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$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH�

$EVWUDFW

%RYLQH�PDVWLWLV� LV�D�PDMRU�FKDOOHQJH�IRU�GDLU\�IDUPHUV�EHFDXVH�HDUO\�VLJQV�DUH�GLIILFXOW� WR�QRWLFH�DQG�
WLPHO\�LQWHUYHQWLRQ�LV�RIWHQ�OLPLWHG��7KLV�SDSHU�SUHVHQWV�*DX'ULVKWL��DQ�$,� DQG�,R7�HQDEOHG�GHFLVLRQ�
VXSSRUW�V\VWHP�WKDW�FRPELQHV�UHDO�WLPH�VHQVRU�GDWD��KLVWRULFDO�UHFRUGV��PLON�LQIRUPDWLRQ�DQG�PDQXDO�RU�
ODERUDWRU\�LQSXWV�IRU�FRQWLQXRXV�DQLPDO�PRQLWRULQJ��$�ORZ�FRVW�FROODU�EXLOW�DURXQG�DQ�(63�����QRGH�
FDUULHV�DQ�038�����PRWLRQ�VHQVRU��D�'6��%���WHPSHUDWXUH�VHQVRU��DQ�6+7���'�DPELHQW�WHPSHUDWXUH�
DQG�KXPLGLW\�VHQVRU��D�0$;�����PLFURSKRQH�DQG�D�VWDWXV�/('��'DWD�UHDFK�D�)DVW$3,�DQG�0RQJR'%�
EDFN� HQG� RYHU� 0477� RU� +7736�� ZKHUH� ��� HQJLQHHUHG� ORQJLWXGLQDO� IHDWXUHV� DUH� FRPSXWHG�� 7KUHH�
LQGHSHQGHQW� $,� VLJQDOV� DUH� SURGXFHG�� 7HPSRUDO� $,� �;*%RRVW� ZLWK� 6+$3� H[SODQDWLRQV�� JLYLQJ�
GHYHORSPHQW�VWDJH���GD\�DQG����GD\�IRUHFDVWV���D�%HKDYLRXU�6LJQDO�EDVHG�RQ�GHYLDWLRQ�RI�DFWLYLW\�DQG�
UXPLQDWLRQ� IURP� DQ� DQLPDO�VSHFLILF� EDVHOLQH�� DQG� 8GGHU� 9LVLRQ� �8OWUDO\WLFV� <2/2����� 7KHVH� DUH�
FRPELQHG�LQWR�DQ�$,�+HDOWK�9LHZ�WKDW�VXSSRUWV�DQLPDO�OHYHO�DQG�KHUG�OHYHO�SULRULWLVDWLRQ��HDUO\�ZDUQLQJ�
DOHUWV�DQG�DFWLRQDEOH�UHFRPPHQGDWLRQV�IRU� IDUPHUV�DQG�YHWHULQDULDQV��ZLWK�D�KXPDQ�LQ� WKH� ORRS��7KH�
KDUGZDUH� SURWRW\SH� FRVWV� DSSUR[LPDWHO\� ൟ���.±ൟ�.��%HFDXVH� ODEHOOHG� FOLQLFDO� RQVHW� WLPHOLQHV�ZHUH�
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OLPLWHG��GHYHORSPHQW�XVHG�SXEOLF�DQG�V\QWKHWLF�GDWD��QR�FOLQLFDO�YDOLGDWLRQ�RU�SUHGLFWLYH�SHUIRUPDQFH�LV�
UHSRUWHG�KHUH��DQG�SURVSHFWLYH�YDOLGDWLRQ�DJDLQVW�YHWHULQDU\�UHYLHZ�DQG�&07�6&&�LV�SODQQHG�

.H\ZRUGV���ERYLQH�PDVWLWLV��$,R7��HDUO\�ZDUQLQJ��GHFLVLRQ�VXSSRUW��ORQJLWXGLQDO�PRGHOOLQJ��;*%RRVW��
6+$3��<2/2����SUHFLVLRQ�GDLU\�IDUPLQJ

,��,QWURGXFWLRQ

0DVWLWLV� LV� D�PDMRU�KHDOWK�DQG�SURGXFWLYLW\�SUREOHP�IRU�GDLU\� IDUPHUV�� ,WV�HDUO\� VLJQV�DUH�GLIILFXOW� WR�
QRWLFH�� DQG� LQ� PDQ\� VHWWLQJV� LW� LV� UHFRJQLVHG� RQO\� DIWHU� YLVLEOH� FOLQLFDO� VLJQV� DSSHDU�� &RQWLQXRXV�
REVHUYDWLRQ�RI�HYHU\�DQLPDO�LV�GLIILFXOW�RQ�IDUPV��DQG�WKH�LQIRUPDWLRQ�WKDW�ZRXOG�KHOS��VXFK�DV�VHQVRU�
UHDGLQJV��DQLPDO�UHFRUGV��PLON�GDWD�DQG�IDUP�REVHUYDWLRQV��LV�XVXDOO\�VFDWWHUHG�DFURVV�VHSDUDWH�VRXUFHV��
0DQXDO�VFUHHQLQJ�WKHUHIRUH�PDNHV�LW�KDUG�WR�GHFLGH�ZKLFK�DQLPDOV�QHHG�DWWHQWLRQ�ILUVW�

3ULRU�UHVHDUFK�KDV�H[SORUHG�VHQVRU�EDVHG�PDFKLQH�OHDUQLQJ��,R7�GDWD�IXVLRQ��PXOWLYDULDEOH�WLPH�VHULHV�
PRGHOV�DQG�IRUHFDVWLQJ�IURP�$XWRPDWLF�0LONLQJ�6\VWHP��$06��GDWD�IRU�PDVWLWLV�SUHGLFWLRQ��6HFWLRQ�,,��
>�@±>�@�� 6PDOO� DQG� GLYHUVH� GDLU\� IDUPV�� KRZHYHU�� QHHG� DQ� DSSURDFK� WKDW� LV� DIIRUGDEOH�� SUDFWLFDO� DQG�
DOLJQHG�ZLWK�WKH�ZD\�IDUPHUV�DQG�YHWHULQDULDQV�DOUHDG\�ZRUN��6XFK�DQ�DSSURDFK�VKRXOG�DOVR�VWDWH�FOHDUO\�
ZKDW�LWV�RXWSXWV�FDQ�DQG�FDQQRW�PHDQ��VLQFH�D�ULVN�FXH�LV�QRW�D�GLDJQRVLV�

7KLV� SDSHU� SUHVHQWV� *DX'ULVKWL�� DQ� $,� DQG� ,R7�HQDEOHG� GHFLVLRQ�VXSSRUW� V\VWHP� IRU� HDUO\�ULVN�
PRQLWRULQJ�RI�ERYLQH�PDVWLWLV��,W�FRPELQHV��L��D� ORZ�FRVW�PXOWL�VHQVRU�FROODU���LL��D�GDWD�SLSHOLQH�WKDW�
YDOLGDWHV�DQG�V\QFKURQLVHV�UHDO�WLPH�DQG�KLVWRULFDO�GDWD���LLL��WKUHH�LQGHSHQGHQW�$,�VLJQDOV� DQG��LY��DQ�
$,�+HDOWK�9LHZ�WKDW�SULRULWLVHV�DQLPDOV�IRU�UHYLHZ��7KH�FRQWULEXWLRQV�DUH������DQ�LQWHJUDWHG�DUFKLWHFWXUH�
IURP�RQ�DQLPDO�VHQVLQJ�WR�IDUPHU�DQG�YHWHULQDULDQ�GHFLVLRQ�VXSSRUW������WKUHH�LQGHSHQGHQW�$,�VLJQDOV�
�7HPSRUDO�$,��%HKDYLRXU�6LJQDO�DQG�8GGHU�9LVLRQ��WKDW�UHPDLQ�LQGLYLGXDOO\�UHYLHZDEOH�EHIRUH�WKH\�DUH�
FRPELQHG�� ���� D� ORZ�FRVW�� PRGXODU� FROODU� GHVLJQ� DQG� VRIWZDUH� VWDFN� LQWHQGHG� IRU� SUDFWLFDO� GDLU\�
GHSOR\PHQW��DQG�����DQ�H[SOLFLW�ULVN�DQG�UHVSRQVH�IUDPHZRUN�DQG�VWDJHG�YDOLGDWLRQ�SDWK�WKDW�VWDWH�ZKLFK�
SDUWV�DUH�LPSOHPHQWHG��ZKLFK�DUH�XQGHU�GHYHORSPHQW�DQG�ZKLFK�UHTXLUH�FOLQLFDO�YDOLGDWLRQ�

6HFWLRQ�,,�UHYLHZV�UHODWHG�ZRUN��6HFWLRQ�,,,�GHVFULEHV�WKH�DUFKLWHFWXUH��6HFWLRQ�,9�WKH�KDUGZDUH��6HFWLRQ�
9� WKH� GDWD� SLSHOLQH�� VRIWZDUH� DQG� GDVKERDUG�� DQG� 6HFWLRQ� 9,� WKH� DQDO\WLFV�� 6HFWLRQ� 9,,� SUHVHQWV�
GHSOR\PHQW�HYLGHQFH�DQG�WKH�YDOLGDWLRQ�PHWKRGRORJ\��6HFWLRQ�9,,,�WKH�IHDVLELOLW\�DQG�LPSDFW�DQDO\VLV��
DQG�6HFWLRQV�,;�DQG�;�JLYH�OLPLWDWLRQV�DQG�FRQFOXVLRQV�

,,��5HODWHG�:RUN

7DEOH�,�OLVWV�WKH�ILYH�UHVHDUFK�SDSHUV�WKDW�LQIRUP�*DX'ULVKWL��WRJHWKHU�ZLWK�WKH�UHOHYDQFH�RI�HDFK�DV�VWDWHG�
LQ� WKH� SURMHFW� GRFXPHQWDWLRQ�� =KRX� HW� DO�� >�@� VXSSRUW� VHQVRU�EDVHG� PDFKLQH� OHDUQLQJ� IRU� PDVWLWLV�
SUHGLFWLRQ�IURP�PXOWL�VRXUFH�GDWD��$QZDU�HW�DO��>�@�VXSSRUW�WKH�LQWHJUDWLRQ�RI�,R7�VHQVRUV�DQG�GDWD�IXVLRQ�
IRU�HDUO\�GHWHFWLRQ��)DQ�HW�DO��>�@�LQIRUP�WKH�XVH�RI�PXOWLYDULDEOH�WLPH�VHULHV�PRGHOV�IRU�HDUO\�SUHGLFWLRQ��
/L�HW�DO��>�@�VXSSRUW�IRUHFDVWLQJ�DSSURDFKHV�WKDW�XVH�$06�VHQVRU�GDWD��DQG�(EUDKLPL�HW�DO��>�@�SURYLGH�
EDVHOLQH�PDFKLQH�OHDUQLQJ�DSSURDFKHV�IRU�VXE�FOLQLFDO�PDVWLWLV�SUHGLFWLRQ�
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7$%/( ,

5(6($5&+�3$3(56�,1)250,1*�*$8'5,6+7,

5HI� '2, 5HOHYDQFH� WR�*DX'ULVKWL� �IURP� WKH�
SURMHFW�GRFXPHQWDWLRQ�

>�@� =KRX� HW� DO��
������

��������DQL�������� 6HQVRU�EDVHG� PDFKLQH� OHDUQLQJ� IRU�
PDVWLWLV�SUHGLFWLRQ�XVLQJ�PXOWL�VRXUFH�
GDWD

>�@� $QZDU� HW� DO��
������

����������������������� ,QWHJUDWLRQ� RI� ,R7� VHQVRUV� DQG� GDWD�
IXVLRQ�IRU�HDUO\�GHWHFWLRQ

>�@� )DQ� HW� DO��
������

��������MGV����������� 0XOWLYDULDEOH� WLPH�VHULHV� PRGHOV� IRU�
HDUO\�SUHGLFWLRQ�RI�PDVWLWLV

>�@�/L�HW�DO�������� ��������M�FRPSDJ������������ )RUHFDVWLQJ� DSSURDFKHV� XVLQJ�
$XWRPDWLF� 0LONLQJ� 6\VWHP� VHQVRU�
GDWD

>�@�(EUDKLPL�HW�DO��
������

��������M�FRPSELRPHG������������ %DVHOLQH� 0/� PRGHOOLQJ� DSSURDFKHV�
IRU�VXE�FOLQLFDO�PDVWLWLV�SUHGLFWLRQ

7KLV�ZRUN ² &ROODU�EDVHG� PXOWL�VRXUFH� VHQVLQJ��
ORQJLWXGLQDO� IHDWXUHV�� WKUHH�
LQGHSHQGHQW�$,�VLJQDOV��DQLPDO� DQG�
KHUG�OHYHO�SULRULWLVDWLRQ

7KH�SURMHFW� DOVR�FRPSDUHV� LWV�DSSURDFK�ZLWK� WKH�FXUUHQW� IDUP�ZRUNIORZ� �7DEOH� ,,���([LVWLQJ� SUDFWLFH�
UHOLHV�RQ�SHULRGLF�REVHUYDWLRQ��UHDFWLYH�IROORZ�XS��GLVFRQQHFWHG�GDWD�VRXUFHV�DQG�PDQXDO�KHUG�VFUHHQLQJ��
ZKLFK�OHDYH�JDSV�LQ�WUHQG�YLVLELOLW\��HDUO\�SULRULWLVDWLRQ��FRQWH[W�DQG�UHYLHZ�EXUGHQ��*DX'ULVKWL�DGGUHVVHV�
HDFK�JDS�ZLWK�ORQJLWXGLQDO�PRQLWRULQJ��D�ULVN�RULHQWHG�DWWHQWLRQ�FXH��DQ�LQWHJUDWHG�PXOWL�VRXUFH�SLSHOLQH�
DQG�FRPELQHG�DQLPDO�OHYHO�DQG�KHUG�OHYHO�SULRULWLVDWLRQ��7KH�SDSHUV�DERYH�DUH�XVHG�DV�PHWKRGRORJLFDO�
VXSSRUW��WKH�SDSHU�GRHV�QRW�FODLP�SHUIRUPDQFH�EH\RQG�ZKDW�LWV�RZQ�YDOLGDWLRQ�ZLOO�HVWDEOLVK�

7$%/( ,,

&855(17�:25.)/2:�&203$5('�:,7+�*$8'5,6+7,

&XUUHQW�ZRUNIORZ *DS *DX'ULVKWL

3HULRGLF�REVHUYDWLRQ /LPLWHG�WUHQG�YLVLELOLW\ /RQJLWXGLQDO�PRQLWRULQJ

5HDFWLYH�IROORZ�XS /LPLWHG�HDUO\�SULRULWLVDWLRQ 5LVN�RULHQWHG�DWWHQWLRQ�FXH

'LVFRQQHFWHG� GDWD�
VRXUFHV

&RQWH[W�IUDJPHQWDWLRQ ,QWHJUDWHG�PXOWL�VRXUFH�SLSHOLQH

0DQXDO�KHUG�VFUHHQLQJ +LJKHU�UHYLHZ�EXUGHQ $QLPDO���KHUG�SULRULWLVDWLRQ



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͔͐͗и�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib(ϙϙиϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͕͖͘

,,,��6\VWHP�$UFKLWHFWXUH

7KH�V\VWHP�IROORZV�D�VL[�VWHS�PHWKRGRORJ\��6HQVH�ĺ�,QJHVW�ĺ�&RQWH[W�ĺ�7KUHH� LQGHSHQGHQW�$,�
VLJQDOV�ĺ�3ULRULWLVH�ĺ�$FW��,Q�WKH�VHQVLQJ�VWHS��,R7�VHQVRUV�RQ�WKH�FROODU��IDUP�UHFRUGV�DQG�PDQXDO�RU�
ODERUDWRU\�LQSXWV�VXSSO\�GDWD��,Q�WKH�LQJHVW�VWHS��UHDO�WLPH�DQG�KLVWRULFDO�PXOWL�VRXUFH�GDWD�DUH�UHFHLYHG��
,Q� WKH� FRQWH[W� VWHS�� GDWD� DUH� YDOLGDWHG� DQG� V\QFKURQLVHG� DQG� ORQJLWXGLQDO� IHDWXUHV� DUH� EXLOW�� 7KUHH�
LQGHSHQGHQW�$,� VLJQDOV� DUH� WKHQ� FRPSXWHG�� DQ�$,�+HDOWK�9LHZ� VXSSRUWV� DQLPDO�OHYHO� DQG� KHUG�OHYHO�
SULRULWLVDWLRQ��DQG�HDUO\�ZDUQLQJV�OHDG�WR�SULRULWLVHG�UHYLHZ�DQG�D�UHFRPPHQGDWLRQ�

7KH�DUFKLWHFWXUH�LQ�)LJ����KDV�ILYH�EORFNV��%ORFN�����WKH�*DX'ULVKWL�&ROODU��LV�DQ�(63�����EDVHG�HGJH�
QRGH�WKDW�DFTXLUHV�VHQVRU�GDWD��SHUIRUPV�ORFDO�SURFHVVLQJ�DQG�EXIIHULQJ��DQG�FRPPXQLFDWHV�ZLUHOHVVO\��
%ORFN�����GDWD�LQJHVWLRQ�DQG�YDOLGDWLRQ��XVHV�0477��+7736�DQG�D�)DVW$3,�5(67�LQWHUIDFH��%ORFN�
���� WKH� ORQJLWXGLQDO�GDWD�HQJLQH�� VWRUHV�KLVWRULFDO�DQG� WLPH�VHULHV� DQLPDO�FRQWH[W� LQ�0RQJR'%�DQG�
FRPSXWHV����HQJLQHHUHG�IHDWXUHV��%ORFN����SURGXFHV�WKH�WKUHH�LQGHSHQGHQW�$,�VLJQDOV��%ORFN�����WKH�
$,�+HDOWK�9LHZ�DQG�GHFLVLRQ�VXSSRUW��SUHVHQWV�DQLPDO�OHYHO�DQG�KHUG�OHYHO�DVVHVVPHQWV�WR�WKH�IDUPHU�
RU�YHWHULQDULDQ��$�IHHGEDFN�ORRS�UHWXUQV�QHZ�REVHUYDWLRQV��IDUPHU�DQG�YHWHULQDULDQ�IHHGEDFN��ODERUDWRU\�
UHVXOWV�DQG�WUHDWPHQW�RXWFRPHV��WR�WKH�ORQJLWXGLQDO�KHDOWK�FRQWH[W�

)LJ�����6\VWHP�DUFKLWHFWXUH�RI�*DX'ULVKWL��VRXUFH��SURMHFW�SUHVHQWDWLRQ��VOLGH����WKH��'HPR�9LGHR��OLQN�
RYHUOD\�LV�SDUW�RI�WKH�RULJLQDO�VOLGH��

)LJ����VKRZV�WKH�RSHUDWLRQDO�IORZ��'DWD�IURP�VHQVRUV��DQLPDO�UHFRUGV��PLON�GDWD�DQG�PDQXDO�RU�ODERUDWRU\�
LQSXWV DUH�FROOHFWHG�DQG�WXUQHG�LQWR�D�KHDOWK�FRQWH[W��7KH�WKUHH�$,�VLJQDOV�DUH�WKHQ�HYDOXDWHG�DJDLQVW�DQ�
DWWHQWLRQ�WKUHVKROG��,I�WKH�WKUHVKROG�LV�QRW�UHDFKHG��PRQLWRULQJ�FRQWLQXHV��,I�LW�LV�UHDFKHG��DQ�$,�+HDOWK�
9LHZ�ZLWK� ULVN� IDFWRUV�� D� ULVN� VFRUH� DQG� DQLPDO� FRQWH[W� LV� JHQHUDWHG�� DQG� WKH� IDUPHU� RU� YHWHULQDULDQ�
UHFHLYHV�DQ�HDUO\�ZDUQLQJ�ZLWK�D�VXJJHVWHG�DFWLRQ��)ROORZ�XS��WUHDWPHQW�DQG�RXWFRPHV�XSGDWH�WKH�KHDOWK�
FRQWH[W�
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)LJ�����6\VWHP�IORZFKDUW�RI�*DX'ULVKWL��VRXUFH��SURMHFW�SUHVHQWDWLRQ��VOLGH����

7KURXJKRXW WKLV�SDSHU��WKH�V\VWHP�LV�SRVLWLRQHG�DV�GHFLVLRQ�VXSSRUW��7HFKQRORJ\�VXSSRUWV�WKH�ZRUNIORZ�
DQG�GRHV� QRW� UHSODFH� WKH� KXPDQ�GHFLVLRQ�� YHWHULQDU\� UHYLHZ� WDNHV� SODFH� EHIRUH� DFWLRQ�� DQG� WKH� ILQDO�
LQWHUSUHWDWLRQ�UHVWV�ZLWK�WKH�YHWHULQDULDQ�

,9��+DUGZDUH�'HVLJQ

$��&RQWUROOHU�DQG�/RFDO�)XQFWLRQV

7KH�FROODU�LV�EXLOW�RQ�DQ�(63������(63���(���1RGH0&8��PRGXOH��$V�SUHVHQWHG��WKH�HGJH�QRGH�SHUIRUPV�
GDWD�DFTXLVLWLRQ��ORFDO�SURFHVVLQJ�DQG�GDWD�EXIIHULQJ��DQG�FRQQHFWV�ZLUHOHVVO\��%XIIHULQJ�DOORZV�WKH�QRGH�
WR�KROG�UHDGLQJV�DQG�V\QFKURQLVH�WKHP�ZKHQ�UXUDO�FRQQHFWLYLW\�UHWXUQV��)LUPZDUH�LV�ZULWWHQ�LQ�(PEHGGHG�
&�
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%��6HQVRUV�DQG�7KHLU�5ROHV

)RXU�VHQVRUV�DUH�PRXQWHG�RQ� WKH�DQLPDO� �7DEOH�,,,���7KH�038�����SURYLGHV�DFWLYLW\�DQG�PRYHPHQW�
LQIRUPDWLRQ�RYHU�,ð&��7KH�'6��%���PHDVXUHV�ERG\�RU�VXUIDFH�WHPSHUDWXUH�RQ�D���:LUH�EXV��7KH�6+7���
'�UHSRUWV�DPELHQW�WHPSHUDWXUH�DQG�KXPLGLW\�RYHU�,ð&��DQG�WKLV�HQYLURQPHQWDO�FRQWH[W�LV�WKH�OLNHO\�EDVLV�
IRU�WKH�WHPSHUDWXUH�KXPLGLW\�LQGH[��7+,��XVHG�DV�D�ORQJLWXGLQDO�IHDWXUH��7KH�0$;�����PLFURSKRQH��
UHDG�WKURXJK�DQ�DQDORJ�LQSXW��SURYLGHV�DXGLR�IRU�EHKDYLRXU�PRQLWRULQJ��7RJHWKHU�WKH\�VXSSO\�DFWLYLW\��
UXPLQDWLRQ��WHPSHUDWXUH�DQG�HQYLURQPHQWDO�LQIRUPDWLRQ�IRU�FRQWLQXRXV�PRQLWRULQJ��

7$%/( ,,,

21�$1,0$/�6(16256�2)�7+(�*$8'5,6+7,�&2//$5

6HQVRU 3DUDPHWHU ,QWHUIDFH 5ROH�LQ�WKH�V\VWHP

038���� $FWLYLW\���PRYHPHQW ,ð& $FWLYLW\� LQSXW� WR� WKH� %HKDYLRXU�
6LJQDO�DQG�WR�ORQJLWXGLQDO�IHDWXUHV

'6��%�� %RG\���VXUIDFH�WHPSHUDWXUH ��:LUH 7HPSHUDWXUH� LQGLFDWRU� IRU� DQLPDO�
KHDOWK�FRQWH[W

6+7���' $PELHQW� WHPSHUDWXUH� DQG�
KXPLGLW\

,ð& (QYLURQPHQWDO� FRQWH[W�� 7+,�
IHDWXUH

0$;���� $XGLR���EHKDYLRXU $QDORJ %HKDYLRXUDO�LQGLFDWRUV

6HQVRU� YDULDELOLW\� DQG� ILHOG� SODFHPHQW� DUH� UHFRJQLVHG� ULVNV�� 7KH� SURMHFW� DGGUHVVHV� WKHP� WKURXJK�
FDOLEUDWLRQ��DQ�DQLPDO�VSHFLILF�EDVHOLQH�DQG�YDOLGDWLRQ�FKHFNV��6HFWLRQ�9,,��
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&��/RFDO�,QGLFDWLRQ�DQG�3RZHU

$� VWDWXV� DQG� DOHUW� /('�� GULYHQ� IURP� D�*3,2� SLQ� WKURXJK� D� ���� ȍ� UHVLVWRU�� JLYHV� D� ORFDO� KDUGZDUH�
LQGLFDWLRQ�RI�WKH�DQLPDO
V�VWDWXV�WR�D�IDUPHU�ZKR�GRHV�QRW�XVH�WKH�GDVKERDUG��7KH�SRZHU�V\VWHP�FRQVLVWV�
RI�D�����9�/L�3R�EDWWHU\��D�73�����FKDUJLQJ�DQG�SURWHFWLRQ�PRGXOH��D�SRZHU�VZLWFK�DQG�DQ�$06�����
����UHJXODWRU��ZKLFK�VXSSOLHV�����9��9&&��WR�WKH�HOHFWURQLFV��

'��3URWRW\SH�DQG�&RVW

$�ZRUNLQJ�FROODU�SURWRW\SH�KDV�EHHQ�EXLOW��DQG�LWV�HQFORVXUH�LV�VKRZQ�LQ�)LJ����D���7KH�KDUGZDUH�RQO\�
SURWRW\SH� FRVW� LV� DSSUR[LPDWHO\� ൟ���.±ൟ�.�� DFKLHYHG�ZLWK� FRPPRGLW\� FRPSRQHQWV� DQG� UHSODFHDEOH�
VHQVRUV��7KH�VRIWZDUH�OD\HU�VFDOHV�LQGHSHQGHQWO\�RI�WKH�KDUGZDUH��DQG�GHSOR\PHQW�LV�SODQQHG�LQ�SKDVHV�
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)LJ������D��*DX'ULVKWL�FROODU�SURWRW\SH���E��ILHOG�LPSOHPHQWDWLRQ�RQ�D�GDLU\�IDUP�LQ�3XQH��0DKDUDVKWUD�

9��'DWD�,QJHVWLRQ��6RIWZDUH�DQG�'DVKERDUG

$��'DWD�,QJHVWLRQ�DQG�9DOLGDWLRQ

&ROODU�GDWD�DUH�VHQW�WR�WKH�EDFN�HQG�RYHU�0477�RU�+7736��DQG�D�)DVW$3,�5(67�LQWHUIDFH�UHFHLYHV�WKHP��
7KH�LQJHVWLRQ�OD\HU�SHUIRUPV�GDWD�YDOLGDWLRQ��WLPHVWDPSLQJ��V\QFKURQLVDWLRQ��EXIIHULQJ�DQG�GDWD�TXDOLW\�
FKHFNV��%XIIHUHG�VWRUDJH�DQG�V\QFKURQLVDWLRQ�ZKHQ�FRQQHFWLYLW\�UHWXUQV�DUH�WKH�SODQQHG�UHVSRQVH�WR�UXUDO�
QHWZRUN�LQWHUUXSWLRQV��7KH�V\VWHP�LV�GHVFULEHG�DV�+773� DQG�0477�UHDG\�

%��/RQJLWXGLQDO�'DWD�(QJLQH

0RQJR'%�VWRUHV�KLVWRULFDO�DQG�WLPH�VHULHV�GDWD�WRJHWKHU�ZLWK�DQLPDO�FRQWH[W��%HVLGHV�WKH�VHQVRU�VWUHDP��
WKH�KHDOWK�FRQWH[W�LQFOXGHV�DQLPDO�UHFRUGV��PLON�LQIRUPDWLRQ�DQG�PDQXDO�RU�ODERUDWRU\�LQSXWV� VXFK�DV�
VRPDWLF�FHOO� FRXQW� �6&&��ZKHQ�DYDLODEOH��:KHUH�PLON�SDUDPHWHUV�DUH�QRW�PHDVXUHG�DXWRPDWLFDOO\��D�
PDQXDO�RU�ODERUDWRU\�LQSXW�SDWKZD\�LV�XVHG�LQVWHDG�RI�DVVXPLQJ�DXWRPDWHG�WHVWLQJ��)URP�WKHVH�GDWD�WKH�
HQJLQH�FRPSXWHV����HQJLQHHUHG� IHDWXUHV�� EXLOW� RQ UROOLQJ���GD\�DQG���GD\�ZLQGRZV�� WUHQG�DQG�GHOWD�
IHDWXUHV�� DQ� DQLPDO�VSHFLILF� EDVHOLQH�� GD\V� LQ� PLON� �',0�� RU� ODFWDWLRQ� SKDVH�� 7+,� DQG� EHKDYLRXUDO�
LQGLFDWRUV��
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&��$SSOLFDWLRQ�/D\HU�DQG�7HFKQRORJ\�6WDFN

5HVXOWV�DUH�SUHVHQWHG�WKURXJK�D�5HDFW�DQG�7\SH6FULSW�ZHE�GDVKERDUG��606�DOHUWV�DQG�WKH�/('�RQ�WKH�
FROODU��7KH� GDVKERDUG� RIIHUV� DQ� LQGLYLGXDO�DQLPDO� YLHZ� DQG� D� KHUG�OHYHO� YLHZ�� DQG�PXOWLOLQJXDO� DQG�
PRELOH�UHDG\�GHSOR\PHQW�JURXQGZRUN�LV�LQ�SODFH��VLQFH�IDUPHUV�LQ�GLIIHUHQW�UHJLRQV�QHHG�DQ�HDV\�WR�XVH�
LQWHUIDFH��7DEOH�,9�VXPPDULVHV�WKH�VWDFN�

7$%/( ,9

7(&+12/2*<�67$&.�%<�/$<(5

/D\HU 7HFKQRORJLHV

+DUGZDUH���,R7 (63������038������'6��%����6+7���'��0$;������(PEHGGHG�&

&RPPXQLFDWLRQ 0477��+7736���+773

$,���PRGHO�GHYHORSPHQW 3\WKRQ�� 3\7RUFK�� VFLNLW�OHDUQ�� SDQGDV�� ;*%RRVW�� 6+$3�� 8OWUDO\WLFV�
<2/2��

%DFN�HQG���GHSOR\PHQW )DVW$3,��5(67�$3,��0RQJR'%��'RFNHU

)URQW�HQG 5HDFW��7\SH6FULSW

9,��$QDO\WLFV��7KUHH�,QGHSHQGHQW�$,�6LJQDOV

7KH�DQDO\WLFV� OD\HU� LV�RUJDQLVHG�DURXQG� WKUHH� LQGHSHQGHQW� VLJQDOV��(DFK�FDQ�EH� UHYLHZHG�RQ� LWV�RZQ�
EHIRUH�EHLQJ�FRPELQHG�LQWR�WKH�$,�+HDOWK�9LHZ��VR�WKDW�D�UHYLHZHU�FDQ�VHH�ZKLFK�HYLGHQFH�FRQWULEXWHV�
WR�DQ�DOHUW��7KH�VRXUFH�SUHVHQWDWLRQ�UHSRUWV�QR�DFFXUDF\��SUHFLVLRQ��UHFDOO�RU�RWKHU�SHUIRUPDQFH�PHWULFV��
DQG�QRQH�DUH�FODLPHG�KHUH�

$��7HPSRUDO�$,��+HDOWK�7UHQGV�

7HPSRUDO�$,�XVHV�;*%RRVW�RQ�WKH�ORQJLWXGLQDO�IHDWXUHV�WR�LGHQWLI\�FKDQJLQJ�KHDOWK�SDWWHUQV��,W�SURYLGHV�
��GD\� DQG� ���GD\� IRUHFDVWV�� ERWK� ODEHOOHG� DV� GHYHORSPHQW�VWDJH�� WRJHWKHU� ZLWK� ORQJLWXGLQDO� WUHQG�
LQIRUPDWLRQ��6+$3�DQDO\VLV�LV�XVHG�WR�VKRZ�ZKLFK�IHDWXUHV�FRQWULEXWHG�WR�D�SUHGLFWLRQ��VR�WKDW�WKH�NH\�
ULVN�IDFWRUV�FDQ�EH�SUHVHQWHG�WR�WKH�XVHU�

%��%HKDYLRXU�6LJQDO��$FWLYLW\�DQG�5XPLQDWLRQ�

7KH�%HKDYLRXU�6LJQDO�LV�LPSOHPHQWHG�LQ�3\WKRQ��,W�FRPSDUHV�DFWLYLW\�DQG�UXPLQDWLRQ�ZLWK�DQ�DQLPDO�
VSHFLILF�EDVHOLQH�DQG�IODJV�GHYLDWLRQV�RU�DQRPDOLHV��,W�LV�GHILQHG�DV�DQ�DWWHQWLRQ�VLJQDO��QRW�D�PDVWLWLV�
SUREDELOLW\�

&��8GGHU�9LVLRQ��,PDJH�%DVHG�$QDO\VLV�

8GGHU�9LVLRQ�XVHV�8OWUDO\WLFV�<2/2����)RU�FRZV�LW�SHUIRUPV�FODVVLILFDWLRQ��DQG�IRU�EXIIDORHV�LW�SHUIRUPV�
XGGHU�UHJLRQ� VHJPHQWDWLRQ�� ,W� LV� GHILQHG� DV� D� YLVXDO� DWWHQWLRQ� VLJQDO� DQG� LV� QRW� D� YDOLGDWHG�PDVWLWLV�
FODVVLILHU�
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7$%/(9

