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Galaxy Collisions & BH’s collisions
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Galaxy Collisions & BH’s collisions
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MAO, Kiev 16 node GPU cluster

MAO 3+ 2 new nodes 4xGF 2080S + 4xGF 3070

"

phi-GPU: Plummer, G=M=1, E_ . =-1/4, &=10
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JUWELS Booster consists of 936 compute nodes, each equipped with 4 NVIDIA A100 GPUs.
The GPUs are hosted by AMD EPYC Rome CPUs. The compute nodes are connected with
HDR-200 InfiniBand in a DragonFly+ topology.

The InfiniBand network of JUWELS Booster is implemented as a DragonFly+ network.

48 nodes are combined in a switch group (cell), interconnected in a full fat-tree topology, with 10 leaf switches
and 10 spine switches in a two-level configuration. 40 Tbit/s of bi-section bandwidth is available.

AAAERIAARREREARALAAI AAREERAAMIRERNAAAI

Sketch of the network topology within a JUWELS Booster cell with 48 nodes (n1 to n 48), 10 level 1 switches
(L1 1 to 11 10) and 10 level 2 switches (L2 1 to L2 1e). Only a small subset of the total amount of links are
shown for readability. The purple, 20th link leaving each level 2 switch should indicate the connection to
JUWELS Cluster, while the other 19 outgoing level 2 links connect to other cells.

The configuration of JUWELS Booster compute nodes is the following

« CPU: AMD EPYC 7402 processor; 2 sockets, 24 cores per socket, SMT-2 (total; 2x24x2 = 96 threads) in
NPS-4 [1] configuration (details on WikiChip)

« Memory: 512 GB DDR4-3200 RAM (of which at least 20 GB is taken by the system software stack,
including the file system); 256 GB per socket; 8 memory channels per socket (2 channels per NUMA
domain)

« GPU: 4 x NVIDIA A100 Tensor Core GPU with 40 GB; connected via NVLink3 to each other

= Network: 4 x Mellanox HDR200 InfiniBand ConnectX 6 (200 Gbit/s each), HCA

« Periphery: CPU, GPU, and network adapter are connected via 2 PCle Gen 4 switches with 16 PCle lanes
going to each device (CPU socket: 2%16 lanes). PCle switches are configured in synthetic mode.
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Speedup

Peak FP&4! 9.7 TFLOPS

ACCELERATING HPC

1
. : . . : Peak FP32 19.5 TFLOPS
Molecular Dynamics Physics  Engineering Geo Science
A A
! T \ —— Peak FP16! 78 TFLOPS
2.0x peak BF16! 39 TFLOPS
Peak TF32 Tensor Core' 156 TFLOPS | 312 TFLOPSZ
Peak FP16 Tensor Core’ 312 TFLOPS | 624 TFLOPS?
1.5x
Peak BF16 Tensor Core 312 TFLOPS | 624 TFLOPSZ
Peak INT8 Tensor Care ! 624 TOPS | 1,248 TOPS?
1.0x V100 Peak INT4 Tensor Core ! 1,248 TOPS | 2,496 TOPSZ

Table 1. A100 Tensor Core GPU performance specs.,
1) Peak rates are based on the GPU boost clock.
2| Effective TFLOPS / TOPS using the new Sparsity feature.
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Our GPU N-body code

Harfst et al, NewA, 12, 357 (2007)
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https://github.com/berczik/phi-GPU-mole




Our GPU N-body code

SSE -SSEZ2

Position etc.
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https://github.com/berczik/phi-GPU-mole




