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Strategic International Collaborative Research Program (SICORP)
Japan—U.S.A. Joint Research Program
Executive Summary of Final Report

1. Project title : TPromotion of Interdisciplinary Research between Al and High Performance
Computing by International Joint Research |

2. Research period : February 2022 ~ March 2024

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Takahiro Katagiri | Professor | Information Auto-tuning
Technology Center,
Nagoya University
Collaborator Makoto Morishita | Ph.D Graduate School of Oversea
candidate | Informatics, Nagoya | Traveling
University Researcher, Al
adaptation, AT
evaluation

Total number of participants throughout the research period: 2

Partner-side

Name Title Affiliation Role in the
research
project
Pl Osni Marques | Staff Lawrence Berkeley Numerical
Scientist | National Laboratory Algorithm

(LBNL), Computational
Research Division

Collaborator | Andrew Staff LBNL, Computational Computational
Canning Scientist | Research Division Science
Collaborator | Yang Liu Research | LBNL, Computational Al Adaptation,
Scientist | Research Division Auto-tuning
Collaborator | Doru Thom Research | LBNL, Computational Al Adaptation,
Popovici Scientist | Research Division Numerical
Computing

Total number of participants throughout the research period: 4

4. Summary of the international joint research

Addressing the urgent challenge extends beyond merely executing humerous scientific
and technical computing tasks efficiently on an exascale supercomputer. It encompasses
enhancing development productivity and curbing maintenance overheads. Through this
international collaboration, experts will be deployed to premier research institutions in the
United States, fostering interdisciplinary studies merging Al and high-performance
computing (HPC), two rapidly evolving domains. The objective is to forge a fresh cycle of
knowledge, utilizing research products from the U.S. Department of Energy's (DoE)
Exascale Computing Project (ECP).

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

Implementation Details: Supercomputing technology, driven by the HPC field, stands as
a cornerstone in the realm of science and technology. In Japan, supercomputers like
"Fugaku" wield significant influence over scientific and technological advancements.
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Similarly, in the United States, supercomputing technology remains a focal point within the
scientific and technological landscape. The forefront of discussion revolves around
"exascale computing" technology, aiming to achieve unparalleled performance on a global
scale, with multiple exascale computers currently under development and operation.

The Exascale Computing Project (ECP), sponsored by the US Department of Energy
(DoE) and spearheaded by Dr. Marques of LBNL, represents one of the most renowned
research endeavors in this domain. Concurrently, Al technology undergoes rapid
development and active research in the United States. Hence, this proposal, which
amalgamates HPC and Al research areas, holds significant importance, aligning with
technical fields with broad applicability within Japan's scientific and technological landscape.

This assignment entailed the following tasks, elucidating the principles and Al integration
essential for cutting-edge HPC software:

» Assignment Al: Investigation into the functionalities, performance, and
productivity of US ECP development software.
» Assignment A2: Evaluation of Al applicability and performance for targets outlined
in Al.
» Assignment A3: Performance assessment and evaluation of high-performance
implementations for Al targets.
Results:
® Assignment Al: Our investigation delved into the US ECP development software,
focusing on GPTune, an Auto-Tuning (AT) software leveraging Bayesian estimation—a
form of Al—to enhance productivity through automated tuning. Additionally, we
scrutinized ScalLAPACK, a widely utilized numerical computation library for dense
matrices in distributed memory environments, developed under the auspices of the US
DoE. Furthermore, we conducted a functional analysis of FFTX, a DoE product
facilitating Fast Fourier Transform (FFT), a pivotal signal processing technology in
engineering.
® Assignment A2: We assessed the adaptability of AT functionalities to ScaLAPACK and
FFTX, alongside scrutinizing the performance of GPTune. Specifically, we explored the
application of AT to ScaLAPACK and its resultant impact.
® Assignment A3: We deployed GPTune and evaluated its performance, devising a
methodology to integrate GPTune into ScalLAPACK's LU decomposition routine.
Moreover, we validated AT utilization via GPTune within a PC environment.

5-2 Synergistic effects of the joint research

The IDEAS-ECP project under the US DoE stands out as the foremost research initiative
worldwide focusing on software productivity in the HPC domain. Additionally, Dr. Marques, a
key figure in this endeavor, has contributed significantly to the development of LAPACK, a
widely utilized numerical computation library. By propelling forward Japan's distinctive
Auto-Tuning (AT) technology, championed by the representative for over two decades, and
integrating it with Al advancements, we aim to foster global research at the intersection of Al
and HPC. Through fostering exchanges among young researchers, we anticipate
generating novel ideas and nurturing a cycle of knowledge dissemination.

5-3 Scientific, industrial or societal impacts/effects of the outputs

Collaborative exchanges in supercomputing and HPC research between the United
States and Japan will advance, facilitating the reciprocal flow of knowledge into the
development of the next generation of national supercomputers. This synergy will fortify
research infrastructure, shaping a robust computing environment for future endeavors.
Concurrently, Al technology has permeated into previously unexplored realms, notably the
HPC domain. By elucidating pathways for enhancing software productivity and achieving
performance milestones previously deemed unattainable, Al-driven advancements are
propelling forward research in numerical simulation fields. This integration holds promise for
furthering advancements in the realm of computational research.
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