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$%675$&7�
7KH�SDSHU� LV�GHYRWHG�WR� HVWLPDWLRQ�RI� DFFXUDF\�RI� UHFRPPHQGHG�GLDJQRVWLF� DQG� WUHDWPHQW� DFWLRQV�EDVHG�RQ�SUHFHGHQW�
DSSURDFK��)RU�D�JLYHQ�FOLQLFDO�FDVH��QHDUHVW�FDVH�VHDUFK�LV�SHUIRUPHG�LQ�D�GDWDEDVH�RI�FOLQLFDO�FDVHV�DFFRUGLQJ�WR�GHILQHG�PHWULFV�� 7KH� FDVH� IRXQG� LV�XVHG� DV� D� GLDJQRVWLF� DQG� WUHDWPHQW� UHFRPPHQGDWLRQ��%DVHG� RQ� UHSUHVHQWDWLYH� VDPSOHV�� WKH�DFFXUDF\�RI�VXFK�UHFRPPHQGDWLRQV�ZDV�VWDWLVWLFDOO\�HYDOXDWHG�IRU�VHYHQ�PRVWO\�ZLGHVSUHDG�QRVRORJLHV���

.(<:25'6�
0HGLFDO�,QIRUPDWLFV��&OLQLFDO�'HFLVLRQ�6XSSRUW��3UHFHGHQW�$SSURDFK�

�� ,1752'8&7,21
7KH� UHYLHZ�RI�%XWNR� �������JLYHV�DQ�RYHUYLHZ�RI�PDWHULDOV�RI� WKH��WK� ,QWHUQDWLRQDO�&RQJUHVV� IRU�0HGLFDO�
,QIRUPDWLFV� DQG� GLVFXVVHV� WKH� SUREOHP� RI� PHGLFDO� NQRZOHGJH� IRUPDOL]DWLRQ�� 0HGLFDO� NQRZOHGJH� ZDV�
VXSSRVHG�WR�EH�VFLHQWLILF�RU�HPSLULFDO��,W�ZDV�VWDWHG�WKDW�PRGHOV�EDVHG�RQ�VFLHQWLILF�PHGLFDO�NQRZOHGJH�KDYH�
ERWK�JHQHUDOL]HG�DQG�OLPLWHG�FKDUDFWHU��EXW�HPSLULFDO�NQRZOHGJH�FDQQRW�EH� UHSUHVHQWDWLYH�DQG�DGHTXDWH� IRU�
SRSXODWLRQ� DV� D� ZKROH�� 7KXV�� IRUPDOL]HG� PHGLFDO� NQRZOHGJH� FRQVLVWV� RI� VFLHQWLILF� WKHRULHV� DQG� PHGLFDO�
SUDFWLFH� IL[HG� LQ�GDWDEDVHV� �'%��DQG�NQRZOHGJH� EDVHV� �.%���2YHU� WKH� ODVW� IHZ�\HDUV��ERWK�FRPSRQHQWV�RI�
PHGLFDO�NQRZOHGJH�FRQWLQXH�GHYHORSLQJ��'XH�WR�ZLGHVSUHDG�DXWRPDWLRQ RI��GLDJQRVWLF�DQG�WUHDWPHQW�SURFHVV��'73���D�QHZ�FODVV�RI�V\VWHPV�KDV�ULVHQ�±�0HGLFDO�,QIRUPDWLRQ�6\VWHPV��0,6V���,PSOHPHQWDWLRQ�RI�0,6V�KDV�
DOORZHG�HQKDQFLQJ�WKH�YDOXH�RI�WKH�HPSLULFDO�FRPSRQHQW�RI�PHGLFDO�NQRZOHGJH��7KHUH�LV�D�FRQVLGHUDEOH�ERG\�
RI�HPSLULFDO�NQRZOHGJH�LQ�GDWDEDVHV�RI�0,6V�WKDW�GHVFULEHV�DQG�IRUPDOL]HV�PLOOLRQV�FOLQLFDO�FDVHV�LQ�WKH�IRUP�
RI� HOHFWURQLF�PHGLFDO� UHFRUGV� �(05V���5HFHQWO\�� WKHUH� LV� D� JURZLQJ� WUHQG� WRZDUGV� WKH� FUHDWLRQ� RI� QDWLRQDO�
FOLQLFDO�GDWD�EDQNV��+HUUHWW��������6FLHQWLILF�FRPSRQHQWV�RI�PHGLFDO�NQRZOHGJH�FRQWLQXH�HYROYLQJ�UDSLGO\��
1HZ�GLDJQRVWLF� DSSURDFKHV� DV�ZHOO�DV�QHZ�PHWKRGV� RI� WUHDWPHQW� DQG�QHZ�GUXJV� DUH� HPHUJLQJ�� �5HFHQWO\��
SHUVRQDOL]HG� PHGLFLQH� LV� ULVLQJ� WKDW� XVHV� WKH� SDWLHQW
V� JHQHWLF� FRPSRVLWLRQ� WR� WDLORU� VWUDWHJLHV� IRU��
SDWLHQW�VSHFLILF� GLVHDVH� GHWHFWLRQ�� WUHDWPHQW�� RU� SUHYHQWLRQ�� $FFRUGLQJ� WR� WKH� SDSHU� RI� �.RKDQH� �������
SHUVRQDOL]HG�PHGLFLQH�LV�WKH�EHVW�SUDFWLFH�RI�FOLQLFDO�GHFLVLRQ�PDNLQJ�VXFK�WKDW�WKH�GHFLVLRQV�PDGH�PD[LPL]H�
WKH�RXWFRPHV�WKDW�WKH�SDWLHQW�PRVW�FDUHV�DERXW�DQG�PLQLPL]H�WKH�H[SHQVHV�WKDW�WKH�SDWLHQW�IHDUV�WKH�PRVW��RQ�
WKH� EDVLV� RI� DV� PXFK� NQRZOHGJH� DERXW� WKH� LQGLYLGXDO
V� VWDWH� DV� LV� DYDLODEOH�� 6XFK� SRLQWV� RI� YLHZ� XSRQ�
SHUVRQDOL]HG�PHGLFLQH� IRFXV� RQ� FOLQLFDO� GHFLVLRQ�PDNLQJ� DQG� UHHPSKDVL]H� WKH� XUJHQF\� DQG� LPSRUWDQFH� RI�UHVHDUFK�DQG�GHYHORSPHQW�LQ�WKLV�ILHOG��&OLQLFDO�SUDFWLFH�LV��RQ�WKH�RQH�KDQG��FRQVHUYDWLYH�DQG�WUDGLWLRQDO��LW�LV�
EDVHG�RQ�DFFXPXODWHG�DQG�YHULILHG�H[SHULHQFH� �HYLGHQFH�EDVHG�PHGLFLQH��DQG��RQ�WKH�RWKHU��WKHUH�LV�D�FOHDU�
QHHG�WR�FRQWLQXRXVO\�KDUQHVV�QHZ�PHGLFDO�NQRZOHGJH��'HFLVLRQ�VXSSRUW�V\VWHPV�LQWHQGHG�WR�KHOS�SK\VLFLDQV�
DUH�WKUHDWHQHG�E\�REVROHVFHQFH�DQG�WKH�NQRZOHGJH�WKH\�FRQWDLQ�LV�DW�ULVN�RI�EHLQJ�RXWGDWHG��DQG�LW�LV�WKHUHIRUH�
HVVHQWLDO� WR� HQVXUH� FRQWLQXHG� IRUPDOL]DWLRQ� RI� NQRZOHGJH� DQG� LWV� FRQVWDQW� XSGDWLQJ�� $FFRUGLQJ� WR� �%XWNR�
������� WKLV� LV�RQH�RI� WKH�UHDVRQV� IRU� H[WUHPHO\�QDUURZ�GLVVHPLQDWLRQ�DQG� IHZ�SUDFWLFDO�LPSOHPHQWDWLRQV�RI�
VXFK�V\VWHPV��

,6%1��������������������������

��



$WWHPSWV� WR� RYHUFRPH� FULWLFDO� GLIILFXOWLHV� LQ� FUHDWLQJ� FOLQLFDO� GHFLVLRQ� VXSSRUW� V\VWHPV� KDYH� OHG� WR� DQ�
H[SDQVLRQ�RI�DOWHUQDWLYH�DSSURDFKHV��

7KH�ILUVW�RI�WKHP�LV�WR�VXSSO\�KHDOWKFDUH�SURIHVVLRQDOV�ZLWK�UHOHYDQW�VRXUFHV�RI�LQIRUPDWLRQ�WKDW�FRXOG�KHOS�
WKHP�WR�LQGHSHQGHQWO\�WDNH�GHFLVLRQV��)UDQNO\�VSHDNLQJ��D�GHFLVLRQ�VXSSRUW�V\VWHP�RI�VXFK�D�NLQG�JHQHUDWHV�QR� UHDG\� VROXWLRQV� EXW� LQVWHDG� UHFRPPHQGV� WKDW� SK\VLFLDQV� VWXG\� WKH� LQIRUPDWLRQ� DQG� JHW� WKHLU� PDQ\�
TXHVWLRQV� DQVZHUHG�� 2QH� H[DPSOH� RI� WKLV� DSSURDFK� LV� WKH� 8S7R'DWH� V\VWHP� >(YLGHQFH�%DVHG� &OLQLFDO�
'HFLVLRQ�6XSSRUW�DW�WKH�3RLQW�RI�&DUH� KWWS���ZZZ�XSWRGDWH�FRP�KRPH@�

7KH�VHFRQG�DSSURDFK�LV�EDVHG�RQ�GHYHORSLQJ�KLJKO\�VSHFLDOL]HG�GHFLVLRQ�VXSSRUW�V\VWHPV��([DPSOHV�DUH�
'HFLVLRQ�6XSSRUW�6\VWHPV�RI���1D]DUHQNR ������3DOFKXQRY�������

7KH� WKLUG� DSSURDFK� SUHWHQGV� WR� EHLQJ� JOREDO� DQG� DLPV�DW� GHYHORSLQJ� D� FRJQLWLYH� V\VWHP� WKDW� LV�DEOH� WR��
VHOI�OHDUQLQJ�DQG�DFFXPXODWLQJ�NQRZOHGJH�IURP�XQIRUPDOL]HG�WH[W�VRXUFHV��2QH�H[DPSOH�LV�WKH�,%0�:DWVRQ�
V\VWHP� >,%0�:DWVRQ�� KWWS���ZZZ�LEP�FRP�VPDUWHUSODQHW�XV�HQ�LEPZDWVRQ�@�� $W� WKH� ;9,,� 'DWD� $QDO\WLFV�
DQG� 0DQDJHPHQW� LQ� 'DWD� ,QWHQVLYH� 'RPDLQV� ,QWHUQDWLRQDO� &RQIHUHQFH�� '$0','�5&'/¶������ WKH�
SUHVHQWDWLRQ� �$UXW\XQ\DQ� ������*DYULORY� ������ GHYRWHG� WR� WKH�:DWVRQ� V\VWHP� VKRZHG� WKDW� WKH� UHVXOWV� RI�
FRJQLWLYH�DSSURDFK�WR�FUHDWLQJ�D�FOLQLFDO�GHFLVLRQ�VXSSRUW�V\VWHP�DSSHDU�WR�EH�YHU\�SRRU��'HVLJQLQJ�D�KLJKO\VSHFLDOL]HG�GHFLVLRQ�VXSSRUW�V\VWHP��RQFRORJ\��OHG�WR�D�ORQJ�WHUP�WUDLQLQJ�RI�WKH�V\VWHP�E\�D�WHDP�RI�H[SHUWV��
7KH�KRSH�WKDW�D�'HFLVLRQ�6XSSRUW�6\VWHP��'66��FRXOG�EH�DEOH�WR�DGRSW�PHGLFDO�NQRZOHGJH�DQG�HIIHFWLYHO\�
XVH�LW�LV�QRW�PDWHULDOL]LQJ��

$OO�RI�WKH�DERYH�PHQWLRQHG�DSSURDFKHV�KDYH�VKRUWFRPLQJV�DV�ZHOO��VXFK�DV�WKH�QHHG�RI�LQYROYLQJ�H[SHUWV��
UHJXODU�XSGDWLQJ�RI�NQRZOHGJH�EDVHV��DQG�WKH\�DUH�KLJKO\�VSHFLDOL]HG���

,Q�WKLV�SDSHU��ZH�FRQVLGHU�D�XQLYHUVDO�SUHFHGHQW�EDVHG�DSSURDFK�WR�GHVLJQLQJ�'66��,W�LV�EDVHG�RQ�D�ODUJH�
YROXPH�RI�IRUPDOL]HG�DQG�YHULILHG�FOLQLFDO�GDWD��%LJ�'DWDEDVHV���7KH�PDLQ�LGHD�RI�SUHFHGHQW�EDVHG�DSSURDFK�
LV� TXLWH� VLPSOH�±� WR� ILQG�D�PRVW� VLPLODU� FDVH� LQ� D�GDWDEDVH� DQG�XVH� LW� WR� VXSSRUW� FOLQLFDO�GHFLVLRQ�PDNLQJ��
3UHFHGHQWV�RI�FOLQLFDO�FDVHV�FRXOG�EH� ILOWHUHG�WDNLQJ�LQWR�DFFRXQW�WKH�FUHGLELOLW\�RI�PHGLFDO�RUJDQL]DWLRQV�LQ�
ZKLFK�SUHFHGHQWV�ZHUH�FUHDWHG��WKH�FUHGLELOLW\�RI�JHQHUDO�SUDFWLWLRQHUV�ZKR�DXWKRUHG�WKRVH�SUHFHGHQWV��DQG�WKH�
UHOHYDQFH�RI�SUHFHGHQWV�WR�WKH�PRGHUQ�PHGLFDO�WHFKQRORJLHV���

7R�WKH�VXFFHVV�RI�SUHFHGHQW�EDVHG�DSSURDFK��WKHUH�LV�D�QHHG�IRU�UHSUHVHQWDWLYH�GDWDEDVHV�RI�FOLQLFDO�FDVHV���+HUUHWW�������JLYHV�DQ�H[DPSOH�RI�WKH�SULPDU\�FDUH�GDWDEDVH�RI�DQRQ\PL]HG�PHGLFDO�UHFRUGV��(05V��IURP�
JHQHUDO�SUDFWLWLRQHUV��ZLWK�FRYHUDJH�RI�RYHU������PLOOLRQ�SDWLHQWV�IURP�����SUDFWLFHV�LQ�WKH�8.���

7KH� DXWKRUV� RI� WKLV� SXEOLFDWLRQ� ZHUH� LQYROYHG� LQ� GHVLJQLQJ� WKH� ,17(5,1� 3520,6� 0,6�
>KWWS���ZZZ�LQWHULQ�UX�@� ZKLFK� LV� ZLGHO\� XVHG� LQ� PDMRU� KHDOWKFDUH� RUJDQL]DWLRQV� RI� 0RVFRZ�� 5XVVLDQ�
)HGHUDWLRQ��2XU�HVWLPDWHV�VXJJHVW� WKDW�QRZDGD\V� WKHUH� LV�DERXW���PLOOLRQ�(05V� LQ� ,17(5,1�3520,6�� ,W�
PHDQV� WKDW� LW� LV� SRVVLEOH� WR� FUHDWH� ZLGHVSUHDG� UHSUHVHQWDWLYH� QDWLRQZLGH� '%V� RI� FOLQLFDO� FDVHV���
3UHFHGHQW�EDVHG�DSSURDFK� IRFXVHV� RQ�SUDFWLFDO�XVH�RI�NQRZOHGJH� IURP�VXFK�'%V��7KH� ,QVWLWXWH� IRU�6\VWHP�
3URJUDPPLQJ� RI� WKH� 5XVVLDQ� $FDGHP\� RI� 6FLHQFHV� �,63� 5$6�� �.DUSRY� ������ SLRQHHUHG� WKH� XVH� RI��
SUHFHGHQW�EDVHG� DSSURDFK� IRU� FOLQLFDO� GHFLVLRQ� VXSSRUW� LQ� 5XVVLD�� ,QGHSHQGHQWO\�� H[SHUWV� RI� $LODPD]\DQ�
3URJUDP�6\VWHPV�,QVWLWXWH�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��$LODPD]\DQ�36,�RI�5$6��FDUULHG�RXW�5	'�
LQ�WKH�ILHOG�RI�LPSOHPHQWDWLRQ�RI�SUHFHGHQW�EDVHG�DSSURDFK�LQ�FOLQLFDO�SUDFWLFH��0DO\NK�������0DO\NK��������7KH�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�6FLHQFH�RI�WKH�5XVVLDQ�)HGHUDWLRQ�DQG�E\�WKH�
5XVVLDQ�)RXQGDWLRQ�IRU�%DVLF�5HVHDUFK��$V�D�FRQFHSWLRQ��SUHFHGHQW�EDVHG�DSSURDFK�ZDV�UHSUHVHQWHG�DW�WKH�
��WK�:RUOG�&RQJUHVV�RQ�+HDOWK�DQG�%LRPHGLFDO�,QIRUPDWLFV��0DO\NK��������$LODPD]\DQ�36,�RI�5$6�KDG�D�
FHUWDLQ�DGYDQWDJH�EHFDXVH�WKH�VSHFLDOLVWV�RI�WKLV�,QVWLWXWH�KDG�DQ�DFFHVV�WR�UHSUHVHQWDWLYH�%LJ�'DWD�%DVHV�RI�
FOLQLFDO�FDVHV�RI�WKH�,17(5,1�3520,6�0,6��,Q�������LQYHVWLJDWLRQV�RQ�VWDWLVWLFDO�HYDOXDWLRQ�RI�DFFXUDF\�RI�
UHFRPPHQGHG�GLDJQRVWLF� DQG� WUHDWPHQW� VHUYLFHV� JHQHUDWHG�ZLWK� SUHFHGHQW�EDVHG� DSSURDFK�ZHUH� SHUIRUPHG�
XVLQJ�FOLQLFDO�GDWD�RI�WKH�&OLQLFDO�KRVSLWDO�RI�WKH�3UHVLGHQW�$GPLQLVWUDWLRQ�RI�WKH�5XVVLDQ�)HGHUDWLRQ��

,Q�WKLV�SDSHU��WKH�DXWKRUV�SUHVHQW�WKH�ILUVW�UHVXOWV�RI�WKHLU�UHVHDUFK��7KHVH�UHVXOWV�DUH�RI�FULWLFDO�LPSRUWDQFH�
DV� WKH\�DOORZ� WR�HYDOXDWH�ERWK�HIIHFWLYHQHVV�DQG�DFFXUDF\�RI� SUHFHGHQW�EDVHG�DSSURDFK� LQ�GHFLVLRQ�PDNLQJ�
V\VWHPV���

,QWHUQDWLRQDO�&RQIHUHQFHV�H�+HDOWK�����
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����0RGHO�DQG�0HWKRGV�
)RU�IXUWKHU�DQG�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�WDUJHW�IRUPXODWLRQ��ZH�QHHG�WR�TXRWH�WKH�UHVHDUFK�FRQGXFWHG�E\�
�0DO\NK��������0RGHUQ�PHGLFDO�LQIRUPDWLRQ�V\VWHPV�NHHS�HOHFWURQLF�PHGLFDO�UHFRUGV��(05V��DQG�FRQWDLQ�LQIRUPDWLRQ�RQ�PLOOLRQV�RI�YDULRXV�FOLQLFDO�FDVHV�IRUPDOL]HG�WR�D�FHUWDLQ�GHJUHH��7KH�GHJUHH�RI�IRUPDOL]DWLRQ�
RI�WKH�VWRUHG�FOLQLFDO�GDWD�LQ�YDULRXV�0,6V�PD\�YDU\��8S�WR�GDWH�PHGLFDO�LQIRUPDWLRQ�V\VWHPV�FRQWDLQ�PRGHOV�
RI� '73� DV� D� WLPH� VHTXHQFH� RI� PDQDJHPHQW� HYHQWV� �ZKLFK� LQFOXGH� RUGHULQJ� RI� GLDJQRVWLF� WHVWV� DQG�
DGPLQLVWHULQJ�RI� WUHDWPHQW��DV�ZHOO�DV�PRQLWRULQJ�HYHQWV� �ZKLFK�GHVFULEH� WKH�SDWLHQW¶V� VWDWH���0DQDJHPHQW�
HYHQWV� DUH� EHWWHU� IRUPDOL]HG�� KRVSLWDOV� NHHS� VWDWLVWLFDO� DQG� HFRQRPLF� UHFRUGV� RQ� WKHP� ZKLFK� LQFOXGH�
PDLQWDLQLQJ� UHJLVWHUV� RI� VHUYLFHV� UHQGHUHG�� LQYRLFLQJ�� SODQQLQJ� DQG� FHQWUDOL]HG� FRQWURO�� 0HGLFDO� GDWD�
DVVRFLDWHG�ZLWK�PRQLWRULQJ�DQG�GLDJQRVWLF�WHVWV�DUH�LQVXIILFLHQWO\�IRUPDOL]HG��

2QH�RI�RXU�SUHYLRXV�VWXGLHV�GHVFULEHV�WKH�SRVVLELOLW\�RI�PRGHOLQJ�'73�XVLQJ�FRQWUROOHG�VWRFKDVWLF�0DUNRY�
SURFHVVHV� �0DO\NK� ������� 7KLV�PRGHO� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� '73� LV� D� FRQWUROOHG� SURFHVV�� 7KH�
PRGHO�VHWV�IRUWK�D�PDQDJHPHQW�QRWLRQ�� X ��DQG�D�VWDWH�QRWLRQ�� [ ��0DQDJHPHQW�PHDQV�GHFLVLRQV�PDGH�E\�D�
SK\VLFLDQ�DQG� LPSOHPHQWHG�LQ� WKH� IXWXUH��0DQDJHPHQW�LV� OLPLWHG� E\�SUHVFULSWLRQ�RI�YDULRXV�GLDJQRVWLF�DQG�
WUHDWPHQW�PHDVXUHV�E\�D�SK\VLFLDQ��LQFOXGLQJ�GLDJQRVWLF�WHVWLQJ��GUXJ�DQG�WUHDWPHQW�DGPLQLVWUDWLRQ��VXUJLFDO�
WUHDWPHQW� DV� ZHOO� DV� PDQLSXODWLRQ�� HWF�� 7KH� SK\VLFLDQ¶V� FKRLFH� LV� EDVHG� RQ� WKH� DFFXPXODWHG� PHGLFDO�
NQRZOHGJH� DERXW� KRZ� D� FHUWDLQ� GLVHDVH� VKRXOG� EH� WUHDWHG� DQG� RQ� WKH� SK\VLFLDQ¶V� LQGLYLGXDO� H[SHULHQFH��
5DWKHU�WKDQ�WDNLQJ�LQWR�DFFRXQW�DOO�VXEVHWV�RI�'73�HOHPHQWV�DV�PDQDJHPHQW�RSWLRQV��WKH�SK\VLFLDQ�FRQVLGHUV�
RQO\� WKRVH� VXEVHWV� WKDW� ZHUH� SUHYLRXVO\� XVHG� LQ� VLPLODU� VLWXDWLRQV� DQG� SURYHG� WKHLU� FOLQLFDO� HIIHFWLYHQHVV��
0DQDJHPHQW�LV�H[SOLFLWO\�FDVH�EDVHG�UHDVRQLQJ��

0DQDJHPHQW�LQ�WKH�FXUUHQW�VLWXDWLRQ� ��� LL X[ ZLOO�EH�GHWHUPLQHG�QRW�RQO\�E\�WKH�VWDWH�� L[ ��EXW�DOVR�E\�WKH�
ZKROH�KLVWRU\�RI�WKH�SURFHVV�DQG�PDQDJHPHQW�DW�HDUOLHU�VWHSV�RI��'73� ���`�����^ �� LLL ��7KLV�LV�GHWHUPLQHG�
E\� WKH� VSHFLILF� QDWXUH� RI� WKH� WUHDWPHQW� SURFHVV�� 7KH� SK\VLFLDQ�PDNHV� GHFLVLRQV� EDVHG� RQ� WKH� OLIH� KLVWRU\��
GLVHDVH�KLVWRU\��IDPLO\�KLVWRU\��KLVWRU\�RI�DOOHUJLHV�DQG�WKH�HQWLUH�FRXUVH� RI�WKH�JLYHQ�FOLQLFDO�FDVH��7R�WDNH�
DFFRXQW� RI� WKH�'73�PHPRU\� HIIHFW�� LW�ZDV� SURSRVHG� WKDW� WKH� GDWD� IURP� WKH� DERYH�PHQWLRQHG� KLVWRULHV� DUH�
LQFOXGHG�LQ�GLVFUHWH�VWDWHV�RI�WKH�SURFHVV��ZLWK�PDQDJHPHQW�LQWHJUDWHG��(DFK�FRQWURO�HOHPHQW�RI�WKH�'73�PD\�
EH�DVVRFLDWHG�ZLWK�D�FHUWDLQ� LQWHJUDO�FKDUDFWHULVWLF�RI�DSSOLFDWLRQ�RI� WKLV�HOHPHQW� LQ�'73��)RU�H[DPSOH�� WKH�
WRWDO�GRVH�FRQVXPHG�E\�D�SDWLHQW�ZLOO�EH�FRQVLGHUHG�WKH�LQWHJUDO�FKDUDFWHULVWLF�IRU�D�GUXJ�DQG�D�WRWDO�UDGLDWLRQ�GRVH�ZLOO�EH�FRQVLGHUHG�WKH�LQWHJUDO�FKDUDFWHULVWLF�IRU�UDGLDWLRQ�WKHUDS\��)UHTXHQF\�RI�DSSOLFDWLRQ�RI�D�FHUWDLQ�
HOHPHQW� FDQ� DOVR� EH� FRQVLGHUHG� DV� DQ� LQWHJUDO� FKDUDFWHULVWLF� �H�J��� WKH� QXPEHU� RI� HOHFWURFDUGLRJUDSKLF�
H[DPLQDWLRQV���

)LJXUH���UHSUHVHQWV�D� FRQWUROOHG�GLVFUHWH�SURFHVV�ZLWK�PHPRU\�ZKHUH� HDFK�VWDWH�[� FRQWDLQV� LQIRUPDWLRQ�
DERXW�WKH�LQWHJUDO�PDQDJHPHQW�FKDUDFWHULVWLFV�X��REVHUYHG�YDOXHV�Y�DQG�KLVWRU\�YDOXHV�$��DQDPQHVLV��UHOHYDQW�
WR�D�SURFHVV��

)LJXUH����7KH�'73�PRGHO�

Y�W� Y�W����� Y�W���Q�
6X�L���L�W 6X�L���L�W��
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6X�L���L�W�Q

