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฀
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2ESEARCH฀#ENTRE฀*àLICH฀DECIDED฀TO฀
ORDER฀A฀POWERFUL฀NEXT
GENERATION฀
"LUE'ENE฀SYSTEM�฀)N฀/CTOBER฀����฀
A฀��
RACK฀"LUE'ENE�0฀SYSTEM฀WITH฀
������฀PROCESSORS฀WAS฀INSTALLED฀MAINLY฀
FINANCED฀BY฀THE฀(ELMHOLTZ฀!SSOCIATION฀
AND฀THE฀3TATE฀OF฀.ORTH฀2HINE฀7ESTPHA

LIA�฀7ITH฀ITS฀PEAK฀PERFORMANCE฀OF฀�����฀
4&LOP�S�฀*àLICH�S฀"LUE'ENE�0฀n฀DUBBED฀
*5'%.%฀n฀IS฀CURRENTLY฀THE฀BIGGEST฀SU

PERCOMPUTER฀IN฀%UROPE�

4HE฀IMPORTANT฀DIFFERENCES฀BETWEEN฀"LUE

'ENE�0฀AND฀"LUE'ENE�,฀LARGELY฀CONCERN฀
THE฀PROCESSOR฀AND฀THE฀NETWORKS฀�SEE฀
4ABLE฀�	฀WHILE฀THE฀PRINCIPAL฀BUILD
UP฀OF฀
"LUE'ENE�,฀WAS฀KEPT฀UNCHANGED�฀+EY฀
FEATURES฀OF฀"LUE'ENE�0฀ARE�

s฀ �฀0OWER0#¤฀���฀PROCESSORS
ARE฀COMBINED฀IN฀A฀FULLY฀�
WAY฀3-0฀
�NODE	฀CHIP฀WHICH฀ALLOWS฀A฀HYBRID฀
PROGRAMMING฀MODEL฀WITH฀-0)฀AND฀
/PEN-0฀�UP฀TO฀�฀THREADS฀PER฀NODE	�฀

s฀ 4HE฀NETWORK฀INTERFACE฀IS฀FULLY฀$-!
�$IRECT฀-EMORY฀!CCESS	฀CAPABLE฀
WHICH฀INCREASES฀THE฀PERFORMANCE฀
WHILE฀REDUCING฀THE฀PROCESSOR฀LOAD฀
DURING฀MESSAGE฀HANDLING�

s฀ 4HE฀AVAILABLE฀MEMORY฀PER฀PROCESSOR
HAS฀BEEN฀DOUBLED�

s฀ 4HE฀EXTERNAL฀)�/฀NETWORK฀HAS฀BEEN
UPGRADED฀FROM฀�฀TO฀��฀'IGABIT฀฀
%THERNET�฀

4HESE฀IMPROVEMENTS฀ARE฀ALSO฀REFLECTED฀
BY฀THE฀APPLICATION฀PERFORMANCE�฀!฀CODE฀
FROM฀THEORETICAL฀ELEMENTARY฀PARTICLE฀
PHYSICS�฀FOR฀EXAMPLE�฀ON฀"LUE'ENE�0฀
RUNS฀AT฀����฀�฀OF฀THE฀PEAK฀PERFOR

MANCE฀COMPARED฀TO฀����฀�฀ON฀"LUE

'ENE�,�฀&URTHERMORE�฀THE฀INCREASED฀
MEMORY฀OF฀�฀'"฀PER฀NODE฀WILL฀LET฀NEW฀
APPLICATIONS฀RUN฀ON฀"LUE'ENE�0�

*5'%.%฀IS฀PART฀OF฀THE฀DUAL฀SUPERCOM

PUTER฀COMPLEX฀IN฀*àLICH�฀EMBEDDED฀IN฀A฀
COMMON฀STORAGE฀INFRASTRUCTURE฀WHICH฀
WAS฀ALSO฀EXPANDED�฀+EY฀PART฀OF฀THIS฀
INFRASTRUCTURE฀IS฀THE฀NEW฀*àLICH฀STOR

