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Test problem 2a : homogeneous X-Y, 1 energy group

Test problem 2b : heterogeneous X-Y, 1 energy group
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Work by MASTER Task (serial)

Generate initial seeds for N tasks
Construct message for SLAVE
tasks with geometry data, cross
section data etc.
Broadcast message to SLAVE tasks

Work by SLAVE Task (parallel)

Receive message from MASTER
task
Generate source particles
Perform random walks
Accumulate partial tallies
Send partial tallies for MASTER
task

Work by MASTER Task (serial)
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tasks
Accumulate global tallies
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�%vµ�<�-�Qz-vx{��Ð���k���%wY���[�%�o�%{��<�µ�rÑ�{��%zo�l�`{��-�¡��z¤��vµ�g�����o�<v[���[{��&{°�r��y��¡{2����zo�-vµ�`�[{��%v4�¡�-��zov[{��U��z-{2vx���;{r¸
��{r���;{F�;�Ð 2vx�-�%vx�^{°���*�DíÅ�-�¡v[���>w�{F�%{rz*���-vx����}$¼$���*�k�<�4�rÑ�{��%z-�l�`{°�-�<�Qz2���4�<�!�¡�-��zo{��Ð�-�%{d�<vx�-{��U�����
�-��{I�;y%�>��{rz2�����%{Fî;��w�{r��{rz*���-v[�Q�¢íÅ�-�¡v[�Q�Ä�%{Fy%�-zo�����7��z-�l�;y��R{��s}Y���%vµ�7v[�;���Qz-�q���-vx���¢vµ�7y��¡{��
�l£P{����*�q�¡�4�rÑ�{Y�%z-�l�`{°�-�<�Qz����Qz2�-�%{Y�%{Fî;��íÅ�o�<vx���¢wQ{r�%{rz¤���ov[��� }! ��2�o�%{Y{r���P���${°���*�^íÅ�-�¡v[�Q�



¹�¹rª

Read

Input 

MASTER

SLAVE SLAVE SLAVE SLAVE
1 2 n N

MASTER

Write

Output

Work by MASTER Task (serial)

Generate initial seeds for N tasks
Construct message for SLAVE
tasks with geometry data, cross
â
section data etc.

Broadcast message to SLAVE tasks

Work by SLAVE Task (parallel)

Receive message from MASTER
task
â
Generate source particles

Perform random walks
Accumulate partial tallies
ã
Send partial tallies for MASTER
task
â

Work by MASTER Task (serial)

Receive messages from SLAVE
tasks
â
Accumulate global tallies

- - - - - - - - 

- - - - - - - - 

- - - - - - - - 

Store information for next
generation source particles

Specified #
of batches
simulated?

Yes
ä

No

(above two works for first batch only)

ugvxw�y%zo{$|;}'|;��ug�[�� ;å7vµ��wQz*��� ����z�¼Ðv[wQ{r�;ÑQ���[y%{d����� ú ·æKÐ��z¤���[�x{r�Å¦¢���l�-{¹8���z-�x�� 7�[wQ��z-vx�-�%�´�`}
w�{F�%{rz*���-vx����Î��*���x�[£¨zo{��<y%�x�*�7��z-�Q��{����*� �<�4�rÑ�{>�%z-�l�R{��-�¡��zI��z-{q�R���[�x{��`�o{��¢v[�e�-�%{>�q�Q�<�-{Fz��%z-�Q¸
�`{��o�<�QzI���¯���o�%{>{rv[wQ{r�;ÑQ���[y%{>v4�!�`���P��y%�-{��Å}q���%v4�Yv[�-{Fz*���ov[�Q�û�%z-�l�R{��;y%zo{�Îg��Ñ�{rz�íÅ�o�<v[�Q�¶w�{r�%¸
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{rz¤���-vx�����RÎsv4��z-{r��{����-{��]�<{rÑ�{rz¤�����-vx�P{��`}����%vµ�7����z*���x�[{r�U���xw��Qz-v[�o�%�����4�¡�P����{r£��7�-��{I�%z-vx���`v[���[{
����zo{r�%z-�l�ly��`v[��v[�[vx�¡£�}��L���l{r��{r���;{r�l�d�����¢zo{r�%z-�l�ly��`v[���[{!�<{���y%{r�¯�`{��2���$z¤�����;�Q���ly%�>�&{Fz*�2��zo{
w�{F�%{rz*���-{��Yy��<vx�%w��o�%{�¼�����¾>¥§�7{F�4¿�|�«�z*�����;��� �;y��^��{rz�wQ{r�%{rz¤���-�Qzr}$¼$���*�D��z-�l�`{��o�<�QzXvµ�iwQv[Ñ�{r�
v[�¤���� 2� z*���¯�;��� �;y��^��{rzY�¡{r{��s}q����{��<{q�¡{r{��%�Y��z-{PwQ{r�%{rz¤���-{°�9y��¡v[�%w]�-�%{qÆ*ÇQÈ§ÉjÊ�Ë�ÌoÊ�Í^���%¸
�%zo�����*��Î� 2�%v4�*�]���x�[�� ���{����*�¢��z-�l�`{��o�<�Qz7�o�Pw�{r��{rz*���-{!�^�¡{���y%{r���`{Y���$z*�����;��� �ly%�>�&{Fz*���%�Q�
��Ñ�{rz-�µ���%��v[�%w! 2v[�-�����l£P���o�%{rz2�%zo�l�`{��o�<��zFÒ��2z*�����;��� �ly%�>�&{Fz��¡{���y%{r���`{�}
ÔÅÕ�W�Õ4Ö çDè�Ülß&ã�Ü�ç�Û�Ú�â%äbeµè$ÜlÜ�váZ±ètCFZgã�uÅÜ3é

��v[�kv[�4��z��o�q�<{��R�-v[�Q�¨|l}�~;}x¹�Î����¨{rîl�%z-{��o�<vx���M���QzY�<��{r{°�;y%�¨�F���¨��{>�;{rzov[Ñ�{�� ���Qz��-��{D{rvxw�{r�%¸
ÑQ���xy%{q���¯����{rzo�-y%zo�����ov[�Q� �¯��z*���[�x{r�2���[w��Qz-vx�-�%�q�R}¨u%��zI�o�%{P�q�Q�<�-{Fz-¸S�<�4�rÑ�{k���xw���zov[�o�%�¨ÎÐ�¡{rz-vµ���
�`�Q�P�^y��%v4�R���ov[���¨�¤��ï�{��Y�%�4�Q�`{�Î��&{°�r��y��¡{P�-��{P�q���¡�-{rzY�%zo�l�`{��o�I�r���û�Q�%�[£ez-{°�`{rv[Ñ�{I�Q�%{P�P{°�<¸
�-��w�{½���d� �ov[�P{�}Ð±e{Y{rîl�&{°�`�2�-�%{Y����z*���[�[{F�[v[ê°���-vx���q��Ñ�{rz-��{����q���¯�¢�<£l���*�%z-�Q�%v[ê°���-vx���q�-vx�P{��o�
��{Y�%z-�Q�&�Qz-�ov[���¯���Ð�o�qÀL�7¸o¹�Ã¤}bM7{F���`{�Î� �{Y{rîl�%zo{��-� ú>ó ����¼

ú>ó ò x ÀLÿêzö¹�ÃI� ÀL|l}�~l¹�Ã
���%{Y�-vx�P{2����zd� ����z*���[�[{F���<vx�^y��4���ov[�Q�^�Q�¨�ð�%z-�l�R{��-�¡��z*���r���¢��{Y 2z-v[�o�-{r�]�Q��¼

ó ìöò;: ø = ÿ �ÿ ø¢x ÀLÿ{zö¹�Ã�� ÀL|l}�~Q~JÃ
�L�¢�o�%{!������Ñ�{D{���y����ov[�Q��Î��°���o{rz7{FÑ����[y����-vx�%wP�R�����¡�*���l�*�d�^�����M�q��z-��� �¡ ��k�<{Fz-v4����{rîl{��`y%�ov[���
�-vx�P{�Î����[�Ð�o�%{I�-{rzo�q����z-{Iïl�%�� 2�e{rî%�R{r�%� x }!���%{>����z¤���P{r�o{rz ó ì vµ�7�-��{>���`�oy����Ð�k{����¡y%z-{��
�-vx�P{$���k�m�%z-�l�R{��-�¡��z*�Ð�����¡¬2¦¢¸<�^KX~l}áM7{r���`{�Î x �r���^��{��;{F�-{rzo�Pv[�%{°�d��zo��� {��Jy¯���-vx���qÀS|;}�~Q~JÃ¤}
���%{Y���¯�<{rzoÑ�{��q�<��{r{��;y��¢v4��{Fî;�%zo{��-�¡{��P�Q��¼

ñ ì ò óRôó ì ò óRô: ø?= ì¾ëì ø©x ÀSÿ{zö¹�Ã � ÀL|l}�~QªJÃ
���%{Y�%zo{��;v4�R�-{��P�¡��{r{��;y%�q�����x�[�� ����-�%{!�`y�z-Ñ�{�wQv[Ñ�{r�P�l£¾¼

ñ ì�À�ì�p�i$í l jîm
i$í;Ã$ò ÿ¹ ø¢ï ÿ õ ÀL|l}�~�¾;Ã
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 2�%{rzo{�Î

ï ò xó ì � ÀL|l}�~Q|JÃ
M7{rzo{ ï z-{F�%z-{��¡{r�l�*�I�-�%{¢��z¤���`�ov[���ö���!�-���¤���Y�R���P�%y��*���ov[�Q�ö�-v[�k{¢�¡��{r�;�kv[�m�¯��z*���[�x{r�[vxê����ov[���
��Ñ�{rz-��{����sÎ��`���k�^y%��v4�r���-vB����Îl�¡£;���*�%zo���%vxê����ov[��� Î;{r�¤��}Ð��{r�¡ �{r{r�k�< ��I�%z-�l�R{��-�¡��z*�½¥§¦¨���¤©�¾Q«L}
ÔÅÕ�W�Õ�W ð$XTJ~·�e�áDÖeá�â%ã�â%ä�ä#Ülä`C!ß�é¢èáZiç�Ülã

���%{Y�¡¬2¦¢¸¡�3K$~t�Q��{rz*���-{��P�����o�%{�S��%v[Ñ�{rz¤�<vx�<£Y���U¦¢v4�*�%v[w����>v4�$�D�`�Q�[�x{��`�-vx���I���Uª�~¹K��� �{rz-¸
~¨�*�%v[���D��z-�l�`{��o�<�Qz*�Iw�z-�Qy%��{�� vx�;�o�e�9�ly%�>��{rzY������z*���k{��P¥ �<¬2¦¨©�¾�«S}û¼$���*�>Kg�� �{rzo¸L~¨�*�%v[�
�%zo�l�`{��-�¡��z>�����I~Q|��e¦¨¬�£;�o{������d�P{r�P�Qz-£�}q����{Pw�zo��y%� ���d�%z-�l�`{°�-�<�Qz*�I�����I��� ���%�;vx�-vx�������
�%vxw��ö��{rz<���Qz-�q�����`{��< 2v[�¤�V� À�M�KÐ¸S~JÃ¤}þ���%{¨�%v[wQ�ö��{rz<���Qz-�q�����`{]�< 2vx�*�*�ö�r���ö�&{¨�xv[�%ï�{°��vx�
{rvx�-�%{rzd�<�¤���ov4�r���[�[£�À# 2�%{r�¨�o�%{I����z*���x�[{r���%zo��w�z¤����v4���`�Q�P�%vx�[{��&ÃU��zY�l£;�����Pv4�F���[�x£¢À� 2�%{r�¨�o�%{
�%zo��w�z¤��� vµ�ivx�;Ñ��Qï�{��&Ã*}����%{��¡¬2¦¢¸¡�3K$~��¯���$�7�4���-{r�¯�`£Y����¾�Ó7�Pvµ�`z-�d�<{��R�����%�U�����D�������; 2vµ�;�-�
����¾�Ó>¦¨¬�£;�o{��îñ°�<{���}$����{I�¡¬2¦�¦¢{��-�o��wQ{TKÐ�Q�-�<vx�%wk�sv[�%z¤��z-£eÀS¦QKX�gÃ�z-�Qy%�-vx�%{��� �{rz-{Yy��¡{��M�o�
z-y��M�o�%{Y����z¤���x�[{r���¤���<ï��`}
ÔÅÕ�W�Õ�c EPÜ3é�Z�ä\ç]é

±Ä{d���rÑ�{7�P{°���<y�z-{��I����z¤���x�[{r�Å�<��{r{°�;y%���Ð����z��o�%z-{F{��;vÆ@Å{rz-{r�l�����xw���zov[�o�%�q�`}U���%{7í�z¤�<�������
�<{°�`�����k���[wQ��zov[�-���q���r���4�`y��4���o{7{Fv[w�{F�;ÑQ���xy%{��Ðy��¡v[�%wI�o�%{Y�<�Qy%z*�R{�v[�o{rz*���-v[�Q�P�-{°�V�%��v4��y%{������P�o�%{
íÅ�o�<v[�Q�¨�q���oz-vxîq���%��z-���Q�V� Îizo{��<��{��R�-v[Ñ�{F�[£�}2����{I�-�%vxz*�¢���[wQ��z-vx�-�%� �r���µ�`y%�µ���-{°� ú · y��<vx�%wP�o�%{
�`�Qz-z-{F�4���o{��e�-���k�%�[vx�%wP�-{°�V�%��v4��y%{I���%�%�[vx{��¨�-�q�-�%{IíÅ�o�<v[�Q�û�q���-z-vxî¨���%�%z-�����*�û����{rv[wQ{r�lÑ����[y%{
�r���4�`y%�µ���ov[���­À��< �� ú ·Y�I��z-{]�r���µ�`y%�µ���-{°� ��zo��� �e�<vx�%w��x{]¦¢���l�-{Q8���zo�[�e�<vx�^y��4���ov[�Q�sÃ*} ���%{
���k��y%�l�Ð���i�`���k�^y%��v4�R���-vx���kÀ#�P{��Q�<y%zo{��� 2vx�-�%vx�I�-�%{��q�Q�<�-{Fzg�%zo�l�`{��o�<��zRÃÐ��{r�¡ �{F{r�I�-�%{2�´���<¸
�-{Fz$�����I�-��{��¡�4�rÑ�{��%zo�l�`{��o�<��z¤�Xvµ���µ��zow�{��¡�g����z$�-��{7��{rzo�-y%zo�����ov[���k���xw��Qz-v[�o�%� ���¯�^�¡�q���x�[{��¡�i���Qz
�-��{I�<�Qy%z*�R{Iv[�-{Fz*���ov[�Q�M{Fv[w�{F�;ÑQ���xy%{I���[wQ��z-vx�-�%��}2���%{I�ly%�^��{rz������`�Q�P�^y��%v4�R���ov[���¯�Xz-{°�Jy%vxz-{��
��{rz�vx�-{rz¤���-vx���q����z��o�%{>�<�Qy%z*�`{!v[�o{rz*���-v[�Q�e���xw���zov[�o�%� v4�7�o�%z-{r{�Î¯���Qz��-�%{Dí&�-�<vx���¨�q���-zov[îq���[w��Q¸
z-vx�-�%� v4�i���Qy%zrÎ������D����z$�o�%{2z-{��Q�`�-vxÑ;vx�¡£D���[wQ��z-vx�-�%� v4�Ð{rvxw��l�r}Ð�������[{�|;}'|Y�<�%�� ��X�o�%{��`�Q���<�¤���l�*�
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�P�����¢�¢����z��-�%{I�o�%z-{F{D���[wQ��z-vx�-�%�´�`}��L�]�*�����[{���|;}£�;Î�|l}�*�ÎÅ|;}'¿P���¯�¨|;}�©> �{I�¡�%�� þ 2���x�[¸S�`�[�l�*ï
�-vx�Pv[��wIz-{��¡y%�[�¤�����QzY�;v�@Å{rzo{r�l���r�Q�<{��!À#vL} {�}[Î%�ly%�>��{rz������¯��z-�ov4�`�x{��îñF�����¤�V� À#��ñF�sÃd�����¢�ly%�>��{rz
���������*�*�%{��DÀ��sÃ-Ã����e�-��{I�¡¬2¦¢¸<�^KX~I����z��o�%{D�o�%z-{r{½�;v�@Å{rzo{r�l�����[w��Qz-vx�-�%�q�R}�ugvxw�y%zo{���|;}��k�����
|;}Æ*I�¡�%�� þ�����¡{rz-Ñ�{��]�����¢��z-{��;vµ�`�-{°�M�¡��{r{��;y%�]z-{��¡y%�[�¤�����Qz7�o�%{I�¡��y%z¤�`{Dvx�-{rz¤���ov[���]{rv[wQ{r�lÑ����[y%{
�r���4�`y%�µ���ov[��� }üu�v[w�y�z-{¨|l}�¿û�¡�%�� ��^�-��{¢��{rz*�R{r�;�¤��wQ{¢���!�o���*���Y�`�Q�P�%y%�¤���-vx��� �-v[�k{q�<��{r�l�^vx�
�`�Q�P�^y��%v4�R���ov[���kÀ#�P{°�-�-��w�{2���Q�-�¡v[�%wlÃÐv[�I�o�%{��q���¡�-{rzÐ��z-�l�`{��o�<�QzX����z$�o�%{��<�Qy%z*�`{�v[�o{rz*���-vx���k���[¸
w��Qz-vx�-�%�¨}$u�v[w�y�z-{���|;}'©;Î�|;}x¹rÓlÎs�����¢|l}[¹�¹½�<�%�� þ�¡v[�Pvx�4��z$�%�x���¤�����Qz�íÅ�o�<vx���¢�´���-zov[î>{rv[wQ{r�lÑ����[y%{
�r���4�`y%�µ���ov[���¯�g������í�w�y�z-{���|;}x¹r~;Îl|l}[¹rªd�����I|l}[¹`¾t�<�%�� ¶�%�[�Q�*�s����z$�R��z-zo{r�4���-{��Y�o���P�%�xv[�%w���{rz-�oy%z-¸
�����-v[�Q�¨�r���4�`y��4���ov[�Q���`}Ð±e{�í����P�-�����7�Qy%z��%z-{��lv4�`�o{��P�<��{r{°�;y%�¢zo{��<y��[�*���´���*�*�>�-�%{Y���¯�<{rzoÑ�{��
z-{°�<y%�x�*��z-{°���<�Q�������[£q �{r�x�L}����%{!�����¡{rz-Ñ�{��>z-{��¡y%�[�¤�� �{rzo{��¤��ï�{r�k���¢�o�%{!�;{��;vµ�r���o{��P�¡¬2¦¢¸¡�3K$~
����z*���x�[{r���`�Q�P�%y%�o{rzr}qu%zo��� �-�%{q�¡��{r{��;y%� �%�[�Q�*�`ÎÐ �{q�<{F{^�o�����I �{^�Q�%�*��v[� �<��{r{��ly%���D�R�[���¡{
�-��©^����zP¹FÓP�%z-�l�`{°�-�<�Qz*�����QzD���[�$�-��{^�o�%z-{r{>���[wQ��z-vx�-�%�´�`}U ��P���%wk�-�%{��¡{^�o�%z-{F{>���[wQ��zov[�-���q�`Î
�-��{7��{rzo�-y%zo�����ov[���´���[wQ��zov[�-��� �<�%�� ��X�µ��zow�{��¡����z¤���`�ov[�Q�^�����-�Q�*�����`�Q�P�%y%�¤���-vx���I�ov[�P{��<��{r�l�Xvx�
�`�Q�P�^y��%v4�R���ov[��� }

 7�xw��Qz-v[�o�%� �<£l��{ �PÀL�¡{���Ã �eÀS�<{��#ñF�%v4�¡�-�Qz-£�Ã
���Qy%z*�R{D�L�o{rz*���-v[�Q�]¼�vxw�{r�lÑQ���xy%{ Ó;}�|l¹r©�¾ ¾�}�|��Q©�~Q¼�¸�¾
ugv4�o�<vx���]¦¨���oz-v[î´¼�vxw�{r�lÑQ���xy%{ Ó;}'Ó�~ ¾�}§¾�ª�¾�¼Ð¸�¾

8$�Qz-zo{r�4���-{��¢�l���P�%�[vx�%wI�2{��Q�`�-vxÑ;vx�<£ Ó;}�*F¾�ªl¹ �l}�|�¿l¹r|Q¼�¸�¾
�����%�x{!|;}�|l�`8$�Q���<�¤���l�*���^�����M�q�����<vx�%w��x{��%z-�l�R{��-�¡��z�{rîl{��`y��-v[�Q�P�-vx�P{�}



¹�¹#*

a ��� ±û���[�x¸L�`�x�l�Vï>�-vx�Pv[��w��Xvx�]�<{��`�Q���%�
�%zo�l�`{��-�¡��z¤� ����y%z¤�`{!�L�-{rz¤���-vx��� u�v4�-�¡v[�Q�¢¦¨���-zov[î 8$��zoz-{r�µ���o{��¢�l���P���[v[��w

¹ ª��Q|;}'¿�¾ ªQ|^*�}'|�~ |Q~^*�}'|�©
~ ~;¹F~;}'~�ª ¹F¿�ª;}'©�� ~	*�©;}'~�|
¾ ¹rÓQ|;}'~�¾ ¹FÓ�Ó;}x¹�¹ ¹F|�¿;}'©�~
¿ |Q¿;}�*°~ |Q©;}'|;¹ ©	*�}£�;¹
¹FÓ |QÓ;}�*°ª |_�;}'ª�© ¿l¹�}'|�|

�����%�x{�|l}��l�i± ���x�[¸S�`�[�l�*ïY��vx�Pv[�%w���{°�<y%�x�*�����>�¡¬2¦¢¸<�^KX~�����zU¿�ÓQÓ�Ó�����z-�-vµ�`�[{_ñr�����*�*��Î;¹FÓ�Ó7�¯���*�*��F���<{�}

a ��� ±û���[�x¸L�`�x�l�Vï>�-vx�Pv[��w��Xvx�]�<{��`�Q���%�
�%zo�l�`{��-�¡��z¤� ����y%z¤�`{!�L�-{rz¤���-vx��� u�v4�-�¡v[�Q�¢¦¨���-zov[î 8$��zoz-{r�µ���o{��¢�l���P���[v[��w
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