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7DPLQJ�WKH�,QWHUQHW�6HUYLFH�&RQVWUXFWLRQ�%HDVW7DPLQJ�WKH�,QWHUQHW�6HUYLFH�&RQVWUXFWLRQ�%HDVW

6WHYHQ�'��*ULEEOH6WHYHQ�'��*ULEEOH
JULEEOH#JULEEOH#FVFV��ZDVKLQJWRQZDVKLQJWRQ��HGXHGX

3HUVLVWHQW��&OXVWHU�EDVHG�'LVWULEXWHG�'DWD�6WUXFWXUHV3HUVLVWHQW��&OXVWHU�EDVHG�'LVWULEXWHG�'DWD�6WUXFWXUHV
�LQ�-DYD���LQ�-DYD��

&KDOOHQJHV��&RQVLVWHQF\�DQG�$YDLODELOLW\&KDOOHQJHV��&RQVLVWHQF\�DQG�$YDLODELOLW\

'HVSLWH�D�IUDQWLF��DURXQG�WKH�FORFN�HIIRUW�WR�NHHS�WKH�DXFWLRQ
VLWH�UXQQLQJ�DIWHU�WZR�HPEDUUDVVLQJ�DQG�FRVWO\�RXWDJHV�WKLV
ZHHN��H%D\�ZDV�DJDLQ�LQDFFHVVLEOH�WR�FXVWRPHUV�WKLV�PRUQLQJ�
$�FRUUXSWHG�GDWDEDVH�ZDV�EODPHG�IRU�WKH�GLVUXSWLRQ�

F_QHW�QHZV��-XQH���������

&KDOOHQJHV��0DQDJHDELOLW\�DQG�6FDODELOLW\&KDOOHQJHV��0DQDJHDELOLW\�DQG�6FDODELOLW\

�,W
V�OLNH�SUHSDULQJ�DQ�DLUFUDIW�FDUULHU�WR�JR�WR�ZDU���VDLG
6FKZDE�VSRNHVZRPDQ�7UDFH\�*RUGRQ�RI�WKH�GDLO\�HIIRUWV�WR�NHHS
DIORDW�D�VLWH�WKDW�KDV�DOUHDG\�FDSVL]HG�HLJKW�WLPHV�WKLV�\HDU�

1HZ�<RUN�7LPHV��-XQH���������

0DLO([FLWH�KDV�EHHQ�VXIIHULQJ�IURP�RXWDJHV�IRU�WKH�SDVW�ZHHN��DV�D
UHVXOW�RI�VFDODELOLW\�SUREOHPV�FDXVHG�E\�D�VXUJH�LQ�WUDIILF���2QH
XVHU�ZURWH�LQ�D�PHVVDJH��´,I�0DLO([FLWH�ZHUH�D�FDU�ZH
G�DOO�EH
GHDG�ULJKW�QRZ�´

F_QHW�QHZV��'HFHPEHU���������

0RWLYDWLRQ0RWLYDWLRQ

�� %XLOGLQJ�DQG�UXQQLQJ�,QWHUQHW�VHUYLFHV�LV�YHU\�KDUG�%XLOGLQJ�DQG�UXQQLQJ�,QWHUQHW�VHUYLFHV�LV�YHU\�KDUG�
²² HVSHFLDOO\�WKRVH�WKDW�QHHG�WR�PDQDJH�HVSHFLDOO\�WKRVH�WKDW�QHHG�WR�PDQDJH�SHUVLVWHQW�VWDWHSHUVLVWHQW�VWDWH
²² WKHLU�GHVLJQ�LQYROYHV�PDQ\�WUDGHRIIV«WKHLU�GHVLJQ�LQYROYHV�PDQ\�WUDGHRIIV«

� VFDODELOLW\��DYDLODELOLW\��FRQVLVWHQF\��VLPSOLFLW\�PDQDJHDELOLW\
²² DQG�WKHUH�DUH�YHU\�IHZ�DGHTXDWH�UHXVDEOH�SLHFHVDQG�WKHUH�DUH�YHU\�IHZ�DGHTXDWH�UHXVDEOH�SLHFHV

�� *RDOV�RI�WKLV�ZRUN�*RDOV�RI�WKLV�ZRUN�
²² WR�GHVLJQ�EXLOG�D�UHXVDEOH�VWRUDJH�OD\HU�IRU�VHUYLFHVWR�GHVLJQ�EXLOG�D�UHXVDEOH�VWRUDJH�OD\HU�IRU�VHUYLFHV

� XVH�WKLV�OD\HU�WR�GHILQH�D�SURJUDPPLQJ�PRGHO�IRU�VHUYLFHV
²² WR�GHPRQVWUDWH�SURSHUWLHV�RI�WKLV�OD\HU�TXDQWLWDWLYHO\WR�GHPRQVWUDWH�SURSHUWLHV�RI�WKLV�OD\HU�TXDQWLWDWLYHO\

