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We acknowledge and celebrate the First Australians on whose traditional
lands we meet and pay our respect to the Elders past and present.
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- Artist: Lynnice Letty Church — Tribes: Ngunnawal, Wiradjuri & Kamilaroi (ACT and NSW)
ncr.org.au Gadi - "to search for" in Ngunnawal language - January 2020 for NCI Gadi Supercomputer 2
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Whatis NCI?

A world-class, high-end supercomputer and data science hub

NCI is the premier facility in Australia
providing:

High-performance computing (supercomputing)
Cloud computing

Data storage and services

We support over 5500 Australian
researchers.

We enable transformative research that
informs policy

We deliver outcomes with national benefits
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NCI

AUS | RALIA * Develop pooled software development
capabilities
* Remove barriers to experimentation/adoption
of open-source codes
* More storage
L4XA Liquid Rocket Engine (LRE) Simulations * Mesh generation - a huge bottleneck
* Quantum — expect inhomogeneous platforms
but not yet clear where the first ‘positive gain’
applications will be

Summary of CFD Session
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Induéer

Residual life
Regenerative prediction of
cooling combustor i
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Summary of Molecular Simulations and Bioinformatics Session

e quantum mechanical calculations

Cohorts used in case:control studies « molecular dynamics simulations of both
materials and biomolecular systems
Study Discovery  Replication  Discovery  Replication * bIOInfOrmatICS methOdS for Iarge Scale genome,
cases cases  controls  controls proteome, or metabolome analysis.
International Sarcoma Kindred Study (ISKS) 1474

Genetic Cancer Risk in the Young Study (RisC 05 guantum mechanical energy/force calculations

Total data storage @NCI for these germline scale as >=N*
studies >825Tb molecular dynamics simulations, scaling ranges
4 from NlogN to N2
The Cancer Genome Atlas (TCGA-SARC) 253
Norwegian Sarcoma Consortium (NoSarC) 310

Molecular dynamics simulations are well-suited to
GPUs and there has been significant re-
optimisation of existing code and development of
e s, 417§M core hours new code to take advantage of highly parallel

Total 1644 839 3611 4299 architecture.

Total compute for these analyses:

(Credit: David Thomas) diversity of system sizes, compute and memory
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Summary of Climate and Weather Session

2 ) :
an ocean model: Resolution choice depends on

resources and science question.

Coupled 1712 oceoan ] Coupled 104" otean ] Coupled 1° ocean

-

1. Training ML models on processes occurring in
high-resolution models to tune parameterisation
schemes for lower resolution simulations;

2. Use of Al/ML to diagnose model dynamics, or
to train on model output to dynamically
interpolate sparse observations

3. To provide short-term forecasts of weather,
waves, ocean state, and so on.

we are moving towards a climate system that is
outside the bounds of the observed record! It
follows that training (particularly for forecasting)
may be compromised in many situations and
motivates the need to continue working with Y T T R Y
traditional forward models. Malcolm Roberts, UK Met

enhance the scaIabiIiti of modeIIini frameworks to reach hiiher resolution

o
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Summary of Geophysics Session

e Computational and Data intensive multi-physics activities being
attempted across Australia

e Assembling both high-end new codes around major collaborations

e Rescuing, assembling and reprocessing data to new standards

Orogen erosion

Basin infilling

-

Accretionary prism basin\’ Basin subsidence

(C) ithospheric flow Lithospheric

Extension & thinning

NCI Geophysics Environment

Python

[ 2
Zarr =
L ObsPy [tile]DB ':'”
W' ot saraey e xarray
———
Q= o o

netCDF

2 ¥ hvplot
Q/ GeoPandas b:)keh

pyasdf

simpeg i# dask

W e

650+ Python packages

Julia
R ®
< ()
HIQGA.jl g ® 0
I . . 0000
QuakeML.jl JuliaGeo JuliaParallel
SegylO.jl o
[¢)
JUDLl A LJie]
SeisModels.jl N s .
GeophysicalFlows.jl & Makle
. I.‘:: °

500+ Julia packages

540+ R packages

e Co-location of HPC and data and mix of environments in one place makes things much easier
e Increase in research productivity using platform for sharing — even when individual activities can be siloed.




NCI Summary of astronomy Session

AUSTRALIA

What is on the Horizon? ASTRO 2020 facilities

Petabytes of
data

Whoa! New and giant telescopes ahead
Posted by EarthSky Voices in HUMAN WORLD | SPACE | April 11, 2018

This decade is critical for readiness.
We need:
Major science programs identified
Theoretical models
Sample or field selection
Ancillary observations completed
Data processing methods ready
Supercomputing facilities ready

‘ LSST survey- |- 3 S ’...(iMT

v

2021 2024 2028 2030 2033
CENTER FOR

HARVARD & SMITHSONIAN

(Credit: Lisa Kewley)
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Summary of Social Sciences Session — Computational economics

Our Modeling Wish List

m Rich specified integrated assessment models (IAMs).

m Include state-of-the-art climate science (to the extent possible).

m Time-to-solution on human time-scales (minutes to hours on a laptop), not 100k node hours on a
HPC system.

— Interdisciplinary endeavor encompassing climate science, applied math., comp. science, economics.

Nonil_

|11 ||| UNIL | Université de Lausanne

e Eredit: Simon Scheidegger)
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Summary of Social Sciences Session — Knowledge graph empowered by LLM

PID Graph (Type A & B)

Scopus Bublication
/902151
IZ24A9§ZI
Mnj_nm;n:"m..ﬂ_,m“ (B02K) T
ll ) 7K
.
Nodes: 11 million | Vo 3

Relations: 18 million

Last updated: 11 Sept 2023

Ty‘.fublm'amn

L8

e
—.ORCID:Publication
1890 61295024

ORCID 68.4%

(credit: Amir Arayni)



NC' Key message: HPC will be essential to QC, and there are many interaction pathways emerging

AUSTRALIA

Summary of Quantum
l"' '

1. Hybrid approaches: QC and HPC working in tandem

2. QC benchmarking and simulation requires HPC

3. HPC data processing in quantum error correction

Scaling IBM Quantum technology

4. Machine Learning techniques for quantum applications

5. Large-scale simulations for QC devices/hardware

<><><><><>m

(Credit: Lloyd Hollenberg)

nci.org.au
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Plenary talks are available on NCI YouTube Channel

Some thoughts — Exa/Al/Q/Z = EAZQ

* Four themes — mixture of status/reality check

* Exascale — what might we do to keep momentum and help the next
generation work on building their models for collaboration

* Al - huge opportunity that is impacting nearly everything we will do
going forward, but we need to own the Al and Science coupling

* Quantum - cracks appearing in the plan, but what actually should we
be doing to make history proud of us?

* Zetta — Progress towards Zetta needs to underpin the plan as the
foundation needs reinforcement and Q will not replace it
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Numeric simulation, uncertain quantification to instrumental science, large scale data processing

Primary transit modeling o6 Direct imaging modeling

Spatial binning
occurs along
latitude

Spatial binning
0CCUrs across
atitude and longitude

Sampling along

the terminator, with
simulations integrated
considering equal weights

Sampling across the
whole observable disk
and GCM points weighted
by projected area
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https://sca24.sc-asia.org

Supercomputmgl-\sm 2024

Exascale readiness in Al, HPC and Quantum

_ ADAC14 Open Symposium 22 Feb 2024  ° 1

International Convention'Centre
Sydney, Australia

19-22 February 2024
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