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Trends in Exascale Computing
Software for Low Power

Taesang Huh, Jae-Hyuck Kwak, Myoungju Koh, and Seungwoo Rho

Abstract—The demand for low-power HPC in exascale computing is a top priority, and various improvements
are being considered to reduce the clock frequency and improve the cost of data movement in an aspect of
energy consumption and performance to save power. Although exascale computing is predicted to be created
with a new architecture different from previous HW architectures, we focus on SW research trends for low
power in achieving an exascale system in this paper.
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1 INTRODUCTION
Exascale computing, which requires low-power
HPC, is not just 1,000 times the current peta-class
architecture. The processor architecture has yet to
be determined, and it will reach 150 MW in a simple
scaling-up of the Sunway Taihulight petaflop computer in China, which has the highest performance
today. US DARPA report, DOE (Department of Energy) report and Exascale Computing Project (ECP)
aim at 20-30MW with the reasonable power of exaflops computer, and hardware architecture changes
seem to be necessary for this [1]-[3].
To conserve power, the clock frequency will decrease and consequently, the number of processors
on a single chip is expected to increase, and the exascale architecture will have a high concurrency. In
terms of energy consumption and performance,
data migration costs are not expected to improve as
much as the cost of floating point operations, so algorithms need a programming model that mini-

mizes data movement and allows power management. At all levels, it will be more difficult to handle
the I/O systems (chip to memory, memory to I/O
node, and I/O node to disk) because it cannot keep
pace with the I/O bandwidth and machine speed.
Reliability and resiliency are mandatory for one
billion concurrent scales. The silent error due to
components and manufacturing variability failures
will have a greater impact on the computational results of exascale computers than today's petascale
computers.

————————————————

· Taesang Huh is with National Institute of Supercomputing
Networking, KISTI, Yuseong-gu, Daejeon, South Korea. Email: tshuh@kisti.re.kr
· Jae-Hyuck Kwak is with National Institute of Supercomputing
Networking,, KISTI, Yuseong-gu, Daejeon, South Korea. Email: jhkwak@kisti.re.kr
· Myoungju Koh is with National Institute of Supercomputing
Networking, KISTI, Yuseong-gu, Daejeon, South Korea. Email: myju@kisti.re.kr
· Seungwoo Rho (corresponding author) is with National Institute of Supercomputing Networking, KISTI, Yuseong-gu, Daejeon, South Korea. E-mail: seungwoo0926@kisti.re.kr
2014-2018 © ICRP.

Fig. 1. Performance and energy efficiency of rank 1 systems
on the top500 list (2007-2017)

Figure 1 shows Top500 trends in performance
and energy efficiency of rank 1 systems for the past
10 years [4]. The 2017 rank 1 system, Sunway Taihulight, has significantly improved performance
and power efficiency over the previous tianhe-2.
But in order to achieve exascale computing, it is es-
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sential to improve performance and energy efficiency with the new and improved HW architecture
and advanced SW supporting it.
Low power for exascale computing is necessary
not only for HW development but also for SW development. This article discusses the research trends
focusing on the SW of an exascale system for low
power computing.

2 SOFTWARE FOR EXASCALE SYSTEM

The scope of software development in the exascale
system includes the operating system (runtimes for
scheduling, memory management, communication,
performance monitoring, power management, and
resiliency), computational library, compiler, programming language, and application framework.
Countries around the world are actively enhancing
SW for the exascale system by establishing
roadmaps for each country.
2.1 Software Requirements for Exascale
Computing
There are some indispensable SW issues to consider
for exascale computing as follows:

• A scalable system with superior performance
over existing supercomputers (operation rate: 6
times or more),
• 1 exaflops performance under 20MW~30MW
power consumption
• Availability based on checkpoint and restart with
guaranteed downtime within one week per year
• Compatible architecture to cover a wide range of
workloads.

2.2 Exascale Computing Software

Fig. 2. Exascale Computing SW Stack by ECP

Exascale computing software is aimed at using
highly parallel applications based on the exascale
architecture. It is well described in figure 2 exascale
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computing software stack and should reflect the following application requirements:

• Programming model like task-based RTS and
concurrency from applications
• Integrating SWs using different approaches such
as on-node parallelism
• Development and integration of co-designed
topic-based community components
• Coupling both algorithms and SWs
• Integration of sensitivity analysis, data assimilation and quantification techniques of uncertainty
• Understanding the requirements of data analytic
computing methods and applications [5].

3 TREND OF SOFTWARE RESEARCH FOR

LOW POWER COMPUTING
3.1 Compiler Algorithm for Energy Reduction
A compiler is an implementation of architecture-independent algorithms that can map to high-quality
code and a lightweight mechanism that interfaces
with runtime layers and architectures. For example,
dynamically map specific execution contexts to
code to improve high performance and power efficiency [6]. The research challenges in optimization
are to make parallel programming mainstream, to
write compilers capable of self-improvement, and
support optimization for parallel code.

3.2 Dynamic Voltage Scaling (DVS)
To reduce CPU power and increase energy efficiency, the DVS algorithm is being studied to adjust
CPU frequency after CPU-boundedness detection so
that the program can run on non-peak CPU frequency. For programs where the execution time is
limited to the performance of the peripheral rather
than the CPU speed, applying DVS to the program
can contribute to reducing power consumption [7].
There are the research challenges in optimization as follows:
• Source code instrumentation for performance
profiling
• Execution with profiling
• Determination of appropriate processor frequencies for each phase
• Source code instrumentation for DVS scheduling.

3.3 Auto-tuning
Since meeting the real-time simulation requirements of up to 1,000 times per core is a difficult task
in a power-efficient design, an automatic optimization framework is being developed to optimize the
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code and reduce the computational burden, and the
automatic tuner is used to systematically apply
compiler optimizations [8]. The main ideas of autotuning is to achieve to optimize memory access for
many-core CPUs, Multi-core CPUs and GPUs. Autotuning gives us code generation for optimization
candidate, search functions for the best candidate
and automatic execution for optimization. Through
automated code tuning/compiler/runtime optimization, refinement loops can enhance not only but
also power efficiency.
3.4 Hardware-Software Co-design
Energy efficiency could be improved by tuning the
hardware according to the auto-tuning software. In
addition, using the SW-HW optimization combination within the system design cycle, it enables both
system validation and development time reduction
[9]][8].

Fig. 3 Concurrent Engineering Techniques in Designing
Complex SW/HW Products

Co-design enables to meet time-to-market since
developed software can be verified much earlier
and overall system performance, reliability, and
cost effectiveness and defects found in hardware
can be corrected before its implementation, compared with classic design in figure 3.

4 CONCLUSIONS

The compilation algorithms and DVS for low-power
exascale computing introduced above can contribute to reducing the power consumption of the operation. The RAMP (Research Accelerator for Multiple
Processors), which is An FPGA-based architecture
simulator for multiprocessors, allows for near-realtime prototype development and testing. With this
function, it is possible to test the application code
and advanced software development used in the
system, and exascale SW-HW auto-tuning to improve the performance of existing SW and HW as
well as the design of low power computing.
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