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(Astro)-physicallGPU Supercomputing 1 China...

A 6

i, o

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

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

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)

the SILK ROAD PROJECT at NROC/KIAR
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Galaxies merge, hierarchical
Structure formation, their
centres? Black Holes in Nuclei?
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% {Credlt X-ray: NASA/CfA/J. Grindlay et al.,
""" ’&Optlcal NASA/STScl/R. Gilliland et al.)




Globular Cluster
47 Tucanae

Ground » AAT

NASA and R. Gilliland (STScl)

STScl-PRC00-33

Hubble Space Telescope ®* WFPC2



Galaxies and Black Holes

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

AN

Double-double radio galaxy B1834+620
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(Figure from Frank & Rees 1976)

log (M, /Mo)

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 5
»Amaro-Seoane & Spurzem 2001,2004



Post-Newtonian Dynamics
Gravitational Wave Templates
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Figure 3.12: Waveform for two objects with a mass ratio of ¢ = 1/10 on an orbit
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Figure 3.11: Waveform for two equal mass objects on a an orbit with e = 0.5. with e = 0.5 and spins a1, = 1.0, ag,y = 1.0.

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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VIRGO — Pisa 3km
LIGO — Livingston, LA
Hanford, WA
4km
GEO600 — Hannover
600m
AIGO or Australian LIGO
(planned, 5 km)
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http://www.ligo-la.caltech.edu/ :
http://www.eqo-gw.it Advanced:

http://www.geo600.uni-hannover.de Outreach to 50 Millionen
light years (Neutron Stars)
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o
LISA =
Laser Space
Consortium of Interferometer Antenna

VIRGO Detector in Cascina near Pisa, Italy




GTC 2011

1/RHz

tional wave strain

v LIGO(])

100W G=50, 0.4
Finesse=100

Seismic

ST+X+DBS s irror 54kg 20K 107

Quantum limit



sensitivity to gravitational waves

Gravitational Wave Prediction from Black Holes in Galactic
Nucleil and Star Clusters

Astrophysical Objects in the realm of LISA (left)
and VIRGO or LIGO (right)
= activities with Nbody Simulations

extended systems « » compact systems

coalescence of

massive black hole
supernova

proto-neutron
rotating stars

eutron stars
coalescence of

neutron-star and
black-hole binaries

unresolved

Galagtic in star cluste
binaries resolved
Galactic
binaries \
extreme mass %
ratio inspiral “_-Advanced VIRGO
Advanced LIGO
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IOP PUBLISHING

CrAssICAL AND QUANTUM GRAVITY

Clasg. Ouantum Grav. 28 (201]) 094012 (10pp . doi:10.1088/0264-9381/28/9/094012
Proposed Gravitational Wave Instrument

of China and Collaboration (ALIA)

A scientific case study of an advanced LISA mission

Xuefei Gong'. Shengnian Xu?, Shan Bai %, Zhoujian Cao™?,

Gerui Chen5 , Yanbei Chen6. Xiaokai I-Ie3 ’7., Gerhard Heinzelg‘g,
Yun-Kau Lau3'4, Chenzhou Liu3’7, Jun LuolO. Ziren Luo' l.
Antonio Pulido Paténlz. Albrecht Riidigerg, Mingxue Shao”,

Railler Spllrzenll3.]4.159 ) v SR \‘-'A..,.S.9.16 ) PN v.-3 g N SEGEERRW- o, Y ‘,7Al.]0

Yefei Yuan2 and Zebing Class. Quantum Grav. 28 (2011) 094012

X Gong et al

-18

! Institute of High Energy Physic 10
Science Facilities, Chinese Acade

People’s Republic of China

2 Center for Astrophysics, Depart

China, 96 Jinzhai Road, Hefei 23 10
3 Academy of Mathematics and S

55 Zhongguancun Donglu, Beijin —~

4 State Key Laboratory of Scienti
Beijing 100190. People’s Republi

for the most ambitious design.

Frequency (Hz)

Figure 1. Sensitivity of a few representative mission options whose sensitivity curves are labeled by
their corresponding total position noise budget levels. Also shown is the standard single Michelson
sensitivity of LISA for comparison [20]. The optimistic confusion noise level generated by both
galactic and extra-galactic cosmological compact binaries (mainly WD-WD) given in [17] is
adopted in drawing the solid lines, and the dash-dotted curve stands for the pure instrumental noise
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Custom PC Clusters
H“‘“ By

with manycore accelerator hardware i, -
Since 2005: I
Heidelberg (2x, GRAPE, FPGA, GPU)
Rochester, NY (only GRAPE) A

Kiev, Ukraine (2x, GRAPE, GPU) Y ) VO”(SWE:]
@ o . °

Top: GRAPE/FPGA Cluster

Univ. Heidelberg, Germany

2005 (32 nodes)

Bottom: GRAPE Cluster

Main Astronomical Obs.

Kiev, Ukraine

genStiftung
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National Astronomical Observatories, CAS -—-

GPU Clusters used for the project:
Beijing

86x8 Cores, 170 Tesla C1060 — .- ) @i -
- ; . "‘.
Mole-8.5 33000 Cores, 2200 Tesla C2070 ;
Heidelberg, Germany (2x, FPGA, GPU) o il =
eldelberg
dermany ;

‘e ;Rnll!“ *

Mole-8.5

System

61/11/600¢

009/11/25



hi-GPU (H4) on NOAC: Plummer, G=M-1, E.  =-1/4, e=10"*
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Our next GRPU Cluster...
Milky Way: + Judge

At Research Center

FZ Jalich, Germany
204 nodes ~ 2448 CPU cores
408 GPUs M2070/M2050

~ 200.000 GPU threads

Spring 2012... jointly built and
Operated with Univ. Of Heidelberg....

Milky Way

84 Nodes E’I 68 Nodes 54 Nodes
2x GPU M2070 ."| 2x GPU M2070 2x GPU M2050

96 GByteMNode & ] g
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Basic idea of parallel N-body code

1,]— particle

— N 1
“ N proc

| = Nact/Np

Some communication scheme...




Presently used GPU (GRAPE) N-body code

Harfst, Berczik, Merritt, Spurzem et al, NewA, 12, 357 (2007)
Spurzem et al., Comp. Science Res. & Dev. 23, 231 (20009)

Hierarchical Individual Block Time Steps

particles -
oy |, lallE®] 44
" " g “\ "a||z@)] + |g@]z
: - b
! - ,5 - ,;f ,;5 ,_, 4th order Hermite scheme
. . . , i

1 1 [] 1 1 1 1 1 1 1 [] 1 1
] 1 ] 1 1 1 1 1 1 1 1 1 1
| ) | } | } | } | | | | | | | |
1 I 1 I 1 I 1 I 1 1 1 I 1 I 1 I =
L}
2 4 8 16 ‘

tiine steps dt 2 I

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




Software

NBODY4, NBODY®6, 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++, @GPU, R. Spurzem, P. Berczik, 1. Hamada, K. Nitadori,...
. (massively parallel codes, since 1999).

« NBODY6++ (Spurzem 1999) using MPI

 Parallel pGRAPE / ¢GPU (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)

GTC 2011



phi-GPU6 on "Dirac" with Tesla C2050
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Processors - Np [GPU]

Fig. 3 The performance of oGPU on Fermi C2050 (dirac
cluster in Berkeley) accelerated nodes; speed in Teraflop/s
reached as a function of number of processes, each process
with one GPU; limit to 40 GPU’s as this is the maximum on
the dirac cluster. Each line corresponds to a different problem
size (particle number), which is given in the key.
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Mational Astronomical Observatories, CAS

phi-GPU6 on "Laochu" with Tesla C1060

Speed [Tflops]

1 2 4 8 16 32 64 128
Processors — Np [GPU]

Berczik, Nitadori, Spurzem, et al. 2010, in pre
Spurzem et al. 2011, Computer Science -
Research and Development (CSRD), 26, 14



128 256 512 1024 2048 4096 7000

Processors — Np [GPU]

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
GTC 2011



GRAPE/GPU Clusters Berczik, Spurzem, ...

10**6 . .
Progress of Slar Clusler Simulalions Makino..., Merritt...
Fop N N LT ' Lol
10" | o _
| Makino @ Baumgardt, Heggie, Hut
| GRAPE ' Baumgardt, Makino
10' L Aarselh & SpurZen
; Aarseth & Heggle -
| Vector Computers tagaki
ot
[ ]
a | Aarselh
MO .
. -
e von Hoerner 1
o o oo b e L LE
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Publication Date by D.C Heggie
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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 pre

30

25

T

20

Speed-up

15 ¢

10 ¢

10

GTC 2011

Number of GPUs

Some simulation details:

(1) Root-level resolution

(2) Number of refinement levels
(3) Highest effective resolution

(4) Total memory consumption
(5) Total number of grids

(6)

Fig. 1.— Performance speed-up as a function of the number of GPUs/CPUs. For each data point, we
compare the performance by using the same number of GPUs and CPU cores. The blue circles and red
triangles show the timing results with and without the concurrent execution between CPUs and GPUs,
respectively. The speed-up achieved in the 128-GPU run is 23.7x.

