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$EVWUDFW�
:H�GHVFULEH�D�SURSRVDO�IRU�DQ�H[WHQVLEOH��FRPSRQHQW�
EDVHG�VRIWZDUH�DUFKLWHFWXUH�IRU�QDWXUDO�ODQJXDJH�HQJL�
QHHULQJ�DSSOLFDWLRQV��2XU�PRGHO�OHYHUDJHV�H[LVWLQJ�OLQ�
JXLVWLF�UHVRXUFH�GHVFULSWLRQ�DQG�GLVFRYHU\�PHFKDQLVPV�
EDVHG�RQ�H[WHQGHG�'XEOLQ�&RUH�PHWDGDWD��,Q�DGGLWLRQ��
DSSOLFDWLRQ�GHVLJQ�LV�IOH[LEOH��DOORZLQJ�GLVSDUDWH�FRP�
SRQHQWV�WR�EH�FRPELQHG�WR�VXLW�WKH�RYHUDOO�DSSOLFDWLRQ�
IXQFWLRQDOLW\��$Q�DSSOLFDWLRQ�VSHFLILFDWLRQ�ODQJXDJH�
SURYLGHV�DEVWUDFWLRQ�IURP�WKH�SURJUDPPLQJ�HQYLURQ�
PHQW�DQG�DOORZV�HDVH�RI�LQWHUIDFH�ZLWK�FRPSXWDWLRQDO�
JULGV�YLD�D�EURNHU���

�� ,QWURGXFWLRQ�
&RPSXWDWLRQDO�JULGV�DUH�DQ�HPHUJLQJ�LQIUDVWUXF�

WXUH� IUDPHZRUN� IRU� FRQGXFWLQJ� UHVHDUFK� ZKHUH�
SUREOHPV� DUH� RIWHQ� GDWD� RU� SURFHVVRU� LQWHQVLYH��$�
FRPSXWDWLRQDO�JULG�DOORZV�IRU� ODUJH�VFDOH�DQDO\VLV��
GLVWULEXWHG�UHVRXUFHV�DQG�SURFHVVLQJ��LQ�DGGLWLRQ�WR�
HQJHQGHULQJ�QHZ�PRGHOV�IRU�FROODERUDWLRQ�DQG�DS�
SOLFDWLRQ� GHYHORSPHQW�� )RVWHU� HW� DO�� ������� ������
SURYLGHV� D� SK\VLRORJLFDO� DQG� DQ� DQDWRPLFDO� RYHU�
YLHZ� RI� JULG� FRPSXWLQJ� VHUYLFHV�� DQG� SURYLGHV�
IRXQGDWLRQDO� DUFKLWHFWXUHV� IRU� DSSOLFDWLRQ� GHYHO�
RSPHQW�LQ�WKH�JULG�VSDFH��*LYHQ�WKH�SUHYDOHQFH�RI�
ODUJH�GDWD�VRXUFHV�LQ�WKH�QDWXUDO�ODQJXDJH�HQJLQHHU�
LQJ� GRPDLQ� DQG� WKH� QHHG� IRU� UDZ� FRPSXWDWLRQDO�
SRZHU� LQ� WKH�DXWRPDWHG�DQDO\VLV�RI� VXFK�GDWD�� WKH�
JULG� FRPSXWLQJ� SDUDGLJP� SURYLGHV� HIILFLHQFLHV�
RWKHUZLVH� XQDYDLODEOH� WR� QDWXUDO� ODQJXDJH� HQJL�
QHHULQJ��

/DQJXDJH�HQJLQHHULQJ�DSSOLFDWLRQV�DUH�W\SLFDOO\�
FRQVWUXFWHG�RXW�RI�VHYHUDO�SURFHVVLQJ�FRPSRQHQWV��
HDFK� UHVSRQVLEOH� IRU� D� VSHFLDOL]HG� WDVN�� � 7\SLFDO�
FRPSRQHQWV� LQFOXGH� VSHHFK� UHFRJQLWLRQ�� WDJJLQJ��
HQWLW\� GHWHFWLRQ�� DQDSKRUD� UHVROXWLRQ�� SDUVLQJ�� HWF���
(DFK�FRPSRQHQW�LV�KHDYLO\�SDUDPHWHUL]HG�DQG�PXVW�
EH�WUDLQHG�RQ�YHU\�ODUJH�GDWDVHWV��H�J��WKH�/'&�*L�
JDZRUG�FRUSXV��*UDII����������'LVFRYHULQJ�RSWLPDO�
SDUDPHWHUL]DWLRQV� LV� ERWK� GDWD�� DQG� FRPSXWDWLRQ�

DOO\�LQWHQVLYH�� � %XLOGLQJ� FRPSOH[� DSSOLFDWLRQV��
VXFK�DV�VSRNHQ�GLDORJXH�V\VWHPV��GHSHQGV�RQ�LGHQ�
WLI\LQJ� DQG� LQWHJUDWLQJ� VXLWDEOH� FRPSRQHQWV� RIWHQ�
IURP�D�UDQJH�RI�VRXUFHV��

,Q�WKLV�SDSHU�ZH�GHVFULEH�D�SURSRVDO�IRU�DQ�H[�
WHQVLEOH�� FRPSRQHQW�EDVHG� VRIWZDUH� DUFKLWHFWXUH�
IRU� QDWXUDO� ODQJXDJH� HQJLQHHULQJ� DSSOLFDWLRQV�
ZKLFK� OHYHUDJHV� OLQJXLVWLF� UHVRXUFH� GLVFRYHU\�
PHFKDQLVPV� DQG� DOORZV� VWDQGDUG� LQWHUIDFHV� ZLWK�
FRPSXWDWLRQDO�JULGV�IRU�GDWD�DQDO\VLV��$Q�RYHUYLHZ�
RI�WKH�PRGHO�LV�GLVSOD\HG�EHORZ�LQ�)LJXUH����

�

�
)LJXUH����$UFKLWHFWXUDO�0RGHO�

�



5HFHQW�DGYDQFHV�LQ�WKH�DXWRPDWHG�H[SRVXUH�DQG�
KDUYHVWLQJ� RI� GDWD� UHVRXUFH� FDWDORJXHV� DUH� SUR�
SRVHG� WR�EH�H[WHQGHG� IRU� WKH�QDWXUDO� ODQJXDJH�HQ�
JLQHHULQJ� GRPDLQ�� %DVHG� RQ� WKHVH� H[WHQVLRQV� ZH�
FDQ� SURJUDPPDWLFDOO\� DQG� LQWHOOLJHQWO\� GLVFRYHU�
GDWD� VRXUFHV�� FRPSRQHQWV�� DSSOLFDWLRQV� DQG� JULG�
QRGHV�RIIHULQJ�VSHFLILF�VHUYLFHV��

7KH�PRGHO�DGYRFDWHG�KHUH� LV�EURDGO\�EDVHG�RQ�
WKH�FRQFHSW�RI�FORXG�FRPSXWLQJ��6LHJHOH���������,Q�
WKLV�PRGHO��D� VHULHV�RI�GLVWULEXWHG� LQGLYLGXDO�FRP�
SRQHQWV� DUH� DVVHPEOHG� YLD� DQ� DSSOLFDWLRQ� IUDPH�
ZRUN�� ZLWK� LQWHUQDO� FRPPXQLFDWLRQ� UHTXLUHPHQWV�
DGGUHVVHG�E\�D�FRPPRQ�LQWHUIDFH�VSHFLILFDWLRQ��$Q�
DSSOLFDWLRQ� FRQVLVWV� RI� RQH� RU� PRUH� GDWD� VRXUFHV��
WRJHWKHU�ZLWK�D�QXPEHU�RI� LQGLYLGXDO�FRPSRQHQWV��
FRRUGLQDWHG�ZLWKLQ�DQ�RYHUDOO� IUDPHZRUN��&RPSR�
QHQWV�DUH� IXQFWLRQ�VSHFLILF� LPSOHPHQWDWLRQV�ZKLFK�
DGKHUH� WR� D� FRUH� VHULHV� RI� VWDQGDUGV� IRU� LQWHU�
FRPSRQHQW� FRRUGLQDWLRQ� ZKLFK� LV� RSHQ� WR� H[WHQ�
VLRQ�E\�WKLUG�SDUWLHV��

&ROOHFWLRQV�RI�FRPSRQHQWV�ZKLFK�IRUP�DSSOLFD�
WLRQV� DUH� WKHQ� H[SUHVVHG� XVLQJ� D� JULG� DSSOLFDWLRQ�
VSHFLILFDWLRQ�ODQJXDJH�ZKLFK�LV�SDUVHG�E\�D�EURNHU�
WKDW� LQWHUIDFHV� ZLWK� WKH� FRPSXWDWLRQDO� JULG� LQIUD�
VWUXFWXUH��$Q\�DSSOLFDWLRQ�FRPSRVHG�ZLWKLQ�RU�RXW�
VLGH� WKLV� PRGHO� FDQ� DGGUHVV� VXFK� D� EURNHU�� DQG�
KHQFH�DFFHVV�WKH�SRZHU�DQG�VFDODELOLW\�RI�FRPSXWD�
WLRQDO�JULGV�IRU�SURFHVVLQJ���

7KLV�PRGHO�KDV�QXPHURXV�EHQHILWV���)LUVW��H[LVW�
LQJ� QDWXUDO� ODQJXDJH� HQJLQHHULQJ� DSSOLFDWLRQV� FDQ�
EHQHILW� IURP� JULG� VHUYLFHV� ZLWKRXW� EHLQJ� JULG�
DZDUH��VLPSO\�E\�LQVWUXFWLQJ�WKH�EURNHU�WR�SHUIRUP�
D�VSHFLILHG�WDVN�DV�LI� LW�ZHUH�D�VLQJOH�VHUYHU�� �6HF�
RQG��DSSOLFDWLRQ�GHILQLWLRQV�DUH�D�GHFODUDWLYH�VSHFL�
ILFDWLRQ�RI�D�SURFHVVLQJ�WDVN�DQG�RI�WKH�UHODWLRQVKLS�
EHWZHHQ� SURFHVVLQJ� FRPSRQHQWV�� IDFLOLWDWLQJ� VXE�
VWLWXWLRQ�RI�HTXLYDOHQW�FRPSRQHQWV�DQG�DJJUHJDWLRQ�
RI�VLPSOH�DSSOLFDWLRQV�LQWR�PRUH�FRPSOH[�DSSOLFD�
WLRQV���7KLUG��DSSOLFDWLRQ�GHILQLWLRQV�DQG�UHVXOW�VHWV�
FDQ� EH� VWRUHG�� GHVFULEHG� XVLQJ� VWDQGDUG�PHWDGDWD��
DQG� EH� GLVFRYHUHG� DQG� UH�XVHG� E\� RWKHU� DSSOLFD�
WLRQV�DW�D�ODWHU�GDWH��

,Q�WKLV�SDSHU��ZH�GLVFXVV�WKH�DUFKLWHFWXUDO�IRXQ�
GDWLRQV�RI�RXU�SURSRVDO��UHVRXUFH�GLVFRYHU\�PHFKD�
QLVPV�� FRPSRQHQW� LGHQWLILFDWLRQ��PXOWL�FRPSRQHQW�
DSSOLFDWLRQ� GHVLJQ� �LQFOXGLQJ� VHYHUDO� VDPSOH�
DSSOLFDWLRQV��� WKH� JULG� VHUYLFHV� LQWHUIDFH� DQG� WKH�
JULG� DSSOLFDWLRQ� VSHFLILFDWLRQ� ODQJXDJH�� )LQDOO\�
VRPH�GLUHFWLRQV�IRU�IXWXUH�ZRUN�DUH�LGHQWLILHG��

�� %DVLF�3URFHVVLQJ�3DUDGLJPV�
$� UDQJH� RI� VRIWZDUH� DUFKLWHFWXUHV� IRU� QDWXUDO�

ODQJXDJH� HQJLQHHULQJ� KDYH� EHHQ� GHYHORSHG� LQ� WKH�
ODVW�GHFDGH��DQG�PDWXUHG�WR�WKH�H[WHQW�WKDW�WKHUH�DUH�
D�ZLGH� UDQJH� RI� DSSOLFDWLRQV� EXLOW� RQ� IRXQGDWLRQV�
VXFK�DV�*$7(��&XQQLQJKDP�HW�DO��������&XQQLQJ�
KDP� ������ DQG�$7/$6� �%LUG� HW� DO�� ������� +RZ�
HYHU��DOO�RI�WKHVH�VRIWZDUH�DUFKLWHFWXUHV�HQYLVDJH�D�
ORFDO�SURFHVVLQJ�PRGHO��ZKHUH�GDWD�VRXUFHV��HQWLUH�
DSSOLFDWLRQV�� DQG� FRPSXWDWLRQDO� UHVRXUFHV� DUH� FR�
ORFDWHG�� $GGLWLRQDOO\�� SURFHVVLQJ� LV� JHQHUDOO\� DV�
VXPHG� WR� EH� VHULDOL]HG��ZLWK� OLWWOH� RSSRUWXQLW\� IRU�
VLPXOWDQHRXV�SURFHVVHV�WDNLQJ�DGYDQWDJH�RI�DQDO\�
VHV�SURYLGHG�E\�HDFK�RWKHU��

(TXDOO\�� WKHUH� KDYH� EHHQ� QXPHURXV� GHYHORS�
PHQWV� IRU� WKH� GHSOR\PHQW� RI� FRPSXWDWLRQDO� JULGV��
UDQJLQJ� IURP�PLGGOHZDUH��$3,¶V�� OLEUDULHV� DQG� LQ�
IUDVWUXFWXUDO� PDQDJHPHQW� DSSURDFKHV�� :LWKLQ� WKH�
FRPSXWDWLRQDO� JULG� DUFKLWHFWXUHV� FXUUHQWO\� GH�
SOR\HG�� WKHUH� DUH� ERWK� SURFHVVRU�FHQWULF� DQG� GDWD�
FHQWULF�DUFKLWHFWXUHV��RI�ZKLFK�WKH�PRVW�FRPPRQ�LV�
WKH� SURFHVVRU�FHQWULF� JULG�� ,Q� WKLV� FRQWH[W�� JULG�
DZDUH�DSSOLFDWLRQV�W\SLFDOO\�DGRSW�WKH�DSSURDFK�RI�
WUDQVSRUWLQJ�WKH�GDWD�IURP�D�VWRUDJH�VLWH�WR�WKH�VLWH�
RI� DYDLODEOH� &38� FDSDFLW\�� +RZHYHU� LQ� QDWXUDO�
ODQJXDJH�HQJLQHHULQJ�WKLV�LV�OHVV�DWWUDFWLYH�EHFDXVH�
WKH�VL]H�RI�GDWD�VRXUFHV�LV�FRPPRQO\�ODUJH�HQRXJK�
IRU� DQ\� QHWZRUN� EDVHG� WUDQVSRUW� WR� EH� UHODWLYHO\�
LQHIILFLHQW� DQG�RU� FRVW�SURKLELWLYH�� 7KH� LPSOLFD�
WLRQV� IRU� WKH�GHYHORSPHQW�RI�D�EURNHU�DUFKLWHFWXUH�
IRU�GDWD�FHQWULF�JULGV�DUH�RI�RUWKRJRQDO�LQWHUHVW�EXW�
DUH�GLVFXVVHG�EULHIO\�ODWHU��

7KH�PRGHO�DGYRFDWHG�LQ�WKLV�SDSHU�ZRXOG�ZRUN�
HTXDOO\� ZHOO� LQ� HLWKHU� FRQWH[W� SURYLGLQJ� D� VXIIL�
FLHQWO\� LQWHOOLJHQW� EURNHU� DUFKLWHFWXUH� ZDV� DYDLO�
DEOH��$W� WKH� WLPH�RI�ZULWLQJ�� LW� LV�HQYLVDJHG� WKDW�D�
SURFHVVRU�FHQWULF� DUFKLWHFWXUH� ZLOO� EH� XWLOL]HG� DW�
OHDVW�LQ�WKH�PHGLXP�WHUP���

�� 5HVRXUFH�'LVFRYHU\�
:LWKLQ� DQ\� GLVWULEXWHG� QDWXUDO� ODQJXDJH� HQJL�

QHHULQJ� V\VWHP�� WKHUH� FOHDUO\� H[LVWV� D�QHHG� WR�GLV�
FRYHU� GDWD� VRXUFHV�� FRPSRQHQWV�� DSSOLFDWLRQV� DQG�
SURFHVVLQJ�VHUYLFHV�RYHU�WKH�QHWZRUN��7KLV�QHHG�LV�
H[SUHVVHG� ERWK� E\� WKH� DSSOLFDWLRQ� GHYHORSHU��ZKR�
GHVLUHV� WR� EXLOG� DQ� DSSOLFDWLRQ� IURP� D� UDQJH� RI�
DYDLODEOH�FRPSRQHQWV��DV�ZHOO�DV�E\� WKH�EURNHULQJ�
DJHQW�� ZKLFK� QHHGV� WR� DOLJQ� DSSOLFDWLRQ� UHTXLUH�
PHQWV�ZLWK�DYDLODEOH�FRPSXWDWLRQDO�UHVRXUFHV��



7KHUH�DUH�D�UDQJH�RI�PHWKRGV�DYDLODEOH�WR�IDFLOL�
WDWH� VXFK� GLVFRYHU\�� 2I� QRWH� DUH� WKH� SRWHQWLDO� IRU�
WKH� XVH� RI� D�:HE� 6HUYLFHV� LPSOHPHQWDWLRQ� �XVLQJ�
'$0/�6�RU�IRUPDO�5')���RU�HPEHGGLQJ� WKLV� WDVN�
ZLWKLQ� WKH� ZLGHU� 6HPDQWLF� :HE� LPSOHPHQWDWLRQV�
�HJ� E\�:�&���:KLOVW� WKH� DXWKRUV� DUH� DSSUHFLDWLYH�
RI� WKH� GHYHORSPHQWV� ZLWKLQ� WKHVH� DUHDV�� WKHUH� DO�
UHDG\� H[LVWV� D� ODQJXDJH� UHVRXUFH� VSHFLILF� IUDPH�
ZRUN�IRU�UHVRXUFH�GHVFULSWLRQ�DQG�GLVFRYHU\�ZLWKLQ�
WKH�2SHQ�/DQJXDJH�$UFKLYHV�&RPPXQLW\��2/$&��
ZKLFK�KDV�VLJQLILFDQW�EHQHILW��DQG�LW�LV�RQ�WKLV�EDVLV�
ZH�SURFHHG��

:H� SURSRVH� WR� H[WHQG� WKH�2/$&� UHVRXUFH� GH�
VFULSWLRQ� DQG� GLVFRYHU\�PHFKDQLVPV�� 7KLV�ZLOO� EH�
DFKLHYHG� E\� DGRSWLQJ� DQG� H[WHQGLQJ� VWDQGDUGV�
EDVHG�RQ� WKH� IRXQGDWLRQDO�ZRUN�RI�+XJKHV��������
IRU� WKH� HQFRGLQJ�RI� LQIRUPDWLRQ� VXFK� DV�&38�DQG�
PHPRU\�UHTXLUHPHQWV��DQG�FRPSRQHQW�DQG�DSSOLFD�
WLRQ�IXQFWLRQDOLW\��(OHFWLQJ� WR�H[WHQG� WKLV�VWDQGDUG�
DOORZV� XV� WR� OHYHUDJH� GLVFRYHU\� WRROV� DQG� WHFK�
QLTXHV� DOUHDG\� LQ� H[LVWHQFH� DQG� FRQVLGHUHG� WKH�
EHQFKPDUN� IRU� VXFK� SURFHVVHV�� 7KH�2/$&�0HWD�
GDWD�6HW��%LUG�DQG�6LPRQV������D��LV�DQ�H[WHQVLRQ�
RI� WKH� 'XEOLQ� &RUH� 0HWDGDWD� 6HW� �'XEOLQ� &RUH�
0HWDGDWD� ,QLWLDWLYH�� ������� WKXV� HQVXULQJ� ZLGH�
VSUHDG� DFFHVVLELOLW\�� 7KH� 2/$&� LQLWLDWLYH� KDV� D�
VWDQGDUGL]HG� PHFKDQLVP� IRU� H[WHQGLQJ� 2/$&�
PHWDGDWD��%LUG�DQG�6LPRQV������E��ZKLFK�ZH�ZLOO�
DGRSW� WR� GHVFULEH� GDWD� VRXUFHV�� DSSOLFDWLRQV� DQG�
SURFHVVLQJ� QRGHV��+DYLQJ� EDVHG� UHVRXUFH� GHVFULS�
WLRQV� RQ� 2/$&� VWDQGDUGV� ZH� FDQ� WKHQ� TXHU\� DQ�
2/$&� DJJUHJDWRU� WR� GLVFRYHU� WKH� H[LVWHQFH� DQG�
VWDWXV�RI��UHVRXUFHV�RI�LQWHUHVW��

�� &RPSRQHQW�,GHQWLILFDWLRQ�
,Q� RUGHU� WR� H[SORUH� WKH� JULG� FRPSXWLQJ� SDUD�

GLJP� WKURXJK� D� QDWXUDO� ODQJXDJH� HQJLQHHULQJ�
IUDPHZRUN�� D� FRPSRQHQW� EDVHG� PRGHO� KDV� EHHQ�
DGRSWHG�� :LWKLQ� WKLV� PRGHO�� ZH� LGHQWLI\� DQG� GH�
VFULEH� D� QXPEHU� RI� UH�XVDEOH� FRPSRQHQW� W\SHV�
ZKLFK�FDQ�EH�FRPELQHG�WR�FUHDWH�PXOWL�FRPSRQHQW�
DSSOLFDWLRQV� WR� EH� H[HFXWHG� LQ� WKH� JULG� HQYLURQ�
PHQW�� (DFK� RI� WKHVH� FRPSRQHQW� W\SHV� KDV� DV� D�
FRPPRQ� IXQFWLRQDO� FRUH� WKH� DELOLW\� WR� FRPPXQL�
FDWH�ZLWK� D� FHQWUDO�PDQDJHPHQW� LQIUDVWUXFWXUH� XV�
LQJ� VWDQGDUG� PHVVDJLQJ� LQWHUIDFHV�� ,Q� GHYHORSLQJ�
SURWRW\SH� LPSOHPHQWDWLRQV��ZH� LQWHQG� WR�ZUDS�H[�
LVWLQJ�FRPSRQHQWV�ZKHUHYHU�SRVVLEOH��

���� $QQRWDWLRQ�6HUYHU�
$�ODUJH�FODVV�RI� ODQJXDJH�HQJLQHHULQJ�WDVNV�LQ�

YROYLQJ� WLPH�VHULHV� GDWD� FDQ� EH� FRQVWUXHG� DV� DGG�
LQJ�D�QHZ�OD\HU�RI�DQQRWDWLRQ�WR�H[LVWLQJ�GDWD���)RU�
H[DPSOH�� D� SURFHVV�ZKLFK� WDNHV� VSHHFK� LQSXW� DQG�
SURGXFHV�WH[W�RXWSXW��H�J��D�VSHHFK�UHFRJQL]HU��FDQ�
EH� YLHZHG� DV� DGGLQJ� WH[WXDO� DQQRWDWLRQ� WR� DXGLR�
GDWD�� ZLWK� WKH� UHVXOW� WKDW� ERWK� GDWD� W\SHV� UHPDLQ�
DFFHVVLEOH�IRU�IXUWKHU�DQDO\VLV���:KHQ�VHYHUDO�WDVNV�
RSHUDWH�LQ�WKLV�PRGH��WKH\�FROOHFWLYHO\�EXLOG�D�ULFK�
VWRUH� RI� OLQJXLVWLF� LQIRUPDWLRQ�� � )RU� H[DPSOH�� D�
SURVRG\� UHFRJQLWLRQ� FRPSRQHQW� FRXOG� LGHQWLI\��
PDMRU� SKUDVH� ERXQGDULHV� LQ� VSRNHQ� LQSXW�� DQG� D�
SDUVHU� FRXOG� HPSOR\� ERWK� WKH� $65� DQG� SURVRG\�
RXWSXW�LQ�FRQVWUXFWLQJ�SDUVH�WUHHV��

$QQRWDWLRQ� JUDSKV� FDQ� EH� XVHG� WR� UHSUHVHQW� D�
GLYHUVH�UDQJH�RI�WLPH�VHULHV�DQQRWDWLRQV��LQFOXGLQJ�
$65� RXWSXW�� 326� WDJV�� QDPHG� HQWLWLHV�� V\QWDFWLF�
FKXQNV�RU�WUHHV��DOLJQHG�WUDQVODWLRQV��GLDORJXH�DFWV��
DQG�VR�RQ���,PSRUWDQWO\��WKH�LQWHUPHGLDWH�VWDJHV�RI�
PDQ\�SURFHVVLQJ� WDVNV�DUH�ZHOO�IRUPHG�DV�DQQRWD�
WLRQ�JUDSKV�� VR�FHUWDLQ�RXWSXWV�PD\�EHFRPH�DYDLO�
DEOH� VKRUWO\� DIWHU� WKH� SURFHVV� VWDUWV�� IDFLOLWDWLQJ�
HIILFLHQW�SLSHOLQLQJ�DQG�VWUHDPLQJ���7KH�$QQRWDWLRQ�
*UDSK� 7RRONLW� �$*7.�� �/LQJXLVWLF� 'DWD� &RQVRU�
WLXP�� ����������� LV� DQ� RSHQ� VRXUFH� LPSOHPHQWD�
WLRQ� RI� DQQRWDWLRQ� JUDSKV� ZKLFK� ZRUNV� ZLWK� D�
PDWXUH�$3,�DQG�D�ZLGH�UDQJH�RI�VXSSRUWHG�PRGHOV�
DQG� IRUPDWV�� 7KH� $QQRWDWLRQ� 6HUYHU� LV� D� FRPSR�
QHQW� WKDW� FROOHFWV�� FROODWHV� DQG� VWRUHV� DQQRWDWLRQ�
JUDSKV� ZKLFK� PD\� EH� JHQHUDWHG� RU� DFFHVVHG� E\�
RWKHU�FRPSRQHQWV�DQG�DSSOLFDWLRQV�DQG�H[WHQGV�RQ�
SURSRVDOV� SUHYLRXVO\� GHVFULEHG� E\� &LHUL� DQG� %LUG�
��������DQG�DYDLODEOH�DV�D�SURWRW\SH�LQ�WKH�FXUUHQW�
$*7.�GLVWULEXWLRQ��
���� $OLJQPHQW�

$Q� $OLJQPHQW� FRPSRQHQW� LV� XVHG� WR� IRUFLEO\�
DOLJQ� GLJLWL]HG� VSHHFK� ZLWK� D� VXSSOLHG� WUDQVFULSW���
7KLV�FDQ�EH�SHUIRUPHG�DW�YDULRXV� OHYHOV�RI�JUDQX�
ODULW\�� DQG� SDUWLDO� UHVXOWV� FDQ� EH� QDWXUDOO\� UHSUH�
VHQWHG�DV�DQ�DQQRWDWLRQ�JUDSK��
���� $XWRPDWLF�6SHHFK�5HFRJQLWLRQ�

$Q� $65� FRPSRQHQW� FDQ� EH� XVHG� WR� FUHDWH� D�
WLPH�DOLJQHG� WUDQVFULSW�� DJDLQ� UHSUHVHQWHG� GLUHFWO\�
DV�DQ�DQQRWDWLRQ�JUDSK��



���� 'DWD�6RXUFH�3DFNDJLQJ�
$� 'DWD� 6RXUFH� 3DFNDJLQJ� FRPSRQHQW� GLYLGHV�

GDWD� VRXUFHV� LQWR� ORJLFDO� XQLWV� ZKLFK� FDQ� EH� GLV�
WULEXWHG� DFURVV� WKH� JULG� DV� LQGLYLGXDO� SURFHVVLQJ�
WDVNV��$V�DQ�H[DPSOH��FRQVLGHU�D�GLJLWDO�DXGLR�ILOH�
RI����0E� LQ� VL]H��$V� WKLV�ZRXOG�EH�QRQ�WULYLDO� WR�
WUDQVIHU� WR� D� UHPRWH� SURFHVVLQJ� QRGH�� D� 3DFNDJHU�
FRXOG�GLYLGH�WKLV�GDWD�VRXUFH�LQWR�ILIW\���0E�GLJL�
WDO�DXGLR�ILOHV��HDFK�RI�ZKLFK�FRXOG�EH�FRPSUHVVHG��
WUDQVSRUWHG�DQG�SURFHVVHG�VHSDUDWHO\��
���� &RQYHUVLRQ�

$�&RQYHUVLRQ�FRPSRQHQW�LV�XVHG�WR�FRQYHUW�EH�
WZHHQ�PHGLD�IRUPDWV��FKDUDFWHU�HQFRGLQJ�VFKHPHV��
DQG�DQQRWDWLRQ�W\SHV���7KH�H[SHFWHG�LQSXW�DQG�RXW�
SXW� IRUPDWV�RI�H[LVWLQJ�QDWXUDO� ODQJXDJH�HQJLQHHU�
LQJ� FRPSRQHQWV� DUH� RIWHQ� LQFRPSDWLEOH�� DQG� WKLV�
FRPSRQHQW� ZLOO� IDFLOLWDWH� FRPSRQHQW� LQWHJUDWLRQ��
VLPSOLI\LQJ� WKH� WDVN� RI�ZUDSSLQJ� H[LVWLQJ� FRPSR�
QHQWV�� � ,Q� WKH� FDVH� RI�PHGLD� IRUPDWV�� WKLV� FRPSR�
QHQW�ZLOO�EH�DEOH�WR�VHUYH�D�VWDWLF�GDWD�VRXUFH�DV�D�
VWUHDP�VRXUFH�DQG�YLFH�YHUVD���,Q�WKH�FDVH�RI�DQQR�
WDWLRQ� FRQYHUVLRQ�� WKLV� FRPSRQHQW� ZLOO� EH� DEOH� WR�
FRQYHUW�EHWZHHQ�WKH�ZLGH�YDULHW\�RI�H[LVWLQJ�WLPH�
VHULHV�DQQRWDWLRQ�IRUPDWV�XQGHUVWRRG�E\�$*7.��
���� 7H[W�$QQRWDWLRQ��

$�7H[W�$QQRWDWLRQ�FRPSRQHQW�DXJPHQWV�H[LVW�
LQJ�DQQRWDWHG� WH[W�ZLWK�D�QHZ�OD\HU�RI�DQQRWDWLRQ��
H�J��326�WDJV��VHQVH�WDJV��QDPHG�HQWLWLHV��V\QWDFWLF�
FKXQNV�DQG�VR�IRUWK��
���� /H[LFRQ�6HUYHU�

$� /H[LFRQ� 6HUYHU� FRPSRQHQW� FROOHFWV�� FROOR�
FDWHV� DQG� VWRUHV� OH[LFDO� GDWD� WKDW� LV� JHQHUDWHG� RU�
DFFHVVHG�E\�RWKHU�FRPSRQHQWV�� �([DPSOHV� LQFOXGH�
WKH�7,0,7�OH[LFRQ��ZRUGV�DQG�SURQXQFLDWLRQV�IURP�
WKH�7,0,7�GDWDEDVH��DQG�:RUG1HW���,Q�WKH�DEVHQFH�
RI�D�XQLYHUVDO� OH[LFRQ�$3,� WKHUH�ZLOO�QHHG� WR�EH�D�
IDPLO\�RI�FRPPRQO\�VXSSRUWHG�$3,V��
���� 6HPDQWLF�0DSSLQJ�

$�6HPDQWLF�0DSSLQJ�FRPSRQHQW�FRQVWUXFWV�DQG�
FROODWHV� FRQWHQW� EDVHG� RQ� WKHPH� LGHQWLILFDWLRQ��
7KHPHV�PD\� EH� GHILQHG� E\� D� OLVW� RI� NH\ZRUGV� RI�
FRQFRUGDQFH�EDVHG�RXWSXW��

�� 0XOWL�&RPSRQHQW�$SSOLFDWLRQ�'HVLJQ�
+DYLQJ�ZUDSSHG�VXFK�FRPSRQHQWV��ZH�SURSRVH�

WR� FRPELQH� WKHP� WR� FUHDWH� D� UDQJH� RI� PXOWL�
FRPSRQHQW� DSSOLFDWLRQV� ZKLFK� FDQ� EH� H[HFXWHG�
RYHU�WKH�GLVWULEXWHG�JULG�LQIUDVWUXFWXUH��,W� LV�HQYLV�
DJHG� WKDW� DSSOLFDWLRQV� ZLOO� EH� DVVHPEOHG� XVLQJ� D�
SRUWDO� EDVHG� DSSURDFK� IRU� HDVH� RI� GHSOR\PHQW��
%DVHG�RQ�WKH�FRPSRQHQWV�GHVFULEHG�HDUOLHU��ZH�FDQ�
EXLOG�D�QXPEHU�RI�GLIIHUHQW�DSSOLFDWLRQV�DQG�DSSOL�
FDWLRQ�W\SHV��1H[W�ZH�GLVFXVV�WZR�RI�WKHVH�DSSOLFD�
WLRQV�� QDPHO\� VSRNHQ� SDVVDJH� UHWULHYDO� DQG�
FROODERUDWLYH�DQQRWDWLRQ��
���� 6SRNHQ�3DVVDJH�5HWULHYDO�

7KH�6SRNHQ�3DVVDJH�5HWULHYDO� DSSOLFDWLRQ�ZLOO�
DOORZ�D�XVHU�WR�LGHQWLI\�SDVVDJHV�RI�LQWHUHVW�ZLWKLQ�
VSRNHQ�GRFXPHQW�FROOHFWLRQV��7KLV�GHSHQGV�RQ�WKH�
VRXUFH�KDYLQJ�EHHQ�WUDQVFULEHG�DQG�LQGH[HG��7UDQ�
VFULSWLRQ� LQYROYHV� PHGLD� FRQYHUVLRQ� DQG� $65� RQ�
WKH�VSRNHQ�GRFXPHQW�FROOHFWLRQ��ZLWK�UHVXOWV�VWRUHG�
LQ�WKH�DQQRWDWLRQ�VHUYHU�� �,I� WUDQVFULSWV�DUH�DOUHDG\�
DYDLODEOH�� WKHQ� WKH� $65� SURFHVV� LV� UHSODFHG� ZLWK�
DOLJQPHQW���1H[W��WKH�DQQRWDWLRQV�PXVW�EH�LQGH[HG��
SUHIHUDEO\�ZLWK�WKH�DLG�RI�D�OH[LFDO�UHVRXUFH�VXFK�DV�
:RUG1HW���7KH�UHVXOWLQJ�LQGH[�ZLOO�EH�YLHZHG�DV�D�
NLQG�RI�OH[LFRQ��ZKLFK�SHUPLWV�ORRNXS�RQ�ZRUGV�WR�
JLYH�GRFXPHQW� UHJLRQV�� �7KH�DERYH� WZR�SURFHVVHV�
FDQ�EH�H[HFXWHG� LQ�SDUDOOHO�RQ�D�JULG�DUFKLWHFWXUH���
7KH�ILQDO�DSSOLFDWLRQ�LV�QRW�JULG�EDVHG��EXW�VLPSO\�
DFFHVVHV� D� QHZ� GDWDEDVH� FUHDWHG� E\� WKH� JULG� �WKH�
VSRNHQ�GRFXPHQW�LQGH[���
���� &ROODERUDWLYH�$QQRWDWLRQ�

7KHUH� DUH� IRXU�EDVLF� W\SHV�RI� FROODERUDWLYH� DQ�
QRWDWLRQ�� DQG�ZH� SODQ� WR� VXSSRUW� WKHP� DOO�� � )LUVW��
SHHUV�PD\�FRRSHUDWH�LQ�WKH�FRQVWUXFWLRQ�RI�D�ODUJH�
DQQRWDWHG� UHVRXUFH�� GLYLGLQJ� XS� WKH�ZRUNORDG� DQG�
HDFK� SHUIRUPLQJ� WKH� VDPH� WDVN� RQ� WKHLU� SDUFHO� RI�
ZRUN�� �/LPLWHG� FRRUGLQDWLRQ� LV� QHFHVVDU\� LQ� RUGHU�
WR�HQVXUH�WKDW�DOO�LWHPV�DUH�DQQRWDWHG�DSSURSULDWHO\�
�H�J�� WKDW� ���� RI� LWHPV� DUH� GRXEO\� DQQRWDWHG� IRU�
UHOLDELOLW\�WHVWLQJ����,Q�WKH�VHFRQG�W\SH�RI�FROODERUD�
WLRQ��D�VXSHUYLVRU�YHWV�WKH�ZRUN�RI�KLUHG�DQQRWDWRUV��
DQG� RSWLRQDOO\� DGGV� IXUWKHU� FRGHV� WKDW� GHSHQG� RQ�
WKHLU�RZQ�FULWLFDO�DQDO\VLV�RI� WKH�GDWD�� �7KLUG�� WZR�
VSHFLDOLVWV�PD\� DQQRWDWH� WKH� VDPH� GDWDVHW� DFFRUG�
LQJ� WR�GLIIHUHQW� WKHRUHWLFDO�PRGHOV�� LQ�RUGHU� WR� LQ�
YHVWLJDWH� WKH� HPSLULFDO� GLIIHUHQFHV� EHWZHHQ� WKH�
WKHRULHV�DQG�WKH�H[WHQW�WR�ZKLFK�FDWHJRULHV�SRVLWHG�



E\�RQH� WKHRU\�FDQ�EH�GHULYHG� IURP� WKH�RWKHU�� �)L�
QDOO\��FROODERUDWLRQ�PD\�WDNH�SODFH�EHWZHHQ�KXPDQ�
DQG�DXWRPDWLF�DJHQWV��ZKLFK�PRQLWRU�KXPDQ�GHFL�
VLRQV�DQG��RYHU� WLPH��GHYHORS� LQFUHDVLQJO\� UHILQHG�
PRGHOV� WKDW� SUHGLFW� WKRVH� GHFLVLRQV� DQG� H[SHGLWH�
WKH�ZRUN��7KH�ODWWHU�FDVH�LV�RI�VLJQLILFDQW�LQWHUHVW�LQ�
WKH�JULG�FRQWH[W�ZKHUH�DXWRPDWHG�DJHQWV�PD\�UDS�
LGO\�DQQRWDWH�ODUJH�GDWDVHWV�RYHU�WKH�FRPSXWDWLRQDO�
JULG�� DQG� KHQFH� EH� DEOH� WR� K\SRWKHVLVH� ODQJXDJH�
PRGHOV� LQ�PXFK� VKRUWHU�SHULRGV�RI� WLPH��ZKLFK� LQ�
WXUQ�FDQ�EH�XVHG�E\�KXPDQ�DQQRWDWRUV��

�� ,QWHUIDFHV�WR�*ULG�6HUYLFHV�
7KH� FRUH� LQIUDVWUXFWXUH� UHTXLVLWH� IRU� JULG� VHU�

YLFHV� FDQ� EH� SURYLGHG� LQ� D� QXPEHU� RI�ZD\V��+LV�
WRULFDOO\�� ERRWVWUDSSLQJ� DSSURDFKHV� VXFK� DV� WKRVH�
H[KLELWHG� E\� 390� �*HLVW� HW� DO�� ������ DQG� 03,�
�0HVVDJH� 3DVVLQJ� ,QWHUIDFH� )RUXP�� ������ KDYH�
JDLQHG� ZLGHVSUHDG� DGRSWLRQ�� )RU� RXU� SXUSRVHV��
RZLQJ� WR� WKHLU� ORZ� OHYHO� LQWHUDFWLRQ�ZLWK� DSSOLFD�
WLRQV��WKH�UHTXLUHPHQW�WKDW�VLJQLILFDQW�GHYHORSPHQW�
LV� UHTXLUHG� WR� LQWHJUDWH� WKHVH�� DQG� WKH� WHFKQLFDO�
PDQDJHPHQW�RYHUKHDG�RI�QHWZRUN�UHVRXUFHV�WKDW�LV�
UHTXLUHG� WR� JDLQ� IXOO� XVH� RI� VXFK� IUDPHZRUNV��ZH�
KDYH�GHFLGHG�WKDW�WKHUH�DUH�UHDVRQDEOH�DOWHUQDWLYHV��

,QVWHDG��ZH�KDYH�DGRSWHG�WKH�DSSURDFK�SURYLGHG�
E\� *OREXV� �*OREXV� 3URMHFW�� ������� 7KH� *OREXV�
PRGHO�DOORZV�IRU�D�GLVWULEXWHG�VHW�RI�UHVRXUFHV��WKH�
JULG���XSRQ�ZKLFK�DSSOLFDWLRQV�FDQ�H[HFXWH�LQ�SDU�
DOOHO� RU� SDUDPHWULFDOO\�� )XUWKHUPRUH�� ZLWKLQ� WKH�
*OREXV� PRGHO�� WKHUH� LV� FDSDFLW\� IRU� OLJKWZHLJKW��
FURVV�SODWIRUP� LPSOHPHQWDWLRQV� ZKLFK� VLJQLIL�
FDQWO\� DSSHDO� WR� WKH� QDWXUDO� ODQJXDJH� HQJLQHHULQJ�
FRQWH[W�ZKHUH�DSSOLFDWLRQV�DUH�RIWHQ� WLHG� WR�D�SDU�
WLFXODU� SODWIRUP� RU� DUFKLWHFWXUH�� &RRUGLQDWLRQ� RI�
JULG� VHUYLFHV� LV�DQ� LQFOXGHG�FRPSRQHQW�ZLWKLQ� WKH�
*OREXV� IUDPHZRUN�� WKURXJK� WKH� QRWLRQ� RI� WKH� YLU�
WXDO� RUJDQL]DWLRQ� �92�� DQG� DFFHVVLEOH� GLUHFWO\��
WKURXJK� D�PLGGOHZDUH� OD\HU� RU� E\� EURNHU� VHUYLFHV�
ZKLFK�PDQDJH�SURFHVVHV�ZLWKLQ�WKH�92���

7KH�PRGHO�RI�*ULG�VHUYLFH� LQWHUDFWLRQ�ZH�KDYH�
VHOHFWHG�LV�WR�XVH�D�EURNHU�DUFKLWHFWXUH�ZKLFK�FRP�
SOHWHO\�PDQDJHV�DOO�DVSHFWV�RI�JULG�LQWHUDFWLRQ��$O�
WKRXJK� WKLV� FDQ� EH� FRQVWUXHG� DV� ³JULG� HQDEOHPHQW�
E\�VWHDOWK´��XVLQJ�D�EURNHU�DOORZV�HIIRUW� WR�EH�H[�
SHQGHG�ZLWKLQ� WKH�GRPDLQ�RI� LQWHUHVW� �LQ� WKLV�FDVH�
QDWXUDO� ODQJXDJH�HQJLQHHULQJ��ZLWKRXW�FRQFHUQ� IRU�
XQGHUO\LQJ�JULG�LQIUDVWUXFWXUH�LVVXHV���

,Q�RXU�SURSRVDO��ZH�DGRSW�WKH�EURNHU�PRGHO�IRU�
PDQDJLQJ� DOO� JULG� LQWHUIDFH� WDVNV�� 7KLV� VLPSOLILHV�

DSSOLFDWLRQ�GHYHORSPHQW�DV�ZHOO�DV� OHYHUDJLQJ�H[�
LVWLQJ� UHVHDUFK� LQ� WKH� DUHD� RI� EURNHU� DUFKLWHFWXUHV�
IRU� JULG� HQYLURQPHQWV�� :LWKLQ� WKH� JULG� HQYLURQ�
PHQW�� WKHUH� LV� DQ� HPHUJLQJ� FRQVHQVXV� WKDW� WKH�
1,052'�*� �%X\\D� HW� DO�� ������ EURNHU� DUFKLWHF�
WXUH�ZLOO�EHFRPH�WKH�GH�IDFWR�VWDQGDUG��6LJQLILFDQW�
UHVHDUFK��LPSOHPHQWDWLRQ�DQG�WHVWLQJ�KDV�EHHQ�FDU�
ULHG� RXW� XVLQJ� 1,052'�*� WKURXJK� WKH� *OREXV�
SURMHFW� DQG� WKURXJK� :RUOG� :LGH� *ULG� WHVWEHG�
�:RUOG�:LGH�*ULG���������$V�VXFK��LW�UHSUHVHQWV�D�
KDUGHQHG�� UHDO�ZRUOG�EURNHU�DUFKLWHFWXUH�RQ�ZKLFK�
ZH� HOHFW� WR� EXLOG�� UDWKHU� WKDQ� EXLOGLQJ� RXU� RZQ�
EURNHU�� DQ� DUHD� VRPHZKDW� RUWKRJRQDO� WR� RXU� SUL�
PDU\� UHVHDUFK� LQWHUHVWV��)XWXUH�FROODERUDWLYH�ZRUN�
PD\� H[WHQG� LQWR� 1/(�VSHFLILF� EURNHU� GHVLJQ� �VHH�
6HFWLRQ���IRU�VRPH�H[SORUDWRU\�LGHDV���

7KH�1,052'�*�DUFKLWHFWXUH� FRPELQHV�EURNHU�
IXQFWLRQV� ZLWK� JULG� VHUYLFHV�� IRU� H[DPSOH�� DXWR�
PDWHG� GLVFRYHU\� RI� UHVRXUFHV�� DV�ZHOO� DV� QHJRWLD�
WLRQ� IRU�VHUYLFHV�DQG�GLVSDWFK�PDQDJHPHQW�� ,Q� WKH�
FRQWH[W� RI� WKLV� SURMHFW�� ZH� ZLOO� H[WHQG� WKH�
1,052'�*� 5HVRXUFH� %URNHU� $UFKLWHFWXUH� WR� DO�
ORZ� IRU� D� VWDQGDUGV�EDVHG� LQWHUIDFH� E\� ZKLFK� WKH�
EURNHU� FDQ�SDUVH� WKH�DSSOLFDWLRQ� VSHFLILFDWLRQ� ODQ�
JXDJH� GHVFULEHG� HDUOLHU�� 7KLV� LQWHUIDFH�ZLOO� EH� LQ�
GHSHQGHQW� RI� DSSOLFDWLRQ� IUDPHZRUN� DQG� KHQFH�
DYDLODEOH� WR� DQ\� 1/(� IUDPHZRUN� ZKLFK� UHTXLUHG�
JULG�EDVHG�VHUYLFHV�IRU�SURFHVVLQJ�WDVNV��

$V� PHQWLRQHG� HDUOLHU�� FXUUHQW� JULG� SURFHVVLQJ�
PRGHOV�DUH�SURFHVVRU�FHQWULF��\HW�QDWXUDO� ODQJXDJH�
HQJLQHHULQJ� GDWD� VRXUFHV� OHQG� WKHPVHOYHV� PRUH�
IDYRUDEO\� WRZDUGV� GDWD�FHQWULF� LPSOHPHQWDWLRQV��
&XUUHQW� LPSOHPHQWDWLRQV� RI� 1,052'�*� DUH� DOVR�
FRQVWUDLQHG� E\� WKLV� DVVXPSWLRQ�� DQG� DV� VXFK� ZLOO�
QHHG�WR�EH�H[WHQGHG�WR�DOORZ�GDWD�FHQWULF�SURFHVV�
LQJ��+RZHYHU�� WKH�H[WHQVLRQ�RI� DQ�H[LVWLQJ�EURNHU�
DUFKLWHFWXUH� LV� VLJQLILFDQWO\� PRUH� DSSHDOLQJ� WKDQ�
ZULWLQJ�D�FXVWRPL]HG�QDWXUDO�ODQJXDJH�HQJLQHHULQJ�
JULG�VHUYLFH�EURNHU�IURP�VFUDWFK��

�� *ULG�$SSOLFDWLRQ�6SHFLILFDWLRQ�
2XU� SURSRVHG� *ULG� $SSOLFDWLRQ� 6SHFLILFDWLRQ�

/DQJXDJH�LV�EDVHG�RQ�WKH�PRGHO�VSHFLILHG�LQ�%X\\D�
��������EXW�ZLOO�EH� LPSOHPHQWHG� LQ�SXUH�;0/�� ,Q�
RXU� PRGHO�� WKH� 1,052'�*� EURNHU� DUFKLWHFWXUH�
ZLOO�DFFHSW�SDUDPHWHUL]HG�LQSXW�EDVHG�RQ�WKH�QDWX�
UDO�ODQJXDJH�HQJLQHHULQJ�DSSOLFDWLRQ�UHTXLUHPHQWV��
DQG� ZLOO� FUHDWH� WKH� LQGHSHQGHQW� SURFHVVLQJ� WDVNV��
VFKHGXOH�WKHP�IRU�SURFHVVLQJ�RQ�WKH�JULG��IDFLOLWDWH�
LQWHU�WDVN�FRRUGLQDWLRQ�DQG�FROODWH�WKH�UHVXOWV��2XU�



*ULG� $SSOLFDWLRQ� 6SHFLILFDWLRQ� /DQJXDJH� ZLOO� DO�
ORZ� LQWHUDFWLRQ� ZLWK� D� 1,052'�*� DSSOLFDWLRQ�
SURWRW\SH� DQG� LQFOXGHV� WKH� DELOLW\� WR� VXEVWLWXWH�
YDULDEOHV� ERWK� VWDWLFDOO\� �DW� FRPPHQFHPHQW�� DQG�
G\QDPLFDOO\��DV�WKH�UHVXOW�RI�RWKHU�WDVNV���

7KH� *ULG� $SSOLFDWLRQ� 6SHFLILFDWLRQ� /DQJXDJH�
ZLOO� VXSSRUW� WKH� GHVFULSWLRQ� RI� GDWD� UHTXLUHPHQWV��
SURFHVVLQJ� UHTXLUHPHQWV� DQG� FRPPXQLFDWLRQ� UH�
TXLUHPHQWV�� ERWK� IRU� LQGLYLGXDO� FRPSRQHQWV� DQG�
DJJUHJDWHV���'DWD�UHTXLUHPHQWV�LQFOXGH�WKH�ORFDWLRQ�
RI� VWDWLF� FRUSRUD� DQG� WKH� LQWHUIDFHV� IRU� �G\QDPLF��
FRUSRUD� �WKRVH� DFFHVVLEOH� YLD� D� SXEOLF� $3,��� DQG�
DQ\� UHTXLUHPHQWV� IRU� PHGLD� IRUPDW�� HQFRGLQJ�
VFKHPH� RU� DQQRWDWLRQ� W\SH�ZKLFK� FDQ� EH� VHOHFWHG�
IURP�RU�GHULYHG� IURP� WKH� FRUSRUD�� �3URFHVVLQJ� UH�
TXLUHPHQWV�LQFOXGH�WKH�&38��PHPRU\��VWRUDJH�DQG�
DQ\� WDVN� FRPSOHWLRQ� GHDGOLQHV�� � &RPPXQLFDWLRQ�
UHTXLUHPHQWV� LQFOXGH� HVWLPDWHG� EDQGZLGWK� IRU� WKH�
FKDQQHOV�FRQQHFWLQJ�WKH�FRPSRQHQWV��$GGLWLRQDOO\��
LQIRUPDWLRQ� DERXW� WKH� FDQRQLFDO� RUGHULQJ� DQG� GH�
SHQGHQFLHV� EHWZHHQ� WDVNV� WKDW� LQWHUDFW� ZLWKLQ� WKH�
DSSOLFDWLRQ�ZLOO�EH�GRFXPHQWHG�KHUH���

,Q�DGGLWLRQ�WR�WKLV�EDVLF�IXQFWLRQDOLW\��ZH�HQYLV�
DJH�WKUHH�NLQGV�RI�H[WHQGHG�IXQFWLRQDOLW\��DJJUHJD�
WLRQ��GHSHQGHQF\�UHVROXWLRQ��DQG�VWRUDJH��

&RPSRQHQWV� FDQ� WKHPVHOYHV� EH� FRPELQHG� LQWR�
SVHXGR�DSSOLFDWLRQV�ZLWK�DQ�RYHUDUFKLQJ�*ULG�$S�
SOLFDWLRQ� 6SHFLILFDWLRQ�� VXFK� DV� PD\� EH� WKH� FDVH�
ZKHUH�PHGLD� FRQYHUVLRQ� DQG� HQFRGLQJ�FRQYHUVLRQ�
DUH� ERWK� UHTXLUHG� SULRU� WR� RWKHU� FRPSRQHQWV� EH�
FRPLQJ�XVHIXO�LQ�WKH�DSSOLFDWLRQ�FRQWH[W��

:H�KDYH�DOVR�LGHQWLILHG�WKH�QHHG�IRU�WKH�EURNHU�
WR� HYDOXDWH� DSSOLFDWLRQV� VXEPLWWHG� WR� LW� IRU� XQUH�
VROYHG� GHSHQGHQFLHV� RU� LQFRPSDWLELOLWLHV�� )RU� H[�
DPSOH�� WKH�EURNHU� VKRXOG�EH� HQDEOHG� WR�GHWHUPLQH�
WKDW�WKH�RXWSXW�RI�FRPSRQHQW�$�ZLOO�EH�LQFRPSDWL�
EOH�ZLWK�LQSXW�IRUPDWV�DFFHSWDEOH�WR�FRPSRQHQW�%��
DQG�LQWHUYHQH�ZLWK�D�SURSRVHG�VROXWLRQ��HJ�HQFRG�
LQJ�FRQYHUVLRQ���

)XUWKHUPRUH�� WKH� *ULG� $SSOLFDWLRQ� 6SHFLILFD�
WLRQV�ZLOO�EH�VWRUHG�IRU�ODWHU�GLVFRYHU\��,Q�RUGHU�WR�
PHHW�WKLV�UHTXLUHPHQW��WKH�*ULG�$SSOLFDWLRQ�6SHFL�
ILFDWLRQ�PXVW� LQFOXGH� VXIILFLHQW� LQIRUPDWLRQ� VR� DV�
WR� FRPSO\�ZLWK� WKH�GLVFRYHU\�PHFKDQLVP��QDPHO\�
PHWDGDWD� EDVHG� RQ� WKDW� VWDQGDUGL]HG� E\� WKH�2SHQ�
/DQJXDJH�$UFKLYHV� &RPPXQLW\�� 7KURXJK� WKH� XVH�
RI�OLQJXLVWLF�PHWDGDWD��LQFOXGLQJ�ODQJXDJH�WHFKQRO�
RJ\�H[WHQVLRQV��ZH�FDQ�IXOO\�GHVFULEH�WKH�IXQFWLRQ�
DOLW\� RI� D� UHVRXUFH� VXFK� DV� RQ� VSHFLILHG� XVLQJ� WKH�
*ULG� $SSOLFDWLRQ� 6SHFLILFDWLRQ� ODQJXDJH�� $XWR�
PDWHG� GLVFRYHU\� ZLOO� RFFXU� WKURXJK� WKH� XVH� RI� D�

VWDWLF�UHSRVLWRU\�KDUYHVWHU�EDVHG�RQ�2/$&¶V�9LVHU�
�6LPRQV���������

�� )XWXUH�'LUHFWLRQV�
7KH�DUFKLWHFWXUH�GHVLJQ�DOORZV�IRU�D�QXPEHU�RI�

LPPHGLDWHO\�LGHQWLILDEOH�H[WHQVLRQV��7KH�ILUVW�LV�WKH�
SRWHQWLDO� IRU� D� UDQJH� RI� VRIWZDUH� DUFKLWHFWXUHV� LQ�
1/(� WR� JHQHUDWH� DSSOLFDWLRQ� GHILQLWLRQV�� DQG� DV�
VXFK� LQWHUIDFH�ZLWK�JULG� VHUYLFHV��7KH� VHFRQG� LV� D�
SRUWDO�LPSOHPHQWDWLRQ�WKDW�DOORZV�WKH�XVHU�WR�VHOHFW�
WKH�GDWD�VRXUFHV�DQG�W\SHV�RI�DQDO\VLV�ZKLFK�DUH�RI�
LQWHUHVW� DQG� SHUIRUP� WKHVH� WUDQVSDUHQWO\� RYHU� WKH�
JULG�XVLQJ�WKH�EURNHU�DV�DQ�LQWHUPHGLDU\��7KH�WKLUG�
LV� WKDW� JULG� UHVRXUFH� EURNHU� DUFKLWHFWXUHV� FDQ� EH�
H[WHQGHG� WR� HQFRPSDVV� GDWD�FHQWULF� SURFHVVLQJ�
ZKLFK�ZLOO� VLJQLILFDQWO\� LPSDFW� RQ� WKH� DSSOLFDWLRQ�
RI� JULG� VHUYLFHV� WR� QDWXUDO� ODQJXDJH� HQJLQHHULQJ��
7KH� IRXUWK� LV� WKH� LPSOLFLW� YLVLRQ� WKDW� D�QXPEHU�RI�
HQWLWLHV� ZLOO� RIIHU� JULG� HQDEOHG� QDWXUDO� ODQJXDJH�
HQJLQHHULQJ� VHUYLFHV�ZKLFK�SDUWLFLSDWH� LQ� D�YLUWXDO�
RUJDQL]DWLRQ� DQG� FDQ� EH� GLVFRYHUHG� DXWRPDWLFDOO\�
DQG�KHQFH�DOORZ�IRU�VSHFLILF�DQDO\VLV�W\SHV��

,Q� DGGLWLRQ� WR� WKLV� LQIUDVWUXFWXUH�� QHZ� FRPSR�
QHQWV� DQG� DSSOLFDWLRQV�ZLWKLQ� WKLV� IUDPHZRUN�ZLOO�
EH� GHYHORSHG�� $V� DQ� H[DPSOH�� ZH� FDQ� LGHQWLI\� D�
µ&RPSDUDWLYH�(YDOXDWLRQ¶�DSSOLFDWLRQ�ZKLFK�ZRXOG�
XVH�*ULG�VHUYLFHV�WR�DOORZ�WKH�XVHU�WR�EXLOG�D�ODUJH�
QXPEHU� RI� ODQJXDJH� PRGHOV� EDVHG� RQ� FRQWUROOHG��
SDUDPHWHUL]HG�RSWLRQV�DQG�FRPSDUH�WKHVH��

<HW� DQRWKHU� DUHD� IRU� IXWXUH� FURVV�GLVFLSOLQDU\�
UHVHDUFK�LV�LQ�WKH�GHVLJQ�RI�JULG�SURFHVVLQJ�PRGHOV�
WKHPVHOYHV�� 6NLOOLFRUQ� ������� LGHQWLILHV� D� QXPEHU�
RI� FRPSXWDWLRQDO� JULG� W\SHV�� RI� ZKLFK� WKH� PRVW�
FRPPRQ�LV� WKH�SURFHVVRU�FHQWULF�JULG�DV�GLVFXVVHG�
HDUOLHU��,Q�QDWXUDO�ODQJXDJH�HQJLQHHULQJ�WKLV�PRGHO�
LV�OHVV�DWWUDFWLYH�EHFDXVH�WKH�VL]H�RI�GDWD�VRXUFHV�LV�
W\SLFDOO\�VLJQLILFDQW�HQRXJK�IRU�DQ\�QHWZRUN�EDVHG�
WUDQVSRUW� WR� EH� UHODWLYHO\� LQHIILFLHQW� DQG� FRVW�
SURKLELWLYH��6NLOOLFRUQ�DGYRFDWHV�WKH�FRQFHSW�RI�WKH�
GDWD�FHQWULF� FRPSXWDWLRQDO� JULG��ZKHUH�JULG� DZDUH�
DSSOLFDWLRQV� DUH� WUDQVSRUWHG� WR� WKH� ORFDWLRQ� RI� WKH�
GDWD�VRXUFH�DQG�GHVFULEHV�D�QXPEHU�RI�LPSOLFDWLRQV�
IRU� DUFKLWHFWXUDO� PRGHOV� UHOHYDQW� WR� QDWXUDO� ODQ�
JXDJH�HQJLQHHULQJ��,Q�WKLV�DUHD��WKH�UHTXLUHPHQWV�RI�
QDWXUDO�ODQJXDJH�HQJLQHHULQJ�PD\�SURYLGH�WKH�FDWD�
O\VW�IRU�VXFK�DQ�LQQRYDWLYH�EURNHU�GHVLJQ��



�� &RQFOXVLRQ�
&RPSXWDWLRQDO�JULGV�HQDEOH�WKH�VKDULQJ�DQG�DJ�

JUHJDWLRQ� RI� JHRJUDSKLFDOO\� GLVWULEXWHG� UHVRXUFHV�
IRU�VROYLQJ�ODUJH�VFDOH��UHVRXUFH�DQG�GDWD�LQWHQVLYH�
SUREOHPV� VXFK� DV� WKRVH� IRXQG� LQ� QDWXUDO� ODQJXDJH�
HQJLQHHULQJ��,Q�WKLV�SDSHU�ZH�KDYH�RXWOLQHG�D�SUR�
SRVDO� IRU�D�VRIWZDUH�DUFKLWHFWXUH�ZKLFK�DOORZV� WKH�
HDVH�RI�LQWHJUDWLRQ�RI�VXFK�VHUYLFHV�ZLWK�WUDGLWLRQDO�
QDWXUDO� ODQJXDJH� HQJLQHHULQJ� GHYHORSPHQW� HQYL�
URQPHQWV�� 7KH� JULG�HQDEOHG� FRPSRQHQW�EDVHG� DU�
FKLWHFWXUH� GHVFULEHG� LQ� WKLV� SDSHU� LV� QRYHO� IRU� D�
QXPEHU�RI�UHDVRQV���

)LUVWO\��DOWKRXJK�WKH�FRPSRQHQW�EDVHG�PRGHO�LV�
QRW�QHFHVVDULO\� LQQRYDWLYH�� WKH�XQGHUO\LQJ�PRWLYD�
WLRQ�IRU�WKLV�PRGHO��QDPHO\��HDVH�RI�LQWHUIDFH�ZLWK�
JULG� VHUYLFHV�� EULQJV� D� QHZ� SHUVSHFWLYH� WR� WKH�
PRGHO�GHVLJQ�DW�ERWK�D�FRPSRQHQW�DQG�DSSOLFDWLRQ�
OHYHOV��1RW�RQO\�GRHV�LW�DOORZ�ODUJHU��PRUH�FRPSOH[�
DQG� FRPSXWDWLRQDOO\� LQWHQVLYH� SURFHVVHV� WR� EH� GL�
YLGHG� IRU�PRUH�HIILFLHQW�SURFHVVLQJ��EXW� LW�DOVR�DO�
ORZV� H[WUDSRODWLRQ� IRU� D� VOLP�OLQH� DSSOLFDWLRQ�
GHVLJQ�ZKLFK�PD\�EH�XWLOL]HG� LQ�QRQ�JULG�HQDEOHG�
FRQWH[WV��,Q�WXUQ��WKLV�PD\�DOORZ�HIILFLHQFLHV�WR�EH�
JDLQHG� ZKHUH� SUHYLRXVO\� FRPSXWDWLRQDO� SRZHU��
GDWD�VWRUDJH�RU�EDQGZLGWK�LPSRVHG�FRQVWUDLQWV���

6HFRQGO\�� WKH� XVH� RI� DQ� DSSOLFDWLRQ� VSHFLILFD�
WLRQ� ODQJXDJH� LV�SURSRVHG��ZKLFK�DOORZV�RXU�FRP�
SRQHQW� EDVHG� PRGHO� WR� IRUP� SDUDPHWHUL]HG� LQSXW�
IRU� D� JULG� VHUYLFH� EURNHU�� ZKLOVW� DOORZLQJ� D� ZLGH�
UDQJH� RI� XQGHUO\LQJ� IUDPHZRUNV� WR� DFFHVV� VLPLODU�
VHUYLFHV�� $SSOLFDWLRQV� FDQ� QRZ� SRWHQWLDOO\� EH�
HYDOXDWHG�IRU�RSWLPDOLW\�DQG�LQWHUGHSHQGHQF\�SULRU�
WR� H[HFXWLRQ�� WKXV� DOORZLQJ� IRU� SURFHVVLQJ� UH�
VRXUFHV� WR�EH�XWLOL]HG�PRUH�HIILFLHQWO\��3UHYLRXVO\�
FROODWHG�DSSOLFDWLRQV�FDQ�EH�XVHG�DV�FRPSRQHQWV�LQ�
ODWHU��ODUJHU�DSSOLFDWLRQV��

7KLUGO\� ZH� LGHQWLI\� WKH� QHHG� IRU� H[LVWLQJ� JULG�
VHUYLFH� EURNHU� DUFKLWHFWXUHV� WR� DOORZ� IRU� GDWD�
FHQWULF�SURFHVVLQJ�� DV�RSSRVHG� WR� FXUUHQWO\� LPSOH�
PHQWHG� SURFHVVRU�FHQWULF� DSSURDFKHV�� 7KH� DGRS�
WLRQ� RI� D� EURNHU� EDVHG� DUFKLWHFWXUH� DQG� WKH� RSHQ��
DFFHVVLEOH�QDWXUH�RI�WKH�EURNHU�LQWHUIDFH�ZLOO�DOORZ�
D�ODUJH�FODVV�RI�QDWXUDO�ODQJXDJH�HQJLQHHULQJ�DSSOL�
FDWLRQV� WR�XWLOL]H�JULG� VHUYLFHV�ZLWK�FRUUHVSRQGLQJ�
JDLQV�LQ�FRPSXWDWLRQDO�HIILFLHQF\��

)LQDOO\� WKH� RSWLRQDO� DYDLODELOLW\� RI� SUHYLRXVO\�
FRPSLOHG� FRPSRQHQW� VHWV�� DSSOLFDWLRQ� GHILQLWLRQV�
DQG�RXWSXW�UHVXOWV�DUH�DOO�PDGH�DYDLODEOH�DV�GLVFRY�
HUDEOH�UHVRXUFHV�IRU�IXWXUH�DSSOLFDWLRQ�GHVLJQ��

��� 5HIHUHQFHV�
5DMNXPDU� %X\\D�� 'DYLG� $EUDPVRQ�� DQG� -RQDWKDQ�

*LGG\�� ������ 1LPURG�*� 5HVRXUFH� %URNHU� IRU� 6HU�
YLFH�2ULHQWHG� *ULG� &RPSXWLQJ�� ,(((� 'LVWULEXWHG�
6\VWHPV�2QOLQH�� LQ�9ROXPH���1XPEHU����1RYHPEHU�
�������

5DMNXPDU�%X\\D��.LP�%UDQVRQ�� -RQ�*LGG\� DQG�'DYLG�
$EUDPVRQ��������7KH�9LUWXDO�/DERUDWRU\��D�WRROVHW�WR�
HQDEOH� GLVWULEXWHG� PROHFXODU� PRGHOLQJ� IRU� GUXJ� GH�
VLJQ� RQ� WKH� :RUOG�:LGH� *ULG�� &RQFXUUHQF\� DQG�
&RPSXWDWLRQ��3UDFWLFH�DQG�([SHULHQFH������SS������

6WHYHQ�%LUG��'DYLG�'D\�� -RKQ�*DURIROR�� -RKQ�+HQGHU�
VRQ�� &KULVWRSKH� /DSUXQ�� 0DUN� /LEHUPDQ�� ������
$7/$6�� $� IOH[LEOH� DQG� H[WHQVLEOH� DUFKLWHFWXUH� IRU�
OLQJXLVWLF� DQQRWDWLRQ�� LQ� ³3URFHHGLQJV�RI� WKH�6HFRQG�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/DQJXDJH�5HVRXUFHV�DQG�
(YDOXDWLRQ´��SS�����������������

6WHYHQ� %LUG� DQG� *DU\� 6LPRQV� �HGV���� ����D�� 2/$&�
0HWDGDWD� Y����� 2SHQ� /DQJXDJH� $UFKLYHV� &RPPX�
QLW\�� KWWS���ZZZ�ODQJXDJH�DUFKLYHV�RUJ�2/$&��
PHWDGDWD�KWPO�

6WHYHQ� %LUG� DQG� *DU\� 6LPRQV�� ����E�� 2/$&� 7KLUG�
3DUW\�([WHQVLRQV��2SHQ�/DQJXDJH�$UFKLYHV�&RPPX�
QLW\�� KWWS���ZZZ�ODQJXDJH�DUFKLYHV�RUJ�127(�WKLUG�
SDUW\�H[WHQVLRQV�KWPO�

&KULVWRSKHU� &LHUL� DQG� 6WHYHQ� %LUG�� ������ $QQRWDWLRQ�
*UDSKV� DQG� 6HUYHUV� DQG� 0XOWL�0RGDO� 5HVRXUFHV��
,QIUDVWUXFWXUH� IRU� ,QWHUGLVFLSOLQDU\� (GXFDWLRQ��
5HVHDUFK� DQG� 'HYHORSPHQW�� LQ� ³3URFHHGLQJV� RI� WKH�
$&/�:RUNVKRS�RQ�6KDULQJ�7RROV�DQG�5HVRXUFHV�IRU�
5HVHDUFK� DQG� (GXFDWLRQ´�� 7RXORXVH�� -XO\� ������ SS�
��������

+DPLVK� &XQQLQJKDP�� <RULFN� :LONV� DQG� 5REHUW� *DL�
]DXVNDV�� ������*$7(� ��� D�*HQHUDO�$UFKLWHFWXUH� IRU�
7H[W�(QJLQHHULQJ��,Q�3URFHHGLQJV�RI�WKH���WK�&RQIHU�
HQFH� RQ� &RPSXWDWLRQDO� /LQJXLVWLFV� �&2/,1*������
&RSHQKDJHQ��$XJ���������

+DPLVK�&XQQLQJKDP��������*$7(��D�*HQHUDO�$UFKLWHF�
WXUH� IRU� 7H[W� (QJLQHHULQJ�� &RPSXWHUV� DQG� WKH�
+XPDQLWLHV��YROXPH�����SS����������������

'XEOLQ� &RUH� 0HWDGDWD� ,QLWLDWLYH�� ������ 'XEOLQ� &RUH�
0HWDGDWD� (OHPHQW� 6HW� 9HUVLRQ� ���� 5HIHUHQFH� 'H�
VFULSWLRQ��KWWS���GXEOLQFRUH�RUJ�GRFXPHQWV�GFHV��

,DQ�)RVWHU��&DUO�.HVVHOPDQ��6WHYHQ�7XHFNH��������7KH�
DQDWRP\�RI�WKH�JULG��(QDEOLQJ�VFDODEOH�YLUWXDO�RUJDQL�
VDWLRQV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 6XSHUFRPSXWHU�$S�
SOLFDWLRQV���������������

,DQ� )RVWHU�� &DUO� .HVVHOPDQ�� -�� 1LFN�� 6WHYHQ� 7XHFNH��
������ 7KH� 3K\VLRORJ\� RI� WKH� *ULG�� $Q� 2SHQ� *ULG�



6HUYLFHV� $UFKLWHFWXUH� IRU� 'LVWULEXWHG� 6\VWHPV� ,QWH�
JUDWLRQ�� 2SHQ� *ULG� 6HUYLFH� ,QIUDVWUXFWXUH� :*��
*OREDO�*ULG�)RUXP��-XQH�����������

$O� *HLVW�� $GDP� %HJXHOLQ�� -DFN� 'RQJDUUD�� :HLFKHQJ�
-LDQJ�� 5REHUW� 0DQFKHN�� 9DLG\� 6XQGHUDP�� ������ $�
8VHU¶V� *XLGH� � DQG� 7XWRULDO� IRU� 1HWZRUNHG� 3DUDOOHO�
&RPSXWLQJ�� KWWS���ZZZ�QHWOLE�RUJ�SYP��ERRN�SYP�
ERRN�KWPO�

'DYLG�*UDII�� ������ (QJOLVK�*LJDZRUG��/LQJXLVWLF�'DWD�
&RQVRUWLXP�� KWWS���ZZZ�OGF�XSHQQ�HGX�&DWDORJ��
&DWDORJ(QWU\�MVS"FDWDORJ,G /'&����7���

*OREXV�3URMHFW�� ����D��7KH�*OREXV�3URMHFW��8QLYHUVLW\�
RI�&KLFDJR��KWWS���ZZZ�JOREXV�RUJ��

%DGHQ� +XJKHV�� ������ &RQWUROOHG� 9RFDEXODULHV� DQG�
6FKHPDV� IRU� /DQJXDJH�7HFKQRORJ\�'HVFULSWLRQV�� ,Q�
6WHYHQ�%LUG� DQG�*DU\�6LPRQV� �HGV���3URFHHGLQJV�RI�
WKH� ,5&6� :RUNVKRS� RQ� 2SHQ� /DQJXDJH� $UFKLYHV��
,QVWLWXWH�IRU��5HVHDUFK�LQ�&RJQLWLYH�6FLHQFH��8QLYHU�
VLW\� RI� 3HQQV\OYDQLD�� KWWS���ZZZ�ODQJXDJH�
DUFKLYHV�RUJ�HYHQWV�RODF���SURFHHGLQJV�SGI��

/LQJXLVWLF� 'DWD� &RQVRUWLXP�� ����������� $QQRWDWLRQ�
*UDSK�7RRONLW��KWWS���DJWN�VRXUFHIRUJH�QHW��

0HVVDJH�3DVVLQJ�,QWHUIDFH�)RUXP��������03,����([WHQ�
VLRQV� WR� WKH�0HVVDJH�3DVVLQJ� ,QWHUIDFH�� KWWS���ZZZ�
XQL[�PFV�DQO�JRY�PSL��

'DYLG�6NLOOLFRUQ��������7KH�&DVH�IRU�'DWDFHQWULF�*ULGV��
KWWS���ZZZ�FV�TXHHQVX�FD�7HFK5HSRUWV�5HSRUWV�����
�����SV�

/XGZLJ�6LHJHOH��������6RIWZDUH�6XUYH\� LQ�7KH�(FRQR�
PLVW��$SULO����������

*DU\�6LPRQV��������9LVHU��D�YLUWXDO�VHUYLFH�SURYLGHU�IRU�
GLVSOD\LQJ� VHOHFWHG� 2/$&� PHWDGDWD��
KWWS���ZZZ�ODQJXDJH�DUFKLYHV�RUJ�YLVHU�

:RUOG� :LGH� *ULG� 7HVWEHG�� ������
KWWS���ZZZ�FV�PX�R]�DX�aUDM�JULGV�ZZJ��

&UHGLWV�
7KH�UHVHDUFK�GHVFULEHG�LQ�WKLV�SDSHU�KDV�EHHQ�SDU�
WLDOO\� IXQGHG� E\� WKH� 1DWLRQDO� 6FLHQFH� )RXQGDWLRQ�
XQGHU�*UDQW�1RV�����������,QWHUQDWLRQDO�6WDQGDUGV�
LQ� /DQJXDJH� (QJLQHHULQJ��� ��������� ��������
�7DONEDQN�� DQG� E\� WKH� 9LFWRULDQ� 3DUWQHUVKLS� LQ�
$GYDQFHG� &RPSXWLQJ� ([SHUWLVH� *UDQW�
(3310(�����������

7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� 5DMNXPDU�
%X\\D�IRU�FRPPHQWV�RQ�HDUOLHU�GUDIWV�RI�WKLV�SDSHU��
�
�


