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1. Introduction and Motivation

The main focus of HPC systems has been performance
and today HPC community works toward building Exas-
cale systems (i.e., EFlops), which will provide unprece-
dented computation, allowing to solve even larger scientific
problems. Conceiving Exascale supercomputers by scaling
the current technology would demand over a GigaWatt of
power [7, 6], which is equivalent to the entire production
of a medium size nuclear power plant [17]. With this prob-
lem in mind, a global research effort has risen to try to break
the Exascale barrier while avoiding such high energy con-
sumption. In 2008, specialists alerted on an official DARPA
report [10, 2] that the acceptable power budget to reach Ex-
ascale is 20 MW. So, an Exascale system has a limit of
125 ﬁ%’;s ,1.e., 50 GFlops/W. Tianhe-2, the current number 1
supercomputer in the Top500 rank, produces 33.8 PFlops
consuming 17.8 MW, thus Tianhe-2’s energy efficiency is
1.91 GFlops/W. Using Tianhe-2 as a reference, we would
yet to increase the energy efficiency 26-fold to match the
DARPA recommendation. Thus, to get to Exascale we need
to find alternatives to solve the power consumption prob-
lem [1, 18].

The first challenge to the development of energy ef-
ficient HPC systems and applications lies on increasing
their performance while reducing their power consumption.
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Indeed, saving power has become one of the main con-
cerns of HPC community. To build future Exascale sys-
tems we need to take into account power demand and en-
ergy consumption constraints and ways to improve energy
efficiency [1, 18, 14, 13].

A second challenge arises as HPC systems grow in num-
ber of processors and this complicates efficiency once that
scientific applications may not be easily equally distributed
due to dynamic or irregular characteristics. These character-
istics are present in several scientific applications and con-
tribute to a reduced energy efficiency on parallel systems,
since the most heavily loaded processor determines the ap-
plication’s performance. Several load balancing strategies
have been used to improve the load distribution across pro-
cessors and to achieve an efficient use of all available re-
sources of a parallel machine.

In this context, state-of-the-art research focuses on ei-
ther power consumption or load balancing strategies sep-
arately. Several works have used DVFS (dynamic voltage
and frequency scaling), however this technique may cause
performance degradation and an increase in execution time.
Other works have used load balancing strategies to reduce
the overall execution time, and, consequently, save energy.
However, these strategies have used only computational
load ignoring power demand or total energy consumption.

In this context, we plan to improve the energy efficiency
of parallel systems when running load imbalanced applica-
tions. We intend to provide new load balancing strategies
that collect system information from each node of the par-
allel machine and collect information from tasks of the ap-
plication, in order to manage power demand while the ap-
plication is running.
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2. ENERGYLB

Reductions in the total execution time are relevant in the
perspective of energy consumption, since energy is saved
when hardware resources are used for a shorter time. How-
ever, it is possible to achieve even greater energy savings
if the runtime system is able to exploit the residual imbal-
ances to fine tune the voltage and frequency of cores accord-
ingly. In this case, the challenge lies in reducing the energy
consumption of the application while maintaining a simi-
lar performance.

In this context, iterative imbalanced applications are po-
tential candidates for energy consumption improvements.
These parallel applications are present in different scientific
fields. Molecular dynamics, structural dynamics, weather
forecast [12], cosmological modeling simulation [4, 8],
seismic wave propagation simulations [5], physics [16], and
oil exploitation [15], are examples of applications that can
benefit from load balancing schemes to improve perfor-
mance. Our point is that these schemes still leave space for
energy optimization.

In an experimental evaluation, tests were performed us-
ing 8 and 24 cores (one on each processor) of the parallel
machine presented in [13]. We ran a small test with a ver-
sion of the seismic wave simulator ondes 3D [5] using the
CHARM++ parallel programming [9, 3].

Load balancers improve the performance of imbalanced
applications by making a better load distribution among the
available processors. However, they can take sub optimal
decisions, which may result in some imbalance remaining.
This may happen due to characteristics of the application
that prevent a perfectly balanced mapping to be achieved,
or due to limitations of the load balancing heuristics, as the
problem that they are trying to solve is NP-Hard [11]. In this
work we call this remaining load imbalance residual imbal-
ance.
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Figure 1. Processor utilization and residual
imbalance after the first call of the load bal-
ancer GREEDYLB with different processors
counts.

Figure 1 shows the residual imbalance when we executed
the application with a load balancer named GREEDYLB and
different processors counts. In the execution of the applica-
tion in 8 processors, (Figure 1(a)), we have a residual im-
balance of up to 34%. When we ran the application with
the same workload in 24 processors, (Figure 1(b)), we ob-
tained a different load distribution, with a remaining resid-
ual imbalance of 14% after load balancing. We notice that
the residual imbalance is considerably high in several sce-
narios, as most of the processors are underused. In this case,
DVEFS techniques can be used to save energy by reducing
the processor’s frequency and, consequently, their power
demand.

