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LMU| i of the Bavarian Academy of Sciences and Humanities

Leibniz Supercomputing Centre
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MU e The Munich Scientific Network (MWN)
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....... Leibniz Supercomputing Centre
LMU | G of the Bavarian Academy of Sciences and Humanities

mRegional Computer
Centre for all
Bavarian Universities

mComputer Centre for all
Munich Universities

MNM D. Kranzlmuller

TTTTTT



UNIVERSITAT
MONCHEN

IMU || e Virtual Reality & Visualization Centre (LRZ)
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Examples from the V2C
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MONCHEN

MU 5| Gauss Centre for Supercomputing (GCS) m

B Combination of the 3 German national supercomputing centers:
— John von Neumann Institute for Computing (NIC), Jilich
— High Performance Computing Center Stuttgart (HLRS)
— Leibniz Supercomputing Centre (LRZ), Garching n. Munich

B Founded on 13. April 2007

B Hosting member of PRACE
(Partnership for Advanced Computing in Europe)

Gauss Centre for Supercomputing

MNM D. Kranzlmuller Extreme Scaling on SuperMUC 11
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LMU | e SuperMUC @ LRZ
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Video: SuperMUC rendered on SuperMUC by LRZ

http://youtu.be/OIAS6iigWrQ
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e Top 500 Supercomputer List (June 2012)
LM“ ORIVERSITAT
MONCHEN
Rank Site Computer/Year Vendor Cores Rmax Rpeak Power
Sequoia - BlueGene/Q, Power BQC 16C
1 L iadg bbb amiay 1.60 GHz, Custom /2011 1572864 16324.75 2013266 7890.0
United States IBM
RIKEN Advanced Institute for K computer, SPARC64 Vllifx 2.0GHz, Tofu
2 Computational Science (AICS) interconnect / 2011 705024 10510.00 11280.38 12659.9
Japan Fujitsu
: Mira - BlueGene/Q, Power BQC 16C
3 ROERN Ao Natlnal Labortny. 18008t Custam F 2013 786432 816238 10066.33 3945.0
United States IBM
SuperMUC - iDataPlex DX360M4, Xeon
Leibniz Rechenzentrum E5-2680 8C 2.70GHz, Infiniband FDR /
4 Germany 2012 147456 2897.00 3185.05 34227
IBM
National Supercomputing Center in Tianhe-1A - NUDT YH MPP, Xeon X5670
5 Tianjin 6C 2.93 GHz, NVIDIA 205072010 186368 2566.00 4701.00 4040.0
China NUDT
- - Jaguar - Cray XK6, Opteron 6274 16C
DOE/SC/Oak Ridge National 2.200GHz, Cray Gemini interconnect,
6 Laboratory s 298502 1941.00 262761 51420
United States cray Inc.
CINECA Fermi - BlueGene/Q, Power BQC 16C
7 1.60GHz, Custom/ 2012 163840 172549 2097.15 8219
Italy IBM
- JUQUEEN - BlueGene/Q, Power BQC 16C
8 g‘;‘jg”“gsze"‘“‘“‘ Juelich (FZJ) 1.60GHz, Custom / 2012 131072 138039 1677.72 6575
L) IBM
Curie thin nodes - Bullx BE510, Xeon E5-
9 gaw e 2680 8C 2. 700GHz, Infiniband QDR /2012 77184  1350.00 1667.17 2251.0
FEs Bull
; : : Nebulae - Dawning TC3600 Blade System,
National Supercomputing Centrein o n vs650 6C 2 66GHz, Infiniband QDR,
10 Shenzhen (NSCS) e 120840 127100 298430 25800
China Dawming www.top500.org
MNM D. Kranzlmdller 14
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LRZ Supercomputers
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SuperMUC and its predecessors
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LMU e LRZ Building Extension
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Picture: Horst-Dieter Steinhofer
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LIS Increasing numbers m
MU g

I

2000 HLRB-I 2 Tflop/s 1512
2006 HLRB-II 62 Tflop/s 9728
2012  SuperMUC 3200 Tflop/s 155656
2014 SuperMUC Phase |l 3.2 + 3.2 Pflop/s 229960

MNM D. Kranzlmdller 18
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LMU| s SuperMUC Architecture

Achive and Backup ~ 30 PB

/

Desaster Recovery Site

Internet

NAS |

Snapshots/Replika
1.5PB
(separate fire section)

$HOME
1.5PB/10 GB/s  spine Infiniband

d tree (4:1)

Island Storage, elc.
Infirriband GPFS for lnfin?bond
switches SWORK switches

$SCRATCH

. ISBEP | | . WMEX | :
* dicoresinade; |l T a0coresinade [N
. 2GBJcore . 6.4 GBicore = ‘,
Compute nodes Compute nodes Parallel /0 login Support
Storage nodes nodes
18 Thin node islands 1 Fat node island nodes
(each >8000 cores) (8200 cores) = SuperMIG
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TEAM



e i LRZ
IMU Power Consumption at LR

UNIVERSITAT
MONCHEN

35.000

30.000 -

25.000

20.000

N .

15.000

Stromverbrauch in MWh

10.000 L 11

5.000 — |

0 L |

© A \e) ) Q N 42 o)
%) ) ) ) O \} Q O
N N I ST S U

MNM D. Kranzlmdller 20

TEAM



u i
MAXIMIL! ANS

LMU | | oeesimic
MUNCHEN

MNM

TEAM




LUDWIG-

MAXIMILIANS-
UNIVERSITAT
MONCHEN

MNM

TEAM

B e e
HE
LR

3

it

vl
i

D 'Cllﬂlhtrkbh'l— (S
AR AR A BRSO

(A @aa

B B 5 i B 0

-y |
i uupd

ik
)
.
!

i
Q

IBM System x iDataPlex
Direct Water Cooled Rack

i

G

R
INTISHERERE

WA

-_—m

i
|

N
7
\_4
N
A
=7
==

iDataplex DWC Rack
w/ water cooled nodes
(front view)

D. Kranzlmdller

e ——

- E
: . H
e e . A et e t—
-
. : . i A
NI I Y Y Y e Y TET T

iDataplex DWC Rack
w/ water cooled nodes

(rear view of water manifolds)
Torsten Bloth, IBM Lab Services - © IBM Corporation
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IBM iDataplex dx360 M4

Torsten Bloth, IBM Lab Services - © IBM Corporation



owie: Cooling Infrastructure
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Photos: StBAM2 (staatl. Hochbauamt Miinchen 2)
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SuperMUC HPL Energy Consumption

=@ Power (Machine Room, kW)
et Power (PDU, kW)

=@ Power (infrastructure, kW)
=== Energy (Machine Room, kWh)
==o==|ntegrated Power (PDUs, kWh)
eeeeeo HPL Start

secoee HPL End

Energy Consumption (kWh)

Energy efficiency
(single number in GFlops/Watt)

9,380E-01 (PDU, 10 minutes resolution, whole run)

9,359E-01 (PDU, 1 minutes resolution, whole run,
without cooling)

9,359E-01 (PDU, 1 minutes resolution, whole run,
cooling included)

8,871E-01 (machine room measurement, whole run)

7,296E-01 (infrastructure measurement, whole run)
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SuperMUC @ LRZ
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rendered-on SuperMUC by LRZ
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T LRZ Application Mix
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Computational Fluid Dynamics: Optimisation of turbines and
wings, noise reduction, air conditioning in trains

Fusion: Plasma in a future fusion reactor (ITER)
Astrophysics: Origin and evolution of stars and galaxies

Solid State Physics: Superconductivity, surface properties
Geophysics: Earth quake scenarios

Material Science: Semiconductors

Chemistry: Catalytic reactions

Medicine and Medical Engineering: Blood flow, aneurysmes, air
conditioning of operating theatres

Biophysics: Properties of viruses, genome analysis

Climate research: Currents in oceans

TEAM



MU 1st LRZ Extreme Scale Workshop
® July 2013:
15t LRZ Extreme Scale Workshop

B Participants:
— 15 international projects

B Prerequisites:
— Successful run on 4 islands (32768 cores)

B Participating Groups (Software packages):
— LAMMPS, VERTEX, GADGET, WalBerla, BQCD, Gromacs, APES, SeisSol, CIAO

® Successful results (> 64000 Cores):

— Invited to participate in PARCO Conference (Sept. 2013) including a
publication of their approach

TEAM



1st LRZ Extreme Scale Workshop
m Regular SuperMUC operation

— 4 Islands maximum

— Batch scheduling system

m Entire SuperMUC reserved 2,5 days for challenge:
— 0,5 Days for testing
— 2 Days for executing
— 16 (of 19) Islands available

m Consumed computing time for all groups:
— 1 hour of runtime = 130.000 CPU hours
— 1 year In total

TEAM
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Results (Sustained TFlop/s on 128000

LMU %] cores)

