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With approx. 250 employees

for more than100.000students and
for more than 30.000 employees
|ncIud|ng 8.500 SC|ent|sts
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A European Supercomputing Centre

A NationalSupercomputingCentre

A Regional ComputeCentrefor all BavarianUniversities
A Computer Centre for all Munich Universities
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e LRZ as IT Competence Centre:
LMU | %= Operating Cutting-edge IT Infrastructure
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LUDWIG-

LRZ as IT Competence Centre:
LMU | %= |  Providing Comprehensive IT Services for Science

- A X /| Service Desk I :
= ¢ e T 4\\”‘\ ' L V, T o e
: Personal / ——
. Consulting 7 g
High Speed Network [ Lo S Jh Performance f‘omputmg
!»f 3 4 . o Supeer-"‘ e v =

Tailored
Solutions

Backup &
Archive

I

P i

Authentlcatlon HL
& .

. Trainings & i "

Workshops

‘ : ‘ . \ * Authorization l\l
! S *
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BavarianState Library Digital Arc V2C (CAVIPowerwal)
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LMU G SuperMUC @ LRZ

Video: SuperMUC rendered on SuperMUC by LRZ

http ://youtu.be/OIAS6IigWrQ
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http://youtu.be/OlAS6iiqWrQ

weene| 10D 500 Supercomputdrist (June2012)
I_Mu UNIVERSITAT
MONCHEN
Rank Site Computer™ear Vendor Cores  Fmax Rpeak Power
Sequoia - BlueGene/Q Power BQC 16C
1 DOEMMSALLNL 1.60 GHz, Custom f 2011 1572864 1632475 2013266 T200.0
United States IBIM
RIKEM Advanced Institute for K computer, SPARCE4 VIlIfx 2. 0GHz, Tofu
2 Computational Science (AICS) imterconnect f 2011 TDH0Z24 10510.00 11280.38 126599
Japan Fujitsu
! Mira - BlueGene/}, Power BOC 160
3 DOE/SC/Argonne National Laboratory 4 gncHz Custom / 2012 786432 816238 10066.33 309450
United States IEM
SuperMUC - iDataPlex DX350M4, Xeon
Leibniz Rechenzentrum E&s-2680 2C 2_T0GHz, Infiniband FDR. [/
4 Ganmany 5012 147456 2807.00 3185.05 34227
IBM
Mational Supercomputing Center in Tianhe1A - NUDT ¥H MPP, Xeon X5670
5 Tianjin 6C 2.93 GHz, NVIDIA 2050 / 2010 186368 2566.00 4701.00 4040.0
China NUDT
boErSCroaK Ridge Natona T epme o
5 Laboratory SR L R, - 298592 194100 2627.61 51420
United States Cray Inc
CINECA Fermi - BlueGene/Q, Power BQC 16C
7 1.60GHz, Custom / 2012 163840 172549 2007.15 28219
Italy B
: JUuQUEEN - BlueGene/Q, Power BQC 16C
a 20'5‘3““"952‘3""“"‘ —JELELELL 1.60GHz, Customn / 2012 131072 138039 1677.72 6575
ernmany IBM
Curie thin nodes - Bullx ES10, Xeon ES-
9 EWGGC‘GE”C' 2620 2C 2. 700GHz, Infiniband QDR / 2012 77184 135000 166717 22510
ramnce Eull
National Supercomputing Centrein e oe - e b and QDR
10 Shenzhen (NSCS) LA 0en 2010 . 120640 1271.00 298430 2580.0
China O il'lg
www.top500.0rg
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LRZ SupercomputersChronology

10,000,000 -

1,000,000 +

SuperMUC
IBM series X iDataplex
+ Linux-Cluster

1 Peta...

HLRB2: SGI Altix 4700
+ Linux-Cluster

10-fold every 3.5 years
Double every 13 Months

S

100,000

HLRB1: Hitachi SR8000 \
+ Linux-Cluster

10,000

1,000 +

GFlop/s, GByte

100 +

10 + Cray Y-MPS8

Cray Y-MP2
|
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Fujitsu

1Tera... VPP/52

IBM SP2
Cray T90

KSR

mGFlop/s DOGByte
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s SUPErMUC Phase 1 + 2
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sim.pe]FMlU(@ 3.2 PFLOP/s
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= LRZ Application Mix

