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DESCRIPTIONS฀OF฀MATERIALS�฀4HE฀SUB

JECTS฀COVERED฀INCLUDED฀THE฀MODELING฀
OF฀HYDRODYNAMIC฀INTERACTIONS฀BETWEEN฀
PARTICLES฀IN฀COMPLEX฀FLUIDS฀OR฀ENVI

RONMENTS�฀THROUGH฀COARSE
GRAINED฀
DESCRIPTIONS฀OF฀BIOLOGICAL฀SYSTEMS�฀TO฀
THE฀COUPLING฀OF฀ATOMICALLY฀REPRESENTED฀
REGIONS฀WITH฀VARIOUS฀CONTINUUM
BASED฀
THEORIES฀FOR฀FLUIDS฀AND฀SOLIDS�฀3PECIAL฀
ASPECTS฀WERE฀LONG฀TIME฀SCALE฀PROPER

TIES฀OF฀SYSTEMS฀WITH฀SLOW฀COLLECTIVE฀
DYNAMICS�฀THE฀DEVELOPMENT฀OF฀EFFI

CIENT฀ADAPTIVE฀RESOLUTION฀ALGORITHMS�฀
AND฀THE฀COUPLING฀OF฀QUANTUM
MECHAN

ICALLY฀TREATED฀REGIONS฀WITH฀CONTINUUM฀
DESCRIPTIONS�

4HE฀PROCEEDINGS฀OF฀THE฀WORKSHOP฀WERE฀ 
EDITED฀BY฀-ARTIN฀-àSER�฀'ODEHARD฀3UTMANN฀ 
AND฀2OLAND฀7INKLER฀�&ORSCHUNGSZENTRUM฀ 
*àLICH	�฀4HE฀VOLUME฀IS฀AVAILABLE฀EITHER฀
AS฀HARD฀COPY฀OR฀AS฀0$&฀FILE฀ON฀THE฀WEB฀ 
HTTP���JUSER�FZ
JUELICH�DE�RECORD� 

�������FILES�

!CCELERATING฀SCIENTIFIC฀(0#฀APPLICATIONS฀
USING฀'05S฀HAS฀BECOME฀POPULAR�฀&OR฀
MANY฀APPLICATIONS฀IT฀HAS฀INDEED฀PROVED฀
TO฀BE฀A฀VERY฀SUCCESSFUL฀APPROACH�฀.EV

ERTHELESS�฀THERE฀IS฀STILL฀A฀LOT฀TO฀LEARN฀
ABOUT฀ALGORITHMS฀AND฀METHODOLOGIES฀
FOR฀PORTING฀APPLICATIONS�฀%NABLING฀MORE฀
SCIENTIFIC฀APPLICATIONS฀FOR฀'05
BASED฀
ARCHITECTURES฀IS฀A฀CORE฀GOAL฀OF฀THE฀
.6)$)!฀!PPLICATION฀,AB฀AT฀*àLICH�฀4HE฀
LAB฀IS฀JOINTLY฀OPERATED฀BY฀*àLICH฀3UPER

COMPUTING฀#ENTRE฀�*3#	฀AND฀.6)$)!฀
SINCE฀*ULY฀�����฀&OR฀*3#฀IT฀IS฀YET฀AN

OTHER฀STEP฀TO฀FURTHER฀STRENGTHEN฀LINKS฀
TO฀VENDORS฀THAT฀ARE฀ACTIVELY฀PURSUING฀
AN฀EXASCALE฀STRATEGY�

$URING฀ITS฀FIRST฀HALF฀YEAR฀OF฀OPERATION฀
THE฀MAIN฀FOCUS฀OF฀THE฀LAB฀WAS฀TO฀ES

TABLISH฀A฀BROAD฀APPLICATION฀PORTFOLIO฀
ENCOMPASSING฀COMPUTATIONAL฀NEURO

SCIENCE�฀HIGH
ENERGY฀PHYSICS�฀RADIO฀
ASTRONOMY�฀DATA฀ANALYTICS฀AND฀OTHERS�฀
)N฀COMMON฀WITH฀EACH฀OTHER�฀THE฀APPLI

CATIONS฀HAVE฀A฀HIGH฀LEVEL฀OF฀PARALLELISM�฀
IDEALLY฀WITH฀FEW฀DEPENDENCIES฀BETWEEN฀
TASKS฀OR฀TASK฀GROUPS�฀/NE฀EXAMPLE฀IS฀
AN฀APPLICATION฀FROM฀THE฀*U"RAIN฀PROJECT฀
DEVELOPED฀AT฀THE฀*àLICH฀)NSTITUTE฀FOR฀
.EUROSCIENCE฀AND฀-EDICINE฀).-
�฀;�=�฀
4HE฀PROJECT฀WILL฀RESULT฀IN฀AN฀ACCURATE�฀
HIGHLY฀DETAILED฀COMPUTER฀MODEL฀OF฀THE฀
HUMAN฀BRAIN�฀4HIS฀ATLAS฀IS฀CREATED฀BY฀ 
RECONSTRUCTING฀FIBRE฀TRACKS฀FROM฀PIC

TURES฀OF฀THOUSANDS฀OF฀SLICES฀�SEE฀&IG�฀�	�฀ 
4HE฀PROCESS฀OF฀MAPPING฀THE฀PICTURES�฀
CALLED฀REGISTRATION�฀REQUIRES฀REPEATED฀
COMPUTATION฀OF฀A฀METRIC฀THAT฀MEASURES฀
HOW฀PIXELS฀OF฀TWO฀PICTURES฀MAP฀TO฀EACH฀
OTHER�฀A฀COMPUTATIONALLY฀EXPENSIVE฀PRO

CESS฀THAT฀MAPS฀WELL฀TO฀THE฀'05�

)N฀APPLICATIONS฀FROM฀EXPERIMENTAL฀PHYS

ICS�฀A฀NATURAL฀DATA฀DECOMPOSITION฀MAY฀
BE฀ACCORDING฀TO฀HOW฀THE฀DATA฀LEAVES฀
THE฀DETECTOR�฀&OR฀INSTANCE�฀IN฀HIGH

ENERGY฀PHYSICS฀EXPERIMENTS฀DATA฀IS฀
GENERATED฀AT฀SUCH฀EXTREMELY฀HIGH฀DATA฀
RATES฀THAT฀DATA฀FOR฀DIFFERENT฀TIME฀SLICES฀
HAS฀TO฀BE฀DISTRIBUTED฀TO฀DIFFERENT฀PRO

CESSING฀DEVICES�฀!NOTHER฀EXAMPLE฀IS฀
SEARCH฀FOR฀PULSARS฀IN฀RADIO฀ASTRONOMY�฀
WHERE฀DATA฀SETS฀FROM฀DIFFERENT฀BEAMS฀
AND฀DIFFERENT฀MEASUREMENTS฀HAVE฀TO฀BE฀
REPEATEDLY฀PROCESSED฀RESULTING฀IN฀THOU

SANDS฀OR฀EVEN฀MILLIONS฀OF฀&AST฀&OURIER฀
4RANSFORMS�

,ARGE฀QUANTITIES฀OF฀DATA฀WHICH฀NEED฀
FURTHER฀PROCESSING฀ARE฀CREATED฀NOT฀ONLY฀
BY฀EXPERIMENTS฀AND฀OBSERVATORIES�฀BUT฀
INCREASINGLY฀FROM฀hCOMPUTATIONAL฀EXPER

IMENTSv฀SUCH฀AS฀-ONTE฀#ARLO฀SIMULA

TIONS฀OF฀PROTEIN฀FOLDING�฀(ERE฀CLUSTERING�฀
A฀STANDARD฀METHOD฀OF฀DATA฀ANALYTICS�฀IS฀
APPLIED฀TO฀IDENTIFY฀REGIONS฀OF฀SIMILAR฀OB

JECTS฀IN฀MULTI
DIMENSIONAL฀DATA฀SETS�฀!T฀
THE฀LAB฀WE฀HAVE฀SHOWN฀THAT฀SUB
SPACE฀
CLUSTERING฀ALGORITHMS฀CAN฀BE฀VERY฀EF

FICIENTLY฀IMPLEMENTED฀ON฀'05S฀OPENING฀
THE฀PATH฀TO฀ANALYSIS฀OF฀HIGH
DIMENSIONAL฀
DATA฀SETS฀IN฀OTHER฀AREAS฀AS฀WELL฀;�=�

&OR฀MANY฀APPLICATIONS�฀USING฀A฀SINGLE฀
'05฀IS฀NOT฀SUFFICIENT�฀EITHER฀BECAUSE฀
MORE฀COMPUTING฀POWER฀IS฀REQUIRED�฀OR฀
BECAUSE฀THE฀PROBLEM฀SIZE฀IS฀TOO฀LARGE฀
TO฀FIT฀INTO฀THE฀MEMORY฀OF฀A฀SINGLE฀DE

VICE�฀4HIS฀FORCES฀APPLICATION฀DEVELOPERS฀
TO฀NOT฀ONLY฀CONSIDER฀PARALLELIZATION฀AT฀
DEVICE฀LEVEL�฀BUT฀ALSO฀TO฀MANAGE฀AN฀AD

DITIONAL฀LEVEL฀OF฀PARALLELISM�฀$EPENDING฀
ON฀THE฀APPLICATION฀THIS฀MAY฀BE฀CHALLENG


&ROM฀-ARCH฀�฀TO฀��฀�����฀THE฀.)#฀
7ORKSHOP฀h(YBRID฀0ARTICLE
#ONTINUUM฀
-ETHODS฀IN฀#OMPUTATIONAL฀-ATERIALS฀ 
0HYSICSv฀WAS฀HELD฀AT฀*àLICH฀3UPERCOM

PUTING฀#ENTRE฀�*3#	�฀)T฀WAS฀ORGANIZED฀
JOINTLY฀BY฀THE฀.)#฀RESEARCH฀GROUP฀
h#OMPUTATIONAL฀-ATERIALS฀0HYSICSv฀
AND฀THE฀)NSTITUTE฀OF฀!DVANCED฀3IMULA

TION�฀4HE฀GOAL฀OF฀THE฀WORKSHOP฀WAS฀TO฀
FOSTER฀THE฀EXCHANGE฀OF฀IDEAS฀BETWEEN฀
THE฀COMMUNITIES฀WORKING฀ON฀COMPLEX฀
FLUIDS฀AND฀ON฀COMPLEX฀SOLIDS�฀��฀PAR

TICIPANTS฀COULD฀LEARN฀ABOUT฀THE฀NEW฀
DEVELOPMENTS฀IN฀HYBRID฀PARTICLE
CON

TINUUM฀METHODS฀FROM฀��฀INVITED฀AND฀
��฀CONTRIBUTED฀TALKS฀AS฀WELL฀AS฀FROM฀
��฀POSTERS�฀

$URING฀THE฀WORKSHOP�฀PARTICULAR฀
EMPHASIS฀WAS฀PLACED฀ON฀CONTINUUM

MEDIATED฀INTERACTIONS฀BETWEEN฀
PARTICLES฀AS฀WELL฀AS฀ON฀THE฀ADAPTIVE฀
AND฀NON
ADAPTIVE฀COUPLING฀BETWEEN฀
PARTICLE
BASED฀AND฀CONTINUUM
BASED฀

s฀-ARTIN฀-àSER 

฀ *àLICH฀ 
฀ 3UPERCOMPUTING 

฀ #ENTRE

NIC Workshop: Hybrid Particle-

Continuum Methods in  

Computational Materials Physics

NVIDIA Application Lab 

at Jülich
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NECESSARY฀TO฀BETTER฀UNDERSTAND฀HOW฀
WELL฀THESE฀APPLICATIONS฀MAP฀ONTO฀SUCH฀
ARCHITECTURES�฀4HE฀INTRODUCTION฀OF฀A฀
NEW฀ARCHITECTURE�฀+EPLER�฀OR฀MORE฀
SPECIFICALLY�฀THE฀'+���฀'05�฀IS฀A฀GOOD฀
OPPORTUNITY฀TO฀LEARN฀ABOUT฀THE฀EFFECTS฀
OF฀ARCHITECTURAL฀CHANGES฀BY฀MEANS฀OF฀
COMPARISON฀WITH฀THE฀PREVIOUS฀ARCHI

TECTURE�฀(OW฀CAN฀APPLICATION฀KERNELS฀
COPE฀WITH฀A฀SIGNIFICANT฀INCREASE฀IN฀
COMPUTE฀PERFORMANCE฀WHEN฀BANDWIDTH฀
TO฀DEVICE฀MEMORY฀BECOMES฀ONLY฀MOD

ERATELY฀LARGER�฀$O฀OTHER฀CHANGES฀IN฀THE฀
MEMORY฀HIERARCHY฀ALLOW฀COMPENSATING฀
FOR฀THE฀INCREASED฀FLOPS
PER
BYTE฀RATIO�฀
&IRST฀EXPERIENCE฀SHOWS฀THAT฀A฀CAREFUL฀

ANALYSIS฀OF฀THE฀UTILIZATION฀OF฀ALL฀LEVELS฀OF฀
THE฀MEMORY฀HIERARCHY฀HELPS฀TO฀MAKE฀
THE฀APPLICATION฀USE฀THE฀NEW฀ARCHITEC

TURE฀AS฀EFFICIENTLY฀AS฀ITS฀PREDECESSOR�฀!฀
BETTER฀UNDERSTANDING฀AT฀THIS฀LEVEL฀HELPS฀
NOT฀ONLY฀APPLICATION฀DEVELOPERS฀BUT฀ALSO฀
PROCESSOR฀AND฀SYSTEMS฀ARCHITECTS฀TO฀
IMPROVE฀'05
BASED฀ARCHITECTURES฀FOR฀
SCIENTIFIC฀COMPUTATIONS�
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ING฀SINCE฀ON฀MOST฀ARCHITECTURES฀DEVICE

TO
DEVICE฀COMMUNICATION฀THROUGH฀THE฀
NETWORK฀IS฀IMPLEMENTED฀AS฀SPLIT฀TRANS

ACTIONS฀VIA฀THE฀HOST฀PROCESSOR�฀3OFT

WARE฀SOLUTIONS฀LIKE฀#5$!
AWARE฀-0)฀
IMPLEMENTATIONS฀CAN฀HELP฀MITIGATE฀THIS฀
PROBLEM�฀BUT฀ULTIMATELY฀BETTER฀HARD

WARE฀SUPPORT฀IS฀NEEDED฀TO฀INTERCONNECT฀
'05฀AND฀NETWORK฀DEVICES�

4HE฀GOAL฀OF฀THE฀LAB฀IS฀NOT฀SOLELY฀TO฀PRO

VIDE฀SERVICE฀TO฀APPLICATION฀DEVELOPERS฀
AND฀ACHIEVE฀PERFORMANCE฀IMPROVE

MENTS฀FOR฀THEIR฀APPLICATIONS�฀4O฀IM

PROVE฀FUTURE฀ARCHITECTURES฀AND฀THEIR฀
USABILITY฀FOR฀SCIENTIFIC฀APPLICATIONS฀IT฀IS฀
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&IGURE฀��฀-ANY฀CUTS฀OF฀A฀HUMAN฀BRAIN฀ARE฀REQUIRED฀TO฀BUILD฀AN฀ACCURATE�฀HIGHLY฀DETAILED฀COMPUTER฀
MODEL฀OF฀THE฀HUMAN฀BRAIN฀;�=�
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