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�$QNLWD�3RNDOH���9DUXQ�<DGDY���<DVK�9DGDN���$GLW\D�6DOYH���+DUVK�:DJKFKRXUH

�±�6WXGHQWV��'HSW��RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
�±�$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��6338���3XQH��,QGLD

(PDLOV��DQNLWD�SRNDOH#G\SLF�LQ��YDUXQ�\DGDY#G\SLF�LQ��\DVK�YDGDN#G\SLF�LQ��DGLW\D�VDOYH#G\SLF�LQ��
KDUVK�ZDJKFKRXUH#G\SLF�LQ

$EVWUDFW

8QH[SHFWHG� HTXLSPHQW� VWRSSDJHV� FDQ� LQWHUUXSW� SURGXFWLRQ�� LQFUHDVH� PDLQWHQDQFH� FRVWV� DQG� UHGXFH�
PDQXIDFWXULQJ�FRQVLVWHQF\��7KLV�SDSHU�SUHVHQWV�D�ORZ�FRVW�,QWHUQHW�RI�7KLQJV��,R7��SURWRW\SH�IRU�PDFKLQH�
FRQGLWLRQ�PRQLWRULQJ�DV�D�IRXQGDWLRQ�IRU�SUHGLFWLYH�PDLQWHQDQFH�LQ�VPDUW�IDFWRULHV��7KH�SURWRW\SH�XVHV�DQ�
(63��� PLFURFRQWUROOHU� FRQQHFWHG� WR� D� '+7��� WHPSHUDWXUH�DQG�KXPLGLW\� VHQVRU�� DQ� 6:����� GLJLWDO�
YLEUDWLRQ�GHWHFWRU�DQG�DQ�$&6����FXUUHQW�VHQVRU�PRGXOH��$�ORZ�YROWDJH�'&�PRWRU�LV�GULYHQ�WKURXJK�DQ�
/���1� PRGXOH�� ZKLOH� /('V� DQG� D� EX]]HU� SURYLGH� ORFDO� WKUHVKROG�EDVHG� LQGLFDWLRQV�� 7KH� (63���
SHULRGLFDOO\�VHQGV�D�-621�SD\ORDG�RYHU�:L�)L�WR�D�)DVW$3,�VHUYLFH�KRVWHG�RQ�D�0DF�FRPSXWHU��7KH�EDFNHQG�
H[SRVHV�HQGSRLQWV�IRU�UHFHLYLQJ�WKH�ODWHVW�VHQVRU�GDWD�DQG�UHWULHYLQJ�KLVWRULFDO�UHFRUGV��ZKLFK�DUH�VWRUHG�LQ�
DQ� 64/LWH� GDWDEDVH��$� 6WUHDPOLW� GDVKERDUG� GLVSOD\V� WKH� ODWHVW� PHDVXUHPHQWV� DQG� VXSSRUWV� KLVWRULFDO�
YLVXDOL]DWLRQ��'XULQJ�LPSOHPHQWDWLRQ��VHQVRU�UHDGLQJV�ZHUH�YLVLEOH�WKURXJK�WKH�VHULDO�PRQLWRU��WKH�+773�
3267� UHTXHVW� UHWXUQHG� VWDWXV� FRGH� ����� DQG� WKH� KLVWRU\� HQGSRLQW� UHWXUQHG� VWRUHG� UHFRUGV�� 7KHVH�
REVHUYDWLRQV� GHPRQVWUDWH� WKH� RSHUDWLRQ� RI� WKH� FRUH� GDWD� SLSHOLQH�� 7KH� FXUUHQW� SURWRW\SH� SHUIRUPV�
PRQLWRULQJ� DQG� UXOH�EDVHG� DOHUWV�� D� WUDLQHG� DQG� YDOLGDWHG� DUWLILFLDO�LQWHOOLJHQFH�PRGHO� KDV� QRW� \HW� EHHQ�
LPSOHPHQWHG��,Q�DGGLWLRQ��WKH�FXUUHQW�ILHOG�IURP�WKH�$&6����UHSUHVHQWV�D�UDZ�DQDORJXH�WR�GLJLWDO�FRQYHUWHU�
�$'&��UHDGLQJ�UDWKHU�WKDQ�FDOLEUDWHG�DPSHUHV��)XWXUH�ZRUN�LQFOXGHV�VHQVRU�FDOLEUDWLRQ��ORQJHU�WHUP�GDWD�
FROOHFWLRQ�� IDXOW�ODEHOOHG� H[SHULPHQWV�� DQRPDO\� GHWHFWLRQ�� DQG� YDOLGDWLRQ� RI� PDFKLQH�OHDUQLQJ� PHWKRGV�
DJDLQVW�GRFXPHQWHG�RSHUDWLQJ�FRQGLWLRQV�

.H\ZRUGV� SUHGLFWLYH� PDLQWHQDQFH�� VPDUW� IDFWRU\�� ,QGXVWULDO� ,QWHUQHW� RI� 7KLQJV�� (63���� FRQGLWLRQ�
PRQLWRULQJ��)DVW$3,��64/LWH��6WUHDPOLW��VHQVRU�GDWD��DQRPDO\�GHWHFWLRQ�

,��,QWURGXFWLRQ

0DQXIDFWXULQJ�HTXLSPHQW�LV�H[SHFWHG�WR�RSHUDWH�VDIHO\��UHOLDEO\�DQG�FRQVLVWHQWO\��0RWRUV�DQG�RWKHU�URWDWLQJ�
PDFKLQHU\�FDQ�H[SHULHQFH�RYHUKHDWLQJ��YLEUDWLRQ��HOHFWULFDO�ORDGLQJ��ORRVHQHG�FRPSRQHQWV�RU�PHFKDQLFDO�
ZHDU��,I�FKDQJHV�LQ�RSHUDWLQJ�FRQGLWLRQ�DUH�QRW�QRWLFHG�HDUO\��HTXLSPHQW�PD\�VWRS�XQH[SHFWHGO\��SURGXFWLRQ�
VFKHGXOHV� FDQ� EH� GLVUXSWHG�� DQG� HPHUJHQF\�PDLQWHQDQFH�PD\� EH� UHTXLUHG�� 5HJXODU� PDQXDO� LQVSHFWLRQ�
UHPDLQV�XVHIXO��EXW�LW�SURYLGHV�RQO\�SHULRGLF�VQDSVKRWV�DQG�PD\�QRW�FDSWXUH�FKDQJHV�RFFXUULQJ�EHWZHHQ�
LQVSHFWLRQV�

0DLQWHQDQFH� VWUDWHJLHV� DUH� FRPPRQO\� GHVFULEHG� DV� FRUUHFWLYH�� SUHYHQWLYH� DQG� SUHGLFWLYH�� &RUUHFWLYH�
PDLQWHQDQFH� WDNHV� SODFH� DIWHU� D� IDLOXUH�� SUHYHQWLYH� PDLQWHQDQFH� IROORZV� D� SUHGHWHUPLQHG� VFKHGXOH��
SUHGLFWLYH�PDLQWHQDQFH� XVHV� REVHUYHG� HTXLSPHQW� FRQGLWLRQ� DQG� UHOHYDQW� KLVWRULFDO� LQIRUPDWLRQ� WR� KHOS�
GHWHUPLQH� ZKHQ� LQWHUYHQWLRQ� PD\� EH� QHHGHG�� 3UHGLFWLYH� PDLQWHQDQFH� GHSHQGV� RQ� WUXVWZRUWK\�
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PHDVXUHPHQWV��DSSURSULDWH�FRQWH[W�DQG�YDOLGDWLRQ��$�GDVKERDUG�WKDW�GLVSOD\V�VHQVRUV�RU�D�UXOH�WKDW�DFWLYDWHV�
DQ�DODUP�LV�DQ�LPSRUWDQW�PRQLWRULQJ�VWHS��EXW�LW�GRHV�QRW�E\�LWVHOI�SUHGLFW�D�IXWXUH�IDLOXUH�

7KH�,QGXVWULDO�,QWHUQHW�RI�7KLQJV��,,R7��HQDEOHV�SK\VLFDO�HTXLSPHQW�WR�EH�FRQQHFWHG�WR�VRIWZDUH�V\VWHPV�
WKURXJK�VHQVRUV��FRQWUROOHUV�DQG�FRPPXQLFDWLRQ�QHWZRUNV��,Q�D�VPDOO�VFDOH�V\VWHP��D�PLFURFRQWUROOHU�FDQ�
JDWKHU�UHDGLQJV��WUDQVPLW�WKHP�ZLUHOHVVO\��DQG�VHQG�WKHP�WR�D�VHUYHU�IRU�VWRUDJH�DQG�DQDO\VLV��$�GDVKERDUG�
FDQ�PDNH�FXUUHQW�YDOXHV�DQG�KLVWRULFDO�WUHQGV�DFFHVVLEOH�WR�D�XVHU��2QFH�HQRXJK�UHSUHVHQWDWLYH�GDWD�KDYH�
EHHQ�FROOHFWHG��VWDWLVWLFDO�DQDO\VLV�RU�PDFKLQH�OHDUQLQJ�PHWKRGV�FDQ�EH�H[SORUHG�WR�GHWHFW�GHYLDWLRQV�IURP�
QRUPDO�RSHUDWLRQ�

7KLV� SDSHU� SUHVHQWV� DQ� HGXFDWLRQDO� SURWRW\SH� WKDW� LQWHJUDWHV� DQ� (63���� HQYLURQPHQWDO� DQG� PDFKLQH�
FRQGLWLRQ�VHQVRUV��D�ORZ�YROWDJH�'&�PRWRU��D�)DVW$3,�EDFNHQG��64/LWH�VWRUDJH�DQG�D�6WUHDPOLW�GDVKERDUG��
7KH�FRQWULEXWLRQ�LV�DQ�HQG�WR�HQG�PRQLWRULQJ�ZRUNIORZ��VHQVRU�DFTXLVLWLRQ��SHULRGLF�QHWZRUN�WUDQVPLVVLRQ��
VHUYHU�VLGH�UHFHSWLRQ��SHUVLVWHQW�KLVWRU\��YLVXDOL]DWLRQ�DQG�VLPSOH�ORFDO�DOHUWV��7KH�SDSHU�GLVWLQJXLVKHV�WKH�
IXQFWLRQDOLW\�DOUHDG\�GHPRQVWUDWHG�IURP�$,�EDVHG�SUHGLFWLRQ�WKDW�UHPDLQV�IXWXUH�ZRUN�

$��3UREOHP�6WDWHPHQW

,Q�D�VPDOO�ZRUNVKRS�RU�HGXFDWLRQDO�VPDUW�IDFWRU\�HQYLURQPHQW��VHQVRU�REVHUYDWLRQV�PD\�EH�GLIILFXOW�WR�WUDFN�
RYHU� WLPH�� DQG� RSHUDWRUV�PD\� QRW� KDYH� D� FRQYHQLHQW�ZD\� WR� FRPSDUH� FXUUHQW� PDFKLQH� EHKDYLRXU�ZLWK�
SUHYLRXV�UHDGLQJV��$�ORZ�FRVW�FRQQHFWHG�V\VWHP�LV�WKHUHIRUH�QHHGHG�WR�DFTXLUH�VHYHUDO�FRQGLWLRQ�LQGLFDWRUV��
WUDQVPLW�WKHP�WR�D�FRPSXWHU��VWRUH�UHFRUGV�DQG�GLVSOD\�WUHQGV��7KLV�SURMHFW�DGGUHVVHV�WKDW�PRQLWRULQJ�DQG�
GDWD�PDQDJHPHQW�QHHG��,W�GRHV�QRW�\HW�HVWLPDWH�UHPDLQLQJ�XVHIXO�OLIH�RU�SURYLGH�D�YDOLGDWHG�SUREDELOLW\�RI�
PDFKLQH�IDLOXUH�

%��2EMHFWLYHV�DQG�&RQWULEXWLRQV

x 7R�PRQLWRU�PDFKLQH�SDUDPHWHUV�VXFK�DV�WHPSHUDWXUH��YLEUDWLRQ�DQG�HOHFWULFDO�FXUUHQW�XVLQJ�,R7�VHQVRUV�

x 7R�FROOHFW�DQG�WUDQVPLW�UHDO�WLPH�VHQVRU�GDWD�XVLQJ�DQ�(63���EDVHG�,R7�GHYLFH�

x 7R�SURYLGH�D�PDFKLQH�KHDOWK�VFRUH�DQG�IDLOXUH�ULVN�LQGLFDWLRQ�WKURXJK�D�GDVKERDUG�

x 7R�JHQHUDWH�DOHUWV�ZKHQ�WKH�PDFKLQH�VKRZV�DEQRUPDO�RSHUDWLQJ�FRQGLWLRQV�

x 7R�KHOS�UHGXFH�XQH[SHFWHG�PDFKLQH�GRZQWLPH�DQG�LPSURYH�PDLQWHQDQFH�SODQQLQJ�

&��6FRSH

7KH�FXUUHQW�VFRSH�LV�D�ORZ�YROWDJH�ODERUDWRU\�SURWRW\SH�IRU�PRQLWRULQJ�DQG�YLVXDOL]DWLRQ��,W�LV�QRW�D�FHUWLILHG�
LQGXVWULDO�FRQWURO�RU�VDIHW\�V\VWHP��7KH�LPSOHPHQWHG�DOHUW�UXOHV�DUH�GHPRQVWUDWLRQ�WKUHVKROGV�DQG�PXVW�EH�
FDOLEUDWHG� WR� WKH� HTXLSPHQW� DQG� RSHUDWLQJ� FRQWH[W� EHIRUH� SUDFWLFDO� GHSOR\PHQW�� $,� SUHGLFWLRQ�� IDXOW�
FODVVLILFDWLRQ�DQG�UHPDLQLQJ�XVHIXO�OLIH�HVWLPDWLRQ�DUH�QRW�FODLPHG�DV�FRPSOHWHG�RU�YDOLGDWHG�UHVXOWV�

,,��5HODWHG�:RUN

5HVHDUFK�RQ�PDQXIDFWXULQJ GLDJQRVWLFV�DQG�SURJQRVWLFV�GHVFULEHV�WKH�LPSRUWDQFH�RI�PDWFKLQJ�PRQLWRULQJ�
PHWKRGV� WR� WKH�PDFKLQH�� WKH� IDLOXUH�PRGH�DQG� WKH�PDLQWHQDQFH�GHFLVLRQ��9RJO��:HLVV� DQG�+HOX� UHYLHZ�
GLDJQRVWLF�DQG�SURJQRVWLF�FDSDELOLWLHV�IRU�PDQXIDFWXULQJ�DQG�GLVFXVV�SUDFWLFHV�UHOHYDQW�WR�WKH�VHOHFWLRQ�DQG�
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HYDOXDWLRQ� RI� VXFK�PHWKRGV� >�@��7KLV�PRWLYDWHV� WKH� GLVWLQFWLRQ� EHWZHHQ� LGHQWLI\LQJ� D� SUHVHQW� DEQRUPDO�
FRQGLWLRQ�DQG�IRUHFDVWLQJ�D�IXWXUH�IDLOXUH�

6KDUS��$N�DQG�+HGEHUJ�VXUYH\�WKH�JURZLQJ�XVH�RI�PDFKLQH�OHDUQLQJ�LQ�VPDUW�PDQXIDFWXULQJ�>�@��0DFKLQH�
OHDUQLQJ�PHWKRGV�FDQ�LGHQWLI\�SDWWHUQV�LQ�FRPSOH[�GDWD��EXW�WKHLU�YDOXH�GHSHQGV�RQ�PHDVXUHPHQW�TXDOLW\��
UHOHYDQW�IHDWXUHV��UHSUHVHQWDWLYH�WUDLQLQJ�H[DPSOHV�DQG�LQGHSHQGHQW�HYDOXDWLRQ��)RU�WKLV�SURMHFW��D�FRQVLVWHQW�
VHQVRU�KLVWRU\�LV�D�QHFHVVDU\�SUHUHTXLVLWH�EHIRUH�D�SUHGLFWLYH�PRGHO�FDQ�EH�GHYHORSHG�

6DPDWDV��0RXPJLDNPDV� DQG� 3DSDNRVWDV� GLVFXVV� SUHGLFWLYH�PDLQWHQDQFH� DW� WKH� LQWHUVHFWLRQ� RI� DUWLILFLDO�
LQWHOOLJHQFH�DQG�,R7�>�@��,R7�FRPSRQHQWV�HQDEOH�FROOHFWLRQ�DQG�FRPPXQLFDWLRQ�RI�PHDVXUHPHQWV��ZKLOH�$,�
PHWKRGV� PD\� DQDO\VH� WKRVH� PHDVXUHPHQWV� IRU� VLJQV� RI� FKDQJLQJ� HTXLSPHQW� FRQGLWLRQ�� 7KH� WZR� SDUWV�
FRPSOHPHQW�RQH�DQRWKHU��EXW�FRQQHFWLYLW\�DORQH�GRHV�QRW�FRQVWLWXWH�SUHGLFWLRQ�

;X�DQG�FROOHDJXHV�UHYLHZ�WKH�,QGXVWULDO�,QWHUQHW�RI�7KLQJV�IURP�D�F\EHU�SK\VLFDO�V\VWHPV�SHUVSHFWLYH�>�@��
KLJKOLJKWLQJ�WKH�LQWHUDFWLRQ�RI�SK\VLFDO�SURFHVVHV��FRPSXWLQJ�DQG�FRPPXQLFDWLRQ��7KH�SUHVHQW�SURWRW\SH�
IROORZV� D� VLPSOLILHG� YHUVLRQ� RI� WKLV� DUFKLWHFWXUH�� SK\VLFDO� PHDVXUHPHQWV� DUH� DFTXLUHG� E\� WKH� (63����
WUDQVPLWWHG�WKURXJK�:L�)L��VWRUHG�E\�D�EDFNHQG�VHUYLFH�DQG�SUHVHQWHG�WKURXJK�D�ZHE�GDVKERDUG�

'DGIDUQLD��6KDUS�DQG�+HUUPDQQ�UHYLHZ�FRQGLWLRQ�PRQLWRULQJ�EDVHG�WHFKQRORJLHV�LQ�LQGXVWULDO�PDLQWHQDQFH�
>�@��7KHLU�ZRUN�VXSSRUWV�D�VWUXFWXUHG�HYDOXDWLRQ�DSSURDFK��WKH�VXLWDELOLW\�RI�D�VHQVRU�RU�DQDO\WLFDO�WHFKQLTXH�
GHSHQGV� RQ� WKH� PDLQWHQDQFH� WDVN� DQG� HYLGHQFH� DYDLODEOH�� 7KH� SUHVHQW� SURWRW\SH� FRPELQHV� VHYHUDO�
LQGLFDWRUV��EXW�H[SHULPHQWV�DUH�VWLOO�QHHGHG�WR�GHWHUPLQH�KRZ�UHOLDEO\�WKH\�UHYHDO�VSHFLILF�IDXOWV��7DEOH���
VXPPDUL]HV�WKH�UHODWHG�UHVHDUFK�DQG�LWV�UHOHYDQFH�

7DEOH����5HODWHG�5HVHDUFK�DQG�5HOHYDQFH

5HIHUHQFH 7RSLF 5HOHYDQFH�WR�WKLV�SURMHFW

>�@�9RJO�HW�DO�
0DQXIDFWXULQJ�GLDJQRVWLFV�
DQG�SURJQRVWLFV

0RWLYDWHV�VHSDUDWLQJ�FRQGLWLRQ�PRQLWRULQJ�IURP�
YDOLGDWHG�SUHGLFWLRQ�

>�@�6KDUS�HW�DO�
0DFKLQH�OHDUQLQJ�LQ�VPDUW�
PDQXIDFWXULQJ

+LJKOLJKWV�GDWD�TXDOLW\��IHDWXUHV�DQG�HYDOXDWLRQ�
UHTXLUHPHQWV�

>�@�6DPDWDV�HW�DO�
$,�DQG�,R7�IRU�SUHGLFWLYH�
PDLQWHQDQFH

6XSSRUWV�D�FRQQHFWHG�VHQVRU�WR�DQDO\VLV�
DUFKLWHFWXUH�

>�@�;X�HW�DO�
,QGXVWULDO�,R7�DQG�F\EHU�
SK\VLFDO�V\VWHPV

3URYLGHV�FRQWH[W�IRU�OLQNLQJ�SK\VLFDO�GHYLFHV�DQG�
VRIWZDUH�

>�@�'DGIDUQLD�HW�
DO�

5HYLHZ�RI�FRQGLWLRQ�
PRQLWRULQJ�WHFKQRORJLHV

6XSSRUWV�V\VWHPDWLF�DVVHVVPHQW�RI�PRQLWRULQJ�
PHWKRGV�

7KLV�ZRUN
(63�����)DVW$3,���64/LWH�
��6WUHDPOLW

'HPRQVWUDWHV�D�ZRUNLQJ�SURWRW\SH�GDWD�SLSHOLQH�
DQG�UXOH�EDVHG�ORFDO�DOHUWV�

&RPSDUHG�ZLWK�SHULRGLF�PDQXDO�REVHUYDWLRQ��WKH�SURWRW\SH�RIIHUV�UHFXUULQJ�PHDVXUHPHQWV�DQG�D�UHWULHYDEOH�
KLVWRU\��&RPSDUHG�ZLWK�D�FRPSOHWH�SUHGLFWLYH�PDLQWHQDQFH�SODWIRUP��LW�UHPDLQV�DQ�HDUO\�VWDJH�PRQLWRULQJ�
V\VWHP��IDXOW�ODEHOOHG�GDWDVHWV��YDOLGDWHG�PRGHOV��SHUIRUPDQFH�PHWULFV�DQG�LQGXVWULDO�GHSOR\PHQW�WHVWLQJ�
DUH�QRW�\HW�DYDLODEOH�
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,,,��6\VWHP�$UFKLWHFWXUH

7KH�V\VWHP�IROORZV�WKH�VHTXHQFH�6HQVH�ĺ�7UDQVPLW�ĺ�5HFHLYH�ĺ�6WRUH�ĺ�9LVXDOL]H�ĺ�5HYLHZ��6HQVRUV�
SURYLGH�VLJQDOV� WR� WKH�(63����7KH�FRQWUROOHU�SDFNDJHV�PHDVXUHPHQWV� LQWR�D�-621�REMHFW�DQG�VHQGV� WKH�
REMHFW�RYHU�:L�)L�XVLQJ�DQ�+773�3267�UHTXHVW��)DVW$3,�UHFHLYHV�WKH�SD\ORDG�DQG�H[SRVHV�HQGSRLQWV�IRU�
WKH� ODWHVW�PHDVXUHPHQW� DQG�KLVWRULFDO� UHFRUGV��64/LWH� VWRUHV� UHDGLQJV� LQ�D� ORFDO�GDWDEDVH� ILOH��6WUHDPOLW�
UHTXHVWV�GDWD�IURP�WKH�$3,�DQG�SUHVHQWV�FXUUHQW�YDOXHV�DQG�KLVWRULFDO�SORWV��7KH�RYHUDOO�DUFKLWHFWXUH�LV�VKRZQ�
LQ�)LJ�����DQG�WKH�RSHUDWLQJ�IORZ�LV�VKRZQ�LQ�)LJ����

)LJ�����6\VWHP�DUFKLWHFWXUH�

7KH� DUFKLWHFWXUH� FDQ� EH� GLYLGHG� LQWR� IRXU� OD\HUV��7KH� VHQVLQJ� OD\HU� FRQWDLQV� WKH�'+7���� 6:����� DQG�
$&6����PRGXOHV��7KH�HGJH�OD\HU�FRQWDLQV�WKH�(63���ILUPZDUH�DQG�ORFDO�DOHUW�ORJLF��7KH�VHUYHU�DQG�VWRUDJH�
OD\HU�FRQWDLQV�)DVW$3,�DQG�64/LWH��7KH�DSSOLFDWLRQ�OD\HU�FRQWDLQV�WKH�6WUHDPOLW�GDVKERDUG�XVHG�WR�LQVSHFW�
FXUUHQW�DQG�KLVWRULFDO�UHDGLQJV�

'DWD�IORZ��'+7�����6:�������$&6����ĺ�(63���ĺ�:L�)L�DQG�+773�ĺ�)DVW$3,�$3,�ĺ�64/LWH�GDWDEDVH�
ĺ�6WUHDPOLW�GDVKERDUG�

7KH�FXUUHQW�$3,�URXWHV�DUH�3267��VHQVRU�IRU� LQFRPLQJ�UHDGLQJV��*(7��VHQVRU�IRU� WKH�ODWHVW�UHDGLQJ�DQG�
*(7��KLVWRU\�IRU�VWRUHG�UHDGLQJV��7KH�$3,�FDQ�DOVR�EH�LQVSHFWHG�XVLQJ�)DVW$3,¶V�LQWHUDFWLYH�GRFXPHQWDWLRQ�
SDJH��7KH�VHUYHU�UXQV�RQ�D�0DF�FRPSXWHU�FRQQHFWHG�WR�WKH�VDPH�UHDFKDEOH�QHWZRUN�DV�WKH�(63����,I�WKH�
FRPSXWHU¶V�ORFDO�,3�DGGUHVV�FKDQJHV��WKH�HQGSRLQW�FRQILJXUHG�LQ�WKH�(63���ILUPZDUH�PXVW�EH�XSGDWHG�

7KH�FXUUHQW�DUFKLWHFWXUH�GRHV�QRW�LQFOXGH�DQ�$,�LQIHUHQFH�VHUYLFH��$�IXWXUH�DQDO\WLFV�OD\HU�FRXOG�FRQVXPH�
KLVWRULFDO� UHFRUGV�� FDOFXODWH� UROOLQJ� IHDWXUHV� DQG� SURGXFH� DQRPDO\� VFRUHV� RU� IDXOW�ULVN� HVWLPDWHV� DIWHU�
VXIILFLHQW�GDWD�DQG�D�YDOLG�HYDOXDWLRQ�PHWKRG�DUH�DYDLODEOH�
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)LJ�����6\VWHP�IORZFKDUW�

,9��+DUGZDUH�'HVLJQ

$��&RQWUROOHU�DQG�/RFDO�)XQFWLRQV

7KH�(63���'HY.LW�LV�WKH�PDLQ�FRQWUROOHU��,W�UHDGV�GLJLWDO�DQG�DQDORJXH�LQSXWV��H[HFXWHV�VLPSOH�WKUHVKROG�
ORJLF��XSGDWHV�/('V�DQG�WKH�EX]]HU��FRQQHFWV�WR�:L�)L�DQG�WUDQVPLWV�PHDVXUHPHQWV�WR�WKH�EDFNHQG��7KH�
SURWRW\SH�UHSRUWV�GDWD�DW�DQ�LQWHUYDO�RI�DSSUR[LPDWHO\�WKUHH�VHFRQGV��7KH�(63���SURYLGHV�DQ�HFRQRPLFDO�
ZD\�WR�FRPELQH�VHQVRU�DFTXLVLWLRQ�DQG�QHWZRUN�FRPPXQLFDWLRQ�LQ�RQH�GHYLFH�

%��6HQVRUV�DQG�7KHLU�5ROHV

7KH�'+7���PHDVXUHV�DPELHQW�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\��,WV�GDWD�VLJQDO�LV�FRQQHFWHG�WR�*3,2����
7HPSHUDWXUH� FDQ� SURYLGH� HQYLURQPHQWDO� FRQWH[W� IRU� D� PRWRU�PRQLWRULQJ� H[SHULPHQW�� ZKLOH� KXPLGLW\�
GHVFULEHV�WKH�VXUURXQGLQJ�HQYLURQPHQW��7KHVH�UHDGLQJV�VKRXOG�QRW�EH�LQWHUSUHWHG�DV�GLUHFW�PHDVXUHPHQWV�
RI�LQWHUQDO�PRWRU�ZLQGLQJ�RU�EHDULQJ�WHPSHUDWXUH�
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7KH�6:�����YLEUDWLRQ�GHWHFWRU�SURYLGHV�D�GLJLWDO�RXWSXW�FRQQHFWHG�WR�*3,2�����,WV�RXWSXW�LQGLFDWHV�WKDW�
YLEUDWLRQ� KDV� FURVVHG� WKH� PRGXOH¶V� FRQILJXUHG� WKUHVKROG�� ,W� GRHV� QRW� SURYLGH� D� FDOLEUDWHG� YLEUDWLRQ�
DPSOLWXGH� RU� D� IUHTXHQF\� VSHFWUXP�� 'HWDLOHG� YLEUDWLRQ� GLDJQRVLV ZRXOG� JHQHUDOO\� UHTXLUH� D� VXLWDEOH�
DFFHOHURPHWHU��DSSURSULDWH�VDPSOLQJ�DQG�VLJQDO�SURFHVVLQJ�

7KH�$&6����FXUUHQW�VHQVRU�PRGXOH�SURYLGHV�DQ� DQDORJXH�RXWSXW�FRQQHFWHG� WR�*3,2����� ,Q� WKH�FXUUHQW�
ILUPZDUH��WKH�YDOXH�VHQW�WR�WKH�VHUYHU�LV�D�UDZ�$'&�UHDGLQJ��,W LV�QRW�H[SUHVVHG�LQ�DPSHUHV�DQG�VKRXOG�QRW�
EH� SUHVHQWHG� DV� D� FDOLEUDWHG� FXUUHQW� PHDVXUHPHQW� XQWLO� WKH� VHQVRU� LV� FDOLEUDWHG� DQG� D� FRQYHUVLRQ� LV�
LPSOHPHQWHG��7KH�VLJQDO�YROWDJH�PXVW�UHPDLQ�ZLWKLQ�WKH�(63��¶V�VDIH�LQSXW�UDQJH�

7KH�/���1�PRWRU�GULYHU�FRQWUROV D�ORZ�YROWDJH�'&�PRWRU��7KH�GRFXPHQWHG�FRQWURO�FRQQHFWLRQV�DUH�(1$�
RQ�*3,2�����,1��RQ�*3,2����DQG�,1��RQ�*3,2�����7KH�PRWRU�VKRXOG�XVH�DQ�DSSURSULDWH�VHSDUDWH�VXSSO\��
ZLWK�D�FRPPRQ�JURXQG�ZKHUH�UHTXLUHG��7KH�V\VWHP�LV�LQWHQGHG�IRU�ORZ�YROWDJH�GHPRQVWUDWLRQ�DQG�PXVW�
QRW�EH�FRQQHFWHG�GLUHFWO\�WR�PDLQV�HTXLSPHQW�

7KUHH�/('V�SURYLGH�ORFDO�VWDWXV�LQGLFDWLRQ��JUHHQ�RQ�*3,2�����\HOORZ�RQ�*3,2����DQG�UHG�RQ�*3,2�����
XVLQJ� DSSURSULDWH� FXUUHQW�OLPLWLQJ� UHVLVWRUV��$� EX]]HU� LV� FRQWUROOHG� IURP�*3,2� ��� ,I� WKH� EX]]HU� FXUUHQW�
H[FHHGV�ZKDW�D�*3,2�FDQ�VDIHO\�VXSSO\��D�WUDQVLVWRU�RU�026)(7�GULYHU�VKRXOG�EH�XVHG��7DEOH���VXPPDUL]HV�
WKH�FRPSRQHQWV�DQG�SLQ�DOORFDWLRQ�

7DEOH����+DUGZDUH�&RPSRQHQWV�DQG�3LQ�$OORFDWLRQ

&RPSRQHQW 3LQ���,QWHUIDFH )XQFWLRQ
(63���'HY.LW &RQWUROOHU 5HDGV�VHQVRUV��DSSOLHV�UXOHV�DQG�VHQGV�GDWD
'+7�� *3,2�� $PELHQW�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\
6:�����YLEUDWLRQ�
PRGXOH

*3,2�����'2� 'LJLWDO�YLEUDWLRQ�WKUHVKROG�HYHQW

$&6����FXUUHQW�PRGXOH *3,2�����DQDORJXH� 5DZ�FXUUHQW�VHQVRU�$'&�UHDGLQJ
/���1�(1$ *3,2��� 0RWRU�HQDEOH���VSHHG�FRQWURO�LQSXW
/���1�,1� *3,2��� 0RWRU�GLUHFWLRQ�FRQWURO
/���1�,1� *3,2��� 0RWRU�GLUHFWLRQ�FRQWURO
*UHHQ�/(' *3,2��� 1RUPDO�VWDWXV�LQGLFDWLRQ
<HOORZ�/(' *3,2��� :DUQLQJ�LQGLFDWLRQ
5HG�/(' *3,2��� &ULWLFDO�LQGLFDWLRQ
%X]]HU *3,2�� $XGLEOH�DOHUW

&��3RZHU�DQG�6DIHW\�&RQVLGHUDWLRQV

7KH�PRWRU� VXSSO\�PXVW� EH� DSSURSULDWH� IRU� WKH�PRWRU� DQG� GULYHU� DQG� VKRXOG� QRW� EH� URXWHG� WKURXJK� WKH�
(63��¶V�*3,2�SLQV��$OO�JURXQGV�WKDW�QHHG�D�FRPPRQ�UHIHUHQFH�VKRXOG�EH�FRQQHFWHG�FRUUHFWO\��7KH�$&6����
RXWSXW�YROWDJH�PXVW�EH�FKHFNHG�DJDLQVW�WKH�(63���DQDORJXH�LQSXW�OLPLWV�EHIRUH�FRQQHFWLRQ��6HQVRU�ZLULQJ�
VKRXOG�EH�VHFXUH��WKH�PRWRU�VKRXOG�EH�PRXQWHG�WR�SUHYHQW�PRYHPHQW��DQG�WKH�SURWRW\SH�VKRXOG�UHPDLQ�D�
ORZ�YROWDJH� V\VWHP��7KHVH� SUHFDXWLRQV� DUH� LPSRUWDQW� EHFDXVH�PRWRU� VZLWFKLQJ� FDQ� LQWURGXFH� HOHFWULFDO�
QRLVH�DQG�EHFDXVH�DQ�LQFRUUHFW�VHQVRU�YROWDJH�FDQ�GDPDJH�WKH�FRQWUROOHU��7KH�FRQQHFWLRQ�GLDJUDP�LV�VKRZQ�
LQ�)LJ����
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)LJ�����&RQQHFWLRQ�GLDJUDP�

'��3URWRW\SH�&RVW�DQG�3UDFWLFDOLW\

7KH�GHVLJQ�XVHV�ZLGHO\�DYDLODEOH�GHYHORSPHQW�KDUGZDUH�DQG�RSHQ�VRXUFH�VRIWZDUH��PDNLQJ�LW�VXLWDEOH�IRU�
D�VWXGHQW�SURWRW\SH��$�YHULILHG�WRWDO�ELOO�RI�PDWHULDOV�DQG�FRVW�EUHDNGRZQ�KDYH�QRW�EHHQ�VXSSOLHG� LQ� WKH�
FXUUHQW�SURMHFW�UHFRUG��VR�QR�H[DFW�WRWDO�SURWRW\SH�FRVW�LV�FODLPHG�KHUH��)XWXUH�GRFXPHQWDWLRQ�VKRXOG�OLVW�
HDFK�FRPSRQHQW��TXDQWLW\��XQLW�SULFH��SRZHU�VXSSO\�DQG�HQFORVXUH�FRVW�

9��'DWD�3LSHOLQH��6RIWZDUH�DQG�'DVKERDUG

$��6HQVRU�$FTXLVLWLRQ�DQG�-621 3D\ORDG

7KH�(63��� UHDGV� WKH� FRQQHFWHG� VHQVRUV� DQG� DVVHPEOHV� D� VWUXFWXUHG� -621�REMHFW��7KH� FXUUHQW� SD\ORDG�
FRQWDLQV�PDFKLQHBLG�� WHPSHUDWXUH��KXPLGLW\��YLEUDWLRQ�DQG�FXUUHQW��7KH�FXUUHQW� ILHOG� UHSUHVHQWV� WKH� UDZ�
$&6����$'&�UHDGLQJ�LQ�WKH�SUHVHQW�YHUVLRQ��3HULRGLF�WUDQVPLVVLRQ�FUHDWHV�D�VHTXHQFH�RI�REVHUYDWLRQV�WKDW�
FDQ�EH�H[DPLQHG�RYHU�WLPH��$�PRUH�UREXVW�LPSOHPHQWDWLRQ�VKRXOG�DWWDFK�FRQVLVWHQW�WLPHVWDPSV��YDOLGDWH�
VHQVRU�YDOXHV�DQG�H[SOLFLWO\�UHFRUG�VHQVRU�IDXOWV�RU�PLVVLQJ�UHDGLQJV�

%��&RPPXQLFDWLRQ�DQG�)DVW$3,

7KH�(63���VHQGV�DQ�+773�3267�UHTXHVW�WR�WKH�)DVW$3,��VHQVRU�HQGSRLQW�RYHU�WKH�ORFDO�:L�)L�QHWZRUN��
'XULQJ�WHVWLQJ��WKH�3267�UHTXHVW�UHWXUQHG�+773�VWDWXV�FRGH������7KLV�LV�HYLGHQFH�WKDW�WKH�VHUYHU�KDQGOHG�
WKH� UHTXHVW� VXFFHVVIXOO\��7KH�*(7� �VHQVRU�HQGSRLQW� UHWXUQV� WKH� ODWHVW�PHDVXUHPHQW��ZKLOH�*(7� �KLVWRU\�
UHWXUQV� SUHYLRXVO\� VWRUHG� UHDGLQJV�� &RPPXQLFDWLRQ� FDQ� IDLO� LI� WKH� (63��� DQG� FRPSXWHU� DUH� QRW� RQ� D�
UHDFKDEOH�QHWZRUN��LI�WKH�VHUYHU�LV�VWRSSHG��RU�LI�WKH�FRPSXWHU¶V�,3�DGGUHVV�FKDQJHV�
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&��64/LWH�+LVWRULFDO�6WRUDJH

64/LWH�VWRUHV�VHQVRU�UHFRUGV�LQ�WKH�ORFDO�IDFWRU\BGDWD�GE�GDWDEDVH�ILOH��7KH�KLVWRU\�HQGSRLQW�PDNHV�WKHVH�
UHFRUGV� DYDLODEOH� WR� WKH� GDVKERDUG� DQG� IRU� ODWHU� LQVSHFWLRQ�� 5HWDLQLQJ� UHFRUGV� LV� LPSRUWDQW� EHFDXVH�
PDLQWHQDQFH�DQDO\VLV�GHSHQGV�RQ�SDWWHUQV�DQG�FKDQJHV�RYHU�WLPH�UDWKHU�WKDQ�LVRODWHG�UHDGLQJV��)RU�IXWXUH�
PRGHO� GHYHORSPHQW�� UHFRUGV� VKRXOG� LQFOXGH� UHOLDEOH� WLPHVWDPSV�� RSHUDWLQJ� VWDWH�� VHQVRU� FDOLEUDWLRQ�
LQIRUPDWLRQ�DQG��ZKHUH�DYDLODEOH��FRQILUPHG�PDLQWHQDQFH�HYHQWV�

'��6WUHDPOLW�'DVKERDUG

7KH�6WUHDPOLW�DSSOLFDWLRQ�UHTXHVWV� WKH� ODWHVW� VHQVRU�UHFRUG�DQG�KLVWRULFDO�GDWD� IURP�)DVW$3,�� ,W�GLVSOD\V�
UHFHQW�PHDVXUHPHQWV�DQG�SURYLGHV�SORWV�WKDW�KHOS�WKH�XVHU�LQVSHFW�WUHQGV��7HPSHUDWXUH�DQG�KXPLGLW\�DUH�
HQYLURQPHQWDO�PHDVXUHPHQWV��YLEUDWLRQ�LV�D�GLJLWDO�VWDWH��DQG�FXUUHQW�LV�D�UDZ�$'&�UHDGLQJ�XQWLO�FDOLEUDWLRQ�
LV�FRPSOHWHG��&OHDU�ODEHOV�DUH�HVVHQWLDO�VR�WKDW�D�XVHU�GRHV�QRW�FRQIXVH�UDZ�VHQVRU�FRXQWV�ZLWK�SK\VLFDO�
XQLWV�

$�IXWXUH�GDVKERDUG�YHUVLRQ�FRXOG�DGG�ODVW�XSGDWH�WLPH��FRPPXQLFDWLRQ�VWDWXV��VHOHFWDEOH�WLPH�UDQJHV��&69�
H[SRUW��SHU�PDFKLQH�YLHZV�DQG�DOHUWV�ZKHQ�UHDGLQJV�DUH�PLVVLQJ�RU�VWDOH��7KHVH�DUH�SRWHQWLDO�HQKDQFHPHQWV�
DQG�VKRXOG�QRW�EH�GHVFULEHG�DV�LPSOHPHQWHG�XQOHVV�WKH\�DUH�WHVWHG��7DEOH���VXPPDUL]HV�WKH�VRIWZDUH�VWDFN�

7DEOH����6RIWZDUH�6WDFN�E\�/D\HU

/D\HU 7HFKQRORJ\ 5ROH

)LUPZDUH $UGXLQR�,'(���(63���FRGH
6HQVRU�UHDGLQJ��WKUHVKROG�ORJLF�DQG�+773�
WUDQVPLVVLRQ

&RPPXQLFDWLRQ :L�)L��+773��-621 7UDQVIHUV�UHDGLQJV�IURP�(63���WR�VHUYHU

$3,���EDFNHQG 3\WKRQ��)DVW$3,
5HFHLYHV�GDWD�DQG�VHUYHV�ODWHVW�KLVWRU\�
HQGSRLQWV

'DWDEDVH 64/LWH 6WRUHV�KLVWRULFDO�VHQVRU�UHFRUGV
'DVKERDUG 6WUHDPOLW 'LVSOD\V�FXUUHQW�YDOXHV�DQG�KLVWRULFDO�SORWV

)XWXUH�DQDO\WLFV
3\WKRQ�0/�OLEUDULHV�
�SODQQHG�

3RWHQWLDO�IHDWXUH�HQJLQHHULQJ�DQG�DQRPDO\�
GHWHFWLRQ�DIWHU�GDWD�FROOHFWLRQ

9,��0RQLWRULQJ�/RJLF�DQG�)XWXUH�$,�$QDO\WLFV

7KH�SUHVHQW�SURWRW\SH�XVHV�WKUHVKROG�EDVHG�UXOHV� IRU� LPPHGLDWH�LQGLFDWLRQ��7HPSHUDWXUH�DERYH�����&�LV�
WUHDWHG�DV�D�ZDUQLQJ��DQG�WHPSHUDWXUH�DERYH�����&�LV�WUHDWHG�DV�D�FULWLFDO�FRQGLWLRQ��$�+,*+�VLJQDO�IURP�
WKH�6:�����PRGXOH�LV�WUHDWHG�DV�D�YLEUDWLRQ�HYHQW��7KH�FRQILJXUHG�VWDWH�GHWHUPLQHV�ZKLFK�/('V�DQG�EX]]HU�
LQGLFDWLRQV� DUH� DFWLYDWHG�� 7KHVH� YDOXHV� DUH� GHPRQVWUDWLRQ� VHWWLQJV�� QRW� XQLYHUVDO� LQGXVWULDO� OLPLWV��
DSSURSULDWH�WKUHVKROGV�GHSHQG�RQ�WKH�PRWRU��ORDG��VHQVRU�ORFDWLRQ��HQYLURQPHQW�DQG�EDVHOLQH�EHKDYLRXU�

$��&XUUHQW�5XOH�%DVHG�0RQLWRULQJ

5XOH�EDVHG�PRQLWRULQJ�LV�WUDQVSDUHQW�DQG�HDV\�WR�WHVW��,W�FDQ�LQIRUP�D�XVHU�ZKHQ�D�PHDVXUHG�YDOXH�FURVVHV�
D�FKRVHQ�OLPLW��EXW�LW�KDV�LPSRUWDQW�OLPLWDWLRQV��$�IL[HG�WKUHVKROG�PD\�QRW�VXLW�GLIIHUHQW�RSHUDWLQJ�ORDGV��D�
GLJLWDO�YLEUDWLRQ�VLJQDO�GRHV�QRW�TXDQWLI\�VHYHULW\��DQG�WKH�FXUUHQW�VHQVRU�$'&�YDOXH�FDQQRW�EH�LQWHUSUHWHG�
DV�DPSHUHV�ZLWKRXW�FDOLEUDWLRQ��$�WKUHVKROG�DOHUW�LGHQWLILHV�D�FRQGLWLRQ�XQGHU�WKH�FKRVHQ�UXOH�DQG�GRHV�QRW�
HVWDEOLVK�WKDW�D�IXWXUH�IDLOXUH�LV�FHUWDLQ�
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%��3ODQQHG�$QRPDO\�'HWHFWLRQ

$� IXWXUH� DQDO\WLFV� VWDJH� FRXOG� HVWDEOLVK� D� EDVHOLQH� RI� QRUPDO� RSHUDWLRQ� XVLQJ� D� VXIILFLHQWO\� ORQJ� DQG�
UHSUHVHQWDWLYH� GDWDVHW��5ROOLQJ� DYHUDJHV�� VWDQGDUG� GHYLDWLRQV�� UDWHV� RI� FKDQJH� DQG� FRUUHODWLRQV� EHWZHHQ�
VHQVRU�FKDQQHOV�FRXOG�EH�FDOFXODWHG�RYHU�WLPH�ZLQGRZV��6WDWLVWLFDO�OLPLWV�RU�DQRPDO\�GHWHFWLRQ�DOJRULWKPV�
FRXOG�WKHQ�IODJ�REVHUYDWLRQV�WKDW�GLIIHU�IURP�WKH OHDUQHG�EDVHOLQH��6XFK�DOHUWV�VKRXOG�EH�HYDOXDWHG�DJDLQVW�
FRQWUROOHG�WHVWV�DQG�GRFXPHQWHG�RSHUDWLQJ�FRQGLWLRQV�EHIRUH�EHLQJ�WUHDWHG�DV�HYLGHQFH�RI�D�IDXOW�

&��3ODQQHG�3UHGLFWLYH�0RGHOOLQJ

6XSHUYLVHG�PDFKLQH� OHDUQLQJ� ZRXOG� UHTXLUH� UHSUHVHQWDWLYH� ODEHOOHG� H[DPSOHV� RI� QRUPDO� RSHUDWLRQ� DQG�
UHOHYDQW� IDXOW� FRQGLWLRQV�� 3RWHQWLDO� IHDWXUHV� FRXOG� LQFOXGH� WHPSHUDWXUH� WUHQG�� YLEUDWLRQ�HYHQW� IUHTXHQF\��
FDOLEUDWHG�FXUUHQW��RSHUDWLQJ�GXUDWLRQ�DQG�PRWRU�ORDG��7KH�GDWD�VKRXOG�EH�VHSDUDWHG�LQWR�WUDLQLQJ�DQG�WHVW�
VHWV� LQ� D�ZD\� WKDW� DYRLGV� OHDNDJH�EHWZHHQ�PHDVXUHPHQWV� IURP� WKH� VDPH� UXQ��(YDOXDWLRQ� FRXOG� LQFOXGH�
SUHFLVLRQ�� UHFDOO�� IDOVH�DODUP� UDWH� DQG�GHWHFWLRQ� OHDG� WLPH��$� UHPDLQLQJ�XVHIXO�OLIH�PRGHO�ZRXOG� UHTXLUH�
DSSURSULDWH� GHJUDGDWLRQ� RU� UXQ�WR�IDLOXUH� GDWD� DQG� LV� RXWVLGH� WKH� FXUUHQW� LPSOHPHQWDWLRQ�� 7DEOH� ��
VXPPDUL]HV�WKH�FXUUHQW�FDSDELOLW\�DQG�SODQQHG�DQDO\WLFV�

7DEOH����&XUUHQW�&DSDELOLW\�DQG�3ODQQHG�$QDO\WLFV

)XQFWLRQ 0HWKRG���2XWSXW 6WDWXV
7HPSHUDWXUH�DOHUW )L[HG�WKUHVKROGV�DW�����&�DQG�����& ,PSOHPHQWHG�LQ�SURWRW\SH�ILUPZDUH
9LEUDWLRQ�DOHUW 6:�����GLJLWDO�RXWSXW�VWDWH ,PSOHPHQWHG�LQ�SURWRW\SH�ILUPZDUH

&XUUHQW�PRQLWRULQJ 5DZ�$&6����$'&�UHDGLQJ
5HDGLQJ�WUDQVPLWWHG��FDOLEUDWLRQ�
UHTXLUHG

+LVWRULFDO�DQDO\VLV 64/LWH�UHFRUGV�DQG�GDVKERDUG�SORWV %DVLF�GDWD�SLSHOLQH�GHPRQVWUDWHG
$QRPDO\�GHWHFWLRQ %DVHOLQH�RU�VWDWLVWLFDO���0/�PHWKRG )XWXUH�ZRUN��QRW�YDOLGDWHG

)DXOW�SUHGLFWLRQ
7UDLQHG�PRGHO�HYDOXDWHG�RQ�
ODEHOOHG�HYHQWV

)XWXUH�ZRUN��QR�SHUIRUPDQFH�FODLP

5HPDLQLQJ�XVHIXO�
OLIH

'HJUDGDWLRQ�UXQ�WR�IDLOXUH�
PRGHOOLQJ

2XWVLGH�FXUUHQW�VFRSH

9,,��,PSOHPHQWDWLRQ�(YLGHQFH�DQG�7HVWLQJ�0HWKRGRORJ\

$��9HULILHG�,PSOHPHQWDWLRQ

'XULQJ� WHVWLQJ�� WKH�(63��� SURGXFHG� VHQVRU� UHDGLQJV� YLVLEOH� LQ� WKH� VHULDO�PRQLWRU��7KH� VHUYHU¶V� �VHQVRU�
HQGSRLQW�KDQGOHG�DQ�LQFRPLQJ�3267�UHTXHVW�DQG�UHWXUQHG�+773�VWDWXV�FRGH������7KH��KLVWRU\�HQGSRLQW�
UHWXUQHG�VDYHG�VHQVRU�UHFRUGV��GHPRQVWUDWLQJ�WKDW�WKH�EDFNHQG�FRXOG�UHWULHYH�KLVWRULFDO�GDWD��7KH�6WUHDPOLW�
GDVKERDUG�ZDV�RSHQHG�DQG�GLVSOD\HG�WKH�ODWHVW�VHQVRU�YDOXHV��7KHVH�REVHUYDWLRQV�GHPRQVWUDWH�WKH�EDVLF�
FRQQHFWLRQ�EHWZHHQ�WKH�VHQVRU�QRGH��VHUYHU��GDWDEDVH�DQG�XVHU�LQWHUIDFH��7DEOH���VXPPDUL]HV�WKH�YHULILHG�
WHVWV�
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7DEOH����6XPPDU\�RI�9HULILHG�7HVWV

7HVW 2EVHUYHG�UHVXOW ,QWHUSUHWDWLRQ

(63���DFTXLVLWLRQ
5HDGLQJV�YLVLEOH�LQ�6HULDO�
0RQLWRU

)LUPZDUH�LV�SURGXFLQJ�VHQVRU�RXWSXW

+773�3267��VHQVRU +773�����UHVSRQVH 6HUYHU�KDQGOHG�WKH�UHTXHVW�VXFFHVVIXOO\
*(7��KLVWRU\ 6WRUHG�UHFRUGV�UHWXUQHG +LVWRULFDO�GDWD�UHWULHYDO�LV�ZRUNLQJ

6WUHDPOLW�GDVKERDUG /DWHVW�UHDGLQJV�GLVSOD\HG
'DVKERDUG�FDQ�UHWULHYH�DQG�SUHVHQW�FXUUHQW�
GDWD

3UHGLFWLYH�PRGHO�
HYDOXDWLRQ

1RW�SHUIRUPHG
1R�$,�DFFXUDF\�RU�IDXOW�SUHGLFWLRQ�PHWULF�LV�
FODLPHG

%��5HFRPPHQGHG�7HVW�3ODQ

)XUWKHU�HYDOXDWLRQ�VKRXOG�EH�SHUIRUPHG�XVLQJ�UHSHDWDEOH�WHVWV��)LUVW��VHQVRU�UHDGLQJV�VKRXOG�EH�FRPSDUHG�
ZLWK�DSSURSULDWH�UHIHUHQFH�LQVWUXPHQWV�DQG�WKH�FXUUHQW�VHQVRU�FRQYHUVLRQ�VKRXOG�EH�FDOLEUDWHG��6HFRQG��WKH�
PRWRU� VKRXOG� EH� UXQ� XQGHU� GRFXPHQWHG� VDIH� RSHUDWLQJ� FRQGLWLRQV� ZKLOH� UHDGLQJV� DQG� WLPHVWDPSV� DUH�
UHFRUGHG��7KLUG��FRPPXQLFDWLRQ�LQWHUUXSWLRQV�VKRXOG�EH�LQWURGXFHG�LQ�D�FRQWUROOHG�PDQQHU�WR�GHWHUPLQH�
ZKHWKHU�PLVVLQJ�SDFNHWV�DUH�LGHQWLILHG�DQG�ZKHWKHU�UHFRYHU\�LV�UHOLDEOH��)RXUWK��DOHUW�WUDQVLWLRQV�VKRXOG�EH�
FKHFNHG� DJDLQVW� WKH� FRQILJXUHG� WKUHVKROGV�� )LQDOO\�� DQ\� IXWXUH� DQRPDO\� RU� SUHGLFWLRQ�PRGHO� VKRXOG� EH�
HYDOXDWHG�RQ�VHSDUDWH�GDWD�QRW�XVHG�IRU�WUDLQLQJ�

1R� TXDQWLWDWLYH� VHQVRU�DFFXUDF\� UHVXOWV�� ORQJ�GXUDWLRQ� UHOLDELOLW\� ILJXUHV�� IDXOW�GHWHFWLRQ� PHWULFV� RU�$,�
PRGHO�VFRUHV�DUH�UHSRUWHG�LQ�WKH�FXUUHQW�SURMHFW�HYLGHQFH��7KHVH�VKRXOG�EH�DGGHG�RQO\�DIWHU�H[SHULPHQWV�
KDYH�EHHQ�FRPSOHWHG�DQG�UHVXOWV�GRFXPHQWHG�

&��9DOLGDWLRQ�5HFRUG�WR�&RPSOHWH

7DEOH���OLVWV�WKH�HYDOXDWLRQ�LWHPV�WKDW�UHPDLQ�WR�EH�FRPSOHWHG�

7DEOH����9DOLGDWLRQ�5HFRUG�WR�&RPSOHWH

(YDOXDWLRQ�LWHP 5HIHUHQFH���PHWKRG 5HVXOW
7HPSHUDWXUH�
PHDVXUHPHQW

5HIHUHQFH�WKHUPRPHWHU >7R�EH�PHDVXUHG@

+XPLGLW\�PHDVXUHPHQW 5HIHUHQFH�K\JURPHWHU >7R�EH�PHDVXUHG@
&XUUHQW�FRQYHUVLRQ .QRZQ�ORDG���VXLWDEOH�UHIHUHQFH�PHWHU >7R�EH�FDOLEUDWHG@
9LEUDWLRQ�DOHUW 5HSHDWDEOH�YLEUDWLRQ�WHVW >7R�EH�PHDVXUHG@

'DWD�FRPSOHWHQHVV
&RPSDUH�WUDQVPLWWHG�DQG�VWRUHG�
UHFRUGV

>7R�EH�PHDVXUHG@

'DVKERDUG�XSGDWH�GHOD\ 7LPHVWDPSHG�SDFNHW�WR�GLVSOD\�WHVW >7R�EH�PHDVXUHG@
)XWXUH�DQRPDO\�PRGHO ,QGHSHQGHQW�WHVW�GDWDVHW >1RW�\HW�LPSOHPHQWHG@
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9,,,��)HDVLELOLW\��%HQHILWV�DQG�3RWHQWLDO�,PSDFW

$��7HFKQLFDO�)HDVLELOLW\

7KH�SURWRW\SH�LV�WHFKQLFDOO\�IHDVLEOH�DV�D�VWXGHQW�SURMHFW�EHFDXVH�LW�FRPELQHV�FRPPRQ�VHQVRU�PRGXOHV��D�
PLFURFRQWUROOHU�DQG�RSHQ�VRXUFH�VRIWZDUH��7KH�DUFKLWHFWXUH�VHSDUDWHV�GHYLFH�ILUPZDUH�IURP�WKH�EDFNHQG�
DQG�GDVKERDUG��DOORZLQJ�HDFK�OD\HU�WR�EH�WHVWHG�LQGHSHQGHQWO\��)DVW$3,�SURYLGHV�D�VLPSOH�LQWHUIDFH�IRU�GDWD�
H[FKDQJH�� 64/LWH� SURYLGHV� ORFDO� VWRUDJH� ZLWKRXW� UHTXLULQJ� D� VHSDUDWH� GDWDEDVH� VHUYHU�� DQG� 6WUHDPOLW�
SURYLGHV�D�SUDFWLFDO�ZD\�WR�YLVXDOL]H�PHDVXUHPHQWV�

%��2SHUDWLRQDO�%HQHILWV

)RU�DQ�RSHUDWRU��UHFXUULQJ�PHDVXUHPHQWV�DQG�KLVWRULFDO�SORWV�FDQ�PDNH�FKDQJHV�PRUH�YLVLEOH�WKDQ�D�VLQJOH�
PDQXDO�REVHUYDWLRQ��/RFDO�/('V�DQG�D�EX]]HU�SURYLGH�LPPHGLDWH�LQGLFDWLRQV�XQGHU�WKH�FRQILJXUHG�UXOHV��
ZKLOH�WKH�GDVKERDUG�SURYLGHV�D�FRQYHQLHQW�YLHZ�RI�UHFHQW�DQG�SUHYLRXV�UHDGLQJV��)RU�PDLQWHQDQFH�SODQQLQJ��
WKH�VWRUHG�KLVWRU\�FDQ�VXSSRUW�ODWHU�FRPSDULVRQV�EHWZHHQ�RSHUDWLQJ�UXQV�DQG�KHOS�LGHQWLI\�ZKDW�DGGLWLRQDO�
VHQVRUV�RU�WHVWV�PD\�EH�UHTXLUHG�

7KHVH� EHQHILWV� DUH� SRWHQWLDO� RSHUDWLRQDO� DGYDQWDJHV� RI� PRQLWRULQJ�� QRW� HYLGHQFH� WKDW� GRZQWLPH� RU�
PDLQWHQDQFH�FRVW�KDV�DOUHDG\�EHHQ�UHGXFHG��'HPRQVWUDWLQJ�VXFK�RXWFRPHV�ZRXOG�UHTXLUH�D� ILHOG�WULDO��D�
EDVHOLQH�FRPSDULVRQ�DQG�GRFXPHQWHG�PDLQWHQDQFH�RU�SURGXFWLRQ�UHFRUGV�

&��(FRQRPLF�DQG�'HSOR\PHQW�&RQVLGHUDWLRQV

$�ORZ�FRVW�SURWRW\SH�FDQ�EH�XVHG�WR�H[SORUH�WKH�GDWD�SLSHOLQH�EHIRUH�LQYHVWLQJ�LQ�LQGXVWULDO�JUDGH�VHQVRUV�
RU� GHSOR\PHQW� LQIUDVWUXFWXUH��$� UHDOLVWLF� GHSOR\PHQW� HVWLPDWH�PXVW� LQFOXGH� QRW� RQO\� WKH� FRQWUROOHU� DQG�
VHQVRUV��EXW�DOVR�HQFORVXUH��ZLULQJ��SRZHU�VXSSO\��FDOLEUDWLRQ��LQVWDOODWLRQ��PDLQWHQDQFH��QHWZRUNLQJ�DQG�
VRIWZDUH� VXSSRUW�� 1R� TXDQWLILHG� UHWXUQ� RQ� LQYHVWPHQW� LV� FODLPHG� EHFDXVH� WKH� FXUUHQW� SURMHFW� KDV� QRW�
PHDVXUHG�DYRLGHG�IDLOXUHV��VDYHG�ODERXU�RU�UHGXFHG�GRZQWLPH�

'��3RWHQWLDO�,QGXVWULDO�$SSOLFDWLRQV

:LWK� IXUWKHU� FDOLEUDWLRQ DQG�YDOLGDWLRQ�� D� VLPLODU� DUFKLWHFWXUH� FRXOG� EH� DGDSWHG� IRU� VPDOO�PRWRUV�� IDQV��
SXPSV�RU�RWKHU�HTXLSPHQW�ZKHUH�WHPSHUDWXUH��YLEUDWLRQ�DQG�FXUUHQW�DUH�UHOHYDQW�FRQGLWLRQ�LQGLFDWRUV��(DFK�
DSSOLFDWLRQ� ZRXOG� UHTXLUH� DSSURSULDWH� VHQVRU� VHOHFWLRQ�� PRXQWLQJ�� RSHUDWLQJ� OLPLWV� DQG� IDXOW�VSHFLILF�
YDOLGDWLRQ��7KH� FXUUHQW� GHPRQVWUDWLRQ� VKRXOG� QRW� EH� WUHDWHG� DV� D� UHDG\�PDGH� LQGXVWULDO� SURGXFW� RU� DV� D�
UHSODFHPHQW�IRU�HVWDEOLVKHG�VDIHW\�FRQWUROV�

,;��/LPLWDWLRQV

7KH� FXUUHQW� LPSOHPHQWDWLRQ� LV� D�PRQLWRULQJ� SURWRW\SH�ZLWK� IL[HG� WKUHVKROG� UXOHV�� LW� GRHV� QRW� FRQWDLQ� D�
YDOLGDWHG� WUDLQHG�$,�PRGHO��7KH�$&6���� UHDGLQJ� LV� D� UDZ�$'&� YDOXH� DQG� LV� QRW� FDOLEUDWHG� FXUUHQW� LQ�
DPSHUHV��7KH�6:����� UHSRUWV� D� GLJLWDO� WKUHVKROG� HYHQW� UDWKHU� WKDQ� D� GHWDLOHG� YLEUDWLRQ�ZDYHIRUP��7KH�
'+7��� PHDVXUHV� ORFDO� DPELHQW� FRQGLWLRQV� DQG� PD\� QRW� UHIOHFW� LQWHUQDO� PRWRU� WHPSHUDWXUH�� 7KH�
GHPRQVWUDWLRQ�WKUHVKROGV�PD\�QRW�EH�DSSURSULDWH�IRU�DOO�RSHUDWLQJ�FRQGLWLRQV�

7KH� WHVWV�HVWDEOLVK�EDVLF�GDWD� WUDQVPLVVLRQ��KLVWRU\� UHWULHYDO�DQG�GDVKERDUG�GLVSOD\��EXW�GR�QRW�TXDQWLI\�
VHQVRU�DFFXUDF\��ORQJ�WHUP�UHOLDELOLW\��GHWHFWLRQ�VHQVLWLYLW\��IDOVH�DODUPV�RU�SUHGLFWLYH�SHUIRUPDQFH��:L�)L�
DYDLODELOLW\� DQG� WKH� FRPSXWHU�KRVWHG� EDFNHQG� DUH� GHSHQGHQFLHV�� 5REXVW� EXIIHULQJ�� DXWKHQWLFDWLRQ��
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WLPHVWDPS� YDOLGDWLRQ�� GDWD� EDFNXS� DQG� SURGXFWLRQ� GHSOR\PHQW� VHFXULW\� QHHG� IXUWKHU�ZRUN�� )LQDOO\�� WKH�
SURWRW\SH� LV� LQWHQGHG� IRU� ORZ�YROWDJH� HGXFDWLRQDO� XVH� DQG� LV� QRW� D� FHUWLILHG� LQGXVWULDO� VDIHW\� RU� FRQWURO�
V\VWHP�

;��&RQFOXVLRQ�DQG�)XWXUH�:RUN

7KLV�SDSHU�SUHVHQWHG�DQ�,R7�EDVHG�PDFKLQH�FRQGLWLRQ�PRQLWRULQJ�SURWRW\SH�LQWHQGHG�DV�D�IRXQGDWLRQ�IRU�
SUHGLFWLYH�PDLQWHQDQFH�LQ�VPDUW�IDFWRULHV��7KH�(63���FROOHFWV�WHPSHUDWXUH��KXPLGLW\��YLEUDWLRQ�VWDWH�DQG�
FXUUHQW�VHQVRU�UHDGLQJV�DQG�WUDQVPLWV�WKHP�WKURXJK�:L�)L�WR�D�)DVW$3,�VHUYLFH��64/LWH�UHWDLQV�KLVWRULFDO�
UHFRUGV��ZKLOH�D�6WUHDPOLW�GDVKERDUG�GLVSOD\V�FXUUHQW�YDOXHV�DQG�KLVWRULFDO�GDWD��/RFDO�/('V�DQG�D�EX]]HU�
SURYLGH� WKUHVKROG�EDVHG� LQGLFDWLRQV��7KH�REVHUYHG�+773����� UHVSRQVH�� VXFFHVVIXO�KLVWRU\� UHWULHYDO�DQG�
GDVKERDUG�GLVSOD\�GHPRQVWUDWH�WKDW�WKH�FRUH�PRQLWRULQJ�SLSHOLQH�LV�RSHUDWLQJ�

7KH�SURMHFW�SURYLGHV�D�XVHIXO�VWDUWLQJ�SRLQW�IRU�GDWD�GULYHQ�PDLQWHQDQFH��EXW�WKH�FXUUHQW�HYLGHQFH�VXSSRUWV�
PRQLWRULQJ� UDWKHU� WKDQ�$,�EDVHG� SUHGLFWLRQ�� )XWXUH� ZRUN� VKRXOG� FDOLEUDWH� VHQVRUV�� FRQYHUW� WKH� FXUUHQW�
UHDGLQJ� LQWR� D� YDOLGDWHG� SK\VLFDO� XQLW�� LPSURYH� WLPHVWDPSV� DQG� FRPPXQLFDWLRQ�ORVV� KDQGOLQJ�� FROOHFW�
ORQJHU�WHUP� GDWDVHWV� XQGHU� GRFXPHQWHG� FRQGLWLRQV�� DQG� SHUIRUP� FRQWUROOHG� WHVWV�� 2QFH� UHSUHVHQWDWLYH�
ODEHOOHG�GDWD�DUH�DYDLODEOH��DQRPDO\�GHWHFWLRQ�RU�VXSHUYLVHG�PDFKLQH�OHDUQLQJ�PHWKRGV�FDQ�EH�HYDOXDWHG�
XVLQJ� LQGHSHQGHQW� WHVW� GDWD� DQG� FOHDUO\� UHSRUWHG�PHWULFV�� 2QO\� DIWHU� VXFK� YDOLGDWLRQ� VKRXOG� SUHGLFWLYH�
SHUIRUPDQFH�RU�PDLQWHQDQFH�EHQHILWV�EH�FODLPHG�

5HIHUHQFHV

>�@ *��:��9RJO��%��$��:HLVV��DQG�0��+HOX��³$�UHYLHZ�RI�GLDJQRVWLF�DQG�SURJQRVWLF�FDSDELOLWLHV�DQG�EHVW�
SUDFWLFHV�IRU�PDQXIDFWXULQJ�´�-��,QWHOO��0DQXI���GRL����������V�����������������

>�@ 0��6KDUS��5��$N�� DQG�7��+HGEHUJ�� ³$�VXUYH\�RI� WKH� DGYDQFLQJ�XVH� DQG�GHYHORSPHQW�RI�PDFKLQH�
OHDUQLQJ�LQ�VPDUW�PDQXIDFWXULQJ�´�-��0DQXI��6\VW���YRO������������GRL����������M�MPV\�������������

>�@ *�� *�� 6DPDWDV�� 6�� 6��0RXPJLDNPDV�� DQG� *�� $�� 3DSDNRVWDV�� ³3UHGLFWLYH�PDLQWHQDQFH²%ULGJLQJ�
DUWLILFLDO� LQWHOOLJHQFH� DQG� ,R7�´� DU;LY������������� ������ >2QOLQH@�� $YDLODEOH��
KWWSV���DU[LY�RUJ�DEV�����������

>�@ ;��;X��<��<X��'��*ULIILWK�� DQG�1��*ROPLH�� ³$� VXUYH\�RQ� LQGXVWULDO� ,QWHUQHW� RI�7KLQJV��$� F\EHU�
SK\VLFDO�V\VWHPV�SHUVSHFWLYH�´�,(((�$FFHVV��YRO�����������GRL����������$&&(66��������������

>�@ 0��'DGIDUQLD��0��6KDUS��DQG�-��:��+HUUPDQQ��³&RPSUHKHQVLYH�HYDOXDWLRQV�RI�FRQGLWLRQ�PRQLWRULQJ�
EDVHG�WHFKQRORJLHV�LQ�LQGXVWULDO�PDLQWHQDQFH��$�V\VWHPDWLF�UHYLHZ�´�-��0DQXI��6\VW���YRO������������
GRL����������M�MPV\�������������

>�@ $��.��6�� -DUGLQH��'��/LQ�� DQG�'��%DQMHYLF�� ³$� UHYLHZ�RQ�PDFKLQHU\�GLDJQRVWLFV� DQG�SURJQRVWLFV�
LPSOHPHQWLQJ�FRQGLWLRQ�EDVHG�PDLQWHQDQFH�´�0HFK��6\VW��6LJQDO�3URFHVV���YRO������QR�����SS������±
������������GRL����������M�\PVVS�������������

>�@ -��/HH��%��%DJKHUL��DQG�+��$��.DR��³$�F\EHU�SK\VLFDO�V\VWHPV�DUFKLWHFWXUH�IRU� ,QGXVWU\�����EDVHG�
PDQXIDFWXULQJ�V\VWHPV�´�0DQXI��/HWW���YRO�����SS����±����������GRL����������M�PIJOHW�������������

>�@ -��/HH��+��'DYDUL��-��6LQJK��DQG�9��3DQGKDUH��³,QGXVWULDO�DUWLILFLDO�LQWHOOLJHQFH�IRU�,QGXVWU\�����EDVHG�
PDQXIDFWXULQJ�V\VWHPV�´�0DQXI��/HWW���YRO������SS����±����������GRL����������M�PIJOHW�������������

>�@ 5��=KDR��5��<DQ��=��&KHQ��.��0DR��3��:DQJ��DQG�5��;��*DR��³'HHS�OHDUQLQJ�DQG�LWV�DSSOLFDWLRQV�WR�
PDFKLQH� KHDOWK� PRQLWRULQJ�´� 0HFK�� 6\VW�� 6LJQDO� 3URFHVV��� YRO�� ����� SS�� ���±����� ������ GRL��
��������M�\PVVS�������������
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