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Picture:	
  Horst-­‐Dieter	
  Steinhöfer	
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SuperMUC	
  Phase	
  1	
  +	
  2	
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Top	
  500	
  Supercomputer	
  List	
  (June	
  2012)	
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www.top500.org	
  



4 

LRZ	
  Supercomputers	
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SuperMUC	
  Phase	
  II	
  
6.4	
  PFlop/s	
  

Energy	
  Efficieny	
  and	
  Extreme	
  Scaling	
  

Increasing numbers 

Date	
   System	
   Flop/s	
   Cores	
  

2000	
   HLRB-­‐I	
   2	
  Tflop/s	
   1512	
  

2006	
   HLRB-­‐II	
   62	
  Tflop/s	
   9728	
  

2012	
   SuperMUC	
   3200	
  Tflop/s	
   155656	
  

2014	
   SuperMUC	
  Phase	
  II	
   3.2	
  +	
  3.2	
  Pflop/s	
   229960	
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SuperMUC and its predecessors 
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SuperMUC and its predecessors 
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Picture: Ernst A. Graf 

Picture: Horst-Dieter Steinhöfer 

Figure: Herzog+Partner für StBAM2 (staatl. Hochbauamt München 2) 
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Leibniz-­‐Rechenzentrum	
  

Electric	
  Power	
  Consump;on	
  -­‐	
  Development	
  

Projec;on	
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Cooling	
  SuperMUC	
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IBM	
  System	
  x	
  iDataPlex	
  	
  
Direct	
  Water	
  Cooled	
  Rack	
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iDataplex DWC Rack  
w/ water cooled nodes 

(rear view of water manifolds) 

iDataplex DWC Rack 
w/ water cooled nodes 

(front view) 
Torsten Bloth, IBM Lab Services - © IBM Corporation 
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IBM	
  iDataplex	
  dx360	
  M4	
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  Torsten Bloth, IBM Lab Services - © IBM Corporation 

Cooling	
  Infrastructure	
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Photos: StBAM2 (staatl. Hochbauamt München 2) 
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Energy	
  Consump;on	
  in	
  Data	
  Centres	
  

n  Data	
  Centers	
  are	
  “Heaters	
  with	
  integrated	
  logic”	
  

APC,	
  Whitepaper	
  #113	
  (2010)	
  

Torsten Bloth, IBM Lab Services - © IBM Corporation 
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ICT	
  and	
  Global	
  Warming	
  

“In	
  2012,	
  global	
  CO2	
  emissions	
  were	
  31.7	
  GtCO2.	
  This	
  represents	
  a	
  
1.2%	
  year-­‐on-­‐year	
  increase	
  in	
  emissions”	
  

InternaFonal	
  Energy	
  Agency	
  
https://www.iea.org/publications/freepublications/publication/CO2EmissionsFromFuelCombustionHighlights2014.pdf	
  

“ICT	
  industry	
  contributes	
  to	
  about	
  2	
  percent	
  	
  
of	
  global	
  carbon	
  dioxide	
  emissions”	
  

“Emission	
  of	
  carbon	
  by	
  the	
  ICT	
  sector	
  is	
  	
  
likely	
  to	
  double	
  by	
  the	
  year	
  2020”	
  

http://www.natureworldnews.com/articles/467/20130107/ict-­‐sector-­‐account-­‐2-­‐percent-­‐global-­‐carbon.htm	
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Picture	
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  johnb	
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Finanzielle	
  Auswirkungen	
  (Strompreis)	
  

Source:	
  energy.eu	
  (effective	
  April	
  2011)	
  

€	
  /	
  KWh	
  
for	
  industrial	
  customers	
  

0.063	
  €	
  

0.162	
  €	
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Energy	
  Costs	
  of	
  German	
  Data	
  Centres	
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SuperMUC Phase 1 + 2 
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LRZ Application Mix 

n  Computational Fluid Dynamics: Optimisation of turbines and 
wings, noise reduction, air conditioning in trains 

n  Fusion: Plasma in a future fusion reactor (ITER) 
n  Astrophysics: Origin and evolution of stars and galaxies 
n  Solid State Physics: Superconductivity, surface properties 
n  Geophysics: Earth quake scenarios 
n  Material Science: Semiconductors 
n  Chemistry: Catalytic reactions 
n  Medicine and Medical Engineering: Blood flow, aneurysms, air 

conditioning of operating theatres 
n  Biophysics: Properties of viruses, genome analysis 
n  Climate research: Currents in oceans 

> 200 Applications on SuperMUC 
> 14 Applications use full machine (Phase 1 or 2) 
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SuperMUC	
  HPL	
  Energy	
  Consump;on	
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  (Machine	
  Room,	
  kW)	
  

Power	
  (PDU,	
  kW)	
  

Power	
  (infrastructure,	
  kW)	
  

Energy	
  (Machine	
  Room,	
  kWh)	
  

Integrated	
  Power	
  (PDUs,	
  kWh)	
  

HPL	
  Start	
  

HPL	
  End	
  

Energy efficiency	
  
(single number in GFlops/Watt)	
  
9,380E-­‐01	
  (PDU,	
  10	
  minutes	
  resoluFon,	
  whole	
  run)	
  

9,359E-­‐01	
  (PDU,	
  1	
  minutes	
  resoluFon,	
  whole	
  run,	
  
without	
  cooling)	
  
9,359E-­‐01	
  (PDU,	
  1	
  minutes	
  resoluFon,	
  whole	
  run,	
  
cooling	
  included)	
  
