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7KH�FXUUHQW�XUEDQ�SROOXWLRQ�OHYHOV�DQG�WKH�OHVV�H[WHQVLYH�FRYHUDJH�RI�WKH�DLU�TXDOLW\�LQGH[HV�E\�JRYHUQPHQW�
VWDWLRQV�KDYH�UHVXOWHG�LQ�WKH�HVWDEOLVKPHQW�RI�QHWZRUNV�IRU�WKH�PRQLWRULQJ�RI�DLU�FRQWDPLQDQWV�DW�D�ORZ�FRVW��
DV�GHVFULEHG�LQ�WKLV�SDSHU��7KH�SDSHU�GLVFXVVHV�WKH�DSSOLFDWLRQ�RI�WKH�$LU�4XDOLW\�0RQLWRULQJ�1HWZRUN�WKDW�
LV�GHVLJQHG�XVLQJ�$,R7�WHFKQRORJ\�LQYROYLQJ�WKH�XVH�RI�DQ�(63���PLFURFRQWUROOHU��VHQVRUV�IRU�PHDVXULQJ�
WKH�SUHVHQFH�RI�JDVHV�DQG�SDUWLFXODWH�PDWWHU�LQ�WKH�DLU��DQG�KXPLGLW\�DQG�WHPSHUDWXUH�VHQVRUV��DV�ZHOO�DV�D�
VLPSOH�LQWHUIDFH�IRU�DOHUWV��'XULQJ�WKH�WZHQW\�GD\�RSHUDWLRQ�RI�WKH�QHWZRUN�LQ�WKH�ILHOG��PRUH�WKDQ�������
KRXUO\�PHDVXUHPHQWV�RI�$4,�LQGLFHV�KDYH�EHHQ�FDSWXUHG��ZKLFK�ZHUH�ODWHU�DQDO\]HG�DQG�XVHG�IRU�EXLOGLQJ�
D�PRGHO�IRU�VKRUW�WHUP�SUHGLFWLRQ�RI�$4,�YDOXHV��7KH�DQDO\VLV�RI�WKH�GDLO\�DYHUDJH�GDWD�VKRZHG�WKDW�WKHUH�
KDV�EHHQ�D�VLJQLILFDQW�ULVH�LQ�$4,�YDOXH�XS�WR�DSSUR[LPDWHO\�����DV�FRPSDUHG�WR�WKH�VXEVHTXHQW�GHFOLQH�RI�
$4,�GRZQ�WR�DSSUR[LPDWHO\�����ZKLOH�WKH�KRXUO\�DYHUDJH�GDWD�VKRZHG�WKH�UHGXFWLRQ�RI�$4,�YDOXHG�DW�QHDUO\�
���������7KH�GDWD�REWDLQHG�VKRZ�WKDW�PRUH�WKDQ�����RI�UHDGLQJV�RI�DLU�TXDOLW\�ZHUH�SRRU�ZKLOH�MXVW������
RI�DOO�GDWD�FRQVWLWXWH�VHYHUH�DLU�TXDOLW\�LQGLFHV��7KH�PRGHO�SUHGLFWV��7KH�ILQGLQJV�VKRZ�WKDW�WKH�FRPELQDWLRQ�
RI�D VHQVRU�QRGH�FRVWLQJ�OHVV�WKDQ�ൟ������DQG�DQ�HDV\�WLPH�VHULHV�WHFKQLTXH�PDNHV�LW�SRVVLEOH�WR�JHQHUDWH�
DFWLRQDEOH� IRUHFDVWV� DERXW� SROOXWLRQ� RQ� WKH� K\SHUORFDO� OHYHO� WR� VXSSRUW� VFDUFHO\� DYDLODEOH� UHJXODWRU\�
PRQLWRULQJ�V\VWHPV��

.H\ZRUGV ��$,R7��$LU�3ROOXWLRQ�,QGH[��HQYLURQPHQWDO�VHQVRUV��(63����04�����'+7����SDUWLFXODWH�PDWWHU��
SROOXWLRQ�IRUHFDVWLQJ��WLPH�VHULHV�IRUHFDVWLQJ��HGJH�PRQLWRULQJ�

,��,1752'8&7,21

$LU�SROOXWLRQ�LV�RQH�RI�WKH�JUHDWHVW�HQYLURQPHQWDO�WKUHDWV�WR�SXEOLF�KHDOWK�JOREDOO\��DV�LQGLFDWHG�E\�WKH:RUOG�
+HDOWK�2UJDQL]DWLRQ¶V��:+2�������*OREDO�$LU�4XDOLW\�*XLGHOLQHV��$FFRUGLQJ�WR�WKHVH�JXLGHOLQHV��RXWGRRU�
DLU�TXDOLW\�SROOXWLRQ�FRPELQHG�ZLWK�LQGRRU�DLU�SROOXWLRQ�FRQWULEXWHV�WR�PLOOLRQV�RI�SUHPDWXUH�GHDWKV�HYHU\�
\HDU� ZLWK� WKH� PDMRULW\� RI� GHDWKV� RFFXUULQJ� LQ� DUHDV� XQGHUJRLQJ� UDSLG� XUEDQL]DWLRQ� >�@�� 7KH� H[LVWLQJ�
UHJXODWRU\�PRQLWRULQJ�VWDWLRQV�VXFK�DV�WKH�&HQWUDO�3ROOXWLRQ�&RQWURO�%RDUG��&3&%��1DWLRQDO�$LU�4XDOLW\�
,QGH[�RI�,QGLD�SURYLGH�UHOLDEOH�LQIRUPDWLRQ�RQ�DLU�SROOXWLRQ�YDOXHV��DOWKRXJK�WKH�VWDWLRQV�DUH�H[SHQVLYH�WR�
EXLOG� ZKLFK� UHVXOWV� LQ� WKHLU� OLPLWHG� QXPEHU� >�@�� 7KHUHIRUH�� VXFK� LQVXIILFLHQW� FRYHUDJH� KDV� OHG� WR� WKH�
GHYHORSPHQW�RI�ORZ�FRVW�VHQVRU�QRGHV�EDVHG�RQ�WKH�,QWHUQHW�RI�7KLQJV��,R7��WKDW�FDQ�FUHDWH�VXIILFLHQW�DLU�
SROOXWLRQ� PRQLWRULQJ� FRYHUDJH�� DQG� ZLWK� WKH� DSSOLFDWLRQ� RI� WKH� UHOHYDQWDQDO\WLFV� FDQ� PDNH� SROOXWLRQ�
IRUHFDVWV�

6PDUW�WHFKQRORJLHV�LQ�WKH�ILHOG�RI�WKH�,QWHUQHW�RI�7KLQJV�LQWHJUDWHG�ZLWK�$UWLILFLDO�,QWHOOLJHQFH��$,���RIWHQ�
UHIHUUHG�WR�DV�$,R7��FUHDWH�UHDO�SRVVLELOLWLHV�IRU�WKH�LPSOHPHQWDWLRQ�RI�D�VHQVRU�QHWZRUN�ZLWK�WKH�FDSDELOLW\�
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RI�QRW� MXVW�PRQLWRULQJ� WKH� VXUURXQGLQJV��EXW� DOVR�SURFHVVLQJ� WKH�KLVWRULFDO� GDWD�RI� WKH� HQYLURQPHQW� DQG�
SUHGLFWLQJ� WKH�QHDU� IXWXUH��7KLV�SDSHU� UHSRUWV� WKH�GHVLJQ�� LPSOHPHQWDWLRQ�DQG� LPSOHPHQWDWLRQ�RI� WKH�DLU�
TXDOLW\� PRQLWRULQJ� QHWZRUN� EDVHG� RQ� WKH� SRVVLELOLW\� RI� FRPELQLQJ� FKHDS� GHYLFHV� OLNH� (63���PRGXOH��
'+7���WHPSHUDWXUH�DQG�KXPLGLW\�VHQVRU��04����JDV�VHQVRU��6KDUS�*3�<����$8�)�GXVW�GHQVLW\�VHQVRU��
2/('�GLVSOD\�IRU�WKH�FRQWURO�RI�UHVXOWV��EX]]HU�DQG�5*%�/('�PRQLWRULQJ�DSSURDFK��7KH�VROXWLRQ�ZRUNV�
VXFFHVVIXOO\�DQG�DOORZV� WKH�XVHUV�WR�FROOHFW�KRXUO\�GDWD�DQG�DQDO\]H�WKHP�WR�VWXG\�WKH�GDLO\�DQG�KRXUO\�
SDWWHUQV�RI�SROOXWLRQ�DQG�PDNH�$4,�IRUHFDVWV�IRU�WKH�QH[W����KRXUV�

7KH�PDLQ�FRQWULEXWLRQV�RI�WKLV�UHVHDUFK�ZRUN�DUH�RXWOLQHG�DV�IROORZV�

�� � � 7KH� GHVLJQ� RI� D� FRPSOHWH�$,R7� 6HQVRU�QRGH� WKDW� LV� ORZ�FRVW� �ൟ������ DQG� FRPELQHV� JDV� VHQVLQJ��
SDUWLFXODWH�VHQVLQJ��DQG�FOLPDWH�VHQVLQJ�ZLWK�DFWXDO�ORFDO�YLVXDO�DXGLEOH�QRWLILFDWLRQV�

��� �$Q�DFWXDO�GDWDVHW�RI�������KRXUO\�$4,�UHDGLQJV�FROOHFWHG�GXULQJ�D�FRQWLQXRXV�GHSOR\PHQW�ODVWLQJ����
GD\V�DQG�DQDO\]HG�IRU�LWV�GDLO\�DQG�GLXUQDO�FKDUDFWHULVWLFV�

����$�OLJKWZHLJKW�VOLGLQJ�ZLQGRZ�IRUHFDVWLQJ�DOJRULWKP�WKDW�IRUHFDVWV�$4,�YDOXHV����KRXUV�LQWR�WKH�IXWXUH�
EDVHG�RQ�WKH�SDVW�$4,�UHDGLQJV�DQG�WLPH�RI�WKH�GD\�

����$Q�HPSLULFDO�HYDOXDWLRQ�WKDW�LQFOXGHV�SROOXWLRQ�EDQG�DQDO\VLV�DQG�D�TXDOLWDWLYH�FRPSDULVRQ�ZLWK�WKUHH�
UHFHQW�(63���$LU�TXDOLW\�V\VWHPV�KDYH�EHHQ�GHYHORSHG��7KH�UHPDLQGHU�RI�WKLV�SDSHU�EHJLQV�ZLWK�6HFWLRQ�,,��
ZKLFK�GLVFXVVHV�LPSRUWDQW�WKHRU\�EHKLQG�WKHVH�GHYLFHV��6HFWLRQ�,,,�VWDWHV�WKH�SUREOHP�WKDW�LV�EHLQJ�GHDOW�LQ�
WKH�SDSHU��6HFWLRQ�,9�RXWOLQHV�WKH�DUFKLWHFWXUH�RI�WKH�GHYLFH�DORQJ�ZLWK�LPSRUWDQW�FRPSRQHQWV�RI�WKH�GHYLFH��
6HFWLRQ�9�H[SODLQV�WKH�PHWKRG�RI�DFTXLULQJ�GDWD��$4,�FDOFXODWLRQ��DQG�IRUHFDVWLQJ��6HFWLRQ�9,�SUHVHQWV�WKH�
UHVXOWV�RI�D�WKUHH�ZHHN�ILHOG�VWXG\�DORQJ�ZLWK�QHDU�WHUP�SUHGLFWLRQ�UHVXOWV��6HFWLRQ�9,,�GHVFULEHV�SUDFWLFDO�
OLPLWDWLRQV�RI�WKH�GHYLFH��)LQDOO\��6HFWLRQ�9,,,�VXPPDUL]HV�WKH�LPSRUWDQW�DVSHFWV�RI�WKH�SDSHU�DORQJ�ZLWK�
LPSRUWDQWO\��IXWXUH�ZRUN�

,,��5(/$7('�:25.

5HFHQWO\��LQLWLDWLYHV�KDYH�HPHUJHG�WKDW�XWLOL]H�WKH�(63���IRU�DLU�TXDOLW\�PHDVXULQJ��3UDQLNDD�DQG�*D\DWKUL�
LQWURGXFHG�DQ�(63���PRGXODWRU�WKURXJK�ZKLFK�04���04��DQG�SDUWLFXODWH�PDWWHU�GHYLFHV�UXQ��DQG�ZLWK�
GLVSOD\� DQG� VWRULQJ� FDSDELOLW\� RI� LQIRUPDWLRQ� LQ� WKH� 7KLQJ6SHDN� FORXG� >�@�� ,YNRYLü� DQG� FR�DXWKRUV�
GHYHORSHG�D�V\VWHP�IRU�PRQLWRULQJ�DLU�TXDOLW\� LQ� WKH�SUHPLVHV�EXLOW�DURXQG� WKH�(63���DQG�FRQWDLQLQJ�D�
PXOWLIXQFWLRQDO� VHQVRU�PRGXOH� VHQGLQJ� WKH� LQIRUPDWLRQ� YLD�0477�7/6� WR� YHULI\� WKH� UHDGLQJV� RI�&2���
SDUWLFXODWH� PDWWHU� DQG� YRODWLOH� FRPSRXQGV� LQ� DFFRUGDQFH� ZLWK� VWDQGDUGV� IRU� LQGRRU� DLU� LQ� (XURSH� DQG�
JOREDOO\�>�@��%DELF�HW�DO��GHYHORSHG�DQ�(63���PRGXODWRU�ZLWK�WKH�%O\QN�FORXG�DSSOLFDWLRQ�XVHG�WR�PHDVXUH�
WHPSHUDWXUH�� KXPLGLW\�� SUHVVXUH� DQG� WKH� DPRXQW� RI� GXVW� LQ� WKH� DLU�� SURYLGLQJ� D� ORZ�FRVW� HQYLURQPHQWDO�
PRQLWRULQJ�VROXWLRQ�>�@��2WKHU�DXWKRUV�XVH�WKHLU�(63���WR�JDWKHU�LQIRUPDWLRQ�IURP�6'6�����04�����DQG�
'+7���VHQVRUV� WR�PHDVXUH�$4,�RQ�ERDUG�DQG�SUHVHQW� LW�RQ�D�ZHE� SDJH��DFKLHYLQJ�����DFFXUDF\�DIWHU�
FDOLEUDWLRQ�>�@��$V�RQH�FDQ�VHH��DOO�RI�WKH�PHDVXUHV�LQFOXGH�RQH�(63���EDVHG�GHYLFH�GRLQJ�WKH�PHDVXUHPHQWV�
DQG�WKHLU�ORFDO�GLVSOD\�DQG�UHPRWH�VHQGLQJ�

7KLV�UHVHDUFK�SURYHV�WKDW�PLFURFRQWUROOHUV�RI�WKH�(63���FODVV�FDQ�EH�XVHG�IRU�ORZ�SRZHU�VHQVLQJ�RI�WKH�
HQYLURQPHQW��EXW�WKH�VWXGLHV�IRFXV�PRUH�RQ�UHDO�WLPH�UHSRUWLQJ�DQG�DOHUW�WULJJHULQJ��UDWKHU�WKDQ�SURYLGLQJ�
IRUHFDVWV� RI� SROOXWLRQ� OHYHOV��7KH� V\VWHP� SURSRVHG� LQ� WKLV� SDSHU� LV� EDVHG� RQ� WKH� VDPH� WHFKQRORJ\� EXW�
LQFRUSRUDWHV�IRUHFDVWLQJ��PDNLQJ�LW�DEOH�WR�JLYH�QRW�RQO\�WKH�FXUUHQW�$4,��EXW�DOVR�LWV�SUHGLFWLRQ�IRU�WKH�
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QHDUHVW� ���KRXUV�� ,Q�7DEOH� ,�� WKH�RXWFRPH�RI� WKH�FXUUHQW� UHVHDUFK� LV� FRPSDUHG�ZLWK� WKUHH�RI� WKH� FORVHVW�
V\VWHPV�XVLQJ�WKH�(63���WHFKQRORJ\�RQ�IRXU�FULWHULD�

7$%/(�,��4XDOLWDWLYH�&RPSDULVRQ�ZLWK�5HODWHG�(63���%DVHG�6\VWHPV

6\VWHP 30�6HQVLQJ &ORXG�/LQN )RUHFDVWLQJ

3UDQLNDD�	�*D\DWKUL�
>�@

<HV 7KLQJ6SHDN 1R

,YNRYLü�HW�DO��>�@ <HV 0477�7/6 1R

%DELF�HW�DO��>�@ 1R %O\QN 1R

7KLV�ZRUN <HV &ORXG�ORJJHU <HV�����K�

,,,��352%/(0�67$7(0(17

7KH�LVVXH�VWDWHPHQW�WKDW�LV�JRLQJ�WR�EH�VROYHG�E\�WKLV�V\VWHP�LV���$,R7�$LU�4XDOLW\�0RQLWRULQJ�1HWZRUN���
SUHGLFWV�SROOXWLRQ�OHYHOV�ZLWK�WKH�KHOS�RI�,R7�HQYLURQPHQWDO�VHQVRUV���7KLV�VWDWHPHQW�FDQ�EH�GLYLGHG�LQWR�
WKUHH� LQWHUFRQQHFWHG� VXE�SUREOHPV�� 7R� EHJLQ� ZLWK�� LW� LV� QHFHVVDU\� WR� GHWHFW� JDVHRXV�� VROLG�� DQG�
PHWHRURORJLFDO�FRQGLWLRQV�ZLWKRXW�VSHQGLQJ�D� ORW�RI�PRQH\�RU� UHO\LQJ�RQ�D�FRVWO\� UHIHUHQFH�PRQLWRULQJ�
VWDWLRQ��7KH�QH[W�VWHS�LV�WR�FRQYHUW�UDZ�GDWD�IURP�WKH�VHQVRUV�LQWR�D�VLQJOH�YDOXH�RI�DLU�TXDOLW\�LQGH[��$4,��
WKDW�FDQ�EH�FODVVLILHG�LQWR�VHSDUDWH�EDQGV�GHSHQGLQJ�RQ�KRZ�SROOXWHG�WKH�HQYLURQPHQW�LV��WKHUHIRUH�PDNLQJ�
LW�HDV\�IRU�DQ�RUGLQDU\�XVHU�WR�XQGHUVWDQG�WKH�ULVN�RI�H[SRVXUH��)LQDOO\��DQG�PRVW�LPSRUWDQWO\��WKH�KLVWRULFDO�
GDWD�RQ�$4,�FROOHFWHG�E\�WKH�PRQLWRULQJ�GHYLFH�PXVW�EH�XVHG�WR�SUHGLFW�IXWXUH�FRQWDPLQDWLRQ�OHYHOV�

,9��6<67(0�$5&+,7(&785(

$��+DUGZDUH�'HVLJQ

7KH� LQSXW�VHQVRU�KXE� LV�EDVHG�RQ�DQ�(63���'HY.LW� �:5220�����PLFURFRQWUROOHU��VHOHFWHG�GXH� WR� WKH�
FKDUDFWHULVWLFV�RI�LWV�GXDO�FRUH�&38��EXLOW�LQ�:L�)L�FDSDELOLWLHV��DQG�ORZ�SULFH�HQDEOLQJ�LW�IRU�FRQVWDQW�RQ�
RSHUDWLRQ��7KH�(63���UHFHLYHV�GDWD�IURP�WKUHH�VHQVRUV��QDPHO\��WKH�'+7����$0������WHPSHUDWXUH�DQG�
UHODWLYH�KXPLGLW\�VHQVRU��WKH�04����JDVHRXV�SROOXWDQW�GHWHFWLRQ�VHQVRU��DQG�WKH�*3�<����$8�)�RSWLFDO�
VHQVRU�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�FRQFHQWUDWLRQ�RI�SDUWLFXODWH�PDWWHU��7KH�UHDO�WLPH�UHDGLQJV�RI�WKH�$4,�
DUH�GLVSOD\HG�RQ�D�VXLWDEOH������LQFK�66'�����2/('�GLVSOD\�FRQQHFWHG�WR�,�&��ZKLOH�WKH�DOHUW�LQGLFDWRUV�
RI� WKH�QRGH�DUH�D ORXGVSHDNHU�DQG�FRORUIXO�5*%�/('�WKDW�DUH�DFWLYDWHG�ZKHQ�$4,�LV�DW�SRRU�RU� VHYHUH�
OHYHOV�

&RPSRQHQW &DWHJRU\ 4W\

(63���'HY.LW��:5220���� 0LFURFRQWUROOHU �

'+7����$0������7HPS�	�+XPLGLW\�0RGXOH 6HQVRU �

04����*DV�6HQVRU�0RGXOH 6HQVRU �

6KDUS�*3�<����$8�)�30�6HQVRU 6HQVRU �
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&RPSRQHQW &DWHJRU\ 4W\

66'�����2/('�������,�&�'LVSOD\ 'LVSOD\ �

$FWLYH�%X]]HU����9����SLQ� $OHUW �

5*%�/('��PP��FRPPRQ�FDWKRGH� $OHUW �

5HVLVWRU����±����ȍ�����: 3DVVLYH �

5HVLVWRU����Nȍ�����: 3DVVLYH �

5HVLVWRU����Nȍ�����: 3DVVLYH �

5HVLVWRU�����ȍ�����: 3DVVLYH �

&DSDFLWRU������) 3DVVLYH �

%UHDGERDUG������SRLQW %XLOG �

-XPSHU�:LUHV�0±0��SDFN�RI���� :LULQJ �

-XPSHU�:LUHV�0±)��SDFN�RI���� :LULQJ �

7KH�(63���ILUPZDUH�VDPSOHV�WKH�VHQVRU�UHDGLQJV�DW�IL[HG�WLPH�LQWHUYDOV��FRQYHUWV�LW�WR�D�FRPSRVLWH�$4,�
YDOXH��DQG�VHQGV�LW�DORQJ�ZLWK�D�WLPHVWDPS�WR�D�EDFN�HQG�GDWD�ORJJLQJ��7KH�UHVLVWRU�QHWZRUN�RI����Nȍ�����
Nȍ�� DQG�����ȍ�� DV� QHHGHG� IRU� WKH� RSHUDWLRQ� RI� WKH�04���� DQG�*3�<����$8�)� VHQVRU� IURQW� HQGV�� LV�
SUHSDUHG�DORQJ�ZLWK�WKH�FDSDFLWRU�RI������)�WKDW�VPRRWKHV�WKH�/('�VXSSO\�RI�WKH�SDUWLFXODWH�VHQVLQJ��7KH�
FXUUHQW�OLPLWLQJ�RI�WKH�5*%�DOHUW�/('�LV�HQVXUHG�ZLWK�WKH�KHOS�RI�WKH�UHVLVWRUV�RI�DPRXQWV����±����ȍ��$�
SURWRW\SH�RI�WKH�ZKROH�V\VWHP�LV�UHDG\�ZLWK�WKH�KHOS�RI�DQ�����SRLQW�EUHDGERDUG�VR�WKDW�IXWXUH�LWHUDWLRQV�
FRXOG� EH� HDVLO\� FDUULHG� RQ��7KH� FRPSOHWH� IORZ� RI� KDUGZDUH� DORQJ�ZLWK� WKH� LQIRUPDWLRQ� LV� JLYHQ� LQ� WKH�
GLDJUDP�VKRZQ�LQ�)LJ����RI�WKH�SDSHU��

)LJ�����6\VWHP�EORFN�GLDJUDP��VHQVLQJ��DOHUWLQJ��ORJJLQJ�DQG�IRUHFDVWLQJ�VWDJHV�

%��6RIWZDUH�DQG�)LUPZDUH�$UFKLWHFWXUH

7KH�ILUPZDUH�XVHV�VLPSOH�FRRSHUDWLYH�ORRSLQJ�ZKHUH���L��VHQVRUV�DUH�LQWHUURJDWHG�LQ�D�VHTXHQWLDO�PDQQHU�
ZKLOH�WKHLU�UHVSHFWLYH�UDZ�PHWULFV�DUH� WUDQVIRUPHG�LQWR�SK\VLFDO�TXDQWLWLHV���&���5+��SSP���J�Pñ����LL��
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SK\VLFDO�PHWULFV�JR�LQWR�FUHDWLQJ�RQH�FRPSRVLWH�$4,�WKURXJK�VXE�LQGH[LQJ�PHWKRG�RXWOLQHG�LQ�6HFWLRQ�9�
$���LLL��$4,�DORQJ�ZLWK�LWV�SROOXWLRQ�OHYHO�LV�VKRZQ�RQ�2/('�VFUHHQ��DQG�EX]]HU�DQG�5*%�/('�DUH�DFWXDWHG�
LI�WKHUH�LV�FURVVLQJ�RI�WKH�3RRU�DQG�6HYHUH�WKUHVKROGV��DQG��LY��PHDVXUHG�YDOXHV�ZLWK�WLPHVWDPSV�DUH�VHQW�
RYHU�:L�)L�WR�EH�VWRUHG�RQ�WKH�ORJJLQJ�V\VWHP��7KH�ORRS�UHSHDWV�LWVHOI�ZLWK�D�IL[HG�IUHTXHQF\�RI�WKH�SURFHVVHV�
DQG�KRXUO\�PHDVXUHPHQWV FDOFXODWHG�LQ�6HFWLRQ�9,�ZKLOH�DYHUDJLQJ�DOO�WKH�LQWUD�KRXU�YDOXHV�

&��3RZHU�DQG�&RVW�&RQVLGHUDWLRQV

7KH�(63���WDNHV�XS�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�QRGH
V�SRZHU�FRQVXPSWLRQ�GXH�WR� LWV�KLJK�DFWLYH�:L�)L�
FXUUHQW�GUDZ��DSSUR[LPDWHO\�������P$���0HDQZKLOH��WKH�04����KHDWHU�HOHPHQW�UDQNV�KLJKHVW�DPRQJ�WKH�
VHQVRUV�LQ�WHUPV�RI�FRQWLQXRXV�SRZHU�FRQVXPSWLRQ�VR�WKDW�ERWK�WKH�(63���DQG�WKH�04����KHDWHU�KLQW�DW�
WKH�SLYRWDO�UROH�RI�GXW\�F\FOH�VDPSOLQJ�IRU�H[WHQGLQJ�WLPH�LQ�EDWWHU\�RSHUDWHG�V\VWHPV��

,Q�WHUPV�RI�FRVW��7DEOH�,,,�VKRZV�UHWDLO�SULFHV�LQ�,QGLD��ൟ�LQFOXGLQJ�*67�REWDLQHG�IURP�VKRSV�DV�5REX�LQ��
5RERFUD]H��=ERWLF��IRU�DOO�UHTXLUHG�FRPSRQHQWV�OLVWHG�LQ�7DEOH�,,�DQG�VXPV�LW�XS�WR�ൟ������ൟ������ZKLFK�LV�
RQH�RU�WZR�GHJUHHV�ORZHU�FRPSDUHG�WR�SULFH�RI�UHJXODWRU\�DLU�TXDOLW\�VWDWLRQV�DQG�PDWFKHV�WKH�FRVW�EHLQJ�
VHHQ�LQ�FDVH�RI�(63���EDVHG�GHYLFHV�>�@�7$%/(�,,,��$SSUR[LPDWH�&RPSRQHQW�&RVW��,15�

&DWHJRU\ $SSUR[��5DQJH 4W\

(63���'HY.LW��:5220���� ൟ����± ൟ��� �

'+7���7HPS�+XPLGLW\�0RGXOH ൟ����± ൟ��� �

04����*DV�6HQVRU�0RGXOH ൟ����± ൟ��� �

6KDUS�*3�<����$8�)�30�6HQVRU ൟ����± ൟ��� �

66'�����2/('�������'LVSOD\ ൟ����± ൟ��� �

%X]]HU��5*%�/('��SDVVLYHV ൟ���± ൟ��� �

%UHDGERDUG���MXPSHU�ZLUHV ൟ����± ൟ��� �

(VWLPDWHG�WRWDO ൟ������± ൟ����� �

9��0(7+2'2/2*<

$��$4,�&RPSXWDWLRQ

7KH�OHYHO�RI�HDFK�SROOXWDQW�&S�GHWHFWDEOH�E\�WKH�VHQVRUV�FDQ�EH�FDOFXODWHG�LQWR�D�SROOXWDQW�VXE�LQGH[�XVLQJ�
WKH�VLPSOLILHG�SLHFHZLVH�OLQHDU�IRUPXOD�XVHG�LQ�WKH�$4,�IUDPHZRUNV�RI�86�(3$�DQG�&3&%�>�@�>�@�JLYHQ�
EHORZ��

,S� �>�,+,�í�,/2�����%+,�í�%/2�@�ā��&S�í�%/2����,/2����

,Q�WKLV�FDVH��%/2�DQG�%+,�DUH�WKH�FRQFHQWUDWLRQ�EUHDNSRLQWV�FDOFXODWHG�EHIRUH�DQG�DIWHU�&S�UHVSHFWLYHO\�
DQG�,/2�DQG�,+,�DUH�WKH�FRUUHVSRQGLQJ�LQGH[�EUHDNSRLQWV�IRU�WKDW�$4,�FDWHJRU\��7KH�RYHUDOO�FRPSRVLWH�$4,�
REWDLQHG�E\�WKH�QRGH�LV�FDOFXODWHG�DV�WKH�KLJKHVW�RI�WKH�LQGLYLGXDO�SROOXWDQW�VXE�LQGLFHV�LQ�WKH�IRUPXOD�$4,�
 �PD[�,S�� FRQVLVWHQW� DOVR�ZLWK� WKH� FRPPRQ�SULQFLSOH� ³ZRUVW�SROOXWDQW�JRYHUQV´� LQ� WKH�&3&%�DQG�(3$�
PHWKRGV��7KH�$4,�YDOXH� WKXV� REWDLQHG� LV� DVVLJQHG� WR� RQH� RI� WKH� WKUHH� GHSOR\PHQW� OHYHOV� �*RRG��3RRU��
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6HYHUH�� EDVHG� RQ� WKH� WKUHVKROGV� DGDSWHG� IURP� WKH� &3&%� VL[�WLHU� 1DWLRQDO�$4,� VFKHPH� �*RRG� ������
6DWLVIDFWRU\���������0RGHUDWH����������3RRU����������9HU\�3RRU����������6HYHUH����������>�@��,Q�WKH�FDVH�
DW�KDQG��WKH�RULJLQDO�VL[�WLHU�$4,�VFKHPH�LV�WKHUHIRUH�VLPSOLILHG�E\�PHDQV�RI�WKUHH�WLHU�$4,�OHYHOV�VXLWDEOH�
IRU� WKH�GHYLFH�XVLQJ�WKH�DOHUW�IXQFWLRQV�DQG�LPPHGLDWH�UHVSRQVHV�WKDW�IRUJHW�DERXW�PRUH�WKDQ�WKUHH�$4,�
YDOXHV�LQ�FDVH�RI�HPHUJHQF\�VLWXDWLRQ�

%��'DWD�&ROOHFWLRQ�DQG�3UHSURFHVVLQJ

7KH�SURWRW\SH�QRGH�ZDV�GHSOR\HG�IRU�D�FRQWLQXRXV�GXUDWLRQ�RI�WZHQW\�GD\V��VWDUWLQJ�IURP����$XJXVW�WR����
$XJXVW�������$IWHU�EDVLF�UDQJH�FKHFNLQJ�DQG�UHPRYDO�RI�WKH�VHQVRU�ZDUP�XS�SKDVH��RQH�$4,�UHDGLQJ�ZDV�
UHFRUGHG� HYHU\� KRXU�� DPRXQWLQJ� WR� D� WRWDO� RI� ������ YDOLG� VDPSOHV��7KH� LQYDOLG� VDPSOHV� WKDW� HLWKHU� KDG�
PLVVLQJ�YDOXHV�RU�ZHUH�RXW�RI�UDQJH�KDYH�EHHQ�OLQHDUO\�LQWHUSRODWHG�XVLQJ�WKH�DGMDFHQW�KRXUO\�YDOXHV��VR�
WKDW�WKH�WLPH�VHULHV�UHPDLQV�FRQWLQXRXV�IRU�SHUIRUPLQJ�VOLGLQJ�ZLQGRZ�IHDWXUH�H[WUDFWLRQ�

&��)RUHFDVWLQJ�3LSHOLQH

7KH� SURFHVV� RI� FUHDWLQJ� D� SUHGLFWLYH� PRGHO� FDQ� EH� EURNHQ� GRZQ� LQWR� FUHDWLQJ� D� VXSHUYLVHG� OHDUQLQJ�
IUDPHZRUN��7KH�KRXUO\�$4,�YDOXHV�ZHUH�DUUDQJHG�LQWR�LQSXW�DQG�WDUJHW�IHDWXUHV�XVLQJ�D�VOLGLQJ�ZLQGRZ�RI�
WKH� SUHYLRXV� Q� KRXUO\�$4,� YDOXHV� IURP�ZKLFK� WKH� KRXUO\�$4,� ZRXOG� EH� SUHGLFWHG�� ,Q� DGGLWLRQ� WR� WKH�
DXWRUHJUHVVLYH�ZLQGRZ��KRXU�RI�GD\�LV�DOVR�LQFOXGHG�DV�D�F\FOLFDO�IHDWXUH�XVLQJ�VLQ�FRV�HQFRGLQJV�VLQFH�LW�
ZDV� FRQFOXGHG� LQ� 6HFWLRQ� 9,�%� WKDW� GLXUQDO� SRVLWLRQ� KDV� VWURQJ� SUHGLFWLYH� FDSDELOLW\� LQ� WKH� VLWH� RI�
GHSOR\PHQW��)LJ����JLYHV�DQ�RYHUYLHZ�RI� WKH�SURFHVV� IURP�WKH�UDZ�VHQVRU�GDWD� WR� WKH�H[SHFWHG����KRXU�
SUHGLFWLRQ�

)LJ�����'DWD�SURFHVVLQJ�DQG�IRUHFDVWLQJ�SLSHOLQH�

:H�RSWHG�WR�XVH�WKH�JUDGLHQW�ERRVWLQJ�UHJUHVVLRQ�WUHH�HQVHPEOH�DV�WKH�IRUHFDVWLQJ�PRGHO��ZKLFK�IROORZHG�
WKH�SULQFLSOHV�RI�UDQGRP�IRUHVWV�PRGHOV�WKDW�KDYH�EHHQ�GLVFXVVHG�E\�%UHLPDQ�>��@�DQG�ZDV�LPSOHPHQWHG�LQ�
WKH�SURYHQ�SURJUDPPLQJ�OLEUDU\�VFLNLW�OHDUQ�>��@��ZH�KDYH�DOVR�HYDOXDWHG�D�VHTXHQFH�PRGHO�EDVHG�RQ�/670�
>��@�DV�DQ�DOWHUQDWLYH��EXW�LW�GLG�QRW�SHUIRUP�EHWWHU�WKDQ�WKH�WUHH�HQVHPEOH�RQ�WKLV�VLQJOH�QRGH�GDWDVHW�IRU�
WKUHH�ZHHNV��EHFDXVH�RI�WKH�VPDOO�OHQJWK�RI�WKH�WUDLQLQJ�KLVWRU\��7R�HYDOXDWH�WKH�DFKLHYHPHQW�RI�WKH�PRGHOV��
ZH�KDG�WR�XVH�VWDQGDUG�PHWULFV�RI�UHJUHVVLRQ�DQDO\VLV�

0$(� ����1��Ȉ�_$4,DFWXDO�í�$4,SUHG_����

506(� �¥>���1��Ȉ��$4,DFWXDO�í�$4,SUHG�ð@����

7KHQ��WKH�WUDLQHG�PRGHO�ZDV�DSSOLHG�LQ�D�UHFXUVLYH�PDQQHU�WR�IRUHFDVW�$4,�FKDQJHV�IRU�WKH�QH[W����KRXUV�
DIWHU�WKH�HQG�RI�WKH�ORJJLQJ�SHULRG



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͒͐ иϙ�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͑͒͒

9,��5(68/76�$1'�',6&866,21

$��'HVFULSWLYH�6WDWLVWLFV

7DEOH�,9�VXPPDUL]HV�WKH�KRXUO\�$4,�GLVWULEXWLRQ�RYHU�WKH�IXOO����GD\��������VDPSOH�GHSOR\PHQW��7KH�PHDQ�
$4,�RI�URXJKO\�����DOUHDG\�VLWV�LQVLGH�WKH�3RRU�EDQG�RQ�WKH�&3&%�VL[�WLHU�VFDOH��DQG�WKH�JDS�EHWZHHQ�WKH�
PHGLDQ��§������DQG�WKH�PHDQ�LQGLFDWHV�D�ULJKW�OHDQLQJ�GLVWULEXWLRQ�FRQVLVWHQW�ZLWK�WKH�RFFDVLRQDO�6HYHUH�
EDQG�H[FXUVLRQV�YLVLEOH�LQ�)LJ����

7$%/(�,9��+RXUO\�$4,�� 'HVFULSWLYH�6WDWLVWLFV

6WDWLVWLF 9DOXH

0HDQ�$4, §����

0HGLDQ�$4, §����

0LQLPXP�$4, §���

0D[LPXP�$4, §����

6WDQGDUG�GHYLDWLRQ §���

7RWDO�VDPSOHV �����

%��'DLO\�$4,�7UHQG

)LJ����LOOXVWUDWHV�WKH�GDLO\�DYHUDJHV�IRU�WKH�$4,�RI�HYHU\�GD\�LQ�WKH�GHSOR\PHQW��7KH�GDWD�EHJLQV�DW�D�UDWKHU�
KLJK�YDOXH�RI�$4,�§�����DQG�NHHSV�LQFUHDVLQJ�HYHU\�GD\�WKURXJKRXW�WKH�ILUVW�IRXU�GD\V�UHDFKLQJ�D�SRLQW�RI�
$4,�§�����RQ����$XJXVW��ZKLFK�LQGLFDWHV�SROOXWLRQ�DFFXPXODWLRQ�LV�WDNLQJ�SODFH�IRU�PDQ\�GD\V�GXH�WR�WKH�
ODFN�RI�SURSHU�GLVSHUVDO�RI�DLU�SROOXWDQWV��$IWHU�WKDW��WKHUH�LV�D�VXGGHQ�GURS�EDFN�WR�WKH�ORZHVW�OHYHO�GXULQJ�
WKH�GHSOR\PHQW�RI�$4,�§����RQ����$XJXVW��ZKLFK�LV�SRVVLEO\�FRQQHFWHG�WR�UDLQ\�ZHDWKHU�RU�YHU\�ZLQG\�
ZHDWKHU�ZKHQ�DOO�DLU�SROOXWDQWV�DUH�FOHDUHG�IURP�WKH�DWPRVSKHUH�EHIRUH�WKH�$4,�VWDELOL]HV�DW�WKH�OHYHO�RI�
$4,�§���������WLOO�WKH�HQG�RI�$XJXVW��7KLV�NLQG�RI�VDZ�WRRWK�SDWWHUQ�� JUDGXDO�DFFXPXODWLRQ�IROORZHG�E\�D�
UDSLG�GURS�� LV�W\SLFDO�IRU�SROOXWLRQ�EXLOG�XS�XQGHU�PHWHRURORJLFDO�FRQGLWLRQV�VR�WKDW�DFFXPXODWLRQ�GRHV�QRW�
UHVXOW�IURP�D�FRQVWDQW�LQFUHDVH�LQ�HPLVVLRQV�>�@�
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)LJ�����$YHUDJH�$4,�SHU�GD\�RYHU�WKH����GD\�GHSOR\PHQW����±���$XJXVW�������

&��'LXUQDO�$4,�3DWWHUQ

7KH�GDWD�LQ�)LJ����LV�FODVVLILHG�LQWR�KRXUO\�VHJPHQWV��7KH�DLU�TXDOLW\�LQGH[�UHDFKHG�LWV�ORZHVW�SRLQW�GXULQJ�
WKH�HDUO\�PRUQLQJ�KRXUV��GURSSLQJ�DOPRVW�WR��������$4,�§�������WKHQ�JUDGXDOO\�ULVLQJ�EHWZHHQ�������DQG�
������ �$4,� §� ��������� EHIRUH� FRPLQJ� GRZQ� DJDLQ� LQ� WKH� HYHQLQJ�� 7KH� SDWWHUQ� UHFRUGHG� LQ� )LJ�� ��
FRUUHVSRQGV� ZHOO� ZLWK� WKH� LQIOXHQFH� RI� PRUQLQJ� WUDIILF� DQG� PL[LQJ�OD\HU� SURFHVVHV� IROORZHG� E\�
SKRWRFKHPLFDO�DQG�YHKLFXODU�SURFHVVHV��7KH�GD\�WR�QLJKW�GLIIHUHQFH�LV�DOVR�FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQV�
UHFRUGHG�E\�RWKHU�VWXGLHV�SHUIRUPHG�ZLWK�WKH�DLG�RI�(63���GHYLFHV�>�@>�@��7KH�JDS�EHWZHHQ�WKH�ORZ�SRLQW�
DW����$0�� �������DQG�WKH�SODWHDX�UHDFKHG�DW�QRRQ�LV�ZKDW� LV�XVHG�LQ� WKH�KRXU�RI�WKH�GD\�IHDWXUH�RI�WKH�
IRUHFDVWLQJ�V\VWHP�SUHVHQWHG�LQ�WKH�QH[W�VHFWLRQ�9�&��

)LJ�����$YHUDJH�$4,�E\�KRXU�RI�GD\��DJJUHJDWHG�DFURVV�WKH�GHSOR\PHQW�

'��3ROOXWLRQ�/HYHO�'LVWULEXWLRQ

7KH�FODVVLILFDWLRQ�RI������� UHDGLQJV� LQ� DFFRUGDQFH�ZLWK� WKH� WKUHH�WLHU�PHWKRG�GLVFXVVHG� LQ�6HFWLRQ�9�$�
UHVXOWV�LQ�WKH�LGHQWLILFDWLRQ�RI�������3RRU�UHDGLQJV�FRUUHVSRQGLQJ�WR������������*RRG�UHDGLQJV�HTXDO�WR�
������DQG����6HYHUH�UHDGLQJV���������DV�GHSLFWHG�LQ�)LJ����DQG�VXPPDUL]HG�LQ�7DEOH�9��7KH�RYHUZKHOPLQJ�
SUHVHQFH�RI�3RRU� UHDGLQJV� LPSOLHV� WKDW� WKH� DLU�TXDOLW\�ZDV�PRVWO\�XQKHDOWK\� WKURXJKRXW� WKH�PRQLWRULQJ�
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SHULRG�EXW�GLG�QRW�FURVV� WKH� WKUHVKROG�RI� WKH�6HYHUH�FODVVLILFDWLRQ��7KXV�� WKH�FRQWLQXRXV� UHSRUWLQJ�QRGH�
SURYHV�WR�EH�XVHIXO�LQ�HQVXULQJ�DZDUHQHVV�QRW�MXVW�GXULQJ�HPHUJHQFLHV��EXW�GXULQJ�WKH�HQWLUH�PRQLWRULQJ�
WLPHIUDPH��7KH�UHODWLYHO\�VPDOO�VKDUH�RI 6HYHUH�UHDGLQJV��KRZHYHU��PD\�VWLOO�HQG�XS�EHLQJ�WKH�VHJPHQW�WKDW�
RIIHUV�WKH�JUHDWHVW�SUDFWLFDO�EHQHILWV��DV�WKRVH�DUH�WKH�LQVWDQFHV�WKDW�WKH�EX]]HU�5*%�/('�DOHUW�V\VWHP�LV�
PHDQW�WR�GHWHFW��

)LJ�����'LVWULEXWLRQ�RI�KRXUO\�UHDGLQJV�DFURVV�WKH�*RRG��3RRU�DQG�6HYHUH�SROOXWLRQ�EDQGV�

7$%/(�9��3ROOXWLRQ�/HYHO�'LVWULEXWLRQ�6XPPDU\

&DWHJRU\ &RXQW 6KDUH

3RRU ���� �����

*RRG ��� �����

6HYHUH �� ����

(�����+RXU�$4,�)RUHFDVW

,Q� )LJ�� �� WKH� SUHGLFWHG�$4,� IRU� ��� KRXUV� RQ� 6HSWHPEHU� ��� ������ LV� SURYLGHG��7KH� FKDUW� VKRZV� VLPLODU�
EHKDYLRU�WR� WKDW�RI�WKH�GLXUQDO�SDWWHUQ�GLVFXVVHG� LQ�6HFWLRQ�9,�&�ZLWK�D�ORZ�OHYHO�RI�DERXW����DW���D�P��
IROORZHG�E\�JUDGXDO�FOLPE�RYHU�WKH�SHULRG�RI������WR�������ZLWK�WHPS�$4,�QHDULQJ�WKH�UDQJH�RI���������DQG�
WKHQ�VKDUS�ULVH�LQ�WKH�HYHQLQJ�KRXUV�UHDFKLQJ�WR�����DURXQG���S�P��7KH�FRPSDULVRQ�RI�)LJ����DQG�)LJ����
VXJJHVWV�WKDW�KRXU�RI�WKH�GD\�VHUYHV�DV�D�JRRG�SUHGLFWRU�IRU�WKLV�ORFDWLRQ�DQG�WKDW�OLJKWZHLJKW�IRUHFDVWLQJ�
PRGHO�FDQ�VXFFHVVIXOO\�SUHGLFW�GDLO\�ULVH�LQ�SROOXWLRQ��
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)LJ�����3UHGLFWHG�$4,�IRU�WKH�QH[W����KRXUV����6HSWHPEHU�������

)��'LVFXVVLRQ

,Q�VXPPDU\��WKH�UHVXOWV�IURP�WKH�GDLO\��GLXUQDO��DQG�IRUHFDVWLQJ�KDYH�WKH�VDPH�LGHD�WKDW�SROOXWLRQ�DW�WKH�VLWH�
GRHVQ
W�MXVW�IROORZ�WKH�GDLO\�OHYHO�EXW�WKDW�LW�IROORZV�D�VORZ�PXOWL�GD\�DFFXPXODWLRQ�WKDW�LW�LV�DOVR�EDVHG�RQ�
TXLFN�PHWHRURORJLFDO�FKDQJHV��$GGLWLRQDOO\��LW�VKRZV�WKDW�SROOXWLRQ�DW�WKH�VLWH�FKDQJHV�DFFRUGLQJ�WR�UHJXODU�
UK\WKPV�GXULQJ�WKH�GD\�EDVHG�RQ�WUDIILF�FRQGLWLRQV�DQG�GLXUQDO�G\QDPLFV��%HFDXVH�WKH�IRUHFDVWLQJ�PRGHO�
UHOLHV�PDLQO\�RQ�WKH�UK\WKPV�WDNLQJ�SODFH�GXULQJ�WKH�GD\��LW�FDQ�SUHGLFW�FKDQJHV�LQ�$4,�OHYHOV�WKURXJKRXW�
WKH�GD\��7KXV��ZKLOH�WKH�PRGHO�LV�DEOH�WR�SUHGLFW�SDWWHUQV�LQ�$4,�OHYHOV�WKDW�XVXDOO\�WDNH�SODFH�LQ�WKH�HYHQLQJ��
LW�FDQQRW�SUHGLFW�FKDQJHV�WKDW�DUH�XVXDOO\�FDXVHG�E\�ZHDWKHU�DV�WKRVH�ZRXOG�UHTXLUH�RULJLQDO�PHWHRURORJLFDO�
LQIRUPDWLRQ�

9,,��/,0,7$7,216�$1'�35$&7,&$/�&+$//(1*(6

7KHUH� DUH� VHYHUDO� FRQVWUDLQWV� WKDW� DIIHFW� WKH� ILQGLQJV�PHQWLRQHG� DERYH� DQG� DUH� WR� EH� FRQVLGHUHG�ZKHQ�
SODQQLQJ� QHZ� DSSOLFDWLRQV� LQ� WKH� IXWXUH�� )LUVW� RI� DOO��04���� DQG�*3�<����$8�)� VHQVRUV� DUH� DQDORJ�
GHYLFHV�WKDW�KDYH�QRW�XQGHUJRQH�FDOLEUDWLRQ�DQG�DUH�WKHUHIRUH�FKHDS��KRZHYHU��ZLWKRXW�SHULRGLF�FR�ORFDWLRQ�
RI�VXFK�D�W\SH�RI�VHQVRUV�ZLWK�WKH�XVH�RI�KLJK�TXDOLW\�VWDQGDUGV��WKH�DEVROXWH�$4,�REWDLQHG�E\�WKH�VHQVRU�
FRXOG� FKDQJH� ZLWK� WKH� LQIOXHQFH� RI� WHPSHUDWXUH�� KXPLGLW\� DQG� WKH� DJH� RI� WKH� VHQVRU�� 6HFRQGO\�� WKH�
SDUDPHWHUV� RI� WKH� WKUHH�OHYHO� *RRG�3RRU�6HYHUH� FODVVLILFDWLRQ� XVHG� IRU� DODUP� SXUSRVHV� DUH� D� UDWKHU�
VLJQLILFDQW�VLPSOLILFDWLRQ�RI�WKH�VL[�OHYHO�&3&%�VFDOH�GHVLJQHG�IRU�LQVWDQWDQHRXV�GHFLVLRQ�PDNLQJ��ZKLFK�
UHVXOWHG�LQ�ORVLQJ�VRPH�LQWHUPHGLDWH�6DWLVIDFWRU\�0RGHUDWH�9HU\�3RRU�GLVWLQFWLRQV��7KLUGO\��WKH�IRUHFDVWLQJ�
PRGHO�UHOLHV�RQ�LQIRUPDWLRQ�IURP�RQH�SDUWLFXODU�QRGH¶V�WKUHH�ZHHN�KLVWRU\�DQG�HPSOR\V�RQO\�DXWRUHJUHVVLYH�
DQG�KRXU�RI�WKH�GD\�FKDUDFWHULVWLFV�� WKH�PRGHO�GRHV�QRW� LQFOXGH�GDWD�IURP�RWKHU� IRUHFDVWLQJ�PRGHOV� OLNH�
ZLQG��SUHFLSLWDWLRQ�RU�ERXQGDU\�OD\HU�KHLJKW�ZKLFK�FRXOG�KHOS�H[WHQG�WKH�SHULRG�RI�IRUHFDVWLQJ�XS�WR�WKUHH�
GD\V�DV�LW�LV�VKRZQ�LQ�)LJ�����)LQDOO\��RQH�QRGH�GHSOR\PHQW�LPSOLHV�D�ORFDOL]HG�PHDVXUHPHQW��ZKLFK�PDNHV�
LW�LPSRVVLEOH�WR�PHDVXUH�SROOXWLRQ

9,,,��&21&/86,21�$1'�)8785(�:25.

7KLV� VWXG\� KDV� SURSRVHG� DQ� $,R7� $LU� 4XDOLW\� 0RQLWRULQJ� 1HWZRUN� WKDW� KDV� XWLOL]HG� DQ� (63���
PLFURFRQWUROOHU� DQG� VHQVRUV� WKDW� DUH� FRVW�HIIHFWLYH� LQ� VHQVLQJ� JDV�� SDUWLFXODWH� PDWWHU� DQG�
WHPSHUDWXUH�KXPLGLW\��7KLV�QHWZRUN�ZDV�HPSOR\HG�IRU�WZHQW\�GD\V�LQ�RUGHU�WR�HYDOXDWH�SROOXWLRQ�SDWWHUQV�
DQG�SUHGLFW�$LU�4XDOLW\�,QGH[�IRU�D�VKRUW�SHULRG��7KH�VWXG\�JLYHV�D�GDLO\�SDWWHUQ�WKDW�VKRZV�DQ�LQFUHDVH�DQG�
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D�GHFUHDVH�F\FOH�UDQJLQJ�IURP����WR�����$4,��7KH�VWXG\�DOVR�SURYHG�WKH�FRQVLVWHQF\�RI�GD\WLPH�DLU�TXDOLW\��
0RUHRYHU��WKH�GDWD�VKRZV�WKDW�������RI�DOO�UHVXOWV�DUH�ZLWKLQ�WKH�3RRU�FDWHJRU\��7KH�IRUHFDVWLQJ�VXFFHVVIXOO\�
UHSOLFDWHG�KLVWRULFDO�GD\�SDWWHUQ��VKRZLQJ�WKH�HIIHFWLYHQHVV�RI�D�ORZ�FRVW�FXVWRPHU�EDVH�VHQVRU�DQG�VLPSOH�
WLPH�VHULHV�PRGHO�

)XWXUH�HIIRUWV�ZLOO�EH�IRFXVHG�LQ�IRXU�DUHDV��)LUVW��WKH�VLQJOH�QRGH�LPSOHPHQWDWLRQ�ZLOO�EH�XSJUDGHG�WR�D�
PXOWL�QRGH�WRSRORJ\�LQ�RUGHU�WR�PDS�SROOXWLRQ�OHYHOV�LQ�VSHFLILF�ORFDWLRQV�ZLWKLQ�D�FLW\�RU�D�FDPSXV��6HFRQG��
QHZ�SROOXWLRQ�LQGLFDWRUV�VXFK�DV�ODVHU�30����30���WKHUH�ZLOO�EH�LQWURGXFHG�LQ�RUGHU�WR DFKLHYH�FRPSOHWH�
FRPSOLDQFH�ZLWK� WKH�&3&%� LQGLFDWRU� OLVW��7KLUG�� WKH�PHWKRG�RI� FDOLEUDWLRQ�ZLOO� EH� HQKDQFHG� WKURXJK� D�
UHJXODU�UHIHUHQFH�FDOLEUDWLRQ�SURFHVV�LQ�RUGHU�WR�EH�DEOH�WR�GHWHUPLQH�DQG�HOLPLQDWH�WKH�VHQVRU�GULIW��)LQDOO\��
PRUH�FRPSOH[�PRGHOV�EDVHG RQ�UHFXUUHQW�QHXUDO�QHWZRUNV�VXFK�DV�/670�ZLOO�EH�DSSOLHG�DV�QHZ�PXOWL�QRGH�
DQG�PXOWL�VHDVRQ�WUDLQLQJ�VDPSOHV�DUH�FROOHFWHG�

$&.12:/('*0(17

7KH�DXWKRUV�ZRXOG� OLNH� WR� WKDQN�'U��9LVKDO�3XUDQLN�� WKHLU� UHVHDUFK�JXLGH�� IRU�KLV� JXLGDQFH� DQG� VXSSRUW�
WKURXJKRXW� WKLV� VWXG\��+LV� KHOSIXO� VXJJHVWLRQV�� HQFRXUDJHPHQW�� DQG� YDOXDEOH� LQSXWV� KHOSHG� WKH� DXWKRUV�
FRPSOHWH�WKLV�UHVHDUFK�ZRUN�VXFFHVVIXOO\�

5()(5(1&(6

>�@�$��*KD]DU\DQ��/��)LGDQ\DQ��DQG�$��.LUDNRV\DQ��³$,�SRZHUHG�DLU�TXDOLW\�SUHGLFWLRQ�XVLQJ�,R7�VHQVRU�
QHWZRUNV�� $� FDVH� VWXG\� IURP�$UPHQLD�´� (�6� :HE� &RQI��� YRO�� ����� $UW�� QR�� ������� -XO�� ������ GRL��
��������H�VFRQI��������������

>�@�-��&OLIIWRQ�$NRL��-��5LEL��=��/DPDW��DQG�1��5DOL��³$,R7�EDVHG�LQGRRU�DLU�TXDOLW\�PRQLWRULQJ�DQG�PDFKLQH�
OHDUQLQJ�SUHGLFWLRQ� IUDPHZRUN� IRU� DVVHVVLQJ�YHQWLODWLRQ� ULVN� LQ�79(7� LQVWLWXWLRQV�´� -��(QJ��6FL��(QHUJ\�
6XVWDLQ���YRO�����QR�����SS���±����$SU��������GRL�����������MHVH������������

>�@�6��'H\��5��5DLQD��6��0LVKUD��$��6��3UDVDG��DQG�5��'KDUDYDWK��³*UHHQ(GJH�$,��6XVWDLQDEOH�IHGHUDWHG�
OHDUQLQJ�IRU�VPDUW�FLW\�DLU�TXDOLW\�SUHGLFWLRQ�´�-��,QG��,QI��,QWHJU���YRO������$UW��QR���������������

>�@�$��0XMLDQWR�DQG�&��0DVKXUL��³5HDO�WLPH�DLU�TXDOLW\�SUHGLFWLRQ�XVLQJ�,R7�VHQVRU�QHWZRUNV�DQG�/670�
GHHS�OHDUQLQJ�PRGHO�´�-��6LVW��,QI��%LVQLV��YRO������QR����������

>�@�3��&DPDFKR�0DJULxiQ��'��6DOHV�/pULGD��%��3ULHJR�7RUUHV��DQG�'��6iQFKH]�0RULOOR��³0RQLWRULQJ�DQG�
SUHGLFWLQJ� LQGRRU� DLU� TXDOLW\��$Q� ,R7� DQG� PDFKLQH� OHDUQLQJ�EDVHG� DSSURDFK�´� LQ� 3URF�� ,QW�� &RQI�� ,QI��
7HFKQRO��$SSO���,&,7$��������/HFWXUH�1RWHV�LQ�1HWZRUNV�DQG�6\VWHPV��YRO��������������SS����±����GRL��
�������������������������B��

>�@�-��5RVD�%LOEDR��)��6��%XWW��'��0HUNO��0��)��:DJQHU��-��6FKlIHU��DQG�-��%RXEHWD�3XLJ��³,R7�EDVHG�LQGRRU�
DLU�TXDOLW\�PDQDJHPHQW�V\VWHP�IRU�LQWHOOLJHQW�HGXFDWLRQ�HQYLURQPHQWV�´�,(((�,QWHUQHW�7KLQJV�-���������GRL��
��������-,27��������������

>�@�6��9DUXU��8��0��+LUHPDWK��'��+LUHUDGGL��1��1DJDUDO��.��3DWLO��DQG�*��9HUQHNDU��³%UHDWK�RI�WKH�IXWXUH��
3UHGLFWLQJ�DLU�TXDOLW\�LQGH[�ZLWK�0/�DQG�,R7�´�LQ�3URF��6&,7(35(66�������
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>�@� .�� 6�� 3UDQLNDD� DQG� 0�� *D\DWKUL�� ³,R7�EDVHG� (63��� V\VWHP� IRU� PRQLWRULQJ� KD]DUGRXV� JDVHV� DQG�
SDUWLFXODWH�PDWWHU�´�LQ�3URF���UG�,QW��&RQI��6XVWDLQ��&RPSXW��'DWD�&RPPXQ��6\VW���,&6&'6���������GRL��
��������,&6&'6��������������������

>�@� .�� &KDWWHUMHH� HW DO��� ³7RZDUG� FOHDQHU� LQGXVWULHV�� 6PDUW� FLWLHV¶� LPSDFW� RQ� SUHGLFWLYH� DLU� TXDOLW\�
PDQDJHPHQW�´�,(((�$FFHVV��YRO������������GRL����������$&&(66��������������

>��@�8��5��%DEX�HW�DO���³$�QHXUDO�QHWZRUN�DSSURDFK�IRU�SUHGLFWLQJ�DLU�TXDOLW\�IRUHFDVWLQJ�LQ�VPDUW�FLWLHV�
EDVHG�RQ�67�/670�WHFKQLTXH�´�LQ�3URF��,QW��&RQI��,QWHOO��$OJRULWKPV�&RPSXW��,QWHOO��6\VW���,$&,6���������
GRL����������,$&,6��������������������

>��@�,��*U\HFK��&��$VDDG��0��*KRJKR��DQG�$��.REEDQH��³$SSOLFDWLRQV�RI�PDFKLQH�OHDUQLQJ�	�,QWHUQHW�RI�
7KLQJV� IRU�RXWGRRU� DLU�SROOXWLRQ�PRQLWRULQJ� DQG�SUHGLFWLRQ��$� V\VWHPDWLF� OLWHUDWXUH� UHYLHZ�´�(QJ��$SSO��
$UWLI��,QWHOO���YRO�������������DU;LY�������������

>��@�6��)HOLFL�&DVWHOO��-��6HJXUD�*DUFLD��-��-��3HUH]�6RODQR��5��)D\RV�-RUGDQ��$��6RULDQR�$VHQVL��DQG�-��0��
$OFDUD]�&DOHUR��³$,�,R7�ORZ�FRVW�SROOXWLRQ�PRQLWRULQJ�VHQVRU�QHWZRUN�WR�DVVLVW�FLWL]HQV�ZLWK�UHVSLUDWRU\�
SUREOHPV�´�6HQVRUV��YRO������QR������$UW��QR��������'HF��������GRL����������V���������

>��@�$��6DPDO��/��6DPDO��$��.��6ZDLQ��DQG�.��0DKDSDWUD��³,QWHJUDWHG�,R7�EDVHG�DLU�TXDOLW\�PRQLWRULQJ�DQG�
SUHGLFWLRQ� V\VWHP��$� K\EULG� DSSURDFK�´� LQ� 3URF�� �WK� ,(((� ,QW�� 6\PS�� 6PDUW� (OHFWURQ�� 6\VW�� �L6(6���
$KPHGDEDG��,QGLD��'HF�������

>��@�$��.DWDULD�DQG�9��3XUL��³$,� DQG�,R7�EDVHG�K\EULG�PRGHO�IRU�DLU�TXDOLW\�SUHGLFWLRQ�LQ�D�VPDUW�FLW\�ZLWK�
QHWZRUN�DVVLVWDQFH�´�,(7�1HWZ���YRO������QR�����������GRL����������QWZ��������

>��@�$��&DWRYLF��(��.DGXVLF��&��5XODQG��1��=LYLF��DQG�1��+DG]DMOLF��³$LU�SROOXWLRQ�SUHGLFWLRQ�DQG�ZDUQLQJ�
V\VWHP�XVLQJ�,R7�DQG�PDFKLQH�OHDUQLQJ�´�LQ�3URF� ,QW��&RQI��(OHFWU���&RPSXW���&RPPXQ��0HFKDWURQLFV�(QJ��
�,&(&&0(��������


