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ANL (Argonne National Laboratory) - Parallel I/O Project
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CDS (Concurrent Disk System)
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CDS (Client-distributed state)
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clustering} I��Wv�sWpF�qs���s��qv��bsWn�rtz�pwv��l��v]nÖrwp�×C�qs�����|wv]pws��qv^zfnN��~���|;rts���uq�W�l|Cpwv]|;�fv]|� FÆ@�qsWp��'�lnbØ°vT|wv]���l|w�2v��ã�lp
�^�]zf�W��v��]rwsWzfn�zlxK|wv]��zf|;�qp� �åæ�q��r@sWpI��zl|wvl��v'������Iq�Wv��^uqp;r����'�fvy��r��Wv'��p;rÒzlnqv=pwv]�f��v�n�rïÌ FB?EÍ5 ·�+v�va���Wpwz
ÖiÖïÉPÒ� 

CM-2 (Connection Machine)�@Ù�¦ < sWp��JÒ6äKùíÄà���l���qsWn2v·×C�qv]|wvÒ��v�p;pt�l�lv�p�ØEv]ro×Iv�v]n�~2|wz���v�p;pwzf|;p�|wv]áÖuqsW|;v�zfnq�-�T��pws�nq�f��vI�è�+�]�Wv�Ì ¢�F�ÍQ 
�+v]vT���WpwzÕ}�~q~°v]nq�qs ç%ô·Ü��l|t�l���Wv]�é��zf��~qu2rwv�|C}�|;���qs�rwv��]rwuq|wv� 

CM-5
pwv]v Û°Gp¿K�|äfÒ3ùú¿wÑ ÛzÁ3ÂBÐÈä7û/Ñ2Ö.¿wÒÓÒ6ä¨ûNö Ñ¬ùíÃ�®�²³°É6	�®�Ñ Û ùíùúÄ äD> û Ò3Ï�·�²�ÂBÐHÑ

¿�6�6�ÂBÇ.¯'°�Þ�ß§Ö$´%ÀB´�®�®~Â�®iÛï'Ð�6ÚÃ3²�ÂBÀÅ¿|ÀB¶BÁ¨°³²�Â4¶�²�Ã�ÀBÂ
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1d-Parity 2d-Parity

 0

 0

 1

 1

 0

 0

 1

 1

 0       1       0        1               0       1       0        1              

0        0       0        0              

 1       1       1        0              

0        0       1        0              

 1       0       0        1

 1      1       1         1              

0       1       0         0              

0       0        0        1              

õPs��fuq|;v <   ¥2ô¾ÜP�l|;s�ro�1vîçq����~q��v�p

CMMD I/O SystemÆ@�qs�p�pG�+pGrtv]� ~2|wz£��sW�qv]p�� #����4�%&�& � &dý�) � 
jþ°ÿ � �����'� � rwzú~q�l|t�l���Wv]�Ò�l~q~2�WsW����rts�zfnqpdzlnÛrt�2vYÆ@�2sWnqÔÖsWn2�
ÙN�l���2sWnqv]p - õ N �Ä�ÄØqu2r�rt�qv - õ N ���qz+v]p=nqzlr�pwuq~2~°zf|Gry��6	´'ÀB´�®�®~ÂK®H<ï®~Â^·BÏ�·�²kÂKÐ� �ö�v]nq��v��é����rt��sWp
p;rwzf|wv]�bzlnb�W�l|w�fv��qsW�f��¦o~Ev�|;x{zl|w���lnq��và�ª¿|äKÄ�p;��p;rwv���pJÌ C�¥4ÍQ 

coalescing processes (C/P)
p;v�v�� M��°t´'ÇìÑ�¿�6�6Ó®µ°t¶4´�²³°t%ÇíÖ/ÀBBÆ�ÀB´'Ð ä�Çì²kÂKÀ�8�´¨¶4Â

coding techniquesÙN�l�lnqv]rwsW�¾�qsWp;Ô=�q|;s��fv]p�p;u�Z°v�|Kx{|wzf� rt�q|;v�v·~q|ws����l|G��ro��~Ev�p9zlx2xj�ls��Wuq|;v�p]ô%rt|w�lnqpws�v�n�r9zf|Knqzfs�pwvè¦ |wv]�Ó��rwv��axj�lsW� ¦
uq|;v�p�ëj��zl|w|wv]�]rwv��dØ��y|wv]~°v���rts�nq�Crt�qv·zBZ°v�nq�qs�nq�Fzf~°v]|t��rwsWzfnyzf|KØ��T�l~q~q�-��sWnq�C~Ev�|9pwv��èrtzf|9v�|;|wzf|¹¦o�]zf|w|;v��]rwsWzfn
xj�l�]sW�Ws-rts�v�p�íî����v��2sÓ���qvèx{v��èr�ëjuqp;u��l�W�-���qv]rwv��]rwv����lnq�Õ��zl|w|wv]�]rwv��ÕsWndxj�l�èrtzf|;sWv]p�íP�ln2���'��rt�lp;rw|wzf~q�2sW��xj�ls��Wuq|;v�p
�Ws�Ôlv��qv'�l���]|t�lp;�qv�p] ��Fv]�quqnq����nÖr���|w|t�'��pd���ln�Ø°v�uqpwv]�Ñrtzñ�l�q����zf|;v�p;v���u2|ws�ro�úrtzã�bp;��p;rwv��Y �Æ@�2v
pw���2v���vÒsWp�|wv�pGrt|;sW�]rwv��^rwz=�Wv��'�fvIrw�qvÒzf|;sW�fs�n��l�f�q��r���u2nq��z��qsYI�v��Tzfndpwzl��v·�qsWp;ÔÖpCë 
jþ	�~���40¬�+ÿ�
(�Eþp�	
(*O¾ p�í
�lnq�Y�qvaI�nqvy|wv]�quqnq����nÖr�v�n2��z��qsWnq��x{zf|Òrw����rF����rt��zfnbz�rt�qv]|@�qsWp;Ô�pTë �E5 � �;¾u��
(*O¾ ptíè 
mon�rw�qv$I�|;p;r�vîç2�l��~2�Wv�sWnÑõ�sW�fuq|;v <   ¥2�Prt�qv�~��l|;s�ro�ñsWp^�l��×��'��p^sWn�rt�qv��qsWp;Ôñzfn�rt�2v�|ws��f��r^p;sW�qv� bÆ@�2v
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z£�fv]|w�qv��l�ús�pd¡4¤fïóë{×C�2v�|wv�ïÞsWp�rw�qv�nÖuq�dØEv�|azlx·�qs�pwÔÖp�í=��nq��rt�qv�u2~°���)rtvd~Ev�n�����ro��s�p^¡Yë{zfnqv �45 � ��¾
�	
�*O¾ u2~°���)rtv1sWpT|wv]á�u2sW|wv]��x{zf|dv]�lv�|G� 
5þ6�����40¬�2ÿ�
��Eþé�	
�*O¾ u2~°���)rtv£íî úÆ@�2v1pwv��]zfnq� vèç2�l��~q��v/sWp���n
vèç�rwv�nqp;sWzfn�zlx@rw�qv$Iq|wp;rdzfnqv/��nq��uqpwv]p�� < ��¦o~��l|;s�ro�l ãÝ=n�rt�2v�v�n2��zlxCv'�l����|;z£× ��nq�Ñv'��������zf��uq��n
� �E5 � �;¾ ��
(*O¾ p;rwzf|wv]p�rw�qvÕ~��l|;s�ro�f ÕÆ@�qv�z£�fv]|w�qv��l��s�p <�á¼â%á�ã ¬ <�â�á �ln2��rw�qv�u2~°���)rtvÕ~°v]n��l�-ro��sWp
< Ì AKF4ÍQ ·��v�vT�l�Wp;zK��¿|äKÄN 

collective-I/O
p;v�v§¯'°�·BÙ%Ë>¯%°mÀBÂE¶�²�Â4¯HäD> û/ÑÆ�ÓX��°t´'ÇìÑ�Ö�´'Ç.¯¨´�ÑPÖ.¿wÒÓÒ6ä¨ûNö ÑÅÜ Â�·�²k´

collective-I/O interface
pwv]v�¯%°�·BÙ'Ë�¯'°mÀBÂ4¶�²kÂE¯±äD> û/Ñ�Ö$´'Ç.¯¨´

collective communication
pwv�v��ÓX��°t´%ÇìÑN®~×�·×ÂK®µÏu·EÏ�Ç.¶BÁ¨ÀB'Ç.%Ã3·�ÑzùúÖNä�ÑPÖ.¿wÒÓÒ6ä¨ûNö

commit
pwv]v§¶E'Ç.¶BÃ�À�ÀEÂKÇÓÏ»´�®{Æ7'À�°³²�Á¨Ð±·�Ñ�ÖPä¨û×��ÒÓÑ/ÒÓ²�À�°t¶�²xÔ.Õ��ËtÖiÁ�´�·×ÂÅØr×¶KÙ�°mÇÚÆ

communication coalescing
pwv]v�Ör¿��ªÔìä

communicator
pwv]v�ùúÖNä�ÑPùíÖPäfË³ä7û/ÑNÖ2ÜMù

compute node
p;v�v�¿�öpØMÑ Û É�ÒÓÑr¯'°�·BÙ%Ë>¯%°mÀBÂE¶�²�Â4¯|ä�>Mû/Ñ6ä�Çì²kÂ�®7°mÖJÒ Û?>7@�A2C�Á¨Ï,6�ÂBÀB¶KÃ «4Â�ÑÓÇ�Û±�°��J/Ñ

Ö$´%Ç.¯¨´�ÑPÖNä7ûPÉPÒÓÑPÖNä7û×�PÒÓÑPÖ.¿wÒÓÒ6ä¨ûNö ÑÅÜ Â�·�²k´
compute processor

pwv�v ¿ ´'®³®~ÂBÏ

concurrency algorithms��zlnq��uq|;|wv]nq�]�b�l���fzf|ws-rt�q��p����ln�Ø°vy�qs-��sW�qv]�Ys�n�rtz�ro×�z����W�lpwp;v�piÌ ¡'§K=4Í5ô
ë -i&(
 � þ°ÿONt�	
�*]ÿ>�E
 º �Kÿ � �£*]ÿ��2ÿ � ��-i� ¸ � �l���fzf|;s�rt�2��p��l|wvyzf~2rwsW��sWpGrtsW���lnq�b�l�W��z£× rw�qv ý�) � �	� � N
0¬�Eþ pÄrtzFpw���qv]�quq��vIs�na~��l|t���W�Wv]�f�l���l���)r��C�l���]v�p;pwv�p9×C�qsW���T�l|;v·�lv�nqv]|t��rwv���ØÖ���@�fs-�fv]nNIq�Wv�~EzfsWn�rtv]|� 
Æ@�qs�p¾��vèrt�qz��Õ�'�ln��Wv��l��rtzT�ln�s�n��l���WsW�^p;r��)rtv@rt���)r·x{zl|w��v]p¾|wzf���WØ��l��ÔµôP�PIq�Wv@zf~Ev�|w��rts�zfnÕ���'�����'�lv
rwz�ØEvd�lØ���nq�qzfnqv]�ã�lnq�N|wvè¦Qrt|;sWv��%  -i� ¸Ñ�l�W�fzl|ws�rw�q��p@�qsWpGrt|ws�Øqu2rwvT�f��zfØ��l�épGr���rwv^s�n2x{zf|w����rwsWzfn�sWn
rw�qv1x{zf|w��z�x=�lnÉzf~Ev�|w��rts�zfn â �K��0^0^
ßÿ â zf| â � º ���4ÿ â ��v�p;pt�l�fv���p;v�n�r�rwzãrt�qv�|wv]�Wvè�l��nÖr ý�) �
�6� � 0¬�Eþ p^ØÖ�ñrw�qv��]�WsWv]n�r' �monýÖNä7û×�PÒ÷rw�qsWp���z+�qv]�¾sWp^|;v'�l��s{R]v��ñ×Cs�rt�Ñ�Yrt|w�lnqpw�l�]rwsWzfnú�'�l���Wv��
�lzf�Ó��rwsW��vl  -J� ¸��l���fzf|ws-rt�q��p@~q|;z4��s��qv�rw�qv�zf~q~Ezf|;rwuqnqs�ro�1rwz�vaå���sWv]n�rt���Y�du2��rts��'�lpGrC�f�WzlØ��l�ÄpGr���rwv
s�n2x{zf|w����rwsWzfnÄ 

ë ¸ � � ��� �jNk�	
(*]ÿ��4
 º �éÿ � �±*]ÿ��2ÿ � � ¸ � ¸ � �l�W�lzf|ws-rt�q��p¾�l|wv���zfn2pwv�|G����rts-�fvl�q�l�W��z4×Cs�nq�T�ln ý�) � �	� � N
0¬�Eþ rtz�p;���qv��2uq�Wv1���)r����l�]��v]pwp�zfnq�-�ñ×C�qv�n s�rTsWpTÔÖnqz£×Cn rwz�ØEv/��zfn2pwsWpGrtv]nÖrw���úzf|w�2v�|wv]�Ñ×Cs�rw�
zlrw�qv�|·����rt�^�l�]��v]pwpwv]p� �¸ � ¸bnqvè�fv�|��Wv'���qp�rtzd��n�sWn����l��sW�Õp;rt��rtv��+ØEv����luqpwv��f�WzlØ��l��p;rt��rtv�sWn2x{zl|w���)¦
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rwsWzfn�s�p=�qs�p;rt|;sWØqu+rtv��ãs�n�rt�qvdx{zl|w�ózlxI��rtzfÔ�v�nãrt���)rasWp=�]sW|;��uq�W��rtv]�ñ�l��zlnq�1�l��� ý�) � �6� � 0¬�Eþ p
p;v�|;��s���sWn2���JI���vyzf~°v]|t��rwsWzfn% 

concurrency control�+v]á�u2v�n�rtsW�l�I�]zfnqp;sWp;rwv�nq�è�øë * � �4
(�'&(
Àä�� º 
(&(
{ÿ�� íF�qs��]rt��rtv]p�rw����r�rt�qv�|wv�p;uq��rwp^zlx@�l�W��|;v'�l����nq�ú×C|;s�rtv�zf~+¦
v�|w��rts�zfnqp��fv�nqv]|t��rwv��øØ��÷���f|wzluq~�zlxy~q|;z+�]v�p;pwv�p�������v]pwp;sWnq��pGrtzf|w�l�fvN�^uqp;r1ØEvbrw�qv�pw�l��vN�lp�s-x=rt�2v
zf~Ev�|w��rts�zfnqp��q�l�ãz+�]��uq|;|wv]�ñ×Cs-rt�qs�nNrt�2v���zfn�rtvîç�ryzlxI�/pwsWn2�f�WvT~q|wz���v]pwp�Ì[¡£§K=EÍ5 ym rapw�qzluq�W�ã����sWnNrw�qvdv]xÓ¦
x{v��èr@zlx9vèç+v]��u2rwsWnq���l���°���)r��d�l�]��v]pwpwv]pFx{|;zf� zfnqvzI���v�zf~Ev�|w��rts�zfn/ØEv]x{zf|;v=vèç+v]��u2rwsWnq���ln��/�q��r��d������v]pwp;v�p
x{|wzl�ûrt�qv�zlrt�qv]|�zfn2v^ �Æ@�qs�p�|;v�áÖuqsW|;v�pÒ�l�WzfØ�����sWn2x{zf|;���)rtsWzlnÄôKv'�l��� ý�) � �6� � 0¬�Eþ vîç+v���u+rtsWn2�dzfn/v��l���
ý�) � þ	��� � �duqp;r�ÔÖnqz£×àrw����r�s�r�sWp�p;���qv��2uq�Ws�nq�/����rt�/�l�]��v�p;pasWnN������nqnqv�|Frt���)r=sWpF��zlnqpws�p;rtv]n�r=×Cs�rw�
�l����zlrt�qv]| ý�) � �6� � 0¬�Eþ p] N��zlnq��uq|;|wv]nq�]����zfn�rt|;zf�·�l�W�lzf|ws-rt�q��p=�'��nÑØ°v��qs-�+s��qv��úsWn�rtz�ro×Iz����W�lpwp;v�p�ô
����sWv]nÖrG¦o�qs�p;rw|wsWØ2u2rtv]���lnq�Ypwv�|G�fv]|G¦o�2sWp;rw|ws�Øqu2rtv]�Ä I�+v�v��l��pwzp¶4'Ç.¶KÃ	À�ÀBÂKÇ.¶BÏ�´'®{Æ7'À�°³²�Á¨Ð±·f 

Concurrent Disk System (CDS)
pwv�v Ûï´¨¶KÁ3ÂýÛ/'Á�ÂKÀBÂBÇì²/Éz°�®~ÂÈÒ3Ï�·�²kÂKÐ 4Û$ÛMÉ�Ò�¯

Concurrent File System (CFS)�Òõ��1sWpÒrw�qvPI��Wvyp;��pGrtv���z�xPrt�2viäKÇì²�ÂK®�ÔÚ'Ãì¶BÁ�·�²k'Ç.Â ÄÅÂ�®�²�´/�lnq��~q|;z£�+s��qv�p��Õ�zGFm�PÌ��sWvè× zlxP�JI��Wv
rtz�rw�qv��l~q~q��sW�'�)rtsWzln/~q|wzl�f|t�l� Ì ¡�C4ÍQ ·õ�zfuq|@mG¤lÝà��z+�qv]pC�l|wvyp;uq~q~Ezf|;rwv��Äô

ë Ùbz��qv�§+ô�öFv�|;vdv'�l���ñnqz��qvT~q|wz���v]pwpa���lp�s�rtp�z£×CnpI��WvT~°zfs�n�rtv�|] =m ras�p�uqp;v]x{uq�9x{zf|��W�l|w�fvïI��Wv]p�rwz
ØEvypw���l|;v��b�l��zfnq�drt�2v�n2z+�qv]p� 

ë Ùbz��qvÑ¡lôãÆ@�qv �K��0¬#��Kÿ � þ	�¨� � p/p;���l|wv�����zf����zfnuI���vN~EzfsWn�rwv�|��C��nq��mG¤fÝ�|wv]áÖuqv�pGrtpY�l|wv
p;v�|;��s���v��bzfnY�JI�|wpGr;¦o�]zf��vè¦�Iq|wp;rG¦op;v�|;�lvTØq�lpws�p� 

ë Ùbz��qv < ô��Cv'���qp��lnq�d×C|;s�rwv�p���|wvIrw|wv���rtv]�Õ�lp��f��zfØ��l�Özf~Ev�|w��rts�zfnqp��lnq�Õ���f��zfØ��l�ÖpG�+n2���q|wzfn2s{R'�)rtsWzln
s�p@~°v]|;x{zf|;��v]�Ä 

ë Ùbz��qvï?2ô�}#pG�+n2���q|wzfn2zfuqp�zl|w�qv]|wv��Y��z+�qvas�p@~q|wz£��sW�2v��Ä��Øqu+r����W�°×C|;s�rwvazf~°v]|t��rwsWzfn2p@���'�fvyrtzÕØ°v
zlx9rt�2v�pw�l��vapws{R]vl 

conflict
p;v�v�ÒÓ²³À�°t¶�²xÔ.Õ��ËtÖiÁ3´�·fÂÅØr�¶BÙ�°mÇÚÆ
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control thread
pwv]v�Ò3ÖNäBÉ É�ä

CP (compute processor)
p;v�v ¿ ´�®�®~ÂKÏ

CP Thread
pwv]v ¿ ´'®³®~ÂBÏ

Cray C90Æ@�qv^��|t�'�Y�Ò¢f§�s�p�� *>56�%� � �Ê0 � 0¬����� ~q�W��rwx{zl|w� Ì ¢�F�ÍQ 

Cray Y-MP
pwv]vpÛzÁ3ÂBÐÈä7û/Ñ/·BÃ�6�ÂBÀB¶E%Ð�6ÚÃ3²³°mÇÚÆO´"6�6Ó®µ°t¶E´�²³°t'Ç ·

CVL (C Vector Library)
Ý�Þ�ß³àkáµÝ4âaàaã
�I�=êæë5�l��pwzÕ|wvèx{v�|w|;v��Yrtz��lp �����4ÿE-àå�» íÒsWpF�lnYsWn�rtv]|;xj�l�]v�rwz��Õ�f|;zfuq~YzlxPp;sW��~q�Wv=x{u2nq�]rwsWzfnqp@x{zf|
���l~q~qs�nq�Õ�lnq�bzf~Ev�|t�)rtsWn2��zfnY�lv��èrtzf|;p�Ì�?K=4Í5 IÆ@�2v�rt�l|w�fvèrF���l���2sWnqvysWpC�ªÒ6äKùíÄ��]zf��~2u2rtv]|� ·mon
zlrw�qv�|@×Izf|w�2p��E�I�aêúsWpC�Õ�WsWØ2|t�l|G��zlx��Wz£×Ò¦ �Wv]�lv��%�lv��èrtzf|F|wzfu+rtsWn2v�p@�'���W�Ó��Øq�Wv�x{|;zf���íÌ ?B=EÍQ 

ÝKæèç ß�ã
Æ@�qv��ls�� zlx��I�aêúsWpÒrtz����)ç+sW��s{R�vFrt�qv��l�+�l��nÖrt�l�fv]pFz�xP�qs�v�|w�l|w���qs��'�l�°�+s�|;rwu��l�WsSR'��rwsWzfn% 

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
��æ/- ü×'�����7) ¸2ç ������ ë{v�áÖuqs-�l���Wv�n�rCrtz�õ �'* , �%� õ , Nk ���lpwp;s��lv�����~��l|w�l�W��v��%�]zf��~qu2rtv]|�í

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
Å�þÚ-àå�» ��r1�Fnqs��lv�|;pws�ro�÷zlxïG�zl|;rt� �Ò��|wzf��sWn��U�Crt�2v�|wvñ��|wvNro×Iz����£ò;zf|��qsYZ%v]|wv]nq��v]p1Ø°vèro×�v]v�n
���%�£ÿB-�å�» �ln2� Å�þÚ-àå�» ô
¡f  ���%�£ÿB-�å�» uqp;v�pF�qsWv]|t�l|;���qsWn2�'�l�%��s�|;rtuq�l�WsSR'��rwsWzfn�� Å�þÚ-àå�» �]u2r;¦o�lnq�+¦ p;rt�l��Ô
<   ���%�£ÿB-�å�» |wu2nqp=�lp��duq���bpwv�|;sÓ�l�K�]z+�qv^�lpF~°zfp;pws�Øq�Wv%� Å�þÚ-�å�» |;uqnqp=���W�épwv]|wsW�l�K��z��qvTzln
rw�qv � ���4���»-/�°þEÿ����1&½Å�þ�
ßÿ�� � -ÃÅ±�

îKñ[ó�î�ð ñBã
Æ@�qzl���lp9��zl|w��v�nÄ�EG�s��Wp�GFsWv�u�×Iv¹òw�l|]�f��uq��s-r9�����'×C�Ó�+��Ü�|;v�p;rwzfn���|;z£×y�fÙb��sWp;pt�@ö�|;sWp;���q�Q���FzlØ°v]|;rtz
öFz4����vl�=ìav]s�rt�æ�d Òìyz�r��'�f���Fzl��xTöT �GFv���pwzfnÄ�=�+��z�rwrbÙú C��sW���lv�|]�aÙbs������lv�� Q  ÒÆ��£����zf|������4ò;s-�
åæs���Ô�|;v���v�p;sWnq�f�2v
� »�¨Eº	þY«°ª��+²,�)qºÖ²P³m�+¸f´�»K�°±4¶�»�¨Ò³G©K�f¶
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æèò�ß�àtæ à���àtæ ó�òfã
�=v]~��l|;rw��v]n�rCzlx���zl��~qu+rtv�|��+�]sWv]nq��v��µ�a�l|;rw��zfu+rt�Y��zf���Wv��lvl��ö��lnqz£�fv]|���G�öh§K?�FBCKC+�q���+}
¨�»Ö»�¯��d���4���f��³wºÖ²P³m�+¸f´�»K�°±4¶�»�¨Ò³G©��f¶��l´2©2²l©�¸�´�º£¨��)¯q¸f´°ªf±�³5¨2»K���

�kñaü � ó�á ÷ ß�ã
mG¤fÝhsWn�rtv]|;xj�l�]vl�q�lv��]rwzf|Fzf~°v]|t��rwsWzfn2p

D

DAC (Directed Acyclic Graphs)
pwv�v$Ò3Ö/É�Ò

Data Arrays are In-Core and Indirection Arrays of Out-of-core (DAI/IAO)
pwv]v±°mÀ�ÀBÂ[Æ�Ã3®~´%À

6ÚÀB7«�®~ÂKÐ^·
DartCVL

pwv]vÅÛwÜ�Ø
data declustering

p;v�v ¿ ´�®�®~ÂKÏ1Ñ?6�´%ÀB´�®�®~Â�®²<ï®~ÂÅ·BÏ�·�²kÂKÐHÑ�ÖNä7û×�PÒÓÑÆ��¿|ä�ÄxÑÅÜ�°mÖPä¨û/Ò

data parallel}û���)r���~���|t�l���Wv��é~2|wzf�f|w�l�ó�l~q~q��sWv]p=��p;v�áÖuqv�n2��vÕzlx¾pws���s��Ó�l|Czf~Ev�|w��rts�zfnqpCrtz1���W�9zf|���zfp;r�v���v���v�n�rtp�zlx
�1�Ó�l|;�fvd���)r���p;rt|;uq�]rwuq|wvwÌ ¥BÍ5 «GpÖ/ÉÌsWpap;uq���Ñ�1�W�lnq�fu����fvl d}Þ~2|wzf�f|w�l�Ï×C|;s�r;rtv�n�sWnñ������rt�1~��l|t���W�Wv]�
p;ro����v����W�Wz£×Cpy�l�+�l��nq��v]�ú�]zf��~2sW�Ó�)rtsWzln�p;��p;rwv���p�rwz��fv�nqv]|t��rwv�vaå���sWv]n�rT�]z+�2vÕx{zl|a��zfpGr ��
(*]ÿ��4
 º �éÿ � �
0 � 0¬�����±0¬�%�E5	
5þ � * Ì ¢2¡�Í5 �}��q�2s�rts�zfn��l�����l��Ì ¢+¡�Í%~2|wz£��sW�qv]pÒpwzf��v��luqsW�qv]�Ws�nqv�p¾rtz^×C|;s�rwv�~q|;zf�f|w�l��pIsWn��
����rt��~��l|t���W�Wv]�%~q|;zf�f|w�l����sWn2�dp;ro���Wv�ô

ë �qzÕnqz�rF×C|;s�rwva���l���2sWnqvî¦o�qv]~°v]nq�qv�n�r���z��qv
ë n�����va���)r���zfØ�ò;vèrtpFvèç+~q�Ws���s-rt���
ë �'�fzlsW��sWnq�2sW|wv]�]rF�l�2�q|wv]pwpws�nq�Õ×C�qv�|;vT~Ezfpwp;sWØq��v

data prefetchingÆ@�qvarts���v�r��lÔ�v�nYØÖ��rt�qvy~q|;zf�f|w�l����lnYØ°va|;v��quq�]v��Ys�x9s�rÒsWp@~Ezfpwp;sWØq��v�rtzÕz£�fv]|w�Ó��~Y�]zf��~qu2r��)rtsWzln�×Cs�rw�
mG¤fÝ sWn�pwzf��v�xj�lp;�qsWzlnÄ �} p;sW��~q�WvC×Ò�'��zlx9�l���qs�v]��sWnq�Trt�qs�p�sWp·rtzds�pwp;uqva�ln1��p;��nq���q|;zfnqzfuqpCmG¤fÝ |;v�áÖuqv�pGr
x{zf|�rt�2v�nqvîç�r *>&�� º ëjp;v�v/Ör¿xÒÓÒ6ä7ûNöYí�sW����v]�qsÓ�)rtv��-�d�)xßrtv�|�rw�qv��]uq|w|;v�n�r *�&(� º ����pIØEv�v]n/|wv��l�Ä �}�p·x{zf|
~q|;v]x{v]rw���qsWn2�q�°�q��r���sWpC~q|wvèx{v]rw���qv���x{|;zf����I���vl�E�lnq�bzfnN~Ev�|Gx{zf|w��sWn2�Õrw�qv���zf��~qu2rt��rts�zfnbzlnbrt�2sWpC����rt�
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rt�2v�|;v�p;uq��rwp���|wva×C|ws-rwrtv]n�Ø��l��Ô/rtzÕ�qs�pwÔÅÌ�?K?�ÍQ ¾Æ@�qs�pFs�p@|wv]~°v���rtv]�N�l�f�lsWn���xßrwv�|G×Ò�l|;�qp� 
Ì�= < ÍfpGrtuq�2sWv�pK~q|;v]x{vèrt���qs�nq�F�lnq�§¶E´7¶KÁ¨°mÇÚÆFpGrt|t�)rtv��lsWv�p°x{zf|é�duq�-rtsW~2�Wv9�qsWp;Ô�pés�n=rt�qv�~2|wv�p;v�nq�]vIz�xq�l~2~q�Ws��'��rwsWzfn+¦
~q|;z4��s��qv��yÔÖnqz£×C�Wv]�q�fv¾zlxÖx{u2rtu2|wv¾�l�]��v�p;pwv]p� ¾õ�uq|;rw�qv�|;��zl|wvl�'rw�qv�rt|w�l�qv]zBZ%péØEv]ro×Iv�v]nd�l�l�f|wv]pwpws-�fv¾~q|;v]x{v]rw���+¦
sWn2�N�ln2��zf~2rwsW���l�����l���qv�|;v�~q�W�l��v]��v]n�r^��|wv��qsWp;��uqp;pwv��% YÆ@�2v�|wv]pwuq�-rtp�zlx@��rt|w�l��vî¦o�q|;s��fv]n�p;sW�duq�W��rts�zfn
p;rwuq�2��zlxés�n�rtv��l|t��rwv���~2|wv]x{vèrt���qs�nq�d��nq�È¶4´¨¶KÁ7°mÇÚÆÕ�l���fzf|ws-rt�q��p��l|;v�~2|wv�p;v�n�rtv]�Ä Iõµzl�W�Wz£×Cs�nq�y�l�W�lzf|ws-rt�q��p
�l|;vF�2sWpw�]uqpwp;v��Äô��l�f�f|;v�pwp;s��lvl��I2ç+v����2zf|wsSR�zfnÄ��|;v]�lv�|wp;v=�l�l�f|wv]pwpws-�fvF�lnq�Õx{zf|;v�p;rt�l�W�5 PÜ�|;v]x{v]rw���qsWn2�T���ln�~2|wvè¦
�Wzf�l�/rt�qvy���l���qvyrtzÕ|wv]�quq��vyrt�2v����l���qv���s�pwp@|w��rts�zq�2zf|@|;v��qu2��vyrt�qvy��zlp;rFzlxP�����l���qv���s�pwpÒØ���p;rt�l|;rwsWnq�
rt�2v�mG¤lÝàv'��|w���ÅÌ ¡f¡>A4Í5 

data reuseÆ@�qv�����rt�����W|wv��l�2��x{v]rt���2v���s�nÖrwzÕ���ls�n1��v]��zl|;��sWpC|wv]uqpwv]�NsWn2p;rtv��l�YzlxP|;v'�l�b�l����sWn/x{|wzl� �qsWp;Ôµ ·}�pF�
|wv]pwuq�-r'�qrw�qv��l��zluqn�rCzlxPmG¤lÝàsWp@|;v��qu2��v��^Ì ?B?EÍQ ·��v�vT�l�Wp;z§Ö.¿K�wÔìä� 

data sieving
G�zl|w���l�W�-�1����rt��sWp��qsWpGrt|;sWØqu2rwv��bsWn�� *>&(� º ë{pwv�v$Ö.¿wÒÓÒ6ä¨ûNöYí��lnq��nqz�r=��zlnq��v]nÖrw|t��rwv��ãzfn���pw~Ev��]sÓ�l�
�l�q�2|wv�p;p� ��=s�|wv]�]r=|;v'�l�2sWnq�1zlx·���)r��1|wv]á�u2sW|wv]py�/�Wzlr�zlxImG¤fÝ |;v�áÖuqv]p;rtpT�lnq�ã�2sW�f�ã�]zfp;rwp� ^Æ@�2v�|wvèx{zf|wv��9�
×C�qzf��v *>&�� º s�p�|wv'����s�n�rtzy��rtv]��~Ezf|w�l|;�TØqu�Z°v�|¾�ln2�Õrw�qvC|wv]á�u2sW|wv]�Õ����r��=s�p�vèç�rw|t�l�èrtv��Õx{|wzl�Ìrt�2sWp�Øqu×Z%v]|
�lnq�Y~q�W�l��v]�Ys�n1rt�qv ý�-Ã» � ëjpwv]v�Ör¿xÒÓÒ6ä7ûNöYíî 
}�����|wzfu+rtsWn2v�pypwuq~2~°zf|GrTrw�qv�|wv'���qsWnq��¤)×C|ws-rtsWn2�Yz�xÒ|wv]�fuq�W�l|apwv]�]rts�zfnqpTzlx@�l|;|t�'��p�×C�2sW���Ñ��|wv��qv[I�n2v����lp
�ln���~Ezf|;rwsWzfn�zlx¾��nN�l|;|t�'�1rt�q��rF�'�lnbØ°v�pw~Ev��]sSI�v]�NsWn�rtv]|w��p�z�x�s�rwpC�Wz£×�v]|�ØEzfuqn2�Ä�µuq~q~Ev�|FØ°zfu2nq���ln2�
p;rw|ws��qv�s�n�v��l�����2sW��v�nqp;sWzfnÄ Põ�zf|¾|wv'���qsWnq�T�TpGrt|;sW�qv]��p;v��]rwsWzfn%�+s�nqp;rwv'�l��zlxÄ|;v'�l�qs�nq��zfnq����rw�qvF|wv�áÖuqv]p;rwv��
v���v���v�n�rtp]�+�W�l|w�lvF�]zfn�rts��fuqzfuqpI���ÖuqnqÔÖpÒzlxé�q��r��T�l|wvF|wv��l�1��r���rwsW��v@sWn�rtz^��rtv]��~Ezf|w�l|;��Ø2u�Z%v]|�s�n����lsWn
��v���zf|;�ªÌ�?K?�ÍQ �Æ@�2sWp·sWnq�]�Wuq�qv]p¾uqn�×Ò�ln�rwv��1����rt�2 �Æ@�qvFuqp;v]x{uq�E~��l|GrIz�xÄs�r¾s�p¾vèç�rt|w�l�]rwv���x{|;zf��rt�2v�Øqu×Z%v]|
�lnq�b~��lp;pwv��brtz�rw�qv��'�l���WsWn2��~q|wzf�l|t�l�Y �}à�qsWpw�l�2���ln�r����fvysWpCrt�qv��qsW�l�b��v���zf|;�/|wv�áÖuqs�|wv]��v]nÖrFx{zf|@rt�2v
Øqu�Z°v�|] 

data striping
pwv]v'�ª¿|äKÄ
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DDLY (Data Distribution Layer)
Ý�Þ�ß³àkáµÝ4âaàaã
�a�aê"EósWp���|;uqn+¦QrtsW��v1�Ws�Øq|t��|;�Ñ~2|wz£��sW�qs�nq���ãxj�lpGr��2sW�f�+¦ �Wvè�fv��@s�n�rtv�|Gxj�l��v�x{zf|�×C|ws-rts�nq�ñ~��l|t���W�Wv]�
~q|;zf�f|w�l��p] Ò�a�aê"E�s�p�n2zlrC�fv]r�|wv��l�2�f�EØqu2r�sWpFpwu2~q~°zlpwv��brtz�p;uq~q~Ezf|;r��lu2rwzf����rts��y�lnq�Nvaå���sWv]n�r
���)r��ñ~��l|;rws�rwsWzfnqs�nq�ã�ln2� ¯'°�·K²³À�°t«KÃ3²³°t%Ç x{zf|§°mÀ�ÀBÂaÆ%Ã�®~´'Àe63ÀB¨«�®~ÂBÐ±·�zfn 0 � *>*��ML � #��%*>*>
jþ�L
v]nÖ��s�|wzfnq��v�n�rwp� �}��q�qsW�2sWzfn����W���l�K~��l|t���W�Wv]�¾mG¤fÝ x{zf|TØEzlrw�Ñ|wv]�fuq�Ó��|^�ln2�ý°mÀ�ÀBÂaÆ%Ã�®~´'À�6ÚÀB¨«K®~ÂKÐ±·
p;�qzfuq���YØEvy~q|wz£��sW�2v��Ä 

ÝKæèç ß�ã
~q|;z£�+s��qv���pw���l|;rCs�nÖrwv�|Gxj�l��vax{zf|@���ln��l�lsWnq�d����rw|wsW�]v�pC�lpF�lØ2p;rt|w�l�]rCzlØ�ò;v��èrtp
p;uq~q~Ezf|;rFmG¤fÝd�q~���|;rts-rts�zfnqsWn2���lnq�^¯'°�·�²�À�°t«KÃ3²³°t'Ç

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
mG¤fÝÞ|wzlu2rts�nqv�p=~2|wz£��sW�qvds�nq�qv]~°v]nq�qv�n2��vÕØ°vèro×�v]v�n�rt�qv^x{zl|w����rtp�zlx·����r��/pGrtzf|;v��ñsWnwI��Wv]pa�lnq�ñsWn
��v���zf|;�l �õ�zf|w����rwpÒpwuq���N�lpFö��l|G×�v]�W� ¦ Q z�v�s�nq�q�Öro�+~2sW�'���Ä|t�'×#��nq�b}=�q��mwmI~q|wzl~q|ws�v]r���|;��x{zl|w����rtp
�l|;v/pwu2~q~°zl|;rtv]�Ä �õ�uq|Grt�qv]|w��zf|wv���pwv]�lv�|w�l�@|wv]~q|wv]pwv�n�rt��rts�zfnqpÕzlxF���)rt|ws���v]pdsWn���v���v�zf|G�����ln Ø°v
���ln��l�lv��úëjv�  �q ��2v�nqp;vT����rt|;s-ç°�q�]zf��~2|wv�p;pwv]�Npw~q�l|wp;v�����rw|ws-çqíî 

îKó�áSà³Ý�ÞKæDð@æ à(üfã
GpÖïÉ=�PÜ�°tÂKÇÓÇ.´±É¹'Àf²³ÀE´'Ç

�kñaü � ó�á ÷ ß�ã
mG¤fÝh�Ws�Øq|t�l|G�f��°mÀ�ÀBÂ[Æ�Ã3®~´%À�63ÀB¨«�®~ÂBÐ±·

îKñ[ó�î�ð ñBã
ï� �Ü� �Æ9|t��Ø��l���2�q�C µê� �èÄ�l~q��r��

æèò�ß�àtæ à���àtæ ó�òfã
�Fnqs��lv�|wp;s�ro�1z�x�ÙN���Ó�l���+���+~���sWn

ñ��BÝ�çïî�ð ñKã
monÕrt�qvCx{zf���Wz£×CsWnq��~q|wzf�l|t�l��x{|w�l�f��v�n�r¾x{|wzf� Ì[¡'¥�F�Í�ë{�qv�p;sW�fn2v���s�n���Ò6äKùíÄÞpGro���Wv£í�����rt��s�p¾|wv'���
x{|;zf� pwv]��zfn2���l|;��pGrtzf|w�l�fv��lnq�bsWp@�qs�p;rw|wsWØ2u2rtv]�bs�nb��nbzf~+rtsW���l�E×Ò�'�b��xßrtv]|;×��l|w�2p� IõPsWn����W���l�2v��l���
nqz��qvyzf~Ev�|w��rtv]pFzlnb����z+���l�Ä~q|;zfØq�Wv]�×Cs-rt���Wz��'�l�%����r��+ 
Yµª'«Eº,�4¶×�+©péK���X�EÿI³5¨Mê®�±+ª��»��¸qª£«
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^
���X�Eÿ * � * �+©2²Öº)´Eª'¯�»�±�´ë0>���7ì
���X�Eÿ * » * �+©2²Öº)´Eª'¯�»�±�´ë04»f�7ìª'«+» « * �µª>�rþp�µª�� * ²+ª4¬+©tq &��,gU*�!�#j& sìþ
/ ±,�4¶���«E²Hq�sìþ

Ð�±4�µ²Çq�s7ì
� ��±f¸l»pí2¸��4¶�©2²�ì
���Ê�+©2²�º)´µªj�q©Á»Ö¨q©#º4¶+´Ö´+©�«+» »µ±4¯µ±,�Ö±���ÿ»f�pÒ ���M�Eÿ * «q©B� * »q©2º£¨Ö«µ±)�Ö±%��ÿî-o« * �µª>�rþp�µª�� * ²+ª4¬+©M5�ì
����±4¯q©�« ��¸l»+´µª�cê�+©2²Öº�´µª'¯�»�±l´à¸2²Ö²�±�º+ª�¸l»2©K� »µ± � ª"�f©
���pÒ ���M�Eÿ * ±4¯q©�« * ��¸l»�´µª;c.- � ª���©�«q¸4��©Óþ !,!)ï"ðU*�&�+�*�3)� Ð"Z)ñ ï,ï Ï�5�ì
���ø´+©Ö¸��»�µ¸l»�´µª�c �+¸l»q¸ � ´q±�� � ª��f©
���X�Eÿ * ´+©�¸K� * ��¨E±,�f© * �µ¸l»�´µª�cÕ-��%��5�ì
��� º�±��+¯Ö¶�»2©æ¯q¸f´Ö»Eª£»Eªf±)«¹þÖm4��´ � ^K�µª�²4»+´µªj�Ö¶�»°ªf±4«Mi � ±�´»��¸l»�´µª;c#¸l«×� �Eª�²4»�´µªD�Ö¶�»2©
���Ê�+¸l»q¸æ»µ±ø¸��,�÷«µ±E�2©2²
���X�Eÿ * �2´f�t-���� þb»f��5�ì
��� ©Ö¸2º4¨ «E±E�+©ø¨q¸2²Û«µ±4�Ì±4«��Eÿ`�Ö±�ºl¸U�Ê�2¸l»2¸
í2¸U�4¶q©2²�Ò ���M�Eÿ * ®2¸��4¶q©q²ò-�����5�ì
/ ±)�4¶���«E²[Ò����M�Eÿ * ²£¯ * ºÖ±,�4¶���«°²r-�����5�ì
Ð�±E�µ²�Ò»���M�Bÿ * ²£¯ * ´q±4��¯µ±2ª'«�»2©f´µ²Ñ-��%��5�ì
���]�Ö±�ºf¸��#º�±���¯Ö¶+»2¸qªf±4«
��� º"�Ö±+²l©Ê��¸l»�´µª;c �2©2²Öº)´µª£¯�»�±�´
���X�Eÿ * º"��±�²l© * �µ¸l»�´µª�cî-�����5�ì

i

÷ ñ[à³ÝKæèð ß�ã
Æ@�qvìI�|wpGr�~��l|GrPrw����r����lpPØEv�v]nd�qvè�fv���zf~Ev��dx{zf|Krt�qvI����~q~qsWn2��~q|;z+�]v�p;p�sWpKrt�qv��a��r��F�=sWpGrt|;sWØqu2rwsWzfn�êK�'�fv]|
ë5�a�aê"E�íF×C�2sW���ñ�qsW�2v�p=rt�2v��]zf���duqnqs��]rts�zfnN|;v�áÖuqs�|wv��ñrtz1�2sWp;rw|ws�Øqu2rtv^����r��1zfn �	
�*èÿ��4
 º �Kÿ � � 0 � 0ÌN
�����ê0¬�%�E5	
5þ � py�lnq�ãrt�2v���z£×Ì��v]�lv���mG¤fÝ zf~°v]|t��rwsWzfn2p� ÓÌ[¡'¥�F�Í��qsWpGrts�nq�fuqp;�qv�pyØEv]ro×Iv�v�n � 
��4ÿ��	�'& �	�+ÿ��
*]ÿ��4�	�lÿ��6� � ��åª� ¸ � �ln2� 
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DFP (distribution file pointer thread)
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DH (Dirty Harry)
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�� � �u* � L�0 � þ°ÿ  Ç´ � *]ÿ � �H#��2ÿ�ÿ � ��þ	* �l|;v=pws���s��Ó�l|�rtz *>
�02#3& � *]ÿ��4
(� � �
�'��� � *>* ��Ø2u2r�s-r�sWp���zf��~Ezfpwv]�dzlx *]ÿ��4
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disk level parallelism
p;v�v·</®~Â ®~Â��1ÂK®=6�´'ÀB´'®³®~ÂK®µ°�·BÐHÑÝGp°mÄ§ä7û/Ò

disk manager
p;v�v ¿ ´�®�®~ÂKÏ



D

Disk Resistent Arrays (DRA)Ý�Þ�ß³àkáµÝ4âaàaã
�a�C} vîç+rwv�nq�1rw�qv=~q|;zf�f|t������sWnq�y��z+�2v��Ezlx ¿ ®~¨«4´�®¹¿$À�ÀB´'Ï�·�rwzd�qsWp;Ôµ ·Æ@�2v=�Ws�Øq|t�l|G�Õ��zfn�rt�lsWnqp
�qvèr��ls��WpÒ�]zfnq�]v�|wn2sWnq������rt�Õ�W�'�fzfu2r����l�q�2|wv�p;pws�nq����nq��mG¤fÝhrw|t�lnqpGx{v�|CsWn1�2sWpwÔ/�l|w|w�£��zfØ�ò;v]�]rtp] IÆ@�2v
���lsWn1�2sSZ°v�|wv]nq��v�ØEv]ro×Iv�v�nñ�a�C}h�lnq� ¿ ®~¨«4´�®�¿|À�ÀB´%Ï1·�sWpÒrw����r��a�C}à|;v�p;sW�qvyzfnY�qsWp;Ô1|t��rw�qv�|
rw���ln�sWn����lsWn1��v���zf|;�l 

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
äKÇì²�ÂK®NÖ�´'ÀB´%Æ1'Ç.\ÖïÉPÒ�¯���ä"��ù Ò3ÖJ¼Éë�ÖNä7ûPÉ�Ò÷�lnq�ñ��z+���l���qs�pwÔÖp�íî�P��|w�'�ãÆ�?f�d�HôÅÒH�wË�¼%�
�qïamIÜ�z£×�v]|a�������W�Wv]nq�fva��nq�bn2v]ro×Izf|wÔÖp�z�x�×Izf|wÔÖpGr���rwsWzfnqp

æèò�ß�àtæ à���àtæ ó�òfã
ò;zfs�n�r@~q|wz4ò;v��]r�ØEv]ro×Iv�v�n%ô
Ü��l��sYI��ïG�zf|Grt��×�v]p;rzG���rwsWzfnq�l�ÄêK�lØEzf|t�)rtzf|G�
¿$À�Æ7'ÇÓÇ.Âpö¬´�²³°t%Ç.´�®�Ør´¨«4'ÀB´�²k'À�Ï
Û Á3ÂKÐÅä¨û

Ý�î�î�ð@æ â�Ý�àtæ ó�òfã
�a�C}��'�lnÛØ°vYuqpwv]�Ûrwz�sW��~q��v���v�n�r�uqp;v�|G¦ ��zfn�rw|wzf���Wv�� ��sW|Grtu��l�@��v���zf|G��zf|Õ���qv���ÔÖ~EzfsWn�rwsWnq�úzlx
~q|;zf�f|w�l��pÒrw����rCuqp;vy�qsWpGrt|ws�Øqu2rwv��b�l|w|w�£��p] 

distributed array
p;v�v�°mÀ�ÀBÂ[Æ�Ã3®~´%À�63ÀB¨«�®~ÂBÐ±·�Ñ�Ö.¿K�ªÔìä

Distributed File Model
p;v�v ÛÝGp¿�öpö�JNØ

distributed memory
pwv]v.¿ªÄHûNÖxÔ�Ñ�´'Ã3²�%Ðý´�²³°t¶$¯¨´�²k´�®~´'Ï�'Ã3²\Ñ�Û$ÛMÉPÒÓÑ Û°Gp¿Èû/ÒÓÑ�Û°Gp¿K�|äfÒ3ùú¿wÑ

¯¨´�²k´'6�´%ÀB´�®�®~Â�®�Ñ3ÄªÄwØÆõzÑr¯'°�·BÙ%Ë>¯%°mÀBÂE¶�²�Â4¯$äD> û/Ñ ¿ ®~¨«4´�®7¿$À�ÀB´'Ï�·�Ñ=Gp°mÄ�ä7û/ÒÓÑ	ä�Çì²kÂ�®7°mÖJÒ Û?>=@BA2C
Á¨Ï,6�ÂBÀB¶KÃ «4Â�Ñ�äKÇì²�Â�®�Ö�´'ÀB´%Æ1'ÇìÑx°mÀ�ÀBÂaÆ%Ã�®~´'À�6ÚÀB¨«K®~ÂKÐ±·�Ñ�� M��°t´'ÇìÑxùêä�ùúÄxÑ�ùúÖNä�Ñ�ùúÖNä�Ë�¼¨Ñ
ùúÃ3®�²�°É6��®�Ñ Ö$´¨«K®~�Ñ Ö$´'Ç.¯¨´�ÑÈÖ.¿K�ªÔìäfÑxÖà��J/ÑxÖ.¿wÒÓÒ6ä¨ûNöÅÑxÖPä¨û×��ÒÓÑwÖiÖïÉPÒÓÑ Ò3ÖPäKÉMÉ�äfÑ
Ü Â�·�²k´�ÑÅÜ	Ã�®~¶E´'Ç Ð^Ã�®�²³°t¶4'Ð�63ÃÚ²kÂKÀ
distributed memory machine

p;v�v�ÄwÄªØÆõ�ÑIGp°�Æ%Á Ö$ÂBÀ�8�'À�Ðý´'Ç.¶4ÂÅÉr'Àf²�ÀB´'ÇÑnGpÖïÉ?¯×ÑiÖ.¿wÒÓË
Ò6ä7ûNö

distributed view
p;v�v�¿�6�6Ó®µ°t¶4´�²³°t'ÇúÖiÀEBÆ%ÀE´'Ð ä�Çì²kÂKÀ�8�´¨¶4Â�ÑÆ�ÓX��°t´'Ç

distributionÆ@�qvyrtv]|w� �qs�p;rw|wsWØ2u2rts�zfn1�qv]rwv�|;��s�nqv�pCsWn1×C�qs����bp;v��f��v�n�rCrt�2vT|;v���zl|w�Yzlx���I���va|wv�p;sW�qv]p���nq�Y×C�2v�|wv�sWn
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rt�q��rdp;v��f��v�n�r' ãm rdsWp^v]áÖuqs����l��v�n�r^rwzã��zfnqvî¦ rtz)¦ozfnqv����l~q~qs�nq�bx{|;zf�¦Iq�Wv�|;v��]zf|w��nÖuq�dØEv�|Trtzã�N~q�lsW|
��zlnÖrt�lsWn2sWnq��p;v��f��v�n�rFnÖuq�dØEv�|F�lnq�Ypwv]�f��v]n�r�|;v��]zf|w�YnÖuq�dØEv�|/Ì@FE?EÍQ ·��v�vT�l�Wp;z�Ö/Ö/É�Ò� 

distribution file pointer thread (DFP)
p;v�v$Ò3ÖNäBÉ É�ä

distributed computing�=sWpGrt|;sWØqu2rwv��ñ��zl��~qu+rtsWn2�bs�pT��~q|;z+�]v�pwp�×C�qv�|;v�Ø����Yp;v]rdz�xÒ��zl��~qu+rtv�|;pT�]zfnqnqv]�]rwv��ÑØ��ú�Yn2v]ro×Izf|wÔñsWp
uqp;v��ã��zl�W�Wv]�]rws��fv]���1rwz/pwzf�-�fv^��pws�nq�f�Wv��Ó��|w�fv�~q|wzl�f|t�l� Ì CKC4Í5 �õ � *>*��UL � #	�'*>*>
jþ�L sWpFuqpwv]�ñ�lp=��x{zl|w�
zlx�sWn�rtv]|w~q|;z+�]v�p;p��]zf���^uqnqsW����rts�zfnÄ 

distribution pattern
p;v�v�¯¨Â�·B°�Æ�Ç �8�6�´'ÀB´'®³®~ÂK® äD> û ·f�8�²³Õ�´'ÀBÂ

DRA
p;v�v�Äw°�·EÙö�§Â�·B°�·K²�ÂKÇì²ï¿|À�ÀB´'Ï�·

E

ELFS
pwv]v'JÆÞ7²kÂKÇ ·B°t«BØrÂ Éz°�®~ÂÅÒ3Ï1·K²�ÂKÐ^·

EPVM (E persistent Virtual Machine)
pwv]v�63ÀBBÆ�ÀB´'Ð^Ð^°mÇÚÆ£®~´%ÇÚÆ%Ã ´%Æ7Â�J

ESM (EXODUS storage manager)
pwv]v�63ÀBBÆ�ÀB´'Ð^Ð^°mÇÚÆ±®~´'ÇÚÆ%Ã ´%Æ7Â±J/Ñ/ÒHGýûI��J

executor
pwv]v�Ö.¿K�wÔìä

EXODUS�ÇP�Ýa�a�=�ñ�ln»7«9�KÂ4¶�²\Ë�'À�°tÂBÇì²�Â4¯é¯¨´�²�´¨«4´�·×Â�v[Z°zf|Gr��lnq��pwv�|G�fv]p��lpart�qvÕØ���pwsWpax{zf|�ÒHGýûI��J� K�ÇP�¦
Ýa�a�=��~q|;z4��s��qv�pY� ��&�
 � þ°ÿONt* � � �1� � �l|;���qs�rwv��]rwuq|wv��ln2� p;uq~q~Ezf|;rwpb�^uq��rwsW~q��vbp;v�|;�lv�|;p��lnq�ørw|t�lnqpw�l�è¦
rts�zfnqpxÌ < ¡�ÍQ  Æ@�qv±63ÀBBÆ�ÀB´'Ð^Ð^°mÇÚÆ ®~´'ÇÚÆ%Ã ´%Æ1Â_J��I�ú���l|wsW�ln�r�z�x���LNL��@s�p�s�nq����uq�qv��ÛsWnÛzf|w�qv]|�rwz
pwu2~q~°zl|;r����]zfn��fv�n2sWv�n�r���|wv���rts�zfn��lnq�����ln2sW~quq�W��rts�zfndzlx°~Ev�|wp;sWpGrtv�n�r�����r��yp;rw|wuq�èrtuq|;v�p] �}���rw�qzfuq�l���ÇP�¦
Ýa�a�=�b�q�lp=�fz�z+�Yx{v'��rwuq|wv]p=pwu2���ú��p�rt|w�lnqpw�l�]rwsWzfnqp]�%~Ev�|Gx{zf|w���lnq�]vd�lnq�ã|;zfØquqpGrtnqv]pwp]�Ärt�qv]|wv��l|;v^p;zf��v
sW��~Ezf|;rt�ln�r@�q|t�'×CØ�����Ô�p�Ì < ¡aÍQô·p;rwzf|t���fvyzfØ�ò;v��èrtp��l|wvyuqn�ro��~°v]�ã�l|;|t�'��p�zlxPØ���rwv�p]�°nqzÕro��~°v�sWn+x{zf|w����rts�zfn
sWpPp;rtzl|wv��%��s�r�s�p�� ��&(
 � þ°ÿVNk* � � ��� � �l|w���qs-rtv]�]rtu2|wvl��s-r��W�l��ÔÖp�zlxµpwuq~2~°zf|Gr�x{zf|�������v]pwp¾��zlnÖrw|wzf�5�f�ln2��vîç+sWp;rwsWnq�
�l~q~2�WsW����rts�zfnqpIØquqsW�-rF�l|wzluqnq�Y�zGFm�PúIq�Wv�pC���lnqnqzlrFv��lpws�����uqpwvT�ÇP�Ýy�a���° 
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EXODUS storage manager (ESM)
pwv]v|ÒHGuûI�KJ/Ñ÷6ÚÀBEÆ%ÀB´%Ð^Ð^°mÇÚÆH®~´'ÇÚÆ�Ãì´�Æ7Â�J

Explicit Communication
pwv]v�Ör¿xÒÓÒ6ä7ûNö

Express�Pç+~q|wv]pwp@sWp��Trtz�zf��Ô�s-r¾rt����rÒ�l�W��z£×Cp·rwzdsWnq�2s���sW�quq�l�W�-�Õ�l�q�q|;v�p;p����l|ws�zfuqpÒ��pw~Ev��]rwpÒzlxK�]zfnq��u2|w|wv]n�rC��zf��~qu+¦
r��)rtsWzln Ì CKC4Í5 =õ�uq|Grt�qv]|w��zf|wv��Es-r�s�nq����uq�qv]p=��p;v]r=z�x¾�WsWØ2|t�l|;sWv�p@x{zf|F��zl���du2nqsW����rts�zfnÄ��mG¤fÝÞ�lnq�N~��l|t���W�Wv]�
�f|w�l~q�qs���p� 

extended memory
pwv�v�¯¨ÂK·B°�Æ%Ç �8�6	´'ÀB´�®�®~Â�®ìäD> û ·×�8�²�Õ�´%ÀBÂ

Extended TPM (ETPM)
pwv]vÈÔrÕ��ËkÖ/Á3´�·×ÂÅù Â�²�Á3�¯4EÔ.Ö/ù]¯

ExtensibLe File Systems (ELFS)
Ý�Þ�ß³àkáµÝ4âaàaã
�¾êKõ���sWp^Ø��lpwv]� zfn �lnÑzfØÖò;v��]rG¦ozf|;sWv]nÖrwv��É�l~q~2|t�lz����Ä��sQ  vl  I���v�pdp;�qzfuq����Ø°v�rt|wv���rtv]�É�lp^ro��~°v]�
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ÝKæèç ß�ã
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s��qv'�lpïÌ Fl¢EÍ5ô
¡f @�2v�pws��fn�rt�qvyuqp;v�|FsWn�rtv]|;xj�l�]v=rtzÕpwuq~2~°zf|GrFv'�lp;vè¦oz�xÓ¦ouqp;v
<  @s���~2|wz£�fv�~°v]|;x{zf|;����nq��v�Ø��b����rw���qsWnq��rw�qv/I���vyp;rt|;uq�]rwuq|wvTrtzÕrt�qv^�l���]v�pwp�~���r;rtv�|;nqp�z�xPrt�2v
��~q~q�Ws��'��rwsWzfn/�lnq��rt�qvaro��~°v�zlx�����rt�
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?2 @p;v���v��]rws��lv����/v���~q�Wz£���l�+�l��nq��v]�bmG¤fÝÌ�l���]v�pwpCrtv]���qnqs�á�u2v�p�ëÉ6ÚÀBÂ98�Â�²�¶BÁ¨°mÇÚÆ��3¶4´¨¶BÁ¨°mÇÚÆ����du2�-¦
rwsW~q��vamG¤fÝhrw�q|wv��l�qptí

¥q @v]nq�'��~qpwuq�W��rtvyrt�2v�s���~2�Wv���v�n�rt��rts�zfn��qvèr��ls��Wp
æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã

äKÇì²�ÂK®�°mÖJÒ Û?>�Á¨Ï,6�ÂKÀE¶KÃ «EÂJL ÛMÉPÒ
Ý�î�î�ð@æ â�Ý�àtæ ó�òfã
|w�l�qsWzÕ��p;rt|;zfnqzf�T���l~q~q��sW����rts�zfnqpPÌ FKF4Í5�6Ì FB=EÍ

îKñ[ó�î�ð ñBã

lzf�2nNõ� qì���|w~Ez4��s����Ä�q}�n2�q|wvè×à�° Eïa|wsW��pw�q�£×y�X
f�l��v]pCõ� µõ�|wv]nq���
� \ � ����ìþ��Ö´µª��°²4¨q¸B�ìþ � ´+©l«Eº£¨��)f®°ª4´,�µª'«%ª�¸¾³¹©K��¶

æèò�ß�àtæ à���àtæ ó�òfã
�=v]~��l|;rw��v]n�rCzlx���zl��~qu+rtv�|��+�]sWv]nq��v��µ��nqs-�fv�|;pws-ro��zlx���sW|;�fsWnqsW�2�2�����l|w��zlrwrwv�pG�+s��W��vl�Ö�P}T�µ�=�+}
¨�»Ö»�¯��d���4���f��³wºÖ²P³ ®Eª��µª'«%ª�¸¾³¹©K��¶

�kñaü � ó�á ÷ ß�ã
I���vap;��p;rwv��Y�µzfØ�ò;v��èr;¦ zf|ws�v�n�r���rwsWzfn

ñ��BÝ�çïî�ð ñKã
Æ@�qv�x{zf�W��z£×CsWnq����z��qv�x{|t�l�f��v�n�rwpTx{|wzl� Ì@Fl¢�Í�ØEzlrw��|wv��l���Ypw~Ev���sYI��/�]zf�Wuq��n�zlx@sWn�rwv��fv]|wpTx{|;zf�
�Ñ����rt|;s-ç° #Ü�|wzl�f|t�l�Y¡Nu2pwv�p1rw|t�l�qs-rts�zfn��l�C� G�m�P p;ro����vxI��WvNzf~°v]|t��rwsWzfn2p�×C�qv]|wv'��p�Ü¾|;zf�f|w�l� <
�l~2~q�Ws�v�pC�lnY�lu+ç+s��WsÓ��|;��ro×�z��qsW��v�n2pwsWzln��l�%�q��r������W�lpwp÷!,! ª'«�»2¸f´�´+¸Kÿ  
Ü�|wzl�f|t�l�Y¡
ª'«�»ûª6þ � �	ìª'«�»��÷q(��¸"c"Ð�±4�µ²%s½q(��¸�c / ±,��²;s	ì
� �pÒ ±4¯q©l«t- � ª��f©�«�¸4��©M5�ì
� ±�´Ñ-èªÈÒ_�Çì�ªÈé�«Ö¶���Ðµ±4�µ²�ì�ª;ø)øX5
^
���+ºl¸���º£¶��f¸l»2© � ª��f©ø¯µ±�²�ª£»°ªf±4« � ±�´ ´q±4�ûª6þúº�±,�4¶��+«4c²l©�©�t- � � þY¯µ±�²�ª4»Eªf±4«25�ì´+©�¸K�~- � � þY«Ö¶��UÏfÿ�»2©2²)5�ì
���+º�±4«�®2©�´�» �+¸l»2¸àª � «q©2ºl©q²Ö²l¸f´�ÿ
�÷q�ª�s½q�c,svÒæ®2¸��Bì

i ³Ö³Ö³º"�Ö±�²f©ò- � ��5�ì



F

Ü�|wzl�f|t�l� <
ù���± !,& ¸l»�´µª;c + ª��f© � ì
� ³;±4¯�©�« + ±�´K��¸l»Ö»2©��.- � ª���©�«q¸4��©X5�ì
��¸�c"Ðµ±4�µ²�Ò � ³5«Ö¶���Ðµ±4�µ²ú-�5�ì
��¸�c / ±,��²�Ò � ³5«Ö¶�� / ±,�4¶���«°²ò-�5�ì
!,!U* ª£«�»2¸f´Ö´2¸Kÿ �½-���¸"c"Ð�±4�µ²�þw��¸�c / ±)��²)5�ì
�@³wº�±)�4¶���«.-®xM5ÈÒ � ³ ´+©Ö¸�� / ±,�4¶���«Í-®xM5�ì³Ö³Ö³
� ³wº"��±�²l©û-�5�ì

external computing
p;v�v§¯¨Â�·E°�Æ%Ç �8�6�´'ÀE´�®�®~Â�®ìäD> û ·×�8�²³Õ�´'ÀEÂ

F

F77 (Fortran 77)
pwv�vJÉ¹'Àf²³ÀB´%ÇíÄxÑNùúÖNä�ÑPÖ.¿wÒÓÒ6ä¨ûNö

FD (File Domain)
pwv]v Ô.Õ��ËtÖiÁ3´�·fÂÅù Â�²³Á3×¯

FDAT (File Domain Access Table)
pwv]vÈÔ.Õ��ËtÖ/Á3´�·×ÂÅù Â�²�Á3�¯

FE (front end computer)
pwv]v|Ò6äKùíÄ

File Access Descriptor (FAD)
pwv]vÈÔrÕ��ËkÖ/Á3´�·×ÂÅù Â�²�Á3�¯

File Domain (FD)
pwv]v Ô.Õ��ËtÖiÁ3´�·fÂÅù Â�²³Á3×¯

File Domain Access Table (FDAT)
pwv]vÈÔ.Õ��ËtÖ/Á3´�·×ÂÅù Â�²�Á3�¯

file level parallelism}��]zfn��fv]nÖrwsWzfnq�l�3I���v^p;��pGrtv��ÏsWp�sW��~q�Wv]��v]nÖrwv��bzfn�v'������z�x�rt�qvd~2|wz���v�p;pws�nq�/nqz��qv�p�rt����r����'�fv��qs�pwÔÖp��
�lnq�ú����v�n�rw|t�l�¾��zlnÖrw|wzf���Wv]|asWp��l�q�qv]�ú×C�qs������]zfn�rt|wzl�Wp���rw|t�ln2pw~��l|;v�n�rTp;rt|;sW~qs�nq��pw���qv]��v�z£�fv]|^�l���Prt�2v
sWn2�qs���sW�2u��l��I��WvTp;��p;rwv���p� yÆ@�qv�n�����vïI��WvT�Wv]�lv���~��l|t���W�Wv]�Ws�pw� pGrtv���p�x{|;zf��rt�qv^xj���]r�rw����rav��l���pI���v^sWp
vèç+~q��sW�]s�rt�-���qs-��sW�qv]���l�]|wzfp;p�rw�qv�sWnq�qs-��sW�qu����3I��WvÕpG�+pGrtv]��p] NÙYzf|wv]z4�lv�|]�Ps�r�s�p��2sSå���uq�-ryrtzb�£�lzfsW�ú�l|;Øqs-¦
rt|w��rts�nq��mG¤fÝ |wv]á�u2v�p;rwp���sÓ�yrt�qvF��zfn�rw|wzf���Wv�|�ë º �µÿ�ÿ�& � þ � �;¾ íî ½Gp°mÄ§ä7û/Ò����lp�s�n�rt|wz��quq�]v���� �	
�*O¾2& ����� &
#	�%���'&�& � &�
(*>0 ë{~��l|w�l�W��v��1Iq�Wv�pÒ��p] I~���|t�l���Wv��E�qs�pwÔÖp�íïÌ ¡�¥�=4Í5 



F

file migrationÆ@�qv��l��zluqn�r�zlx%����rt�T�fvèrtp��W�l|w�lv�|·�lnq���Ó�l|;�fv�|]���2v�nq�]vl�2pGrtzf|;sWnq��rt�qs�p¾����r���zfn/�������fnqv]rwsW�C�qs�pwÔ�sWp·nqzlr
�l�-×Ò�'��p�x{v��lpws�Øq�Wv� /monqpGrtv'���Ä��rwv�|;rwsÓ�l|G�ãp;rwzf|t���fv��2v]��sW�]v�p^p;uq�����lpyr���~°v]pd�lnq��zf~2rwsW���l���qsWp;ÔÖpd�l|;v�uqp;v��Ä 
}��-rt�qzluq�f�1rt�qva�]zfp;rwp�~Ev�|@��v��f�lØ���rwvyzlxPpGrtzf|w�l�fvy�l|;vy�Wz£×�v]|wv]�Ä�qrt�qvè�1���'�fv��Wzlnq�fv�|Ò�l���]v�pwpCrts���v]pÒrt����n
���l�fnqvèrtsW�Õ�qs�pwÔÖp� �}pwzf��u2rts�zfnãrtzbrw�qsWp�pws-rtu��)rtsWzlnús�p�rwzNuqp;v$I���v���sW�f|w��rts�zfnãp;��pGrtv���pTrw����r^�l|wv�uqpwv]�
Ø����Ó�l|;�fvÕ��zf��~qu2rwv�|ysWnqpGr��l���Ó��rwsWzfn2p�rtzbp;rtzl|wv���zf|;vÕ����r���rt����núrt�q��ry×C�qsW����×Izfuq���ÈI2r^zfnú�����fnqv]rwsW�
�qs�pwÔÖp/Ì ¡£§KC4ÍQ 

file server
pwv]v���¿|äKÄpË³ä�Ñ���¿|ä�ÄxË³äEä

file services
pwv]v�Ö�´'ÀKÉ °³Ò3Ï1·

FLEETõ�êK�¾��Æ#sWp���õPsWê9��pG�+pGrtv]�
�Pç+~°v]|ws���v]nÖrt��rts�zfnYÆ�v]p;rtØEv��ñ�)ra�a�l|Grt��zfu2rt�b��zf���Wv]�fvl�E�=��}^�µx{zf|�vîç+~°v]|ws-¦
��v�n�r���rwsWzfn/×Cs-rt�Ynqv]× ��zfn2��v�~+rtpFsWn�6�´'ÀE´�®�®~Â�®²<ï®~ÂÅ·BÏ�·�²�ÂBÐãp� ·��v�vT�l�Wp;zx¯'°�·BÙ'Ë�¯'°mÀEÂE¶�²�Â4¯HäD> û� 

flush ahead
p;v�v�ÀBÂ4´¨¯»´'Á3Â4´¨¯

Fortran 90
p;v�v�ÛÝGp¿Èû/ÒÓÑ ¿ ®~¨«4´�®Ú¿|À�ÀB´%Ï1·Ì ¿ ¿�¯×ÑFGx°�Æ%Á±Ö$ÂBÀ�8�'À�Ðý´'Ç.¶4Â|É¹'Àf²³ÀE´'Çü®GpÖïÉ?¯×Ñ

ùúÖNä�Ëa¼7ÑNÖ�´¨«�®~

Fortran DÝ�Þ�ß³àkáµÝ4âaàaã
õ�zf|Grt|t��nT�ÉsWp9�@�fv�|;pws�zfn^zlx2õ�zf|;rw|t�lnyrt�q��r9~q|wz£��sW�qv]p��q��r��C�qv��]zf��~°zfp;s�rwsWzfnap;~°v]��sSIq�'��rwsWzfnqpéx{zf|éro×Iz
��v]�fv]�Wp·zlxé~���|t�l���Wv���sWp;��ëj�2z4×æp;�qzfuq���/�l|;|t�'��pÒØEv��l��sW�fn2v��Õ×Cs�rt��|wv]pw~Ev��]r�rtz^v��l���/zlrw�qv�|]�q�ln2���qz£×
p;�qzfuq���ñ�l|w|w�£��paØEvd�qs�p;rt|;sWØqu+rtv��ãzlnÖrwz/rt�qv^~��l|t���W�Wv]�K���l���2sWnqv'íJÌ ¢+¡�ÍCë5�+v�vÕ�l��pwz±Gx°�Æ%Á Ö$ÂBÀ�8�'ÀfË
Ðý´%Ç.¶EÂ�Ér'Àf²�ÀB´'ÇwnGpÖ/É ¯�  íî ¾õµu2|;rt�2v�|w��zf|;vl���aõ�zf|Grt|t��n�����zf��~qs��Ó��rwsWzfn�p;��p;rwv���rw|t�ln2pw�Ó�)rtv�p��
õ�zf|Grt|t��n�� ~q|wzl�f|t�l��sWn�rtz�� ¹6���£ÿ�����þ£��� Ò3Ö/ùíÄ nqz��qvC~q|;zf�f|t���b �} �]zfnqp;v�áÖuqv�n2��v=���ln�ØEvF�
|;v��quq�èrts�zfn�zf|Ò�qs��qsWnq�^zlx9��zf���duqnqs��'��rwsWzfn�z4�lv�|;�qv'�l�%��vèç+~q�Wzls�rtv]��~��l|t���W�Wv]�Ws�pw�ûzf|Òrw�qva|wv]�quq�èrtsWzln
zlx���v���zf|;��|wv�áÖuqs�|wv]��v]nÖrwp� 

ÝKæèç ß�ã
õ�zf|Grt|t��n���sWp��qv�p;sW�fnqv]�drtz=~2|wz£��sW�qv@�=p;sW��~q�Wv���vaå���sWv]n�r¾���l���2sWnqvî¦osWn2�qv�~Ev�nq�2v�n�rz¯¨´�²k´«6	´'ÀB´�®�®~Â�®
~q|;zf�f|w�l����sWn2�^��z+�qv]� Ì Fl§EÍ5 
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îKñ[ó�î�ð ñBã
ìav�nbìav�nqn2v��2�l�%��v�v����Õö�s�|t�ln���nq���lnqs5��������n+¦ åúv�nbÆ@pwv�n2�
� 2©�«¹þú²l©Ö©E��¸U�)qºÖ²�³ ´µª�ºl©·³¹©K�f¶
»µ²l©�«U��q²4»2¸l« � ±�´���³¹©K�f¶

æèò�ß�àtæ à���àtæ ó�òfã
��v]nÖrwv�|9x{zf|9�Fv]pwv'��|w�����ln2�dÜP��|t�l���Wv�����zf��~2u2rts�nq�q���Fs���v·��nqs-�fv]|wpws-ro�f�lö�zfuqpGrtzfn%�lÆ?POFKF < C+¡è¦�¡�=f¢ < �
���+}
¨�»Ö»�¯��d���4���f��³wº)´f¯°ºP³ ´µª�ºf©¾³¹©K�f¶�� � ±�´Ö»+´+¸�«Xuf»�±Ö±)�+²�� � ±�´�»�´q¸�«Mul»E±Ö±,��²�³5¨�»����

Fortran M (FM)
pwv�v$²�´'·BÙ'Ë�6�´%ÀB´�®�®~Â�®Ç6ÚÀEBÆ%ÀE´'Ð

front end computer (FE)
pwv]v|Ò6äKùíÄ

Fujitsu AP1000Æ@�qv1}�ÜC¡'§f§f§Ns�pd�lnÑvîç+~°v]|wsW��v�n�rt�l���W�l|w�fvî¦op;�'�l��vªùêä�ùúÄ�~q�l|t�l���Wv]����zf��~qu2rwv�|^×Cs-rt�Ñ�]zfn�I��fu2|t��rwsWzfnqp
|t��nq�fv^x{|;zf�:Al¥/rtz�¡'§ < ¥/~q|;z+�]v�p;pwzf|;p��]zfnqnqv]�]rwv��ñØ��Nrt�2|wv�v^pwv�~q�l|t��rwv��qsW�l�+¦oØ���nq�2×CsW�+rt���]zf���^uqnqsW���)¦
rts�zfn1nqvèro×�zf|;ÔÖp� �Æ@�2v�|wvys�p@nqz *�5	�%� � �Ê0 � 0¬����� �q��nq�Yrw�qva~q|;z+�]v�pwp;zf|wp��l|;vyro��~qs��'�l��������zfn�rw|wzf���Wv��1Ø��
�1�qzfpGry�WsWÔ�v^rt�2v�¸7, � W - �+v�|G�fv]|� �}Þ~q|;z+�]v�pwp;zf|ysWpy�w¸7, � W - < CfÙNöMRl�¾¡�A�Ù Q �C}aÙ�~q|;z+�]v�pwp;zf|� 
Ü�|wzf�l|t�l��pÒ�l|;v�×C|ws-rwrwv�n1sWn1�øzl|@õ�zf|;rw|t�lnÄ ½Gp°mÄ�ä7û/ÒãsWp@��6�´'ÀB´'®³®~ÂK®�<ï®~Âp·EÏ1·K²�ÂKÐ s���~2�Wv���v�n�rwv���zln
rt�2v�}�Ü@¡£§f§f§2 

G

GA
pwv]v ¿ ®~7«E´�®�¿$À�ÀB´'Ï�·

GAF (Global Array File)
pwv�v ¿ ®~¨«4´�®.Öi®~´¨¶EÂBÐýÂKÇì²iù �¯7Â�®Ã ¿ Öiù_¯

Galley
Ý�Þ�ß³àkáµÝ4âaàaã
ïy�l�W��v]�ÛsWpY��6�´'ÀB´'®³®~ÂK®à<ï®~Âí·BÏ�·�²�ÂBÐ sWn�rtv]nq�qv�� rtzÉ��v]v]r�rt�2vúnqv]v��qpYzlx^~��l|t���W�Wv]�=pw�]sWv]nÖrwsSI��
�l~2~q�Ws��'��rwsWzfnqp�ë{pwv�v���sW��p�íè bm r�sWpTØ��lp;v�� zfn��Nrw�q|wv]vè¦o�2sW��v�nqp;sWzfn����·pGrt|;uq�]rwuq|ws�nq�ãzlx�I���v�p�Ì[¡f¡�C�ÍQ 
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õ�uq|Grt�qv]|w��zf|wv��qs�r@s�pCpwuq~q~Ezfp;v��brwzÕØ°vy�'��~��lØq��vazlxP~2|wz£��sW�qs�nq�Õ�qsW�f�1~Ev�|Gx{zf|w���lnq�]vymG¤fÝd 
ÝKæèç ß�ã
m r1×��lp�Ø°v]�Ws�v]�fv]� rw����r�~���|t�l���Wv��Fpw�]sWv]nÖrwsSI����l~2~q�Ws��'��rwsWzfnqp�×�zluq�W� �l�]��v�p;pb�W�l|w�lvxI��Wv]p�sWnø�Ó��|w�fv
�]zfnqpwv]��u2rws��lv^���ÖuqnqÔÖp��°Øqu2rF|wv]pwuq�-rtpF���'�fvTpw�qz£×Cnbrw����rF���ln����l~q~q��sW����rts�zfnqp@���lÔlvy���ln��1pw���l�W�5�
|;v��fuq�W�l|��°Øqu2rynqzln+¦o�]zfnqpwv]��u2rws��lv�|;v�áÖuqv]p;rtparwz�rw�qviI���vdp;��pGrtv��Y �ïy�l���Wv]�Ys�p=�qv�p;sW�fn2v��ãrtz1pw��rts�p;xß�
p;uq�����l~2~q�Ws��'��rwsWzfnqp] PÆ@�qv��fz����Wp@�l|;v$Ì ¡f¡�¥EÍ5ô
ë vaå���sWv]n�rt���/���lnq�q��v������l|;sWvèro�1zlxP�l���]v�pwpFpwsSR�v]p���nq�b~q��rwrwv�|wn2p
ë ���W�Wz£×Á�l~q~2�WsW����rts�zfnqp�rwzÕvèç+~q�Ws���s-rt������zlnÖrw|wzf�é~q�l|t�l���Wv]�WsWp;� sWn§I���vy�l���]v�pwp
ë ØEvN��vèç+sWØ2�Wvyv�nqzluq�f��rtz�pwuq~q~Ezf|Gr������l|ws�v]ro�1z�x�sWn�rwv�|;xj����v�pF�ln2�N~Ezf�Ws���sWv]p��+sW��~q�Wv]��v]nÖrwv���sWn
��sWØq|w�l|ws�v�p

ë ���W�Wz£× v'��p;�Y�lnq�Yv[å��]sWv�n�rFsW��~q��v���v�n�r���rwsWzfn2p�zlx��Ws�Øq|t�l|;sWv]p
ë p;�'�l��vartzÕ����nÖ�/��zf��~qu2rwvy�lnq� ý�) � #������ � *>*[��� p
ë ��sWn2sW��s{R�v���v]��zl|;���lnq�Y~°v]|;x{zf|;���ln2��vaz£�fv]|w�qv��l�

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
ä���ù Ò3Ö�¼°��s�rF�l��pwz�|wu2nqp�zlnY��zfpGrF�zG�m�Pà�]�WuqpGrtv�|;p

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
ïy�l�W��v]�ñ���W�Wz£×Cpy�qsYZ%v]|wv�n�r^Ô�s�nq�qpTzlx@zf~Ev�|w��rts�zfnqp�ô 0 � ÿ���Nt�	�2ÿ>� zf~Ev�|t�)rtsWzlnqpT��sWÔ�v�Iq�Wvl�9x{zf|wÔ��ln2�
���)r���zf~Ev�|t�)rtsWzlnqp�����nq�b�q��r���zf~Ev�|w��rts�zfnqp@�Ws�Ôlv=p;sW��~q�Wv��2Ø��)rt������nq��nqzfn+¦ Øq�Wz���ÔÖsWnq�Õzf~Ev�|w��rts�zfnqp� 

îKó�áSà³Ý�ÞKæDð@æ à(üfã
Ü�°>Û�¸=s�p@~q�Ó�ln2v���rtzÕØ°vys���~q��v���v�n�rtv]�1zfn1rtzf~Yzlx�ï����W�Wvè�
ùúÖNä��¨Ö¬Ü�ù zf|?6�ý����lnbØEvyuqpwv]���lp@�]zf���duqnqs��'��rwsWzfn1p;zlxßro×Ò��|wv

Ý�î�î�ð@æ â�Ý�àtæ ó�òfã
Ì[¡f¡�C�Íq~q|;v�pwv]n�rtp¾�qz£×Û�aõP�Wvîç2s�Øq�Wv·mo���l�fv�Æ9|t��nqpw~Ezf|;r¾����p;rtv]�����ln�Ø°v�sW��~q�Wv]��v]nÖrwv���×Cs�rt��ïy�l���Wv]�l 

îKñ[ó�î�ð ñBã
GFsW�Wp.G�sWv]u�×�voòw�f�l|��µ�a�'��sW�Yìazlr\R
� «°ª���²�þw� � ��)qºÖ²P³m�+¸f´�»K�°±4¶�»�¨Ò³G©K�f¶

æèò�ß�àtæ à���àtæ ó�òfã
�=v]~��l|;rw��v]n�r@zlxP��zf��~qu2rtv]|C�+�]sWv�n2��vl�µ�a��|;rt��zfu2rw����zf���Wv��lvl�+ö��lnqz£�lv�|���G�ö §K?�FBCKC4¦�?KC+¡£§2�+�=�+}
¨�»Ö»�¯��d���4���f��³wºÖ²P³m�+¸f´B�E±)¶�»�¨Ò³¹©���¶�� «°ª���²��%�+¸��,��©KÿI³5¨�»����
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Fork

Fork

Fork

Subfile Subfile

Fork

Fork
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Fork ForkData

Data

Data

Data

File

IOP 1 IOP 2IOP 0

Fork

Fork

Fork

Fork

õPs��fuq|wv <  èC+ô ?4¦¹�à��rt|;uq�]rwuq|wv�zlxPõPsW��v�pÒs�nbï��l���Wvè�

�kñaü � ó�á ÷ ß�ã
I���vap;��p;rwv��Y� ��&�
 � þ°ÿONt* � � ��� � �%?)¦o�êI��WvapGrt|wu2�]rtu2|wsWn2�

÷ ñ[à³ÝKæèð ß�ã
¾^É °�®~Â2ÒÓ²³À�Ã ¶�²³Ã	ÀBÂ
ïy�l�W��v]�ysWp�nqzlr�Øq�lpwv]��zfndrt�qvIrt|t���qs�rwsWzfn����Ö�zG�m�PF¦o��sWÔlvìI��WvIp;��p;rwv��ûs�n�rtv�|Gxj�l��v��fØqu2r¾ï��l���Wvè�y~q|wz£��sW�qv]pPrt�2v
�l~q~2�WsW����rts�zfna×Cs�rw�Trt�2vÒ�lØqs��Ws-ro��rtz���zfn�rw|wzf�Ört�qv � � ��&(�	*]ÿ � �4
5þ�L zlxµ�MIq�WvzÌ ¡f¡�¥EÍ5 �åæ����rPsWp9��zl|wvl�4rt�2v��qs�pwÔ
rt�q��r�p;�qzfuq���/ØEv=�l�]��v�p;pwv]�Y���ln1�l��pwzTØ°v�sWnq�qs��'��rwv���vèç+~q��sW��s-rt�-�f PÆ@�2sWp�s�p������qsWvè�fv��1Ø�����zf��~Ezfpws�nq�^�NI��Wv
zlxµzfn2v�zf|���zf|;vIp;uqØ�I���v�p]��v'�l����|;v�pws��qsWn2��zfn���pwsWn2�f�Wv·�qsWp;Ô��lnq��v'������Ø°v]sWnq���qsW|;v��]rw�����l�2�q|wv]pwpwv]�ÕØÖ��rt�2v
�l~q~2�WsW����rts�zfnÄ �}�pC��|wv]pwuq�-r'�q���)r��w¯'°�·�²�À�°t«KÃ3²³°t'ÇÑ�lnq�1rt�2va�qv��f|;v�vyzlx�~��l|w�l�W��v��Ws�pw�Þ���ln�Ø°va�]zfn�rt|wzl�W�Wv]�Ä 
} p;uqØ�I���v/sWpT�qv��]zf��~°zfp;v�� �ln2�Ñ��zfn2pwsWpGrtpdz�xCzfnqv/zf|T��zl|wv�sWnq�qv]~°v]nq�qv]nÖr�x{zl|wÔÖp���×C�qs�����sWpT�N�Ws�nqv'��|��
�l�q�2|wv�p;pt�lØ2�Wv^p;v�áÖuqv]nq��v�zlx�ØÖ�Örwv�p� �Æ@�qv^nÖuq�^Ø°v]|�zlx�p;uqØ�I���v�p�sWn���I��Wv�sWp�I2ç+v���×C�2v�|wv��lp�rw�qvd�l��zfuqn�r
zlx�x{zl|wÔÖp=sWpC���l|wsW�lØq��vl CÆ@�qv^×C�qzl�Wv/Iq�Wv^pGrt|;uq�]rwuq|wvds�p��2v�~qs��]rtv]�ãsWnNõPsW�fu2|wv <  èC� �Æ@�qs�p��]zfnq��v]~2ra���lnãØ°v
uqp;v��bx{zl|@p;rtzl|wsWn2��|wv��W��rtv]�bs�n2x{zf|;����rwsWzfnÕ¦¾rt���)rCsWpF�'�l��sW�Ó��Øq�Wv�sWnq�qv]~°v]nq�qv]nÖrw����¦·��zf�fs��'�l������rtzl�fv]rw�qv�|] 
¼ÊÒ3Ï�·�²�ÂBÐ ÒÓ²³À�Ã ¶�²�Ã�ÀBÂ
ïy�l�W��v]�/s�p�Øq�lpwv]��zfnbrw�qv ��&(
 � þEÿONk* � � ��� � ��z+�2v��é×C�qv�|;vd�����Ws�v�n�rFsWp���uqp;v�|��l~q~q��sW�'�)rtsWzlnY��sWnqÔ�v���×Cs�rw�
rt�2v^ïy�l���Wv]��|wu2n+¦ rwsW��v=�Ws�Øq|t�l|G��|;uqnqnqs�nq�Õzfnqv�� �K�102#3�éÿ � #	����� � *>*����×��- , � Ì[¡f¡'¥EÍQ ¾monY~��l|;rwsW�]uq�Ó�l|]�
rt�2v^|wu2n+¦ rwsW��vT��sWØq|w�l|;�1|;v��]v�s��lv�pa|;v�áÖuqv�pGrtp=x{|;zf��rt�qv^�l~q~q��sW�'�)rtsWzlnÄ��rt|t��nqpw�W��rtv]p�rt�2v���sWn�rtz��Wz£×�v]|G¦ �Wv]�lv��



G

|wv]áÖuqv�pGrtpÕ�lnq��~q�lpwp;v�pdrt�2v�� rtzNrw�qv�p;v�|;�lv�|;p�zln ý�) � #	����� � *>*����4*R�Gý � , �  Km rds�pTrw�qv�r���pwÔ�zlxÒrt�2v
�Ws�Øq|t��|;�Nrwzb�q�lnq�q��vÕrw�qv�����r��/rw|t�lnqpGx{v�|�Ø°vèro×�v]v�n �K��0¬#��Kÿ � �lnq� ý�) � #������ � *>*���� p� /�+sWn2��v�ï��l���Wvè�
�qz�v�pdn2zlrds���~Ezfpwv���zf���duqn2sW�'�)rtsWzlnú|;v�áÖuqsW|;v���v�n�rtp^zfn �Nuqp;v�|�Q pÕ�l~q~2�WsW����rts�zfnÄ���ln����]zf���duqnqs��'��rwsWzfn
pwz�xßro×Ò�l|;vT��sWÔ�viùíÖPäÖ�¨Ö2Ü�ù zf|÷6�ý��'�lnYØ°vyuqp;v��Ä 
�¾�l��� ý � ,Ìs�pÒ��zf��~Ezfpwv]�1zlx9pwv]�lv�|w�l�Äuqnqs-rtp@��nq�����lpÒzfn2v�rt�q|;v'�l�1rwzd���lnq�2�Wv=s�nq��zf��sWn2�^mG¤fÝ#|wv]á�u2v�p;rwp
x{zf|¾v'����� �K��0¬#��Kÿ � #������ � *>*[���  ·Ùbu2��rts-rt�q|;v'�l�2sWnq�y�l���Wz£×Cp�rtz�pwv]|;��sW�]v�|;v�áÖuqv�pGrtpÒp;sW�du2��r���nqv�zfu2pw���l P}�n
ý � , |wv]��v]s��fv]p^�1|;v�áÖuqv�pGryx{|wzf�
� - ,� ÄÆ@�qv]|wv'�)xßrtv�|�� - ,ÍS 56� � �%� sWn�rtv]|w~q|;v]rtparw�qv�|wv]á�u2v�p;rwp��9x{zf|G¦
×��l|w�qparw�qv���zlnñrwz1rt�qvÕ�l~2~q|wzf~2|wsÓ�)rtvd×Izf|wÔ�v�|art�q|;v'�l�ú�lnq�ñ����nq�q�Wv]p=rt�qv�rw|t�lnqpGx{v�|azlxI����rt�1Ø°vèro×�v]v�n
ý � , �ln2� - ,� Ä}�pas�n ÜìÂK·�²�´�� 0 � ÿ���Nt�	�2ÿ>� s�p=�qsWpGrt|;sWØqu2rwv����l�]|wzfp;py�l�W� ý � ,�p� TÆ@�qvÕ����rt�1rw|t�ln2p;x{v�|
�l��pwz�sWn2���Wu2�qv�pC� �K�'�45 � 0¬��þ6�ML � � ×C�qs����b���lsWn�rt�lsWnqp���pwv�~q�l|t��rwvy�WsWpGrÒzlx�|wv]áÖuqv�pGrtv��b�qsWp;Ô�Øq��z+��ÔÖpÒx{zf|
v'�����Yrw�q|wv��l�Ä�µ�lnq�Y� �	
�*V¾u02��þ	�UL � � ×C�2sW��������sWn�r��ls�nqpÒ����sWp;rÒzlx9Øq�Wz���ÔÖpÒrt����rF��|wvapw���2v��quq��v��YrtzÕØ°v
|wv��l�Yzf|Ò×C|ws-rwrtv]nÄ 

General Purpose MIMD machine
p;v�v ¿ ÖiùêäKùíÄ

GFP (global file pointer thread)
pwv�v�Ò3ÖPäKÉMÉ�ä

GFP thread
p;v�v$Ò3ÖNäBÉ É�ä

Global Arrays (GA)
Ý�Þ�ß³àkáµÝ4âaàaã
ïa�WzfØq�l�@}�|;|t�'��p1�l|wvNpwuq~q~Ezfp;v���rtz���zf�dØ2sWnqvYx{v'��rwuq|wv]p�zlx 0 � *>*��ML � #��'*�*>
5þ�L �ln2� *>56�%� � �
0 � 0¬����� ����v'�l�2sWnq�YrtzãØEzlrt��p;sW��~q�Wv���z��qsWn2�ã�lnq� v[å��]sWv�n�r�vîç+v���u+rtsWzln x{zl|��N���W�lpwp�z�xF�l~q~q��s-¦
����rts�zfnqpdrt�q��r��l~q~Ev'�l|;p�rtzãØEv�xj��sW|w�-����zf����zln�Ì ¡f¡ < ÍQ Éïa�WzlØ��l�I�l|w|w�£��p��l|;vb���Wpwzã|;v�����|w�qv]�÷�lp
â }ÌÜ�zl|;r���Øq�Wv�Q �����l|wv]�ñÙbv]��zf|G��Q°Ü�|;zf�f|t������sWnq��Ùbz��qv]�Kx{zl|��=s�p;rt|;sWØqu+rtv��NÙbv]��zf|G�N��zf��~2u2r;¦
v]|wp â  �ïa} �l��pwz�pwuq~2~°zf|Gryrt�qv�G���Ùb}
ë�G�zln+¦¹�Fnqs�x{zf|;��ÙYv���zf|;�ã}����]v�pwptí *>56�%� � � 0 � 0¬�����
~���|t�l�qs��f�Y �åæ����rTsWp���zf|wv��9ro×IzN�fv]|wp;sWzfnqpTzlxFïa} ×Iv�|;v�s���~q��v���v�n�rtv]�Äôd��x{uq�W�-���qs�p;rw|wsWØ2u2rtv]�
zfn2vT��nq�Y����sW|;|wzf|;v��1zfnqv� I�+v�v��l��pwz�Äw°�·EÙö�§Â�·B°�·K²�ÂKÇì²ï¿|À�ÀB´'Ï�·2dÄ��ª¿�¯� 

ÝKæèç ß�ã
ïa}�~q|wz£��sW�2v�p��ã~°zf|Gr��lØ2�Wv1sWn�rwv�|;xj����v/×C�qv]|wvYv'�l���É~q|wz���v]pwp�sWnÉ�^ù äKùúÄ ~��l|t���W�Wv]�I~2|wzf�f|w�l�
���ln�sWn2�qv�~Ev�nq�2v�n�rt�-�f�F�lp;��nq���2|wzfnqzluqpw�-���ln2��v[å���s�v�n�rt�-�Û�l���]v�pwp1��zf�fs��'�l�@Øq��z+��ÔÖp�zlxa~q����pws��'�l�����



G

�qs�p;rw|wsWØ2u2rtv]�Y����rw|wsW�]v�p]�2×Cs�rw�Yn2z�nqv]v���x{zf|@vèç+~q��sW�]s�r@�]z+zf~Ev�|w��rts�zfn1Ø���zlrt�2v�|C~q|wz���v]pwp;v�p� 
æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
êésWØ2|t�l|;sWv�p9�ln2�Trtz�zf��p9�q�£�lvÒØEv�v�n^sW��~q�Wv]��v]nÖrwv��yzfn�rt�qv.ä�Çì²kÂ�®�ÔÚ'Ãì¶BÁ�·�²k'Ç.Â�ÄÈÂK®�²�´a�lnq��äKÇì²�ÂK®
Ö�´'ÀB´%Æ1'Ç¾� ý +�õ ¸7, ü ��ô2ÂKÇ.¯¨´�®�Ò½ØBÃì´%ÀBÂ�ôÅÒH�wË�¼��lnq�Y�zGFm�P#×�zl|wÔÖp;rt��rts�zfnqp� ¾mon��fv]nqv�|w�l�Q�
ïa}#pwuq~2~°zf|GrF�qsWpGrt|ws�Øqu2rwv��Y�lnq� *>56�%� � �Ê0 � 02�����u0¬�'�45	
5þ � *  

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
ë zl~°v]|t��rwsWzfnqp����'�fvysW��~q�Ws�v���p;��nq���q|;zfnqs{R���rts�zfn�����nb��p;��nq���q|;zfnqzfuqpC��z+�2v=sWp@�'���ls��Ó�lØq��vl�Örtz�zq 
ë rw|wuqv�ùêä�ùúÄ�p;ro����v�zl~°v]|t��rwsWzfn1s�nÖ�lz+����rts�zfn

îKó�áSà³Ý�ÞKæDð@æ à(üfã
Q ��pwsW��x{uqnq�]rwsWzfnq�l�Ws-rtsWv]py���'�úØ°v1vîç2~2|wv�p;pwv]���lpdp;sWnq�l�Wv/pGr���rwv���v�n�rtp�uqp;sWnq� ¹����£ÿ�����þ²N � � �l|;|t�'�
nqz�r���rwsWzfnÄ �Ýa~Ev�|w��rts�zfnqp@���lnbØEvauqp;v��bx{zl|Cõµzl|;rt|w�lnY�lnq�N�� 
s�nÖrwv�|Gxj�l��v]p·rwzqô¾�+���fêé}=Ü°}F�Òì��+Ü�v]mGïT��~q�l|t�l���Wv]�qv�s��fv�nqp;zf���lv�|·�Ws�Øq|t�l|G�f���2��Ù�Ùb}�~��l|t���W�Wv]�����)rt|ws ç
�du2��rts�~q�Ws��'��rwsWzfn%�%ùíÖPäfÑPÖ¬Ü�ù

Ý�î�î�ð@æ â�Ý�àtæ ó�òfã
�W�l|w�fv����qv���sWpGrt|;�1�l~q~q��sW�'�)rtsWzlnqp�x{zf|Òrw�qv�ö�Ü·�@��mÒ~q|;z)ò;v��èr���nq�N�·Ù��+êÊÌ ¡l¡ < ÍT�
�+zl��vÕvèç+~Ev�|;sW��v�n�rtpy×Cs�rw�¬GCåø���qv]�b�P�Y�]zf��~q�Wvîçñ���qv���sWpGrt|G�ñ~��l��Ô)�l�fv�zfnñrtzf~�zlxCïa}^�é×Iv�|;v
~Ev�|Gx{zf|w��v��Ä 

îKñ[ó�î�ð ñBã

f�l|;zfpw�W�'��G�s�v�~q��z+���q�2���CzfØ°v]|;r°
2 µö��l|w|;sWpwzlnÄ���CsW�����l|;��
2 �êés�rwrw�WvaI�v����
� \ «%ª�©�¯��Ö±+º£¨q¸Úþã´�\ ¨q¸f´�´µª�²�±4«rþã´�\ �2ª£»Ö»2©�� � ª�©��E���)l¯Ö«���³��q±)®

æèò�ß�àtæ à���àtæ ó�òfã
Ü��l��sYI��ïG�zf|Grt��×�v]p;r�êK�lØ°zl|t��rwzf|;�l��Ü�  Ýd  Q ÝFPÌ¢f¢f¢+���Fs����q�Ó��nq�Ä�+å�}Ì¢l¢K?�C < �q�=�+}
¨�»Ö»�¯��d���4���f��³¹©4�°²,��³5¯Ö«���³��q±)®r��x)�"þ)���B�q±�º�²��%�M��±;�q¸��×�%�+¸¾³ ¨�»K���

�kñaü � ó�á ÷ ß�ã
ùêä�ùúÄb� ��
(*]ÿ��4
 º �éÿ � �ý0 � 02����� � *>5	��� � �Ê0 � 0¬����� �qn2v]ro×Izf|wÔ�v��N×Izf|wÔÖpGr���rwsWzfnY����uqp;rwv�|wp

ñ��BÝ�çïî�ð ñKã
Æ@�qv�vèç2�l��~q�Wv�uqp;v�p��bõ�Ýa�PÆC�C}�G sWn�rwv�|;xj����v�rwzN�]|wv'�)rtv/��n�n�çú� �qzfu2Øq�Wv�~q|wv]��s�pwsWzlnÑ�l|;|t�'�f�
Øq��z+��Ô�v��YsWnY��rC��v'�lpGry¡£§)ç%CÕ���Öuqn2Ô�pJÌ ¡l¡ < Í5 
ª'«�»2©"�+©f´p� * ¸ÚþY«¹þ��rþ�ª��Ö±�þ�ª'¨°ª6þ×\���±�þ�\l¨°ª6þÌ�E�µª��
�q±4¶,���f©æ¯+´+©2º�ªÖ²�ªf±4«w�Ö±�ºf¸��ò-O{6�n�E�Eª��rþÖ0)5
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ººl¸��,�:�+¸ * º)´+©Ö¸l»q©Ñ- & ù *�! Ï ï þb«¹þ��rþ_ÿ � ÿ�þ�{��ÚþÔzÚþ�� * ¸M5ºl¸��,�:�+¸ * ¬+©f´q±ò-�� * ¸M5ºl¸��,�:�+¸ * ¯Ö¶�»t-�� * ¸Óþ�ª"�Ö±�þ�ª'¨°ª6þÔ\�¨°ª6þ��Ö±+ºl¸���þ��E�µª>��5

÷ ñ[à³ÝKæèð ß�ã
Æ@�qv���uq|;|wv]nÖr�ïa}#~q|wzl�f|t�l����sWnq�d��z��qv��Ä���lnYØ°vy�����l|w�l�]rwv�|;s{R�v]�N��pCx{zl�W�Wz£×CpNÌ[¡f¡ < ÍQô

ë ùêä�ùúÄ ~��l|w�l�W��v��Ws�pw�ÌsWp·~q|wz£��sW�qv]�/uqp;sWnq�^�T�duq�-rts ¦o~q|;z+�]v�pwp·�l~2~q�Ws��'��rwsWzfnÄ��s�n�×C�2sW���1�l���µnqzfn+¦¹ïy}
���)r��2��Iq�Wva�qv]pw��|;sW~2rwzf|wp]�E�lnq��pwz�zfnb�l|wva|;v�~q��sW�'�)rtv���zf|@u2nqsWáÖuqvartz�v'�����b~q|;z+�]v�p;p� 

ë Ü�|wz���v]pwp;v�p����lnY��zf���duqnqs��'��rwv=×Cs�rw�Yv��l���Nz�rt�qv]|FØ����]|wv'�)rtsWn2����nq�N������v]pwp;sWnq�/ïy}#�qs�p;rw|wsWØ2u2rtv]�
����rt|;sW�]v�p� 

ë ÙN�)rt|ws���v]p��l|wv@~2�Ö��p;sW�'���W���T�qs�p;rt|;sWØqu+rtv��^Øq�Wz���Ô�×CsWpwv���v�s-rt�qv]|�|wv]�fuq�Ó��|w����zf|��lp�rt�qv@�Ò�l|;rwv�pwsW�lnÕ~q|wz��+¦
uq�èrFzlxPs�|w|;v��fuq�W�l|/¯'°�·K²³À�°t«KÃ3²³°t%ÇKp^ë{pwv]v�°mÀ�ÀBÂaÆ%Ã�®~´'ÀK6ÚÀB7«�®~ÂKÐ^·4í�zfn�v'�l���N�)ç+sWp] 

ë �¾�l���1~q|;z+�]v�p;p@�'�ln/s�nq�qv]~°v]nq�qv�n�rw�����lnq�1�lpG��nq���q|wzlnqzfuqp;���1������v]pwpC�ln���ro×�z)¦o�qs���v]nqpws�zfn��l�µ~���rw���
zlx·��ïy}Ì�qsWpGrt|;sWØqu2rwv�������rw|ws-ç°��×Cs�rw�qzfu2r�|wv]á�u2sW|ws�nq���]z+zl~°v]|t��rwsWzfnbØÖ�Yrt�2v��l~q~q��sW����rts�zfn���z��qvdsWn
�ln��1z�rt�qv]|F~2|wz���v�p;p� 
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Global Array File (GAF)
pwv�v ¿ ®~¨«4´�®.Öi®~´¨¶EÂBÐýÂKÇì²iù �¯7Â�®Ã ¿ Öiù_¯

global file pointer thread (GFP)
pwv�v�Ò3ÖPäKÉMÉ�ä

Global Placement Model (GPM)mon2Ör¿xÒÓÒ6ä7ûNö
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global view
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���'��sWnq���Õ�Ó�l|;�fva�l��zfuqn�rCzlx�pwv]áÖuqv�n�rtsW�l�9�l���]v�p;pwv�pFrtz���x{v]× Iq�Wv�p] 
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pwu2���Yrw����r@�qsYZ%v]|wv]nÖrÒØq�Wz���ÔÖp@zlxKrt�qvapw�l��v I��Wv=���ln1ØEvy�l���]v�pwp;v��YsWn1~���|t�l���Wv���x{|;zf��2sSZ°v�|wv]n�rC�qsWp;Ô�p] ¾mon
��p;rw|wsW~2~°v]�ªI���vy��Øq�Wz���Ô/�'��nbØEva|wv��l�Yx{|;zf� p;v]�fv]|t�l�K�qs�pwÔÖpCpws��duq��rt�lnqv]zfuqpw�-�f 
Æ@�qvIïyÜIÙYmGÙN�É���l���qs�nqv�s�pé�@�duq��rwsW~q|;z+�]v�p;pwzf|°p;��p;rwv�� ×Cs�rw�asWn�rtv]�f|t�)rtv��y����|w�2×��l|wv¾��nq�ypwzlxßro×��l|wv Ì < C4Í5 
Æ@�qv���zf���duqn2sW�'�)rtsWzln/Ø°vèro×�v]v�nYrt�qvTïyÜIÙYmGÙN���ln2�Yrw�qvy�qzfp;rFs�pC�l���]zf��~2�WsWp;�qv���uqp;sWnq��rw�qvy��zf���du+¦
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pwzlxßro×��l|wv�s�p=Ø��lp;v��µí�s�pa�/����rwv]×��'�Nrtz/rw�qv�ïyÜIÙYmGÙN�
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ïyÜIÙYmGÙN�ÌpG�+pGrtv]�¦Ì < C�ÍQô
ë m rF~q|;z4��s��qv�pF���qv]�lv���zf~q��v�n�r��lnq�Y�qv�Øqu2�f�fsWn2��v]n��+s�|wzfn2��v]nÖrCx{zf|C��~q~q�Ws��'��rwsWzfn2p� 
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Grand Challenge Applications
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H

Hamming code
pwv]v���¿|ä�Ä

HFS
pwv]v�GxÃ�À�À�°t¶4´'Ç.Â É °�®~Â2Ò3Ï1·K²�ÂKÐ nGxÉ�Ò�¯

HiDIOS (High performance Distributed Input Output System)
Ý�Þ�ß³àkáµÝ4âaàaã
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É3Ã���°³²³·BÃí¿�Ö$¾�C�C�C��^uq��rwsW��zl��~qu+rtv�|] Òåæ����r�sWpF��zf|;vl�°ö�sW�=mGÝ��1sWp���~q|;z+�2uq�]r�zlx�rt�qvT}F�@����p
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�W�l|w�fv��+xj�lpGrF�qsWp;ÔE 

ÝKæèç ß�ã
ë �2sW�f��pw~Ev�v]�Ä�µ|wzfØ2uqp;rwnqv�p;p��Euqpt�lØ2sW�Ws-ro�



H

ë vaå���sWv]n�r�uqp;vyzlx����Ó��|w�fv=nÖuq�^Ø°v]|Fz�xP�qs�pwÔÖpFuqpws�nq����xj��p;rFnqv]ro×Izf|;Ô
ë ���)ç+sW��s{R]v=�qs�pwÔ�rw�q|wzfu2�f�q~qu2r@x{zl|@�Ó�l|;�fv=rt|w�lnqp;x{v]|wp
ë ~2|wv�p;v�n�ra��p;sWnq�f��va��zf�2v�|wv]n�rMIq�Wvyp;��p;rwv���s����l�lv
ë ~Ezf|Gr��lØqs��Ws-ro�f� *>�K�'&�� º 
(&(
{ÿ��
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Hierarchical Clustering
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HPSS (High-Performance Storage System)
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Hurricane File System (HFS)
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I/O Device Drive Layer (IDD)
pwv�vHÜ�°mÀf²³Ã ´�®�Ö$´'ÀE´�®�®~Â�®.Éz°�®~ÂÅÒ3Ï1·K²�ÂKÐ

I/O interfaces
Ì ¢K?EÍé�qv]pw�]|wsWØEv�pCrt�2|wv�vy���lsWn1�]�Ó�lp;pwv]p�zlx�mG¤fÝhsWn�rtv]|;xj�l�]v�p
ë |;v'�l�µ¤4×C|ws�rwv�p;��p;rwv���¦o���l�W��s�n�rtv�|Gxj�l��v]p�ôaÆ@�qvÕØEv�pGrTÔÖnqz£×Cn�sWn�rtv]|;xj�l�]vÕzlx¾rt�qs�p=ro�+~EvÕsWp=rw�qvÕ�zGFm�P
zfn2vdë{pwv�vÌ�zöªä��¦äD> û�íè ��Ö�+pGrtv]����l�W��p·��sWÔ�v ±4¯q©�«¹þN´+©Ö¸�� þx��´µª£»2©ÓþÌ�+²l©Ö©�ìþ�º"��±�²l©Úþ � º£«+»X�
�ln2� ªf±�º4»�� �l|wvyuqp;v��Ä 

ë ���l~q~Ev��ªI��Wv�p;��p;rwv���¦o���l�W�KsWn�rwv�|;xj����vlô@m r�sWpFpwu2~q~°zl|;rtv]�ãØ��b��zfpGr���z+�2v�|wnbzf~Ev�|t�)rtsWn2��pG�+pGrtv]��p] 
Q |;sWva�q�f�2�^��zfn�rwsW�fuqzluqp���v���zf|;��|;v��fs�zfn�zlx9��n��l~q~q��sW�'�)rtsWzln��l�2�q|wv]pwpÒp;~��l��va���ln1ØEv����l~q~Ev���rwz
�Õ��zfn�rwsW�fuqzluqp�I��Wva|;v��fs�zfn�zfnbp;v��]zfnq���l|G��p;rwzf|t�l�lvl Iõµu2|;rt�2v�|w��zf|;vl�µ��uqnqs-x{zf|w� s�n�rtv�|Gxj�l��vax{zf|C���W�
mG¤fÝ#zf~Ev�|w��rts�zfnqp�s�pÒ�fu���|t�ln�rtv]v��Ä�2sQ  vl Prw�qvapt�l��v=mG¤fÝ#zf~Ev�|w��rts�zfnqp����ln�Ø°v�uqpwv]��x{zl|Òv�s-rt�qv]|rI��Wv]p��
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rwv�|w��sWnq�l�WpÒzl|@nqv]ro×Izf|wÔ1�]zfnqnqv]�]rwsWzfnqp] 
ë �l~2~q�Ws��'��rwsWzfn+¦ �Wvè�fv���s�n�rtv�|Gxj�l��v]p�ô�}�n1vèç2�l��~q�Wv�sWpIrw�qv=pGr��lnq�q�l|w�1mG¤fÝ#�Ws�Øq|t��|;�Õzlxérw�qvy��~q|wzl�f|t�l��¦
��sWnq�a�W�lnq�fuq�l�fvl �Æ@�qvCx{uqnq�]rwsWzfn2pI~q|;z£�+s��qv���Ø�� ²4»f�µªf± ��zf|;|wv�p;~°zlnq��rwz�rw�qv�zlnqv�p¾zlx°rt�qv×�zöªä��
äD> û sWn�rtv]|;xj�l�]vl I�+v�v��l��pwz�¿§®�®~×¶ÈÒÓ²³ÀBÂ4´'Ð É¹´¨¶K°�®µ°³²�Ï° 

mon��l�2�qs�rwsWzfnyrtzFrt�qv * �
� � � þ°ÿ�
(�'&Äý�) � 
jþ°ÿ � �����'� � p9��v]n�rtsWzlnqv��^�lØ°z£�lvl�frt�2v�|wv��l|wvI�l��pwz�p;v]�lv�|t��� #	�%���'&ÉN
& � &�ý�) � 
jþ°ÿ � �����'� � p] �}éQ �fz�z+�¨Q #	�%���'&(& � &Pý�) � 
jþ°ÿ � �����'� � pw�2zfuq�W�����'�fv�x{zl�W�Wz£×Cs�nq�y~q|wzf~Ev�|Grts�v�pzÌ ¢l¥EÍQô

ë ��vîç+sWØqs��Ws�ro�Eô9pws���~q��vFx{zl|Inqz£��sW�]v=~q|;zf�f|t������v�|;p��ÖØqu2r�p;rts��W�µpt�)rtsWpGxß��sWnq��rt�qv�~°v]|;x{zf|;���ln2��v�|;v�áÖuqs�|wvè¦
��v�n�rtp=x{zl|avèç+~°v]|;r�~q|;zf�f|t������v�|;p� �}��q�qs-rts�zfn��l�����f�°�ln��l~q~2�WsW����rts�zfnNp;�qzfuq���ñØ°vdx{|;v�vdrtz����qz�zfp;v
rw�qv��l��zluqn�rCzlxP~Ezf��sW�]��|wv]�Ó��rwv���sWn+x{zf|w����rts�zfn/s-r@pw~Ev��]sSI�v]pFrwzÕrw�qvyp;��p;rwv��Y 

ë s�nq��|;v���v�n�r��l�a�]zfn�rt|;zf�QôÉ} ~2|wzf�f|w�l����v]|1pw�qzfu2�W� Ø°vú�lØq��vñrwzÉ×C|;s�rwvú� x{uqnq�èrtsWzln��l�W�-�÷�]zf|w|;v��èr
~q|;zf�f|w�l�Þ�lnq�Õrt�2v�n�sWnq�]|wv���v�n�rt�l�W�-�dzf~2rwsW��s{R]vÒs�rwp�mG¤fÝÁ~Ev�|;x{zl|w���lnq��v� �}��2�qs�rwsWzfn����2sWn+x{zf|w����rts�zfn
p;�qzfuq���YØEvy~q|wz£��sW�2v��YsWn�zf|w�2v�|@rtzÕ�fvèrCØ°vèrwrtv]|C~°v]|;x{zf|;���ln2��vl 

ë �2��n�����s��F~Ezf��sW�]�^���qzfs���vlôP}�~q~q��sW����rts�zfnqp�pw�2zfuq�W��ØEv��l���Wz£×Iv��Õrtz^���q�lnq�fvF�2��n��l��sW���l�W�-�^rt�2v�~Ezf�Ws ¦
�]sWv�pCuqp;v��Ä 

ë �fv]nqv�|w�l�Ws-ro�Eô�}#~°zf��sW�è��p;�qzfuq���b|;v]x{v�|@rwz�ØEzlrw�Yvîç+~q�Ws���s�rF��nq��sW��~q�Ws���s�rImG¤fÝd 
ë ~Ezf|;rt�lØqs��Ws�ro�Eô·}�nbsWn�rtv]|;xj�l�]v^pw�2zfuq�W�bØ°v^�l~q~q��sW���lØq�Wv=rwz����ln��Y�qsSZ°v�|;v�n�r�~q�l|t�l���Wv]�ép;��p;rwv���pÕëj�qs�pG¦
rw|wsWØ2u2rtv]�Ä� *>56�%� � ��0 � 02����� íè 

ë ��z4×Áz£�fv]|w�qv��l�
ë �]zfnq��u2|w|wv]nq�]�Õp;uq~q~Ezf|;r�ô9åúv����q�qvaI�nqv���pwv]����nÖrwsW�]p��l|wv@|;v�áÖuqs�|wv���×C�qv]n��^uq��rwsW~q��v·rw�q|wv��l�qp¾�l�]��v�p;p
rw�qvypt�l��v�I��Wv� 

ë �]zf��~q��rts�ØqsW��s�ro�
I/O node (ION)

p;v�v±¿�Ä£ûNÖwÔ�Ñ»Û�Û É�ÒÓÑH¯%°�·BÙ'Ë�¯'°mÀBÂ4¶�²kÂE¯ äD> û/ÑxäKÇì²�ÂK®�°mÖ�Ò Û >7@BA2C Á¨Ï,6�ÂBÀfË
¶KÃ «4Â�ÑÅäKÇì²�Â�®^ÔÚ%Ãì¶BÁ�·�²�%Ç.ÂêÄÅÂ�®�²�´�Ñ¬Ö$´'Ç.¯¨´�Ñ2Ö$´'ÀKÉ °³Ò3Ï�·b\Ö�´'ÀB´�®�®~ÂK®|Éz°�®~ÂúÒ3Ï�·�²kÂKÐÔ¯×Ñ2ÖPäfË
û×�PÒÓÑ�Ö/Ö/É�ÒÓÑiÒÓË�¼1ÖiØMÑ Ü Â�·�²k´

I/O problemÆ@�qv�mG¤fÝ�~q|wzfØ2�Wv�� ë5�l��pwzã|;v]x{v�|;|wv]�Érwzñ�lp�rt�qv ý�) � º ��ÿ'ÿ�& � þ � ��¾í#	��� º & � 0 sWn�Ì[¡�AEÍÓí^p;rtv]��pdx{|;zf�
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rt�q��rTxj���]ryrt���)rTrw�qv�~2|wz���v�p;pwzf|�rtv]���qnqzf��zf�l�ñsWpys�nq��|;v'�lp;sWnq�Y|t�l~2sW�q�-�f�KØqu2r�rt�qv�~Ev�|;x{zl|w���lnq��v��lnq�ñrt�2v
�l�]��v�p;pTrwsW��vdzlxÒp;v��]zfnq���l|G�ñp;rwzf|t�l�lv��2v]��sW�]v�p^p;uq���Ñ��p��2sWpwÔÖpT�lnq�Å��zf~q~��ñ�qs�pwÔ��2|ws��lv�p����'�fv�nqzlr�sW��¦
~q|;z4�lv���rwzTrw�qv�pw�l��v�vîç+rwv�nq� Ì@Cl§4ÍQ ��=s�pwÔ�p;v�v�Ô�rwsW��v�p·�l|wvFp;rwsW�����Wz£×y���lnq��mG¤lÝ Ø°v]��zf��v�pI�ln�s���~Ezf|Gr��ln�r
º ��ÿ'ÿ�& � þ � ��¾  bÆ@�2v/���l~úØ°vèro×�v]v�n ~q|wz���v]pwp;zf|wpÕ�ln2�ÑmG¤fÝ p;��pGrtv���p�sWp�sWn2��|wv��lpwv]��sW����v]nqpwv]���l�9×C�qs����
sWp^v�pw~Ev��]sÓ�l������zfØ���sWzfu2pÕ�lnq�Ñrtv]�qsWzluqpdsWn��^uq��rwsW~q|;z+�]v�pwp;zf|^pG��p;rtv]��p] ÑöFz4×Iv]�lv�|]�Irt�2v1mG¤fÝ�p;uqØqpG�+pGrtv]�
~Ev�|;x{zl|w���lnq��v����ln÷ØEvbs�nq��|;v'�lp;v��ÛØÖ� rw�qvbu2pt�l�fvYzlx�pwv]�lv�|w�l���2sWpwÔÖp�sWnÉ~��l|w�l�W��v��Q  }�p�x{zf|�rw�qvpäKÇì²�ÂK®
Ö$´%ÀB´%Æ7%ÇÖPaÜ·¤f�E���ª¿|äKÄ�pF�l|;vapwuq~2~°zf|Grtv]�Ä 

I/O processor
pwv]v ¿ ´�®�®~ÂKÏ

I/O Requirement Graph (IORG)
pwv�v±Ü�°mÖNä7û/Ò

I/O server
pwv]v�¿�öpØMÑÆGxÉ�ÒÓÑNÖ�´'ÀKÉz°³Ò3Ï�·�ÑPÖiÖïÉPÒ

IBL (Infinite Block Lookahead)
pwv�v�ÀBÂ4´¨¯»´'Á3Â4´¨¯

IBM 9570 RAID
pwv]v�¿�öpØÍd¿|À�Æ1'ÇÓÇ.Â ö¬´�²�°t'Ç.´�®�Ør´¨«4'ÀB´�²�'À�Ï)¯

IBM AIX Parallel I/O File System
p;v�v�ÖNä7ûPÉPÒ

IBM R6000/350
p;v�v'GxÉ�Ò

IBM RS/6000
pwv]v�¿�öpØ.d¿|À�Æ1'ÇÓÇ.Â ö¬´�²�°t'Ç.´�®�Ør´¨«4'ÀB´�²k'À�Ï)¯�Ñ|Û Á3ÂKÐÅä¨û/Ñ/Ò3Ö/É�ÒÓÑÅÜ Â�·�²k´

IBM SP
p;v�v�¿ªÄ§ä7û/ÑI�ÈûNù ä7û

IBM SP1
pwv]v ¿�öpØld¿|À[Æ7'ÇÓÇ.Â�ö¬´�²³°t'Ç.´�®6Ør´¨«4'ÀB´�²�'À�Ï)¯×Ñ ¿ ®~¨«4´�®	¿$À�ÀB´'Ï� ¿ ¿�¯×Ñ¹ùúÃ3®�²�°É6��®�Ñ

Ü Â�·�²k´�ÑÅÜ�°mÖPä¨û/Ò

IBM SP2�2Ü < s�p=���2zf��zl�fv�nqv]zfuqp�~��l|t���W�Wv]�Kp;��p;rwv��ópwsWn2��v^rw�qv^nqz��qv]pa�l|wvTØqsWnq�l|;���]zf��~q��rts�Øq�Wv��EØ2u2r=s-r�s�pF�lv�|;�
�qvèrtv�|;zf�fv]nqv�zfu2p�s�n�rt�qv�~Ezfs�nÖr=zlx¾�+s�v]×Ìzlx·rt�qvÕ�'���lsW�W�lØqs��Ws�ro��zlxI�Wz��'�l�9�qsWp;ÔÖp��é�qs�|wv��èrynqv]ro×Izf|;Ô���zfn2nqv��î¦
rts�zfnqpy�ln2�Ê¯%°�·�²³À�°t«BÃÚ²�°t'Ç�zlxI~q����pws��'�l�¾��v���zf|;� Ì[¡ < F�ÍQ ��+v]v��l�Wp;z1}�~q~Ev�nq�2s-ç°ô�ÜP�l|w�l�W��v�����zl��~qu+rtv�|
}�|;���qs�rwv��èrtuq|;vl 

IDD (I/O Device Drive Layer)
pwv�vHÜ�°mÀf²³Ã ´�®�Ö$´'ÀE´�®�®~Â�®.Éz°�®~ÂÅÒ3Ï1·K²�ÂKÐ

in-core communicationmon+¦ ��zf|;v���zf���duqn2sW�'�)rtsWzlnÛ���lnøØ°vN�qs���sW�2v���s�nÖrwz�ro×Iz ro��~Ev�p]ô � � 02��þ���Nt�	�4
 �1� þ �lnq� #	�4�¨���	� � �DN



I

�6�E
 ��� þ Ì ¡�¥BÍQ 
ë � � 0¬��þ	�²Nt�	�4
 ��� þ ô÷Æ@�2vú�]zf���^uqnqsW����rts�zfnøsWp�~Ev�|Gx{zf|w��v��æ×C�qv�n �É~2|wz���v�p;pwzf|b|wv]á�u2sW|wv]pbzEZE¦
~q|;z+�]v�p;pwzf|�����r����quq|;sWnq��rt�qvT��zf��~qu2rt��rts�zfn�zlx�rt�2v ý�-Ã» � ë{pwv�v�Ö.¿wÒÓÒ6ä¨ûNö�íè E}�nqz��qv�pwv�n2�qp
��|wv]áÖuqv�pGr�rwz��ln2zlrt�qv]|@nqz��qvartzÕ�fv]rF���)r��2 

ë #	�������	� � �jNk�6�4
 ��� þ ô�åæ�qv�nÛ��nqz��qv1��zf��~qu2rwv�pÕzfn �ln ý�-¼» � �lnq� ���ln �qv]rwv�|w��sWn2v/rt����r��
~���|;rIzlx%rw�qsWp ý�-¼» � ×CsW����Ø°vF|wv]áÖuqsW|;v��/Ø����lnqzlrw�qv�|·nqz��qvF�Ó��rwv�|·zfnÄ��rt�qs�pIn2z+�qv�pwv]nq�qpIrw����rI����rt�
×C�qs��WvTs�r=s�p�s�nãs�rtp�~q|wv]pwv]nÖr���v���zf|;�l aÆ@�qvd~q|;z+�2uq��v]|a�qv��]sW�qv]p=×C�qv�nãrtz1p;v�nq�ãrw�qvd����rt�2 yÆ@�qsWp
��v]rw�qz+��pw�£�lv�p=vîç�rt|t�Õ�qs�pwÔ1�l�]��v]pwp��EØqu2r�s�rC|;v�áÖuqs�|wv�pFÔÖnqz£×C�Wv]�q�fv�zlx�rw�qv�����r��Õ�qv]~°v]nq�qv�n2��sWv]p�p;z
rw����r@rt�2v�~2|wz���v�p;pwzf|F�'��nbÔÖnqz£× ØEv]x{zl|wv��q�lnq��×C����rCrtzÕpwv]nq�Ä 

In-core Communication Method
pwv�v�Ö.¿wÒÓÒ6ä7ûNö

In-core Local Array (ICLA)
p;v�v�Ö.¿wÒÓÒ6ä7ûNöÅÑ�¯¨´�²�´£·B°tÂ���°mÇÚÆ

independent disk addressing
pwv�vÆ6	´'ÀB´�®�®~Â�®²<ï®~ÂÅ·BÏ�·�²kÂKÐ

Infinite Block Lookahead (IBL)
pwv�v�ÀBÂ4´¨¯»´'Á3Â4´¨¯

information disk
pwv�v§¶4�¯'°mÇÚÆu²kÂE¶BÁ¨ÇÓ°9ØKÃ Â�·

inspector
pwv�v�Ö.¿K�ªÔìä

Intel forced message types
pwv�v�Ö.¿K�ªÔìä

Intel iPSC/860 hypercubeÆ@�qv=mon�rwv��EsÓÜ·�q�@¤B=KAl§TsWpI� �	
(*]ÿ��4
 º �éÿ � �±0 � 0¬����� � 0 � *�*��ML � #��'*�*>
5þ�L ù äKùíÄ���l���qsWn2vl�Ö×C�qv�|;v
rt�2v �K��0¬#��Kÿ � þ6��� � p=�l|wvTØ��lpwv]�ãzfn�mon�rtv]�Ps{=KAf§Õ~q|wz���v]pwpwzl|wp�rw����ra��|wv^�]zfnqnqv]�]rwv��ñØ��N���Ö��~Ev�|;��uqØEv
nqvèro×�zf|;Ô2Ì ¢f§4ÍQ  ý�) � þ6��� � p��l|wv���zlnqnqv��èrtv]�Nrtz���p;sWnq�f��v �K�102#3�éÿ � þ6��� � ��nq�N����nq�q�WvymG¤fÝd �åæ����r
sWp���zf|;vl� ý�) � þ	�¨� � p��l|wv1Øq�lpwv]�÷zfn�rt�2v1monÖrwv��@s{?K=KA�~q|;z+�]v�pwp;zf|� É��v�vY�l�Wp;z^Ö.¿K�wÔ äÖ��}�~q~°v]nq�qs ç%ô
ÜP��|t�l���Wv��Ä��zf��~qu2rtv]|C}�|w���2s�rtv]�]rwuq|wv� 

Intel ParagonÆ@�qv�monÖrwv��%ÜP�l|w�l�fzfn�ë5�l��pwz^|;v]x{v]|w|wv]��rtz^�lp�mon�rwv��°ÜP�l|w�l�fzfn�PaÜ·¤f�qí¾�duq��rwsW�]zf��~2u2rtv]|·�q�lpIs-rtp·z£×Cn/zf~Ev�|G¦
��rwsWnq��p;��p;rwv�� û/Ò�É >r¾1�ln2����p;~°v]��sW�l��I��Wvyp;��pGrtv��ó�'���W�Wv]�ÈÖïÉPÒò\Ö�´'ÀB´�®�®~ÂK®�É °�®~Â¬Ò3Ï1·K²�ÂKÐ�¯+ ÒÆ@�2v
mon�rtv]�¾ÜP�l|w�l�fzfnñsWpap;uq~q~Ezfpwv]�úrwz��l�q�q|;v�pwp ¿ ÀB´%Ç.¯ ÛzÁ3´'®³®~ÂBÇÚÆ7Â¬¿�6�6Ó®µ°t¶E´�²³°t'Ç · Ì@FKC�ÍQ dmon�~��l|Grts���u+¦
�Ó��|��%s-r=s�pa� ��
(*]ÿ��4
 º �éÿ � ��0 � 0¬����� �du2��rts���zf��~qu2rwv�|FØ��lp;v��ñzfnãmon�rtv]�~Q p=rtv�|w�fõ�ê9ÝaÜ·���l|w���qs-rtv]�]rtu2|wvl 
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Ùbzf|;vTrw���lnã�Õrt�qzfu2pt�lnq�N�qv]rwv�|wzl�fv�nqv]zfuqp=n2z+�qv]pÕëjØq�lpwv]��zfnbrw�qv^mon�rwv��Ps{=KAf§'PaÜø~q|;z+�]v�pwp;zf|wptí��'��n�Ø°v
��zlnqnqv��èrtv]�ÑsWnú��ro×Iz�¦ �qsW��v�nqp;sWzfnq�l��|wv]�]rt�lnq�fuq�W�l|a��v�pw�% /õ�uq|;rw�qv�|;��zl|wvl�Krt�2v�pwv�nqz��qv�p���zl���du2nqsW����rtv
��sÓ� 0 � *�*��ML � #	�'*>*�
5þ�L z£�fv]|C�d�qsW�f��¦opw~Ev�v]�1sWn�rtv]|wn����%sWn�rwv�|w�]zfnqnqv]�]rCnqvèro×�zl|wÔµ ¾}éù äKùúÄ��l|;���qs�rwv��è¦
rtu2|wvypwuq~2~°zf|GrtpF�qsSZ°v�|;v�n�rF~q|wzl�f|t�l����sWnq�dpGro���Wv�p�sWnq�]�Wuq�2sWnq��Ò3Ö/ùíÄó�ln2�¬Ò6äKùíÄb µö�z£×Iv]�lv�|��Es�rC�2z+v]p
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Intel Touchstone DeltaÆ@�qv=mon�rwv��ÄÆ9zfuq���qpGrtzfn2vy�=v���rt�d����pGrtv�� sWpÒ� 0 � *>*��ML � #��'*�*>
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m rFuqpwv]p�mon�rwv��ésµ=BAf§d~q|wz���v]pwp;zf|wp��lp@rt�qvy�]zf|wvyzlx���zf���duqn2sW�'�)rtsWzln/nqz��qv�p] ·monb�l�q�2s�rts�zfnÄ��rt�qv��=v��-r������lp
? < mon�rwv��¨=l§K?K=KA^~2|wz���v�p;pwzf|;pC�lpIrw�qv=�]zf|wv=z�xért�qv ý�) � þ6��� � pÒ×C�qv]|wv=v��l��� ý�) � þ6��� � �q�lp�=�ÙbØ��Örtv]p
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inter-communicator
pwv]v�ùúÖNä

Interface layer
p;v�v±Ü�°mÀf²³Ã ´�®MÖ�´'ÀB´�®�®~ÂK®rÉz°�®~Â2Ò3Ï�·�²kÂKÐ

Internetworking
pwv]v§"6�ÂBÀB´�²³°mÇÚÆ£·EÏ1·K²�ÂKÐ ¶4'Ð�6	'Ç.ÂKÇì²³·

Interprocedural Partitial Redundancy Elimination algorithm (IPRE)
p;v�v�Ö¼��J

intra-communicator
p;v�v�ùíÖPä

Intranetworking
pwv]v�"6	ÂKÀB´�²³°mÇÚÆ£·BÏ�·�²kÂKÐ ¶4'Ð�6	'Ç.ÂKÇì²³·

ION
p;v�v±¿�Ä£ûNÖwÔ�Ñ�Û�Û É�ÒÓÑ£¯'°�·BÙ%Ë�¯'°mÀBÂ4¶�²�Â4¯ äD> û/Ñwä�Çì²kÂ�®ª°mÖ�Ò Û >7@BA2C Á¨Ï,6�ÂBÀB¶KÃ «4Â�Ñ2ä�Çì²kÂ�®

ÔÚ'Ã ¶KÁ�·K²�'Ç.Â�ÄÅÂ�®�²�´�ÑÅÖ�´'Ç.¯¨´�Ñ Ö$´'ÀKÉ °³Ò3Ï�·ëdÖ$´'ÀE´�®�®~Â�®�Éz°�®~ÂêÒ3Ï�·�²�ÂBÐÔ¯�Ñ ÖNä7û×�PÒÓÑ�ÖiÖïÉPÒÓÑ
ÒÓË�¼1ÖiØMÑ Ü Â�·�²k´

IORG (I/O Requirement Graph)
pwv�v±Ü�°mÖNä7û/Ò

IOP (I/O processor)
pwv]v ¿ ´�®�®~ÂKÏ

IPRE
p;v�v�Ö$´'Àf²�°t´�®·�§Â4¯'Ã	Ç.¯¨´'Ç.¶BÏ�Jï®µ°mÐ¬°mÇ.´�²³°t'ÇrdÖ¼��J·¯

irregular (unstructured) problems
Ì[¡�C < ÍKs�n�rt|wz��quq�]v�p@rt�2|wv�vy�qsYZ%v]|wv]nÖrFÔÖsWn2�qpCzlxPs�|w|;v��fuq�W�l|ws-ro�Eô
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zfnqv���×C�qv�|;vYv��l���É~q|wz���v]pwpwzl|�|wv�~Ev'�)rtv��2���Ñvîç+v���u+rtv�p��ãpw���qv]�quq��sWnq�ñ�Wz�zf~Ä��×C�qsW��� �Wz�zfÔÖp^x{zf|T×�zf|;ÔÑsWn
zfnqv^zf|=��zf|wvdp;���qv��2uq�Ws�nq�1áÖuqv�uqv]p�  Ì[¡�C < Í��l��pwz/|;v�~q|;v�pwv]n�rtp���×Ò�'��rwz/sW��~q��v���v�n�r=�qs�p;rw|wsWØ2u2rtv]������rt�
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iteration loop transformation
pwv]v�°mÀ�ÀEÂ[Æ�Ã3®~´'À�6ÚÀB7«�®~ÂKÐ^·

J

Jovian
Ý�Þ�ß³àkáµÝ4âaàaã
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�kñaü � ó�á ÷ ß�ã
Ò3Ö/ùíÄb� �K��&�& � �lÿ�
 �1� Nwý�) � � ���éÿONt���TNt�K��� � � �	
�*]ÿ>�E
 º �Kÿ � ��0 � 0¬����� ��®~×�·×Â�®µÏ§·BÏ�Ç.¶KÁ¨ÀB%Ç.'Ã3·

÷ ñ[à³ÝKæèð ß�ã

lz£��sÓ�lnú�qsWpGrtsWn2�fuqsWp;�qv�pyØEv]ro×Iv�v]n L1&�� º �%& �lnq� �	
(*]ÿ��4
 º �éÿ � � � 
 ��� pyzlx@�l���]v�pwp;sWnq�b����rt�bp;rw|wuq�èrtuq|;v�p] 
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×Cs�rw�����f�WzfØq�l�W�-�Õpw~Ev���sYI�v��Ypwu2Øqpwvèr�z�x9rw�qvy����rt�dp;rt|;uq�]rwuq|wv� ¾monb�]zfn�rt|t��p;r'�2sWn/rt�2v �	
(*]ÿ��4
 º �éÿ � � � 
 ���
rt�2v ��#�#�&�
(�K�2ÿ�
��Eþu#	����� � *>* ���lp@rtzÕ�]zfn��fv�|Gr���z+���l�Äs�n+¦o�]zf|wv=�q��r��ÕsWnq�2sW��v]p@sWn�rtzÕ�f��zfØ��l� ���KÿON\���TNt�K��� �
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(�K�2ÿ�
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sWnñ�1� Q Ù��qíè %}Òry�WsWn2ÔYrwsW��vTrt�2v�|wv�s�panqz1�qs�p;rts�nq�]rwsWzfnNØ°vèro×�v]v�n � ) ,�pa�lnq� -�) ,Tp�Ì ¢EÍ5 ^Æ@�qv�nq�l��v
-�) ,
p;rwv���p^x{|wzl� rw�qv/xj�l�]rTrt���)r���z����Wv�p;��s�nq�ãmG¤fÝ |wv]á�u2v�p;rwp�s�n�rtzã���W�l|w�fv]|^zfn2v/�'�ln s�nq��|;v'�lp;v/mG¤fÝ
~Ev�|;x{zl|w���lnq��v� 1}u2pwv�|T�'�ln��qv]rwv�|w��sWn2v�×C�qs�����~q|;z+�]v�p;p^×CsW����|wuqn�rt�qv��l~q~q��sW�'�)rtsWzlnñ�lnq��×C�qs����ú×Cs��W�
~Ev�|;x{zl|w� �]z��l�Wv]pw�]sWnq��zlx�mG¤fÝÌ|;v�áÖuqv]p;rtp] 
Æ@�qv�sW��~q�Wv]��v]n�r���rwsWzfn�zlxP�]zf�W��v��èrts��lva|wv��l�µ¤)×C|;s�rtvazl~°v]|t��rwsWzfnqp@~2|wz���v�v]�qpFsWn1pwvè�fv]|t�l�9~q���lp;v�piÌ ¢4ÍQô

ë �Cv�áÖuqv]p;r'ôI�¾�l��� � ) ,Ì����Ôlv�pC��
lz£��sÓ�ln�mG¤fÝ#�'���W�%rwz�|wv'���Yzl|Ò×C|ws�rwvl �Æ@�qvy��sWØq|w�l|;����|;v'��rwv�p@rt�2v
|;v�áÖuqsW|;v��/Ø2�Wz���Ô�|;v�áÖuqv]p;rtpÒx{|;zf�ûrt�2v����l|ws�zfuqp¾ro��~°v]pÒzlxKmG¤fÝ ���l�W��p��ln2��x{zf|G×Ò�l|;�qp�rw�qv�p;v=|wv]á�u2v�p;rwp
rwz���pGr���rwsW�'���W�����lp;pwsW�lnqv�� -�) ,� 

ë �Pç+�����lnq�lvlôFÆ@�qvd|wv]áÖuqv�pGrtp=rt�q��r=���lnqnqzlr=Ø°vTpt��rwsWpdIqv��ã�Wz��'���W���/�l|wv�x{zf|;×��l|;�qv���rwz�rt�qv -�) , sWn
� �K��&�& � �lÿ�
 �1� �K��0^0Å�9þ�
(�K�2ÿ�
��Eþ ~q�q�lpwv� 

ë �Cv'�l�É�ln2�Û�Cv]rwuq|wn Q ��z+��ÔÖp�ô1Æ@�2v -�) ,�p�|wv'���Érw�qv1|wv]á�u2v�p;rwv���Ø2�Wz���Ô�pdx{|;zf� �2sWpwÔ��lnq�Épwv]nq�
rw�qv�� �2sW|wv]�]rw����rwzÕ|wv�áÖuqv]p;rwsWnq� � ) ,�p� 

ë �+v]nq�Û�lnq��å�|;s�rwv Q �Wz���ÔÖp�ô1Æ@�qv -�) ,�p���|;v'��rwv���zf���duqnqs��'��rwsWzfn�pw���qv]�quq�Wv]p�rwzñ|wv��]v�s-�fv�����rt�
x{|;zf� � ) ,�p� 
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Kenal Square (KSR-2)ì��2�Ò¦ < sWpI��nqzln+¦ouqn2s�x{zf|;�Þ�l���]v�p;p *>56�%� � �H0 � 0¬�����20¬�'�45�
jþ �  ��+v�v��l�Wp;z ¿ ®~7«E´�® ¿|À�ÀE´'Ï_ ¿ ¿�¯+ 

L

large request
p;v�v���¿§äKÄxËdä

Last Recently Used
p;v�v Û$ÛMÉ�Ò

latency
p;v�vI6�´'ÀB´'®³®~ÂK®²</®~Â ·BÏ�·�²�ÂBÐ

LFP (local file pointer)
pwv]v|Ò3ÖPäKÉMÉ�ä

LFS (Local File Server)
p;v�v Û/´¨¶BÁ3ÂOÛï'Á3ÂBÀBÂKÇì²/É °�®~Â2Ò3Ï�·�²�ÂBÐ EÛ�Û É�Ò�¯

LFS (Log-Structured File System)
pwv]v'�ª¿|äKÄpË³ä4ä

Light-weighted processes (LWP)
pwv]vÅÛï´¨¶KÁ�ÂOÛ/%Á3ÂKÀBÂBÇì²/Éz°�®~Â2Ò3Ï�·�²kÂKÐ 4Û$ÛMÉ�Ò�¯

LindaêésWnq�q�/sWpa�/�]zfnq��u2|w|wv]n�rT~2|wzf�f|w�l����s�nq����z+�2v���×Cs-rt��rw�qv�~q|ws�����|;�b��zfnq�]v�~2ryz�xÒ� ÿ��6#�& � *�#	�'� � ����n
�lØqpGrt|w�l�]rwsWzfn1��sÓ�d×C�qs����b�]z+zf~Ev�|w��rts�nq��~q|;z+�]v�pwp;v�p���zf���duqnqs��'��rwv Ì CKC�ÍQ 

load utility
p;v�v�¨«9�KÂ4¶�²dË�'À�°tÂKÇì²kÂE¯�¯¨´�²k´¨«E´'·×Â

Local Array File (LAF)
p;v�v�Ö.¿wÒÓÒ6ä¨ûNö

local file pointer (LFP)
pwv]v|Ò3ÖPäKÉMÉ�ä

Local File Server (LFS)
p;v�v Û/´¨¶BÁ3ÂOÛï'Á3ÂBÀBÂKÇì²/É °�®~Â2Ò3Ï�·�²�ÂBÐ EÛ�Û É�Ò�¯

Local Placement Model
pwv�v ¿ ®~¨«4´�®.Öi®~´¨¶EÂBÐýÂKÇì²iù �¯7Â�®¼ ¿ Öiù_¯

Local Server Invocation (LSI)
pwv]v�GpÃ	À�À�°t¶4´'Ç.Â^"6	ÂKÀB´�²�°mÇÚÆ£·BÏ�·�²�ÂBÐ

lock
pwv]v$ÒÓ²�À�°t¶�²pÔ.Õ��ËtÖiÁ�´�·×ÂÅØr×¶KÙ�°mÇÚÆ

Log-Structured File System (LFS)
pwv]v'�ª¿|äKÄpË³ä4ä

logical data locality
p;v�v±Ü�°mÖNä7û/Ò
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loosely synchronousmonú�Y��z+zfp;v��-��p;��nq���2|wzfnqzluqpd��z+�qv]���l���Prt�qv�~��l|Grts���sW~q��rts�nq�/~q|;z+�]v�pwp;v�p^�l��rwv�|wnq��rtvÕØEv]ro×Iv�v�n�~q���lp;v�p�zlx
��zl��~qu+r���rwsWzfn���nq��mG¤fÝ¦Ì ¢EÍ5 �mon�~��l|;rwsW�]uq�Ó�l|]��v]�lv�nÉs�xF��~q|;z+�]v�p;p��qz+v]p�nqzlr�n2v�v�� ���)r��2��s-r�p;rwsW�W�·���lp
rtzb~��l|GrtsW�]sW~��)rtv�sWnñrt�qv�mG¤fÝ zf~°v]|t��rwsWzfn÷ëQ��v�v1�l��pwz»Ô.Õ��ËtÖiÁ3´'·×ÂOù Â�²�Á3�¯µ  íè �åæ����r^sWp���zl|wvl�Krt�2v
~q|;z+�]v�pwp;v�pF×CsW�W�°p;��nq���q|;zfnqsSR�vyrt�qv]sW|@|wv]áÖuqv�pGrtp�ë �K��&�& � �lÿ�
 ��� �K��0^0Å�9þ�
(�K�2ÿ�
��Eþ íî 

LPM (Local Placement Model)
pwv]v ¿ ®~¨«E´'®.ÖJ®~´¨¶4ÂKÐýÂBÇì²iù ×¯¨Â�®¼ ¿ Ö/ù]¯

LSI (Local Server Invocation)
pwv]v�GpÃ	À�À�°t¶4´'Ç.Â^"6	ÂKÀB´�²�°mÇÚÆ£·BÏ�·�²�ÂBÐ

LWP (Light-weighted processes)
pwv]vÅÛï´¨¶KÁ�ÂOÛ/%Á3ÂKÀBÂBÇì²/Éz°�®~Â2Ò3Ï�·�²kÂKÐ 4Û$ÛMÉ�Ò�¯

M

many-to-many communication
p;v�vpÛÝGx¿ªöxö±JNØ

mapped-file I/O}h��zfn�rwsW�fuqzluqpC��v]��zf|G�/|;v��fs�zfn1zlx���nb��~q~q�Ws��'��rwsWzfn7Q p@���q�q|wv]pwpFpw~�����v��'�lnYØ°vy���l~q~Ev���rtz��Õ��zfn�rts��fu+¦
zfuqpMI��Wv�|wv]�fsWzlnbzfnNpwv��]zfnq����|;�bp;rtzl|t�l�fv� C}����]v�p;pwv�p=rwz�rw�qv^��v���zf|;��|;v��fs�zfnYØ°v]���'�fv��lp�s�x�rt�qvè�b×Iv�|;v
�l�]��v�p;pwv]p�rtz�rw�qvy��zf|;|wv�p;~°zlnq�qsWn2��I���va|wv]�fsWzfn2Ì ¢l¥EÍ5 
Æ@�qvT�l�2���ln�r����fv�pCzlx�����~q~°v]�+¦�Iq�Wv=mG¤fÝ Ì ¢�¥BÍQô

ë ��s�rwrw�Wv�~°zf��sW�è��|;v��Ó�)rtv���s�n2x{zf|w����rwsWzfn/s�p@v��dØEv��2�qv��YsWnY�l�]��v�p;p�rwz�Iq�Wva����rt�
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ë ��z4×Áz£�fv]|w�qv��l�
ë vîç2~2�Wzfs-rtsWn2�^rt�qvy��v���zf|;������n��l�fv]|
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Æ@�qvb���ls�nÛ�2sWpt���2���ln�r��l�fvYsWpÕrt�q��r/���l~q~Ev��£I��WvYmG¤fÝ
�'��n�zfnq�-� Ø°vYuqpwv]��x{zf|��l���]v�pwp;sWnq���qsWp;ÔHIq�Wv�p
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MasPar MP-2
p;v�v ÛxÜ�Ø

Massively Parallel Processor (MPP)
pwv]v ¿ ÀB´'Ç.¯éÛzÁ3´'®³®~ÂBÇÚÆ7Â2¿�6�6Ó®µ°t¶4´�²³°t'Ç ·KÑ Ûï´¨¶KÁ�Â Ûï�Ë

Á3ÂBÀBÂKÇì²ïÉ °�®~Â2Ò3Ï�·�²�ÂBÐ EÛ�ÛMÉPÒ�¯×ÑïÖ�´¨«�®~�ÑPÖ¬Ü�ù
master client

pwv]v�Ö�´'Ç.¯¨´4dÖ$´'ÀE´�®�®~Â�®.¿�öpÄ ¿$À�ÀB´'Ï�·j¯
master node

pwv]v£Ü Â�·�²k´
master server

pwv�v�Ö$´%Ç.¯¨´4\Ö�´'ÀB´�®�®~ÂK®.¿ªöxÄ ¿|À�ÀB´%Ï1·O¯
master-slave

pwv�vI6�ý3Ñ�Ö2ÜMùéÑiÒHGuûI�KJ
mean-time-to-failure (MTTF)

p;v�v���¿§äKÄ
Memory-Style ECC (RAID Level 2)

p;v�v���¿§äKÄ
Mentat Programming Language

p;v�v�ùíÖ/Ø
message passing

pwv�vH¿JÆ7ÂBÇì² Ô ¶�®�Ñ Û�ÛMÉPÒÓÑ Û°Gp¿2û/ÒÓÑ¬ÄªÄªØIõzÑ£¯%°�·�²³À�°t«BÃÚ²kÂE¯ ¶E'Ð±6ÚÃÚ²dË
°mÇÚÆ�Ñ ¿ ®~¨«4´�®3¿$À�ÀB´'Ï�·�Ñ¹ä�Çì²kÂ�®3°mÖJÒ Û?>=@BA2CÅÁ¨Ï,6�ÂBÀB¶KÃ «�Ñ¹äKÇì²�Â�®�Ö$´'ÀB´�Æ7'ÇìÑ¹ä�Çì²kÂ�®�ÔÚ'Ã ¶KÁ¨·�²�'Ç.Â�Ñ
ùêä�ùúÄpÑPùúÖNä�ÑNùúÖNä�Ë�¼¨ÑF6�ý3Ñ�Ö.¿wÒÓÒ6ä¨ûNöÅÑNÖNä7û×�PÒÓÑPÖ¬Ü�ùéÑÅÜ Â�·�²k´�Ñ Ü.äKÖ�Ë\É�Ò
Message Passing Interface Forum (MPIF)

pwv]v�ùúÖNä�ÑNùúÖNä�Ë�¼
Meta-Chaos

pwv]vÅÛ°Gp¿Èû/Ò
meta-data

pwv]v ¿ ´'®³®~ÂBÏ1Ñ�Gx°mÄ�ä7û/ÒÓÑ�GxÉ�ÒÓÑÈÖ�'Àf²�´¨«K®~ÂúÖ$´'ÀB´'®³®~ÂK®§Éz°�®~ÂéÒ3Ï�·�²�ÂBÐ \Ö/Ö/É�Ò�¯�Ñ
Ò3ÖNäBÉMÉ�ä�ÑÈÜ Â�·�²k´

metacomputingÙbvèr��l�]zf��~2u2rts�nq���qv[Iqnqv�p��lnY�l�f�f|;v����)rtsWzln1zlx9nqv]ro×Izf|wÔ�v����]zf��~qu2rts�nq��|wv]pwzfu2|w��v]p��µsWn�~���|;rts���uq�W�l|�n2v]r;¦
×Izf|wÔÖp¾zlxµ×�zl|wÔÖp;rt��rts�zfnqp���rwzyx{zl|w�Ì�yp;sWnq�l�Wv���zf�fs��'�l��~��l|w�l�W��v������l���2sWnqvNÌ[¡£§�F�ÍQ �m r�sWp�pwu2~q~°zlpwv��ÕrtzazEZ%v]|¾�
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��zlp;r;¦ v[Z°v��èrts��lva�l�-rtv�|;n���rws��fv@rwz^~��l|w�l�W��v������l���qs�nqv�p¾x{zf|·���ln������W�lpwp;v�pIzlxé~��l|w�l�W��v��µ�l~2~q�Ws��'��rwsWzfnqp] ���zl�Õ¦
��zfn^��v]rt�l��zf��~qu2rwsWnq�Fv�n���sW|;zfnq��v�n�rtpPpwuq�����lpìÖ¬Ü�ù��;6�ý�zf| ùúÖNäF~2|wz£��sW�qvIsWn�rtv]|;xj�l�]v�pP×Cs-rt�^p;sW��sW�W�l|
x{uqnq�èrts�zfnqp��lpart�qzlpwv�~q|wz£��sW�qv]��x{zl|a~��l|t���W�Wv]�P���l���qs�nqv�p] �Æ@�qv]pwv�x{uqnq�]rwsWzfn2pasWnq�]�Wuq�qvÕ��v�������nqsWp;��p=x{zf|
sWn�rwv�|w~2|wz���v�p;p/��zl���du2nqsW����rts�zfnÄ�·p;��nq���q|;zfnqs{R���rts�zfn���nq�í¶4'Ç.¶KÃ	À�ÀBÂKÇ.¶BÏ ¶E%Çì²³ÀB�®ß�Ixj�luq��rÕrwzf�Wv]|t�lnq�]vl�
�lnq�É�2��n��l��sW�1~2|wz���v�p;p����ln����fv���v�n�r'  �Pç+��v]~2r/z�x/ùúÖNä�Ë³ä¨û���rw�qv]� �qz�nqzlrÕp;uq~q~Ezf|;r�I���v�mG¤fÝózf|
pwv]|wsW�l�WsSR�va�l���ÄmG¤fÝh|wv�áÖuqv]p;rwp� 

MIMD (Multiple Instruction Stream Multiple Data Stream)ÙbmGÙN�ûs�p�����zf|;vT�lv�nqv]|t�l�9�qv�p;sW�fnYrt����n±Ò6ä�ùúÄb�%�ln2�Ns�r�sWpFuqp;v���x{zf|���Øq|;z��l�qv]|�|w�lnq�fvTzlx¾�l~q~2�WsW���)¦
rts�zfnqpiÌ ?4ÍQ Fö�v]|wvTv'�l����~2|wz���v�p;pwzf|����lp�s-rtpCz£×Cn�~q|;zf�f|t���Ï���]rts�nq��zfnNs-rtpFz4×CnN����r��+ Fm r�sWpF~°zlpwpws�Øq�Wvarwz
Øq|w�lÔlvy�d~q|;zf�f|w�l�s�n�rtz�pwu2Øq~q|wzl�f|t�l��p�×C�qs������'�ln�ØEv=�qsWpGrt|;sWØqu2rwv��/rwzdrt�qva~q|;z+�]v�p;pwzf|;pÒx{zf|Òvèç+v]��u2rwsWzfnÄ 
�+vè�fv�|w�l��~2|wzfØq��v���p^���lnÑz�����u2|� �õ�zf|�vèç2�l��~q��vl��rw�qv/p;���qv��qu2�WsWn2��zlxÒrw�qv�~q|;z+�]v�p;pwzf|;pÕ�lnq��rw�qv�s�|TpG�+n�¦
���q|;zfnqs{R���rts�zfnÄ �åæ����rFs�p@��zf|;vl�qrw�qv�|;v�×Cs��W�é�l��pwzÕØEvT�Õnqv]v��bx{zl|@��zf|;vP��vèç+sWØ2�Wva��zl���du2nqsW����rts�zfn/rt����n
sWnÑ�±Ò6ä�ùúÄ ��z��qv��5 ñÙbmGÙN���l~q~Ev'��|wpds�n�ro×�zãx{zf|;��p] ñõPsW|;p;r��P×Cs�rw����~q|ws-����rtv���v]��zf|G�ñx{zf|^v��l���
~q|;z+�]v�pwpÒ¦I�l��pwz�|;v]x{v�|;|wv]�brtzÕ��p �	
(*]ÿ��4
 º �éÿ � �u0 � 0¬����� ¦I�lnq�Ä�qp;v��]zfnq�Ä��×Cs�rw�Y� *�5	�%� � �Ê0 � 0¬�����  
} �	
�*]ÿ>�E
 º �Kÿ � �£0 � 0¬����� ��~q~q|wzf�l����uqpwv]p 0 � *�*��ML � #	�'*>*>
jþ�L x{zf|@sWn�rwv�|w~2|wz���v�p;p@��zf���duqn2sW�'�)rtsWzlnÄ 

Mirrorde (RAID Level 1)
pwv�v'��¿|ä�Ä

mirroring
p;v�v���¿§äKÄ

MMP (Massively Parallel Processor)
pwv]v ¿ ÀB´'Ç.¯ ÛzÁ�´�®�®~ÂKÇÚÆ7Âx¿�6�6Ó®µ°t¶4´�²³°t'Ç ·

moderate request
p;v�v��ª¿|äKÄpË³ä

MPI (Message Passing Interface)
Ý�Þ�ß³àkáµÝ4âaàaã
monYrt�qv��Ó�lpGrC�fv'��|wp��°����nÖ���fv�n2�qzf|wp����'�fv^s���~2�Wv���v�n�rwv��1rt�qv]sW|Cz£×CnN���l|wsW�ln�rtpCzlx�rt�qv 0 � *>*��ML �
#	�'*>*>
jþ�L ~���|t�l�qs��f�Y���lnq��s�r¾rtuq|;nqv���zfu2r·rt���)r�p;uq���/p;��pGrtv���p����ln�ØEvFv[å���s�v�n�rt�-���lnq��~Ezf|Gr��lØq�-�
s���~q��v���v�n�rtv]�Ä �Ùbv�p;pt�l�lvÕÜP�lp;pwsWn2�/mon�rtv�|Gxj�l��v1ëQÙNÜ�mGí�s�pFrw�qvd�qv�xj�l�]rwz/p;rt�lnq���l|;�Nx{zf| 0 � *>*��ML �
#	�'*>*>
jþ�L  ·ÙbÜ¾m¾�qz�v�p�nqzlrÒs�nq����uq�qv�zfnqv�vîç+sWp;rwsWnq� 0 � *�*��ML � #��'*�*>
5þ�L pG�+pGrtv]�b�qØ2u2rÒ���lÔlv]pÒuqp;v
zlxérw�qv=��zfp;rÒ��rwrw|t�l�èrts-�fv�x{v���rtu2|wv�p�zlxért�qv]�b �Æ@�2v=����sWn/���2���ln�r��l�fv�zlxért�qv 0 � *>*��ML � #��%*>*>
jþ�L
pGr��lnq�q�l|w�Ñs�pTpw�lsW��rtzbØ°vwQ ~Ezf|;rt�lØqs��Ws�ro���lnq�Ñv��lpwvî¦ozlxÓ¦ uqpwvEQ.Ì C < ÍQ NÙNÜ�masWp�sWn�rtv]nq�qv]��x{zf|y×C|ws�rwsWnq�
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0 � *>*[�ML � #��%*>*>
jþ�L ~q|;zf�f|t����p�s�n��Û�lnq� ¹6���£ÿ�����þÚ���  PÆ@�qvFx{zl�W�Wz£×Cs�nq�=~��lp;pt�l�lv�s�p�zfnq���dØ��lpwv]�
zfnTrt�qvÒpGr��ln2���l|w��~2|wz��quq��v]��sWnÕÙb�£��¡£¢f¢�¥=�lnq���2z+v]p�nqzlrPsWnq����uq�qvInqv]× x{v���rtuq|;v�pPx{|;zf� ùíÖPäfË�¼% 

ÝKæèç ß�ã
Æ@�qv·�fz����fzlxqÙNÜ�m%×Ò��p9rwzF�2v]�fv]�Wzf~^�Ò×CsW�qv]���auqp;v��Tp;r���nq���l|;��x{zf| 0 � *�*��ML � #	�'*>*>
jþ�L ~2|wzf�f|w�l��p��
�ln2�Yrwz����W�Wz£×ært�2v��]zf���duqnqs��'��rwsWzfn/z�xP~q|;z+�]v�p;pwv�pF×C�qsW���b�l|;vauqpwv]�NØ��Y�lnbÙNÜ�mÒ~q|;zf�f|t���b 

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
ÙNÜ�m1s�pbp;uqs�rt�lØq�Wvñx{zf|�rt�qvúuqpwv�zlx§ùêä�ùúÄ ëj�duq�-rts�~q�Wvãs�nqp;rw|wuq�èrtsWzln p;rw|wv��l� �duq��rwsW~q��vã����rt�
pGrt|wv��l��í�~2|wzf�f|w�l��p¾�lp·×Iv����E�lpMÒ3ÖiùúÄ�ë{pws�nq�f�Wv@~2|wzf�f|w�l�û�du2��rts�~q�Wv�����r��fíè  Q ��z+��ÔÖs�nq�y��zf���du+¦
nqs��'��rwsWzfn^sWpPrw�qv@p;rt�lnq���l|;�Õ��zf���duqnqs��'��rwsWzfn^��z��qvl 9}ø�'���W�2�2z+v]p�nqzlr¾|wvèrtuq|;nÕuqn�rtsW��rt�qv@��v�p;pt�l�lv
���)r��d�ln2�/v�n��fv]�Wzf~Ev=���'�lv=Ø°v]v�n1pw��x{v��-��pGrtzf|;v��Ä�2�lnq��rw�qv�p;v�nq��s�p·x{|;v�v�rwzd�l�]��v�p;pC�lnq�/z£�lv�|;×C|;s�rwv
rw�qv�pwv]nq��Øqu×Z%v]|� ÕÙNÜ�m�zBZ%v]|wp=rw�q|wv]v����q�qs�rwsWzfnq�l���]zf���duqnqs��'��rwsWzfn���z��qv�p=rw����ry�l���Wz£×àzfnqvdrwz
�]zfn�rt|wzl�Prt�qv����2zfsW�]v�z�x·rw�qv���zl���du2nqsW����rts�zfn�~q|;zlrtz���zf�5 TÆ@�2v�pwvÕrt�2|wv�vÕ���q�qs�rwsWzfnq�l����z��qv�py�l|;vlô
Øqu×Z%v]|wv��b��z��qv��2p;��nq���2|wzfnqzluqp���z+�2vy�lnq�Y|wv'���2�1��z+�qv� 

mon���Øq��z+��ÔÖs�nq���l~q~q|;z��l���Ä�+�Tp;v�nq����zf������nq��×��ls-rtp·�lp·�Wzfnq���lpI�y����rw���qsWn2��|;v��]v�s��lv��]zf�����lnq�
s�p@�'�l���Wv���Ø����ln2zlrt�qv]|C~q|wz���v]pwp� �Ùbzf|;v�z£�fv]|��Es�xKrt�2v�~2|wz���v�p;p�|;v]rwuq|wnqpCx{|wzl�rt�2sWpC~q|wz���v]�quq|;vl�qrt�2v
|;v�pwzluq|w�]v�p�ëjp;uq������p=Øqu�Z°v�|;p�í=�'�lnãØEv�|wv]uqpwv]�Ûëjpwv]vp¯¨´�²�´OÀBÂKÃ�·×Â)íî TÝanãrw�qvdzlrw�qv�|a����nq�Ä�ésWn��
nqzln�Ø2�Wz���Ô�s�nq�1��zl���du2nqsW����rts�zfnÄ�°��~2|wz���v��2uq|wv����'��|wvèrtuq|;nñØ°vèx{zf|wvdrw�qv�zf~Ev�|t�)rtsWzln���zf��~q��v]rtv]p��
�ln2�bØEv]x{zf|;vy��uqpwv]|�s�pC�l�W��z4×Iv��1rwz�|;v�uqp;vT|;v�p;zfuq|w�]v�pFpw~Ev��]sSI�v]�NsWn1rw�qvy�'�l���Q 

îKó�áSà³Ý�ÞKæDð@æ à(üfã
mG¤fÝ�s�p��ú�lv�|G��sW��~Ezf|;rt�ln�r�x{v���rtu2|wvl�CØqu+r�ÙNÜ�mbë{�¾v]|wpws�zfnæÙN�'�Á¡£¢f¢l¥�íÕ�qz�v�p�nqzlr�pwuq~q~Ezf|Gr1s�r
ëmùíÖPäfË�¼^�qz�v�p�� íî ¹ùúÖNä�Ëdä7û Ì[¡f¡f¡�Í+sWp9Ø��lp;v���zfn^rw�qv@ÙbÜ¾mKpGr��lnq�q�l|w����nq�dpwv]|;�lv�p·�lp��Fp;rt�lnq���l|;�
x{zf|@~q�l|t�l���Wv]�%mG¤fÝ#×Cs�rt�2sWnY� 0 � *>*��ML � #	�'*>*>
jþ�L pG��p;rtv]�b I���E��LNLd�µõ�zf|;rw|t�ln

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
ùúÖNä�Ë�¼%�¨Ö¬Ü�ù ëjp;v�v�Ö¬Ü�ù x{zf|C����zl��~���|wsWp;zfn1zlx¹Ö¬Ü�ù �lnq�bÙNÜ�mGí

îKñ[ó�î�ð ñBã

f�l��Ô^�=zfnq����|w|t�+�f�a�'��sW�då��l�WÔ�v�|Cë5��zfn��fv�n2v�|wpI�lnq��ÙYv�v]rwsWnq�����q�lsW|;p�í����=�qvèr��ls��Wv]�d�Ws�p;r�z�xµ~°v]zf~q�Wv
s�p@zf��s-rwrwv��1�qv]|wv
�q±4«��2¸f´Ö´+¸��ºÖ²P³5¶�»)�³¹©K�f¶
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æèò�ß�àtæ à���àtæ ó�òfã
ÙNÜ�mÒ×��lp=�qvè�fv]�Wzf~Ev���Ø��Yrt�qv/õ � *>*��ML � , �'*>*>
jþ�L�ý]þ°ÿ � �����'� � ¹����4��0 � õ , ýV¹°� ×Cs-rt��~q�l|G¦
rwsW��s�~���rwsWzfn�x{|;zf� z£�lv�|F¥�§�zf|w����nqs{R���rts�zfnqp� 
¨�»Ö»�¯��d���4���f��³(��¯°ª�u � ±�´f¶��@³;±�´,�

�kñaü � ó�á ÷ ß�ã
0 � *>*[�ML � #��%*>*>
jþ�L � �	
�*]ÿ>�E
 º �Kÿ � �u0 � 0¬����� ��Ò6ä�ùúÄb�7ù äKùúÄ

ñ��BÝ�çïî�ð ñKã
Yµª'«Eº,�4¶×�+© ak��¯%ª�³5¨�a
��¸qª'«t-w¸f´)��º	þñ¸f´,��®25ª'«�»h¸f´,��º�þ

��ÿÖ´+¸l«)ìþ«Ö¶�� * ¯+´q±�º�ì
^
&)(2#%*M# «°ª4».-��+¸f´,�µº	þñ¸f´,��®�5�ìÈ�f� ª'«%ª£»Eª�¸��2ª�²l© &)(�#
&)(2#%*"/ ±��f� * ´+¸�«�Í- &)(�#�*"/)$%&,&X* Z $ Ð ï,! þ��B�%ÿÖ´+¸�«)25�ì2��� � ª'«×� ´+¸�«)
&)(2#%*"/ ±��f� * ²�ª4¬2©~- &)(�#�*"/)$%&,&X* Z $ Ð ï,! þ��f«�¶�� * ¯+´�±�º)5�ì¬��� � ª'«��æ«Ö¶��)�q©f´Ì± � ¯+´q±�ºf©2²Ö²l©2²¯+´Eª'«�» � -)ÿ & ÿ ¯2´q±�ºl©2²�²Û«�¶��)�q©f´ûª�²����#¸�«×�����æ¯2´q±�ºl©2²�²l©2²Á¸f´+©ø¶E²l©��I³nm4«½ÿfþ

��ÿÖ´+¸�«�ìþb«Ö¶�� * ¯2´q±�º)5�ì
&)(2#%*�+ ª'«�¸��+ª4¬+©t-�5�ìÈ���÷»q©f´B�%ª'«�¸l»2© &)(�# º�±���¯�¶�»2¸l»Eª�±4«
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÷ ñ[à³ÝKæèð ß�ã
¾ Ô.Á3Â×��´�·E°t¶�·¬�8 ùúÖNä
Æ@�qv�v'�lp;sWv]p;r�×Ò�'��zlxÒs�n�rtv�|;~q|wz���v]pwp���zf���duqn2sW�'�)rtsWzlnãsWpart�qv�Ø��lp;sW� #Ó��
5þEÿONwÿ>�XN\#Ó��
5þEÿp�K��0^0Å�9þ�
(�K��N
ÿ�
��Eþ ��×C�qv]|wv^ro×Iz1~q|wz���v]pwp;v�p=vîç2���q�lnq�fvdrw�qv�s�|���v�p;pt�l�fv]p=Ø���rt�qvTØ��lpws��^zf~Ev�|w��rts�zfnqp��2� G��û��nq�ã�F��¦
�Ò��m �a�@ �}��-rt�qzluq�f��ÙNÜ�mIsWpÒ�d~Ez£×�v]|;x{uq�K��nq�1��zf��~q��vèç�p;r���nq���l|;�Ä�qs�r�sWpÒ~Ezfp;pwsWØ2�Wv�rwzd×C|ws�rwv=~q|;zf�f|t����p
×C�qs����buqp;v@ò;u2p;rFpws ç1Ø��lp;sW�ax{uqnq�èrts�zfnqpïÌ C < Í5 
&)(�# # «%ª£» sWnqs-rtsÓ�)rtv=��n�ÙNÜ�mI��zf��~qu2rt��rts�zfn
&)(�# + ª£«q¸��+ª4¬2© rtv�|;��s�n���rwvy�Õ�]zf��~qu2r��)rtsWzln
&)(�# / ±���� ²+ª4¬+© �qv]rwv�|w��sWn2van�u2�dØ°v]|CzlxP~2|wz���v�p;pwv]p
&)(�# / ±���� ´2¸�«) �qv]rwv�|w��sWn2va��uq|;|wv�n�r�~q|wz���v]pwp[QEs��qv�n�rwsSI�v]|
&)(�# yÖ©l«×� pwv�n2������v]pwpw�l�fv
&)(�# Ð2©qº4® |wv��]v�s-�fvT�Õ��v�p;pt�l�lv
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õPsW�luq|wv <  -¡f¡fô GFzfnq�]zfn�rtsW�luqzfuqpC�a��rt������u2nqÔÖp�sWnbÙNÜ�m
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accessable data

tiling a file with filetype:
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sWn2�qv�~Ev�nq�2v�n�r^ëjnqz��]z+zf|;�qsWnq��rts�zfn/ØEv]ro×Iv�v�nb~q|wz���v]pwp;v�p@r��lÔ�v�pC~q�W�l��v'íIzf|@��zl�W�Wv]�]rws��fv�ëjv'�����Y~2|wz���v�p;pCzlx��
�f|;zfuq~b�lpwp;z+�]sÓ��rwv��b×Cs-rt��rt�qv �K��0^0Å��þ	
(�K�2ÿ���� �^uqp;r�~��l|GrtsW�]sW~��)rtvasWn�rt�2vT�]zf�W��v��]rws��lvT������v]pwptíè Òåæ����r
sWp���zf|;vl�ÚùúÖNä � � �4
 ��� �ê�6�2ÿ�� ÿa�¨# � * �l|;vduqpwv]��x{zl|=rt�qv����)r��/�Ó�'�lzfu2rysWnpIq�Wv�py��nq�ãx{zf|a�l�]��v�p;pws�nq�
pw�q�l|wv]�^I��Wv]p� NÆ@�2v/uqpt���fv�zlx � � �4
 ��� �ú�6�2ÿ��øÿ���# � * �'�ln��Wv'�'�lv/�qzf��v�p^s�núrw�qv$I���vl����nq���N~q|;z+�]v�p;p
�'��n�zfnq�-�N������v]pwpa���)r���rw����rFxj�l�W��p�uqn2�qv�|=�2zf�Wv]p�ëjp;v�v�õ�sW�fuq|;v <  �¡ < íè FÆ@��u2p��¨I���v�p����ln�ØEv^�qs�p;rw|wsWØ2u2rtv]�
�l��zfnq��~���|t�l���Wv��°~q|wz���v]pwp;v�p�s�n��qsWpßò;zfsWn�r@���ÖuqnqÔÖp] 
�+s�nq��v�ÙNÜ�mQ¦ mGÝ sWp�sWn�rtv]nq�qv����lpy��nãsWn�rtv]|;xj�l�]vdrt����r=���l~2p=Ø°vèro×�v]v�nú����r��/pGrtzf|;v��ñsWnã��v���zf|G���ln2�ñ�
I���vPÌ[¡f¡f¡[Í5�fs-r�Ø��lp;sW���l�W�-�apw~Ev��]sSI�v]p��qz£×Érw�qvÒ���)r���p;�qzfuq����Ø°vI�Ó�ls��^zfu+r�sWn^����sW|;rwu��l��I���v�p;rw|wuq�èrtuq|;v@|t��rw�qv�|
rt�q�ln1�qz£×Árw�qv�I���v=p;rw|wuq�èrtuq|;v�s�pÒp;rwzf|wv]��zfn1�qsWp;Ôµ �}�nqzlrw�qv�|Òx{v���rtu2|wvasWpIrt����rCÙNÜ�mQ¦omGÝàs�p�p;uq~q~Ezfpwv]�Yrwz
ØEv�s�n�rtv�|;|wuq~+rF�lnq��rt�q|;v'�l�Ypt��x{v� 

MPI-IO committee
p;v�v�ùíÖPäfË³ä7û



M

MPL (Mentat Programming Language)Ùbv]nÖrt��r�s�p��lnTzfØ�ò;v]�]r�zf|;sWv]nÖrwv��T~��l|t���W�Wv]��~q|wz���v]pwp;sWnq�=pG��p;rtv]� Ì Fl¢EÍ5 �ÙNÜ¾ê1sWp���~2|wzf�f|w�l����s�nq�C�Ó�lnq�lu��l�fv
Ø��lp;v��bzfnb�Á�lnq�Yuqp;v���rtz�~q|wzf�l|t�l� rt�qvy���l���qsWn2v�pFÙNÜP¦�¡T�lnq�NÙNÜP¦ < Ì�?K=EÍ5 

Multi-user Multimedia-on-Demand Server}Òr¾rt�qvF�qv��l|;r·zlxErt�qs�p¾p;��p;rwv�� sWp¾�y�qsW�l�+¦o~Ev�|Gx{zf|w���lnq�]vÒpwv]|;�fv]|I×C�qs�����s�p¾� 0¬�%*>*>
 �1� &"�Å#����4�%&�& � &�#	�4�MN
� � *>*������ õ ,/, � zf~2rts���sSR�v]��x{zl|Fxj�lpGr=~���|t�l���Wv��émG¤lÝ� µÆ@�qvTpwvè�fv�|as�p��]zfnqnqv]�]rwv���rtz��qsW�l�+¦op;~°v]v��b×Cs��qvè¦
�l|;v'�)¦ nqv]ro×Izf|wÔ�×Cs�rw�1}�ÆFÙ pG×Cs�rt���2v�p� ¾Æ@�qvy|;v���zlrtv=�]�Ws�v�n�rtp@��|wv=�]zf��~2u2rtv]|wpÒ×Cs�rw�/rtv]nqp@zlx9��v]���lØ��Örtv]p
zlx�����sWn1��v���zf|;�/�lnq���Öuqnq�q|;v��qp�zlxP��v��f�lØ���rwv�pCzlxPpwv��]zfnq����|;��p;rwzf|t���fv�Ì ABAEÍQ 

multifiles
p;v�v�¯¨Â�·B°�Æ�Ç �8�6�´'ÀB´'®³®~ÂK® äD> û ·f�8�²³Õ�´'ÀBÂ�ÑNÖ�´'ÀKÉ °³Ò3Ï1·edÖ$´%ÀB´�®�®~Â�®.É °�®~ÂÈÒ3Ï�·�²�ÂBÐÔ¯

Multipol
Ý�Þ�ß³àkáµÝ4âaàaã
Ùbu2��rts�~°zl�2sWp¾�a~qu2Øq�Ws������d�'�l��sW�Ó��Øq�Wv�Ì[¡�CB?EÍq�WsWØ2|t�l|G�^zlx%�qsWpGrt|;sWØqu2rwv��Õ����rt�ap;rt|;uq�]rwuq|wv]pI�2v�pws��fnqv]��x{zf|
s�|w|wv]�fuq�W�l|��l~q~q��sW�'�)rtsWzlnqp/ë{pwv]vx°mÀ�ÀBÂaÆ%Ã�®~´'À�6ÚÀB¨«K®~ÂKÐ±·£íè �õ�uq|Grt�qv]|w��zf|wv���s�rT��zlnÖrt�lsWn2pd�Nrt�2|wv'���
pG�+pGrtv]� ×C�qsW���N�l�W��z4×Cp�z4�lv�|;�Ó�l~q~2sWnq�Õ��zl���du2nqsW����rts�zfn/�Ó�)rtv�n2�]�/×Cs-rt����zf��~qu2rt��rts�zfn Ì[¡�C�¥4ÍQ 

ÝKæèç ß�ã
�qvè�fv]�Wzf~q��v�n�rFzlx�sW|;|wv��luq�Ó�l|�~��l|t���W�Wv]�Ä�l~2~q�Ws��'��rwsWzfnqp

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
Æ@�qs�nqÔÖsWnq��ÙN�����qsWnqv]p - õ N �Ä�7äKÇì²�ÂK®.Ö$´'ÀE´%Æ7'Ç¾� ý +�õ ¸7, ü �2sWn1rt�qvax{u2rwuq|wv Ì ¡�C�¥BÍ5ô�nqv]ro×Izf|wÔ
zlx9×Izf|wÔÖp;rt��rts�zfnqp

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
}��]zf���^uqnqsW����rts�zfn��W�'�fv�|é~2|wz£��sW�qv]pé~°zf|Gr��lØ2�Wv��]zf���^uqnqsW����rts�zfn�~2|wsW��s�rws��lv�p°x{zl|ÄØquq��Ô�¦ p;��nq���q|;zfnqzfu2p
ë{~qu2r��lnq�Y�fv]rFzf~Ev�|w��rts�zfnqptíC��nq�N��p;��nq���q|;zfnqzfuqp���zf���duqn2sW�'�)rtsWzlnñë{rwz�pGr��l|Gr���rt�2|wv'���bzfnb�Õ|wvè¦
��zlrtva~2|wz���v�p;pwzf|tíè 

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
Ö.¿K�ªÔìä�~q|;z4��s��qv�pY��zf��~qs��Wv�|��ln��l�-��pwsWp���nq�Á|;uqn�rts���vãp;uq~q~Ezf|;r���Øqu2rYs-r�sWp1nqzlr�vaZ%v]�]rws��fv�sWn
�lpG��nq���q|wzlnqzfuqpa��~q~q�Ws��'��rwsWzfn2p@�quqvyrtz�rw�qv��2��n��l��sW�y�����lnq�lv^zlx��]zf��~qu2r��)rtsWzlnY~q��rwrwv�|wn2pVÌ[¡�C�¥EÍQ 
S � õ � S 56� � �'� � � �§º *]ÿ����'�lÿ õ �'�45�
jþ � �
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Ý�î�î�ð@æ â�Ý�àtæ ó�òfã
pG�+�^Ø°zf��sW���l~q~q��sW����rts�zfnqpart���)rd|wv]áÖuqsW|;v��2��n��l��sW��sW|;|wv��luq�Ó�l|y���)r��NpGrt|wu2�]rtu2|wv�pd×C|;s�r;rtv�núx{zf|^�qs�pG¦
rw|wsWØ2u2rtv]�b��nq�bp;zf��v=x{zf| *>56�%� � �»0 � 0¬����� �duq��rwsW~q|;z+�]v�p;pwzf|;p Ì[¡�CB?EÍ5ô
ë ìanÖu2rw�+¦ Q v]nq�qs çúëjuqp;v��bsWn��lu2rwzf����rts���rt�qv]zf|wv]� ~q|;z4��s��qsWnq��pG��p;rtv]��pFØ��lp;v��YzfnYv�áÖu���rwsWzfnqp
���l�W��v�� â |;v]×C|ws-rtva|;uq�Wv]p â í

ë Æ9v�|;�óÙN��rw���qsWnq�2�µ�¾s��fv�n����l��uqv
ë ïa|wz�v�Ø2nqv�| Q �lp;sWp�ë{��zf��~q�Wvèrts�zfn1~q|wz���v]�quq|;vyrwz����lnqs�~quq�W��rtv�~°zf�-��nqzf��sÓ�l��p�í
ë Ü������Wzf�lv�n��bÜ¾|;zfØq��v�� ë{~q|wzfØ2�Wv��zlx��2v]rtv]|w��sWnqs�nq�drt�2vTvè�fzf��u2rts�zfn��l|G�/�qs�p;rtzl|;�/x{zf|C�ÕpwvèrFzlx
p;~°v]��s�v�p@¦¾x{uqnq���l��v�n�rt�l�ésWn1��zf�Wv]��uq�W�l|ÒØqs�zf�Wzl�l�2í

ë Æ9|ws�~qu%R[R��Wv�ë{~q|wzlØq�Wv]� rwzã��zf��~qu2rwv/rt�qv1p;v]rÕzlx��l����pwzl�Wu2rwsWzfnqp�rtz���pws�nq�f��v�~q�W�£�lv�|�ØEz��l|;�
�f�l��v'í

îKñ[ó�î�ð ñBã
���qs��+¦¹Ü9z�åúv�nÄ�Ö��zfuq��v�n������lÔÖ|w�lØ��l|GrtsQ�l��rtsWv]nqnqv@�=v]~q|ws-r'�)}�|G�+s�nq�Õìa|ws�pw�qn����duq|;rw���f�fìy��rw�qv�|;sWnqv
E·v]�WsW��Ôµ��
lvaZ�
lzfnqv]p
� º£¯f�2©l«¹þ�²�±4¶���©l«¹þp�+©�¯+´µª4»ìþpÿ+©��+ª�º;ìþñ¸f´�®Eª'«�� þ×\,\+±4«q©q²,�)qºÖ²P³��q©f´"2©U�f©KÿI³¹©��f¶

æèò�ß�àtæ à���àtæ ó�òfã
�Fnqs��lv�|wp;s�ro�1z�x��Ò�l��s�x{zf|;nqsÓ�+� Q v]|wÔ�v��Wvè�f�°��}=ê�¢l¥�F < §+�q�=��}
¨�»Ö»�¯��d��� 3 ù)ù ( ³wºÖ²�³�Ï+©f´"q©��f©KÿI³�ñ ! d��%Ðq©2²l©�¸�´�º£¨�� ( ´q±,\Ö©2º4»°²��4¯q¸Ö´+¸��,�Ö©����2ºl¸2²4»��f©×���2¶��)»Eª4¯µ±,�

�kñaü � ó�á ÷ ß�ã
mG¤fÝ#�Ws�Øq|t��|;�f� �	
�*]ÿ>�E
 º �Kÿ � �£0 � 0¬����� �2�qs�p;rw|wsWØ2u2rtv]�1����r��dpGrt|;uq�]rwuq|wv]p���°mÀ�ÀBÂaÆ%Ã�®~´'À�6ÚÀB¨«K®~ÂKÐ±·

÷ ñ[à³ÝKæèð ß�ã
Æ@�qv��Wzl�fsW���l�W�-�ñpw���l|;v��É����rt�ñpGrt|;uq�]rwuq|wvYsWpd~2�Ö��p;sW�'���W�����qsWpGrt|;sWØqu2rwv��É�l��zfnq��rw�qv�~q|wz���v]pwpwzl|wp� Û�+s�nq��v
�	
�*]ÿ>�E
 º �Kÿ � � 0 � 02����� �l|;���qs�rwv��]rwuq|wv]pÕ�qzãnqzlrÕp;uq~q~Ezf|;r���p;���l|wv]�÷���q�q|wv]pwpÕpw~q�l��v��I�]zf��~2u2r���rwsWzfn
��sW�f|w��rts�zfnÛëjpwv]v��l�Wp;z¬¿JÆ7ÂBÇì²£Ôz¶K®-í����ln�Ø°v�uqpwv]� rwz�pt�'�lv1��zf���duqnqs��'��rwsWzfn���zlp;rtp Ì[¡�C�¥EÍQ��s5  v� brt�2v
zf~Ev�|w��rts�zfn���s��f|t�)rtv�p�rwzart�qvF~q|wz���v]pwp;zf|�×C�qv�|;vFrw�qv�Ø2uq��Ôlvèr�|;v�pws��qv�pV�+rw�qsWp¾�'�fzlsW�qp�¯¨´�²k´�6ÚÀBÂ�8�Â�²�¶BÁ¨°mÇÚÆ��
�qz£×Iv]�fv]|��Ert�qvy�Ó�)rtv�n2�]�1���'�1Ø°vy��zfnq�fv]|� ¾}h��zf���duqnqs��'��rwsWzfn1�W�'�fv�|C���l�W��v��ÅQ ���]rts-�fvy��v�pwpw�l�fv]p�Qµ�'�lnbØ°v
�l~q~2�WsWv]��x{zf|���zf��~qu2rt��rts�zfnÕ��s��f|t�)rtsWzlnÄ K} *[#3&(
{ÿVNt#�5	�%* � 
jþ°ÿ � �����'� � sWp¾~q|wz£��sW�2v��Õx{zf|¾zf~°v]|t��rwsWzfn2p�rt����r
���£��|;v�áÖuqsW|;v/��zl���du2nqsW����rts�zfnÄ ã��uq���É�lnÑzf~Ev�|w��rts�zfnÑ|wvèrtuq|;nqp���xßrwv�|d�q�£��s�nq���qzfn2v/�Wz��'�l�·��zl��~qu+r��)¦
rts�zfnqp]��Ø2u2r�n2v]�fv]|�×��ls�rwp·x{zf|¾�]zf���^uqnqsW����rts�zfnqp�rwzT�]zf��~2�Wv]rwvl �Æ@�2v�|wvèx{zf|wv��+rw�qv����l�W��v�|¾���lp¾rtz����qv]��Ô�x{zf|
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��zl��~q��v]rwsWzfnÄ 

MTTF (mean-time-to-failure)
p;v�v���¿§äKÄ

N

Name Server
pwv]v�GpÃ	À�À�°t¶4´'Ç.ÂpÉ °�®~Â2Ò3Ï1·K²�ÂKÐ nGxÉ�Ò�¯

NAP
pwv�v�ö¬Â�²³Õ�'À�Ù'Ët¿§²\²�´7¶KÁ3Â4¯OÖ�ÂKÀ�°É6ÚÁ3ÂBÀB´�®"·

nCUBEÆ@�qvÕ~q|;zf~°zlpwv��ÅI���vdp;��p;rwv���x{zf|=rw�qv�nµ�Ò� Q � sWpaØq�lpwv]�úzfn��/ro×Iz�¦opGrtv�~����l~q~qs�nq�/zlx��§I��Wvds�n�rtz/rt�2v
�K��0¬#��Kÿ � þ	�¨� � ��v���zf|;sWv�pMÌ[¡f¡�?�ÍQ��×C�qv]|wvCrt�qv�I�|;p;r·p;rwv�~�~2|wz£��sW�qv]p��a���l~q~qs�nq�ax{|wzf�ÌpwuqØ�Iq�Wv�p·p;rwzf|wv]�
zfnY�duq�-rtsW~2�Wv��2sWpwÔÖpCrtz��lnb�lØqpGrt|t���]rF����rt�Õp;v]r��°��nq�Yrw�qvypwv]��zfnq�bp;rwv�~Ns�pC���l~2~qsWnq�drw�qv��lØqpGrt|t���]rF����rt�
pwvèr^s�n�rtz1rt�qv �K��0¬#��Kÿ � þ	��� � ��v���zf|ws�v�p� �Ý=nqvÕ�q|w�£×CØq�l��ÔñsWpart���)rTs-ry�qz�v�pynqzlr�~q|;z4��s��qv���núv��lp;�
×��£�bx{zf|�ro×Iz �K�102#3�éÿ � þ	��� � p=rtz��l�]��v]pwpyz£�fv�|;�Ó�l~2~qsWnq�1|;v��fs�zfnqp�zlxI�|I��Wv�Ì[¡f¡�?�ÍQ �Æ@�qvdrw�q|wzfu2�f�q~qu2r
sWp@vîç2�l��s�nqv���s�n¬Ì�=l¥BÍ5 ·�+v]v^�l��pwz§Ö.¿wÒÓÒ6ä7ûNöã 

nested patterns
p;v�v§¯'°�·BÙ%Ë>¯%°mÀBÂE¶�²�Â4¯HäD> û

Network-Attached Peripherals (NAP)
G�}�Ü ����Ôlv�p;rtzl|t�l�fvÕ|;v�pwzluq|w�]v�pd�qs�|wv]�]rt�-�ñ�'���lsW�W�lØq�WvTrtzY��zf��~qu2rwv�|yp;��p;rwv���p^zfn��Yn2v]ro×Izf|wÔã×Cs�rw�qzfu2r
|wv]áÖuqsW|;sWnq�ñ�ñ�qsW�l�+¦o~Ez£×�v]|wv�� ~q|;z+�]v�p;pwsWn2�ú���l~��lØqs��Ws-ro� Ì ¡>?l¥BÍ5 �Æ@�qsWpÕ���lÔlv]p�s-r�~Ezfpwp;sWØq��v/x{zf|Õ�ãpwsWn2�f�Wv
nqvèro×�zf|;Ôf¦¹��r;r��l���qv]����zfn�rw|wzf�¾p;��pGrtv�� pwu2�����lp � ,�¸�¸ �&�w
ÁL�5�N , � �������40¬��þ	� � ¸ ÿ����4�UL � ¸ �6*]ÿ � 0��
rtzã���ln����fv1�l�]��v�p;p�rwz�rt�qv1pGrtzf|w�l�fv1�qvè��sW��v]p�×Cs�rt�2zfu2rÕØEv�sWn2�ã|wv�áÖuqs�|wv]� rwzã���lnq�2�Wv/rt�2v/rt|t��nqp;x{v]|w|wv]�
����rt�2 �mon1~���|;rts���uq�W�l|�� � ,�¸	¸�s�p��'��~��lØq��v�zlx9��z�zf|;�qsWn��)rtsWn2�T�]zfnq��u2|w|wv]n�rCmG¤fÝ zf~°v]|t��rwsWzfn2p�z£�fv]|C�^nqzfn+¦
Øq��z+��ÔÖsWn2�/nqv]ro×Izf|;Ôbxj�lØq|;sW��rtz��l���qs�v]�lvd�fv�|G���qs��f�ñ�l�f�l|wv��f��rtvTmG¤fÝÞrw�q|wzluq�f�q~qu+r' ��+v]vÕ�l�Wp;z Ò¹¶E´'®~´¨«�®~Â
äD> û Ér´¨¶B°�®µ°³²³Ï1tÒ6ä¨ûPÉ ¯� 
G�}�ÜÛx{v'�)rtuq|;v�p Ì[¡�?l¥4ÍQô
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ë mG¤fÝÞzf~Ev�|w��rts�zfnqp=~Ev�|Gx{zf|w��v��ãuqn2�qv�|=rw�qvÕ��zfn�rt|;zf�Pz�xÒ�/���lp;rwv�|���sW�1�lnñ�lu2rw�qv�n�rts��'��rwv�����zfn�rw|wzf�
~��)rt�

ë ���)r��drt|w�lnqp;x{v]|wpC�qs�|wv��èrt�-��×Cs�rw�Yrw�qvy����sWv�n�rÒrwz�zlØ2r��ls�n1zf~2rwsW���l�%~Ev�|Gx{zf|w���lnq�]v
ë �l�]��v]pwpP��sÓ�C��zlnÖ�lv�n�rts�zfn��l��nqvèro×�zf|;ÔT��v��2sÓ�@uqpws�nq���]zfn��fv]nÖrwsWzfnq�l�+~2|wzlrwz+�]zf�Wpértz�~q|wz£��sW�2v��F|wv���sÓ�lØ2�Wv
���)r���~���rw�

Non-Redundant (RAID Level 0)
pwv]v���¿|ä�Ä

O

object-oriented database (OODB)}�nãÝ�Ýa� Q |wv]á�u2sW|wv]p=� &(���'�»�éÿ�
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object-oriented data base management system (OODBMS)
p;v�v$ÒHGýûI��J

OCAD (Out-of-core Array Descriptor)
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OCLA (Out-of-core Local Array)
pwv]v�Ör¿xÒÓÒ6ä7ûNö

OFS (Open File Server)
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one-to-one communication
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Open File Server (OFS)
p;v�v�GpÃ	À�À�°t¶E´'Ç.ÂxÉz°�®~Â2Ò3Ï�·�²kÂKÐ nGxÉPÒ�¯

operating system components
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OOC (out-of-core)
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OODB
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OODBMS (object-oriented data base management system)
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Opal
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SELECT * FROM Emp, Dept
WHERE Emp.dno = Dep.dno
AND Emp.name ="Joe"

Emp.dno = Dept.dno

Emp.name = "Joe"

Emp Dept

Emp.dno = Dep.dno

Emp.name = "Joe"

(a) SQL Query (b) Operator Tree (c) Access Plan

Emp Dept

Select SelectScan

Loops.JoinJoin
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Ordered Access
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out-of-core (OOC)
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Out-of-core Array Descriptor (OCAD)
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Out-of-core Communication Method
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Out-of-core Local Array (OCLA)
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Overlapping or Disjoint Access
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P+Q Redundancy (RAID Level 6)
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æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
äKÇì²�ÂK®�°mÖJÒ Û?>=@BA2C£Á¨Ï,6�ÂBÀB¶KÃ «EÂT��nq�bmon�rwv��~Q pMG·Pa¤ < zf~°v]|t��rwsWnq�ÕpG�+pGrtv]�

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
Ü�|ws�pw� ��nq�¬GC� x{zf|T�@Ù�¦¹õ�zf|Grt|t��nÄ�Kõ�zf|w�fv�¢f§/x{zf|�õ�¢f§��lnq��GpÖïÉ=��ÙNÜ¾ÜP¦o}�~q~q|wv]n�rtsW�]v�~Ev�|Gx{zf|G¦
���lnq�]v=rtz�zf�%x{zf|F���µõ�zf|Grt|t��nÄ� ¹����4ÿ>�4�qþ � �

îKñ[ó�î�ð ñBã
�a�ln2sWv��°}^ ��Cv�v]�Ä���Cu2rt��}T q}����2r���ÆP�l|w��Ùú µÙN�l�2�Ö�f�lp;rw���2�E�Czf�fv�|÷
2 'G�z�vl��ìav]s�rt�1}T µ�+�qs�v����qp��
Q |w�l�q��v]��åh E�����Ö×��l|GrtRl��
l����¦G���Öuqnbå��lnq�
� ´+©Ö©K�ìþ�¸Kÿf��»��)qºÖ²�³5¶°ª'¶Eº�³¹©K�f¶
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æèò�ß�àtæ à���àtæ ó�òfã
�=v]~��l|;rw��v]n�rCzlx���zl��~qu+rtv�|��+�]sWv]nq��v��µ��nqs-�fv�|;pws-ro��zlxPmo���Ws�nqzfsWp]����|wØq�ln��2��m¹ê^A+¡�=f§2¡
¨�»Ö»�¯��d�����Ö¶U�M�f©¾³wº�²P³5¶°ª'¶°ºP³¹©K�f¶�� ( ´q±"\�©2º4»E²�� #%$ �2ªf±�³ ¨�»K���

�kñaü � ó�á ÷ ß�ã
~Ev�|Gx{zf|w���lnq�]vy�ln��l�-�+p;sWp

ñ��BÝ�çïî�ð ñKã
Æ@�qv�pw�l��~q�WvïI��Wv�x{|wzf� Ì@C�Í���zlnÖrt�lsWn2p=~°v]|;x{zf|;����nq��v�rt|t����vd���)r��/pwu2���ú��pa�/pws�nq�f�Wvd��rt|;v'�l�ó}Òr;¦
rw|wsWØ2u2rtv��qro×�z��Fv]��zf|;�N�=v]pw��|;sW~2rwzf|wp]�E�lnq��x{zfuq|F�Fv]��zf|;���a��rt��sWnqpGr��lnq�]v�p^ëj�qvèr��ls��Wp@ØEv���z4×�íî IÆ@�2v
��rw|wv��l�}Òr;rt|;sWØqu2rwv=�fs-�fv�p�sWn2x{zf|;���)rtsWzln��lØEzfu2rIrt�qv=rw|t�l�]vzI���v�ëj�]|wv���rtv]�Yzlnã¡yõµv]Øq|� @¡'¢f¢ < íî�2�ln2�
rw�qv1�Cv���zl|w�É�=v�p;��|ws�~2rtzl|wpd�qvaI�nqv/rw�qv1v]�lv�n�rÕro�+~Ev�p â ��v�p;pt�l�lv/pwv]nq� â �lnq� â �]zfn�rtvîç+rÕpG×Cs�rw��� â
ë{�Ó�lØEv���v��/×Cs�rw��'1¡T�lnq�(' < íè 
y !,!)+)�
�)0
0Xa]´�¶Ö« �+¸l»2©2a]a + ©��+´f¶q¸f´fÿë{¨þö{;Î,Î,x2a
0��òì,ì
Y2{6� ���1a'©l®2©�«+»²apak��©2²Ö²f¸��+©à²l©�«�» »�±Á±4«q©#±�´+©Ê�E±�´2©�¯+´�±�ºl©2²Ö²f©2²Xa
ak��©2²�²l¸��+©à²l©�«���aR^
�q±)¶,���f© aè»Eª>��©2²4»2¸E��¯�a2ìª'«+»ëa)²Ö±4¶+´�ºl© ( ñ²a2ì^�f�`ajy+±)¶+´�ºl©2a4a ( ´q±�ºl©q²Ö²�±�´`yÖ©l«×�µª'«�� & ©q²Ö²l¸��+©�aª'«+»ëa[�2©2²4»Eª'«�¸l»Eªf±4« ( ñ²a�q�s	ìH���ka ! ©2²)»Eª'«q¸l»°ªf±4«�ava ( ´q±�ºl©q²Ö²�±�´=-è²)5:Ð2©2ºf©qª£®Eª'«U� & ©2²Ö²l¸��2©2aª'«+»ëak�µ©2²Ö²l¸��2©`�f©�«���»Ö¨�aO���kaDyqª4¬+©2apa & ©2²Ö²l¸��2©4��©�«���»�¨ ª'«]�×ÿ�»q©2²Xa

iÇì,ì
Y�xÇì
a)º�±4«+»2©�c�»û²��Eª4»µº£¨�aR^
�q±)¶,���f© a]»Eª���©2²)»2¸4��¯�a�ìª'«+» aî¯+´q±�ºf©2²Ö²�±�´²a2ìº£¨�¸f´ aè¯+´q±�ºl©q²Ö²;f+¸4�µ©7q�s�a2ì

iÇì,ì
a)º�±4«+»2©�c�»û²��Eª4»µº£¨�aR^�{��)�¾³�{�z,�)�,�,�Úþ�xÓþpq�þ,sp^wa � ª��f©ÌªK��±�a�i]iÇì,ì
ak��©2²�²l¸��+©à²l©�«���a ^�{���{K³�{��,�)�,�,�Úþ��Óþpq�})sp^�{�þ±�ÓþÔzÚþ±�Óþ�iÓþ�z�{;x,iÇì,ì
ak��©2²�²l¸��+©à²l©�«���a ^�{��)x¾³�{�z,�)�,�,�ÚþÌ� þpq�{Dsp^�{;iÚþö{;��{�x,iÇì)ì
a)º�±4«+»2©�c�»û²��Ö»°ª�º£¨�aR^�{��,þ·³|�,�,�)�,�,�Úþ×}ìþpq�})sp^2alª��M�f©2aDi]i=ì,ì
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÷ ñ[à³ÝKæèð ß�ã
Æ@�qvTÜP�lØ2�WzÕsWnqpGrt|;uq��v]n�r���rwsWzfn1p;zlxßro×Ò��|wvy���lp@rt�2|wv�v���zl��~Ezfnqv]nÖrwp/Ì ¡ < ¥EÍ5ô

ë �f|w�l~q�qs��'�l�%sWn�rtv]|;xj�l�]v=x{zf|@sWn�rtv]|t�l�èrts-�fv��-�/p;~°v]��s�xß��s�nq��p;zfuq|;��vy��z��qvysWnqpGrt|;uq��v]n�r���rwsWzfn1~EzfsWn�rwp
ë �à�lnq�úõµzl|;rt|w�lnñ~��l|;pwv�|;p�rw����ryv]��s-rypwzfuq|;��vÕ��z��qv�×Cs�rw�úv]�dØEv��q�qv]�����l�W��p�rtzb�/rt|t����vÕ�'�l~+rtuq|;v
��sWØq|w�l|;�

ë rw|t�l�]v����l~2rwuq|wvy�Ws�Øq|t��|;��rt����rC|;v��]zf|w�qpCrt�2v�~Ev�|Gx{zf|w���lnq�]va����rt�
�+s�nq��v�rt�qv]|wv^s�p�n2z�p;rt�lnq����|w�����)r���x{zf|;���)rFx{zl|�~q|;z+�]v�p;pwsWn2��rt|w�l��vT����rt��x{|wzl�óp;v�áÖuqv]nÖrwsÓ�l�9zf|�~��l|t���W�Wv]�
��zl��~qu+rtv�|�p;��p;rwv���pïÌ ¡ < ¥EÍ5�+rt�2v�, � º &(� ¸ � &(�TNt� � *>�K�4
 º 
5þ�LÅ���2ÿ��×¹����40¬�2ÿK� ¸ ���K¹°� ���lp�Ø°v]v�n��qvè¦
�fv]�Wzf~Ev��% �m r�sWp���rt|w�l��vT�qv�p;��|;sW~2rwsWzfnb�Ó�lnq�lu��l�fvyx{zf|Fpw~Ev���s-xß��sWnq��Ø°zlrw�Nrt�2v^p;rw|wuq�èrtuq|;vdzlx��q��r���|wv��]zf|w�2p
�lnq�÷����r���|wv]��zf|;�÷sWn2p;r���nq��v]p�  Æ@�qvNx{zf|;����r����ln÷ØEvN|;v�~q|;v�pwv]n�rtv��æs�n÷}a�2��mwmÕ�lnq�ÛØqsWnq�l|;��x{zf|;���)r' 
�¾�l���¬¸ �ª�K¹ I���vT�]zfn�r��ls�nqp=���µ�l��s�nq�qs��'��rwsWnq�Õrt�qvTØ���rwvdzf|;�qv�|;sWnq��uqpwv]�ãØÖ�Yrt�2v/I���v§Ì C4Í5 �Æ@�qv]|wvdvîç�¦
sWpGrtp¾�l��pwza�a��sWØq|w�l|;��zlx%��LNL �]�Ó�lp;pwv�p�rw����r�~q|;z£�+s��qv�p¾��n�s�n�rtv�|Gxj�l��vÒrwz=rt�qv@�q��r��=pGrtzf|;v���sWn|¸ �ª�K¹ I��Wv]p� 
} ��zf|;|wv��èr ¸ ����¹ Iq�WvF�'�ln/zlnq����ØEv��]|wv���rtv]�/s�x°rt�qvN¸ ���K¹ p;��n�r��)ç�|wu2�Wv�pI�l|;v�zfØEv]�lv��Ä ¾Æ@�qvN¸ ���K¹
��v]r��4¦ x{zf|;����r���×C�qsW���ÛsWpÕpwu2~q~°zlpwv��Értz�Ø°v1rw�qvbÔ�v]�Épwzluq|w�]vbzlx ��vèç+s�ØqsW��s�ro�OÌ ¡�Í5���q�lp�x{zfuq|Õ���W�lpwp;v�p�zlx
|wv]��zf|;�qpiÌ@C�ÍQô

ë ��zf�����lnq�Äô��]zfn��fvè�+p�rt�qv��l�èrtsWzln/rtzÕØ°vart�lÔlv]nNvl  �q  �2{D�=ì
ë ��rw|wv��l� }Òrwrw|ws�Øqu2rtv�ô��fs��lv�pCsWn+x{zf|w����rts�zfn/~Ev�|GrtsWn2v�n�r@rtzÕrt�qvyv]nÖrwsW|;v�I��Wvyvl  �q -ô

�)0
0Xajyl»�´2©Ö¸4� � »Ö»�´Eªj�Ö¶�»2©ì��ù�¨°ª�² ª�²�\�¶E²4»ûª'« � ±l´B��¸l»Eª�±4«�a
0��Bì,ì

ë �Cv��]zf|w�É�=v�p;��|;sW~2rwzf|�ô��qv��]�Ó�l|;v�pdrw�qv/|wv]��zf|;� p;rt|;uq�]rwuq|wvúë{pwv�v1~2|wzf�f|w�l� x{|t�l�f��v�n�rdx{zl�W�Wz£×Iv��ÑØ��
'/¡4í

ë �Cv��]zf|w�b�a��r��+ô�v�nq���l~qp;uq�Ó��rwv�pF����rt�����l��uqv�p
�@  �q �ô � a)º�±4«+»2©�c�»û²��Eª4»µº£¨�a � {��,�·³�{�z,�,�)�,�ÚþÌxÚþ4q�þ"s � a � ª���©hªK��±�a;�[��ì)ì
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�¾�l��� I��WvTØ°v]�fsWn2p�×Cs�rw�ã���qv��l�qv�|as��qv�n�rws�xß��sWnq��rt�qv/I��Wv^x{zl|w����r'ôF�2�a�aõ�}�|;v�~q|;v�pwv]n�rtp��lnã}a�2��mwm�I��Wv
�lnq���+�a�aõ Q ��Ø2sWn��l|G�wIq�Wvl �}�|wv]��zf|;�ñsWnbrw�qviI���vdsWp�|wvèx{v�|w|;v���rwz1�lpa��~q�l��Ôlvèr' �Æ@�qv^x{zfuq|Fro��~°v]pazlx
rt�2v�pwv�~��l��Ô�v]rwp=�l|;vap;r��)rtv��b�lØEz£�fvl ·}#~��l��Ô�v]r���zfn2pwsWpGrtpFzlxP�Õ�2v'�l�qv]|F�lnq�b�ÕØEz��2��ëjvîç+��v�~+r��]zf�����lnq�
~��l��Ô�v]rwp�íè 3Ì C4Íé�fs-�fv�pC�qvèr��ls��Wp@zfn1rw�qvyuqpt�l�lvTzlx9rt�2v�¸ ���K¹ mon�rtv]|;xj�l�]v^êésWØ2|t�l|G�f �}h�qv]pw��|;sW~2rwsWzfn�zlx9rt�2v
���W�lpwp;v�p��lnq����v]rt�2z+�qpCs�p@�fs��lv�n�sWn2Ì�Al¥BÍ5 

Pablo Self-Describing Data Format (SDDF)
p;v�v�Ö$´¨«K®~

page server architecture
pwv]v�¨«®�KÂE¶�²\Ë�'À�°tÂBÇì²�Â4¯ ¯¨´�²�´¨«4´�·×ÂÈ4û�ûNÄ��à¯

paged translation table
pwv]v�Ör¿��ªÔìä

Panda (Persistence AND Arrays)Ý�Þ�ß³àkáµÝ4âaàaã
Ü��lnq����sWp��ú�Ws�Øq|t��|;��x{zl|�s�nq~qu2r��lnq�÷zfu2rt~2u2r�z�x=�duq�-rts��qsW��v�nqp;sWzfnq�l�Ò�l|;|t�'��p�zfnÉ~��l|w�l�W��v��C�ln2�
p;v�áÖuqv�n�rwsÓ�l�+~q�Ó��r;x{zf|w��p¹Ì ¡>?2¡f��¡�? < Í5 �Ü��lnq���=~2|wz£��sW�qv]pPv'��p;��¦ rwz�¦ouqp;v@�lnq�^~°zf|Gr��lØ2�WvI�l|w|w�£��¦ zf|ws�v�n�rtv]�
s�nÖrwv�|Gxj�l��v]p�rtz�pw�]sWv�n�rwsSI����l~q~q��sW�'�)rtsWzlnqp��)�lnq�d�l�qzf~2rwp��Fpwv�|G�fv]|G¦o�2sW|wv]�]rwv���mG¤fÝ÷pGrt|t�)rtv����Trwz=�l���qs�v]�lv
�qs��f��~°v]|;x{zf|;����nq��v=x{zf|@�]zf�W��v��èrts��lvamG¤fÝàzl~°v]|t��rwsWzfnqp] 

ÝKæèç ß�ã
Ü�|wz£��sW�2vúv��lp;��¦ rwz�¦ou2pwvl�y~Ezf|;rt�lØq��vl�a�ln2� �qs��f�Á~Ev�|Gx{zf|w���lnq�]vñmG¤fÝ pwuq~2~°zf|Grbx{zl|YpG��nq���q|wzlnqs{R]v��
�]zf�W��v��]rws��lvamG¤fÝÌzf~Ev�|w��rts�zfnqp@sWnb�2Ü·ÙN��¦ p;ro���Wv��l~2~q�Ws��'��rwsWzfn/~2|wzf�f|w�l��p@zfnY×Izf|;Ô�pGr���rwsWzfnY����uqp;rwv�|;p
�ln2�b�qs�p;rw|wsWØ2u2rtv]�Y��v���zf|G���du2��rts�~q|wz���v]pwp;zf|@~q�Ó�)rwx{zf|;��pNÌ�?f§�ÍQ 

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
Ü��lnq���Õ��uq|;|wv]nÖrw���1�q�lpCØ°v]v�nN~Ezf|Grtv���zfnb�d×CsW�qvy|w�lnq�fvazlx�~q�W��rwx{zf|;��p]ô
äKÇì²�ÂK®�°mÖJÒ Û?>=@BA2Cãëjmon�rtv]�9�Òõ��qíè�
ä���ù Ò3Ö�¼úëj}�m�P1
fõ��|I��Wvyp;��pGrtv�����nq�bm Q Ù Ü�mGÝaõ��1~��l|t���W�Wv]�1I���vap;��p;rwv���íè�
äKÇì²�ÂK®�Ö�´'ÀB´%Æ1'Ç�ëjmon�rtv]� ÖïÉPÒKíî�E�qïamÒÝ=|ws��fsWn < §f§f§YëQ�qïam�çqõ��qíè�
��|w�£�/Æ�?f�#ë5�Fnqs-ç�õPsW��vy����p;rwv���íè�
�2� G ×�zf|;ÔÖp;r��)rtsWzlnqpTëQ�+uqn�Ý��2íè�
ö�ÜÛ×�zl|wÔÖp;rt��rts�zfnqp@×Cs�rw�b��nNõ��a�=m¾s�nÖrwv�|;��zfnqn2v��]rdë5ö�ÜP¦¹�·Paíè�
åæs�nq�qz£×CpMG�Æ Ü·�Á�]�WuqpGrtv]|wp@×Cs�rw�b��ÙY��|;sWnqvèr�s�n�rtv�|;��zfn2nqv��èr�ëßåæsWn'GFÆ�I���vap;��p;rwv���í

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
�l~2~q�Ws��'��rwsWzfnqp��l|wvy�]�Wzfp;v�����p;��nq���q|;zfnqsSR�v��N�quq|ws�nq��mG¤fÝ Ì[¡ < =�Í
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p;uq~q~Ezf|;rCx{zf|@Øq��z+��ÔÖs�nq� �K��&(& � �lÿ�
 ��� Ntý�) � Ì�?f§EÍ
Ü��lnq���dz£�fv]|w�W�l~qpÒs-rtp¹Iq�Wv�pG��p;rtv]� mG¤fÝ#�l�èrts-�+s-rts�v�p¾×Cs�rt��s�rtpIsWn�rtv]|wn����%��zl���du2nqsW����rts�zfn���nq�/��zl�Õ¦
~qu+r���rwsWzfn����Ä�l�èrts���s-rtsWv]p� 
Ü��lnq����uqpwv]pxùíÖPäã�lp�s-rtpÕsWn�rwv�|wnq�l�C��zf���duqnqs��'��rwsWzfn���v����q�lnqsWp;��pÕrtz���z4�lvb�q��r���Ø°vèro×�v]v�n
�]�WsWv]n�rtpC�lnq�Ypwv]|;�lv�|wp] 
mon�zf|;�qv�|�rwza�l���qs�v]�lvFv��lpwvî¦ozlxÓ¦ uqpwvÒ�lnq���l~q~q��sW����rts�zfnT~Ezf|Gr��lØqs��Ws-ro��ÜP�lnq�q�=uqpwv]pI��nÕ�l|w|w�£��¦ zf|ws�v�n�rtv]�
�qs��f���Wv]�lv���sWn�rtv]|;xj�l�]vl Põµu2|;rtv]|w��zf|wv����2sW�f�T~°v]|;x{zf|;���ln2��v·sWp9���lsWn2v���ØÖ�yrw�qv�uqpw�l�fvIzlxqrt�2v * � � ��� �jN
�	
(� � �lÿ � �Ûý�) � pGrt|w��rtv]�l�/rtz�x{zf|;� �Wzlnq�q�2p;v�áÖuqv]nÖrwsÓ�l�K|;v�áÖuqv�pGrtpF×C�qv�nqvè�fv]|�~Ezfpwp;sWØq��vl 

îKó�áSà³Ý�ÞKæDð@æ à(üfã
Ü��lnq���Õuqpwv]pïùúÖNäTx{zl|@sWn�rtv]|w~q|;z+�]v�pwpC�]zf���^uqnqsW����rts�zfn

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
ro×Iz�¦o~2���lpwv�mG¤fÝd��¯'°�·EÙ'Ë�¯'°mÀBÂ4¶�²kÂE¯±ä�>Mû��rÔ.Õ��ËtÖiÁ3´'·×ÂÅù Â�²³Á3×¯ñëmÖ.¿wÒÓÒ6ä¨ûNö�í
öFsWv�|w�l|w���2sW�'���é�a��r���õ�zf|;���)r�ë5ö��aõ�í
Ü·Ýy�+ÆFïy���·�b� Q Ù��Ys�pFv]nq���ln2��v��%ôÒx{z+�]uqp�zlnb|;v'�l�+¦ zfnq�-���l~q~q��sW����rts�zfn/rt���)r����lnbrt�lÔlvT�l�2���ln+¦
rt�l�fvazlx9rt�qvyáÖuqv]|;���'��~��lØqs��Ws�rwsWv]p�zlxP��� Q Ù��ÅÌ ¡ < ¢EÍ
Ü�°mÖNä7û/Ò���GpÖïÉÞë{�qsWn�rwpCrwz�rt�qvy��zl��~qs��Wv]|�×Cs�rw���,ï�#�� f �lnq��!�# y�ù,Ð # Ï�d�ù,ñ íè�ïÜìÂK·�²�´

Ý�î�î�ð@æ â�Ý�àtæ ó�òfã
�]zf��~2u2r���rwsWzfnq�l�1��u2sW���2��n��l��sW�]p�ëQ�Òõ��yíÒ��r GF}a��ë5�ls�|d��z£×Áz4�lv�|F�ls�|w��|w��xßrC�ln2�bp;~��l��v]��|w��xßrîí
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ParFiSys (Parallel File System)
Ý�Þ�ß³àkáµÝ4âaàaã
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Àó3& � ���lnbØEvy�l�]��v�p;pwv]��sWn�~��l|w�l�W��v��%�lpF�Õp;v]rFzlx�pwuqØ×I��Wv]p� 
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PASSION (Parallel And Scalable Software for Input-Output)
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zf|@pGrtzf|w�l�fvy~���r;rtv]|wnqp] 

� ÄÅ´�²�´ýÒÓ²³À�Ã ¶�²�Ã�ÀEÂ�·
Ü°}=�q�+mGÝPG ~q|;z£�+s��qv�p�pwuq~q~Ezf|GrÒx{zf|�|;v'�l�2sWnq�Ö¤4×C|ws�rwsWnq��v�n�rwsW|wv��l|w|w�'�+pÒ�lpI×Iv����Ä�lp��l|w|w�£��pÒpGrtzf|;v��1s�n|I��Wv]p� 
õ�zf�W��z£×CsWnq�d�q��r���p;rw|wuq�èrtuq|;v�p��l|wv��'���lsW�W�lØq��v�Ì�?K?4Í5ô

ë � �éÿON\���TNk�K��� � � �������ý� � *>�K�4
�#9ÿ����±� � - � �±�
ë Ü��l|t�l���Wv]�ÄõPs��WvaÜ9zfsWn�rtv]|Të5Ü¾õPm¹êK�·í
ë Ü�|wvèx{v]rw�����=v�p;��|;sW~2rwzf|�ëjp;v�v�¯¨´�²�´×63ÀBÂ�8�Â�²�¶KÁ7°mÇÚÆ�í
ë �Cv�uqp;v^�=v]pw�]|wsW~+rtzf|�ë{pwv�v§¯¨´�²�´£ÀBÂKÃ�·×Â4í
ë }�����v]pwp��=v�pw�]|ws�~2rtzf|

ý Ûï'Ð�6Ú°�®~ÂBÀ^Ò3Ã�6�6�%Àf²
} ��zf��~qsW��v�|Px{zl|·~2|wzf�f|w�l��p¾×Cs-rt���l|w|w�'�+p¾rt�q��rI�l|wvCrtz�zT�W�l|w�lvÒrtzNIqr�s�nÕ���ls�nÕ��v]��zf|G�����lp¾rtz�~Ev�|;x{zl|w�
x{zf���Wz£×CsWnq�Tro×�z�����sWn/r���pwÔÖpJÌ�? < ÍQô
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ë ïav�nqv]|t��rwvy|wuqn+¦Qrts���v=���l�W��p�rtzÕ~Ev�|Gx{zf|w� |;v'�l��¤)×C|ws-rtvazlx9rt�qv��l|;|t�'��p� 
ë Ü9v�|;x{zl|w���lu+rtzf����rts��=~q|;zf�f|t���rt|w�lnqpGx{zf|w����rts�zfn�rwz�s���~q|;z£�fvamG¤fÝh~°v]|;x{zf|;���ln2��vl 

}�n �§� - ~q|wzf�l|t�l�sWp@��zl��~qs��Wv]�1sWn1ro×�z�~q����pwv�p]ô
ë Ü����lp;vTm�ô�ïy��zfØ��l�%Ü¾|;zf�f|w�l��Ü�|wv]~q|wz���v]pwpws�nq�
ë Ü����lp;vTm;m�ô�êéz+���l�éÜ�|wzl�f|t�l� Ü¾|;v�~q|;z+�]v�p;pwsWn2�
¡f Òåúzf|;Ô1�=sWpGrt|ws�Øqu2rwsWzfn
<  Cêéz�zf~bÝ=~2rts���sSR'��rwsWzfnqp
?2 Cêéz��'�l�K�a�)r��E��z£×Á}�n�������pws�p
¥q F��zl���du2nqsW����rts�zfnYÝ=~2rts���sSR'��rwsWzfnqp
C+ @mG¤lÝûÝ=~2rts���sSR'��rwsWzfnqp
A2 @mon�rwv�|��lnq�YmonÖrw|t�ÕõPs��WvyÝ=|w�f�lnqs{R���rts�zfnqp

pC++ (parallel C++)
p;v�v ÛÝGp¿Èû/Ò

PDS (PIOUS Data Server)
pwv�v�ÖNä7û×�PÒ

PE (processing element)
p;v�v$Ò6ä�ùúÄ

peer-to-peer
pwv]v�¿JÆ1ÂKÇì²xÔz¶K®�Ñ/ÒHGuûI�KJ/Ñ�ÔiûNÖi·

permutationÜ�v]|w�du+r���rwsWzfnbsWpFsW��~°zf|Gr��ln�rC×C�qv]|wvd���)r���|;v�p;sW�qv]p=zfnN�2sWpwÔµ�%�lnq��s-r�s�p��]v�n�rt|w�l�9rwz�rw�qv^rt�2v�zf|G�bz�x�mG¤fÝ
��zl��~q��vèç+s�ro�l �Ì ¥q¡[ÍÄvèç2�l��sWnqv]p�rt�qva�]�Ó�lp;p@zlx9Øqs�rG¦o����rt|;s-çÖ¦o�^uq��rwsW~q�-�q¤)��zf��~q�-v���v�n�rFë Q Ù�Ù��@í 6�ÂBÀ�Ð^ÃÚ²k´�Ë
²³°t%ÇKpCx{zl|@~��l|t���W�Wv]�%�qs�pwÔ/pG��p;rtv]��p] 

PFS (Parallel File System)Ü¾õ��Ys�p@rt�qvïI��Wvyp;��pGrtv���x{zf| äKÇì²�Â�®�Ö$´%ÀB´%Æ7%Ç Q p�zf~°v]|t��rwsWnq�ÕpG�+pGrtv]� û/Ò�É >r¾� Òmonb�fv�n2v�|t���Q�.û/Ò�É?>¹¾
~q|;z4��s��qv�p@ro×Iz�x{zf|;��pÒz�xP~���|t�l���Wv��°mG¤fÝ Ì@F)¥BÍQô

ë Ü¾õ����fs-�fv]pd�qsW�l�+¦op;~°v]v�� �l�]��v�p;pdrtzã���W�l|w�lv��l��zfuqn�r�z�xC�qsWp;ÔúpGrtzf|w�l�fvl���lnq��sWp^zf~2rts���sSR�v]��x{zf|
p;sW�duq�-r��ln2v�zfuqp��l�]��v]pwpdØ����duq�-rtsW~2�Wv�nqz��qv�p] YõPsW��v�py�'�lnúØ°v��l�]��v�p;pwv]� ×Cs-rt�ú~��l|t���W�Wv]���lnq�únqzfn+¦
~���|t�l���Wv��°�'�l���Wp] 
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ë �+~Ev��]sÓ�l��mG¤lÝ p;��p;rwv�� �'�l���Wp������l�W��v���~��l|w�l�W��v��qmG¤fÝ �'�l���Wp��Ö�fs-�fvF�l~q~2�WsW����rts�zfnqp�ØEv]r;rtv�|·~Ev�|;x{zl|w���lnq��v
�ln2�N��zf|wvy��zlnÖrw|wzf�Kz£�fv]|�~���|t�l���Wv��1I��WvymG¤fÝd µÆ@�qv�p;v^���l�W��p���|wv���zf��~���rwsWØq��v�×Cs�rw�brt�2vÅÛï'Ç.¶KÃ	ÀfË
ÀBÂBÇì²ïÉ °�®~Â2Ò3Ï1·K²�ÂKÐ ë5�Òõ��qí�x{zf|MäKÇì²�Â�®�°mÖJÒ Û?>7@�A2C£Á¨Ï,6�ÂKÀE¶KÃ «EÂf 

û/Ò�É >r¾Õ�'�ln�Ø°v=vîç+v���u+rtv���×Cs�rw�/zf|·×Cs�rt�2zfu2r@Ü¾õ��E qÜ¾õ���sWn�rwv�|wnq�l�W�-�Õ��zfnqp;sWpGrtpÒzlxKzlnqv=zf|I��zf|;v�pGrt|ws�~°v
�qs�|wv��èrtzf|;sWv]p��q×C�qs����N�l|;vart�qv���zluqn�rC~°zfs�n�rtp@x{zf|Cpwv]~��l|t�)rtv ÅK¹ ¸ *±�®Å ´ ý�ÄÕ¹�
(& � ¸ ��*]ÿ � 0^*;�  IÙbzl|wvè¦
z£�fv]|��2p;v]�lv�|t����I���vCp;��p;rwv���pÒ�l|;v��]zf�W��v��]rwv��Õrtzf�lv]rt�2v�|·sWn�rtzT��u2nqs�r¾rt�q��r·Ø°v]���'�fv�p��WsWÔ�vF��p;sWnq�f��vC�Ó�l|;�fv.I��Wv
p;��pGrtv��Y ·õPsW��v=n��l��v�pF�ln2�Y~q��rt�Yn��l��v�p@×Izf|wÔ/s�n1rt�qvypt����v=×��'�Y�lpCsWn ÅK¹ ¸� 
Ü¾õ���~°v]|;x{zf|;��p�mG¤fÝ s�nã~��l|w�l�W��v��K×C�qv�nqvè�fv]|T~Ezfpwp;sWØq��vl�évè�fv�n�s�x�rw�qv�uqp;v�|y�qz�v�panqzlryu2pwv�~��l|w�l�W��v��9mG¤fÝ
�'���W�Wp] �ÜP��|t�l���Wv���sWp;� ���lnYØ°vyzfØ2rt�lsWn2v���sWn1ro×Iz�x{zf|;��péÌ F�¥BÍ5ô

ë �=sYZ%v]|wv�n�r *èÿ��4
(# � �9þ�
ßÿ pÒ���ln1Ø°v��qv'�l�-rÒ×Cs�rw�1sWn/~q�l|t�l���Wv]�°s-x9�dpwsWn2�f�Wv�nqz+�2v=~°v]|;x{zf|;��p�mG¤fÝhzln��
Øq��z+��Ô�rt���)r�s�p@�Ó�l|;�fv�|Irt���lnYzfnqv *]ÿ>�E
�# � ��þ	
{ÿ  

ë m x9ro×�z�nqz��qv�pC|;v'�l�µ¤4×C|ws�rwva�qsSZ°v�|;v�n�r�I���vap;��p;rwv���p��)r@rt�qvypt����v=rwsW��vl�+rw�qva�qs�pwÔ/zf~Ev�|w��rts�zfn1�'��n
~q|;z+�]v�v]�bs�nY~q�l|t�l���Wv]�Ä�lp@×Iv��W�5 

physical data locality
pwv]v£Ü�°mÖNä7û/Ò

Physical Layer Storage Object (PSO)
pwv]v�GwÉPÒ

PIM
p;v�v�Ö$´'Àf²�°³²³°t'Ç.Â4¯±ä�ÇìË�¶4'ÀBÂÅù �¯¨ÂK®

PIOFS (IBM AIX Parallel File System)
Ý�Þ�ß³àkáµÝ4âaàaã
Ü�mGÝaõ��dsWp��³6	´'ÀB´�®�®~Â�®�</®~Â§·BÏ�·�²�ÂBÐ�x{zf|Prw�qvMä"��ù Ò3Ö�¼% Pm r¾uqpwv]pI� G�m�Pæ��sWÔlv�|wv'���µ¤)×C|ws-rtvC�ln2�
��zf�fsW���l�é~��l|Grts-rtsWzlnqsWnq��z�xÚI��Wv]p� �õµu2|;rt�2v�|w��zf|;vl�µ�Wzf�lsW�'���Ä�+s�v]×Cp=���ln�ØEvTp;~°v]��sYI�v��Éë{pwuqØ�Iq�Wv�ptíè �Ü¾mQ¦
Ýaõ��Ts�pP���l~��lØq��vÒzlxµp;�'�l��sWnq��mG¤fÝæ~Ev�|Gx{zf|w���lnq�]vÒ�lp�rt�qvÒu2nq�qv�|;����sWn2�=�������qsWnqvIpw���l�Wv]p�sWnd�]zf��~qu2rtv
~Ev�|Gx{zf|w���lnq�]v�Ì F�¥EÍ5 �åæ����r�sWpF��zl|wvl�%�l~q~q��sW����rts�zfnqpC�'�lnNØ°vd~q�l|t�l���WsSR�v��YsWnYro×�z1�2sSZ°v�|wv]n�r�×��£��p]ô
��zf�fsW���l�W�-��zf|¾~q���+p;sW���l�W�-�ªÌ@F)¥EÍ5 ¾Ü¾����pws��'�l��������v'��nqp�rt����rI�PI��WvEQ p·����rt��s�p¾pw~q|;v'�l���l��|;zfpwp·�duq�-rtsW~2�Wv
p;v�|;�lv�|dn2z+�qv]pT×C�qv]|wv��lpd�Wzl�fsW���l�W�-�b|;v]x{v]|wpTrwzbrw�qv�~���|;rts-rts�zfnqsWn2�1zlxC�ªIq�Wv�sWn�rtzYpwuqØ×I��Wv]p� NÝ=rw�qv�|
x{v���rtuq|;v�p]ô�xj�lp;rwv�|Äò;zfØ�~Ev�|Gx{zf|w���lnq�]vl� *>�K�'&�� º 
(&(
{ÿ�� ��~Ezf|;rt�lØqs��Ws�ro�d�lnq���l~q~q��sW�'�)rtsWzln�p;uq~q~Ezf|;r��q�ln2�
I���v|¶KÁ3Â4¶KÙ%6�'°mÇì²�°mÇÚÆ� 
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ÝKæèç ß�ã
�l�]v�p;pwsWn2�����)r��d×Cs�rw�qzfu2rCz£�fv]|w�qv��l�Nz�xP���lsWn�rt�lsWnqs�nq�d�du2��rts�~q�Wv�����rt��Iq�Wv�p

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
ä���ù Ò3Ö�¼

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
} I��Wvy���lnNØEzlrt�bØ°vyrt|;v'��rwv��N�lp��Õnqzf|;�����¨I��Wv�zf|Cs�rF�'��nNØEvT~���|;rts-rts�zfnqv���s�nÖrwz�p;uqØ�I���v�pF×C�qv�|;v
v��l���bp;uqØ�I���vy�'�lnYØ°vy~q|;z+�]v�p;pwv��bsWn�~��l|w�l�W��v��°ØÖ�1��p;v�~��l|w��rtvart�lpwÔÅÌ F�¥BÍ5 

îKó�áSà³Ý�ÞKæDð@æ à(üfã
Ü�mGÝaõ������ln��]z+vîç+sWp;r·×Cs�rw��z�rt�qv]|I}�m�PÁ��sW|;rwu��l�µõPs��WvF����pGrtv���p�s�nÕØ°zlrw��pGrtzf|w�l�fv��lnq� �K�102#3�éÿ �
þ6��� � p]���lnq�1s-rÒ�]zf��~2�Wv���v�n�rwp�vèç+s�p;rts�nq�iI���v�pG�+pGrtv]��pïÌ F�¥BÍ5 ·�ø�lnq��õ�zf|;rw|t�ln�~q|wzl�f|t�l��p����ln1uqp;v
rw�qvy~��l|t���W�Wv]�Ws�pw�Y 

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
Ü Â�·�²k´

æèò�ß�àtæ à���àtæ ó�òfã
m Q Ù
��zf~°v]|t��rwsWzfn%�+�=v]~��l|Grt��v�n�r�z�xKÜ¾�yða}T�����q¤EAf§f§f§��=s���sWp;sWzfn%���+zf����v]|wp��fG÷EÞ¡£§�CE=f¢2���=�+}

�kñaü � ó�á ÷ ß�ã
I���vap;��p;rwv��Y���+s�v]×Cp]�3¶KÁ3Â4¶KÙ%6�'°mÇì²�°mÇÚÆ

PIOUS (Parallel Input-OUtput System)
Ý�Þ�ß³àkáµÝ4âaàaã
�+s�nq��vãs�nêÐýÂ�²k´¨¶4'Ð�6ÚÃ3²³°mÇÚÆÛv�n���sW|;zfnq��v�n�rtp�mG¤fÝ�xj�l�]sW�Ws-rts�v�p��l|wvãnqz�r�pwu�å���s�v�n�r�x{zf|1���fz�z+�
~Ev�|Gx{zf|w���lnq�]vl�Prw�qv���sW|Grtu��l�5�B6	´'ÀB´�®�®~Â�®½</®~ÂO·BÏ�·�²�ÂBÐ Ü�mGÝa�=�ú×��lp��qv]pwsW�lnqv��Ñrwz�sWnq�]zf|w~Ezf|w��rtv
rw|wuqvy~��l|w�l�W��v��°mG¤fÝàs�nÖrwzÕvèç+sWpGrtsWn2��ÐuÂ�²�´7¶E'Ð±6ÚÃÚ²�°mÇÚÆ/v]n��+s�|wzfn2��v]nÖrwp/Ì ¡£§KF4Íé×Cs�rw�qzfu2rC|;v�áÖuqsW|;sWnq�
��z+�2sSI�����rts�zfnNrtz1rw�qvdr��l|;�fv]ryv]n��+s�|wzfn2��v]nÖr��KsQ  vl ÕÜ�mGÝa�=�ãvèç+v��]u2rtv]p^zfnãrtzl~�z�xÒ�pÐýÂ�²�´¨¶4'ÐHË
6ÚÃ3²³°mÇÚÆ^v�n���sW|;zfnq��v�n�r' �åæ����rIsWp·��zf|;vl�Ö~��l|w�l�W��v�����~q~q�Ws��'��rwsWzfn2p�Ø°v]��zf��vF���Ws�v�n�rtp·zlx°rt�qv�Ü�mGÝy���
rt�lpwÔf¦o~q�l|t�l���Wv]�%�l~2~q�Ws��'��rwsWzfnÕ��sÓ�d�Ws�Øq|t��|;��|wzfu+rtsWn2v�p� �mon1z�rt�qv]|Ò×�zf|;�qp��µÜ�mGÝa�=�/p;uq~q~Ezf|;rwp@~��l|t���W�Wv]�
�l~2~q�Ws��'��rwsWzfnqpKØ��T~q|wz£��sW�qs�nq���]z+zl|w�qs�n���rtv]�d�l�]��v]pwp�rtzMI��WvIzfØ�ò;v]�]rtp�×Cs�rt�^�fu��l|w�ln�rtv�v]�d��zlnqpws�p;rtv]nq�]�
p;v����ln�rtsW�]p/Ì ¡£§l¢4Í5 

ÝKæèç ß�ã
s�nq��zf|;~°zl|t��rwv�rt|;uqvy~��l|t���W�Wv]�%mG¤fÝàsWn�rtz§ÐýÂ�²�´¨¶4'Ð�63ÃÚ²�°mÇÚÆ/v]nÖ��s�|wzfnq��v�n�rwp
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æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
�+u2n/�q� < m¹Ü·�É×Izf|;Ô�pGr���rwsWzfn2p¾×Cs-rt���+uqn�Ý���C+ @?2���+uqn�Ý���¥q �¡l D?�¤BC+ D?4¦o¥q��m¹�Cm�Pæ¥q  §2 èCl¤KC+ @?2�3û/Ò�É?>¹¾
<  -¡f��ö�ÜP¦¹�·P^��}�m�P

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
Ü�mGÝa�=�ã�l���Wz£×Cp�rw�q|wv]vd�Wzf�lsW�'���K��s�v]×CpazlxI�|I���v^zfØ�ò;v]�]r�ô=�f�WzlØ��l�Q�µs�nq�qv�~Ev�n2�qv�n�rT�lnq�ãp;v��f��v�n�rtv]�
Ì[¡£§�F�ÍQ 
¡f @�l�WzfØ����Qô�} I���v���~q~°v��l|wpT�lp^�b�Ws�nqv'��|apwv�áÖuqv]nq��v1z�x@����rt�bØ��Örtv�p]���lnq���l�W�¾~q|;z+�]v�p;pwv�p^sWnú�
�l|wzfuq~Ypw�q�l|wv���pws�nq�f�Wv�Iq�Wva~EzfsWn�rtv]|a 

<  @s�nq�qv]~°v]nq�qv�n�r�ôÒ} I��Wv��l~q~Ev'��|wp��lpF����sWnqv��l|@pwv]á�u2v�nq�]vdzlx��q��r��ÕØ���rwv�pdëj�Wz��'���7I��Wvy~EzfsWn�rwv�|wp
x{zl|Fv��l���Y~q|wz���v]pwp�íî 

?2 @}êIq�Wv=��~q~°v��l|wp@s�n�rt�2van���rtu2|t�l�°pwv��l��v]nÖrwv��1x{zf|;��ë{pw~Ev���sYI�v���p;v��f��v�n�rtpC��|wva�l�]��v]pwpwv]�b��sÓ�
��z+���l�7I���va~°zlsWn�rtv]|wp�í

��sWv]×Cp�zfnq�-�T�2v[I�nqvIrt�qv·×Ò�'�^� I��Wv·sWpP�l���]v�p;pwv��%��Øqu2r��qz�nqzlr��l��rwv�|Krt�qvI~q���+p;sW���l�2|;v�~q|;v�pwv]n�r���rwsWzfnÄ 
Ùbzl|wv�z£�lv�|��Ö���W�Ö~q|wz���v]pwp;v�p�sWn^���f|;zfuq~d�q�£�lv�rtz�zf~°v]n��MIq�WvI×Cs-rt��rt�qvIpt�l��vI��sWvè× Ì ¡'§�F4Í5  Q vèro×�v]v�n
�f|;zfuq~qp]���Fx{zl|w�hzlx%I���vI��z+��ÔÖs�nq������p�rtz�Ø°vI��zfnqp;sW�qv]|wv]��ëjp;v�v@�l��pwzïùíÖPäfË³ä7û�íè �ö�z£×�vè�fv]|���Ü�mGÝy���
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� �pÒæ¯°ªf±4¶E² * ±4¯q©�«Í-�a � ª��f©�{K³��+¸l»�a1þ

(�#%$ dXy * Ð ! Z)Ð$# (�#%$ d�y *"/ Ð,ñ � ù$# (2#%$ dXy * ù,Ð�dUf / þ
(�#%$ dXy *M# Ð�dXy�Ð$# (�#%$ dXy *M# Z,dXy�Ð�5�ì¯°ª�±4¶E² * �+´µª£»2©~- � � þ��Ö¶ � þ_-o¯°ªf±)¶E² * ²�ª)¬+©l»�5�}U�,Î,�M5�ì¯°ª�±4¶E² * �+²l©Ö©�Í- � � þ_-o¯°ªf±4¶°² * ± �,� »�5%�Úþ (2#%$ dXy * y�ñ,ñ �U* y�ñ,ù�5�ì¯°ª�±4¶E² * ´2©Ö¸K�t- � �ìþ���¶ � þ_-o¯°ªf±4¶°² * ²�ª4¬2©l»�5�}��)Î,�M5�ì¯°ª�±4¶E² * º,�Ö±�²l©~- � ��5�ì

�)0æ¸2ºÖºf©2²Ö² � ª��f©#±4« ¨µ±�²4»E²£�µ¸f´�º�ª�© ¸�«��æ¯q¸f»Ö»fÿk0��
��²)® q|��sI³Q¨Ö«q¸4��©vÒwak��¸�´�º�ª�©2a�ì
��²)® q|��sI³t²£¯q¸l»�¨wÒwa��4¶°²l©f´�²����E±Eÿ+©f´'�4¯°ªf±4¶°² � ª��f©�²Xa2ì
��²)® q|��sI³®�4¯q¸l»�¨wÒwa��4¶°²l©f´�²����E±Eÿ+©f´'�4¯°ªf±4¶°²"�Ö±%��²�a2ì
��²)® q�{jsI³Q¨Ö«q¸4��©vÒwaî¯q¸f»Ö»fÿ�a2ì
��²)® q�{jsI³t²£¯q¸l»�¨wÒwa��4¶°²l©f´�²����E±Eÿ+©f´'�4¯°ªf±4¶°² � ª��f©�²Xa2ì
��²)® q�{jsI³®�4¯q¸l»�¨wÒwa��4¶°²l©f´�²����E±Eÿ+©f´'�4¯°ªf±4¶°²"�Ö±%��²�a2ì
� �pÒæ¯°ªf±4¶E² * ²�±4¯q©l«Í-³��²4®ìþ×xÚþ

a � ª��f©)x¾³��+¸l»�a1þ
(�#%$ dXy * Ð ! Z)Ð$# (�#%$ d�y *"/ Ð,ñ � ù$# (2#%$ dXy * ù,Ð�dUf / þ
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(�#%$ dXy *M# Ð�dXy�Ð$# (�#%$ dXy *M# Z,dXy�Ð�5�ì¯°ª�±4¶E² * �+´µª£»2©~- � � þ��Ö¶ � þ_-o¯°ªf±)¶E² * ²�ª)¬+©l»�5�}U�,Î,�M5�ì¯°ª�±4¶E² * �+²l©Ö©�Í- � � þ_-o¯°ªf±4¶°² * ± �,� »�5%�Úþ (2#%$ dXy * y�ñ,ñ �U* y�ñ,ù�5�ì¯°ª�±4¶E² * ´2©Ö¸K�t- � �ìþ���¶ � þ_-o¯°ªf±4¶°² * ²�ª4¬2©l»�5�}��)Î,�M5�ì¯°ª�±4¶E² * º,�Ö±�²l©~- � ��5�ì
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Process Group 0

Process Group 1

PDS
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PDS
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read():
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open():
read():
write():

Disk

Disk

. . .

Local

Parallel I/O System

close():

close():

õPs��fuq|;v <   < §2ô¾Ü�mGÝa�=�N��zlxßro×Ò��|wvy}�|;���qs�rwv��]rwuq|wv
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PIOUS Data Server (PDS)
pwv�v�ÖNä7û×�PÒ

PIOUS Service Coordinator (PSC)
p;v�v�ÖNä7û×�PÒ

PN (processing node)
p;v�v�Ö$´'ÀKÉ °³Ò3Ï�·e\Ö�´'ÀB´�®�®~ÂK®�É °�®~ÂÈÒ3Ï�·�²kÂKÐÔ¯

point-to-point communication
pwv]v�ùúÖNä

Portable Parallel File System (PPFS)
Ý�Þ�ß³àkáµÝ4âaàaã
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���Ws�v�n�rtp����'�fvbrt�qvYr��lp;Ô rwzÑ�l�]��v]pwp�rw�qvwI���vbpG��p;rtv]� ��nq�÷rtzú����sWn�r��ls�n 0 � ÿ���Nt�	�2ÿ>� zlxy��~��l|t���W�Wv]�
I���vl Óõ � ÿ���Nt�	�+ÿ�� ��zlnÖrt�lsWn2p��l�2�qs�rwsWzfn����qsWn2x{zl|w����rts�zfnd×C�qsW����sWp¾nqv��]v�p;pt�l|G��x{zf|I�l�]��v�p;pws�nq�^�qs�p;rw|wsWØ2u2rtv]�
I���v�py�lnq���qz£×�rw�qv�I��Wv^sWpazf|;���lnqsSR�v��Ûë{vl  �q Õ�l|w|w�lnq�fv]��v]n�ryzlx¹Iq�Wv�p;rw|ws�~qsWnq�1zl|a�Wz��'��rwsWzfn�z�xIrw�qvJI��Wv'íè 
õ � ÿ���Nt�	�2ÿ>� sWp��ln��l��zf�fzfuqpÕrtz��zGFm�P 
�N�þ6��� � p/�lnq�÷zl~°v]nýI��WvY~EzfsWn�rtv]|wp] Á} 0 � ÿ���Nt�	�2ÿ>� pwv]|;�fv]|
��zl���du2nqsW����rtv]pÒ×Cs�rt� ý�) � * � � ��� � pCrwz�s�n2x{zf|;� rw�qv����lØEzfu2r@rw�qvyp;rt��rtuqpCzlx9rt�2vNIq�Wv�p] 

-/�'�45�
jþ�L �'��n1z+�]��uq|���rÒp;v]�fv]|t�l�°�Wvè�fv���p�×Cs�rw�qsWn�Ü¾Ü·õ��° 2�¾�l��� ý�) � þ6��� � ë ý�) � * � � ��� � í¾����sWn�r��ls�nqp
�ÕØq�Wz���Ô/�'�����qv^zlx�rt�qv�����rt��zlnNs�rwp@�qsWp;Ôµ�°��nq�Nv��l���N�]�WsWv]n�r����Wpwz����lpFs�rwp@z£×Cn��'�l���2vl �åæ���)r�s�pF��zf|;vl�
� �K�'�E5	
jþ�L2�ML � þEÿ rw����rF~°v]|;x{zf|;��pC��~q~q�Ws��'��rwsWzfn1��v]�lv��r¶4´¨¶KÁ¨°mÇÚÆ��ln2��6ÚÀEÂ�8�Â�²k¶KÁ¨°mÇÚÆ�s�p��'���ls��Ó�lØq��vl �}
pw�q�l|wv]��Iq�WvÒ���ln�Ø°vIrt|wv���rtv]���lp�� #	�4�¨���	� � ��)��K�Eþ	*>��0 � � |wv]pwzfu2|w��v� �}�|wv��l��|wv]áÖuqv�pGr·x{zl|�rt�2sWp�p;���l|wv]�
I���v=×CsW�W�Ert|;sW�f�fv]|C�ln �ML � þ°ÿ |;v�áÖuqv]p;r' ��+v]v^�l��pwz§¿JÆ1ÂKÇì²xÔz¶K®ß 

POSIX
pwv]v�Ö$´'ÀKÉ °³Ò3Ï�·�\Ö�´'ÀB´�®�®~ÂK®1Éz°�®~Â�Ò3Ï�·�²�ÂBÐÔ¯�Ñ�Ûï´¨¶KÁ3ÂwÛ/%Á3ÂKÀBÂBÇì² É °�®~Â�Ò3Ï�·�²kÂKÐ 4Û�Û É�Ò�¯

PRE
pwv�v�Ö$´%Àf²³°t´�®F�§ÂE¯%Ã�Ç.¯¨´%Ç.¶KÏ�Jï®µ°mÐ^°mÇ.´�²�°t'Ç

prefetching
pwv]v�¯¨´�²�´×6ÚÀBÂ98�Â�²k¶KÁ¨°mÇÚÆ

proactive disk and file buffer management
p;v�v$Ò3Ö/É�Ò

processing element (PE)
p;v�v$Ò6ä�ùúÄ

processing nodes (PN)
p;v�v�Ö$´%ÀKÉz°³Ò3Ï�·È\Ö�´'ÀB´�®�®~ÂK®rÉz°�®~Â2Ò3Ï�·�²kÂKÐÔ¯

producer/consumer
p;v�v�Ö$%Àf²�´¨«K®~ÂÅÖ$´'ÀB´'®³®~ÂK®rÉz°�®~Â2Ò3Ï�·�²kÂKÐ dÖiÖïÉPÒ�¯

producer-driven
pwv�v�°mÇìË�¶E%ÀBÂ±¶E%Ð^Ð^Ã	ÇÓ°t¶E´�²�°t'Ç
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programming language E�@�é�/���l|wsW�ln�razlxÒ��LïLd�és�py��~Ev�|;pws�p;rtv]n�rT~2|wzf�f|w�l����s�nq���W�lnq�fu����fvdzf|;sW�fs�n��l�W�-�1�qv]pwsW�lnqv��ñrtz�v'��pwvdrt�2v
sW��~q��v���v�n�r���rwsWzfnYzlx¾���)r��)¦ sWn�rtv]nqpws-�fvdp;zlxßro×Ò��|wv�p;��pGrtv���p��év�  �2 ��q��r��lØq�lpwv����ln��l�lv���v�n�r=pG�+pGrtv]��p]�é|wvè¦
áÖuqsW|;sWnq�Ñ�l���]v�pwp�rtz��Öuq�lvñ�l��zluqn�rtp1zlx�~Ev�|wp;sWpGrtv�n�rY����rt�»Ì ¡�Cl§4Í5 û� uqpwv]pb��n s�n�rtv�|;~q|wvèrtv]|1�'�l���Wv�� æ
# � �4*>
�*èÿ � þ°ÿ×åª
(�£ÿ��6�'& õ �'�45	
5þ � ë æ , å õàíè 9Æ@�qv�sWn�rwv�|w~2|wv]rwv�|ÕsWp^uqpwv]�Érwz��]z+zl|w�qs�n���rtv/�l���]v�pwp�rwz
~Ev�|wp;sWpGrtv�n�rF����rt�Õrw����rCs�p@p;rtzl|wv��Yuqp;sWnq�Õrt�qv æ³Ä � �KÅ ¸O¸ ÿ����4�UL � õ ��þ	�UL � �Ì�næ ¸�õ �  

PSC (PIOUS Service Coordinator)
p;v�v�ÖNä7û×�PÒ

PSO (Physical layer Storage Object)
pwv�v'GxÉ�Ò

PSS (ParSet Sever)
pwv]v|ÒHGuûI�KJ

public domain
p;v�v�¿JÆ7ÂBÇì²xÔz¶�®

PVM (Parallel Virtual Machine)Ý�Þ�ß³àkáµÝ4âaàaã
Ü��yÙ sWp��ñpwzlxßro×��l|wv�rtz�zf�C�l���Wz£×CsWn2�ã�ú�qvèrtv]|wzf�fv]nqv�zluqp��]zf�W��v��èrtsWzlnÉz�x�×Izf|wÔÖp;rt��rts�zfnqp��lnq�Ûpwu+¦
~Ev�|;��zf��~qu2rwv�|wpdrwz�x{uqnq�èrtsWzln��lpÕ��pws�nq�f��v��qs��f�+¦o~Ev�|Gx{zf|w���lnq�]v�~���|t�l���Wv��¾���l���qs�nqv Ì@CBC4ÍQ��s5  v� ��
×Izf|wÔÖpGr���rwsWzfn����Wu2p;rtv]|I���ln�ØEv���s�v]×Iv��1�lpI�ypwsWn2�f�WvC~��l|w�l�W��v������l���qs�nqvTëjpwv]v=�l��pwz�ÐýÂ�²k´¨¶4'Ð�6ÚÃ3²\Ë
°mÇÚÆÖíè �Ü��aÙ �'��n�Ø°vTuqpwv]�ãsWnbØ°zlrw��~��l|w�l�W��v��K�ln2�£¯'°�·�²�À�°t«KÃ3²�Â4¯ê¶4'Ð�6ÚÃ3²³°mÇÚÆ/v�n���sW|wzlnq��v]n�rtp� 
} 0 � *>*��UL � #	�'*>*�
5þ�L ��z��qv��%sWpCuqpwv]�brwz�vîç2~2�Wzfs-ri¯'°�·�²�À�°t«KÃ3²�Â4¯ ¶4'Ð�6ÚÃ3²³°mÇÚÆ��l�]|wzfp;pFrw�qvT�l|G¦
|w�£�/zlxP~2|wz���v�p;pwv]p�zf|@~2|wz���v�p;pwzf|;p� �Ùbzf|;v�z£�fv]|��µ����rt�Õ�]zfn��fv]|wpws�zfnb�lnq��r��lp;Ô/pw���qv]�quq��sWnq���l|;vT���Wpwz
����nq�q�Wv]�Y�l��|;zfpwpCrt�qvynqvèro×�zl|wÔµ 

ÝKæèç ß�ã
Ü��yÙ pw�2zfuq�W���Ws�nqÔY��zf��~qu2rwsWnq��|wv]pwzfu2|w��v]p� Õåæ����r�sWpa��zf|;vl�ért�qvÕ~���|t�l���Wv���~q�Ó�)rwx{zf|;�Ï���ln����Wpwz
�]zfnqpws�p;r�zlx=�2sSZ°v�|wv]n�r��]zf��~2u2rtv]|wp�zlnÛ�qsYZ%v]|wv]nÖr��Wz��'�)rtsWzlnqpYëj�qvèrtv]|wzf�fv]nqv�s-ro�2íè æÜ��yÙ ���lÔ�v�p��
�]zf�W��v��]rwsWzfn�zlx9��zf��~qu2rwv�|;pC�l~q~Ev'�l|@��pC�d�Ó�l|;�fv � 
��£ÿ��	�%&ì02�'�E5	
jþ � Ì@CKC�ÍQ �Æ@�qvy~q|;sWnq�]sW~q��v�pIuq~°zln
×C�qs����^Ü��aÙ s�péØ��lpwv]�d�l|;v±Ì CKC�Í5ôKuqpwv]|G¦ ��zfn�Iq�fuq|wv]�^�qzlp;r9~°z�zf�5��rt|w�lnqpw��uq��v]n�r��l�]��v]pwpKrtzC���l|;�2×Ò��|wvl�
~q|;z+�]v�p;pG¦oØq�lpwv]����zf��~qu2rt��rts�zfnÄ�9vèç+~q�Ws���s-r 0 � *�*��ML � #	�'*>*�
5þ�L ��z��qv��5���qvèrtv]|wzf�fv]nqv�s-ro��p;uq~q~Ezf|;r
�ln2�b�du2��rts�~q|wz���v]pwp;zf|Òpwu2~q~°zl|;r' 

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
Ü��yÙ��'��n�ØEv@sWn2p;r����W�Wv]��zfn�×�zl|wÔÖp;rt��rts�zfnÕ���Wu2p;rtv]|wp·�lp�×Iv������lp¾zfnÕ�qsW�l�q���T~��l|w�l�W��v���p;��p;rwv���p·p;uq���
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�lpPä�Çì²kÂ�®zÖ�´'ÀB´%Æ1'Ç¾�K��|t�'�NÆ�?f� �lnq��Æ@�qs�nqÔÖsWnq�YÙb�l���qsWn2v - õ N �Ä T�Ò�F}HE ��nq�ñ�a�·�h���'�lv
�]|wv'�)rtv��ÉÜ��yÙ ~Ezf|;rwp^x{zf|^rw�qv�s�|dÆ�?f���lnq�É�a�·� < ¡£§f§ *>56�%� � � 0 � 0¬����� �du2��rts�~q|wz���v]pwp;zf|wp
Ì CKC4Í5 

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
Ü��yÙ ~2|wz£��sW�qv]p���zf���duqnqs��'��rwsWzfn���zlnqp;rw|wuq�èrtp�x{zf|�pwv�n2�qsWnq�y��nq��|wv]��v�s-��sWnq�=�q��r��2�f�lnq���qs��f�+¦o��v]�lv��
~q|;sW��s�rws��fv]pKpwuq���Õ�lpPØq|wz����q�'�lpGr'��Ø��l|w|;sWv]|Pp;��nq���2|wzfnqsSR'��rwsWzfnd�lnq�d�f��zfØ��l��p;uq� ë5�lpP�lndvèç2�l��~q��v·x{zf|
�=|;v��quq�èrts�zfn�zf~Ev�|t�)rtsWzlnµíè 9ÆP��pwÔÖp��'�lnÕvîç2���q�lnq�fv@��v�p;pt�l�fv]p�×Cs�rw��nqza�Ws���s-r���rwsWzfna�]zfnq��v]|wnqs�nq�=rt�2v
p;s{R�v¾zf|Ärw�qv¾nÖuq�dØEv�|9zlx2��v�p;pt�l�lv�pÅÌ CKC4Í5 PÜ��aÙ pwu2~q~°zl|;rtp9�lpG��nq���q|wzlnqzfuqp�Øq�Wz���ÔÖsWnq�Cpwv]nq�µ¤�|;v��]v�s��lv
�ln2�ãnqzfnÖØq�Wz���ÔÖsWnq�1|;v��]v�s��lv�x{uqnq�]rwsWzfn2p� y}Þp;��nq���q|;zfnqzfu2pT�]zf���^uqnqsW����rts�zfnYsWp=~Ezfpwp;sWØq��v��lp=×Iv����Q 
Æ@�qv���v�p;pt�l�lv�zf|w�qv]|asWp=�lu��l|t��nÖrwv�v]�ñrwz�Ø°vd~2|wv�p;v�|G�fv��% Õ��nq��sWÔlv§ùúÖNäÕpwv]nq�qsWn2�Yz�x��/��v�p;pt�l�lv
�]zf��~2|wsWp;v�pCrt�q|;v�v�p;rwv�~qp] �õ�sW|wpGr'�µ��Øqu�Z°v�|F���lpCrtz�ØEv�sWnqs-rtsÓ���Ws{R]v��Ä��pwv]��zfn2�Ä�°rw�qvT��v�p;pt�l�lvT����pFrwz
ØEv�~�����Ôlv��É�ln2�Ä�3I�n����W���l�9rw�qv/��v�p;pt�l�fv����lp^rwzNØEv�p;v�n�r' �Æ@�2v/��zf���duqn2sW�'�)rtsWzlnús�pTØ���pwv���zln
ÆF�ÒÜ9�°���aÜ÷�ln2�N� G�m�P�¦ �qzf���lsWn1p;z+��Ô�v]rwp� 

îKó�áSà³Ý�ÞKæDð@æ à(üfã
Ü��yÙ sWpF~°zf|Gr��lØ2�Wv��lnq��|;uqnqp�zfnã��×Cs��qvy�l��|wsWvèro�Yzlx�~q�W��rwx{zf|;��p Ì CKC�ÍQ CÆ@�qvd��sWØq|w�l|ws�v�p@zlx�Ü��aÙ
�l|;v=×C|ws-rwrtv]nbs�nb�� ¨ÖNä7û×�PÒñsWp@�qv]pwsW�lnqv��Yx{zf|CÜ��yÙú 

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
ùúÖNä��M6�ý��7Ø¹�¶4´�®.Éz°�®~ÂÈÒ¹ÂBÀ"�1ÂBÀÖ��JÆÞ�63ÀBÂ�·K·

îKñ[ó�î�ð ñBã
}��Fïyv]sWp;r��I}����l� Q v��fuqv]�Ws�nÄ�½
f�l��Ô �=zfnq����|w|t�+�¾åúv�s����qv�n2�ö
lsW�lnq�q�I�FzlØ°v]|;r�ÙN�ln2���qv�Ôµ���·�ls��2�
�+u2nq�qv�|w�l�

æèò�ß�àtæ à���àtæ ó�òfã
Ýa�lÔ��CsW�2�fv�G���rwsWzfnq�l��êK�lØEzf|t��rwzf|;�1ë{rw�qv�~2|wzlrwzlro��~°vFp;��p;rwv�� Ü��yÙ ¡f  §=×��lp·��zfnqpGrt|;uq�]rwv���rw�qv�|;v
Ø��/�·�ls��2����uqnq�qv]|t�l���ln2�b}��9ïyv]sWp;r�í
�Fnqs��lv�|wp;s�ro�1z�xPÆ9v�nqn2v�pwp;v�ë5Ü��aÙ <   §d×Ò��pF×C|;s�rwrwv�n1rt�2v�|wv'í
�Ò�l|;nqv��lsWv�Ùbv]�W�Wzlnb�Fnqs��lv�|;pws�ro�
¨�»Ö»�¯��d���4���f��³5«q©l»��+ªj�Ò³;±l´,�%�4¯�®��X�����E±�±;'�)¯+®K�Xu��E±Ö±;@³5¨�»K���

�kñaü � ó�á ÷ ß�ã
mG¤fÝhsWn�rtv]|;xj�l�]vl� 0 � *>*[�ML � #��%*>*>
jþ�L �¨ùêä�ùúÄN� � 
(�£ÿ��6�'&r02�'�E5	
jþ �
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ñ��BÝ�çïî�ð ñKã
¾±ù ´�·�²kÂKÀfË�ÒÚ®~´X�1Âp¿�6�6ÚÀB�´7¶KÁ
Æ@�qv�rwv����qnqs�áÖuqv�rwz�uqnq�qv]|w���Nrt�qv�I�|;p;ryro×�zY��z��qv�x{|t���f��v]n�rtpasWpa���l�W��v�� 0¬�'*èÿ � �DNt*>&�� �1� �lnq�ñsWp
zfn2v�vèç2�l��~q��v�zlxC�q��r��Y~��l|t���W�Wv]�Ws�pw� Ì[¡�?KA�ÍQ YÆ@�Öuqp��¾zfn2v����lp;rwv�|�~q|wz���v]pwpd~q|;zf��~2rtp�rt�qv�pw�Ó�'�lv
~q|;z+�]v�p;pwv�pTrtzN�q�lnq�q��v�rt�2v����)r��Y×C�2sW����rw�qv]�ú|wv]��v�s-�fv� b} 0¬�'*]ÿ � �jNt*>&�� ��� ~q|;zf�f|w�l� sWn�Ü��aÙ
�]zfnqpws�p;rwp�zlx�ro×�z/p;v�~���|t��rwv^~q|;zf�f|t����p]��|t��rw�qv�|Frt���lnN��p;sWnq�l�Wvyzfnqv�×C�qsW���bsWpF��zf����zlnYs�nNzlrw�qv�|
~���|t�l���Wv��·~q|;zf�f|t������sWnq�b�Ó�ln2�fu��l�fv]p��¾vl  �q OùúÖNä�  Q vèx{zf|wv1rt�2v1����r��ã���lnÛØEv1vèç+������nq�fv��%�Irt�2v
���lp;rwv�|·~q|wz���v]pwpÒ�q�lpIrwzdpw~��'×Cn1p;v]�fv]|t�l�°pw�W�£�lv�~q|;z+�]v�p;pwv�p] IÆ@�2v�x{zf�W��z£×CsWnq�aro×Izd��z��qv�x{|w�l�f��v�n�rtp
x{|;zf� Ì ¡�?BA4ÍKpw�2z4×Árt�qvy���lp;rwv�|F�lnq�1rw�qvypw�Ó�'�lvT�]z+�qvax{zf|C���q�qsWn2�dro×�z��fv��èrtzf|;p�ô
ÙN��p;rtv]|C~q|wz���v]pwp�ô
Yµª'«Eº,�4¶×�+©pé2²4»×�µªf±�³5¨Xê
Yµª'«Eº,�4¶×�+© aî¯�®��M�·³5¨�a
��¸qª'«½-�5
^ ª'«+»Ì²£¶°ºÖºl©2²Ö² � ¶��,�Eÿ * ²£¯q¸B�Ö«q©K� þ»Eª4��²Hq|z�sìþª6þ®\Úþ«Ö¯2´q±�º	þ�º4¶+´Ö´+©�«+» * ¯+´q±+ºl©2²Ö²	þ
c½q�z�s þ�ÿ½q�z�s7ì³Ö³�³
«Ö¯2´q±�º%Ò)z=ì
���:�+©�«�©f´+¸l»2©Á»f��±÷®q©2º4»�±�´µ²
��� ²£¯q¸K��« «Ö¯+´q±�ºÛ¯+´q±+ºl©2²Ö²l©q²²£¶°ºÖºl©2²Ö² � ¶��,�Eÿ * ²£¯q¸B�Ö«q©K�wÒø¯�®�� * ²£¯q¸K��«	-Daè®q©2º4»�±�´ * ²£¶�� * ²Xa1þk-îº£¨q¸f´�0,0)5%�ÚþÌ�Óþ�a,a7þ«Ö¯+´q±+º	þN»Eª���²)5�ì
��� º£¨q©qº� »�¨q©h²£¯q¸B��«%ª'«��Á¯+´q±�ºf©2²Ö²ª � -î²£¶°ºÖºl©2²Ö² � ¶��,�Eÿ * ²£¯q¸B�Ö«q©K��é�«�¯2´q±�º�5
^
���ÈEª��,�÷¯+´q±�ºf©2²Ö²l©2²Ê�Ö¨°ª�º£¨ê�2©f´+©æ«µ±�»Ì²£¶°ºÖºl©2²Ö² � ¶��,�Eÿû²4¯q¸B��«q©��
� ±�´=-Ñª;Ò)�ûì�ª%é2²£¶Eº�ºl©2²Ö² � ¶��,�Eÿ * ²£¯q¸B��«�©K�Óì�ª;ø,øk5¯�®�� * Eª��)��-ã»Eª���²Çqtª�sw5�ì
¯�®K� * ©�cµª£»7-V5�ì©�cµª£»	-�5�ì
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i
��� ²l©�«�� �Eª �,� ©f´2©�«�» ®2¸��4¶�©2²�»�±O�Eª �,� ©f´2©�«�» ¯+´q±+ºl©2²Ö²l©q²
� ±l´û-èª%Ò)�ÇìÑª%é�«Ö¯2´q±�º�ìÑª;ø,ø�5
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RAID (Redundant Array of Inexpensive Disks)
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Memory Style ECC (RAID Level 2)

Bit-Interleaved Parity (RAID Level 3)

Block-Interleaved Parity (RAID Level 4)

Non-Redundant (RAID Level 0)

Mirrored (RAID Level 1)

Block-Interleaved Distributed-Parity (RAID Level 5)

P+Q Redundancy (RAID Level 6)

õ�sW�fuq|;v <   <K< ô¾�C}�m¹�àêév]�fv]�Wp
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range declustering
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RAPID (Read Ahead for Parallel-Independent Disks)
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re-redistribution
pwv]v�´'À�ÀE´'Ï�¯%°�·�²³À�°t«BÃÚ²�°t'Ç

reactive disk and file buffer management
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redistribution
pwv]v�´%À�ÀB´'Ï»¯'°�·�²³À�°t«BÃÚ²�°t'Ç

Redundant Array of Independent Disks
p;v�v��ª¿|äKÄ

Reed-Solomon codes
pwv�v���¿|ä�Ä

registered objects
pwv]v�ÒHGýûI��J

Remote Memory Access (RMA)
pwv]v�ùúÖNä�Ë�¼

Remote Memory ServersÆ@�qv���v]��zl|;�1p;v�|;�lv�|���z��qv��évîç�rtv�n2�qp�rw�qvT��v���zf|G�1�qsWv]|t�l|;������zlx��du2��rts���zf��~qu2rwv�|;p@ØÖ��s�n�rt|wz��quq�]sWnq�
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Remote Procedure Call (RPC)
p;v�v�¿JÆ7ÂKÇì²xÔ ¶�®�Ñ|Û$ÛMÉ�ÒÓÑiÒHGýûI��J

request thread
p;v�v$Ò3ÖNäBÉ É�ä

RMA (Remote Memory Access)
pwv]v�ùúÖNä�Ë�¼

roll-away error recovery
p;v�v$Ò3Ö/É�Ò
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round-robin
pwv�v�ÖNä7û×�PÒÓÑ�Ö�´'ÀKÉz°³Ò3Ï�·ÈdÖ$´'ÀB´'®³®~ÂK®rÉz°�®~Â2Ò3Ï�·�²kÂKÐÔ¯×ÑïÒ3ÖNäBÉ É�äfÑÅÜìÂK·�²�´

round-robin declustering
pwv�vHÜ�°mÖNä7û/Ò

RPC (Remote Procedure Call)
p;v�v�¿JÆ7ÂKÇì²xÔ ¶�®

S

S-2PL
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S ý ,ûvîç2~Ezfp;v�pCrt�qvy��zlnq��uq|;|wv]nq�]�YsWn1rw�qvymG¤fÝh×Izf|wÔÖ��z��l�2Ì ¡l¡£¢EÍK�ln2�bs�pC�lØq�Wv=rwzqô
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�qs�|wv��èrt�-���)rwr������qsWnq�^p;rtzl|t�l�fv�rtz^rw�qvanqv]ro×Izf|;ÔE�µ�'�lzfsW�qs�nq� ó3& � * � � ��� � pGrtzf|;vè¦¹��nq�+¦ x{zl|;×��l|w�1zf~Ev�|w��rts�zfnqp
�lnq�b�l���Wz£×CsWnq���q��r���rt|w�lnqp;x{v]|Frwz�ØEvyp;rw|wsW~2~°v]�Nz£�fv]|�pGrtzf|w�l�fv��lnq�bp;×Cs�rw���qv���¦onqvèro×�zf|;Ôb��sWnqÔÖp] ImonYØq|ws�v]x¹�
����zf�����lnq�1sWn�rwv�|;xj����vy|wv]�quq��v]pFrw�qvynÖuq�dØEv�|Czlx����Ws�v�n�r;¦ p;rwzf|t�l�lv=sWn�rtv]|t�l�èrts�zfnqpÒrt�q��rC�duqpGr�ØEva|wv]�Ó�'�fv]�
rt�2|wzfuq�l��rw�qv�I���va���lnq�l�fv�|]�2zpo�z����qsWnq����zf|;v=zlxKrt�qvPI���v=���ln��l�fv]|�Q pÒ×�zl|wÔ�×Cs-rt�qzfu+r@sWn�rtv]�f|t�)rtsWn2�iI��Wv
p;��pGrtv���~Ezf�Ws��]��sWn�rtz�rw�qvy�qsWp;Ô Ì CKF4Í5 

scripting language
pwv�v�¿JÆ7ÂBÇì²xÔz¶�®

SDL (SHORE Data Language)
pwv�v�ÒHGýûI��J

SDDF (Pablo Self-Describing Data Format)
p;v�v�Ö$´¨«K®~

sequential I/O interface
pwv�viäD> û:°mÇì²�ÂKÀ�8�´7¶EÂK·

serializability
pwv]v�ÖPä¨û×��ÒÓÑNÖ/Ö/É�Ò

server-directed I/O
pwv]v�Ö�´'Ç.¯¨´4dÖ$´'ÀE´�®�®~Â�®.¿�öpÄ ¿$À�ÀB´'Ï�·j¯

SGFP (synchronous-global file pointer)
p;v�v$Ò3ÖNäBÉ É�ä

SGI
p;v�v ÛzÁ�ÂKÐÈä7û/ÑIGwÉPÒÓÑÆ�2ûNùêä¨û

shadowing
pwv�v���¿|ä�Ä

Shared File Model
p;v�v ÛÝGx¿ªöxö±JNØ

shared file pointer} p;���l|wv]�±I��Wv/~Ezfs�nÖrwv�|ds�pd�duq������zf|;v/~°z£×Iv�|Gx{uq��rt�q�ln �Nrt|w�l�qs�rwsWzfnq�l�¾~q|ws-�l�)rtv/zf|^�Wz��'�l�I�zGFm�P I��Wv
~EzfsWn�rtv]|ÕpwsWn2��v�s�rÕ���ln÷p;sW��~q�Ws-xß��rw�qvY��z��qsWnq���ln2�Ûs�nq��|;v'�lp;vYrw�qv�~°v]|;x{zf|;���ln2��v�zlx=~q�l|t�l���Wv]�Ò�l~q~2�WsW���)¦
rts�zfnqp$Ì C�¥BÍ5 �}�pyx{zf|y�Ypw���l|;v��ÈI��WvÕ~EzfsWn�rtv]|��Ks�r�s�p�v]nqpwu2|wv��úrt����rT��I��WvÕs�p�|;v'�l�úpwv]á�u2v�n�rtsW�l�W�-�ãv]�lv�nÑs-x
���ln��ã~q|wz���v]pwp;v�pdp;���l|wvÕrt�2v�pw�l��v�I���vl �}��q�qs-rts�zfn��l�����f�%s�r�|wv]�quq��v]pTrw�qv�nÖuq�^Ø°v]|Tzlx��qsWp;Ô�pwv]v�ÔÖp��ln2�
sWn2��|wv��lpwv]pFrw�qvyv[Z°v��èrts��lv�nqv]pwp�zlxB63ÀBÂ�8�Â�²�¶KÁ7°mÇÚÆ Ì C�¥4ÍQ 

shared memory
pwv�v Û ÀB´'Ï ÛàÛ�C�ÑÈÉ3Ã���°³²³·BÃ ¿�Ö$¾�C�C�C�Ñ ¿ ®~¨«4´�®§¿|À�ÀB´%Ï1·KÑÌGxÉ�ÒÓÑªä�> û °mÇìË
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shared nothing
pwv]v�ÒHGýûI��J

Shared Virtual Memory�+����|wv����=s�|;rtuq�l�EÙbv���zf|G�ÕsW��~q�Wv]��v]nÖrwp���zf�2v�|wv]n�r *>56�%� � �£0 � 02����� zfn/�y�duq�-rtsW�]zf��~qu2rtv]|P×Cs�rw�qzfu2r
~q����pws��'�l����� *>56�%� � �^0 � 0¬����� Ì[¡£§4Í5 �Æ@�qv *>56�%� � �^0 � 0¬����� p;��p;rwv��Þ~q|;v�pwv]n�rtpI�l�W�+~q|wz���v]pwpwzl|wp�×Cs�rw�
���Ó�l|;�fv=�]zf�qv�|;v�n�r *>56�%� � �Ê0 � 02����� �l�q�q|;v�p;pFp;~��l�]vl ·}�n��1~q|;z+�]v�pwp;zf|C�'�lnb�l�]��v�p;p���nÖ����v]��zl|;�/��z�¦
�'�)rtsWzlnb�)rF�ln��/rts���v� ¾�+v�vT�l��pwz ¿ Ö/ù� 

SHORE (Scalable Heterogeneous Object REpository)
Ý�Þ�ß³àkáµÝ4âaàaã
�2ö�Ýa��� sWp@�T~°v]|wpws�p;rwv�n�rCzfØ�ò;v]�]rCp;��pGrtv�� ëjuqnq�2v�|Ò�qvè�fv]�Wzf~q��v�n�r�íIrt����rÒ|wv�~2|wv�p;v�n�rtpF�d��v�|;�fv�|Izlx
¨«®�KÂE¶�²\Ë�'À�°tÂBÇì²�Â4¯ê¯¨´�²k´¨«E´'·×Â�Eû�ûNÄ���¯/�lnq�wI��Wv�p;��p;rwv��órtv����2nqzf�Wzl�fsWv]pJÌ < ¡�Í5 CÆ@�qv^×Izf|wÔ�sWp
Ø���pwv��úzfn�JI�2ûNÄ[�PÒ��9�ln�v��l|w��sWv]|=zfØ�ò;v]�]r;¦ zf|ws�v�n�rtv]�����)r���Ø��lpwv�v[Z°zf|Gr'�9Øqu2r�s�r��qsYZ%v]|wpysWnãrt�2v
x{zf���Wz£×CsWn2�d~°zlsWn�rtpïÌ < ¡�Í5ô
ë }Áp;rwzf|t�l�lv�zfØ�ò;v]�]r@�]zfn�r��ls�nqpÒ��~°zlsWn�rtv]|Irtz^�Tro��~°v�zfØ�ò;v��èr�rw����rÒ�2v[I�nqv]pÒs�rwp�pGrt|wu2�]rtu2|wva�ln2�
s�n�rtv�|Gxj�l��v� 

ë ��|w���qs-rtv��èrtuq|;vlô��2ö�Ýa��� ���lp��/p;������vèrt|ws�� # ��� �DN;ÿ��MN\# �f� � pGrt|;uq�]rwuq|wv�����nq�ñs�rap;uq~q~Ezf|;rwp
rw�qvynqzlrwsWzfn�zlxP�d�l���Wuqvy�l�2�qv��^Ì < ¡aÍKpwv]|;�fv]|� 

ë �+ö=Ýa���ÉsWpÒ�^uq���1��zl|wva�d�]zf��~2�Wv]rwv�pG�+pGrtv]� rt���ln���n æ³Ä � ��Å ¸ *]ÿ������ML � 02��þ	�UL � �
��æ ¸�õ �  

Æ@�qvï, �%� ¸ � ÿ xj�l�]sW��s�ro�/z�x¾�2ö�Ýy�F��~q|;z4��s��qv�p�����v'��nqp�z�x��l�q�2sWnq�p¯¨´�²k´Ö6	´'ÀB´�®�®~ÂK®°vîç2v]��u2rwsWzfn2p
rwz �|� � +�õ ¸ú��~q~q�Ws��'��rwsWzfn2pNÌ ¥K=4Í5 

ÝKæèç ß�ã
~q|;z£�+s��qv=�Tp;��p;rwv��rw����r��l�q�q|;v�p;pwv�p|û�ûNÄ��ÌsWpwp;uqv�pÒ�lnq�/v]n��lØq��sWnq� â �qzf���qzfu2r â �l~2~q�Ws��'��rwsWzfnqp�rwz
I�nq�l�W�-����z£�fvart�qv]sW|@���)r���zfu2rFzlx	I��Wv]pCsWn�rtz�~Ev�|;pwsWpGrtv]nÖr�p;rwzf|t���fvazfØ�ò;v]�]rtp

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
*>56�%� � �²Ntþ6�µÿ�5�
jþ�L �du2��rts�~q|wz���v]pwp;zf|
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îKó�áSà³Ý�ÞKæDð@æ à(üfã
Ö2ÜMù s�p@uqpwv]�bx{zf|@s�n�rtv�|;~q|wz���v]pwpC��zl���du2nqsW����rts�zfn

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
JI�ÈûNÄ_��Ò

Ý�î�î�ð@æ â�Ý�àtæ ó�òfã
Ü9zfsWn�rtv]|Cp;×Cs{R[R���sWnq�����lnbs���~2|wz£�fvart�2v�~Ev�|Gx{zf|w���lnq�]vazlx �§� � +�õé¸%pF×C�2sW�Wvy������v]pwp;sWnq��~°v]|wp;sWpG¦
rwv�n�r^zlØ�ò;v��èrtpTrw����r����'�fv�Ø°v]v�nÑ���l���qv]�ÑsWn�����sWnñ��v]��zl|;�HÌ[¡�Cl§4ÍQ �mon�~��l|Grts���uq�W�l|��ért�2v�~Ev�|Gx{zf|G¦
���lnq�]vFs�nq��|;v'�lp;v�pGrtv]��p¾x{|wzf�Þ�]zfn��fv]|;rts�nq�^~Ezfs�nÖrwv�|;p¾x{|;zf�ûrt�2v�sW|¾�qs�pwÔ^x{zl|w����r�rtz^�ln�s�n+¦o��v���zf|G�
x{zf|;���)ré×C�qv�n�zfØÖò;v��]rwp��l|;v·xj��uq��rwv���sWn�rtzF��v]��zl|;�aØ��yrt�qv �§� � +�õé¸� ��2ö�Ýa����×��lp��l��pwzFuqpwv]�
rwzb�qv]pws��fnuÖ�´'ÀB´¨¯'°�·fÂ����Y����rt�lØ��lp;v�pG�+pGrtv]� x{zf|y����nq�q�Ws�nq�NïymG�ÉëQïav�zf�l|t�l~q�2sW�'����mon2x{zf|w����rwsWzfn
����pGrtv���í@�l~q~q��sW����rts�zfnqp� 

îKñ[ó�î�ð ñBã
Ùbs������lv]��
2 ��Ò��|wv]�l�y�a�'�+s��_
2 C�=v]åæs�r;r'�=ÙbsW������v��à
2 Cõ�|t�lnqÔÖ��sWnÄ�zG��lnq�è� �@ Cö��l���Q��ÙN�l|wÔæê� 
Ùb�]}�uq��sSZ°vl�°
lv[Z°|wvè�øõ� rG��lu2�f��rtzfnÄ���a�lnqs�v��FÆa @�+���Öuq�%�aÙN�l|G��sWnæöT Ò�+zf��zf��zlnÄ�F�� @ì� �Æ��lnÄ�
Ý=�2��pwp;v'�lp=ïÕ 2Æ@pt��rt�l�Wzfp]�µ�+vèr³
2 qåæ�2s�rtv��µÙbs������lv���
2 �è°×Cs��W��sWnq�
� ²£¨µ±�´2©Úþb¯q¸f´+¸K�Eª�²l©U�)qº�²P³~�Eª�²�ºP³¹©K�f¶

æèò�ß�àtæ à���àtæ ó�òfã
��zf��~qu2rwv�|��+�]sWv�n2��v��=v�~���|;rt��v�n�r�����nqs-�fv]|wpws-ro��zlx9åæsWpw�]zfnqp;sWnÄ�µÙb�l�qsWp;zfnÄ�qåæm.CB?�Fl§KA+�q�=��}
¨�»Ö»�¯��d���4���f��³wºÖ²P³��Eª�²ÖºP³G©K�f¶���²4¨E±�´+©��

�kñaü � ó�á ÷ ß�ã
~Ev�|;pwsWpGrtv]nÖrFzfØÖò;v��]r�p;��pGrtv��Y� *>56�%� � �²Ntþ	��ÿ�5	
jþ�L �µzfØ�ò;v]�]r;¦ zf|ws�v�n�r��)rtv��b� Q ��Iq�Wvap;��pGrtv��

ñ��BÝ�çïî�ð ñKã
Ì < ¡�Íé�2v���zfnqp;rw|t��rwv�pC�qz£×h�lnp¸ �K» I��Wv�ë{pwv�v�ØEv��Wz£×�í�s�pÒrt|t��nqp;x{v]|w|wv]�Ns�nÖrwz�����LNLÌ�]�Ó�lp;p� 
z�z�F+  �2�aê�ô
& ±E�f¶��f©h±Ö±��)^º�±4«E²)»`�Ö±)«��]ùfÿf¯q©,y�ª4¬+©]Ò1{;�Çì©�«Ö¶��vÏ+©2º4¨���¸f´" $�( ^�ù�´+¸f®�{¨þ±ù�´+¸l®MxÚþ±ù�´+¸l®�� þã©f»µº�iÇì
��� � ±l´��2¸f´�� �2©2º"�f¸f´2¸l»Eªf±4«°²ª'«�»2©�´ � ¸2ºl© / ±4«Ö«q©2º)»Eªf±4«½ìª'«�»2©�´ � ¸2ºl© / ±���¯µ±�²+ª£»2© ( ¸�´�»	ì
ª'«�»2©�´ � ¸2ºl© � »�±��%ª�º ( ¸f´�»`^
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¯Ö¶,���2ª�º3�¸l»�»�´µªj�Ö¶+»2©Ìº£¨q¸f´ ¯�»fÿ�¯q©7q�ùfÿ�¯q©,yqª4¬2©�s7ì¸l»�»�´µªj�Ö¶+»2©`�Ö±4«��]c þ�ÿ	ì´+©U�f¸l»Eªf±)«E²£¨°ª'¯²l©l»Ué / ±4«Ö«q©2º)»Eªf±4«Mê »�± ª£«�®2©f´�²f© � ´q±�� ì´+©U�f¸l»Eªf±)«E²£¨°ª'¯²l©l»Ué / ±4«Ö«q©2º)»Eªf±4«Mê � ´q±�� ª'«�®2©�´�²l©Á»�±Bì´+©U�f¸l»Eªf±)«E²£¨°ª'¯�´+© � é / ±���¯µ±�²+ª£»2© ( ¸�´�»Uê ¯�¸f´�» $�� ª'«+®2©f´�²l©æ¯q¸�´�»µ²�ì®�±2ª���²��2¸�¯ g,ð -�5�ì
�Ö±)«�� »�´+¸l®2©�´�²l©û-èª'«4Ï+©2º£¨���¸f´" $ ¯Þ±4¯¹þ�ª'«µ±4¶�» ( ¸�´�» # ��y�©l» ®Eª�²�ª£»q©K� # ��²�5#º�±4«E²)»	ì®�±2ª��ûª'«°ª£»7-Ñª'«1�Ö±4«�� ¯�» # � þÑª'« ´2© � é / ±���¯µ±�²�ª4»2© ( ¸f´Ö»Uêûº£¯�5�ìniÇì

i

��LNLÌ�]�Ó�lp;p@�fv�nqv]|t��rwv��Yx{|wzf�z+z�F�  �2�aê

º"�f¸2²�² � »µ±��%ª�º ( ¸f´�»k^¯Ö¶,���2ª�º3�º£¨�¸f´Á¯�»fÿf¯q©	q�{��,Î�s	ì
�Ö±)«��pc þwÿ	ì
yÖ©f»Ué / ±4«�«q©2º4»Eª�±4«Mê »µ±Bì
yÖ©f»Ué / ±4«�«q©2º4»Eª�±4«Mê � ´q±�� ì
Ð2© � é / ±��+¯µ±�²�ª£»q© ( ¸f´�»Mê ¯q¸f´Ö» $�� ì®Eª)´�»�¶q¸��4��±4«��Á»�´+¸l®2©�´�²l©û-�Ï+©�«°º£¨���¸f´, $ ¯ ±4¯rþ ( ¸�´�» # ��y�©l»q��®Eª�²�ª4»2©K� # �µ²)5#º�±4«°²4»	ì®Eª)´�»�¶q¸��æ®µ±+ª���ª'«°ª£»~-��Ö±4«U� ¯+» # � þ�Ð2© � é / ±���¯µ±+²�ª£»2© ( ¸f´�»UêÞº£¯25�ì

iÇì

mon2x{zl|w����rts�zfn1�lØEzfu2rF�lnb��rwzf��s��=~��l|GrC��zfu2�W��Ø°vy~q|;sWn�rtv]�bØ�������LNLàx{uqn2�]rts�zfnY�lp@x{zf�W��z£×Cp�ô

®�±+ª�� ¯+´µª£«�» ( ¸f´Ö».-|Ð2© � é � »�±��%ªÖº ( ¸f´�»MêÁ¯v^º�±)¶�»`é,éwaVùfÿf¯q©2a�é,éø¯Mu,ê�¯+»fÿf¯q©4é,é�¯q¸f´�»à¸l»~-Da�é,é�¯Xu,ê�cëa1þ
aDé,é�¯Xu,êKÿ4é,év5"m4«�a2ì

i

÷ ñ[à³ÝKæèð ß�ã
¾���´�·B°t¶ÊÛï'Ç.¶4Âj6 ²³·
�2ö�Ýy�F�÷s�pC�Õ�]zf�W��v��èrtsWzln/zlx���z�zf~°v]|t��rwsWnq���q��r���pwv]|;�lv�|wp]�%��nq�Y��� G�m�P�¦ �Ws�Ôlv=n�����v]pw~��l�]vysWp@~q|;z4��s��qv��Ä 
mon��]zfn�rt|t��p;r�rwzÑ� G�m�Pd�¾v��l���øzfØ�ò;v]�]r/���ln÷ØEv�������v]pwp;v��øØ������f�WzlØ��l�W�-��u2nqsWáÖuqv�ÝaØÖò;v��]r�mo�qv�n�rwsSI�v]|
ëQÝ=m¹�yíî 2åæ����rFsWp@��zf|;vl�2rw�qv�|;vT��|wv��l�Wp;zÕ�Õx{vè× nqvè× x{v���rtuq|;v�pFzlx�zfØ�ò;v��èrtpF�Ws�Ôlv�ro��~Ev�p��lnq�Y~°z�zf�Wp] 
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êésWÔ�v�s�n�������r���Ø��lpwv�zfØ�ò;v]�]rI��z��qv��5��rt�qv��2ö=Ýa�F�ÑzfØ�ò;v]�]rÒ��z��qv��µ��zlnqpws�p;rtp·zlxézlØ�ò;v��èrtpÒ��nq�����l��uqv�p] �mon
zf|;�qv�|·rtzdzfØ+r��ls�n���vîç+sWØqs��Ws�ro�Õz�xé�2��n��l��sW�F����rt�^p;rw|wuq�èrtuq|;v�p����2ö=Ýa�F�É���W�Wz£×Cp·zfØ�ò;v]�]rtpIrtzdØEv�vîç+rwv�nq�2v��
×Cs�rw���Õ�l��|wsÓ��Øq�Wvî¦opwsSR�v]�b�qv��l~Ä CÆ@�qv�ro×�z/���ls�nbp;v�|;��s���v�p�zlx�rt�2vïI���vTpG��p;rtv]���l|;vTzlØ�ò;v��èr=n��l��sWn2���ln2�
pw~q�l��vF����n��l�fv]��v]nÖr� PÆ@�qvCn�����v]pw~��l�]v����Wpwz��l���Wz£×CpPrw�qvCuqpt�l�lv�zlx ��þ	�Eþ1��0¬����*N� º���� �lÿ�* ��×C�qs������2z
nqzlrÒ���'�fva~���rw�1n��l��v�p]�qØqu2r@���ln1ØEva�l���]v�p;pwv��bØ���Ý=m¹� �Ws�Ôlv=��nÖ��zlrt�2v�|ÒzfØÖò;v��]rwp� ·�zGFm�P�¦ �WsWÔ�v=zfØ�ò;v]�]rwp
�l|;v����l�W��v�� � � L�
�*]ÿ � � � �ý� º��[� �lÿ�*  
�2ö�Ýy�F��ro��~°v]pa�l|wv��qvaI�nqv��ãs�nbrw�qv�¸ � � W æ ���2ÿ���» ��þ�L��	�ML � � ¸ ��»?�  %Ùbzf|;v�z£�fv]|��Ä������rt�lØ��lp;v
Øquqs���r�s�n zlnqvú�W�lnq�fuq�l�fvãpw�2zfuq�W� ØEv��l�]��v]pwpwv]�#�lnq�Á����nqsW~qu2�Ó��rwv��øØ�� �l~q~q��sW����rts�zfnqp/s�nÁzlrw�qv�|bÝyÝ
�Ó��nq�fu��l�lv�p� �}�nN��~q~q�Ws��'��rwsWzfn��'�lnYØ°va�]|wv���rtv]���lp@x{zf���Wz£×CpNÌ < ¡[ÍÄ¦���LNLÌØqs�nq�qs�nq�fpC�l|;vazf~°v]|t��rwsWzfnq�l�Qô

ë ×C|;s�rtvy���qv]pw�]|wsW~+rtsWzlnbzlx9rt�2vyro��~Ev�pFsWnx¸ �K»
ë uqp;vart�qvJ¸ ��» �]zf��~qsW��v�|�rwz��]|wv���rtvyro��~°vyzfØ�ò;v]�]rwp��]zf|w|;v�pw~Ezfnq�2sWnq��rtzÕrt�2v�n2v]× ro��~Ev�p
ë uqp;v����Ó�ln2�fu��l�fv�pw~Ev���sYI��/rtz�zf�·rtzã�qv]|ws��lv���pwvèrÕzlxF���Ó��pwp��qv]���Ó��|t��rwsWzfnqp^�lnq� pw~Ev��]sÓ�l� ¦o~qu2|w~Ezfpwv
x{uqn2�]rts�zfn��qv[Iqnqs�rwsWzfnqpÒx{|;zf�rw�qvaro��~°v�zfØ�ò;v]�]rtp

Ý�rt�qv]|^p;v�|;��s���v�p�~2|wz£��sW�qv]��ØÖ�Ñ�2ö�Ýy�F�h�l|wvÅ¶E%Ç.¶KÃ	À�ÀBÂKÇ.¶BÏ ¶E'Çì²�ÀB�®ß���]|t�lp;��|wv]��z£�fv]|;�f�¾zf~+rtsW��s{R]v��
zfØ�ò;v]�]rÕáÖuqv]|wsWv]p��lnq�É�x��vèç+s�Øq�Wv��·u2pwv�|Õ�]zfn�rt|wzl�W�Ó��Øq�Wv�nqzlrwsWzfn�zlxFpGrtsW��Ô���zlØ�ò;v��èrtp�rtzã~Ev�|;��s-rduqp;v�|wp�rwz
����uqp;rwv�|C|wv]�Ó��rwv���zfØ�ò;v]�]rwp� 
¼ý¿|ÀE¶KÁ¨°³²kÂE¶�²³Ã	ÀBÂ
�2ö�Ýy�F�Ávîç+v���u+rtv�p^�lpy�/�f|;zfuq~ñzlx·��zf���duqn2sW�'�)rtsWn2�/~q|wz���v]pwp;v�p��'�l���Wv��ã�2ö=Ýa�F� pwv]|;�fv]|wp|Ì < ¡[Í5 ��¾�l���
zlx9rt�qv]pwv�pwv]|;�fv]|wp����lpCpwvè�fv�|w�l�K�'�l~q�lØqsW��s�rwsWv�p�Ì < ¡�ÍQô

ë m rFsWpC��~����fvè¦ �'�l���qvy���ln��l�lv�|� 
ë m rT�l�èrtpT�lp^��n �ML � þ°ÿ x{zf|y�Wz��'�l� ��#�#�&�
(�K�2ÿ�
��Eþê#������ � *>* v�p� 1mon�~��l|Grts���uq�W�l|��9�lnÌW§, - �'�l����sWp
p;v�n�r@|wv]áÖuqv�pGrtsWn2�drtz^rw�qv=�Wz��'����pwv�|G�fv]|��q×C�qs����/x{v]rt���2v�p�rw�qv=nqv]��v�p;pt�l|G�1~��l�lv�ëjptíI�ln2�/|wvèrtuq|;nqp�rt�2v
zfØÖò;v��]r� 

ë m rFsWp@|;v�p;~°zfn2pwsWØ2�Wv=x{zf|i¶4'Ç.¶KÃ	À�ÀBÂBÇ.¶KÏ»¶E'Çì²�ÀB�®°�lnq�Y|wv]��z£�fv]|;�f 
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Æ@�qvTØ��lpws��T~q�l|t�l���Wv]�é��zfnqpGrt|;uq�]r�sWpM, �%� ¸ � ÿ�� , �%���'&(& � & ¸ � ÿ�� ×C�qsW���b�'�lnã���qzf~2rFrt�qv�¯¨´�²k´ö6	´'ÀB´�®�®~Â�®
�l~q~2|wz��l���brtz�zfØ�ò;v��èr;¦ zf|ws�v�n�rtv]��~q|wzl�f|t�l����sWnq�q ì, �%� ¸ � ÿ sWp���p;v]r�zlx�zfØÖò;v��]rwp�zlxPrt�qvTpt�l��v�ro��~Evd�ln2�
uqp;v�p$¸ �K» �lp�rt�qv�ro��~°v��Ó�lnq�lu��l�fvÕx{zf|ï, �%� ¸ � ÿ zfØ�ò;v��èrtp] b}��q�qs�rwsWzfnq�l�W�-�f�K~q|ws�����|;�ñ�ln2��pwv]��zfn2���l|;�
, �%� ¸ � ÿ pI���ln/ØEv��2sWp;rwsWnq�luqsWp;�qv��Ä PÆ@�qv 0¬�%*]ÿ � �jNk*>&�� ��� ��z��qv��µs�pIvîç2~q�lnq�qv]�Ä���lnq��zfnqv�nqz+�2v�|;uqnqp�zln
�lnY�l�q�2s�rts�zfn��l�1, �%� ¸ � ÿ ¸ � � ��� �×� ,�¸	¸ � Ì ¥�=EÍ5 

SHORE Data Language (SDL)
pwv�v�ÒHGýûI��J

SIMD (Single Program Multiple Data)
Ò3ÖiùúÄsWpI�^��z��qv]�µx{zl|��Ó��|w�fvî¦opw���l�WvCp;��sWv]n�rtsSIq�=�lnq��v�nq�fs�nqv�v]|ws�nq�d�l~2~q�Ws��'��rwsWzfnqp] PÆ@�qv�pt�l��v�~2|wzf�f|w�l�
sWpévîç+v���u+rtv��^�lnyv'�l���y~q|;z+�]v�p;pwzf|]�lØqu2rérw�qv�sWn2~qu2rK����rt��rtzCv'�����TzlxÖrw�qv¾~q|wzf�l|t�l��pÄ���£��Ø°v��2sSZ°v�|wv]n�r¹Ì ¡�A4ÍQ 
Æ@�qvÕ��zfp;r=×Cs��qv��-�Nu2pwv������W�lpwp;sSI�����rts�zfn�s�p�rt�qv�zlnqvd×C�qv�|;v�rt�qvd�lzfn¬GFv�uq���lnqnñ��z+�2v��Ps�p���sWvè×�v]���lp
�ã�+s�nq�f��v/��rw|wv��l� zlxCmonqp;rw|wuq�èrts�zfnqp^�]zfn�rt|;zf�W��sWnq�b�ã�+s�nq�f�Wv���rw|wv'��� z�xF�a��r���ëm¸ ý ¸ � íè PÝan2v�sWn2p;rt|;uq�è¦
rts�zfnY~q|wz��quq�]v�p�zlnqvT|;v�p;uq��r��lnq�%�°�qv]nq��v��Erw�qv�|;v^s�p����+sWn2�f�WvamonqpGrt|;uq�]rwsWzfn���rt|;v'�l���ln2���/��sWnq�f��vy�a��r��
��rw|wv'���b CÝ=nqv�p;rwv�~Nrwz£×Ò�l|;�qp�~q�l|t�l���Wv]�WsWp;� �Wv'���qpFrwz�rw�qvd��mGÙN����z+�qv]�Q����nqzlrt�2v�|Fp;rtv]~�v�n2�qp�uq~Y×Cs�rw�
Ùbuq�-rts�~q�Wv=mon2p;rt|;uq�]rwsWzfn���rt|;v'�l��pTë�ùêä�ùúÄ/íè �mon�rt�qv����W�lpwp;sW�'���évèç2�l��~q�Wvazlx���~q�l|t�l���Wv]�é�+mGÙN�à��z��qv]�Q�
�ñn�u2�dØ°v]|Õzlx�s��qv�n�rwsW�'��� #������ � *>*>
jþ�L � & � 0 � þ°ÿ p�|;v���v]s��lvYrw�qv�pt�l��v�sWnqpGrt|wu2�]rts�zfn Øq|wzf�l�q�'��p;r�Ø��É�
�qs��f�qv�|Cs�nqp;rt�lnq��v� C�¾�l��� #	�4�¨� � *�*>
5þ�L � & � 0 � þ°ÿ ~Ev�|Gx{zf|w��pFrw�qv�sWnqpGrt|wu2�]rts�zfnYzfnNs-rtpCz£×Cn�����rt��s-rtv��Y 
monNz�rt�qv]|C×Izf|;�qp��°���+mGÙN��s�nqp;rw|wuq�èrtsWzlnY��v'��nqpFrw����r����+sWnq�l�Wv=monqpGrt|;uq�]rwsWzfnb�'�luqp;v�pFrt�qvyvèç+v]��u2rwsWzfnbzlx
sW�2v�n�rts��'�l�Äzl~°v]|t��rwsWzfnqp@zln�Ùbu2��rts�~q�Wv�~��lsW|;pCzlx��a�)r��ªÌ ?4ÍQ Iõ�uq|;rw�qv�|;��zf|;vl�2rw�qsWpCs�pÒrt�qvypws���~2�Wv�pGrC��zfn2��v�~�¦
rtuq�l����z��qv]�2x{zf|¾�=�fv]�]rtzl|I�]zf��~2u2rtv]|� PÆ@�2v�pG�+n2���q|wzfn2s{R'�)rtsWzln����ln�ØEv@zfØ2rt�lsWn2v��ÕØ��Õuqpws�nq����Øq|;z��l�q���lp;r
��zl�����lnq��rt�q��r¾Ôlv]v�~qp·rt�qvF~q|wz���v]pwp;v�p�s�n��y��z+��ÔÖpGrtv�~%�2�ln2��rw�qvC~q|wz���v]pwpwv]p�nqv]v���rtzar��l��ÔTrwzTv��l����zlrw�qv�|
x{zf|yp;��nq���2|wzfnqsSR'��rwsWzfnú~quq|;~°zfp;vl /}��q�qs-rtsWzln��l�W�-�f�Ärw�qv]�ñnqv]v��Ñn2zlr�p;rtzl|wv�rw�qv�s�|yz4×Cnú~q|wzl�f|t�l��p��é×C�qs����
|wv]pwuq�-rtpCsWnY��pw���l���Wv�|��qv�p;sW�fnY�lnq�b��ØqsW�l�fv�|C�l��zfuqn�rCzlx�~q|;z+�]v�pwp;v�p] 
}æ�+mGÙb�æ���l���qs�nqvÒ�]zfn�r��ls�nqp����ln��T�q��r��=~q|;z+�]v�p;pwzf|;p�zf~°v]|t��rwsWnq��p;��nq���q|;zfnqzfuqp;���l��v��l���Õvèç+v��]u2rts�nq�=rt�2v
pt����v�sWnqpGrt|wu2�]rts�zfnú�lnq�Ñuqp;sWnq�N�N��zl����zfn�~q|wzf�l|t�l� �]zfuqn�rtv]|�Ì =+¡�ÍQ Yõ�uq|Grt�qv]|w��zf|wv��Pv'������~q|wz���v]pwpwzl|
ë #	����� � *>*>
jþ�L � & � 0 � þEÿl� , æ í^sWp��ñx{u2�W����x{uqnq�]rwsWzfnq�l�@}=êK� ëj}�|;s�rw�q��vèrts���êKzl�fsW���l�@��n2s�rîíî æÙN�ln��
, æ pd�l|;v����l�W��v��¬, æ ��|w|t�'�l��×C�qsW�������lnÑØEv�rt|;v'��rwv����lpd�N�Ws�nqv'�l|��l|;|t�'�úzf|d�lp^�ln��l|;|t�'�úzlx@�qs��f�qv�|
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�qs���v]nqpws�zfnqp� ÑÙbzf|;v�z£�fv]|���v��l���£, æ ����pÕ�ln vèç+v��]u2rts�zfn£���l�ñsWnq�qs��'��rwsWnq�Y×C�qv]rw�qv�|Õrt�2v�, æ p;�qzfuq���
vèç+v]��u2rwvÕrw�qv���u2|w|wv]n�rTs�nqp;rw|wuq�èrts�zfnÄ y} �����Eþ°ÿ � þ�� �®¹?æ���#������ � *>*���� ���lp�rwzY�2|ws��lv^rt�2v�, æ �l|;|t�'�
Ø��/Øq|;z��l�q���lp;rwsWnq�^sWnqpGrt|wu2�]rts�zfnqp@��nq�1|wv]�Ó��rwv��/���)r��^rtzd�l�W��, æ p� �}��q�qs�rwsWzfnq�l�W�-�f�Ös�rI���lpÒrwzd~°v]|;x{zf|;� ���W�
pw���l�Ó��|��]zf��~2u2r���rwsWzfn2p��ln2����zfn�rw|wzf�	��z£×hzf~°v]|t��rwsWzfn2p��°�lnq�Nrw�qv ¹?æ s�pFrw�qvdp;��pGrtv��ÏsWn�rtv]|;xj�l�]vTrwz�rt�2v
vèç�rwv�|wnq�l�Kv�n���sW|wzlnq��v]n�r' Iåæ�q��rFsWpC��zl|wvl�q�l�W�¨, æ pF�l|;v��]zfnqnqv]�]rwv���Ø��Y�lnYsWn�rtv]|w~q|;z+�]v�p;pwzf|F��zf���duqn2s-¦
�'�)rtsWzln�n2v]ro×Izf|wÔµ��×C�2sW���d���W�Wz£×CpÄrw�qv , æ pÄrwz�������v]pwp9����rt�FpGrtzf|;v��y×Cs�rt�2sWnart�qv¾��v���zf|ws�v�pézlx+zlrw�qv�|6, æ p� 
�+mGÙN�æ���l���qsWn2v�p�zBZ°v�|�s���~2|wv�p;pws-�fvÒ�]zfp;r�¤�~°v]|;x{zf|;����nq��v@|w��rts�zfp�����nq�Õ�l|wvÒ×Iv����2p;uqs�rwv���x{zf|��=�W�l|w�fv�Ø°z��2�
zlx�v�nq�lsWnqv]v�|ws�nq���lnq�Ypw�]sWv�n�rwsSI��y�l~2~q�Ws��'��rwsWzfnqpPÌ =2¡[ÍQ 

simple-strided access
pwv]v�¯%°�·BÙ'Ë�¯'°mÀBÂ4¶�²kÂE¯±äD> û

SIOF
p;v�v$Ò¹¶E´�®~´7«�®~ÂªäD> û Ér´7¶K°�®µ°³²³Ï

SISD
p;v�v$Ò6ä�ùúÄ

slab
p;v�v�Ö.¿wÒÓÒ6ä¨ûNö Ñ�¯¨´�²�´u·B°tÂ��×°mÇÚÆ�ÑJ¯¨´�²k´×6ÚÀBÂ�8�Â�²�¶BÁ¨°mÇÚÆ

small request
p;v�v���¿§äKÄxËdä

SMP Digital Alpha
p;v�v ÛÝGx¿2û/Ò

space preallocation
pwv]v�Ö�´'ÀKÉ °³Ò3Ï1·ÈdÖ$´'ÀE´�®�®~Â�®rÉ °�®~Â2Ò3Ï1·K²�ÂKÐ�¯

SPARC
p;v�vpÛzÁ�ÂKÐÈä7û/ÑNÉ3Ã���°³²³·BÃê¿�Ö|¾�C�C�C�Ñ§ûNÖxÔsr�r$ÑªÔrÖNä�J

SPFS
pwv�v�Ò¹¶4�²�¶BÁ»Ö$´'ÀB´'®³®~ÂK®rÉz°�®~Â2Ò3Ï�·�²kÂKÐ

SPIFFI (Scalable Parallel File System)
Ý�Þ�ß³àkáµÝ4âaàaã
�2Ü�m¹õ�õ�m�s�pa�/�qsW�l�+¦o~Ev�|Gx{zf|w���lnq�]và6�´%ÀB´�®�®~Â�®Ç<ï®~Â±·EÏ1·K²�ÂKÐ rw����rapGrt|;sW~Ev�p�I���v�pa�l�]|wzfp;pa�duq�-rtsW~2�Wv
�qs�pwÔÖp� 

ÝKæèç ß�ã
s�nÖrwv�nq�2v���x{zf|Òrt�qvyuqp;vTz�xPvîç+rw|wv]��v]���1mG¤fÝhsWn�rtv]nqpws-�fv��l~q~2�WsW����rts�zfnqp

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
�2Ü�m¹õ�õ�m�sWpÒrw�qvÆ6�´'ÀE´�®�®~Â�®²<ï®~ÂÅ·BÏ�·�²�ÂBÐ x{zf|Òrt�qv/äKÇì²�ÂK®�Ö�´'ÀB´%Æ1'Ç

÷ Ý�à³ÝJÝ4â[â�ñ[ßdß�ß�àká"Ý�à�ñ�ø×æ ñ�ß[ã
�2Ü�m¹õ�õ�m°~q|;z£�+s��qv�p9�l~2~q�Ws��'��rwsWzfnqpE×Cs�rw�T�@�qs��f�+¦ �Wv]�lv��4��vèç+sWØ2�Wv�sWn�rwv�|;xj����v�sWn2���Wu2�qsWnq��zfnqv¾sWnq�2s���sW�quq�l�
�ln2�Yrw�q|wv]v�·EÁ3´'ÀBÂ4¯�</®~Â«6�'°mÇì²kÂKÀ4p� 
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îKó�áSà³Ý�ÞKæDð@æ à(üfã
}h�Ws�Øq|t��|;��zlx��øx{uqnq�èrtsWzlnqp@�'�lnYØEv�u2pwv��Yrtz��l�]��v�p;p=�+Ü¾m¹õPõPm¹I���v�p] 

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
��¿|ä�Äb����¿|ä�ÄxË³äEä��×¯'°�·EÙ'Ë�¯'°mÀBÂ4¶�²kÂE¯|äD> û��EÖïÉPÒ��ÚÜ Â�·K²�´µ�¨Û ùíùúÄ äD> û ·EÏ1·K²�ÂKÐÑ�,��¿�ùú¿b�
��À�°t¯%Æ1ÂK6�´'ÀB´'®³®~ÂK®²</®~Â ·BÏ�·�²�ÂBÐ

îKñ[ó�î�ð ñBã
��|w�lsW���° µõ�|;v�v��2���ln%��
lzfpwvèx Q uq|;�fv�|]���a�'��sW��
2 µ�=v]åæs-rwr
� � ´+©Ö©��q±��rþ��µ±,��±�þp�+©B�Eª£»�»��)qºÖ²P³��Eª�²ÖºP³G©K�f¶

æèò�ß�àtæ à���àtæ ó�òfã
��zf��~qu2rwv�|��+�]sWv�n2��v��=v�~���|;rt��v�n�r�����nqs-�fv]|wpws-ro��zlx9åæsWpw�]zfnqp;sWnÄ�µÙb�l�qsWp;zfnÄ�qåæm.CB?�Fl§KA+�q�=��}
¨�»Ö»�¯��d���4���f��³wºÖ²P³��Eª�²ÖºP³G©K�f¶���²4¨E±�´+©��

�kñaü � ó�á ÷ ß�ã
I���vap;��p;rwv��Y� ��
(*]ÿ��4
 º �éÿ � �ý0 � 0¬�����

÷ ñ[à³ÝKæèð ß�ã
}ÊI��Wv@s�p�~��l|Grts�rwsWzfn2v����l��|;zfpwp¾�qs�pwÔÖp·�qzf|wsSR�zfn�rt�l�W�-�Ts�n�� ������þ	��Nt��� º 
jþ xj�lp;�qsWzfn% �åæ�qv]n/�auqpwv]|I�]|wv���rtv]p
�/I���vl�Ört�qv=�Tpwvèr@zlxK�qs�pwÔÖpÒ��nq�/rt�qv�p;rw|wsW~2~qsWnq�T�f|t��n�u2�Ó�l|;s�ro�Õ���'�fv�rtzdØEv�pGr���rwv��Ä �Æ@�qv�~°zf|Grts�zfn�zlx9�NI��Wv
p;rwzf|wv]�ñ��r�zfnqv^�2sWpwÔ�s�p��'���W�Wv]�wI���v�x{|w�l�f��v�n�r' �Ùbzf|;v�z£�fv]|��Äv��l���ã�qs�pwÔ�nqz��qv^����p=�$I���v^pG�+pGrtv]�ó×C�qs����
sWp·|wv]pw~Ezfnqp;sWØq��vFx{zf|·���l~q~qs�nq�T��z+���l�%I���vFØ2�Wz���Ô�p·rtzT~q���+p;sW���l��Iq�WvFØq�Wz���ÔÖpÒ�lnq��x{zf|·|wv��]zf|w�2sWnq�Tv'�l����x{|w�l��¦
��v�n�r>Q p�pwsSR�vl Pmon����q�qs�rwsWzfn%�lv'������nqz��qvC�l��pwz=���l���qv]p��=�]zf~���zlxµrt�qv 0 � ÿ>��Nk�6�2ÿ�� x{zf|�v��l����I��WvIrtzyzf~Ev�nÄ 
Æ@�qv &����K�'&Êó3& � #Ó��
5þEÿ � �4�®»	¹ , � s�p/�Ñp;sWnq�f��vN~q|;z+�]v�p;p��lnq�æ�l���Wz£×Cp�|;v'�l�qs�nq��zf|�×C|ws�rwsWnq�Ñ�lnøv�n+¦
rts�|wvªI��Wv�p;v�áÖuqv]nÖrwsÓ�l�����Ézf|1������v]pwp;sWnq��|w�lnq�qzf� ~Ezf|;rwsWzfnqp�zlx�s�rpÌ@C)¥BÍQ #m r/sWp/�]zf��~q�l|t�lØ2�Wv�rtzOÖ/É�ÒÚQ p
& dUf #�g/mG¤fÝ#��z��qv� �Æ@�qvart�q|;v�v�·BÁ�´'ÀBÂ4¯�<ï®~Â«6�%°mÇì²�ÂKÀ4pF�l|;v=�'���W�Wv]� L�&(� º �'&	ó3& � #Ó��
jþ°ÿ � �±� Ú ¹ , � �
*[�Kþ	�45	���Eþ�
Àä � �²N®L�&(� º �'&°ó3& � #Ó��
5þ°ÿ � �Ö� ¸�Ú ¹ , � �lnq� ��
(*]ÿ��4
 º �éÿ � �[ó3& � #Ó��
jþ°ÿ � ���\�K¹ , �  %Æ@�2v
Ú ¹ ,hs�p·p;���l|;v��1�l��zfnq�����f|wzfu2~�zlxÄ~q|wz���v]pwpwv]p�×C�qs����/�l�]��v�p;p�rt�2v�pw�l��v�I���vl �m rIv�nq�lØq�Wv]p�����zf���Wv]�]rts-�fv
|wv��l�Nzl|F×C|;s�rtv� @Æ@�qv/Iq�Wv�~°zfs�n�rtv�|C���ln�ØEvT�]zf��~q�l|wv]�brtzªÖ/É�ÒÚQ pF& ï�$l�1mG¤fÝ���z��qv� CÜ¾|;z+�]v�p;pwv�p�rt����r
pw�q�l|wv��Å¸�Ú ¹ , ëj��zl��~���|t�lØq��v�rtz�& y ð f /ãsWn£Ö/É�ÒKíT�l|;v���pwpws��fnqv]���ªI2ç+v]�Ñ�]������sW���l�¾zf|w�qv]|ws�nq���ln2�
���£�yzlnq���y������v]pwpPrw�qv¹Iq�Wv·~°zfs�n�rtv�|Ks�n�rw����r�zf|w�qv]|�  ��¹ ,æs�p�s�nÖrwv�nq�2v��^x{zf|KmG¤fÝ÷s�n�rtv�n2pws��lvÒ�l~2~q�Ws��'��rwsWzfnqp] 
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MPI_Init
MPI_Comm_rank MPI_Comm_rank MPI_Comm_rank MPI_Comm_rank
MPI_Comm_size MPI_Comm_size MPI_Comm_size MPI_Comm_size
printf printf printf printf
MPI_Finalize MPI_Finalize MPI_FinalizeMPI_Finalize

MPI_Init MPI_Init MPI_InitMPI_Init
MPI_Comm_rank
MPI_Comm_size
printf
MPI_Finalize

Process 0 Process 1 Process 2 Process 3 Process 4

time

õPs��fuq|;v <   < C+ô·�2Ü·ÙN�Ì~2|wzf�f|w�l����s�nq�^��z+�2v��

�2Ü�m¹õ�õPmF�l��pwz/v]��~2�Wz£��p�rt�2|wv�vTro�+~Ev�paz�x·rw�q|wv��l�qp] y�·�������2sWpwÔ�|;uqnqpy� � �
� � � *èÿ1ÿ�5	� � �'� �é� �K�Eþ°ÿ�����&
ÿ�56� � �%� �lnq�d��Ú ¹ , ÿ�56� � �%�  �Æ@�2v � �n� � � *]ÿ=ÿ�5	� � �'� sWpP|;v�p;~°zfn2pwsWØ2�WvIx{zl|P|wv]��v]s���sWnq��|wv'���Õ�lnq�^×C|;s�rtv
|wv]áÖuqv�pGrtp���rw�qv �K�Eþ°ÿ�����&aÿ�5	� � �'� ����n��l�fv]p/I���v�zf~Ev�|w�lnq�Ñ�]�Wzfp;v�|;v�áÖuqv�pGrtp]�I��nq��rt�2v�Ú ¹ , ÿ�56� � �'�
~q|;z4��s��qv�p���rwzf��s��^|;v'�l�ú�lnq�ã×C|ws-rtv�uq~E����rwv�zf~Ev�|t�)rtsWzlnqp� �åæ����r�sWp=��zf|;vl�év'�����úØqu×Z%v]|�~Ez�zf�Ps�py�l�W��z�¦
�'�)rtv��b��rCv��l���N�qs�pwÔ/n2z+�qv=rwz�s���~2|wz£�fvy�l~2~q�Ws��'��rwsWzfn/~Ev�|Gx{zf|w���lnq�]v�Ì@C)¥BÍQ 

split-phase interface
pwv]v�ùúÃ�®�²³°É6�'®

SPMD (Single Program Multiple Data)mon|ùúÖNä���zlnq����zfnqvI~q|wzl�f|t�l�#s�p�×C|;s�rwrwv�n�×C�qsW����s�p�vîç2v]��u2rwv��Õzfndv��l����zlxqrw�qv�~2|wz���v�p;pwv]p�rt����rP��zf��~Ev]rtv
sWn�rw�qv����l�W�]uq�Ó�)rtsWzlnÄ �monÕrt�2v�vîçq����~q��vTëjpwv]vïùúÖNä)íè��Iq�lv��]zf~qs�v�p¾zlx%rw�qvF~q|wzf�l|t�l�Þ��|wvC|wuqn���r�rt�2v�pw�l��v
rts���v�zfnªI2�fv��qsSZ°v�|;v�n�rC~q|wz���v]pwp;v�p�ë{pwv]v^õPs��fuq|;v <   < Cfíè 
Ü�|wz���v]pwpa§�vèç+v��]u2rtv]pas�rtpF~q|;zf�f|t�����lp�×Iv����P�lpF~q|;z+�]v�pwp;v�p�¡f� < ��?/�ln2�N¥q F�¾�l���ã~q|;z+�]v�pwp����lp�s�rtpFz£×Cn
~q|;zf�f|t���Ì��nq�d×�zl|wÔÖp�sWn2�qv�~Ev�nq�2v�n�rt�-�dzlx�rw�qv�zlrw�qv�|Pzfnqv�p] �m r��2z+v]p�nqzlr�vè�fv]n��q�£�lv�rtz�Ô�n2z4×Ért�q��rPrw�qv�|;v
�l|;v^zlrw�qv�|F~q|wz���v]pwp;v�py�lpC×�v]�W�Krt���)r�vîç2v]��u2rwvdrt�qvTpt�l��v�~q|wzf�l|t�l�Y @}�~q|;z+�]v�p;p�vèç+v]��u2rwv�pas�rwp�~2|wzf�f|w�l�
sWn��1pwv]áÖuqv�n�rtsW�l��×��£����nq�ñ~q|wz��quq�]v�pT�lnñzfu2rt~2u2ra×C�qsW����sWn2�qsW����rtv]pas�rtpa~2|wz���v�p;pysW�Ä ÕÝ=nãrt�2v�p;��|;v�v�n%�
rt�2v�I�n��l�°|wv�p;uq��rÒzlx6Iq�fva���l�W�]uq�Ó��rwsWzfn2p��'��n1Ø°vap;v�v�n% ·}�p@sWn1�d|;v'�l�°~��l|w�l�W��v��E��zf��~qu2rt��rts�zfn/��z+�qv]�Q��rt�2v
zf|;�qv�|Òs�n�×C�qs�����rw�qv=zfu+rt~qu2r@�l~q~Ev'�l|;pÒsWpÒn2zlrÒ�qvaI�nqv]�Ä MùúÖNäy�qz�v�pÒnqz�r@pw~Ev��]s�xß���qz£× p;uq���Y�d~��l|t���W�Wv]�
��zl��~qu+r���rwsWzfn�sWpTp;r���|;rtv]���lnq�%�Prt�qv]|wvèx{zf|wv���pwuq����~2|wzf�f|w�l��p^�l|;v�nqzln+¦o�qvèrtv]|w��sWnqs�p;rts��l �õ�zf|�sWnqpGr��ln2��vl�
~q|;z+�]v�pwp�¥���zfuq���Ûvîç+v���u+rtvbrw�qvY~q|ws�nÖr�s�nqp;rw|wuq�èrtsWzlnÉØEv]x{zl|wvY~q|wz���v]pwp < zf|���sW�]v1�fv�|;pt�2 ÷Æ@�qvb�]zf|w|;v��èr
zfu2rw~qu2rF�'��nqnqzlrCØEvy�qv]rwv�|w��sWn2v��YØ°vèx{zf|wv=rw�qvyvèç+v��]u2rts�zfnNzlx9rt�2v�~2|wzf�f|w�l� Ì[¡�?�C�ÍQ 
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STARFISH�+Æ9}=�FõPmG�2öæsWp·�T~q�l|t�l���Wv]��I��WvCpG�+pGrtv]�p;sW�duq�W��rtzl|Cëj�qvè�fv]�Wzf~Ev��1�)r��a��|;rt��zfu2rw����zf�W��v��fv��Ö�=�+}=í�×C�qs����
|t��n�zfn�rtzf~�zlxÄrt�2v�Ü�|wz�rtv�u2p�~��l|w�l�W��v��µ�l|;���qs�rwv��èrtuq|;v�p;sW�duq�W��rtzl|��f×C�qs����/sWnÕrtuq|;n�|w�ln�zfn�� ��æ/-IN � �����
×Izf|wÔÖp;rt��rts�zfn¬Ì =K=�ÍQ I�+v]v��l�Wp;z ¯%°�·BÙ'Ë�¯'°mÀBÂ4¶�²kÂE¯^äD> û� 

storage node
pwv�vHÜ Â�·�²k´

storage object
pwv]v�GxÃ�À�À�°t¶4´'Ç.Â É °�®~ÂÈÒ3Ï�·�²�ÂBÐ ®GxÉ�Ò�¯

storage server
p;v�v'��¿|ä�ÄxË³äEä

Strict Two-Phase Locking (S-2PL)
Ý�Þ�ß³àkáµÝ4âaàaã
Æ@�qv¾��zfp;rÄ��zf����zln�x{zf|w�Ázlx+�Òpw���qv]�quq��v�|KsWpéØ���pwv��yzfnypGrt|ws��]rÄro×Iz�¦ ~q���lp;v·��z+��ÔÖs�nq��ëQ�Ö¦ < Ü¾ê9íÚÌ ¡l¡£§EÍ5 
�Fnq�qv�|@�Ö¦ < Ü¾ê���Ø°vèx{zf|wv��ln ý�) � �	� � 0¬�Eþ �'�ln1~Ev�|Gx{zf|w� �^���)r��d�l�]��v]pwp��q�^|wv��l�1zf|I×C|;s�rwv &����;¾
�du2p;rÕØEv1zfØ2r���sWnqv]�Ä úm xFrt�2v1����r���s�p���uq|;|wv]nÖrw�����Wz���Ôlv��É�ln2� rw�qv &(�¨�;¾ ro��~Ev�pÕ×CsW��� �K�Eþ²µÚ
(�lÿ �
rw�qv�n�rt�qvF����rt�T�l�]��v]pwp��^uqp;rIØ°vF�qv]�Ó�'�fv]��uqn�rts��qrt�qv &����;¾ �'��n�ØEvFzlØ2r��ls�nqv��% �ÆÒ×�zT�Wz���ÔÖpIzfnÕrt�2v
pw�l��vT����rt��s�rwv�� �K�Eþ�µ3
(�lÿ s-x�sWp;pwuqv]�ãØÖ�b�qsYZ%v]|wv�n�r�rt|t��nqpt�l�èrts�zfnqp=��nq��zfnqvTzf|FØ°zlrw��sWp���×C|;s�rtv
&�����¾  ¾�Ö¦ < Ü¾ê�|wv]pwuq�-rtpCsWnY��pwv]|wsÓ���Ws{R��lØq��v�pw���2v��quq��vl 

÷ ñ[à³ÝKæèð ß�ã
�Ö¦ < Ü¾ê�sWpT�l�Wp;zY×Iv����·ÔÖnqz£×Cn�s�n�rw�qv����)r��bØq�lpwv�×�zf|;�W�Ä 1Æ@�2v�|wv��Yrw|t�lnqpw�l�]rwsWzfnúsWp��ªIqnqs�rwv�p;v�áÖuqv�n2��v
zlx¾���)r��1�l�]��v�p;pazf~Ev�|t�)rtsWzlnqp�rw����r=rw|t�lnqp;�Ó��rwv�pFrt�qv����)r��lØ���pwv^x{|;zf��zfnqvd�]zfnqpws�p;rwv�n�ryp;rt��rtv^rwz��lnqzlrw�qv�|
zfnqv� ^Æ9|t�ln2pt�l�èrtsWzlnqpa���'�fv�rtz1ØEv�vèç+v]��u2rwv���s�nñ��x{zf|w�Ïpwz1rt�q��r=rt�2v�v[Z°v��]r�s�pa�lpas�x�rw|t�ln2pt�l�èrtsWzlnqpy�l|wv
~Ev�|;x{zl|w��v���sWn���pwv]|wsW�l�Äzf|@p;v�áÖuqv�n�rwsÓ�l�ézf|;�qv�|] ¾Æ�|w�lnqpt���]rts�zfnqpÒrw����rCpt�)rtsWpGxß��rw�qv�p;vT�]zfnq�qs-rtsWzlnqp@�l|;vapt�ls��
rtzÕØEvypwv�|;sÓ�l��s{R��lØq�Wv� 
åæ�qv]nÑ�lnú�l~q~q��sW����rts�zfn�vèç+v]��u2rwv�pd��|wv��l��zf|y��×C|;s�rwv��WsWØ2|t�l|G�Nx{uqnq�èrts�zfnñ�'�l���Q�K�1uqnqs�á�u2v�rw|t�lnqpw�l�]rwsWzfn
sW�2v�n�rtsYI�v�|FsWpF�fv�n2v�|t�)rtv��bx{zf|Frt�l�f�fs�nq���l�W�é��v�p;pt�l�lv�p�rwz�ØEvTp;v�n�r' Fm r�s�pFrw�qv�nN�qv]rwv�|w��sWn2v��b×C�2sW��� ý�) �
þ6��� � p���zfn�r���sWn�rt�qvNI��Wvy���)r���rtz�ØEv��l���]v�p;pwv��% �ÙYv�pwpw�l�fv]pa�l|wvyp;v�n�r�rwz�rt�2v^�l~2~q|wzf~2|wsÓ�)rtv ý�) � �	� � N
0¬�Eþ p�|wv�áÖuqv]p;rwsWnq�art�q��r¾����rt��rtzaØEv@|wv'����zl|P×C|ws-rwrtv]nÄ Pmon2�qv�~Ev�nq�2v�n�rt�-�f��v'�l��� ý�) � �6� � 0¬�Eþ pw��rts�pdI�v]p
v'�����b|;v�áÖuqv�pGr'�°��xßrtv]|@zfØ2rt�lsWnqs�nq�drt�2v�n2v���v]pwpw�l|;� &(�¨�;¾ �q�lnq��|wv]~q�Ws�v�pÒ×Cs�rw�1rt�qvy|wv]pwuq�-r' �åú|ws�rwva|wv]á�u2v�p;rwp
�duqpGr�Ø°v�~°v]|;x{zf|;��v]�ñpwzbrw����ryrt�2v�s�nqs�rwsÓ�l�9���l�Wuqv]py�'�ln�Ø°vÕpGrtzf|;v���s-xIrw�qvÕrt|t��nqpt�l�èrts�zfnqpaxj�lsW�@ëk¶KÁ�ÂE¶BÙ'Ë
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6�%°mÇì²³°mÇÚÆ�íî T}��W�9|wv]pwuq�-rtpy�l|;vd��zf���Wv]�]rtv]�ñ�lnq�Ä�%s�x�rt�2v]�ã���W�9sWnq�qs��'��rwvdpwu2����v]pwp]��� �K��0^0¬
{ÿ ��v]pwpt���fvdsWp
rt�2v�nÑp;v�n�r^rwzbv��l���Ñ~��l|Grts���sW~q��rts�nq� ý�) � �6� � 0¬�Eþ � � º ���£ÿ zlrt�qv]|;×Cs�pwvl �Æ@�qv]|wv���xßrtv]|��P�]zfn�rt|;zf�Is�py|wvè¦
rtu2|wnqv]�drtz�rw�qvÒ�'���W�Wv]|� 9ö��'��sWn2�=|wv]��v�s-�fv]��� �K�10¬0^
{ÿ ��v�pwpw�l�fv����ln ý�) � �6� � 0¬�Eþ ���lÔlv]p�~°v]|w���lnqv]nÖr
�ln��/×C|;s�rtv��l�]��v]pwp��lnq��x{|wv�v]pF�l�W�°�Wz���Ô�pC�qv]�W�Yzfn�s�rwp@Ø°v]���l��x¹ 
Æ@�qvT�qsWpw�l�2���ln�r��l�lv�z�x¾�Ö¦ < Ü¾êÑsWp@rt���)r � � �'�	&(����¾ p��l|wv�~Ezfpwp;sWØq��vy×C�2v�nã� ��
(�4���	&(��� � �%
{ÿ ��zlnq�qs�rwsWzfn
�qvè�fv���zf~qp] ·}#p;sW��~q�WvF×Ò�'��rtzÕpwzf�-�fv=rw�qsWpÒ~2|wzfØq��v�� sWp�rw����r@v��l���Y���lv���zfn1����p�rtz�rts���vî¦ozfu+rÒ�d|;v�áÖuqv�pGr
rt�q��rC���lpCØEv�v�nb�qv��W�'�fv���rtz�zÕ�Wzfn2��zfnN� &�����¾ Ì[¡f¡£§�ÍQ I�+v]v��l�Wp;z�ÖPä¨û×��Ò� 

strided access
p;v�v§¯'°�·BÙ%Ë>¯%°mÀBÂE¶�²�Â4¯HäD> û/ÑPÖ$'Àf²k´¨«�®~ÂpÖ$´'ÀB´'®³®~ÂK®rÉz°�®~Â2Ò3Ï�·�²kÂKÐ dÖiÖïÉPÒ�¯

strided segment
pwv]v§¯'°�·BÙ'Ë�¯'°mÀEÂE¶�²�Â4¯HäD> û

stripe unit
pwv]v�Ö/Ö/É�ÒÓÑI��¿|ä�ÄxÑÆ�ª¿|äKÄpË³ä

stripmining
pwv]v�Ö.¿wÒÓÒ6ä¨ûNö

striping unit
pwv]v�¯¨ÂK·B°�Æ%Ç �8�6	´'ÀB´�®�®~Â�®ìäD> û ·×�8�²�Õ�´'ÀBÂ�ÑÆ��¿|ä�Ä

Sun 4/280
p;v�v'��¿|ä�ÄxË³ä

supercomputing applications�+uq~Ev�|;��zf��~qu2rwsWnq�Y�l~2~q�Ws��'��rwsWzfnqp=�l|wv��fv]nqv�|w��rts�nq����zl|wv��lnq�ñ��zf|wv����)r��2�KØqu2r�mG¤fÝ p;��p;rwv���pT���lnqnqzlr
Ôlv]v�~��lØ2|wv'��p;r'�+sQ  vl 9rt�qvè��ØEv��]zf��vF�Wv]pwp��lØq�WvCrtzT��zf~EvC×Cs�rt��rt�qv��l��zfuqn�r�z�xésWn2x{zl|w����rts�zfn�sWn��Tpwv]nqpws�Øq�Wv
�l��zfuqn�rCzlx9rts���v� �Æ@�qv�pwzf��u2rts�zfn1|wv]á�u2sW|wv]pC��zf|;|wv��èrF����rw���qsWn2��zlxPØq�lnq�2×Cs��2rt�Y�'�l~q�lØqsW��s�ro��rtz��l~q~2�WsW���)¦
rts�zfn�Øq�lnq�2×Cs��2rt�/|;v�áÖuqs�|wv���v�n�rwp����ln2�/uqpws�nq�^z�xKØqu�Z°v�|ws�nq�Trwzd|wv]�quq�]v�rt�qv�~°v��lÔÕØ��lnq�2×Cs��2rt��rt����r�mG¤fÝ
p;��pGrtv���pF���'�fvyrtzÕ���lnq�2�Wvl 
��zfn��fv]n�rtsWzln��l�7I���v�pG�+pGrtv]��p@uqp;v|¶E´7¶KÁ¨°mÇÚÆ�x{zl|�|wv]�quq�]sWnq��mG¤fÝ Ø���nq�2×CsW�+rt�1|wv]áÖuqsW|;v���v�n�rtp] ·Æ@�Öuqp]�2rt�2v
nÖuq�dØEv�|Õzlx�|wv�áÖuqv]p;rwp����ln÷ØEv��qv��]|wv'��pwv��%�@�lnq� rt�qv�pG�+pGrtv]� ~Ev�|Gx{zf|w���lnq�]v1sWpÕsWn2��|wv��lpwv]�Ä  }�nqz�rt�qv]|
��v]rt�2z+��zlxI|wv��2uq��s�nq�bmG¤lÝsWpart�2v�u2pt�l�fv�zlx � � &(��� � � � �4
ßÿ � p� Õ} � �4
ßÿ � N ºÓ� 5	
5þ	� �K�'�45 � #Ó��&(
��B�
sWpT|wv]á�u2sW|wv]�Ä��×C�qsW��� ���W�Wz£×CpT��~q|wzl�f|t�l� rwzã��zfn�rts�nÖuqv/vèç+v]��u2rwsWnq�ñ��xßrwv�|^×C|;s�rwsWnq�b����r��Yrtz�rt�2v/�'�l���2v
×Cs�rw�qzfu2r@×��ls-rtsWn2�dx{zf|Òrt�qvy���)r��drtz�Ø°v=×C|;s�r;rtv�n�rtz�rw�qvy�qsWp;ÔE 
Æ@�qvbv�n���sW|wzlnq��v]n�r�zlx=�úp;uq~°v]|w�]zf��~2u2rtv]|ãëjv�  �2  -/�4���wÜ«N õ ,¦=�¤B=K? < í�s�pÕ�qsSZ°v�|;v�n�r�x{|;zf� �ñ��zfn+¦
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�fv]n�rtsWzln��l�·zfnqvl Nm rdsWp������l|w�l�]rwv�|;s{R�v]��Ø��Ñ�bx{vè× �Ó�l|;�fv�~q|wz���v]pwpwv]pdrt���)rd��zlnqpwuq��v/�Öuq�fv��l��zfuqn�rtpTzlx
��v���zf|;���lnq�b�ÒÜ¾� rtsW��vl =
lzfØqpF�l|wvan2zlrCsWn�rtv]|t�l�èrts-�fvl�2Øqu2rFpwuqØ2��s-rwrtv]��sWn1Ø���rw���N��nq��|wuqn1×C�qv]nqv]�lv�|
rt�2v�p;���qv��2uq�Wv]|����lnªIqnq�bv]nqzfuq�l�b|;v�pwzluq|w�]v�p� 
�+uq~Ev�|;��zf��~qu2rwv�|;p��l|wv�sW�2v'�l�¾x{zf|T�l~q~q��sW�'�)rtsWzlnqp=rt���)rd|wv]áÖuqsW|;v�rt�2v����lnqsW~2uq�Ó��rwsWzfnãz�x@�Ó�l|;�fv��l|w|w�£��pTzlx
����rt�2 yÆ@�qv]�ã�l|wvdv]pw~Ev��]sÓ�l�����b�l~q~q��sWv]��sWnpI�v]�W�qpa��sWÔ�v/��uqs��ã�2��n��l��sW�]p��ÄpGrt|wu2�]rtu2|t�l���+�+nq�l��s���p=zl|=pwv]sWpG¦
��zf�Wzf��� Ì[¡£§KA�ÍQ 
Ì[¡�=EÍ�~2|wv�p;v�n�rtpyp;s-çbro�+~Ev�paz�x¾mG¤fÝÞrw����ra���lnãØEvdsW�qv]n�rtsSIqv���×Cs�rw�Nro��~qsW���l�P�]zf��~qu2r��)rtsWzln��l�Kpw�]sWv�n2��vÕ�l~+¦
~q��sW�'�)rtsWzlnqp�ô�sWnq~2u2r'��zfu2rt~2u2r'���l���]v�pwp;sWnq� ���KÿON\���TNt�K��� � pGrt|;uq�]rwuq|wv]p��=�qv]Øquq�f�lsWnq�q�Fpw�]|t��rw��� I���v�p��ln2�
���qv]��Ô�~Ezfs�nÖr�¤�|wv]p;rt�l|;r� 

Synchronized Access
p;v�v�Ö$'Àf²k´¨«�®~Â Ö�´'ÀB´�®�®~ÂK®�É °�®~ÂÈÒ3Ï�·�²kÂKÐ dÖiÖ/É�Ò�¯

synchronous-global file pointer (SGFP)
p;v�v$Ò3ÖNäBÉ É�ä

T

T800
p;v�v�Ö$´%ÀKÉz°³Ò3Ï�·È\Ö�´'ÀB´�®�®~ÂK®rÉz°�®~Â2Ò3Ï�·�²kÂKÐÔ¯

T9000
pwv�v�Ö$´%ÀKÉz°³Ò3Ï�·edÖ$´'ÀB´'®³®~ÂK®.Éz°�®~ÂÈÒ3Ï�·�²kÂKÐÔ¯

task parallel program}ûr���pwÔ�~���|t�l���Wv���~q|wzl�f|t�l�Ï��zfn2pwsWpGrtpyzlx��1pwv]r�zlx�ë{~°zlrwv�n�rtsW�l�W�-�N�2sWpwp;sW��sW�W�l|�íÒ~��l|w�l�W��v��9r��lp;Ô�parw����ry~Ev�|G¦
x{zf|;�
vèç+~q��sW�]s�ra�]zf���^uqnqsW����rts�zfnã�ln2��pG��nq���q|wzlnqs{R���rts�zfnOÌ ¥BÍ5  ¹����£ÿ�����þ õ �®¹ õ � ��nq� -�-�Ë�Ë �l|wv
vèç2�l��~q��v�pCzlx�pwuq���N�Õ�W�lnq�fuq�l�fvl 

Tcl
p;v�v�¿JÆ7ÂBÇì²xÔz¶�®�Ñ§ÔìäK¿wÒ

TCP/IP
pwv�v ÔìäK¿wÒ

TIAS (Transportable Intelligent Agent System)
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Ý�Þ�ß³àkáµÝ4âaàaã
Æ9|t�ln2pw~Ezf|;rt�lØq�Wv �ML � þ°ÿ p�xj�l�W��s�n�rw�qv�s�nÖrwv�|;pwv��èrts�zfn�ØEv]ro×Iv�v]nÑrt�qv�I�v����qpTz�x@sWn�rtv]�W��sW�fv]nÖr �UL � þ°ÿ p
�ln2�Yrw�qvPI�v����bzlx�|wv]��z�rtva��zl��~qu+r���rwsWzfn2Ì�A�C�Í5 �åæ����rFsWpC��zf|wv��qs�rC���lnYrw|t�ln2pw~Ezf|;rCs-rtpwv]��xP�lp@×�v]�W�
�lpC�]zf���^uqnqsW����rtv�×Cs�rt��zlrw�qv�| �ML � þ°ÿ p] ¾Æ@�qvTpG��p;rtv]��sWp@�W�£�lv�|;v��brwzÕv�nq����nq��v���z��quq�W�l|ws-ro�f 

ÝKæèç ß�ã
I�n2�ú��Øqp;rw|t�l�èrT��v]rw�qz��qp=zlxI����nqsW~qu2�Ó��rwsWnq��zfn+¦ �WsWn2vd����rt��rt����ryp;v�|G�fvÕrt�qv�nqv]v��qpyzlxIv�n2�úuqp;v�|;p
vaå��]v�n�rt�-�Y�lnq��uqp;vTnqvèro×�zl|wÔ1|wv]pwzfu2��|wv]p�s�nÖrwv����WsW�lv�n�rt�-�wÌ A�C�Í

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
��æ/- õ ý ,�¸ú¤�����rw|ws ç ��æ/- � &(#�5	� ¤2û/Ò�É?>¹¾

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
¿JÆ1ÂKÇì²xÔz¶K®

îKó�áSà³Ý�ÞKæDð@æ à(üfã
|;v��Ó�)rts��lv��-��~Ezf|;rt�lØq��v=rtz��zGFm�PÌ~2�Ó��r;x{zf|w��p

Ý�î�î�ð@æ â�Ý�àtæ ó�òfã
ë ���l�Wv]nq���l|y���ln��l�lv�|�ôy} ��zfØqsW��vè¦ �ML � þEÿ pw��|;sW~2ryrw|t�'�fv]�Wpyx{|wzf�Ï�'�l��v�nq����|yrwzb���l�Wv]nq���l|]�K|wvè¦
áÖuqv]p;rwsWnq���'���lsW�W�lØqsW��s�ro��sWn2x{zf|;���)rtsWzln^�ln2�Õ��rwrwv���~2rtpPrwz=pwv]��uq|;vF��|wv]pwv�|G����rts�zfndx{zf|����]v�|Gr��ls�n
rwsW��vl 

ë �q�lsW�-�/nqvè×Cpw~��l~Ev�|
ë ��zfnqs-rtzf|;sWnq�2ô�pGrtz���Ô�rw|t�l�qs�nq� �ML � þ°ÿ pÒ���ln1���ln2�q�Wv��^~°zl|;rwx{zl�WsWzU����zfn2s�rtzl|wsWn2�yåøåøå �qz��è¦
u2��v]nÖrwpFx{zl|@�����lnq�fv]p

îKñ[ó�î�ð ñBã
ìav�n2nqv]rw�N�@ µö���|wÔlv]|
ª�¸��q±fqºÖ²P³���´�»K�E±4¶+»�¨Ò³¹©K��¶

æèò�ß�àtæ à���àtæ ó�òfã
�=v]~��l|;rw��v]n�r@zlxP��zf��~qu2rtv]|C�+�]sWv�n2��vl�µ�a��|;rt��zfu2rw����zf���Wv��lvl�+ö��lnqz£�lv�|��µö G §K?�FBCKC4¦�?KC+¡£§2�+�=�+}

�kñaü � ó�á ÷ ß�ã
rw|t�lnqp;~°zl|;r���Øq�Wv �ML � þ°ÿ

÷ ñ[à³ÝKæèð ß�ã
Æ@�qv�Æ@mo}a�1sW��~q�Wv]��v]n�r���rwsWzfn��'�lnYØ°vy�qs-��sW�qv]�Ys�n�rtz�rt�q|;v�vy�Ó�'�lv�|wpCzlxP��z��qvlô
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¡f CÆ@�qv�rw|t�lnqp;~°zl|;r��)rtsWzln=�Ó�'�fv]|ésWpé�)rÄrt�qv¾Ø���pwv¾�lnq�ys�pÄ|wv]pw~Ezfnqpws�Øq�Wv�x{zl|Ä��z£��sWn2�@�ln �ML � þ°ÿ  BS - , )+ý ,
�ln2�bp;z+��Ô�v]rtp��l|;v�u2pwv��Yrtz�rt|w�lnqp;~°zf|GrF�ln �ML � þEÿ x{|;zf� zfn2v����l���qs�nqv=rtz��ln2zlrt�qv]|� 

<  CÆ@�qv�sWn�rtv]|w~q|;v]rtv]|��W�£�lv�|IsWn�rtv]|w~q|;v]rtp·rt�qv �ML � þ°ÿ pw�]|wsW~+rI×C�qs����1sWp¾×C|ws-rwrtv]n/sWn/�� +Æ@�2sWpÒ���W�Wz£×Cp�rt�2v
~q|;zf�f|w�l����v�|Irtz��l�q�Ypw~Ev��]sÓ�l�Ä|;zfu2rwsWnqv]p���nq��pwv�|G��sW��v]pF×C�2sW����S ��& ���lnqnqzlrF~Ev�|Gx{zf|w�Y 

?2 CÆ@�qvyp;��|ws�~2rF�Ó�'�fv]|CsWpÒ×C|ws-rwrwv�n�sWn�S ��& �lnq�YsWpÒrw�qv��l�]rwu��l�ÓQ �l�fv�n�r�Q� 
� L � þ°ÿ p·�l|wvCp;v�~��l|w��rtv]�/sWn�rwzyrw�q|wv]v��2sWp;rwsWnq�èr�ro��~°v]p�ô��qzfpGr'��|wv]pwzfuq|;��vî¦o���ln��l�fs�nq���lnq����zlØqsW��v �ML � þ°ÿ p� 
Æ@�qvd�2zfp;r �ML � þEÿ pw�qzluq�W�b|wv��]v�s-�fv§Q |wv]�fsWpGrtv�|[Q%��nq�^Q uqnq|wv]�fsWpGrtv]|�QE��v]pwpt���fv�pFx{|wzf����zfØqsW��v �ML � þ°ÿ pa�ln2�
|wv]��zf|;�/rt�qv�sW�qv]nÖrwsSI�v]|wpÒz�x9rw�qv �ML � þ°ÿ p�zfn/rt�qv�p;��p;rwv�����rIrt���)r@~°zlsWn�rÒs�n�rts���v� ��Cv�pwzluq|w�]vè¦o���ln����fsWnq�
�ML � þ°ÿ p¾���'�fvF�l�]��v]pwp¾rtza��v]|;rt�lsWnÕsWn+x{zf|w����rts�zfnTrw����r�rw�qv]�d��s��f��r����qz�zfpwvÒrwz�p;���l|;vÒ×Cs�rt�Õzlrw�qv�| �UL � þ°ÿ p
zf|@��sW�f��r@���2z+zfp;v�rwz��l�W��z4× zlrw�qv�| �ML � þ°ÿ p@rwz���z��qs�xß�l 

TIP (Transparent Informed Prefetching)
p;v�v�Ò3Ö/É�Ò

TIP2
pwv]v|Ò3ÖïÉPÒ

TIPTOE
pwv]v|Ò3ÖïÉPÒ

TOPs (The Tower of Pizzas)
Ý�Þ�ß³àkáµÝ4âaàaã
ÆFÝaÜ�p�sWpb�Û~Ezf|Gr��lØq��vñpwzlxßro×��l|wv�p;��p;rwv�� ~2|wz£��sW�qs�nq�Éxj��p;r�~q�l|t�l���Wv]�amG¤fÝ��lnq� Ø2u�Z%v]|ws�nq�÷p;v�|G¦
��sW�]v�p/Ì[¡'¥�§EÍ5 

ÝKæèç ß�ã
~q|;z£�+s��qvy~��l|w�l�W��v��Ä������v]pwpCrtzÕ����rt��p;rt|;sW~Ev��b�l��|;zfpwpCnqz��qv]p�¤)×Izf|wÔÖpGr���rwsWzfnqp
vîç2~2�Wzfs-ri¶E´7¶KÁ¨°mÇÚÆ��lnq�K6ÚÀBÂ98�Â�²k¶KÁ¨°mÇÚÆ�rtzÕ�qs���s�nqsWp;�/�Ó�)rtv�n2�]�
ØEvyv[å���s�v�n�r��lnq�Y~°zf|Gr��lØ2�Wv

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
ä���ù Ò3Ö�¼

áµñ4ð Ý�à�ñ ÷�� ó�á��Bã
è%v]Øq|t�Yë ��&(
 � þEÿONk* � � ��� � ��|w���qs-rtv��èrtuq|;vl��uqp;sWnq�����Wzf��pGrt|;uq�]rwuq|wv]�wI���vap;��p;rwv���í
Ò3ÖPäKÉMÉ�ä^s���~2�Wv���v�n�rwp@�f�WzfØq�l�3·BÁ�´'ÀBÂ4¯�</®~Â�6	'°mÇì²�ÂBÀ4pCzlx����l|G��sWnq���µ�'�fzl|wp
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�ÓX�×°t´'Ç¾�7¿�Ä£ûNÖwÔ@�²��¿§äKÄxËdä4ä
îKñ[ó�î�ð ñBã
Ùbs������lv]�éÆP�ln%��G�sW��Ô/�Fzfu2pwpwzl~°zfu2�Wzfp]�µ��rtvè�fvTìav��W��v]�
� ����»2¸l«�c þb«°ª�º�¹þ�²�q©��,�EÿX��º�²P³5¶�����³¹©K�f¶

æèò�ß�àtæ à���àtæ ó�òfã
monqpGrts-rtu2rwvyx{zl|F}��2���lnq�]v��ã��zl��~qu+rtv�|���rwuq�qs�v�pTë5��Ùbmo}F�@�qíè�%��zf��~qu2rwv�|��+��s�v�nq�]v^�=v]~��l|Grt��v�n�r'�
�Fnqs��lv�|wp;s�ro�1z�x�ÙN��|;���Ó�ln2�Ä�E��zf�W��v��fv=ÜP�l|;ÔE�°ÙN� < §�F)¥ < �����+}

�kñaü � ó�á ÷ ß�ã
~���|t�l���Wv��°pwzlxßro×��l|;v

÷ ñ[à³ÝKæèð ß�ã
Æ@�qvTp;��p;rwv�����|w���qs-rtv��èrtuq|;v^s�p�����zf���Wv]�]rts�zfnYzlx�nqz��qv�p���zfn2nqv��èrtv��ãØ��b��xj��p;r�nqv]ro×Izf|wÔµ �õ�uq|;rw�qv�|;��zf|;vl�
v'�����ãzlx�rt�qv]pwv�nqz��qv]p=���lpa�/�ÒÜ·���%�W�l|w�fv���v���zf|;�b�lnq�Nzfnqvdzf|���zl|wv^�W�l|w�lvT�qs�pwÔÖp� a}Ì��zf���Wv]�]rts�zfnYzlx
×Izf|wÔÖp;rt��rts�zfnqp=zlnã��xj�lpGr=nqvèro×�zl|wÔ���p�×Iv��W�P�lp=���duq��rwsW~q|;z+�]v�p;pwzf|F�������qsWnqv��'��nNx{uq�SIq�W�ért�qvTnqv�v]�qp� a}
# ��� �DN;ÿ��MN\# �f� � �l|;���qs�rwv��]rwuq|wv�pws���s��Ó�l|9rtzd�y�qs�p;rt|;sWØqu+rtv���I��WvCpG�+pGrtv]�s�p·u2pwv�� Ì ¡'¥f§EÍQ P}ÁÆFÝaÜ�p�~q|;z+�]v�p;p
|wu2nqpyzfnñv'�l���únqz+�2vÕ�lnq��sWp=|;v�pw~Ezfnqp;sWØq��v�x{zf|=pwv]|;��sW�]sWnq�Y|wv]áÖuqv�pGrtp��9p;rw|ws�~qsWnq�1z£�lv�|yrt�qvÕnqvèro×�zf|;Ôµ�P�ln2�
���ln��l�fs�nq��pwv]�lv�|w�l�%��z+���l�µ|wv�p;zfuq|;��v�p] �åæ����rÒs�p���zf|wv���rw�qv�pG��p;rtv]� ���ln/ØEv��Wzl�fsW���l�W�-�^~���|;rts-rts�zfnqv���sWn�rtz
� ��&�
 � þ°ÿONt* � � �1� � �l|w���2s�rtv]�]rwuq|wv� 

TPIE (Transparent Parallel I/O Environment)
Ý�Þ�ß³àkáµÝ4âaàaã
ÆCÜ�m¹�hsWpy�qv�p;sW�fn2v���rwz��l���Wz£×û~q|;zf�f|w�l����v�|;partzb×C|;s�rwv��qs��f��~Ev�|Gx{zf|w���lnq�]v�mG¤lÝ�¦ v[å���s�v�n�rd~2|wz�¦
�f|w�l��p=x{zf|y�/�l��|wsWvèro��zlxI~q�W��rwx{zf|;��p�Ì ¡'¥f¢EÍQ �Æ@�2v�×Izf|wÔNzfnúÆCÜ�m¹� s�pap;rts��W��sWnñ~q|wzl�f|wv]pwp� �Ùbzl|wvè¦
z£�fv]|��µÆCÜ�m¹�ø���lpCrt�q|;v�vy����sWn���zf��~Ezfnqv�n�rwp�ô � ��� � *�* õ � ÿ�56���øý�þ°ÿ � �����%� � � � õ ý��t� + &����;¾
S ����þ	*�� � �«æ=þ�L�
jþ � � +'S æà� �lnq�wõ � 0¬����� õ ��þ	�UL � �Ì� õ õ �  

ÝKæèç ß�ã
p;uq~q~Ezf|;rCrt�2v�s���~2�Wv���v�n�rt��rts�zfn�zlx��qs��f��~°v]|;x{zf|;���l�]vamG¤fÝ�¦ovaå��]sWv]nÖrF~q|;zf�f|w�l��p

æèçïî�ð ñ4çzñ4ò�à³Ý�àtæ ó�ò|î�ð Ý�àmô�ó�á�çJã
Æ@�qvax{zf���Wz£×CsWn2�d��zf�^ØqsWn��)rtsWzlnqpÒ���'�fv�ØEv�v�n�rtv]p;rwv��Äô
ë ��uqnÈ¸7, � W - p;rt��rts�zfn�¦��+uqn�Ý��1¥q  ç
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ë ��uqnÈ¸7, � W - p;rt��rts�zfn�¦��+zf�W�l|ws�p�C+  ç
ë ��æ/- � &(#�56� ¦�û/Ò�É >r¾Y¡f  çY�lnq� <   ç
ë ö�Ü�¢f§f§l§d¦Iö�ÜP¦¹�·P
ë mon�rwv��9Ü�v]nÖrwsWuq� ¦Iêés�n�u�çã¡f  ç

îKñ[ó�î�ð ñBã
�a�l|;|wv]nb��|;sW�=�¾v�n2�f|wzBZ

æèò�ß�àtæ à���àtæ ó�òfã
rw�q|wv]v�s�nqp;rws�rwu2rts�zfnqp�rt�lÔlvy~��l|GrFsWn1rt�qvyÆCÜ�m¹��~q|;z)ò;v��èr'ô
�=v]~��l|;rw��v]n�rCzlx���zl��~qu+rtv�|��+�]sWv]nq��v��µ�=uqÔlvT��nqs-�fv]|wpws-ro�f�µ���+}
�=v]~��l|;rw��v]n�rCzlx�����v��]rw|ws��'�l�é��nq�lsWnqv]v�|ws�nq�q���Fnqs��lv�|;pws�ro�/zlx��=v]��×��l|wv��µ�=�+}
��v]nÖrwv�|Cx{zf|Fïav�zf��v]rw|wsW�a��zf��~2u2r���rwsWzfn%�q�=uqÔ�v^�Fnqs��lv�|wp;s�ro�l�µ�=�+}

�kñaü � ó�á ÷ ß�ã
mG¤fÝhv�n���sW|;zfnq��v�n�r

÷ ñ[à³ÝKæèð ß�ã
Æ@�qvart�2|wv�va�]zf��~°zfn2v�n�rtp@���ln�Ø°vap;v�v�nY�lpÒrw�q|wv]vy�qsSZ°v�|;v�n�r@�Ó�'�lv�|wpTë{pwv�vyõ�sW�fuq|;v <   < A�íî �Æ@�qv � õ ý sW��¦
~q��v���v�n�rtp�x{uqnq���l��v�n�rt�l��������v]pwp���v]rw�qz+�2p1ëjp;�'�ln2nqsWnq�2�H6�ÂBÀ�Ð^ÃÚ²k´�²³°t%Çæ|wzfu2rwsWnq�2�P��v�|w�lsWnq�q��pwzf|Grts�nq�q�
¯'°�·�²�À�°t«KÃ3²³°t'Ç¾�µ��nq�bØq��rt����I���rwv�|;sWnq�Öíî �õ�uq|;rw�qv�|;��zl|wvl�2s�rC~q|;z4��s��qv�pF�lnNÝyÝàsWn�rwv�|;xj����v=rtz��l~2~q�Ws��'��rwsWzfn
~q|;zf�f|t����p]  Æ@�2vpõ õ ���lp�rwz����ln��l�lvb���lsWnÉ��v���zf|;�l�ÒsWnq�]�Wuq�2sWnq�ñ��v���zf|;� �qs�p;rw|wsWØ2u2rtv]���l�]|wzfp;p
�duq�-rts�~q�Wv��������qsWnqv]p��¾sQ  vl ñs-r�����n��l�fv]pd|t�ln2�qzf� �l���]v�pwpÕ��v���zf|;�úzfn�ØEv�������xFzlxFÆCÜ�m¹� Ì[¡'¥�¢EÍ5 úÆ@�2v
+'S æ sWp�rw�qv=sWn�rwv�|;xj����v=ØEv]ro×Iv�v]nYrw�qv=mG¤fÝ#���l|;�2×Ò��|wvy�lnq�/rw�qva|wv]p;r@z�x9rw�qv=pG�+pGrtv]�b ¾mon1~��l|Grts���uq�W�l|���s�r
sWp@|;v�p;~°zfn2pwsWØ2�Wv=x{zf|C��z4��s�nq��Øq�Wz���ÔÖpCzlxP�q��r��dx{|wzl� ~q����pws��'�l�K�qs�pwÔÖp@rtzÕ����sWn1��v���zf|;�/�lnq�YØ��l��Ôµ 
ÆCÜ�m¹� ~q|;zf�f|t����pF×�zf|;ÔN×Cs�rw�ãp;rw|wv'����pazlx·���)r��/p;rwzf|wv]�ñzfnñ�qsWp;Ô�p�Ì[¡'¥�¢�ÍQ TÆ@�qv���|;v'��rwsWzfnãz�x��/pGrt|;v'�l�
zlxKzfØÖò;v��]rwp@sWpIpwsW��sW�W�l|�rtz^��|wv���rts�nq���ln�zfØ�ò;v��èrCsWn/��LïLd �} p;sW��~q�WvFvèç2�l��~q��v�sW���WuqpGrt|w��rtv]p·rw�qv=��|;v'��rwsWzfn
zlxP�lnYsWn�rtv]�fv�|@pGrt|wv��l�Yô
��&2#�* y�ù,Ð,ñ ��& éqª'«+»Uê���ÿ * ²4»�´+©Ö¸E� ì
��&2#�* y�ù,Ð,ñ ��& éqª'«+»Uê10>��ÿ * ²4»�´+©�¸4�1Òø«�©B� �"&2#%* y�ù)Ð,ñ ��& é�ª'«�»UêÇì
Æ@�qv�~q|wzl�f|t�l� x{|t�l�l��v]nÖrF���Wpwz��2v���zfnqp;rw|t��rwv�p@rt�2v�u2pt�l�fv�zlx9rt�qv � õ ý  
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application program 

AMI (Access Method Interface)

MM (Memory Manager)

BTE (Block Transfer Engine)

õ�sW�fuq|;v <   < A2ô�ÆCÜ�m¹�

translation table
p;v�v�Ö.¿K�wÔ ä

Transputer
pwv]v�Ö�´'ÀKÉz°³Ò3Ï�·ÈdÖ$´'ÀB´'®³®~ÂK®rÉz°�®~Â2Ò3Ï�·�²kÂKÐÔ¯

tuple space
pwv]v�Ør×¶E´'®rÉz°�®~Â2Ò¹ÂBÀ"�1ÂKÀ

Two-Phase Method (TPM)
Ý�Þ�ß³àkáµÝ4âaàaã

Ö.¿wÒÓÒ6ä7ûNöûs�nÖrw|wz��quq�]v�p9�FÆÒ×Iz�¦oÜ¾�q�lpwvÒÙbv]rw�qz+�y×C�qs����^��zlnqpws�p;rtpKzlx+rt�qv�x{zf���Wz£×CsWn2�Òro×�zF~q���lp;v�p]ô
ë �F��}=�Ì�F}�Æ9}ëj~q|;z+�]v�pwp;v�pF��z�zf~Ev�|t�)rtvartzÕ|wv��l�Y����r���s�nY�W�l|w�lv=���ÖuqnqÔÖp�í
ë �=mG��ÆC�Fm Q �FÆC�÷�C}�Æ�}ûëjs�nÖrwv�|;~q|wz���v]pwp@��zl���du2nqsW����rts�zfnÕsWp�u2pwv��1p;zdrt���)rÒv'�����1~q|wz���v]pwpwzl|
�lv]rtpCrt�2v��q��r���s�rÒ|wv�áÖuqv]p;rwv��µí

÷ ñ[à³ÝKæèð ß�ã
¾ Ô.Ö/ù 8�'Àxä�ÇìË�¶4'ÀBÂÅ¿$À�ÀB´'Ï�·
mG¤fÝ�~Ev�|;x{zl|w���lnq��v�sWpPØEv]r;rtv]|P×C�qv�nÕ~q|;z+�]v�p;pwzf|;p����lÔ�v@��p;���l���Ön�u2�dØ°v]|�zlxµ�qs��f�d�f|w�lnÖuq�Ó��|ws�ro��|;v�áÖuqv�pGrtp]�
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(#Kÿ����'�®¹ � �±� �ln2�d��zfn�rt�lsWnqp�vèç2�l�èrt���yrw�qv�pw�l��v
s�n2x{zf|w����rwsWzfn�zfnã���W�9nqz+�2v�p� a} ¹�
�& � ���102�'
5þ � ��� � *>* S � º & � �®¹�� � S � zlx·�l����~q|;z+�]v�p;pwzf|;p
�]zfn�r��ls�nqp�sWn2x{zf|;���)rtsWzlnæ�lØ°zlu2r�×C�qsW���Ápwv��èrts�zfn zlx^s�rwp ¹�� ���'�fv�ØEv�v]n |wv]áÖuqv�pGrtv�� ØÖ� zlrw�qv�|
~q|;z+�]v�p;pwzf|;p� 

<  ���zf���duqn2sW�'�)rtsWn2�=rt�qvF����rt��rt�q��r·���lp·Ø°v]v�n/|;v'�l��sWnÕrt�qv�I�|wpGr�~2���lpwvFrtzyrt�qvF|wv]pw~Ev��èrts��lv=~q|;z+�]v�pG¦
p;zf|wp] �Æ@�qvasWn2x{zl|w����rts�zfn�s�n�rt�2v ¹�� � SÌs�p�pwu×å��]sWv]nÖr@x{zl|Òv'�l����~q|;z+�]v�p;pwzf|�rwz�ÔÖnqz£×Á×C���)r@����rt�
rwz�ØEvypwv]nÖrFrtz�×C�qs����b~2|wz���v�p;pwzf|] 

Æ@�qvy×C�qzf��v æ S/,/õ �l���fzf|;s�rt�2� ��z+zlÔ�p@��sWÔ�v=x{zf�W��z4×CpPÌ ¡'¥K?EÍQô
¡f F�Pç+�����lnq�lv^�l�]��v]pwp�s�n2x{zf|;����rwsWzfn�×Cs�rw�Yz�rt�qv]|F~2|wz���v�p;pwzf|;p���nq��I��W�Äs�n1rt�qv ¹ � �  
<  ���zf��~qu2rwvysWn�rtv]|wpwv]�]rwsWzfnqpCzlx ¹�� �lnq�1rt�2sWp@~q|;z+�]v�pwp;zf|�Q p ¹�� �lnq��I��W�%sWn1rt�qv ¹�� � S� 
?2 ��Ò�l����uq�W��rtvÕrt�2v/��s�nqsW�^uq�
zlx@rw�qv/��z4×Iv�|¹¦oØEzfuqnq�2pd�lnq�úrt�qv/���)ç+sW�^uq� zlx@rt�2v�uq~q~Ev�|¹¦oØEzfuqnq�2p
zlx��l�W�Kpwv]�]rwsWzfnqp�sWnYrt�qv ¹�� � S rwz/�qvèrtv�|;��s�nqvyrt�qvTpw���l�W��v�p;rFp;v��]rwsWzfnN��zfn�r���sWnqs�nq�/�l���Ärt�qvT����rt�
nqv]v��qv]�bx{|;zf�rw�qv ¹��  



U
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p;v�v�ùíÖPä
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UFS (UNIX File System)
pwv]v�ÖïÉPÒÓÑÆ�2ûNùêä7û

UnCVL
p;v�vpÛwÜMØ
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3 ��²:ÒÈ���% * ²�ª4¬2©Çì 3 ªÈÒ�¯×�µª>� ì
� ��º:Ò:í2©q²4»2¸ *,$ ¯q©�«Í-Da / a1þ±í)��²	þ�íEª6þ 3 ��²	þ 3 ª	þ���©X5�ì
í2©2²4»q¸ * Ð2©Ö¸��t- � �+¸Úþ � þ &�� ù * y #! ñü0����; * ²+ª4¬+©M5�ì
í2©2²4»q¸ * Ð2©Ö¸��t- � ���¹þ±Ï þ &�� ù * y #! ñü0����; * ²+ª4¬+©M5�ì
� ±�´Ñ-èªÈÒ_�Çì�ªÈéÈ���; * ²�ª4¬+©Çì�ª%ø,øX5
^

� ±�´Ñ-®\[Ò]�ÇìÔ\[é:���; * ²+ª4¬+©ÇìÌ\"ø)øX5
^
/ qtª;s½q|\�s4Òp�Çì
� ±�´Ñ-|4Ò]�=ìKvé &�� ù * y #! ñ½ì��ø,øX5

/ qtª�s q|\�s4ø,Ò � q�)s½q�\�s10eÏ½q�ª�s½q�)s	ì
i

i
í2©2²4»q¸ * Z+´µª4»2©Ñ- � ��º�þúº�þ����; * ²�ª4¬+©M0D���; * ²�ª4¬+©M5�ì
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÷ ñ[à³ÝKæèð ß�ã
Ì�?KAEÍK�ln2�^Ì�?�F4Íé~2|wv�p;v�n�r�pwzf��vy�qv�p;sW�fn��fuqs��qv���sWnqv]pÒx{zf|?6�´%ÀB´�®�®~Â�®²<ï®~ÂÅ·BÏ�·�²kÂKÐãp]ô
ë Ü��l|t�l���Wv]�WsWp;�bôñÆ@�qs�p1sWp1��zfp;r�s���~Ezf|Gr��ln�r�x{zl|/�qsW�l� ~Ev�|Gx{zf|w���lnq�]vñ�lnq�æ�'��n ØEv��l���qs�v]�fv]�ÁØ��
~q|;z£�+s��qsWn2�Ñ��~���|t�l���Wv��@s�n�rtv�|Gxj�l��vbrtz�v]�Ws���s�n���rtvY�ln��Û~°zlsWn�rtpÕ×C�qv�|;vñ�l���]v�p;p1sWp�p;v�|;sÓ�l��s{R�v]�Ä  mon
~���|;rts���uq�W�l|��l�duq��rwsW~q��v �K��0¬#��Kÿ � þ6��� � p��l���]v�pwp·�duq�-rts�~q�Wv ý�) � þ	��� � p��)r·rw�qvCpt�l��v@rts���vC�ln2�
s�nq�qv�~Ev�n2�qv�n�rt�-�/x{|wzl� v'�l���Yzlrw�qv�|] 

ë ¸ �K�'&�� º 
(&(
{ÿ��
ë êK�'�fv]|wsWn2�q�)�Fv]�WsÓ��ØqsW��s�ro�EôE�¾v]p;rt�Cs�péØ��lp;v���zfn��C�W�'�fv�|;v��y��z+�qv]�µëjp;v�v·õPs��fuq|wv <   < Ffí%�lnq��v�pGr��lØ2�WsWp;�qv�p
rw�qv���sW�q�2�WvF�Ó�'�fv]|�ØEv]ro×Iv�v�nY�l~2~q�Ws��'��rwsWzfnqp·�ln2�/�qsWp;ÔwÌ ?KA4ÍQ��sQ  vl ��qs��f����v]�lv��E��zf��~°zlnqv�n�rtp����'�fv�rwz
ØEv¾sW��~q�Wv]��v]nÖrwv��yzfnyrtzf~�zlx��¾v�pGr��dë{vl  �q K�¾v�p;rt������p9n2z�p;uq~q~Ezf|;r9x{zf| �K��&�& � �lÿ�
 �1� Nwý�) � ¦Erw�qsWpK���lp
rwz�ØEvTs���~2�Wv���v�n�rwv���Ø��Y���Ws�Øq|t��|;�/zlnYrwzf~Nzlx��¾v�pGr���íî CÝ=nYrw�qvTz�rt�qv]|�����nq�Ä���¾v�pGr���s�pC|wv���sÓ�lØ2�Wv
rwzdrt�qvauqn2�qv�|;����sWnq����z£×�v]|@�Ó�'�fv]|wpÒrt�q��r@���'�fvarwz�~q|wz£��sW�qvap;v�|G�+s���v]pFp;uq���b�lp 0 � *>*��ML � #��%*>*>
jþ�L
�ln2��v�|;|wzf|����qv]��Ô�s�nq�Ö¤��]zf|w|;v��èrtsWzlnæë|��¿|ä�Ä/íè �ö�z£×Iv]�lv�|���s-r�~q|wz£��sW�qv]pd�l�2�qs�rwsWzfn�����x{v'��rwuq|wv]p^�Ws�Ôlv
¶BÁ3ÂE¶BÙ�6	'°mÇì²³°mÇÚÆ�zlx	I��Wv]pF�lnq�b�l�W��z4×Cp¹I��Wv]pCrwzÕØ°vyvèç+~Ezf|;rwv���x{zf|@pt�)x{v�Ôlv]v�~qs�nq��v]�Wp;v]×C�qv]|wvl 

ë �CsW����x{v���rtu2|wv�p]ô��¾v]p;rt��~q|wz£��sW�qv]pdpwv]|;��sW�]v�p�p;uq���É�lp��N�qs�v�|w�l|w���qs��'�l�·p;rw|wuq�èrtuq|;v/zlxC�qs�|wv]�]rtzl|wsWv]p��
~Ev�|;��s�pwpws�zfn�Øqs�rwp·x{zf|·v'�����|I��Wv�z£×Cnqv�|��lnq�/p;uq���q�Ws�Ôlv��2Øqu2r·rt�2v]���l|wvFnqzlrIx{uq�W�-����zf��~���rwsWØq��vÒ×Cs�rw�
vîç2s�p;rwsWnq�Õp;��pGrtv���p� 

ë ùêä�ùúÄ�pGro�+��v
�¾v�pGr��^s�p¾sW��~q�Wv]��v]nÖrwv���sWn�ro×�zdp;uqØ+¦ uqnqs�rwp�ô¾Ý=n�rt�qv�zfnqvF���lnq�Ä��rt�qv]|wvFsWpI�T�]�WsWv]n�r���sWØq|w�l|;�^�WsWn2Ôlv���×Cs�rw�
�l~q~2�WsW����rts�zfnqpF|wuqn2nqsWnq��zfn�rt�qv �K�102#3�éÿ � þ	��� � p��ézfnbrt�qvdz�rt�qv]|=���lnq�%�%rt�qv]|wv�s�p=�/pwv]|;�lv�|a|wu2nqnqsWn2�
zfn1rt�2v ý�) � þ	��� � p� ¾Æ@�qvPI���v 0 � ÿ���Nt�	�2ÿ>� s�p@�qsWpGrt|ws�Øqu2rwv����l�]|wzfp;p����W� ý�) � þ	��� � p� ·mon���zfn�rt|w�lp;rCrwz
�zGFm�Pd�q�¾v]p;r��Õ���lp;�qv�pCrt�2vNIq�Wvan��l��vasWn�zf|;�qv�|@rwz�zlØ2r��ls�n/rt�qv 0 � ÿ��)Nk�6�2ÿ�� |t��rw�qv�|Òrw���lnY��zfnqp;uq��rwsWnq�
�qs�|wv��èrtzf|G��v�n�rw|wsWv]p���nq��rw�qv��]zf|w|;v�p;~°zfn2�qsWnq� 
ÉNtþ	�¨� � p� PÆ@�qsWp 0 � ÿ���Nt�	�+ÿ�� s�p·zlnq���Õ������v]pwp;v��/×C�qv]n�rt�2v
I���vasWp@��r;r��l���2v���rtzdrt�2vT��~q~q�Ws��'��rwsWzfnpÌ ?BAEÍQ �}�nqzlrw�qv�|C�qsYZ%v]|wv�n2��v=rtzÕvîç2s�p;rwsWnq��pG�+pGrtv]��pFsWp�rw����rC���)r��dsWp
nqzlr��'�����qv��dzln �K��0¬#��Kÿ � þ	�¨� � p� Pmonqp;rwv'�l�Ä�l��v]��zf|G�aØqu�Z°v�|;p��l|;vIu2pwv��^sWnyrt�qv *]ÿ������ML � þ6��� � p.Ì ?�F�ÍQ 
Æ@�qvy~��l|w�l�W��v��°p;rt|;uq�]rwuq|wv�zlxP�JI��Wvas�p@�qv[I�n2v����)r@ro×�z��Wvè�fv���pCØÖ��rt�qvysWn�rwv�|;xj����vlô�rw�qvanqzf|;���l�5�2~q����pws��'�l�
��sWvè×àëj�qz£×ø���ln�� *]ÿ������ML � þ	�¨� � pÒ��|wvCuqpwv]�µíI��nq��rw�qv���zf�fs��'�l�2��s�v]×øzlxÄ�ïI���vl 9�¾v�p;rt�^�qz�v�p·nqzlr·p;rwsW��Ô
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persistent
distributed
data
structures

* abstract I/O nodes and disks
* partitioned files
* independent or shared access
* MIMD style
* simple buffer management
* import/export
* file checkpointing

lower levels * reliable communication
* reliable storage at each node

passing 
application

Vesta

message

UNIX fs
striped 

application
UNIX 

application
HPF 

high-level

application 
with
prefetching
and/or

 collective I/O async I/O

õPs��fuq|;v <   < F+ô��¾v�pGr���Q pF~q�Ó�l�]vasWn1rt�2v��W�'�fv�|;v��Yp;��p;rwv��

rtz1rw�qv�~2�Ö��p;sW�'�����Ó�'�fv]|�z�x@�/rt|w�l�qs�rwsWzfnq�l��I���v�p;��p;rwv��Y�PØqu+rTu2pwv�pT� < ¦¹�Þp;rw|wuq�èrtuq|;vpÌ�?�F4Í�×C�2v�|wv��§I��Wv
sWp���zl��~Ezfpwv]�ÑzlxC�b��v�|Gr��ls�n�nÖuq�dØEv�|Tzlx@~q����pws��'�l�I~��l|Grts�rwsWzfn2p��9v'�l���Ñz�xÒ×C�qsW����s�p^�Y�Ws�nqv'�l|yp;v�áÖuqv�n2��v
zlxI|wv]��zf|;�qp� �Æ@�qsWpynÖuq�dØEv�|y�'��nú�]zf|w|;v�pw~Ezfnq��rtz�rt�qvÕnÖuq�dØEv�|yzlx *èÿ����4�UL � þ6��� � p� �m x�rt�2v�nÖuq�dØEv�|
vèç+�]v�v��2p�rt�2vb����zfu2nÖrdzlx *]ÿ������ML � þ6��� � p]�Irt�2vY~q�l|;rws�rts�zfnqp���|wv1�qs�p;rt|;sWØqu+rtv��É�l�]|wzfp;p�rt�qv *]ÿ������ML �
þ6��� � pFsWnY� �4���9þ��Ê��� º 
jþ xj�lp;�qsWzlnÄ ¾}à~2�Ö��p;sW�'���9~q�l|;rws�rts�zfn1sWpC���WpwzÕ|;v]x{v�|;|wv]�brtz��lp � � &�& ëjv]pw~Ev���sW�l�W�-�
sWn1��zf|;v�|wv]��v]nÖrF~���~°v]|wp@zfn1�¾v�pGr���íî �mon�~��l|;rwsW�]uq�Ó�l|]�2� � � &(& ���ln1ØEvapwv�v]nN��p@�d��zfn�rt�lsWnqv]|Ò×C�qv�|;va����rt�
�'��nbØEvy�qv�~Ezfpws-rtv]�Yzl|���pC�Õ��sW|Grtu���� ý�) � þ6��� � Ì ?KA4ÍQ 
Æ@�qv���zf�fs��'�l����s�v]×�sWp�sWn2�qv�~Ev�nq�2v�n�r1zlxarw�qvN~q����pws��'�l�C��sWvè×ó�lnq�ø�l���Wz£×CpÕrt�qvªI��Wv�rtzÑØEv��+s�v]×Iv��æ��r
�qsYZ%v]|wv�n�rw��� ×Cs�rw�qzfu2r1���q�lnq�fs�nq��rt�2v�~q����pwsW���l��pGrt|;uq�]rwuq|wv� ���uq��� �Ñ�Wzf�fs��'�l�Ò��s�v]×ósWp�pwv]r1×C�2v�n�rt�2v
I���vbs�p�zf~Ev�n2v��Ä  Ùbzf|;v�z£�fv]|�������sWvè×�sWp�Ø��lpwv]��zfnø� < ¦¹��rtv]��~q�W��rtv��@�lnq���l�W�@|;v���zl|w�qp�xj���W�Ws�nq�ãuqn+¦
�qv]|^��pw~Ev��]sSI���rtv���~q�W��rtv�ØEv���zfnq��rtzb�Y�qs�p;rwsWnq�èrT��zf�fs��'�l��~q�l|;rws�rts�zfnãzlxIrt�qv�I��WvwÌ�?�F4Í5 ���zfnqp;v�áÖuqv]nÖrw���l�
rt�2vF�q��r��=s�n��zIq�Wv@���lp¾nqzyuqn2sWáÖuqv@pwv]áÖuqv�nq�]vl �åæ����r·s�p���zl|wvl��v��l��� � � &(& �'�lnÕ���'�fv��a�qsSZ°v�|;v�n�r¾�qv]~2rt�Ä 
mon��zGFm�PÞrt�qv�pG�+pGrtv]���'�l��� ±4¯q©�« �'��n�ØEvduqp;v��ñx{zf|=zf~Ev�n2sWnq�/vîç+sWp;rwsWnq�§Iq�Wv�py��p�×�v]�W����p=x{zf|=��|;v'��rwsWnq�
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node

63 16 8 0

entry uniq level

48 32

hashed from object name
õPs��fuq|wv <   < =2ô·��rt|;uq�]rwuq|wvyzlx�rt�qvïAl¥)¦oØqs-rÒsWn�rwv�|wnq�l�ém¹�àz�x��¾v]p;r��ÕzfØ�ò;v]�]rwp

nqvè× I���v�p� ��¾v]p;rt��~q|;z£�+s��qv�p@v]áÖuqs����l��v�n�rCzf~Ev�|t�)rtsWzlnqp��+Øqu2rCnqzlr@×Cs-rt����pws�nq�f��v=sWnqpGrt|;uq�]rwsWzfnÄôPzf~°v]nqsWn2�Õ�
I���v=sWp@����×��£��p@�qzlnqv�rtzl�fv]rw�qv�|Ò×Cs-rt���l~q~Ev�n2�qsWnq�Õ�iIq�Wvl �Æ@�Öuqp]�q�¾v�pGr���~q|wz£��sW�2v�pÒrt�2|wv�vap;v�~���|t��rwv=x{uqnq�è¦
rts�zfnqp íq©2²4»2¸ º)´2©Ö¸l»2© � íq©2²4»2¸ ±4¯�©�« �lnq� í2©2²4»q¸ ¸l»Ö»2¸l»Eº£¨  ¾�a��rt�=�l���]v�p;p�x{uqnq�]rwsWzfn2p��'�ln�ØEvÒuqp;v��ÕsWnd�
��}C��Æ@mGÝPG��1zl|��d�F�·�Òìyê9�·�q��×��'�f��×C�qsW���1�]zf|w|;v�pw~Ezfnq�2p�rtz^�/�µ�l��rt����r�sWp·sWp;pwuqv]�/×C�qv�n1uqp;sWnq�ïI��Wv
�l�]��v�p;pax{uqnq�]rwsWzfn2p� amon��1��}C��Æ@mGÝPG����l�]��v]pwp��.¶4'Ç.¶KÃ	À�ÀBÂBÇ.¶KÏê¶4'Çì²³ÀB'®9s�p��fuq�l|t�ln�rwv�v��% ^öFz4×Iv]�lv�|]�
rt�2sWp����ln��Wv��l��rtz^~°v]|;x{zf|;���ln2��v=�]zfp;r� ¾ö�v�n2��vl�q�¾v]p;rt���l�W��z4×Cp·rtzdn2v��f��v��]r@�ln1��rwzf��s��'�l������vîç+v���u+rtsWzln1zlx
I���v��l���]v�p;pTzf~Ev�|w��rts�zfnqp]�Äv�p;~°v]��sÓ���W���bsWnã���lpwv]p�×C�2v�|wv��l�]��v]pwpwv]p^��|wv�pwu2|wv�rtz�ØEv�nqzfn+¦ ��zfn��qsW�]rwsWnq� Ì ?�F�ÍQ 
ÖNä7û×�PÒú�l~q~q��sWv]p@��p;sW��sW�W�l|I�]zfnq�]v�~2r�Ø��1uqpws�nq�Õp;rt�lØq�Wv��ln2���lzf�Ó�)rtsW��v�rt|w�lnqpw�l�]rwsWzfnqp] 
}��-rt�qzluq�f���¾v�p;rt�����lpF�qs�|wv��èrtzf|;sWv]p��E��I���vyn��l��vTs�p�����pw�qv]��sWn�rtz���¥K=)¦oØqs-r@���l�Wuqvys�nNzf|;�qv�|Crtz��fv]rFrt�2v
0 � ÿ���Nt�6�2ÿ�� zlxérw�qvzI���vl �Æ@�qs�pÒ¥�=)¦ Øqs�r¾���l��uqv�s�p�sW��~Ezf|;rt�ln�r·x{zl|Irt�2vPAl¥�¦ Øqs�rIsWn�rtv]|wn����°m¹�d E¡�A^zlxérw�qv�¥K=
Øqs-rtp·�l|wvF���lp;�qv���rtz�zfØ2rt�lsWnÕrt�qv ý�) � þ6��� � rw����r·pwv]|;�lv�p@�lp·� 0¬�'*]ÿ � �dþ	��� � x{zf|�rt�2vMI���vl �Æ@�2v�nqvîç�r
¡�A1Øqs-rtp=�qvaI�nqv�rt�2v�zlØ�ò;v��èr�rt�lØq��vdzfnãrt�qv 02�'*]ÿ � �ãþ6��� �  ^Æ�z�pwu2��uq~Ä�ért�2v�Al¥�¦oØ2s�r=m¹� ��zlnÖrt�lsWn2py�
uqnqs�áÖuqvTm¹�d��rw�qvïIq�Wv�n��l��vl�µs�rwpFz£×Cnqv]|�m¹�d�µ�f|;zfuq~Ä�E�lnq�N�l���]v�p;p=~°v]|w��sWp;pwsWzlnqp����]|wv'�)rtsWzlnÄ�E�l���]v�pwp]�Ä�ln2�
�Ó��p;ry��z+�qsYI��'�)rtsWzlnbrts���v]p��Ärw�qv�nÖuq�dØEv�|yzlx � � &(& p]�%rt�qvÕnÖuq�dØEv�|azl|auqnqs�rwpa×Cs�rt�2sWn�rt�2v � � &(& �é�lnq�ãrt�2v
��u2|w|wv]n�r¹I���vCp;r��)rtuqpzÌ ?BA4Í5 �Æ@�qv��W�lp;rì=yØqs-rtpFëj���l�W��v��Õ�Wvè�fv]�ßí�nÖuq�dØEv�|�rt�qv � � &�& p�zlx%�NIq�WvCzfn����fs-�fv]n ý�) �
þ6��� � ëjpwv]v^õ�sW�fuq|;v <   < =�íè 
Æ@�qv/�2sW|wv]�]rwzf|;����v�n�rts�zfnqv����lØEz4�lv/sWpTzfnq�-�ñuqpwvèx{uq�Ix{zf|yrt�2v/uqpwv]|^rtzbzf|w�f�lnqs{R]v�rw�qv|I���v�pTsWn�p;uqØq��sWp;rwp��
Øqu2r�sWpÕnqz�r�|;v�áÖuqsW|;v��ÛØÖ��rw�qv�I��Wv�p;��pGrtv�� x{zf|�I���v 0 � ÿ>��Nk�6�2ÿ��  æö�z£×�vè�fv]|��PÌ�?KA�Í����Wpwzú�l�q�2p�p;zf��v
�q|w�£×CØq�l��ÔÖp���zlnq��v]|wnqs�nq��rt�qvyuqp;vTzlx����lp;�Yrt�lØq��v�p�ô

ë nqzÕ�]zfn�rt|wzl�éz4�lv�|��l���]v�p;p�uqp;sWnq�Õ�qs�|wv]�]rtzl|;�1~Ev�|;��s�pwpws�zfn1Øqs-rtp
ë nqzÕ��sWnqÔÖp
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ë |;v�n��l��sWn2��sWpC�drts���va�]zfnqpwu2��s�nq��~q|wz���v]pwp
VFCS (Vienna Fortran Compilation System)

p;v�v±Ü�°tÂKÇÓÇ.´HÉr'Àf²�ÀB´'ÇìÑ Ü�°mÖNä7û/Ò

ViC* (Virtual-Memory C*)
Ý�Þ�ß³àkáµÝ4âaàaã
��sß�·¶as�nqs�rwsÓ�l�����y×��lpÒ����zf��~qsW��v�|¹¦o�Ws�Ôlv@~q|;v�~q|;z+�]v�p;pwzf|·x{zf| ���éÿON\���ÁNk�K��� � Û�¸CØ2u2rNÌ�?�C�Í°|wvèx{v�|;pIrtzTs�r
�lp=����zf��~qs��Wv�|] =Æ@�qvds�nq~qu2r=sWp=�Å¯¨´�²�´ö6�´'ÀB´'®³®~ÂK® Û�¸�~q|wzf�l|t�l��×Cs�rw��~��l|w�l�W��v��é���l|wsW�lØq�Wv]p=�ln2�
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Vienna Fortran Compilation System (VFCS)
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VIP-FS (VIrtual Parallel File System)
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Application Layer

Message-Passing
        Library
       Daemon

Interface Layer

PVF Layer

Application  Process

IDD Layer Process

Local File System

P V F S Network Interface
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ViPIOS (Vienna Parallel Input-Output System)
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IBL, group operations, automatic preallocation of resources + / +

+ / + - / - / + - + + + + + + - +
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co
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l

+ +

+ +

+ 18 four I/O modes

+ + OO, ease-of-use

+ / + + / - / + + - + + + + - - - - - 15, UNIX 3d structure of a file

+ 13, 21 hierarchical clustering, ASF, storage objects

+ + 11

17

disk level parallelism

I/O in parallel wherever possible17

+ 13, 15

+ / + + / + / + + + + + + + + 23 I/O for metacomputing environment

+ / + + + + + + + 3, 17, 23

7, 10

+ + + 17 three types of threads

+ / + + + ++ + + 12, 14

+ + 14 three layers

+ / 

+ / 

  /   / +

Annotation:  + ... "is supported"

IBL, group operations, automatic preallocation of resources 

- - - +

UNIX,15,24,25

- ... "is not supported"
DM ... distributed memory
SM ... shared memory
Numbers listed at "implementation platform" represent machines stated at Table A.1.
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institution

ADIO Dartmouth College

CVL Dartmouth College

+ / + + / - / + + + + - + - - + - + + strategies for implementing APIs15, 17

/ + / 6 vector operations

DDLY University of Malaga / + / + + VDS, IDS

Jovian University of Maryland + / + /    / + + + + 14, 17

MPI MPI Forum + / + + / + / + + + + derived data types, communicators

MPI-2 MPI Forum + / + + / + / + + + + + +

MPI-IO + / + + / + / + + + + + I/O for MPI

Multipol University of California + / + - 3, 14, 17

Panda University of Illinois + / + + / - / - + - + + + + - + - server-directed I/O, chunking, data compression

PASSION University of Syracuse + / + /    / + + + + + 15, 18 TPM, irregular problems

PVM Oak Ridge National Laboratory, University of
Tennesse, Carnegie Mellon University + / + + / + / + + + + + Master-slave, metacomputing

ROMIO Darmouth College + / + + / - / + + + + - + - - + - + + UNIX

TPIE Duke Uni., Uni. of Delware 8, 23

ViPIOS University of Vienna + / + ++ +

Annotation:  + ... "is supported"

15,16, 17

MPI-IO Committee

- ... "is not supported"
Numbers listed at "implementation platform" represent machines stated at Table A.1.

global, distributed view

I/O for MPI

PD, distributed data structures

portable implementation of MPI-IO

+ / + / + + + + + + + influence from DB technology15
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ADOPT Syracuse University

Agent Tcl Dartmouth College

CHANNEL Syracuse Universiy

prefetching scheme

transportable agent

communication, synchronization

CHAOS University of Maryland coupling multiple data-parallel programs

ChemIO Scalable I/O Initiative

disk-directed I/O Dartmouth College

EXODUS University of Wisconsin OO database

Global Arrays Parcific Nortwest Laboratory interface (combination of DM and SM features)

Fortran D Rice University programming  language based on Fortran77

OPT++ University of Wisconsin OO tool for DB query optimization

Pablo University of Illinois performance analysis tool

prefetching scheme

Paradise University of Wisconsin OODB approach of EXODUS

PARTI University of Maryland subset of CHAOS; toolkit

PRE University of Maryland code optimization

RAPID Duke University file system testbed

Scotch Carnegie Mellon University testbed

SHORE University of Wisconsin persistent object system

TIAS Dartmouth College transportable agent

TOPs University of Maryland portable software for fast parallel I/O

ViC* Dartmouth College C vectory library; compiler

new ideasdescriptioninstitutionname

access of logical blocks on physically distributed machines 

OODB (basis for SHORE)

caching, prefetching, collective I/O

services, high performance network software
guidelines for language features, compiler, system support

mapping between data structures

transportable agent, migration

data decomposition

SDDF

irregular problems

IPRE (redundancy)

testbed: buffering and prefetching

DAC, TIP, disclosure

SDL

agent, migration

for out-of-core C* optimizes via loop transformations; includes library of 
optimal algorithms for the Parallel Disk Model

channls for communiction 
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APPENDIX A. OVERVIEW OF DIFFERENT PARALLEL I/O PRODUCTS
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+ / -
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+ / - / - + +p + + + + + - - -

+ / - + / - / - - + - - - + + - - - - 1

- / + - / -/ - - - + - - - - + - - - UNIX

+ +
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ns
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g

+ / ? +

? / + + + + 22

+

+ / + ? / ? / + + + + 14, 17, 18, 19

+ / ? / ? + UNIX

23

16

17

+ + 16, 18

16

- /- +

+ +

+ - 8, 9

7, 10

+

Annotation:  + ... "is supported"

- ... "is not supported"

p ... possible

15

Numbers listed at "implementation platform" represent machines stated at Table A.1.
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APPENDIX B. PARALLEL COMPUTER ARCHITECTURES
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� ?p¸! bp« ¾ ¨Ìã º�è §p&Å «tÒn±¬´ ¾�¦pÀ ¨�°�Ï®µÛ�× º!: Ï±Ô·�È ¾ §=Û ¦ §p¨�°Sb�§!·�®µÈcÕ º ãæÏ®¶¨�´ ¾�ºbì i ½ ®µ¨�È&±¬Ç�ªÔ®ôë�ªÔ®ôÈ Â È ½ ®¶·�È
f ì =|ãc× g á À ¨�«�Ç
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�pþ��Sl�ülü�� ý3&��pû ý3$�þ�� ¦ Å�§p©�®µÈ ¡=¸2¡	����7!¹�¦�ð «� ½ ª²§p¨�° ¦æä4»s¦æä ´ ½ «�Ç ®¶ ¡t¸�¸!¹�ºbÀ Õ Î ð Ï®¶ÈÏÈ º

� í�7! sè ®¶¨ è ®¶¨�¨b®¶° Â §p¨b° Ð ªÔ&±¬´ ¾sè Ï®¶·�®¶ ºp¯ ¨�± ½ ±²§!ª!ÉÍ¿§!·�® Û�«�Ïç6ÉÍ«�|§ ¼n½ «�·�§ ½ ±¬´Ñ°�§ ½ §�ª²§ Â « ¼n½ ±Ô¨4ÉÍ«� ½ ¿§p¨° á8À È ¾ «� ½�¼ Å °�§ ½ ®Æ«�¨(§Ì´¶§pÈ&®sÈ ½&¼ ° Â�º8Ä ®¶´ ¾ ¨b±Ô´=§!ª Ï®¶Å «� ½¶¦ b ¼ ª Â�¡t¸�¸�`bº Õ »Ãð ÕôÊ Ä�»q¸�`�`/�!¹ Ê�× º
� í2¡0 sè ®¶¨ è ®¶¨b¨�®¶° Â §!¨�° : ®µ¿§pª¬° » « ½¿¾�º Õ�«�¨ ½ ®ti ½ «�Å ½ ±Ô·�± " § ½ ±¬«�¨�ÉÍ«p�È&±¬·�°�®tib®µ´ ¼b½ ±Ô«�¨ º*Ä ®¶´ ¾ ¨�±¬´=§pªÏ®¶Å «� ½¶¦�À Å�Ï±Ôª ¡t¸p¸�`bº Õ »£ð ÕôÊ Ä�» ¸�`�`�7�� Ê�× º
� í/�) ÆÄ ¿§p´ Âåè ±Ô·;Çb&®¶ª ¦!À ¨�°�Ï®µÛ Ä «�·�ç±Ô¨�È ¦»sº Ý ¼ ©�« ð § ½&½ ®¶ÏÈ&«�¨ ¦(A Ï±²§p¨ A ®¶&È ¾ §p° ¦ð ®¶± ÕÚ§p« ¦ì °nÛÚ§pÏ°ã�®¶ª ½ ®µ¨ ¦�: §p ½¿¾�: ±ÔÇ�ÈÏ«�¨ ¦�À ¨b¨�§ »sº�è §p&ª¬±Ô¨ ¦ §p¨b° è §!±Z=x± ºqÀ ½ ¿§p´µ® Ê °�&±ÓÒ�®¶¨�´µ«�·�Å�§p&±¬È&«�¨�«pÉ§pª¬©�«�Ï± ½¿¾ ·�ÈcÉÍ«�fÅ�§p¿§!ªÔªÔ®µªæÅ�&® ÉÍ® ½ ´ ¾ ±Ô¨�©Ì§!¨�°�´=§p´ ¾ ±Ô¨�© º ¯ ¨ ÿ#�5$�&%�%���pý¡þ(')��$�+6ûÍ�,�¥Jlölö(z*ó��)�6ü,$�� ý¡�(�

$�þzú�ü,�	���pû ý¡þ(';ó��8� û��	���_y�%� ý.'pþ��pþ��Á¢t�6ü����	�W� þ�û��pû ý3$�þ�¦ Å�§p©�®µÈ ¡t¸��9`p¹�º
Ð × ì£@£¯��qÀ ÈÏÈ&«
´¶±Ô§ ½ ±¬«�¨ ¦ä ´ ½ «�Ç ®¶ ¡t¸�¸��nº
� í�`! s³ §=Ò
±Ô° è « ½5"!º�Î�¼ ª ½ ±ÔÅb&«
´¶®¶ÈÏÈ&«��ë�ªÔ®ÌÈ Â È ½ ®¶·?±¬¨ ½ ®¶�É §p´¶®µÈ ºÌÄ ®¶´ ¾ ¨b±Ô´=§!ª » ®¶Å «� ½sð Õd×lÊ Ä�»£¸/� Ê ¡�?p¸b¦³ ®µÅ ½=º «pÉ Î § ½¿¾ §p¨�°*Õ�«�·�Å ¼b½ ®µÖ×
´¶±Ô®µ¨�´¶® ¦�³ §p ½ ·�« ¼b½&¾ Õ�«pªÔªÔ®µ©�® ¦!Î §!&´ ¾/¡t¸p¸/�nºl» ®µÒ
±ÔÈÏ®¶°sÒ�®¶ÏÈ&±¬«�¨§pÅbÅâ®¶§p&®µ°�±¬¨ ð8³�¯ ×]¦ ¸�`bº
� íp¹� s³ §=Ò
±Ô° è « ½5"!º Äd¾ &« ¼ © ¾ Å ¼n½ «pÉ6®	in±ÔÈ ½ ±Ô¨b©ï· ¼ ª ½ ±¬Å�&«
´¶®µÈ&È&«p;ë�ªÔ®hÈ Â È ½ ®¶·�È º�Ä ®¶´ ¾ ¨b±Ô´=§!ª » ®¶Å «� ½ð Õd×Ê Ä�»Ã¸�` Ê ¡t¸�7n¦�³ ®¶Å ½=º «!É Î § ½¿¾ §!¨�°hÕ�«�·�Å ¼b½ ®µ�×n´µ±Ô®¶¨b´¶® ¦�³ §p ½ ·�« ¼n½¿¾ Õ�«�ª¬ªÔ®µ©�® ¦bÎ § Â�¡t¸p¸�`bº
� í/�) s³ §=Ò
±Ô° è « ½5"!º�³ ±¬È&ç�ÊË°�±¬&®µ´ ½ ®µ° ¯�à�ä ÉÍ«�8§p¨�« ¼b½ ÊË«pÉ²Ê ´¶«�Ï®Ú´¶«p·�Å ¼n½ § ½ ±Ô«�¨ ºæÄ ®¶´ ¾ ¨b±Ô´=§!ª » ®¶Å «� ½ôð Õd×lÊÄ�»£¸/� Ê ���+¡�¦�³ ®µÅ ½=º «pÉcÕ�«p·�Å ¼n½ ®¶Ã×n´µ±Ô®µ¨�´¶® ¦æ³ §p ½ ·�« ¼n½¿¾ Õ�«�ª¬ªÔ®¶©p® ¦ b�§p¨ ¼ §! Âã¡t¸p¸/�nº
� í��! s³ §=Ò
±Ô° è « ½5"pºêì inÅ�§!¨�°�±Ô¨b© ½¿¾ ®/Å « ½ ®µ¨ ½ ±²§pªÖÉÍ«ps°b±ÔÈ&ç�Ê °�±ÔÏ®¶´ ½ ®¶° ¯�àpäÌº/Ä ®µ´ ¾ ¨�±Ô´¶§pª » ®µÅâ«� ½Áð Õd×lÊÄ�»£¸/� Ê ���!¹�¦�³ ®µÅ ½=º «pÉcÕ�«p·�Å ¼n½ ®¶Ã×n´µ±Ô®µ¨�´¶® ¦æ³ §p ½ ·�« ¼n½¿¾ Õ�«�ª¬ªÔ®¶©p® ¦æÎ §!&´ ¾�¡t¸�¸/�nº
� í/?) s³ §=Ò
±Ô° è « ½5"!ºf¯ ¨ ½ ®¶ÏÉ §!´¶®¶È�ÉÍ«�d°�±¬È&ç�ÊË°b±Ô&®µ´ ½ ®¶° ¯�à�ä;ºôÄ ®¶´ ¾ ¨�±Ô´¶§pª » ®µÅâ«� ½Ãð Õd×lÊ Ä�»£¸/� Ê ��?�7b¦�³ ®µÅ ½=º«pÉÖÕ�«�·�Å ¼b½ ®¶Ã×n´¶±¬®¶¨�´µ® ¦ ³ §p ½ ·�« ¼b½¿¾ Õ�«pªÔªÔ®µ©�® ¦ ×n®¶Å ½ ®¶·*Çâ®µ ¡=¸�¸/�nº
� í�í! s³ §=Ò
±Ô° è « ½5" §p¨�° Ä ±Ô¨�©�ÕÚ§p± º�ì ibÅbªÔ«�Ï±Ô¨�© ½¿¾ ® ¼ ÈÏ®ï«pÉ ¯�à�ä ¨�«
°�®¶ÈhÉÍ«��´¶«�·�Å ¼b½ § ½ ±¬«�¨ ±Ô¨�§Î�¯�Î�³ · ¼ ª ½ ±ÔÅ�Ï«n´µ®¶ÈÏÈ&«� º�Ä ®¶´ ¾ ¨�±¬´=§pª » ®¶Å «� ½6ð Õd×Ê Ä�»£¸p¹ Ê ��`/�n¦æ³ ®µÅ ½=º «pÉôÕ�«p·�Å ¼n½ ®¶6×n´µ±Ô®¶¨b´¶® ¦³ §p ½ ·�« ¼b½&¾ Õ�«�ªÔª¬®¶©�® ¦æä ´ ½ «pÇâ®µ ¡=¸�¸p¹�ºc» ®µÒ
±¬È&®¶° ��à��!7làp¸/�nº
� í�¸! s³ §=Ò
±Ô° è « ½5" §p¨b° @ ±Ôª¬È @ ±Ô® ¼ Û�®ËØ&§�§p ºå³6Â ¨�§!·�±¬´;ë�ªÔ®�Ê §p´µ´¶®¶ÈÏÈÆ´ ¾ §p¿§!´ ½ ®µ&±¬È ½ ±¬´¶ÈÆ«pÉ�§hÅb&«
° ¼ ´ ½ ±Ô«�¨Å�§!¿§pª¬ªÔ®¶ª4ÈÏ´¶±¬®¶¨ ½ ±Óë�´�Ûf«�Ïç
ª¬«l§p° º ¯ ¨ ÿ>�5$�&%�%���pý¡þ(')�¡$�+�óæ�tü,�	�5&%$)�6ü �nû ý¡þ(' õ ö0ª�¦ Å�§p©p®¶È �p¹/78�9�!¹l¸b¦éï§pÈ ¾ ±Ô¨�© ½ «�¨ ¦�³ Õ ¦�@ «tÒ�®¶·*Çâ®µ ¡t¸p¸p¹�ºb¯ ì8ì8ì Õ�«�·�Å ¼b½ ®¶Ã×n«
´¶±Ô® ½ËÂ�ð &®µÈ&È º
� ¸�7! s³ §=Ò
±Ô°zã ºxè « ½�" §!¨�° ÕÚ§!&ª²§h×n´ ¾ ª²§ ½Ï½ ®¶ ì ªÔª¬±ÔÈ ºåð Ï®µÉÍ® ½ ´ ¾ ±¬¨�©�±¬¨�ë�ªÔ®ÌÈ Â È ½ ®¶·�ÈÁÉÍ«p Î�¯�Î(³ · ¼ ªÓÊ½ ±ÔÅ�Ï«n´µ®¶È&ÈÏ«�&È ºm¢%TXTXT¶}����pþ��0�(& û ý3$�þ��´$�þßÿ������������	�\�pþ��v4ý�� û^��ý��¶�
û�����ó��8� û��	��� ¦C¡nf3��g�áh��¡tí8����`�7b¦À Å�&±¬ª ¡t¸�¸�7nº
� ¸2¡0 sÐ ªÔ&±¬´ ¾�è &®µ·�®µ º"ÀÃ¼b½ «�·�§ ½ ±Ô´�°�§ ½ §"ªÔ§ Â « ¼b½ ÉÍ«�*°b±ÔÈ ½ &±¬Ç ¼b½ ®µ°nÊË·�®¶·�«� Â ·/§p´ ¾ ±Ô¨�®µÈ º�Ä ®¶´ ¾ ¨�±¬´=§pªÏ®¶Å «� ½¶¦ ãæ®µÇ� ¼ §p Âã¡=¸�¸�`bº Õ »£ð ÕôÊ Ä�»£¸�`/�p¸p¸ Ê�× º
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� ¸/�) sÐ ªÔ&±¬´ ¾hè Ï®¶·�®¶ ¦ bp« ¾ ¨ Î ®¶ª¬ªÔ«� Ê�Õ� ¼ ·�ª¬® Âp¦bè ®¶¨ è ®¶¨�¨b®¶° Âp¦ §!¨�° À ª²§p¨hÕÚ§!&ªÔ® ºcÀ6¼b½ «�·�§ ½ ±¬´�°�§ ½ §ªÔ§ Â « ¼b½ ÉÍ«�8°�±¬È ½ Ï±ÔÇ ¼n½ ®¶°
ÊË·�®¶·�«� Â ·/§!´ ¾ ±Ô¨�®µÈ8±Ô¨ ½¿¾ ®�°�Å�&«�©p¿§p·�·�±¬¨�©�®µ¨Ò
±¬&«�¨�·�®¶¨ ½¶º�Ä ®¶´ ¾ ¨�±¬´=§pªÏ®¶Å «� ½¶¦ ãæ®µÇ� ¼ §p Âã¡=¸�¸�`bº Õ »£ð ÕôÊ Ä�»q¸�`��p¸�í Ê × º
� ¸�`! Áä &&§p¨ è Ï±Ô®¶©p®¶ º���CÖó]�;l¸·K����ý��0���K³X���u�	��� û��	�¹+4$)�R�¥�����5����V��W�	�W$)�t�q�Ì�9� û ý ü��5$�&%�%�%��$)�%� º/ðc¾�³½&¾ ®¶ÈÏ±ÔÈ ¦æÐ ¨�±¬Òp®¶ÏÈ&± ½ËÂ «!É Ä «�&«p¨ ½ « ¦æä ´ ½ «�Ç ®¶ ¡t¸�¸p¹bº
� ¸p¹� Áä &&§p¨ è &±¬®¶©�®µ ¦nè §!&&®µ¨ » ®µ±Ô° ¦ §p¨�° Î ±¬´ ¾ §p®µªx× ½&¼ ·�· º�ì inÅ�ª¬«�± ½ ±Ô¨�©Á·/§!Å�Åâ®µ°/ë�ª¬®¶È�ÉÍ«��Å�§p¿§!ªÔªÔ®µª± à « ºÖ¯ ¨ ó�ÿX�ÿ ¤a$)�5E��¥�,$¥ü¡$�þ�Yk$0�(�	� ý¡þ('r�pþ���ó�ü,�%& ý ³�&��pû ý3$�þk$�+Ã¢ ù�úÚ¦�ä ´ ½ «�Çâ®µ ¡t¸�¸/�nº
� ¸/�) Áä &&§p¨ è Ï±Ô®µ©�®¶Æ§p¨b° Î ±¬´ ¾ §p®µª�× ½¿¼ ·�· º ÝÃãc× á § ® ®	in±¬Ç�ªÔ®Ìë�ª¬®�È Â È ½ ®µ·?ÉÍ«�4ª²§pÏ©�® Ê È&´¶§pªÔ®Ì· ¼ ª ½ ±jÊÅ�Ï«n´µ®¶ÈÏÈ&«�ÏÈ ºh¯ ¨ ÿ#�%$�&%�%���pý¡þ(')�§$�+åû¡�,�rJlölö�NDKlyH�ó�ù�ÿ6��ó��)�6ü,$�� ý¡�9�Ì¦ Å�§p©�®µÈ �8�µ¡=¹�¦ Ý6§p¨�«tÒp®¶ ¦

@ Ý ¦ b ¼ ¨�® ¡t¸�¸�`bº�³ §p ½ ·�« ¼b½&¾�¯ ¨�È ½ ± ½¿¼n½ ®4ÉÍ«� À °nÒp§!¨�´¶®µ° : ¿§p° ¼ § ½ ®s× ½&¼ °�±¬®¶È º
� ¸��! Áä &&§p¨ è Ï±Ô®µ©�®¶ ¦ Î ±Ô´ ¾ §!®¶ª�× ½¿¼ ·�· ¦ §p¨�° » «p¨�§pªÔ° Ð ¨�¿§ ¼�º�Äd¾ ® À ª¬ªÔ«
´Æ× ½ Ï®=§p·Üãæ§p´µ±Ôª¬± ½ËÂ ácÀ &® Ê°�®µÈ&±¬©�¨å«pÉâ§pÅ�Å�ª¬±Ô´=§ ½ ±Ô«p¨nÊËª¬®µÒ�®µªÈ ½ Ï®=§p· ¯�à�ä;º�Ä ®µ´ ¾ ¨�±¬´=§pª » ®¶Å «� ½ Õd× »�¯ Ê ��?��
¦ Õ�«�·�Å ¼b½ ®µô× Â È ½ ®¶·�È» ®¶ÈÏ®=§pÏ´ ¾(¯ ¨�È ½ ± ½&¼b½ ® ¦æÐ ¨�±ÓÒ�®µ&È&± ½ËÂ «pÉ Ä «�Ï«�¨ ½ « ¦bÄ «�Ï«�¨ ½ « ¦ ÕÚ§!¨�§p°�§ ¦ ÎD� × ¡¶À^¡�¦æä ´ ½ «�Ç ®¶ ¡t¸p¸/�nº
� ¸/?) ÆÀ ÏÒ
±Ô¨�° è &±¬È ¾ ¨�§p· ¼  ½¿¾lÂ�¦ × ½ ®µÒp®¶¨�= ¼ ·�® ½&½ § ¦�³ §=Ò
±Ô° ìdº Õ ¼ ª¬ªÔ®µ ¦ §!¨�° è § ½¿¾ ®µ&±Ô¨b® � ®¶ªÔ±¬´¥ç º Õ�«�¨nÊ¨�®µ´ ½ ®¶°å´¶«�·�Å «�¨�®¶¨ ½ ÈÖ«�¨;°�±¬È ½ &±ÔÇ ¼b½ ®µ°;·�®µ·�«p Â ·/§!´ ¾ ±Ô¨�®µÈ ºbÐ ¨�±ÓÒ�®¶ÏÈ&± ½ËÂ «pÉâÕÚ§pª¬±¬ÉÍ«�Ï¨�±²§�§ ½°A ®¶Ïçp®�Êª¬® Â�º
� ¸�í! × º!è4¼ « ¦�Îzº é ±¬¨�È&ª¬® ½Ï½=¦�èÌº ×n®¶§p·�«p¨�È ¦!�;º Õ ¾ ®¶¨ ¦��;º Õ ¾ « ¦ §p¨b° Îzº × ¼ Ç�&§p·/§!¨�±²§p· ºlÀ ÅbÅ�ªÔ±¬´=§ ½ ±Ô«�¨®tibÅ ®¶Ï±Ô®µ¨�´¶®ÚÛ�± ½¿¾ Å�§!¿§pª¬ªÔ®¶ª±¬¨�Å ¼b½¥à « ¼b½ Å ¼b½=á ð §p¨�°�§4§p¨b° ½¿¾ ® ¾2` ®	inÅ�Ï®¶È&ÈÏ«ÆÇ�ª²§p´¥ç ¾ «�ª¬®�ÈÏ±Ô· ¼ ªÔ§ ½ ±¬«�¨«�¨ ½¿¾ ®"ÈÏÅ �nºqÐ ¨�±¬Òp®¶ÏÈ&± ½ËÂ «pÉ ¯ ª¬ªÔ±¬¨�«�±ÔÈ�§ ½/Ð ÏÇ�§p¨�§ÙÊ�Õ ¾ §p·�Å�§p±¬©�¨ ¦d³ ®µÅ�§p ½ ·�®¶¨ ½ «pÉÁÕ�«p·�Å ¼n½ ®¶×n´µ±Ô®µ¨�´¶® º
� ¸�¸! sì °bÛ�§p&° èÌº =|®µ® º ×
«pÉ ½ ÛÚ§!&®�§p¨b° Åâ®µÏÉÍ«�Ï·/§!¨�´¶®�±ÔÈ&È ¼ ®¶È*±Ô¨ ½&¾ ®ê±Ô·�Å�ª¬®¶·�®¶¨ ½ § ½ ±Ô«�¨%«pÉd§ »£ÀÃ¯ ³Å�Ï« ½ « ½ËÂ Å ® ºÆÄ ®¶´ ¾ ¨b±Ô´=§!ª » ®µÅâ«p ½4Ð Õ Adà Õd× ³ ¸�7�à���?�`b¦âì8ì Õd× ¦|Ð ¨�±ÓÒ º ÕÚ§pª¬±¬ÉÍ«�Ï¨�±²§�§ ½¥A ®¶&ç!®¶ª¬® Â�¦Î § Âñ¡t¸p¸�7bº
� ¡�7�7! sì °bÛ�§p&° èÌº =|®µ® ¦4ð ® ½ ®¶ Îzº Õ ¾ ®¶¨ ¦ bp« ¾ ¨�Ý º Ý6§! ½ ·�§p¨�¨ ¦ÃÀ ¨�¨~= º Õ ¾ ®µÏÒp®¶¨�§pç ³ &§pÅâ®¶§ ¼�¦ìÖ½¿¾ §p¨I= º�Î ±¬ªÔª¬®¶ ¦â» §p¨�° Â Ý º�è § ½5"!¦�: §p ½&¾"À*º6: ±¬Ç�È&«p¨ ¦ §p¨b° ³ §=Òn±¬° À*ºâð § ½&½ ®µ&ÈÏ«�¨ ºÆ» §p±Ô°nÊ ±Ô± áÀ È&´¶§pª²§!Ç�ªÔ®4È ½ «�Ï©l§p®Æ§pÏ´ ¾ ± ½ ®¶´ ½&¼ &®4ÉÍ«� ¾ ±Ô© ¾ Ê Ç�§p¨�°nÛ�±Ô° ½&¾ ¨b® ½ Ûf«�&çêë�ª¬®4È&®µÏÒ
±Ô´µ® º
� ¡�72¡0 sì °bÛ�§p&° èÌº =|®µ®�§p¨b° » §p¨b° Â Ý º�è § ½�"pº|À ¨ê§p¨�§pª Â
½ ±Ô´£Åâ®µÏÉÍ«�Ï·/§!¨�´¶®Ã·�«
°�®¶ªæ«pÉ|°b±ÔÈ&ç�§pÏ¿§ Â È º ¯ ¨ÿ#�5$�&%�%���pý¡þ(')�¥$�+6û¡�,�¥Jlölö�N�l;�mY?óæý.'��W� û���ý3&%�Ì�#$�þ4+4�	�5� þ6&%�*$�þ§Yc���)� �(�5�	�W� þ�ûX�pþ��yYk$0�(�	� ý¡þ('�$�+�#$)�6ü �
û��	�4ó���� û��	��� ¦ Å�§p©�®µÈ ¸pí8�E¡�7�¸n¦Ä¡t¸�¸�`nº
� ¡�7/�) sì °bÛ�§p&° èÌº =x®¶®�§!¨�° » §p¨b° Â Ý ºcè § ½5"!º�Äd¾ ®hÅ ®¶�ÉÍ«�&·�§p¨�´µ®ê«pÉ£Å�§pÏ± ½ËÂ Å�ª²§!´¶®¶·�®¶¨ ½ ÈÌ±Ô¨�°�±¬È&ç§pÏ¿§ Â È ºf¢%TXTXTº}2���pþ��0�(& û ý3$�þ���$�þm�#$)�6ü �
û��	�5� ¦�¹n��f^�/g�á��/��¡	�9���p¹b¦ b ¼ ¨b® ¡=¸�¸�`bº
� ¡�7�`! sì °bÛ�§p&° è ± ¾lÂ ®¶¨a=|®µ® ºdð ®¶�ÉÍ«�&·�§p¨�´µ®*·�«n°�®µªÔ±¬¨�©å§p¨�°(§p¨�§pª Â ÈÏ±ÔÈ�«pÉÑ°�±ÔÈÏç�§p&&§ Â È º�Ð ¨�±ÓÒ�®¶ÏÈ&± ½ËÂ «pÉÕÚ§pª¬±¬ÉÍ«�Ï¨�±²§*§ ½_A ®¶Ïçp®µªÔ® Âpº
� ¡�7p¹� ÁÎ ®µÈ&È&§p©�® Ê ð §pÈÏÈ&±¬¨�© ¯ ¨ ½ ®¶ÏÉ §!´¶®Æã�«� ¼ · º°Yhÿc¢tV�»(M�L��\T ��û�� þ�� ý3$�þ��4û�$Ìû¡�,�ZYc�%�%�0��'(�	V ÿ��)�%� ý¡þ('Æ¢ þ�û��	�tV

+Q�(&%� ¦ ´ ¾ §pÅ ½ ®µ ¸nºôÎ(ðc¯ ã�«� ¼ · ¦ b ¼ ¨�® ¡t¸�¸/?nº
� ¡�7/�) sìÖ½¿¾ §p¨�= ºÙÎ ±ÔªÔª¬®¶ º ãÑ±¬ªÔ®�·�±¬¿§p© ½ ±Ô«�¨Ã«�¨ ½¿¾ ®c´µ¿§ Â�Â ÊË·�Ås§ ½x½¿¾ ®8¨�§ ½ ±Ô«p¨�§pªp´µ®¶¨ ½ ®µ ÉÍ«px§ ½¿¾ ·�«�ÈÏÅ ¾ ®µ&±Ô´Ï®¶È&®¶§p&´ ¾�¦ b ¼ ¨b® ¡=¸�¸2¡�ºcÐ ¨�±¬Òp®¶ÏÈ&± ½ËÂ «!ÉcÕÚ§pª¬±¬ÉÍ«�Ï¨�±²§Á§ ½�A ®¶Ïçp®µªÔ® Âpº
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� ¡�7��! sìÖ½¿¾ §p¨±= ºfÎ ±Ôª¬ªÔ®µÌ§p¨�° » §p¨b° Â Ý ºôè § ½5"!º�¯ ¨�Å ¼b½�à « ¼b½ Å ¼n½ Ç ® ¾ §=Ò
±Ô«p�«!É�È ¼ Åâ®µ&´¶«p·�Å ¼n½ ®¶�§pÅnÊÅ�ª¬±Ô´¶§ ½ ±¬«�¨�È º�¯ ¨ ÿ>�5$�&%�%���pý¡þ(')�§$�+åóæ�tü,�	�%&%$)�6ü �
û ý¡þ('uõ ö/Jp¦ Å�§p©p®¶È �!�/?�����?!�b¦�À ªÔÇ ¼ o ¼ ®¶�o ¼ ® ¦X@�Îz¦
@ «ÙÒp®¶·;Ç ®¶ ¡t¸�¸+¡�º�¯ ì8ì8ì Õ�«�·�Å ¼b½ ®µÃ×n«n´µ±Ô® ½ËÂ�ð &®¶ÈÏÈ º

� ¡�7/?) × ºÖÎ « Â ®µå§p¨�° ñ*º × º × ¼ ¨�°b®¶¿§!· º�ð §p¿§!ªÔªÔ®µª ¯�à�ä §!È;§(Å�§!¿§pª¬ªÔ®¶ªô§pÅbÅ�ªÔ±¬´=§ ½ ±Ô«�¨ º�¢�þ�û��	��þ��pû ý3$�þ����
d,$��(� þ���� $�+4óæ�tü,�	�5&%$)�6ü �nû��	�_l�ülü�� ý3&��pû ý3$�þ�� ¦�¸2f3��g�á ¸/�4�E¡�7/?n¦ × ¼ ·�·�®µ ¡t¸�¸/�
º

� ¡�7�í! × ½ ®µÒp®¶¨ À*ºÎ « Â ®¶8§p¨�° ñ*º × º × ¼ ¨�°�®µ¿§p· º Õ ¾ §p&§p´ ½ ®¶&± " ±¬¨�©�´¶«p¨�´ ¼ Ï&®µ¨�´ Â ´µ«�¨ ½ &«pªbÅ ®¶ÏÉÍ«p&·�§p¨�´¶®ÉÍ«� ½&¾ ® ðc¯�ä4Ð ×�Å�§p¿§!ªÔªÔ®µªbë�ª¬®£È Â È ½ ®µ· ºxÄ ®¶´ ¾ ¨�±Ô´¶§pª » ®µÅâ«� ½ Õd× Ä�» Ê ¸/��7���72¡�¦
ì ·�«� ÂåÐ ¨b±¬Ò�®µ&ÈÏ± ½ËÂ�¦
b ¼ ¨b® ¡t¸p¸/�nº

� ¡�7�¸! × ½ ®µÒp®¶¨ ÀÁºôÎ « Â ®¶/§p¨�° ñ;º × º × ¼ ¨�°�®µ¿§p· º ÿc¢�úS�|óD+4$)��ÿy�6Y ���	�5� ý3$�þ±J/M�»¼�����	��õ �cHÚ�
ý��(�
�pþ����K�s+4�	�%� þ6&%� º�³ ®¶Å�§p ½ ·�®¶¨ ½ «pÉ Î § ½&¾ ®¶·�§ ½ ±Ô´¶Èf§p¨�°�Õ�«�·�Å ¼b½ ®µÚ×n´µ±Ô®µ¨�´¶® ¦�ì ·�«p Â�Ð ¨b±¬Ò�®µ&ÈÏ± ½ËÂ�¦
b�§p¨ ¼ §! Âñ¡t¸�¸��nº

� ¡f¡�7! × ½ ®µÒp®¶¨ À*ºcÎ « Â ®¶å§p¨b° ñ;º × º × ¼ ¨b°�®¶&§p· º ×
´=§pªÔ§pÇ�ªÔ®�´¶«p¨�´ ¼ Ï&®µ¨�´ Â ´µ«�¨ ½ Ï«�ªfÉÍ«�ÁÅ�§p&§pªÔª¬®¶ªcë�ªÔ®È Â È ½ ®µ·�È ºfÄ ®¶´ ¾ ¨b±Ô´=§!ª » ®¶Å «� ½ Õd× Ä�» Ê ¸/��7/�!7/�n¦�ì ·�«� ÂêÐ ¨�±ÓÒ�®¶ÏÈ&± ½ËÂ�¦ ã�®¶Ç� ¼ §p Âã¡t¸�¸/�
º
� ¡f¡f¡0 ÁÎ(ðc¯ Ê ¯�äÌá §(Å�§p&§pªÔª¬®¶ªcë�ªÔ® ¯�à�ä ±Ô¨ ½ ®µÏÉ §p´µ®/ÉÍ«� Î�ð8¯¥º�Äd¾ ® Î(ðc¯ Ê ¯�ä Õ�«�·�·�± ½Ï½ ®µ® ¦ÖÀ Å�&±¬ª ¡t¸p¸��bºñ ®µ&È&±¬«�¨ 7bºh�
º ×n®¶®4é�é�é ¾l½Ï½ Å á à�à ª¬«ÙÒp®¶ªÔ§p´¶® º ¨�§!È º ¨�§pÈ¿§ º ©�«tÒ à�Î(ðc¯ Ê ¯�äsà ·�Å�±jÊË±¬«!ÊËÏ®¶Å «� ½¶º�7bº��nº Å�È º
� ¡f¡8�) b�§pÏ«�È&ªÔ§=Ò @ ±¬®¶Å�ª¬«n´ ¾ § ¦6» «�Ç ®¶ ½ b º ÝÃ§p&Ï±ÔÈÏ«�¨ ¦ §!¨�° » ±Ô´ ¾ §p&°�b º =x± ½Ï½ ªÔ® ë�®¶ª¬° º½: ªÔ«pÇ�§pª�§!&¿§ Â È áÀ Åâ«p ½ §!Ç�ªÔ®q¦ È ¾ §pÏ®¶°nÊ ·�®µ·�«p Â ¦|Å�&«�©p¿§p·�·�±¬¨�©ê·�«n°b®¶ªcÉÍ«�Æ°�±ÔÈ ½ Ï±ÔÇ ¼b½ ®¶°�·�®µ·�«p Â ´µ«�·�Å ¼b½ ®µ&È ºð §p´¶±Óë�´ @ «� ½¿¾ Û�®µÈ ½ = §!Çâ«�&§ ½ «p Â�¦b» ±¬´ ¾ ª²§!¨�° º
� ¡f¡�`! G@ ±ÔªÔÈ @ ±Ô® ¼ Ûf® Ø&§�§!*§p¨b° ³ §=Ò
±Ô° è « ½5"pº =x«ÙÛÚÊ ªÔ® Ò�®¶ªô±Ô¨ ½ ®¶ÏÉ §!´¶®¶ÈÆÉÍ«� ¾ ±¬© ¾ ÊËª¬®µÒp®¶ªcÅ�§p&§pªÔª¬®¶ª ¯�àpäÌº/¯ ¨ÿ#�5$�&%�%���pý¡þ(')�a$�+�û¡�,�/¢¥ÿ8ÿôó�õ öl÷ ¤D$)�5E��¥�,$¥ü~$�þm¢ þpü �
û ù�úÚ�nû ü �nûÁý¡þÞÿ������������	�K�pþ��IÆý�� û���ý��¶�nû����ó���� û��	��� ¦ Å�§p©�®¶È ¹n?4�9�/�n¦nÀ Å�Ï±Ôª ¡t¸p¸/�nº
� ¡f¡=¹� G@ ±ÔªÔÈ @ ±Ô® ¼ Ûf® Ø&§�§!Ú§p¨�° ³ §tÒ
±¬° è « ½5"!ºxÄd¾ ® : §pª¬ªÔ® Â Å�§p¿§!ªÔªÔ®µªbë�ª¬®6È Â È ½ ®¶· º|¯ ¨ ÿ#�5$�&%�%���pý¡þ(')�*$�+6û¡�,�

J(L�û¡�Wl;�mY ¢�þ�û��	��þ��pû ý3$�þ����c�#$�þ4+4�	�5� þ6&%��$�þ(óæ�tü,�	�5&%$)�6ü �nû ý¡þ('p¦ Å�§!©�®¶È `/?!¹8�9`�í2¡�¦bðc¾ ±ÔªÔ§p°�®¶ª¬Å ¾ ±Ô§ ¦ð À*¦ Î § Âñ¡t¸�¸��bºbÀ Õ Î ð Ï®¶ÈÏÈ º
� ¡f¡8�) G@ ±ÔªÔÈ @ ±¬® ¼ Ûf® Ø&§�§pÑ§p¨�° ³ §=Ò
±Ô° è « ½5"!ºbð ®¶ÏÉÍ«p&·�§p¨�´¶®f«pÉ ½&¾ ® : §pªÔª¬® Â Å�§p¿§pª¬ªÔ®µª�ë�ªÔ®fÈ Â È ½ ®¶· ºb¯ ¨ ÿ#�5$)V

&%�%���pý¡þ(')�*$�+£û¡�,��C$��9��û¡� ¤a$)�5E��¥�,$¥üv$�þ�¢ þpü �
ûjù�úÚ�
û ü �nûÖý¡þêÿ������������	�]�pþ���4ý�� û^��ý��¶�
û����*ó���� û��	��� ¦
Å�§!©�®¶È í�`8�
¸p¹�¦�ðc¾ ±¬ª²§p°�®µªÔÅ ¾ ±²§ ¦bÎ § Âã¡t¸�¸��bº�À Õ Î�ð Ï®¶È&È º

� ¡f¡��! s»Æº Ý º�ð § ½&½ ®µ&ÈÏ«�¨ ¦:ÌºâÀÁº�: ±ÔÇ�ÈÏ«�¨ ¦ §!¨�° Îzº ×n§ ½ËÂ §p¨�§p¿§ Â §!¨�§p¨ ºsÐ ÈÏ±Ô¨�© ½ ¿§p¨bÈ&Å�§pÏ®¶¨ ½ ±¬¨bÉÍ«�&·�®¶°Å�Ï®µÉÍ® ½ ´ ¾ ±¬¨�© ½ «�Ï®¶° ¼ ´µ®(ë�ª¬®"&®¶§p° ª²§ ½ ®¶¨b´ Â�ºq¯ ¨ ÿ>�5$�&%�%���pý¡þ(')�I$�+�ûÍ�,�aJlölö�»¨wKl�ó9l H�$0�/�/�����
&%$�þ4+4�	�5� þ6&%�y$�þ�Yv�)�%�Æóæû�$)����'(��ó��8� û��	��� ¦ Å�§p©�®µÈ `/�p¸8�9`!¹n�n¦ ×
®¶Å ½ ®¶·;Ç ®¶ ¡t¸�¸��nº

� ¡f¡8?) s»Æº Ý ¼ ©�« ð § ½&½ ®¶ÏÈ&«�¨�§!¨�° : §p ½&¾ïÀ*º : ±ÔÇ�ÈÏ«�¨ º�ì inÅ «�È&±¬¨�© ¯�àpä ´µ«�¨�´ ¼ &Ï®¶¨�´ Â Û�± ½&¾ ±¬¨bÉÍ«�&·�®¶°Å�Ï®µÉÍ® ½ ´ ¾ ±¬¨�© º ¯ ¨ ÿ#�5$�&%�%���pý¡þ(')�B$�+%û¡�,��}��
ý���� ¢ þ�û��	��þ��pû ý3$�þ����;�#$�þ4+4�	�%� þ6&%�c$�þ�ÿ������������	�G�pþ��
Æý�� û���ý��¶�nû����Ì¢ þ4+4$)�t�u�pû ý3$�þ�ó���� û��	��� ¦ Å�§p©�®¶È ?��µ¡��b¦ ×n®µÅ ½ ®µ·;Ç ®¶ ¡t¸�¸p¹bº

� ¡f¡tí! s»Æº Ý ¼ ©p« ð § ½&½ ®¶&ÈÏ«�¨ ¦9: §p ½&¾�ÀÁº(: ±¬Ç�È&«�¨ ¦ì ç�§ : ±¬¨ ½ ±Ô¨b© ¦l³ §p¨�±¬®¶ª�× ½ «
°�«�ª¬È&ç Â�¦ §p¨�°Wbp±Ô· � ®¶ª¬®¶¨�ç�§ º¯ ¨bÉÍ«p&·�®¶°�Å�Ï®µÉÍ® ½ ´ ¾ ±Ô¨b©%§p¨�°�´=§!´ ¾ ±Ô¨�© º�¯ ¨ ÿ#�5$�&%�%���pý¡þ(')�q$�+êû¡�,��Ccý +�û��%� þ�û¡�Il;�mY ó��)�6ü,$�� ý¡�(�
$�þ%ú�ü,�	���pû ý¡þ('Áó��8� û��	���dÿ#� ý¡þ6& ý ü����%� ¦ Å�§p©�®µÈ ?!¸8�n¸/�n¦ Õ�«pÅ�Åâ®µ Î « ¼ ¨ ½ §!±Ô¨ ¦ Õ ä;¦³ ®¶´µ®¶·;Ç ®¶ ¡t¸p¸/�nºÀ Õ Î ð Ï®¶ÈÏÈ º



BIBLIOGRAPHY

� ¡f¡t¸! s»Æº Ý ¼ ©p« ð § ½&½ ®¶ÏÈ&«�¨ ¦]: §p ½&¾�À*º�: ±ÔÇ�ÈÏ«�¨ ¦ §p¨b° Îzº ×n§ ½ËÂ §p¨�§p¿§ Â §!¨�§p¨ ºfÀ È ½ § ½¿¼ È£&®µÅâ«� ½ «�¨�&® ÊÈÏ®=§pÏ´ ¾ ±Ô¨ ½ ¿§p¨bÈ&Å�§pÏ®¶¨ ½ ±Ô¨bÉÍ«p&·�®¶°ÌÅ�Ï®µÉÍ® ½ ´ ¾ ±Ô¨b© º-l;�mY ú�ü,�	���pû ý¡þ('só��8� û��	���\�K�	Utý3�	xc¦n��?2f^��g á��+¡	�
`p¹b¦�À Å�Ï±Ôª ¡=¸�¸�`bº

� ¡8��7! s» §=Òn± ð «p¨�¨ ¼ È¿§p· Â�¦ bp«
®¶ªf×b§pª ½5"!¦ÑÀ ª¬«�ç%Õ ¾ « ¼ ° ¾ §p Â�¦m�ô¼ §p¨nÊ�× ¾ ±Ô¨ïÝ£Û�§p¨�© ¦ §p¨�° : ®¶«!��Ï® Â ã�«�i º»�¼ ¨ ½ ±¬·�®�È ¼ ÅbÅâ«� ½ §p¨b°ï´¶«p·�Å�±¬ª²§ ½ ±Ô«�¨�·�® ½&¾ «
°�ÈsÉÍ«p ¼ ÈÏ®¶ ÊËÈ&Å ®¶´µ±¬ë�®µ°�±ÔÏ&®¶© ¼ ª²§p4°�§ ½ §h°�±ÔÈ ½ &±¬Ç ¼ Ê½ ±Ô«�¨�È º
� ¡8�+¡0 b�§p·�®¶È Ä4º ð «
«�ª¬® º�ð &®¶ª¬±Ô·�±Ô¨�§! Â È ¼ �Ò�® Â «pÉ ¯�à�ä ±¬¨ ½ ®¶¨�ÈÏ±¬Òp®�§!Å�Å�ªÔ±¬´=§ ½ ±Ô«�¨bÈ ºÌÄ ®¶´ ¾ ¨�±¬´=§pª » ®¶Å «� ½ÕdÕd×bã|Ê `�íb¦ ×n´=§pªÔ§pÇ�ª¬® ¯�à�äq¯ ¨�± ½ ±²§ ½ ±¬Òp® ¦ ÕÚ§pª ½ ®¶´ ¾ Õ�«�¨�´ ¼ &Ï®¶¨ ½ × ¼ Å ®¶Ï´¶«�·�Å ¼b½ ±Ô¨�©åãæ§p´µ±Ôª¬± ½ ±¬®¶È ¦ ÕÚ§pªÓÊ½ ®¶´ ¾�¦K¡t¸�¸!¹�º
� ¡8���) ÆÀ Å�¿§ ½ ±Ô· ð8¼ ¿§pç�§ Â §pÈ ½¿¾ § ¦ ÕÚ§p&ªÔ§£×n´ ¾ ª²§ ½&½ ®µ ì ªÔªÔ±¬È ¦Ù³ §=Ò
±Ô° è « ½5"!¦!@ ±Ôª¬È @ ±Ô® ¼ Û�®ËØ&§�§p ¦ §p¨�° Î ±¬´ ¾ §p®¶ª

A ®µÈ ½¶º Õ ¾ §p¿§p´ ½ ®µ&± " ±Ô¨�©sÅ�§p&§pªÔª¬®¶ªbë�ªÔ® ÊË§p´¶´µ®¶ÈÏÈ�Å�§ ½Ï½ ®µ&¨�Èf«�¨/§sª²§pÏ©�® Ê È&´¶§pªÔ®�· ¼ ª ½ ±¬Å�&«
´¶®µÈ&È&«p º�Ä ®¶´ ¾ Ê¨�±¬´=§pª » ®µÅâ«� ½ Õd×Ê ¡t¸p¸p¹ Ê `�`b¦b³ ®µÅ ½=º «!ÉcÕ�«�·�Å ¼b½ ®¶Ã×n´µ±Ô®¶¨b´¶® ¦æ³�¼ çp® Ð ¨�±ÓÒ�®¶ÏÈ&± ½ËÂ�¦ ä ´ ½ «�Çâ®µ ¡t¸�¸p¹�º
� ¡8��`! ÁÎzº�» §p¨b©l§p¨�§ ½&¾ §p¨ ¦!À*º!À ´ ¾ §p&§ Â § ¦9:Ìºpì °�ØÏªÔ§pªÔ± ¦!ÀÁº × ¼ ÈÏÈ&·�§p¨ ¦ §p¨b°ub º ×b§pª ½5"!º�»�¼ ¨ ½ ±Ô·�®�´µ« ¼ Å�ª¬±Ô¨�©«pÉ�°�§ ½ §�ÊËÅ�§!¿§pª¬ªÔ®¶ªnÅ�&«p©�¿§p·�È ºâ¯ ¨ À Õ Î�ð Ï®¶ÈÏÈ ¦ ®µ°�± ½ «� ¦bÿ#�5$�&%�%���pý¡þ(')�*$�+£ûÍ�,�ZJlölö(z6¢�þ�û��	��þ��pû ý3$�þ�����#$�þ4+4�	�5� þ6&%�y$�þ(óæ�tü,�	�5&%$)�6ü �nû ý¡þ('p¦æÎ § Âã¡=¸�¸��bº
� ¡8�!¹� s³ §p¨b±Ô®¶ª À*ºb» ®µ®¶° ¦æ»�¼b½¿¾�ÀÁº�ÀÃÂ ° ½¶¦�Ä §p¿§ Îzº�Î §p° ¾lÂ §!È ½¿¾ § ¦ » «�©p®¶Kb º�@ «
® ¦�è ®¶± ½¿¾�ÀÁº × ¾ ±¬®¶ª¬°�È ¦§p¨b° A ¿§p°bªÔ® Â é º ×
´ ¾ §p ½�"pº�À ¨�«tÒ�®µÏÒ
±Ô® Û «pÉ ½&¾ ®�Å�§pÇbªÔ«;Å ®¶�ÉÍ«�&·�§p¨�´µ®�§p¨�§!ª Â È&±¬È�®¶¨lÒ
±ÔÏ«�¨�·�®¶¨ ½=¦

@ «ÙÒp®¶·;Ç ®¶ ¡t¸p¸/�nºæÐ ¨b±¬Ò�®µ&ÈÏ± ½ËÂ «!É ¯ ª¬ªÔ±¬¨�«�±ÔÈ�§ ½8Ð &Ç�§!¨�§�Ê�Õ ¾ §p·�Å�§p±Ô©�¨ ¦�³ ®¶Å�§p ½ ·�®µ¨ ½ «!É�Õ�«p·�Å ¼n½ ®¶×n´µ±Ô®µ¨�´¶® º
� ¡8���) ã º�» «�È&§pªÔ®µÈ ¦ b º ÕÚ§p&Ï® ½ ®µ&« ¦ ã ºpðy�®¶&® "p¦nð�º °b® Î ±Ô© ¼ ®¶ª ¦ ã º/: §p&´ ��²§ ¦ §p¨�°u= º�À ª¬«�¨�È&« º Õ ³ ×Ì°b®¶È&±¬©�¨ áÀ Å�§p&§pªÔª¬®¶ªÃ°�±ÔÈÏç È&®µÏÒ�®µ�ÉÍ«��· ¼ ª ½ ±Ô´¶«p·�Å ¼n½ ®¶ÏÈ º Ä ®¶´ ¾ ¨�±Ô´¶§pª » ®µÅâ«� ½ ã ¯�Î"àpí�`nº�¡Ùà!³£ÀcÄ × ¯�à!¸p¹�¦Ð ¨�±¬Òp®¶&ÈÏ±Ô°�§!° ð «�ªÔ± ½ ®¶´µ¨�±Ô´ Î §p°�Ï±Ô° ¦ Î §!°�&±¬° ¦ ×nÅ�§!±Ô¨ ¦Ä¡=¸�¸p¹�º
� ¡8���! sì &±¬´ ¾ ×n´ ¾ ±¬ç ¼b½ § º =|§p¨�© ¼ §!©�® ¦ ´¶«�·�Å�±¬ªÔ®¶�§!¨�°�§p°bÒ!§p¨b´¶®¶°�°�§ ½ §�È ½  ¼ ´ ½&¼ &®*È ¼ Å�Å «� ½ ÉÍ«�ÃÅ�§p¿§!ªÔªÔ®µª± à «Ì«�Å ®¶¿§ ½ ±Ô«p¨�È ¦�À Å�&±¬ª ¡t¸�¸��nº8³ ®¶Å�§! ½ ·�®¶¨ ½ «pÉ ³ § ½ § ì ¨�©p±Ô¨�®µ®¶&±¬¨�© ¦�Ð ¨�±¬Òp®¶ÏÈ&± ½ËÂ «pÉ ñ ±Ô®µ¨�¨�§ º
� ¡8��?) s³ §=Ò
±Ô°�×n´ ¾ ¨b®¶±Ô°b®¶ ºôÀ ÅbÅ�ªÔ±¬´=§ ½ ±Ô«�¨ê± à «å§p¨�°h&®µª²§ ½ ®¶°�±ÔÈÏÈ ¼ ®µÈÃ«p¨ ½&¾ ®ÆÈ&Å �
º
� ¡8�pí! sèÌºâì�º ×n®=§!·�«�¨bÈ ¦��;º Õ ¾ ®¶¨ ¦xð º bp«�¨b®¶È ¦ b º bp« " Û�±²§pç ¦ §p¨�° Îzº é ±Ô¨bÈ&ªÔ® ½&½¶º ×n®µÏÒ�®µ�Ê °�±ÔÏ®¶´ ½ ®¶°�´µ«�ªÓÊª¬®¶´ ½ ±¬Òp® ¯�à�ä ±Ô¨ ð §p¨�°�§ ºx¯ ¨ ÿ#�5$�&%�%���pý¡þ(')�*$�+�óæ�Ùü,�	�5&%$)�6ü �
û ý¡þ('zõ öl÷p¦ ×b§p¨ ³ ±Ô®µ©�« ¦ Õ À*¦n³ ®¶´µ®¶·;Ç ®¶¡t¸p¸/�nº�¯ ì8ì8ì Õ�«�·�Å ¼b½ ®µ£×n«
´¶±Ô® ½ËÂ�ð &®µÈ&È º
� ¡8�p¸! sèÌºxìdº ×n®¶§p·�«�¨�ÈÆ§p¨�° Îzº é ±Ô¨�ÈÏªÔ® ½Ï½=ºsÀ ¨%®Q¾�´µ±Ô®¶¨ ½ §pÇbÈ ½ &§p´ ½ ±¬¨ ½ ®¶�É §p´¶®*ÉÍ«p4· ¼ ª ½ ±Ô°�±¬·�®µ¨�È&±¬«�¨�§pª§pÏ¿§ Âm¯�à�ä;ºm¯ ¨ ÿ#�5$�&%�%���pý¡þ(')�a$�+êóæ�tü,�	�5&%$)�6ü �nû ý¡þ(' õ ö0ª�¦ Å�§p©�®µÈ ����78�9�/�!¸b¦ é §pÈ ¾ ±Ô¨b© ½ «�¨ ¦�³ Õ ¦

@ «ÙÒp®¶·;Ç ®¶ ¡t¸�¸!¹�º�¯ ì8ì8ì Õ�«�·�Å ¼b½ ®µÃ×n«n´µ±Ô® ½ËÂ�ð &®¶ÈÏÈ º
� ¡�`�7! sèÌºìdº ×n®=§!·�«�¨bÈf§!¨�° Î�º é ±Ô¨�ÈÏªÔ® ½Ï½=ºâðc¾Â ÈÏ±Ô´=§!ª ÈÏ´ ¾ ®¶·�§pÈ8ÉÍ«�cª²§!&©�®d· ¼ ª ½ ±¬°�±Ô·�®¶¨bÈ&±Ô«p¨�§pª
§p&&§ Â Èô±Ô¨ÈÏ´¶±Ô®µ¨ ½ ±¬ë�´�´¶«p·�Å ¼n½ ±Ô¨b©�§pÅ�ÅbªÔ±Ô´¶§ ½ ±¬«�¨�È º
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