7+(�7+5((�,1'(3(1'(17�$, 6,*1$/6

6LJQDO 0HWKRG 2XWSXW 6WDWHG�VWDWXV

7HPSRUDO�$, ;*%RRVW��6+$3 ��GD\�DQG����GD\�IRUHFDVWV��
WUHQGV�� IHDWXUH�
FRQWULEXWLRQV

'HYHORSPHQW�VWDJH�
IRUHFDVWLQJ

%HKDYLRXU�6LJQDO 3\WKRQ�� DQLPDO�
VSHFLILF�EDVHOLQH

'HYLDWLRQ� �� DQRPDO\� LQ�
DFWLYLW\�DQG�UXPLQDWLRQ

$WWHQWLRQ� VLJQDO�� QRW� D�
PDVWLWLV�SUREDELOLW\

8GGHU�9LVLRQ 8OWUDO\WLFV�<2/2�� &RZ�� FODVVLILFDWLRQ��
EXIIDOR�� XGGHU�UHJLRQ�
VHJPHQWDWLRQ

9LVXDO�DWWHQWLRQ�VLJQDO��QRW�D�
YDOLGDWHG�FODVVLILHU

'��$,�+HDOWK�9LHZ�DQG�3ULRULWLVDWLRQ

7KH�$,�+HDOWK�9LHZ�FRPELQHV�VLJQDO�VWDWXV��ULVN�IDFWRUV�DQG�DQ�DWWHQWLRQ�WKUHVKROG�WR�DVVHVV�HDFK�DQLPDO��
DQG�DJJUHJDWHV�WKHVH�DVVHVVPHQWV�WR�WKH�KHUG�OHYHO��,W�SURGXFHV�HDUO\�ZDUQLQJ�DOHUWV��D�SULRULWLVHG�UHYLHZ�
OLVW�DQG�DFWLRQDEOH�UHFRPPHQGDWLRQV�IRU�WKH�IDUPHU�RU�YHWHULQDULDQ��)ROORZ�XS�REVHUYDWLRQV��LQFOXGLQJ�
UHYLHZ�� WUHDWPHQW� RXWFRPHV� DQG� ODERUDWRU\� UHVXOWV�� UHWXUQ� WR� WKH� ORQJLWXGLQDO� FRQWH[W� VR� WKDW� ODWHU�
DVVHVVPHQWV�LQFOXGH�ZKDW�ZDV�OHDUQHG��

(��'DWD�8VHG�IRU�'HYHORSPHQW

0XOWLSOH�SXEOLF�GDWDVHWV�ZHUH� LQWHJUDWHG��FRYHULQJ�DQLPDO�SURILOHV��PLON�\LHOG�DQG�TXDOLW\��6&&��S+��
FRQGXFWLYLW\��PLON�DQG�ERG\�WHPSHUDWXUH��DFWLYLW\��UXPLQDWLRQ�DQG�EHKDYLRXUDO�VLJQDOV��HQYLURQPHQWDO�
WHPSHUDWXUH�� KXPLGLW\�� 7+,� DQG� FOLQLFDO� PDVWLWLV� UHIHUHQFHV�� 7KH\� VXSSRUWHG� ORQJLWXGLQDO� IHDWXUH�
HQJLQHHULQJ�� FDOLEUDWLRQ� DQG� GHYHORSPHQW� RI� WKH� WKUHH�$,� SDWKZD\V�� :KHUH� ODEHOOHG� FOLQLFDO� RQVHW�
WLPHOLQHV�ZHUH�XQDYDLODEOH��V\QWKHWLF�GHYHORSPHQW�GDWD�ZHUH�XVHG�WR�EXLOG�VXIILFLHQWO\�ORQJ�ORQJLWXGLQDO�
VHTXHQFHV�IRU�WKH�GHYHORSPHQW�VWDJH���GD\�DQG����GD\�IRUHFDVWV��3XEOLF�DQG�V\QWKHWLF�GDWDVHWV�VXSSRUW�
UHVHDUFK�DQG�GHYHORSPHQW��EXW�WKH\�GR�QRW�UHSODFH�UHDO�ZRUOG�ILHOG�YDOLGDWLRQ�

9,,��'HSOR\PHQW�(YLGHQFH�DQG�9DOLGDWLRQ�0HWKRGRORJ\

$��)LHOG�,PSOHPHQWDWLRQ�DQG�([SHUW�2EVHUYDWLRQ

7KH�*DX'ULVKWL�SURWRW\SH�ZDV�LPSOHPHQWHG�DQG�WHVWHG�XQGHU�YHWHULQDU\�GRPDLQ�REVHUYDWLRQ� DQG�H[SHUW�
IHHGEDFN�RQ� WKH� SURSRVHG�ZRUNIORZ� DQG� ILHOG� DSSOLFDELOLW\�ZDV� REWDLQHG� IURP�'U��9LWWKDO�&KDPDUH��
5HWLUHG�$VVLVWDQW�/LYHVWRFN�'HYHORSPHQW�2IILFHU��3XQH�'LVWULFW��)LJ����E��VKRZV�D�ILHOG�LPSOHPHQWDWLRQ�
LQ�3XQH��0DKDUDVKWUD��$�ILYH�IDUP�ILHOG�GDWDVHW�LV�UHIHUHQFHG�LQ�WKH�SURMHFW�PDWHULDOV��

%��5LVNV�DQG�(QJLQHHULQJ�5HVSRQVHV

7DEOH�9,�OLVWV�WKH�SULQFLSDO�ULVNV�LGHQWLILHG�E\�WKH�WHDP�DQG�WKH�SODQQHG�HQJLQHHULQJ�UHVSRQVH�WR�HDFK�
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7$%/(9,

