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6\VWHPV

$QJHOD�%RQLIDWL��/\RQ���8QLYHUVLW\�	�&156�/LULV��)UDQFH�
�H%,66�6XPPHU�6FKRRO�������&HVHQD��,WDO\�



$ERXW�P\VHOI

Ɣ 3URIHVVRU�DW�/\RQ���8QLYHUVLW\��)UDQFH�

Ɣ /HDGHU�RI�WKH�'DWDEDVH�JURXS�DW�/LULV�&156�ODE��)UDQFH�

Ɣ $GMXQFW�3URIHVVRU�DW�WKH�8QLYHUVLW\�RI�:DWHUORR��&DQDGD�

Ɣ &R�DXWKRUHG�VHYHUDO�SXEOLFDWLRQV�LQ�PDMRU�YHQXHV�RI�WKH�GDWD�PDQDJHPHQW�ILHOG��WZR�
ERRNV�DQG�DQ�LQYLWHG�SDSHU�LQ�$&0�6LJPRG�5HFRUG�����

Ɣ 3URJUDP�&KDLU�RI�$&0�6LJPRG������DQG�FXUUHQWO\�&KDLU�RI�WKH�('%7�([HFXWLYH�
&RPPLWWHH�������������

Ɣ 3URJUDP�'LUHFWRU�RI�WKH�,QWHUQDWLRQDO�0DVWHU�',66��'DWD�DQG�,QWHOOLJHQFH�IRU�6PDUW�
6\VWHPV��DW�/\RQ���8QLYHUVLW\

�



*UDSKV�DUH�HYHU\ZKHUH�

*UDSKV�SURYLGH�D�XQLYHUVDO�DQG�VLPSOH�EOXHSULQW�IRU�
KRZ�WR�ORRN�DW�WKH�ZRUOG�DQG�PDNH�VHQVH�RI�LW�

7HFK�GULYLQJ�DSSOLFDWLRQV� �GDWD�VFLHQFH���
PXOWL�KRS�UHODWLRQVKLSV

˪ŘŢƚ�ǀĕƚ�ˮ̆̀

�

(YHU\RQH
�XVHV�JUDSKV�



*UDSKV�DV�XQLI\LQJ�DEVWUDFWLRQV

Ɣ *UDSKV�DUH�QDWXUDO�DEVWUDFWLRQV�IRU�UHSUHVHQWLQJ�LQWHUFRQQHFWHG�REMHFWV�ZKHQ�
HQFRGLQJ��H[SODLQLQJ�DQG�SUHGLFWLQJ�UHDO�ZRUOG�DQG�GLJLWDO�ZRUOG�SKHQRPHQD���

Ɣ *UDSKV�DUH�XQGHUSLQQLQJ�VHYHUDO�GDWD�PDQDJHPHQW�HFRV\VWHPV��LQ�VRFLHWDO��
VFLHQWLILF��5')��SURGXFW�DQG�GLJLWDO�GRPDLQV�DFFRUGLQJ�WR�D�UHFHQW�XVHU�VXUYH\�
>6DKX��@�

Ɣ 1HYHUWKHOHVV��WKH�GDWD�PRGHOV��TXHU\�ODQJXDJHV�DQG�V\VWHP�UHTXLUHPHQWV�
QHHGHG�IRU�JUDSKV�DUH�FRQVWDQWO\�HYROYLQJ�

>6DKX��@�6LGGKDUWKD�6DKX�HW�DO�7KH�XELTXLW\�RI�ODUJH�JUDSKV�DQG�VXUSULVLQJ�FKDOOHQJHV�RI�JUDSK�SURFHVVLQJ��H[WHQGHG�VXUYH\��9/'%�-��
�����������������������

�



$�SOHWKRUD�RI�DSSOLFDWLRQV

Ɣ $PRQJ�ZKLFK��WKH�FRYLGJUDSK�RUJ�LQLWLDWLYH�
DLPLQJ�DW�EXLOGLQJ�WKH�&RYLG���NQRZOHGJH�
JUDSK�

ż &ROOHFWLQJ�SDWHQWV��SXEOLFDWLRQV�DERXW�WKH�
KXPDQ�FRURQDYLUXVHV�

ż %LRPHGLFDO�GDWD��JHQRPLFV�DQG�RPLFV�

ż ([SHULPHQWDO�GDWD�DERXW�FOLQLFDO�WULDOV�

ż .H\�GHPRJUDSKLF�LQGLFDWRUV

�
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:HE�VFDOH�*UDSK�3URFHVVLQJ�

Ɣ *RRJOH�3DJH5DQN��6KLIW�IURP�0DS5HGXFH�
WR�9HUWH[�FHQWULF�FRPSXWDWLRQ�

ż %RWK�GLVWULEXWHG�EXW�WKH�ODWWHU�LPSURYHV�
ORFDOLW\��ZKLOH�SURYLGLQJ�OLQHDU�VFDODELOLW\�
DQG�DFKLHYLQJ�EHWWHU�SHUIRUPDQFHV