AGE฀CLUSTER฀�*534	฀WHICH฀WAS฀INSTALLED฀
IN฀THE฀THIRD฀QUARTER฀OF฀�����฀INCREAS

ING฀THE฀ONLINE฀DISK฀CAPACITY฀BY฀A฀FACTOR฀
OF฀TEN฀TO฀AROUND฀ONE฀0ETA"YTE�฀4HE฀
MAXIMUM฀)�/฀BANDWIDTH฀OF฀��฀'"�S฀
IS฀ACHIEVED฀BY฀��฀STORAGE฀CONTROLLERS฀
TOGETHER฀WITH฀��฀)"-฀0OWER฀�฀SERV

ERS�฀*534฀IS฀CONNECTED฀TO฀THE฀SUPER

COMPUTERS฀VIA฀A฀NEW฀SWITCH฀TECHNOLOGY฀
BASED฀ON฀��฀'IGABIT฀%THERNET�฀4HE฀SYS

TEM฀TAKES฀ON฀THE฀FILESERVER฀FUNCTION฀FOR฀
'0&3฀�'ENERAL฀0ARALLEL฀&ILE฀3YSTEM	฀AND฀
PROVIDES฀SERVICE฀TO฀THE฀CLIENTS฀IN฀*àLICH฀
AND฀TO฀THE฀CLIENTS฀WITHIN฀THE฀INTERNA

TIONAL฀$%)3!฀INFRASTRUCTURE฀AS฀WELL�

7ITH฀THE฀UPGRADE฀OF฀ITS฀SUPERCOMPUTER฀
INFRASTRUCTURE฀&:*฀HAS฀TAKEN฀THE฀NEXT฀
STEP฀TOWARDS฀0ETASCALE฀#OMPUTING฀AND฀
HAS฀STRENGTHENED฀'ERMANY�S฀POSITION฀
TO฀HOST฀ONE฀OF฀THE฀FUTURE฀%UROPEAN฀SU

PERCOMPUTER฀CENTRES�

7HEN฀IN฀���������฀THE฀)"-฀"LUE

'ENE฀TECHNOLOGY฀BECAME฀AVAILABLE�฀2E

SEARCH฀#ENTRE฀*àLICH฀�&:*	฀RECOGNIZED฀
THE฀POTENTIAL฀OF฀THIS฀ARCHITECTURE฀AS฀A฀
,EADERSHIP
CLASS฀SYSTEM฀FOR฀CAPABILITY฀
COMPUTING฀APPLICATIONS�฀!฀KEY฀FEATURE฀
OF฀THIS฀ARCHITECTURE฀IS฀ITS฀SCALABILITY฀
TOWARDS฀0ETA&LOP฀#OMPUTING฀BASED฀ON฀
LOW฀POWER฀CONSUMPTION�฀SMALL฀FOOTPRINT฀
AND฀AN฀OUTSTANDING฀PRICE฀PERFORMANCE฀
RATIO�

)N฀EARLY฀SUMMER฀����฀*àLICH฀STARTED฀
TESTING฀A฀SINGLE฀"LUE'ENE�,฀RACK฀WITH฀
�����฀PROCESSORS฀�IN3I$%฀6OL�฀��฀.O�฀��฀
P�฀��	�฀)T฀SOON฀BECAME฀OBVIOUS฀THAT฀
MANY฀MORE฀APPLICATIONS฀THAN฀EXPECTED฀
CAN฀BE฀PORTED฀TO฀EFFICIENTLY฀RUN฀ON฀THE฀
"LUE'ENE฀ARCHITECTURE�฀$UE฀TO฀THE฀FACT฀
THAT฀THE฀SYSTEM฀IS฀WELL฀BALANCED฀IN฀
TERMS฀OF฀PROCESSOR฀SPEED�฀MEMORY฀
LATENCY฀AND฀NETWORK฀PERFORMANCE�฀
MANY฀APPLICATIONS฀SCALE฀EXCELLENTLY฀
UP฀TO฀LARGE฀NUMBERS฀OF฀PROCESSORS�฀
4HEREFORE฀IN฀*ANUARY฀����฀THE฀SYSTEM฀
WAS฀EXPANDED฀TO฀�฀RACKS฀WITH฀������฀
PROCESSORS�฀FUNDED฀BY฀THE฀(ELMHOLTZ฀
!SSOCIATION�฀

4HE฀�
RACK฀SYSTEM฀HAS฀SUCCESSFULLY฀BEEN฀
IN฀OPERATION฀FOR฀ALMOST฀TWO฀YEARS฀NOW�฀
4ODAY฀ABOUT฀��฀RESEARCH฀PROJECTS�฀WHICH฀
WERE฀CAREFULLY฀SELECTED฀WITH฀RESPECT฀
TO฀THEIR฀SCIENTIFIC฀QUALITY�฀RUN฀THEIR฀AP

PLICATIONS฀ON฀THE฀SYSTEM฀USING฀JOB฀SIZES฀
BETWEEN฀�����฀AND฀������฀PROCESSORS�฀
$URING฀A฀"LUE'ENE฀3CALING฀7ORKSHOP฀AT฀
&:*฀EXPERTS฀FROM฀!RGONNE฀.ATIONAL฀,AB

ORATORY�฀)"-฀AND฀*àLICH฀HELPED฀TO฀FURTHER฀
OPTIMIZE฀SOME฀IMPORTANT฀APPLICATIONS�฀
)T฀COULD฀BE฀SHOWN฀THAT฀ALL฀THESE฀APPLICA

TIONS฀SUCCEEDED฀IN฀EFFICIENTLY฀USING฀ALL฀
������฀PROCESSORS฀OF฀THE฀MACHINE�฀

#OMPUTATIONAL฀SCIENTISTS฀FROM฀MANY฀RE

SEARCH฀AREAS฀TOOK฀THE฀CHANCE฀TO฀APPLY฀
FOR฀SIGNIFICANT฀SHARES฀OF฀"LUE'ENE�,฀
COMPUTER฀TIME฀TO฀TACKLE฀UNRESOLVED฀
QUESTIONS฀WHICH฀WERE฀OUT฀OF฀REACH฀
BEFORE�฀"ECAUSE฀OF฀THE฀LARGE฀USER฀DE

MAND฀AND฀IN฀LINE฀WITH฀ITS฀STRATEGY฀TO฀
STRENGTHEN฀,EADERSHIP
CLASS฀COMPUTING�฀

"LUE'ENE�, "LUE'ENE�0

.ODE฀0ROPERTIES

0ROCESSOR 0OWER0#¤฀��� 0OWER0#¤฀���

0ROCESSORS฀PER฀NODE฀�CHIP	 � �

0ROCESSOR฀CLOCK฀SPEED ���฀-(Z ���฀-(Z

#OHERENCY 3OFTWARE฀MANAGED 3-0

,�฀CACHE฀�PRIVATE	 ��฀+"฀PER฀CORE ��฀+"฀PER฀CORE

,�฀CACHE฀�PRIVATE	
�฀STREAM฀PREFETCHING
�฀LINE฀BUFFERS�STREAM

�฀STREAM฀PREFETCHING
�฀LINE฀BUFFERS�STREAM

,�฀CACHE฀�SHARED	 �฀-" �฀-"

0HYSICAL฀MEMORY฀PER฀NODE ���฀-"฀ �฀'"

-AIN฀MEMORY฀BANDWIDTH฀ ���฀'"�S฀ ����฀'"�S฀

0EAK฀PERFORMANCE ���฀'&LOP�S฀ ����฀'&LOP�S

4ORUS฀.ETWORK

"ANDWIDTH ���฀'"�S ���฀'"�S

(ARDWARE฀LATENCY฀฀
�NEAREST฀NEIGHBOUR	

���฀NS฀���"฀PACKET	
���฀�S฀����"฀PACKET	

���฀NS฀���"฀PACKET	
���฀�S฀����"฀PACKET	

'LOBAL฀COLLECTIVE฀.ETWORK

"ANDWIDTH ���฀-"�S �����฀-"�S

(ARDWARE฀LATENCY฀฀
�ROUND฀TRIP฀WORST฀CASE	

���฀�S ���฀�S

)"-฀"LUE'ENE�0฀IN฀*àLICH�฀฀
4HE฀.EXT฀3TEP฀TOWARDS฀฀
0ETASCALE฀#OMPUTING

4ABLE฀��฀"LUE'ENE�,฀VS�฀"LUE'ENE�0


