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Supercomputer

JUGENE

IBM Blue Gene

At FZ Jülich,

Germany

Opening Ceremony June 2008
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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

Jun MakinoJun Makino



      

kepler1 Cluster 2006kepler1 Cluster 2006

4 Tflops  (32  micro-GRAPE6)
Dual Port Infiniband 

4 MPRACE-1 reconfigurable
         (soon: 32 MPRACE-2)

GRAPE + MPRACE
= GRACE   

Peter Berczik



      

Beijing, ChinaGPU:

2010

Peter 
Berczik
Silk Road
Team



      

Heidelberg

Since 2019 two more nodes: Since 2019 two more nodes: 
1x Quadro P60001x Quadro P6000
1x RTX 2080 Ti1x RTX 2080 Ti



      

NVIDIA Volta V100 GPU, 21 billion transistors, 5120 cores
(now Ampere A100, 6920 cores, 9.7 Tflops DP, 19.5 SP) 

With NVLINK

Without NVLINK



NVIDIA Volta V100 GPU, 21 billion transistors, 5120 cores 



      

Hardware 
around 2006

GeForce 8800 GTX:

575 MHz * 128 processors * 2 flop/inst * 2 inst/clock = 333 Gflops



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(updated unpublished)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
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Our NBODY6++GPUOur NBODY6++GPU

GPU ComputingGPU Computing



      

Wang, Spurzem, Aarseth, Naab et al. 
                           MNRAS, 2015
Wang, Spurzem, Aarseth Naab, et al. 
                           MNRAS 2016

One million stars direct simulation,

biggest and most realistic direct N-Body simulation of 
globular star clusters. 
With stellar mass function, single and binary stellar 
evolution, regularization of close encounters, tidal field 
(NBODY6++GPU).
(NAOC/Silk Road/MPA collaboration).

DRAGON
Simulation

http://silkroad.bao.ac.cn/dragon/

Number of Floating Point Operations (~1M bodies) similar to largest
Cosmological simulations (Millennium, Illustris, ~100M bodies)



  

Stellar Evolution in 
NBODY6++GPU

Hurley,
Ph.D. thesis



Dragon Star Cluster Simulations: Millions 
of Stars; black holes and gravitational 
waves



 

Long Wang, Ph.D. Peking University 2016: 
Million-Body Award by MODEST community
And IAU Ph.D. prize
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~N ~N^2
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j=1;j≠i

N

f⃗ ij

GPU

Our own φGRAPE/GPU N-body code

No softening for NBODY6++GPU



Wa
Wang, Spurzem, Aarseth, et al. 2015, 2016
→ Exaflop/s Huang, Berczik, Spurzem 2016

NBODY6++GPU



“Moore's” Law for Direct N-Body

by D.C. Heggie Via added new cits. Sippel

Vector Computers

GRAPE

GRAPE/
GPU Clusters

NBODY6++GPU
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ΦGPU – NBODY Code

350 Teraflop/s
1600 GPUs . 
440 cores
= 704.000 
GPU-Cores

Using 
Mole-8.5
of 
IPE/CAS 
Beijing

Berczik et al.
2013

Strong and
Soft Scaling
In China...

~ 70% of peak



Huang, Berczik, Spurzem, Res. Astron. Astroph. 2016, 16, 11.

NBODY6++GPU
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Some basic ideasSome basic ideas

Parallel ComputingParallel Computing



Evolution according to 
Amdahl's law of the 
theoretical speedup of 
the execution of a 
program in function of 
the number of 
processors executing it, 
for different values of p. 
The speedup is limited 
by the serial part of the 
program. For example, 
if 95% of the program 
can be parallelized, the 
theoretical maximum 
speedup using parallel 
computing would be 20 
times.