. 256°

x

: 32,7683

: ~100 GB

: ~ 1.8%10°
6) Number of GPUs/CPU cores :

8, 16, 32, 64, 128




Edited Volume

LARGE-SCALE To appear November 22

COMPUTING

FOR COMPLEX SYSTEM

SIMULATIONS

Spurzem, et al.,
VWERNER DUBITZKY * KRZYSZTOF KUROWSKI » BERNHARD SCHOTT Accelerate d M any_Core
\ ey . GPU Computing for
Physics and Astrophysics
on Three Continents

PRACE ~ | PRACE Award - 2011

Astrophysical Particle Simulations with Large Custom GPU Clusters
on Three Continents

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




Black Holes in Galactic Nuclei simulated with large

GPU clusters at Chinese Academy of Sciences

Rainer Spurzem, Peter Berczik, Shiyan Zhong ( 81355 )
National Astronomical Observatories, Chinese Academy of Sciences (NAOC/CAS), 20A Datun China Rd., Chaoyang Distr_, Beijing 100012

Hhk: JERTHREXAHEF 20 § FEMFRERRLE ESE: 100012
Astronomisches Rechen-Institut, Zentrum fiir Astronomie, Universitit Heidelberg, Monchhofstr. 12-14, 69120 Heidelberg, Germany ( # )

ive Black Holes in Galactic

for Extratemestral Fhysics in Garching near

Elqurs 1 Right: Amisr's imovession of the space-based LISA lgser inferferomeder
samites, desipned 1o defect gravtational waves from masshe Dlack hoie
coalescences in e entre universe (Ficture: ESAL Ching (ALIA) and Europe (LISA)

3 L Xuefs), ... ..,;\.\'ze"z R, ..o ., A scentfic case
study of an advanced LISA mission, 2014, Classkai and Quantum Gravy 28,

Other teams, interested students and postdocs from NAOC,
or from other Chinese institutions are invited to test their

code for using & high order Hermite scheme and
hicrarchical block Sme sieps (the code supports e integration of particie orbits
$GPU, & has been developed

i

i
i

|

i

HEHIN

4. Performance on GPU
at NAOC

We regort results obisined with our parafied direct code on the CAS GPU
Clusters af our insttute (NAOC/CAS) and 2t the The NAOC cluster
) s rurming with S5 nodes, each with - NVIDIA C

Cluster Mol & &= runming with 372 nodes, each

%zm sztaned ::u — :mm
dedl speed-uD IS reached for farge N, approaching e diagonal.

Eloure 4 Lot 2 Pllog's GPU cluster of the insitute of Process Engineering In Befing
(IFECAS) faturing 2000 Fermi C2050 GFU acceieraior boards (Moke-8.6);
Elgure 4 Right UWeasuwd susianed peak performance of owr code on Moke-3.5,
using up fo 1600 C2080 Fermv GPUS In one num in paraliel (Up fo 380 TSop/s sustained
o5l perfoomance); gray ines: our performance model MTed o the measuraments; 1op
s0id red Enes: expected speed on Tianhe-7 supercomputer from our perbrmance
model ysing L © 7000 C2060 Fermy GPUS, expectsd & © dreak the 1 Petafiop’s
Samier for sustained Coge speed.




Recoiling SMBH

The hicrazchical galavy formation model tn ACDM cosmology
prodicts that supermasstve black hobs (SMBHs) in merging
galactes cun produce SMBH binaries.  Recotling SMBHs are the

tiom of antsotropical gravitational weve (GW) emisston
durtng the coslescence of SMBH bmmares  That recoll velocty
cn achieve to several thousands kny's for some ceses, which
mouns the recoting SMBH cn escape from the host galioy or
danply cscillare around the galactic conter Thus the Inkractions
tetween meallng SMBH and stellar beckground can ghve us
marny cbeervational evidences. One of them s for recotling SMBH
tdally tng stars. A star getting domo to a SMBH within
tidal radins ry will be tidally dstupted, followed by a tidal flare
(TD) which can be casily cbserved.

