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SuperMUC	@	LRZ	
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Video: SuperMUC rendered on SuperMUC by LRZ 

hap://youtu.be/OlAS6iiqWrQ  

Top	500	Supercomputer	List	(June	2012)	
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www.top500.org	
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LRZ	Supercomputers	
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SuperMUC	Phase	II	

D.	Kranzlmüller	

SuperMUC Phase 1 + 2 
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LRZ Application Mix 
n  Computational Fluid Dynamics: Optimisation of turbines/wings, noise reduction 
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 
n  Biophysics: Properties of viruses, genome analysis 
n  Climate research: Currents in oceans 
n  ... 
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Phylogenetic Tree Computation 
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Sequencing   →   Alignment  →   Phylogenetic Tree 
Alexandros	Stamatakis,	H-ITS	
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# of possible trees for 150 species 

n  4226517247809112252219618802377042809718932383449
8822942857479880831434032178759024536798491951168
3076494692867414802738570221298292428457687814873
4552121861861600804474608426626044448936698500560
2468116186441264227425440726676614927906540649360
2976397461917469326750931190889241406694054603576
66015625 

n  ≈ 4.22 x 10301 
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Alexandros	Stamatakis,	H-ITS	

1KITE Project  
(1,000 Insect Transcriptome Evolution) 

n  Alexandros Stamatakis 
Scientific Computing Group,  
Heidelberg Institute for Theoretical Studies (HITS) /  
Exelixis Lab 

n  „Big Data“ and High Performance Computing 
n  Novel software and applications needed 
n  Reading the data: only 1 minute (instead of 15 minutes) 
n  1000 Processors: 17 hours (instead of 10 days) 
n  Load balancing 
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ki 

n  Beispiele Stamatakis / Science 
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Alexandros	Stamatakis,	H-ITS	

SuperMUC and its predecessors 
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SuperMUC and its predecessors 
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SuperMUC and its predecessors 
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LRZ	Building	Extension	

D.	Kranzlmüller	 Intel	HPC	DevCon	 19	

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  
(8200 cores) è SuperMIG 

$HOME 
1.5 PB / 10 GB/s  

Snapshots/Replika 
1.5 PB 

(separate fire section) 

non blocking 

 

non blocking 

 

pruned tree (4:1) 

 

SB-EP 
16 cores/node 

2 GB/core 

WM-EX 
40cores/node 
6.4 GB/core 

10 PB 

200 GB/s 

GPFS for 
$WORK 

$SCRATCH 

Internet Achive and Backup ~ 30 PB 

Desaster Recovery Site 

Compute nodes Compute nodes 

SuperMUC	Architecture	
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Hybrid	MPI+OpenMP	

n  Pure	MPI	(1	Core/Task)	is	the	most	used	programming	model 		
–  SandyBridge:	66%	of	all	cycles		and	80	%	of	all	jobs	
–  Haswell:	74%	of	all	cycles	and	80	of	Jobs	

n  Rest:	typically		usage	is	¼	or	½	of	a	node	for	one	task	
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Percentage	of	Hybrid	Resource	Usage		
by	Research	Areas	
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AVX,	SIMD	example:	well	performing	appl.	
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1-1.3	GF/Core	

75-85%	of	all	Flops	
coming		
vectorizaFon	

Power	Consump&on	at	LRZ	
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Cooling	SuperMUC	
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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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SuperMUC	Jobsize	2015	(in	Cores)	
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1st LRZ Extreme Scale Workshop 

n  July	2013:		
1st	LRZ	Extreme	Scale	Workshop	

n  ParFcipants:	
–  15	internaFonal	projects	

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

n  ParFcipaFng	Groups	(Soqware	packages):	
–  LAMMPS,	VERTEX,	GADGET,	WaLBerla,	BQCD,	Gromacs,	APES,	SeisSol,	CIAO	

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

publicaFon	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
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SuperMUC	Average	Performance		
(including	idling	nodes	etc)	
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• Performance	is	limited	by	
Memory	Bandwidth	

•  FloaFng	Point	Performance	5	–	
8%	of		peak	

• Best	running	ApplicaFon:	50%	
of	peak	

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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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)	è	Selected	Group	of	Early	Users	
n  Nightly	OperaFon:	general	queue	max	3	islands	
n  DayFme	OperaFon:	special	queue	max	6	islands	(full	system)	
n  Total	available:	63,432,000	core	hours	
n  Total	used:	43,758,430	core	hours	(UFlisaFon:	68.98%)	
Lessons	learned	(2015):	
n  PreparaFon	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	geung	even	more	important	
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Partnership	Ini&a&ve	Computa&onal	Sciences	

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	soqware)	developments	

and	specificaFon	of	future	requirements	
–  Access	to	IT	competence	network	and	experFse	at	CS	and	Math	departments	

n  Partner	contribu&on	
–  Embedding	IT	experts	in	user	groups	
–  Joint	research	projects	(including	funding)	
–  ScienFfic	partnership	–	equal	fooFng	–	joint	publicaFons	
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Partnership	Ini&a&ve	Computa&onal	Sciences	

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

respecFve	scienFfic	domain	
–  Developing	future	services	for	all	user	groups	
–  ThemaFc	focusing:	Environmental	Compu&ng	

n  EU	Project	Series	DRIHM*	
–  Flash	Project	esFmates	for	1990-2006	
–  >	29	billion	euros	in	damages	produced		

by	floods	
–  >	4,500	total	number	of	casualFes	
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SSMI and raingauge 
observations (1978-1994) 

Lecture	Plan	–	Parallel	Compu&ng	@	LMU	

Exam	

IntroducFon	
MoFvaFon	

RepeFtorium	

Parallele	Algorithmen	

Parallele	Architekturen	

Parallel	Programming	

Basics	
Computer	

Architecture	

Shared	Memory	Systems,	
Threading,	Parallel	Linear	Algebra	

Distributed	Memory	Systems,	
Message	Passing,	FFT	

Data	Parallelism,	
GPUs,	Map-Reduce,		
Parallel	SorFng	
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Intel	Development	Sobware	at	LRZ	

n  Intel	Compiler	(Fortran,	C++)	and		
Performance	Libraries	(MKL,	TBB,	IPP)	

n  VTune	Amplifier,	Intel	Inspector,	Intel	Advisor,	and	Threading	Tools	
n  Cluster	Toolkit	

–  Intel	MPI	(Message	Passing	Interface)	
–  Intel	Tracing	Tools	(ITAC)	–	Trace	Collector,	Trace	Analyzer,	Message	Checker	

n  For	all	these	products:	
–  Dedicated	documentaFon/webpages	for	LRZ	users/developers	
–  Tutorials	and	Courses	about	Intel	Tools	and	code	development	
–  Intel	Workshop:	HPC	Code	ModernizaFon	(19-20	Nov	2015)	

	 	hap://www.inteldevconference.com/events/munich-germany-2/		
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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)	

hap://www.uni-muenchen.de/informaFonen_fuer/presse/presseinformaFonen/2014/pelFes_seisol.html		
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Conclusions	

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

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

n  The	Extreme	Scaling	Workshop	Series	@	LRZ	offers	a	number	of	
incenFves	for	users/developers	

n  The	lessons	learned	from	the	Extreme	Scaling	Workshop	are	very	
valuable	for	the	operaFon	of	the	center	

n  The	LRZ	Partnership	Ini&a&ve	Computa&onal	Science	(piCS)	tries	
to	improve	user	support	

hap://www.sciencedirect.com/science/arFcle/pii/S1877050914003433		

D.	Kranzlmüller	 Intel	HPC	DevCon	 41	

n  		
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