&+$//(1*(6�$1'�(1*,1((5,1*�5(63216(6

&KDOOHQJH���ULVN (QJLQHHULQJ�UHVSRQVH

6HQVRU� YDULDELOLW\� DQG� ILHOG�
SODFHPHQW

&DOLEUDWLRQ��DQLPDO�VSHFLILF�EDVHOLQH�DQG�YDOLGDWLRQ�FKHFNV

5XUDO�FRQQHFWLYLW\ %XIIHUHG�VWRUDJH�DQG�V\QFKURQLVDWLRQ�ZKHQ�FRQQHFWLYLW\�UHWXUQV

0LVVLQJ�PLON�SDUDPHWHUV 0DQXDO���ODERUDWRU\�LQSXW�SDWKZD\�LQVWHDG�RI�DVVXPLQJ�DXWRPDWHG�
WHVWLQJ

)DUPHU�DGRSWLRQ 6LPSOH� ZRUNIORZ�� IDUPHU� DQG� YHWHULQDU\� UHYLHZ�� PXOWLOLQJXDO�
JURXQGZRUN

'HSOR\PHQW�FRVW�DW�VFDOH &RPPRGLW\� FRPSRQHQWV�� PRGXODU� UHSODFHDEOH� VHQVRUV�� SKDVHG�
UROORXW

/LPLWHG� FOLQLFDO� ORQJLWXGLQDO
ODEHOV

3URVSHFWLYH�PXOWL�GD\�FROOHFWLRQ��YHWHULQDU\�UHYLHZ�DQG�&07�6&&�
FRPSDULVRQ

&��,PSOHPHQWDWLRQ�DQG�9DOLGDWLRQ�3DWK

'HYHORSPHQW�IROORZV�ILYH�VWDJHV��D�ZRUNLQJ�SURWRW\SH��FRUH�V\VWHP�LPSOHPHQWHG���D�ILHOG�SLORW��UHDO�
IDUP� WHVWLQJ��� SURVSHFWLYH� FOLQLFDO� YDOLGDWLRQ� �PXOWL�GD\� ILHOG� YDOLGDWLRQ�ZLWK� YHWHULQDU\� UHYLHZ� DQG�
&07�6&&�FRPSDULVRQ���LQWHJUDWLRQ�ZLWK�GDLU\�FRRSHUDWLYHV��DQG�PXOWL�IDUP�VFDOH�GHSOR\PHQW��2QO\�WKH�
ILUVW�VWDJH�LV�UHSRUWHG�DV�FRPSOHWH�LQ�WKH�VRXUFH�SUHVHQWDWLRQ��DQG�WKH�SLORW�KDV�QRW�\HW�EHHQ�UHSRUWHG�DV�
SURGXFLQJ�TXDQWLILHG�UHVXOWV�

9,,,��)HDVLELOLW\��0DUNHW�DQG�,PSDFW

$��)HDVLELOLW\

7KH� V\VWHP� LV� WHFKQLFDOO\ LPSOHPHQWDEOH� ZLWK� FRPPRGLW\� KDUGZDUH� DQG� RSHQ�VRXUFH� VRIWZDUH��
IROORZLQJ�WKH�FKDLQ�6HQVRUV�ĺ�$3,�ĺ�$,�0/�ĺ�+HDOWK�9LHZ��,W�LV�ILQDQFLDOO\ YLDEOH�DW�WKH�SURWRW\SH�
VFDOH�� ZLWK� DQ� DSSUR[LPDWH� KDUGZDUH�RQO\� FRVW� RI� ൟ���.±ൟ�.�� UHSODFHDEOH� VHQVRUV� DQG� SKDVHG�
GHSOR\PHQW��,W�LV�RSHUDWLRQDOO\ DOLJQHG�ZLWK�IDUP�SUDFWLFH�EHFDXVH�LW�XVHV�UHDO�WLPH�DQG�KLVWRULFDO�IDUP�
GDWD�� IDUPHU� LQSXWV�� ODERUDWRU\� UHFRUGV� ZKHUH� DYDLODEOH� DQG� YHWHULQDU\� UHYLHZ� EHIRUH� DFWLRQ�� DQG� LW�
SUHVHQWV�LQIRUPDWLRQ�DV�D�GDVKERDUG��606�DQG�DQ�/('�

7KH�PDUNHW�DQDO\VLV��7DEOH�9,,��LV�EDVHG�RQ�RIILFLDO�VWDWLVWLFV�>�@��>�@��7KH�VHUYLFHDEOH�PDUNHW�LV�OLPLWHG�
WR ERYLQHV�UHJLVWHUHG�LQ�,1$3+��DQG�WKH�LQLWLDO�REWDLQDEOH�WDUJHW�RI���ODNK�LV�DQ�LOOXVWUDWLYH�WHDP�SODQQLQJ�
WDUJHW� DQG� QRW� D� UHYHQXH� SURMHFWLRQ�� 7DUJHW� XVHUV� UDQJH� IURP� VPDOOKROGHU� IDUPHUV�� WKURXJK� GDLU\�
FRRSHUDWLYHV�DQG�YHWHULQDULDQV��WR�RUJDQLVHG�DQG�FRPPHUFLDO�GDLULHV�
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7$%/(9,,

0$5.(7�6,=,1*

/HYHO )LJXUH 'HILQLWLRQ���VRXUFH

7$0 ������FURUH� ,QGLDQ�LQ�PLON�ERYLQHV��'$+'�$QQXDO�5HSRUW�����±
����>�@

6$0 �����FURUH� ,1$3+�UHJLVWHUHG� ERYLQHV� �'$+'�$QQXDO� 5HSRUW�
����±����>�@

620 ��ODNK
 ,QLWLDO� GHSOR\PHQW� WDUJHW�� LOOXVWUDWLYH� WHDP� SODQQLQJ�
WDUJHW��QRW�D�UHYHQXH�SURMHFWLRQ

%��,PSDFW�DQG�%HQHILWV

)RU�WKH�IDUPHU��WKH�V\VWHP�LQGLFDWHV�ZKLFK�DQLPDO�WR�ORRN�DW�ILUVW��VR�WKDW�REVHUYDWLRQ�DQG�IROORZ�XS�FDQ�
EH�SULRULWLVHG��)RU�WKH�YHWHULQDULDQ��LW�VXSSRUWV�SULRULW\�FOLQLFDO�UHYLHZ�ZLWK�DQLPDO�KLVWRU\��EHKDYLRXU�
DQG�YLVLRQ�VLJQDOV�DV�VXSSRUWLQJ�HYLGHQFH��ILQDO�LQWHUSUHWDWLRQ�UHPDLQV�WKH�YHWHULQDULDQ
V�UHVSRQVLELOLW\��
)RU� WKH�DQLPDO��HDUOLHU�DWWHQWLRQ�FDQ�VXSSRUW� LPSURYHG�ZHOIDUH��)RU� WKH�GDLU\�HFRV\VWHP�� VWUXFWXUHG�
DQLPDO�KHDOWK� UHFRUGV� VXSSRUW� PRQLWRULQJ� DW� WKH� LQGLYLGXDO�� KHUG� DQG� IDUP� OHYHOV� DQG� DUH� XVHIXO� WR�
FRRSHUDWLYHV�

7KH� EHQHILWV� DUH� HFRQRPLF�� DQLPDO�KHDOWK�UHODWHG�� VRFLDO� DQG� HQYLURQPHQWDO�� 7KH� SURMHFW� FLWHV� DQ�
HVWLPDWHG�DQQXDO�HFRQRPLF� ORVV� IURP�PDVWLWLV� LQ� ,QGLD�RI�ൟ�����±ൟ�������FURUH�� WKH� WHDP�VWDWHV� WKDW�
*DX'ULVKWL�DGGUHVVHV�WKH�LQIRUPDWLRQ�JDS�DQG�WKDW�LWV�HFRQRPLF�LPSDFW�UHTXLUHV�ILHOG�YDOLGDWLRQ��(DUOLHU�
YHWHULQDU\� UHYLHZ�� VWUXFWXUHG� IROORZ�XS� DQG� UHVSRQVLEOH� DQWLPLFURELDO� XVH� VXSSRUW� DQLPDO� KHDOWK� DQG�
VDIHU� PLON�� 6RFLDOO\�� WKH� DSSURDFK� VXSSRUWV� VPDOOKROGHU� DQG� PDUJLQDO� IDUPHUV�� ZRPHQ� DQG� UXUDO�
OLYHOLKRRGV��DQG�IDUPHU±YHWHULQDULDQ�FRRUGLQDWLRQ��(QYLURQPHQWDOO\��EHWWHU�KHDOWK�UHFRUGV�FDQ�VXSSRUW�
SUHYHQWLYH� KHUG� PDQDJHPHQW�� DQG� UHGXFHG� DYRLGDEOH� WUHDWPHQW� DQG� PLON�GLVSRVDO� SDWKZD\V� DUH� D�
SRWHQWLDO� GRZQVWUHDP� EHQHILW�� 7KH� H[SHFWHG� LPSDFW� FKDLQ� UXQV� IURP� HDUO\� SUHGLFWLRQ� WR� HDUO\�
LQWHUYHQWLRQ��UHGXFHG�GLVHDVH�VHYHULW\��ORZHU�WUHDWPHQW�DQG�SURGXFWLRQ�ORVV��EHWWHU�PLON�TXDOLW\��LPSURYHG�
IDUPHU�SURILWDELOLW\�DQG��ILQDOO\��LPSURYHG�DQLPDO�ZHOIDUH��7KHVH�DUH�H[SHFWHG�HIIHFWV�DQG�DUH�QRW�\HW�
PHDVXUHG�

,;��/LPLWDWLRQV

7KH�7HPSRUDO�$,�IRUHFDVWV�DUH�GHYHORSPHQW�VWDJH��ODEHOOHG�FOLQLFDO�RQVHW�WLPHOLQHV�ZHUH�XQDYDLODEOH��VR�
V\QWKHWLF�ORQJLWXGLQDO�VHTXHQFHV�DQG�SXEOLF�GDWDVHWV�ZHUH�XVHG��DQG�WKHVH�GR�QRW�UHSODFH�ILHOG�YDOLGDWLRQ��
7KH�%HKDYLRXU�6LJQDO�LV�DQ�DWWHQWLRQ�VLJQDO�DQG�QRW�D�PDVWLWLV�SUREDELOLW\��DQG�8GGHU�9LVLRQ�LV�D�YLVXDO�
DWWHQWLRQ�VLJQDO�DQG�QRW�D�YDOLGDWHG�PDVWLWLV�FODVVLILHU��1R�SUHGLFWLYH�SHUIRUPDQFH�PHWULFV�DUH�UHSRUWHG�LQ�
WKLV�SDSHU��6HQVRU�UHDGLQJV�FDQ�YDU\�ZLWK�SODFHPHQW�RQ�WKH�DQLPDO��DQG�WKH�V\VWHP�GHSHQGV�RQ�FDOLEUDWLRQ�
DQG�DQLPDO�VSHFLILF�EDVHOLQHV��5XUDO�FRQQHFWLYLW\�PD\�EH�LQWHUPLWWHQW��VR�WKH�GHVLJQ�UHOLHV�RQ�EXIIHULQJ�
DQG� ODWHU� V\QFKURQLVDWLRQ�� 0LON� SDUDPHWHUV� VXFK� DV� 6&&� DUH� XVHG� ZKHQ� DYDLODEOH� DQG� DUH� HQWHUHG�
PDQXDOO\�RU�IURP�ODERUDWRU\�UHFRUGV��QRW�PHDVXUHG�DXWRPDWLFDOO\��7KH�HFRQRPLF�LPSDFW�LV�DQ�HVWLPDWH�
WKDW�UHTXLUHV�ILHOG�YDOLGDWLRQ��DQG�WKH�VHUYLFHDEOH�PDUNHW�WDUJHW�LV�DQ�LOOXVWUDWLYH�SODQQLQJ�ILJXUH��)LQDOO\��
WKH�V\VWHP�SURYLGHV�GHFLVLRQ�VXSSRUW�RQO\��YHWHULQDU\�UHYLHZ�LV�QHHGHG�EHIRUH�DQ\�DFWLRQ�
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;��&RQFOXVLRQ�DQG�)XWXUH�:RUN

7KLV�SDSHU�SUHVHQWHG�*DX'ULVKWL��DQ�$,� DQG�,R7�HQDEOHG�HDUO\�ULVN�GHFLVLRQ�VXSSRUW�V\VWHP�IRU�ERYLQH�
PDVWLWLV�� ,W� FRPELQHV� D� ORZ�FRVW�PXOWL�VHQVRU� FROODU�� D� YDOLGDWHG� DQG� V\QFKURQLVHG� ORQJLWXGLQDO� GDWD�
SLSHOLQH�DQG�WKUHH�LQGHSHQGHQW�$,�VLJQDOV�LQWR�DQ�$,�+HDOWK�9LHZ�WKDW�VXSSRUWV�DQLPDO�OHYHO�DQG�KHUG�
OHYHO� SULRULWLVDWLRQ�� HDUO\� ZDUQLQJ� DOHUWV� DQG� DFWLRQDEOH� UHYLHZ� E\� IDUPHUV� DQG� YHWHULQDULDQV�� ,W�
GRFXPHQWHG� WKH�VHQVLQJ�KDUGZDUH�� WKH�VRIWZDUH�VWDFN�� WKH�ULVNV�DQG� WKHLU�SODQQHG�UHVSRQVHV��DQG� WKH�
VWDJHG�SDWK�IURP�D�ZRUNLQJ�SURWRW\SH�WR�PXOWL�IDUP�GHSOR\PHQW��DQG�LW�VWDWHG�FOHDUO\�ZKLFK�RXWSXWV�DUH�
DWWHQWLRQ�FXHV�DQG�QRW�GLDJQRVHV��)XWXUH�ZRUN�LQFOXGHV�FOLQLFDO�YDOLGDWLRQ�WKURXJK�ILHOG�GDWD�FROOHFWLRQ��
YHWHULQDU\�UHYLHZ�DQG�&07�6&&�FRPSDULVRQ��VFDODEOH�GHSOR\PHQW�DQG�LQWHJUDWLRQ�ZLWK�FRRSHUDWLYHV��
*,6� DQG� ODERUDWRU\� V\VWHPV�� DQG� FRQWLQXHG� LPSURYHPHQW� RI� WKH�PRGHOV� WKURXJK�PRUH� FOLQLFDO� GDWD��
VSHFLHV�UHILQHPHQW��EHWWHU�EDVHOLQHV�DQG�LPSURYHG�H[SODLQDELOLW\�
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