$

W����W W���Q

$

«

«

«
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0RGHOLQJ�WKH�'73�ZLWK�FRQWUROOHG�VWRFKDVWLF�0DUNRY�SURFHVVHV�VHHPV�DSSURSULDWH�LQ�VXFK�FDVHV��%HQQHWW�
������ 0DO\NK� ������� SDUWLFXODUO\� IRU� KRVSLWDOL]HG� SDWLHQWV� EHFDXVH� RI� WKH� FOHDUO\� PDQLIHVWHG� SHULRGLF�
REVHUYDWLRQ�DV�ZHOO�DV�SK\VLFLDQ¶V�GHFLVLRQ�PDNLQJ��

3UHFHGHQW�EDVHG�PHWKRGV�RI�GHFLVLRQ�PDNLQJ��LQFOXGLQJ�SK\VLFLDQ¶V�GHFLVLRQ�VXSSRUW��DUH�ZHOO�NQRZQ�DQG�GHVFULEHG� LQ� PDQ\� SDSHUV� �=DJRUXMNR� ������ .DUSRY� ������ 9DUVKDYVN\� ������� 7KH� PHWKRG� UHTXLUHV� WR�
LQWURGXFH�D�PHWULF RU�D�GLVWDQFH�LQWR�WKH�PRGHO�WR�ILQG�WKH�QHDUHVW�QHLJKERXU RI D�JLYHQ�UHIHUHQFH�FDVH� ,Q�WKH
VWXG\�RI �0DO\NK ������DQ�DSSURDFK� WR�FUHDWLQJ D�PHWULF IRU� WKH�PRGHO�ZDV�GHVFULEHG�� LQFOXGLQJ�D�PHWULF�
DVVHVVPHQW� ZLWK� SDUDPHWHUL]HG�PHDVXUH�� ,Q� RXU� FDVH� ZH� FRQVLGHU� WKDW� WKH�PRVW� DSSURSULDWH� PHWULF� LV� WKH�
ZHLJKHG�VXP�RI�UDWHG�GLVWDQFHV GHWHUPLQHG�IRU�HYHU\�FKDUDFWHULVWLF�RI�WKH�VWDWH��3UHVHQFH�RI�ZHLJKWV�DOORZV�WR�
VROYH�WKH WDVN�RI�WUDLQLQJ 3K\VLFLDQ¶V�'HFLVLRQ�6XSSRUW�6\VWHPV �3'66��E\�RSWLPL]DWLRQ�RI�PHWULFV��,Q�WKLV�
VWXG\� RSWLPL]DWLRQ� ZDV� QRW� SHUIRUPHG� ZHLJKWDJHV� RI RQH SRLQW ZHUH JLYHQ� ZKLFK PHDQV� DQ� HTXDO�
LQIRUPDWLYH YDOXH RI� HYHU\� FKDUDFWHULVWLF� RI� SDWLHQW¶V� VWDWH�� 'HVFULSWLRQ� RI� D SDWLHQW¶V� VWDWH� ZDV� QRW�
FRPSUHVVHG��DQG�WKH�QXPEHU�RI�FKDUDFWHULVWLFV�RI�D�SDWLHQW¶V�VWDWH�ZDV�QRW�UHGXFHG�

0HWULFV FRXOG� EH� FDOFXODWHG� � QRW RQO\� EHWZHHQ� SDLUV RI� VWDWHV� EXW� DOVR EHWZHHQ� SURFHVVHV�� ,W� LV DOVR�
SRVVLEOH�WR�WDNH�LQWR�DFFRXQW�DOO�WKH�SURFHVV�KLVWRU\�LQ�PHWULFV GHILQHG�IRU D�SDLU RI�VWDWHV �0DO\NK �������7KH�'\QDPLF 7LPH :DUSLQJ�PHWKRG��':7� VHHPV�SURPLVLQJ IRU�EXLOGLQJ VXFK�PHWULFV�

)RU�VROYLQJ� WKH�WDVN�RI�QHDUHVW�QHLJKERU�VHDUFK��UHVHDUFKHUV�XVH�GDWD� VWUXFWXULQJ�RQ�VPDOO�ZRUOG�JUDSKV�
�0DONRY��������%\�FRPSXWLQJ�H[SHULPHQWV� FUHDWLRQ�RI�VPDOO�ZRUOG�JUDSKV�ZLWK���HGJHV�IRU�HDFK�JUDSK�QRGH�
ZDV�FKRVHQ� ([SHULPHQWV�VKRZHG�WKDW�IRU�SURSHUO\�VROYLQJ�WKLV�SUREOHP��LW�ZDV�HQRXJK�WR�UDQGRPO\�FKRRVH�
RQO\����RI�WKH�WRWDO�QXPEHU�RI�JUDSK�QRGHV�DV�D�VWDUWLQJ�SRLQW�ZKHQ�VHDUFKLQJ�WKH�QHDUHVW�QHLJKERU��DQG�WKHQ��
WR� WUDYHUVH� WKH� JUDSK�DQG� ILQG� WKH� VKRUWHVW� SDWK� EHWZHHQ� WKRVH� QRGHV� DQG� WKH� JLYHQ� UHIHUHQFH� VWDWH�� 6PDOO�
ZRUOG� JUDSKV� ZHUH� GUDZQ� OD\HUHG�� ZLWK� HDFK� OD\HU� UHSUHVHQWLQJ� D� GD\� RI� KRVSLWDOL]DWLRQ� ��VW� GD\� RI�
KRVSLWDOL]DWLRQ���QG�GD\�RI�KRVSLWDOL]DWLRQ��HWF����7KH�QHDUHVW�QHLJKERU�RI�D�JLYHQ�UHIHUHQFH�VWDWH�LQ�WKH�FRQWURO�
VDPSOH�ZDV�GHILQHG�LQ�WKH�OD\HU�FRUUHVSRQGLQJ�WR�WKH�GD\�RI�KRVSLWDOL]DWLRQ�IURP�WKH�UHIHUHQFH��,Q�DYHUDJH��
IRU�D�OHDUQLQJ�VDPSOH�ZLWK�D������'73�FDSDFLW\��LW�ZDV�HQRXJK�WR�UDQGRPO\�FKRRVH����QRGHV��7KLV�DSSURDFK�
DOORZV� WR� TXLFNO\� ILQG� WKH� QHDUHVW� QHLJKERU� DQG� JHQHUDWH� UHDO�WLPH� UHFRPPHQGDWLRQV� DERXW� '73� IRU� D�
SK\VLFLDQ�� &DOFXODWLQJ� WKH� VWUXFWXUH� RI D� VPDOO� ZRUOG� JUDSK� LV� UDWKHU� ODERU�FRQVXPLQJ� DV� WKH� YROXPH� RI�FDOFXODWLRQV�QHHGHG LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI�WKH�QXPEHU�RI�JUDSK�QRGHV��$GGLQJ�D�QHZ�SUHFHGHQW�
�D�QHZ�QRGH��LQWR�WKH�'%�UHTXLUHV�WKH�QXPEHU�RI�PHWULF�FDOFXODWLRQV�HTXDO�WR�WKH�QXPEHU�RI�QRGHV����
����5HVXOWV�
%DVHG� RQ� H[LVWLQJ� HYLGHQFH� RI� ILQLVKHG� FOLQLFDO� KRVSLWDOL]DWLRQ� FDVHV�� PRGHOV� RI� VHYHQ� QRVRORJLHV� ZHUH�FDOFXODWHG��VHH�7DEOH�����7KH�PRGHOV�FRQWDLQ������FOLQLFDO�FDVHV�LQFOXGLQJ�������VWDWHV�ZKLFK�UHSUHVHQW�DQ�
DYHUDJH� RI� DSSUR[LPDWHO\� ��� GD\V� RI� KRVSLWDOL]DWLRQV� SHU� FDVH�� 7KH� QXPEHU� RI� FDVHV� IRU� HYHU\� QRVRORJ\�
H[FHHGHG�������ZLWK�WKH�H[FHSWLRQ�RI�-���QRVRORJ\�ZKLFK�ZDV�VSHFLDOO\�FKRVHQ�IRU�GHEXJJLQJ�DOJRULWKPV�DQG�
SURJUDPV�EHFDXVH�RI�VPDOOHU�QXPEHU�RI�FDVHV��)RU�HYHU\�QRVRORJ\��FRQWURO�VDPSOH�FRYHULQJ�����RI�DOO�WKH�
FDVHV�RI�D�JLYHQ�QRVRORJ\�DQG�VSUHDG�WKURXJKRXW�WKH�SHULRG�ZDV�FKRVHQ�IURP�DOO�WKH�FDVHV��(YHU\�'73�ODVWHG�
DQ� LQWHJHU� QXPEHU� RI� GD\V��3DWLHQW¶V� VWDWH�ZDV� IL[HG� RQFH� SHU� GD\��(YHU\� VWDWH�ZDV� GHVFULEHG� E\� D� VHW� RI�
FKDUDFWHULVWLFV�KDYLQJ�FHUWDLQ�JHQHUDO�GLPHQVLRQDO�YDOXHV��$�GLFWLRQDU\�RI�FKDUDFWHULVWLFV�GHVFULELQJ�WKH�VWDWHV�
RI�PRGHOHG�'73�ZDV� FUHDWHG� IRU�HYHU\�QRVRORJ\��$FFRUGLQJ� WR� WKH�DGRSWHG�PRGHO��PDQDJHPHQW� LPSO\LQJ�
GLDJQRVWLF� DQG� WUHDWPHQW� DFWLRQV� SUHVFULEHG� E\� D� SK\VLFLDQ� ZDV� GHILQHG� DPRQJ� WKH� VHW� RI� FKDUDFWHULVWLFV��
0DQDJHPHQW�YDOXHV�ZHUH�LQWHJUDWHG�DFFRUGLQJ�WR�WKH�DGRSWHG�PRGHO��,QWHJUDO�PDQDJHPHQW�FKDUDFWHULVWLFV�DUH�
LQFOXGHG�LQWR�WKH�VWDWH�RI�WKH�PDQDJHG�REMHFW�WKXV�UHGXFLQJ�PHPRU\�HIIHFW��ZKLFK�DOORZV�WR�JHW�FORVHU�WR�D�SURFHVV� ZKHUH� PDQDJHPHQW� EHFRPHV� D� IXQFWLRQ� RI� VWDWH�� 0DQDJHPHQW� FDSDFLW\� ZDV� UDWKHU� KLJK�� UDQJLQJ�
EHWZHHQ���A��DQG���A��GHSHQGLQJ�RQ�WKH�QRVRORJ\��

:LWKLQ�HYHU\�SDUWLFXODU�QRVRORJ\�IRU�DOO�VWDWHV�RI�WKH�FRQWURO�VDPSOH�ZKLFK�LV�QRW�WHUPLQDO��WKH�ODWHVW�VWDWHV�
LQ�'73�LPSOHPHQWDWLRQV���WKH�FORVHVW�QHLJKERU�VWDWHV ZHUH�FDOFXODWHG�XVLQJ�WKH�GHILQHG�PHWULF�DQG�GDWD�IURP�
OHDUQLQJ�VDPSOH�VWUXFWXUHG�RQ�VPDOO�ZRUOG�JUDSKV� ,I�FORVHVW�QHLJKERU�VWDWHV�ZHUH�QRW�WHUPLQDO�LQ�WKHLU�'73�
LPSOHPHQWDWLRQ�� LQWHJUDO�FKDUDFWHULVWLFV�RI�DOO�PDQDJHG�YDULDEOHV� IRU�D� VWDWH� IROORZLQJ� WKH�FORVHVW�QHLJKERU�
ZHUH�DFFHSWHG�DV�GLDJQRVWLF�DQG�WUHDWPHQW�UHFRPPHQGDWLRQV��5HFRPPHQGHG�YDOXHV�RI�LQWHJUDO�FKDUDFWHULVWLFV�
RI�PDQDJHG�YDULDEOHV�ZHUH�FRPSDUHG�ZLWK�DFWXDO�LQWHJUDO�FKDUDFWHULVWLFV�RI�FRUUHVSRQGLQJ�VWDWHV�IURP�FRQWURO�
VDPSOH��'HSHQGLQJ�RQ�WKH�UHVXOWLQJ�FRPSDULVRQ��HYHU\�JHQHUDWHG�UHFRPPHQGDWLRQ�ZDV�DOORFDWHG�LQWR�RQH�RI�
WZR� FODVVHV�� ��� UHFRPPHQGHG� PDQDJHPHQW� OHYHO� IRU� D� JLYHQ� FKDUDFWHULVWLF� FRUUHVSRQGV� WR� WKH� REVHUYHG�

,QWHUQDWLRQDO�&RQIHUHQFHV�H�+HDOWK�����

��



FRQWURO� OHYHO�� ��� UHFRPPHQGHG� PDQDJHPHQW� OHYHO� IRU� D� JLYHQ� FKDUDFWHULVWLF� GRHV� QRW� FRUUHVSRQG� WR� WKH�
REVHUYHG�FRQWURO�OHYHO��7KHVH�WZR�FODVVHV�RI�PDQDJHPHQW�DUH�VKRZQ�LQ�FROXPQV���DQG���RI�7DEOH����7KH�WKLUG�
FODVV�RI�PDQDJHPHQW�FRUUHVSRQGV�WR�WKH�FDVHV�LQ�ZKLFK��LQ�FRQWURO�VDPSOH��D�SK\VLFLDQ�DSSOLHG�PDQDJHPHQW�
DFWLRQV��L�H��GLDJQRVWLF�DQG�WUHDWPHQW�DFWLRQV��ZKLFK�ZHUH�QRW�LQFOXGHG�LQWR�WKH�OLVW�RI�UHFRPPHQGDWLRQV��7KLV�FODVV�RI�PDQDJHPHQW�LV�VKRZQ�LQ�FROXPQ���RI�7DEOH����)RU�HYHU\�FODVV��D�WRWDO�QXPEHU�RI�FDVHV�ZDV�FDOFXODWHG�
DQG�D�UHODWLYH�QXPEHU�RI�FDVHV�VKRZLQJ�WKH�SHUFHQWDJH�IRU�HYHU\�FODVV��7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH����

