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Vv�OLDt w xOLDt Cq��� �� QU Vv���Q �SwrwvmD x� �Q OwN �oDU��w
���imOwN CU��U l� COW x� u�J QwWm �p�Ft u�wva x� �OvR�U �iDQt
u�v�wk j�� xm CU� u�� xHwD �r�H �xDmv �Ovm�t p��vO Vv���QQ�� QO �Q
�WR�OQB CQOk �� ��yxv���Q ��

	 p�U QO �m� Qt� �xOLDt Cq��� ��Q�HD
�yQwWm Qo�O x� �yv� VwQi w xOW �wULt �OQ�y�Q ��
 M�ops R� V��

�CU� xH�wt C�OwOLt ��

�
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xDiQW�B C��U�Lt w �R�Ux��W �xt�vQ�
Advanced Simulation and Computing �ASC�

w �NNSA� ��x DUy C�vt� �rt C vw� at Q� v CL D ASC �xt� vQ �
�rt nQR� x�oW��tR� xU QO nvy�ty CQwY x� �DOE� �SQv� CQ�Rw
T "tq� T"r ��Lawrence Livermore� QwtQw�r TvQwq �va� �m� Qt�
C�r��k w �vt�� �D OwW�t �QH� �Sandia� ��OvU w ��Los Alamos�

�Ovm u�t	D �Q �m� Qt� ��xDUy C�L�rUD Q��NP u�v�t��

O�rwD j�raD w Owv �xyO p��w� QO �m� Qt� ��xDUy ��yV��tR� hkwD ��
C�L� rU D Ov DiQ o s�tY D QwW m u �� C�t� kt �O �OH �t D� ��yKqU
�Ovvm �iL xOW �L�Q� xJ v� R� QDW� � � DOt ��Q � �Q OwN ��xDUy
x� �Q C�L�rUD C�vt� uwtR� u�wD� �D OW R�e� ���� p�U QO ASC KQ�
u� C� Qwt��t �O�O s�Hv� �R�Ux��W R� xO�iDU� �� �ak�w ��yV��tR� ��H
w ��xDUy ��yKqU u�v�t�� C�r��k w �vt�� ����Q�m �v��V�B w p�rLD
��yxv���QQ�� R� �Q��U� CU� �vDio �CU�yv� K�LY OQmrta u�t	D
x� u�wD�t �yu�W�t u�� �xrtH R� �OvOW xDN�U xt�vQ� u��Q��v� u�yH �wk

�OQm xQ�W� ASCI White w ASCI Red �IBM BlueGene�L

w xv���QQ�� u�oOvR�U �� Qo�Om� �� �Q�mty Q�xwqa QwmPt x�oW��tR� xU
Rm �Qt u�� �Ovvm�t �Q�mty �m� Qt� syt x�oWv�O GvB Vv���QQ�� Rm �Qt �� R�v

�R� Ov�CQ��a

O�wt ��m�t�v�O MU�B ��R�Ux��W RmQt �

lDrm x�oWv�O

�CITS� s�qD �tDHt ��y�R�Ux��W RmQt �

OQivDU� x�oWv�O

�m� R�iQDN� ��xDUy�tQo ��yVqi RmQt �

wo �m�W x�oWv�O

�CSAR� xDiQW�B ��ylWwt �R�Ux��W RmQt �

u�BtW��v�� Q"� QO �wv�r�� x�oWv�O

x�kQDt Q�e C�Q�Hiv� w �y�RwUVD� �R�Ux��W RmQt �

�Dw� x�oWv�O

QO Q� v R� �Q OwN pw� s� kt xOLDt Cq� �� xmv �� x � xHw D � � ��Q �N�
CUO R� uB�S �ivx� �DOt ��Q� u�yH �xv���QQ�� u� QD�� QU uDW�O Q��DN�
u�� �D CiQo CQwY �k�kO ��y�R� Qxt�vQ� w xOQDUo C�ar��t �Ow� xO�O
u�wD Q�v R� �yQwWm Q��U x� C�Uv �Q OwN Q�otWJ �QDQ� u�vJty QwWm
xm �t��a �Q�Pox��tQU x� xHwD �� w wQ u�� R� �Ovm �iL �D��U�Lt
QO OUQ�tv Q�v x� �OyO�t s�Hv� VN� u�� QO xOLDt Cq��� xr�U Qy
Cq��� �� �D��U�Lt u�wD �wtHt Q�v R� Ov�wD� �Qo�O QwWm �l�ORv �xOv��

�Ovm �Q��Q� xOLDt

IBM BGW �wv R� R�v �Oa� �xv���QQ�� �Ovvm�t xO�iDU� u� R� lQDWt
w ��� � T�ops �Q�v �xv�W�� �D��U�Lt u�wD w xOvR�OQB �
�	
 ��
�D�k�kLD RmQt QO xm OW���t �� �T�ops �xOt� CUOx� �xv�W�� u�wD

�OwW�t xO�iDU� u� R� IBM Thomas J�Watson

OwHw �NCO� �rt �ovy�ty QDiO s�v x� �RmQt �xOLDt Cq��� QO
CU� p�QOi hrDNt ��yTv�S� �ovy�ty u� �xi�!w R� �WN� xm OQ�O
u�vJty w OvwW�t �wULt Vv���QQ�� �xOvyO xaUwD �� xOvvm xO�iDU� xm
w �xHOw � X�YDN� ��L�Q� � � �� DQt ��yC�r�ai R� C ��tL pw�wUt
�NITRD� xm�W w C�aq�� �Qw�vi �xaUwD w j�kLD ��yxt�vQ� ���� RQ�
�Qw�vi w sra �Q�PoDU��U QDiO x� �Q OwN ��yVQ�Ro NCO RmQt �CU�
s�rU D �NSTC� �Qw� vi w sra �rt ��QwW w �OSTP� O�iU M�m
CU�� Q C�aq�� �Qw�vi �DQwWt �xD�tm x� u�vJty NCO QDiO �Ovm�t

�Ov�UQ�t �Q�� �PITAC� �QwytH

�L�Y xm OvQ�O OwHw �rt nQR� x�oW��tR� u�OvJ xOLDt Cq��� QO
�yx�oW ��tR� u �� R� �NQ � �OvDUy ��xDiQW� B � � QU �VR�OQ B C� v�mt�

�R� Ov�CQ��a

�Lawrence Livermore� QwtQw�r TvQwq �

�Los Alamos� T"tq� T"r �

�Sandia� ��OvU �

�Oak Ridge� G� Q lw� �

�Argonne� uwoQ� �

Q�yJ �OQ�O Q��DN� QO �OOaDt Vv���QQ�� Rm �Qt u�vJty QwWm u��
C��tL �NSF� �m� Qt� swra �rt O��v� �UwD xm �yv� u� QDsyt R� OQwt

�R� Ov�CQ��a �OvwW�t

�NCSA� Vv���QQ�� ��yOQ� Q�m �rt RmQt �

�PSC� nQw�UD�B Vv���QQ�� RmQt �

�SDSC� wox�OuU Vv���QQ�� RmQt �

�SCD�NCAR� �wH C�k�kLD �rt RmQt QO Vv���Q VN� �

��	i��wy Tv�S� uwJty hrDNt ��yO�yv �QwmPt Rm �Qt Q� xwqa
��Q�O R�v QwWm u�� ��yx�oWv�O R� �Q��U� w �NASA� xOLDt Cq���

�OvRyHt �� QU VR�OQB C�R�yHD x� xm OvDUy ���yx�oW��tR� w Rm �Qt

�OW Vv���QQ�� OWQ Ea�� xm �m� Qt� CrwO syt ��yxt�vQ� R� �m�
�s� R�OQB�t u� x� xt�O� QO xm CU� ASC �xt�vQ�


�
a �� �B��B �xQ�tW



s�

�OQ�O v � � QU V v� ��Q x � �t�� v ��yR�� v u B�S xmv �� p�rO x � �Qw�u�ty
x�HwD �vOt ��tDH� ��Q� �a�tDH� w �O�YDk� ���yvOwU �x��B Q� Vv���QQ��

�OwW�t

��rm ��tv �Earth Simulator �ES� sDU�U �� pmW

ES sDU�U
l� u�wva x� �ES �Q�YDN� x�� The Earth Simulator sDU�U
���	i �xaUwD �rt Tv�S� �OW O�H�� �DrwO O�yv xU �UwD �rt �xSwQB
w ��JAERI� uB�S �tD� �SQv� C�k�kLD �wD�DUv� ��NASDA� uB�S

��JAMSTEC� uB�S ���� QO �SwrwvmD w swra RmQt

s� v x � X�N �L�Q� � � � v� t DN�U QO �� pmW� ES u �W� t
��
m � 	�m � ��m ��� QkD O�a�� ��� Earth Simulator RmQt
x � jraDt xm Qw �Pt RmQt QO ES �Y v w CN�U �CU� xOW QkDUt
sy sDU�U u�� �Ci�� xtD�N �

� �x� Qwi u���B QO �CU� JAMSTEC

�VRQw �nvyQi �VRwt� CQ�Rw Q�v CLD JAMSTEC �UwD uwvm �
�OwW�t xQ�O� �MEXT� �SwrwvmD w swra

�x�i�L sDU�U � � u�ovU �R�wt �Q�OQ � �x v� ��QQ �� l � ES u�W�t
�xOW �v� NEC SX �Q�tat �x��B Q� xm sDU�U u�� �OW���t xOW �� RwD
�Q�OQ� �xOvR�OQB � �w�L xQo Qy �CU� xOW p�mWD xOvR�OQB xQo 	�
 R�
�x�i�L l� ��ns Ca�U �xNQJ �� �xOvR�OQB Qy u�wD �xv�W�� �G�ops�
w ��RCU� QwO R� �UQDUO pQDvm OL�w l � ��D �� ��o�o �	 lQDWt
lD crossbar �xm�W l� �UwD �yxQo u�� �CU� I�O �xOvR�OQB l�
u�� Ov�� ��vyB �� ��Ut p��m ��


 �� p��m p��t ��

� ��xrLQt
���
 ��Q�O sDU�U xH�Dv QO �Ov�xOW pYDt sy x� �	 GB�s �WN�
x�i�L �
 TB w ��Q�v �D��U�Lt u�wD �xv�W�� �
T�ops �xOvR�OQB
xw�v� �xQ�NP ��	i � 	 PB w lU�O ��	i �

 TB xwqa x� �CU�
u �� p�eW� CL D pm CL�Ut �CU� sDU�U C��YwYN Qo �O R� R� v

�CU� xk�� � w � Q�Dmy l� ���� QkD� T�vD u�tR �
 Q� dr�� xv���QQ��

uB�S

���yCy��W sy w �yCw�iD sy �m� Qt� w uB�S �� QU Vv���Q u�wD u��
�s� R�OQB�t �yv� x� xv�o �OH Qw� x� xm OQ�O OwHw

�yCy��W

OL �D Vv���QQ�� OQwt QO OwHwt ��y�v�Qov w p
�Ut �yxv�tR �Q��U� QO
w C�i�WDm � ��Q� xQ�wty Vv���QQ�� �CU� x��Wt �m� Qt� w uB�S u�� �O�� R
xm �OQ�wt R� �r�N �CU� C�ty� QB Q��U� �UOvyt w �tra C�a�O��
�OvDUy lQDWt uB�S w �m� Qt� u�� OwW�t xO�iDU� Vv���QQ�� R� �yv� QO
��ysDU�U w �xRQru�tR �R�Ux��W ��wy w �� �R�UpOt �p�Ft u�wva x�
C�L�rUD Q��NP Q� CQ��v Q��v �a�iO ��yC� Qwt��t uB�S �rw ��DU� R
xOw � xOLDt Cq� �� QO V v� ��QQ �� CavY lQLt R� � Q �O R� xm ��xDUy
�xat�H pm x� C�Uv �� QU Vv���Q �xat�H �QwWm wO Qy QO �OQ�Ov �CU�
�� Ovm �O�B �O�� R C�atH CU� O�a� w xOw� lJwm �UOvyt w �tra
CyH sRq ��yCQ�yt �Um x� u�wH u�kkLt ��eQD QwWm wO Qy QO
��y�Q�tat �Q�HD C��L �CU� pmWt Q��U� �� QU Vv���Q w �R�Ux��W
q�� Ov�� ��vyB �� ��yx�i�L w �Q�OQ� ��yxOvR�OQB ��Q�O xv���QQ�� �t�Ok
x � �commodity clusters� pw�ODt ��yxWwN �CU� pmWt Q��U �
��ysDU�U �wv u�� Q�R�� uDiQo Q��DN� QO w �v� Ro��H p�L QO xOv��Ri Qw�
CiQW�B �xt�O� ��Q� R��v OQwt s��a ��y�Q�Pox��tQU x�HwD �OvDUy �DvU
�Q�OQ� �Q�tat �xaUwD u�vJty w ��WQ�iU �� QU Vv���Q ��ysDU�U
uB�S QO nQR� CmQW l� pk�OL �xty u�� �� �CU� xOW QDpmWt Q��U�

�OyO�t xt�O� �Q�OQ� ��yxv���QQ�� O�rwD x� Rwvy �NEC�
p�O�D pmWt l� x� QwWm wO Qy QO �� QU Vv���Q ��yLQ� sw�OD
�v�tR QO ���� p�U QO w OW x
�Q� ���	 p�U QO ES �xSwQB �CU� xOW
�tUQ CQwY x� �Ow� Cw�iDt RwQt� �� uB�S �U��U w �O�YDk� ���QW xm
xwHw X�YDN� �u B�S �U��U w �O�YDk� � vwvm � ��QW QO �OW R�e�
Vv���Q �a�O�� w s��a ��yxSwQB x� sw�Ot CQwY x� x�Lqt p��k �DrwO
xOLDt Cq��� QO sy �y��Wt pmWt �CU� xOW QDCNU Q��U� ��� QU
w �U�vt ��yQ�Ri�sQv u�Oki Cra x� �� QU Vv���Q R� xO�iDU� �OQ�O OwHw
wO Qy QO �QDtm �x�i�L Ov�� ��vyB �� QDu�RQ� ��yu�W�t R� xO�iDU� �DNU

�CU� xOW OwOLt QwWm
�yCw�iD

��y�Q�tat �OQ�O OwHw �m � Qt� w u B�S u� � �yHw D p ��k ��yCw� i D
�R�� uB�S QO �QDW�� Vkv ����w ��Q�OQ� x�W ��Q�OQ�� xv���QQ�� �DvU
�x�k v Rw vy Hitachi w �Fujitsu �NEC Q DQ � ��yu�W�t �O v v m�t
�OvwW�t ��UL �rt ��yx�oW��tR� w l�tO�m � Vv���QQ�� Rm �Qt ��mD�
�m D� u� oOv v mO� rw D �Uw D xOW x �y D ��yQ�R i�sQ v x � Q DW� � xH� D v QO
O�R��uDt ��yQ�Ri�sQ v � � w E r� F ��yC mQW ��yQ�Ri�sQ vx � � D OwW�t
���yV��Qo OwHw u�� �� �OvDUy TQDUO QO QDtm xm �open source�

�CU� xOt� xO�OB O�R�
uDt ��yQ�Ri�sQv w �yxWwN R� QDW�� �xO�iDU� x�
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xOLDt Cq��� �rN�O Qwt� ��Q� w CU� �t��v ��yR��v �iQ ASC
�OwW�t xO�iDU� u� R�

�SwrwvmD �xaUwD hQYt x� ES �Q�Pox��tQU R� �t��a VN� �

��D�Uv �Q�Pox��tQU �yvD ASC �xt�vQ� �O�UQ NEC �v�Btm SX
�
�CU� xOQm �DavY �xaUwD w j�kLD �xv�tR QO �tm

�rw �Ovm�t xO�iDU� �Q�OQ� �WQ�iU ��yxOvR�OQB R� ES sDU�U �

�OvQ�o�t xQy� pw�ODt ��yxOvR�OQB R� ASC CLD ��ysDU�U
�CU� xOW sy�Qi QwWm R� GQ�N R� ES �Q�Ri�sQv �SwrwvmD QDW�� �

��Q� �CU� xOW �R�Uxv�y� w xDi�� Q��eD uB�S QO �re� OvJ Qy
VQ�ov l� R� xO�iDU� �� ES ��yOm R� �yHwD p��k O�OaD �p�Ft
�t� �O v�xOW xDWw v �xOW xO�O VQDUo �y�v B�S �Uw D xm HPF
pN�O QO ASC �xt� vQ � QO xOW xO�iDU� ��yQ�Ri�sQ v s�t D ��� � Qk D

�Ov�xOW x�yD xOLDt Cq���

CUQy i QO Earth Simulator pw� s� kt x m CU� u �� ��Ha
�NQ � �� k�w QO �CU� xOW v � y� v B�S � r t QwQe Ea� � TOP���
syt ���vt w CU� u�Qo Q��U� ES xm Ovvm�t T�UL� �vB�S u�QoWywSB
x� xHwD �� �OyO�t X�YDN� OwN x� �Q Qo�O �tra ��yxSwQB R� �O�� R
CrwO x�HwD �xHOw� s��a ��y�QUm w uB�S Q�Oxr��vO �O�YDk� u�QL�

�CU� xOW pmWt Q��U� CUO u�� R� ���yxSwQB C��tL ��Q�
QO NSF �Uw D xJ v� � � ES QO � D��U�Lt u�tR X�YN D �xwL v
�yxSwQB QDW�� �OQ�O Cw�iD �qt�m OwW�t s�Hv� �m� Qt� Vv���QQ�� Rm �Qt
xJ OvQ�o�t s�tYD sy �� xm u�OvtWv�O R� �oQR� ��ysw�UQUvm �UwD
T�
Q �OwW�t C��tL �OvDUy �tra �xat�H �wr�t QDW�� ���yxSwQB
xm �OyO X�YDN� �Q u�tR R� OYQO �
 �D OwN O�OLqY x� OQ�O xR�H�
C��tL w CavY pFt O�OH u�oOvvm xO�iDU� uOQm OQ�w ��Q� Ov�wD�t
xR�H� uB�S �YwYN VN� ��yCmQW �OwQ Q�mx� �rrtr�u�� u�Q� Q�m R�
wQOwN u�oOvvmO�rwD �p�Ft ��Q� �Ovvm xO�iDU� �DrwO �xv���QQ�� ���vt R� OvQ�O

�Ov�xOQm �	t� ES R� xO�iDU� ��Q� �ty�iD CW�OO��
u �� OvJ Qy �CU� v Q �P Bu�mt� QwO x�Q R� ES u�W�t x � �UQDUO
pLt QO O �� � u�Q � Q�m �Ovm Q��e D u B�S pN�O QO CU� umtt CU� �U
xO�iDU� u�W�t R� Ov v�w D�t �akwt �ki �y v� �Ov ��t v xO�iDU� ES R�
u�W��yOm xm OvyO u�Wv lJwm sDU�UQ� R l� �wQ Q� Ovv�wD� xm Ovvm
x� �Ovvm �Q�OQ�xQy� �D��U�Lt u�wD �xv�W�� R� �yHwD p��k QUm R� OvQO�k
xDiQ Q�m x� ES QO xm ��q�� Ov�� ��vyB �� �WQ�iU ��yxOvR�OQB Q��N
x� �OvwW�t �QH� ES �wQ xm ���yOm �u�Q� Q�m Vv� Ro CU��U w CU�
CUO xv�W�� u�wD OYQO �
 Q��Q� ��xOW u�t	D u�wD x� ��UwDt Qw�
xO�iDU� �D�r��k sDU�U l� u�wva x� sDU�U u�� R� u��Q��v� �Ov����t
C�r��k u�� x� Ovv�wD�tv xm �v�OvtWv�O uOv�t QwO Ct�k x� �rw �OwW�t
QO ES R mQt QO �Q�tW� � �rrt r�u� � ��y�Q�mty �Ov v m �O� B CUO
�wD�DUv� w NCAR u�� lQDWt �xt�vQ� l� xrtH R� �CU� s�Hv� p�L

��yxwQo �UL Q� ���� p�U QO xOW ���� RQ� Earth Simulator ���Q�m ��pmW

�hrDNt �OQ� Q�m

� � OpenMP R� w �QU�QU C��� � DQ� ��Q � MPI R� � yO m Q D W � �
�NQ� �Ovvm�t xO�iDU� �yQo uwQO �R�U�R�wt ��Q� microtasking
Qw�u�ty �Ov��tv�t xO�iDU� �QU�QU �R�U�R�wt ��Q� HPF R� �yOm
��yOm �UwD xm �xOW C��tL� ���Q�m OwW�t xOy�Wt 	 pmW QO xm
�	 �� T�ops �CU� u�UL D p �� k Q� �U � �xOt� CUOx � �OQ � Q� m
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