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(YHQ�WRGD\��WKH�PRVW�FRQYHQWLRQDO�PHWKRG�
XVHG� WR� VHOHFW� HPEU\RV� KDV� EHHQ� EDVHG� RQ�
PRUSKRORJLFDO� FKDUDFWHULVWLFV�� +RZHYHU��
LQIHUWLOLW\�VSHFLDOLVWV�DUH�FRQVWDQWO\�\HDUQLQJ�WR�
LPSOHPHQW� QHZ� WHFKQRORJLHV�VWUDWHJLHV� WR�
LPSURYH� HPEU\R� VHOHFWLRQ� DQG� WKHUHE\�
LQFUHDVH� WKH� VXFFHVV� UDWH� DIWHU� HPEU\R�
WUDQVIHU�
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QHZ�WHFKQRORJ\�FDOOHG�7LPH�ODSVH�WHFKQRORJ\�
�7/7��ZKLFK�KHOSV�WKH�FRQWLQXRXV�VXUYHLOODQFH�
RI� WKH� HPEU\R� GHYHORSPHQW� DQG� RSWLPDO�
FXOWXUH�FRQGLWLRQV�XVLQJ�WKUHH�EDVLF�HOHPHQWV���
DQ� LQFXEDWRU�� DQ� RSWLFDO� PLFURVFRSH� DQG� D�
VSHFL¿FDOO\�GHVLJQHG�VRIWZDUH�SURJUDP�

7KLV�WHFKQRORJ\�PLQLPL]HV�WKH�SUHVVXUH�RQ�
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PRUSKRORJLFDO�DQDO\VLV�RI�WKH�HPEU\R�WR�VHOHFW�
WKH� HPEU\R� ZLWK� WKH� KLJKHVW� LPSODQWDWLRQ�
SRWHQWLDO�

7KLV� LVVXH� ZDV� GUDIWHG� WR� NQRZ� LQ� GHSWK�
DERXW�WKH�UROH�RI�7LPH�ODSVH�LPDJLQJ�LQ�$57�DQG�
SURYLGHV� LQIRUPDWLRQ� ULJKW� IURP� WKH� UROH� RI�
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DVSLUDWLRQDO�OLYH�ELUWK�UDWHV�RI�DURXQG�����WR�UDWHV�RI�EHWZHHQ�����DQG������
6HYHUDO�IDFWRUV�OLNH�WKH�IHPDOH�DJH��DGYDQFHV�LQ�IROOLFXODU�VWLPXODWLRQ�UHJLPHQV��PXOWLSOH�HPEU\R�
WUDQVIHU�DQG�LPSURYHPHQWV�LQ�WKH�FXOWXUH�DQG�VHOHFWLRQ�RI�WKH�KXPDQ�HPEU\R�IRU�WUDQVIHU�KDYH�
EHHQ�DWWULEXWHG�WR�WKLV�VXFFHVV�
7KH�RXWFRPH�RI�WKH�LQIHUWLOLW\�WUHDWPHQW�LV�RIWHQ�GHWHUPLQHG�E\�WKH�VXFFHVVIXO�FXOWXUH��HYDOXDWLRQ�
DQG�VHOHFWLRQ�RI�HPEU\RV�
$OWKRXJK�PDQXDO�PRUSKRORJLFDO�DQQRWDWLRQ�DQG�TXDOLW\�DVVHVVPHQW�RI�HPEU\RV�LQ�YLWUR�UHPDLQV�
WKH� JROG� VWDQGDUG� IRU� SUHGLFWLQJ� ,9)� VXFFHVV�� HIIRUWV� WR� VWDQGDUGL]H� DQG� LPSURYH� SUHGLFWLRQ�
DFFXUDF\�KDYH�EHFRPH�LQFUHDVLQJO\�FRPSXWDWLRQDO�LQ�WKH�ODVW�����GHFDGHV��
$Q� DSSURDFK� IURP� WKH� PRUSKRORJLFDO� DVVHVVPHQW� RI� HPEU\RV� WR� WKH� PRGHUQ� OHYHO� RI�
FRPSXWDWLRQDO�DVVHVVPHQW�LV�GLVFXVVHG�KHUHZLWK��
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FOLQLFDO�,9)�RXWFRPHV��

)HDWXUHV�RI�DQ�LGHDO�LQFXEDWRU
���&XOWXUH�FRQGLWLRQV�DV�FORVH�WR�QDWXUDO
���&RUUHFW�S+��FRUUHFW�KXPLGLW\��DGMXVWDEOH�2�

���8QLQWHUUXSWHG�FXOWXUH
���0RQLWRUHG�FXOWXUH

'HVLUDEOH�IHDWXUHV
���$VVHVVPHQW�RI�HPEU\R�TXDOLW\
���0HWDERORPLFV�DVVHVVPHQW
���1RQ�LQYDVLYH�3UH�LPSODQWDWLRQ�*HQHWLF�7HVWLQJ�

,QFXEDWRUV�KDYH�XQGHUJRQH�VHYHUDO�LPSURYHPHQWV��ZLWK�GHVLJQV�YDU\LQJ�IURP�WKH�FRQYHQWLRQDO�
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6ZDLQ�HW�DO���VKRZHG�WKDW�DGYDQFHV�LQ�WHFKQRORJ\�KDV�WKXV�UHVXOWHG�LQ�PXOWLSOH�LQFXEDWRU�W\SHV�
ZLWK�YDU\LQJ�FDSDELOLWLHV�DQG�GLIIHULQJ�PHWKRGV�RI�UHJXODWLQJ�WKHLU�LQWHUQDO�HQYLURQPHQW��7DEOH�����
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��ODERUDWRU\��DFWXDO�YROXPHV�ZLOO�YDU\�IURP�XQLW�WR�XQLW�
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���*DOOHJR�5'��5HPRKt�-��0HVHJXHU�0��7LPH�ODSVH�LPDJLQJ��WKH�VWDWH�RI�WKH�DUW��%LRO�5HSURG�������������������������
���&UX]�0��*DGHD�%��*DUULGR�1��HW�DO��(PEU\R�TXDOLW\��EODVWRF\VW�DQG�RQJRLQJ�SUHJQDQF\�UDWHV�LQ�RRF\WH�GRQDWLRQ�
SDWLHQWV�ZKRVH�HPEU\RV�ZHUH�PRQLWRUHG�E\�WLPH�ODSVH�LPDJLQJ��-�$VVLVW�5HSURG�*HQHW����������������±�����

���1DNDKDUD�7��,ZDVH�$��*RWR�0�HW�DO��(YDOXDWLRQ�RI�WKH�VDIHW\�RI�WLPH�ODSVH�REVHUYDWLRQV�IRU�KXPDQ�HPEU\RV��-�$VVLVW�
5HSURG�*HQHW����������������������

���7DNHQDND�0��+RULXFKL�7��<DQDJLPDFKL�5��(IIHFWV�RI�OLJKW�RQ�GHYHORSPHQW�RI�PDPPDOLDQ�]\JRWHV��3URF�1DWO�$FDG�6FL�
86$����������������������������

��� 2WWRVHQ� /'�� +LQGNMDHU� -�� ,QJHUVOHY� -�� /LJKW� H[SRVXUH� RI� WKH� RYXP� DQG� SUHLPSODQWDWLRQ� HPEU\R� GXULQJ� $57�
SURFHGXUHV��-�$VVLVW�5HSURG�*HQHW������������������������

���3RPHUR\�.2�DQG�5HHG�0/��7KH�HIIHFW�RI� OLJKW�RQ�HPEU\RV�DQG�HPEU\R�FXOWXUH��-�5HSURG�6WHP�&HOO�%LRWHFKQRO�
�����������������

����,QVXD�0)��&RER�$&��/DUUHDWHJXL�=�HW�DO��2EVWHWULF�DQG�SHULQDWDO�RXWFRPHV�RI�SUHJQDQFLHV�FRQFHLYHG�ZLWK�HPEU\RV�
FXOWXUHG�LQ�D�WLPH�ODSVH�PRQLWRULQJ�V\VWHP��)HUWLO�6WHULO���������������±����

2I�ODWH��PDQ\�VWXGLHV�DUH�SXEOLVKHG�ZLWK�HPEU\R�FXOWXUH�FRQGLWLRQV�XQGHU�KXPLGLW\�REVHUYHG�ZLWK�
D�WLPH�ODSVH�V\VWHP��

,Q�D�UHWURVSHFWLYH�VWXG\�IURP�6SDLQ��UHVHDUFKHUV�DQDO\]HG������HPEU\RV�IURP�����SDWLHQWV�LQ�WKH�
¿UVW�SDUW�RI�WKH�VWXG\�DQG�LQ�WKH�VHFRQG�SDUW������SDWLHQWV�ZLWK������HPEU\RV�ZHUH�UDQGRPO\�
GLVWULEXWHG�XQGHU�KLJK�RU�ORZ�KXPLGLW\�LQ�D�FRQWLQXRXV�HPEU\R�PRQLWRULQJ�LQFXEDWRU�

(PEU\RV�ZHUH�JHQHUDWHG�E\�,&6,�DQG�LQFXEDWHG�LQ�D�7LPH�ODSVH�LQFXEDWRU�WKDW�XVHG�DXWRPDWLF�
FHOO�WUDFNLQJ�VRIWZDUH�

7KH�UHVXOWV�VKRZHG�D�GLUHFW�FRUUHODWLRQ�ZLWK�KLJKHU�EODVWRF\VW� UDWHV�DQG�EHWWHU�JRRG�TXDOLW\�
HPEU\RV�LQ�KXPLGLW\�FKDPEHUV�FRPSDUHG�WR�GU\�FKDPEHUV��

7KH� EODVWRF\VW� UDWH� LQ� KXPLGLW\� FKDPEHUV� ZDV� ������ YHUVXV� ������ LQ� GU\� FKDPEHUV� DQG�
SHUFHQWDJH�RI�JRRG�TXDOLW\�EODVWRF\VWV��������KXPLGLW\��YV���������GU\���S �������)LJXUH����



č

)LJXUH����+LJKHU�EODVWRF\VW�UDWHV�DQG�EHWWHU�JRRG�TXDOLW\�HPEU\RV�LQ�KXPLGLW\�FKDPEHUV�FRPSDUHG�WR�GU\�FKDPEHUV�
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%ODVWRF\VW�UDWH�LQ
+XPLGLW\�FKDPEHU

%ODVWRF\VW�UDWH�LQ
'U\�FKDPEHU

*RRG�TXDOLW\�
EDOVWRF\VW�LQ�

+XPLGLW\�FKDPEHU

*RRG�TXDOLW\�
EDOVWRF\VW�LQ�
'U\�FKDPEHU

��YDOXHV�
�

S ������

'HO�*DOOHJR�HW�DO���LQ�D�SURVSHFWLYH��UDQGRPL]HG�VWXG\�ZKLFK�LQFOXGHG�D�WRWDO�RI�������HPEU\RV�
IURP�����SDWLHQWV�VKRZHG�D�FOHDU�LPSURYHPHQW�RQ�HPEU\R�GHYHORSPHQW�DQG�VXEVHTXHQW�,9)�
RXWFRPH�LQ�D�KXPLGL¿HG�DWPRVSKHUH�RI�D�WLPH�ODSVH�LQFXEDWRU��

$� VLJQL¿FDQWO\�KLJKHU�EODVWRF\VW� UDWH� �S�������ZDV� IRXQG� LQ�HPEU\RV� FXOWXUHG�XQGHU�KXPLG�
FRQGLWLRQV��+&���������YV���������FRPSDUHG�WR�GU\�FRQGLWLRQV��'&��

7KHUH�ZDV�DOVR�D�FOHDU�WUHQG�REVHUYHG�WRZDUGV�D�KLJKHU�QXPEHU�RI�SUHJQDQFLHV��+&� �������YV��

)LJXUH����,PSURYHG�HPEU\R�GHYHORSPHQW�DQG�VXEVHTXHQW�,9)�RXWFRPH�LQ�+XPLG�FRQGLWLRQV�YV��'U\�FRQGLWLRQV�
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%ODVWRF\VW�UDWH�
LQ�+XPLG�
FRQGLWLRQV

%ODVWRF\VW�UDWH�
LQ�'U\�

FRQGLWLRQV

3UHJQDQFLHV�LQ�
HPEU\RV�

FXOWXUHG�XQGHU�
+XPLG�

FRQGLWLRQV

3UHJQDQFLHV�LQ�
HPEU\RV�

FXOWXUHG�XQGHU�
'U\�FRQGLWLRQV

0LVFDUULDJHV�LQ��
HPEU\RV�

FXOWXUHG�XQGHU�
+XPLG�

FRQGLWLRQV

0LVFDUULDJHV�LQ�
HPEU\RV�

FXOWXUHG�XQGHU�
'U\�FRQGLWLRQV

��� S�����



ąĄ
'&� ��������DQG�OHVV�PLVFDUULDJHV��+&� �����YV��'&� ��������)LJXUH�����LQ�WKH�+&�JURXS�

,Q�DQRWKHU�SURVSHFWLYH��UDQGRPL]HG�VWXG\�SUHVHQWHG�DW�WKH�$PHULFDQ�6RFLHW\�RI�5HSURGXFWLYH�
0HGLFLQH������6FLHQWL¿F�&RQJUHVV�E\�+ROPHV�HW�DO���WKH�XVH�RI�D�KXPLGL¿HG�FKDPEHU�\LHOGHG�
VLJQL¿FDQWO\�PRUH�JRRG�TXDOLW\�EODVWRF\VWV�RQ�GD\������DQG�RYHUDOO�E\�GD\���WKDQ�QRQ�KXPLGL¿HG�
FKDPEHUV��7DEOH����

7KH�VWXG\�FRPSDUHG�RXWFRPHV�IROORZLQJ�VLEOLQJ�]\JRWH�VSOLWV�LQ�LGHQWLFDO�FXOWXUH�FRQGLWLRQV��ZLWKLQ�
WKH�VDPH�LQFXEDWRU��XWLOL]LQJ�D�WLPH�ODSVH�V\VWHP�DQG�ERWK�GU\�DQG�KXPLGL¿HG�FXOWXUH�

7DEOH����&RPSDULVRQ�RI�+XPLGL¿HG�YV��1RQ�KXPLGL¿HG�LQFXEDWLRQ

� � +XPLGL¿HG��� 1RQ���+XPLGL¿HG

7DEOH�DGDSWHG�IURP�KWWSV���DVUP�FRQIH[�FRP�DVUP������PHHWLQJDSS�FJL�3DSHU������

2RF\WH��� � ����� ���

��)HUWLOL]DWLRQ�� � ������� �����

��*RRG�&OHDYDJH�5DWH�� � ������� �����

��7RWDO�%ODVWRF\VWV�RQ�'��� � ������� �����

��%ODVWRF\VWV����%%�'��� � ������� �����

��7RWDO�%ODVWRF\VWV�'��� � ������� �����

��%ODVWRF\VWV����%%�'��� � ������� �����

��7RWDO�%ODVWRF\VWV�'��� � ������� �����

��%ODVWRF\VWV����%%�'��� � ������� �����

3XEOLVKHG�VWXGLHV�KDYH�DOVR�VKRZQ�WKDW�WKH�HPEU\R�FXOWXUH�FRQGLWLRQV�ZHUH�LPSURYHG�E\�7/6V�DQG�
WKHLU�VDIHW\�KDV�EHHQ�FRQ¿UPHG�ZLWK�QR�GLIIHUHQFHV�RU�GHWULPHQWDO�HIIHFWV�RQ�HPEU\RV�FXOWXUHG�LQ�
WKHVH�GHYLFHV��

&UX]� HW� DO��� FRQGXFWHG�D� VWXG\� WR� HYDOXDWH�ZKHWKHU� LQFXEDWLRQ� FRQGLWLRQV�ZLWK� D� WLPH� ODSVH�
LQFXEDWRU�ZDV� FRPSDUDEOH� WR� VWDQGDUG� ODERUDWRU\� LQFXEDWLRQ� LQ� ���� HPEU\RV� E\� FRPSDULQJ�
HPEU\R�TXDOLW\��GHYHORSPHQW�DQG�RQJRLQJ�SUHJQDQF\�UDWHV��

7KH�VWXG\�UHVXOWV�VKRZHG�WKDW�WLPH�ODSVH�PRQLWRULQJ�GLG�QRW�DIIHFW�WKH�HPEU\R�TXDOLW\��EODVWRF\VW�
GHYHORSPHQW��7DEOH����RU�YLDELOLW\�FRPSDUHG�WR�VWDQGDUG�LQFXEDWRU�



ąą

6WXGLHV�KDYH�VKRZQ�WKDW�OLJKW�LV�RQH�RI�WKH�IDFWRUV�RI�HPEU\RQLF�HQYLURQPHQW�DQG�WKDW�LWV�HIIHFWV�
VKRXOG�QRW�EH�LJQRUHG�
�
9LVLEOH�OLJKW����������QP�ZDYHOHQJWKV��LV�DQ�XQQDWXUDO�VWUHVV�IDFWRU�WR�SUHLPSODQWDWLRQ�HPEU\RV�
FXOWXUHG�LQ�YLWUR�

7KH�ZDYHOHQJWKV�RI�����WR�����QP�RI�%OXH�OLJKW��QHDU�XOWUDYLROHW��DUH�FRQVLGHUHG�WR�EH�SRWHQWLDOO\�
GDPDJLQJ�WR�FHOOV��JDPHWHV�DQG�HPEU\RV��

$�JUHHQ�E\SDVV�¿OWHU�PD\�EH�SUXGHQW�ZKHQ�YLHZLQJ�JDPHWHV�DQG�HPEU\RV�

$� UHWURVSHFWLYH� VWXG\� E\� ,QVXD� HW� DO��� GHPRQVWUDWHG� QR� GHWULPHQWDO� HIIHFWV� RQ� REVWHWULF� RU�
SHULQDWDO�RXWFRPHV�ZKHQ�D�7LPH�ODSVH�LQFXEDWRU�ZDV�XVHG�UDWKHU�WKDQ�D�FRQYHQWLRQDO�LQFXEDWRU�
�&,��

7KH�GHOLYHU\�UDWH�ZDV��������7/6��YV���������&,��EXW�PXOWLSOH�GHOLYHULHV�ZHUH�KLJKHU�LQ�WKH�7/6�
JURXS������������RI������YV������������RI������LQ�WKH�&,�JURXS��

7KH� PLQLPDO� UHTXLUHPHQWV� IRU� HPEU\R� VHOHFWLRQ� VKRXOG� LQFOXGH� VWDQGDUGL]DWLRQ�� HDVH� RI�
DVVHVVPHQW��REMHFWLYLW\��PLQLPDO�KDUP�WR�WKH�HPEU\R�DQG�D�KLJK�FRUUHODWLRQ�ZLWK�SUHJQDQF\�
UDWHV��$XWRPDWHG�7LPH�ODSVH�LPDJLQJ�V\VWHPV�KDYH�WKH�SRWHQWLDO�WR�PHHW�WKHVH�UHTXLUHPHQWV�

7LPH�/DSVH�WHFKQRORJ\�LV�DQ�DQVZHU�IRU�VHYHUDO�VKRUWIDOOV�RI�WKH�FRQYHQWLRQDO�HPEU\R�HYDOXDWLRQ�
SURFHGXUHV��6RPH�DGYDQWDJHV�RI�7/�WHFKQRORJ\�DUH�GLVFXVVHG�KHUHZLWK�

6Q=m�=iJ�mQJ�HROOJiJ\m�=Hs=\m=PJj�^O�
mQJ�0R[JĠ�=fjJ�mJFQ\^Z^PvĖ
���0DFKWLQJHU�5�DQG�5DFRZVN\�&��0RUSKRORJLFDO�V\VWHPV�RI�KXPDQ�HPEU\R�DVVHVVPHQW�DQG�FOLQLFDO�HYLGHQFH��5HSURG�
%LRPHG�2QOLQH���������������������

7DEOH����%ODVWRF\VW�UDWH��SURSRUWLRQ�RI�IUR]HQ�DQG�WUDQVIHUUHG�HPEU\RV�LQFXEDWHG�LQ�7LPH�ODSVH�
LQFXEDWRU�YV��WKH�VWDQGDUG�LQFXEDWRU

7DEOH�DGDSWHG�IURP�-�$VVLVW�5HSURG�*HQHW����������������±�����

� %ODVWRF\VW�� &,����� )UR]HQ�� &,����� 7UDQVIHUUHG� &,�����

7LPH�ODSVH�LQFXEDWRU
�Q ������ ������Q ������ ����±������ �����Q ����� ���±������ ������Q ����� ����±�����
�
6WDQGDUG�LQFXEDWRU
�Q ������ ������Q ����� ����±������ ������Q ����� �±������ ������Q ����� ����±������

S�� QV�� � QV�� � QV��



(DUOLHU��WKH�FRPPRQ�VWUDWHJ\�ZDV�WR�VHOHFW�WKH�
JRRG�TXDOLW\
�HPEU\RV��ORRNLQJ�DW�QXPEHU�RI�FHOOV��
GHJUHH�RI�IUDJPHQWDWLRQ��DQG�PXOWLQXFOHDWLRQ��DW�WKH�FOHDYDJH�VWDJH��WUDQVIHU�����HPEU\RV��DQG�
FU\RSUHVHUYH� WKH� UHVW� RI� WKH� JRRG�TXDOLW\� HPEU\RV�� ZKLOH� GLVFDUGLQJ� WKH� 
QRQ�JRRG�TXDOLW\
�
�MXGJHG�IURP�PRUSKRORJ\�DQG�FOHDYDJH��HPEU\RV��
$�¿JXUH�VKRZV�WKH�HVWLPDWHG�
JURZWK
�FXUYH�RI�GHYHORSPHQW�RI�KXPDQ�HPEU\RV�LQ�FXOWXUH�XVHG�
LQLWLDOO\�ZD\�EDFN�LQ�WKH�����V�WR�GH¿QH�HPEU\R�GHYHORSPHQW�
/LQN�KWWSV���ZZZ�UEPRMRXUQDO�FRP�DUWLFOH�6���������������������IXOOWH[W���)LJXUH���

ąĆ

+RZHYHU�� QRZ�� WKH� VWDQGDUGL]HG� FULWHULD� IRU� JUDGLQJ� HPEU\RV� KDYH� EHHQ� SURSRVHG� E\� WZR�
RUJDQL]DWLRQV��WKH�6RFLHW\�IRU�$VVLVWHG�5HSURGXFWLYH�7HFKQRORJ\�V\VWHP�DQG�WKH�$OSKD�([HFXWLYH�
DQG�(6+5(�VSHFLDO�,QWHUHVW�*URXS�RI�(PEU\RORJ\�V\VWHP�

$FFRUGLQJ� WR� WKH� PRUSKRORJLF� FKDUDFWHULVWLFV�� HPEU\RV� FDQ� EH� VFRUHG� DW� YDULRXV� VWDJHV�
�SURQXFOHDU��FOHDYDJH��EODVWRF\VW���+RZHYHU��E\�WKLV�DSSURDFK�LW�LV�EHOLHYHG�WKDW�DSSUR[LPDWHO\�
�������RI�WKH�HPEU\RV�LGHQWL¿HG�RQO\�ZLOO�LPSODQW�
7KXV��WKH�FRQYHQWLRQDO�HPEU\R�VHOHFWLRQ�PHWKRGV�KDYH�UHODWLYHO\�ORZ�FOLQLFDO�SUHJQDQF\�UDWH�RI�
DSSUR[LPDWHO\�����SHU�WUDQVIHU��

,Q�DGGLWLRQ��WKH�VWDWLF�PRUSKRORJLFDO�HYDOXDWLRQ�RI�HPEU\RV�KDV�VHYHUDO�OLPLWDWLRQV�ZKLFK�DUH�DV�
IROORZV�
�
y (PEU\R�H[SRVXUH�WR�VXERSWLPDO�FXOWXUH�FRQGLWLRQV�

y /LPLWHG�SUHGLFWLYH�YDOXH�IRU�SORLG\�VWDWXV�DQG�LPSODQWDWLRQ�

y +LJK�LQWHU��RU�LQWUD�REVHUYHU�DJUHHPHQW�

ąĕ�#sJiF^[R\P�mQJ��R[Rm=mR^\j�^O��^\sJ\mR^\=Z��[Eiv^�
���=jjJjj[J\mějF^iR\P
���/XQGLQ�.��3DUN�+�� �7LPH�ODSVH�WHFKQRORJ\�IRU�HPEU\R�FXOWXUH�DQG�VHOHFWLRQ��8SV�-�0HG�6FL�������)HE���������GRL��
�������������������������������>(SXE�DKHDG�RI�SULQW@��

���0DFKWLQJHU�5�DQG�5DFRZVN\�&��0RUSKRORJLFDO�V\VWHPV�RI�KXPDQ�HPEU\R�DVVHVVPHQW�DQG�FOLQLFDO�HYLGHQFH��5HSURG�
%LRPHG�2QOLQH���������������������

���.RYDFV�3��(PEU\R�VHOHFWLRQ��WKH�UROH�RI�WLPH�ODSVH�PRQLWRULQJ��5HSURGXFWLYH�%LRORJ\�DQG�(QGRFULQRORJ\�������
�������

���&KHQ�0��:HL�6��+X�-��HW�DO��'RHV�WLPH�ODSVH�LPDJLQJ�KDYH�IDYRUDEOH�UHVXOWV�IRU�HPEU\R�LQFXEDWLRQ�DQG�VHOHFWLRQ�
FRPSDUHG�ZLWK�FRQYHQWLRQDO�PHWKRGV�LQ�FOLQLFDO�LQ�YLWUR�IHUWLOL]DWLRQ"�$�PHWD�DQDO\VLV�DQG�V\VWHPDWLF�UHYLHZ�RI�
UDQGRPL]HG�FRQWUROOHG�WULDOV��3/R6�21(��������������H��������

���%RXHLOK�7��5HLJQLHU�$��%DUULHUH�3�HW�DO��7LPH�ODSVH�LPDJLQJ�V\VWHPV�LQ�,9)�ODERUDWRULHV��D�)UHQFK�QDWLRQDO�VXUYH\��-�
$VVLVW�5HSURG�*HQHW��������������������������

���%DVLOH�1�DQG�0HVHJXHU�0��7LPH�ODSVH�WHFKQRORJ\��HYDOXDWLRQ�RI�HPEU\R�TXDOLW\�DQG�QHZ�PDUNHUV� IRU�HPEU\R�
VHOHFWLRQ��([SHUW�5HY��2EVWHW��*\QHFRO���������������������

��� .RYDFV� 3�� 7LPH�ODSVH� HPEU\RVFRS\�� 'R� ZH� KDYH� DQ� HI¿FDFLRXV� DOJRULWKP� IRU� HPEU\R� VHOHFWLRQ"�� -RXUQDO� RI�
5HSURGXFWLYH�%LRWHFKQRORJ\�DQG�)HUWLOLW\����������������

���&RQDJKDQ�-��&KHQ�$$��:LOOPDQ�63�HW�DO��,PSURYLQJ�HPEU\R�VHOHFWLRQ�XVLQJ�D�FRPSXWHU�DXWRPDWHG�WLPH�ODSVH�LPDJH�
DQDO\VLV�WHVW�SOXV�GD\���PRUSKRORJ\��UHVXOWV�IURP�D�SURVSHFWLYH�PXOWLFHQWHU�WULDO��)HUWLO�6WHULO������������������
�����

���4XDQJ�/1��7UDP�/7%��7KX\�1+0�HW�DO��&RPSDULVRQ�RI�FOLQLFDO�RXWFRPH�RI�IUR]HQ�HPEU\R�WUDQVIHU�DIWHU�HPEU\R�
VHOHFWLRQ�EDVHG�RQ�PRUSKRNLQHWLF�YHUVXV�PRUSKRORJLF�FULWHULD�IRU�IUHH]LQJ��%LRPHG��5HV��7KHU������������������
�����



y 6HYHUDO�FULWLFDO�VWDJHV�LQ�EHWZHHQ�REVHUYDWLRQV�WKDW�PD\�JR�XQQRWLFHG�

2Q�WKH�FRQWUDU\��7LPH�/DSVH�WHFKQRORJ\�RIIHUV�WKH�IROORZLQJ�DGYDQWDJHV��

y &RQWLQXRXV�PRQLWRULQJ�RI�HPEU\RQLF�GHYHORSPHQW��)LJXUH����

y &ORVH�IROORZ�XS�RI�HPEU\RV�IURP�IHUWLOL]DWLRQ�XS�XQWLO�WKH�WUDQVIHU�

y /LYH�LPDJH�WUDFNLQJ�RI�HPEU\R�PRUSKRORJ\��

y 1R�QHHG�WR�UHPRYH�WKH�HPEU\RV�IURP�WKH�RSWLPDO�FXOWXUH�FRQGLWLRQV�

y 1R�FKDQJH�LQ�HQYLURQPHQW�RI�HPEU\RV��

y 'HWDLOHG� NQRZOHGJH� DERXW� WKH� NLQHWLF� DQG�PRUSKRORJLF� FKDQJHV�DEQRUPDOLWLHV� DQ� HPEU\R�
XQGHUJRHV�LQ�YLWUR�

y ,QFUHDVHG�OHDUQLQJ�RI�
HPEU\R�EHKDYLRXU
��VXFK�DV�LUUHJXODU�FOHDYDJHV�HWF���

y 6WXG\�RI�HPEU\R�GHYHORSPHQW�LQ�GLIIHUHQW�VHWWLQJV��VXFK�DV�GLIIHUHQW�FXOWXUH�PHGLD�DQG�SDWLHQW�
SRSXODWLRQV�

y 3RVVLELOLW\� WR� SHUIRUP� VWXGLHV� FRPSDULQJ� R[\JHQ� OHYHOV�� WHPSHUDWXUH�� S+� RI� WKH� FXOWXUH�
PHGLXP�

y 3UHFLVH� WLPLQJ�RI�NLQHWLF�HYHQWV� �FHOO� GLYLVLRQV��GXUDWLRQ�DQG�V\QFKURQ\�RI� WKH� FHOO� F\FOHV��
IUDJPHQWDWLRQ�� WLPLQJ�RI� FRPSDFWLRQ��EODVWRF\VW� IRUPDWLRQ�� DQG�H[SDQVLRQ�DQG�EODVWRF\VW�
G\QDPLFV��

y &RUUHODWLRQ� RI� WKHVH� WLPLQJV�LQWHUYDOV� ZLWK� YDULRXV� VWDJHV� RI� HPEU\RQLF� GHYHORSPHQW��
LPSODQWDWLRQ��DQG�OLYH�ELUWK��

y 0RUSKRNLQHWLF�SDUDPHWHUV�FDQ�EH�XVHG�WR�EXLOG�DOJRULWKPV�WKDW�FDQ�KHOS�WR�FKRRVH�WKH�¿WWHVW�
HPEU\R�IRU�WUDQVIHU�

y 7UDLQLQJ�RI�HPEU\RORJLVWV�LQ�DVVHVVLQJ�HPEU\R�TXDOLW\��DV�ZHOO�DV�WKH�YDOLGDWLRQ�RI�GLIIHUHQW�
VFRULQJ�V\VWHPV�

y 5HPRYHV�REVHUYHUV
�ELDV�

y (QKDQFHV�OHDUQLQJ�VNLOOV�RI�DYHUDJH�HPEU\RORJLVW�

y 6WDQGDUGL]DWLRQ�RI�ODERUDWRU\�LV�VHHQ�

y ,PSURYHV�WKH�ODE�TXDOLW\��

ąć



)LJXUH����(PEU\RV�ZHUH�PRQLWRUHG�E\�D�7LPH�ODSVH�V\VWHP��)LJXUH��$��&��'��(��)��+��,��-��.��/��1��HPEU\RV�UHDFKHG�
WKH�EODVWRF\VW�VWDJH����
)LJXUH��%��HPEU\R�ZDV�EORFNHG�DW�PRUXOD�VWDJH���
)LJXUH��0���2���3��RRF\WHV�ZHUH�QRW�IHUWLOL]HG�
)LJXUH�WDNHQ�IURP�%LRPHG��5HV��7KHU�����������������������

0RUSKRNLQHWLF�SDUDPHWHUV�LQFOXGH�DEVROXWH�WLPLQJV�RI�VXFFHVVLYH�HPEU\RQLF�GLYLVLRQV��DV�ZHOO�DV�
UHODWLYH�WLPLQJV�� L�H��SHULRGV�EHWZHHQ�GLYLVLRQV��UHÀHFWLQJ�HLWKHU�GXUDWLRQ�RI�WKH�FHOO�F\FOH�RU�
V\QFKURQLVDWLRQ�RI�WKH�FOHDYDJH�URXQGV�
7LPH�ODSVH�V\VWHPV�UHFRUG�WKH�GDWD�RI�HPEU\R�GHYHORSPHQW��PRUSKRNLQHWLFV��� LQFOXGLQJ�WKH�
SUHFLVH�GHWHUPLQDWLRQ�RI�WKH�RQVHW��GXUDWLRQ��DQG�LQWHUYDO�EHWZHHQ�FHOO�GLYLVLRQV��

Ćĕ�1jJ�^O� ^ifQ^YR\JmRF�f=i=[JmJij�O^i�J[Eiv^�
����=jjJjj[J\m�
���0LOHZVNL�5�DQG�$MGXN�$��7LPH�ODSVH�LPDJLQJ�RI�FOHDYDJH�GLYLVLRQV�LQ�HPEU\RTXDOLW\�DVVHVVPHQW��5HSURGXFWLRQ�
�����������5��±5���

���4XDQJ�/1��7UDP�/7%��7KX\�1+0�HW�DO��&RPSDULVRQ�RI�FOLQLFDO�RXWFRPH�RI�IUR]HQ�HPEU\R�WUDQVIHU�DIWHU�HPEU\R�
VHOHFWLRQ�EDVHG�RQ�PRUSKRNLQHWLF�YHUVXV�PRUSKRORJLF�FULWHULD�IRU�IUHH]LQJ��%LRPHG��5HV��7KHU������������������
�����

��� .RYDFV� 3�� 7LPH�ODSVH� HPEU\RVFRS\�� 'R� ZH� KDYH� DQ� HI¿FDFLRXV� DOJRULWKP� IRU� HPEU\R� VHOHFWLRQ"�� -RXUQDO� RI�
5HSURGXFWLYH�%LRWHFKQRORJ\�DQG�)HUWLOLW\����������������

ąĈ



7LPH� ODSVH� DOVR� DOORZV� TXDQWLI\LQJ� WKH� G\QDPLF�PRUSKRORJLF� FKDUDFWHULVWLFV� RI� D� GHYHORSLQJ�
KXPDQ�HPEU\R��VXFK�DV�SURQXFOHL��31��DQG�QXFOHXV�IRUPDWLRQ�DQG�GLVDSSHDUDQFH��IUDJPHQWDWLRQ��
DQG�VL]H�GLVWULEXWLRQ�RI�EODVWRPHUHV��

7KH�QXPEHU�RI�QXFOHL� LQ�D�EODVWRPHUH��GHJUHH�RI� IUDJPHQWDWLRQ��DQG�RFFXUUHQFH�RI� LUUHJXODU�
FOHDYDJHV�FDQ�DOVR�EH�DVVHVVHG�LQFOXGLQJ�WKH�GHWHFWLRQ�RI�GLUHFW�RU�UHYHUVH�FOHDYDJH�GLYLVLRQV��

'DWD�DOVR�FDQ�EH�REWDLQHG�IRU�WKH�VSDWLDO�DUUDQJHPHQW�RI�WKH�EODVWRPHUHV��ZKLFK�PD\�DOVR�EH�
SUHGLFWLYH�RI�WKH�KXPDQ�HPEU\R
V�GHYHORSPHQWDO�SRWHQWLDO�
7KH�UHFRUGHG�GDWD�FDQ�EH�XVHG�WR�FODVVLI\�DQG�VHOHFW� WKH�SRWHQWLDO�HPEU\RV�ZLWK�VXSSRUW�RI�
VRIWZDUH�

7KHVH� PRUSKRNLQHWLF� SDUDPHWHUV� SURYLGH� LQIRUPDWLRQ� IRU� UHSURGXFWLYH� KHXULVWLF� PRGHOV� ±�
DOJRULWKPV�WKDW�FDQ�SUHGLFW�FKDQFHV�RI�DFKLHYLQJ�D�EODVWRF\VW�VWDJH��LPSODQWDWLRQ��ELRFKHPLFDO�RU�
FOLQLFDO�SUHJQDQF\��RU�D�IXOO�WHUP�GHYHORSPHQW�E\�HDFK�H[DPLQHG�HPEU\R�LQFOXGLQJ�GLVWLQJXLVKLQJ�
HXSORLG�IURP�DQHXSORLG�HPEU\RV�

6RPH�GH¿QLWLRQV�RI�WKH�NLQHWLF�7/�SDUDPHWHUV�DUH�OLVWHG�LQ�WKH�ER[�

%R[��'H¿QLWLRQV�RI�NLQHWLF�7/�SDUDPHWHUV�

$GDSWHG�IURP�-RXUQDO�RI��5HSURGXFWLYH�%LRWHFKQRORJ\�DQG�)HUWLOLW\����������������

W ��WLPH�RI�LQVHPLQDWLRQ�GXULQJ�,9)�RU�PLG�WLPH�RI�LQMHFWLRQ�RI�WKH�RRF\WH�FRKRUW�GXULQJ�,&6,�

,&6,��LQWUD�F\WRSODVPLF�VSHUP�LQMHFWLRQ
W31I��WLPH�WR�SURQXFOHDU�IDGLQJ
W ��W �������W ��WLPH�WR�WKH����������������FHOO�VWDJH� � �

W[�W\��WLPH�EHWZHHQ�WKH�[�FHOO�WR�\�FHOO�VWDJH
6 ��WLPH�IURP�DSSHDUDQFH�RI�WKH�FOHDYDJH�IXUURZ�WR�WKH�FRPSOHWLRQ�RI�¿UVW�FHOO�GLYLVLRQ�

6 ��WLPH�IURP�WKH����WR���FHOO�VWDJH�

6 ��WLPH�IURP�WKH����WR���FHOO�VWDJH�

W0��WLPH�WR�PRUXOD�VWDJH
W6%��WLPH�WR�VWDUW�RI�EODVWXODWLRQ
W(%��WLPH�WR�H[SDQGHG�EODVWRF\VW

ąĉ

ćĕ��nm^[=mJH�J[Eiv^�HJsJZ^f[J\m=Z�=\\^m=mR^\j
���.KRVUDYL�3��.D]HPL�(��=KDQ�4�HW�DO��'HHS�OHDUQLQJ�HQDEOHV�UREXVW�DVVHVVPHQW�DQG�VHOHFWLRQ�RI�KXPDQ�EODVWRF\VWV�
DIWHU�LQ�YLWUR�IHUWLOL]DWLRQ��13-�'LJLW�0HG��������������

���&RQDJKDQ�-��&KHQ�$$��:LOOPDQ�63�HW�DO��,PSURYLQJ�HPEU\R�VHOHFWLRQ�XVLQJ�D�FRPSXWHU�DXWRPDWHG�WLPH�ODSVH�LPDJH�
DQDO\VLV�WHVW�SOXV�GD\���PRUSKRORJ\��UHVXOWV�IURP�D�SURVSHFWLYH�PXOWLFHQWHU�WULDO��)HUWLO�6WHULO������������������
����

���*HUL�$VVHVV������$QQRWDWLRQ�$FFXUDF\��$FFHVVHG�IURP�ZHEVLWH�KWWSV���ZZZ�JHQHDELRPHG[�FRP�JHWDWWDFKPHQW��
5HVRXUFHV�7HFKQRWHV�'RZQORDGV�*HUL�$VVHVV�&��$(�����$�FRQVLVWHQW�DSSURDFK�WR�VHOHFWLQ�4570����*HUL�
$VVHVV�����$QQRWDWLRQ�$FFXUDF\�SGI"ODQJ HQ�$8	H[W �SGI�DV�RQ������������



$� SHUIRUPDQFH� WHVWLQJ� RI� D� ODWHVW� 7LPH� ODSVH� V\VWHP� ZDV� GRQH� WR� DVVHVV� WKH� DFFXUDF\� RI�
DXWRPDWHG�GHYHORSPHQWDO�HYHQW�DQQRWDWLRQV�DQG�ZDV� WHVWHG�E\�FRPSDULQJ� WKHP� WR�PDQXDO�
DQQRWDWLRQV�

2YHU�������HYHQWV�IURP�!����HPEU\RV�IURP����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�WHVWV�

7KH�NH\�GHYHORSPHQWDO�HYHQWV�DQG�REVHUYDWLRQV�DQG�WKHLU�GH¿QLWLRQV�DXWRPDWLFDOO\�DQQRWDWHG�E\�
WKH�7/6�DUH�VKRZQ�LQ�WDEOH���

7KH�UHVXOWV�VKRZHG�WKDW� WKH� ODWHVW�VRIWZDUH�FRXOG�SHUIRUP�DXWRPDWHG�DQQRWDWLRQV�RI�FULWLFDO�
HPEU\R�GHYHORSPHQWDO�HYHQWV�DQG�REVHUYDWLRQV�WR�WKH� OHYHO� WKDW�FDQ�VXSSRUW�FOLQLFV� LQ�WKHLU�
HPEU\R�DVVHVVPHQWV�

ąĊ

7DEOH����8VDEOH�EODVWRF\VW�SUHGLFWLRQ�SHUIRUPDQFH����VSHFL¿FLW\�DQG���339��RI�(HYD�FRPSDUHG�
ZLWK�'��PRUSKRORJ\�IRU�WZR�LQGHSHQGHQW�GDWD�VHWV�LQ�WKH�GHYHORSPHQW�DQG�WHVW�SKDVHV

7DEOH�DGDSWHG�IURP�)HUWLO�6WHULO����������������������

� � 1R��RI�SDWLHQWV��� 1R��RI�HPEU\RV�� 6SHFL¿FLW\����� ������339���

0RUSKRORJ\��GHYHORSPHQW�SKDVH��� ���� ����� ������ ����
(HYD��GHYHORSPHQW�SKDVH��� ���� ����� ������ ����
(HYD��WHVW�SKDVH��� ���� ����� ������ ����

$OWKRXJK�7/7�UHSUHVHQWV�D�VWHS�WRZDUG�PRUH�REMHFWLYH�HPEU\R�HYDOXDWLRQ��WKHUH�LV�DOZD\V�D�VFRSH�
IRU�LQWHU��DQG�LQWUD�HYDOXDWRU�YDULDWLRQ�DPRQJ�HPEU\RORJLVWV��
&RQVHTXHQWO\��DXWRPDWHG�HPEU\R�GHYHORSPHQWDO�DQQRWDWLRQV�PD\�DGG�REMHFWLYLW\�WR�WKH�SURFHVV�
RI�HPEU\R�VHOHFWLRQ�DQG�WKXV�OHDG�WR�DQ�LPSURYHPHQW�RI�WKH�,9)�SURFHVV�

$� SURVSHFWLYH�� PXOWLFHQWHU� FOLQLFDO� VWXG\� &RQDJKDQ� HW� DO��� HYDOXDWHG� ZKHWKHU� QRQ�LQYDVLYH��
FRPSXWHU�DXWRPDWHG�WHVW�FRXOG�LPSURYH�WKH�SUHGLFWLRQ�RI�XVDEOH�EODVWRF\VW�IRUPDWLRQ�E\�'��WKDW�
FRXOG�KHOS�HPEU\RORJLVWV�IRU�'��HPEU\R�VHOHFWLRQ�

7KH� UHVHDUFKHUV�XVHG� WKH� WHVW� WHUPHG�(HYD��(DUO\�HPEU\R�YLDELOLW\�DVVHVVPHQW���ZKLFK�ZDV�
HQDEOHG�E\�GDUN�¿HOG��WLPH�ODSVH�LPDJLQJ�DQG�FHOO�WUDFNLQJ�VRIWZDUH�DOJRULWKPV�

7KH�UHVXOWV�VKRZHG�WKDW�WKH�(HYD�SUHGLFWLRQ�DQG�FHOO�WUDFNLQJ�VRIWZDUH�UHVXOWV�LQGLFDWHG�D�KLJK�
SUREDELOLW\�RI�XVDEOH�EODVWRF\VW�IRUPDWLRQ�

&RPSDUHG�ZLWK�PRUSKRORJ\�HYDOXDWLRQ�DORQH��(HYD�VLJQL¿FDQWO\�LPSURYHG�WKH�VSHFL¿FLW\��������
YV���������S���������DQG�SRVLWLYH�SUHGLFWLYH�YDOXH��339��������YV���������S�������RI�XVDEOH�
EODVWRF\VW�SUHGLFWLRQV�LQ�WKH�GHYHORSPHQW�SKDVH��7DEOH�����

7KH�H[SHULHQFHG�HPEU\RORJLVWV�ZHUH�DEOH�WR�VLJQL¿FDQOW\�SUHGLFW�WKH�XVDEOH�EODVWRF\VW�E\�DGGLWLRQ�
RI� (HYD� WR� WUDGLWLRQDO� '�� PRUSKRORJ\� DQG� WKHUH� ZDV� DOVR� D� UHGXFHG� YDULDELOLW\� DPRQJ�
HPEU\RORJLVWV�



7DEOH� ��� .H\� GHYHORSPHQWDO� HYHQWV� DQG� REVHUYDWLRQV� DQG� WKHLU� GH¿QLWLRQV� DXWRPDWLFDOO\�
DQQRWDWHG�E\�DQ�DGYDQFHG�7/6

'HYHORSPHQWDO
'D\

'D\��

'D\��

'D\��

'D\���

'D\��

(YHQW�
2EVHUYDWLRQ

'H¿QLWLRQ�RI�(YHQW 7LPH�LQ�KRXUV

31�$SSHDUDQFH�

31�'LVDSSHDUDQFH
�

��FHOO�GLYLVLRQ�

��FHOO�GLYLVLRQ�

��FHOO�GLYLVLRQ�

��FHOO�GLYLVLRQ�

��FHOO�GLYLVLRQ�

0RUXOD�7UDQVLWLRQ

�

(DUO\�%ODVWRF\VW�
7UDQVLWLRQ�

([SDQGHG�
%ODVWRF\VW�
7UDQVLWLRQ�

+DWFKLQJ�
%ODVWRF\VW�
7UDQVLWLRQ

7KH�¿UVW�IUDPH�ZKHUH�DSSHDUDQFH�
RI�DW�OHDVW�RQH�YLVLEOH�31�LV�
LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH�
GLVDSSHDUDQFH�RI�DOO�YLVLEOH�31V�LV�
LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH���GLVFUHWH�
PHPEUDQH�VHSDUDWHG�
EODVWRPHUHV�LV�LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH���GLVFUHWH�
PHPEUDQH�VHSDUDWHG�
EODVWRPHUHV�LV�LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH���GLVFUHWH�
PHPEUDQH�VHSDUDWHG�
EODVWRPHUHV�LV�LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH���GLVFUHWH�
PHPEUDQH�VHSDUDWHG�
EODVWRPHUHV�LV�LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH���GLVFUHWH�
PHPEUDQH�VHSDUDWHG�
EODVWRPHUHV�LV�LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH�DSSHDUDQFH�
RI�FHOOXODU�FRPSDFWLRQ�DQG�
EOXUULQJ�RI�GLVWLQFWLYH�LQGLYLGXDO�
FHOO�PHPEUDQHV�LV�LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH�DSSHDUDQFH�
RI�EODVWRF\VW�FDYLWDWLRQ�LV�
LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH�DSSHDUDQFH�
RI�FOHDUO\�H[SDQGHG�EODVWRF\VW�
ZLWK�D�PLQLPXP�GLDPHWHU�RI�����
ǋP�LV�LGHQWL¿HG�

7KH�¿UVW�IUDPH�ZKHUH�DSSHDUDQFH�
RI�FHOOXODU�KDWFKLQJ��VKRZQ�DV�
WURSKREODVW�FHOOV�H[WUXGLQJ�IURP�
WKH�]RQD�SHOOXFLGD��LV�LGHQWL¿HG�
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�����
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7DEOH�DGDSWHG�IURP�*HUL�$VVHVV������$QQRWDWLRQ�$FFXUDF\��

ąċ



�JJHE=FY�
O^i[

,VVXH���_�-XO\�����

'LVFODLPHU��7KLV�LQIRUPDWLRQ�LV�EHLQJ�FROOHFWHG�IRU�LQIRUPDWLRQDO�SXUSRVH�RQO\�ZKLFK�ZLOO�KHOS�XV�LQ�
HYDOXDWLQJ�WKH�TXDOLW\�DQG�FRQWHQW�RI�WKH�1HZVOHWWHU�DQG�PDNLQJ�LPSURYHPHQWV�LQ�IXWXUH�

7KDQN�\RX�IRU�JRLQJ�WKURXJK�WKH�FRQWHQWV�RI�$OLYH�1HZVOHWWHU�,VVXH����7R�HQVXUH�WKDW�IXWXUH�
LVVXHV�ZLOO�EH�RI�LQWHUHVW�WR�\RX��ZH�ZRXOG�JUHDWO\�DSSUHFLDWH�\RXU�IHHGEDFN�RQ�WKH�IRUPDW�DQG�
FRQWHQW�RI�WKLV�LVVXH�

1DPH�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

(PDLO�,'�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

&RQWDFW�1R�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6DWLVIDFWLRQ�6FRUH�IRU�$/,9(�1HZVOHWWHU�7LPH�/DSVH�,PDJLQJ�LQ�$57�3DUW����,VVXH����

-XO\�����

:KDW�DVSHFWV�RI�WKH�1HZVOHWWHU�LVVXH���GLG�\RX�¿QG�SDUWLFXODUO\�LQWHUHVWLQJ�DQG�RU�LQIRUPDWLYH"
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
3OHDVH� VXJJHVW� WRSLFV�DUHDV� WKDW� \RX�ZRXOG� OLNH� WR� EH� FRYHUHG� LQ� IXWXUH� LVVXHV� RI� WKH�$OLYH�
1HZVOHWWHU"
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
+RZ�FDQ�WKH�VXEVHTXHQW�1HZVOHWWHU�LVVXHV�EH�LPSURYHG"
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

���2SHQ�WKH�&DPHUD�DSSOLFDWLRQ�HLWKHU�IURP�WKH�ORFN�VFUHHQ�RU�WDSSLQJ�
RQ�WKH�LFRQ�IURP�\RXU�KRPH�VFUHHQ�

���+ROG�\RXU�GHYLFH�VWHDG\�IRU�����VHFRQGV�WRZDUGV�WKH�45�&RGH�
���&OLFN�RQ�WKH�QRWL¿FDWLRQ�WR�RSHQ�WKH�FRQWHQW�RI�WKH�45�&RGH�

6WHSV�WR�VFDQ�45�FRGH

5DWLQJ�6FDOH 3RRU�����������������������([FHOOHQW
�3OHDVH�FLUFOH�WKH�DSSURSULDWH�UDWLQJ�

6FLHQWL¿F�FRQWHQW � � � ��������

5HOHYDQFH�RI�WKH�WRSLF � � � ��������

,PSDFW�RQ�P\�GDLO\�SUDFWLFH � � � ��������

,QQRYDWLRQ � � � ��������

2YHUDOO�OHYHO�RI�VDWLVIDFWLRQ � � � ��������





0HUFN�6SHFLDOLWLHV�3YW��/WG�
*RGUHM�2QH���WK�)ORRU��3LURMVKDQDJDU�1DJDU��(DVWHUQ�([SUHVV�+LJKZD\�

�9LNUROL�(DVW��0XPEDL��0DKDUDVKWUD���������,QGLD�

'LVFODLPHU��7KLV�GRFXPHQW�LV�IRU�WKH�XVH�RI�5HJLVWHUHG�0HGLFDO�3UDFWLWLRQHUV�RQO\��7KH�GDWD�LV�IRU�DFDGHPLF�DQG�HGXFDWLRQDO�SXUSRVH�RQO\��7KH�GDWD�LV�EDVHG�RQ�GDWD�FROOHFWHG�IURP�
VFLHQWL¿F�SXEOLFDWLRQV�DQG�RQ�FDVH�VWXGLHV�DQG�WHVWLPRQLDOV��ZKLFK�GR�QRW�QHFHVVDULO\�UHÀHFW�WKH�YLHZV��LGHDV�DQG�SROLFLHV�RI�0HUFN�DQG�0HUFN�PDNHV�QR�UHSUHVHQWDWLRQV�RI�DQ\�NLQG�
DERXW�WKH�DFFXUDF\�RU�FRPSOHWHQHVV�RI�WKH�LQIRUPDWLRQ�SURYLGHG��,W�PD\�UHIHU�WR�SKDUPDFHXWLFDO�SURGXFWV��GLDJQRVWLF�WHFKQLTXHV��WKHUDSHXWLFV�RU�LQGLFDWLRQV�QRW�\HW�UHJLVWHUHG�RU�
DSSURYHG�LQ�D�JLYHQ�FRXQWU\�DQG�LW�VKRXOG�EH�QRWHG�WKDW��RYHU�WLPH��FXUUHQF\�DQG�FRPSOHWHQHVV�RI�WKH�GDWD�PD\�FKDQJH��)RU�XSGDWHG�LQIRUPDWLRQ��SOHDVH�FRQWDFW�WKH�&RPSDQ\��7KLV�
GDWD�VKRXOG�QRW�EH�XVHG�WR�GLDJQRVH��WUHDW��FXUH�RU�SUHYHQW�DQ\�GLVHDVH�RU�FRQGLWLRQ�ZLWKRXW�WKH�SURIHVVLRQDO�DGYLFH�RI�D�5HJLVWHUHG�0HGLFDO�3UDFWLWLRQHU��DQG�GRHV�QRW�UHSODFH�
PHGLFDO�DGYLFH�RU�D�WKRURXJK�PHGLFDO�H[DPLQDWLRQ��5HJLVWHUHG�0HGLFDO�3UDFWLWLRQHUV�VKRXOG�XVH�WKHLU�LQGHSHQGHQW�SURIHVVLRQDO�MXGJHPHQW�LQ�FKHFNLQJ�WKH�V\PSWRPV��GLDJQRVLQJ�	�
VXJJHVWLQJ�WKH�DSSURSULDWH�OLQH�RI�WUHDWPHQW�IRU�SDWLHQWV��0HUFN�LV�QRW�LQ�DQ\�ZD\�LQÀXHQFLQJ��SURSDJDWLQJ�RU�LQGXFLQJ�DQ\RQH�WR�EX\�RU�XVH�0HUFN�SURGXFWV��0HUFN�DFFHSWV�QR�
OLDELOLW\�IRU�DQ\�ORVV��GDPDJH�RU�FRPSHQVDWLRQ�FODLPV�LQ�FRQQHFWLRQ�ZLWK�DQ\�DFW�RU�RPLVVLRQ�E\�DQ\RQH�EDVHG�RQ�LQIRUPDWLRQ�FRQWDLQHG�LQ�RU�GHULYHG�WKURXJK�XVH�RI�WKLV�GRFXPHQW��
'XSOLFDWLRQ�RI�RU�FRS\LQJ�DQ\�GDWD�UHTXLUHV�SULRU�SHUPLVVLRQ�RI�WKH�FRS\ULJKW�KROGHU�
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