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Von Neumann computing
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Von Neumann Computing I

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 II

Figure: The fetch and decode stages of execution of
the von Neumann architecture for an example
addition instruction. Operand, result, and memory
addresses are shown as decimal values, memory
contents are shown as binary values.
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Von Neumann Computing III

Figure: The execute and store stages of execution
of the von Neumann architecture for an example
addition instruction. Operand, result, and memory
addresses are shown as decimal values, memory
contents are shown as binary values.

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. isbn: 978-1-7185-0136-2

Piotr Gawron (CAMKPAN) Beyond von Neumann 28–29 Nov 2024 5 / 22



Moore’s Law

Source: Hennessy, John L., and David A. Patterson. Computer architecture: a quantitative approach. Elsevier,
2011. 6th edition.
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Demand for computation in High Energy Physics

Estimated CPU required by the CMS (top) and ATLAS (bot-
tom) experiments for LHC and HL-LHC [6, 7]

Jonas Eschle et al. “Potential of the Julia
Programming Language for High Energy
Physics Computing”. en. In: Computing and
Software for Big Science 7.1 (Dec. 2023),
p. 10. issn: 2510-2036, 2510-2044. doi:
10.1007/s41781-023-00104-x
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Demand for computation in High Energy Physics

Comparison of C/C++, Python and Julia language perfor-
mance for a set of short algorithms. OpenBLAS, together with 

in the Python case are used for matrix operation. The score is 
de��ned as the time to run the algorithm divided by the time to run the 
C version of the same algorithm
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CO2 cost of scientific computing per language

2

Source: Simon Portegies Zwart. “The ecological impact of high-performance computing in astrophysics”. en.
In: Nature Astronomy 4.99 (Sept. 2020), pp. 819–822. issn: 2397-3366. doi: 10.1038/s41550-020-1208-y
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Alternative computing paradigms
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Reservoir Computing

Source: Daniel J. Gauthier et al. “Next generation reservoir computing”. en. In: Nature Communications 12.11
(Sept. 2021), p. 5564. issn: 2041-1723. doi: 10.1038/s41467-021-25801-2
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Neuromorphic Computing
Spiking neural networks

www.nature.com/scientificreports/

3ScIENTIFIc REPOrTS |  (2018) 8:12546  | DOI:10.1038/s41598-018-30768-0

The artificial neuron follows equation (1) until the membrane potential increases beyond a threshold. Then the 
soma fires a spike and resets the neuron to the initial state. More information about the memristive neuron circuit 
design and typical waveforms are provided in Supplementary Note 3.

The integration functionality of neuron can be realized by applying successive pulses to the memristor. The 
signals of dendrites (inputs), axon (output) and somas (membrane potential) are shown in Figure 2. The electri-
cal potential of the memristor increases step by step until a dendrite spike occurs, which reflects the integration 
functionality in membrane. When there is no dendrite spike applying to the memristor, a fixed current is applied 
to the memristor for sensing the resistance of the memristor. After several pulses, the resistance of the memris-
tor increases beyond the threshold analogous to the threshold potential in a biological neuron. Then an axon 
spike is fired by the neuron. At the same time, a pulse is applied to the memristor to reset the memristor to the 
low-resistance state.

Figure 2a, 2b and 2c show the neuron firing properties for different thresholds of 0.5 V, 0.8 V and 1.0 V, respec-
tively. As can be observed, a higher threshold leads to less axon spikes occurrence. The input spiking frequency 
also takes effect on the integration in the memristive neuron. Figure 2d, 2e and 2f show the neuron firing prop-
erties for different input spiking frequencies of 10 Hz, 100 Hz and 1 kHz, respectively. Higher input frequency of 
spikes causes more output spikes. On the other hand, real biological neural activity may show significant irregu-
larities due to intrinsic and extrinsic neural noise that originates from the biochemical processes of the individual 
neuron in network. The memristive neuron implemented in this work also exhibits similar properties of uncer-
tainty analogous to biological neurons. In some circumstances, the resistance of the memristor is unchanged for 
most spikes; while it suddenly approaches the high-resistance state for some spikes. The randomness of neuron 
firing is shown in Figure 2g. The Monte-Carlo simulation is carried out to fit the experimental result of the 
memristive neuron firing. As can be seen in Figure 2g, the Monte-Carlo fitting result is close to the actual his-
togram obtained from the memristive neuron firing experiments. The random integration-and-fire behavior of 

Fi
la

m
en

t

Io
n 

ch
an

ne
l

Lipid bilayer

Top electrode

MemristorMembrane

Synpase

Dendrites

Spike
generation

Neuronal
input

Neuronal
membrane

Output spike

ekips tupnI

...

PSP AxonSoma

Axon
Soma

Nucleus

Dendrite

Membrane

Demyelination

w1

w2

w3

wn

+

Bottom electrode

Figure 1.  An artificial neuron based on a HfO2 memristor. Schematic of an artificial neuron that consists of the 
dendrites (inputs), the soma (which comprises the neuronal membrane and the spike event generation) and the 
axon (output). The dendrites may be connected to synapses in a network. The input spikes are modulated by 
synapse in frequency domain having the same amplitude.