Ɣ 2WKHU�V\VWHPV�VXSSRUW�PRUH�HODERUDWH�
FRPSXWDWLRQDO�PRGHOV��WDVN�EDVHG�LQVWHDG�
RI�GLVWULEXWHG�L�H��)DFHERRN�DQG�$SDFKH�
*LUDSK���

�



6HYHUDO�JUDSK�GDWDEDVH�HQJLQHV�RQ�WKH�ULVH

Ɣ 7KH�QXPEHU�RI�JUDSK�HQJLQHV�LV�JURZLQJ�RYHU�WKH�\HDUV�DV�ZHOO�DV�WKHLU�
SRSXODULW\

�



([SUHVVLYLW\�RI�WKH�JUDSKV�TXHULHV

Ɣ 'HSHQGHQFH�RQ�WKH�FKRVHQ�GDWD�PRGHO�DQG�RQ�KRZ�GR�KXPDQV�
FRQFHSWXDOL]H�JUDSKV

Ɣ ,QWHURSHUDELOLW\�LVVXHV��GXH�WR�PXOWLSOH�KHWHURJHQHRXV�GDWD�VRXUFHV��DUH�WR�EH�
WDNHQ�LQWR�DFFRXQW

Ɣ $�GDWD�PRGHO�ODWWLFH�WR�QDYLJDWH�DFURVV�GDWD�PRGHOV��EDODQFLQJ�
XQGHUVWDQGDELOLW\�DQG�H[SUHVVLYH�SRZHU

Ɣ 1HZ�DOJHEUDLF�IUDPHZRUNV�QHHGHG�WR�DFFRXQW�IRU�DQ�LQFUHDVLQJ�YDULHW\�RI�
JUDSK�ZRUNORDGV

�



3URSHUW\�JUDSK�H[DPSOH

�



3URSHUW\�JUDSKV

��



$�ODWWLFH�RI�GDWD�PRGHOV

Ɣ $�GDWD�PRGHO�SHU�XVH�FDVH

Ɣ 1HHG�RI�PDNLQJ�GLIIHUHQW�GDWD�PRGHOV�
LQWHURSHUDEOH�YLD�PDSSLQJV�RU�GLUHFW�
WUDQVODWLRQV

Ɣ +RZ�H[SUHVVLYH�DQG�KXPDQ�IULHQGO\�LV�D�
GDWD�PRGHO"��

��



%DVLF�
LQJUHGLHQWV
*UDSK�4XHULHV

��



/RJLF�DV�WKH�XQGHUO\LQJ�IRUPDOLVP�RI�JUDSK�TXHU\�ODQJXDJHV�

Ɣ 6HPDQWLFV�RI�WKH�*UDSK�4XHU\�/DQJXDJHV�EDVHG�RQ�QRQ�UHFXUVLYH�'DWDORJ�ZLWK�QHJDWLRQ��

Ɣ 6HYHUDO�FRQFUHWH�TXHU\�ODQJXDJHV��2SHQ&\SKHU��2UDFOH�3*4/��«WKHQ�*4/�DQG�64/�3*4�LQ�WKH�
IXWXUH��,62�,(&�:�*�VWDQGDUGL]DWLRQ�SURFHVV�RQJRLQJ�ZLWK�WKH�SDUWLFLSDWLRQ�RI�WKH�/'%&�FRPPXQLW\�� ��



*UDSK�3DWWHUQ�0DWFKLQJ�DQG�)LOWHULQJ�

��



)URP�EDVLF�JUDSK�SDWWHUQV�WR�FRPSOH[�JUDSK�SDWWHUQV�

Ɣ %DVLF�JUDSK�SDWWHUQV�LQFOXGLQJ�MRLQV��&RQMXQFWLYH�4XHULHV���&4V���H�J��

Ɣ &RPSOH[�JUDSK�SDWWHUQV�ZLWK�MRLQV�DQG�UHFXUVLRQ��&RQMXQFWLYH�5HJXODU�3DWK�
4XHULHV���&534V���H�J�

�[�\�]���Š��$SSUHQWLFH��[����([SHUW��\���
�������������������([SHUW�]����ZRUNV)RU�[�\���

�ZRUNV)RU�[�]�

�[�\�]���Š��1RYLFH��[���
�$SSUHQWLFH�\����([SHUW�]���
�NQRZV�[�\����NQRZV�\�]��

�NQRZV�]�[�

�Q�H���Š��NQRZV��Q�D�����ZRUNV)RU�D��H��
������������������NQRZV��Q�D�����ZRUNV)RU�D��H��

�ZRUNV)RU�H�H�

��



5HJXODU�3DWK�4XHULHV��534V�

� $�UHJXODU�SDWK�TXHU\��534��RYHU�WKH�VHW�RI�HGJH�ODEHOV�Ȉ�LV�H[SUHVVHG�DV�D�
UHJXODU�H[SUHVVLRQ�RYHU�Ȉ�

� 7KH�DQVZHU�4�'��WR�DQ�534�4�RYHU�D�GDWDEDVH�'�LV�WKH�VHW�RI�SDLUV�RI�QRGHV�
FRQQHFWHG�LQ�'�E\�D�GLUHFWHG�SDWK�WUDYHUVLQJ�D�VHTXHQFH�RI�HGJHV�IRUPLQJ�D�
ZRUG�LQ�WKH�UHJXODU�ODQJXDJH�/�4��GH¿QHG�E\�4�
� ,I�D�䌜�/��WKHQ�D�䌜�534�
� ,I�H�䌜�534��WKHQ�H���䌜�534�
� ,I�H��I�䌜�534��WKHQ��H���I��䌜�534�
� ,I�H��I�䌜�534��WKHQ�H���I�䌜�534�
� ,I�H�䌜�534��WKHQ�H��䌜�534�

��



%H\RQG�5HJXODU�3DWK�4XHULHV��8&534V��

� 8&�534��8QLRQV�RI�&RQMXQFWLRQV�RI�5HJXODU�3DWK�4XHULHV
� $�XQLRQ�RI�FRQMXQFWLYH�UHJXODU�SDWK�TXHULHV��8&534��LV�D�ILQLWH�QRQ�HPSW\�VHW�5�䎚&534��

HDFK�HOHPHQW�RI�ZKLFK�LV�RI�WKH�VDPH�DULW\�P��(DFK�5�LV�D�UXOH�RI�WKH�IRUP�

ZKHUH�WKH�Į�DUH�534V�DQG�[L��\M�DUH�YDULDEOHV�DQG�HDFK�]L�LV�FKRVHQ�LQ�WKH�VHW�RI�YDULDEOHV�^[���
\���«��[Q�\Q`

� &RUH�FRQVWUXFWV�RI�WKH�:�&¶V�63$54/����������2UDFOH¶V�3*4/�DQG�1HR�M¶V�RSHQ&\SKHU
� :HOO�XQGHUVWRRG�WKHRUHWLFDO�SURSHUWLHV��H�J���SRO\QRPLDO�GDWD�FRPSOH[LW\�>%DU��@�

>%DU��@�3��%DUFHOy��4XHU\LQJ�JUDSK�GDWDEDVHV��32'6¶���
��



4XHU\�HYDOXDWLRQ�VHPDQWLFV�

� 7KH�VHPDQWLFV�4�*��RI�HYDOXDWLQJ�TXHU\�D�4�RQ�JUDSK�*�LV�EDVHG�RQ�
HPEHGGLQJV�RI�WKH�UXOH�ERG\¶V�RI�4�LQ�*��

ZKHUH�K�LV�D�KRPRPRUSKLVP��L�H���D�IXQFWLRQ�ZLWK�GRPDLQ�1�䌾�9DULDEOHV�DQG�
UDQJH�1�WKDW�LV�WKH�LGHQWLW\�RQ�1�

� 8QGHU�KRPRPRUSKLVP��GLIIHUHQW�TXHU\�YDULDEOHV�FDQ�EH�PDSSHG�WR�WKH�VDPH�
YHUWH[

� $OWHUQDWLYHO\��XQGHU�LVRPRUSKLVP��WKH�PDSSLQJ�EHWZHHQ�D�TXHU\�YDULDEOH�DQG�
D�JUDSK�YHUWH[�LV�LQMHFWLYH��

��



+RPRPRUSKLVP�EDVHG�YV��,VRPRUSKLVP�EDVHG�VHPDQWLFV

([DPSOH��3DWLHQWV�DQG�WKHLU�IULHQGV��KRPRPRUSKLVPV�

4� �䚾"S��"I�䚿�ĸ��"S��NQRZV��"I�����"S��SDWLHQW2I���"G�

4�*� �^䚾NRWDUR��VDRUL䚿��䚾NRWDUR��VULUDP䚿�������`

��



+RPRPRUSKLVP�EDVHG�YV��,VRPRUSKLVP�EDVHG�VHPDQWLFV

([DPSOH��3DWLHQWV�DQG�WKHLU�IULHQGV��LVRPRUSKLVPV�

4� �䚾"S��"I�䚿�ĸ��"S��NQRZV��"I�����"S��SDWLHQW2I���"G�

4�*� �^䚾NRWDUR��VDRUL䚿��䚾NRWDUR��VULUDP䚿�������`

��



3DWK�VHPDQWLFV�IRU�5HJXODU�3DWK�4XHULHV��534V��

([DPSOH��3HRSOH�ZKR�NQRZ�HDFK�RWKHU��DUELWUDU\�SDWK�VHPDQWLFV�

4� �䚾"S��"I�䚿�ĸ��"S��NQRZV
��"I��

4�*� �^䚾NRWDUR��VDRUL䚿��䚾VDRUL��NRWDUR䚿��䚾NRWDUR��NRWDUR䚿��䚾VDRUL��VDRUL䚿��䚾VXH��XPL䚿��䚾XPL��NRWDUR䚿��䚾VXH��NRWDUR䚿��
䚾NRWDUR��VULUDP䚿��䚾VDRUL��VULUDP䚿�������`

��
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3DWK�VHPDQWLFV�IRU�5HJXODU�3DWK�4XHULHV��534V��

([DPSOH��3HRSOH�ZKR�NQRZ�HDFK�RWKHU��VLPSOH�SDWK�VHPDQWLFV�

4� �䚾"S��"I�䚿�ĸ��"S��NQRZV
��"I��

4�*� �^䚾NRWDUR��VDRUL䚿��䚾VDRUL��NRWDUR䚿��䚾NRWDUR��NRWDUR䚿��䚾VDRUL��VDRUL䚿��䚾VXH��XPL䚿��䚾XPL��NRWDUR䚿��䚾VXH��NRWDUR䚿��
䚾NRWDUR��VULUDP䚿��䚾VDRUL��VULUDP䚿�������`

��

NQRZV



$OJHEUDLF�RSHUDWRUV�IRU�TXHU\�SURFHVVLQJ�

Ɣ $Q�DOJHEUD�IRU�FRPSOH[�JUDSK�TXHULHV��8&534V�

Ɣ ([DPSOH�

>%R��@�$��%RQLIDWL��*��)OHWFKHU��+��9RLJW�DQG�1��<DNRYHWV���4XHU\LQJ�*UDSKV��6\QWKHVLV�/HFWXUHV�RQ�'DWD�0DQDJHPHQW��0RUJDQ�	�&OD\SRRO�3XEOLVKHUV����� ��



/RJLF�DQG�$OJHEUD�IRU�JUDSK�SURFHVVLQJ�DQG�OHDUQLQJ

Ɣ /RJLFDO�UHDVRQLQJ�FDQ�KHOS�GULYH�WKH�LQWHUSOD\�EHWZHHQ�JUDSK�GDWDEDVHV��
VWDWLVWLFDO�OHDUQLQJ��DQG�V\PEROLF�OHDUQLQJ�

ż 8QGHUVWDQG�KRZ�WR�FRPELQH�RQWRORJLFDO�UHDVRQLQJ��SURSHUW\�JUDSK�TXHU\LQJ�DQG�JUDSK�
HPEHGGLQJV

ż +HOS�SUHGLFW�UHFXUUHQW�VWUXFWXUHV�LQWR�JUDSKOHWV�WR�EH�XVHG�LQ�TXHU\�SURFHVVLQJ�DQG�DOJHEUDLF�
RSHUDWRUV�E\�XVLQJ�JUDSK�QHXUDO�QHWZRUNV

ż (QFRGH�SUREDELOLVWLF�PRGHOV�DQG�FDXVDO�LQIHUHQFH�UHODWLRQVKLSV�LQ�SURSHUW\�JUDSKV�WR�IRUP�WKH�
EDVLV�RI�JUDSK�QHXUDO�QHWZRUNV

>=X��@�=��:X�HW�DO���$�&RPSUHKHQVLYH�6XUYH\�RQ�*UDSK�1HXUDO�1HWZRUNV��,(((�7UDQV��1HXUDO�1HWZRUNV�/HDUQ��6\VW��������������������
>0D��@�*��0D�HW�DO���'HHS�JUDSK�VLPLODULW\�OHDUQLQJ��D�VXUYH\��'DWD�0LQ��.QRZO��'LVFRY����������������������� ��



+RZ�GR�UHDO�ZRUOG�TXHULHV�ORRN�OLNH��WKH�:LNLGDWD�OHVVRQ

Ɣ +LJKHU�SHUFHQWDJHV�RI�ODUJH�72�TXHULHV�DQG�RUJDQLF��2.�72��TXHULHV�

Ɣ $YJ�QU��RI�WULSOHV�IRU�2.��7LPH2XW��TXHULHV�LV������������

Ɣ +LJKHVW�QU��RI�WULSOHV�LV�����IRXQG�LQ����TXHULHV�LQ�WKH�ORJV�

Ɣ 7KH�ODUJHVW�SURSHUW\�SDWK�OHQJWK�LV���

>%R��@�$��%RQLIDWL��:��0DUWHQV��7��7LPP���1DYLJDWLQJ�WKH�0D]H�RI�:LNLGDWD�4XHU\�/RJV��,Q�3URFHHGLQJV�RI�WKH�:HE�&RQIHUHQFH������ ��



&KDUDFWHULVWLFV�RI�5RERWLF�3URSHUW\�3DWKV

��



&KDUDFWHULVWLFV�RI�2UJDQLF�3URSHUW\�3DWKV

��



��

%DVLF�
LQJUHGLHQWV
6WUHDPLQJ�SURSHUW\�

JUDSKV



'\QDPLF�DQG�VWUHDPLQJ�DVSHFWV�

Ɣ '\QDPLF�JUDSKV�DUH�JUDSKV�WKDW�FDQ�DFFRPPRGDWH�XSGDWHV��LQVHUWLRQV��GHOHWLRQV��
FKDQJHV��DQG�DOORZ�TXHU\LQJ�RQ�WKH�QHZ�ROG�VWDWH

Ɣ 6WUHDPLQJ�JUDSKV�DUH�JUDSKV�WKDW�DUH�XQERXQG�DV�QHZ�GDWD�DUULYHV�DW�KLJK�VSHHG��

Ɣ &XUUHQW�V\VWHPV�DQG�OLEUDULHV��*HOO\�$SDFKH�)OLQN��IRFXV�RQ�DJJUHJDWHV�SURMHFWLRQV

Ɣ +RZHYHU��PRUH�FRPSOH[�TXHU\�SURFHVVLQJ�RSHUDWRUV�WDNLQJ�LQWR�DFFRXQW�UHFXUVLRQ��
SDWK�RULHQWHG�VHPDQWLFV�HWF��QHHG�WR�EH�LQYHVWLJDWHG�

Ɣ *UDSK�SURFHVVLQJ�V\VWHPV�DUH�DOVR�LQKHUHQWO\�G\QDPLF�DQG�QHHG�WR�UHVSRQG�WR�DOO�
WKHVH�FKDOOHQJHV�

��



6WUHDPLQJ�JUDSKV�

��



6WUHDPLQJ�JUDSK�PRGHOV

Ɣ :LQGRZ�EDVHG�VHPDQWLFV��XVH�ZLQGRZ�WR�EDWFK�HGJHV�

Ɣ &RQWLQXRXV�VHPDQWLFV��HGJHV�DUH�EDWFKHG�DV�WKH\�FRPH�

Ɣ &RPSOH[�YV��6LPSOH�RSHUDWLRQV�

��



6WUHDPLQJ�534V

��
>3D��@�$��3DFDFL��$��%RQLIDWL�DQG�7��2]VX���5HJXODU�3DWK�4XHU\�(YDOXDWLRQ�RQ�6WUHDPLQJ�*UDSKV��6,*02'�&RQIHUHQFH�������
���������



7RZDUGV�D�VWUHDPLQJ�JUDSK�TXHU\�SURFHVVRU

��



6WUHDPLQJ�JUDSK�DOJHEUD

��>3D��@�$��3DFDFL��$��%RQLIDWL�DQG�7��2]VX��(YDOXDWLQJ�&RPSOH[�4XHULHV�RQ�6WUHDPLQJ�*UDSKV��,Q�,(((�,&'(�������%HVW�3DSHU�$ZDUG�



/DFN�RI�LQWHURSHUDELOLW\�DQG�SRWHQWLDO�VROXWLRQV

Ɣ 7KH�ODFN�RI�LQWHURSHUDELOLW\�IRU�JUDSK�SURFHVVLQJ�V\VWHPV�KLQGHUV�IDLU�
FRPSDULVRQ�DQG�EHQFKPDUNLQJ��

Ɣ 'LIIHUHQW�FRPPXQLWLHV�LQYROYHG��GDWD�PDQDJHPHQW��GDWD�PLQLQJ��ODUJH�VFDOH�
V\VWHPV�DQG�0/�

Ɣ +RZ�WR�DOOHYLDWH�WKH�SUREOHP"�

Ɣ (�J��,QGH[LQJ�DQG�VDPSOLQJ�PLJKW�KHOS�WR�LPSURYH�DQG�SUHGLFW�WKH�
SHUIRUPDQFHV�RI�JUDSK�TXHULHV�

��



,QGH[LQJ�IRU�JUDSK�TXHULHV

Ɣ 0XFK�RI�WKH�DWWHQWLRQ�KDV�EHHQ�GHYRWHG�WR�/&5�TXHU\��V��W��/&���&KHFNLQJ�ZKHWKHU�
WKHUH�LV�D�SDWK�IURP�V�WR�W�XVLQJ�RQO\�HGJHV�ZLWK�ODEHOV�LQ�/&�
ż /&��ODEHO�FRQVWUDLQW���O��䌾�����䌾�ON����ZKHUH�䌾�LV�GLVMXQFWLRQ

Ɣ *7&��*HQHUDOL]HG�7UDQVLWLYH�&ORVXUH���IRU�HYHU\�SDLU�RI�YHUWLFHV��X�Y���UHFRUGLQJ�
ZKHWKHU�X�UHDFKHV�Y��DQG
ż WKH�PLQLPDO�ODEHO�VHW�IURP�X�WR�Y��L�H���WKH�VHW�RI�ODEHOV��ZKHUH�WKH�HOHPHQW�FDQQRW�EH�UHPRYHG�

DQ\PRUH��H�J���WZR�SDWKV�IURP�X�WR�Y�ZLWK�ODEHO�VHWV�^D�E`�DQG�^D`��WKH�PLQLPDO�RQH�LV�^D`

Ɣ $OO�H[LVWLQJ�ZRUNV�DERXW�/&5�TXHULHV�DUH�WU\LQJ�WR�FRPSUHVV�*7&�HIIHFWLYHO\�ZLWK�
HIILFLHQW�TXHU\�SURFHVVLQJ

Ɣ /LWWOH�DWWHQWLRQ�KDV�EHHQ�GHYRWHG�WR�RWKHU�W\SHV�RI�ODEHO�FRQVWUDLQWV��H�J��ZLWK�
FRQFDWHQDWLRQ�LQVWHDG�RI�GLVMXQFWLRQ�����PRUH�GXULQJ�&KDR¶V�SDUW��

��

>+D��@�0��6��+DVVDQ�HW�DO��*UDSK�LQGH[LQJ�IRU�VKRUWHVW�SDWK��ILQGLQJ�RYHU�G\QDPLF�VXE�JUDSKV��,Q�6,*02'������
>9D��@�/��9DOVWDU�HW�DO��/DQGPDUN�LQGH[LQJ�IRU�HYDOXDWLRQ�RI�ODEHO�FRQVWUDLQHG�UHDFKDELOLW\�TXHULHV��,Q�6,*02'������



��

%DVLF�
LQJUHGLHQWV
6FKHPDV�DQG�
FRQVWUDLQWV�

IRU�3URSHUW\�JUDSKV



7KH�TXHVW�IRU�VFKHPDV�LQ�SURSHUW\�JUDSKV�

Ɣ *UDSK�'DWDEDVHV�DUH�VFKHPD�OHVV�
ż 1R64/�IRU�HIILFLHQWO\�VWRULQJ�	�SURFHVVLQJ�JUDSK�VKDSHG�GDWD�

ż 1R�D�SULRUL�VFKHPD�FRQVWUDLQWV�ĺ�HUURU�SURQH�GDWD�LQWHJUDWLRQ

Ɣ ,Q�RXU�SUHYLRXV�ZRUN��ZH�IRFXVHG�RQ�VFKHPD�YDOLGDWLRQ�DQG�HYROXWLRQ�IRU�
SURSHUW\�JUDSKV
ż 8QGHUO\LQJ�SURSHUW\�JUDSK�PRGHO�

Ŷ �ODEHOHG�PXOWLJUDSK�ZLWK�NH\�YDOXH�OLVWV�DWWDFKHG�WR�QRGHV�	�HGJHV�

Ŷ ĺ�ULFK�IRUPDOLVP�DPHQDEOH�WR�VFKHPD�GLVFRYHU\

��

>%R��@�$QJHOD�%RQLIDWL��3HWHU�)XUQLVV��$ODVWDLU�*UHHQ��5XVV�+DUPHU��(XJHQLD�2VKXUNR��+DQQHV�9RLJW��6FKHPD�9DOLGDWLRQ�DQG�(YROXWLRQ�IRU�*UDSK�'DWDEDVHV��
(5��������������



7RZDUGV�VFKHPD�LQIHUHQFH�IRU�3*V

Ɣ 2QJRLQJ�3*�6FKHPD�VWDQGDUGLVDWLRQ�SURFHVV��,62�6&����:*���

Ɣ ([LVWLQJ�VFKHPD�LQIHUHQFH�PHFKDQLVPV�DUH�EDVLF�
ż QR�KLHUDUFKLHV

ż QR�FRPSOH[�W\SHV

Ɣ 6FKHPD�LQIHUHQFH�XVLQJ�0DS5HGXFH��056FKHPD��
ż FRQVLGHUV�HLWKHU�QRGH�ODEHOV�RU�QRGH�SURSHUWLHV�ĺ�WUDGH�RII

ż SURSHUW\�FR�RFFXUUHQFH�LQIRUPDWLRQ�ORVV��ODEHO�RULHQWHG�DSSURDFK��YV��H[WUDQHRXV�W\SH�
LQIHUHQFH��SURSHUW\�RULHQWHG�DSSURDFK��

��
>%D��@�0RKDPHG�$PLQH�%DD]L]L��'DULR�&ROD]]R��*LRUJLR�*KHOOL��&DUOR�6DUWLDQL�3DUDPHWULF�VFKHPD�LQIHUHQFH�IRU�PDVVLYH�-621�GDWDVHWV��9/'%�-���������
��������������
>/E��@�+DQD�/EDWK��$QJHOD�%RQLIDWL��DQG�5XVV�+DUPHU��³6FKHPD�,QIHUHQFH�IRU�3URSHUW\�*UDSKV´��,Q��('%7��������SS�����±����



*00�6FKHPD

Ɣ %DVH�7\SHV��%7���VHW�RI�HOHPHQW�W\SHV��/�.�2��(E���ZKHUH��/�䌜�/��VHW�RI�
ODEHOV��.�䌜�.��VHW�RI�SURSHUW\�QDPHV��2�䎚�.��VXEVHW�RI�RSWLRQDO�SURSHUW\�
QDPHV��(E�䎖�%7���VHW�RI�HOHPHQW�W\SHV�E�H[WHQGV�

Ɣ /HYHUDJHV�KLHUDUFKLFDO�FOXVWHULQJ��XVLQJ�*DXVVLDQ�0L[WXUH�0RGHO�

Ɣ ([DPSOH��/'%&�3RVW�QRGH�LQVWDQFH

ż %DVH�W\SH���^3RVW`�.��^ODQJXDJH��FRQWHQW`��䌙���ZKHUH�.� �^FUHDWLRQ'DWH��ORFDWLRQ,3��OHQJWK��
FRQWHQW`�

��
>%R��D@�$QJHOD�%RQLIDWL��6WHIDQLD�'XPEUDYD��1LFRODV�0LU��+LHUDUFKLFDO�&OXVWHULQJ�IRU�3URSHUW\�*UDSK�6FKHPD�'LVFRYHU\��('%7������������������
>%R��E@�$��%RQLIDWL�HW�DO��³'LVFR3*��3URSHUW\�6FKHPD�'LVFRYHU\�DQG�([SORUDWLRQ´�9/'%�������GHPR�WUDFN���WR�DSSHDU�



/'%&�LQIHUUHG�VFKHPD

��



/LPLWHG�6XSSRUW�IRU�.H\V�LQ�*UDSK�'DWDEDVHV

Ɣ /DQGVFDSH�LV�GLYHUVH�
ż 6RPH�V\VWHPV�RIIHU�SURSHUW\�EDVHG�SULPDU\�NH\V�IRU�QRGHV

ż 6RPH�V\VWHPV�VXSSRUW�XQLTXHQHVV

ż 6RPH�V\VWHPV�VXSSRUW�PDQGDWRULQHVV

Ɣ <HW�ZH�QHHG�WR�VXSSRUW�DOO�RI�WKHVH��DQG�PRUH��WR�VDWLVI\�FXUUHQW�SUDFWLFDO�
QHHGV�

Ɣ 7KHUH�LV�DOUHDG\�D�VLJQLILFDQW�GULIW�EHWZHHQ�GDWDEDVH�YHQGRUV�
ż :H�QHHG�WR�JHW�RQ�WKH�VDPH�SDJH

ż :H�QHHG�WR�EULQJ�WKH�EHVW�RI�DFDGHPLF�ZRUN�WR�WKH�QHHGV�RI�LQGXVWU\

��



3*�.H\V��NH\V�IRU�SURSHUW\�JUDSKV

Ɣ 'HFODUDWLYHO\�VSHFLI\�WKH�VFRSH�RI�WKH�NH\�DQG�LWV�YDOXHV�LQ�
\RXU�IDYRXULWH�3*�TXHU\�ODQJXDJH��D�SDUDPHWHU�RI�3*�.H\V���
+HUH�ZH�XVH�&\SKHU�OLNH�V\QWD[��

Ɣ )RU�LQVWDQFH

ż )25�S�:,7+,1��S�3HUVRQ��,'(17,),(5�S�ORJLQ��VD\V�WKDW�³HDFK�SHUVRQ�
LV�LGHQWLILHG�E\�WKHLU�ORJLQ´��DQG�

ż )25�I�:,7+,1��I�)RUXP���>�MRLQHG@���3HUVRQ��,'(17,),(5�I�QDPH��S�
:,7+,1��I���>�PRGHUDWHV@��S�3HUVRQ���VD\V�WKDW�³HDFK�IRUXP�ZLWK�D�
PHPEHU�LV�LGHQWLILHG�E\�LWV�QDPH�DQG�PRGHUDWRU´�

��

>$Q��@�5HQ]R�$QJOHV��$QJHOD�%RQLIDWL��6WHIDQLD�'XPEUDYD��*HRUJH�)OHWFKHU��.HLWK�:��+DUH��-DQ�+LGGHUV��9LFWRU�(��/HH��%HL�/L��/HRQLG�/LENLQ��:LP�0DUWHQV��
)LOLS��0XUODN��-RVK�3HUU\PDQ��2JQMHQ�6DYNRYLF��0LFKDHO�6FKPLGW��-XDQ�)��6HTXHGD��6ODZHN�6WDZRUNR��'RPLQLN�7RPDV]XN�3*�.H\V��.H\V�IRU�3URSHUW\�
*UDSKV��6,*02'�&RQIHUHQFH����������������



2QJRLQJ�VWDQGDUGL]DWLRQ

Ɣ *UDSK�VWDQGDUG�GDWD�PRGHO��GDWD�PDQLSXODWLRQ�ODQJXDJH�DQG�GDWD�GHILQLWLRQ�
ODQJXDJH��DV�ZHOO�DV�WKH�VFKHPD�ODQJXDJH�IRU�SURSHUW\�JUDSKV�FRQVWLWXWH�RQH�
RI�WKH�PRVW�LPSRUWDQW�FKDOOHQJHV�LQ�WKH�XSFRPLQJ�\HDUV

Ɣ ,62�,(&�*4/�3URMHFW�WRJHWKHU�ZLWK�WKH�/'%&�FRPPXQLW\�HIIRUW�JDWKHULQJ�
UHVHDUFKHUV��LQGXVWU\�UHSUHVHQWDWLYHV�DQG�JUDSK�GDWDEDVH�YHQGRUV�

ż *RDO��VWDQGDUGL]H�ODQJXDJHV�IRU�PDNLQJ�WKHP�DGRSWDEOH�E\�H[LVWLQJ�LPSOHPHQWDWLRQV�

ż KWWSV���ZZZ�JTOVWDQGDUGV�RUJ�

ż KWWSV���OGEFRXQFLO�RUJ�JTO�FRPPXQLW\�RYHUYLHZ�

��



/'%&�PHPEHU�FRPSDQLHV�DQG�LQVWLWXWLRQV

��



��

7RZDUGV�
FRQFOXGLQJ

2XU�YLVLRQ�RQ�*UDSK�
3URFHVVLQJ�6\VWHPV



2XU�YLVLRQ�>&$&0���@

��

KWWSV���FDFP�DFP�RUJ�PDJD]LQHV���������������WKH�IXWXUH�LV�ELJ�JUDSKV�



*UDSK�SURFHVVLQJ�HFRV\VWHPV

Ɣ &RPSOH[�ZRUNIORZV�FRPELQLQJ�2/73�DQG�2/$3�SURFHVVLQJ�DUH�QHHGHG�LQ�
RUGHU�WR�KDQGOH�KHWHURJHQHRXV�GDWD�DQG�KHWHURJHQHRXV�TXHULHV�DQG�
DOJRULWKPV�LQ�IXOO�IOHGJHG�JUDSK�HFRV\VWHPV

��>6D��@�6�6DNU�HW�DO��7KH�)XWXUH�LV�%LJ�*UDSKV���D�FRPPXQLW\�YLHZ�RQ�JUDSK�SURFHVVLQJ�V\VWHPV��&RPPXQ��$&0��������������������



*UDSK�DQDO\WLFV�DW�VFDOH

0XOWL�KRS�DQDO\VLV�IDFHV�FRPELQDWRULDO�VFDOLQJ�SUREOHP��(YHU\�VWHS�GHHSHU�LQWR�WKH�JUDSK�PXOWLSOLHV�WKH�QXPEHU�RI�
FKRLFHV�DQG�FDVHV�WR�FRQVLGHU

'HDOLQJ�ZLWK�WKLV�WHFKQLFDO�FKDOOHQJH�LV�QRW�WKH�W\SLFDO�EXVLQHVV�LQWHUHVW�RI�D�XVHU�

:KLFK�FKDOOHQJHV�DUH�DKHDG�RI�XV�WR�UHDG\�JUDSK�SURFHVVLQJ�V\VWHPV�IRU�WKH�IXWXUH"

&KDOOHQJHV�WR�RYHUFRPH��$EVWUDFWLRQV��(FRV\VWHPV��3HUIRUPDQFH

��



&KDOOHQJHV�UHTXLUH�H[SHUWLVH�RI�PDQ\�GLIIHUHQW�ILHOGV

Ɣ &RPSXWHU�V\VWHPV
Ɣ 'DWD�PDQDJHPHQW�V\VWHPV
Ɣ 'DWD�PDQDJHPHQW�WKHRU\
Ɣ 'DWD�DQDO\WLFV
Ɣ 9LVXDOL]DWLRQ
Ɣ +XPDQ�FRPSXWHU�LQWHUDFWLRQ
Ɣ 0/�$UWLILFLDO�,QWHOOLJHQFH
Ɣ «

��

>FROODERUDWH�E\�$UP2ND\�IURP�WKH�1RXQ�3URMHFW@



*UDSK�3URFHVVLQJ�(FRV\VWHPV��8QGHUO\LQJ�3ULQFLSOHV�DQG�
.QREV
Ɣ &RPSOH[�ZRUNORDGV�FRPELQLQJ�SUH�SURFHVVLQJ��2/$3�2/73��

DSSOLFDWLRQ�GULYHQ�FRPSRQHQWV

Ɣ 6WDQGDUG�GDWD�PRGHOV�DQG�TXHU\�ODQJXDJHV

Ɣ 5HIHUHQFH�$UFKLWHFWXUH�

Ɣ 6FDOH�XS�YV��6FDOH�RXW�

Ɣ '\QDPLF�DQG�6WUHDPLQJ�HQGHDYRXUV�

��



%LJ�*UDSK�3URFHVVLQJ�6\VWHPV����
2SHQ�UHVHDUFK�GLUHFWLRQV

Ɣ +RZ�WR�PDNH�WKH�JUDSK�GDWD�PRGHOV�DQG�TXHU\�ODQJXDJHV�LQWHURSHUDEOH"��

Ɣ +RZ�WR�GHILQH�PHDQLQJIXO�PHWULFV�WR�H[HFXWH�D�JUDSK�DOJRULWKP��SURJUDP��
TXHU\�RU�ZRUNIORZ"�

Ɣ +RZ�WR�JHQHUDWH�KHWHURJHQHRXV�ZRUNORDGV��DQDO\WLFDO�WUDQVDFWLRQDO��
EDWFK�VWUHDPLQJ��WHPSRUDO�VSDWLDO�HWF�"�

Ɣ +RZ�WR�EHQFKPDUN�HQWLUH�JUDSK�SLSHOLQHV�DQG�HFRV\VWHPV��LQFOXGLQJ�0/�DQG�
VLPXODWLRQ�"�

��



��

7KDQN�\RX�DQG�4	$



��

³,I�\RX�SXW�\RXU�PLQG�WR�LW�\RX�FDQ�DFFRPSOLVK�DQ\WKLQJ�´�

͞�Ŋ͏ͯ�ĮƐôƱŗͯ�ƕƒƴį


