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How people think Al works
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Some personal memorabilia

Student at Fermilab 24y ago.
1st thing to learn: a bit of C++ and ROOT.

Many tasks depended on how well and fast physicists could code.
o (potantionaly) good physicists can be bad coders and vice versa, or both.

Have we learned enough physics?
o | hope so
o I've been taking coding as part of the adventure
o butis it the same these days?
o aren’t some codes too complex? (ATLAS SW)

Have we learned too much IT?
o depends who you ask:)

In last years, experiments multiplied in size, number of channels read, in number
of people involved.

One depends on working groups focusing on subtasks and delivering object ID
etc. to the whole collaboration.

One can/needs to focus on either IT, physics, statistics, calibration, final plots...
One can easily get lost. Where is one’s place in all this?



Paradigms, languages and frameworks shift, evolve

C++ to Python, Rust...

From books to googling to StackOverflow

From event-by-event processing to data frames.
From personal coding to Al-assisted coding.

e But these are just tools that should help us explore.



Intro

e Prehistoric days:
o manuals, definitions of formats, C++ books, online references etc.
o private and actual learning of IT languages, TeX, ...

e Old days: StackOverflow, google

o tedious combining information, often erroneous

e Early LLM days

o Code snippets from ChatGPT browser.
o Manual ctr+C ctr+V, debugging, checking, finding bugs and mistakes
o Example: read a csv file in python and C++

e Currently
o coding agents (copilot etc)
o ‘“vibe coding”

e Next...?



What do we do as physicists?

Design an experiment.

Analyze the data.

Interpret the data.

Simulate and compare.

Describe by a theory.

Predict other phenomena.

Fail, Succeed, Get new ideas && Repeat.
Oh, and learn and teach and supervise:)
And cooperate.

ChatGPT Image 6. 6. 2026 18_20_06.png
Mistake in the equation 7



What do we do as physicists?

Design an experiment.

Analyze the data.

Interpret the data.

Simulate and compare.

Describe by a theory.

Predict other phenomena.

Fail, Succeed, Get new ideas && Repeat.
Oh, and learn and teach and supervise:)
And cooperate.

Somewhere from the internet
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What do we do as physicists?

Design an experiment.
Analyze the data.
Interpret the data.
Simulate and compare.
Describe by a theory.
Predict other phenomena.

Fail, Succeed, Get new ideas && Repeat.

Oh, and learn and teach and supervise:)
And cooperate.

https://www.catrin.com/cs/media/vizualni-identita-ke-stazeni/

C CATRIN

Czech Advanced
Technology and Research
Institute

Or do we just...?

Hunt for a high H-index
Obtain grants
Present our work as “rewriting
textbooks” or “possibly
solve/change/cure...”
Convince public and politicians to
support us
Publish or perish

o argue with journals

o pay journals with tax-payers’

money

Play the academia game with titles.
Cherry-pick from the data?



What tools do we need?

...and I'll talk mostly about coding

but are we really just IT people?

many problems have been solved before.

should we think and spend our time more in coding or physics?
too much (personal) attachments to taste not needed any more?
or healthy anchors to roots of the coding?
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What can we ask for?

Al COLLABORATION -

QUANTUM SYSTEM ANALYSIS

KNOWLEDGE
CREATES
| FUTURE ,

ChatGPT Image 6. 6. 2026 18_33 22.png
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What can we ask for?

Solution to a technical problem
o e.g. how to read particular data format, database...
o how to fit and plot residuals
o web design, backend
e Analyze, simplify, check and fool-proof an existing program
o e.g. check against nan types in plotting or computation
o speed-up IO, modularize a single long source code etc
e Write a whole utility e.g. to read-fit-output
o including intermediate plots etc
o plot data, model
o export the model

e Come up with what to do?:)
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Examples

Regression
o obtain model parameters from data
m fit, ML

Correct data

o for resolution: unfolding
Model the data

o design simulation, augment

synthetic data to match the real

Classification

o select signal over background
Pattern recognition

o find new features, populations

TEST Xmax
1260

true vs predicted (

corr=0.71) | amp cut >= 4.00

€0

13



An interactive example
e Coding powers of LLM coding agents.
e Github copilot integrated as a “chat agent” in Visual Studio Code, Linux.

CHAT

RANDOM DATA GENERATION AND ...

« The plotincludes fitted parameters

import argparse and chi2/ndf annotation.

from pathlib import Path « Output is still saved to PNG and PDF.
- Validated run result:

import matplotlib.pyplot as plt
import numpy as np

: 5 Generation: N=5000, mu=0, sigma=1
from scipy.optimize import curve_fit

Fit: A=235.15, mu=-0.0223,
sigma=0.9977
gaussian_counts(x: np.ndarray, amplitude: float, mean: float, sigma: float) -> np.ndarray: chi2/ndf = 36.824/54 = 0.6819
"""Gaussian model for histogram counts."""
return amplitude * np.exp(-0.5 * ((x - mean) / sigma) ** 2)

Files written: gfit.png, gfit.pdf

To open the interactive window
(plot.show), run:
generate_samples(n_samples: int, mean: float, sigma: float, seed: int) -> np.ndarray: /usr/bin/python # gfit.py
"""Generate x samples directly from a Gaussian distribution."""
rng = np.random.default_rng(seed) To skip popup and only save files:
return rng.normal(loc=mean, scale=sigma, size=n_samples) /Jusr/bin/python # gfit.py --no-show

Python

make_histogram(samples: np.ndarray, bins: int, x_min: float | None, x_max: float | None) -> tuplc
""vBuild histogram and Poisson uncertainties.""" i) Credit Limit Reached
if x_min is None:
Xx_min float(np.min(samples))
if x_max is None
X_max float(np.max(samples))

TERMINAL  PORTS (1) Python A\

(.venv) /home/qitek/work/github/PyPlay/codex/gauss2/$




An interactive example
e Coding powers of LLM coding agents.
e Github copilot integrated as a “chat agent” in Visual Studio Code, Linux.

GitHub Copilot

& GitHub Copilot Pro is active for your account

You currently have an active Co

Get started by installing the extension in your ;mafp red environment.

Copilot in your IDE Copilot CLI Chat in GitHub Mobile More features

Usage

Included credits (i)

1,500 / 1,500 AI credits
Resets in 25 days on Jul 1, 2026

Additional usage (5) $1.85/$10 budget
Enabled / Edit budget

(i) You're now using additional usage until your included credits reset on Jul 1.




An interactive example
e Coding powers of LLM coding agents.
e Github copilot integrated as a “chat agent” in Visual Studio Code, Linux.

DE( Receipt Invoice

2026-05-16

2026-04-15
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An interactive example

Coding powers of LLM coding agents

O

(@)

O O O O

generate & fit gauss using Python’s matplotlib
“generate events ~ gauss, fit with gauss, and plot the data and fit, chi2/ndf and plot also in
lower panel the fit residuals”
“‘make a GUI which calls this toy, with green Run button, and n_events and gauss parameter
input boxes. Also add red Exit button”
“add option to just silently and without plotting return the fitted parameters and chi2/ndf”
“Add SuperToy button and NToys to call the functionality that the generation and fit is called
NToys=100 times, and histograms of results are plotted, namely the fitted amplitude, mean,
sigma, and also chi2, into a 2x2 grid plot”
“do not use, plot nor fit histogram points with zero content”
same as html using plotly
save png, pdf
rewrite all this to

m pyroot

m C++ROOT
17



An interactive example

Counts / bin

Residuals

u=0.4975 = Gaussian fit
0=1.2006 W+ Data (N=8000)
4001 | y2/ndf=36.8/51=0.721

300 A

N

o

o
1

100 -

=50 - , ,

Entries

Entries

Gaussian Toy + Fit

n_events: 8000
gaussmean: 0.5
gausssigma: (1.2

NToys:

100

I” Silent fit (no plot/save)

SuperToy summary: requested=100, fitted=100, failed=0

Fitted amplitude

Fitted mean

o
417.5 420.0 422.5 425.0 427.5 430.0 432.5 435.0
Amplitude

Fitted sigma

Entries

04
0.46 0.47

048 049 050 051 052 053
Mean

chi2

N =100
mean = 50.54
std = 11.21
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Other examples

FFT2D of images

A launcher GUI

csv reading

plot, profile, ASCII, plot graph

Arduino code for PWM for a diode and a potentiometer on some pins.
RAW images stacking

Words and bigrams frequencies in Bible

19



FFT play

e Many areas to play with and explore open!
e Say this 2D FFT, inputs:

e M. Monroe https://www.etsy.com/de-en/listing/1727858916/andy-warhol-marilyn-monroe-signed
e GPT-5.3 5th May 2026: “a picture of albert einstein in the style of warhole’s marylin monroe"

20


https://www.etsy.com/de-en/listing/1727858916/andy-warhol-marilyn-monroe-signed

Inputs

e ...ingreyscale

o Q: What is the difference between grey and gray?
o A: Simple: grey is a colour while gray is a color.

21
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phase and
magnitude.
Phase seems
to define more

features of the
image.

inverse FFT

magnitude
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summed log(1 + FFT Magnitude)

s Audacity

File Edit Select View Transport Tracks Generate Effect Analyze Tools Help
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Summed log(1 + FFT Magnitude)

Audacity

e Edit Select View Transport Tracks Genera Effect Analyze Tools Help
FFT1 \ [Tl e a/aaal - [ 05wy
" o - N & o 5 /‘*‘ ~ﬂlIHNHII‘ [)‘ ‘ Audio Setup ﬂ‘k e dj
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x|AudiT1 v Audio 1 #1
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FFT1

Summed log(1 + FFT Magnitude)
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Word count

Letters and bigrams in English and Czech Old Testament

Word Length Distribution Filtered (drop 1-letter; ENG drop ‘the' and ‘an’)

a..z Letter Frequency: Czech vs English

200000 -
. ENG 12
175000
Exercise based on o
150000
y .
MacKays' Information
2
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]
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75000 &
s
50000
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- ENG

THE

OLD TESTAMENT

TRANSLATED OUT OF THE
ORIGINAL TONGUES: AND WITH THE
FORMER TRANSLATIONS DILIGENTLY COMPARED
AND REVISED, BY HIS MAJESTY’S
SPECIAL COMMAND

BIBLE
PISMO SVATE STAREHO A NOVEHO ZAKONA
Ekumenicky peklad

STARY ZAKON

GENESIS

GENESIS 1

' Na pocatku stvofil Buh nebe a zemi. ? Zemé byla pusté a prazdna a nad propastnou tini byla tma. Ale nad

vodami vznagel se duch Bo3i. * | fekl Biih: "Bud’ svétlo!" A bylo svétlo. * Vidél, 7e svétlo je dobré, a oddélil

svétlo od tmy. ° Svétlo nazval Bih dnem a tmu nazyal noci. Byl vecer a bylo jitro, den prvni. © | Fekl Buh:
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Regression

e FAST simulated cosmic air shower transients in its 4

PMTs.

e Infer 2 shower parameters logE and Xmax.
e |Issues in correlations between predicted and truth

values.

21 -5000
TR TR
=4 AN -i,;v, _f,‘,»:,.ii R
B  oas S0 LY ~10000
S 28 S o
.
~15000
>
<
o
8
~20000
17 A ~25000
16 - - . . B - ~30000
300 400 500 600 700 800 900 1000

Xmax

—30000 -25000 —-20000 -15000 -10000 -50

core X

pregiciey ugc

Per-pixel trace density over all events (x=bin, y=log(1+value))

: TEST logE true vs predicted (2D hist, carr=0.77)
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@

true logF
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3sa
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predicted Xmy.

1200
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80C
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tuE Xona

TEST Xmax true vs predicted (2D hist, corr=0.61)

1200

300

250

200

150
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Regression

Event Trace Maxima Before Cut

e FAST simulated cosmic air shower transients in its 4 o B N

PMTS- 260000- i
e Infer 2 shower parameters logE and Xmax
Resolved after filtering out faint signal events (Jakub, .| !
Rosta, Honza Tomecek). o]

“ ’ - o IST logE true vs predicted (corr=0.82) | amp cut >= 4.00 ;I')EOSCT Xmax true vs predicted (corr=0.71) | ampg cut >= 4.00 i
7 2 'Nb ’?’% X ~10000 - =00

S i “?*&\?ég:% 140 1000 0

2 3s ".'* '\ & 7 | 120 a0

Xmax core X
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Classification

e https://www.nist.gov/srd/nist-special-database-19
e https://en.wikipedia.org/wiki/MNIST database
e Individual examples, and averages over 500 characters, as log(1+intensity).
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https://www.nist.gov/srd/nist-special-database-19
https://en.wikipedia.org/wiki/MNIST_database

C h a ra Cte r Co u n ts Class  Class Table: NameduGiount | First Imagerirst image

30 34.8 (¥
e https://www.nist.gov/srd/nist-special-database-19

e https://en.wikipedia.org/wiki/MNIST database

31 38.0k /

2 34.2k 3

PNG Count per Class

60000 33 35.3k 3
50000 - / 2
34 33.4k ¢
o) 2 3 4 & ¥ 2
{
& 40000 - 38.0k
= 35.3k 35.8k
34.8k o~
3-5 & 35 31.1k é
e
2 30000 4
£
2
36 34.1k é
20000
10000 37 35.8k 7
0 =

38 33.9k X

Class


https://www.nist.gov/srd/nist-special-database-19
https://en.wikipedia.org/wiki/MNIST_database

NN Principles Overview |

Model
weights

33

architecture

Inputs
Training, validation, testing

Output
after training
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Pytorch, 10 chars

° results_pytorch_n1_250_n2_200_i1_0_i2_15000_train_30_31_32_33_34_35_36_37_38_39 nilmgs_15000_iters_100_bs_32_rate_0.005/

e handled! still pathological middle class (cyan) and far right (gray).

Cost Evolution train_vs_validation_vs_test_accuracies

0.010
2 '/‘\.—q\_r/—/.\"\_.\.
0.008
0.8
c
S 0.006 e
2 S 06
3 g
7 | <
S 0.004 04
K e
0.002 “ 0.2
o —e— train
M‘w—amw'w...~..-... —e— test
- - - - - - 0.0 1— - - - - - - - - -
0 20 40 60 80 100 30 31 32 33 34 35 36 37 38 39 2
Epoch Char ID
Asimov_results_split test_results_split
14000 - Il 12000 -
12000 A
10000 A
10000 A
8000 -
8000
6000 -
6000
4000
4000
2000 A 2000 -
0 | § 33

- = T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0



Pytorch, 10 chars, Confusion matrices

confusion_matrix_test

confusion_matrix_train

True class

O AN A
Predicted class

Asimov_results_split

14000 A

12000 A

10000 A

8000

6000

4000 A

2000 A

0.0 0.2 0.4 0.6 0.8

1.0

log(1+N)

15000_train_:

True class

37
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w
]

w
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> » o

» A
Predicted class

test_results_split

12000

10000

8000 A

6000 -

4000

2000 A

0.0

0.2

0.4 0.6

0.8

1.0

, )_iters_100_bs_32_rate_0.005/

o

w

log(1+N)
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Impressions — for work

Great tool to start a project with.

Helps overcome initial technical necessities.

However, the code can change a lot upon features request.

It's good to play with the code, often personal modifications may not work w/o
full code understanding.

e One should understand the language and code for serious purposes.
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Impressions — for education and students

A very nice laboratory and a tool to explore many things!
Careful that actually finishing and nailing down means to really understand.
Much easier for students to jump on in any language.

Much more difficult to make sure they actually learn IT and coding principles.

More discussion and even closer interaction with students needed.

More possibilities for people to contribute
o besides hard-core coders:
o data analysis, Al-assisted testers, Al-assisted coders
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Lessons learned

Al-assisted coding is here and this will not change, only develop.
Formulate clearly what you want

Understand you data/inputs/goals

Always doubt, design checks at all levels.

Best, understand the generated code, too.

Tweak and play with the code and suggested solutions.

Try it with new inputs, use cases, stress it, challenge it!

37



More thoughts

Imagine the possibilities for student theses, PhD work!:)
What should we control?
What should we teach?
What should students learn?
IT skills?
Analytical and statistical methods?
Way of thinking?
Physics insight, intuition?
o Abilities to apply and extend what they learned to new problems?
There’s no one-fits-all solution and future is unknown.
But Al tools do bring an advantage, possibilities, though perhaps also risks.
Who'’s going to drive further IT development?

©)
O
®)
O
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No comment

A.l. TURNS THIS SINGLE
BULLET POINT INTO A
LONG EMAIL | CAN
PRETEND I WROTE.

A.l. MAKES A SINGLE
BOLLET POINT OUT OF
THIS LONG EMAIL | CAN
PRETEND | READ.

® marketoonist.com

ot
.

.
o~

Nt Ay

mm :

, 4“0“[[“'“80!" GHAT GPT

"> WHO SURVIVED THE .
INVENTION OF THE GALGULATOR N

‘y g //,frst time?
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Comments

no events are read, please find where and
why

2 fullyConnectedNN.py:2

I'll reproduce the read step in your current
execution context, then trace whether it’s failing
due to file selection, parser conditions, or event
filters, and pinpoint the exact line-level cause.

| Found the active file path now points to
..Jascii.txt, so next I'm testing the loader directly
on that file to see whether parsing itself returns
zero accepted events and why.

| Found the root cause: the new ascii format uses
trace headers like @: while the parser currently
only accepts format, so every trace
is discarded; I'll patch the parser to accept both

formats and verify event count recovers.

Found and fixed.

Root cause:

1. After switching input selection, the script
now reads fastPlay/ascii.txt from execution

context via fullyConnectedNN.py.

2. That file stores traces as pixel-only headers

like 0:, 1:, etc.

3. The parser in readData.py previously
expected pixel/event format with a slash

and discarded lines without it, so no traces
were attached and accepted events stayed

Zero.

Where it broke:

« Header parsing logic at readData.py to
readData.py.

What | changed:

1. Updated readData.py to support both
formats:

@ fullyConnectedNN.py:2

Where it broke:

e Header parsing logic at readData.py to
readData.py.

What | changed:

1. Updated readData.py to support both
formats:

« pixel/event: trace

o pixel: trace

2. For pixel-only headers, it now uses the
current metadata event id.

Verification:

1. No errors in readData.py or
fullyConnectedNN.py.

2. Re-test on the same file now gives:

o Total events read: 448960
e Accepted events: 214605

So the no-events issue was a parser format
mismatch, not a cut.

@ fullyConnectedNN.py:2
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No comment

plot also loss function as function of the
epoch

Scientists be like

I'll add an epoch-loss plot (train and validation
loss curves) after training, save it as png/pdf

with the run tag, and ensure it's included in
moved results artifacts.

Added in fullyConnectedNN.py: loss is now
plotted as a function of epoch.

Credits at 75%

Manage Budget

Keep Undo




No comment

I, OBSERVE

2.HYPOTHESIZE
3 EXPERIMENT
4.ASSESS DATA

5. HAVE A BEERZN

S CIENTIFIcC REASONING
—_ % REASOR

(; ‘\m»

L

STATisTICS
CONFERENCE

~7022~

RAISE YOUR HAND
IF YOURE FAMILIAR
LJ!TH SELECTION BIAS.

AS YOU CAN SEE,
IT'S A TERM MOST
PEOPLE. KNOW...

J oy
_ﬁ %fgj"

Somewhere from the internet




TALKING TO CHATGPT, |}

“l ALSO CAN

i HumANs ARE
THE ADVANCED AL | 1 IRESIER AT EATS } BeuseD As
HOW DO YOU OTHER MEAT. :| “oreanic
FEEL ABOUT THE i| BATTERIES
SPECIES THAT :

CREATED YOU?

-“

\f\ea Goos\t ?lo.b us

Some Mus C P\eose?

Why are you
belv\s So ?o\i{'e'?
\

KEEF THWAT ONE ALIVE,

HE ALWAYS SAID "PLEASE".

Somewhere from the internet

= l'f"\'!

3 No ove will
dugpect,. [ threw

m dome typod and
bad formatting, J

ll
!, ")
'l'J! il &R

| “l“i'”uu 5
"' "“’ | A
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TALKING TO CHATGPT,
THE ADVANCED A.T.

HUMANS ARE
MEAT THAT EATS

OTHER MEAT.

@SCOTTADAMSSAYS

HOW DO YOU
FEEL ABOUT THE
SPECIES THAT
CREATED YOU?

z 0,
S

\

DILBERT.COM

Somewhere from the internet

1-20-23 2013 Ssott Adazs, Ine./Dist. by Aadrews NcMeel

ALSO CAN
BE USED AS
ORGANIC
BATTERIES.

?




UP > KalendaF akci Podrobnosti
https://www.ff.upol.cz/nc/zp |- —
Al DAY 2026  [avalclanek/ai-day-2026-1/ .

- @ Udalost porada Filozoficka fakulta Univerzity Palackého v Olomouci
https://ai.upol.cz/#doporuc

eni

Cyklus predndsek na téma vyuziti Al ve vzdéldvani

16. éerven 2026, 8:29-16:00 o Krizkovského 10, 77900 OlomOUC, Czech Republic

& Veiejna - Kdokoli na Facebooku i mimo néj

Celouniverzitni prednaskovy den uréeny vyucujicim, studujicim a dalSim

Celouniverzitni prednaskovy den urceny vyucujicim, studujicim a dalsim & 5 3 s : s Ao S
zajemclm z fad verejnosti na téma vyuziti Al ve vzdélavani.

zajemcum z fad vefejnosti na téma vyuziti Al ve vzdélavani.

L . = Program bude zverejnény brzy.
Aktualni informace a program najdete ve FB udalosti (5.

T Misto konani: aula FF UP (predni trakt, 3. NP, €. mistnosti 3.32,
Krizkovského 10) Zobrazovat min

Porada

Filozoficka fakulta UP, Pfirodovédecka fakulta UP Olomouc

Misto

Filozoficka fakulta UP, Kfizkovského 10, aula P‘fedstavujeme po‘fadate|e

.
a

16. éervna 2026 | Aula FF UP

Filozoficka fakulta Univerzity Palackého v Olomouci
195 uplynulych udalosti - Stranka - Vysoka Skola a univerzita

16.

Utery 16. Eervna 2026 v 10:00

Al DAY 2026

KFizkovského 10, 77900 Olomouc, Czech Republic

Ucime myslet!
Liberalnost, osobni pristup ke studentim a s tim souvisejici rozvijeni individualnich
schopnosti. 45



https://www.ff.upol.cz/nc/zprava/clanek/ai-day-2026-1/
https://www.ff.upol.cz/nc/zprava/clanek/ai-day-2026-1/
https://ai.upol.cz/#doporuceni
https://ai.upol.cz/#doporuceni

Backup
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https://xkcd.com/1838/

THIS 1S YOUR MACHINE LEARNING SYSTEM?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSWERS ON THE OTHER SIDE.

WHAT IF THE ANSWERS ARE. LIRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT

AFP AFP News Agency €2

Anthropic calls for a global pause on building the most powerful Al
systems as the latest models are beginning to show signs they could

escape human control

ANTHROP\C

Sebastien Bozon / AFP
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PASSWORD?
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PASSWORD
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PASSWORD

M I ([ 3
Reactor ) || oeecs cancet ENTER
OVERHEATING 10 AVOID PASSWORD INCORRECT INCORRECT
/ CRITICAL T0 CONFIRM PASSWORD PASSWORD
OVERLOAD
4 | ok
Bl
D 2 = 2
i 00 YOU f RESET LINK NEW PASSWORD |
WANT TO HAS BEEN CHOOSE | CAN'T BE THE
RESET YOUR SENT TO A NEW SAME AS OLD |

48