Our @GPU “hybrid” N-body code
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Our @GPU N-body code
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Our @GPU N-body code
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Our @GPU N-body code

i,] —particle
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Our @GPU N-body code
ATiotar = ATpose + ATgpy + ATcomm + ATyp;

e active part. scan: O0(Nget log(Naee)) + T host
e all part. prediction: 0(N/Nepu) + 1 host
e ‘“j’7 part. send. to GPU: O(N/Ngpu) +7 comm
e ‘“i’’ part. send. to GPU: O0(Nut) +1 comm
e ‘‘force’’ determ. on GPU: O N../Ngpu) +1gpy
e receive the ‘‘force’’: 0 (Nt ) +7 comm
e MPI global comm.: 0((TiattNact) log(Ngpu)) + 1P

e corr. for ‘‘i’’ part.: 0 (Nt ) + 1105t

https://github.com/berczik/phi-GPU-mole
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Our @GPU N-body code
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Our @GPU N-body code

Tesla C2050 results “mole-8.5" cluster
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(PpGPU current usage/results

A(k) (|ﬂ(f€ 1) ||g k—}—l}| + |H 2)1X?
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PN routine

1 1 1 - ! 1
ANoSpin = AN T 1PN T 7PN T ZA 5PN T FHPN T ZAI5PN T O(Fg)f

Blanchet 2006
Faye et al. 2006 Tagoshi et al. 2001
1 1 1
ASpin = ANeSpin T 3 —A1.5PN,80 T r—ﬂsz 88 + F—ﬂz 5PN .SO,
dv Gm

dt 2

(1+ A)n + Bv].

Kupi et al. 2006; Berentzen et al. 2009; Brem 2013;
Sobolenko et al. 2016
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SWIFT COALESCENCE OF SUPERMASSIVE BLACK HOLES IN COSMOLOGICAL MERGERS OF MASSIVE
GALAXIES

THE ASTROPHYSICAL JOURNAL, 828:73 (8pp). 2016 September 1()

34,5 4

® 2016. The American Astronomical Saciety. All rights reserved. . Manmoop Kuan', Davipe Fiaccont?, Lucio Mayer?, PETER BErRczIK AND ANDREAS JUST

= Major merger

|||||u]

M, ; = 3.6 x 10" M.

60

Direct N? + PN
10

y (kpc)

.

e

20

E
S ==  Direct N*

P
[
1,
=)
= _
= _9 g
-E ]-{-j _F E f— E' I_:“:_I ?_ i () ' 2
o E B TR = M, 2 = 101 M,
?i —3 - 1”1 T I LI LI LI I T T I T l : _‘20

= = 0 i 3 ")
e 4 i E 10 3 ] —40 =
p—f S, += 1 =
Iﬂ J_{] == E ]_U —1 .\_‘_all-""'wh gt ] —

= ] = .

A , ,‘ﬂ*_....-..,_,..f ; ] —60

—5[ L e b S ~1.0-05 0.0 0.5 1.0
107° 24 26 28 30 32 : )

e, PO
o 10 15 20 25 30 35
t (Myr)

=



THE AsTROPHYSICAL JOURNAL, 868:97 (11pp), 2018 December 1

@ 2018. The American Astronomical Society. All rights reserved. BlﬂCk HOIE Biﬂﬂl‘iES iIl DiSk Gﬂlﬂ){y MEI"gEI'S

5.2401 Gyr

1=5.2443 Gyr 5.2500 Gyr

\9\ 6\

Figure 1. Mass-weighted gas density maps during last pericenter
and final merger. The line-of-sight is perpendicular to the orbital
plane and the maps are 1.8 kpc wide. While fairly symmetric
before the pericenter (top left), the density distribution becomes
clearly asymmetric after the pericenter (middle). After the final
merger, a thick ~ 10° Mg gaseous nuclear disk is formed (bot-
tom), in which the two SMBHs start orbiting.
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Figure 4: Depiction of the LISA Orbit.
L1 raaaal L1 sl
Series  Galaxy M, T h TU LU MU c
[M] [kms™']  [pe] [Myr] [kpe] [Ms) [LUTU™'] Frequengy [Hz]
A M87  6.05 x 10° 325 255 3.07 295 6.05x 10" 320
B M31 1.63 x 10% 169 2175 1.01 042 1.63x10" 733

C MW 4.6 % 10° 103 1.4 0.62 .092 4.6x10° 2044
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Merging of unequal mass binary black holes in nhon-axisymmetric
galactic nuclei

Peter Berczik!23®, Manuel Arca Sedda*®, Margaryta Sobolenko®®, Marina Ishchenko?®,

Table 1. Set of parameters of our model runs.

