
Peter Berczik

ARI, Heidelberg University, Germany
NAOC, Chinese Academy of Sciences, Beijing

MAO, National Academy of Sciences of Ukraine, Kiev

2016 May 24, AEI, Hannover, Germany.

The DRAGON globular cluster simulations: 
a million stars, black holes and 

gravitational waves.



Items:

-Collaborators + Grants…

-GPU hardware / software. GPU clusters 
(China, Germany, Poland, UK, Ukraine)…

-Astrophysical results of BBH evolution in 
galactic GC’s…



Collaborators:

-http://silkroad.bao.ac.cn/web/

-Rainer Spurzem (NAOC, Beijing; ARI, Heidelberg Univ.)
-Long Wang (!!!) & Thijs Kouwenhoven (KIAA, Beijing)
-Sverre Aarseth (IA, Cambridge)
-Mirek Giersz & Abbas Askar (Copernicus AC, Warsaw)
-Thorsten Naab & Riko Schadow (MPIA, Garching)

“Silk Road Project” – CAS, China
SFB 881 “The Milky Way System” – DFG, Germany

GPU cluster “laohu” - ZDYZ2008-2, NAOC, CAS
GPU cluster “kepler” - I/80 041-043 and I/81 396, VW
GPU cluster “golowood” – GRID/GPU, MAO, NASU
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galactic GC’s…



GPU Hardware

http://gpgpu.org

2007: GeForce 8800 GTX, 128 SP, 768 MB
2008: GeForce 9800 GTX+, 128 SP, 512 MB
2009: GeForce GTX 280, 240 SP,  1 GB
2010: GeForce GTX 480, 480 SP, 1.5 GB
2011: GeForce GTX 580, 512 SP, 1.5 GB
2012: GeForce GTX 680, 1536 SP, 2 GB
2013: GeForce GTX TITAN, 2688 SP, 6 GB
2015: GeForce GTX TITAN X, 3072 SP, 12 GB

http://www.nvidia.com



Milky Way GPU cluster.

SFB 881 – The Milky Way System

Collaboration with FZ Jülich, Germany

206 nodes x 24 = 4944 CPU cores (@ 2.8 GHz)

206 x 96 GB ~ 20 TB RAM CPU memory

408 GPUs M2070/M2050 ~ 200k GPU threads

~ 2 TB GPU device memory

since mid. 2012 jointly operated.

nodes “judge123 - judge206” – MW part.



Kepler GPU cluster
Kepler GPU cluster

12 nodes = 12 x 16 = 192 CPU cores (@ 2 GHz)

12 x 64 GB = 768 GB RAM CPU memory

12 GPUs K20m = 12 x 2496 ~ 30k GPU threads

12 x 4.8 GB ~ 57 GB GPU device memory

4 x Xilinx Virtex-6 FPGA (ML 605)

since beg. 2013 operated.



NAOC, China 85 node K20 cluster



•9 x 2 quad-core Xeon 2.33 GHz 

•16 x GF GTX 660

•Speed: ~12 Tflops

•RAID-5: ~5 TB

•Infiniband Network: ~20 Gb/s

•Cost: ~200k UAH

•Funding: NASU GRID

MAO, Kiev 16 node GPU cluster



Hierarchical Individual Block Time Steps
Ahmad – Cohen neighbor scheme

4th order Hermite scheme
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https://github.com/lwang-astro/betanb6pp

Our CPU/GPU N-body (AC) code
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https://github.com/lwang-astro/betanb6pp

Our CPU/GPU N-body (AC) code



ij

ij

j

ij r
r

mG
f


 

)(
 

2/322 




~N ~N^2





N

ijj

iji fa
 ;1



GPU

SSE

AVX

XEON

SSE2

https://github.com/lwang-astro/betanb6pp

Our CPU/GPU N-body (AC) code

AVX

SSE

SSE2



Our CPU/GPU N-body (AC) code

https://github.com/lwang-astro/betanb6pp





CPU/GPU N-body6++



CPU/GPU N-body6++



CPU/GPU N-body6++ 0% bin



CPU/GPU N-body6++ 5% bin





Huang, Spurzem, Berczik 2016CPU/GPU N-body6++



Huang, Spurzem, Berczik 2016CPU/GPU N-body6++



PN routine

Kupi et al. 2006; Berentzen et al. 2009; Brem 2011; 

Sobolenko et al. 2016







T ~ a/(da/dt)



PN routine



PN routine



PN routine

q=0.02q=1.00

Sobolenko et al. 2016
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WD < 1.38

1.38 < NS < 2.0

BH > 2.0

~902k 

~93k 

3575 

1598 

SSE: Hurley, Onno, Tout, 2000 http://astronomy.swin.edu.au/~jhurley/



SSE: Hurley, Onno, Tout, 2000; BSE: 2002



SSE: Hurley, Onno, Tout, 2000; BSE: 2002

























=================================================================
M_NB = 5.00000000E+01 [Mo]   R_NB = 1.00000000E+00 [AU]  
V_NB = 2.10613574E+02 [km/s] T_NB = 2.25083864E-02 [yr]  
=================================================================
=================================================================
c     = 1.42342420E+03 [NB] M_BH = 1.00000000E+00 [NB] 
R_sw  = 9.87100353E-07 [NB] = 1.47668111E+02 [km] 
T_orb = 6.28318531E+00 [NB] = 1.41424363E-01 [yr] 
=================================================================

=================================================================
M1   =  2.3555412300000E+01 [Mo]    4.7110824600000E-01 [NB] 
M2   =  2.5610090299999E+01 [Mo]    5.1220180599999E-01 [NB] 
a    =  1.0368485500000E+00 [AU]    1.0368485500000E+00 [NB] 
ecc  =  9.9198830100000E-01                    
T_GW =  5.8862377098717E+06 [yr]    2.6151309146132E+08 [NB] 
=================================================================
T_GW =  1.1610939125660E+07 [yr]    5.1584946704215E+08 [NB] 
=================================================================

Berczik et al. (in prep.)
101160 – 100975 (+ other ~20 BBH)



Berczik et al. (in prep.)
101160 - 100975

a = 1 AU; t = 0.022 yr

t ~9 Myr
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101160 - 100975



Berczik et al. (in prep.)
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Berczik et al. (in prep.)





-With our N-body6++GPU code we are already 
(sub)exascale “ready”!

-The GPU accelerator is critical for the high 
performance. We should use more data “calculation” 
instead of “moving” data (between nodes!). 

-The current GPU supercomputers already allow us to 
perform the large scale (~1M) simulation of the 
realistic GC with needed accuracy for the “real” BBH 
merging.

Conclusions:



Thank you for your attention...




