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NAOC/

CAS

Top: NAOC Headquarter Beijing

Bottom: LAMOST Site

Computational Science Projects...

Office R. Spurzem

P. Berczik
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Pictures from: http://www.chinatourselect.com/

New Instrument @ NAOC: GPU Supercomputer...

Core Team @ NAOC: R. Spurzem, P. Berczik, Li Shuo, Zhong Shiyan, Liu Lei,  ...

Germany: Univ. Heidelberg, Excellence Program, Global Mobility Funds 

Astronomisches Rechen-Institut, Inst. Theoretical Astrophysics (ZAH)

Computer Engineering and Architecture (ZITI)

http://ilibrary.las.ac.cn/web/silkroad

(Astro)-physical GPU Supercomputing  in China...

http://www.chinatourselect.com/
http://www.chinatourselect.com/
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 Galaxies and Black Holes
 Gravitational Waves

 Cluster Hardware

 Applications and Performance

 Future

(Astro)-physical GPU Supercomputing  in China...
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Galaxies merge, hierarchical 
Structure formation, their 
centres? Black Holes in Nuclei? 

Volonteri

Slide:

Ingo 

Berentzen
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(Credit: X-ray: NASA/CfA/J. Grindlay et al., 

Optical: NASA/STScI/R. Gilliland et al.)
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Left: 

double-double radio galaxies, clear out of inner disk, milliparsec, small mass ratio 

Right:

Jet Flipping, large mass ratio, depend on viscous time scales (Liu 2004, Liu et al. 2006)

No Picture: 

Interruption of Tidal Flares by Binary Black Holes, 

Liu, Li, Chen, 2009 The Astrophysical Journal 706, L133

Enhances Tidal Disruptions from Binary Black Holes:

Chen, Madau, Sesana, Liu, 2009, The Astrophysical Journal 697, L149 

Galaxies and Black Holes 
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Theory of ONE BLACK

HOLE (fixed):

Formation:
Spitzer & Saslaw 1965, 1966

Spitzer & Stone 1967

Sanders 1970

Hara 1978

Duncan & Shapiro 1982, 1983

Langbein, Spurzem et al. 1990

Quinlan & Shapiro 1990

Evolution:
Frank & Rees 1976

Shapiro & Lightman 1976

Marchant & Shapiro 1980

Murphy, Cohn, Hut, 1990

Amaro-Seoane & Spurzem 2001,2004

(Figure from Frank & Rees 1976)

One or more black holes... 
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Post-Newtonian Dynamics
Gravitational Wave Templates

Plots of  h+(t) showing 3 relevant time scales     

Orbital evolution is NOT adiabatic   (fully 3.5PN accurate)

Handle arbitrary eccentricities (P.Brem, R. Spurzem, Univ. Heidelberg)

Right side: include spin-orbit coupling...
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 Galaxies and Black Holes

 Gravitational Waves
 Cluster Hardware

 Applications and Performance

 Future

(Astro)-physical GPU Supercomputing  in China...
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VIRGO – Pisa 3km

LIGO – Livingston, LA

Hanford, WA

4km

GEO600 – Hannover

600m

AIGO or Australian LIGO

(planned, 5 km)

http://www.ligo-la.caltech.edu/

http://www.ego-gw.it

http://www.geo600.uni-hannover.de

Advanced:

Outreach to 50 Millionen

light years (Neutron Stars)

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

LISA = 

Laser Space 

Interferometer Antenna
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Astrophysical Objects in the realm of LISA (left) 

and VIRGO or LIGO (right)

= activities with Nbody Simulations

Gravitational Wave Prediction from Black Holes in Galactic 

Nuclei and Star Clusters

in star clusters

Advanced VIRGO
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Proposed Gravitational Wave Instrument 
of China and Collaboration (ALIA)
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 Galaxies and Black Holes

 Gravitational Waves

 Cluster Hardware
 Applications and Performance

 Future

(Astro)-physical GPU Supercomputing  in China...
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Custom PC Clusters 

with manycore accelerator hardware

Since 2005:

Heidelberg (2x, GRAPE, FPGA, GPU)

Rochester, NY  (only GRAPE)

Kiev, Ukraine (2x, GRAPE, GPU)

Top: GRAPE/FPGA Cluster

Univ. Heidelberg, Germany

2005 (32 nodes)

Bottom: GRAPE Cluster

Main Astronomical Obs.

Kiev, Ukraine
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GPU Clusters used for the project:

Beijing (NAOC/CAS and Silk Road Project)

86x8 Cores, 170 Tesla C1060

Mole-8.5 (IPE/CAS)  33000 Cores, 2200 Tesla C2070

Heidelberg, Germany (2x, FPGA, GPU)

KIAA / NAOC BeijingMole-8.5 

System
NAOC

Heidelberg

Germany



 

GPU

85

Infiniband

2 4 Xeon E5520

24GB CPU

1.5

2 Nvidia C1060

160

GPU

φGPU 

6

GPU

50
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At Research Center

FZ Jülich, Germany

204 nodes ~ 2448 CPU cores

408 GPUs M2070/M2050

~ 200.000 GPU threads

Spring 2012... jointly built and

Operated with Univ. Of Heidelberg....

Our next GPU Cluster...
Milky Way + Judge 
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 Galaxies and Black Holes

 Gravitational Waves

 Cluster Hardware

 Applications and Performance
 Future

(Astro)-physical GPU Supercomputing  in China...



Basic idea of parallel N-body code

i

jN loc=
N

N proc

i,j− particle

Some communication scheme...

Nactloc

= Nact/Np



Hierarchical Individual Block Time Steps

Presently used GPU (GRAPE) N-body code

4th
th

order Hermite scheme

d 2 r
i

dt 2
= ai

ftp://ftp.ari.uni-heidelberg.de/pub/staff/berczik/phi-GRAPE/

Harfst, Berczik, Merritt, Spurzem et al, NewA, 12, 357 (2007)

Spurzem et al., Comp. Science Res. & Dev. 23, 231 (2009)
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NBODY4, NBODY6, S.J.Aarseth, S. Mikkola, ... 

(ca. 20.000 lines, since 1963):

• Hierarchical Individual Time Steps (HITS)

• Ahmad-Cohen Neighbour Scheme (ACS)

• Kustaanheimo-Stiefel and Chain-Regular. (KSREG)

for bound subsystems of N<6 (Quaternions!)

• 4th order Hermite scheme (pred/corr), Bulirsch-Stoer (for Chain)

• Stellar Evolution (single/binary) (w Hurley)

•NBODY6++, φGPU, R. Spurzem, P. Berczik, T. Hamada, K. Nitadori,...

• (massively parallel codes, since 1999):

• NBODY6++ (Spurzem 1999) using MPI 

• Parallel φGRAPE / φGPU (Harfst et al. 2006, Spurzem et al. 2009,                                                   

Berczik, Hamada et al. 2011 in prep.)

•NBODY6++/GPU-MPI (Spurzem, Aarseth, Berczik 2011 in progress...

• Parallel Binary Integration in Progress (KSREG) 

Software



ΦGPU - NBODY

Berczik, Nitadori, Spurzem, et al. 2010, in prep.,

Spurzem et al. 2011, Computer Science -

Research and Development (CSRD), 26, 145-151
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ΦGPU - NBODY

Results on Mole-8.5 cluster, 2000 GPUs, N = 6 mill., 350 Tflop/s

Extrapolation to Tianhe System

Berczik et al. 2011, subm. to SC11



“Moore's” Law for Direct N-Body

by D.C. Heggie

Via www.maths.ed.ac.uk

●Baumgardt, Heggie, Hut

Baumgardt, Makino

2010

● Berczik, Spurzem, ...

Makino..., Merritt..., 
10**6

Vector Computers

GRAPE

GRAPE/GPU Clusters

http://www.maths.ed.ac.uk/
http://www.maths.ed.ac.uk/
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GAMER – Adaptive Mesh Refinement with many GPU's on 

Beijing GPU cluster, Schive et al. 2010, Schive, Shukla et al. SC11 In prep.
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Edited Volume

To appear November 22

With Paper

Spurzem, et al.,

Accelerated Many-Core 

GPU Computing for

Physics and Astrophysics 

on Three Continents

Astrophysical Particle Simulations with Large Custom GPU Clusters 

on Three Continents

Rainer Spurzem, et al, Chinese Academy of Sciences & University of Heidelberg 

PRACE Award - 2011
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 Gravitational Waves

 Cluster Hardware

 Applications and Performance

 Future

(Astro)-physical GPU Supercomputing  in China...
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http://iccs.lbl.gov
Founding Members:

Beijing/Berkeley/Heidelberg

Peter Berczik

Guillermo Marcus

Transnational NVIDIA Research Group?

Or Multinational CUDA Excellence Center?



Beijing

Heidelberg/Jülich

KievBerkeley Almaty

Lahore
Nagasaki

ICCS Collaboration 

Green Grid of GPU supercomputers

On the path to Exascale?

Black: existing GPU clusters in our network

Red: clusters in construction or planned



* (III) Take part in Technical Working Groups

Beijing, NAOC, March 26-30, 2012
Programme Committee: Horst Simon, John Shalf, Rainer Spurzem,Ge Wei,

Ying Liu, Park Changbom, ...

http://iccs.lbl.gov
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Future Work – with collaborators...

• How does SMBH (-binary) interact with

interstellar central gas disk? Circum-

binary, individual, exchange 

of torques between 0.1 and 10
-3

pc? (L. Mayer, U. Zürich, CH) 

Stellar Dynamical Shrinking Time Scale

Viscous Timescale of Disk (Thin/Thick)

Migration of Black Holes  / Star Formation in Disk

 Spin-Orbit Interaction (A. Gopakumar, Tata IFR, Mumbai)

• (L. Rezzolla, P. Amaro-Seoane, AEI)

Spin Alignment BH-Disk Bardeen-Petterson Effect

Spin Alignment due to Star Accretion by Tidal Disruption

• Relativistic Spin-Orbit- and Spin-Spin-Interaction


