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7KH� ZLGHVSUHDG� DYDLODELOLW\� RI� QHWZRUNHG� PXOWLPHGLD� SRWHQWLDOV� HPEHGGHG� LQ� DQ� LQIUDVWUXFWXUH� RI
TXDOLWDWLYH� VXSHULRU� NLQG� JLYHV� ULVH� WR� QHZ� DSSURDFKHV� LQ� WKH� DUHDV� RI� WHOHWHDFKLQJ� DQG� LQWHUQHW
SUHVHQWDWLRQ�� 7KH� GLVWULEXWLRQ� RI� SURIHVVLRQDOO\� VW\OHG� PXOWLPHGLD� VWUHDPV� KDV� IDOOHQ� LQ� WKH� UHDOP� RI
SRVVLELOLW\��7KLV�SDSHU�SUHVHQWV� D�SURWRW\SH� �� ERWK�PRGHO� DQG� UXQWLPH�HQYLURQPHQW� �� RI� D� WLPH�GLUHFWHG
PHGLD�V\VWHP�WUHDWLQJ�DQ\�NLQG�RI�SUHVHQWDWLRQDO�FRQWULEXWLRQ�DV�UHXVDEOH�PHGLD�REMHFW�FRPSRQHQWV��7KH
SOXJ�LQ�IUHH�UXQWLPH�V\VWHP�LV�EDVHG�RQ�D�GDWDEDVH�DQG�DOORZV�IRU�D�IOH[LEOH�VXSSRUW�RI�VWDWLF�PHGLD�W\SHV
DV�ZHOO�DV�IRU�HDV\�H[WHQVLRQV�E\�VWUHDPLQJ�PHGLD�VHUYHUV�
7KH� WHFKQLTXH�RI� SOXJJDEOH� VXEVHUYHUV� LV� XVHG� WR� LQFOXGH� D� UHDO�WLPH� YLGHR� FRGHF�� EDVHG� RQ� D� IDVW� ORZ
FRPSOH[LW\�ZDYHOHW�WUDQVIRUPDWLRQ�DQG�DQ�KLJKO\�HIILFLHQW�ORVVOHVV�SUHFRGLQJ�VFKHPH�XVLQJ��SDUWLWLRQLQJ�
DJJUHJDWLRQ�� DQG� FRQGLWLRQDO� FRGLQJ� �3$&&��� 7KH� -$9$� LPSOHPHQWDWLRQ� HQDEOHV� UHDO±WLPH� YLGHR
VWUHDPLQJ�LQ�&,)�IRUPDW�RQ�,3�FRQQHFWLRQV�ZLWK�ORZ�EDQGZLGWK�� ����NE�V��

.H\ZRUGV��6\QFKURQL]HG�0HGLD��0XOWLPHGLD�0RGHOLQJ��9LGHR�6WUHDPLQJ�
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��7KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�E\�WKH�()5(�SURJUDP�RI�WKH�(XURSHDQ�&RPPLVVLRQ�
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7RGD\¶V� VWDQGDUGV� RI� LQWHUQHW�FRQQHFWHG
FRPSXWHUV� SURYLGH� DVVRFLDWLYHO\� FKDLQHG� WH[WV�
LPDJHV��VRXQGV��PRYLHV�RU�RWKHU�LQIRUPDWLRQ�PDWHULDO
DQG� WKHUHE\� FRQIURQW� VWXGHQWV� DV� ZHOO� DV� WHDFKHUV
ZLWK� D� QHZ� SDUDGLJP� RI� NQRZOHGJH� WUDQVIHU�
1HWZRUNHG�PXOWLPHGLD�DFFHVVRULHV�QRW�RQO\�WUDQVSRUW
D� IRUPHUO\� XQNQRZQ� PXOWLWXGH� RI� SUHVHQWDWLRQ
PHWKRGV�WR�WKH�OHFWXUH�KDOO�RU�±�LQ�WKH�IUDPHZRUN�RI
WHOHWHDFKLQJ�±� WR� VWXGHQWV�KRPHV��7KH\�DOVR�SUHVHQW
DQ�XQILOWHUHG� WRWDOLW\�RI�SUHVHQW�NQRZOHGJH�ZKLFK� LQ
WHUPV� RI� TXDQWLW\� DQG� UDSLGLW\� RI� FKDQJH� QR� VLQJOH
WHDFKHU�FDQ�FRPSHWH�ZLWK�

,QGLYLGXDO� DVSHFWV� RI� FODVVURRP� FRPPXQLFDWLRQ
KRZHYHU� UHPDLQ� ERXQG� WR� WUDGLWLRQDO� OHFWXUH� IRUPV�
$OO� GLUHFW� GLDORJV� DQG� UHODWHG� LQWHUFKDQJHV�PXVW� EH
PHQWLRQHG� KHUH�� ILUVWO\�� 2I� DW� OHDVW� VHFRQG
LPSRUWDQFH� LV� WKH� QRWLRQ� RI� WLPH� DQG� VSHHG� DQ\
WHDFKHU�LPSRVHV�RQ�KLV�VWXGHQWV�E\�GHWHUPLQLQJ�RUGHU
DQG� VSHHG� WKH� PDWHULDO� LV� UROOHG� RXW� DQG� E\� ILQDOO\
IL[LQJ�WKH�GDWHV�IRU�WHVWLQJ�DQG�GRFXPHQWLQJ�VXFFHVV�
,W� LV� WKLV� WLPH� FRQWURO� SURFHVV� ZKLFK� ILQDOO\
GHWHUPLQHV�SHUIRUPDQFH�

0DQ\�DWWHPSWV�DUH�PDGH�WR�HPSOR\�:RUOG�:LGH
:HE� WHFKQLTXHV� WR� DW� OHDVW� SDUWLDOO\� VXEVWLWXWH
WUDGLWLRQDO� OHFWXUHV�� WKH� YLVLRQ� RI� ZKLFK� EHLQJ� WR
OLEHUDWH� VWXGHQWV� IURP� WKH� UHVWULFWLRQV� RI� WHPSRUDO