8,871E-­‐01	
  (machine	
  room	
  measurement,	
  whole	
  run)	
  

7,296E-­‐01	
  (infrastructure	
  measurement,	
  whole	
  	
  run)	
  

Results (Sustained TFlop/s on 128000 
cores) 
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Name MPI #	
  cores Description TFlop/s/island TFlop/s	
  max
Linpack IBM 128000 TOP500 161 2560
Vertex IBM 128000 Plasma	
  Physics 15 245
GROMACS IBM,	
  Intel 64000 Molecular	
  Modelling 40 110
Seissol IBM 64000 Geophysics 31 95
waLBerla IBM 128000 Lattice	
  Boltzmann 5.6 90
LAMMPS IBM 128000 Molecular	
  Modelling 5.6 90
APES IBM 64000 CFD 6 47
BQCD Intel 128000 Quantum	
  Physics 10 27
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Partnership	
  Ini;a;ve	
  	
  
Computa;onal	
  Sciences	
  πCS	
  

n  Individualized	
  services	
  for	
  selected	
  scienFfic	
  groups	
  –	
  flagship	
  role	
  
–  Dedicated	
  point-­‐of-­‐contact	
  
–  Individual	
  support	
  and	
  guidance	
  and	
  targeted	
  training	
  &educaFon	
  
–  Planning	
  dependability	
  for	
  use	
  case	
  specific	
  opFmized	
  IT	
  infrastructures	
  
–  Early	
  access	
  to	
  latest	
  IT	
  infrastructure	
  (hard-­‐	
  and	
  sopware)	
  developments	
  

and	
  specificaFon	
  of	
  future	
  requirements	
  
–  Access	
  to	
  IT	
  competence	
  network	
  and	
  experFse	
  at	
  Computer	
  Science	
  and	
  

MathemaFcs	
  departments	
  
n  Partner	
  contribu;on	
  

–  Embedding	
  IT	
  experts	
  in	
  user	
  groups	
  
–  Joint	
  research	
  projects	
  (including	
  funding)	
  
–  ScienFfic	
  partnership	
  –	
  joint	
  publicaFons	
  

n  LRZ	
  benefits	
  
–  Understanding	
  the	
  (current	
  and	
  future)	
  needs	
  and	
  requirements	
  of	
  the	
  

respecFve	
  scienFfic	
  domain	
  
–  Developing	
  future	
  services	
  for	
  all	
  user	
  groups	
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SeisSol	
  -­‐	
  Numerical	
  Simula;on	
  of	
  Seismic	
  Wave	
  
Phenomena	
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Picture:	
  Alex	
  Breuer	
  (TUM)	
  /	
  ChrisFan	
  PelFes	
  (LMU)	
  

Dr.	
  ChrisFan	
  PelFes,	
  Department	
  of	
  Earth	
  and	
  Environmental	
  Sciences	
  (LMU)	
  
Prof.	
  Michael	
  Bader,	
  Department	
  of	
  InformaFcs	
  (TUM)	
  

1,42	
  Petaflop/s	
  on	
  147.456	
  Cores	
  of	
  SuperMUC	
  	
  
(44,5	
  %	
  of	
  Peak	
  Performance)	
  

htp://www.uni-­‐muenchen.de/informaFonen_fuer/presse/presseinformaFonen/2014/pelFes_seisol.html	
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Partnerschabsini;a;ve	
  	
  
Computa;onal	
  Sciences	
  πCS	
  

Goals	
  for	
  LRZ:	
  
n  ThemaFc	
  focusing	
  –	
  Environmental	
  Compu;ng	
  
n  Strengthening	
  science	
  through	
  innovaFve,	
  high	
  performance	
  IT	
  

technologies	
  and	
  modern	
  IT	
  infrastructures	
  and	
  IT	
  services	
  
n  Interdisciplinary	
  integraFon	
  (technical	
  and	
  personnel)	
  of	
  scienFsts	
  

and	
  (internaFonal)	
  research	
  groups	
  
n  Novel	
  requirements	
  and	
  research	
  results	
  at	
  the	
  interface	
  of	
  

scienFfic	
  compuFng	
  and	
  computer-­‐based	
  sciences	
  
n  Increased	
  prospects	
  for	
  atracFng	
  research	
  funding	
  through	
  

established	
  IT	
  experFse	
  as	
  contribuFon	
  to	
  applicaFon	
  projects	
  
n  Outreach	
  and	
  exploitaFon	
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Mo;va;ons	
  

n  Severe	
  storms,	
  and	
  floods/flash-­‐floods	
  	
  
are	
  highly	
  impacFng	
  	
  
on	
  human	
  society	
  and	
  economical	
  acFviFes	
  

30	
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The	
  Mediterranean	
  region	
  

n  The	
  FLASH	
  project	
  esFmated	
  over	
  29	
  billion	
  euros	
  the	
  material	
  
damages	
  produced	
  by	
  floods	
  in	
  the	
  Mediterranean	
  region	
  during	
  
the	
  1990-­‐2006	
  period	
  

n  The	
  total	
  number	
  of	
  casualFes	
  has	
  been	
  esFmated	
  over	
  4,500,	
  
concentraFng	
  in	
  the	
  Mediterranean	
  African	
  countries.	
  

31	
  

31 

SSMI and raingauge 
observations 
1978-1994  

DRIHM	
  Model	
  Chains	
  

32	
  

HPC 

HTC 
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e-Science 2015 in Munich 
Ludwig-Maximilians-Universität (LMU), Munich 

31 August – 04 September 2015 
http://escience2015.mnm-team.org/ 