� DOO�RI�WKH�¶LOLWLHV��SOXV�DGHTXDWH�SHUIRUPDQFH

2XWOLQH�RI�7DON2XWOLQH�RI�7DON

�� 0RWLYDWLRQ0RWLYDWLRQ
�� ,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�
�� 'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH
�� 3HUIRUPDQFH�QXPEHUV3HUIRUPDQFH�QXPEHUV
�� ([DPSOH�VHUYLFHV([DPSOH�VHUYLFHV
�� :UDSXS:UDSXS

7KH�%LJ�3LFWXUH7KH�%LJ�3LFWXUH

,QWHUQHW

3UR[\

%DVH��ZHOO�SURWHFWHG
FOXVWHU�HQYLURQPHQW�IRU
VHUYLFHV���%RXQGDU\�RI
VWURQJ�FRQVLVWHQF\�XQGHU
IDXOWV���´6ROYH�KDUG
SUREOHPV�KHUH�µ
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&RQWH[W&RQWH[W

�� &OXVWHUV�DUH�QDWXUDO�SODWIRUPV�IRU�,QWHUQHW�VHUYLFHV&OXVWHUV�DUH�QDWXUDO�SODWIRUPV�IRU�,QWHUQHW�VHUYLFHV
²² LQFUHPHQWDO�VFDODELOLW\��QDWXUDO�SDUDOOHOLVP��UHGXQGDQF\LQFUHPHQWDO�VFDODELOLW\��QDWXUDO�SDUDOOHOLVP��UHGXQGDQF\
²² EXW��VWDWH�PDQDJHPHQW�LV�KDUG��PXVW�NHHS�QRGHV�FRQVLVWHQW�EXW��VWDWH�PDQDJHPHQW�LV�KDUG��PXVW�NHHS�QRGHV�FRQVLVWHQW�

�� 1R�DSSURSULDWH�SHUVLVWHQW�FOXVWHU�VWDWH�PJPW��WRRO�H[LVWV1R�DSSURSULDWH�SHUVLVWHQW�FOXVWHU�VWDWH�PJPW��WRRO�H[LVWV
²² XVH��SDUDOOHO��5'%06"XVH��SDUDOOHO��5'%06"��H[SHQVLYH��RYHUO\�SRZHUIXO�VHPDQWLF��H[SHQVLYH��RYHUO\�SRZHUIXO�VHPDQWLF

JXDUDQWHHV��JHQHUDOLW\�DW�FRVW�RI�SHUIRUPDQFH��64/���OLPLWHGJXDUDQWHHV��JHQHUDOLW\�DW�FRVW�RI�SHUIRUPDQFH��64/���OLPLWHG
DYDLODELOLW\�XQGHU�IDXOWVDYDLODELOLW\�XQGHU�IDXOWV

²² XVH�GLVWULEXWHG�)6"XVH�GLVWULEXWHG�)6"��RYHUO\�JHQHUDO�DEVWUDFWLRQV��KLJK��RYHUO\�JHQHUDO�DEVWUDFWLRQV��KLJK
RYHUKHDG��RIWHQ�QR�IDXOW�WROHUDQFH�RU�DYDLODELOLW\�RYHUKHDG��RIWHQ�QR�IDXOW�WROHUDQFH�RU�DYDLODELOLW\�
� )6�UHDG�ZULWH�RSHUDWLRQV�KLGH�LQWHQW

²² UROO�\RXU�RZQ"UROO�\RXU�RZQ"�������QRW�UHXVDEOH��FRPSOH[�WR�JHW�ULJKW�������QRW�UHXVDEOH��FRPSOH[�WR�JHW�ULJKW
� RSWLPDO�SHUIRUPDQFH�LV�SRVVLEOH�WKLV�ZD\«

$Q�DOWHUQDWLYH�VWRUDJH�OD\HU�IRU�%DVHV$Q�DOWHUQDWLYH�VWRUDJH�OD\HU�IRU�%DVHV

�� 'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�
²² VWDUW�Z��KDVK�WDEOH��WUHH��ORJ��HWF���DQG�VWDUW�Z��KDVK�WDEOH��WUHH��ORJ��HWF���DQG�

� SDUWLWLRQ�LW�DFURVV�QRGHV��SDUDOOHO�DFFHVV��VFDODELOLW\��«�
� UHSOLFDWH�SDUWLWLRQV�LQ�UHSOLFD�JURXSV��DYDLODELOLW\��SHUVLVWHQFH�
� V\QF�UHSOLFDV�WR�GLVN��GXUDELOLW\�

²² ''6�PDLQWDLQV�D�FRQVLVWHQW�YLHZ�DFURVV�FOXVWHU''6�PDLQWDLQV�D�FRQVLVWHQW�YLHZ�DFURVV�FOXVWHU
� DWRPLF�VWDWH�FKDQJHV��EXW�QRW�WUDQVDFWLRQV�
� HQJHQGHUV�D�VLPSOH�DUFKLWHFWXUDO�PRGHO��DQ\�QRGH�FDQ�GR�DQ\�WDVN
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)RU�H[DPSOH«)RU�H[DPSOH«

VHUYLFHVHUYLFH FRUH�GDWD�VWUXFWXUHV�UHTXLUHGFRUH�GDWD�VWUXFWXUHV�UHTXLUHG

ZHE�VHUYHUZHE�VHUYHU
UHDG�PRVWO\�KDVK�WDEOH�RU�WUHH�UHDG�PRVWO\�KDVK�WDEOH�RU�WUHH��GRFXPHQWV��GRFXPHQWV�
ORJ�ORJ��KLW�ORJJLQJ��KLW�ORJJLQJ�

VHDUFK�HQJLQHVHDUFK�HQJLQH
KDVK�WDEOHV�KDVK�WDEOHV��VHDUFK�����ZRUG�!GRF�!PHWDGDWD�PDSV��VHDUFK�����ZRUG�!GRF�!PHWDGDWD�PDSV�
ZULWH�PRVWO\�ORJV�ZULWH�PRVWO\�ORJV��KLW�ORJV��FUDZOHU�VSRRO�ILOH��KLW�ORJV��FUDZOHU�VSRRO�ILOH�
WUHH�WUHH��RSWLRQDO��GDWH�LQGH[�RYHU�GRFXPHQWV��RSWLRQDO��GDWH�LQGH[�RYHU�GRFXPHQWV�

3,0�VHUYLFH3,0�VHUYLFH
KDVK�WDEOHV�KDVK�WDEOHV��XVHUV·�3,0�GDWD��XVHUV·�3,0�GDWD�
ZULWH�PRVWO\�ORJV�ZULWH�PRVWO\�ORJV��KLW�ORJV��KLW�ORJV�
WUHHV�WUHHV��GDWH�LQGH[HV�RYHU�DSSRLQWPHQWV��HPDLOV��HWF���GDWH�LQGH[HV�RYHU�DSSRLQWPHQWV��HPDLOV��HWF��

2EVHUYDWLRQV�DQG�3ULQFLSOHV2EVHUYDWLRQV�DQG�3ULQFLSOHV

²² 6LPSOLILFDWLRQ�WKURXJK�VHSDUDWLRQ�RI�FRQFHUQV6LPSOLILFDWLRQ�WKURXJK�VHSDUDWLRQ�RI�FRQFHUQV
²² GHFRXSOH�SHUVLVWHQFH�FRQVLVWHQF\�IURP�UHVW�RI�VHUYLFHGHFRXSOH�SHUVLVWHQFH�FRQVLVWHQF\�IURP�UHVW�RI�VHUYLFH
²² ''6�DEVWUDFWLRQ��SURJUDPPHUV�XQGHUVWDQG�GDWD�VWUXFWXUHV�''6�DEVWUDFWLRQ��SURJUDPPHUV�XQGHUVWDQG�GDWD�VWUXFWXUHV�

VR�WKLV�LV�D�QDWXUDO�H[WHQVLRQVR�WKLV�LV�D�QDWXUDO�H[WHQVLRQ

²² $SSHDO�WR�SURSHUWLHV�RI�FOXVWHUV�WR�PLWLJDWH�WKH�KDUG$SSHDO�WR�SURSHUWLHV�RI�FOXVWHUV�WR�PLWLJDWH�WKH�KDUG
GLVWULEXWHG�V\VWHPV�SUREOHPVGLVWULEXWHG�V\VWHPV�SUREOHPV
²² ´́FOXVWHU�FOXVWHU�≠≠�ZLGH�DUHD�ZLGH�DUHDµ��SK\VLFDOO\�VHFXUH��ZHOO�DGPLQLVWHUHG�µ��SK\VLFDOO\�VHFXUH��ZHOO�DGPLQLVWHUHG�

UHGXQGDQW�6$1��FRQWUROOHG�KHWHURJHQHLW\UHGXQGDQW�6$1��FRQWUROOHG�KHWHURJHQHLW\
� H�J��ORZ�ODWHQF\�QHWZRUN�È�WZR�SKDVH�FRPPLW�QRW�SURKLELWLYH
� H�J��UHGXQGDQW�6$1�È�QR�QHWZRUN�SDUWLWLRQV�È�´SUHVXPHG

FRPPLWµ�RSWLPLVWLF�WZR�SKDVH�FRPPLWV
� H�J��SK\VLFDOO\�VHFXUH���ILUHZDOO�È�FOXVWHU�ZLGH�7&%�È�QR

DXWKHQWLFDWLRQ�IRU�DFFHVV�WR�''6�LQVLGH�FOXVWHU

2EVHUYDWLRQV�DQG�3ULQFLSOHV2EVHUYDWLRQV�DQG�3ULQFLSOHV

²² ´,´,QWHUQHW�VHUYLFHQWHUQHW�VHUYLFHµµ�PHDQV�KXJH���RI�SDUDOOHO�WDVNV�PHDQV�KXJH���RI�SDUDOOHO�WDVNV
²² RSWLPL]H�V\VWHP�WR�RSWLPL]H�V\VWHP�WR�PD[LPL]H�WDVN�WKURXJKSXWPD[LPL]H�WDVN�WKURXJKSXW

