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mpi, blas, shared-memory primitives
vendor utilities
mpeu -- error handling, resource input, etc.
parallel environment utilities

base coupler objects

derived coupler objects

flexible datatype, data decomposition

accumulators, sparse matrices, parallel data transfer

applications requiring knowledge of other components’ datatypes

coupler applications

MCT

* Model Coupling Toolkit

*

Next Generation Coupler Design Layers
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(a) sequential execution
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(b) concurrent execution

p
ro

ce
ss

o
r

time

(c) mixed-mode execution
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(d) dynamic allocation mode
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�U�P�<�o�gQ�£�«ÚJ<�V��Q�Ê<�U���<�gQN¡*�Ä�q©��g�o��ËeQ�Q��N���gQn�j���B�����N��£&�gOP�a��Q°���<Q�����Q��U���g�NO4�N�X��Q��(���U����¡
�<�¤�=���N��ÌN¡a�UO\£S£&�¤�U¬VO<�V�(���¤�_£<�U���.�Ä�<���<Q>�o�V¬N�¤�Ï���N�������g¬N¬NQ����gO<¬����<Q�£<�a���X����Q��U���g�NO��¤���o�&�n�U��Qc£
�gO��VO<Q ����£<M<�oQV¡<���a���PQn�>���P�NO�Ë\Q��oO<¬q���n�U�(��Q���Qc£°�gO����<��QnQu£&�T�·Qn��QnO$�7����£<M<�oQc�n«
û÷QjQnO�é��¤�(�g�NO����<Q��(M<Ë\�(Ì&�(��Qn� �n�NO$�����N�2�\�U¬$�.�n�NO$���N�oO<�gO<¬­éVQn��Ì�ËP�N���g�S�oO<���N�����U���g�NO�¡

f�¤¦¥J¤ ���n��Qc�a��Q�£<�U���|O<�a© �U¡��N�¢���NM&���<M&�qÃP�gQ�OP�N�jQ��¤�jç®è2é ¤gr�ê ¡��°©��P�o�gQ����<Qä�n�NO$�����N�
���&£&M<�gQ­���NO$���U�gOP� ���PQq�o�V¬N�¤�j�����P�NOP£&�gQ­���N��Q��n�N���<�gQ�Ê|�g���(MPQ���¡���MP��� �N�u©��<Qn���<Q��u���
����Q��U��Q­£<�U�����VOP��Qq�eQn�l�j�VO$����¡�QnéVQn��Ì4W�T�£<�ªÌV¡��VOP��Qq�eQn�lÌNQc�U�c¡��a�S���<Q°�(���N�(���V��QnO\£
�U���°��MPO�¡·Q����N«uK��<Qj�n�NO$�����N������£<M<�oQj©��g�o�Ï�U�¤���­�P�UO\£&�oQlMP��Qn�E�oO<�PM&��¡���MP���!�V�X��Q��V£&�oOP¬
OP�N�jQ��o�¤�(�>Ã\�oQc�n«

üGF¤¾GF ½ ò �&���B����ôN���<Âª�<��~�xe}��
I7O�Ìj£<�a��� �NË&ÿ=Qc�×���Ï���P�U�_O<QnQc£j���u�P�V���������N� �NO<Q����&£&M<�gQ������NO<�U���<Qn��©��o�g�<ËeQX£&Q��n�g�N��Qc£
�gO­���PQ.���&£&M<�gQ.�q�N�oOPGE�a���5Á����&£6« J�âVT<«�K��<Q���QX©>�NMP�g£q�gOP�n�oMP£<QN¡����N�>Q�Ê<�N�j�P�oQV¡$ËPM<OP£&�gQ��
�U�uRU£4ÃPQn�¤£<��QnÊ&���\�UO<¬VQ�£ ©��o���2���V���\�VO<QnO$�q����£<Qn�¤�q�UOP£ ���VOV�����V�D�e�U¬V�j��Q�Å$M<�g��Qc£zË�Ì
��Q��(���U���u�UOP£÷�<�¤�=���N��Ì��j�&£&MP�oQc�n«qK��<�¤�u£<�a�������NMP�g£÷Ë\Qq£&Qc���¤�U��Q�£÷�a�u���PQjËeQn¬V�oOPO<�oOP¬��N�
���PQ��q�U�gO��<���V¬N���U��¡<Ë<M<�X���PQn��Q��g�X�o�gìNQ��oÌ
���°Ë\QSÅ$M<�o��Qj�q�g�NO<¬q�g�g�(�.�N�_£&Q��n�g�N���U���g�NOP��¡P���
���PQnÌ°�N��Qu��Qn�P�N���U��Q�£°�oO$���­�j£P�a����£&Qc���¤�U���a���o�VO°���&£&M<�gQN«