DQG�VSDWLDO�SUHVHQFH�DQG�WKHUHE\�RIIHU�NQRZOHGJH�WR
D� ZLGHU� SXEOLF�� %XW� LQ� FRQWUDVW� WR� D� SHUVRQDO
FODVVURRP�DWWHQGDQFH�DQ\�KWWS�EDVHG�WUDLQLQJ�PRGXOH
LV� GULYHQ� E\� HQGXVHU¶V� PRXVHFOLFNV� DQG� WKXV
GHOHJDWHV� RUGHULQJ� DQG� WLPLQJ� FRPSOHWHO\� WR� WKH
OHDUQLQJ�UHFLSLHQWV��,W�KHQFH�EXUGHQV�WKH�OHDUQHU�ZLWK
WKH�UHVSRQVLELOLW\�QRW�RQO\�IRU�RYHUDOO�XQGHUVWDQGLQJ
EXW� DOVR� IRU� XQGHUWDNLQJ� HDFK� LQGLYLGXDO� SURJUHVV
VWHS�LQ�WLPH�

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��7KH�JURZLQJ�GHPDQG
IRU�V\QFKURQL]HG�KDQGOLQJ�RI�WLPH�EDVHG�PHGLD�VXFK
DV� YLGHR� DQG� DXGLR� VHUYHV� DV� D� VHFRQG� 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�WKH�SUHVHQW�SDSHU�ZH�SUHVHQW�WKH�SURMHFW�0HGLD
2EMHFWV� LQ� 7LPH� �0RE,7�� ZKLFK� GHYHORSV� D� PRGHO
IRU� WLPH�GLUHFWHG� SUHVHQWDWLRQ� DQG� SURFHVVLQJ� RI
XQLYHUVDO�PHGLD�REMHFWV�DV�ZHOO�DV�D�SURWRW\SH�IRU�D
0RE,7�UXQWLPH�HQYLURQPHQW�

7KLV�SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ,Q� VHFWLRQ� �
ZH� LQWURGXFH� WKH� EDVLF� LGHDV� DQG� IXQFWLRQDOLWLHV� RI
RXU�ZRUN�DQG�H[HPSODULO\�FRPSDUH�WR�UHODWHG�ZRUNV�
6HFWLRQ� �� SUHVHQWV� WKH� XQGHUO\LQJ� &RPSRXQG� )ORZ
0RGHO� �&)0��� $UFKLWHFWXUH� DQG� LPSOHPHQWDWLRQ
SURSHUWLHV�RI�WKH�0RE,7�UXQWLPH�HQYLURQPHQW�ZLOO�EH
GLVFXVVHG� LQ� VHFWLRQ� ��� $� EULHI� LQWURGXFWLRQ� WR� WKH
EXLOW�LQ� -$9$� YLGHR�SOD\HU� EDVHG� RQ� KLJK
SHUIRUPDQFH� RSWLPL]HG� ZDYHOHW� FRGHF� LV� JLYHQ� LQ
VHFWLRQ� ��� )LQDOO\�� VHFWLRQ� �� LV� GHGLFDWHG� WR
FRQFOXVLRQV�DQG�DQ�RXWORRN�RQ�WKH�RQJRLQJ�ZRUN�
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7KH�WHDFKLQJ�DQG�SUHVHQWDWLRQ�V\VWHP�LQWURGXFHG
KHUH� FHQWHUV� 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�DQ\�VWUHDPLQJ�PHGLD�VXFK�DV
YLGHR�RU�DXGLR�PD\�EH�LQFOXGHG�DQG�V\QFKURQL]HG�WR
WKH�VFHQH�DQG�WKH�RYHUDOO�GDWD�VWUHDP�

$LPLQJ� DW� WKH� FRPELQHG� XWLOL]DWLRQ� LQ� OHFWXUH
URRPV�DV�ZHOO�DV�WHOHWHDFKLQJ�RXU�PRGHO�IRFXVHV�RQ�D
FOHDU�� VWUDLJKW� IRUZDUG� FRQFHSW� RI� UHXVDEOH
FRPSRXQG�PHGLD�FRPSRQHQWV��$Q\�RI� WKHVH�ZLOO� EH
DFFRPSDQLHG� E\� VFUHHQSOD\� VFULSWV� DUUDQJLQJ� WKHLU
EHKDYLRU�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� LPSOHPHQWDWLRQ� RI� WKH� 0RE,7� UXQWLPH
SURWRW\SH� FRQFHQWUDWHV� RQ� D� SXUH� -$9$� VROXWLRQ�
$Q\� UHFLSLHQW� PD\� ORDG� WKH� FRUUHVSRQGLQJ� -$9$
DSSOHW� LQWR� WKH� EURZVHU� ZKLFK� WKHQ� ZLOO� FRQQHFW� WR
WKH� 02E,7� VHUYHU�� UHTXHVW� IRU� PHWD�GDWD�� RSHQ
PHGLD�GDWD�VWUHDPV�DQG�HYHQWXDOO\�VWDUW�WLPHU�DQG�WKH
GLVSOD\� SURFHVV�� 6SDWLDO� DQG� WHPSRUDO� SODFHPHQW� LV
GRQH� ZLWK� JUHDW� DFFXUDF\�� $GGLWLRQDO� SOXJ�LQ
VRIWZDUH�LV�QRW�UHTXLUHG�
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$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,/�� >+RV��@�� $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�

)LJXUH����2EMHFW�,QVWDQFHV�DOLJQHG�WR�7LPH



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(� >6<6��@�
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
>5+2��@� � 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� %RVWRQ
VSHFLILFDWLRQ� RI� 60,/� >$\D��@�� 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�� >6&5��@��: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�
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,Q�GHVLJQLQJ� WKH�&RPSRXQG�)ORZ�0RGHO� �&)0�
PXFK�FDUH�ZDV�WDNHQ� WR�GHILQH�D�VLPSOH�VWUXFWXUH�RI
VWUDLJKW� IRUZDUG� ORJLF� ZKLFK� LQWXLWLYHO\� DSSHDOV� WR

