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Literature: why NVIDIA? CUDA … ?
easy to learn!! runs on our training system kepler
future? SYCL/openCL? HIP / HIPIFY ?
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HistoryHistory

GPU ComputingGPU Computing



HistoryHistory

Erik Holmberg (1908-2000)Erik Holmberg (1908-2000)
Dissertation Univ. Lund (Schweden) (1937):Dissertation Univ. Lund (Schweden) (1937):
``A study of double and multiple galaxies´´``A study of double and multiple galaxies´´
Galaxies  often in Groups and PairsGalaxies  often in Groups and Pairs
Irregular Distribution of Satellite Galaxies Irregular Distribution of Satellite Galaxies 
                    (Holmberg-Effect)(Holmberg-Effect)

Father of numerical astrophysics?Father of numerical astrophysics?
» ...with 200 light bulbs...with 200 light bulbs
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The Astrophysical Journal, Nov. 1941The Astrophysical Journal, Nov. 1941

HistoryHistory
http://cdsads.u-strasbg.fr/abs/1941ApJ....94..385H

http://cdsads.u-strasbg.fr/abs/1941ApJ....94..385H


      

Konrad Zuse (1910-1995) BerlinKonrad Zuse (1910-1995) Berlin

Z1 in parental flat 1936

Invented freely programmable Computer

...before von Neumann...

HARDWARE



      

Zuse Z4: 1944 Berlin, 1950 Zürich, 1954 Frankreich
                1959 Deutsches Museum München

Computing Speed 0.03 MHz Memory  256 byte

HistoryHistory



• John von Neumann (1903-1957)John von Neumann (1903-1957)
Born Budapest, Lecturer Berlin, since 1930 Princeton Univ. Born Budapest, Lecturer Berlin, since 1930 Princeton Univ. 
Fundamental Architecture of an electronic computing device(1946)Fundamental Architecture of an electronic computing device(1946)

HARDWARE

Source: https://en.wikipedia.org/wiki/Von_Neumann_architecture#/media/File:Von_Neumann_Architecture.svg

https://en.wikipedia.org/wiki/Von_Neumann_architecture#/media/File:Von_Neumann_Architecture.svg


      

Astronomisches 
Rechen-Institut (ARI) 
at Univ. of 
Heidelberg, Germany

Siemens 2002
Computer in 1964
At ARI



S.v. Hoerner,
Z.f.Astroph. 1960, 63

Siemens 2002
N=4,8,12,16 (4 Trx)

N=16,25 (40 Trx)

HistoryHistory

http://cdsads.u-strasbg.fr/abs/1963ZA.....57...47V

http://cdsads.u-strasbg.fr/abs/1960ZA.....50..184V

http://cdsads.u-strasbg.fr/abs/1963ZA.....57...47V
http://cdsads.u-strasbg.fr/abs/1960ZA.....50..184V


      

Seymour Cray (1925-1996)Seymour Cray (1925-1996)
““father of supercomputing”father of supercomputing”

https://en.wikipedia.org/wiki/Women_in_computinghttps://en.wikipedia.org/wiki/Women_in_computing

CRAY1: Vectorregisters (1976)
160 Mflop, 80 MHz, 8 MByte RAM
CRAY2: (1984)
1Gflop, 120MHz, 2GByte RAM

HistoryHistory

https://en.wikipedia.org/wiki/Women_in_computing


      

Supercomputer
JUGENE
IBM Blue Gene
At FZ Jülich,
Germany

Opening Ceremony June 2008

HistoryHistory



      

Computational Science...
...after von Neumann...

Problems:
Power Consumption
Efficiency for  Real Applications

Exaflop/s

Petaflop/s

Teraflop/s

Gigaflop/s

Thanks to Horst Simon, LBNL/NERSC for this diagram.
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Special HardwareSpecial Hardware
AcceleratorsAccelerators

GPU ComputingGPU Computing



      



      

New Jersey, Indiana, Heidelberg

HARDWARE



      



      

Beijing, ChinaGPU:

2010

Peter 
Berczik
Silk Road
Team



      

Heidelberg

Three more nodes: Three more nodes: 
1x Quadro P6000 (2019)1x Quadro P6000 (2019)
1x RTX 2080 Ti (2019)1x RTX 2080 Ti (2019)
1x Quadro RTX 5000 (2022)1x Quadro RTX 5000 (2022)



      

NVIDIA Ampere A100 GPU, 54 billion transistors, 6920 cores
(Hopper H100, ...)

With NVLINK
Without NVLINK



NVIDIA Volta V100 GPU, 21 billion transistors, 5120 cores 



NVIDIA Ampere A100 GPU, 54 billion transistors, 6920 cores 



New Intel Ponte Vecchio hardware / Recent Processors

Intel has detailed the company's Ponte Vecchio Xe-HPC GPU at Hot Chips 34. In the provided 
benchmarks, the chipmaker claims that Ponte Vecchio delivers up to 2.5x more performance than 
the Nvidia A100. But, as customary, take vendor-provided benchmarks with a pinch of salt.             
From: https://www.tomshardware.com/news/intel-ponte-vecchio-seemingly-offers-25x-higher-
performance-than-nvidias-a100

https://www.tomshardware.com/news/nvidia-ampere-A100-gpu-7nm


AMD Instinct
MI250X GPU

Nov.2023 Lists:
Used in:

Frontier (#1 US)
And LUMI (#5 FIN)



USA

USA

 

USA

Japan

Finland
(EUR)

From https://www.top500.org/
Nov. 2023 List GPU AMD InstinctGPU AMD Instinct

GPU NVIDIA HopperGPU NVIDIA Hopper

GPU AMD InstinctGPU AMD Instinct

Fujitsu ArmFujitsu Arm

Intel Data Center GPUIntel Data Center GPU

https://www.top500.org/


USA

China

China

USA

USA GPU NVIDIA VoltaGPU NVIDIA Volta

Chinese 26010 ProcessorChinese 26010 Processor
(260 cores, 10nm)(260 cores, 10nm)

Chinese Matrix-2000 ProcessorChinese Matrix-2000 Processor

GPU NVIDIA Ampere GPU NVIDIA Ampere 

GPU NVIDIA Ampere GPU NVIDIA Ampere 

From https://www.top500.org/
Nov. 2023 List

https://www.top500.org/


Top 500 List November 2023 – 
Performance Share of Countries From https://www.top500.org

http://www.top500.org/


Supercomputer, Kajaani, Finland

EuroHPC and LUMI consortium:
Finland, Belgium, Czech Republic, Denmark, Estonia, 
Iceland, Norway, Poland, Sweden, and Switzerland.

Using only
Hydroelectric
Power and its
Heat used for 
heating buildings.

No. 5 in top500
No. 7 in green500

2.2 million cores
~12.000 AMD GPUs
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富岳
Mt. Fuji

/2021

RIKEN, Kobe, JAPAN

7.6 million cores, 442 Pflop/s 



 

JUWELS Booster 936 nodes (AMD CPU, 4x Ampere GPU)
~450.000 AMD cores, 25 million NVIDIA Ampere GPU cores
~ 70 Pflop/s SP    ~ 44 Pflop/s DP
No. 18 in top500 list, No. 3 in green500 list



Bend in Curve due to
Accelerators

Green: Cumulative
Red: Top System
Blue: Average of 500

Moore’s Law?From https://www.top500.org

Bend in Curve due to
Accelerators

Green: Cumulative
Orange: Top System
Blue: Average of 500

http://www.top500.org/


GREEN 500 list Nov. 2023  
Power Efficiency 
(Gflops/Watts), 
see also top500 webpage
right: 1-5
below: 6-10

GPU NVIDIA HopperGPU NVIDIA Hopper

GPU AMD InstinctGPU AMD Instinct

GPU AMD InstinctGPU AMD Instinct

GPU AMD InstinctGPU AMD Instinct

GPU AMD InstinctGPU AMD Instinct

GPU NVIDIAGPU NVIDIA
HopperHopper

GPU AMD GPU AMD 
InstinctInstinct

GPU AMD GPU AMD 
InstinctInstinct

GPU AMDGPU AMD
InstinctInstinct

GPU NVIDIA GPU NVIDIA 
HopperHopper
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