²)([� ¿¯aG�D0G@�*/­ Å^BCaGëS]£@°E�=�­�EJ�%EJ3�02BµEPad1g�ìBC]%�?=gcA0<E
üGF ½ F�» ���<¼�¼�~�}�ó yzx���{����
K��<QE�q�U�<�<�gO<¬j����£<M<�oQV¡����N�GÁ����&£6« J�âVT<¡$©��o�g�����VOV���U�gO°�U�g�6���&£&QE�(�eQ��n�ÄÃ\�.���S�q�U�<�P�oO<¬
£<�U����ËeQ��=©>QnQnO�¬V���¤£<��«�I>�����<Ql���N��Q �U�����P�g����MPOP�×���o�VOP�U�g�Ä�=Ì
�g�.��¬NQ�O<Qn���g� ���P�U����QE�q�U�����ÄÊ
�SMP�Ä���o�<�gÌN«�I�£<£&�o���g�NO\�U�U��MPOP�×���o�VOP�U�g�Ä�=Ì �gOP���gMP£&Qc�:��Q��V£&�gO<¬7�gOS�q�U�<�P�oO<¬X���U�����ÄÊ�£<�U����Ã\�oQc�n¡
���<Qc��ì$�gO<¬ ���<QX�q�a�����oÊ­£<�a��� ���N�*Qn�����VO<Qn�VMP�Ïéa�U�gM<Qc�n¡��UOP£q£<�N�gO<¬S�S£P�a���S���N��Ìj�oO\�=��Q��N£��N�
�j�q�a�����oÊ°�SM<�o���g�<�gÌ°�o�����<Qu�q�a�����oÊ°�¤���UO��g£<QnO$���o�=Ì­�q�a�����oÊ6«

üGF ½ F¤¾ �����c���Pó\��¼��<�c��~�}�óByzx���{����
ë7Q���Q:�×��Q������N¬NQ��P�V�����gO<¬�����Q���Q����­���z���<Q!�gO$��Q�� � ����£<Qn�XQnÊ<���P�UO<¬VQä�U��£<�U���P¡7O<�U�
���<Q�gOV����� � ���&£&Q���QnÊ&���\�UO<¬VQ��U�*£P�a���P«�ÓE�oéVQnO!�
Ë<M<OP£<�oQj�U�*£P�a���­ÃPQn�¤£<� �UO\£!�­���NM<��Qn�c¡e���<Q��Q������N¬NQ��P�V�����oOP¬>���&£&M<�gQN¡ª�q��¬hÁ����&£6« J�âVT<¡�©��g�o�V�oO�éV�NìNQ����<Q�È÷�>K÷���VM&���gO<Qc�6O<Q��nQ������N��Ì
����£&�­���<Q�£<�a���������UOP�(��Qn�c«.I�£P£&�Ä���o�VOP�U����M<O\�×���g�NO\�U�g�Ä�=Ì�©��g�o���oO\���gMP£&Q��n�U�g�g�oO<¬­���<Q�È�Ù�ë
���NM&���oO<Qc�����P�a�jQ��(���NË<�o�¤���ÚÈ�Ù_Ül���N���lM<O<�¤�n�a���N�l¬N���NM<�P�����N�l���<Q�éa�U���o�VMP�S�n�N���e�NO<Q�OV�
���&£&Qn�¤�n¡\�n�U�g�g�oO<¬­È|�>KÍ���NM<���gO<Q������P�a�7Qc�=���UË<�g�¤�(����Qn¬N��Q�OV�7�q�N�P�7�UO\£����VM&��Q����>���V�����<Q
éa�U���o�VMP����Q�Å$M<�g��Qc£l�n�NM<�<�gQn��§ª���&£&Q��<���N���lM<O<�¤�n�a���o�VOP��¡N�UOP£j�g�N¬V�g�*���\�a�_éNQ����oÃPQc�����P�U�_���<Q
���VM<�<�gQn�E�UOP£��n�N���\�VO<QnO$�E�j�&£&Q��g�.�U��Q��gO!�U¬V��Q�Qn��QnO$�7©��o���ä��Q����\Qc�×�.���­���<QSQnÊ<�N�×�.�o�¤�=�
�U��ÃPQn�¤£<�����P�a�7©��g�g�6Ë\QuQnÊ&���\�UO<¬VQ�£6«
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üGF ½ F ½ ���$Âaóe��yzx���{����
K��<Q ��Qn��¬NQE����£<M<�oQV¡<����¬xÁ�����£�« J�âNTP¡V©��g�g���N���(Q��SË<�gQ.�gO$�����NOPQEËPM<OP£&�gQN¡P�N�o�·���<QEÃPQn�¤£<�
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üGF ½ Foñ H ��{2I yzx���{����
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�PM&Ê/Á����&£6« J�âVT<«

üGF ½ F¤ü ¿ �$�����<Âc�qyzx:��{����
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üGF ½ F
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K��<Qc�(Q �<�¤�=���N��ÌqÃP�gQ���©��g�o�:Ë\Qu�gO�O<Q����>G.Jz���N�����U��«

üGF ½ F � ò ~��<óe}�x\����~�ô�y4x���{����
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O<Qc��Q������U��ÌN«
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üGFoñ<F�» ò �&���|���6¼��ä���S¼�}�~��c~�xe}��
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MP��Q
�N�E�B�����N�o����Q��q�U�EMP��Qn�q£&Q�Ã\O<Q�£ J�âNT|£<�a���ä�=Ì��eQ���« K��<Qc�(Q�£<�U���!�=Ì��\Qc��©��o�g��Ë\Q
£&QnÃPO<Q�£ä�oO����<Ql£P�a���VK�Ì��eQ��NÁ�����£�« J�âNTlÃP�gQN«.ÜÝOä¬NQ�O<Qn���U� ¡\�NO�Ì�£&Q����géNQc£��=Ì��\QS£P�a���°�NË �ÿ=Q������7���P�U�.�P�V���XË\Qn�=©*Q�QnO��=©>�°�(Q��P�U���a��QuJ�âVTq���&£&M<�gQ��E�(�<�VM<�¤£�£&Q�ÃPOPQu���<Qj£<�a�����=Ì��\Q
�gOä£<�a���NK*Ì$�eQ��NÁ����&£6« J�âVT<¡&©��<Q���Qc�N�7�NO$Ì�£<�a�����=Ì��\Qc�����P�a�.�N��QuM\�(Qc£�©��Ä���<�oO!�NO<QSJ�âVT
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���&£&M<�gQu�NO<�gÌ°���<�NM<�¤£
Ë\Q�£&QnÃPO<Qc£
�gO����P�U�7����£<M<�oQV«
Ó�æSË<¶9ß�Íªµ·´xÔ�Ò
Ó�æSËP¶�Ø µ2ÕrÓhÙJí�¶�ÒP¶JÛ<´�Ì�íSÛxÔrßxÞ2ã7Ë5ÍxÔ~Ò�Ó&¶JÛ�¸�¸�Ú�ÛvÔ�ß È ÊDãAæ«Õ�Í�ÍJÛ�ß�ÔNÒP´JÓ<¶hÏ2ã�´JÛ<¶V´dã µe´5Ï�î
Ó�æSËP¶�Ø µ2ÕrÓhÙ�Ú5ÌSÍ�äP´�ÌJï$¶JÚJð<´�Ë/Þ ¸�¸�Ú�Ïnµe´�Ë È ´hÏSÏ�ÍhÕ�ÔU´�Ó<¶Sß:ß�¶hÕ�ÍªµhË5ÍhÏ�Ô�ÓvÔrÍ�Ò

¶�Ò5ß°Ó�æJËP¶°ß�Íªµ·´xÔNÒ
Ó�æSË<¶fäSÑ�Ò5ß5Ì$¶
Ó�æSËP¶�Ø µ2ÕrÓhÙ�ñSÓ�Ó�Û�ò<¶5Õ�ÓvÞ ¸�¸zß&´JÓ&´ È ÌhÔSÏrÓ�ÍSÎtÎ�ÔU¶�Ì�ßxÏ Ö Ô�Ó × ´óÕ�Íªµ�µ�Í�Òtß�Íªµ·´hÔ�ÒÓ�æSËP¶�Ø¨ß�Íªµ·´xÔNÒ/Þ2ãAËhÍhÔNÒ�Ó�¶JÛ ¸�¸zß�Íªµe´xÔ�Ò È Ó × ¶xÔ�Û�Õ�Ícµ�µvÍ�Òtß�Ícµ·´xÔ�Ò¶�Ò5ß°Ó�æJËP¶:ä�Ñ�Ò5ß5ÌV¶

Ó�æSË<¶4µe´�Ë
Ó�æSËP¶�Ø µ2ÕrÓhÙSï�ËP´JÛ�ÏN¶�ð&´JÓJÛvÔ�ÊvÞA¸�¸�µ·´JÓSÛvÔ�Ê È µ·´�Ë�Ë/ÔNÒ�Ú4µ·´JÓ�Û�Ô�Ê9ß&´JÓ<´
Ó�æSËP¶�Ø¨ß�Íªµ·´xÔNÒ/Þ2ãAËhÍhÔNÒ�Ó�¶JÛ ¸�¸¢ÏrÛ�Õ È Ó × ¶zµ·´�Ë4ôÀÏtÏ�Í�Ñ�Û�ÕN¶fß�Íªµ·´xÔ�ÒÓ�æSËP¶�Ø¨ß�Íªµ·´xÔNÒ/Þ2ãAËhÍhÔNÒ�Ó�¶JÛ ¸�¸zß&¶hÏ�Ó È Ó × ¶zµ·´�Ë4ôÀÏ:ß�¶hÏrÓvÔ�Ò<´JÓvÔ�Í�Òfß�Íªµ·´hÔ�Ò¶�Ò5ß°Ó�æJËP¶zµ·´�Ë

Ó�æSË<¶óÕ�Í�Ò�Ó�Û5Í�Ì�ÙJÎ5Ì$´�Ú�Ï
È|õ�õSõ µ5ËP¶�ÑxÙ�Ì5ÔSÏrÓ9Í�ä5ö�¶hÕrÓ�Ï õSõ�õ
È å<¶5ÕrÓ5ÍJÛtÍSÎ�ÏrÓ�Û�Ô�Ò�Ú ß�´JÓ<´f÷å´5Ï�Ï�ÍhÕ�Ôa´JÓ<¶Sß:å&¶hÕrÓ5ÍJÛtÍJÎ«ÏrÓSÛvÔ�Ò�Ú9ß&¶5Ï�ÕrÛvÔ�Ë�ÓvÔ�Í�ÒvÏ
È å<¶5ÕrÓ5ÍJÛtÍSÎ«Ô�Ò�Ó&¶JÚ<¶JÛ°ß�´JÓ<´f÷å´5Ï�Ï�ÍhÕ�Ôa´JÓ<¶Sß:å&¶hÕrÓ5ÍJÛtÍJÎ«ÏrÓSÛvÔ�Ò�Ú9ß&¶5Ï�ÕrÛvÔ�Ë�ÓvÔ�Í�ÒvÏ
È å<¶5ÕrÓ5ÍJÛtÍSÎ9Û<¶�´�Ì ß�´JÓ<´f÷å´5Ï�Ï�ÍhÕ�Ôa´JÓ<¶Sß:å&¶hÕrÓ5ÍJÛtÍJÎ«ÏrÓSÛvÔ�Ò�Ú9ß&¶5Ï�ÕrÛvÔ�Ë�ÓvÔ�Í�ÒvÏ

¶�Ò5ß°Ó�æJËP¶¶Õ�Í�Ò�Ó�Û�Í�Ì�ÙJÎ5ÌV´JÚ�Ï
�*�<�¤Ò�£P�a���U�=Ì��\Qc�u�U��QjËPM<�o�o��MP���oOP¬�£P�a���U�=Ì��\Qc�E�����V� È÷�>K «�¯��V��QjMPOP£&Qn���(���UO\£&�oOP¬
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Ó�æSË<¶4µ5ËP¶�ÑxÙ�Ì5ÔSÏrÓ
Ó�æSË<¶4µGÕrÓhÙ$´JÓSÓ�Û�ò<¶hÕ�Ó
Ó�æSË<¶4µGÕrÓhÙ�ÚhÌJÍ�äP´�ÌSï$¶JÚ�ð<´rË
Ó�æSË<¶4µGÕrÓhÙ�Ú<¶�ÒP¶JÛ<´SíJÛvÔrß
Ó�æSË<¶4µGÕrÓhÙ5Ï�Ë<´JÛ�ÏN¶Jð&´JÓ�ÛvÔNÊ
Ó�æSË<¶4µGÕrÓhÙ�Û5Í�Ñ�Ó<¶JÛ

üGFoñ<F¤¾ wl�<���$}����&Â
yzx:��{����
K��<QX�n�NM<�P�oQ��_�P�N�*� ����Q�Å$M<QnO$��OPQnQ�£j���V�*£&Qn��Q������gO<�oOP¬��<�a© ���NO�Ìj£<�ªÌ&�_�N��Q��gO­�u���NO$���
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