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I. INTRODUCTION

Heterogeneous platforms which employ a mix of CPUs
and accelerators such as GPUs have been widely used in
the high-performance computing area [1]. Such heterogeneous
platforms have the potential to offer higher performance at
lower energy cost than homogeneous platforms. However, it is
rather challenging to actually achieve the high performance and
energy efficiency promised by heterogeneous platforms. The
main difficulty is that the processors in heterogeneous systems
usually feature distinct characteristics, which is not presented
in homogeneous platforms. This difficulty brings two main
challenges that prevent achieving the promised performance
and energy efficiency. One main challenge is the efficient
utilization of the different types of processors in heterogeneous
platforms. Many studies [2], [3], [4] have been done to increase
the processor utilization of heterogeneous platforms. However,
this type of work assumes that workload has already been im-
plemented or requires online profiling information. The second
main challenge is the large cost in design time to partition
workload for heterogeneous platform. Numerous efforts [5],
[6], [7] have been made in automatic workload partitioning on
heterogeneous platforms. However, these efforts only consider
workload partitioning via data partitioning (DP). Workload
here refers to the amount of computation (measured by flops)
and memory traffic (measured by bytes) to be executed at the
algorithmic level. Judicious code partitioning (CP) between
distinct processors has been shown to be able to achieve
better performance/energy than DP for running workloads on
heterogenous platforms [8]. An example is shown in Figures 1
and 2. The CP-based implementation maps the vector addition
and power operations in all iterations onto the CPU and GPU,
respectively. The DP-based implementation maps the iterations
(i.e., dataset size) evenly onto the CPU and GPU based on the
CPU and GPU performance. The results of running these two
implementations on two heterogeneous platforms indicate that
CP can have better performance than DP but using different
combinations of CPU and GPU also impacts this observation.
To help developers consider both DP and CP for workload
partitioning in design time with affordable cost, my thesis
research aims to develop a lightweight tool to help developers
partition workload and select appropriate workload partition
(WP).

II. CONTRIBUTIONS

The key idea of this research is a framework shown in
Figure 3. The performance/energy models use the parameters
abstracted from hardware profiling and workload static anal-
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For (int i=0;i<2560000;i++) {

For (int j=0;j<8;j++)

b[i] += pow(a[j][i],16);

e[i] = c[i] + d[i];

}

2560000

e[i] = c[i] + d[i] or (int j=0;j<8;j++)

b[i] += pow(a[j][i],16);

CPU

For (int i=0;i<160000;i++) {

For (int j=0;j<8;j++)

b[i] += pow(a[j][i],16);

e[i] = c[i] + d[i];

}

For (int i=0;i<2400000;i++) {

For (int j=0;j<8;j++)

b[i] += pow(a[j][i],16);

e[i] = c[i] + d[i];

}

For (int i=0;i<2560000;i++) {

For (int j=0;j<8;j++)

b[i] += pow(a[j][i],16);

e[i] = c[i] + d[i];

}

Fig. 1. Examples of CP and DP.
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Fig. 2. Performance of DA on two CPU+GPU platforms.

ysis. Based on the goals of achieving high performance or
energy efficiency, a set of performance-oriented and energy-
oriented workload partitioning guidelines have been derived
from the performance/energy models. Based on the profiled
platform parameter values and design goal (i.e., performance
or energy), a particular set of workload partitioning guideline
can be selected by following a developed guideline selection
scheme. Then developers can follow the guidelines to partition
given workloads. Since the guidelines are hard to be followed
strictly and developers may have multiple WPs, the perfor-
mance/energy models are used to estimate the performance
or energy efficiency of the obtained WPs on heterogeneous
platform for helping final WP selection.

To build this framework, my research mainly cover
GPU acceleration, performance/energy modeling and guideline
derivation. Specifically, the contributions are in three direc-
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Fig. 3. Performance of DA on two CPU+GPU platforms.

tions:

• First, I use some applications such as miniFE to study
the performance and energy impacts of using DP and
CP for workload partitioning. The results have shown
that CP can achieve better performance and energy
efficiency than DP. However, this observation is also
highly dependent on the used heterogeneous platform.

• Second, we develop several performance/energy mod-
els to estimate the performance/energy of WPs on
heterogeneous platforms. We consider the perfor-
mance/energy impacts of an idle processor in both
DP and CP execution models. We also introduce three
essential WP parameters that can represent all the
workload partitions in the full design space.

• Third, we have derived a set of performance-oriented
and energy-oriented workload partitioning guidelines
from the developed performance/models. The guide-
lines can assist application developers to determine
whether to partition a given workload and how to
do so if needed. I have also proposed a scheme that
can help classify heterogeneous platforms and use the
information to select appropriate workload partitioning
guideline.

