
33
77

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
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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(updated unpublished)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



      

NVIDIA Volta V100 GPU, 21 billion transistors, 5120 cores 

With NVLINK

Without NVLINK



      

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



Molecular DynamicsMolecular Dynamics

Computer Physics - AstrophysicsComputer Physics - Astrophysics



      

Rpeak SP：
Rpeak DP：
Linpack:
Mflops/Watt:
Total RAM：
Total VRAM：
Total HD：
Inst. Comm.：
Data Comm.：
Occupied area
：
Weight：
Max Power：

System：
Monitor：
Languages：

2Pflops
1Pflops

207.3T (Top500 19th)
431 (Green500 8th)
17.2TB
6.6TB
360TB
H3C GE
Mellanox QDR IB

150 sq.m.
12.6 tons
600kW(computing) 
200kW(cooling)
CentOS 5.4, PBS
Ganglia, GPU monitor
C, C++, CUDA 3.1 , OpenCL

Fermi-based GPU supercomputer IPE 
(2010.04.24)



IPE CAS 372 node 6xC2050 cluster
2232 GPU = 2.2 Pfops SP / 1.1 Pfops DP



      



      



CosmologyCosmology

Computer Physics - AstrophysicsComputer Physics - Astrophysics



Structure Formation in the UniverseStructure Formation in the Universe

In the year 100.000....

  ...and ``today´´
(Cosmic Microwave Background)

Wilkinson Microwave  Anisotropy Probe (WMAP)Wilkinson Microwave  Anisotropy Probe (WMAP)

Computer Physics – AstrophysicsComputer Physics – Astrophysics
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Serves as example here; 
for current project see
http://www.illustris-project.org/

http://www.illustris-project.org/
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Challenges: Challenges: 
CosmologyCosmology

Structure of Voids and
Filaments in 3D

(From Virgo-Webpages)



      



Black Holes in Black Holes in 
Star ClustersStar Clusters

Computer Physics - AstrophysicsComputer Physics - Astrophysics



VIRGO – Pisa 3km
LIGO – Livingston, LA
             Hanford, WA
                             1km
GEO600 – Hannover
                          600m
AIGO – Australien
          (planned, 5 km)

http://www.ligo-la.caltech.edu/
http://www.ego-gw.it
http://www.geo600.uni-hannover.de

Outreach to 50 Millionen
light years (Neutron Stars)

http://www.ligo-la.caltech.edu/
http://www.ego-gw.it/
http://www.geo600.uni-hannover.de/
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Example: VIRGO Detector in Cascina near Pisa, Italy



GW Detection Frequency Time Diagram
Top: Our simulation (Wang et al. 2016, Sobolenko et al. In prep.)
Down: Abott et al. 2016 LIGO measurement



 

The Observed LIGO Events – Table from Brown's Talk at KITP (2)

The Observed LIGO/Virgo
Events…
The DRAGON events in
the supercomputer...



  

http://kiaa.pku.edu.cn News...MPA Garching
Highlight March 2016
http://www.mpa-garching.mpg.de/
328833/hl201603

http://kiaa.pku.edu.cn/
http://www.mpa-garching.mpg.de/
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More About More About 
the Futurethe Future

Computational and Computer Computational and Computer 
ScienceScience



      

2005 - 2009



      

Pressure 
force 

pipeline:

FPGA...
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Slide: Horst Simon, Exascale Computing



77
44

Slide: Horst Simon, Exascale Computing
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http://www.fz-juelich.de/ias/jsc/EN/Research/research_node.html
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...the new hype: HPC and AI … here by T. Maruyama, ISC17:
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Tflop/s

Tflop/s
GB/s
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