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General Scheme

« ARTIFICIAL INTELLIGENCE

Al is the broadest term, applying to any technique that enables computers to mimic
human intelligence, using logic, if-then rules, decision trees, and machine learning
(including deep learning)

« MACHINE LEARNING

The subset of Al that includes abstruse statistical techniques that enable machines
to improve at tasks with experience. The category includes deep learning

- DEEP LEARNING

The subset of machine learning composed of algorithms that permit software
to train itself to perform tasks, like speech and image recognition, by exposing
multilayered neural networks to vast amounts of data
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Schematic Diagram of Al
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What is inside the Black Box?
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Example: Embeddings

«Scooter»
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Image Search

ﬂHneKC ¥ 3arpywenHas kapTuHka X Haittn & o
Mouck Kaptuukm Bupgeo Kaptel Toeapbl Hosoctu [MepeBogunk Bce
T KaxeTcs, Ha nsobpaxkeHnn
HaxmuTe, 4To6bl BbIGPaTL L nopAKacTbl 4TO MOCNyLWaTh 3aKpbITble HAYLLUHWUKN bluetooth HaywHWKK >KEHLLMHA B HAYLUHMKWN 6enbiM
TOBap Ha 3TOM U306paKEHNN
ToBapbl Ha M306pa)|(EHVIVI
n -
Bcé n3obpaxeHune $ Py6aluka » DneKTPoHUKa
b NS W ToBapoB ropasno
11935P o1 960 £ 50920 £ oT 25900 £ 5981#P 279902 Gonble
BecnpoBoaHbit HaywHuku Bang&Olufsen BecnpoBopHbit HaywwHuku HaywHuku
Pazmep usobpaxeHus: 573x700 1 Bbibpatb dparmeHT HayLIHUKMK... HaknagHsle... Beoplay H9i... HayLIHUKW... Pioneer SE-... Bose... CMoTpeTs BCe

toomanyagift... AHpekc Map... tehnoteca.ru Anpekc Map... norilsk.pult.ru mytishchi.pu...

Opyrve pasmepbl n306paxeHns
Moxoxwue n3obpaxeHns
1280x720  1200x752 1024x768  1100x689  1106x678  960x750  1024x642  736x461

Moka3aTb Bce pa3mepbl v

CainTbl ¢ MHdopMaLumel Npo n3obpaxeHue

b ‘ . Kakue nogkacTtbl nocnywaTtb? 5 MOTUBMpPYIOLLMX NOaKAcToB - The-Femme
F the-femme.com
1024x768

Kakuve nogkacTbl nocnywiaTb?

"‘. Super Radio-: 3anucu coobuiectsa BKoHTakTe
B vk.com
OHNalH paauo cnywaTtb 6ecnnaTHo OTANYHYI0 My3bIKY
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Training based on Data from Search Engine
[ [Motorcycle] j
|1]0]1|0]|0]|21|0]O]....|1]| |1|0f1]0f0|OfO[1]....[1]
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Common Semantic Spaces
Motorcycle
Motorcycle and Scooter
Repair and Maintenance
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Encoder-Decoder Architecture
T Comparison N
—> - > —>
Embedding
Encoder Decoder
Input Output Skoltech
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Decoder Architecture
9 9
Embedding
Decoder
Output Skoltech
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What have we gained in 12 years?
(the list is incomplete)

Multimodal Embeddings and working Search Engines
Face Recognition

TTS and ASR

working NLP

Unmanned Vehicles

OCR

Image/Video Processing

Image/Video Generation

X X X X < X X X
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Can Al change the World?

‘World Wide Web

Everything there is online about W3 is linked directly or indirectly to this document, including an executive summary of the project, Mailing lists ,
Policy , November's W3 news , Frequently Asked Questions .

What's out there?
Pointers to the world's online information, subjects , W3 servers, etc.
Help
on the browser you are using
Software Products
A list of W3 project components and their current state. (e.g. Line Mode ,X11 Viola , NeXTStep , Servers , Tools , Mail robot , Library )
Technical
Details of protocols, formats, program internals etc
Bibliography
Paper documentation on W3 and references.
People
A list of some people involved in the project.
History
A summary of the history of the project.
How can I help ?
If you would like to support the web..
Getting code
Getting the code by_anonymous FTP , etc.

~

The WorldWideWeb (W3) is a wide-area_hypermedia information retrieval initiative aiming to give universal access to a large universe of documents.

info.cern.ch/hypertext/\WWW/TheProject.html

Ke05
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The Race has just begun!
List of public corporations by market capitalization
1993 2003 2013 2023
General Electric Microsoft ExxonMobil Apple
Exxon Mobile General Electric Apple Microsoft
Walmart ExxonMobil Microsoft Alphabet
Coca-Cola Walmart Berkshire Hathaway Amazon
Merck Pfizer Walmart Nvidia
Procter & Gamble Citigroup Johnson & Johnson Berkshire Hathaway
Berkshire Johnson & Johnson General Electric Tesla
Hathaway Royal Dutch Shell Google Meta
HSBC BP Chevron TSMC
IBM IBM ICBC Visa
youtube.com/watch?v=YeiFMirdToA, en.wikipedia.org/wiki/List_of public_corporations_by market_capitalization Skoltech
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Generative Adversarial Networks (2014)

Generated images
(these people do not exist!)

Stride 2

Stride 2 —

Stride 2 32 Stride2 5

Conv1 Conv2 Conv3 Conv4
G(2)

Deep neural network
(generator)

et .t
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Diffusion models (2020)

Start with only noise, and gradually enhance the image until there is no noise left at all

Text input: A big banana leaf Text input: ballerina, yellow
with lemons in front of it. dress, the starry night, van gogh

L

Text input: A cat

Applied Al
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The Revolution in Video Generation

2023 10+] [ 2024+ 50+
0Q Emu Video Y, # Pika 1.0 Gen-2 SORA [ B Kling 1.6 @ Ray2 ({ VEO2
g?:fﬁl;;lnideo % Kandinsky Video a Stable Video Diffusion 1.1 () MovieGen
(% Kandinsky 4.0 Gen-3 Alpha
k The effectiveness of the models is growing! ) & Pika 2.1 Cosmos 3 Lumiere
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Video generation: from video clips to movies, ads, and games
Video Games = Video
Genie 2 " SORA [}
Physical Al -— Movies
Cosmos < Where the
robots grow?
Skoltech
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10 years of Al history:

Attention Is
AlexNet  AlphaGo  AllYouNeed  ChatGPT

_—— 00— — 00—
2012 2015 2017 2022

Attention Is All You Need

Ashish Vaswani* Noam Shazeer™ Niki Parmar™ Jakob Uszkoreit*
Google Brain Google Brain Google Research Google Research
avaswani@google.com noam@google.com nikip@google.com usz@google.com

Llion Jones™ Aidan N. Gomez* | Lukasz Kaiser*
Google Research University of Toronto Google Brain
1lion@google.com aidan@cs.toronto.edu lukaszkaiser@google.com

Tllia Polosukhin* *
illia.polosukhin@gmail.com s ko‘tech
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Training on Texts

A simple technique is used for training:

some of the words are masked. The task of
the neural network is to guess which words
were skipped. At the same time, the neural
network is trained on a huge sample of texts.

The
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Training on Texts

A simple [ is used [l training:

some of the words are masked. The task of
the neural network is to which words
were skipped. At the same time, the neural
network is trained on a huge [ of texts.
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Neural Network generates the next word

Neural Network — 22890 —

IS trained
using
available

— 00902 —
— 60024 —
— 93380 —

— 48502

Ke05

texts
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Scale of GPT3 (now we have GPT)5)

~ 600 Gb of texts 600 GB of text

~million books
~ 700 Gb model

N 175 billions of parameters
~ 175 billions of parameters ~1/600 of the human brain

Training a GPT3 class model:

— $35 millions for a cluster @
— several months OpenAl

Skoltech
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Key Points about ChatGPT

1 ) Memorization CoPilot

We recruited

A 95

developers, and split them randomly into two groups.

We gave them the task of writing a web server in JavaScript

2 ) Interaction with people

& 45 Used & 50 Did not use
GitHub Copilot GitHub Copilot
E 78% E 70%
finished finished
©) 1 hour, 1 rznnutes » 2hours, 411 minutes
mplet: task average to complete the task
[ L] . S " " ‘
3 ) Improving personal effectiveness |
‘QD" Results are statistically significant (P=.0017) and the 95% confidence interval is [21%, 89%

Skoltech
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Development of thinking: Al learns to reason, reflect and
solve complex mathematical problems

v" The ability of models to "reason": new models can solve logic problems

June 2024 September 2024 December 2024

00— —0—>

Claude 3.5 - Sonnet OpenAl o1 OpenAl 03

59,4% 78,0% 87,7%

Over these six months, the results of the top 2024 models on the GPQA* benchmark have improved significantly! Skoltech
Applied Al
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Al agents perform various user tasks
Passing the automatic verification Selecting and ordering products online
on the category page!
Skoltech
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Modern Al for CTBTO data?
S —— The Verification Regime
CTBTO | NUCLEEAR-TEST-EAN IMS Network Technologies
PREPARATORY COMMISSION TREATY ORGAN IZATION
Seismic i Radionuclide
Listening Underground i i Listening above ground Sniffing for radiation
PUTTING AN END TO NUCLEAR EXPLOSIONS CTBTO.0RG Skoltech

Applied Al



S nT 2&25 E— ML, DL and HPC: Transforming CTBTO’s operations in global monitoring and

971012 SEPTEMBER
AT HOFBURG PALACE. VIENNA & ONLING

CTBT: SCIENCE AND TECHNOLOGY CONFERENCE Ve ri fi cati o n

Evgeny Burnaev

Ke05
Infrasound data: typical problems
Source localization Source classification
|
Source type | Posterior probability (%)
Volcano 70
% Explosion 20
Noise 11
Skoltech
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Infrasound data: a typical CNN-based approach
— i \ocato, . i:
input signal == Spectmgram =8
Source type Posterior probability (%)
Volcano 70
Explosion 20
Noise 11
Skoltech

Joshi A., Hickey J. P. Deep learning-based low-frequency passive acoustic source localization // Applied Sciences. — 2024. — T. 14. — Ne. 21. — C. 9893. Applied Al
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Radionuclide data: typical problems

Source localization

» Rl
? - ‘-
o -
A N T *
. 0
G : - [

Ke05

Nuclide classification

aaaaaa pectrum Data

000000
000000
oooooo

ooooo
3

|dentified isotope

Posterior probability (%)

1-131 70
U-238 20
Others 11
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Radionuclide data: a typical approach

500

o %o inspecium 1. Transform an input spectra to a 2D matrix
with a Hilbert transform
? 0 2(‘)0 4(‘)0Cha R nels:)() 8(;0 10‘0()
Input Feature maps Output
= "N e 2. Predict isotope probabilities with CNN
Convolution layer Pooling layer Convolution layer Full connection

Skoltech

Sun J. et al. Rapid nuclide identification algorithm based on self-attention mechanism neural network //Annals of Nuclear Energy. — 2024. — T. 207. — C. 110708. Applied Al
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Fukushima use case: Inverse Modelling for Pollution Source Detection

= A Largangian approach with possibility to simulate

back in time
= Probabilistic determination of a | posteri.or = ;/\: "
probability p(source | sensors) with a prior S0K X
knowledge about inventarization and possible -
emission location/intensity
= Possibility to locate several emission sources
I(z,y,h,ts) = Lo(z,y, h, ts) + Lnoise (T, Y, Dy ts) + Al(z, y, b, L) Al
O n;
n; (td) = nio(td) + nmm-se(td) + Anz(td) j;&
Nip
A nib(xsa Ys, hs: td — ts) ) AI(a?sy Ys, hs)(ts) dts — Ani(td)

Ts

Skoltech
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Fukushima use case: Intermediate Results

2011-03-11 00:00:00

P A -
T A N S
r‘: N 7 -/:‘-'J' f 4 ,o" t‘\
AT 4 o \
K & > 4 A
X Source IE:EIK’ \_'\"_\E

A Station

3 Ob1 \‘.
‘.\

Forward simulation of emissions

2011-03-20 23:00:00

x L /}, 'I",jf-«' S - A Predicted source
& \: g LY. "‘5'/':4-‘5“ o = *\ $ A X True source
B . """---»r/,b%: \'\,_(g' A Station
Source and stations g
Predicted source and
* . level lines of the loss function
Backward simulation of emissions Skoltech

Applied Al



S nT 2@25 ?'109.13,5.5":!5!!35," ML, DL and HPC: Transforming CTBTO'’s operations in global monitoring and

CTBT: SCIENCE AND TECHNOLOGY CONFERENCE : Ve rification

Evgeny Burnaev

Ke05

Fukushima use case: ways to improve

Time-consuming WRF simulations ->
Super-resolution of simulations on a coarser grid

Reconstruction of density based on measurements

Time-consuming backward simulations ->
Generative modeling of probability flows

Account of uncertainties ->
MC for uncertainty quantification

Not accurate WRF simulations ->
Data assimilation from weather stations and
statistical correction of WRF simulations

Evolution of particles in ainhomogeneous
velocity field via generative modeling

Probability (source signal and position | sensors and other measurements)

M. Larchenko, R.R. Zagidullin, V.V. Palyulin, and N.V. Brilliantov. Application of machine learning Skoltech
technique for a fast forecast of aggregation kinetics in space-inhomogeneous systems. Physica A, 2024 Applied Al
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Foundation generative weather models

5 n
- -
PRETRAINING FINETUNING & INFERENCE
~ 2
OPERATIONAL HRES 0.25° HRES 0.25° T+ 6H
o— - ‘ ‘
N pv . ‘ OPERATIONAL HRES 0.1° HRES 0.4° T + 6H
“\ OPERATIONAL CAMS 0.4“_J LCAMS 0.4°T+12H
,», 3D SWIN ,,A"‘
3D PERCEIVER === TRANSFORMER == l ‘ 3D PERCEIVER
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ARBITRARY VARIABLES, ) ARBITRARY VARIABLES,

PRESSURE LEVELS & RESOLUTION  LATENT ATMOSPHERIC INPUT LATENT ATMOSPHERIC OUTPUT  PRESSURE LEVELS & RESOLUTION
TIMET TIMET +1

Aurora is a 1.3 billion parameter foundation model for high-resolution
forecasting of weather and atmospheric processes

https://www.microsoft.com/en-us/research/blog/introducing-aurora-the-first-large-scale-foundation-model-of-the-atmosphere/

Forecast Lead Time: 000 hours
ERA5S - Ground Truth IFS HRES

850 hPa Temperature [C] 850 hPa Temperature [C]

Pangu-Weather GraphCast

850 hPa Temperature [C] 850 hPa Temperature [C]

Forecasts of a temperature at 1.5km
and a geopotential at 5.5 km
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Generative models for Data Fusion in Oil&Gas applications
s e DL SO s,
Hydrodynamic studies ..
Geological @ Seismic data
studies
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Accounting for
Dependencies
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Multi-agent systems in action: Geological concept ) < .
5 . d lated .
self-learning reservoir model T mowlodge - S DLt Oit production
Adaptation o
< > T
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> Accelerate adaptation without Examination of GM ) <
loss of quality s Ol >
- Reduce the uncertainty g [ /
- Continuous end-to-end @ dad
adaptation cycle
> Moving towards Engineering Eerm(;aabil;ftylcrjngptmodeling Reservoir model Oil production prediction
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Artificial General Intelligence
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Self-learning reservoir model
Oil&Gas Data Fusion
The resulting map of
permeability after adaptation
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Cognitive architecture of Engineering Al
Orchestrator
o ] ~— - _Solving the
Knowledge graph —an important il = == imerse
element of Engineering Al °§_\’ awac
Y =
é (1 ] | -—
Evalu:tion of
In each Knowledge Domain there o H
is its own Knowledge Graph, but Decisi : :
] . ~- . ecision-Making Space (Intelligent Agents)
the principles of building a Multi-
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. . Domain Knowledge Graph
Software realization based on a EE
Microservices Architecture Knowledge Graph (Ontology)
Knowledge Domain
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NET-VISA-like computational pipeline is a natural Multi-Agent system
a_80 - B

SEL2
)

F E ) SEL3 D ) REB

-

NET-VISA

Auxiliary Seismic

Station Processing
Interactive Review

Network Processing

<

SIG-VISA

Processing flow of the waveform data

Skoltech

Applied Al



S n I 2& 2 5 AR AL L

verification

CTBT: SCIENCE AND TECHNOLOGY CONFERENCE

Evgeny Burnaev

ML, DL and HPC: Transforming CTBTO’s operations in global monitoring and

NET-VISA-like computational pipeline is a natural Multi-Agent system

u\ )/ SELI
| E— |4
o0
g £ £
A # 5
8 S SEL2 ]
g B p
Aucxiliary Seismic A [y A E
£ i g
= 2 5
s 5 i
“ “ . REB
SEL3
—— P '4
NET-VISA

<

SIG-VISA

Processing flow of the waveform data

- Continuous end-to-end fast adaptation
cycle for newly available data

- Reduce uncertainty

- Model fine-tuning to ensure
consistency with previous results
in case of new hardware

Ke05
mk:::':”‘ Event Attributes Arrival Attributes
e A e -
[ Predicted Messured
l — A:\;:.oe 7777777777 { A:‘;vu:,e
A Event Location ),
m w) & Predicted e
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EventDepth "o [SS:;\/':e"s‘) Slowness
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Phaze Arrival Phase
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e . Made SNR
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Generative Model graph for an arrival which
IS associated with an event
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Conclusions

- Generative Fundamental Models

* to simulate distributions like
Probability (source signal and position | sensors and other measurements)

= for data fusion of multi-modal data

» for uncertainty quantification and propagation

- Probabilistic flow models for fast simulations of aggregation processes
In space-inhomogeneous systems

- Engineering Al based on multi-agent framework and micro-
services architectures for construction and continuous adaptation of
multi-component models Skoltech
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Contacts
E-mail: e.burnaev@skoltech.ru
WeChat: Telegram: Google scholar:
EMEE
|-|- il |
Skoltech

Applied Al



S nT 2@25 z:g.as,ss.':megs.n ML, DL and HPC: Transforming CTBTO'’s operations in global monitoring and

CTBT: SCIENCE AND TECHNOLOGY CONFERENCE : Ve rifi cation

Evgeny Burnaev
Ke05

Some used sources

DeepSeek, Qwen reports
NVIDIA, OpenAl, Anthropic, DeepMind reports

= Sber Al Trends report, 2025
= Alexander Kraynov. "Why is ChatGPT so Important?”, 2023
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