Olexander Sobodar’®, and Rainer Spurzem

m my M g u 025k 050k 100k 200k 400k 1M
107 1wt 17? 1072

(n 2 3 (4) (5) (6) (N (8) (9 (1 an
I 001 L0l 0010 00009 - - 450 - - -

I 002 1.02 0020 00196 - - 450 - - -

I 0.03  1.03 0030 00291 - - 350 - - -

I 0.05 1.05 0050 00476 - - 350 - - -

I 0.10 110 0000 00909 250 250 250 250 250 150
I 020 120 0200 Olee6 250 250 250 250 250 150
I 050 1.50 0.500 03333 250 250 250 250 250 150
I 100 2.00  LOOO 05000 250 250 230 250 250 150
] 0.02 202 0010 00198 — - 450 - - -
2 0.03 203 0015 00205 - - 450 - - -
2 0.05 205 0025 00488 - - 3350 - - -
2 0.10 2,10 0.050 00952 - - 3350 - - -
2 020 220 0100 0LI8I8 - - 250 - - -
2 0.40 240 0200 03333 - - 250 - - -
2 .00 3.00 0500 06666 250 250 250 250 250 150
2 200 400 L0D0  LODODD 250 250 250 250 250 150
El 0.04 404 0.010 0.0396 - - 450 - - -
4 0.08 408 0020 00784 - - 450 - - -
4 0.10 410 0.025 00976 - - 350 - - -
4 020 420 0050 01905 - - 350 - - -
4 0.40 440 0100 03636 - - 250 - - -
4 0.80 480 0.200 0.6666 - - 250 - - -
4 200 600 0500 1.3333 250 250 230 250 250 150
4 400 800 L.0O0D 20000 250 250 250 250 250 150

15

da _da) day
dt  dtls  dtlew’
de _de)  de
dr drls  dtlew’
da 643 F(e)
dilew = 5 &
G3

B =

Smyma(my +ma)’

F(e) = (1 - ez)'m(l +

Notes. Final integration time in N-body units. Columns | and 2: SMBH masses (primary and secondary, respectively) in a 10~ model units.
Column 3: total mass M,» = m, + mz in 1072 model units. Column 4: mass ratio g = maz/m, where my = m,. Column 5: reduced mass
4 = myma/(m; + my) in 1072 model units. Columns 6-11: Particle number in the stellar galactic nucleus. ' In these simulations, we performed
two independent sets of runs. After the first set of runs, where the initial orbital velocity of the SMBH was exactly circular, V.., we ran a second
set of runs where the initial velocity of the SMBHs was Vi, = 0.1 V..
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First direct dynamical detection of a dual supermassive black hole
system at sub-kiloparsec separation
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Table 3. Summary of the main results for Nuclei | and 2. - 4 = 3 [ 1205
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Name Nucleus 1 Nucleus 2 - ER E 36" - E)
RA 23:39:53.796 23:39:53.679 R E E 23"39754.00°53.87°  53.73°  53.60° 60
Dec —12:17:34.04 —12:17:30.83 " ER- 3 Right Ascension
+(.18 8 . +3.32 6 £ 3 £ E
My [Mo] 1'54—0-15 X 1100 6'33—1~4U X LU - 4 = Fig. 2. Top panel: stellar velocities are shown across the binned MUSE
fwﬂulgc [J'we] 524 x 10 2.10x 10 E 3 E 3 cube. Regions without sufficient S/N were excluded from the fits. Boz-
Integrated o [km 5! ] 1912+1.5 663+13 i, tom panel: stellar dispersion. Both panels have the data in spatial
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