We focus on the dynamical co-evolution betwaen recolling SMBH
and sellar background, espectally the evolution of ttdal disnup-
tion rake on meotling SMBH. Stne thete are moany complicated

sues i such kind of systems, which bring troubles for ana-
hy tical calculation, we need do series of direct N-body numerical
simaulatiors,

Simulation Method

Limited by hardware cepability, it is mpossible to modeling o
gakocy with 10" 1 stars tn N-body stimulstion. We tratead use 1M
partickes to represent the whole galoy By extupolating partice
number to mal galactic condition, we can achieve convindng re-
sults. Here we adopt o high-accuracy, paralle] direct N -
body code with high order Hermite tndegration schomwe and hiet-
archical block time seps(Harfst ot al 207)

To obtatn higher performance, the code has been developed o -
GPUverston, which can be accelerated by GPU devices when coms-
Puting gravitational forces between particks. By ustng the NAOC
dusier {(with a picture below, which hes 85 nodes ard two Tesla
Clr0 GPUs/ node), we am the first ore investigate the evalution
of recotling SMBH with TD scheme in direct N-body stmulation.

Galaxy Model

We use IM particks o t the whole galay with siellar
distribusion tollowed Debren Model (Dehnen, 1943} Stce the
partick number N we adopted hore ts far mene kss than the
real condition In galoctic centes, we st both N and »y as free
penaneters. The mesults with these varying perameters can be
extrapolated to physial conclustons with mal galactic conditions.

The SMBH 1s tnattally put in galactic conter, and then added a e call
veloctty. To follow the coevolution between SMBH and surround-
Ing stars, we ntegrate whoke system: using our 9-GPU code with
a stoplified TD scheme includad.

STARS INGALACTICNUCLEI

Shuo Li'**!, F K. Liu', P. Berczik**°, Xian Chen?, R. Spurzem®?

Results

Dynamical Evolution

|
L n n = 4 = @ " =

e [D00a s

Figume above gives the tme evolution of recotling SMBH trajectory,
ros s the distance from tecolling SMBH 10 galactic conker The
evolution can be castly divided into phase 1 and phase [L which
are stntler to the results in Gualandrs & Mesritt (2008) without TD
scheme. That mears the TD do not snpact the dynamicalevolution
af recolling SMBH.

Compact Star Cluster

Our calculation show that thete are ondy ew s bound tore
cotling SMBH, which coresponding to ~ 0.1% — 1%M,,,, Thas
Tesult comftnn the prediction of hypercongpact stellar sysiom (HC
S5) around escaping SMBH by Memittet ol (28). Bestdes, we
also find that the csciflating SMBH can capture stars when 1t pass
through galactic conter, which may thereese the HCSS

Tidal Disruption

(e}

FIG (a) gtves TD rutes for SMBH without recotl within diffesent ry.
All of TD rates sems keep constant. The extrapalation gtves TD
ate ~ 10~ M yr— ¥ in el galavy condition.

FIG (b) gtves TD events ev clution far ® cotling SMBH. The red dot-
ed ke & the SMBH Sryoctory, and blue boves repesent the TD
events count Mast of siellar TDs are happened when the oscillat-
g SMBH passtng through gelictic conter which meuns TD avents
ame domtnaed by unbound stars imstead of bound stars.

----------- =
1 [
wE | 1
I _
-4 s
s :/ +
H
el
&
B 1
— A —
-
b = - r - "
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This Agure gwves the avereged TD rakes for mecotling SMBH with
diffesont TD radius in our stmulation unit Left and nght stde are
cormspanding to phase [ and I respecttvely. The tnaeasing TD
Tates tn phase 1 s because of the osctilation of recotiing SMBH.

Furthermare, we find that an oscillating SMBH can trdluonce mome
stars than HCSS. The figure above shows the coevalution of an
oscillating SMBH and thow tpacied stars. We make soveral tine
snapshot to trace the evalution of those stars which am strongly i
fluenced by the recolling SMBH when the kter amtves at its fing
apocenter (t == 1.B63Myr). Blue circle marks the position of revatl-
ing SMBH und black armow gives the veloaty vectar of it Those
infloenced stars, mostly unbound to SMBH, form 2 polartzation
cloud with mass compateble 1o the SMBH. That s e vivid example
Sor the influemce of dynanudeal friction

— T

e .
The keft pancd shows the dependetwe of average TD makes on ry
and N, for phase L [T and entime process. Right panel shows T
Dwmk-rn for several spectal srapshot during the
evolution of recotling SMBEH. The Bgum sbove shows that thew
15 a good correlation between: TD rates and ry, and the N do not
strongly tnipacts the results. The extrapolated TD rate tn phase [is
~ 107" Mg yr P ar 1077 — 107" M yr! comresponding to the
Falactic conter or off-conter  gan wspectively.