Source: J. J. Wang et al. “Handwritten-Digit Recognition by Hybrid Convolutional Neural Network based on
HfO2 Memristive Spiking-Neuron”. en. In: Scientific Reports 8.1 (Aug. 2018), p. 12546. issn: 2045-2322. doi:
10.1038/s41598-018-30768-0
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Quantum Computing

Source: Kenneth Brown et al. “5 Year Update to the Next Steps in Quantum Computing”. In:
arXiv:2403.08780 (Jan. 2024). arXiv:2403.08780. doi: 10.48550/arXiv.2403.08780. url:
http://arxiv.org/abs/2403.08780

Piotr Gawron (CAMKPAN) Beyond von Neumann 28–29 Nov 2024 15 / 22

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


Number of DOCDB patent families per earliest publication year in the field
of quantum computing
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one tenth. A closer analysis of the country of residence of 
the applicants in these patent families with joint patent 
applications shows that the patent applicants come from 
all continents, with a clear preference for joint patent 
applications with geographically relatively close patent 
applicants, i.e. from the same regional structure or from 
the same continent. For example, about two thirds of the 
patent families with joint patent applications where one 
applicant is located in a contracting state of the European 
Patent Convention have a second applicant also from one 
of these states (see Figure 9). In about one quarter of the 
joint patent families with an applicant from an EPC state, 
a second applicant from North America is observed. These 
results suggest relatively close cooperation within the 
same region and weaker cooperation between applicants 
on different continents. A similar picture results from the 

analysis of the origin/country of residence of the inventors 
mentioned in the joint patent applications (see Figure 10).

Cross-border cooperation can be observed not only 
on the geographical level but also between different 
sectors to which the patent applicants can be assigned 
according to their nature as companies, universities, 
etc.11 Figure 11 shows the result of the analysis of joint 
patent applications in terms of the origin/country of 
residence, further broken down according to sector 
allocation for patent applicants located in Europe. It 
shows that European applicants from one sector tend to 
cooperate more frequently with other European patent 
applicants from the same sector. However, there is also 
cooperation with European patent applicants from 
other sectors.

11	 More detailed information on the sector allocation concept 
regarding patent applicants is available in: European Commission, 
Patent Statistics at Eurostat: Methods for Regionalisation, 
Sector Allocation and Name Harmonisation, chapter 3, 2011

Figure 2	

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

Piotr Gawron (CAMKPAN) Beyond von Neumann 28–29 Nov 2024 17 / 22



Quantum Advantage for Earth Observation
Report commissioned by ESA
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Quantum Computing for EO Use-Cases

Use-Case I: Climate Adaptation Digital Twin HPC+QC Workflow

Use-Case II: Uncertainty Quantification for Remotely-Sensed Datasets

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

Use-Case IV: Feature Selection and Feature Extraction for Satellite Hyperspectal Imagery
Data
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LUMI-Q — IQM Quantum Computer
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EuroQHPC-Integration / LUMI-Q
(To be) funded by EuroHPC JU

LUMI-Q  

Application Form Selection Hosting Entities Quantum Computers (EUROHPC-2022-CEI-QC-01) Page 20 of 90 

 

 
Figure 2. LUMI-Q consortium, with the planned LUMI-Q quantum computer and the distribution  

of supercomputers and quantum computers inside the consortium. 

The hosting site is described in detail within section III.4, while the network of EuroHPC supercomputers and their 

integration into the LUMI-Q ecosystem is detailed in sections III.1.2, III.1.3 and III.1.4. 

The LUMI-Q Consortium consists of the hosting entity (IT4I Innovations from the Czech Republic) and several 

partner organisations from 9 states (Czech Republic, Finland, Sweden, Denmark, Poland, Norway, Germany, 

Belgium and the Netherlands). As the LUMI-Q consortium brings together some of the best quantum expertise 

available in Europe, exchange of know-how between the participants within the consortium, and between 

collaborating partners, will strengthen the overall European competences in this rapidly growing high-tech domain. 

Direct access to and influence on a world-leading platform combining the most powerful supercomputer capacity with 

a variety of quantum resources will bring a notable competitive advantage to the industrial and academic R&D efforts 

of Europe. The complementary partners are in a unique capacity to efficiently mobilise the expertise and resources 

required for delivering the potential of hybrid HPC+QC to society. Below, the present consortium members are listed; 

additional members are welcome to join the effort. 

Table 1. LUMI-Q consortium  

Participant Acronym Country 

Coordinator: IT4Innovations National Supercomputing Center29. The mission of 

IT4Innovations is to conduct excellent research in the field of HPC and data analysis, run a 
leading national supercomputing infrastructure, and mediate its efficient utilisation to increase 
the competitiveness and innovation of Czech and European science and industry. 
IT4Innovations is unit of VSB – Technical University of Ostrava30, and part of the e-INFRA CZ, 
the strategic large research infrastructure in the Czech Republic. The IT4I National 
Supercomputing Center provides state-of-the-art supercomputing technology and services, 
operates national HPC and HPDA service, conducts excellent research in the field of high 
performance computing (HPC) and data analysis (HPDA), provides HPC, HPDA and AI related 
training and significantly participates in educational activities of VSB-TUO. One of 
IT4Innovations´ roles is to serve as a Digital Innovation Hub (DIH) in the area of HPC and as 
such to provide a wide portfolio of services and technology transfer for SMEs. Further, IT4I acts 
as the EuroCC National Competence Center (NCC). The NCC is the reference and the single 
point of contact and coordination in the Czech Republic for high-performance computing (HPC) 

IT4I CZ 

                                                
29 https://www.it4i.cz/en 
30 https://www.vsb.cz/en 

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)
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Thank you for your attention

Piotr Gawron

@ piotr@piotrgawron.eu
Ñ http://piotrgawron.eu/
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