� PLQLPL]LQJ�WDVN�ODWHQF\�LV�VHFRQGDU\��LI�QHHGHG�DW�DOO
²² WKUHDG�SHU�WDVN�EUHDNV�WKUHDG�SHU�WDVN�EUHDNV�

� IRFXV�FKDQJHV�IURP�´SXVKLQJ�D�WDVNµ�WR�PDLQWDLQLQJ�IORZV
� QHHG�DV\QFKURQRXV�,�2�DQG�HYHQW�GULYHQ�PRGHO

2XWOLQH�RI�7DON2XWOLQH�RI�7DON

�� 0RWLYDWLRQ0RWLYDWLRQ
�� ,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�
�� 'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH
�� 3HUIRUPDQFH�QXPEHUV3HUIRUPDQFH�QXPEHUV
�� ([DPSOH�VHUYLFHV([DPSOH�VHUYLFHV
�� :UDSXS:UDSXS
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3URWRW\SH�''6��GLVWULEXWHG�KDVK�WDEOH3URWRW\SH�''6��GLVWULEXWHG�KDVK�WDEOH

6$16$1

VWRUDJH
´EULFNµ
VWRUDJH
´EULFNµ

VWRUDJH
´EULFNµ
VWRUDJH
´EULFNµ

VWRUDJH
´EULFNµ
VWRUDJH
´EULFNµ

VWRUDJH
´EULFNµ
VWRUDJH
´EULFNµ

VWRUDJH
´EULFNµ
VWRUDJH
´EULFNµ

VWRUDJH
´EULFNµ
VWRUDJH
´EULFNµ
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''6�OLE''6�OLE

VHUYLFHVHUYLFH
''6�OLE''6�OLE

VHUYLFHVHUYLFH
''6�OLE''6�OLE

FOLHQWFOLHQW FOLHQWFOLHQW FOLHQWFOLHQW FOLHQWFOLHQW FOLHQWFOLHQW

:$1:$1

VHUYLFH�LQWHUDFWV�ZLWK
''6�YLD�OLEUDU\

>OLEUDU\�LV��3&�FRRUGLQDWRU��KDQGOHV
SDUWLWLRQLQJ��UHSOLFDWLRQ��HWF���DQG

H[SRUWV�KDVKWDEOH�$3,@

FOLHQWV�LQWHUDFW�ZLWK�DQ\
VHUYLFH�´IURQW�HQGµ

>DOO�SHUVLVWHQW�VWDWH�LV�LQ�''6
DQG�LV�FRQVLVWHQW�DFURVV�FOXVWHU@

´EULFNµ�LV�GXUDEOH�VLQJOH�QRGH
KDVKWDEOH�SOXV�53&�VNHOHWRQV

IRU�QHWZRUN�DFFHVV

H[DPSOH�RI�D�GLVWULEXWHG��+7
SDUWLWLRQ�ZLWK���UHSOLFDV�LQ�JURXS

´%ULFNµ�LPSOHPHQWDWLRQ´%ULFNµ�LPSOHPHQWDWLRQ

VSOLW�SKDVH�´53&µ�VNHOHWRQV

+7�FRPSOHWLRQ
XSFDOOV

,�2�FRPSOHWLRQ
XSFDOOV

,�2
UHTXHVWV

+7
UHTXHVWV

DV\QFKURQRXV�,�2�OD\HU�
´VLQNV�DQG�VRXUFHVµ

7&3
QHWZRUN

9,$
QHWZRUN

ILOH
V\VWHP
VWRUDJH

UDZ
GLVN

VWRUDJH

EXIIHU�FDFKHORFN�PDQDJHU

VLQJOH�QRGH��DV\QFKURQRXV�
SHUVLVWHQW�KDVK�WDEOH

�� VLQJOH�QRGH�KDVK�WDEOHVLQJOH�QRGH�KDVK�WDEOH
² 53&�VNHOHWRQV�VODSSHG�RQ�IRU�UHPRWH

KDVK�WDEOH�DFFHVV

�� FRPSRVHG�RI�PDQ\�OD\HUVFRPSRVHG�RI�PDQ\�OD\HUV
² HDFK�OD\HU�FRQVLVWV�RI�VWDWH�PDFKLQHV��

FKDLQHG�XSFDOOV
² OD\HUV�WKHPVHOYHV�DUH�DV\QFKURQRXV

� H�J��EXIIHU�FDFKH��ORFN�PJU

�� LPSOHPHQWDWLRQ�LPSOHPHQWDWLRQ�
² FKDLQHG�KDVK�WDEOH��VWDWLF���RI�EXFNHWV

VSHFLILHG�DW�FUHDWLRQ
² NH\� ����ELW�QXPEHU
² YDOXH� �DUUD\�RI�E\WHV

� �.%�PD[LPXP�YDOXH�VL]H

'LVWULEXWLRQ��FOXVWHU�ZLGH�PHWDGDWD�VWUXFWXUHV'LVWULEXWLRQ��FOXVWHU�ZLGH�PHWDGDWD�VWUXFWXUHV

�� 7ZR�GDWD�VWUXFWXUHV�DUH�PDLQWDLQHG�DFURVV�FOXVWHU�7ZR�GDWD�VWUXFWXUHV�DUH�PDLQWDLQHG�DFURVV�FOXVWHU�
²² GDWD�SDUWLWLRQLQJ�PDS�GDWD�SDUWLWLRQLQJ�PDS���'3PDS'3PDS��

� JLYHQ�NH\��UHWXUQV�QDPH�RI�UHSOLFD�JURXS�WKDW�KDQGOHV�NH\
� DV�WKH�KDVK�WDEOH�JURZV�LQ�VL]H��PDS�VXEGLYLGHV
� ´VXEGLYLVLRQµ�HQVXUHV�ORFDOL]HG�FKDQJHV��ERXQGV���RI�JURXSV�DIIHFWHG�

²² UHSOLFD�JURXS�PHPEHUVKLS�PDSV�UHSOLFD�JURXS�PHPEHUVKLS�PDSV���5*PDS5*PDS��

� JLYHQ�UHSOLFD�JURXS�QDPH��UHWXUQV�OLVW�RI�EULFNV�LQ�UHSOLFD�JURXS
� QRGHV�FDQ�EH�G\QDPLFDOO\�DGGHG�UHPRYHG�IURP�UHSOLFD�JURXSV

² QRGH�IDLOXUH�LV�VXEWUDFWLRQ�IURP�JURXS
² QRGH�UHFRYHU\�LV�DGGLW LRQ�WR�JURXS

�� WKH�FRQVLVWHQF\�RI�WKHVH�PDSV�LV�PDLQWDLQHG��EXW�OD]LO\WKH�FRQVLVWHQF\�RI�WKHVH�PDSV�LV�PDLQWDLQHG��EXW�OD]LO\
²² FOLHQWV�SLJJ\EDFN�RSHUDWLRQV�Z��KDVK�RI�WKHLU�YLHZ�RI�PDSVFOLHQWV�SLJJ\EDFN�RSHUDWLRQV�Z��KDVK�RI�WKHLU�YLHZ�RI�PDSV
²² LI�YLHZ�LV�RXW�RI�GDWH��EULFNV�VHQG�QHZ�PDS�WR�FOLHQWLI�YLHZ�LV�RXW�RI�GDWH��EULFNV�VHQG�QHZ�PDS�WR�FOLHQW

� PDSV�DUH�DOVR�EURDGFDVW�SHULRGLFDOO\
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5*�QDPH5*�QDPH 5*�PHPEHUVKLS�OLVW5*�PHPEHUVKLS�OLVW
000000

100100

1010

011011

dds1.dds1.cscs, dds2., dds2.cscs

dds3.dds3.cscs, dds4., dds4.cscs, dds5., dds5.cscs

dds2.dds2.cscs, dds3., dds3.cscs, dds6., dds6.cscs

dds7.dds7.cscs

100100 dds3.dds3.cscs, dds4., dds4.cscs, dds5., dds5.cscs

�� ORRNXS�5*�QDPH�LQ�'3ORRNXS�5*�QDPH�LQ�'3
PDS�PDS�WULHWULH

���� ORRNXS�5*�PHPEHUVORRNXS�5*�PHPEHUV
LQ�5*�PDS�WDEOHLQ�5*�PDS�WDEOH

�� WZR�SKDVH�FRPPLW�SXWWZR�SKDVH�FRPPLW�SXW
WR�DOO�5*�PHPEHUV��NH\WR�DOO�5*�PHPEHUV��NH\
LV�UHPDLQLQJ�ELWV�LV�UHPDLQLQJ�ELWV�

��������������������1101011010

'3�PDS'3�PDS

5*�PDS5*�PDS

5HFRYHU\5HFRYHU\

�� ,QVLJKWV�,QVLJKWV�
²² PDNH�KDVK�WDEOH�´EHVW�HIIRUWµPDNH�KDVK�WDEOH�´EHVW�HIIRUWµ

� 2.�WR�UHWXUQ�IDLOXUH��LI�FDQ·W�JHW�ORFN��UHSOLFD�JURXS�PHPEHUVKLS
FKDQJHV�GXULQJ�RS���HWF�

� UHO\�RQ�K LJKHU�OD\HU�RU�DSSOLFDWLRQ�WR�UHWU\
²² HQIRUFH�LQYDULDQWV�WR�VLPSOLI\HQIRUFH�LQYDULDQWV�WR�VLPSOLI\

² QR�VWDWH�FKDQJHV�XQOHVV�FOLHQW���DOO�UHSOLFDV�DJUHH�RQ�FXUUHQW�PDSV
²² PDNH�SDUWLWLRQV�VPDOO���������0%���EXW�KDYH�PDQ\PDNH�SDUWLWLRQV�VPDOO���������0%���EXW�KDYH�PDQ\

� JLYHQ�IDVW�6$1��FRS\LQJ�DQ�HQWLUH�SDUWLWLRQ�LV�IDVW�������VHFRQGV�
²² EULFN�IDLOXUHV�GRQ·W�KDSSHQ�RIWHQ��RQFH�SHU�ZHHN�EULFN�IDLOXUHV�GRQ·W�KDSSHQ�RIWHQ��RQFH�SHU�ZHHN�

�� *LYHQ�WKHVH�LQVLJKWV��EULFN�IDLOXUH�UHFRYHU\�LV�HDV\�*LYHQ�WKHVH�LQVLJKWV��EULFN�IDLOXUH�UHFRYHU\�LV�HDV\�
²² JUDE�ZULWH�ORFN�RYHU�RQH�UHSOLFD�LQ�D�SDUWLWLRQJUDE�ZULWH�ORFN�RYHU�RQH�UHSOLFD�LQ�D�SDUWLWLRQ
²² FRS\�WKH�HQWLUH�UHSOLFD�WR�WKH�UHFRYHULQJ�QRGHFRS\�WKH�HQWLUH�UHSOLFD�WR�WKH�UHFRYHULQJ�QRGH
²² SURSDJDWH�QHZ�SURSDJDWH�QHZ�5*PDS5*PDS�WR�RWKHU�QRGHV�LQ�UHSOLFD�JURXS�WR�RWKHU�QRGHV�LQ�UHSOLFD�JURXS
²² UHOHDVH�ORFNUHOHDVH�ORFN

2XWOLQH�RI�7DON2XWOLQH�RI�7DON

�� 0RWLYDWLRQ0RWLYDWLRQ
�� ,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�
�� 'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH
�� 3HUIRUPDQFH�QXPEHUV3HUIRUPDQFH�QXPEHUV
�� ([DPSOH�VHUYLFHV([DPSOH�VHUYLFHV
�� :UDSXS:UDSXS
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6FDODELOLW\��UHDGV�DQG�ZULWHV�6FDODELOLW\��UHDGV�DQG�ZULWHV�
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Read throughput vs. element size (8 server nodes)
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Read Throughput vs. # clients
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Write Throughput vs. servers’ CPU utilization
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*DUEDJH�&ROOHFWLRQ�&RQVLGHUHG�+DUPIXO«*DUEDJH�&ROOHFWLRQ�&RQVLGHUHG�+DUPIXO«

�� :KDW�LI«:KDW�LI«
service rate Sservice rate S����∝∝����(queue length Q)(queue length Q)-1-1

�� WKHQ��WKHUH�LV�D��WKHQ��WKHUH�LV�D��QthreshQthresh���ZKHUH�ZKHUH
Q > Q > Qthresh Qthresh ⇒⇒ R > S R > S

�� 8QIRUWXQDWHO\��JDUEDJH�FROOHFWLRQ�WLFNOHV8QIRUWXQDWHO\��JDUEDJH�FROOHFWLRQ�WLFNOHV
WKLV�FDVH��WKLV�FDVH��
²² PRUH�REMHFWV�PHDQV�PRUH�WLPH�VSHQW�RQ�*&PRUH�REMHFWV�PHDQV�PRUH�WLPH�VSHQW�RQ�*&

DUULYDO�UDWH�5DUULYDO�UDWH�5

VHUYLFH�UDWH�6VHUYLFH�UDWH�6

TXHXHTXHXH
OHQJWKOHQJWK

44

�� 3K\VLFDO�DQDORJ\��EDOO�RQ�D�ZLQG\�IODW�WRSSHG�KLOO3K\VLFDO�DQDORJ\��EDOO�RQ�D�ZLQG\�IODW�WRSSHG�KLOO
�� FODVVLF�XQVWDEOH�HTXL OLEULXPFODVVLF�XQVWDEOH�HTXL OLEULXP
�� QHHG�´DQWL�JUDYLW\µ�IRUFH��RU�QHHG�ZLQGVKLHOGQHHG�´DQWL�JUDYLW\µ�IRUFH��RU�QHHG�ZLQGVKLHOG

�� DGPLVVLRQ�FRQWURO��IORZ�FRQWURO��GLVFDUG��«DGPLVVLRQ�FRQWURO��IORZ�FRQWURO��GLVFDUG��«
�� )HHGEDFN�HIIHFW��UHSOLFD�JURXS�UXQV�DW�VSHHG�RI)HHGEDFN�HIIHFW��UHSOLFD�JURXS�UXQV�DW�VSHHG�RI

VORZHVW�QRGH��IRU�LQVHUWV�VORZHVW�QRGH��IRU�LQVHUWV�

&DSDFLW\&DSDFLW\

�� 6FDOHG�WR���7%6FDOHG�WR���7%
²² ����EULFN�QRGHV����EULFN�QRGHV
²² ����GLVNV�����*%�SHU�GLVN�����GLVNV�����*%�SHU�GLVN�
²² ����SDUWLWLRQV����SDUWLWLRQV
²² �����UHSOLFDV�����UHSOLFDV

�� 3HUIRUPDQFH�3HUIRUPDQFH�

²² �����.%�LQVHUWV�SHU�VHFRQG�SHU�EULFN�QRGH�����.%�LQVHUWV�SHU�VHFRQG�SHU�EULFN�QRGH
²² ����KRXUV�WR�GR�LQVHUW����KRXUV�WR�GR�LQVHUW
²² �LV�DERXW���0%�V�SHU�GLVN«VHHNV�KXUW���LV�DERXW���0%�V�SHU�GLVN«VHHNV�KXUW��

2XWOLQH�RI�7DON2XWOLQH�RI�7DON

�� 0RWLYDWLRQ0RWLYDWLRQ
�� ,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�
�� 'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH
�� 3HUIRUPDQFH�QXPEHUV3HUIRUPDQFH�QXPEHUV
�� ([DPSOH�VHUYLFHV([DPSOH�VHUYLFHV
�� :UDSXS:UDSXS

([DPSOH�VHUYLFH��´([DPSOH�VHUYLFH��´6DQFWLR6DQFWLRµµ

�� LQVWDQW�PHVVDJLQJ�JDWHZD\LQVWDQW�PHVVDJLQJ�JDWHZD\
²² ,&4���!�$,0���!�HPDLO���!�YRLFH,&4���!�$,0���!�HPDLO���!�YRLFH
²² %DEHOILVK�%DEHOILVK�ODQJXDJH�WUDQVODWLRQODQJXDJH�WUDQVODWLRQ

�� ODUJH�URXWLQJ�DQG�XVHU�SUHI��VWDWHODUJH�URXWLQJ�DQG�XVHU�SUHI��VWDWH
PDLQWDLQHG�LQ�VHUYLFHPDLQWDLQHG�LQ�VHUYLFH
²² HDFK�WDVN�QHHGV�WZR�+7�ORRNXSVHDFK�WDVN�QHHGV�WZR�+7�ORRNXSV

� RQH�IRU�XVHU�SUHI��RQH�WR�ILQG�FRUUHFW
´SUR[\µ�WR�VHQG�WKURXJK

²² VWURQJ�FRQVLVWHQF\�UHTXLUHG��ZULWHVWURQJ�FRQVLVWHQF\�UHTXLUHG��ZULWH
WUDIILF�LV�FRPPRQ��FKDQJH�URXWHV�WUDIILF�LV�FRPPRQ��FKDQJH�URXWHV�

�� YHU\�UDSLG�GHYHORSPHQWYHU\�UDSLG�GHYHORSPHQW
²² ��SHUVRQ�PRQWK��SHUVRQ�PRQWK��PRVW�HIIRUW�RQ�,0��PRVW�HIIRUW�RQ�,0
SURWRFROV���6WDWH�PDQDJHPHQW��SURWRFROV���6WDWH�PDQDJHPHQW����GD\��GD\

http://sanctio.cs.berkeley.eduhttp://sanctio.cs.berkeley.edu
(http://(http://sanctiosanctio..cs cs is running on a DDS too!)is running on a DDS too!)

$2/�FOLHQW$2/�FOLHQW

,&4�FOLHQW,&4�FOLHQW

0RUH�([DPSOH�6HUYLFHV0RUH�([DPSOH�6HUYLFHV

�� 6FDODEOH�ZHE�VHUYHU6FDODEOH�ZHE�VHUYHU
²² ´VHUYLFHµ�LV�+773'��IHWFKHV�FRQWHQW�IURP�''6´VHUYLFHµ�LV�+773'��IHWFKHV�FRQWHQW�IURP�''6
²² XVHV�OLJKWZHLJKW�)60�OD\HULQJ�IRU�XVHV�OLJKWZHLJKW�)60�OD\HULQJ�IRU�&*,V&*,V
²² ����OLQHV�RI�-DYD������IRU�+773�SDUVLQJ�HWF�������IRU�''6����OLQHV�RI�-DYD������IRU�+773�SDUVLQJ�HWF�������IRU�''6

�� ´3DUDOOHOLVPVµ�ZKDW·V�UHODWHG�VHUYHU´3DUDOOHOLVPVµ�ZKDW·V�UHODWHG�VHUYHU
²² LQYHUVLRQ�RI�<DKRR�LQYHUVLRQ�RI�<DKRR�

� JLYHQ�D�85/��LGHQWLILHV�ZKDW�<DKRR�FDWHJRULHV�LW�LV�LQ
� UHWXUQV�RWKHU�85/V�LQ�WKRVH�FDWHJRULHV
� ����OLQHV������IRU�DSS�VSHFLILF�ORJLF��UHVW�LV�+773�MXQN�

�� 0DQ\�VHUYLFHV�LQ�WKH�´1LQMDµ�SODWIRUP0DQ\�VHUYLFHV�LQ�WKH�´1LQMDµ�SODWIRUP
²² XVHU�SUHIHUHQFH�UHSRVLWRU\��XVHU�NH\�UHSRVLWRU\�XVHU�SUHIHUHQFH�UHSRVLWRU\��XVHU�NH\�UHSRVLWRU\�

FROODERUDWLYH�ILOWHULQJ�HQJLQH�IRU�D�FRPPXQDO�MXNHER[��«FROODERUDWLYH�ILOWHULQJ�HQJLQH�IRU�D�FRPPXQDO�MXNHER[��«

2XWOLQH�RI�7DON2XWOLQH�RI�7DON

�� 0RWLYDWLRQ0RWLYDWLRQ
�� ,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�,QWURGXFWLRQ��'LVWULEXWHG�'DWD�6WUXFWXUHV��''6�
�� 'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH'LVWULEXWHG�KDVK�WDEOH�SURWRW\SH
�� 3HUIRUPDQFH�QXPEHUV3HUIRUPDQFH�QXPEHUV
�� ([DPSOH�VHUYLFHV([DPSOH�VHUYLFHV
�� :UDSXS:UDSXS



��

:UDSXS:UDSXS

�� 'LVWULEXWHG�GDWD�VWUXFWXUHV�DUH�D�YLDEOH�PHFKDQLVP�WR�VLPSOLI\'LVWULEXWHG�GDWD�VWUXFWXUHV�DUH�D�YLDEOH�PHFKDQLVP�WR�VLPSOLI\
,QWHUQHW�VHUYLFH�FRQVWUXFWLRQ,QWHUQHW�VHUYLFH�FRQVWUXFWLRQ
²² WKH\�SRVVHVV�DOO�RI�WKH�¶WKH\�SRVVHVV�DOO�RI�WKH�¶LOLWLHVLOLWLHV��VFDODELOLW\��DYDLODELOLW\��GXUDELOLW\��VFDODELOLW\��DYDLODELOLW\��GXUDELOLW\
²² WKH\�HQJHQGHU�D�VLPSOH�DQG�IDPLOLDU�SURJUDPPLQJ�PRGHOWKH\�HQJHQGHU�D�VLPSOH�DQG�IDPLOLDU�SURJUDPPLQJ�PRGHO

�� ,PSOHPHQWLQJ�D�''6�UHTXLUHV�DQ�HIIHFWLYH�,�2�VXEVWUDWH,PSOHPHQWLQJ�D�''6�UHTXLUHV�DQ�HIIHFWLYH�,�2�VXEVWUDWH
²² XVH�DV\QFKURQRXV�,�2�WR�KDQGOH�WKH�H[WUHPH�FRQFXUUHQF\XVH�DV\QFKURQRXV�,�2�WR�KDQGOH�WKH�H[WUHPH�FRQFXUUHQF\
²² )60V)60V�DQG�HYHQW�GULYHQ�SURJUDPPLQJ�IDOO�RXW�RI�WKLV�PRGHO�DQG�HYHQW�GULYHQ�SURJUDPPLQJ�IDOO�RXW�RI�WKLV�PRGHO

� DOORZV�OLJKW�ZHLJKW�FRPSRVLWLRQ�RI�OD\HUV
�� 3URSHUWLHV�RI�FOXVWHUV�FDQ�EH�H[SORLWHG�LQ�''6�GHVLJQ3URSHUWLHV�RI�FOXVWHUV�FDQ�EH�H[SORLWHG�LQ�''6�GHVLJQ

²² WZR�SKDVH�FRPPLW�RSWLPL]DWLRQV��IDXOW�UHFRYHU\�GHVLJQWZR�SKDVH�FRPPLW�RSWLPL]DWLRQV��IDXOW�UHFRYHU\�GHVLJQ
�� 6RPH�SULQFLSOHV�RI�''6�GHVLJQ�6RPH�SULQFLSOHV�RI�''6�GHVLJQ�

²² ´EHVW�HIIRUWµ�KDVK�WDEOH�VLPSOLILHV�UHFRYHU\��LPSOHPHQWDWLRQ��HWF�´EHVW�HIIRUWµ�KDVK�WDEOH�VLPSOLILHV�UHFRYHU\��LPSOHPHQWDWLRQ��HWF�
²² DGGLWLRQDO�SURSHUWLHV�JDLQHG�E\�H[SORLWLQJ�OD\HULQJDGGLWLRQDO�SURSHUWLHV�JDLQHG�E\�H[SORLWLQJ�OD\HULQJ


