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Note
Keep your eye on their example apps.  Why are they worried about a multiprogramming environment?

joeh
Note
This is true: memory system performance is a bottleneck for DBMSs.  But not the VM paging mechanisms, which are largely sidestepped by the DBMS.  The bottleneck is in the data and instruction caches.

joeh
Note
IThe three themes are (a) information about size of available physical memory (which may be dynamic), (b) spatial control over physical memory, and (c) temporal control over I/O into/out of memory.
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joeh
Note
This motivation is a bit dodgy.   DBMS installations control the lion's share of physical memory by being the only resident process of note on the machine.  They sub-allocate that memory in application space among their own transactions.  Reference #17 and the follow-ons by Hong and Stonebraker never expressed a need for help from the VM system.

That said, some modern DBMSs like MS SQL Server do query the OS for the amount of available physical memory, and change their buffer pool size to stay underneath that amount.  Others like IBM DB2 are (purposely?) less flexible -- they assume a well-administered system that doesn't have unpredictable memory pressure.

joeh
Note
If we start poking application-level holes in the shared memory abstraction, how far do we sensibly go before we just remove the abstraction entirely?  Major, subtle API issues are dancing around here.

joeh
Note
Again, dodgy.  Usually the DBMS is designed with the assumption that a well-tuned installation *never* pages via the VM, so there's no notion of needing the VM to "pin" certain pages in physical memory.

joeh
Note
This is indeed critical.  See http://www.vldb2005.org/program/paper/wed/p1116-hall.pdf for a discussion of this in the context of Linux. 

joeh
Note
This is a critical point with respect to interface design.  An API abstraction that hides "everything except performance" is a lousy abstraction for performance-sensitive applications, and the supposed "convenience" of such an API often results in extremely convoluted app-level tricks to work around it.
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1. Page fault
2. Request to server
3. Reply from server
4. Migrate page
5. Resume 
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Note
This is quite nice.

joeh
Note
Leaves somewhat more control in the hands of the application.

joeh
Note
Of these, only the notion of "page faults" is VM-specific.  The rest are about buffering disk data.  It's an open question whether VM is the right abstraction for seriously disk-intensive applications.

joeh
Note
This description is slightly off base, but not that different from what MS SQL Server does with it's (app-level) buffer pages: some are allotted to sorting and hashing temp space, others to buffering database pages, and SQL Server adaptively controls the allocation based on query load.  By contrast, IBM DB2 puts control over this in the administrators hand, and is philosophically wary of "automated" dynamic policies.
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Note
This is a case where it seems natural for the OS to help out; I'm not sure why a "safe" implementation of this is not provided by default.
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Note
Economic metaphor seems a distraction here, in the sense that no real economic principles are being used to justify this resource allocation policy.  It's a pretty simple fairness policy, and one can think about workloads for which it is well-suited or poorly suited.



�����e�h�4�t¢Bë1�h��¤^�P±��E�V�h�P���=�E���h¤����¸�t�^�e���E�P���(�E���b��� � � §P§*�����e����¢º�P�
���e���^���h P���P�^�¦ P�h���q���	�B¬Y¨��	�����E¢4���e�¦�h���b������¤��h��¤e�������¦���P�o�t����¤
�������e�G�r�t�P�o¯q�£�t�o�e�Y�(�t�r�t�	�h���*�������^�h���*���*�e�����£�£�@�o�h P���^�5���(���^�
���P�o�£���t�
�	�e���
�E¢Y���e�"�h��¤e�"���h¶��������h¤M¢º�	�����^�(�o�t�
�(¢º�^�e�h�q���	�d¯
�£�����q�	¬f���E�*�h 	�h�����5���¦�q���P����´=�£�t���
�������h¤e�^�b���^�1���^�(�q��¹h���E¢G���^�
ÊP�h���^�b�º± � �t�4�*�b���å�t�4�e���E P��¤����e�(�	���E�t���h�4�h�����h���r�£�r¢º�e�^�h�q���	�=�h�����q���b¬
ÖG�e�¦�=�h�q¢º�	���(�t�^�h�
�E¢4���e�����
�����h�
�h���o�E�q���P���G�E���h 	�£���r�t����¤

�P�(��ç���ë*���o�t�q���	� � §P§	§PÜ	¥P§P§�¬ � xGæP§	§P§��^�����h�h�����	�*�*�����(¥ � ¨y�G¹
�b�����bÊ��G�G�d���o���=�E�Y� W
ÊP�����P¡��������=�E�P�¦�q��¹h�P¬
Ö4�t¡���� � ���^�
�(�E�q��¹h�h�
���^�(�=�h�q¢º�	���(�t�^�h���E¢4QTSTSÞ���b�µ�E�q�� P�

���t�m��Ö�x�© � W^¬ � ¬
¨��E�E���e���h���h��� QTSTS �������q���

�[¶����� 	�£���h���
·=�E�d���q���^��ªV�����h�h��� � §	é � é �
¨��������(�£�j·=�E�d���
ç��o¢;�t������«��h�P���h����¨��E�=�E�P�h� æPé � � é �
¨��������(�£�j·=�E�d���
x*�E�t¤yW vT	 ¥P¥	¥ ¥ ���
­��q����� W vT	 ¥P§	æ æ ���

Ö4�t¡���� � � «d��������� ªV�q�������q�� P��Ö������h� � �q���
�h�������¦���h���P���h���P�^¤e�

ÖG�e�
�¦���d���(�h�G�h�	�����=�E�P��¢;�E�d��� � �E���
�E�E���e���h¤����1Ö4�E¡d��� � �
���h�h�^���V���^�h�����^���Ì�t�r�t�P���eÕ��^���}�r�t�R�����¦���P�o�t���j���e�4�=�E�P�V¢º�o�t���
¢º���P�g�����}¢º���h�V�r�t�	�*���h�P���h���V���G���e�V¢;�t�����q���^���e�����h������� �V���h�	�
�h���h¬
Ö������¦�E�t���(���h�h�^����¢º���h¶��^�h���q���P±4���e�o���E���	�2���e�
´r�����¦�t�h���h�������
���^�E�t�2�r�t�	�P±V�	�2�h�P���P¯;�	�d¯;�G�q�����
¢;�t�������h±4�t�^¤2�G�^�h�2�G�q�����(�t��¯
�=�h�^¤d���^�����^�h�²�=�E�P�¦���(�����h�	�
�h���h¬
ÖG�e�*�o�E¡d���G�
�£�t���^���h�
�h�����4���e�	�P�h���V���r�t�V�r�t�^¤������e�
���^�*������¯

���(�£�{�=�E�P��¢;�E�d���G����¢Ô�t�����h�*�^�q���^�����^��¢;�E�d���q���^���^�����h�h���G���UQTSTS
���=�E�2���e���	�e�	�����e���������q���$ÊP�h���^�b�º¬�¨��	�����E¢G���e�(¤���Ù@�h���h�^�h�����
�h�P��� � é � ���������P���h�h�	�e¤^�����������^�¦�h�P���G�t¢4�r�t�	��¹��h���t���^�����r�t�G���^�
�������q����ÊP�h���^�b�j�=�h�q¢º�	���
���P���E�t�o���=�E�P�(�h�������E�t�q���	�B¬"©q�f�*�����q���=±
¹h�h���t���^�����*���h¶��������h¤�¢º�	�������h�e�q���;�
¡=�h�£�t�^�������^���r�t�	���(�h�¦¡=�����o¯
�£�������E�E���h¤�¡=���q�*�h�����E�e�������E�E�q���P�^�h±@���^�h���E�E�*�������������^�P�j���e�G�E�E���
��� QVSTS �^�����h�������e���r�t�P������¡=�b���^���E�� P�h�²���®�t�^�P���^�h���^���h�h¬
x��o¢º�h���q���^���������^�
���h�h�	�e¤����E� �E¢*���^�
�o�E¡d���P±{���e�
���P�����t¢j¢;�t�����
�=�E�e¤������e�(¡��¦���e�G¤^�b¢;�E�d���*�Ì�t�r�t�P�������*�����P�^�h�*���r�t�
���t�m��Ö�x*© �
¡e�^����������¤e�������e�	���q���P����´r�E�t���q�µ�0�£Ùå�h�h�����^�2�=���q¢º�P���(�E�e���2�t¢
�t�^�d�����E�E�q���P�=���E�(�P�^���
�E�E���e�����
�h�����
���g���e���^�h���(���^¡e���h���q���P�
���e�E��¬

�B�E���E P�h���^�E�t¤��=�E�P��¢;�E�d���4�r�t�^¤d�����^�
�h�����E���4�
�(�o���h���[�����d���b¯
�
�h���o�t�q���	���E¢}�^���h������ P�b�{�£���	�P�q�����^�
�G���=�E�*�^�����r�t�P�Y�e���	���h�h�q���	�
�=�E��¤e�G�E���P±*����ÊP�����^�P����¤^�h���h�q��¡=�h¤����&è ¥£ê;¬ �[�^�E�
�d�������t¢¸���e�����
�£���P�	�q�����e�������^�b���e¤^�
�
���b�r�t�������
��¢°�P�4�h�P�^�h�^�����h�����m�t��¡r�t�P�����t��¯
���h�h�q���P�®�E�e¤��h�	�e�h�^�����h���
�o�^�h�bÊ��r�t�����q���^�e¬2©;� �m��Ö�x*© � We¬ � �P�
��ç���ë*���o�E�q���P� � §P§	§PÜ	¥P§P§�±}���^���h�	�����t¢����^���h������ P�b�4¢;�t�������r�t��¯
¤d���h� � ¢º�P�(���^���P���h�h����¤��r�t�P�����r�t�(�q���
�������o�r�t�^�P�h�(���^���^���t¯
���h�h�q���P�$�t¢j���e�
�r�t�	����� ��� ¥����������P���h�h�	�e¤^�h¬(ÖG�d���������E 	�h� � §��
�d���	�e�h�"���=�E�����e�"�h�P���(�t¢¸�=�E�e¤������^�g��¢º�d���G¢;�E�d���(�^�q���e�$�h�����h�q¯
�=�h���r�t�P�o¯q�£�t�o�e�2�Ì�t�r�t�P���
�h���h¬ �m��Ö�x*© �»���"�h�P�
�r�h�q���q�� P���E�
�e���h�����h 	�b�G¢;�t�������r�t�^¤������e���*�����2�P���^�h�¦���������h�
������Ê	��¨��E�b�2�	�
«d�^�=Ý�«=¬{·e�P���h�^�E�
�����P±}����ä��^�=�b���t�^¤��=�=� ���
�£�t���^���h�
�h������¢º�P�
���e�(ç���ë*���o�E�q���P�®æ � §P§1è ¥£êj���e�
�E 	�h���e�£�t¤��t¢Y¨��E�b��¢;�t�������r�t��¯
¤d�����^�2�P�r�h�o�t�q���	�e�(�G�E���E P���
�q�*���h�(���^���E 	�h���e�£�t¤��t¢V�m��Ö�x*© �
¢º�P�G�q�������µ�E���P�=�h�o�E�q���P�^�h¬
ÖG�e��´r�=�h���
�£�t���^���h�
�h�����(���g���e���o�E¡d���$�t�������^���h�P�����"�t¢

���E�t¤����e�$�t�^¤��G�q���q���e�$�UW�vT	&¡������bÊ1���®�(�E�t�o�e��¤á´^���P¬�©;�2���^�
�E�t���G�t¢1QVSTS ���^�Y�t�h�h�������h�*�^�������^��¡������oÊ����£�t¤�¯q�G�q�����*�������h�q¢;�E�h�
� ; % 8�� J�� ;?< +&��/ B )��{!�B ��B,!,G +	��!�>�.�+�%�A�!�B ) #
+�% 	hB` "CT-�!�B CDB,%�> B
A���/��

 "%��*+M/= ��%�+&!c.�+&%�A�!�B,)h+&%�A4>=.�B���	�
���
�����

/�� /F> B C #�+�!"!�� �
.� �#F.T#F.�+�%���B
/
>?.�B*-�)@$�> B
#�>? �$�%�/`$�GI+�%R+�-�-�!" �#
+�>? �$�%�-�),$���),+�C�� /`CDB CD$�)����

� ¤d�������e�����h¤2����«��h�h�q���	��¥d¬ � �b¬Ì·e�P�V�m��Ö�x�© �0�*�
�
�E�E���e����¤2���e�
�h�P���(�E¢����^�2¿;¼bÁ��"�t�^¤��V¿��É¾º¼������������ �E�h�����h¬gÖG�e�tQTSTSÛ���q�����
�h�P���4����æ�W��k���h���G���r�t���m��Ö�x�© ��¬	ÖG�e��QTSTSg���E�t¤(�h�	������� � ¬ ¥��
�d���	�e�������r�t�f���dÖ�x*© �k¢°�P�����£�t¤^�h¬�ÖG�^�h�������^�¦¡=�h�������^�t� ���=�E�
�e���E P��¤����e���h���������=�h�*�r�t�	�b¯;�E�t�o�e�"�(�t�r�t�	�h�
�h����¤e���h�¦�^�P���r�£ 	�
�Ì�µ�E���P�
�^�h���E�q�� P�(�bÙ@���h���P�����e���=�h�q¢º�	���(�t�^�h�
�E¢G�h�P���
�P���P��¯
�h�o�t�q���	�e������Ê	�
�E�h�h�h�����������
�E�E�b�^�h¤�´^���h�h¬

