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Section 1

Computing in science
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Introduction

Excerpt from scientific production code
if str(some_list)!="[]":
# perform some computation

Golden maxim for today
When an engineer is wrong — the people suffer, when a scientist is
wrong — the truth suffers.
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Calculations in high energy physics

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

Source: Hennessy, John L., and David A. Patterson. Computer architecture: a quantitative approach. Elsevier, 2011. 6th
edition.
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ML4Science
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Patents in quantum computing

epo.org

Quantum 
computing
Insight report 

January 2023

QUANTUM COMPUTING 
INSIGHT REPORT

epo.org | 16

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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Quantum computing versus machine learning
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The “quantum computing and artificial intelligence/
machine learning” sub-sector differs notably from 
the other sub-sectors examined and from the field of 
quantum computing as a whole. While an initial, minimal 
upswing in patent applications could be observed for this 
sub-sector in the 2000s, the actual dynamic development 
only began in the last decade (Figure 16). Remarkably, the 
momentum in this sub-sector is even higher than in the 
other sub-sectors or the field of quantum computing as 
a whole. With this far above-average momentum, the 
share of inventions in the sub-sector compared to the 
whole field is also rising, and is currently about 15 percent 
(Figure 16, right scale).

As in the other sub-sectors considered, IBM leads the list 
of the most active patent applicants, followed by patent 
applicants from Japan, the United States, Europe, Canada 
and China (Table 7). Compared to the other sub-sectors 
being looked at, in which US-based companies have 
played an increasingly prominent role in recent years, 
the diversity regarding the country of origin of the most 
active patent applicants in the sub-sector “quantum 
computing and artificial intelligence/machine learning” 
has clearly been higher over the last decade (Table 8).

Figure 16 	

Number of inventions per earliest publication year related to quantum computing  
and artificial intelligence/machine learning
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CO2 consumption by astrophysicists

2
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Are there slow and fast programming languages

Yes: slow — Python, C++; fast — Python, C++

No: there are slow and fast computer systems.

Piotr Gawron (CAMK/AGH) Modern computing 06.03.2024 13 / 37



Scientific software engineering
matters
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Section 2

What do we do?
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Dark matter detectorDEAP-3600
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Gravitational waves

Virgo detector Measurement of first black hole
coalescence with LIGO
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Satellite imagery

Sentinel-2
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Quantum computing
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Section 3

Quantum computing
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LUMI-Q
European quantum computers, EUROHPC-2022-CEI-QC-01
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Spectral information processing with quantum
neural networks
Manish Gupta, Piotr Gawron, Co-operation ESA’s Φ-Lab — AstroCeNT
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Unsupervised quantum machine learning for Earth
observations
Piotr Gawron with IITiS PAN, CSGroup and CNES
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Section 4

Julia
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Julia

Julia is

fast, compiled on the fly,

high-level,

expressive

programming language

designed for scientific computing.
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Julia
Example of an optimisation problem

min 12x + 20y

s.t. 6x + 8y ≥ 100
7x + 12y ≥ 120

x ≥ 0
y ∈ [0, 3]

Piotr Gawron (CAMK/AGH) Modern computing 06.03.2024 27 / 37



Julia
Example of an optimisation problem

model A JuMP Model
Feasibility problem with:
Variables: 0
Model mode: AUTOMATIC
CachingOptimizer state: EMPTY_OPTIMIZER
Solver name: HiGHS

 = 

using JuMP1

using HiGHS1

model = Model(HiGHS.Optimizer)1

@variable(model, x >= 0)1

@variable(model, 0 <= y <= 3)1

@objective(model, Min, 12x + 20y)1

@constraint(model, c1, 6x + 8y >= 100)1
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Julia
Example of an optimisation problem

Min 12 x + 20 y
Subject to
 c1 : 6 x + 8 y ≥ 100
 c2 : 7 x + 12 y ≥ 120
 x ≥ 0
 y ≥ 0
 y ≤ 3

Running HiGHS 1.6.0: Copyright (c) 2023 HiGHS under MIT licence terms
Presolving model
2 rows, 2 cols, 4 nonzeros
2 rows, 2 cols, 4 nonzeros
Presolve : Reductions: rows 2(-0); columns 2(-0); elements 4(-0) - Not reduced
Problem not reduced by presolve: solving the LP
Using EKK dual simplex solver - serial
  Iteration        Objective     Infeasibilities num(sum)
          0     0.0000000000e+00 Pr: 2(220) 0s
          2     2.0500000000e+02 Pr: 0(0) 0s
Model   status      : Optimal
Simplex   iterations: 2
Objective value     :  2.0500000000e+02
HiGHS run time      :          0.00

@constraint(model, c2, 7x + 12y >= 120)1

print(model)1

optimize!(model)1

Enter cell code...1
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Julia
Lorenz system

parameterized_lorenz! (generic function with 1 method)

u0 [1.0, 0.0, 0.0] = 

tspan (0.0, 100.0) = 

p [10.0, 28.0, 2.66667] = 

prob
ODEProblem with uType Vector{Float64} and tType Float64. In-place: true
timespan: (0.0, 100.0)
u0: 3-element Vector{Float64}:
 1.0
 0.0
 0.0

 = 

using DifferentialEquations1

using Plots1

function parameterized_lorenz!(du, u, p, t)

x, y, z = u

σ, ρ, β = p

du[1] = dx = σ * (y - x)

du[2] = dy = x * (ρ - z) - y

du[3] = dz = x * y - β * z

end

1

2

3

4

5

6

7

u0 = [1.0, 0.0, 0.0]1

tspan = (0.0, 100.0)1

p = [10.0, 28.0, 8 / 3]1

prob = ODEProblem(parameterized_lorenz!, u0, 

tspan, p)

1
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Julia
Lorenz system

sol

0.0 1.0 0.0 0.0

3.56786e-5 0.999643 0.000998805 1.78143e-8

0.000392465 0.996105 0.0109654 2.14696e-6

0.00326241 0.969359 0.0897706 0.000143802

0.00905808 0.924204 0.242289 0.00104616

0.0169565 0.880046 0.438736 0.00342426

0.02769 0.848331 0.691563 0.00848762

0.0418564 0.849504 1.01454 0.0182121

0.0602404 0.913907 1.44256 0.0366938

0.0836854 1.08886 2.05233 0.0740257

 = 

1

2

3

4

5

6

7

8

9

10

more

timestamp value1 value2 value3

sol = solve(prob)1

plot(sol, idxs = (1, 2, 3))1
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Calculations in high energy physics

Piotr Gawron (CAMK/AGH) Modern computing 06.03.2024 32 / 37



Calculations 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

Piotr Gawron (CAMK/AGH) Modern computing 06.03.2024 33 / 37



Julia
Quantum information

QuantumInformation.jl—A Julia package for
numerical computation in quantum
information theory
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Julia
Calculation of cumulants

Piotr Gawron (CAMK/AGH) Modern computing 06.03.2024 35 / 37



PhD opportunities

Quantum computing for astronomy / astrophysics

Neuromorphic computing

Scientific software tools in Julia — studying new computation
methods

Large scale computation workflows
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Thank you

https://piotrgawron.eu
gawron@camk.edu.pl
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