
University 

  Introduction to GPU Introduction to GPU 
Accelerated Computing:Accelerated Computing:
1. History of Computer Architecture1. History of Computer Architecture
Many-Core, GPU, and other ideas...Many-Core, GPU, and other ideas...

Rainer Spurzem 
Astronomisches Rechen-Inst., ZAH, Univ. of Heidelberg, Germany

National Astronomical Observatories (NAOC), Chinese Academy of Sciences 
Kavli Institute for Astronomy and Astrophysics (KIAA), Peking University

spurzem@ari.uni-heidelberg.de
http://silkroad.bao.ac.cn



      

  Introduction to GPU Accelerated ComputingIntroduction to GPU Accelerated Computing
February 10 – 13, 2020February 10 – 13, 2020

Table of Contents (subject to adjustment/change):
1. Monday morning: General Introduction Computer 
      Architecture, Many-Core, GPU and others…, Access...
2. Monday afternoon: Access to kepler, CUDA Hello, 
      GPU Properties, Simple Add, Vector Add
3. Tuesday morning: More on GPU Software and Hardware
4. Tuesday afternoon: CUDA More Vector Add, Scalar Products,
      Using Blocks and Threads
5. Wednesday morning: Parallelization and Amdahl's Law,
      GPU Acceleration, Future Architecture
6. Wednesday Afternoon: Events, Histograms, Matrix Multiplication
7. Thursday Morning: Astrophysical N-Body Code
8. Thursday Afternoon: Astrophysical Parallel N-Body Code 
      Using MPI and GPU
9. Access: Use    ssh-keygen -t rsa (give passphrase)
Send id_rsa.pub to spurzem@ari.uni-heidelberg.de
   



      

Literature



      



55

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



      

• 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.



USA

USA

USA

GPU VoltaGPU Volta

GPU VoltaGPU Volta

Xeon Xeon PlatinumPlatinum

Chinese ProcessorChinese Processor

Xeon Xeon ϕϕ  



USA

USA

Swiss

GPU VoltaGPU Volta

GPU VoltaGPU Volta

GPU PascalGPU Pascal

XeonXeonϕϕ

XeonXeon Platinum Platinum



….

….
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 2018  Power Efficiency (Gflops/Watts), see also
 http://www.top500.org/green500   - 2019 similar. 

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

http://www.top500.org/green500
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