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SuperMUC	
  @	
  LRZ	
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Video: SuperMUC rendered on SuperMUC by LRZ 

hdp://youtu.be/OlAS6iiqWrQ  

Top	
  500	
  Supercomputer	
  List	
  (June	
  2012)	
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www.top500.org	
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LRZ	
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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	
  

2015	
   SuperMUC	
  Phase	
  II	
   3.2	
  +	
  3.2	
  Pflop/s	
   229960	
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LRZ	
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Picture: Ernst A. Graf 

Picture: Horst-Dieter Steinhöfer 

Figure: Herzog+Partner für StBAM2 (staatl. Hochbauamt München 2) 

I/O 

nodes 

NAS 
80 Gbit/s 

18 Thin node islands  
(each >8000 cores) 

1 Fat node island  
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$HOME 
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Power	
  Consump#on	
  at	
  LRZ	
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So6ware	
  Challenges	
  in	
  HPC	
  Infrastructures	
  

n  Complexity	
  

n  Scalability	
  

n  Power	
  ConsumpGon	
  /	
  Efficiency	
  

n  ExecuGon	
  Costs	
  /	
  RunGme	
  /Performance	
  

n  Reliability	
  /	
  Resilience	
  

n  Correctness	
  of	
  codes	
  and	
  results	
  at	
  scale	
  („Heisenbugs“)	
  

n  Sonware	
  quality	
  and	
  sustainability	
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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 
n  ... 
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So6ware	
  Challenges	
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HPC service

Shared
best practices
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Optimize
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IT expert
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Cross-pollination

Realising	
  the	
  full	
  poten#al	
  of	
  a	
  HPC	
  centre	
  as	
  a	
  
fulcrum	
  

●  Many	
  challenges	
  
are	
  domain	
  
independent	
  

●  Reuse	
  of	
  soluGons	
  is	
  
efficient	
  (common	
  
libraries?)	
  

●  Fulcrum	
  catalysing	
  
interdisciplinary	
  
acGon	
  

●  Support	
  for	
  mulG-­‐
scale,	
  mulG-­‐model	
  
approaches	
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How	
  to	
  Measure	
  Success?	
  

n  PublicaGons?	
  
–  How	
  to	
  relate	
  sonware	
  to	
  publicaGons?	
  
–  What	
  about	
  good	
  implementaGon	
  of	
  a	
  bad	
  theory?	
  
–  Compare	
  Panel	
  „Challenges	
  in	
  Knowledge	
  Sharing“	
  on	
  Monday	
  

n  Sonware	
  or	
  sonware	
  development	
  process	
  maturity?	
  
–  No	
  easy/cheap	
  way	
  to	
  measure	
  (think	
  ISO	
  Xk	
  audit...)	
  
–  Penalises	
  new	
  applicaGons	
  and	
  interdisciplinary	
  collaboraGons?	
  

n  Approach:	
  use	
  scalability	
  as	
  proxy	
  indicator	
  
–  Maximum	
  scalability	
  correlates	
  with	
  SW	
  maturity	
  
–  Speed	
  of	
  scalability	
  improvement	
  with	
  process	
  maturity	
  

D.	
  Kranzlmüller	
   ICCGI	
  2015	
   24	
  



13 

1st LRZ Extreme Scale Workshop 

n  July	
  2013:	
  	
  
1st	
  LRZ	
  Extreme	
  Scale	
  Workshop	
  

n  ParGcipants:	
  
–  15	
  internaGonal	
  projects	
  

n  Prerequisites:	
  
–  Successful	
  run	
  on	
  4	
  islands	
  (32768	
  cores)	
  

n  ParGcipaGng	
  Groups	
  (Sonware	
  packages):	
  
–  LAMMPS,	
  VERTEX,	
  GADGET,	
  WaLBerla,	
  BQCD,	
  Gromacs,	
  APES,	
  SeisSol,	
  CIAO	
  

n  Successful	
  results	
  (>	
  64000	
  Cores):	
  
–  Invited	
  to	
  parGcipate	
  in	
  PARCO	
  Conference	
  (Sept.	
  2013)	
  including	
  a	
  

publicaGon	
  of	
  their	
  approach	
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1st LRZ Extreme Scale Workshop 

n  Regular SuperMUC operation 
–  4 Islands maximum 
–  Batch scheduling system 

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

n  Consumed computing time for all groups: 
–  1 hour of runtime = 130.000 CPU hours 
–  1 year in total 
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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

Results 

n  5 Software packages were running on max 16 islands: 
–  LAMMPS 
–  VERTEX 
–  GADGET 
–  WaLBerla 
–  BQCD 

n  VERTEX reached  
245 TFlop/s on  
16 islands 
(A. Marek) 
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Pan-Disciplinary Lessons learned – 
Technical Perspective 

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

n  Core pinning needs a lot of experience by the programmer 

n  Parallel IO still remains a challenge for many applications, 
both with regard to stability and speed. 

n  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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Extreme Scaling - Continuation 

n  LRZ Extreme Scale Benchmark Suite (LESS) will be available 
in two versions: public and internal 