Name MP] # cores  |Description TFlop/s/island |TFlop/s max

Linpack BM 128000 TOP500 P 1610 2560
Vertex IBM 128000|Plasma Physics I] 15|:| 245
GROMACS IBM, Intel 64000|Molecular Modelling I_ 40: 110
Seissol IBM 64000|Geophysics I_ 31 95
walBerla IBM 128000| Lattice Boltzmann _ 5.6 90
LAMMPS IBM 128000| Molecular Modelling 5.6 90
APES BV 64000 CFD _ 6 47
BQCD Intel 128000(Quantum Physics } 10 27

TEAM




°°°°°° " Results

LMU| s
m 5 Software packages were running on max 16 islands:
— LAMMPS
— VERTEX
— GADGET
— WalBerla
— BQCD )
, | Vertex
m VERTEX reached §
245 TFlop/s on
16 islands h i
A- MarEk 4 { r g 256:512
( ) | S

# Cores

MNM D. Kranzlmuller 31
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MU Lessons learned — Technical Perspective

m Hybrid (MPI+OpenMP) on SuperMUC still slower than pure
MPI (e.g. GROMACYS), but applications scale to larger core
counts (e.g. VERTEX)

m Core pinning needs a lot of experience by the programmer

m Parallel 10 still remains a challenge for many applications,
both with regard to stability and speed.

m Several stability issues with GPFS were observed for very
large jobs due to writing thousands of files in a single
directory. This will be improved in the upcoming versions of
the application codes.
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My [Ee|  Next Steps
m LRZ Extreme Scale Benchmark Suite (LESS) will be available
In two versions: public and internal

m All teams will have the opportunity to run performance
benchmarks after upcoming SuperMUC maintenances

m 2" | RZ Extreme Scaling Workshop = 2-5 June 2014

— Full system production runs on 18 islands with sustained Pflop/s
(4h SeisSol, 7h Gadget)

— 4 existing + 6 additional full system applications
— High 1/0O bandwidth in user space possible (66 GB/s of 200 GB/s max)
— Important goal: minimize energy*runtime (3-15 W/core)

m [nitiation of the LRZ Partnership Initiative TCS

TEAM



Partnership Initiative
LMU ==  Computational Sciences tCS

B Individualized services for selected scientific groups — flagship role
— Dedicated point-of-contact
— Individual support and guidance and targeted training &education
— Planning dependability for use case specific optimized IT infrastructures
— Early access to latest IT infrastructure (hard- and software) developments
and specification of future requirements
— Access to IT competence network and expertise at Computer Science and
Mathematics departments
B Partner contribution
— Embedding IT experts in user groups
— Joint research projects (including funding)
— Scientific partnership — joint publications
B LRZ benefits
— Understanding the (current and future) needs and requirements of the
respective scientific domain
— Developing future services for all user groups

MNM © 2013
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LLLLLL Partnerschaftsinitiative
LMU ==  Computational Sciences itCS

Goals for LRZ:

mThematic focusing — Environmental Computing

mStrengthening science through innovative, high performance IT
technologies and modern IT infrastructures and IT services
minterdisciplinary integration (technical and personnel) of scientists
and (international) research groups

ENovel requirements and research results at the interface of scientific
computing and computer-based sciences

mincreased prospects for attracting research funding through
established IT expertise as contribution to application projects
mQOutreach and exploitation

MNM © 2013
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LUDWIG-

Astrophysics: world's largest simulations of
LMU | st supersonic, compressible turbulence

sofenpidal driving

Slices through the three-
dimensional gas density (top
panels) and vorticity
(bottom panels) for fully
| | : developed, highly
R % > Al compressible, supersonic
| ke FF P id LN turbulence, generated by

e p 2 i G solenoidal driving (left-hand
column) and compressive
driving (right-hand column),
and a grid resolution of
40963 cells.

log,, (density slice)
|
o

logyo (vorticity slice)

Federrath C MNRAS 2013;mnras.stt1644

© 2013 The Author Published by Oxford University Press on behalf of the Royal Astronomical Society
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SeisSol - Numerical Simulation of Seismic Wave

LMU)| s Phenomena
' Tk - L Ny LA e A e J <
Dr. Christian Pelties, Department of Earth and Environmental Sciences (LMU) TS ;

Prof. Mlchael Bader Department oflnformahcs*( M)
: - Lo .H‘*"‘_..‘ - : " :‘“L ,) X | -
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(44 5 % of Peak Performance) g

~ http: //www unl muenchen de/mformationen fuer/presse/presselnformatlonen/2014/pelt|es seisol. html

Plcture AJex Breuer (TUM) / Chrlstlan Pelties (LMU)
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