7DEOH����(YDOXDWLRQ�RI�DFFXUDF\�RI�GLDJQRVWLF�DQG�WUHDWPHQW�UHFRPPHQGDWLRQV�IRU�VHYHQ�QRVRORJLHV��
,&'����&RGH���1DPH 3RZHU�RI�FOLQLFDO�SUHFHGHQWV���3RZHU�RI�FRQWURO�VHW1XPEHU�RI�6WDWHV���1XPEHU�RI�&RQWUROV

7KH�QXPEHU�RI�DFFXUDWH�UHFRPPHQGDWLRQV
7RWDO���,Q�SHUFHQW

7KH�QXPEHU�RI�UHFRPPHQGDWLRQV�QRW�PDWFKHG�E\�YDOXH7RWDO���,Q�SHUFHQW

&RXOG�QRW�UHFRPPHQG
7RWDO���,Q�SHUFHQW

-���� 3QHXPRQLD�GXH�WR�6WUHSWRFRFFXV�SQHXPRQLDH ������������ ����� ���� ������� ������������ ������������

.�������&DOFXOXV�RI�JDOOEODGGHU�ZLWK�RWKHU�FKROHF\VWLWLV ��������������� ����� ������������� ������������� �������������

+�������$JH�UHODWHG�QXFOHDU�FDWDUDFW �������������� ����� ������������ ����������� ����� ����

+�������&RPSOLFDWHG�FDWDUDFW �������������� ����� ������������ ������������ ����������
,�������+\SHUWHQVLYH�HQFHSKDORSDWK\ ��������������� ������ ����������� ������������� �������������

,�������&HUHEURYDVFXODU�GLVHDVH��
XQVSHFLILHG ��������������� ������

������������� ������������� �������������

1�������&DOFXOXV�RI�XUHWHU ��������������� ����� ������������ ������������ �������������

�� &21&/86,21
7KH�UHVXOWV�JLYHQ� LQ�7DEOH���VSHDN� IRU� WKHPVHOYHV�� ,Q�DYHUDJH�� IRU�DOO�RI� VHYHQ�FRQVLGHUHG�QRVRORJLHV�� WKH�
UHVXOWV�DUH� FOHDU�� ��� LQ� ����RI� FDVHV�� WKH�PHWKRG� � SHUPLWWHG� WR� JHQHUDWH� DEVROXWHO\� SUHFLVH� GLDJQRVWLF� DQG�WUHDWPHQW�UHFRPPHQGDWLRQV�����LQ�����RI�FDVHV��D�SK\VLFLDQ�DFWV�DFFRUGLQJ� WR�JHQHUDWHG�UHFRPPHQGDWLRQV�
EXW� FKDQJHV� WKHLU� LQWHJUDO� OHYHO� �GRVDJH�� HWF���� ��� LQ� ����RI� FDVHV�� D� SK\VLFLDQ� SUHVFULEHV� GLDJQRVWLF� DQG�
WUHDWPHQW�DFWLRQV�WKDW�DUH�QRW�LQFOXGHG�LQ�JHQHUDWHG�UHFRPPHQGDWLRQV��$FFRXQW�VKRXOG�DOVR�EH�WDNHQ�RI�WKH�
IDFW�WKDW�WKHUH�ZHUH�QR�V\VWHP�WUDLQLQJ�DQG��WKXV��WKH�REWDLQHG�UHVXOWV�FDQ�SRWHQWLDOO\�EH�LPSURYHG��2QH�RI�WKH�
DGYDQWDJHV� RI� SUHFHGHQW�EDVHG� DSSURDFK� LV� WKDW� WKHUH� LV� QR� QHHG� WR� FRQVWDQWO\� LQYROYH� DQG� IRUPDOL]H� QHZ�
NQRZOHGJH�� 1HZ� NQRZOHGJH� �QHZ� WUHDWPHQW� PHWKRGV�� µIDOOV¶� ZLWKLQ� WKH� SUHFHGHQWV� DV� LW� LV� LQSXWWHG� LQWR�
(05V�ZKHQ�GDWDEDVHV�RI�0,6V�DUH�EHLQJ�XSGDWHG��:LWK�WKLV��ZH�FRXOG�PDNH�TXLWH�D�JHQHUDO�FRQFOXVLRQ�WKDW�
VXSSRUWLQJ�DQ�HPSLULFDO�FRPSRQHQW�RI�PHGLFDO�NQRZOHGJH�LQ�0,6�UHTXLUHV�OHVV�HIIRUW�WKHQ�IRUPDOL]LQJ�DQG�
VXSSRUWLQJ�D�VFLHQWLILF�RQH��7KLV�RIIHUV�HQFRXUDJLQJ�SURVSHFWV�IRU�GHVLJQLQJ�DQG�GHYHORSLQJ�GHFLVLRQ�VXSSRUW�
V\VWHPV� IRU� SK\VLFLDQV� EDVHG� RQ� HPSLULFDO� FRPSRQHQWV� RI� PHGLFDO� NQRZOHGJH�� 7KLV� DSSURDFK� DOVR�
FRUUHVSRQGV�WR�H[LVWLQJ�FDVH�EDVHG�FKDUDFWHU�RI�PDQDJHPHQW�DQG�GHFLVLRQ�PDNLQJ�LQ�PHGLFDO�SUDFWLFH��6R�IDU��
WKH�UHVXOWV�LQGLFDWH�WKDW�SUHFHGHQW�EDVHG�DSSURDFK�KDV�D�KLJK�HIIHFWLYHQHVV�DQG�FRXOG�QDWXUDOO\�HQKDQFH�RWKHU�DSSURDFKHV�WR�VXSSRUWLQJ�SK\VLFLDQV�GHFLVLRQ�PDNLQJ��SDUWLFXODUO\�NQRZOHGJH�EDVHG�RQHV����

7KH� FRQVWUDLQWV� RI� SUHFHGHQW�EDVHG� DSSURDFK� LQFOXGH� WKH�QHHG� IRU� D� UHSUHVHQWDWLYH� GDWDEDVH� RI� YHULILHG�
SUHFHGHQWV� H[FOXGLQJ� PHGLFDO� HUURUV�� )URP� DQRWKHU� SHUVSHFWLYH�� SUHFHGHQWV� ZLWK� FRUUHFWHG� HUURUV� DUH� RI�
SDUWLFXODU� LQWHUHVW� WR� SK\VLFLDQV� WUDLQLQJ� DQG� IXUWKHU� SUHYHQWLRQ� RI� VXFK� HUURUV�� 7KH� LQIRUPDWLRQ� DERXW� WKH�
UHVXOWV�RI�WKHVH�HUURUV�DQG�SRVVLEOH�ZD\V�RI�FRUUHFWLQJ�WKHP�LV�DOVR�YDOXDEOH��7KXV��SUHFHGHQW�EDVHG�DSSURDFK�

,6%1��������������������������

��



FRXOG� EH�ZLGHO\� VSUHDG� DV�DQ� HGXFDWLRQDO� WRRO��2Q� WKH� RWKHU�KDQG�� WKH� SUHFHGHQW�EDVHG� DSSURDFK� GRHV� QRW�
LPSO\� IRUPDOL]DWLRQ� RI� PHGLFDO� NQRZOHGJH�� ZKLFK� HQWDLOV� SRRU� FRJQLWLYH� MXVWLILFDWLRQ� RI� JHQHUDWHG�
UHFRPPHQGDWLRQV�� &RQVHTXHQWO\�� MXVWLILFDWLRQV� RQO\� GHVFULEH� KRZ� RWKHU� SDWLHQWV� ZHUH� WUHDWHG� LQ� VLPLODU�
FOLQLFDO� FDVHV�� 7KHUH� DUH� DOVR� SUREOHPV� ZLWK� RSWLPL]DWLRQ� RI� SURYLGHG� PHWULFV�� FRPSUHVVLRQ� RI� VWDWH�GHVFULSWLRQV��DQG�FRQVWUXFWLRQ�RI�WUDLQLQJ�SURFHGXUHV��7KHVH�SUREOHPV�DUH�FRQQHFWHG�ZLWK�KLJK�GLPHQVLRQDOLW\�
RI�WKH�VSDFH�RI�VWDWH�FKDUDFWHULVWLFV�DQG�VDPSOHV�RI�FOLQLFDO�SUHFHGHQWV��+RZHYHU��GLVFXVVLRQ�RI�WKHVH�LVVXHV�
DQG�SRVVLEOH�ZD\V�RI�DGGUHVVLQJ�WKHP�KDV�EHHQ�OHIW�RXWVLGH�RI�WKLV�UHVHDUFK��

7KHUH�DUH�WZR�RWKHU�IDFWRUV�WKDW�GUDZ�DWWHQWLRQ�WR�V\VWHPV�EDVHG�RQ�SUHFHGHQW�DSSURDFK��
)LUVW�RI� WKHP�LV� WKDW�WKHUH�DUH� WUHQGV�LQ� WKH�GHYHORSPHQW�RI�RXU�FLYLOL]DWLRQ�ZKLFK�LQFOXGH�DQ�H[SORVLYH�

GHYHORSPHQW� RI� LQIRUPDWLRQ� WHFKQRORJLHV� �DPRQJ� WKHP� 0�0�� %LJ� 'DWD� DQG� ,R7��� WKHLU� VWURQJ� QHHG� IRU�
IRUPDOL]HG�NQRZOHGJH�DQG�SUDFWLFDO�DEVHQFH�RI�TXDOLILHG�H[SHUWV�ZKR�FRXOG� IRUPDOL]H�WKDW�NQRZOHGJH��7KH�
FKLHI�HGLWRU�RI�WKH�5DWLRQDO�(QWHUSULVH�0DQDJHPHQW��5(0��PDJD]LQH��5XVVLD��KROGV�UHJXODU�GLVFXVVLRQV�RQ�D�
ZLGH�UDQJH�RI�SUREOHPV�LQFOXGLQJ�WKH�DERYH�PHQWLRQHG��5HVXOWV�RI�WKH�GLVFXVVLRQV�DUH�SXEOLVKHG�LQ�WKH�5(0�
HGLWRU¶V�FROXPQ��7KH�JXHVWV�RI�D�UHFHQW�GLVFXVVLRQ��9DVLO\HYD�(��������LQFOXGHG�,JRU�5XG\P��,QWHO���'PLWUL\�
7DPHHY��37&���$OH[DQGHU�%HORWVHUNRYVNL\��0LFURVRIW���,JRU�*LUNLQ��&LVFR���,JRU�.XOLQLWFKHY��,%0���$OO�WKH�SDUWLFLSDQWV�DJUHHG�WKDW��QRZDGD\V��WKH�NH\�FKDOOHQJH�RI�,7�GHYHORSPHQW�LV�QRW�DVVRFLDWHG�ZLWK�KDUGZDUH�RU
VRIWZDUH��EXW�LW�QHHGV�EUHDNWKURXJK�DSSURDFKHV�WR�GDWD�DQDO\VLV��

$V� IRU� WKH� VHFRQG� IDFWRU�� LW� LV� REYLRXV� WKDW� QRZDGD\V� WKHUH� DUH� QR� TXDOLILHG� H[SHUWV� LQ� WKH� ILHOG� RI�
NQRZOHGJH�HYHQ� LQ�NH\�EUDQFKHV��7KH� DFWXDO� VLWXDWLRQ� LV� HYHQ�PRUH�FULWLFDO�DV� WKH�H[SHUWV�ZKR�DUH�DEOH� WR�
VROYH�DW�OHDVW�D�SDUW�RI�WKHVH�SUREOHPV�DUH�QRW�DEOH�WR�FRSH�ZLWK�HYHU�LQFUHDVLQJ�LQIRUPDWLRQ�IORZ��)URP�WKLV�
SRLQW�RI�YLHZ��SUHFHGHQW�EDVHG�'66V�SUDFWLFDOO\�QHHG�QR�H[SHUWV��([SHUWV�PD\�EH�QHHGHG� IRU�HQKDQFLQJ�RU�
RSWLPL]LQJ�H[LVWLQJ�'%V�DQG�.%V��������

$&.12:/('*(0(17�
7KH� VWXG\� LV� VXSSRUWHG� E\� WKH�0LQLVWU\� RI� (GXFDWLRQ� DQG�6FLHQFH� RI� WKH� 5XVVLDQ� )HGHUDWLRQ� �SURMHFW� 1R��
5)0(),�����;������DQG�JUDQW�1R��������������SURYLGHG�E\�WKH�5XVVLDQ�)RXQGDWLRQ�IRU�%DVLF�5HVHDUFK��

5()(5(1&(6
%RRN�
=DJRUXMNR�1�*���������$SSOLHG�PHWKRGV�RI�GDWD�DQDO\VLV�DQG�NQRZOHGJH� �LQ�5XVVLDQ���1RYRVLELUVN�� ,QVWLWXW�0DWHPDWLNL�LP��6�/�6REROHYD�62�5$1� �>6REROHY� ,QVWLWXWH�RI�0DWKHPDWLFV�RI� WKH�6LEHULDQ�%UDQFK�RI� WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV@��5XVVLD���
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