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

n  2nd LRZ Extreme Scaling Workshop è 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 I/O bandwidth in user space possible (66 GB/s of 200 GB/s max) 
–  Important goal: minimize energy*runtime (3-15 W/core) 

n  Extreme Scale-Out SuperMUC Phase 2 
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Extreme	
  Scale-­‐Out	
  SuperMUC	
  Phase	
  2	
  

n  12	
  May	
  –	
  12	
  June	
  2015	
  (30	
  days)	
  
n  Selected	
  Group	
  of	
  Early	
  Users	
  

n  Nightly	
  OperaGon:	
  general	
  queue	
  max	
  3	
  islands	
  
n  DayGme	
  OperaGon:	
  special	
  queue	
  max	
  6	
  islands	
  (full	
  system)	
  

n  Total	
  available:	
  63,432,000	
  core	
  hours	
  
n  Total	
  used:	
  43,758,430	
  core	
  hours	
  (UGlisaGon:	
  68.98%)	
  

Lessons	
  learned	
  (2015):	
  
n  PreparaGon	
  is	
  everything	
  
n  Finding	
  Heisenbugs	
  is	
  difficult	
  
n  MPI	
  is	
  at	
  its	
  limits	
  
n  Hybrid	
  (MPI+OpenMP)	
  is	
  the	
  way	
  to	
  go	
  
n  I/O	
  libraries	
  gewng	
  even	
  more	
  important	
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Partnership	
  Ini#a#ve	
  	
  
Computa#onal	
  Sciences	
  πCS	
  

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

and	
  specificaGon	
  of	
  future	
  requirements	
  
–  Access	
  to	
  IT	
  competence	
  network	
  and	
  experGse	
  at	
  CS	
  and	
  Math	
  departments	
  

n  Partner	
  contribu#on	
  
–  Embedding	
  IT	
  experts	
  in	
  user	
  groups	
  
–  Joint	
  research	
  projects	
  (including	
  funding)	
  
–  ScienGfic	
  partnership	
  –	
  equal	
  fooGng	
  –	
  joint	
  publicaGons	
  

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

respecGve	
  scienGfic	
  domain	
  
–  Developing	
  future	
  services	
  for	
  all	
  user	
  groups	
  
–  ThemaGc	
  focusing:	
  Environmental	
  Compu#ng	
  

D. Kranzlmüller ICCGI	
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SeisSol	
  -­‐	
  Numerical	
  Simula#on	
  of	
  Seismic	
  Wave	
  
Phenomena	
  

D.	
  Kranzlmüller	
   ICCGI	
  2015	
   33	
  

Picture:	
  Alex	
  Breuer	
  (TUM)	
  /	
  ChrisGan	
  PelGes	
  (LMU)	
  

Dr.	
  ChrisGan	
  PelGes,	
  Department	
  of	
  Earth	
  and	
  Environmental	
  Sciences	
  (LMU)	
  
Prof.	
  Michael	
  Bader,	
  Department	
  of	
  InformaGcs	
  (TUM)	
  

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

hdp://www.uni-­‐muenchen.de/informaGonen_fuer/presse/presseinformaGonen/2014/pelGes_seisol.html	
  	
  

Extreme	
  Scale	
  Compu#ng	
  -­‐	
  Conclusions	
  

n  The	
  complexity	
  of	
  (super-­‐)computers	
  is	
  steadily	
  increasing	
  	
  
(not	
  only	
  on	
  the	
  extreme	
  scale)	
  

n  Users	
  need	
  to	
  possibility	
  to	
  execute	
  (and	
  opGmize)	
  their	
  codes	
  on	
  
the	
  full	
  size	
  machines	
  

n  The	
  Exteme	
  Scaling	
  Workshop	
  Series	
  @	
  LRZ	
  offers	
  a	
  number	
  of	
  
incenGves	
  for	
  users	
  

n  The	
  lessons	
  learned	
  from	
  the	
  Extreme	
  Scaling	
  Workshop	
  are	
  very	
  
valuable	
  for	
  the	
  operaGon	
  of	
  the	
  centre	
  

n  LRZ	
  Partnership	
  Ini#a#ve	
  Computa#onal	
  Science	
  (piCS)	
  to	
  improve	
  
user	
  support	
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πCS	
  in	
  Ac#on	
  (EU	
  Project	
  DRIHM)	
  

Env1

STD Env3

Env1

Env2

Env3

WRF-ARW

WRF-ARF

MesoNH

Env1

Env2

Env3

Models Execution 
environments

??

File formats

Env1

Env2

Env3

Format 1

Fromat 2

Format 3

??

Models + Standard
environments

STD Env3

MesoNH

WRF-ARF

File format 
libraries

Standard file 
formats

File formats
+ tools

●  StarGng	
  point:	
  manual	
  
mulG-­‐model,	
  mulG-­‐data	
  
-  ExecuGon	
  Gme:	
  weeks	
  

●  Partnership	
  with	
  delopers	
  
-  Standardise	
  metadata	
  
-  IdenGfy	
  dependencies	
  
-  Build	
  workflow	
  system	
  

●  End	
  point:	
  single	
  click	
  
execuGon	
  
-  ExecuGon	
  Gme:	
  hours	
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