GRFXPHQW� DXWKRUV� DQG� LV� VXLWHG� IRU� OLJKW� ZHLJKW
LPSOHPHQWDWLRQ� HVSHFLDOO\� RQ� WKH� FOLHQW� VLGH�� 7KH
&)0� FHQWHUV� DURXQG� D� XQLIRUP� KXOO� HQWLW\� QDPHG
0HGLD�2EMHFW��0RE��VHUYLQJ�DV�D�XQLYHUVDO�FRQWDLQHU
IRU� HPEHGGLQJ� HLWKHU� VXEVHTXHQW� 0REV� RU� PHGLD
GDWD�� %\� UHIHUHQFLQJ� RQH� DQRWKHU� 0REV� DOORZ� IRU
KLHUDUFKLFDO�FRPSRVLWLRQV�RI�XQOLPLWHG�GHSWK��ZKHUH
WKH�OHDYHV�RI�WKH�UHVXOWLQJ�WUHH�VWUXFWXUH�DUH�IHG�ZLWK
WKH�DFWXDO�PHGLD� LQIRUPDWLRQ�E\�PHDQV�RI�D�GLVWLQFW
GDWD�REMHFW�FDOOHG�(OHPHQW��V��ILJXUH����

:KHUHDV� 0REV� DV� XQLIRUP� FRPSRVLWLRQ� REMHFWV
H[KLELW� QHXWUDO� EHKDYLRU� ZLWK� UHVSHFW� WR� HPEHGGHG
GDWD�� (OHPHQWV� DUH� RI� VSHFLILF�� DWRPLF� W\SH� DQG
HQFORVH�DOO�SURSHUWLHV�UHODWHG� WR� WKH�PHGLD�GDWD� WKH\
FRQWURO�� 7\SH� LQIRUPDWLRQV� RI� HOHPHQWV� DUH
H[FKDQJHG� YLD� WKH�0,0(�W\SH� VWDQGDUGV� DFFRUGLQJ
WR� 5)&� ����� DQG� DUH� XVHG� E\� WKH� HOHPHQW� FODVV� WR
DSSURSULDWHO\� UHFHLYH� PHGLD� GDWD�� LQVWDQWLDWH
SUHVHQWDWLRQ�PHWKRGV�DQG�ILQDOO\�GLVSOD\�DQG�GHVWUR\
WKHP� RQ� VFHQH�� 7KLV� GDWD� SURFHVVLQJ� RI� HOHPHQWV
DSSOLHV� IRU� VWDWLF� PHGLD� VXFK� DV� LPDJHV� RU� WH[W�� DV
ZHOO� DV� IRU� VXEVHUYHG� GDWD� OLNH� YLGHR� RU� DXGLR
VWUHDPV�

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�� WR� OLQHDUL]H� UHVXOWLQJ
EXON�LQIRUPDWLRQ��WR�IRUP�DQ�RUGHUHG�IORZ�DQG�DW�ODVW
DGGLFW� REMHFWV� WR� WKH� H[WHUQDOO\� SURYLGHG� SULPDU\
WLPHU�

���� 0(',$�2%-(&76

0HGLD� REMHFWV� PD\� EH� VHHQ� DV� WKH� FHQWUDO
FRQVWLWXHQWV�WR�FRPSULVH�WKH�&)0�GDWD�VWUXFWXUH��$V

)LJXUH����0HGLD�2EMHFW�+LHUDUFK\



WKH� EDVLF� GHVLJQ� LGHD� D�0REV� FRQVLVWV� RI� ERWK�� WKH
VXERUGLQDWH� REMHFW� UHIHUHQFH� OLVW� DQG� D� VFUHHQSOD\
VFULSW� IRU� WKH� UHIHUHQFHV� GHVFULELQJ� DOO� SDUDPHWHUV
UHVSRQVLEOH� IRU� WKHLU� EHKDYLRU� LQ� WLPH� 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� DQG
SDUDPHWHUL]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�� 7KH� GHILQLWLRQ� RI
VXVWDLQDEOH� SDUDPHWHUV� KRZHYHU� LV� VWLOO� VRPHZKDW
YDJXH��7KH� DFWXDO� UHDOL]DWLRQ� RI� SDUDPHWHU� RXWFRPH
QHHGV�WR�EH�GRQH�DW�WKH�OHYHO�RI�LQGLYLGXDO�(OHPHQWV�
H�J�� VFDOLQJ�� FOLSSLQJ�� ���� 1HYHUWKHOHVV� DQ\� 0RE� LV
HTXLSSHG� ZLWK� WKH� DELOLW\� WR� UHFHLYH� DQG� SURFHVV
DYDLODEOH�SDUDPHWHUV�

6HOI� FRQVLVWHQF\� RI� 0RE� KLHUDUFKLHV� PD\� EH
YLHZHG�HLWKHU�IURP�D�VWUXFWXUDO�RU�D�VWDWH�VSDFH�VLJKW�
6WUXFWXUDO� VHOI� FRQVLVWHQF\� LV� SUHVHQW� DV� ORQJ� DV� WKH
REMHFW� UHIHUHQFH� KLHUDUFK\� RPLWV� UHFXUVLRQV�� L�H�� D
0RE�PXVW�QRW�FRQWDLQ�DQ\� UHIHUUDO�SRLQWLQJ� WR� LWVHOI
RU� D� VXERUGLQDWH� REMHFW�� 6HOI� FRQVLVWHQF\� LQ� VWDWH
VSDFH�LV�HQVXUHG�DV�ORQJ�DV�DQ\�0RE�VWD\V�ZLWKLQ�WKH
WHPSRUDO�DQG�VSDWLDO�ERXQGV�RI�LWV�VXSHU0RE�

7R� VWUHQJWKHQ� WKLV� WZRIROG� QRWLRQ� RXU� 0RE
GHVLJQ� LQFOXGHV� WKH� FRQJUXHQFH� RI� FRQVLVWHQF\� LQ
VWUXFWXUH�DQG�VWDWH�VSDFH��$V� LQWHJUDO�SDUW�RI� WKH�&)
PRGHO� VWUXFWXUDO� DUUDQJHPHQWV� RI� 0REV� FDUU\� WKH
PHDQLQJ�RI�LQFOXVLRQ�UHODWLRQV�LQ�VSDFH�DQG�WLPH��$V
RQH� UHVXOW� VFDOH� SDUDPHWHUV� DUH� SURFHVVHG� DORQJ� WKH
REMHFW�KLHUDUFK\�WR�KDQG�GRZQ�DFWXDO�(OHPHQW�VL]HV�
7KH� H[DFW� DSSHDUDQFH� RI� D� 0HGLD� 2EMHFW� WKXV� QRW
RQO\�GHSHQGV�RQ�LWV�LQGLYLGXDO�UHIHUHQFHG�SDUDPHWHUV
EXW�DOVR�RQ�LWV�UHODWLYH�SRVLWLRQ�ZLWKLQ�WKH�KLHUDUFK\�
$V�RQH�EHQHILW�LW�VKRXOG�EH�QRWHG�WKDW�DQ�DXWKRU�FDQ
SODFH�DQG�SDUDPHWHUL]H�DQ\�FRPSRXQG�REMHFW�LQ�DQ\
FRQWH[W� DQG� WKH� V\VWHP� ZLOO� HQVXUH� VSDWLDO� DQG
WHPSRUDO�LQWHJULW\�

���� 7+(�&203281'�)/2:

$V�LW� LV�FOHDU� IURP�WKH�DERYH�VHFWLRQ�HYHU\�0RE
SURYLGHV�LWV�RZQ�UHODWLYH�FR�RUGLQDWH�V\VWHP�LQ�VSDFH
DQG� WLPH�� HDFK� RI� WKHP�QHHGLQJ� WUDQVIRUPDWLRQ� LQWR
GLVSOD\� FR�RUGLQDWHV� GXULQJ� UXQWLPH�� 5HIHUHQFH
LGHQWLILHUV�RI�REMHFWV�IXUWKHUPRUH�UHO\�RQ�D�VFKHPH�RI
JOREDO� GDWDEDVH� QXPEHULQJ� DQG� QHHG� WR� EH
WUDQVIHUUHG� LQWR� ORFDO� SUHVHQWDWLRQ� FR�RUGLQDWHV� DV
H[SORLWHG� LQ� >./6��@�� 0RVW� LPSRUWDQWO\� 0REV� DUH
VWUXFWXUHG� LQ� D� SRVVLEO\� FRPSOH[�� KLJKO\� QRQOLQHDU
IDVKLRQ�ZKLFK�PD\�VXLW�IRU�VSDWLDO�UHSUHVHQWDWLRQ�EXW
LV� LQDSSURSULDWH� IRU� GLVSOD\� FRQIRUPDO� ZLWK� OLQHDU
WLPH�

(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�IXOILOO�WKH�MRE�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�

�� $5&+,7(&785(�$1'
,03/(0(17$7,21

���� &21&(376

7KH� WHFKQLFDO� FRUH� RI� WKH� 0RE,7� UXQWLPH
HQYLURQPHQW� LV� IRUPHG� E\� DQ� RSHQ� PXOWLPHGLD
DUFKLWHFWXUH� GHVLJQHG� DFFRUGLQJ� WR� D� ��WLHUHG
SULQFLSOH�DV�LV�VKRZQ�LQ�ILJXUH����$�-$9$�DSSOHW�RQ
WKH� FOLHQW� VLGH� WDNHV� FDUH� RI� WKH� SUHVHQWDWLRQ�
SURFHVVHV� WKH� GDWD� REMHFW� GHOLYHU\� DQG� LQFOXGHV� WKH
IORZ� JHQHUDWRU� E\� PHDQV� RI� D� VHTXHQWLDOL]LQJ� GDWD
LQWHUIDFH� DQG� D� WLPH� VWDWH� PDFKLQH�� 0HGLD� VSHFLILF
DVSHFWV� DUH� IRXQG� HQFDSVXODWHG� ZLWKLQ� HOHPHQW
FODVVHV� ZKLFK� FRQWURO� IRUPDW� SURFHVVLQJ� DQG
GLVSOD\LQJ�RQ� WKHLU�RZQ��7KH�HOHPHQW�FODVV� UHTXHVWV
IRU� LPSOHPHQWDWLRQV� RI� PHWKRGV� DFFRUGLQJ� WR� WKH
V\VWHP
V� DFWLRQ� W\SHV� DQG� LV� WKHUHE\� RSHQ� IRU� HDV\
H[WHQVLRQV�� 7KH� FOLHQW� DOVR� SURYLGHV� WKH� JHQHUDO
RSWLRQ�WR�UHFHLYH�DQG�LQVWDQWLDWH�DGGLWLRQDO�VXEVHUYHU
FODVVHV�DQG�HYHQWXDOO\�UXQ�WKHP�LQ�D�VHSDUDWH�WKUHDG�

7KH�0RE,7�VHUYHU� LV� OLNHZLVH�ZULWWHQ� LQ� -$9$�DQG
SULPDULO\�UHVSRQVLEOH�IRU�WKH�VHVVLRQ�DQG�WUDQVDFWLRQ
PDQDJHPHQW� ZLWK� UHVSHFW� WR� FOLHQW� DSSOHWV�� &OLHQW
DQG�VHUYHU�FRPPXQLFDWH�YLD�D�VLPSOH�GDWD�H[FKDQJH
SURWRFRO� ZKLFK� LV� VSRNHQ� DV\QFKURQRXVO\� WKURXJK
EXIIHULQJ� FDFKH� OD\HUV� ZKLFK� DOORZ� IRU� ODWHQF\
KLGLQJ��7R�UHWULHYH�0HGLD�'DWD�IURP�D�UHSRVLWRU\�WKH
VHUYHU� UHOLHV�RQ� DQ� DEVWUDFW�GDWD� LQWHUIDFH�� SUHVHQWO\

