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Von Neumann Computing |
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Figure: The von Neumann architecture consists of the processing, control, memory, input, and output
units. The control and processing units make up the CPU, which contains the ALU, the
general-purpose CPU registers, and some special-purpose registers (IR and PC). The units are
connected by buses used for data transfer and communication between the units.
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Von Neumann Computing Il
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Source: Suzanne J. Matthews, Tia Newhall, and Kevin C. Webb. Dive Into Systems: A Gentle Introduction to
Computer Systems. English. New York: No Starch Press, Sept. 2022, 1sBN: 978-1-7185-0136-2
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Moore's Law
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Source: Hennessy, John L., and David A. Patterson. Computer architecture: a quantitative approach. Elsevier,
2011. 6th edition.
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50 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2021 by K. Rupp
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Demand for computatlon in ngh Energy Physics
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Demand for computation in High Energy Physics
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Fig.3 Comparison of C/C++, Python and Julia language perfor-
mance for a set of short algorithms. OpenBLAS, together with
NumPy in the Python case are used for matrix operation. The score is
defined as the time to run the algorithm divided by the time to run the
C version of the same algorithm
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CO, cost of scientific computing per language
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Source: Simon Portegies Zwart. “The ecological impact of high-performance computing in astrophysics”. en.
In: Nature Astronomy 4.99 (Sept. 2020), pp. 819-822. 1SsN: 2397-3366. DOIL: 10.1038/s41550-020-1208~-y
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Alternative computing paradigms
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Reservoir Computing

ground truth dynamics I Traditional Reservoir Computer forecasted dynamics
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Source: Daniel J. Gauthier et al. “Next generation reservoir computing”. en. In: Nature Communications 12.11
(Sept. 2021), p. 5564. 1SSN: 2041-1723. DOI: 10.1038/541467-021-25801-2
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Quantum Computing
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http://arxiv.org/abs/2403.08780

Piotr Gawron (CAMKPAN)

the Next Steps in Quantum Computing”. In:

DOI: 10.48550/arXiv.2403.08780. URL:

Beyond von Neumann

28-29 Nov 2024

Trapped lons Current_ superconducting
Electrically charged atoms, — Circuits ust be
or ions, are held in place Very stable. 5 Aresistance-free current cooled to near
1on0. Quantinuum, Slow operation H Google. IBM. QI Can lay out
soth eleclrcfel, Qubits 1000 999% sgh | AaTOdorglonics, | MOt | any asersare | | 3 Capacitors | oscllates back and forth 000005 | 999% Hagh Rigett Oxford | physicalcr- | 200t zero
A | are stored in electronic achieved gate H] around a circut oop. An High variabiity
Universal Quantum needed £ Quantum Circuts | cuts on chip
states. lons are pushed with fidelities. injected microwave signal in fabrication.
laser beams to allow the e - excites the current into Lots of noise
qubits to interact. Microwaves | super-position states.
Microwaves oatafow
Neutral Atoms N silicon Quantum Dots sl ntel <0c et
Neutra atoms, ke fons Very high: program and These “artficial atoms’ are Borrows
Inflegtion. Atom Oxford Quantum Must be cooled
store qubits within elec- ow Many qubits, 20 trol made by adding an electron ) from existing
1 995% Computing. QuEra, 003 99% Very Low Ocean, DIRAQ.
tronic states. Laser activates indvidual andmaybe 30, | individual 10 smallpece of pure sil- semiconductor
Pasgal. Plangc. M’ Quantum Motion. absolute zero.
the electrons to create control qubits: prone to con Microwaves control the e Sty | gmvaraoity
interaction between qubits. noise. electron’s quantum state. in fabrication.
S )
Photonics Each program Topological Qubits
Photonic qubits are sent Tequires ts T Quasiparticles can be seen Designed to be
through  maze of optical pscuantom, | Unearoptieal || I in the behavior of electrons more robust to | Existence not
channels on a chip to inter- - - - gates. inte- channeled though sem - - - Microsoft
Xanadu unique optical environmental | yet confirmed.
act At the end of the maze. grated onetip. | {F45 P Time. conductor structures. Their .
the distribution of photons is meno braided paths can encode
Quaptum L measured as output o quantum information.
LmaS
Electron amand 8
Dlamond Vacancies Dttt 1o
Vacancy- nitrogen atom and a create high
vacancy add an electron to a Quantum Diamond | Can operate at
diamond lattice. Its quantum 10 992% Low Technologies. room tempera- qubits, limiting
spin state, along with those Quantum Brilliance ture. ompute
Laser of nearby carbon nuclei, can P

15 /22


https://doi.org/10.48550/arXiv.2403.08780
http://arxiv.org/abs/2403.08780

QYL patiit tattiffico it att dpypiitatit ittt att L atdiL, SV LHAL LUtV Ldlb diypiitbdiits 1TV U oL LU LTI A

a second applicant from North America is observed. These cooperate more frequently with other European patent
Number of DOCDB patengfamiiligsiper sarliestipublication ygat:in-the field
. on different continents. A similar picture results from the other sectors.
of quantum computing '

Number of DOCDB patent families per earliest publication year in the field of quantum computing

6000 9000000
9

5000 7500 000
Quantum N
ti £ =
computing § £
g 4000 6000000 E
& %
< 5
January 2023 5 P=
2 5
£ 2
2 3000 4500000 §
@ 2
i E
g &
£ =
§ g
g 200 3000000 £
3 =

1000 1500000

0 0
S R I A 8N EQSEoCTL85RTOoONMNTNEN R QS
§E3 3858953388838 338SRRRREERRERRAR
Earliest publication year
Source: authors calculations
Piotr Gawron (CAMKPAN) Beyond von Neumann 28-29 Nov 2024 16 /22




Projects

(@GEG PLANET

Piotr Gawron (CAMKPAN) Beyond von Neumann



Quantum Advantage for Earth Observation
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Quantum Computing for EO Use-Cases

Use-Case I: Climate Adaptation Digital Twin HPC+QC Workflow
Use-Case Il: Uncertainty Quantification for Remotely-Sensed Datasets

Use-Case Ill: Quantum Algorithms for Earth Observation Image Processing

Use-Case IV: Feature Selection and Feature Extraction for Satellite Hyperspectal Imagery
Data

(‘:ZGEDPMNET

Piotr Gawron (CAMKPAN) Beyond von Neumann 28-29 Nov 2024 19 /22



LUMI-Q — IQM Quantum Comuter
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EuroQHPC-Integration / LUMI-Q

(To be) funded by EuroHPC JU

UMI-Q
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Flgure 2. LUMI-Q consortium, with the planned LUMI-Q quantum computer and the distribution
and quantum inside the

Objective of LUMI-Q

Acquisition of a quantum computer and its
integration into the HPC environment
associated with LUMI.

|
Objective of EuroQHPC-Integration

Integration of quantum computers and HPC in
Europe.

(Applications of QML for EO data processing
— as a use-case)

v
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he hosting site is described in detail within section 111.4, while the network of EuroHPC supercomputers and their

tegration into the LUMI-Q ecosystem is detailed in sections 111.1.2, 111.1.3 and 111.1.4.

he LUMI-Q Consomum consists of the hostlng entlty (IT4I Innovations from the Czech Republic) and several
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