2 '
P

INTERACTION OF RECOILING SUPERMASSIVE BLACKHOLES WITH

(1A M

Conclusion

e The TD scheme does not signeficantly change
the dynamical evolution of recorling SMBH

e The recosling SMBH do not only keep a hyper-
compact bound stellar system but alse inpact
unbound stars to form a polarization massive
stellar cloud, whach can be seems as an echo of
dynamical friction

o The TD rae of csallating SMBH s
10 My yr ! or 10 107 M, yr ', which
depends on whether the osallabng SMBH 1
passang through galactic center or apart from it
with a large distance.

e The use of GPU acoeleration enhana:d the
pecformance of our simulations dramatically
(Spurzem et al. 2011).

Future Plan

e Investigate the observational properties of po-
lanzation cloud.

o Consader the influences of stellar evolution.

e Consader the evolution of tidal disruphtion rates |
for SMBHB.
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Astrophysical SPH Simulations with raceSPH Library

L. Liu ( ® & )**3, G. Marcus®, P. Berczik**®, T. Hamada®, I. Berentzen®’, A. Kugel*,
R. Manner, R. Banerjee®?, R. Klessen®, R. Spurzem??23
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1. SPH simulations in Astrophysics

There is no doubt that gravitation plays the most important role in the
study of astrophysical simulation, however, in many cases we are more
concerned with the behavior of gas, such as the study of galaxy
formation. Gravity in this case only provides the necessary potential
profile that pulls the gas in the center and prevents them from escaping.
Smoothed Particle Hydrodynamics (SPH) is often used for the modefing
of gas in astrophysical hydrodynamical simulation. One reason is its
ability to deal with huge density contrast in the universe by means of
interaction forces betwesn neighbouring particles, without the need for
any grd or mesh that defines the resoluton of the system at any
particular moment. Therefore, the gas behavior can be well described
by the SPH formulations.

3. The raceSPH Library

2. SPH Based Galaxy Formation
Model

We (Lei Liu et al) newly developed a multi-phase chemodynamic SPH
galaxy formation mode!, which will be used for the the simulation of
dwarf galaxy. In this model, vanous physka processes are
implemented based on an N-body/SPH program, such as vanous star
formation recipes, condensation and evaporation between hot gas and
cold cloud, coagulation and fragmentation of cold cloud, gas cooling,
stellar feedback and so on. SPH method are used to describe the
behavior of hot gas (10K ~ 107K) (Berczik et al. 2003, Spurzem et al.
2004, Pasetio et al. 2010).

¥/

Saw Fornmon

For SPH calkulation, interactions between target particle and s
neighbors are cakulated one by one. When gravity computation is
accelerated by special hardware (GRAPE, GPU). which becomes more
and more popular in recent years, SPH calculation will become the most
tme consuming part We use raceSPH library (Guillermo et al) to
accelerate this pant by using different hardware resources (CPU, SSE,
GPU, FPGA based MPRACE board)

The raceSPH fFbrary focuzez on the o) —
acceleration of SPH calculation accelerators e
usad range from vectorzing unitz on the
microprocessors (SSE instruction) to Field Dt
Programmable Gate Amays (FPGAz) and e S
Graphicz Procezzing Units (GPUs). . S———
pe— o]
FPGA bazed At
MPRACE board,

uze PCl driver, MPRACE 2=}
lbrary and buTe manager
[ lbrary to cummunicate

—|Thiz lbrary |z mainly deveioped by Gullermo
B |ysarcuz fom Insteute of Computer Enginesring

————— (2ITI) of Heldelderg University. & implements a
"~ @eneric interface % compute 2-s%p SPH process,
zuch that e hardware accelerators can be easily

{
" into -] zical

U In step 1, particle position, velocity, mass,
5 zmoothing length, zound zpeed and neighbour
fist= of target paricles are loaded. ASer
calculation, density, diverpence and cwl of
velocky for this particles are retumed. Applicatons
need t0 cakulate pressure and Baisara factor f
themszeives zince the equation of state vares
gready from cne application to anomer.