LMU| e

A Computational Fluid Dynamics: Optimisation of turbines/wings, noise
reduction

A Fusion: Plasma in a future fusion reactor (ITER)

A Astrophysics: Origin and evolution of stars and galaxies

A Solid State Physics: Superconductivity, surface properties

A Geophysics: Earth quake scenarios

A Material Science: Semiconductors

A Chemistry: Catalytic reactions

A Medicine and Medical Engineering: Blood flow, aneurysms, air
conditioning

A Biophysics: Properties of viruses, genome analysis

A Climate research: Currents in oceans

A
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~~~~~ .| Phylogenetic Tree Computation

LMU| iz
# ACGT ACGT \[/
ACC ACC-
7 ACGG ACGG
@& AAGC AAGC /\
Sequencing Y Alignment Y Phyl ogenet.i

AlexandrosStamatakisHITS
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MU # of possible trees for 150 species
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4226517247809112252219618802377042809/18932383449
88229428574 79880831434032178759024536/98491951168
3076494692867414802738570221298292428457/687814873
455212186186160080447/4608426626044448936698500560
246811618644126422742544072667/6614927906540649360
2976397461917469326/50931190889241406694054603576
66015625

AlexandrosStamatakisHITS
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‘‘‘‘‘‘ 1KITE Project
LMU | 5| (1,000 Insect Transcriptome Evolution)

A Alexandros Stamatakis

Scientific Computing Group,

Heidelberg Institute for Theoretical Studies (HITS) /
Exelixis Lab

ABi g Datafi and High Perfor mal
Novel software and applications needed

Reading the data: only 1 minute (instead of 15 minutes)
1000 Processors: 17 hours (instead of 10 days)

Load balancing

I>» I>» I>» I>» ID»

1KITE Dataﬂow
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UNIVERSITAT
MONEHEN

MU o Scientific Results - Publications

Does DNA actasa Mutations enhancing lenkemia A stable gold support gives

- : All aTwitter over an The extragalactic ba l numl A cellular target for human
telephone line? p 12s: | development pp. 1201 1573 sharper resolution p. 1377 X e e exirag ChacugrD cellular target 1o 1

Internet study ».x0ex uneven glow pp. XoOX & XXX norovirus pp. Xxx & Xxx

£30)
12 DECEMBER 2014
sciencemag.org

$10
7 NOVEMBER 2014

AYAAAS

phylogeny
resolved

Molecular insights into
insect origins and evolution

AlexandrosStamatakisHITS
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wowe Biodiversit -
LMU | s y

A Neotropical Rainforests are
hyperdiversescosystems

A Since Humboldt anBonpland
we know about the high animal MicahDunthornTU Kaiserslautem
and plant richness © A pERiSE 8 T g

A New study now finds that

unicellular eukaryotes are everg

more diverse

A Particularly the parasitic
Apicomplexadominate these
forests E:
A Their presence might drive the i
A diversity of macreorganisms M8 &
Ptps inaturescosvocommuniy.nature com/cha;bem'me“ ,;/;)stsm; .arg;r micro ot wopical ;a;ns
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MU Data Analysis (TU Kaiserslautern, HITS, KIT)

A More than 130 million DNA seqguences waralysed

A Most of them belong to yet unknown microbial species

A Thus, a thorough method was necessary for classifying those
seguences

A The method takes the evolutionary history of known species intc
account

A But this comes at the cost of increased computational needs

A Approximately 1 million computation hours . e
on SuperMUQGnere necessary "1!'_ f- /

BE . 00000 oy 3 _\ Hacrobia 4

ERARS | Mahéet al. (2017). Parasites dominatgperdiversesoil =

cvoltigion ‘ . protist communities in Neotropical rainforests. I
ﬁd,;' Nature Ecology and Evolution 1:09. s
DOI: 10.1038/s4155017-0091 Convonaioal

https://www.uni-kl.de/aktuelles/news/news/detail/News/neue-arten-entdeckt-mikroparasiten-tragen-zur-stabilitaet-des-oekosystems-im-regenwald-bei/
M N M Dieter Kranzimiiller HCMUT, Vietham 16




MU e SuperMUC and its predecessors M

MNM Dieter Kranzlmiller HCMUT, Vietnam 17

TEAM



MU e LRZ Building Extension

Picture: Horst-Dieter Steinhofer

" Pic ure: Ernst A. Graf
MNM Dieter Kranzlmiiller HCMUT, Vietnam 18
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weee | SUPErMUC Architecture