By Daniels220 at English Wikipedia - Own work based on: File:AmdahlsLaw.png, CC 
BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=6678551

Amdahl's Law  (Gene Amdahl 1967)



Calculate Amdahl's Law:Calculate Amdahl's Law:
Let X be the part of my program (in terms of computing time) which can be parallelised. Let X be the part of my program (in terms of computing time) which can be parallelised. 
The sequential computing time TThe sequential computing time T

seqseq is normalized to unity (1), and can be expressed as: is normalized to unity (1), and can be expressed as:

TTseqseq = 1 = X + (1-X) = 1 = X + (1-X)

The parallel computing time Tpar under ideal conditions (ideal load balancing, ultrafast The parallel computing time Tpar under ideal conditions (ideal load balancing, ultrafast 
communication):communication):

TTparpar = X/p + (1-X) = X/p + (1-X)                                

with processor number (core number)   p ; with processor number (core number)   p ; 
Then the speed-up of the program S = TThen the speed-up of the program S = T

seqseq / T / T
parpar : :

S = 1 / (1-X+X/p)        ;      S = 1 / (1-X+X/p)        ;      
Note: TNote: T

parpar/T/Tseqseq = 1/S  (sometimes also plotted) = 1/S  (sometimes also plotted)

Note the limit of S for large p is very large:  S = 1/(1-X). And if X ~ 1: S Note the limit of S for large p is very large:  S = 1/(1-X). And if X ~ 1: S  ～ ～ p p 
With communication overhead:With communication overhead:

TTparpar = X/p + (1-X)  + T = X/p + (1-X)  + T
commcomm                        →      →      S = 1 / (1-X+X/p+TS = 1 / (1-X+X/p+T

commcomm))

If TIf T
commcomm independent of p we have for large p:  S = 1 / (1-X + T independent of p we have for large p:  S = 1 / (1-X + T

commcomm) = const. ) = const.   



Nopt

Parallel code on cluster



Strong and Soft Scaling

  Strong Scaling: Fixed Problem size, increase p 
  Soft Scaling: Increase Problem size, increase p
  (constant amount of work per processing element)

Ansatz for Soft Scaling:
 TTseqseq = p (X + (1-X)) = p (X + (1-X))

  TTparpar = X  + p (1-X) = X  + p (1-X)

      S = TS = T
seqseq/T/Tparpar = p  / (X+p (1-X)) = p  / (X+p (1-X))

      If X~1: S = p ; TIf X~1: S = p ; T
parpar = X = const.    = X = const.    



Roofline Performance Model (LBL)

http://crd.lbl.gov/departments/computer-science/PAR/research/roofline

Arithmetic Intensity

The core parameter behind the Roofline model is Arithmetic Intensity. 
Arithmetic Intensity is the ratio of total floating-point operations to total 
data movement (bytes). 

http://crd.lbl.gov/departments/computer-science/PAR/research/roofline


Roofline Performance Model (LBL)

http://lorenabarba.com/wp-content/uploads/2012/01/roofline_slide.png

Stellar Evolution in NBODY6++GPUStellar Evolution in NBODY6++GPU

http://lorenabarba.com/wp-content/uploads/2012/01/roofline_slide.png
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Wen-Mei Hwu, Wen-Mei Hwu, 
Univ. of IllinoisUniv. of Illinois

At Urbana-ChampaignAt Urbana-Champaign

More on Parallel ComputingMore on Parallel Computing



             Additional deeper material: 

Lectures by Prof. Wen-Mei Hwu Chicago in Berkeley 2012 and 
Beijing 2013, see http://iccs.lbl.gov/workshops/tutorials.html
(down on page links to all lecture files, also available on request from 
spurzem@nao.cas.cn)

Lecture1: Computational thinking 
Lecture2: Parallelism Scalability
Lecture3: Blocking Tiling
Lecture4: Coarsening Tiling
Lecture5: Data Optimization
Lecture6: Input Binning
Lecture7: Input Compaction
Lecture8: Privatization
See also:
http://freevideolectures.com/Course/2880/Advanced-algorithmic-techniques-for-GPUs/1

http://iccs.lbl.gov/workshops/tutorials.html
http://freevideolectures.com/Course/2880/Advanced-algorithmic-techniques-for-GPUs/1
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