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Simulation of globular clusters

Globular cluster (GC)
Age >10Gyr
T2 1Gyr
M > 105 M,
Close encounters & binaries
Monte-Carlo simulation (MOCCA)
Very fast
Direct N-body simulation (Nbody6(++))

Less assumption, full information



Direct N-body GC simulation

N =106

Not large N for
parallel

32~64 Nodes
with GPU

R, ~2-6pc

Ve

Short relaxation,
binaries, close
encounters

Challenge
computing
accuracy and
speed

U

>

Age~12Gyr

J

Small time
scaling:
~0.1Myr/1NB
time unit (NBT)

Very long time
simulation




Direct N-body GC simulation

Previous largest N:

200k (195k single stars + 5k binaries)
(Hurley, 2012)

> Nbody4 with GRAPE-6
500k (Douglas C)

We want to reach N = 106

Initial mass ~ 5 x 10° My (Kroupa 3-
components IMF)



Direct N-body code - Nbodyo(++)




Nbody6(++) Structure

@ Hierarchical Block Steps « KS : Binary & Close encounters
* Nb. : Neighbor particles integration

* Full : Full N particles integration

Ly Iy
W-w- Ay

Time




Nbodyo.GPU and Nbodyo++

Nbody6.GPU (Nitadori & Aarseth, Nbody6++ (Spurzem)
2012) For Computer Cluster
For Desktop or Warkstation (~102x (Noroc. X speed up, N~10%)

speed up, N~10°)



GPU acceleration is dramatic

256k single star, 1 NBT, in Milkyway
computer cluster

29000 8CPUs (Inter Xeon X5650)
20000 8GPUs (Tesla M2070)
15000
10000 Only MPI

5000 = MPI+GPU
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Benchmark of MPI+GPU
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Number of processors (GPU’s):




Nbody6++ Hybrid MPI + GPU + SIMD

Hybrid MPI (MPI + OpenMP)

GPU, AVX/SSE Library (Nitadori & Aarseth, 2012)

Code parallelization Assignment
structure



14min/NBT for N = 1M with Hybrid MPI
+GPU+ SIMD

‘w Timing of 1M single in Hydra (MPA) (8 nodes with 16 K20 GPUs)
3000.0

2500.0
2000.0
1500.0
1000.0
500.0 J J
Total | Full Nb. ImF'B' Move i B Energy GPU.S Predict Nb.Sen Barrier
List mm. | omm. end l
WAVX*8| 819.5 | 242.1 | 89.0 | 110.8 | 208.2 | 52.5 | 33.6 | 22.7 8.2 175 | 273 | 21.8
ENOMP |2437.2| 255.6 | 967.7 | 99.2 | 757.3 | 202.3 | 424.7 | 21.1 163 | 3393 | 0.0 84.8




Tl m | ﬂg fraCtIOﬂ 1M single star

8 nodes (16 K20 GPUs) in Hydra
AVX*8: 16 CPU Threads/node + AVX
NOMP: Single CPU thread (2/node)
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Timing fraction

231k single + 25k binaries

8 nodes (8 K20 GPUs) in Kepler

KS40:
KS32:
AVX4:
SSE4:
OMP4.

Parallel KS (>40)
Parallel KS (>32)

4 CPU Threads/node + AVX
4 CPU Threads/node + SSE

4 CPU Threads/node
: Single CPU thread/node
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Reg.Int.
Irr.Int.
Predict
Init.B.List
Move
Irr.Comm.

Reg.Comm.

GPU.Send
Irr.Send

Barrier

KS.B.List
KS.Int.S
KS.Int.P
KS.Comm.
KS Bar.
KS Init
KS.Term




IM-body GC simulation

NGC 4372 (Wang, Spurzem, Giersz, Berczik
& Aarseth ...)

Current mass ~ 2.5E5 Mg

R, ~ 6 pc
Initial model:

N=10° (950k single stars with 50k binaries)

Binary:

o Log uniform distribution of binary semi-major axis

5E-3 ~ 5E1 AU

o Thermal distribution of eccentricity
Kroupa 3-component IMF (0.08 Mg — 100 M)
Test with MOCCA (Giersz)



| Transformatlon scrlpt (Askar Glersz
| Pych & Wang)
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Summary

New Nbody6++ with parallel Hybrid MPI
(MPIl+OpenMP) + GPU +SIMD (AVX/SSE)

min/NBT for N = single star with
CPUs + GPUs

Prepare 1M GC simulation
NGC 4372

Transformation from simulation data to
observation data