�on�X  \�!��^ÒL]º� s
\�_`ir\ Ï �Rek� Ï ��_`\��
­1���o�E�²�1���e�¦¡=�h�"�t¢����o�t�^¤=�E��¤ ���G© ���E�e�������E�t�q���	�e���P�

QTSTS��^�q���e�����^�*¤^�b¢;�E�d���*�����P�
�h���V�Ì�t�r�t�P�����*���������e�������^�
�h���o�h¯
�q���P�����
�
�E�E���e���¦���^���E P�����e�E�E¤1�E¢4�h���h�h�^�q���^�����E�h�4�t�^�������E�t�q�����
�e���	�P�o�E�
���e�q���^�����^��¤^�b¢;�t���������h�	�
�h�����Ì�t�r�t�P���h¬3·e�P�(�h�	��¯
�=�E�q�����P�®�*�
�h�	�
�d������¤M���^�(�o�t�
�����P�^���h�(�h��¤e� � �*�����2¤���Ù@�h���h���
�P�=���o�t�q���^�����������h�Û¤e���=�h�^¤e�h���G����¡e�o�E�q���h����¢º�P���m��Ö�x*© � We¬ � ¬
Ö��^�¦�t�^�������E�t�q���	�e�¦�*�h��� �

� ¬¸¤d��Ù � �h�P�
�r�t���(�;�*�"¥P§P§ vT	 ´^���h���	�h�^�h�o�t�q���^����¤���Ù@�h���h�^�h�h�´e���¦�t¢[¥�W�§ vT	�¬
¥d¬¸�e�^�h�P���e���h��� � �^�e���P�
�^���h���j�t� �P§P§ vT	 ´^�����	�h�^�h�o�t�q���^�¦��´^����t¢4¥	¨y	�¬
æd¬Y�µ�t���h� � ¢°�P���(�E�¦� � §P§ v ���e�^�e��¤e���h�^�
�h�����	�h�^�h�o�t�q���^�2�"¥Pæ�=�E�P��¤^���h�e���h���h¬
©q�¦¡=�P���(�E�E���h�����^�*�r�t��¤^�G�t���G�G�E�*�Yçm�4ë*���o�t�q���P� � §P§P§	ÜP¥	§P§

�*����� � ¥��¦�
�h���E¡������h���E¢4�
�h�
�	���P¬4ÖG�e���r�t�	���q��¹h���	�����������(�h¯
�b�����^�Ì���TW vT	�¬@ÖG�e�����(�t���¦���P�
��¤d��Ù@�����h�e���h��¡r�h�q�*���h�1���^�¦�q�*�
�=�E��¤e���t���(�h�P��´r�P�^�o�t�q���P�^�h¬
ÖG�^�t�m��Ö�x*© �&�(�E�b�����^���r�t¤$�����t¯
�E�£�j¤�����Ê=¬�ÖG�^� QVSTS �(�E�b�����^�����t��¤�����ÊP���h���
�*������´e���������P�o�t�	�
�e���E P��¤^�h¤(¡��¦�*���h�� P�h�V���^�^�d���^���	�¦��ç���ë*���o�t�q���	�(æ � §P§G���e�^�d���^�
�m��Ö�x�© � We¬ � ¬
Ö��^�h���$�t�^�d�����£�t�q���P�^�2�*�����1���^�g�*�����g���e��´e���������e�h�®���E�t¤

�E�t�o�^�h¤M���®�
�h�
�	���2���1�o���������=�E���1¤���Ù@�h�����e�h��������©�Ü	Ý»�=�h�q¢º�	�q¯
�(�t�^�h�
���r�t�*�����������b���� P�E�������(���e�� P�������r�£�j�
�h�
�	�������������h�Û¤^�b¯
�q���P��¢;�E�h���P���4�*�¸�t�������E�t���^�q���e�^¬*ÖG�^�h�������h���=�E�q���P���E�����h�����
���e�
�*�P�����q¯;�E�E����¢º�P�j�P�^�G�t�^�e���m�t�o��¡=�h�E�E�e�������^�h���G�����^�¦�e�h�;�*�P��Ê(�	�
´e���$�t���h�h���
�µ�t���h�^�h�®���2�d��¤^�����^���h�P���(�t¢¸�P�E���e�����2���^�UQVSTS
�e�������h���q¯º���h P�b�j�(�E�=�E�P�h�h¬
Ö��^�h���(�E���
���P���
�e�	�o�t¡�����¤���Ù@�h���h�^�h�h��¡=�h�q�j�h�h�fQTSTSË�E�e¤

�m��Ö�x�© ��¬	ÖG�e�G�^�d���*�E¢@©�Ü	Ý ���o�E�e�q¢°�h�[�������dÖ�x*© ����� � vT	�¬�ÖG�e�
�e�����G�t¢@©JÜPÝg���o�t�^�q¢º�h�V���tQTSTS����*W vT	�¬�ÖG�d���j�
�E�t�^�4���=�E�*QVSTS
�(�tÊ	�h�G�q�*���h�¦�E�*�(�t���(���E�E¤��E�e¤"���q�������	�=�h�o�E�q���P�^�����¦���e��Ê	�h�q¯
�e�o���E�t�m��Ö�x*© ��¬ �������q���®�£�������E�E���h���r�t�	�h�
��� W�v»�^�d�����h¬®ÖG�e�
QTSTS0¤e�b¢Ô�t�������(�E�=�E�P�h���£�������£�t���h�¦�=�E�P�h�����fW�v �^�������h±V�h���h�h�^�
¢º�P���t�^�=�h�^¤e�G������´e�������(�G�d���o���£�t���*���G�£�������£�t���h�Y�=�E�P�h����� � � v
�e�������h¬*ÖG�^���e�������E¢V�r�t�	�¦�£�������E�E�q���P�������q���P����´r�E�t����¡=���E�t�^���¦�£��¯
�����E�t�q���	����� QTSTSÞ���h¶��d���������	�t���^�2�������e�(���h�	�
�h���
�(�E�=�E�P�h�h¬
äG�*���e�*���E�����h 	�b���G�t¢V���^�G P�������=�h�V�
���
�P���
������������±h�������q���
�^���h�
�=�E�P���o�E¡d���h�j����¤^�h���h�q��¡=�¦�E¤e¤^���h���G���r�t�h�h�h¬:QVSTSk�E�e�	�
�h�����G���e�
���h�P���h�����E�e¤®¡=�P�^�e¤²���h�E���P�g¤r�t�o�1�������^�h���^���h���*�����g���t���P¡r�£�
��W v �h�������"¤d�����h�����(�t�^�=�h¤��=�E�����o�t¡����
�*�������(æP¥
�h���������E 	�h�q¯
+=�E� �t���E��¬
Ö4�t¡����¦¥����e�E�G�G���e�����E�t�"�b�µ�t�^���h¤��q���
��¢º�P�j�h���h�h�^�q���e�"���e�

�e���	�P�o�E�
���^�e¤^�h��QTSTS0�t�^¤y���dÖ�x*© �¦¬
Ö��^�
�
�£�t���^���h�
�h�����¦�e�����
���e�E�0���r�t�����^�
�=�h�q¢º�	���(�t�^�h�(�t¢

�t�^�d�����£�t�q�µ�P�^�Ì���rQTSTS �������P�
�r�t�o�E¡d���"�������^�
�=�h�q¢º�	���(�t�^�h�(�t¢
���e�¦�o�t���¦�t�^�d�����E�E�q���P�^���^�^¤e�h�V�m��Ö�x�© ��¬
ÖV�¦�t�����h�
�^�*���¦�E�h�h�P�^���G���=�h�b��´r�E�h������¢º�P�4���e�Y¤d��Ùå�h���h�^�h�h�����

�=�h�q¢º�	���(�t�^�h�P±r�*���h�����
�
�E�E���e����¤����^�� P�������r�£�V���h�
�P�������������h�
�t�h�q�� P���;���t¢4�E�E�b�"�e���	���E��±R�t�G���^�t�G�(����Ö4�t¡����
æ�¬

joeh
Note
OK, but explain the difference, please.
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Note
Again, where's that 34% from?
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Note
This really complicates the lessons here!
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Note
This is very strange.  

It's possible they were talking too much to somebody at Sybase, which at one point gambled on generating indexes on the fly, a gamble that failed (outperformed by sort-merge joins and hash joins).

But even if you believe in building indexes on the fly for query processing, it appears they're implementing an in-core index (e.g. a red-black tree) and letting the VM system page it.  That's just madness.  Everybody uses disk-oriented indexes like B-trees, which do not interact with virtual memory this way.
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