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What a wonderful day is today
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Shortlyabout myself

Alexey Cheptsov

cheptsov@tik.
uni-stuttgart.de 

Head of Data Center and
Cloud Technology @ TIK -
IT-service provider of the
University of Stuttgart
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University of Stuttgart

Å Founded 1829

ïEngineering

ïNat. Science

Å 10 faculties

Å 150 institutes

Å 28.000 students

Å 270 professors

Å 3.500 scientific & 
research staff
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University of Stuttgart

Turnover: ~14 bil. ú
Staff: ~19.000

Turnover: ~1 -2 bil. ú 
Staff: ~8000

Turnover: ~100 bil. ú

Staff: 260.100

Turnover: ~50 bil. ú
Staff: ~300.000

Turnover: ~2,5 bil. ú
Staff: ~11.00

Turnover: ~5 bil. ú
Staff: ~50.000 

Industrial Background

http://www.mahle.com/mi05/home.nsf
http://www.mahle.com/mi05/home.nsf
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University of Stuttgart

Appetizer

Å The question of all questions 

όaŜƭ DƛōǎƻƴΩǎ ǾŜǊǎƛƻƴΣ нлллύ
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1. Introduction to High Performance Computing

ïWhat is HPC

ïHow high is the high performance

ïApplication examples

2. Data Science

ïApplications

ïChallenges

ïData Center solutions

3. Conclusion

OUTLINE

University of Stuttgart
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1. Introduction to HPC

Performance: Definition

Å Number of operations for performing an algorithm

ïBasic microprocessor operations such as Addition, Substraction, 
Multiplication, and Division.

Performance  =
Nr. Operations

Time [s.]
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1. Introduction to HPC

Performance: Measurement

Å Major metric ςFLOP/s

ïFloating point (double precision ς64 bits) operations per 
second

196736893.993695017392 

x

785.24891512582605623

= ???              [Flop/s]
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1. Introduction to HPC

²ƘŀǘΨǎabout the other systemsΨ performance

Å HAWK ςa new-generation HPC system of HLRS

ïHPL (High-Performance Linpack) ςsolver of a (random) dense 
system of linear equations in double precision

Peta

[Flop/s] 26 000 000 000 000 000
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1. Introduction to HPC

Performance: Way to increase

Å Increase the chip capacities

15 MFLOPs 480.000 MFLOPs

ÅLƴǘŜƭΨǎMicroprocessor

Haswell

ÅL.aΨǎMicroprocessor

asof 2018
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1. Introduction to HPC

Performance: Way to increase

Å LƴŎǊŜŀǎŜ ǘƘŜ ŎƘƛǇ ŎŀǇŀŎƛǘƛŜǎΥ ¢ƘŜ aƻƻǊŜΩǎ ƭŀǿ
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Network

1. Introduction to HPC

Performance: Way to increase

Å Parallelisation

CPU from the
флΨǎ

1 Core

Modern 
Smartphone

4-8 Cores

Modern 
Server CPU

32-128 Cores

Modern Server 
GPU (NVIDIA V100)

640 Cores
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1. Introduction to HPC

Performance: Historical Development

Å Cray-2 (Stuttgart, 1986)

ï4 CPUs

ï2 GFlop/s

ï32GB RAM

ï2,5 Tones                   
(1/3 ςcooling liquid)
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1. Introduction to HPC

Performance: Historical Development

Å I[w{ΨǎHawk(2021)

ï5.632 Nodes / 2 CPUs/ 64 Cores

ï720.896 Cores totally

ï7,4 PFlop/s

ï5 MW
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1. Introduction to HPC

Another fancyHPC System

Å BSC - Marenostrum
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1. Introduction to HPC

Performance: Leaders(2025)

Å TOP500.org
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Evolution of ComputationalScience

experimental theory

-1000 Year, A.D.-100 2010

computation simulation

-10

1. Introduction to HPC

http://www.isgtw.org/sites/default/files/img_2012/eureka.JPG
http://www.isgtw.org/sites/default/files/img_2012/eureka.JPG
http://de.wikipedia.org/w/index.php?title=Datei:Splash_1.jpg&filetimestamp=20090424135541
http://de.wikipedia.org/w/index.php?title=Datei:Splash_1.jpg&filetimestamp=20090424135541
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1. Introduction to HPC

Simulation: The Way

Å Simulation object

Å Abstract Model

Å Mathematical Model

Å Simulation Software

Å Optimization
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1. Introduction to HPC

Application Domains: Mathematical Background

Å CFD ςComputational Fluid Dynamics

Å MD ςMolecular Dynamics
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1. Introduction to HPC

Applications: The XXL Portfolio

ÅClimate simulation on a high 

(a few kms) resolution

ïUniversity of Hohenheim

ï84.000 cores, 84 hours, 450 TB data

ÅTurbulent flow simulation 

for air- and gas dynamics analysis

ïRWTH Aachen University

ï92.000 cores, 110 hours, 80 TB data
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1. Introduction to HPC
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1. Introduction to HPC

Further Use Cases

Å Vehicle aerodynamics
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Å Crash tests

Further Use Cases
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1. Introduction to HPC

Further Use Cases

Å Crime Scene Reproduction
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1. Introduction to High Performance Computing

ïWhat is HPC

ïHow high is the high performance

ïApplication examples

2. Data Science

ïApplications

ïChallenges

ïCloud and Data Center technologies

3. Conclusion

OUTLINE

University of Stuttgart
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Data Science

Further Evolution of Computational Science

experimental theory

-1000 Year, A.D.-100 2020

computation data-driven

-10

simulation

http://www.isgtw.org/sites/default/files/img_2012/eureka.JPG
http://www.isgtw.org/sites/default/files/img_2012/eureka.JPG
http://de.wikipedia.org/w/index.php?title=Datei:Splash_1.jpg&filetimestamp=20090424135541
http://de.wikipedia.org/w/index.php?title=Datei:Splash_1.jpg&filetimestamp=20090424135541
http://www.isgtw.org/sites/default/files/DNA_blot.jpg
http://www.isgtw.org/sites/default/files/DNA_blot.jpg
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Data Science

Digital Assets
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Å Data Volume in Zettabytes(Gartner)
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Data Science

Digital Assets Å Data Volume in Yottabytes(IBM)
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Data Science

Digital Assets

Å Data Evolution

unstructured data ontologies

2000 Year, A.D.2005 2010

linked data Semantic Web
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Data Science

Open Data

Å LinkedOpen Data Cloud
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Data Science

Data Analytics Applications

Å Google Knowledge Graph

ï570 million entities(nodes)

ï500 billion facts
(connections)

ï severalpetabytesof files

Å Semantic Web
ïA common schema (RDF) for annotation and query of unstructured 

and unannotated data

Å CŀŎŜōƻƻƪΩǎ {ƻŎƛŀƭ DǊŀǇƘ

ï60 PB of structureddata

ï1 Trillion edges

Å ¢ǿƛǘǘŜǊκ·Ωǎ LƴǘŜǊŜǎǘ DǊŀǇƘ

ï60 PB of structureddata
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Data Science

Data Analytics Applications

Å Artificial Intelligence
ïAutomated pattern recognition technology based on NN

Å Time to 
prepare

Å Number of 
slides

Å Duration       
of speech

Å A perfect 
IARIA talk
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Data Science

Data Analytics Applications

Å Large Language Models

Nr. of 
params

Corpus size 
(nr. of tokens)

Training 
costs, 

EFLOPS/day

Inference 
costsLLM

OpenAIôs

GPT-4 (2025)

DeepSeek-V3

Å 109 B

Å 400 B

Å 2000 B

Å 40 T

Å 22 T

Å ?

Å 1800 B

Å 71

Å 34

Å ?

Å 13 T

Å 671 B

Metaôs 

LLaMA-4 (2025)

Activated 
params

per token

Å 17 B

Å 17 B

Å 288B
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Data Science

Big Data is not just about the size, but also about
the scale!
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Data Science

Challenges and Bottlenecks
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Data Science

Data Science Infrastructure

Å Data Management Issue

BigData-Scientist

CREDIT: 

THINKSTOCK

Storage-for-

Science

Framework

Publish

Manage

Store

Datacenter

HPC
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Data Science

Data Science Infrastructure

Å Hierarchical Storage Management

H
S

M

Capacity 

Storage

Archive

Storage

Distributed FS

HSM

Cloud

Performance 

Storage

HDD HDD

HDD HDD

HDD

HDD

Performance

Storage
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Data Science

Scientific Data Management

Å Typical Workflow

Data Management FrameworkData Infrastructure Application

Data Management Software Stack

AnnotationControlPublication
Row data

Instruments

Published

Data
Data + 

Metadata

Long-term Storage Performance Storage

cool down

provision

Analysis
HPC-Simulation

Visualization
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Data Science

Bw-Storage-for-Science

Å Architecture

ÅFront-end
ïAngular

ÅBack-end
ïGolang(OpenAPI)

ÅData Layer
ïArrango-DB

ÅSystem Software
ïAnsible



51::IARIA Congress 2026 Alexey Cheptsov   ©:: 7.07.2026

1. Introduction to High Performance Computing

ïWhat is HPC

ïHow high is the high performance

ïApplication examples

2. Data Science

ïApplications

ïChallenges

ïCloud and Data Center technologies

3. Conclusion

OUTLINE

University of Stuttgart



52::IARIA Congress 2026 Alexey Cheptsov   ©:: 7.07.2026

Conclusion

Å Data Centers and Data Science have to find a common 
language 

ïA lot of integration is required

ïVirtualization infrastructure (*-a-a-S) are beneficial

ïLack of a common software technology

Å Qualification of researchers

ïData Management as a curriculum discipline
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Conclusion

Å 5ǳǊŀǘƛƻƴ ǘƘƛǎ ǘŀƭƪ όм ƘƻǳǊύΧ 

ï30.000 hours of videosuploaded on Youtube

ï1.500 M of emailssent

ï250 M of search queries done on Google

ï6.000 of text messagessent on Whatsup

ï20M of social network posts published on X
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Thank You!