In step 2, densky, pressure and ! are icaded, fnal
results are retumed after cakuiation, Including
acceleration and intemal energy change rate.

4. Hardware

The benchmark i= mainly camied cut cn the
GPU cluster Titan of Astronomischez Rechen-
Inztitit (ARI), which iz part of the Centre for
Aztronomy of Heidelberg University (ZAH). The
cluster conzizts of 32 dual CPU, single core
Xeon 3.2GHz (family 14, model 4, 1MB cache)
nodes, with each node featuring an NVIDIA
GeForce 8800 GTS 512 graphics card (128
cores, 1.8GHz) and 4GB memory. Nodes are
mnterconnected with 20 Gbit Infiniband finks. We
use 4 of the 32 nodes for the benchmark of
raceSPH library of different hardware
accelerators.

5. Benchmark Result
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we present our benchmark results of an astrophysical run for a dwarf
galaxy of 4 x 10" solar mass with Burkert profie (Burkert 1995). We wall
mainly focus on the time consumption of the most tme consuming pars
of the code, namely grawity, SPH calculation and neighbour Ists
construction. other physical processes will be switched off since they
are not related with SPH cakculation directly.

6 2]
N

A maximum speedup of 24x is W10
achieved in the zingle node run with “ oAy fTOE
the raceSPH using the GPU (CUDA 7 0 PAEAL
core). As iz shown on the nght
figure, after gravity computation iz =~ 4,
accelerated by GPU on 4 nodes of Shy
Titan in the parallel run, SPH
calculation consumes maost of the
time. When SPH calculation i alzo
accelerated by SSE and GPU core
of raceSPH library, neighbour £
zearch becomes the botdensck, ¢
even if it has been averaged over
10 steps. In the 512K particles .
caze, if both gravity and SPH are [
calculated on GPU, almost half of
the time ic spent on neighbour kst
construction. Therefore our next
step work i to speedup thiz part,
such az use construct the
neighbour listz parallel on GPU " .
(currently we ANN library on one I
CPU for each node). ' “ 18 e pam®
Kpan
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http://iccs.lbl.gov

Iccs Founding Members:

librifional Cerfinr for Beijing/Berkeley/Heidelberg

Computational Science

| HOME | RESEARCH | MEMBERS | ABOUT ;| CONTACT |

The International Center for Computational Science (ICCS) is an
international collaboration to research and deliver state-of-the-art

high-performance computing (HPC) hardware and software |CCS co-founder and collaborators win the
solutions to broader scientific communities. prestigious |SC1 1 PRACE award

The center explores the vast and rapidly changing space of ""’"*’m‘él’f;“c;y;:'::i

emerging hardware devices, programming models and algorithm Peter Berczik ..:."':'_’_"“‘ﬁ-s.

techniques to develop effective and optimal toals for enabling
scientific discovery and growth.

Guillermo MarcusS

Located at Lawrence Berkeley National Laboratory and UC Berkeley
and close to the heart of technological innovation in Califarnia’'s
Silicon Valley, ICCS draws upon local and international expertise
from leading research institutions and is building partnerships with
industry.

Transnational NVIDIA Research Group?
Or Multinational CUDA Excellence Center?

ICCS co-founder Rainer Spurzem, core member Tsuyoshi
Hamada and collaborators win the prestigious PRACE award.
This is an endorsement of the vision of international collaboration
of ICCS. NERSC GPU cluster Dirac amongst others was used for

the recsarch
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ICCS Invitation

W NATIONAL ASTRONOMICAL OBSERVATORIES ,CHINESE ACADEMY OF SCIENCES

http://iccs.lbl.qgov

Building International Community
Invitation to join at different level:

« (1) Provide hardware access and support for green network of GPU clusters
(currently Berkeley dirac, Heidelberg titan, Beijing laghu,
Nagasaki dejima invited)
« (Il) Take part in individual collaborations, community building by bridging the
disciplines, contribute to database of benchmarks and tools, workshops,

publications _ _ _
* (1) Take part in Technical Working Groups

Education and Outreach

Invitation to 3" ICCS School and Workshop
Beijing, NAOC, March 26-30, 2012

Programme Committee: Horst Simon, John Shalf, Rainer Spurzem,Ge Wei,

*ﬂﬂ?iﬁ@ﬁkiﬁ‘ Ying Liu, Park Chang Jti*g

PEKING UNIVERSITY
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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 , pc? (L. Mayer, U. Ziirich, 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

GTC 2011



