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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



      

• 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. 
Requirements for the Construction of an electronic computing device(1946)Requirements for the Construction of an electronic computing device(1946)

HARDWARE



      

Zuse Z4: 1944 Berlin, 1950 Zürich, 1954 Frankreich

                1959 Deutsches Museum München

Computing Speed 0.03 MHz Memory  256 byte

HistoryHistory



      

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”

CRAY1: Vectorregisters (1976)

160 Mflop, 80 MHz, 8 MByte RAM

CRAY2: (1984)

1Gflop, 120MHz, 2GByte RAM

HistoryHistory



      

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:



      

Heidelberg



      

NVIDIA Volta V100 GPU, 21 billion transistors, 5120 cores 

With NVLINK

Without NVLINK



NVIDIA Volta V100 GPU, 21 billion transistors, 5120 cores 



      

From www.top500.org  - list of fastest 
                    supercomputers in the world...
                    ... last year Nov. 2010:

Top 10 List November 2010

GPUGPU

GPUGPU

FR

GPUGPU

http://www.top500.org/




      



      

Current Generation:
Knights Landing
14nm



 

Intel MIC hardware / Recent Processors



 

Supercomputer from China: 96/33 Pflop/s Linpack
Wuxi/Guangzhou/Tianjin National Supercomputing Center
Taihu 10 mill. cores

32000 Intel Xeon 12 core, 
48000 Intel Phi Accelerators 57 Core, 
now Chinese processor

Test of Taihu planned;
But:
Local cluster with new
GPUs at NAOC gives
much more resources.



Top 10 List November 2018 (from www.top500.org )

Chinese ProcessorChinese Processor

Chinese ProcessorChinese Processor

XeonXeonϕϕUSA

USA

USA

Swiss

USA

USA

Saudi-A.

GPU VoltaGPU Volta

GPU VoltaGPU Volta

GPU PascalGPU Pascal

GPU VoltaGPU Volta

GPU Volta (part)GPU Volta (part)

GPU KeplerGPU Kepler
Blue GeneBlue Gene

http://www.top500.org/


….

….
By 
Switzerland



Top 500 List November 2018 – 
Performance Share of Countries



From Supercomputing Conference
Dallas, TX, USA, Nov. 2018

Bend in Curve due to
Accelerators

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

Moore’s Law?



      

Current 14nm Technology
20 billion transistors



      

GREEN 500 list – Power Efficiency (Gflops/Watts), see also http://www.top500.org

GPU VoltaGPU Volta

GPU VoltaGPU Volta

GPU VoltaGPU Volta

GPU PascalGPU Pascal
GPU VoltaGPU Volta

GPU PascalGPU Pascal

GPU VoltaGPU Volta

ChinaChina

GPU VoltaGPU Volta

Japan
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More on GPUMore on GPU

GPU ComputingGPU Computing



      

2008…
GeForce 9800 GTX, 128 Stream Proc., 512 MB
GeForce 9800 GX2, 256 Stream Proc., 1 GB
GeForce 9800 GT, 64 Stream Proc., 512 MB
[...]
2009: Tesla ~200 Proc., 4GB
2010: Fermi ~400 Proc., 4GB
2013: Kepler K20, ~2500 Procs., 6GB
2016: Kepler K80, ~5000 Procs.
2017/18: Pascal, Volta > 5000 Procs.

Graphics Processors (GPU) as  General Purpose 
Supercomputers (GPGPU)



      

Hardware around 
2006

GeForce 8800 GTX:

575 MHz * 128 processors * 2 fop/inst * 2 inst/clock = 333 Gfops



CPU vs. GPU speedup timeline

Source: https://www.carestream.com/blog/wp-content/uploads/2015/09/CSH_CPU-GPU_Chart.png



Floating Point Operations per Second for CPU and GPU:
From NVIDIA CUDA Developer Zone at:
http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html

Notice: there is still AMD with
OpenCL and competitive GPUs
Here we focus on NVIDIA GPUs
And CUDA for practical reasons!

http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html


Memory Bandwidth for CPU and GPU:
From NVIDIA CUDA Developer Zone at:
http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html

http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html


EANAM7 2016

Kepler, Pascal, Volta, Scaling, it works... 

Volta V100

Pascal GF1080

Kepler K20m

Spurzem, Berczik,
et al., 2013, 
LNCS Supercomputing, 
2013, pp. 13-25,
Springer.
(updated unpublished)

 X

X = first GPU of laohu 2010



      

CPU and GPU; from CUDA NVIDIA Developer Zone at
http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html

“The GPU devotes more transistors to computing”
“favours data parallel operations”



      

GPU Structure From: http://geco.mines.edu/tesla/cuda_tutorial_mio/



      

CUDA



      

Simple CUDA example



      

Source: http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html

http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html


Speedups using GPU vs. CPU



Towards Peta-Scale Green ComputationTowards Peta-Scale Green Computation
— — applications of the GPU supercomputers in CASapplications of the GPU supercomputers in CAS

http://www.nvidia.com/gtc2010-
content
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