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DNA Sequence Analysis
(e.g., Genomic sequencing of SAR2)

Large Language Models

Recommendation Engines 2
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Wie viel Strom bendtigt z.B ein Smartphone?

Abspielen (k)

Sourceshttps://www.youtube.com/watch?v=N4Ec_POLtes
https://www.youtube.com/shorts/O6QeeA6jbSO

s besteht das Internet?Im Gespréach mit

Asking ChatGPT Qs
with 5-50 prompts!

Search on LLM vs
Google Search!

A text-to-image
generation? (1000
inferences)

1 min video (e.g.,
midjourney)

OAW

<=

OSTERREICHISCHE
AKADEMIE DER
WISSENSCHAFTEN

500mI of water

2.9Wh/ Search or
up to 20x

expensive

3hr of
dishwasher

5,4 kWh or
36hr playing
Playstation 4.0
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Average Energy Consumption for Generation of responses to
thank you messages - Llama 3.1-8B - H100 Histogram of Energy Consumption for GPU Generation of responses
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Figure 2: Left — Mean Energy consumption by device (GPU, CPU, RAM) for one response. Right — Histogram of d | e H O ﬂ | C h ke | tm | t
GPU energy to respond to a thank you message.
SourceSaying Thank You to a LLM Isn't RreMeasuring the Energy Cost of Politeness ChatG PT’ O R EI B
https://huggingface.co/blog/jdelavande/thaniyo uenergy I nterV| ew

Human-AI Interaction for Sustainability (HAI4S): Green Prompting Strategies and Eco-Feedback for Efficient Use of Large Language Models

Hosting Institution: LIT Robopsychology Lab J%U JKU
Supervisors:

73 Doctoral College

Martina Mara vonar Brand1c | > Computational Sustainability

JxU JKU g TU Wien
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Source: https://www.datacenterknowledge.com/energy
powersupply/goingnucleara-guideto-smrsand-nuclear
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Code generation

A Al-native IDEs are seeing rapid ) |
adoption, tailored for LLM-based J CURSOR VW Windsurf
code assistants.

A Code assistants are widely viewed ) Visual Studio Code + GitHub Copilot
as the future of software
development.

A Studies report that 30i 40% of code
In large organizations is now Al-
generated?!.

. . . ) Slide: courtesy Shashi llager,
1. McKinsey & Company, The Economic Potential of Generative Al, 2023 University of Amsterdam

11



Resource=fficientinferencein LLMs

—

A Knowledge Distillation
A Quantization -
Compression

A Introduces loss of accuracy
A Nonadaptivity in runtime

—

A Code generation is hightlynamig with a different degree of complexity in each line of code

A Need to understand thenput context (code file) and choose the corresponding inference load dynamicall

e M@
o [y [ Context
Code assistants o
client K ‘)
tokens

Slide: courtesy Shashi llager,
University of Amsterdam
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Slide: courtesy Shashi llager,
University of Amsterdam

International Symposium on Cluster, Cloud and Internet Comp@D&iiH May 1922 2025,Tromso Norway.
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A cup of coffee?

¢3¢

Representing the energy configuration of a single caffeine
molecule at a single instant requires approximately 102 bits in a
classical computer

Can be done using 160 logical qubits on a quantum machine

G9USNE UAYS é2dz I RR
double your possible outcomes,

With 20 qubits there are a million

possible outcomes. With 100 qubits,

you have more possibilities than there

are bits in all the hard drives in the

world. With 300 qubits (i K I 1 Q& Y 2
possibilities than there are particles in
0KS dzy A SNE S o€

1 000 000 000 000 000 000 000 000 000 OO0 OO0 000 000 000 000 000  vs. 160

Courtesy Nic&insiedle(IBM), TU Wien
Quantum Fall Fest 2022

https://quantum.duke.edu/2020/10/16/moregpossibilitiesthan-there-
are-particlesin-the-universe/ 16



Beyond O and 1

Von Neumann
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Bottom up approach
- Variational Quantum Linear Solver (VQLS)
- Quantum Eigenvalues> Native 3d

modeling of scientific applications
Problem:Currently quantum systems can

be used by quantum researchers only!

P QC

HIGH-PERFORMANCE QUANTUM COMPUTING I




HPC Cluster LIDQC

QPU
SSH_ » | Front Batch System
terminal End —
A Login
A compile \
A upload/downloag \
data node
. A . A submit jobs ) .
A9l OK ay2RS¢ Kl &a Ala LIS NJ G
system @xEctabl® ’Ft%
A Nodes are interconnected with a Disk
network cable

A Higher performance demand more
processors

A Accessed via frorgnd node/computer
A Shared with may users 5 F F G .

Forschung wirkt.



FFG High Performance Integrated | | PQC
Quantum Computing

Q C C I u St e r Grant ID #4562957 HIGH-PERFORMANCE QUANTUM COMPUTING

Improve QC performance Implement Hybrid GLibs

Complement QEC capabilities < > Benchmark PoC useases in

Extend QC research with HPC hybrid infrastructure (HPC TU
Wien)

Direct access | .
Login console @

HPC node

aconet

S. Herbst

Circuit API

Offloading API

M. Kanatbekova F. Zilk

QC system

Best Paper Award at ISVLSI 2025
CD/ {uwnun ClFff 9R
DiebergerSkalickyPrize 2025
NetldeeScholarship 2024
DISCOVER US Scholarship 2026

FFG

Forschung wirkt.

> > > > >
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Assembly of a Quantum Processing Unit (QPU)

@® Move from Ca+ to Ba+
@ New system with
stage 1. 10x higher, T
stage 2infinit. Higher T
@ 2( error rate:
legacy: < 18
target: < 16
@ Init error
legacy: < 18
target: < 16
@ Readout error
legacy: < 18-> ~ 10¢*
target: < 160

M universitat
™ innsbruck 20

Picture:Courtesy AQT; Uni Innsbruck



ArQC

HIGH-PERFORMANCE QUANTUM COMPUTING

lon-trap
guantum
computer

. un |Ve rsrtat CourtesyExperimentalphysjkJniv. Innsbruck
: Pictures, video: courtesy Vincenzo de Maio
Innsbruck / 21




Destructive Measurements

Unitary Destructive
Initial State operator Evolved state Measurement Result

o~ —

I

I

y Lost quantum information
due to system collapse

Side courtesy: S. Herbst

22



Classical Shadows

Randomized Classical
measurements Processing

Classical
shadow

A=E

Source: Huang, HY., Kueng, Rré&skill J. Predicting many properties of a quantum system from very few
measurementdNat. Phys16, 105@1057 (2020).

dide courtesy: S. Herbst

state fidelity
entanglement entropy

correlation functions

23



Quantum Neural Network (QNN)

. Feature
Initial State Encoding Ansatz

0)®™—V(X)—U(H)

Measurement

£

Optimize

011

X

Input

Source: Sabrina Herbst, Vincenzo De Maio, Ivona Brandic: On Optimizing
Hyperparameters for Quantum Neural Networks. QCE 2024-1438

Side courtesy: S. Herbst
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[ ] Classical Computer
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Barren Plateau

Landscape with Barren Plateaus

~—

Landscape with no Barren Plateaus & !
-

Source: https://medium.com/@deltorobarba/cajuantum-computingaccelerategenerativeai-b1df36398ac5

optimization landscape

- gradient of the cost function with respect to the circuit parameters becomagmnentially smallas the system size increases.

- training the model extremely difficult as gradienbased optimization essentially stallsimilar to being stuck on a flat, featureless
desert with no clear direction to go. 25



Implications for QML

ATraining fails Gradient descent
becomes ineffective, especially
as the number of qubits
Increases.

AWasted resourcesRunning ,
) dzI Y U dzY OA NDdzA U a
contribute to learning wastes

both time and quantum compute
Unveiling the Resource Footprint of Hybrid Classic-Quantum Systems
res O u rC e S ' Hosting Institution: Institute of Computer Engineering ¥l TU Wien

AScalability issuesMakes it hard i
to train larger QML models.

N Doctoral College
& Computational Sustainability

vona Brandic Richard Kuen Vincenzo De Maio

TU Wien JxU JKU TU Wien
Uni. Leicester
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Source: https://www.science.org/content/article/sibeHagatewayunderworldgrowsrecordheatwave Batagaika crater
thaws-permafrost




Ambarnayariver, Norilsk, Siberia

Source: https:Mvww .brusselstimes.cofmews/115566/us-offersto-help- Warning ng"a/ /

russiafollowing-arctic-oil-spill/

Finnish Environment Institute

SWAIN Sustainable Watershed g LLIF

chist-era

Management Through lel¥riven Artificial - 110 cE905
Intelligence

A In-silico dgital representation of the
river

A viscoelasticity

A Data from IoT sources + expert
knowledge = digital model of the
river

Predicted Micropollutant Source

Global
Model Updates Watershed
Authorities Model

Local Watershed
Model

-,

Measurement 2t

dge Server
Station

Source Model

 Updates

Lniversitat
wien

Source: S. Ahmad, H.8 | yT®yatman M. T{  yRP{ 1 I &
V. De Maio, |. Brandic, A. Aral. Sustainable Environmental
Monitoring via Energy and Information Efficient MiNtode
Placement. IEEE Internet of Things Journal

Cloud Server




(2 Wasserversorgung der Stadt Wien
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# ESR2053

Alsupported Holographic
Environmental Water
Monitoring

24/7 Decision A Our device has the size of a shoebox
A 1t collects liquids and shines light through them

'-0 8 /; ‘{‘,’\_i\‘kn—mf-/ @ ! A
g | ® Some light is scattered by any particles inside
LT In-line ‘ | s o2 o

D,
e A The illuminating and scattered light interfere
|

forming holograms that are recorded by a camera
A The preprocessed images and sent to the cloud

\ A The light in the volume is numericall
reconstructed to ~500 images in a stack

A The total volume of view is ~1M times that of a
conventional microscope

A Proprietary algorithms boost the contrast and
resolution

A The whole platform provides real time microscopic

monltorlng
elloid

Big data g on small things

e

Slide: courtesy Peter van Oostrum, Holloid, BOKU Wien
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