)LJXUH����3OD\OLVWV�XQGHU�/LQHDUL]DWLRQ��
DOLJQLQJ�WKH�,QVWUXFWLRQ�+LHUDUFK\�WR�7LPH



IHG� E\� WKH� WZR� GDWD� VRXUFHV� LPSOHPHQWHG�� 7R� VWRUH
GDWD�MXVW�LQ�D�IODW�ILOH�V\VWHP�PHGLD�REMHFW�VWUXFWXULQJ
PD\� EH� ;0/�FRGHG� IRU� GLUHFW� VHUYHU� SURFHVVLQJ�
0RUH� HODERUDWH� GDWD� DFFHVV� LV� GRQDWHG� IURP� DQ
LQWHOOLJHQW�� PXOWLIXQFWLRQDO� PXOWLPHGLD� GDWDEDVH
V\VWHP� ZKLFK� ZLOO� EH� GHVFULEHG� LQ� D� IRUWKFRPLQJ
SDSHU�>.)6��@��%RWK��PHWD�GDWD�DQG�ELQDU\�HOHPHQWV
DUH�UHDGLO\�KDQGHG�RYHU�DV�-$9$�REMHFW�LQVWDQFHV�RQ
0RE,7�DSSOLFDWLRQ�VHUYHU¶V�GHPDQG�

���� 68%6(59,1*

$V� DQ� LPSRUWDQW� IHDWXUH� RI� WKH� SODWIRUP� LQWURGXFHG
KHUH�PD\� EH� VHHQ� LWV� DELOLW\� WR� GHDO� ZLWK� SOXJJDEOH
VXEVHUYHUV�� 6XEVHUYLQJ� QRW� RQO\� RSHQV� XS� WKH� ILHOG
IRU�QRQVWDQGDUG�PHGLD� DQG� VWUHDPV�� EXW� DOVR� DOORZV
IRU� LQFRUSRUDWLRQ� RI� QHZ�� FRPSOH[� IXQFWLRQDOLWLHV
VXFK�DV�RQOLQH�GDWD�SURFHVVLQJ�ZLWKRXW� IDWWHQLQJ� WKH
WKLQ� DSSOHW� FOLHQW�� )RU� DQ� RYHUDO� VWUHDP� RULHQWHG
V\VWHP� LW� DSSHDUV� TXLWH� QDWXUDO� WR� LQFOXGH� VHUYHG
PHGLD� IRU� VWUHDPLQJ� DQG� VXFK�� 0RE,7� SURYLGHV� D
IOH[LEOH� DQG� VLPSOH� LQWHUIDFH� IRU� WKLV� SXUSRVH�
&XUUHQWO\�VXEVHUYHUV�DUH�XVHG�WR�LQFRUSRUDWH�WKH�KLJK
SHUIRUPDQFH�RSWLPL]HG�-$9$�:DYHOHW�YLGHR�SOD\HU
�V��E����D�GLUHFW�WH[W�VHQGHU�ZKLFK�SHUPLWV�PHVVDJLQJ
WR�RQJRLQJ�SUHVHQWDWLRQV�DQG�D�/D7H;�VHUYHU�ZKLFK
SURFHVVHV�/D7H;�IRUPXODV�IRU�GLVSOD\�

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� UHDOWLPH
YLVXDOL]DWLRQ�RU�OLYH�VWUHDPV�RU�«

�� :$9(/(7�%$6('�5($/�7,0(�9,'(2
&2'(&

���� 75$16)250$7,21�$1'�48$17,=(5

7UDQVIRUPDWLRQ� FRGLQJ� XVXDOO\� FRQVLVWV� RI� WKUHH
PRGXOHV�� D� ORVVOHVV� WUDQVIRUPDWLRQ� ZKLFK
GHFRUUHODWHV� � WKH� VLJQDO�� D� TXDQWL]HU� DQG� D� ORVVOHVV
HQWURS\�FRGHU�ZKLFK�FRPSDFWLILHV�WKH�GDWD�SURGXFHG
E\� WKH� TXDQWL]HU�� 7KH� WUDQVIRUPDWLRQ� ZH� XVH� LV� RI
ZDYHOHW� W\SH� WUDQVIRUPLQJ� WKH� LPDJH� DV� D� ZKROH�
7KXV�QR�EORFNLQJ�DUWHIDFWV�RFFXU��)LOWHULQJ�LV�GRQH�LQ
D� ORZ� FRPSOH[LW\� LPSOHPHQWDWLRQ� ZLWK� D� ���� WDE
FRQYROXWLRQ� ±� VXEVDPSOLQJ� RQ� WKUHH� OHYHOV�� 7KH
TXDQWL]HU�ZH�FKRVH� DV� D� VLPSOH�XQLIRUP� VFDODU�ZLWK
HQODUJHG� GHDG� ]RQH�� 7KH� WKLUG� PRGXOH� LV� D� KLJKO\
HIILFLHQW�VFKHPH�FRQVLVWLQJ�RI�D�SUHFRGHU�IUDPH�ZRUN
�3$&&��DQG�D�VHW�RI�DULWKPHWLF�FRGHUV��7R�UHGXFH�WKH

)LJXUH����6\VWHP�$UFKLWHFWXUH

':7 �4 �&

,':7 ,4 �,&�,3&

,PDJH

5HF�,PDJH

FRPSUHVVHG

ELWVWUHDP

���ORVVOHVV

GHFRUHODWLRQ
ORVV\��4XDQWL]HU ORVVOHVV�SUHFRGHU

	�HQWURS\�FRGHU

�3&

)LJXUH����7UDQVIRUPFRGLQJ

)LJXUH����6XEVHUYHU�([WHQVLRQV



WHPSRUDO� UHGXQGDQFLHV� LQ� D� YLGHR� VHTXHQFH� ZH� XVH
'3&0�FRGLQJ��L�H��WKH�GLIIHUHQFH�IURP�D�IUDPH�WR�WKH
QH[W�ZLOO�EH�FRGHG�RQO\��&RPSOH[�PRWLRQ�HVWLPDWLRQ
DQG� FRPSHQVDWLRQ� DUH� RPLWWHG� IRU� WR� DFKLHYH� D� IDVW
UXQQLQJ�YLGHR�FRGHF�LPSOHPHQWHG�LQ�-$9$�

���� 7+(�3$&&�35(�&2',1*
)5$0(:25.

)RU�HQFRGLQJ�WKH�TXDQWL]HG�ZDYHOHW�FRHIILFLHQWV��ZH
IROORZ�WKH�FRQFHSWXDO� LGHDV�SUHVHQWHG� LQ� >0D&\��@�
:H�JLYH� D� EULHI� UHYLHZ� RI� WKH� LQYROYHG� WHFKQLTXHV�
)RU� PRUH� GHWDLOV�� WKH� UHDGHUV� DUH� UHIHUUHG� WR
>0D&\��@��>0D&\��@�

$Q� LQLWLDO� µSDUWLWLRQLQJ¶� VWDJH�GLYLGHV� HDFK� IUDPH�RI
TXDQWL]HG� FRHIILFLHQWV� LQWR� WKUHH� VXE�VRXUFHV�� D
VLJQLILFDQFH� PDS�� LQGLFDWLQJ� WKH� SRVLWLRQ� RI
VLJQLILFDQW� FRHIILFLHQWV�� D� PDJQLWXGH� PDS�� KROGLQJ
WKH�DEVROXWH�YDOXHV�RI�VLJQLILFDQW�FRHIILFLHQWV��DQG�D
VLJQ�PDS�ZLWK� WKH�SKDVH� LQIRUPDWLRQ�RI� WKH�ZDYHOHW
FRHIILFLHQWV��1RWH�� WKDW� DOO� WKUHH� VXE�VRXUFHV� LQKHULW
WKH� VXEEDQG� VWUXFWXUH� IURP� WKH� TXDQWL]HG� ZDYHOHW
GHFRPSRVLWLRQ�DV�VKRZQ�LQ�ILJXUH����VR� WKDW� WKHUH� LV
DQRWKHU�SDUWLWLRQ�RI�HDFK�VXEVRXUFH�DFFRUGLQJ�WR�WKH
JLYHQ�VXEEDQG�VWUXFWXUH�

$V�LV�LQGLFDWHG�LQ�ILJXUH���LQ�D�VHFRQG�VWDJH��WKH�SUH�
FRGHU� SHUIRUPV� DQ� µDJJUHJDWLRQ¶� RI� LQVLJQLILFDQW
FRHIILFLHQWV�XVLQJ�WKH�µ]HURWUHH¶�UHODWHG�GDWD�VWUXFWXUH
>/H.Q��@�� >0D&\��@� FRQQHFWLQJ� LQVLJQLILFDQW
ZDYHOHW� FRHIILFLHQWV� ZKLFK� VKDUH� WKH� VDPH� VSDWLDO
ORFDWLRQ� DFURVV� GLIIHUHQW� VFDOHV� RI� WKH� RFWDYH�EDQG
GHFRPSRVLWLRQ�� 1RWH� KRZHYHU�� WKDW� LQ� FRQWUDVW� WR
RWKHU� ]HURWUHH�EDVHG� FRGLQJ� PHWKRGV�� RQO\� ]HURWUHH
URRWV� ORFDOL]HG� LQ� WKH� ORZHVW� IUHTXHQF\� EDQGV� DUH
FRQVLGHUHG� ZKLFK� JXDUDQWHH� D� VXIILFLHQW� FRGLQJ
EHQHILW�

7KH� ILQDO� µFRQGLWLRQLQJ¶� VWDJH� RI� WKH� SUH�FRGHU
VXSSOLHV�WKH�HOHPHQWV�RI�HDFK�VRXUFH�ZLWK�D�µFRQWH[W¶�
L�H�� DQ� DSSURSULDWH� PRGHO� IRU� WKH� DFWXDO� FRGLQJ

SURFHVV� LQ� WKH� DULWKPHWLF� FRGHU�� +HXULVWLFDOO\
GHVLJQHG� SURWRW\SH� WHPSODWHV� DUH� XVHG� IRU
FRQGLWLRQLQJ� RI� HOHPHQWV� RI� WKH� VLJQLILFDQFH� PDS�
7\SLFDOO\�� WKH\� FRQVLVW� RI� WZR� SDUWV��ZKHUH� WKH� ILUVW
SDUW� LV� D� FDXVDO� QHLJKERUKRRG� RI� WKH� DFWXDO
VLJQLILFDQFH� VWDWH� F� GHSHQGLQJ� RQ� VFDOH� DQG
RULHQWDWLRQ� RI� D� JLYHQ� EDQG�� ([FHSW� IRU� WKH� ORZHVW
IUHTXHQF\� EDQGV�� WKH� VHFRQG� SDUW� RI� WKH� WHPSODWH
XWLOL]HV� DGGLWLRQDO� LQIRUPDWLRQ� RI� WKH� QH[W� XSSHU
OHYHO�� L�H�� VLJQLILFDQFH� LQIRUPDWLRQ� RQ� WKH� QH[W
FRDUVHU� VFDOH�� ZKLFK� LV� JLYHQ� E\� WKH� QHLJKERXUV� RI
WKH� SDUHQW� RI� WKH� DFWXDO� VLJQLILFDQFH� VWDWH� F�� WKXV
DOORZLQJ� D� ³SUHGLFWLRQ´� RI� WKH� QRQ�FDXVDO
QHLJKERXUKRRG� RI� F��7KH� SURFHVVLQJ� RI� VXEEDQGV� LV
SHUIRUPHG� LQ� WKH� RUGHU� IURP� ORZHVW� WR� KLJKHVW
IUHTXHQF\� EDQGV�� DQG� WKH� SDUWLWLRQHG� GDWD� RI� HDFK
EDQG� LV� SURFHVVHG� VXFK� WKDW� WKH� VLJQLILFDQFH
LQIRUPDWLRQ�LV�FRGHG��DQG�GHFRGHG��ILUVW�

7KLV�SHUPLWV�WKH�FRQVWUXFWLRQ�RI�VSHFLDO�FRQGLWLRQLQJ
VWDWHV� IRU� WKH� FRGLQJ� RI�PDJQLWXGHV� XVLQJ� WKH� ORFDO
VLJQLILFDQFH� LQIRUPDWLRQ�� 7KXV�� WKH� DFWXDO
FRQGLWLRQLQJ� RI� PDJQLWXGHV� LV� SHUIRUPHG� E\
FODVVLI\LQJ� VLJQLILFDQW� FRHIILFLHQWV� DFFRUGLQJ� WR� WKH
ORFDO��� YDULDQFH� HVWLPDWHG� E\� WKH� VLJQLILFDQFH� RI
WKHLU���QHLJKERUKRRG��)RU�FRQGLWLRQDO�FRGLQJ�RI�VLJQ
LQIRUPDWLRQ� D� KLJKHU�RUGHU� 0DUNRY� PRGHO� LV� XVHG
ZKRVH� VWDWHV� DUH� EXLOW� RI� WZR� SUHFHGLQJ� VLJQV� RI� D
JLYHQ�VLJQ�HYHQW�ZLWK�UHVSHFW�WR�WKH�RULHQWDWLRQ�RI�WKH
UHODWHG�EDQG�>0D&\��@��>0D&\��@�

���� 5(68/76

,Q� QDWLYH� LPSOHPHQWDWLRQV� WKH� YLGHR� FRGHF� HQFRGHV
DQG� GHFRGHV� ��� &,)� IUDPHV� ����� [� ���� SL[HOV�
VLPXOWDQHRXVO\� RQ� D� ���� 0+]� 3HQWLXP� PDFKLQH�
$OWHUQDWLYHO\���IUDPHV�LQ�3$/������[������UHVROXWLRQ
PD\� EH� SURFHVVHG�� ZKHUH� IUDPHUDWH� LV� H[SHFWHG� WR
LQFUHDVH� ZLWK� IRUWKFRPLQJ� DOJRULWKPLF
LPSURYHPHQWV�� 7KH� LPDJH� TXDOLW\� LV� EHWWHU� RU
FRPSDUDEOH� ZLWK� 03(*� �� �� +����� &RGHUV�� 2Q
PRGHUDWH� PRWLRQ� FRPSOH[LW\� WKLV� IUDPH� UDWH
SURGXFHV�D�ELW�UDWH�RI�FD�����NE�V��,I�ZH�LQWURGXFH�DQ
RYHUODSSHG� EORFN� PDWFKLQJ� PRWLRQ� FRPSHQVDWLRQ
VFKHPH�� WKH� LPDJH�TXDOLW\� LV�EHWWHU� WKDQ��G%�3615
FRPSDUHG�WR�03(*����+�����FRGHFV��VHH�ILJ�����

)LJXUH����3$&&�'HFRPSRVLWLRQ�LQFOXGLQJ

=HURWUHH
�FRHIILFLHQW�DJJUHJDWLRQ

)LJXUH����3$&&�9LGHR�YV�+����

)RUHPDQ��4&,)����+]
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$V�SXUH�-$9$�VRIWZDUH�ZLWKRXW�WKH�EORFN�PDWFKLQJ
WKH� FRGHF� VWLOO� SHUIRUPV� LQ� UHDO�WLPH� RQ� PRGHUDWH
IUDPH�VL]HV� DQG� IUDPH�UDWHV� RQ� WKH� VDPH� W\SH� RI
VWDQGDUG�3&��7KH�-$9$�FRGHF�UXQQLQJ� LQ�DQ�DSSOHW
VWLOO�GHFRGHV�RU�HQFRGHV���&,)�IUDPHV�SHU�VHFRQG�LQ
UHDO�WLPH�RU���PRUH�DSSURSULDWHO\���4&,)�IRUPDW�ZLWK
���IUDPHV�

1HZHU� RSWLPL]DWLRQ� WHFKQLTXHV� OLNH� +RW6SRW
KRZHYHU� DQG� IXUWKHU� RSWLPL]DWLRQ� HIIRUWV�ZLWKLQ� WKH
FRGHF� PRVW� OLNHO\� ZLOO� LQFUHDVH� -$9$� FRGH
SHUIRUPDQFH�VXEVWDQWLDOO\� VR� WKDW�HYHQ� FRQIHUHQFLQJ
WRROV� LQ� GHFHQW� TXDOLW\� PD\� EH� LQFOXGHG� ZLWKLQ� WKH
EURZVHU�

�� &21&/86,216�$1'�287/22.

7KH�ODFN�RI� WHPSRUDO�DVSHFWV�ZLWKLQ� WRGD\
V� LQWHUQHW
SUHVHQWDWLRQV� DQG� WUDLQLQJ� DWWHPSWV� KDV� EHHQ
UHFRJQL]HG� DV� D� VHULRXV� GHILFLW�� 6HYHUDO� LQWHUHVWLQJ
DFWLYLWLHV� WR�RYHUFRPH� LW� FDQ�EH�SUHVHQWO\�REVHUYHG�
5HODWLQJ�WR�WKLV�GHEDWHG�FRQWH[W�RXU�SDSHU�SUHVHQWHG
WKH� WLPH� RULHQWHG� WHDFKLQJ� DQG� SUHVHQWDWLRQ� V\VWHP
0RE,7�ZKLFK�KDV�EHHQ�GHVLJQHG�WR�KDQGOH�FRPSOH[�
UHXVDEOH� PHGLD� REMHFWV� LQ� WLPH�� *URXQGHG� RQ� WKH
&)0�VWUHDP�RULHQWHG�PRGHO�ZH�WULHG� WR� LQWURGXFH�D
FOHDU�� VWUDLJKW� IRUZDUG� FRQFHSW� ZKLFK� FRSHV� ZLWK
WHPSRUDO�DQG�VSDWLDO�REMHFW�KLHUDUFKLHV�

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�� ,Q� DGGLWLRQ� DQ� DXWKRULQJ� WRRO
PXVW�EH�EURXJKW�WR�WKH�ZHE�

$&.12:/('*0(176

:H� ZRXOG� OLNH� WR� WKDQN� $QGUHDV� .iUSiWL� ZKR� QRW
RQO\� LPSOHPHQWHG� WKH� GDWDEDVH� V\VWHP� EXW� DOZD\V
VKDUHG�DQ�RSHQ�HDU�RU�WKUHH�ZLWK�XV�LQ�PDQ\�IUXLWIXO
GLVFXVVLRQV�

5()(5(1&(6

>)HX��@�)HXVWHO��%���(LQ�PXOWLPHGLDOHV��]HLWEDVLHUWHV
/HKU�� XQG� 3XEOLNDWLRQVV\VWHP�� 'LSORPDUEHLW�� 7)+
%HUOLQ�������

>)HX6FK��@� )HXVWHO�� %��� 6FKPLGW�� 7&��� 7LPH
'LUHFWHG� ,QWHUQHW� 7HOHWHDFKLQJ�� 3URF�� RI� ,&/�����
.DVVHO������
>./6��@� .iUSiWL�� $��� /|VHU�� $��� 6FKPLGW�� 7&��
,QWHUDFWLYH�3LFWXUH�1HWZRUN��3URF��RI�,((�:RUNVKRS
RQ� 'LVWULEXWHG� ,PDJLQJ�� �������� /RQGRQ� ������ SS�
����������
>+RV��@�+RVFKND��3���HG����6\QFKURQL]HG�0XOWLPHGLD
,QWHJUDWLRQ� /DQJXDJH� �60,/�� 6SHFLILFDWLRQ�� :RUOG
:LGH� :HE� &RQVRUWLXP� 5HFRPPHQGDWLRQ� �-XQH
�������KWWS���ZZZ�Z��RUJ�75�5(&�VPLO�
>6<6��@�6FKPLW]�� 3���<X�� -��� 6DQWDQJHOL�� 3��� 7LPHG
,QWHUDFWLYH� 0XOWLPHGLD� ([WHQVLRQV� IRU� +70/
�+70/�7,0(��� ([WHQGLQJ� 60,/� LQWR� WKH� :HE
%URZVHU��1RWH�IRU�GLVFXVVLRQ�VXEPLWWHG�WR�WKH�:RUOG
:LGH� :HE� &RQVRUWLXP� �6HSWHPEHU� ������
KWWS���ZZZ�Z��RUJ�75�127(�+70/SOXV7,0(�
>$\D��@� $\DUV�� -�� HW� DO� �HG���� 6\QFKURQL]HG
0XOWLPHGLD� ,QWHJUDWLRQ� /DQJXDJH� �60,/�� %RVWRQ
6SHFLILFDWLRQ�� :RUOG� :LGH� :HE� &RQVRUWLXP
:RUNLQJ� 'UDIW� �-XQH� ������
KWWS���ZZZ�Z�F�RUJ�75�VPLO�ERVWRQ�
>5+2��@� 5XWOHGJH�� /��� +DUGPDQ�� /��� Y
2VVHQEUXJJHQ�� -��� 7KH� 8VH� RI� 60,/�� 0XOWLPHGLD
5HVHDUFK� FXUUHQWO\� DSSOLHG� RQ� D� *OREDO� 6FDOH�� LQ
.DUPRXFK�� $� �HG���� 3URFHHGLQJV� RI� 0XOWLPHGLD
0RGHOLQJ�������2WWDZD��&DQDGD��2FWREHU��������SS�
�����
>6&5��@�6RDUHV��/)*���&DVDQRYD��0$���5RGULJXH]�
1/5��1HVWHG�&RPSRVLWH�1RGHV�DQG�9HUVLRQ�&RQWURO
LQ� DQ� 2SHQ� +\SHUPHGLD� 6\VWHP�� ,QWHUQDWLRQDO
-RXUQDO� RQ� ,QIRUPDWLRQ� 6\VWHPV�� ���� ��� (OVHYLHU�
������SS����������
>.)6��@�.iUSiWL��$���)HXVWHO��%���6FKPLGW��7&���0,5
�� $� 0XOWLPHGLD� ,QIRUPDWLRQ� 5HSRVLWRU\�� LQ
SUHSDUDWLRQ�
>6K6X��@� 6KL�� <��� 6XQ�� +��� ,PDJH� DQG� 9LGHR
&RPSUHVVLRQ� IRU� 0XOWLPHGLD� (QJLQHHULQJ�� &5&
3UHVV��%RFD�5DWRQ�������
>/H.Q��@� $�� /(:,6� DQG� *�� .12:/(6�� ,PDJH
&RPSUHVVLRQ� 8VLQJ� WKH� �'� :DYHOHW� 7UDQVIRUP�
,(((�7UDQV��RQ� ,PDJH�3URF����� ����� ������SS�����±
����
>0D&\��@�'��0$53(�DQG�+��/��&<&21��(IILFLHQW
3UH�&RGLQJ� 7HFKQLTXHV� IRU� :DYHOHW�%DVHG� ,PDJH
&RPSUHVVLRQ��������3URF��3&6�¶����SS����±���
>0D&\��@�'��0$53(�DQG�+��/��&<&21��9HU\�/RZ
%LW�5DWH� 9LGHR�&RGLQJ�8VLQJ�:DYHOHW�%DVHG� 7HFK�
QLTXHV�� ,(((� 7UDQV�� RQ� &LUF�� DQG� 6\V�� IRU� 9LGHR
7HFKQ����������������SS����±���
>0+&3��@� '�� 0$53(�� *�� +(,6,1*�� +�� /�
&<&21� DQG� $�� 3�� 3(78.+29�� 9LGHR� &RGLQJ
8VLQJ� $� %LOLQHDU� ,PDJH� :DUSLQJ� 0RGHO� DQG
:DYHOHW�� %DVHG� 5HVLGXDO� &RGLQJ�� 3URF�� 63,(� 9RO�
������ :DYHOHW� $SSOLFDWLRQ� LQ� 6LJQDO� DQG� ,PDJH
3URFHVVLQJ�9,��-XOL�������SS����������


