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- National High Performance Computrng Centre headquartered In Perth
Western Australia on Whadjukoongarcountry

* Launched as Pawsey in 2014, UJV foundations back to 2000
« 60+ Staff employed via CSIRO, national science agency

Pawse\strivesto be at the cutting-edgeof technology Ourdomainis scientific
computing accelerating discovery through world-class supercomputing
Infrastructure& expertise
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Home ofSetonix the stateof-the-art supercomputer, largscale data storage,
and the National Quantum Computer Supercomputing Hub

OUR VISION

ENABLE SCIENCE &
ACCELERATE DISCOVERY

Founding associate members

NU Murdoch
University

An unincorporated

THE UNIVERSITY OF
rundedby NCRIS # fiad  icincvenure FIUSERN | EC

nirasl rala
B e between UNIVERSITY



The! dzZ G NI £ Ay t NR Y S PrafAGluseppeBhdriRawseyPaCEResearcherfrom

Prizes for Scienceelebrated the the University of Melbourne, and his team was awarded
contributions of Pawsey the Gordon Bell Prizdor their groundbreaking
nominated collaborators, such as gquantum molecular dynamics simulations.

iInnovators from Quantum
Brilliance, Dr. Andrew Horsley,
highlighting their contributions to
scientific innovation and our
shared quantum journey.




DIVERSITY
INCLUSION

+30%

OF INTERNS

in 2024, identified
as women

2595 %

OF THEe STaFF

ParTiGCiPanTsS
“HARMONY DAY?”

in 2024, identified With a focus on |nclu5|on
as women featurm? speakers from
diverse cultural backgrounds.

Aditi Subramanya and Pascal
Elahi, were nominated for
the WiTWATech [+] Awards
2024 Gala, an event
recognizing the outstanding
achievements and
contributions of women in
the tech industry.

Diversity and Inclusion
sponsorship for the NYSF in
Canberra supporting two
women students
participation and at Science
Meets Parliament as
scholarship partner
supporting more diverse
participation.

Pawseyorganiseda breakfast
to host a WHPC Diversity and
Inclusion Networking event
duringSC Asia 2024n

Sydney.



-

The Hub, powered by Pawsey, serves as a collaborative
platform focused on integrating quantum computing with
classicabkcientificcomputing

~

Its goal is to acceleratescientificbreakthroughsand prepare $
researcherdor the impendingquantum revolution, equipping
them with the necessaryskillsto embracethis transformative j

iy, technology
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Virtual QPUs & HPC Quantum Simulation
Making HPC look like a QPU and running GFAgnostic Noisy Simulator

Quantum Virtualisation

QPUvirutalisation, job parallelisation

QBit Bridge y Integration Layer
Hardware-agnostic | NVIDIA GH200 Grace Hopper | Pawsey + Quantum
Brilliance

E A, W

Left to right: ShuserLiu (0 ), UgoVaretto(Director),
EdricMatwiejew, Casey Myers, Pascal Jahan Elahi (Le




Balancing Performance, Usability, and Advanced Feature Integration

1.Broad Compatibility 2.Competitive & Consistent 3 Efficient Noise
||||l| o 0 ) EEEE‘%U:M Grace Hopper GPU Mode (No ROMA-GPU) : /f’.'\‘
T [*) g Ours Aer-cuQ & ,/ : \ﬁ “"\
o = , 1
i o] ¢=p s L 1~ -
5 X T
HPC Native: #OfQubItS
Seamless MAntegration for GPU Acceleration: Smooth Noise Injection:
distributed computing across nodes. Delivers significant speedugver standard Incorporatesrealistic error models without a
CrossPlatform: CPlfJ methods (see chart). massive increase in computatior@mplexity.
. . . Uniform Framework: Deve'opeFFriendly:
UmEgtd frtamewgczrlgg%portmgll diverse CPU Maintains consistent performance across Modular desigrenables easy secondary
Iazlﬁulrs(;:] Orce)]:s: acceleration. CPU/MPI backends. development and customization.
Easily extensible to leverage Unified Memor eIl Low Barrier:
y g y A viable, flexible alternative, noissnabled Simplified deployment for rapid research

systems for massive simulations. . . . . i
y designed for stability in varied environments. SRR




Balancing Performance, Usability, and Advanced Feature Integration

Runtime Comparison: Qiskit Aer vs gsimadv

140
B Qiskit Aer
I gsimadv 123.19
120 1
100 -
)
ke
c
S 80
8
)
c 60.32
5 60
C
S
(04
40
28.83
2 Speedup: 1.20
bt 4.69
048 055 169 141
0
rand24x200 rand26x200 rand28x200 rand30x200 rand31x200 rand32x200
(24 qubits) (26 qubits) (28 qubits) (30 qubits) (31 qubits) (32 qubits)

Circuit

Speedup is computed as Aer runtime / gsimadv runtime. Values > 1 mean gsimadv is faster.
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Virtual QPU allowing hardware emulation and hardware design

I External Clients

submit /observe

Misalignment: Supercomputers accessed
through batchscheduled execution

environments. Quantum computers exposed s \” = \ ‘
through interactive, deviceriented semantics — ' —

Task Store Device Store Event Store
a(1), w(T) A(Z, 1) snapshots Append-anly log

Solution:combine a cloudacing control plane R e |
with an HP@esident execution plane linked TTT
solely through outbound, agemnhitiated | |

coordination. : D e

—
gi
=
o
g
—
]
-
@
3
£
w
2
g

Result:HPGenabled, devicdaithful quantum I i N ’
simulation, one that allows for exploration of

new guantum architectures with novel topology
and noise characteristics

Compute Node (scheduler-allocated, ephemeral, network-isolated)

Hermetic Runner Run Directory
Parse — .#(8) — Transpile — Simulate Input: (¢, §;) - Output:

Key:

Cross-boundary protocol (agent — server) — — Execution contract return (server — agent) Intra-plane flow




Virtual QPU allowing hardware emulation and hardware design

VQPU status & Devices submit Circuit Admin Admin2 m shusen admin
Admin3

VQPU Status & Devices  Submit Circui shusen  admin
Infrastructure
Server config, resources, and agent runners
DEVICE MANAGEMENT
Server Resources
cPu 0.6% Memory 20.6% (8.3 / 3.5 GE) Load Average
e ] e
ibm-brisbane 127 online 86/03/2026, 12:47:32
Registered Agents (1) ®0nline @ ® Offline 1
QUICK GUIDE ella-runner-1 0ffline
1. Select a d From the own below. s 146.118.74.54 8
its current JSON snapshot.
JSON (calibration, qubits, edges) offline. R .
Sturm Accounts
4. Paste or upload the modified JSON and press Upload
Wseyeeal
5. Use Quick Actions to take ind dual qubits/edges offline. s I
01/84/2026, 38/04,/2026, 17:17:36
Environment
LOAD FROM IBM BACKEND Show 7 vars
Fake Backend
List Available Backends Server Configuration
= Show real hardware CLI commands
qiskit-ella INFO
3es 10
3e0s 127.2.0.1:8209
UPLOAD / EDIT SNAPSHOT

2026-64-22T2:

1 Load from file

Cache in_memory
"ibm-brisbane",

: 127,

Event Store
"device_id"

jsenl

"qubits”: [
/app/data/vapu.db

"qubit_id": @, /app/data/events.jsonl

atge
"readout_error”; @.627832,
"single_qubit_error": 9.600243,
"frequency”: 4.721986

Store i Password Hasher e Task Queue

ite_status

)J /app/data/vapu.db

Upload to Server

http_cookie imulator giskit-ella Task Store sqlite

vapu_session
true

lax
' o

Token Auth (JuT)

° vapu-client
o :

/app/data/vapu.db




Optimizing Execution through Aggregation, Segmentation, and Dynamic Allocation

3. Dynamic QVM Allocation
(HeterogeneityAware)

i (Will release soon)

/\/

. Concept:Adapting to Variable Chip Quality
(New Frontier)

1.Aggregation (Quantum VM) 2.Segmentation (Circuit Knitting, Parallelization)
(Tao et al. 2025)

1 ' ;

rasc Y
\
o

Concept:Large Task> Multiple Small Chips

||||||

Concept:Small Tasks>Large Chip

Mechanism:Simultaneously executing | \jechanism Decomposing circuiesxceeding
multiple independent circuits on a singledevice capacitinto fragments Mechanism (e.g., QVistorn: Dynamicallypartitions
large-scale QPU. for distributed QPUs. physical resources intQuantum VM based on real

! imize hard iz ati _ _ time calibration.
Goal:Maximize hardware utilization & Goal:Enable execution of complex algorithms

throughput for batch workloads. beyond current chifimits. o
Impact: Significant success ratmprovements

ChallengeManaging crosstalk between | ChallengeExponential classical overhead on IBM hardware byrioritizing highquality
parallel processes. for reconstruction. gubits fordynamic embeddings.




/ CommunityDetectionto Partition QPU\
into similar fidelity qubits
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variability 0.2 |
& Deviges
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parallelization and =
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« Bioinformatics and Al are great reabrld examples making use of multitude of
tools with different computational resource requirements running on HPC system
These use tools likdextFlowor AirFlow

Input
liumina FASTQ PE reads

Basic QC and read

Bioinformatics workflow e

running multiple tools with ¢ 3 ; Y

complex job e I— *SPades. Yo Gamtools, Botools

interdependency. Not all e

tools require same compute Quast, Samtools, Bowtie2 |* |

resources and workflow tool l l l ( J £ 1

needs to integrate with job r v .. ¥ .. ¥ g ) s.,o..got,p% Y )
. identification identifcation differentiation | : equence typing detection SNP barcoding E 3 detection :

SChedU“ng tools used on { BLAST+ SRST2 J { BLAST+ J BLAST* | spoTyping | { e J i | In-house, Circos |

H P C Syste m S o [ Species confirmation and Iineage detection I -------- e F'alho-gen typing ---------------------- . IAMR detection . i

HTML Tabular
Report Summary




Now add tasks requiring remote access to quantum
computing acceleration for a

Input
lliumina FASTQ PE reads

Basic QC and read

Quantum _ acs
Comput Some portion of Kraken has L
. . jL-
guantum circuit to send ¢ 7 . S
Contam}t::;ﬁ:ﬂ check Ag;i?;:;y Variag; :1?;?)?39 ;2:: fi:terlng
, , Beftools
) Advanced QC |® i
Quast, Samtools, Bowlia2 I

o l ....................... l ................... l ....... R — e A A

csb | RD species| | hsp65species | | . Spoligotype - . ¢ | SNP-based AMR
identifcation differentiation | : seq"gf:;gpmg detection SNi:nl.:I:ﬁ:mg £ detection :
- SpoTyping ) Pl In-house, Circos E

(" Butwhatif QPUsdown? YL || TR ) [ ) €
Whatift h e alenggueug?  [=eormemeiem o & Parogmprg| s
What if you needto iterate? .....................................................................................................................................
What abouterror correction? || (e

What about optimising a circuit?

What about batchingjobs?
N\ & J

portion of a tool



Challenges in Making QPUs Work for Real Science

Supercomputers

Exclusive access to portion of p

supercomputer for specific amount of ® _ Quantum Compute_rs
time. Accessed through job resource Dynamic shared access to single
schedulers as resources readily resource. Accessed through

available. cloud-oriented APIs
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QBiT BribGce

Connecting Quantum Computers wihperComputers

_ _ _ Qbit Bridge
Quantumcomputersgreat for solvingcertain challengingtasksrealworld problems

needclassicahnd quantumcomputersworkingin tandem

Our solution

» Opensource workflow framework built on Prefect and SLURM
Makes QPUs “jJjust anot her resource” |1 ke CPU/ GPU

» Breaks the barrier of accessibility
* Let scientists focus on discovery, not complexity
» Unlocks progress in materials, energy, climate

iAwAsEs
» Tested on superchips + virtual QPUs NATIONAL

MERIT
« Linked to AWSBraket& QuEra, IBM I\/
» Ready for more hardware -

Available @https://qgithub.com/PawseySC/vaphybrid-workflow



https://github.com/PawseySC/vqpu-hybrid-workflow
https://github.com/PawseySC/vqpu-hybrid-workflow
https://github.com/PawseySC/vqpu-hybrid-workflow
https://github.com/PawseySC/vqpu-hybrid-workflow
https://github.com/PawseySC/vqpu-hybrid-workflow

>

Dashboard
Flow Runs
Flows
Deployments
Work Pools
Blocks
Variables
Notifications

Concurrency

Flow Runs

Date Range
& | [5) Past7days v
Flows Deployments

All flows All deployments

States
All run states
Work Pools

All pools

Past week (default) ¢

ELT

All tags

Hide subflows

®) -]

Q_ Search by run name

Example CPU flow with QPU-circuit sumbission > cpu_qpu_flow_on_vgpu_[3, 16]1-2025-05-30:10:07:39

Running {5) 2025/05/30 10:07:40 AM (® 4s © None

Launch vQPU Flow > launch_vgpu_2_flow_on-2025-05-30:10:07:36

[®) Running (] 2025/05/30 10:07:40 AM (O 4s E 1 Task run

Newest to oldest

~
~




Simulate QPUs

Abstract QPUs

Integrate QPUs with HPC

E A, W

Left to right: ShuserLiu (0 ), UgoVaretto(Director),
EdricMatwiejew, Casey Myers, Pascal Jahan Elahi (Le




ﬁ Pawsey

QuesTionNns?




	Slide 1: Enabling Hybrid Quantum-Classical COmputing
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 11
	Slide 12
	Slide 13: HPC-vQPU Virtual QPU allowing hardware emulation and hardware design
	Slide 14: HPC-vQPU Virtual QPU allowing hardware emulation and hardware design
	Slide 15: DynQ - ADVANCED Compiler STRATEGIES Optimizing Execution through Aggregation, Segmentation, and Dynamic Allocation
	Slide 16: Virtualising & Parallelising
	Slide 17: Bioinformatics workflow running multiple tools with complex job-interdependency. Not all tools require same compute resources and workflow tool needs to integrate with job-scheduling tools used on HPC systems  
	Slide 18: Now add tasks requiring remote access to quantum computing acceleration for a portion of a tool … 
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

