7, 6, 5], able to provide explicit guarantees while minimizing
power consumption; ii) Two self-aware algorithms [8, 11], able to autonomously
model the performance and power consumption behavior of the application.
Differently from most existing algorithms, they only use data collected online,
while the application is running, not requiring any previous training phase; iii)
A concurrency control algorithm [1], i.e. an algorithm that decides which is the
best way to accesses data structures shared among the threads in a parallel ap-
plication. The algorithm autonomously switches between different access modes
according to the user’s requirements.

All the algorithms have been implemented and tested over all the applica-
tions from the PARSEC benchmark. We were able to improve state-of-the-art
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solutions in terms of accuracy, optimality, and overhead on application execu-
tion. To be able to implement and test them with relatively low programming
effort we designed Nornir [9], a customizable runtime support, which can be
used by application’s users to express performance and power consumption re-
quirements on their application and by algorithm designers to implement new
strategies or to customize existing ones. By using the set of actuators and
the application monitoring infrastructure provided by Nornir, the designer
can easily implement new algorithms. Moreover, new monitoring and actua-
tion mechanisms can be easily added. At best of our knowledge, this is the
first attempt to build a framework for reconfiguration of parallel applications
which allows to plug in different reconfiguration algorithms. The source code
of the framework is publicly available2. To realize the actuators (and part of
the monitoring infrastructure), we have designed, implemented and released as
open source3 Mammut [12], a novel framework for integrated management of
system knobs and sensors. Differently from existing tools, it allows to easily
integrate information coming from different subsystem, thanks to a high-level
abstraction of the underlying architecture.

Concerning the applications used for testing, some of the knobs used by
our algorithms require the application to have some specific characteristics. A
particularly interesting class of applications which falls in this category is that
of parallel design patterns-based applications (e.g. parallel loops, map-reduce,
thread pools, etc...). Despite the diffusion of parallel programming patterns and
despite many applications have been implemented by using such programming
abstraction, no extensive and coherent benchmark was available, limiting the
validation possibilities for reconfiguration strategies targeted towards such ap-
plications. We addressed this issue by creating P3ARSEC4 [3], a benchmark for
parallel pattern based applications. We expressed 12 out of 13 applications from
the PARSEC benchmark by using parallel patterns and we implemented them
with two different parallel pattern based frameworks. This is a contribution per
se since we proved, for the first time at this scale, that parallel patterns ease
parallel applications development while not decreasing the performance with re-
spect to a handwritten application. This benchmark allowed us to validate our
reconfiguration algorithms on a wide set of different and realistic applications.

Eventually, we performed an extensive comparison of the efficiency of some
commonly used knobs [4], to understand which one is better under which sit-
uation. Moreover, to use some knobs, some support from the application pro-
grammer may be required. We analyzed this aspect in [10].
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