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0\�QDPH�LV�.ULVWHQ�0DFNLHZLF]�6HJKHWH��3K'� ,�KDYH�VXEVWDQWLDO�H[SHULHQFH�
LQ�DGROHVFHQW�FRJQLWLYH�DQG�EUDLQ�GHYHORSPHQW��DV�,�KDYH�EHHQ�UHVHDUFKLQJ�WKLV�
DQG�UHODWHG�WRSLFV�IRU�DOPRVW����\HDUV��,�DP�FXUUHQWO\�3V\FKRORJ\�)DFXOW\�
�$VVLVWDQW�3URIHVVRU��ZLWKLQ�WKH�'HSDUWPHQW�RI�3V\FKLDWU\�DW�2UHJRQ�+HDOWK�	�
6FLHQFH�8QLYHUVLW\��2+68��DQG�DP�WKH�'LUHFWRU�RI�WKH�6WUHVV��&RJQLWLRQ��
$IIHFW��DQG�1HXURLPDJLQJ��6&$1��/DE��2QH�RI�WKH�IRFXVHV�RI�P\�SDVW�DQG�
FXUUHQW�UHVHDUFK�LV�WKH�QRUPDWLYH�GHYHORSPHQW�RI�FRJQLWLYH�EUDLQ�SURFHVVHV��
SDUWLFXODUO\�DWWHQWLRQ�DQG H[HFXWLYH�IXQFWLRQ��GXULQJ�DGROHVFHQFH�DQG�\RXQJ�
DGXOWKRRG��)XUWKHU��P\�UHVHDUFK�IRFXVHV�RQ�WKH�LPSDFW�RI�VWUHVV�RQ�FRJQLWLYH�
DQG�HPRWLRQDO�EUDLQ�SURFHVVHV�GXULQJ�DGROHVFHQFH�DQG�DGXOWKRRG�
$GGLWLRQDOO\��,�DP�D�OLFHQVHG�SV\FKRORJLVW��ZLWK�H[SHUWLVH�LQ�SHGLDWULF�
QHXURSV\FKRORJLFDO�HYDOXDWLRQV� 1HXURSV\FKRORJLFDO�HYDOXDWLRQV�DUH�IRFXVHG�
RQ�DVVHVVLQJ�DQG�FRQFHSWXDOL]LQJ�FRJQLWLYH�IXQFWLRQLQJ� 0\�ZULWWHQ�WHVWLPRQ\�
UHIOHFWV�P\�SHUVRQDO�NQRZOHGJH�DQG�H[SHUWLVH�DQG�LV�QRW�SURYLGHG�RQ�EHKDOI�RI�
2+68��

$GROHVFHQFH�LV�DQ�LPSRUWDQW�SHULRG�RI�FKDQJH�DQG�WUDQVLWLRQ��QRW�RQO\�
EHKDYLRUDOO\�EXW�DOVR�IURP�D�QHXURELRORJLFDO�SHUVSHFWLYH��$GROHVFHQFH�
WKURXJK�HDUO\�DGXOWKRRG�LV�PDUNHG�E\�HQKDQFHG�QHXURSODVWLFLW\��
1HXURSODVWLFLW\�UHIHUV�WR�D�SHULRG�RI�WLPH�ZKHQ�WKH�EUDLQ�LV�FKDQJLQJ�D�ORW�LQ�
RUGHU�WR�IDFLOLWDWH�QHZ�EHKDYLRUDO�VNLOOV��)XOO�EUDLQ�GHYHORSPHQW�DQG�
PDWXUDWLRQ�FRLQFLGHV�ZLWK�WKH�HQG�RI�WKH�DGROHVFHQW�SHULRG��W\SLFDOO\�EHWZHHQ�
DERXW�������\HDUV�RI�DJH� %UDLQ�PDWXUDWLRQ�LQFOXGHV��EXW�LV�QRW�OLPLWHG�WR���

���SUXQLQJ��RU�UHGXFWLRQ�LQ�JUH\�PDWWHU��DIWHU�DQ�LQFUHDVH�LQ�JUH\�PDWWHU�
YROXPH��ZKLFK�UHVXOWV�LQ�UHWDLQLQJ�QHXURQV�DQG�FRQQHFWLRQV�RI�
LPSRUWDQFH�DQG�WULPPLQJ�DZD\�WKRVH�WKDW�DUH�QRW�EHLQJ�XVHG�LQ�RUGHU�
WR�LQFUHDVH�HIILFLHQF\
�� LQFUHDVHG�LQWHJULW\�RI�ZKLWH�PDWWHU��RU�WKH�³VXSHU�KLJKZD\V´�RI�WKH�
EUDLQ��WKDW�FRQQHFW�GLIIHUHQW�UHJLRQV�RI�WKH�EUDLQ
���VWURQJHU�IXQFWLRQDO�FRQQHFWLRQV�EHWZHHQ�EUDLQ�UHJLRQV�WKDW�DUH�QRW�
DQDWRPLFDOO\�FORVH�WR�HDFK�RWKHU�EXW�QHHG�WR�FRQQHFW�DQG�³WDON´�LQ�
RUGHU�WR�VXSSRUW�PDWXUH�FRJQLWLYH�DQG�DIIHFWLYH�SURFHVVHV��VXFK�DV�
GHFLVLRQ�PDNLQJ�DQG�UHJXODWLRQ�RI�HPRWLRQDO�UHVSRQGLQJ�

7KHUH�DUH�PDQ\�GLIIHUHQFHV�LQ�KLJKHU�RUGHU�FRJQLWLYH�SURFHVVLQJ�DQG�
HPRWLRQDO�UHJXODWLRQ�REVHUYHG�EHWZHHQ�DGROHVFHQWV�DQG�DGXOWV��ZKLFK�DUH�
EHOLHYHG�WR�EH�GULYHQ�E\�WKH�SURWUDFWHG�VWUXFWXUDO�DQG�IXQFWLRQDO�GHYHORSPHQW�
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RI�WKH�EUDLQ�WKURXJK HDUO\�DGXOWKRRG��6SHFLILFDOO\��LW�KDV�EHHQ�IRXQG�WKDW�WKHUH�
LV�RIWHQ�DQ�LPEDODQFH�EHWZHHQ�PRUH�³FRRO´�FRJQLWLYH�FRQWURO�UHJLRQV��RU�WKH�
³WKLQNLQJ�EUDLQ´��DQG�PRUH�³KRW´�HPRWLRQDO�UHVSRQGLQJ�UHJLRQV��RU�WKH�
³HPRWLRQDO�EUDLQ´��LQ�DGROHVFHQWV�DV�FRPSDUHG�WR�DGXOWV��7KLV�LV�UHIOHFWLYH�RI�
HDUOLHU�PDWXUDWLRQ�RI�HPRWLRQDO�DQG�UHZDUG�SURFHVVLQJ�UHJLRQV��H�J���OLPELF�
V\VWHP��GXULQJ�HDUO\�DGROHVFHQFH�FRPSDUHG�WR�ODWHU�PDWXUDWLRQ�RI�KLJKHU�RUGHU�
FRJQLWLYH�FRQWURO�DQG�HPRWLRQDO�UHJXODWLRQ�SURFHVVLQJ�UHJLRQV��H�J���SUHIURQWDO�
FRUWH[��LQ�PLG�WR�ODWH�DGROHVFHQFH��$GGLWLRQDOO\��LW�UHIOHFWV�FRQWLQXLQJ�
PDWXUDWLRQ�RU�VWUHQJWKHQLQJ�RI�WKH�FRQQHFWLYLW\�EHWZHHQ�OLPELF�UHJLRQV�DQG�
WKH�SUHIURQWDO�FRUWH[�IURP�HDUO\�DGROHVFHQFH�WKURXJK�HDUO\�DGXOWKRRG��$V�D�
UHVXOW�RI�SURWUDFWHG�DQG�LPEDODQFHG�GHYHORSPHQW��EDVLF�FRJQLWLYH�PDWXUDWLRQ�
GRHV�QRW�RFFXU�XQWLO�ODWH�DGROHVFHQFH DQG�SV\FKRVRFLDO�PDWXUDWLRQ�GRHV�QRW�
RFFXU�XQWLO�HDUO\�DGXOWKRRG�

7KH�WLPHOLQH�IRU�FRJQLWLYH�DQG�SV\FKRVRFLDO�PDWXUDWLRQ�LV�LPSRUWDQW��DV�ERWK�
HOHPHQWV�DUH�QHHGHG�ZKHQ�FRQVLGHULQJ�DGROHVFHQW�DELOLW\�WR�PDNH�GHFLVLRQV��
SDUWLFXODUO\�XQGHU�HPRWLRQDO�FRQWH[WV��$GROHVFHQWV¶�GHFLVLRQV�DUH�PRUH�
VWURQJO\�DIIHFWHG�LQ�VLWXDWLRQV�RI�KLJK�HPRWLRQDO�DURXVDO��VXFK�DV�KLJK�UHZDUG�
RU�VWUHVV�WKUHDW��WKDQ�DGXOWV��$V�D�UHVXOW��WKH\�DUH�PRUH�OLNHO\�WR�HQJDJH�LQ�
LPSXOVLYH�EHKDYLRUV��KDYH�SRRUHU�GHFLVLRQ�PDNLQJ��DQG�KDYH�D�KDUGHU�WLPH�
ZHLJKLQJ�VKRUW�WHUP�EHQHILW��H�J���UHZDUG��UHPRYDO�RI�VRPHWKLQJ�QHJDWLYH��DQG�
ORQJ�WHUP�EHQHILW��7KLV�PHDQV�WKH\�DUH�EHWWHU�DEOH�WR�PDNH�GHFLVLRQV�DQG�
FRQVLGHU�ORQJ�WHUP�FRQVHTXHQFHV�RI�WKHLU�EHKDYLRU�ZKHQ�WKHLU�HPRWLRQV�RU�WKH�
VLWXDWLRQ�DUH�OHVV�LQWHQVH�

6SHFLILF�WR�WKH�SURSRVHG�%LOO��VRPH�VWXGLHV�KDYH�IRXQG�DGROHVFHQWV��
SDUWLFXODUO\�LQ�WKH�HDUO\�WR�PLGGOH�DGROHVFHQW�SHULRG��GR�QRW�DFWXDOO\�
XQGHUVWDQG�WKHLU�0LUDQGD ULJKWV�DV�ZHOO�DV�DGXOWV�HYHQ�ZKHQ�WKH\�
DFNQRZOHGJH�XQGHUVWDQGLQJ�WKHP��7KLV�LQFOXGHV�UHSRUWLQJ�EHOLHIV�WKDW�WKH\�
KDYH�D�ULJKW�WR�UHPDLQ�VLOHQW��EXW�WKDW�WKLV�ULJKW�LV�GLPLQLVKHG�ZKHQ�WKH\�DUH�
VSHFLILFDOO\�TXHVWLRQHG����

3OHDVH�UHIHU�WR�WKH�XSORDGHG�DUWLFOHV��UHIHUHQFHG�EHORZ��IRU�IXUWKHU�GHWDLOV��
HODERUDWLRQ��DQG�VXSSRUW�RI�WKH�SUHVHQWHG�LQIRUPDWLRQ��

7KDQN�\RX�IRU�\RXU�WLPH�DQG�FRQVLGHUDWLRQ�LQ�UHYLHZLQJ�P\�SHUVRQDO�ZULWWHQ�
WHVWLPRQ\��%DVHG�RQ�RXU�FXUUHQW�NQRZOHGJH�RI�WKH�GHYHORSLQJ�DGROHVFHQW�EUDLQ�
DQG�VXEVHTXHQW�GHFLVLRQ�PDNLQJ�SURFHVVHV��,�XUJH�\RXU�\HV YRWH����

6LQFHUHO\��

.ULVWHQ�0DFNLHZLF]�6HJKHWH��3K'
5HIHUHQFHV�
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&DVH\��%�-����������%H\RQG�VLPSOH�PRGHOV�RI�VHOI�FRQWURO�WR�FLUFXLW�EDVHG�
DFFRXQWV�RI�DGROHVFHQW�EHKDYLRU��$QQXDO�5HYLHZ�RI�3V\FKRORJ\��������������

&URQH��(�$���YDQ�'XLMYHQYRRUGH��$�&�.���	�3HSHU��-�6����������$QQXDO�
UHVHDUFK�UHYLHZ��1HXUDO�FRQWULEXWLRQV�WR�ULVN�WDNLQJ�LQ�DGROHVFHQFH�±
GHYHORSPHQWDO�FKDQJHV�DQG�LQGLYLGXDO�GLIIHUHQFHV��-RXUQDO�RI�&KLOG�
3V\FKRORJ\�DQG�3V\FKLDWU\�������������

/XFLDQD��0����������$GROHVFHQW�EUDLQ�GHYHORSPHQW�LQ�QRUPDOLW\�DQG�
SV\FKRSDWKRORJ\��'HYHORSPHQW�DQG�3V\FKRSDWKRORJ\��������������

6WHLQEHUJ��/����������$GROHVFHQW�GHYHORSPHQW�DQG�MXYHQLOH�MXVWLFH��$QQXDO�
5HYLHZ�RI�&OLQLFDO�3V\FKRORJ\������������


