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�� 3UHIDFH

7RGD\¶V� VWDQGDUGV� RI� LQWHUQHW�FRQQHFWHG� FRPSXWHUV� SURYLGH� HDV\�� LQWXLWLYH� DFFHVV� WR�PXOWLPHGLD
LQIRUPDWLRQ�GRFXPHQWV�ZLWKLQ�FODVVURRPV�DV�ZHOO�DV�VWXGHQWV�KRPHV�DQG�WKHUHE\�FRQIURQW�VWXGHQWV
DV�ZHOO�DV�WHDFKHUV�ZLWK�D�QHZ�SDUDGLJP�RI�NQRZOHGJH�WUDQVIHU��1RW�RQO\�WKH�RIIHU�RI�DQ�XQILOWHUHG
WRWDOLW\�RI�WKH�SUHVHQW��UDSLGO\�FKDQJLQJ��NQRZOHGJH�UHTXHVWV�IRU�FRQWLQXRXV��QHWZRUN��DFFHVV��EXW
DOVR�D�IRUPHUO\�XQNQRZQ�PXOWLWXGH�RI�SUHVHQWDWLRQ�PHWKRGV�WR�WKH�OHFWXUH�KDOO�RU�±�LQ�WKH�IUDPHZRUN
RI�WHOHWHDFKLQJ�±�WR�VWXGHQWV�KRPHV�KDV�FRPH�DURXQG��1RWKLQJ�VLQFH�WKH� LQYHQWLRQ�RI�EODFNERDUG
DQG�FKDON��ZH�DUH�WHPSWHG�WR�FODLP��KDV�UHYROXWLRQL]HG�WHDFKLQJ� LQ�D�PRUH�IXQGDPHQWDO�ZD\�WKDQ
QHWZRUNHG�PXOWLPHGLD�

&RQVHTXHQWO\�ZHE�EDVHG�WHOHWHDFKLQJ�DQG�GLVWDQW�OHDUQLQJ�RIIHUV�DUH�E\�QRZ�VHULRXVO\�FRQVLGHUHG
SDUWV� RI� WKH� HGXFDWLRQDO� V\VWHP� DQG� JDLQ� LQFUHDVLQJ� LPSRUWDQFH�� %XW� E\� SUHSDULQJ� HGXFDWLRQDO
DSSOLFDWLRQV�WKH� LQVXIILFLHQF\�RI�DSSURDFKHV�SXUHO\�JURXQGHG�RQ�KWPO�VW\OH�WHFKQRORJLHV�EHFRPHV
PRUH� DQG� PRUH� HYLGHQW�� 'HVLJQ� DQG� PDLQWHQDQFH� RI� D� ZHEVLWH� DSSUR[LPDWHO\� UHIOHFWLQJ� WKH
FRPSOH[LW\�RI�DQ� LQWHUDFWLYH�RQOLQH�FRXUVH� LV�RQ� WKH�RQH�KDQG�DQ�H[SHULHQFH�RI� OLWWOH�SUDFWLFDELOLW\�
2Q� WKH� RWKHU� KDQG� LQIRUPDWLRQ� VWUHDPV� IRUPHG� RI� WLPH�EDVHG� PHGLD� RU� FRQWLQXRXVO\� RQOLQH
SURFHVVHG� GDWD� KDUGO\� LQFRUSRUDWH� LQWR� D� VWDWHOHVV� SUHVHQWDWLRQ� OD\HU�� &RQVHTXHQWO\� D� JURZLQJ
DZDUHQHVV� IRU� WKH� GHPDQG� RI� EHWWHU� LQIRUPDWLRQ� PRGHOV� FDQ� EH� SUHVHQWO\� REVHUYHG� ZLWKLQ� WKH
FRPPXQLW\�RI�HGXFDWLRQDO�FRPSXWLQJ�>�@�>�@�

/HDUQLQJ�PRGXOHV�UHTXHVW�IRU�D�FRKHUHQW�GHVLJQ�RI�LQWHUUHODWHG�SRUWLRQV�RI�LQIRUPDWLRQ�EHLQJ�DW�WKH
VDPH� WLPH�VXEMHFW� WR� VWUXFWXUDO� VXEGLYLVLRQV� UHJDUGLQJ� WKHPDWLF� DVSHFWV� VXFK�DV� WRSLF�� VXEWRSLF�
UHODWHG� ILHOG�HWF���GLGDFWLF�FODVVLILFDWLRQV�FRQFHUQLQJ�FRPSOH[LW\��RUGHU�� UHOHYDQFH� WR� WKH�REMHFWLYH�
HWF���SUHVHQWDWLRQDO�DWWULEXWHV�OLNH�SRVLWLRQV�LQ�VSDFH�DQG�WLPH��GLVSOD\�FRQWH[WV��«�DQG�ILQDOO\�PHWD
LQIRUPDWLRQ�UHJDUGLQJ�IRUPDW��DXWKRU��DFFHVV�ULJKWV�HWF��7KH�PHDQLQJIXO�VKDSLQJ�RI�VXFK�VWUXFWXUDO
RYHUOD\V�EHORQJV� WR� WKH�DXWKRU��7KHUHIRUH�D�GHVLUDEOH� LQIRUPDWLRQ�V\VWHP�QRW�RQO\� VKRXOG� H[KLELW
FDSDELOLWLHV�RI�HPEHGGLQJ�LWV�FRQWHQWV�LQWR�IOH[LEOH�VWUXFWXULQJ�EXW�DOVR�QHHGV�WR�VWURQJO\�VXSSRUW�WKH
SURFHVV�RI�DXWKRULQJ� LQ�DFFRUGDQFH�WR� LWV�DELOLWLHV��XQLTXH�SRLQWV�RI�VRXUFH�HGLWLQJ�EHLQJ� WKH�PRVW
SURPLQHQW�IHDWXUH�XQGHU�UHTXHVW�

2I�HTXDO�UHOHYDQFH�DSSHDUV�WKH�VXSSRUW�RI�PXOWLPHGLD�GDWD��'LIIHUHQW�W\SHV�RI�PHGLD�VXFK�DV�WH[W�
LPDJHV��DQLPDWLRQV�LQWHUSOD\LQJ�ZLWK�WLPH�EDVHG�PDWHULDO�L�H��DXGLR��YLGHR�RU�RQOLQH�GDWD�SURFHVVLQJ
UHTXHVW�IRU�DQ�LQGLYLGXDO�VSHFLDOL]HG�WUHDWPHQW�ZKLFK�IRU�WKH�QRQ�WHFKQLFDO�RULHQWHG�DXWKRU�LV�KDUG�WR
IXOILO�� ,Q� UHFHQW� WLPHV� LW� KDV�EHHQ�ZLGHO\� XQGHUVWRRG� WKDW� WKH� SUHSDUDWLRQ� RI� TXDOLWDWLYH� DGYDQFHG
PXOWLPHGLD�PDWHULDO� UDQJHV� IDU� EH\RQG� WKH� VFRSH� RI� LQGLYLGXDO� OHFWXUHUV�� )DFLQJ� WKH� GHPDQG� IRU
JRRG�PXOWLPHGLD�VXSSOHPHQWV� LQ� WHDFKLQJ�RQ� WKH�RQH�KDQG�DQG� UHFRJQLVLQJ� WKH�GLIILFXOWLHV� LQ� WKH
SURGXFWLRQ�RI�VXFK�PDWHULDO�D�µPDUNHWSODFH¶�W\SH�LGHD�RI�H[FKDQJH�DQG�UHXVH�DSSHDUV�TXLWH�QDWXUDO
LQ�PXOWLPHGLD�VXSSRUWHG�WHDFKLQJ�

7HDFKLQJ�KDV�WR�DFFRXQW�IRU�SHUFHSWLRQ�EHLQJ�D�WLPH�GHSHQGHQW�SURFHVV��7KH�LPSRUWDQW�QRWLRQ�RI
WLPH�LQ�WHDFKLQJ�LV�RQH�PDMRU�UHDVRQ�IRU�GUDZLQJ�D�ORW�RI�DWWHQWLRQ�LQ�UHFHQW�UHVHDUFK�ZRUNV�WR�:RUOG
:LGH�:HE�WHFKQLTXHV�ZKLFK�GLVWULEXWH�PXOWLPHGLD�GRFXPHQWV�ZLWK�WHPSRUDO�DQG�VSDWLDO� UHODWLRQV�
,Q�DGGLWLRQ�WKH�JURZLQJ�GHPDQG�IRU�V\QFKURQL]HG�KDQGOLQJ�RI�WLPH�EDVHG�PHGLD�VXFK�DV�YLGHR�DQG
DXGLR�VHUYHV�DV�D�JHQHUDO�PRWLYH�IRU�LQWURGXFLQJ� WHPSRUDO�DVSHFWV�WR�WKH�:HE��)LQDOO\��VWUHDPLQJ
GDWD� VRXUFHV� LQYHQW� D� QHZ� OHYHO� RI� VFDODELOLW\� E\� DFFRXQWLQJ� IRU� WUDQVSRUW� WLPLQJ� DQG� WKHUHIRUH
UDSLGO\�JDLQ�TXDQWLWDWLYH�LPSRUWDQFH�WKURXJKRXW�WKH�LQWHUQHW�

,Q� WKLV� SDSHU� ZH� SUHVHQW� RQJRLQJ� ZRUN� RQ� DQ� HQYLURQPHQW� JURXQGHG� RQ� DQ� REMHFW� RULHQWHG
PXOWLPHGLD� LQIRUPDWLRQ� PRGHO�� 5HVLGLQJ� LQ� D� GDWDEDVH� PDQDJHPHQW� V\VWHP�PHGLD� REMHFWV� FDQ
FRPELQH� WR� IRUP� FRPSOH[� GRFXPHQWV� E\�PHDQV� RI� DQ� DFWLYH� GRFXPHQW� VWUXFWXULQJ�� DOORZLQJ� IRU
WHPSRUDO�DQG�HYHQW�W\SH�LQWHU�REMHFW�UHODWLRQV��7KH�HQYLURQPHQWDO�EDVLV�LV�HPSOR\HG�IRU�WKH�0HGLD
2EMHFWV� LQ� 7LPH� WLPH�EDVHG� UXQWLPH� HQYLURQPHQW� DV� ZHOO� DV� LQ� IXUWKHU� WHDFKLQJ� DSSOLFDWLRQV�� $OO
FRPSRQHQWV�WRJHWKHU�DOORZ�IRU�FRPSRVLQJ�FRPSOH[� WHDFKLQJ�DSSOLFDWLRQV� IURP�PHGLD�REMHFWV�DQG
VWUHDPLQJ�WKHP�WR�WKH�:HE�

7KLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�VHFWLRQ���ZH�LQWURGXFH�WKH�EDVLF�LGHDV�RI�RXU�0HGLD�2EMHFW
0RGHO� DQG� H[HPSODULO\� FRPSDUH� WR� UHODWHG� ZRUNV�� 6HFWLRQ� �� SUHVHQWV� WKH� XQGHUO\LQJ�PXOWLPHGLD
GDWDEDVH� V\VWHP� DQG� LQWURGXFHV� WR� LWV� DXWKRULQJ� WRROVHW�� 3ULQFLSOHV�� DUFKLWHFWXUH� DQG
LPSOHPHQWDWLRQ�SURSHUWLHV�RI�WKH�0RE,7�UXQWLPH�HQYLURQPHQW�ZLOO�EH�GLVFXVVHG�LQ�VHFWLRQ����$�EULHI
LQWURGXFWLRQ� WR� IXUWKHU� DSSOLFDWLRQV� LV� JLYHQ� LQ� VHFWLRQ� ��� )LQDOO\�� VHFWLRQ� �� LV� GHGLFDWHG� WR
FRQFOXVLRQV�DQG�DQ�RXWORRN�RQ�WKH�RQJRLQJ�ZRUN�
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�� 7KH�0HGLD�2EMHFW�0RGHO�DQG�UHODWHG�:RUNV

���� (QDEOLQJ�DFWLYH�'RFXPHQW�6WUXFWXUHV

7KH� WHDFKLQJ�DQG�SUHVHQWDWLRQ�HQYLURQPHQW� LQWURGXFHG�KHUH�DLPV�DW� WKH�RQH�KDQG�DW� SURIRXQGO\
VXSSRUWLQJ� DUELWUDU\� PHGLD� GDWD� LQFOXGLQJ� WLPH�EDVHG� PDWHULDO�� 2Q� WKH� RWKHU� KDQG� ZH� ZDQW� WR
SURYLGH� D� IOH[LEOH� PHFKDQLVP� IRU� VWUXFWXULQJ� GRFXPHQWV� ZKLFK� QRW� RQO\� DFFRXQWV� IRU� WKHPDWLF
LQWHUUHODWLRQV��H�J�� OLQNV���EXW�DOVR�JLYHV�ULVH�WR�REMHFW�FRPSRVLWLRQV� LQFOXGLQJ� WHPSRUDO�DVSHFWV�RU
FRPSOH[�LQWHUDFWLRQ�HYHQWV��7KXV�OHG�E\�RXU�REMHFW�PRGHO�DQG�JXLGHG�E\�LWV�ZHE�DXWKRULQJ�WRROVHW
DQ� DXWKRU� VKRXOG� EH� DEOH� WR� SURGXFH� IRU� LQVWDQFH� D� PXOWLPHGLD� LQIRUPDWLRQ� VWUHDP� EHLQJ� WKH
FRPSRVLWH�RI�DQ\�KHWHURJHQHRXV�FROOHFWLRQ�RI�PHGLD�GDWD��WH[W�EORFNV��DXGLR��LPDJHV��YLGHR��«��

&HQWUDO� WR�RXU�REMHFW�RULHQWHG� LQIRUPDWLRQ�PRGHO� WKHUHIRUH� LV� WKH�QRWLRQ�RI�DFWLYH� UHIHUHQFHV�DV�D
EDVLF�FRPSRVLWLRQ�PHFKDQLVP��7KHVH�LQWHUUHODWLRQV�QRW�RQO\�FDUU\�WKH�DELOLW\�WR�UHIHU�WR�VXERUGLQDWH
SUHVHQWDWLRQ� GDWD�� EXW� DUH� FDSDEOH� RI� LPSRVLQJ� HYHQW�W\SH� DFWLRQV� RQ� LWV� UHIHUHQFHV�� $V� W\SLFDO
QRWLRQV� RI� UHIHUHQWLDO� DFWLRQV� EHWZHHQ� GRFXPHQWV� ZH� FRQVLGHU� WKH� FRQQHFWLRQV� LQ� WLPH� DQG
�SUHVHQWDWLRQ��� VSDFH� RU� WKH� SUHGHILQLWLRQ� RI� SRVVLEOH� XVHU� LQWHUDFWLRQV�� 6LQFH� WKHVH� DFWLYH
UHIHUHQFHV�DUH�IRUHVHHQ�LQ�WKH�GDWD�REMHFW�PRGHO�DXWKRUV�PD\�E\�D�VLPSOH�HGLWLQJ�RI�DWWULEXWHV�EXLOG
XS�D�GRFXPHQW�VWUXFWXUH�ZKLFK� LQKHULWV�VRPH�DFWLYH�SURFHVVLQJ� IURP� LWV� LQIRUPDWLRQ�REMHFW�FODVV�
7KH�LQGLYLGXDO�PDUN�XS�RI�DFWLYH�GRFXPHQW�VWUXFWXULQJ�LV�GHILQHG�ZLWK�WKH�GHVLJQ�RI�DQ�HGXFDWLRQDO
DSSOLFDWLRQ�� 6WUXFWXULQJ� SURFHVV� KDV� EHHQ� NHSW� YHU\� IOH[LEOH� WR� SHUPLW� DSSOLFDWLRQ�RULHQWHG�
VHPDQWLFDOO\�PHDQLQJV��WKHUHE\�GRQDWLQJ�LQWXLWLRQ�WR�DXWKRUV�ZKHQ�GHDOLQJ�ZLWK�WKH�V\VWHP�

$V�SRLQWHG�RXW�DERYH�DQ�LPSRUWDQW�UROH�LV�GHGLFDWHG�WR�WKH�UHXVDELOLW\�RI�GRFXPHQW�GDWD��$V�LW�LV�RI
FRXUVH�HDV\�WR�DVVXUH�PXOWLSOH�H[SORLWDELOLW\�RI�VLPSOH�PHGLD�ILOHV��UHXVDELOLW\�RI�FRPSOH[��FRPSRVLWH
PHGLD� GRFXPHQWV� LV� RI� PXFK� KLJKHU� LPSRUWDQFH�� 7KHVH� FROOHFWLRQV� RI� LQWHUUHODWHG� GRFXPHQWV
XVXDOO\�SOD\�WKH�UROH�RI�NQRZOHGJH�PRGXOHV�DQG�EXU\�VLJQLILFDQW�DPRXQWV�RI�DXWKRULQJ�ZRUN��7KH\
DUH� DOVR� VXEMHFW� WR� VLQJXODU� FKDQJH�� GHSHQGLQJ� RQ� WKH� NQRZOHGJH� HYROXWLRQ�� 2XU� PRGHO� GRHV
VXSSRUW� IRU� UHXVDEOH� SUHVHQWDWLRQ� FRPSRQHQWV� E\� SURYLGLQJ� D� XQLIRUP�� PHGLD� LQGHSHQGHQW� GDWD
VWUXFWXUH�ZKLFK�ZH�GHQRWH�E\�0HGLD�2EMHFWV��0REV�VHUYH�DV�XQLYHUVDO�FRQWDLQHUV� IRU�HPEHGGLQJ
HLWKHU� VXEVHTXHQW� 0REV� RU� PHGLD� GDWD�� %\� UHIHUHQFLQJ� RQH� DQRWKHU� 0REV� DOORZ� IRU� DUELWUDU\
FRPSRVLWLRQV�RI�XQOLPLWHG�FRPSOH[LW\��ZKHUH�WKH�DWRPLF�QRGHV�RI�WKH�UHVXOWLQJ�JUDSK�VWUXFWXUH�DUH
IRUPHG�E\�GLVWLQFW�'DWD�2EMHFWV��%HVLGHV�LWV�XQLIRUP�DSSHDUDQFH�WKH�0HGLD�2EMHFW�HQWLWLHV�VXSSRUW
IRU�DSSOLFDWLRQ�UHXVH� LQ� UHVWULFWLQJ�DFWLYH� OLQNV� WR� UHIHUHQFHG�REMHFWV� WKHUHE\� UHO\LQJ�RQ� UHIHUHQWLDO
LQWHJULW\�HQVXUHG�E\�WKH�XQGHUO\LQJ�GDWDEDVH�V\VWHP�

���� 0HGLD�2EMHFWV

0HGLD�2EMHFWV�PD\�EH�VHHQ�DV�WKH�FHQWUDO�FRQVWLWXHQWV�WR�FRPSULVH�WKH�GDWD�VWUXFWXUH�RI�RXU�REMHFW
PRGHO��$V� WKH� EDVLF� GHVLJQ� LGHD� D�0RE� FRQVLVWV� RI� ERWK�� WKH� VXERUGLQDWH� UHIHUHQFH� OLVW� DQG� WKH
FROOHFWLRQ�RI�DFWLYH�UHIHUHQFHV��WKH�ODWWHU�EHLQJ�UHVWULFWHG�WR�DFW�RQ�0REV�LQFOXGHG�LQ�WKH�UHIHUHQFH
OLVW�� 6LPXOWDQHRXVO\� DUELWUDU\� DQQRWDWLRQV� PD\� VWLFN� WR� WKHVH� KXOOV�� QHXWUDO� ZLWK� UHVSHFW� WR
DSSOLFDWLRQV�RU�DFWXDO�PHGLD�GDWD�

'HILQLQJ�DQ�DSSOLFDWLRQ�DW�ILUVW�UHTXHVWV�IRU�WXUQLQJ�WKH�0RE�VWUXFWXUH� LQWR�D�PHDQLQJIXO� IRUPDWLRQ�
6HPDQWLFV� FDQ� EH� EURXJKW� RQWR� 0REV� LQ� D� WZRIROG� IDVKLRQ�� '\QDPLF� FRQWHQW� SURFHVVLQJ� PD\
JURXQG�RQ��PDQGDWRU\��DWWULEXWHV�DVVLJQHG�WR�WKH�GDWD�DQG�WKHUHE\�RUJDQL]H�FRQWHQW�DFFRUGLQJ�WR
PHWD�LQIRUPDWLRQ��0HGLD�REMHFWV�LQ�WKLV�ILUVW�VWHS�UHPDLQ�VLQJXODU� LQIRUPDWLRQDO�XQLWV��7KH�SRZHUIXO
DSSURDFK�KRZHYHU�OLHV�LQ�LQWHUSUHWLQJ�WKH�DFWLYH�UHIHUHQFHV�QDWLYH�WR�0REV��$Q�DSSOLFDWLRQ�GHVLJQHU
QRW� RQO\� FDQ� FKRRVH� IURP� DUELWUDU\� LQWHUHODWLRQV� VXFK� DV� WUHHV�� 3HWUL�QHWV�� FLUFXLWV�� «�� EXW� FDQ
GHGLFDWH� RSHUDWLYH� LQVWUXFWLRQV� WR� WKRVH� GDWD� OLQNV� UDQJLQJ� IURP� D� VLPSOH� DXWRPDWHG� :HE�OLQN
JHQHUDWLRQ� RYHU� VSDWLDO� DQG� WHPSRUDO� FRQVWUXFWLRQ� SROLFLHV� XS� WR� FRQGLWLRQDO� LQWHUDFWLRQV� ZLWKLQ
DUELWUDU\�VFHQHV�

���� 5HODWHG�:RUNV

(QXPHURXV�DFWLYLWLHV�UDQN�DURXQG�GRFXPHQW�VWUXFWXULQJ�DQG�DXWKRULQJ�RI�PRUH�FRPSOH[�LQIRUPDWLRQ
PRGHOV� WKDQ� +70/�IRUPDWWLQJ�� )URP� WKH� HGXFDWLRQDO� DUHD� ZH� H[HPSODULO\� PHQWLRQ� WKH� JURXS� RI
0DXUHU� >�@�>�@�� ZKR� SURSRVH� DQG� LPSOHPHQWHG� WKH�+\SHUPHGLD�&RPSRVLWH�0RGHO� DV� D� VHPDQWLF
FRQWDLQHU� IRU� OHDUQLQJ� GRFXPHQWV�� (YHQ� ULFKHU� UHVHDUFK� LV� JRLQJ� RQ� LQ� WKH� DUHD� RI� PXOWLPHGLD
GDWDEDVH�V\VWHPV��)RU�DQ�H[FHOOHQW�RYHUYLHZ�ZH�UHIHU�WR�>�@�

$V�PHQWLRQHG� HDUOLHU� VHYHUDO� LQWHUHVWLQJ� UHVHDUFK� DFWLYLWLHV� DUH� SUHVHQWO\� HQIRUFLQJ� WKH� QRWLRQ� RI



�

WLPH� WR� WKH�:HE�� WKH�PRVW� SURPLQHQW� EHLQJ� WKH�:�&� UHFRPPHQGDWLRQ�6\QFKURQL]HG�0XOWLPHGLD
,QWHJUDWLRQ� /DQJXDJH� �60,/�� >��@�� $V�D� GHFODUDWLYH� ODQJXDJH�60,/� DOORZV� IRU� V\QFKURQL]DWLRQ� RI
PHGLD� REMHFWV� LQ� DQ� VRPHZKDW� VLPSOLVWLF��+70/�VW\OH� IDVKLRQ�� 6\QFKURQL]DWLRQ� LV� GRQH� LQ� REMHFW
SDLUV��HLWKHU�VHTXHQWLDO�RU� LQ�SDUDOOHO��7KH�DSSHDUDQFH�RI�DQ\�REMHFW�PD\�EH�ERXQG� WR�D�GXUDWLRQ
SDUDPHWHU��60,/�H[WHQGV�WKH�PHDQLQJ�RI�K\SHUOLQN�WR�FRQQHFWLQJ�WHPSRUDO�DQG�VSDWLDO�VXEUHJLRQV�

7KH�UXQWLPH�EHKDYLRU�RI�DQ\�60,/�LQWHUSUHWHU�WKHUHE\� LV�PRUH�RU�OHVV�OHIW�RSHQ��ZKLFK�SUREDEO\�LV
WKH�PRVW�LPSRUWDQW�GUDZEDFN�RI�WKH�PRGHO��&RPELQHG�ZLWK�WKH�DEVHQFH�RI�D�VWULQJHQW�KDQGOLQJ�RI
WLPHOLQHV� WHPSRUDO� LQFRQVLVWHQFLHV� LQ� PRUH� FRPSOH[� GRFXPHQWV� FDQ� EH� IRUHVHHQ�� %HVLGHV� IHZ
UHIHUHQFH�LPSOHPHQWDWLRQV�RI�60,/�SOD\HUV�WKHUH�LV�DQ�DWWHPSW�WR�LQFOXGH�V\QFKURQL]DWLRQ�IHDWXUHV
LQWR� WKH�:HE�EURZVHU�QDPHG�+70/�7,0(� >��@��7KLV�SURSRVDO�DGGUHVVHV� WHPSRUDO�H[WHQVLRQV� WR
+70/�DQG�LQFRUSRUDWHV�EDVLF�HOHPHQWV�RI�60,/�

%RWK�LGHDV�KRZHYHU�VXIIHU�IURP�VWURQJ�OLPLWDWLRQV�GXH�WR�WKH�VLPSOLVWLF�DQVDW]�RI�+70/�RPLWWLQJ�DQ\
VWUXFWXULQJ�IRU�PHGLD�REMHFW�XVH��5XWOHGJH�HW�DO�>��@�FRQVHTXHQWO\�UHSRUW�DERXW�VHYHUH�GLIILFXOWLHV�LQ
DXWKRULQJ�60,/�SUHVHQWDWLRQV�PDLQO\�GXH�WR�WKH�ODFN�RI�UHXVDELOLW\�IRU�REMHFW�FRPSRVLWLRQV�DV�ZHOO
DV�60,/¶V�LQDELOLW\�WR�GHDO�ZLWK�FRPSOH[�REMHFW�UHODWLRQV��,Q�PRVW�UHFHQW�ZRUNV��WKH�����VSHFLILFDWLRQ
RI�60,/�>��@�� WKH�:RUOG�:LGH�:HE�&RQVRUWLXP�KHDGV�WRZDUGV�D�UHDOL]DWLRQ�RI�60,/�DV�D�PRGXOH
ZLWKLQ�WKH�IUDPHZRUN�RI� WKH�;+70/�ODQJXDJH��0RVW�RI� WKLV�ZRUN� LV�SUHVHQWO\�RQJRLQJ�DQG� IDU� WRR
LQFRPSOHWH�IURP�SHUPLWWLQJ�LPSOHPHQWDWLRQV�

$V�D�FRPSOHWHO\� RWKHU�H[DPSOH�PRUH�VLPLODU� WR� RXU�ZRUN�ZH� OLNH� WR�PHQWLRQ� WKH�1HVWHG�&RQWH[W
0RGHO� �1&0�� RI� 6RDUHV� HW�� DO�� >��@�� :LWK� WKH� DLP� RI� JURXQGLQJ� D� VWURQJ� VWUXFWXUH� IRU� IOH[LEOH
GHSOR\PHQW�RI�K\SHUPHGLD�GRFXPHQWV�WKH�1&0�SURYLGHV�D�FRPSRVLWH�PHWD�VWUXFWXULQJ�IRU�GLIIHUHQW
PHGLD� W\SHV�� FDOOHG� QRGHV�� XS� WR� DQ� DUELWUDU\� OHYHO� RI� FRPSOH[LW\�� 7KRVH� QRGHV� PD\� FRQWDLQ� D
UHIHUHQFH� OLVW� RI� GHQRWHG� QRGHV� JLYLQJ� ULVH� WR� DQ� DUELWUDU\� JUDSK� VWUXFWXUH� RI� WKH� FRPSRVHG
GRFXPHQW�� 7KH� PRGHO�� ZKLFK� KDV� EHHQ� LPSOHPHQWHG� LQ� D� V\VWHP� FDOOHG� +\SHU3URS�� WUHDWV
K\SHUPHGLD� GRFXPHQWV� HVVHQWLDOO\� DV� SDVVLYH� GDWD� VWUXFWXUHV�� 6\QFKURQL]DWLRQV� GHILQH� WKURXJK
HYHQWV�ZKLFK�PD\�RFFXU�DV�WKH�UHVXOW�RI�REMHFW�SUHVHQWDWLRQ�RU�XVHU�LQWHUDFWLRQ�

6LQFH� HPEHGGLQJ� RI� PHGLD� REMHFWV� ZLWKLQ� WKH� 1&0� UHVXOWV� LQ� D� SDVVLYH� PHVK� ZLWKRXW� IXUWKHU
SUHVHQWDWLRQDO� PHDQLQJ�� DQ� DGGLWLRQDO� VWUXFWXUH� RI� DFWLYDWLRQ�� HYHQWV� DQG� FRQWH[WV� �FDOOHG
SHUVSHFWLYHV���KDV�WR�EH�VXSHULPSRVHG��7KLV�FKDUDFWHULVWLF�RQ�RQH�KDQG�OHDYHV�VRPH�OLEHUW\�WR�WKH
DXWKRU� �WKH�VDPH�REMHFW� VWUXFWXUH�PD\�HQFRXQWHU�GLIIHUHQW�EHKDYLRU� LQ� GLIIHUHQW� FRQWH[WV��� RQ� WKH
RWKHU� KDQG� LW� DGGV� DQ� DGGLWLRQDO� OHYHO� RI� FRPSOH[LW\� WR� WKH� PRGHOHG� K\SHUPHGLD� V\VWHP� DQG
GHQRWHV�WKH�PDMRU�GLIIHUHQFH�WR�RXU�ZRUN�

�� 0,5���$�0HGLD�,QIRUPDWLRQ�5HSRVLWRU\

���� 7KH�0HGLD�2EMHFW�'DWDEDVH�6\VWHP

7KH�FRUH�RI�RXU�PXOWLPHGLD�HQYLURQPHQW�LV�IRUPHG�E\�D�PHGLD�REMHFW�GDWDEDVH�V\VWHP��1DPHG
0HGLD� ,QIRUPDWLRQ�5HSRVLWRU\� �0,5�� LW�FRPELQHV�DOO�RSHUDWLRQV�UHODWHG� WR�GDWD�VWRUDJH�DQG�DW� WKH
VDPH�WLPH�NHHSV� WUDFN�RI� LQIRUPDWLRQ�VWUXFWXULQJ�HQVXULQJ� UHIHUHQWLDO� LQWHJULW\��$OWKRXJK�0,5� IXOO\
LPSOHPHQWV�WKH�PHGLD�REMHFW�PRGHO�LW�UHPDLQV�QHXWUDO�ZLWK�UHVSHFW�WR�DSSOLFDWLRQV�EXLOW�RQ�WRS�RI�WKH
GDWDEDVH�OD\HU��7KH�LQWHQWLRQ� LQ�GHVLJQLQJ�WKH�PHGLD�UHSRVLWRU\�ZDV�WR�SURYLGH�D�UREXVW��SRZHUIXO
EDVLV��RQ�ZKLFK�D�PXOWLWXGH�RI�HGXFDWLRQDO�V\VWHPV�PD\�EH�HVWDEOLVKHG�ZLWK�UDWKHU�OLPLWHG�HIIRUW�

0,5� GLYLGHV� LQWR� WZR� IXQFWLRQDO� JURXSV�� 7KH�0HGLD�2EMHFW� /DWWLFH� DQG� WKH�'DWD� 6WRUH� �V�� ILJ� ���
2EMHFWV� LQ� ERWK� UHSRVLWRULHV� PD\� EH� DGGUHVVHG� E\� V\PEROLF� QDPHV� HPEHGGHG� LQ� D� YLUWXDO� ILOH
V\VWHP�� %HVLGHV� DGPLQLVWUDWLYH� LQIRUPDWLRQ� FRQFHUQLQJ� RZQHU�� JURXS� DQG� DFFHVV� ULJKWV� GDWD
HQWLWLHV�FDQ�FDUU\�DUELWUDU\�DQQRWDWLRQV�E\�PHDQV�RI�DQ�RSHQ�SURSHUW\�OLVW��7HFKQLFDOO\�RQO\�GLVWLQFW
E\� GDWD� W\SH� GHILQLWLRQV� SURSHUWLHV� PD\� FRQWDLQ� DQ\� NLQG� RI� PHWD� LQIRUPDWLRQ�� H�� J�� FRQWHQW
GHVFULSWRUV�VXFK�DV�VXEMHFWV�DQG�NH\ZRUGV��GLGDFWLF�DQQRWDWRUV�FRQFHUQLQJ�SUHVHQWDWLRQ�RUGHU�RU
LQIRUPDWLRQ�GHSWK��DQG� WHFKQLFDO�PDUNHUV�EHLQJ�VSHFLILF� WR� WKH�HGXFDWLRQDO�DSSOLFDWLRQV�RQ� WRS�RI
WKH�GDWDEDVH��DV�ZHOO�
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)LJXUH����0HGLD�2EMHFW�'DWDEDVH�$UFKLWHFWXUH

0HGLD� HQWLWLHV� LQ� RXU� REMHFW� RULHQWHG� GDWDEDVH� GHVLJQ� EHORQJ� WR� FODVVHV�� ZKLFK� GHILQH� WKHLU
SURSHUWLHV��$Q\�REMHFW� LQVWDQWLDWHV�WKH�FODVV� LWV�GHULYHG�IURP�DQG�WKHUHE\� LQKHULWV� WKH�SURSHUW\�VHW
LQFOXGLQJ�W\SH�DQG�DWWULEXWH�GHILQLWLRQV��&XVWRPLVDWLRQ�RI�WKH�0,5�WR�VXSSRUW�D�QHZ�DSSOLFDWLRQ�WKXV
OLPLWV� WR� WKH� VHW�XS� RI� DSSURSULDWH� REMHFW� FODVVHV� ZLWK� WKH� SRVVLEOH� QHHG� IRU� H[WHQGLQJ� DXWKRULQJ
IXQFWLRQV��VHH�EHORZ���4XLWH�LQGHSHQGHQW�RI�DFWXDO�H[SORLWDWLRQ�WKH�XQLYHUVDO�GDWD�VWUXFWXUH�02%�LV
RIIHUHG�IRU�DSSOLFDWLRQ�SURFHVVLQJ�

$V� DQ� DGYDQWDJH� RI� WKH� 0,5� GDWD� ORJLF� DFWXDO� PHGLD� KDQGOLQJ� VHSDUDWHV� FRPSOHWHO\� IURP
DSSOLFDWLRQ� GHVLJQ�� 7KH� 'DWD� 2EMHFWV� �'2%V�� UHVLGH� LQ� D� 'DWD� 6WRUH� WRJHWKHU� ZLWK� LWV� PHGLD
GHVFULSWRUV��UVS��PLPH�W\SHV��7KH\�DUH�UHDG\�IRU�PXOWLSOH�DFFHVV�E\�HLWKHU�02%�EDVHG�DSSOLFDWLRQV
RU�GLUHFWO\�WKURXJK�KWWS�UHTXHVWV��ZKHUH�PHGLD�VSHFLILF�WUHDWPHQW�KDV�WR�EH�WDNHQ�FDUH�RI�E\�FOLHQWV
DQG���LI�QHFHVVDU\���E\�PLGGOHZDUH�FRPSRQHQWV�LQGHSHQGHQW�RI�WKH�DFWXDO�DSSOLFDWLRQ�

���� 7KH�0,5�$XWKRULQJ�(QYLURQPHQW

(DV\�DFFHVV�IRU�DXWKRUV�WKH�V\VWHP�JUDQWV�WKURXJK�D�:HE�DXWKRULQJ� WRRO�� ,W� LV�GHVLJQHG� WR�JXLGH
WKURXJK�WKH�GLIIHUHQW�OHYHOV�RI�FRPSOH[LW\�E\�PHDQV�RI�VHYHUDO�DGDSWHG�YLHZV��$V� LW� LV�ZHOO�NQRZQ
DQG�WR�VRPH�H[WHQG�REYLRXV�WKDW�WKH�:<6,:<*�SDUDGLJP�GRHV�QRW�KROG�LQ�WKH�FDVH�RI�WHPSRUDO�
VWUXFWXUDO� RU� HYHQW� HGLWLQJ� >�@�� ZH� DWWHPSW� WR� UHODWH� WKH�PXOWLSOH� DVSHFWV� RI� DXWKRULQJ� WR� VSHFLILF�
LQWXLWLYH�DSSHDUDQFHV�RI�WKH�WRRO��WKHUHE\�UHO\LQJ�RQ�WKH�VHPDQWLFV�RI�VWUXFWXUDO�UHODWLRQV�PHQWLRQHG
DERYH�� $SSOLFDWLRQ� GHVLJQ� E\� PHDQV� RI� DQ� REMHFW� FODVV� HGLWRU� WKRXJK� FDUULHV� QR� SUHVHQWDWLRQDO
PHDQLQJ�DQG�UHPDLQV�UDWKHU�IRUPDO�DV�LWV�XVH�PLJKW�EH�UHVWULFWHG�WR�WHFKQLFDO�VWDII�

$W� WKH� ILUVW�VWDJH�RI�FRQWHQW�DXWKRULQJ�RXU� WRRO�DOORZV� IRU�'2%�XSORDG�DQG�FRQWURO��*XLGHG�E\�DQ
REMHFW�EURZVHU�WKH�DXWKRU�PD\�RUJDQL]H�DQG�UHWULHYH�REMHFWV�LQ�D�GLUHFWRU\�VWUXFWXUH�RI�D�YLUWXDO�ILOH
V\VWHP��GRQDWH�QDPHV��PHGLD�W\SHV�DQG�SURSHUWLHV�WR�WKH�GREV�DQG�XSORDG�DFWXDO�GDWD�WR�WKH�0,5
GDWD�VWRUH��V��ILJ������,Q�JHQHUDO�PHGLD�GDWD�PDQLSXODWLRQ�LV�QRW�PHDQW�WR�EH�SDUW�RI�WKH�DSSOLFDWLRQ
DXWKRULQJ�SURFHVV��EXW�IRU�WKH�VDNH�RI�VLPSOLFLW\�D�VLPSOH�WH[W�HGLWRU�ZKLFK�DOVR�VXSSRUWV�IRU�+70/�
IRUPDWWLQJ�LV�LQFOXGHG�LQ�WKH�V\VWHP�DQG�SHUPLWV�WKH�GLUHFW�JHQHUDWLRQ�RI�ZULWWHQ�WH[W�

:KHUHDV�WKH�REMHFW�EURZVHU�LQ�WKH�02%�HGLWLQJ�UHJLPH�UHPDLQV�XQFKDQJHG��GHGLFDWHG�VXSSRUW� LV
JLYHQ�WR�WKH�DXWKRU�LQ�GHVLJQLQJ�SUHVHQWDWLRQV��:LWK�WKH�KHOS�RI�D�VWUXFWXUH�YLHZ��D�VSDWLDO�YLHZ�DQG
DQ��UHODWLYH��REMHFW�WLPHOLQH�DXWKRULQJ�RI�02%�EDVHG�DSSOLFDWLRQV�UHFHLYHV�LWV�EDVLF�LQVWUXPHQWV��$V
ZDV�SRLQWHG�RXW�DERYH��KRZHYHU��WKH�VSHFLILF�VHPDQWLF�RI�PHGLD�REMHFW�VWUXFWXUHV�LV�RQO\�IL[HG�ZLWK
DSSOLFDWLRQ� OD\RXW�� 7KH� DXWKRULQJ� UHTXLUHPHQWV� WKXV� PD\� VLJQLILFDQWO\� FKDQJH� EHWZHHQ� GLIIHUHQW
ILHOGV�RI�XVH�DQG�VSHFLILF�DVSHFWV�FDQQRW�EH� IRUHVHHQ� LQ�JHQHUDO�� ,QFOXGLQJ�D� WRROER[�RI�PHWKRGV
RXU� RSHQ� V\VWHP� WKHUHIRUH� SURYLGHV� D� SURJUDPPLQJ� LQWHUIDFH� WR� DOORZ� IRU� HDV\�� DSSOLFDWLRQ
GHSHQGHQW�H[WHQVLRQV�LQ�WKH�IRUP�RI�VSHFLILF�YLHZV�
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)LJXUH����7KH�0,5�DXWKRULQJ�WRRO

���� $UFKLWHFWXUH�DQG�,PSOHPHQWDWLRQ

7KH� WHFKQLFDO� FRQFHSW� RI� WKH� 0,5� HQYLURQPHQW� LV� IRUPHG� E\� DQ� RSHQ� PXOWLPHGLD� DUFKLWHFWXUH
GHVLJQHG�DFFRUGLQJ�WR�D���WLHUHG�SULQFLSOH�DV�LV�VKRZQ�LQ�ILJ�����,PSOHPHQWDWLRQ�WKHUHE\�IROORZHG�WKH
PDMRU�JRDOV

)XQFWLRQDOLW\��7KH�HQYLURQPHQW�±�PHDQW�DV�D�XQLIRUP�SODWIRUP�IRU�PHGLD�REMHFW�SURFHVVLQJ�±
PXVW�SURYLGH�DOO�IXQGDPHQWDO�RSHUDWLRQV�RQ�02%V�DQG�'2%V�OLNH�ORDG��VWRUH��VHDUFK�HWF�

)OH[LEOH�0HGLD�+DQGOLQJ��7KH�V\VWHP�PXVW�DGDSW�WR�D�JHQHUDO�UDQJH�RI�SRVVLEOH�PHGLD�W\SHV
LQFOXGLQJ�GLVFUHWH�DQG�FRQWLQXRXV�REMHFWV�

6WDQGDUG� &RQIRUPDQFH�� $OO� XVHG� RU� LPSOHPHQWHG� FRPSRQHQWV� VKRXOG� FRQIRUP� WR� SUHVHQW
VWDQGDUGV� HVWDEOLVKHG�� 8VHU� RU� DSSOLFDWLRQ� LQWHUIDFHV� VKRXOG� UHO\� DV� IDU� DV� SRVVLEOH� RQ
DSSOLFDWLRQ�VWDQGDUGV�V�D��WKH�:HE�SURWRFRO��PLPH�W\SH�KDQGOLQJ��VWUHDPLQJ�SURWRFRO�VWDQGDUGV
HWF�

3HUIRUPDQFH�� $FFRUGLQJ� WR� ZHOO� NQRZQ� UHVRXUFH� UHTXLUHPHQWV� RI� �FRQWLQXRXV�� PHGLD� GDWD
VSHFLILF�PHDVXUHV� FRQFHUQLQJ� OHDQQHVV�� RSWLPL]DWLRQ� DQG� VFDODELOLW\� RI� WKH� V\VWHP� VKRXOG� EH
DSSOLHG�

(QFDSVXODWLRQ��$FFHVV� WR�PHGLD�REMHFW�GDWD�VKRXOG�RQO\�EH�JUDQWHG�E\�D�VHW�RI�DSSURSULDWH�
JHQHUDO�RSHUDWLRQV��WKHUHE\�KLGLQJ�ORZ�OHYHO�PDQLSXODWLRQV�VXFK�DV�64/�VWDWHPHQWV�

([WHQVLELOLW\��&KDUDFWHULVWLFV�RI�DSSOLFDWLRQV�DV�ZHOO�DV�DGGLWLRQDO�PHGLD�W\SHV�FDQ�EH�H[SHFWHG
WR� LPSRVH� VSHFLILF� UHTXLUHPHQWV� WR� WKH� HQYLURQPHQW�� %HVLGHV� D� XQLIRUPO\� VXLWDEOH� GDWD
HQYLURQPHQW� DSSOLFDWLRQ� DQG� PHGLD� SURFHVVLQJ� XQLWV� QHHG� WR� RIIHU� XQLYHUVDO� SURJUDPPLQJ
LQWHUIDFHV�IRU�DGGLQJ�WKH�UHTXHVWHG�FDSDELOLWLHV�WR�WKH�V\VWHP�

7KH� FXUUHQW� LPSOHPHQWDWLRQ� RI� WKH� PHGLD� REMHFW� GDWDEDVH� UXQV� LQ� D� UHODWLRQDO� GDWDEDVH
PDQDJHPHQW�HQJLQH��D�6\EDVH�DGDSWLYH�VHUYHU��ZLWK�VSHFLDO�WXQLQJ�DSSOLHG�WR�LW��7KLV�SODWIRUP�ZH
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FKRVH�DV�D�UREXVW��YHU\�IDVW�DQG� OHDQ�EDVLV��)RU�WKH�VDNH�RI�HQFDSVXODWLRQ�DQG�SHUIRUPDQFH��EXW
DOVR� WR� DFKLHYH� DQ� µREMHFW� RULHQWHG¶� GDWD� PRGHOOLQJ� DOO� GDWD� DFFHVVHV� DQG� PDQLSXODWLRQV� DUH
UHDOLVHG� E\� PHDQV� RI� VWRUHG� SURFHGXUHV�� 0HGLD� VSHFLILF� RSHUDWLRQV� VXFK� DV
FRPSUHVVLRQ�GHFRPSUHVVLRQ��VWUHDPLQJ�RU�V\QFKURQLVDWLRQ�WDVNV�DUH�SHUIRUPHG�E\�WKH�PLGGOHZDUH
FRPSRQHQWV�� VLQFH� PLGGOHZDUH� VHUYLFHV� DUH� VFDODEOH�� VXSSRUW� ORDG� EDODQFLQJ� DQG� LQ� RXU� FDVH
DFFRPPRGDWH�FDFKLQJ�

$OO� PLGGOHZDUH� FRPSRQHQWV� DUH� ZULWWHQ� LQ
-$9$� DQG� DUH� SULPDULO\� UHVSRQVLEOH� IRU� WKH
VHVVLRQ�DQG�WUDQVDFWLRQ�PDQDJHPHQW�DQG�IRU
D� EXIIHULQJ� FDFKH� OD\HU� ZKLFK� DOORZV� IRU
ODWHQF\� KLGLQJ�� (YHQ� WKRXJK� ZH� HPSOR\� D
VLQJOH�FRPSRQHQW�VHUYHU�VROXWLRQ��WKH�6\EDVH
-DJXDU��PRVW�RI� WKH� LPSOHPHQWDWLRQV�IXOILO� WKH
-$9$� (-%� VSHFLILFDWLRQ� DQG� DUH� WKHUHIRUH
UDWKHU� QHXWUDO� ZLWK� UHVSHFW� WR� WKH� VSHFLILF
SURGXFW�� &OLHQW� DFFHVV� LV� JUDQWHG� LQ� D
PDQLIROG�ZD\��V��ILJ������2Q�WKH�VWDQGDUG�VLGH
WKH� QDWXUDO� ,,23�H[FKDQJH� RI� REMHFWV� LV
RIIHUHG� WR� LQWHOOLJHQW� FOLHQW� DSSV
FRPSOHPHQWHG�E\�VWDQGDUG�:HE�SURWRFRO�KWWS
IRU�DOO�SXEOLF�HQWLWLHV�LQ�WKH�GDWDEDVH��WKH�ODWWHU
EHLQJ�LPSOHPHQWHG�E\�D�VHUYOHW�LQ�WKH�EDFN�RI
DQ�DSDFKH�WRPFDW�LQVWDOODWLRQ��$V�VHULDOLVDWLRQ
RI� ELQDU\� ODUJH� REMHFWV� IRUPV� DQ� LQHIILFLHQW
ZD\� RI� WUDQVSRUW� ZH� GHFLGHG� WR� LQFRUSRUDWH
WKH� 6\EDVH� SURSULHWDU\� WUDQVDFWLRQ� SURWRFRO
7'6��ZKLFK�VKXIIOHV�ELQDU\�GDWD� LQ�EXON��7KH
FOLHQW� SURJUDPPLQJ� LQWHUIDFH� IRU� 7'6�
WUDQVSRUW� LV� KLGGHQ� EHKLQG� -'%&�� VR� WKDW
SURSULHWDU\�FRGH�FDQ�EH�NHSW�IURP�DSSOLFDWLRQ

SURJUDPPLQJ�

$V� DQ� LPSRUWDQW� IHDWXUH� RI� WKH� SODWIRUP� LQWURGXFHG� KHUH� PD\� EH� VHHQ� LWV� DELOLW\� WR� GHDO� ZLWK
SOXJJDEOH�VXEVHUYHUV��V��ILJ������6XEVHUYLQJ�QRW�RQO\�RSHQV�XS�WKH�ILHOG�IRU�DSSOLFDWLRQ�GHSHQGHQW
PHGLD�VWUHDPV��EXW�DOVR�DOORZV�IRU�LQFRUSRUDWLRQ�RI�QHZ��FRPSOH[�IXQFWLRQDOLW\�VXFK�DV�RQOLQH�GDWD
SURFHVVLQJ�ZLWKRXW�IDWWHQLQJ�D�WKLQ�DSSOHW�FOLHQW��)RU�DQ�RYHUDOO�VWUHDP�RULHQWHG�V\VWHP�LW�DSSHDUV
TXLWH�QDWXUDO�WR�LQFOXGH�VHUYHG�PHGLD�IRU�VWUHDPLQJ�DQG�VXFK��0,5�SURYLGHV�D�IOH[LEOH�DQG�VLPSOH
LQWHUIDFH� IRU� WKLV� SXUSRVH�� ,Q� FXUUHQW� DSSOLFDWLRQV� VXEVHUYHUV� DUH� XVHG� WR� LQFRUSRUDWH� WKH� KLJK
SHUIRUPDQFH�RSWLPL]HG�-$9$�:DYHOHW�YLGHR�SOD\HU�RI�&\FRQ�HW�DO� >�@��D�GLUHFW� WH[W�VHQGHU�ZKLFK
SHUPLWV� PHVVDJLQJ� WR� RQJRLQJ� SUHVHQWDWLRQV� DQG� DQ
03(*��VHUYHU�ZKLFK�SURFHVVHV�DXGLR�

7KH�LQWHUIDFH�WR�LQFOXGH�DQ\�W\SH�RI�VXEVHUYHU�KDV�EHHQ
SXUSRVHO\�GHVLJQHG�LQ�PLQLPDO�IDVKLRQ��$Q\�VXEVHUYHU�LQ
SHUVSHFWLYH�PXVW� LPSOHPHQW� WKH� PHWKRGV� JHW3RUW&RXQW
WR� DOORZ� IRU� LQTXLU\� RQ� UHTXHVWHG� QXPEHU� RI� SRUWV�
VHW3RUWV� WR� SHUPLW� SRUW� DVVLJQPHQW�� VHW'DWD� WR� UHFHLYH
GDWD�KDQGOHV�DQG�WKH�LQLWLDOL]DWLRQ��$GGLWLRQDO�LQIRUPDWLRQ
FODVVHV� HWF�� DUH� NHSW� RSWLRQDO�� 7KH� LQWHUIDFH� DW� WKH
FRUUHVSRQGLQJ� FOLHQW� VLWH� DSSHDOV� DV� HYHQ� VLPSOHU�
VHW6HUYHU,QIR� DQG� JHW6HUYHU,QIR� DUH� WKH� PHWKRGV
QHHGHG� KHUH��:LWKLQ� WKLV� RSHQ� IUDPHZRUN� LW� VKRXOG� EH
HDV\�WR�EULQJ�DGGLWLRQDO�GDWD�VHUYHUV�WR�WKH�V\VWHP�DV�IRU
LQVWDQFH�WR�LQFOXGH�UHDO�WLPH�YLVXDOL]DWLRQ�RU�OLYH�VWUHDPV
RU�«

,PSOHPHQWDWLRQV� RQ� WKH� FOLHQW� VLGH� PHUHO\� GHSHQG� RQ
DSSOLFDWLRQ� FRPSOH[LW\� WKDQ� RQ� JXLGHOLQHV� WDNHQ� IURP
0,5� HQYLURQPHQW�� &OLHQWV� PD\� EH� DSSOHWV� EDVHG� LQ
6ZLQJ� OLNH� RXU� DXWKRULQJ� WRRO�� VLPSOH� +70/�SDJHV� RU

)LJXUH����1HWZRUNHG�$UFKLWHFWXUH

)LJXUH �� 6XEVHUYLQJ DV D 3OXJ�,Q



�

6HUYOHWV� UXQQLQJ� -$9$� %HDQV� LQ� FRUUHVSRQGHQFH� WR� -$9$� 6HUYHU� 3DJHV�� $Q\� WLPH�EDVHG
DSSOLFDWLRQ�ZH�KRZHYHU�KDYH�QRW�XQGHUWDNHQ�ZLWKRXW�EURZVHU¶V�-$9$�PDFKLQH�

�� 0HGLD�2EMHFWV�LQ�7LPH

���� 3UHVHQWLQJ�D�PHGLD�VWUHDP

$V� RQH�PDMRU� DSSOLFDWLRQ� WKH� WHDFKLQJ� DQG� SUHVHQWDWLRQ� V\VWHP�0HGLD�2EMHFWV� LQ� 7LPH� �0RE,7�
FHQWUHV�DERXW�WKH�LGHD�RI�PHGLD�REMHFWV�V\QFKURQL]DEOH�LQ�WLPH�ZKLFK�PD\�EH� OLQNHG�WR�IRUP�IDLUO\
FRPSOH[�SUHVHQWDWLRQV��%XW�DW�WKH�VDPH�WLPH�DQ\�REMHFW�UHPDLQV�VHOI�FRQVLVWHQW�DQG�RI�LQGHSHQGHQW
XVH��5RXJKO\� VSHDNLQJ� RXU� EDVLF� FRQFHSW� FRQVLVWV� RI� GHILQLQJ�PHGLD� REMHFW� LQVWDQFHV� DQG� OLQLQJ
WKHP�XS�LQ�WLPH�DV�LV�VKRZQ�LQ�ILJXUH����0RE,W�LQWHQGV�WR�SURYLGH�DQ�DFFXUDWH�VFKHPH�IRU�WHPSRUDO
DQG� VSDWLDO� SODFHPHQW� RI� SUHVHQWDWLRQ� REMHFWV�� ZKHUH� DXWKRUV� QHLWKHU� KDYH� WR� WDNH� FDUH� RI
LQWHUREMHFW� V\QFKURQL]DWLRQ� GHSHQGHQFLHV� QRU� DGDSWDWLRQ� WR� SRVVLEO\� LQDFFXUDWH� QHWZRUN
SHUIRUPDQFH��WKH�ODWWHU�EHLQJ�VXEMHFW�WR�LPSOHPHQWDWLRQ�RI�ODWHQF\�KLGLQJ�WHFKQLTXHV�

3UHVHQWLQJ� LWVHOI� RQ� D� WLPHOLQH� DQ\
SUHVHQWDWLRQ� EHFRPHV� D� WLPH�EDVHG
GDWD� REMHFW�� HYHQ� LI� FRPSRVHG� RQO\
IURP�WLPHOHVV�PHGLD�VXFK�DV�WH[WV�RU
LPDJHV��$Q\�SUHVHQWDWLRQ�FRPSRQHQW
ZLOO� FDUU\� DQ� LQVWDQFH� RI� LQLWLDO
DSSHDUDQFH�DQG�D�PRPHQW� �SRVVLEO\
DW�LQILQLWXP��IRU�IDGLQJ�DZD\�IURP�WKH
FOLHQW¶V�VFUHHQ��:LWKLQ�WKLV�IUDPHZRUN
RI�0,5�DQ\�VWUHDPLQJ�PHGLD�VXFK�DV
YLGHR�RU�DXGLR�PD\�EH� LQFOXGHG�DQG
V\QFKURQL]HG� WR� WKH� VFHQH� DQG� WKH
RYHUDOO�GDWD�VWUHDP�

$LPLQJ�DW� WKH�FRPELQHG�XWLOLVDWLRQ� LQ
OHFWXUH�URRPV�DV�ZHOO�DV�WHOHWHDFKLQJ
RXU� PRGHO� IRFXVHV� RQ� D� FOHDU�
VWUDLJKW� IRUZDUG� FRQFHSW� RI� UHXVDEOH
FRPSRXQG�PHGLD�FRPSRQHQWV��$Q\�RI�WKHVH�ZLOO�EH�DFFRPSDQLHG�E\�VFUHHQSOD\�VFULSWV�DUUDQJLQJ
WKHLU� EHKDYLRXU� LQ� VSDFH� DQG� WLPH�� 7KXV� LQ� SODFH� RI� WKH� SDJH� RULHQWHG� :::� FRQFHSW� RU� WKH
W\SLFDOO\�HYHQW�GULYHQ�QDWXUH�RI�&%7�SURGXFWV�0RE,7� UXQV�DV�D� IORZ�RULHQWHG�SUHVHQWDWLRQ�PRGHO
VKRZLQJ� IRU� H[DPSOH� D� FUDVK�WHVW� YLGHR� FRPELQHG� ZLWK� FKDUWV� RI� UHOHYDQW� VWDWLVWLFV� DQG� YRFDOO\
H[SODLQHG�&$'�FDU�PRGHOV�LQ�VXEVHTXHQFH�

���� 7KH�&RPSRXQG�)ORZ�0RGHO

,Q� GHVLJQLQJ� DQ� HGXFDWLRQDO� V\VWHP� ZLWKLQ� RXU
HQYLURQPHQW� VWUXFWXULQJ� KDV� WR� EH� JLYHQ� DQ
DSSOLFDWLRQDO�PHDQLQJ�� ,Q� WKH�FRQWH[W�RI�0RE,7� WKLV
LV�GRQH�E\�WKH�&RPSRXQG�)ORZ�0RGHO��&)0���ZKLFK
WDNHV� PXFK� FDUH� WR� GHILQH� D� VLPSOH� VWUXFWXUH� RI
VWUDLJKW� IRUZDUG� ORJLF� LQWXLWLYHO\� DSSHDOLQJ� WR
GRFXPHQW�DXWKRUV��7KH�&)0�RUJDQLVHV�WKH�XQLIRUP
KXOO�HQWLW\�0RE�LQ�D�WUHH�VWUXFWXUH��ZKHUH�DQ\�EUDQFK
UHIHUHQFH� H[SUHVVHV� D� WHPSRUDO� DQG� VSDWLDO
LQFOXVLRQ�UHODWLRQ���V��ILJXUH����

0HGLD�REMHFWV�IRUP�WKH�FHQWUDO�FRQVWUXFWLRQ�HOHPHQW
RI� WKH� &)0� GDWD� VWUXFWXUH�� $V� ERXQG� WR� WKH� EDVLF
GHVLJQ� LGHD� RI� 0,5� 0REV� LQFOXGH� WKH� VXERUGLQDWH
REMHFW� UHIHUHQFH� OLVW�DQG�D�VFUHHQSOD\�VFULSW�DFWLQJ
RQ� WKH� UHIHUHQFHV�� WKHUHE\� GHVFULELQJ� DOO
SDUDPHWHUV� UHVSRQVLEOH� IRU� WKHLU� EHKDYLRXU� LQ� WLPH

)LJXUH����0HGLD�2EMHFW�,QVWDQFHV�LQ�7LPH

)LJXUH����0HGLD�2EMHFW�+LHUDUFK\



�

DQG� VSDFH�� 7KRVH� VFULSWV� ZH� GHQRWH� DV� 3OD\OLVWV�� 3OD\OLVWV� GHVFULEH� WKH� VWDWHV� DWWDLQHG� E\� WKH
FRUUHVSRQGLQJ�0REV�LQ�WRWDO�

7LJKWO\� ERXQG� WR� WKH� FRQFHSW� RI� FRPELQHG� UHIHUHQFH� WR� REMHFWV� DQG� WKHLU� VWDWHV� LV� WKH� QRWLRQ� RI
JHQHUDOL]HG� UHXVDELOLW\� IRU� DQ\� FRPSRQHQW� LQYROYHG�� 5RXJKO\� VSHDNLQJ� DQ� REMHFW� H[KLELWV
JHQHUDOL]HG� UHXVDELOLW\�� LII� LW� LV�VHOI�FRQVLVWHQW�� L�H�� IUHH�RI� UHFXUVLRQV��DQG�SDUDPHWUL]DEOH� LQ� VWDWH
VSDFH��7KH� IXQGDPHQWDO�SDUDPHWHUV�RI� WKH�VWDWH�VSDFH�XS�XQWLO�QRZ�DUH� WKH�VSDWLDO�VL]H�DQG� WKH
GXUDWLRQ�LQ�WLPH��6RPH�DGGLWLRQDO�IHDWXUHV�VXFK�DV�EDFNJURXQG�FRORU�RU�IRQW�W\SH�FKDQJH�KDYH�EHHQ
LPSOHPHQWHG�

9LWDO�WR�WKH�IUDPHZRUN�RI�&)0�LV�DQ�HQYLURQPHQW�IRU�JHQHUDWLQJ�DQG�FRQWUROOLQJ�WKH�IORZ��$V�PHGLD
REMHFWV� IRU� D� JLYHQ� SUHVHQWDWLRQ� PD\� EH� ZLGHO\� EUDQFKHG�� HDFK� RQH� RI� WKHP� HTXLSSHG� ZLWK� D
FRPSOH[�VWUXFWXUDO�LQKHULWDQFH�DQG�LWV�RZQ�V\QFKURQL]DWLRQ�GHPDQGV��D�IORZ�FRQWURO�PRGXOH�QHHGV
WR�UHVROYH�DOO�VWUXFWXUDO�GDWD�GHSHQGHQFLHV��,W�WKHUHDIWHU�KDV�WR�OLQHDUL]H�UHVXOWLQJ�EXON�LQIRUPDWLRQ�
WR�IRUP�DQ�RUGHUHG�IORZ�DQG�DW�ODVW�DGGLFW�REMHFWV�WR�WKH�H[WHUQDOO\�SURYLGHG�SULPDU\�WLPHU�

(YHQ� WKRXJK� FRPSRQHQWV� RI� WKH� 0RGHO� DUH� RI� DFWLYH�� VHOI� FRQVLVWHQW� QDWXUH� DQ� DGGLWLRQDO� IORZ
JHQHUDWRU�QHHGV�WR�EH�SUHVHQW��*HQHUDWLQJ�D�IORZ�LQ�RXU�FRQWH[W�KDV�WR�IXOILO�WKH�WDVN�RI�UHVROYLQJ�DOO
RSHQ�REMHFW�GHSHQGHQFLHV��FROOHFWLQJ� WKH�GDWD�DQG�HQ�SDVVDQW�SHUIRUPLQJ�FR�RUGLQDWH� WUDQVIRUPV
DQG�DW�WKH�FRUH�OLQHDUL]H�GDWD�ZLWK�UHVSHFW�WR�WLPH��$V�D�UHVXOW�RI�VXFK�OLQHDU�DOLJQPHQW�DOO�SOD\OLVWV
DUH� PHUJHG� WR� IRUP� D� FRPSOHWH� VFULSW� IRU� WKH� VFUHHQSOD\� WKH� ZKROH� SUHVHQWDWLRQ� FRQVLVWV� RI�
$GGLWLRQDOO\�PD\�EH�REVHUYHG� WKDW� WKH� IORZ�JHQHUDWRU�DV�GHVFULEHG� LV�±� LI�SURSHUO\� LPSOHPHQWHG��
ZHOO�VXLWDEOH�IRU�WUDQVPLWWLQJ�SUHVHQWDWLRQV�GDWD�FROOHFWLRQ�DV�D�VHTXHQWLDO�VWUHDP�RYHU�WKH�QHWZRUN�
)RU�D�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�WKH�0RE,7�DSSOLFDWLRQ�VHH�>�@�

�� )XUWKHU�$SSOLFDWLRQV

���� 9LUWXDO�'HVLJQ

7KH� GHVLJQ� VWXGLR� RI� WRPRUURZ� ZLOO� QRW� FRQWDLQ� D� FRPSXWHU� DQ\PRUH�� EXW� ZLOO� FRQVLVW� RI� WKH
FRPSXWHU� QHWZRUN�� *XLGHG� E\� WKLV� PD[LP� D� FRPSOHWHO\� GLIIHUHQW� LGHD� RI� FRPSXWHU� EDVHG
HGXFDWLRQDO�V\VWHP�KDV�EHHQ�GHYHORSHG�LQ�FROODERUDWLRQ�ZLWK�%LOGR�$NDGHPLH�I�U�.XQVW�XQG�0HGLHQ
%HUOLQ��,QWHUDFWLYH�SLFWXUH�QHWZRUNLQJ�KDV�EHHQ�DGRSWHG�DV�D�EDVLF�FR�RSHUDWLYH�LQWHUQHW�SODWIRUP�IRU
GHVLJQHUV�RI�GLJLWDO�LPDJHV�>�@�>�@��7KH�SURMHFW�KDV�EHHQ�KRQRXUHG�LQ�WKH�PHDQZKLOH�ZLWK�WKH�³1HZ
7DOHQWV�$ZDUG´�DW� WKH�GLUHFW�PDUNHWLQJ�FRQJUHVV�',0$� LQ�'�VVHOGRUI������DQG� WKH� VSHFLDO� SULFH
0XOWLPHGLD�7UDQVIHU�DW�/HDUQWHF������

3HRSOH� IURP�DUW�DQG�GHVLJQ�FRPPXQLFDWH� WKURXJK� WKHLU� YLVXDO�SURGXFWV��$V� LW� LV� UDWKHU� GLIILFXOW� WR
FLUFXPVFULEH�UHSUHVHQWDWLRQDO�DQG�DHVWKHWLF�FRQWHQWV�LQ�VWDQGDUG�ODQJXDJH�WHUPV��D�VSHFLILF�ZD\�RI
H[SUHVVLRQ�QHHGV� WR� EH�XWLOL]HG��$� /DQJXDJH� RI�3LFWXUHV�� /LNH� DQ\� VWUHDP�RI� VWDWHPHQWV� VXFK�D
YLVXDO�VSHHFK�QHHGV�EDVLF�RUGHU�SULQFLSDOV��D�WLPHOLQH�DQG�WKHPDWLF�DVVLJQPHQWV�DW�PLQLPDO�

7KH�9LUWXDO�'HVLJQ�SURMHFW�VWDUWHG�IURP�WKH�LGHD�RI�VXSSO\LQJ�D�QHWZRUNHG�FRPPXQLFDWLRQ�SODWIRUP
ZKLFK� DOORZV� IRU� FUHDWLRQ� RI� YLVXDO� GLDORJV�� 6WDUWLQJ� IURP� � D� ³ZKLWH� FDQYDV´� HDFK� SDUWLFLSDQW� LV
HQDEOHG� WR� FRQWULEXWH� GDWD� VHWV� FRQVLVWLQJ� RI� DQ� LPDJH�� D� WLWOH� DQG� D� WH[WXDO� FRPPHQWDU\� WR� WKH
V\VWHP��7KH�V\VWHP�LWVHOI�UHTXHVWV�VXFK�FRQWULEXWLRQV�WR�EH�D�UHDFWLRQ�RI�D�IRUPHU�HQWU\��,W�WKHUHE\
OLQNV�HQWLWLHV�DQG�OLQHV�SLFWXUHV�LQ�WLPH�FKDLQV��RSWLRQDOO\�EUDQFKLQJ�DW�QRGHV�ZKLFK�LQYRNHG�PXOWLSOH
UHDFWLRQV��$V�WLPH�HYROYHV�WKH�9LUWXDO�'HVLJQ�V\VWHP�ZLOO�JLYH�ULVH� WR�D� WUHH�RI�SLFWXUHV�ZLWK�HDFK
EUDQFK�UHSUHVHQWLQJ�D�YLVXDO�GLDORJ�EHWZHHQ�DXWKRUV��V�ILJ�����

5HO\LQJ�RQ�0,5�EDVLF�HQYLURQPHQW�9LUWXDO�'HVLJQ�02%V�HQFORVH� LPDJHV�� WKXPEQDLOV�DQG� WH[WXDO
FRPSOHPHQWV��7KH�PHGLD�REMHFW�VWUXFWXUH�LQ�WKH�YLUWXDO�GHVLJQ�DSSOLFDWLRQ�LV�GHILQHG�E\�WKH�YLUWXDO
GLDORJV�SHUIRUPHG�E\�XVLQJ�WKH�V\VWHP�DQG�LV�DVVLJQHG�DXWRPDWLFDOO\�DV�SDUW�RI�WKH�ZRUN�SURFHVV�
1RWH�WKDW�QR�VHSDUDWH�DXWKRULQJ�LV�QHHGHG�VLQFH�9'�FRPELQHV�ZRUNVSDFH�DQG�SUHVHQWDWLRQ�

����� �.QRZOHGJH�&DIp

$V�D� WKLUG��PXFK� VLPSOHU� DSSOLFDWLRQ�RI� WKH�0,5� GDWD� HQYLURQPHQW� ZH�ZDQW� WR� LQWURGXFH� D� VPDOO
NQRZOHGJH� FDIp� SURWRW\SH�� 7KH� V\VWHP� UDQNV� DURXQG� SLHFHV� RI� LQIRUPDWLRQ� ZKLFK� DUH� FODVVLILHG
DFFRUGLQJ�WR�WRSLFV�DQG�NH\ZRUGV�DQG�ZLWK�UHVSHFW� WR� LQIRUPDWLRQ�FRPSOH[LW\��DV�ZHOO��*HQHUDWLQJ
FRQWHQW�EDVHG�PHVKHV�IURP�0RE�UHIHUHQFHV�WKH� LQIRUPDWLRQ�UHSRVLWRU\�QRW�RQO\� LV�DEOH�WR�DQVZHU
SURSHUW\� UHODWHG� VHDUFKHV� EXW� ZLOO� G\QDPLFDOO\� SUHVHQW� GRFXPHQW� JURXSV� DV�0RE� UHIHUHQFHV� DUH
DXWRPDWLFDOO\� WUDQVIRUPHG� LQWR�:HE� OLQNV��:LWK� WKH�XVH�RI� -63�WHFKQLTXHV� WKLV� XVHIXO� DSSOLFDWLRQ



��

)LJXUH����9LUWXDO�'HVLJQ�9LVXDO�1DYLJDWRU

FRXOG� EH� GHYHORSHG� LQ� D� YHU\� OLPLWHG� QXPEHU� RI� GD\V� E\� UHO\LQJ� RQ� WKH� VWUHQJWK� RI� WKH� 0,5
WHFKQRORJ\�EDVLV�

�� &RQFOXVLRQV�DQG�RXWORRN

7KH�PXOWLPHGLD�LQIRUPDWLRQ�WHFKQRORJ\�SUHVHQWHG�LQ�WKLV�SDSHU�LV�DQ�RQJRLQJ�SURMHFW�LQ�PDQ\�ZD\V�
+DYLQJ�DFFRPSOLVKHG�DQ�HIILFLHQW�EDVLF�VROXWLRQ�RQ�VWUXFWXUHG�PHGLD�SURFHVVLQJ�VHYHUDO� WHDFKLQJ
DSSOLFDWLRQV�WR�EH�XVHG�HLWKHU�LQ�WKH�OHFWXUH�KDOO�RU�DW�VWXGHQWV�KRPHV�DUH�WR�EH�LPSOHPHQWHG��0RVW
H[FLWLQJ� KRZHYHU� ZH� FRQVLGHU� IXWXUH� GHYHORSPHQWV� LQ� WKH� DUHD� RI� WLPH�EDVHG� OHDUQLQJ� DQG
SUHVHQWDWLRQ�V\VWHP�

0XFK�ZRUN�KRZHYHU�KDV�WR�EH�GRQH�LQ�WKLV�RQJRLQJ�SURMHFW��,QWHUDFWLRQV�KDYH�QRW�EHHQ�GHILQHG�LQ
&)0� \HW�� $V� VLPSOH� VPLO�W\SH� K\SHUOLQNV� LQ� RXU� IORZ� RULHQWHG�PRGHO� FRXOG� RQO\� VXSSRUW� KRSSLQJ
EHWZHHQ� ��SRVVLEO\� QHVWHG� ��SDUDOOHO� WLPHOLQHV�DQG�DV�ZH�GR� QRW� LQWHQG� WR� SURGXFH� VRPH�VRUW� RI
LQWHUDFWLRQ� SURJUDPPLQJ� ODQJXDJH�� RXU� FXUUHQW� DFWLYLWLHV� FRQFHQWUDWH� RQ�PRGHOLQJ� DQ� LQWHUDFWLRQ
SDUDGLJP��$FFRXQWLQJ� IRU� WKH�&)0� SRWHQWLDO� WR� RSHUDWH� RQ� VHOI� FRQVLVWHQW�PHGLD� REMHFWV� ZH� DUH
DLPLQJ�DW�D�VPDOO�
DOSKDEHW
�RI�RSHUDWLRQV�ZKLFK�HQDEOHV�DXWKRUV�WR�RSHQ�XS�DQ�XQOLPLWHG�QXPEHU�RI
QDYLJDWLRQDO�SDWKV�WR�WKH�UHFHSWRU�ZLWK�RQO\�D�OLPLWHG�QXPEHU�RI�LQWHUDFWLRQV�GHILQHG�

,QWHUDFWLRQV�ZLOO� LQWURGXFH�DQ�DGGLWLRQDO� FRPSOH[LW\� WR� WKH� WUHDWPHQW� RI� QHWZRUN� EHKDYLRU� DV� WKH\
PLJKW�FRQWUDGLFW� ODWHQF\�KLGLQJ�WHFKQLTXHV� LQ�VRPH�SDUWV��7KLV� LV�XQDYRLGDEO\� WUXH� IRU�XVHU�GLDORJ
HOHPHQWV�� )RU� WKH� ORDGLQJ� RI� ELQDU\� ODUJH� HOHPHQWV� D� FDUHIXO� WLPH� FRQWURO� ZLOO� EH� QHHGHG�� 7KH
EXIIHUHG� SUH�UHDGLQJ� RI� 0REV� KRZHYHU� PD\� EH� YLHZHG� DV� ILOOLQJ� DQ� LQVWUXFWLRQ� FDFKH� RI� D
SURFHVVLQJ�XQLW��,QWHUDFWLRQV�LPSRVH�EUDQFKHV�WR�WKH�LQVWUXFWLRQ�IORZ�DQG�FDQ�EH�EXIIHUHG�LQ�SDUDOOHO
VR�WKDW�LPPHGLDWH�V\VWHP�UHVSRQVH�JHQHUDOL]HV�

$FNQRZOHGJHPHQWV

:H�ZRXOG�OLNH�WR�WKDQN�+DQV�&\FRQ�DQG�KLV�JURXS�IRU�HQMR\DEOH�FR�RSHUDWLRQ��7KH\�GHYHORSHG�WKH
KLJKO\�RSWLPL]HG�:DYHOHW�9LGHR�DOJRULWKPV�DQG�WKH�FRGHF��0DUN�3DONRZ�FDUHIXOO\�SRUWHG�WKH�FRGHF
WR�-$9$�
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