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[\ ]^_a`cbedgfihXjlkmben fc`oqp rtsap ugv wxstyzv {gw|sar|} ~X{gw �q}Xy wx�t} s��a� wxv }Cp s�y {a}��|�e} � w y p �|sgw|���C� �>�a�E��~ �a~ y } �Jw yy {a}l�mp sasap ~ {��C} y } �|� �|� �|r|p v wx�<� sa~ y p y �qy }z� �<�N� ���a�a� p sarzy {a}i� wxy } ~ y��t}xwx� ����{a}iv {gw|sar|} ~v �|sav } � sC�e�xy {zy {a}cv �|�z�a�qy w y p �|sgw|��wxsa��y {a}c�X} y } �t� �t� �|rtp v w|�e} st�ap � �|sa�z} sty �<��{a}c�|�e} � �wxy p �|sgwx�m�C� �>�q�E��w|v y p �ap y p } ~�wx� }iwx� ~ �X�a} ~ v � p �e} �C�t�C <} � �|� wC� ¡|¢|¢|£q� �¤�sly {a}�v �t�X�a�qy w y p �tsgwx�q~ p �a}Ey {a}�v �x� �|�e} � wxy p �|sl¥�p y {z¦�oa¦�{gwx~>v �ts|y p sq�a} �X�a�a� p sar�y {a}�q} wx� §ewx� � � ¥�p sarC�<�N�<y �z�a~ }cy {a}i�z�|~ y��g� ¥�} � ¨ �a�mv �|�z�a�qy } � ~�p s©�mp sa� wxsa���c¦�oa¦ªp ~�y {a}�mp sasap ~ {S� �ªv } s|y } ��¨ �t��oqv p } sav }|§g� ¥�sa} �C�t�zy {a}l�Cp sap ~ y � �C�x¨E >�a�avxw y p �|s���� y ~��a� � �qp �a} ~�z�q�a} � p sara§ev �|�z�a�qy p sara§�wxsa�Np sq¨ �t� ��w y p �tsN~ } � �ap v } ~�¨ �t���asap �q} � ~ p y p } ~ §g� } ~ } w|� v {Np sa~ y p y �q�y p �tsa~�wxsa��p sa�a�a~ y � p wx�ev �|�z�gwxsap } ~ �<� sC«�} v } �l�e} ��¡x¢|¢q¡�y {a}c¦�� w �z��£t �~ �a�e} � v �|�z�a�qy } �wxyi¦�oa¦ª¥�w|~�¥�p y {a�a� w ¥�s©w|sa�Ny {a}X�|�e} � w y p �|sgw|�<�C� �>�a�E�D� �t�qy p sa} ~�¥�} � }ly � wxsa~ ¨ } � � } �y �zwlsa} ¥¬~ �a�g} � v �t�X�a�qy } � §a�gwx~ } �C�|sN� ��®y } v {asa�|� �|r|�t�¤cs©�z} y } �t� �|� �|rtp v w|�<~ p �a}|§�y {a}zsa} ¥D�|�e} � w y p �|sgw|�E�C� �>�a�<��~ �a~ y } �N§��gw|~ } ���|sSy {a}�C� �>�q�E���t} � ~ p �tsN¯a� °|� ±zwxsa�N£t«E²>³c´ª�q} � ~ p �|sN¯a� ¢a� £a§q¥�wx~�y } ~ y } �Cy {a�|� �|�ar|{a� �Cp sS¡x¢t¢t¡w|sa�Nw|~�wX� } ~ �a� y��x¨>y {ap ~�¥��|� �Xy {a}isa} ¥¬³<��µ�~ �ap y }c¥�wx~�p s|y � �q�a�av } �Np sty �z�t�g} � wxy p �|sgwx��a~ }cp sS�Nwx� v {N¡|¢|¢|£g��<�C�Ep ~��gwx� y��|¨<�C� �>�q�E��v �|sa~ �|� y p �a��wxsa�Cy {a}i� } ~ } wx� v {�¥��|� �zp sS¶�·ª¸�p ~�v � �|~ } � �� p sa�t} �©y ��y {a}zoqv p } sty p uav�¸<� w|s©�x¨Ey {a}z�C� �>�q�E�D�a� �x¹ } v yx�X³�sa} ¥;~ y } �N¥�wx~cy wx�t} sSp s~ �a�z�z} �l¡x¢|¢t£a§�¥�{a} sR�<�C��¥�w|~lwx�a�e�|p s|y } �Rwx~lwC� } w|��v } sty } �i�x¨�y {a}�´�} r|�a� wx�l¦E�av � }�|¨�y {a}i��� �>�q�E��´�} ¨ } � } sav }iot�a~ y } ��� ´�¦�´�� �q��{ap ~��X} w|sa~Ey {gwxy�y {a}csa} ºqy��t�g} � wxy p �|sgwx�¶�·¬¸�~ �a~ y } �z~zwxyC�<�C�i¥�p � ���g}N�gwx~ } ���|s�y {a}N�C� �>�q�E�J´�} ¨ } � } sav }Not�a~ y } �J¥�p y {�zp sap �zw|��v {gwxsar|} ~ �
[\ ]^»C¼ k�½l`Xn k>¾�¿ ¼ `cÀin def�`XÁ ¼ `�b��{a}�� } �a� wxv } �X} s|y<�x¨ay {a}E��£t N�gw|� wx� � } �t~ �a�e} � v �t�X�a�qy } �>wxy<¦�oa¦S¥�p y {XwxsX� ���� �ewx~ } �v � �a~ y } ��¥�w|~>w��zw ¹ �|�m} �t} sty §x¥�{ap v {Xw Âe} v y } �i�q} � �l�l�av {Xwx� �|y {a}���� �>�q�E�c� � } � w y } �i¥��|� �wxy��<�N�<p s�y {g}��t} w|��¡x¢|¢q¡q���{a}�¨ } w y �a� } ~��|¨�y {a}csa} ¥¬v �|�z�a�qy } ��} st�ap � �|sa�z} sty�w|� }tÃÄ � ���}xoq} � �t} ��¦�� �a~ y } �c° Å|¢|¢gÃ>wl�ap ~ y � p �a�qy } �N�z} �z�|� ��~ �a�e} � v �|�z�a�qy } �Ä ° Åz� ��Æ�aÅ|Ç|¢Xsa�q�a} ~ §a} wxv {C} Èq�ap �a�e} ��¥�p y {C£t¡X¸m� ¥�} � ±X�a� �qv } ~ ~ �|� ~ �Ä ¦�� �qv �z¨ � } Èq�a} sav �C�x¨my {a}c¸m� ¥�} � ±z�a� �qv } ~ ~ �|� ~c°|� °iÉiÊ�Ë|�Ä ¤csa}>sa�q�a}�� £t¡E�a� �qv } ~ ~ �|� ~�w|sa�c£q¡�ÉiN�x¨a~ {gwx� } �c�z} �z�|� �a�gp ~ey �xy wx� � �c�a} �ap v w y } �c¨ �|��<�N�a�a�a� �e�|~ } ~ § ��wxp sa� �c¨ �t�e� �asasap sar�y {a}E�|�g} � wxy p �|sgwx�tw|sa�i} ºa�g} � p �X} s|y wx�t�C� �>�q�E�� �asa~ �Ä ��{ap ~E~ �t� �qy p �|sz¨ �a� ua� ~Ep sXy {a}��e} ~ y<¥�w �Xy {a}�� } � p w|�ap � p y ��� } Èq�ap � } �z} s|y ~�w|sa�ly {a}�sa} } ��x¨my �|�C�a� p �|� p y �C�x¨my {a}c�|�e} � w y p �|sgw|���C� �>�q�E��� �asa~ �Ä ¤csa}E�x¨ay {a}EÌ|sa�t� ��wx� Ì�sa�q�a} ~mp ~msa�|�zp sgwxy } �Xwx~>w��gwxv �q�a�lsa�q�a}|§ ¥�{a} � }<�t�g} � wxy p �|sgwx��C� �>�a�E��v wxsC�e}c� �asCp s�} �X} � rt} sav �Cv w|~ } ~ �
��{a}c�|�e} � w y p �tsgwx���C� �>�q�E�Í�a~ } ~�£|¢X�a� �qv } ~ ~ �|� ~E�e�xy {�p s�y {a}c£t«E²<³c´ªwxsgw|� �a~ p ~�wxsa�p s�y {a}X¨ �|� } v w|~ yl�z�q�a} �Ep sa~ p �a}C�|sa}�sa�q�a}|��� sR�e�xy {��gw|� y ~ §my {g}C�N¸E���gw|� w|� � } � p Ë w y p �ts~ �|¨ y ¥�w|� }�p ~E�a~ } ���<� sXv �x� �|�g} � wxy p �|sX¥�p y {�� ��®wxsa��¦�oa¦c§xy {a}��gw|� w|� � } � p Ë w y p �ts�� �t�qy p sa} ~{gw �t}��e} } sz�|�qy p �zp Ë } �Xy �c� �asz} ÎXv p } sty � �X�tszwxst�X�a� wxy ¨ �|� �Í�a~ p sarl�N¸<� �|³�� ~ �cy {a}�� ����~ �e} v p uavi��w y {a} �zwxy p v wx��� p �a� w|� p } ~�w|� }c�a~ } �zy �Xp �z�a� � �t}cy {a}c} ÎXv p } sav �q�¦��tsav } � sap sarXy {a}c�gwx� wx� � } � p Ëxw y p �|sN} ÎXv p } sav �C�|¨�y {a}�¨ �|� } v w|~ y��z�q�a} � §g�mp rt�a� }X°c~ {a� ¥�~y {a}C~ �g} } �q� �a���|¨�y {a}C�t�g} � w y p �tsgwx��³<��µ®¨ �|� } v wx~ yz�X�q�a} ��� ¡|¯|Åxº�° ÏtÅxºa±|¢Sr|� p �a�e�|p s|y ~ � §¥�{a} sRp sav � } wx~ p sarNy {a}�sq�a�l�g} �l�x¨��a� �qv } ~ ~ �t� ~i¨ � �|�K�tsa}Xy �S£|¢g�S��{a}�~ vxwx� p sarS�|¨�y {a}v �|�z�a�qy wxy p �|sa~�p ~�} ºav } � � } styx�� >�t} sC¥�{a} sNp sav � } w|~ p sarzy {a}csq�a�l�g} ���|¨>�a� �qv } ~ ~ �t� ~�¨ � �|�¡|±zy ��£t¢zy {a}X~ �e} } �q� �a�©p ~lwx�g�t�qycÇqÐ|Ñ��x¨<y {a}X�g} � ¨ } v yi~ �g} } �q� �g���l��{a}l�e�xy y � } sa} v �Sp ~y {a}lp sa�a�qy Ò|�|�qy �a�qy §e¥�{ap v {©� } �a�av } ~�y {a}l~ v wx� wx�ap � p y ��Ãiwx� �z�|~ yc±t¢tÑ®�|¨<y {a}iy p �X}X�x¨<y {a}¨ �|� } v wx~ y��z�t�g} �gp ~Ey w|�|} s��|�Xy {a}�p sa�a�qy Òx�|�ay �a�qyx§q�g} v wx�a~ }cwc� �xy��|¨��|�qy �a�qy�p ~��a� �q�a�av } �¥�p y {zy {a}�¨ � } Èt�a} sav ���x¨m�|sg}�{a�|�a� �<� sXy {a}�v �a� � } sty�v �|squgr|�a� w y p �|s�y {a}�p sa�a�qy Ò|�|�qy �a�qy�p ~sa�|y��gw|� wx� � } � p Ë } ��§g�a�qy��ewx� w|� � } �m� Ò|¤¬�z} y {a�q��p ~��asa�a} ��y } ~ y p sarg�
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Performance of HIRLAM ATX on IBM p690

With I/O

W/o I/O

Ideal (for ref.)
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 ¼ de¾Eben f�`X¾�¿��� ������� ¼ `cÀin dgfc`lÁ ¼ `cb
��{a}l�t�g} � wxy p �|sgwx�<³>��µD~ �ap y }Xp ~i�gwx~ } �©�|s��C� �>�a�E�;�q} � ~ p �|s�¯q� °|� ±Cw|sa�©�C� �>�q�E�£q«E²>³c´%�q} � ~ p �|sS¯q� ¢a� £a§q¥�p y {C~ �t�X}c� �qv wx���z�q�ap ugv w y p �tsa~�p sN�e�xy {C�x¨my {a} �N�<��{a}i�zw|p s¨ } w y �a� } ~m�|¨ewx� }E� p ~ y } �lp sl�<wx�a� }�°|�>wxsa�iy {a}�wx� } w�p ~>~ {a� ¥�slp sX�mp r|�a� }�¡q�m��{a}E{a�|� p Ë �|s|y wx�� } ~ �|� �qy p �|szp ~<¢a� £��Ew|sa�lsap sa}��x¨gy {a}�±|¢��q} � y p vxwx�a� } �t} � ~Ewx� }�p sXy {a}�� � ¥�} ~ y<�|sa}��qp � �|�z} y } � ���{a}�� � ¥�} ~ y<� } �q} �qp ~<w|�g�|�qy<£|¢c��wx�g� �q}<y {a}Ert� �t�asa���m��{a}E~ } �zp � �mwxrt� wxsgr|p w|sXwx�q�q} v y p �tsw|sa�N~ } �zp � p �z�a� p v p ycy p �X}lp s|y } r|� w y p �tsSwx� � � ¥;wly p �X}l~ y } �N�x¨<±q¯x¢z~ ����{a}c¨ �t� } v wx~ y ~�w|� }w �tw|p � wx�a� }i�e�xy {C�|s�y {a}c�z�q�a} �mwxsa�Cv �|sa~ y wxs|y��a� } ~ ~ �a� }c� } �q} � ~�y �ly {a}c�g�qy �z¨ �|� } v w|~ y } � ~w|sa�Cwx�a�a� p v wxy p �|sa~�¥�p y {�y {a}�¨ � } Èt�a} sav ���x¨m�|sa}�{a�|�a� �>��{a}�¨ �t� } v wx~ y�� } sarxy {�p ~�¯x±X{a�|�a� ~w|sa��y {a}c�gwxy wXw|~ ~ p �zp � wxy p �|sCv �av � }c~ p ºC{a�|�a� ~ �� sS�gw y w�w|~ ~ p �zp � w y p �|s©�|sa� �Sv �|st�t} sty p �|sgw|�>�|�a~ } � �qw y p �|sa~iwx� }l�a~ } ��w ycy {a}X�X�t�X} s|yx���{a}�v �qy � �xÂ�y p �z}��x¨��|�g~ } � �qw y p �|sa~<p ~�w y<y {a}��z�|�z} sty�¡x{z£|¢|�zp sm�>«�p rtp y wx�aug� y } �<p ~E�a~ } �¨ �|��p sap y p wx� p Ëxw y p �|s��

¤csa}��z�t�ap ugv w y p �|sRy �Sy {a}�� } ¨ } � } sav }N�C� �>�q�E�Z¯a� °t� ±N~ �a~ y } �Kp ~i¥��|� y {R�z} sty p �|sq�p sara�E·�}i�a~ }�y {a}i¦�w|sgwx�ap w|sS�N¦�¡l�e�|�asa�gw|� �C~ v {a} �z}|§gp �z�a� } �X} s|y } �Np sS��� �>�q�E�;�|��Cvx«��tsgwx� �S� ¡x¢t¢|£t��wxsa�zy } ~ y } �C�t�����wx� �t} sa�x¹ w�� ¡|¢|¢|£q� ���{a}c�gwx~ p vc�ap Âe} � } sav } ~�p ~��x¨my {a}i�g�|�asg�gwx� �C~ v {a} �z} ~ ÃÄ ¤�� p rtp sgw|�m�C� �>�a�<��~ v {a} �z}|Ã
� ��{a}l�e�|�asa�gwx� �N� } � w ºgwxy p �|sSp ~�y {a}i� wx~ yc�X�q�ap uavxw y p �|sNy �zy {a}iug} � �a~ §ep � }|���a�tsa}wx¨ y } �Ey {a}��a{t�a~ p v w|��v wx� v �a� wxy p �|sa~ �Ä ��{a}l�N¦�¡cy � } w y �X} s|yxÃ
� ��{a}�ug} � �a~�wx� }�� } � w ºa} ��y � ¥�wx� �a~Ey {a}c{a�|~ y��z�q�a} ��wx¨ y } �Ey {g}��q�asgw|�Xp v ~ �
� ³�¨ y } �<y {g}��a{|�a~ p v ~Ey {a}��a{t�a~ p v w|�gy } sa�a} sav p } ~�wx� }c� } � w ºa} �zy � ¥�w|� �a~�Ë } � �lp szy {a}�e�|�asa�gw|� �CË �|sa}t�
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