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HE special issue on Innovative R&D toward the Exascale

Era explores new foundational and translational
research toward enabling exascale computing for emerging
scientific and societal challenges. Exascale computing is
defined as the capability to perform 10'® operations per sec-
ond. Productively harnessing such a scale of processing,
storage, and networking capabilities for diverse domains—
including high-performance computing (HPC) simulations,
artificial intelligence (AI), and extreme data-driven comput-
ing—relies on not only revitalizing existing parallel and dis-
tributed computing technologies but also innovating new
solutions. Papers in this special issue explore diverse topics
in research encompassing parallel, distributed, and hetero-
geneous systems for exascale, including advances in appli-
cations, programming environments, runtimes, libraries,
innovative algorithms, domain-specific frameworks, sys-
tems architecture, performance analysis, data processing,
and networking technologies.

We thank all authors for their submissions. The selection
process from the 40 submissions involved multiple stages.
In the first review round, we had 13 minor revisions and 15
major revisions. In the second revision round, 18 papers
were accepted, together with 8 papers under a minor
revision. In the third revision round, 6 papers were
accepted. In total, 24 papers were accepted for the special
issue, leading to a final acceptance rate of 60 percent.

Of the accepted papers, four focus on system software
and related topics, with emphasis on addressing issues in
the complexity of emerging architectures:

e “Anomaly detection and anticipation in high perfor-
mance computing systems,” [A1]

“Online power management for multi-cores: A rein-
forcement learning based approach,” [A2]
“Near-zero downtime recovery from transient-error-
induced crashes,” [A3] and

“Compiler-assisted compaction/restoration of SIMD

instructions.” [A4]
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Six papers focus on programming models, runtimes,
tools, and libraries that are helping users to handle the diffi-
culties of working with multiple heterogeneous architec-
tures while working toward performant code at extreme
scale:

“EXA2PRO: A framework for high development pro-
ductivity on heterogeneous computing systems,” [A5]
“Kokkos 3: Programming model extensions for the
exascale era,” [A6]
“Design and performance characterization of
RADICAL-pilot on leadership-class platforms,” [A7]
“LB4OMP: A dynamic load balancing library for
multithreaded applications,” [A8]
“The PetscSF scalable communication layer,” [A9]
and
“An automated tool for analysis and tuning of GPU-
accelerated code in HPC applications” [A10]

Four papers focus on data-intensive processing, parallel
I/0, and storage systems, at scale:

e “Enabling scalable and extensible memory-mapped
datastores in userspace,” [A11]
“Improving I/O performance for exascale applica-
tions through online data layout reorganization,”
[A12]
“Transparent asynchronous parallel I/O using back-
ground threads,” [A13] and
“Accelerating HDF5 1/0 for exascale using DAOS.”
[A14]

Three papers address scalable graph and network
computations:

e  “Characterizing performance of graph neighborhood
communication patterns,” [A15]
“A parallel algorithm template for updating single-
source shortest paths in large-scale dynamic
networks,” [A16] and
“TianheGraph: Customizing graph search for
Graph500 on the Tianhe supercomputer.” [A17]
Seven papers focus on other algorithms and applications,
including the use of new programming models and mixed
precision computation to work toward efficient and scalable
performance at exascale:
e “VPIC 2.0: Next generation particle-in-cell simu-
lations,” [A18]
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e  “Accelerating geostatistical modeling and prediction
with mixed-precision computations: A high-produc-
tivity approach with PaRSEC,” [A19]

e “libEnsemble: A library to coordinate the concurrent
evaluation of dynamic ensembles of calculations,”
[A20]

e “Combinatorial BLAS 2.0: Scaling combinatorial
algorithms on distributed-memory systems,” [A21]

e “Evaluating spatial accelerator architectures with
tiled matrix-matrix multiplication,” [A22]

e “GSOFA: Scalable sparse LU symbolic factorization
on GPUs,” [A23] and

o  “Accelerating restarted GMRES with mixed preci-
sion arithmetic.” [A24]

We thank all members of the review committee for their
hard work and insightful feedback on submissions. We also
thank the community for interest in this special issue. We
hope that the information in this special issue will help to
further advance insights in work toward the exascale era.
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