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%DVHG�RQ�WZR�DUWLFOHV�IURP�SRSXODU�PDJD]LQHV��WKH�UHDVRQV�ZK\�HFRORJLFDO�WKHRULHV�DUH�EHLQJ�
DSSOLHG�WR�PRGHUQ��NQRZOHGJH�EDVHG�EXVLQHVVHV�DUH�H[DPLQHG���$�IDPLOLDU�H[DPSOH�RI�XQSUH�
GLFWDEOH�LQYDVLRQ�VXFFHVV�IURP�WKH�FRPSXWHU�LQGXVWU\�FRXOG�EH�D�PRGHO�IRU�H[SODLQLQJ�VRPH�
RI�WKH�OLPLWDWLRQV�RQ�RXU�DELOLW\�WR�DFFXUDWHO\�DQWLFLSDWH�RQO\�WKH�VSHFLHV�ZKLFK�ZLOO�VXFFHVV�
IXOO\�LQYDGH�XQGLVWXUEHG�KDELWDWV��
�
�
�
,W�LV�RIWHQ�VWLPXODWLQJ�WR�WDNH�D�ORRN�DW�D�IDPLOLDU�WRSLF�IURP�D�GLIIHUHQW�SHUVSHFWLYH���
6RPHWLPHV�WKH�PRVW�XQOLNHO\�RI�VRXUFHV�PD\�VHW�XV�RII�RQ�VXFK�DQ�H[HUFLVH���$�UH�
FHQW�DUWLFOH�LQ�WKH�%ULWLVK�PDJD]LQH�1HZ�6FLHQWLVW�ZDV�D�FDWDO\VW�IRU�PH�WR�UHFRQVLGHU�
WKH� LVVXH�RI� LQYDVLRQV�� �7KLV� DUWLFOH� �/HZLQ�������� DQG�RQH� WKDW� LW� FLWHG� IURP� WKH�
+DUYDUG�%XVLQHVV�5HYLHZ��$UWKXU� �������ZHUH� RVWHQVLEO\� DERXW� HFRQRPLFV� DQG�PRG�
HUQ�EXVLQHVV�SUDFWLFHV��EXW�WKH�XQH[SHFWHG�FRQQHFWLRQV�WR�HFRORJ\�DQG�WKH�VWXG\�RI�
LQYDVLRQV�ZHUH�YHU\�LQWHUHVWLQJ��
�
%HIRUH�VWDUWLQJ��,�VKRXOG�HPSKDVL]H�VRPH�FDYHDWV�� �)LUVWO\��PRVW�RI�WKH� LGHDV�GLV�
FXVVHG�DUH�WDNHQ�GLUHFWO\�IURP�WKHVH�WZR�PDJD]LQH�DUWLFOHV��,�FDQ�RQO\�FODLP�RULJL�
QDOLW\�IRU�WU\LQJ�WR� OLQN�WKHP�WR�RXU�ILHOG�RI� LQWHUHVW�� LQYDVLYH�SODQW�VSHFLHV�� �6HF�
RQGO\��,�PDNH�DEVROXWHO\�QR�FODLPV�WR�EH�DEOH�WR�FULWLFDOO\�DVVHVV�HFRQRPLF�WKHRULHV����
/DVWO\�� WKLV� LV�QRW� LQWHQGHG�WR�FKDQJH�DQ\RQH·V�HFRORJLFDO�SHUVSHFWLYHV��EXW�ZLOO�� ,�
KRSH��HPSKDVL]H�KRZ�WKH�FKDRWLF�FRPSOH[LWLHV�RI�SUHGLFWLQJ�ELRORJLFDO�RXWFRPHV�
VKRXOG�VKDSH�PRUH�UHDOLVWLF�H[SHFWDWLRQV�RI�PRGHOLQJ�SODQW�LQYDVLRQV��
�
7KH�1HZ�6FLHQWLVW�DUWLFOH�VWDUWV�E\�GHVFULELQJ�WKUHH�SRWHQWLDO� LQYDGHUV��7KH�ILUVW�ZDV�
WKH�1H;7�FRPSXWHU�ZRUNVWDWLRQ�GHYHORSHG�E\�$SSOH�&RPSXWHUV�LQ�WKH�ODWH�����V���
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7KLV�HDV\�WR�XVH�DQG�KLJKO\�FDSDEOH�PDFKLQH�ZDV�FRQVLGHUHG�WHFKQRORJLFDOO\�VXSH�
ULRU�WR�WKH�H[LVWLQJ�FRPSHWLWRUV��7KH�VHFRQG�ZDV�WKH�$OSKD�PLFUR�SURFHVVRU�FKLS�
ODXQFKHG�E\�'LJLWDO�(TXLSPHQW�&RUSRUDWLRQ� LQ� ������ �$W� WKDW� WLPH�� LW�ZDV�PRUH�
WKDQ�WKUHH�WLPHV�IDVWHU�WKDQ�LWV�QHDUHVW�ULYDO��LW�ZDV�VWLOO�WKH�IDVWHVW�FKLS�DV�RI�1R�
YHPEHU� ������7KH� WKLUG�ZDV� DQ� H[RWLF�� VHHG�HDWLQJ� ELUG� VXSHUEO\� DGDSWHG� WR� WKH�
KLJKODQG�IRUHVWV�RI�+DZDLL�LQWR�ZKLFK�LW�KDG�EHHQ�LQWURGXFHG���7KLV�LV�QRZ�VWDUWLQJ�
WR�VRXQG�PRUH�UHOHYDQW���
�
7KH� FRQQHFWLRQ�EHWZHHQ� WKHVH� H[DPSOHV� LV� WKDW� DOO� RI� WKHP� IDLOHG� WR� LQYDGH� DQG�
GRPLQDWH� WKH� PDUNHW� �RU� KDELWDW��� GHVSLWH� EHLQJ� FRQVLGHUHG� VXSHULRU� WR� H[LVWLQJ�
FRPSHWLWRUV�� �$W� WKLV�SRLQW�� WKHUH�PD\�EH�D� WHPSWDWLRQ� WR�EH�GLVDSSRLQWHG�� VLQFH�
PRVW� UHDGHUV� DUH� OLNHO\� WR� EH�PRUH� FRQFHUQHG� DERXW� VXFFHVVIXO� LQYDGHUV�� 7KLV� LV�
ZKHUH�D�FKDQJH� LQ�SHUVSHFWLYH�FDQ�EH�VLPXODWLQJ�ZLWK�UHJDUG� WR� LQYDVLRQ� WKHRULHV�
DQG� WKRXJKW�SURYRNLQJ� LQ�PDNLQJ� OLQNV� WR� WKH� ZRUOG� RI� EXVLQHVV� ZH�PD\� QHYHU�
KDYH�FRQVLGHUHG��
�
,I�ZH�DVN�ZK\�HDFK�LQWURGXFWLRQ�LV�QRW�DOZD\V�VXFFHVVIXO��ZH�TXLFNO\�ILQG�RXUVHOYHV�
OLVWLQJ�IDFWRUV�WKDW�DUH�WKH�LQYHUVH�RI�WKRVH�FKDUDFWHULVWLFV�XVHG�DV�SUHGLFWRUV�RI�LQ�
YDVLYHQHVV��QRW�DGDSWHG�WR�WKH�HQYLURQPHQW��QRW�SUROLILF�HQRXJK��QRW�FRPSHWLWLYH�
LQ�D�UREXVW�KDELWDW��
�
)RU�PRVW�LQYDGHUV��ZH�FDQ�TXLFNO\�GHWHUPLQH�ZKHWKHU�WKH�ILUVW�WZR�IDFWRUV�DUH�VLJ�
QLILFDQW�DQG�FRXOG�XVH�WKHP�WR�SUHGLFW�DQ�LQYDVLYH�IDLOXUH���,I�D�SRWHQWLDO�LQYDGHU�LV�
VXLWDEO\�DGDSWHG�DQG�SUROLILF��DV�WKH�WKUHH�H[DPSOHV�DSSHDUHG�WR�EH��WKHQ�WKH�TXHV�
WLRQ�RI�SUHGLFWLQJ�FRPSHWLWLYHQHVV�LQ�D�UREXVW�KDELWDW�LV�FUXFLDO����7KLV�LV�ZKHUH�WKH�
H[SHULHQFHV��DQG�IUXVWUDWLRQV��RI�HFRORJ\�DUH�PRVW�SURQRXQFHG�DQG�RI�JUHDWHVW�UHOH�
YDQFH�WR�FRUSRUDWH�PDQDJHPHQW��
�
$OWKRXJK�D�KLJKO\�LPSRUWDQW�DQG�SRSXODU�SXUVXLW�LQ�HFRORJLFDO�UHVHDUFK��SUHGLFWLQJ�
WKH�RXWFRPH�RI�FRPSHWLWLYH�LQWHUDFWLRQV�LV�VWLOO�D�WRSLF�IUDXJKW�ZLWK�XQFHUWDLQW\�DQG�
FRQWURYHUV\���2Q�WKH�WKHRUHWLFDO�VLGH�DUH�IXQGDPHQWDO�GLVDJUHHPHQWV�RYHU�ZKDW�GH�
ILQHV� D� JRRG� FRPSHWLWRU�� � � 7ZR� ZHOO�NQRZQ� SHUVSHFWLYHV� IURP� WKH� FRPSHWLWLYH�
ZRUOG�RI�´WKHRULHV�RI�SODQW�FRPSHWLWLRQµ�DUH� WKRVH�RI� -�3��*ULPH�DQG�DVVRFLDWHV��
ZKR�VHH�FRPSHWLWRUV�DV�´RIIHQVLYHµ���SUH�HPSWLYH�H[SORLWHUV�RI�UHVRXUFHV��DQG�'��
7LOPDQ�DQG�FROOHDJXHV��ZKR�DWWULEXWH�FRPSHWLWLYH�VXFFHVV�WR�´GHIHQVLYHµ�WROHUDWRUV��
ZKLFK�FDQ�RXWODVW�WKH�FRPSHWLWLRQ�DV�UHVRXUFHV�DUH�RYHU�H[SORLWHG��$OWKRXJK�VXFK�
WKHRUHWLFDO�GLVDJUHHPHQWV�GR�QRW�DOWHU�WKH�SUHGLFWLYH�DFFXUDF\�RI�FRPSHWLWLRQ�VWXG�
LHV��WKH\�DUH�D�V\PSWRP�RI�WKH�FRPSOH[LW\�DQG�FRQWLQXLQJ�HYROXWLRQ�RI�WKLV�EUDQFK�
RI�HFRORJ\��
�
:KLOH�PDQ\� WUDGLWLRQDO�PHWKRGV� RI� TXDQWLI\LQJ� FRPSHWLWLYH� LQWHUDFWLRQV�� VXFK� DV�
DGGLWLYH� RU� VXEVWLWXWLRQ� H[SHULPHQWV�� DUH� KLJKO\� SUHGLFWLYH� LQ� VLPSOH� DJURQRPLF�
HFRV\VWHPV��WKH�FRPSHWLWLYH�EDODQFH�EHWZHHQ�WZR�SODQWV�PD\�YDU\�GHSHQGLQJ�XSRQ�
D�YDULHW\�RI�H[WHUQDO�FRQGLWLRQV���(QYLURQPHQWDO�FRQGLWLRQV��QXWULHQW��OLJKW�DQG�ZD�
WHU�DYDLODELOLW\��WHPSHUDWXUH��S+��VDOLQLW\��HWF���FDQ�PRGLI\�FRPSHWLWLYH�LQWHUDFWLRQV�
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LI�WKH\�GLIIHUHQWLDOO\�LQIOXHQFH�JURZWK�RI�WKH�WZR�SODQWV���'LIIHUHQW�VXVFHSWLELOLWLHV�
WR�GLVWXUEDQFH��KHUELYRU\��RU�SDWKRJHQV� FDQ� DOVR� FKDQJH� WKH�GLUHFWLRQ�RI� D� FRP�
SHWLWLYH�LQWHUDFWLRQ�LQ�ZD\V�WKDW�PLJKW�QRW�KDYH�EHHQ�SUHGLFWHG�XQGHU�LGHDO�FRQGL�
WLRQV�� �7KXV�� HYHQ� LQ� VLPSOLILHG� RU� KLJKO\� GLVWXUEHG� HFRV\VWHPV�� DFFXUDWH� SUHGLF�
WLRQV�RI�FRPSHWLWLRQ�XQGHU�DOO�SRVVLEOH�FRQGLWLRQV�FDQ�EH�HOXVLYH�� �$GG�WKH�SUHV�
HQFH�RI�PXOWLSOH��ZHOO�HVWDEOLVKHG�SODQW�VSHFLHV�� DV� IRXQG� LQ�PRVW�QDWXUDO� HFRV\V�
WHPV�� DQG� WKH� SUHGLFWLRQ� RI� ZKLFK� LQYDGHUV� ZLOO� EH� FRPSHWLWLYH� EHFRPHV� PXFK�
PRUH�FRPSOLFDWHG����
�
7KLV�EULQJV�XV�EDFN�WR�WKH�WKLUG�IDFWRU��PHQWLRQHG�HDUOLHU��ZKLFK�PD\�H[SODLQ�ZK\�
QRW� HYHU\� LQWURGXFWLRQ� LV� VXFFHVVIXO�� ,QYDGHUV�PD\�EH�KHOG�RXW�RI�KDELWDWV�RU�PDUNHWV�E\�
H[LVWLQJ�RFFXSDQWV�� HYHQ� LI� WKRVH�RFFXSDQWV�ZRXOG�EH� LQIHULRU� LI�GLUHFWO\� FRPSDUHG�� � 7KLV� PD\�
KDSSHQ�EHFDXVH�WKH�H[LVWLQJ�FRPSHWLWRUV�KDYH�HVWDEOLVKHG�QHWZRUNV�DQG�FRRSHUDWH�
ZLWK�HDFK�RWKHU��ZKLFK�DOORZV�WKHP�WR�EH�PRUH�UHVLOLHQW�WR�FRPSHWLWLRQ�IURP�WKH�
LQYDGHU� WKDQ� WKH\� PLJKW� EH� LQ� LVRODWHG� RQH�RQ�RQH� FRPSHWLWLRQ�� � ([DPSOHV� RI�
WKHVH�W\SHV�RI�HVWDEOLVKHG�LQWHUDFWLRQV� LQ�SODQW�HFRORJ\�DUH�QRW�QHFHVVDULO\�DV�ZHOO�
GRFXPHQWHG�RU�XQGHUVWRRG�DV�WKH�IROORZLQJ��YHU\�IDPLOLDU�H[DPSOH�IURP�WKH�EXVL�
QHVV�ZRUOG��
�
7KH�SKHQRPHQDO�VXFFHVV�RI�0LFURVRIW�FDQ�EH�DWWULEXWHG�WR�WKH�KXJH�PDUNHW�VKDUH�
REWDLQHG�E\� LWV� GLVF� RSHUDWLQJ� V\VWHP� �'26�� IRU� SHUVRQDO� FRPSXWHUV�� WKLV� UHVXOW�
ZDV�QRW�SUHGLFWDEOH�LQ�WKH�HDUO\�����V�ZKHQ�WKH�PDUNHW�ZDV�RSHQLQJ�XS���$W�WKDW�
WLPH��0LFURVRIW�ZDV�FRPPLWWHG�WR�SURYLGLQJ�'26�DV�WKH�RSHUDWLQJ�V\VWHP�IRU�WKH�
,%0�3HUVRQDO�&RPSXWHU��,%0�3&���7KH�WZR�RWKHU�FRPSHWLQJ�RSHUDWLQJ�V\VWHPV�
ZHUH� WKH� ZHOO�HVWDEOLVKHG� &3�0� DQG� WKH� LQQRYDWLYH� $SSOH� 0DFLQWRVK� �´0DFµ���
:LWK�LWV�LFRQ�EDVHG��XVHU�IULHQGO\�IRUPDW��WKH�0DF�V\VWHP�UDSLGO\�DWWUDFWHG�D�GHGL�
FDWHG�FOLHQWHOH�DQG�PLJKW�KDYH�EHHQ�DQWLFLSDWHG�WR�EH�WKH�ZD\�RI�WKH�IXWXUH���7KH�
EDVH�RI�'26�,%0�XVHUV�ZDV�DOVR�JURZLQJ��VR�VRIWZDUH�GHYHORSHUV�WULHG�WR�ZULWH�
IRU�ERWK�VWDQGDUGV���7KH�FOLQFKLQJ�IDFWRU�ZDV�WKH�GLIIHUHQW�VWUDWHJ\�RI�,%0�WR�DO�
ORZ��DQG�$SSOH�0DFLQWRVK�QRW�WR�DOORZ��WKH�SURGXFWLRQ�RI�´FORQHVµ�RI�WKHLU�SHU�
VRQDO� FRPSXWHUV�� �7KLV�GHFLVLRQ��ZKLFK� DOORZHG� IRU� WKH� DYDLODELOLW\�RI� ORZHU�FRVW�
,%0�FRPSDWLEOH�SHUVRQDO�FRPSXWHUV��UDSLGO\�H[SDQGHG�WKHLU�PDUNHW�VKDUH�RI�GHVN�
WRS� FRPSXWHUV�� DQG� DORQJ�ZLWK� LW�� WKH�'26�RSHUDWLQJ� V\VWHP�� �2QFH� WKH�'26�
,%0�V\VWHP�VWDUWHG�WR�GRPLQDWH� WKH�PDUNHW�� VRIWZDUH�VXSSOLHUV�ZHUH�HQFRXUDJHG�
WR�ZULWH� IRU�� DQG� WHFKQLFDOO\� VXSSRUW�� WKLV� V\VWHP�� �$V�XVHUV� H[SDQGHG� WKHLU� VRIW�
ZDUH�FDSDELOLWLHV�DQG�DPRXQW�RI�VWRUHG�GDWD��LW�GLG�QRW�SD\��WR�VZLWFK�IURP�'26�
,%0�� VR� WKHVH� SURGXFWV� UDSLGO\� ´ORFNHG�LQµ� WKH� PDUNHW� GHVSLWH� H[SHUW� RSLQLRQV�
WKDW� WKLV�ZDV�QRW�QHFHVVDULO\� WKH�EHVW�V\VWHP�� �7KXV��SULRU� WR� WKH�'26�GHDO�ZLWK�
,%0�DQG�WKH�ODWWHU·V�GHFLVLRQ�WR�DOORZ�SHUVRQDO�FRPSXWHU�FORQHV��WKH�RXWFRPH�RI�
WKH�RSHUDWLQJ�V\VWHP�FRQWHVW�ZRXOG�QRW�KDYH�EHHQ�SUHGLFWHG��
�
,Q�WKLV�H[DPSOH��WKH�FUXFLDO�UHODWLRQVKLS�EHWZHHQ�WKH�RSHUDWLQJ�V\VWHP��FRPSXWHU��
DQG� VRIWZDUH� PDQXIDFWXUHUV�� ,OOXVWUDWHV� KRZ� HYHQ� QHWZRUNV� ZLWK� UHODWLYHO\� IHZ�
FRPSRQHQWV�FDQ�EH�FRPSOH[�HQRXJK�WR�GHI\�DFFXUDWH�SUHGLFWLRQ�RI�WKH�RXWFRPHV�
RI� LQWHUDFWLRQV�� �,W� LV� WKLV�FRQFHSW�RI�QHWZRUNV�EHWZHHQ�GLVWLQFW�EXVLQHVV�FRPSR�
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QHQWV�WKDW�KDV�EURXJKW�WKH�ILHOG�RI�HFRORJ\�WR�WKH�DWWHQWLRQ�RI�HFRQRPLVWV���9LHZ�
LQJ�WKH�HFRQRP\�DV�DQ�HFRV\VWHP�UDWKHU�WKDQ�DQ�LVRODWHG�PDFKLQH�LV�D�SHUVSHFWLYH�
WKDW�VHHPV�WR�EH�JDWKHULQJ�VXSSRUWHUV���7KLV�UHFRJQLWLRQ�PD\�EH�UDWKHU�SOHDVLQJ�WR�
WKRVH�RI�XV�HFRORJLVWV�ZKR�KDYH�ZLVKHG�IRU�D�OLWWOH�PRUH�UHVSHFW�IURP�WKH��EXVLQHVV�
FRPPXQLW\�� %HIRUH� ZH� EHFRPH� WRR� VPXJ�� KRZHYHU�� ZH� PXVW� FULWLFDOO\� HYDOXDWH�
ZKDW�H[SHULHQFH�DQG�KHOS��FDQ�UHDOO\�EH�RIIHUHG�LQ�WKLV�DUHQD��
�
+RZ�DGHSW�DUH�ZH�DW�SUHGLFWLQJ�LQYDVLRQV�RU�WKH�RXWFRPHV�RI�FRPSHWLWLYH�LQWHUDF�
WLRQV�DQG�RWKHU� LPSRUWDQW� LQWHUWURSKLF� LPSDFWV�� HYHQ� LQ� UHODWLYHO\� VLPSOLILHG� HFR�
V\VWHPV"� �7KH�GHYHORSPHQW�RI� WRROV� WR�SUHGLFW�ZKLFK� VSHFLHV�ZLOO� LQYDGH� LV� FXU�
UHQWO\�D�KRW�WRSLF�DQG�VR�LV�OLNHO\�WR�FRQWLQXH�WR�LPSURYH���$V�WKH�ZRUN�RI�5HLFKDUG�
DQG�+DPLOWRQ��������RQ�WUHHV�LQWURGXFHG�WR�1RUWK�$PHULFD�VKRZHG��LW�LV�UHODWLYHO\�
HDV\�WR�DQWLFLSDWH�ZKLFK�VSHFLHV�DUH�OLNHO\�WR�LQYDGH��L�H���NQRZQ�SHVW�LQYDGHUV�ZHUH�
FRUUHFWO\�SUHGLFWHG� LQ� ����RI� FDVHV� DQG�QRQH�ZHUH� LQFRUUHFWO\� GHHPHG�KDUPOHVV��
�WKH�RWKHU�����QHHGHG�IXUWKHU�LQYHVWLJDWLRQ����,W�ZDV�KDUGHU�WR�IRUHVHH�ZKLFK�VSH�
FLHV�ZRXOG�QRW�EHFRPH�LQYDVLYH�RYHU����\HDUV������RI�QRQ�LQYDGHUV�ZHUH�FRUUHFWO\�
LGHQWLILHG� DQG� ����ZHUH� IDOVHO\� DVVXPHG� WR� EH� LQYDVLYH�� � 7KLV� LV� H[DFWO\� WKH� UH�
GXFHG�SUHGLFWDELOLW\�RI�WKH�´IDLOXUHV�WR�LQYDGHµ�LOOXVWUDWHG�HDUOLHU�LQ�WKLV�DUWLFOH��
�
:KLOH�ZH�PD\�EH�FDSDEOH�RI�FRQFHSWXDOL]LQJ�VRPH�DOWHUQDWLYH�LPSDFWV�RI�D�VSHFLHV·�
LQYDVLRQ��ZH�KDYH�QRW�QHFHVVDULO\�EHHQ�DV�VXFFHVVIXO�DW�FOHDUO\�GHILQLQJ�DQG�H[HFXW�
LQJ� WKH� UHOHYDQW� VWXGLHV� WR� SUHGLFW� ZKLFK� RXWFRPH� ZRXOG� RFFXU�� � )RU� H[DPSOH��
VDSRGLOOD��0DQLONDUD�]DSRWD��/���3��5R\HQ��LV�D�WUHH�WKDW�ZDV�LQWURGXFHG�WR�VRXWKHUQ�
)ORULGD� IRU� LWV� HGLEOH� IUXLW�� � ,W� LV� QRZ�GLVWULEXWHG�� DQG�SRVVLEO\� VSUHDGLQJ��ZLWKLQ�
VRPH�QDWXUDO�KDELWDWV�VXFK�DV� WKH�.H\�/DUJR�+DPPRFN�6WDWH�%RWDQLFDO�6LWH�� � ,WV�
LPSDFWV� RQ� WKHVH� QDWXUDO� KDELWDWV� KDYH� QRW� EHHQ� TXDQWLILHG�� EXW� DV� WKH� KRPH� RI�
VHYHUDO� HQGDQJHUHG� VXEVSHFLHV� OLNH� WKH� .H\� /DUJR� ZRRG� UDW�� LW� LV� LPSRUWDQW� WR�
NQRZ�ZKHWKHU�WKHUH�DUH�VLJQLILFDQW�LPSDFWV��QHJDWLYH�RU�SRVLWLYH��RQ�WKHVH�FRPPX�
QLWLHV�EHIRUH�D�GHFLVLRQ�LV�PDGH�WR�H[SHQG�UHVRXUFHV�WR�UHPRYH�VDSRGLOOD�RU�OHDYH�LW�
WR�H[SDQG��
�
,QGLUHFW�LPSDFWV�RQ�HQGDQJHUHG�DQLPDOV��E\�ZD\�RI�DOWHUDWLRQV�LQ�QDWLYH�YHJHWDWLRQ��
FRXOG�LQFOXGH�FKDQJHV�LQ�OLJKW��ZDWHU��DQG�RU�QXWULHQW�DYDLODELOLW\�XQGHU�WKH�GHQVH�
OHDI�FDQRS\�DQG�OLWWHU�OD\HU�SURGXFHG�E\�VDSRGLOOD���0RUH�GLUHFW� LPSDFWV�RQ�ZRRG�
UDW�SRSXODWLRQV�PD\�EH� WKHLU�H[SDQVLRQ� LI� WKH\�DUH�DEOH� WR�VXFFHVVIXOO\�XWLOL]H� WKH�
VDSRGLOOD�IUXLW�DV�D�QHZ�UHVRXUFH���$OWHUQDWLYHO\��WKH�IUXLW�PD\�LQVWHDG��RU�DOVR��HQ�
FRXUDJH�RWKHU�DQLPDOV�VXFK�DV�UDFFRRQV��WKHVH�PD\�RU�PD\�QRW�KDYH�D�QHJDWLYH�LP�
SDFW�RQ�WKH�ZRRG�UDWV���:LWK�D�QHWZRUN�RI�MXVW�WKUHH�FRPSRQHQWV��VDSRGLOOD�IUXLW��
UDFFRRQ�� ZRRG� UDW��� WKH� SRVVLEOH� FRQVHTXHQFHV� RI� VDSRGLOOD·V� LQYDVLRQ� DUH�PDQ\�
DQG�FRPSOLFDWHG��D�ODUJH�DPRXQW�RI�UHVRXUFHV�ZRXOG�EH�QHHGHG�WR�VWXG\�D�WUHH�DQG�
WZR�PDPPDO�SRSXODWLRQV���6R�HFRORJLFDO�V\VWHPV�PD\�EH�JRRG�JHQHUDO�PRGHOV�IRU�
FHUWDLQ�W\SHV�RI�HFRQRP\��EXW�ZH�KDYH�QRW�QHFHVVDULO\�SURYLGHG�PDQ\�H[DPSOHV��DW�
OHDVW�QRW�LQ�WKH�GLVFLSOLQH�RI�LQYDVLRQV��RI�KRZ�ZH�FDQ�LPSURYH�RXU�SUHGLFWLRQV�RI�
WKH�LPSDFWV�RI�LQYDGHUV�
�
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(FRORJLFDO� WKHRU\�GRHV�SURYLGH�VRPH�KLVWRULFDO�PRGHOV� WKDW�PD\� UHDVVXUH�HFRQR�
PLVWV�DQG�EXVLQHVV�PDQDJHUV�WKDW�WKH�GLIILFXOW\�RI�SUHGLFWLQJ�HFRV\VWHP�SHUWXUED�
WLRQV�LV�QRW�D�SUREOHP�XQLTXH�WR�WKH�PDUNHWSODFH���/RRNLQJ�DW�WKHRULHV�RI�ELRORJLFDO�
VXFFHVVLRQ�� WKH�&OHPHQVLDQ�FRQFHSW�RI�VXFFHVVLRQ�SURFHHGLQJ� WR�D� V\VWHP� WKDW� LV�
SUHGLFWDEOH�DQG�VWDEOH��ZLWK�VHOI�UHVWRUDWLRQ�LI�GLVWXUEHG�IURP�WKH�HTXLOLEULXP��KDV�
JLYHQ�ZD\�WR�WKH�YLHZ�WKDW�VXFFHVVLRQ�LV�VR�LQIOXHQFHG�E\�WKH�FRPSOH[�LQWHUQDO�G\�
QDPLFV�RI�HFRV\VWHPV�WKDW�LWV�H[DFW�GLUHFWLRQ�FDQQRW�EH�SUHGLFWHG��HYHQ�LI�H[WHUQDO�
FRQGLWLRQV�FRXOG�EH��
�
+LVWRULFDOO\��WKH�EXVLQHVV�ZRUOG�VHHPHG�PXFK�PRUH�VWDEOH�DQG�SUHGLFWDEOH�WKDQ�WKH�
FRPSXWHU� WHFKQRORJ\�H[DPSOHV� WKDW�KDYH�EHHQ�TXRWHG� �$UWKXU�������� �)ROORZLQJ�
WKH� LQGXVWULDO� UHYROXWLRQ�� HFRQRPLF� WKHRULHV� ZHUH� GHYHORSHG� EDVHG� RQ� ´EXON�
SURFHVVLQJµ�LQGXVWULHV�VXFK�DV�SURGXFWLRQ�IURP�PHWDO�RUHV��FRDO��OXPEHU��HWF���7KH�
HFRQRPLHV�IRU�WKHVH�LQGXVWULHV�DUH�W\SLFDOO\�EDVHG�RQ�DQ�DVVXPSWLRQ�RI�GLPLQLVKLQJ�
UHWXUQV��ZKHUH�SURGXFWV�RU� FRPSDQLHV� WKDW�JHW� DKHDG� LQ� D�PDUNHW� ILQDOO\�EHFRPH�
OLPLWHG�VR�WKDW�D�SUHGLFWDEOH�HTXLOLEULXP�RI�PDUNHW�VKDUH�LV�UHDFKHG���)RU�H[DPSOH��
D� FRDO� PLQH� H[SDQGLQJ� SURGXFWLRQ� ZRXOG� HYHQWXDOO\� EH� GULYHQ� WR� XVH� VHDPV� RI�
SRRUHU�TXDOLW\�RU�DFFHVV�DQG�VR�UXQ�LQWR�GLPLQLVKLQJ�UHWXUQV���3URGXFWLRQ�LQ�WKHVH�
LQGXVWULHV�WHQGV�WR�EH�UHSHWLWLYH��EHLQJ�FRPSHWLWLYH�PHDQV�NHHSLQJ�D�VPRRWK�SUR�
GXFWLRQ�IORZ��UHGXFLQJ�FRVWV��DQG�LPSURYLQJ�TXDOLW\���6RPH�RI�WKH�PRVW�IDYRUDEOH�
FKDUDFWHULVWLFV�IRU�EXON�SURFHVVLQJ�DUH�OLVWHG�LQ�7DEOH����

�

&KDUDFWHULVWLF�

�

%XON�SURFHVVLQJ�
�

.QRZOHGJH�EDVHG�

�

&KDQJHV�LQ�SURGXFWLRQ�
�

5HSHWLWLYH�
�

'\QDPLF�

/RQJ�WHUP�FRPSHWLWLYH�
JRDO�

2SWLPL]H�SURGXFWLRQ� 5HFRJQL]H�QHZ�WUHQGV�

0DQDJHPHQW�REMHFWLYHV� &RVW�DQG�TXDOLW\�FRQWURO� 3RVLWLRQLQJ�LQ�
PDUNHWV�

'RPLQDQW�PDQDJHPHQW�
VWUDWHJLHV�

3ODQQLQJ� $GDSWDELOLW\�

0DQDJHPHQW�VWUXFWXUH� +LHUDUFKLFDO��ERVVHV�DQG��
ZRUNHUV��
�

3URMHFW�WHDPV�

7DEOH� ���2SWLPDO� FKDUDFWHULVWLFV� RI� EXON� SURFHVVLQJ� DQG� NQRZOHGJH�EDVHG� LQGXV�
WULHV��

)R[�

.QRZOHGJH�EDVHG�LQGXVWULHV��VXFK�DV�RXU�H[DPSOHV�LQ�FRPSXWHU�WHFKQRORJ\��KDYH�D�
TXLWH�GLIIHUHQW�VHW�RI�FKDUDFWHULVWLFV�DQG��KHQFH��PDQDJHPHQW�VW\OHV���7KH�FRQFHSW�
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RI�´LQFUHDVLQJ�UHWXUQV�RQ� LQYHVWPHQWµ�ZDV� LOOXVWUDWHG�E\�0LFURVRIW·V�´ORFNLQJ�LQµ�
RI�LWV�'26�V\VWHP�WR�WKH�SHUVRQDO�FRPSXWHU�PDUNHW���2QFH�HVWDEOLVKHG�DV�D�PDUNHW�
OHDGHU�� WKH� GHYHORSPHQW� RI� QHWZRUNV� WKDW� OLQN� YDULRXV�PDUNHW� FRPSRQHQWV�� H�J���
SHUVRQDO�FRPSXWHUV��'26��RWKHU�VRIWZDUH��FXVWRPHUV·�GDWDEDVHV��FRQVROLGDWHG�WKDW�
OHDG�DQG�UHGXFHG�WKH�OLNHOLKRRG�RI�FRPSHWLWRUV�WDNLQJ�DZD\�DQ\�PDUNHW�VKDUH���,Q�
VWHDG�� WKH� LQGXVWU\� VWDUWV� VHDUFKLQJ� IRU� WKH�QH[W�ELJ�PDUNHW�� �0DQDJHPHQW� LV� QRW�
WKHQ�SURGXFWLRQ�RULHQWHG�EXW�LV�RUJDQL]HG�DURXQG�LGHQWLI\LQJ�DQG�JHWWLQJ�DKHDG�LQ�
WKH�QH[W�PLVVLRQ�� �0LVVLRQ�RULHQWHG� WHDPV�DUH� WKH� IDYRUHG�RUJDQL]DWLRQ� VWUXFWXUH�
UDWKHU�WKDQ�KLHUDUFKLFDO�PDQDJHPHQW��DQG�FRPSDQLHV�ZLOO� VXFFHHG� WKURXJK�DGDSW�
DELOLW\�DQG�HYROXWLRQ�RI�LGHDV�UDWKHU�WKDQ�WKURXJK�VWULFW�SURGXFWLRQ�FRQWURO�DQG�RS�
WLPL]DWLRQ��
�
$JDLQ�� WKHVH�GHVFULSWLRQV�RI� NQRZOHGJH�EDVHG� LQGXVWULHV�KDYH� VLPLODULWLHV� WR� HFR�
V\VWHPV�DQG�HYROXWLRQDU\� VWUDWHJLHV�� �7KLV�PD\�EH� IDPLOLDU� WHUULWRU\� WR�ELRORJLVWV��
EXW� WKH� LPSOLFDWLRQV� IRU� &KLHI� ([HFXWLYH� 2IILFHUV� �&(2V�� RI� WKHVH� NQRZOHGJH�
EDVHG� LQGXVWULHV� DUH� TXLWH� VLJQLILFDQW�� � ,QVWHDG� RI� UHJDUGLQJ� WKHLU� LQGXVWULHV� DV�
VPRRWKO\� UXQQLQJ�PDFKLQHV�KHDGLQJ� WRZDUGV� VWDEOH� DQG� VSHFLILHG� JRDOV�� WKH\� DUH�
KDYLQJ�WR�JLYH�XS�WKH�HQJLQHHULQJ�PHWDSKRU�IRU�D�ELRORJLFDO�FRQFHSW�RI�WKHLU�EXVL�
QHVV�DV�DQ�RUJDQLVP�LQWHUDFWLQJ�LQ�D�FRPSOH[�FRPPXQLW\���&(2V�ZKR�KDYH�EHHQ�
PRUH�XVHG� WR�FRQWUROOLQJ�VLPSOH�KHDG�WR�KHDG�EXVLQHVV�FRPSHWLWLRQ�PD\�KDYH� WR�
DGDSW� WR� WKH� LGHD� WKDW� LW�PD\�QRW�EH�SRVVLEOH� WR�SUHGLFW� WKH�QH[W�PDUNHW�ZLQQHU���
8OWLPDWHO\�� WKLV�ZLOO�PHDQ� DFFHSWLQJ� WKDW�&(2V�PD\�KDYH� OHVV� FRQWURO�RYHU� WKHLU�
FRPSDQ\·V�IDWH�WKDQ�WKH\�KDG�DVVXPHG��IRUFLQJ�WKHP�WR�YLHZ�WKHLU�PDUNHWV�DV�WKH�
XQSUHGLFWDEOH�´MXQJOH�RXW�WKHUHµ��/HZLQ��������
�
6R�ZKDW�DUH�WKH�LPSOLFDWLRQV�IRU�HFRORJLVWV�DQG�ILHOG�EDVHG�ELRORJLVWV"�2QH�LPSRU�
WDQW�SRLQW�IRU�WKRVH�RI�XV�ZRUNLQJ�ZLWK�ELRORJLFDO�LQYDVLRQV�LV�WKDW�ZH�QHHG�WR�UH�
PDLQ�UHDOLVWLF�DERXW�RXU�H[SHFWDWLRQV�RI�EHLQJ�DEOH�WR�DFFXUDWHO\�SUHGLFW�WKH�OLNHOL�
KRRG�DQG�LPSDFWV�RI�VXFFHVVIXO�LQYDVLRQV���,GHQWLI\LQJ�RUJDQLVPV�WKDW�KDYH�WKH�SR�
WHQWLDO�IRU�LQYDVLRQ�EDVHG�RQ�DGDSWDWLRQ�WR�WKH�QHZ�HQYLURQPHQW�DQG�IHFXQGLW\�LV�
LPSRUWDQW� DQG�PD\� EH� IDLUO\� DFFXUDWH� IRU� QRWLFHDEO\� GLVWXUEHG� KDELWDWV�� � %XW� WKH�
OLNHOLKRRG�RI�FRUUHFWO\�SUHGLFWLQJ�ZKLFK�VSHFLHV�ZLOO�LQYDGH�UREXVW�KDELWDWV�LV�PXFK�
OHVV�� �:KLOH�ZH�PD\�QRW�EH�ZRUULHG�E\� WKH� UHVXOWLQJ�RYHU�FDXWLRXV�RSLQLRQV� WKDW�
IDOVHO\�SUHGLFW�GLUH�FRQVHTXHQFHV�RI�FHUWDLQ�LQWURGXFWLRQV��ZH�PXVW�EH�SUHSDUHG�WR�
FRQYLQFLQJO\�DUWLFXODWH�WKH�UHDVRQV�IRU�WKLV�XQFHUWDLQW\��SHUKDSV�XVLQJ�0LFURVRIW·V�
'26�DV�D�IDPLOLDU�H[DPSOH��WR�WKRVH�ZKR�GR�QRW�ZLVK�WR�VHH�LQFUHDVHG�UHJXODWLRQV�
RQ�WKH�LPSRUWDWLRQ�RI�QRQ�LQGLJHQRXV�VSHFLHV��
�
2Q�D�OLJKWHU�QRWH��ZH�PD\�ILQG�WKH�FDSWDLQV�RI�LQGXVWU\��&(2V��0%$V��HWF���WXUQ�
LQJ�XS�DW�([RWLF�3HVW�3ODQW�&RXQFLO�PHHWLQJV��WU\LQJ�WR�JHW�D�JUDVS�RI�KRZ�WR�ZRUN�
LQ�XQSUHGLFWDEOH�HFRV\VWHPV���2Q�WKH�RWKHU�KDQG��ZKR�EHWWHU�WR�WDNH�RYHU�WKH�PDQ�
DJHPHQW� RI� NQRZOHGJH�EDVHG� LQGXVWULHV� WKDQ� ILHOG� ELRORJLVWV� ZKR� KDYH� IHZ� LOOX�
VLRQV�DERXW�EHLQJ�DEOH�WR�DFFXUDWHO\�SUHGLFW��PXFK�OHVV�IXOO\�FRQWURO��WKH�KDELWDWV�LQ�
ZKLFK�ZH�ZRUN��7KH� GUHVV� FRGHV�PD\� FRQIOLFW� VRPHZKDW�� EXW� WR� SDUDSKUDVH�P\�
IDYRULWH�TXRWH��SHUKDSV�ZH�DUH�WKH�PRVW�SV\FKRORJLFDOO\�SUHSDUHG�WR�GHDO�ZLWK�XQ�
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SUHGLFWDEOH�NQRZOHGJH�EDVHG�LQGXVWULHV�LI�WKH\�DUH�OLNH�´ILHOG�H[SHULPHQWV�>DQG@�DUH�
QRW�IRU�WKH�IDLQW�RI�KHDUWµ��6SHQFHU�DQG�:KLWHKDQG��������
�
�
/LWHUDWXUH�&LWHG�
�
$UWKXU��:�%�������� �,QFUHDVLQJ�UHWXUQV�DQG�WKH�QHZ�ZRUOG�RI�EXVLQHVV�� �+DUYDUG�%XVLQHVV�5HYLHZ��-XO\�

$XJXVW�����������
/HZLQ��5���������,W·V�D�MXQJOH�RXW�WKHUH��1HZ�6FLHQWLVW������1RYHPEHU���������
5HLFKDUG�� 6�(��� DQG� &�:�� +DPLOWRQ�� ������ � 3UHGLFWLQJ� LQYDVLRQV� RI� ZRRG\� SODQWV� LQWURGXFHG� LQWR�

1RUWK�$PHULFD���&RQVHUYDWLRQ�%LRORJ\�������������
6SHQFHU�'�)���DQG�/�&��:KLWHKDQG���������([SHULPHQWDO�GHVLJQ�DQG�DQDO\VLV�LQ�ILHOG�VWXGLHV�RI�DTXDWLF�

YHJHWDWLRQ���/DNH�DQG�5HVHUYRLU�0DQDJHPHQW������������
�

�
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