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6DHH�6DFKLQ�.DGDP

6WXGHQW��'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
$MHHQN\D '<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH���,QGLD

3URI�$VKLPD�0DKHQGUD

*XLGH�'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW

3URWHFWLYH�FRDWLQJV�DUH� WKH� ILUVW� OLQH�RI�GHIHQFH�DJDLQVW�FRUURVLRQ�RQ�QDYDO�� DHURVSDFH� DQG� ODQG�GHIHQFH�
SODWIRUPV��\HW�WKHLU�FRQGLWLRQ�LV�VWLOO�MXGJHG�ODUJHO\�E\�KXPDQ�YLVXDO�LQVSHFWLRQ��ZKLFK�LV�VXEMHFWLYH��GLIILFXOW�
WR�DXGLW�DQG�KDUG�WR�VFDOH�DFURVV�D�IOHHW��5HFHQW�GHHS�OHDUQLQJ�VWXGLHV�DXWRPDWH�FRUURVLRQ�DQG�FRDWLQJ�GHIHFW�
GHWHFWLRQ��EXW�WKH�V\VWHPV�UHYLHZHG�KHUH�PRVWO\�UHWXUQ�JHQHULF�ODEHOV�VXFK�DV�³UXVW´�UDWKHU�WKDQ�WKH�JUDGHG�
VHYHULW\�UDWLQJV�WKDW�TXDOLW\�V\VWHPV�H[SHFW�XQGHU�,62�������663&�9,6�DQG�$033�1$&(�SUDFWLFH��7KLV�
SDSHU� UHYLHZV� WHQ� ZRUNV� SXEOLVKHG� EHWZHHQ� ����� DQG� ������ FRYHULQJ� VXSHUYLVHG� &11V�� SRVW�KRF�
H[SODLQDELOLW\��IHZ�VKRW�OHDUQLQJ��HGJH�SURJQRVWLFV�DQG�DFRXVWLF�HPLVVLRQ�FODVVLILFDWLRQ��DQG�FRPSDUHV�WKHP�
LQ�D�\HDU�ZLVH�VXUYH\�PDWUL[��7KH�PDWUL[�H[SRVHV�IRXU�JDSV��QR�VWDQGDUGV�UHIHUHQFHG�VHYHULW\�JUDGLQJ��GDWD�
VFDUFLW\� LQ�GHIHQFH� DUFKLYHV�� OLWWOH�PXOWL�PRGDO� IXVLRQ�� DQG� VHFXULW\� FRQVWUDLQWV� WKDW� UXOH�RXW� FHQWUDOLVHG�
WUDLQLQJ��,Q�UHVSRQVH��ZH�IRUPDOLVH�D�GHIHFW�WD[RQRP\�PDSSHG�WR�WKH�WKUHH�VWDQGDUGV�IDPLOLHV��SURSRVH�D�
VHYHULW\�VFRULQJ� IRUPXODWLRQ� EDVHG� RQ� H[WHQW�� GHQVLW\� DQG� WUHQG�� DQG� RXWOLQH� D� ILYH�PRGXOH� FRQFHSWXDO�
IUDPHZRUN� WKDW� FRPELQHV� PXOWL�PRGDO� IXVLRQ�� IHZ�VKRW� OHDUQLQJ�� VWDQGDUGV� PDSSLQJ�� FODXVH�OLQNHG�
H[SODQDWLRQ� DQG� IHGHUDWHG� HGJH� GHSOR\PHQW�� 7KH� IUDPHZRUN� LV� QRW� LPSOHPHQWHG� RU� HYDOXDWHG� KHUH�� D�
SURWRFRO�IRU�LWV�HYDOXDWLRQ�LV�SURSRVHG�DV�IXWXUH�ZRUN�

.H\ZRUGV� &RDWLQJ�GHIHFW�GHWHFWLRQ��'HIHQFH�SODWIRUPV��,62�������663&�9,6��([SODLQDEOH�$,��)HZ�VKRW�
OHDUQLQJ��)HGHUDWHG�OHDUQLQJ��0XOWL�PRGDO�IXVLRQ��/LWHUDWXUH�VXUYH\
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,QWURGXFWLRQ

6KLSV�� DLUFUDIW� DQG� JURXQG� YHKLFOHV� RSHUDWH� LQ� VDOW�ODGHQ�� KXPLG�� DEUDVLYH� DQG� WKHUPDOO\� F\FOLQJ�
HQYLURQPHQWV�� DQG� WKH� SURWHFWLYH� FRDWLQJV� RQ� WKHP� DUH� SURJUHVVLYHO\� GHJUDGHG� E\� EOLVWHULQJ�� UXVWLQJ��
FUDFNLQJ��IODNLQJ��FKDONLQJ�DQG�SLWWLQJ��2QFH�D�FRDWLQJ�EUHDNV�GRZQ��WKH�VXEVWUDWH�FRUURGHV��VR�WKH�FRQGLWLRQ�
RI�WKH�FRDWLQJ�GULYHV�PDLQWHQDQFH�SODQQLQJ��DQG�WKURXJK�LW�IOHHW�UHDGLQHVV�DQG�VDIHW\�

,QVSHFWLRQ�LQ�GHIHQFH�LV�QRW�RQO\�D�WHFKQLFDO�DFWLYLW\�EXW�D�FRPSOLDQFH�DFWLYLW\��4XDOLW\�PDQDJHPHQW�V\VWHPV�
VXFK�DV�$6�����UHTXLUH�HYLGHQFH�WKDW�LV�REMHFWLYH��DXGLWDEOH�DQG�WUDFHDEOH��DQG�WKDW�HYLGHQFH�LV�H[SUHVVHG�
DJDLQVW�SXEOLVKHG�VWDQGDUGV��WKH�,62������VHULHV�IRU�UDWLQJ�FRDWLQJ�GHJUDGDWLRQ��,62��������,62�������IRU�
FRUURVLYLW\� FDWHJRULHV� DQG�SDLQW� V\VWHPV� �,62��������� DQG� WKH�663&�9,6�SKRWRJUDSKLF� UHIHUHQFHV�QRZ�
PDLQWDLQHG�E\�$033��663&�9,6���,Q�SUDFWLFH��LQVSHFWRUV�FRPSDUH�D�VXUIDFH�DJDLQVW�WKHVH�UHIHUHQFHV�E\�
H\H��7KH� UHVXOW� GHSHQGV� RQ� WKH� LQVSHFWRU�� GLIIHUV� EHWZHHQ� VLWHV� DQG� LQVSHFWLRQ� GDWHV�� DQG� LV� GLIILFXOW� WR�
SURFHVV�DW�IOHHW�VFDOH�DV�WKH�YROXPH�RI�LPDJHU\�IURP�PRGHUQ�DVVHWV�JURZV�

$UWLILFLDO�LQWHOOLJHQFH�RIIHUV�D�ZD\�WR�PDNH�WKLV�SURFHVV�IDVWHU�DQG�PRUH�FRQVLVWHQW��DQG�WKH�OLWHUDWXUH�RQ�
GHHS�OHDUQLQJ�EDVHG� FRUURVLRQ� DQG� FRDWLQJ�GHIHFW� GHWHFWLRQ� KDV� JURZQ�TXLFNO\� �/X�� ������1DKDU� HW� DO���
������:DQJ�HW�DO�����������+RZHYHU��WKH�ZRUNV�VXUYH\HG�LQ�WKLV�SDSHU�PRVWO\�VWRS�DW�GHWHFWLRQ��WKH\�RXWSXW�
D�FODVV�ODEHO�RU�D�VHJPHQWDWLRQ�PDVN��QRW�WKH�RUGLQDO�VHYHULW\�JUDGH�WKDW�D�TXDOLW\�V\VWHP�QHHGV��IRU�H[DPSOH�
,62���������5L�����7KHLU�H[SODQDWLRQV��ZKHUH�SUHVHQW��DUH�QRW�WLHG�WR�FODXVHV�RI�D�VWDQGDUG��7KH\�W\SLFDOO\�
DVVXPH� ODUJH� ODEHOOHG�GDWDVHWV��ZKHUHDV�GHIHQFH� DUFKLYHV� DUH� VPDOO�� LPEDODQFHG�DQG�VHQVLWLYH��DQG� WKH\�
DVVXPH�WKDW�LPDJHU\�FDQ�EH�SRROHG�FHQWUDOO\��ZKLFK�VHFXULW\�UXOHV�RIWHQ�IRUELG�

7KLV�SDSHU�WKHUHIRUH�DVNV�D�IRFXVHG�TXHVWLRQ��ZKDW�ZRXOG�DQ�$,�LQVSHFWLRQ�V\VWHP�KDYH�WR�ORRN�OLNH�WR�UHSRUW�
FRDWLQJ�GHIHFWV�LQ�WKH�JUDGH�ODQJXDJH�RI�WKH�VWDQGDUGV��XQGHU�WKH�GDWD�DQG�VHFXULW\�FRQVWUDLQWV�RI�GHIHQFH"
2XU�FRQWULEXWLRQV�DUH�

� $�VWUXFWXUHG�UHYLHZ�RI�WHQ�ZRUNV������±������DQG�D�\HDU�ZLVH�OLWHUDWXUH�VXUYH\�PDWUL[�FRPSDULQJ�
PHWKRGRORJ\��NH\�ILQGLQJV�DQG�OLPLWDWLRQV��/LWHUDWXUH�5HYLHZ�VHFWLRQ��

� $�GHIHFW� WD[RQRP\� IRU� SURWHFWLYH� FRDWLQJV�PDSSHG� WR� ,62�������663&�9,6� DQG�$033�1$&(�
�6WDQGDUGV�/DQGVFDSH�DQG�'HIHFW�7D[RQRP\�VHFWLRQ��

� $�JDS�DQDO\VLV�WKDW�LGHQWLILHV�IRXU�XQPHW�UHTXLUHPHQWV��5HVHDUFK�*DSV�DQG�&KDOOHQJHV�VHFWLRQ��

� $�VHYHULW\�VFRULQJ�IRUPXODWLRQ�DQG�D�ILYH�PRGXOH�FRQFHSWXDO�IUDPHZRUN�WKDW�DGGUHVV�WKRVH�JDSV��
WRJHWKHU� ZLWK� D� SURSRVHG� HYDOXDWLRQ� SURWRFRO� �3URSRVHG� &RQFHSWXDO� )UDPHZRUN� DQG� 3URSRVHG�
(YDOXDWLRQ�3URWRFRO�VHFWLRQV��

7KH�ZRUN�LV�GHOLEHUDWHO\�OLPLWHG�WR�OLWHUDWXUH�VXUYH\�DQG�JDS�DQDO\VLV��1R�PRGHO�LV�WUDLQHG��QR�FODVVLILHG�
GDWD�LV�XVHG�DQG�QR�ILHOG�WULDO�LV�FRQGXFWHG��WKH�/LPLWDWLRQV�DQG�6FRSH�VHFWLRQ�VWDWHV�WKH�FRQVHTXHQFHV�RI�
WKLV�VFRSH�
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6WDQGDUGV�/DQGVFDSH�DQG�'HIHFW�7D[RQRP\

7KUHH�)DPLOLHV�RI�,QVSHFWLRQ�6WDQGDUGV

,62� 7KH�,62������VHULHV�GHILQHV�KRZ�WKH�GHJUDGDWLRQ�RI�D�FRDWLQJ�LV�GHVLJQDWHG�DQG�UDWHG��ZLWK�VHSDUDWH�
SDUWV� IRU� EOLVWHULQJ� �3DUW� ���� UXVWLQJ� �3DUW� ���� FUDFNLQJ� �3DUW� ���� IODNLQJ� �3DUW� ���� FKDONLQJ� �3DUW� ����
GHODPLQDWLRQ� DQG� FRUURVLRQ� DURXQG� D� VFULEH� �3DUW� ��� DQG� ILOLIRUP� FRUURVLRQ� �3DUW� ����� XQGHU� D� JHQHUDO�
LQWURGXFWLRQ�LQ�3DUW����,62��������0RVW�SDUWV�UDWH�WKH�TXDQWLW\�DQG��ZKHUH�UHOHYDQW��WKH�VL]H�RI�D�GHIHFW�RQ�
D��±��VFDOH��,62�������DGGUHVVHV�D�GLIIHUHQW�TXHVWLRQ��FODVVLI\LQJ�WKH�FRUURVLYLW\�RI�WKH�VHUYLFH�HQYLURQPHQW�
DQG�JXLGLQJ�WKH�FKRLFH�RI�SURWHFWLYH�SDLQW�V\VWHP�IRU�VWHHO�VWUXFWXUHV��,62��������

663&� 7KH�663&�9,6�VHULHV�VXSSOLHV�SKRWRJUDSKLF�UHIHUHQFHV�IRU�VXUIDFH�SUHSDUDWLRQ�DQG�IRU�WKH�GHJUHH�RI�
UXVWLQJ�RQ�SDLQWHG�VWHHO��663&�9,6���%HFDXVH�WKH�MXGJHPHQW�LV�PDGH�DJDLQVW�SLFWXUHV��LW�LV�WKH�PRVW�GLUHFW�
WDUJHW�IRU�FRPSXWHU�YLVLRQ�

$033��IRUPHUO\�1$&(�663&��$033�ZDV�IRUPHG�IURP�WKH�PHUJHU�RI�1$&(�,QWHUQDWLRQDO�DQG�663&�DQG�
FRQWLQXHV�WKHLU�FRUURVLRQ�FRQWURO�DQG�FRDWLQJ�LQVSHFWLRQ�SUDFWLFHV��,QVSHFWLRQ�SURFHGXUHV�SXEOLVKHG�XQGHU�
WKLV�QDPH�DUH�WKH�WKLUG�UHIHUHQFH�DQ�LQVSHFWLRQ�V\VWHP�PD\�QHHG�WR�VDWLVI\�

7KH�WKUHH�IDPLOLHV�XVH�GLIIHUHQW�QRPHQFODWXUH��UDWLQJ�VFDOHV�DQG�SKRWRJUDSKLF�UHIHUHQFHV��$�SUDFWLFDO�$,�WRRO�
PXVW�WKHUHIRUH�EH�DEOH�WR�H[SUHVV�D�GHIHFW�LQ�ZKLFKHYHU�JUDGH�V\VWHP�WKH�UHFHLYLQJ�TXDOLW\�V\VWHP�UHTXLUHV��
DQG�LGHDOO\�FURVV�PDS�EHWZHHQ�WKHP�

'HIHFW�7D[RQRP\

7DEOH���OLVWV�WKH�VL[�GHIHFW�FODVVHV�FRQVLGHUHG�LQ�WKLV�ZRUN�DQG�WKH�,62������SDUW�DQG�UDWHG�DWWULEXWH�IRU�
HDFK��3LWWLQJ�KDV�QR�GHGLFDWHG�,62������SDUW�DQG�ZRXOG�KDYH�WR�EH�PDSSHG�WR�$033�1$&(�VW\OH�FRUURVLRQ�
DVVHVVPHQW�SUDFWLFH��WKLV PDSSLQJ�LV�SURSRVHG�KHUH�DQG�VKRXOG�EH�FRQILUPHG�DJDLQVW�WKH�FXUUHQW�HGLWLRQV�RI�
WKH�VWDQGDUGV�

7DEOH��� 'HIHFW�WD[RQRP\�PDSSHG�WR�,62�����

'HIHFW ,62����� $WWULEXWH�UDWHG 6FDOH

%OLVWHULQJ 3DUW�� 4XDQWLW\�DQG�VL]H�RI�EOLVWHUV �±��HDFK

5XVWLQJ 3DUW�� 3HUFHQWDJH�RI�VXUIDFH�UXVWHG 5L��±5L��

&UDFNLQJ 3DUW�� 4XDQWLW\�DQG�VL]H�RI�FUDFNV �±��HDFK

)ODNLQJ 3DUW�� 4XDQWLW\�DQG�VL]H�RI�IODNHG�DUHD �±�

&KDONLQJ 3DUW�� 3RZGHU�WUDQVIHUUHG�WR�WDSH�RU�FORWK �±�
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'HIHFW ,62����� $WWULEXWH�UDWHG 6FDOH

3LWWLQJ 1RQH 3LW� GHQVLW\� DQG� GHSWK� �$033�1$&(�
PDSSLQJ��SURSRVHG�

7R�EH�GHILQHG

5DWLQJ�DWWULEXWHV�DUH�VXPPDULVHG�IURP�WKH�VWDQGDUGV�IRU�RULHQWDWLRQ��WKH�VWDQGDUGV�UHPDLQ�WKH�DXWKRULWDWLYH�
VRXUFH�

/LWHUDWXUH�5HYLHZ

0HWKRG

3DSHUV�ZHUH�FROOHFWHG�IURP�,(((�;SORUH��6FLHQFH'LUHFW�DQG�6SULQJHU��VXSSOHPHQWHG�E\�RSHQ�DFFHVV�DQG�
SUHSULQW�YHQXHV��IRU�WKH�WRSLFV�RI�$,�EDVHG�FRDWLQJ�DQG�FRUURVLRQ�GHIHFW�GHWHFWLRQ��H[SODLQDEOH�$,�IRU�GHIHFW�
PRGHOV��VHOI�KHDOLQJ�FRDWLQJ�SURJQRVWLFV�DQG�IHZ�VKRW�LQVSHFWLRQ��7HQ�ZRUNV�SXEOLVKHG�EHWZHHQ������DQG�
�����ZHUH�UHWDLQHG��VHYHQ�SULPDU\�VWXGLHV�WKDW�SURSRVH�RU�HYDOXDWH�D�PHWKRG��/LX�HW�DO���������/X��������
+RVHLQL�HW�DO���������=KDQJ�HW�DO���������5DKPDQ�HW�DO���������:DQJ�HW�DO���������3DVXSXOHWL���������DQG�
WKUHH�UHYLHZV��1DKDU�HW�DO���������)RU�HDFK�SULPDU\�VWXG\�ZH�H[WUDFWHG�WKH�PHWKRGRORJ\��WKH�NH\�ILQGLQJ�
DQG�WKH�VWDWHG�RU�HYLGHQW�OLPLWDWLRQ��DQG�FRPSDUHG�WKHP�LQ�7DEOH����6WXGLHV�DUH�RUGHUHG�E\�\HDU�

6XUYH\�0DWUL[

7DEOH���<HDU�ZLVH�OLWHUDWXUH�VXUYH\�PDWUL[

$XWKRU��\HDU 0HWKRGRORJ\�DQG�NH\�ILQGLQJV /LPLWDWLRQV

/LX�HW�DO������� )DVWHU�5�&11�DQG�9**���ZLWK�7/&$)�
IHDWXUH�H[WUDFWLRQ�DQG�DQ�690�FODVVLILHU��
LQWHJUDWHG�ZLWK�GURQH�DQG�LQIUDUHG�
WKHUPRJUDSK\���������DFFXUDF\�LQ�
FODVVLI\LQJ�FRDWLQJ�EUHDNGRZQ�DQG�
FRUURVLRQ�W\SHV�

1R�VWDQGDUGV�UHIHUHQFHG�VHYHULW\�
JUDGLQJ��1RW�GHVLJQHG�IRU�ORZ�
ODEHO�RU�IHGHUDWHG�GHIHQFH�
VFHQDULRV�

/X������ 0XOWL�OD\HU�&11�FODVVLI\LQJ�LPDJH�
SDWFKHV��WUDLQHG�ZLWK�WKH�$GDP�RSWLPLVHU��
VKRZV�&11V�DUH�IHDVLEOH�IRU�FRDWLQJ�GHIHFW�
FODVVLILFDWLRQ�

1R�VHYHULW\�JUDGLQJ��QR�
H[SODLQDELOLW\��QRW�VXLWHG�WR�VPDOO�
RU�LPEDODQFHG�GDWDVHWV�

+RVHLQL� HW� DO���
����

)HZ�VKRW�SURWRW\SLFDO�QHWZRUNV�RQ��'�
KHLJKW�SURILOHV�IURP�ODVHU�VFDQQLQJ�
PLFURVFRS\��UHVXOWV�VLPLODU�WR�FRQYHQWLRQDO�
&11V�ZLWK�IDU�IHZHU�DQQRWDWHG�VDPSOHV�

2XWSXWV�D�JHQHUDO�SXUSRVH�TXDOLW\�
PHWULF��QRW�D�VWDQGDUG�FRPSOLDQW�
JUDGH��1R�H[SODLQDELOLW\�RU�
IHGHUDWHG�OHDUQLQJ�
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$XWKRU��\HDU 0HWKRGRORJ\�DQG�NH\�ILQGLQJV /LPLWDWLRQV

=KDQJ� HW� DO���
����

3RVW�KRF�H[SODLQDELOLW\��PRUSKRORJLFDO�
GHIHFW�FKDUDFWHULVWLFV�IHG�WR�GHFLVLRQ�WUHH�
HQVHPEOHV��JLYLQJ�IHDWXUH�OHYHO�
H[SODQDWLRQV�VXFK�DV�ERXQGDU\�LUUHJXODULW\�

([SODQDWLRQV�DUH�QRW�WLHG�WR�
LQVSHFWLRQ�VWDQGDUGV�VXFK�DV�,62�
������1RW�IRU�ORZ�ODEHO�RU�
IHGHUDWHG�VHWWLQJV�

5DKPDQ� HW� DO���
����

'HFLVLRQ�IRUHVW�RQ�IHDWXUHV�IURP�DFRXVWLF�
HPLVVLRQ�VLJQDOV���������DFFXUDF\�
SUHGLFWLQJ�IDLOXUH�VHYHULW\�RI�FRDWLQJ�
GLVERQGPHQW�

1R�LPDJH�EDVHG�LQVSHFWLRQ��8VHV�
D�FXVWRP�VHYHULW\�VFDOH��QRW�
$033��1$&(��663&�RU�,62�

:DQJ� HW� DO���
����

&11�EDVHG�FRUURVLRQ�UHFRJQLWLRQ�RQ�VWHHO�
VWUXFWXUHV��GDWD�TXDQWLW\�DQG�TXDOLW\�DIIHFW�
DFFXUDF\��DQG�LQVWDQFH�VHJPHQWDWLRQ�LV�
PRUH�VHQVLWLYH�WR�VPDOO�GHIHFWV�

1R�VWDQGDUGV�UHIHUHQFHG�JUDGLQJ�
VFKHPH�DQG�QR�H[SODLQDELOLW\�
OD\HU�

3DVXSXOHWL��
����

(GJH�7HQVRU�$,�ZLWK�PRGHO�SUHGLFWLYH�
FRQWURO��WHQVRU�IHDWXUHV�IURP�
HOHFWURFKHPLFDO�LPSHGDQFH�GDWD�JLYH�HGJH�
GHSOR\DEOH�SURJQRVWLFV�IRU�VHOI�KHDOLQJ�
FRDWLQJV�

$GGUHVVHV�FRQWLQXRXV�SURJQRVLV��
QRW�LPDJH�EDVHG�GHIHFW�GHWHFWLRQ�
RU�VWDQGDUGV�UHIHUHQFHG�JUDGLQJ�

/X��������LV�D�SDWHQW�DSSOLFDWLRQ��WKH�UHPDLQLQJ�HQWULHV�DUH�MRXUQDO��FRQIHUHQFH�RU�SUHSULQW�SDSHUV�

6\QWKHVLV

6XSHUYLVHG�GHWHFWLRQ� 7KH�LPDJH�EDVHG�VWXGLHV��/LX�HW�DO���������/X��������:DQJ�HW�DO���������HVWDEOLVK�WKDW�
&11�DQG�5�&11�IDPLOLHV�FDQ�GHWHFW�DQG�FODVVLI\�FRDWLQJ�EUHDNGRZQ�DQG�FRUURVLRQ��DQG�:DQJ�HW�DO���������
VKRZ�WKDW�DFFXUDF\�LV�WLHG�WR�WKH�TXDQWLW\�DQG�TXDOLW\�RI�WUDLQLQJ�GDWD�DQG�WKDW�VHJPHQWDWLRQ�FRSHV�EHWWHU�
ZLWK�VPDOO�GHIHFWV�WKDQ�ER[�OHYHO�GHWHFWLRQ��$OO�WKUHH�HQG�DW�D�GHIHFW�ODEHO��QRW�DW�D�UDWHG�JUDGH�

'DWD�HIILFLHQW�OHDUQLQJ� +RVHLQL�HW�DO���������DUH�WKH�RQO\�VWXG\�LQ�WKH�VHW�WKDW�WDFNOHV�ODEHO�VFDUFLW\�GLUHFWO\�
XVLQJ�SURWRW\SLFDO�QHWZRUNV�WR�PDWFK�&11�SHUIRUPDQFH�ZLWK�IDU�IHZHU�DQQRWDWHG�VDPSOHV��7KHLU�LQSXW�LV�D�
ODVHU�VFDQQHG�KHLJKW�SURILOH�UDWKHU�WKDQ�D�SKRWRJUDSK��DQG�WKHLU�RXWSXW�LV�D�JHQHULF�TXDOLW\�PHWULF�

([SODLQDELOLW\� =KDQJ�HW�DO���������H[SODLQ�GHIHFW FODVVLILHUV�WKURXJK�PRUSKRORJLFDO�FKDUDFWHULVWLFV�DQG�WUHH�
HQVHPEOHV��7KH�H[SODQDWLRQV�DUH�XVHIXO�WR�D�GDWD�VFLHQWLVW�EXW�DUH�QRW�SKUDVHG�LQ�WKH�YRFDEXODU\�RI�D�VWDQGDUG��
VR�DQ�DXGLWRU�FDQQRW�WUDFH�D�SUHGLFWLRQ�WR�D�FODXVH�

1RQ�LPDJH� VHQVLQJ� 3DVXSXOHWL� ������� DQG� 5DKPDQ� HW� DO�� ������� XVH� HOHFWURFKHPLFDO� LPSHGDQFH� DQG�
DFRXVWLF�HPLVVLRQ�VLJQDOV�UHVSHFWLYHO\��7KH\�VKRZ�WKDW�FRDWLQJ�FRQGLWLRQ�LV�REVHUYDEOH�WKURXJK�FKDQQHOV�
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RWKHU�WKDQ�YLVLRQ��ZKLFK�PRWLYDWHV�IXVLRQ��EXW�HDFK�SURGXFHV�LWV�RZQ�SURJQRVLV�RU�VHYHULW\�VFDOH�UDWKHU�WKDQ�
D�VWDQGDUG�JUDGH�

5HYLHZV� 1DKDU�HW�DO���������WD[RQRPLVH�VXSHUYLVHG��XQVXSHUYLVHG�DQG�HPHUJLQJ�GHHS�OHDUQLQJ�DSSURDFKHV�
WR�LQGXVWULDO�GHIHFW�GHWHFWLRQ�DQG�FRQILUP�WKDW�VXSHUYLVHG�PRGHOV�GRPLQDWH�\HW�QHHG�ODUJH�ODEHOOHG�GDWDVHWV��
VWDQGDUGV�FRPSOLDQFH�DQG�GHIHQFH�VSHFLILF�FRQVWUDLQWV�DUH�RXWVLGH�WKHLU�VFRSH��7KH�UHYLHZV�RI�GHHS�OHDUQLQJ�
LQ� FRUURVLRQ� DVVHVVPHQW� DQG� RI� LPDJH� UHFRJQLWLRQ� LQ� FRUURVLRQ� SURWHFWLRQ� SURYLGH� EURDGHU� FRQWH[W� RQ�
WHFKQLTXHV�DQG�FKDOOHQJHV��DQG�DUH�XVHG�KHUH�DV�EDFNJURXQG�UDWKHU�WKDQ�DV�SULPDU\�FRPSDUDWRUV�

7DEOH� �� FRQGHQVHV� WKH�PDWUL[� LQWR� D� FDSDELOLW\� FRPSDULVRQ�� ,WV� HQWULHV� DUH� GHULYHG� IURP� WKH� OLPLWDWLRQV�
UHFRUGHG�LQ�7DEOH���DQG�IURP�WKH�VWXG\�GHVFULSWLRQV��DQG�³<HV´�PHDQV�WKH�FDSDELOLW\�LV�DGGUHVVHG��³3DUW´�
WKDW LW�LV�DGGUHVVHG�LQ�SDUW��DQG�³1R´�WKDW�LW�LV�QRW�DGGUHVVHG�

7DEOH��� &DSDELOLW\�FRPSDULVRQ�RI�SULPDU\�VWXGLHV

6WXG\ 9LV� 6WG� )6 00 ;$, (GJH

/LX�HW�DO�������� <HV 1R 1R 3DUW 1R 1R

/X������� <HV 1R 1R 1R 1R 1R

+RVHLQL�HW�DO�������� <HV 1R <HV 1R 1R 1R

=KDQJ�HW�DO�������� <HV 1R 1R 1R <HV 1R

5DKPDQ�HW�DO�������� 1R 1R 1R 1R 1R 1R

:DQJ�HW�DO�������� <HV 1R 1R 1R 1R 1R

3DVXSXOHWL������� 1R 1R 1R 1R 1R <HV

3URSRVHG�IUDPHZRUN <HV <HV <HV <HV <HV <HV

9LV���YLVLRQ�EDVHG�LQSXW��LPDJH�RU�VXUIDFH�SURILOH���6WG���VWDQGDUGV�JUDGHG�VHYHULW\��)6��IHZ�VKRW�RU�GDWD�
HIILFLHQW�OHDUQLQJ��00��PXOWL�PRGDO�IXVLRQ��;$,��H[SODLQDELOLW\��(GJH��HGJH�RU�IHGHUDWHG�GHSOR\PHQW��7KH�
ODVW�URZ�LV�D�GHVLJQ�WDUJHW��QRW�D�GHPRQVWUDWHG�UHVXOW�

5HVHDUFK�*DSV�DQG�&KDOOHQJHV

5HDGLQJ�7DEOHV���DQG���WRJHWKHU��ILYH�RI�WKH�VHYHQ�SULPDU\�VWXGLHV�ZRUN�IURP�YLVLRQ�EDVHG�LQSXW��EXW�QRQH�
SURGXFHV� D� VWDQGDUGV�JUDGHG� VHYHULW\� RXWSXW�� DQG� HDFK� RI� IHZ�VKRW� OHDUQLQJ�� H[SODLQDELOLW\� DQG� HGJH�
GHSOR\PHQW�DSSHDUV�LQ�H[DFWO\�RQH�VWXG\��)LJXUH�����1R�VLQJOH�VWXG\�FRPELQHV�WKH�FDSDELOLWLHV��)RXU�JDSV�
IROORZ�
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)LJXUH��� 1XPEHU�RI�WKH�VHYHQ�SULPDU\�VWXGLHV�WKDW�DGGUHVV�HDFK�FDSDELOLW\��GHULYHG�IURP�7DEOH���

*DS����VWDQGDUGV�FRPSOLDQW�JUDGLQJ� ([LVWLQJ�PRGHOV�HPLW�JHQHULF�ODEHOV�VXFK�DV�³UXVW´�UDWKHU� WKDQ�D�
VHYHULW\�JUDGH�VXFK�DV�,62��������5L����7KH�FKDOOHQJH�LV�WR�WUDLQ�PRGHOV�WKDW�SURGXFH�RUGLQDO�JUDGHV�DOLJQHG�
ZLWK�VHYHUDO�VWDQGDUG�IDPLOLHV�DW�RQFH��DQG�WR�UHVSHFW�WKH�IDFW�WKDW�EHLQJ�RQH�JUDGH�ZURQJ�LV�OHVV VHULRXV�
WKDQ�EHLQJ�IRXU�JUDGHV�ZURQJ�

*DS����GDWD�VFDUFLW\�LQ�GHIHQFH�'HIHQFH�DUFKLYHV�DUH�VPDOO��LPEDODQFHG�DQG�VHQVLWLYH��ZKLFK�PDNHV�ODUJH�
VFDOH�VXSHUYLVHG�OHDUQLQJ�LPSUDFWLFDO��1DKDU�HW�DO���������:DQJ�HW�DO����������'DWD�HIILFLHQW�WHFKQLTXHV�VXFK�
DV IHZ�VKRW�DQG�PHWD�OHDUQLQJ�DUH�QHHGHG��EXW�WKH�RQO\�VXFK�VWXG\�UHYLHZHG��+RVHLQL�HW�DO���������GRHV�QRW�
RXWSXW�VWDQGDUG�JUDGHV�

*DS����PXOWL�PRGDO�IXVLRQ�IRU�UREXVWQHVV� 0RVW�V\VWHPV�UHO\�RQ�VLQJOH�PRGDOLW\�5*%�GDWD��ZKLFK�FDQ�
EH�PLVOHG�E\�VKDGRZV��GLUW�DQG�VXUIDFH�WH[WXUH��6HQVLQJ�FKDQQHOV�WKDW�FDUU\�LQGHSHQGHQW�HYLGHQFH��VXFK�DV�
�'� KHLJKW� SURILOHV� �+RVHLQL� HW� DO��� ������� LQIUDUHG� WKHUPRJUDSK\� �/LX� HW� DO��� ������� HOHFWURFKHPLFDO�
LPSHGDQFH� �3DVXSXOHWL�� ������ DQG�DFRXVWLF� HPLVVLRQ� �5DKPDQ�HW� DO��� ������� DUH VWXGLHG� VHSDUDWHO\��7KH�
FKDOOHQJH�LV�WR�IXVH�YLVXDO���'�DQG�HOHFWURFKHPLFDO�GDWD�LQWR�RQH�DVVHVVPHQW�

*DS����VHFXULW\�DQG�GDWD�JRYHUQDQFH� &HQWUDOLVLQJ�UDZ�LPDJHU\�IURP�GHIHQFH�VLWHV�LV�RIWHQ�QRW�SHUPLWWHG��
0RGHOV�PXVW�UXQ�DW�WKH�HGJH�DQG�EH�WUDLQDEOH�DFURVV�VLWHV�ZLWKRXW�VKDULQJ�UDZ�GDWD��2QO\�3DVXSXOHWL��������
FRQVLGHUV�HGJH�GHSOR\PHQW��DQG�QRQH�RI�WKH�UHYLHZHG�ZRUNV�FRQVLGHUV�IHGHUDWHG�OHDUQLQJ�

$�ILIWK��FURVV�FXWWLQJ�UHTXLUHPHQW�LV�H[SODLQDELOLW\�WLHG�WR�FODXVHV��DQ�LQVSHFWRU�RU�DXGLWRU�PXVW�EH�DEOH�WR
VHH� ZKLFK� SDUW� RI� WKH� VXUIDFH� DQG� ZKLFK� UXOH� RI� ZKLFK� VWDQGDUG� SURGXFHG� D� JUDGH�� 7KH� IHDWXUH�OHYHO�
H[SODQDWLRQV�RI�=KDQJ�HW�DO���������DUH�D�VWDUWLQJ�SRLQW�EXW�GR�QRW�UHDFK�WKLV�OHYHO�
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3URSRVHG�&RQFHSWXDO�)UDPHZRUN

6HYHULW\�6FRULQJ�)RUPXODWLRQ

7R�FRQYHUW� UDZ�LQVSHFWLRQ�REVHUYDWLRQV�LQWR�D�GLVFUHWLVHG�JUDGH��ZH�SURSRVH�VFRULQJ�HDFK�GHIHFW�FODVV�F
REVHUYHG�RQ�DQ�LQVSHFWHG�UHJLRQ�XVLQJ�WKUHH�PHDVXUHPHQWV��H[WHQW��GHQVLW\�DQG�WUHQG�

(� �$G ��$WRWDO����'� �1G ��$WRWDO����7� ��(W í�(Wí�����ǻW ���

+HUH�WKH�H[WHQW�( LV�WKH�GHIHFWHG�DUHD�DV�D�IUDFWLRQ�RI�WKH�WRWDO�LQVSHFWHG�DUHD��WKH�GHQVLW\�' LV�WKH�QXPEHU�
RI�GLVFUHWH�GHIHFWV��EOLVWHUV��FUDFNV��SLWV��SHU�XQLW�LQVSHFWHG�DUHD��DQG�WKH�WUHQG�7 LV�WKH�FKDQJH�LQ�H[WHQW�
EHWZHHQ�WZR�LQVSHFWLRQV�GLYLGHG�E\�WKH�LQWHUYDO�ǻW��7UHQG�XVHV�WKH�SUHYLRXV�LQVSHFWLRQ�RI�WKH�VDPH�UHJLRQ��
ZKHQ� QRQH� H[LVWV�� 7 LV� VHW� WR� ]HUR� DQG� WKH� UHPDLQLQJ� ZHLJKWV� DUH� UHQRUPDOLVHG�� 7KH� WKUHH� WHUPV� DUH�
QRUPDOLVHG�DQG�FRPELQHG�LQWR�D�VFRUH

6� �Z( ĳ(�(����Z' ĳ'�'����Z7 ĳ7�7� ���

ZKHUH�WKH WKUHH�ZHLJKWV�DUH�QRQ�QHJDWLYH�DQG�VXP�WR�RQH��DQG�HDFK�ĳ�PDSV�LWV�LQSXW�WR�>����@��VR�6 OLHV�LQ�
>����@��7KH�VFRUH�LV�WKHQ�GLVFUHWLVHG�LQWR�D�JUDGH�EDQG�E\�RUGHUHG�WKUHVKROGV�

J� �N��LI��ĲN ��6���ĲN������N� �������«��� ���

DQG�D�VWDQGDUGV�PDSSHU�0 WUDQVODWHV�WKH�SDLU��FODVV��J��LQWR�DQ�,62������UDWLQJ��DQ�663&�9,6�JUDGH�DQG�DQ�
$033�1$&(�FDWHJRU\��:KHUH�D�VWDQGDUG�GHILQHV�LWV�UDWLQJ�SXUHO\�E\�DUHD��DV�,62��������GRHV�IRU�UXVWLQJ�
�7DEOH�����WKH�PDSSHU�DSSOLHV�WKH�VWDQGDUG¶V�RZQ�WKUHVKROGV�WR�( GLUHFWO\��DQG 6 VHUYHV�DV�WKH�FURVV�VWDQGDUG�
DQG�SULRULWLVDWLRQ�VFRUH��7KH�ZHLJKWV�Z DQG�WKUHVKROGV�Ĳ�DUH�SDUDPHWHUV�WR�EH�FDOLEUDWHG�ZLWK�H[SHUW�ODEHOOHG�
GDWD��WKLV�SDSHU�GRHV�QRW�VHW�WKHP�

7DEOH��� ,62��������UXVWLQJ�JUDGHV��QRPLQDO�DUHD�

*UDGH 1RPLQDO�UXVWHG�DUHD

5L�� ��

5L�� �����

5L�� ����

5L�� ��

5L�� ��

5L�� DERXW���±���
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9DOXHV�DV�FRPPRQO\�WDEXODWHG�IRU�,62���������JLYHQ�IRU�RULHQWDWLRQ�DQG�WR�EH�YHULILHG�DJDLQVW�WKH�VWDQGDUG�
EHIRUH�XVH�

$UFKLWHFWXUH

7KH� IUDPHZRUN� KDV� ILYH�PRGXOHV� �)LJXUH� ���� HDFK� DLPHG� DW� RQH� RU�PRUH� RI� WKH� JDSV� LGHQWLILHG� LQ� WKH�
5HVHDUFK�*DSV�DQG�&KDOOHQJHV�VHFWLRQ�

)LJXUH��� &RQFHSWXDO�IUDPHZRUN��0RGXOHV�0�±0���EOXH��SURGXFH�D�VHYHULW\�HVWLPDWH��0�±0���JUHHQ��
PDNH�LW�VWDQGDUGV�FRPSOLDQW�DQG�H[SODLQDEOH��DQG�WKH�IHGHUDWHG�HGJH�ORRS��RUDQJH��NHHSV�UDZ�GDWD�RQ�VLWH�

0���PRGDOLW\� HQFRGHUV� DQG� WHQVRU� IXVLRQ� �*DS� ��� 6HSDUDWH� HQFRGHUV� SURFHVV�5*%� LPDJHU\�� �'� RU�
WKHUPDO�SURILOHV�DQG��ZKHUH�DYDLODEOH��HOHFWURFKHPLFDO�LPSHGDQFH�IHDWXUHV��WKHLU�RXWSXWV�DUH�IXVHG�LQWR�D�
MRLQW�WHQVRU�UHSUHVHQWDWLRQ��)XVLRQ�LV�LQWHQGHG�WR�PDNH�WKH�DVVHVVPHQW�UREXVW�WR�FRQGLWLRQV�WKDW�IRRO�D�VLQJOH�
PRGDOLW\��DQG�WKH�PRGXOH�PXVW�WROHUDWH�D�PLVVLQJ�PRGDOLW\��VLQFH�QRW�HYHU\�VLWH�ZLOO�KROG�HYHU\�GDWD�W\SH�

0���IHZ�VKRW�SURWRW\SH�OHDUQHU��*DS����$�SURWRW\SH�EDVHG PHWD�OHDUQHU�LV�WUDLQHG�RYHU�HSLVRGHV�VDPSOHG�
E\�GHIHFW�FODVV�DQG�JUDGH��VR�D�QHZ�JUDGH�RU�GHIHFW�W\SH�FDQ�EH�OHDUQHG�IURP�D�KDQGIXO�RI�ODEHOOHG�H[DPSOHV��
7KLV�LV�WKH�PRVW�GLUHFW�DQVZHU�WR�VPDOO�DQG�LPEDODQFHG�GHIHQFH�DUFKLYHV��DQG�IROORZV�WKH�GLUHFWLRQ�VKRZQ�
E\�+RVHLQL�HW�DO���������
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0���RUGLQDO�VHYHULW\�KHDG��*DS���� ,QVWHDG�RI�LQGHSHQGHQW�FODVV�RXWSXWV��DQ�RUGLQDO�KHDG�ZLWK�D�UDQN�
FRQVLVWHQW�ORVV�SUHGLFWV�WKH�JUDGH�VR�WKDW�QHDU�PLVVHV�FRVW�OHVV�WKDQ�GLVWDQW�RQHV��,W�FRPSXWHV�(��' DQG�7
IURP�WKH�GHWHFWHG UHJLRQV�DQG�SURGXFHV�6 YLD�(T������

0���VWDQGDUGV�PDSSHU��*DS���� $�UXOH�WDEOH�LPSOHPHQWV�0��WUDQVODWLQJ��FODVV��J��LQWR�,62�������663&�
9,6�DQG�$033�1$&(�JUDGHV�DQG�FURVV�PDSSLQJ�EHWZHHQ�WKHP��VR�WKH�VDPH�ILQGLQJ�FDQ�EH�UHSRUWHG�LQ�
ZKLFKHYHU�V\VWHP�WKH�UHFHLYLQJ�TXDOLW\�V\VWHP�XVHV��%HFDXVH�WKH�WDEOH�LV�H[SOLFLW��LW�FDQ�EH�UHYLHZHG�DQG�
XSGDWHG�E\�LQVSHFWRUV�ZKHQ�D�VWDQGDUG�LV�UHYLVHG��ZLWKRXW�UHWUDLQLQJ�WKH�PRGHO�

0���FODXVH�OLQNHG�H[SODQDWLRQ� �FURVV�FXWWLQJ�UHTXLUHPHQW�� 7KH�H[SODQDWLRQ�KDV� WZR� OD\HUV��D�YLVXDO�
OD\HU� WKDW�KLJKOLJKWV� WKH�UHJLRQV�GULYLQJ� WKH�SUHGLFWLRQ�� IRU�H[DPSOH�ZLWK�JUDGLHQW�EDVHG�VDOLHQF\��DQG�D�
UXOH�WUDFH� OD\HU� WKDW� VWDWHV� WKH�FODXVH� DQG� WKUHVKROG�DSSOLHG��$Q� LOOXVWUDWLYH� WUDFH� UHDGV��³5XVWHG�DUHD� LV�
DERXW����RI�WKH�LQVSHFWHG�VXUIDFH��ZKLFK�FRUUHVSRQGV�WR�,62��������5L���´ (DFK�UHSRUW�LV�VWRUHG�ZLWK�LWV�
LQSXWV��PRGXOH�YHUVLRQV�DQG�WUDFH�VR�LW�FDQ�EH�DXGLWHG�

)HGHUDWHG�HGJH�GHSOR\PHQW��*DS���� ,QIHUHQFH�UXQV�RQ�RQ�VLWH�KDUGZDUH��(DFK�VLWH�ILQH�WXQHV�RQ�LWV�RZQ�
DUFKLYH� DQG� VKDUHV� RQO\�PRGHO� XSGDWHV� IRU� DJJUHJDWLRQ�� LQ� WKH�PDQQHU� RI� IHGHUDWHG� DYHUDJLQJ�� VR� UDZ�
LPDJHU\�QHYHU�OHDYHV�WKH�VLWH��2SHQ�LVVXHV�DUH�WKDW�GDWD�GLIIHU�EHWZHHQ�VLWHV�DQG�WKDW�PRGHO�XSGDWHV�FDQ�OHDN�
LQIRUPDWLRQ��IRU�ZKLFK�VHFXUH�DJJUHJDWLRQ�DQG�GLIIHUHQWLDO�SULYDF\�DUH�FDQGLGDWH�PLWLJDWLRQV�

3URSRVHG�(YDOXDWLRQ�3URWRFRO

7KH�IUDPHZRUN�KDV�QRW�EHHQ�EXLOW��VR�QR�UHVXOWV�DUH�UHSRUWHG��7R�NHHS�WKH�FODLPV�WHVWDEOH��ZH�SURSRVH�WKH�
IROORZLQJ�SURWRFRO�IRU�WKH�LPSOHPHQWDWLRQ�VWDJH�

� *UDGLQJ�TXDOLW\� RUGLQDO�PHDQ�DEVROXWH�HUURU�DQG�TXDGUDWLF�ZHLJKWHG�NDSSD�DJDLQVW�H[SHUW�JUDGHV��
SOXV�PDFUR�)��IRU�GHIHFW�FODVV�DQG�D�SHU�JUDGH�FRQIXVLRQ�PDWUL[�

� 'DWD�HIILFLHQF\� 1�ZD\�.�VKRW�DFFXUDF\�DV�.�LV�UHGXFHG��FRPSDUHG�ZLWK�D�IXOO\�VXSHUYLVHG�&11�
WUDLQHG�RQ�WKH�VDPH�LPDJHV�

� )XVLRQ� EHQHILW� SHUIRUPDQFH� ZLWK� HDFK� PRGDOLW\� UHPRYHG� LQ� WXUQ�� LQFOXGLQJ� RQ� LPDJHV� ZLWK�
VKDGRZV�RU�VXUIDFH�VWDLQLQJ�

� ([SODQDWLRQ�TXDOLW\� DJUHHPHQW�EHWZHHQ�WKH�FODXVH�FLWHG�E\�WKH�V\VWHP�DQG�WKH�UDWLRQDOH�JLYHQ�E\�
D�FHUWLILHG�LQVSHFWRU��DQG�ILGHOLW\�WHVWV�WKDW�UHPRYH�KLJKOLJKWHG UHJLRQV�DQG�REVHUYH�WKH�FKDQJH�LQ�
JUDGH�

� )HGHUDWHG�EHKDYLRXU� DFFXUDF\�DJDLQVW� D� FHQWUDOLVHG�EDVHOLQH�� FRPPXQLFDWLRQ� URXQGV� UHTXLUHG��
DQG�UREXVWQHVV�ZKHQ�VLWHV�KROG�GLIIHUHQW�GHIHFW�GLVWULEXWLRQV�

� +XPDQ� DJUHHPHQW� LQWHU�UDWHU� DJUHHPHQW� EHWZHHQ� WKH� V\VWHP� DQG� LQVSHFWRUV�� FRPSDUHG� ZLWK�
DJUHHPHQW�DPRQJ�WKH�LQVSHFWRUV�WKHPVHOYHV�
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%HFDXVH�FODVVLILHG�GDWD�ZLOO�QRW�EH�DFFHVVLEOH��LQLWLDO�H[SHULPHQWV�ZRXOG�XVH�SXEOLF�FRUURVLRQ�DQG�FRDWLQJ�
LPDJH�VHWV�DQG�ODERUDWRU\�SDQHOV�UDWHG�E\�H[SHUWV��ZLWK�WKH�GHIHQFH�VHWWLQJ�HPXODWHG�WKURXJK�VXEVDPSOLQJ�
DQG�VLWH�SDUWLWLRQLQJ�

/LPLWDWLRQV�DQG�6FRSH

7KH�SDSHU�UHYLHZV�WHQ�ZRUNV��ZKLFK�LV�HQRXJK�WR�H[SRVH�UHFXUULQJ�JDSV�EXW�LV�QRW�DQ�H[KDXVWLYH�V\VWHPDWLF�
UHYLHZ��H[WHQGLQJ�WKH�FRUSXV�LV�D�QDWXUDO�QH[W�VWHS��7KH�FDSDELOLW\�FRPSDULVRQ�LQ�7DEOH���LV�EDVHG�RQ�WKH�
SXEOLVKHG� GHVFULSWLRQV� DQG� PD\� PLVV� IHDWXUHV WKDW� D� SDSHU� LPSOHPHQWV� EXW� GRHV� QRW� HPSKDVLVH�� 7KH�
IUDPHZRUN� LV�FRQFHSWXDO�� WKH�ZHLJKWV�DQG� WKUHVKROGV� LQ�(TV�� ����DQG�����DUH�XQFDOLEUDWHG�� WKH�VWDQGDUGV�
PDSSLQJ�LV�D�SURSRVHG�LQWHUSUHWDWLRQ�WKDW�VKRXOG�EH�YDOLGDWHG�E\�FHUWLILHG�LQVSHFWRUV�DJDLQVW�FXUUHQW�VWDQGDUG�
HGLWLRQV��DQG�QR�H[SHULPHQW�VXSSRUWV�DQ\�SHUIRUPDQFH�FODLP��0RVW�UHYLHZHG�VWXGLHV�DGGUHVV�PDULQH��FLYLO�
RU�LQGXVWULDO�VHWWLQJV��VR�WKHLU�ILQGLQJV�PD\�QRW�WUDQVIHU�GLUHFWO\�WR�GHIHQFH�FRDWLQJV��&ODVVLILHG�GDWD��PRGHO�
WUDLQLQJ�DQG�ILHOG�GHSOR\PHQW�DUH�RXWVLGH�WKH�VFRSH�RI�WKLV�VWDJH�

&RQFOXVLRQ�DQG�)XWXUH�:RUN

0DQXDO�YLVXDO�LQVSHFWLRQ�RI�SURWHFWLYH�FRDWLQJV�RQ�GHIHQFH�SODWIRUPV�LV�VXEMHFWLYH��LQFRQVLVWHQW�DQG�GLIILFXOW�
WR�DXGLW��ZKLOH�WKH�$,�OLWHUDWXUH�UHYLHZHG�KHUH�ODUJHO\�VWRSV�DW�GHWHFWLRQ��&RPSDULQJ�WHQ�ZRUNV�VKRZHG�WKDW�
QRQH�RI�WKH�VHYHQ�SULPDU\�VWXGLHV�RXWSXWV�VWDQGDUGV�UHIHUHQFHG�VHYHULW\�JUDGHV��DQG�WKDW�IHZ�VKRW�OHDUQLQJ��
H[SODLQDELOLW\� DQG� HGJH� GHSOR\PHQW� HDFK� DSSHDU� LQ� RQO\� RQH� RI� WKHP��:H� DGGUHVVHG� WKLV�ZLWK� D� GHIHFW�
WD[RQRP\�PDSSHG� WR� ,62�������663&�9,6�DQG�$033�1$&(�� D� VHYHULW\� IRUPXODWLRQ�EDVHG�RQ�H[WHQW��
GHQVLW\� DQG� WUHQG�� DQG� D� ILYH�PRGXOH� IUDPHZRUN� WKDW� FRPELQHV�PXOWL�PRGDO� IXVLRQ�� IHZ�VKRW� OHDUQLQJ��
VWDQGDUGV�PDSSLQJ��FODXVH�OLQNHG�H[SODQDWLRQ�DQG�IHGHUDWHG�HGJH�GHSOR\PHQW�

7KH�QH[W�VWDJH�LV�LPSOHPHQWDWLRQ��EHJLQQLQJ�ZLWK�WKH�PXOWL�PRGDO�SUHSURFHVVLQJ�DQG�WHQVRU�IXVLRQ�PRGXOH�
�0����IROORZHG�E\�WKH�IHZ�VKRW�OHDUQHU�DQG�RUGLQDO�KHDG��FDOLEUDWLRQ�RI�WKH�VHYHULW\�ZHLJKWV�DQG�WKUHVKROGV�
ZLWK�H[SHUW�ODEHOOHG�GDWD��DQG�HYDOXDWLRQ�XQGHU�WKH�SURWRFRO�LQ�WKH�3URSRVHG�(YDOXDWLRQ�3URWRFRO�VHFWLRQ�

5HIHUHQFHV

�� $VVRFLDWLRQ�IRU�0DWHULDOV�3URWHFWLRQ�DQG�3HUIRUPDQFH���Q�G����663&�9,6�VHULHV��9LVXDO�VWDQGDUGV�IRU�
DEUDVLYH�EODVW�FOHDQHG�VWHHO�DQG�IRU�SDLQWHG�VWHHO�VXUIDFHV�

�� +RVHLQL��6���HW�DO�� ��������$XWRPDWHG�GHIHFW�GHWHFWLRQ�IRU�FRDWLQJV�YLD�KHLJKW�SURILOHV�REWDLQHG�E\�
ODVHU�VFDQQLQJ�PLFURVFRS\��0DFKLQH�/HDUQLQJ�ZLWK�$SSOLFDWLRQV�����

�� ,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ���Q�G����,62��������3DLQWV�DQG�YDUQLVKHV�² &RUURVLRQ�
SURWHFWLRQ�RI�VWHHO�VWUXFWXUHV�E\�SURWHFWLYH�SDLQW�V\VWHPV�

�� ,QWHUQDWLRQDO� 2UJDQL]DWLRQ� IRU� 6WDQGDUGL]DWLRQ�� �Q�G���� ,62� ����� VHULHV�� 3DLQWV� DQG� YDUQLVKHV�²
(YDOXDWLRQ�RI�GHJUDGDWLRQ�RI�FRDWLQJV�
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�� /LX��/���7DQ��(���&DL��=��4���=KHQ��<���	�<LQ��;��-����������$Q�LQWHJUDWHG�FRDWLQJ�LQVSHFWLRQ�V\VWHP�
IRU�PDULQH�DQG�RIIVKRUH�FRUURVLRQ�PDQDJHPHQW��,Q�3URFHHGLQJV�RI�,&$5&9�

�� /X����������&RDWLQJ�GHIHFW�GHWHFWLRQ�PHWKRG�EDVHG�RQ�GHHS�OHDUQLQJ��&KLQHVH�3DWHQW�$SSOLFDWLRQ�&1�
����������$��

�� 1DKDU��/���HW�DO����������$,�HQDEOHG�GHIHFW�GHWHFWLRQ�LQ�LQGXVWULDO�SURGXFWV��$�FRPSUHKHQVLYH�VXUYH\��
NH\�LQVLJKWV�DQG�IXWXUH�UHVHDUFK�FKDOOHQJHV��$GYDQFHG�(QJLQHHULQJ�,QIRUPDWLFV�����

�� 3DVXSXOHWL��0��.����������(GJH�7HQVRU�$,�HQDEOHG�SUHGLFWLYH�FRQWURO�RI�VHOI�KHDOLQJ�DQWL�FRUURVLRQ�
FRDWLQJV�IRU�PDULQH�URERWV��,-$,5,������������±����

�� 5DKPDQ��1��$��$���0D\��=���-DIIDUL��5���	�+DQLI��0����������)DLOXUH�VHYHULW\�SUHGLFWLRQ�IRU�SURWHFWLYH�
FRDWLQJ�GLVERQGPHQW�YLD�WKH�FODVVLILFDWLRQ�RI�DFRXVWLF�HPLVVLRQ�VLJQDOV��6HQVRUV���������

��� 6$(�,QWHUQDWLRQDO���Q�G����$6������4XDOLW\�PDQDJHPHQW�V\VWHPV�² 5HTXLUHPHQWV�IRU�DYLDWLRQ��VSDFH�
DQG�GHIHQVH�RUJDQL]DWLRQV�

��� :DQJ��-���HW�DO����������5HFRJQLWLRQ�RI�VWHHO�EULGJH�FRUURVLRQ�FRQVLGHULQJ�WKH�HIIHFW�RI�WUDLQLQJ�GDWDVHW�
TXDOLW\��&DVH�6WXGLHV�LQ�&RQVWUXFWLRQ�0DWHULDOV�����

��� =KDQJ��-���&RVPD��*���%XJE\��6���	�:DWNLQV��-����������)RUHVW0RQNH\��7RRONLW�IRU�UHDVRQLQJ�ZLWK�
$,�EDVHG�GHIHFW�GHWHFWLRQ�DQG�FODVVLILFDWLRQ�PRGHOV��DU;LY������������


