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      Using Blocks and Threads
5. Wednesday morning: Parallelization and Amdahl's Law,
      GPU Acceleration, Future Architecture
6. Wednesday morning 2/afternoon: CUDA Scalar Products cont’d

Events, Histograms, Matrix Multiplication
7. Thursday Morning: Astrophysical N-Body Code
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      Using MPI and GPU
9. Friday Morning: CUDA Matrix Mult., Histograms, Wrap-Up, Q+A, 
      Other Lectures (Wen-Mei Hwu)

   



      

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

4th ed. 2022

  2010!!!



      

"CUDA is now the dominant language used for programming 
GPUs, one of the most exciting hardware developments of 
recent decades. With CUDA, you can use a desktop PC for 
work that would have previously required a large cluster of PCs 
or access to a HPC facility. As a result, CUDA is increasingly 
important in scientific and technical computing across the 
whole STEM community, from medical physics and financial 
modelling to big data applications and beyond. This unique 
book on CUDA draws on the author's passion for and long 
experience of developing and using computers to acquire and 
analyse scientific data. The result is an innovative text featuring 
a much richer set of examples than found in any other 
comparable book on GPU computing. Much attention has been 
paid to the C++ coding style, which is compact, elegant and 
efficient. A code base of examples and supporting material is 
available online, which readers can build on for their own 
projects"--

New Book of 2022, Text from Book advertisement in amazon.

Literature continued: 



      

“GPU systems have revolutionized the fields of artificial 
intelligence, data science, and high-performance 
computing. Their unparalleled ability to handle massive 
parallel processing tasks has made them indispensable 
for industries that rely on cutting-edge computational 
power. From AI model training to scientific simulations 
and beyond, understanding how to design and optimize 
GPU architectures is key to maximizing performance and 
staying ahead in a rapidly evolving tech landscape.”

“Authored by a high-performance computing expert, 
(Cobbs Walker) provides the most up-to-date, actionable 
insights on GPU system design. This book is based on 
years of hands-on experience building and optimizing 
GPU infrastructures, paired with real-world case studies 
that demonstrate successful implementations. Whether 
you're designing AI systems, working on complex 
simulations, or building GPU-driven applications, the 
expertise shared here is reliable and practical.”

For deeper interest in GPU hardware. 

Text from Book advertisement in amazon.

Literature continued: 
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“Table of Contents” what we will NOT cover:

 Artificial Intelligence / Machine Learning
 Graphics Rendering / Ray Tracing with GPU
 Using Tensor Cores for 3D simulations
 Other Languages such as HIP (AMD), OpenCL…

We will solely use CUDA for High Performance 
Computing on GPU (many simple examples, one real
Application).

What you learn here will give you a good start for all the 
applications not covered!
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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 2002Siemens 2002
Computer in 1964Computer in 1964
At ARIAt 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



      

BwUniCluster 2.0 

https://wiki.bwhpc.de/e/BwUniCluster2.0

The bwUniCluster 2.0 is the joint high-performance computer system of Baden-
Württemberg's Universities and Universities of Applied Sciences for general 
purpose and teaching and located at the Scientific Computing Center (SCC) at 
Karlsruhe Institute of Technology (KIT). The bwUniCluster 2.0 complements the 
four bwForClusters and their dedicated scientific areas. 

Total Number of Nodes: 848 
GPU Nodes: 39 (NVIDIA Ampére A100, Volta V100)



NVIDIA Ampere A100 GPU, 54 billion transistors, 6920 cores 



NVIDIA Volta V100 GPU, 21 billion transistors, 5120 cores 



      

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

With NVLINK
Without NVLINK



AMD Instinct
MI250X GPU

Nov.2023 Lists:
Used in:

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



New “Grace Hopper GH200 
superchip” ; GPU + CPU on 
one platform; used in new 
Jupiter supercomputer at JSC 
Jülich.

https://www.nvidia.com/en-us/data-center/grace-hopper-superchip/

Hopper GPU 
16896 CUDA cores
528 tensor cores
34 Tflop/s double prec.
67 Tflop/s single prec.
67 Tflop/s tensor core     
                 double prec.

72 Armv9 CPU cores
480 GB memory



USA

USA

 

USA

USA

Italy

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

GPU NVIDIA HopperGPU NVIDIA Hopper

GPU AMD InstinctGPU AMD Instinct

Intel Data Center GPUIntel Data Center GPU

GPU AMD InstinctGPU AMD Instinct

https://www.top500.org/


USA

USA

 USA

Finland
(EuroHPC)

Japan

  GPU NVIDIA GH200 GraceGPU NVIDIA GH200 Grace

GPU NVIDIA Ampere GPU NVIDIA Ampere 

From https://www.top500.org/
Nov. 2024 List

Fujitsu ArmFujitsu Arm

GPU AMD InstinctGPU AMD Instinct

GPU AMD InstinctGPU AMD Instinct

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

Watch out for new Exascale System at Jülich (JSC): JEDI / JUPITER !



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

Bend in Curve due to
Accelerators

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

http://www.top500.org/


GREEN 500 list Nov. 2024  
Power Efficiency 
(Gflops/Watts), 
see also top500 webpage
right: 1-5
below: 6-10

GPU NVIDIA GPU NVIDIA 
Grace HopperGrace Hopper

GPU NVIDIAGPU NVIDIA
Grace HopperGrace Hopper

GPU AMD InstinctGPU AMD Instinct

GPU NVIDIAGPU NVIDIA
Grace HopperGrace Hopper

GPU NVIDIA HopperGPU NVIDIA Hopper

GPU AMD InstinctGPU AMD Instinct

GPU NVIDIAGPU NVIDIA
Grace HopperGrace Hopper

GPU NVIDIA GPU NVIDIA 
Grace HopperGrace Hopper

GPU NVIDIA GPU NVIDIA 
HopperHopper

GPU NVIDIA GPU NVIDIA 
HopperHopper

GPU AMD GPU AMD 
InstinctInstinct
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