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Abstract

In this article is presented the proposal of a new load bal-
ancer developed for the CHARM++ programming model.
The main purpose is to provide load balancing in order to
reduce the migration of tasks, reducing the total execution
time of the application. Initial test results demonstrate re-
ductions in overall run time compared to other state of the
art load balancers.

1. Introduction

Currently, computational simulations are increas-
ingly complex, continuously demanding more processing
power from High Performance Computing (HPC) sys-
tems. When parallelized, they present excessive communi-
cation between tasks and unbalanced load, preventing the
efficient use of its potential. Therefore, some cores can re-
ceive tasks with less load or remain idle while others
execute the applications, causing, as a consequence, ineffi-
ciency in the use of the systems [9].

To solve such problem, load balancers have been pro-
posed, aiming to increase the utilization of the potential
of computational systems in processing level and execution
time. In this context, many parallel applications that involve
simulation with dynamic behaviors or calculations based on
complex formulas have used such resources due to the im-
balance of load and the amount of communications [10].

Many researches seek to improve the execution time of
such computational systems. Thus, different research cen-
ters aim at the development of performance-enhancement
techniques for scientific applications, improving the pro-
cessing and execution time, and the second is the challenge,
of decreasing the application execution time to be studied
and proposed in this work.

Parallel computing has grown from few an processing
units to systems with multiple processing units. It can be
analyzed how the parallelization of tasks assists in the per-
formance of processors through task migrations, in the same
way that the parallelization of the applications exploited the
processment competition in order to improve the efficiency
in parallel processing.

A divide in groups as loads for control as migrations
strategy contributes to more precise load balancing because
task migration is a costly process for the system. GroupLB
contributes by adapting better with the task of balancing
processor loads without having to use more different BCs
for this, dividing the loads according to their size. The rest
of the paper is organized as follow. Section 2 positions our
work against related work. Section 3 presents our proposed
load balancer. Section 4 details the methodology used. Sec-
tion 5 has the evaluation of the proposed load balancer. Con-
clusion and future work appears in Section 6.

2. Related Work

Parallel programming are developed to platforms with
shared or distributed memory. Some scientific applications
have regular designs that lead to well balanced load distri-
butions, while others are more imbalanced due to the fact
that they have tasks with different processing demands. So,
different approaches can be used to deal with imbalanced
workloads such as CHARM++, Kaapi and UPC [8]. These
runtime systems usually focus on reducing the execution
time by applying clever task orchestration strategies and by
improving the load distribution among cores.

Different approaches have been employed to make load
balancing and reduced runtime of applications. Among
them, centralized [7, 3] and distributed [4, 2, 11]. strate-
gies are more employed. However, new hierarchical ap-



proaches are being proposed reduce the overhead these
approaches [11].

Once that in each one, a different amount of cores are se-
lected to make decision of load balancing where tasks are
migrated to different cores of the parallel systems.

Load balancers like GREEDYLB and REFINELB were
implemented and are available in the CHARM++ program-
ming environment.REFINELB is an approach based on load
refinement. This load balancer moves tasks of the most
overloaded cores to the least loaded ones until reaching an
average[1]. The REFINELB moves objects from the most
overloaded processors to the least loaded, aiming to reach
an average, with the number of objects migrated limited [6].

Balancer AVERAGELB [1] and SMARTLB [5], uses
acentralized approach in its strategy, which takes deci-
sions in a single process.

Differently, GREEDYLB uses a greedy approach algo-
rithm that implementing practice of combinatorial opti-
mization. Its algorithm, to migrate heavy objects to the pro-
cessor with less load. This is repeated until the load of all
processors reaches a close proximity to the average load.

3. GROUPLB Load Balancer

Our proposed strategy, called GROUPLB, take into ac-
count the AVERAGELB [1] and SMARTLB [5] mechanisms
to make decisions. Similar to AVERAGELB, it also uses a
centralized approach in its strategy, which takes decisions
in a single process. The strategy of the algorithm takes into
account the arithmetic mean of each processor, calculating
its loads, in order to reduce the number of migrations, seek-
ing a balance between the loads [6].

The algorithms collect system and application informa-
tion at run-time to dynamically use them in load balanc-
ing decision, to reduce execution time. Our strategy di-
vides the processes according to the computational loads
into three groups, called Small (S), Medium (M) and Big-
ger (B), which respectively store the load processes consid-
ered relatively small, medium and big.

In this way, when the load balancer is applied, the loads
of the cores is verified, and, from this information, the dif-
ference of loads between them will be analyzed. Subse-
quently, the tasks with hight loads are divided into the re-
spective groups. In the algorithm there will be the control
variables, where the variable ”less” represents the sum of
the loads in the S array, the variable ”bigger” the sum of
the loads in the B array, and the variable ”delta” the dif-
ference between the variables B and S. The groups S, M,
B are created and tasks are placed there based on their ini-
tial value and delta receives the difference of the loads of
group M.

Figure 1 shows the run of the algorithm, how is the case
of the random as load flow non processor and how divide

Figure 1. Algorithm Strategy

with agreement with their dimensions, when compared to
the group M, are as large will be shifted to the group B, if
not to the group S, and the difference of them is displaced
to the delta.

Figure 2. Load Balancer Strategy

Figure 2 shows the adopted iteration strategy. In it, it can
be seen the division of the loads in the Small, Medium and
Bigger groups, as well as to analyze how the difference of
the Small and Large groups, the ”delta” variable, decreases



Figure 3. Load Balancer Strategy

with each iteration. In the end the loads are balanced ac-
cording to the adopted strategy, reducing the unbalance, the
unnecessary migrations and the runtime of the application,
the values are compared to the CHARM++ standard with-
out load balancer. The results follow a normal distribution
because related and inspired works are developed on the
CHARM++ platform.

To implement the proposed load balancer was selected
the CHARM++ environment. This environment is supported
by several platforms, allowing the programs developed in
this model to run in both shared and distributed memory en-
vironments.

4. Methodology and Evaluation

In this section, we present our methodology to validate
the load balancer proposal (GROUPLB), and we present
ours evaluates about this load balancer comparing it with
other state-of-the-art balancers.

To validate our proposal strategy was used an equipment
with Intel Core i7M processor wich 8 physical cores. For the
tests, the Linux operating system Ubuntu 16.04 with kernel
version 4.4.33-1 was used. The version of Charm++ used
was 6.5.1 and the g++ compiler in version 6.2.1.

Each of the tests performed in this work was repeated 10
times, the results follow a normal distribution to achieve a
relative error less than 5% and 95% statistical confidence
for a Student’s t-distribution.

In order to evaluate the performance of proposed load
balancer, it was applied in the execution of the lb test bench-
mark and compared to the other two balancers, GREEDYLB
and REFINELB, which are provided by the CHARM++ pro-
gramming environment. Tests were performed with 50, 150,
50 and 350 tasks, these being with computational loads
varying between 1500ms and 150000ms. Synchronizations
for balance call load was defined every 10 iterations.

In Figure 3 is shown the results of the tests performed
with the lb test benchmark in the platform described.

In the performed tests, the GROUPLB load balancer
achieved the best performance with the benchmark tested.
Using 50 tasks, the time was reduced by 37.47% when com-
pared to the same test without any load balancer. In compar-
ison to the REFINELB, it was lower by 4.58% and 2.09%
compared to GREEDYLB. With 150 tasks, also presented a
reduction compared to the test without any balancer.

With a percentage of 41.50%, though compared to the
REFINELB, obtained a percentage of 1.30%, and finally,
obtained 0.30% in relation to the GREEDYLB. Thus, in the
tests with 250 tasks,GROUPLB we also obtained gains in
the results.

It reduced the time by 27.05% in relation to the execution
without any balancer, 4.98% in relation to the REFINELB
balancer and 0.56% in relation to the GREEDYLB.As well
as 350 task, GREEDYLB also made gains. It reduced the
time by 24.65% in relation to the execution without any
balancer, 8.75% in relation to the REFINELB balancer and



1.30% in relation to the GREEDYLB balancer.

5. Conclusions

This paper presents a new load balancer proposal, which
was developed for the CHARM++ programming model.
Its objective is reduce the total execution time of the un-
balanced applications, as well as reducing the number of
process migrations. In the tests performed with the lb test
benchmark, our proposed strategy present results superior
to REFINELB and GREEDYLB load balancers.

This benchmark was chosen because it is easily config-
urable to present different levels of unbalance of load, al-
lowing the computational load of each task be configured
in different load patterns, both of irregularity, of commu-
nication, of being disprovided by the program environment
itself. As future works, it is intended to perform tests in par-
allel systems, using other benchmarks and real problems of
scientific computation.
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