Internet

\W
Snapshots/Repllka
1.5PB

(separate fire section)

SHOME

1.5PB /10 GB/s

leland
Infiniband

swilches

Compute

Spine Infiniband

swilches

Compute

18 Thin HB%FeS islands
(each >8000 cores)
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1 Fat nné)g%sisland

(8200 cores) C SuperMIG
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MU e Power Consumption at LRZ

MIONCHEN
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Cooling SuperMuUC
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MU S EnergyEfficiency orSuperMUCD LRZ

Photos: Torstemloth, Lenovo

Y S

5

...... - N

V  Usageof Intel Xeon E5 2697v3 processors V Energy-aware scheduling
V  Direct liquid cooling - 6% power advantage
- 10% power advantage over air cooled system - ~40% power advantage
- 25% power advantage due to chilless cooling - AnnualsavingssH aA 2 @

for SuperMU@hasel and 2
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e Increasing Numbers of Cores m

2000 HLRH 2 Tflop's 1512
2006 HLRAI 62 Tflop/s 9728
2012 SuperMUC 3200Tflop's 155656
2015 SuperMUQhase Il 3.2+ 3.2Pflop's 229960
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LUDWIG

1st LRZ Extreme Scaling Workshop

LMU| S

A Results:
Name MPI # cores |Description TFlop/s/island| TFlop/s max
Linpack IBM 128000 TOP500 B 1618 2560
Vertex IBM 12800QPlasma Physics || 15| 245
GROMACS |z, intel 64000 Molecular Modelling [ 40| 110
Seissol IBM 64000 Geophysics P 31 95
walLBerla  |iBm 128000 L attice Boltzmann || 5.6 90
LAMMPS  |iBMm 128000 Molecular Modelling | 5.6 90
APES BM 64000 CFD j 6 47
BQCD intel 128000Quantum Physics | 10 27

A Sustained TFlop/s on 64000/128000 cores

\\\\\\




SeisSot NumericalSimulationof SeismidNave
LMU ] Phenomena

- B AN A T S T P
Dr. Chrlst|arPeIt|es Departmentof Earthand EnwronmentaBﬁenceﬂMU)
Prof Mlchael Bader DepartmenfInformaﬂcs(TUM) A0

1,421 Petaflopls on 147.456 Cores SuperMUC
(44,5 Y%of Peak Performance)

http:// www.uni-muenchen.de/informationen_fuer/presse/presseinformationen/2014/pelties_seisol.htry

" Picture: Alex Breuer (TUM) / Christian Pelties (LI



http://www.uni-muenchen.de/informationen_fuer/presse/presseinformationen/2014/pelties_seisol.html

MU Partnership Initiative Computational Sciences

A LRZ benefits
¢ Understanding the (current and future) needs and requirements of the
respective scientific domain
¢ Developing future services for all user groups
¢ Thematic focusingznvironmental Computing

A EU Project Series DRIHM*
¢ Flash Project estimates for 192006
¢ > 29billion eurosin damagegroduced
by floods
¢ > 4,500 totahumber ofcasualties

SSMI and raingauge
observations (1978 -1994)
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Professor Peter Coveney

holdsa chairin PhysicaChemistry

Isan HonoraryProfessor in Computer Science at
University College London (UCL)

IS ProfessorAdjunctat Yale University Schoof
Medicine(USA).

IS Directorof the Centrefor ComputationalScience
(CCSandof the ComputationalLifeand Medical

Sciencefetwork (CLMS) at UCL
https://www.ucl.ac.uk/chemistry/people/peteicoveney

leadsCompBioMe¢gACentreof Excellence in

ComputationaBiomedicine
http://www.compbiomed.eu

Dieter Kranzlmuller HCMUT, Vietnam 27


https://www.ucl.ac.uk/chemistry/people/peter-coveney
http://www.compbiomed.eu/

53?&'«21;:;5‘ CoECompBioMed LompBioiTled

LMU

A Goal:advance the role of computationally based modelling and
simulation within biomedicine

A Three related user communities:
¢ academic,
¢ industrial and
¢ clinical researchers
A All wish to build, develop and extend such capabilities in line wit

the increasing power of high performance computers.

A Three distinct exemplar research areas:
¢ cardiovascular,
¢ molecularlybased and

¢ neuro-musculoskeletal medicine. F w -

1 of 9 EuropearCentresof Excellence in HPC
Officialstart on 1October2016; 3years

\\\\\\



Howto Utilize SuperMUGasa Tool?

A Target question:
Can we use the genomic data from an individual candidate and
predict whether a standard drug for the treatment of breast canc

will help or not?

A Goal:
A demonstration of feasibility
with the power of high performance computing

A Key guestions:
¢ Provide an answer to the question above
¢ Determine how to use Hnfrastructures for this question
¢ Detect insufficiencies of using-liifrastructures for this question
¢ Derive a workflow for utilizing HPC in daily operation

MNM




wowe: Molecular Simulation
LMU| itz

A Runningon allcoresof SuperMU@Phasel+2

~100 target binding affinities

A Dockingsimulationof potentialsdrugsfor breastcancer

A 37 hourstotal run time

A 241,672cores

A 8.900.000 CPUours EUCoECompBioMed
A 5 Terabyteof dataproduced hitp:// www.compbiomed.eu

EU Projects COMPANdMAPPER
http:// www.compatproject.eu

M N M Dieter Kranzlmdller HCMUT, Vietnam 30
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M G| 2 K et A Viewinto the Future

Until today.
A HLRBI (pre-SuperMUQE Top 500 06/2007: 56,5Tflop/s
A SuperMU@hase 1. Top 500 06/2012: 2897Tflop/s

Comingup:
A SuperMUNG(Next Generation, Procuremenin-going

MNM Dieter Kranzlmdller HCMUT, Vietnam 31
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MU e Consultingthe Top 500 List www.top500.0rg
MONEHEN
- . Projected Performance Development
an ite ystem
1 National Supercomputing Center in Sunway TaihuLight - St 10 EFleJ'IS
Wuxi MPP, Sunway SW26010
China L;iﬁ;l;z Sunway 1 EFlop)’s |
o®
2 National Super Computer Center in Tianhe-2 [MilkyWay-2) - [
Gugngzl‘
: Accelerator/CP Family Count System Share (%) Rmax (GFlops) Rpeak (GFlops) Cores
* 55 Nyidia Kepler 50 10 59,004,619 92,655,119 1,668,690 /
United St
Intel Xeon Phi 21 4,2 55,066,905 86,361,180 4,756,732
4 DOE/NN!
" Nvidia Fermi 8 1,6 7,309,880 14,735,848 572,740
B DOE/sC/
united St Hybrid A 0,6 4,621,240 7,933,520 415,960
s Joncer Mvidia Pascal 2 0.4 13,086,000 20,884 480 267,232
Performi
#n ATl Radeon 1 0,2 532,600 1,098,000 38,400
7 RIKEN A
Computz PEZY-SC 1 0,2 1,001,010 1,533,460 1,313,280
apan
8 Swiss Natonal bupercomputing Pi1z Uaint - Lray XLau, X ."'. -
Centre [CSCS) 2690v3 12C 2.6GHz, Arie
Switzerland interconnect , NVIDIA Te 100 MF|DD)'S
. | e 1995 2000 2005 2010 2015 2020
9 DOE/SC/Argonne Mational Laboratory Mira - BlueGene/Q, Pov
United States 16C 1.60GHz, Custom
B Lists
10 DOE/NNSA/LANL/SNL Trinity - Cray XC40, Xeo
United States 2698v3 16C 2.3GHz, Arie
interconnect ® Sum A 1 m #5000
Cray Inc.
MNM Dieter Kranzlmdiller HCMUT, Vietham 32




2 K| inekta A Viewinto the Future

Until today.
A HLRABI (pre-SuperMUQE Top 500 06/2007: 56,5Tflop's
A SuperMU@hase 1. Top 500 06/2012: 2897Tflop/s

Comingup:
A SuperMUNG(Next Generation, Procuremenin-going

A Selectioncriteria:

¢ LRZapplicationmix compute,memory,bandwidticharacteristicy
wNumberof cores
wMemory percore
wlinterconnect

¢ AcceleratorgManycore GPGPU, ...)

¢ Virtualization(Docker, Cloud,.)

¢ Workflowengines HTGapplications ...

¢ Powerconsumption(in total,overtime, ...)
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