III. RESEARCH WORK

A. GPU acceleration of DA

To explore the DP and CP approaches on CPU+GPU plat-
forms [8], and study their performance and energy behavior,
we select miniFE [9], a proxy FEM application, as our target
application. MiniFE solves the steady-state 3D heat poisson
equation and can be used to predict the performance trend
of real FEM applications. The Data Assembly (DA) stage in

FEM can take up to 50% of the total FEM execution time.
Accelerating DA with GPUs presents challenges due to DA’s
mixed compute-intensive and memory-intensive workloads. In
this work, we propose and implement three versions of DA
using both CPUs and GPUs: one is based on DP and two
are based on CP. To study the energy usage of different im-
plementations, we also develop a power measurement system
that can capture the actual energy usage of the CPU and its
equipped GPU card. To further understand the influence of
hardware platforms, we have studied different combinations
of a low-power CPU (Intel Atom 330), a high-performance
CPU (Intel i7 2600K) and two GPU cards (NVIDIA GeForce
GTX570 and GTX670, with different GPU architectures). Our
results indicate that CP can achieve about 8% and 34% better
performance and energy efficiency than DP.

B. Performance Modeling

This work [10] introduces a performance model, referred
to as PerDome, for heterogeneous systems. At the processor
level, the roofline model [11] can produce the performance
upper bound of executed code using its ratio of computation
to memory traffic. PerDome is built on the roofline model
and can reliably predict the system performance for both DP
execution (where each processor either executes the entire
application code or none) and CP execution (where each pro-
cessor executes part of the application code). To help simply
PerDome and visualize the results, I propose the essential
WP parameters and use them to represent all the WPs in a
full design space. To validate PerDome, two case studies are
carried out. We implemented different WPs and measured their
actual performance on different heterogeneous platforms. We
then compared the actual and predicted relative performance
levels of WPs for model validation. The results show that
PerDome can indeed provide a good estimate for performance
comparisons of WPs which can then be used for heterogeneous
system design space exploration.

C. Performance and Energy Aware Workload Partitioning

Based on PerDome, we further extend the work to energy
modeling of heterogeneous platforms. I also develop a frame-
work for Performance/Energy Aware PArtitioning of Workload
on heterogeneous platforms (PeaPaw). PeaPaw specifically
provides two types of help on workload partitioning to appli-
cation developers. One type of help is a set of performance-
oriented and energy-oriented guidelines that application de-
velopers can follow to partition a given workload for better
performance and energy, respectively. Most of these guidelines
only provide a general direction, so application developers
may design one or multiple WPs for a given workload and
a design goal (performance or energy). To help application
developers select a WP among different ones, PeaPaw also
provides help through performance/energy estimation of WPs
on heterogeneous platforms. To evaluate the effectiveness of
PeaPaw, we have conducted three detailed case studies. One
is based on a simple synthetic application that is composed of
vector operations. Another is based on a linear algebra applica-
tion that performs matrix transpose and matrix multiplication.
The third one is based on the DA stage in miniFE. For each
case study, we have designed four different WPs by following
the workload partitioning guidelines. We then implemented



these designed WPs and measured their performance and
energy on real CPU+GPU platforms (Figure 4 summarizes the
performance and energy data of the synthetic application). By
comparing the measured performance and energy data with
the estimated ones, we show that PeaPaw can provide reliable
prediction for performance/energy comparisons among WPs.
We also use the measured data to indicate that the workload
partitioning guidelines can efficiently help design WPs with
better performance or energy efficiency.

D. Ongoing work

I am working on the improvement of the PeaPaw per-
formance estimation accuracy and the derivation of platform
selection guidelines. PeaPaw abstracts processor by using
one computation performance parameter and one memory
bandwidth parameter, which might oversimplify the execution
behavior of some workloads. To address this problem, we
focus on improving the memory performance estimation by
considering data transfer overhead and two types of memory
accessing patterns: regular and irregular. Our initial results
have shown this improvement can increase the performance
estimation by about 30% for memory-intensive applications.
In addition to the performance estimation improvement, I am
also working on the derivation of platform selection guidelines
since platform selection impacts the performance/erngy heavily
for CP-based WPs.

IV. CONCLUSION

My thesis research focuses on developing a lightweight
design tool to help developers partition workload on heteroge-
neous platform for higher performance or energy efficiency in
design time. This tool can effectively help developers design
WPs with higher estimated performance or energy efficiency
under low cost. Perfomance/erngy modeling also provides a
further performance/energy estimation of the obtained WPs
on heterogenous platform for selecting appropriate WP as the
final WP for further implementation.
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Fig. 4. Estimated and actual performance and energy efficiency of SA’s WPs on four different platforms.