In this context, we introduce a new energy-aware load
balancing algorithm called ENERGYLB, to save energy on
iterative applications that present imbalanced loads. Our
strategies can reduce the power demand during execution,
saving energy and improving the application performance
according to its load characteristic. We have implemented
our proposed ENERGYLB, using the existing CHARM++
framework, which implements a model of migratable ob-
jects [13].

3. ENERGYLB Evaluation

We conducted our experimental evaluation on an SGI Al-
tix UV 2000 system composed of 8 Intel Xeon E5-4640
Sandy Bridge-EP processors with 8 physical cores each. In
these processors, there are 14 clock frequency levels avail-
able, varying from 1.2 GHz to 2.4 GHz. However, current
processors do not allow DVES on each core individually.
So, in this work, tests were performed using 8 cores only,
one on each socket.

The operating system used in the machine is a UV2000
GNU/Linux distribution with kernel version 3.0.74. The ap-
plication benchmark was compiled using gcc version 4.3
and the version 6.5.1 of Charm++. Results show the av-
erage of a minimum of 10 runs. The relative error is less
than 5% using a 95% statistical confidence with Student’s
t-distribution.

Our strategy employs a load balancing module that ben-
efits from the load balancing framework available in the
CHARM++ runtime system. Aiming to evaluate DVES only
on our ENERGYLB proposal, we disable the load balanc-
ing functionality of ENERGYLB load balancer. In this con-
text, we ran [b_test benchmark with 500 tasks for 250 itera-
tions.

Figure 2 illustrates the instantaneous power de-
mand measured during the test executions, without a load
balancer (NOLB) (representing a baseline execution), us-
ing different CHARM++ load balancers (GREEDYLB and
REFINELB), and our proposed ENERGYLB load bal-
ancer.
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(d) ENERGYLB- DVFS only.

Figure 2. Instantaneous power measured during execution of the imbalanced /b_test benchmark us-

ing different load balancers.

Figure 2(a) shows the power measured during the execu-
tion of the benchmark without any load balancer strategy.
When load imbalanced applications are executed, the ker-
nel governor does not realize the imbalance among proces-
sors, running the application using the maximum frequency
available in the processors, which maintains the power de-
mand constant (always close to 36W in this experiment).

When tests were performed using GREEDYLB and RE-
FINELB, these load balancers perceived the load imbalance
and migrated tasks, reducing the total execution time of the
benchmark. Still, similarly to the scenario with NOLB, the
highest frequency available in each processor was always
employed, resulting in a demand of ~ 36W by each proces-
sor. Nevertheless, load was not perfectly balanced among
all processors, which lead to energy wasting.

When [b_test was run with ENERGYLB, all processors
executed their task using the maximum frequency during
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initial iterations, explaining the power demand similar to
NOLB. Nevertheless, after calling ENERGYLB, only one
processor (the most loaded one) remained at 2.4 GHz. In
other words, all others processors had their clock frequen-
cies reduced to intermediate or to the minimum frequency.
Consequently, the instantaneous power demand of each pro-
cessor was also reduced according to their computational
load, reducing the power demand. Figure 2(d) illustrates
this phenomenon starting at the 20 seconds mark. As the
benchmark does not present load variations, no change in
the clock frequency of the processors was necessary dur-
ing other ENERGYLB calls.

The greatest reduction in execution time was achieved
when GREEDYLB was used. GREEDYLB load bal-
ancer obtain speedup of 1.42 when compared to base-
line (NOLB). However, if we compare ENERGYLB re-
sults with GREEDYLB, we can observe that the execution
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time with ENERGYLB was 1.42 times longer, but the to-
tal energy consumption was only 1.19 times greater. This
is justified due load imbalance present between tasks.
In this test, the largest load difference between proces-
sors measured was of 9.2 times and ENERGYLB can only
reduce the clock frequency by half (the range the proces-
sor goes from 2.4 to 1.2 GHz). Therefore, only adjusting
the clock is not sufficient to mitigate the effects of load im-
balance in energy consumption.

4. Conclusion

In this paper, we present an evaluation of ENERGYLB
employing DVFS only (disabling the load balancing func-
tionality of ENERGYLB). The results achieved show that,
when load imbalance was greater than 2 times in the testbed
platform, the use of ENERGYLB only is not enough to mit-
igate processor idleness. Therefore, to avoid this problem,
the use of load balancing algorithms together with ENER-
GYLB is necessary. Due to this effect, we have implemented
other approaches that automatically call another load bal-
ancer to migrate tasks between processors and then perform
DVEFS.

We showed that applications implemented in CHARM++
can benefit from ENERGYLB to improve energy efficiency,
reducing of power demand during the execution of imbal-
anced applications, without considerably degrading their
overall performance.
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