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,QIUDUHG�VSHFWUD�LQWHUSUHWDWLRQ�E\�PHDQV�RI�FRPSXWHU

3ODPHQ�1��3HQFKHY���1LNROD\�7��.RWFKHY��*HRUJH�1��$QGUHHY

'HSDUWPHQW�RI�$QDO\WLFDO�&KHPLVWU\��&KHPLFDO�)DFXOW\��8QLYHUVLW\�RI�3ORYGLY�

%*������3ORYGLY��%XOJDULD

$EVWUDFW
$�FRPSXWHU�V\VWHP�IRU�LQWHUSUHWDWLRQ�RI�LQIUDUHG�VSHFWUD�LV�GHVFULEHG��7KH�PHWKRGV
LPSOHPHQWHG�LQ�WKH�V\VWHPV�DUH��VHDUFK�LQ�VSHFWUDO�OLEUDULHV��VWHS�E\�VWHS�DQDO\VLV�RI
PL[WXUH� VSHFWUD�� DQG� FODVVLILFDWLRQ� RI� LQIUDUHG� VSHFWUD� ZLWK� WKH� DLG� RI� OLQHDU
GLVFULPLQDQW� DQDO\VLV�� DUWLILFLDO� QHXUDO� QHWZRUNV�� DQG� N�QHDUHVW� QHLJKERUV�� 7R
LOOXVWUDWH�ZRUN�RI�WKH�V\VWHP�DQ�H[DPSOH�RI�PHWKRGV�DSSOLFDWLRQ�LV�LQFOXGHG�
.H\ZRUGV��,QIUDUHG�VSHFWUD��&KHPRPHWULFV��$UWLILFLDO�QHXUDO�QHWZRUNV��/LEUDU\
VHDUFK�

,1752'8&7,21
6WUXFWXUH�HOXFLGDWLRQ�RI� FKHPLFDO� FRPSRXQGV� IURP� WKHLU� VSHFWUD� LV� RQH�RI� WKH

PDLQ� WDVNV�RI� LQIUDUHG�VSHFWURVFRS\��)RU� WKLV�SXUSRVH�D�QXPEHU�RI�DSSURDFKHV�KDV
EHHQ� GHYHORSHG�� H[SHUW� V\VWHPV�� OLEUDU\� VHDUFK� LQ� VSHFWURVFRSLF� GDWD� EDVHV�� DQG
YDULRXV� SDWWHUQ� UHFRJQLWLRQ� WHFKQLTXHV� >�@�� $OO� WKHVH� DSSURDFKHV� VXIIHU� IURP
GUDZEDFNV�DQG�OLPLWDWLRQV�WKDW�FRXOG�EH�RYHUFRPH�RQO\�E\�D�FRPELQHG�DSSOLFDWLRQ�RI
VHYHUDO�FKHPRPHWULF�DSSURDFKHV�>�@�

7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� GHVFULEH� WKH� MRLQW� DSSOLFDWLRQ� RI� VHYHUDO
PHWKRGV�IRU�FRPSXWHU�DVVLVWHG�LQWHUSUHWDWLRQ�RI�LQIUDUHG�VSHFWUD��$OO�PHWKRGV���VHYHQ
GLIIHUHQW� OLEUDU\� VHDUFK� URXWLQHV�� VWHS�E\�VWHS� UHJUHVVLRQ� DQDO\VLV� RI� KLWOLVW� VSHFWUD�
DQG�FODVVLILFDWLRQ�RI�,5�VSHFWUD�ZLWK�WKH�DLG�RI�H[SHUW�NQRZOHGJH��OLQHDU�GLVFULPLQDQW
DQDO\VLV� �/'$�� DQG� DUWLILFLDO� QHXUDO� QHWZRUNV� �$11V�� �� DUH� LPSOHPHQWHG� LQ� WKH
LQIUDUHG� VSHFWUD� VHDUFK� V\VWHP� ,566� >���@�� $Q� H[DPSOH� RI�PHWKRGVc� DSSOLFDWLRQ� LV
JLYHQ�WR�LOOXVWUDWH�WKH�VSHFWUD�LQWHUSUHWDWLRQ�SURFHVV�

0(7+2'6

6\VWHP�'HVFULSWLRQ��$�GHSLFWLRQ�RI�WKH�V\VWHP�DV�LW�FXUUHQWO\�H[LVWV�LV�JLYHQ�LQ
)LJXUH� ��� 7KH� PDLQ� WDVN� RI� WKH� SURJUDP� V\VWHP� ,566� LV� FRPSRXQG� LGHQWLILFDWLRQ
WKURXJK� OLEUDU\� VHDUFK� URXWLQHV��7KH�XVHU� FDQ�DSSO\�RQH�RI� WKH� VHYHQ� LPSOHPHQWHG
VHDUFK� DOJRULWKPV� WR� PDWFK� VSHFWUD� RI� XQNQRZQ� FRPSRXQGV� DJDLQVW� WKH� OLEUDU\
VSHFWUD�>���@��)RU�WKLV�SXUSRVH�WZR�VSHFWUDO� OLEUDULHV�ZHUH�FUHDWHG��38�/LE��3ORYGLY
8QL�/LEUDU\��FRQVLVWLQJ�RI�����VSHFWUD�PHDVXUHG�LQ�RXU�ODERUDWRU\�>�@��DQG�&&����
ZLWK������VSHFWUD�SXUFKDVHG�IURP�&KHPLFDO�&RQFHSWV�>�@��'DWDEDVHV�DUH�FRPSRVHG
RI� ,5� VSHFWUD�� VWUXFWXUDO� GDWD�� PROHFXODU� IRUPXODV�� DQG� FRPSRXQG� QDPHV�� 7KH
VSHFWUDO� UDQJH� LV� IURP� ���� FP��� WR� ����� FP��� ZLWK� D� VDPSOLQJ� LQWHUYDO� RI� �� FP���
FRUUHVSRQGLQJ�WR�����GDWD�SRLQWV��WKH�ODWWHU�DUH�DEVRUEDQFH�YDOXHV�UHSUHVHQWHG�DV��
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ELW�QXPEHUV��7KH�/'$��$11�DQG�.11�FODVVLILHUV�ZHUH�SUHSDUHG�E\�PHDQV�RI�RXU
VRIWZDUH�LQ�WKH�/DERUDWRU\�IRU�&KHPRPHWULFV�DW�7HFKQLFDO�8QLYHUVLW\�RI�9LHQQD�ZLWK
������VSHFWUD��&&������OLEUDU\��GHOLYHUHG�E\�&KHPLFDO�&RQFHSWV�>�@�
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)LJXUH����6FKHPH�RI�WKH�DSSOLFDWLRQ�RI�DOO�LPSOHPHQWHG�PHWKRGV�LQ�,566��6LQJOH�OLQH
ER[HV�GHQRWH�GDWD�DQG�REWDLQHG�UHVXOWV��RWKHUV�GHQRWH�DOJRULWKPV�

:KHQ�OLEUDU\�VHDUFK�IDLOV�WR�LGHQWLI\�WKH�FRPSRXQG�WKH�XVHU�FDQ�SURFHHG�LQ�WZR
ZD\V�>�@������KH�VKH�FDQ�DSSO\�VWHS�E\�VWHS�UHJUHVVLRQ�EHWZHHQ�WKH�KLWOLVW�VSHFWUD�DQG
VWXGLHG�VSHFWUXP�LQ�RUGHU�WR�REWDLQ�UHOLDEOH�FRPSRXQG�LGHQWLILFDWLRQ�LI�LWV�VSHFWUXP
LV�DPRQJ�WKH�ILUVW�VHYHUDO�KLWV��RU�����KH�VKH�FDQ�FODVVLI\�WKH�,5�VSHFWUXP�LQ�RUGHU�WR
GHULYH�D�OLVW�RI�SUREDEOH�VXEVWUXFWXUHV�ZKLFK�DUH�SUHVHQW�RU�DEVHQW�LQ�WKH�FRPSRXQG
XQGHU� VWXG\�� )RU� WKLV� SXUSRVH�PRUH� WKDQ� ��� VSHFWUDO� FODVVLILHUV� KDYH� EHHQ� FUHDWHG
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WKDW�DUH�EDVHG�RQ�H[SHUW�NQRZOHGJH��OLQHDU�GLVFULPLQDQW�DQDO\VLV�DQG�DUWLILFLDO�QHXUDO
QHWZRUNV� >�@�� 7KHVH� WKUHH� W\SHV� RI� VSHFWUDO� FODVVLILHUV� DUH� LPSOHPHQWHG� LQ� WKH
SURJUDP�PRGXOH� ,5,6�ZKLFK�XVHV�GLUHFWO\�SHDN� WDEOH�RI� WKH� VSHFWUXP� LQ� WKH�DFWLYH
EXIIHU�RI�WKH�SURJUDP�,566�

$QRWKHU�SRVVLELOLW\�IRU�VWUXFWXUH�HOXFLGDWLRQ� LV� WKH�DQDO\VLV�RI� WKH�VWUXFWXUHV�RI
WKH�KLWOLVW�REWDLQHG�E\�D�OLEUDU\�VHDUFK��$V�WKH�KLWOLVW�FRQWDLQV�VWUXFWXUDO�LQIRUPDWLRQ
UHOHYDQW�WR�WKH�XQNQRZQ�VWUXFWXUH�WKH�XVHU�FDQ�DSSO\�D�VHW�RI�FODVVLILHUV�WKDW�XVH�WKH
N�QHDUHVW� QHLJKERU� �.11��PHWKRG� >�@�� 7KH�.11� FODVVLILFDWLRQ� LV� SHUIRUPHG� E\� D
PRGXOH�LPSOHPHQWHG�GLUHFWO\�LQ�WKH�SURJUDP�,566�

7KH� UHVXOWV�RI� WKH� FODVVLILFDWLRQ�DFFRUGLQJ� WR� VXEVWUXFWXUHV� UHSUHVHQW� VR� FDOOHG
*22'/,67��SUHVHQW�VXEVWUXFWXUHV��DQG�%$'/,67��DEVHQW�VXEVWUXFWXUHV�� >�@��7KH
VXEVWUXFWXUHV�FDQ�EH�IHG�DV�LQSXW�LQWR�DQ�LVRPHU�JHQHUDWRU�VRIWZDUH�ZKLFK�JHQHUDWHV
D�VHW�RI�DOO�SODXVLEOH�FRPSRXQG�VWUXFWXUHV��)RU�WKLV�SXUSRVH�RQH�FDQ�XVH�WKH�SURJUDP
02/*(1� >�@�ZKLFK� FRPSXWHV� FRPSOHWH� DQG� UHGXQGDQF\� IUHH� VHWV� RI� FRQQHFWLYLW\
LVRPHUV�IRU�D�JLYHQ�EUXWWR�IRUPXOD�

/LEUDU\�VHDUFK�V\VWHP�,566��7KLV�LV�D�:LQGRZV�EDVHG�SURJUDP�IRU�SHUIRUPLQJ
OLEUDU\� VHDUFK� LQ� LQIUDUHG� VSHFWUDO� GDWD� EDVHV�� WKH� LPSOHPHQWHG�PHWKRGV� LQ� LWV� ROG
YHUVLRQV�DUH�GHVFULEHG�SUHYLRXVO\� >���@��7KH�PDLQ� IHDWXUHV�RI� WKH� V\VWHP�DUH�� SHDN
VHDUFK� XVLQJ� WKUHH� DOJRULWKPV� �� IRUZDUG�� UHYHUVH�� DQG� VFDODU� SURGXFW�� IXOO�FXUYH
VSHFWUXP� VHDUFK� DSSO\LQJ� IRXU� DOJRULWKPV� �� VXP� RI� VTXDUHG� GLIIHUHQFHV�� VXP� RI
DEVROXWH� YDOXH� GLIIHUHQFHV�� VFDODU� SURGXFW�� DQG� FRUUHODWLRQ� FRHIILFLHQW�� LQWHUDFWLYH
DQDO\VLV�RI�VSHFWUD�RI�PL[WXUHV�ZLWK�WKH�DLG�RI�VWHS�E\�VWHS�PXOWLOLQHDU�UHJUHVVLRQ�ZLWK
LQFUHDVLQJ� QXPEHU� RI� KLWOLVW� HQWULHV�� FUHDWLQJ� XVHU�JHQHUDWHG� OLEUDULHV�� DV� ZHOO� DV
GHOHWLQJ�DQG�PHUJLQJ�RI�OLEUDULHV��DQG�DGGLQJ�RU�UHPRYLQJ�VSHFWUD�WR�IURP�D�OLEUDU\�

%LQDU\�PL[WXUH�DQDO\VLV��7KLV�LV�D�SURFHGXUH�IRU�TXDOLWDWLYH�DQDO\VLV�RI�VSHFWUD
RI� ELQDU\� RUJDQLF�PL[WXUHV� >�@�� ,W� LV� EDVHG� RQ� WKH� FDOFXODWLRQ� RI� VR� FDOOHG� SVHXGR�
FRQFHQWUDWLRQV� RI� WKH� FRPSRQHQWV� LQ� D� PL[WXUH� �PDWUL[� &��+��� DOO� VXEVFULSWV� RI
PDWULFHV� H[SUHVV� WKHLU� GLPHQVLRQV�� 7KH� SVHXGR�FRQFHQWUDWLRQV� DUH� FDOFXODWHG� IURP
WKH� VSHFWUD� LQ� WKH� KLW� OLVW� �61�+�� DQG� PL[WXUH� VSHFWUXP� �0��1�� DFFRUGLQJ� WR� WKH
HTXDWLRQ�

&��+� �0��1�6 1�+
�7��6+�1�61�+

7���� ���

ZKHUH�WKH�VXSHUVFULSWV�d7e�DQG�d��e�GHQRWH�D�WUDQVSRVHG�DQG�LQYHUVH�PDWUL[��DQG�WKH
VXEVFULSWV�1� DQG�+� DUH� WKH� QXPEHU� RI� VSHFWUDO� SRLQWV� DQG� WKH� QXPEHU� RI� KLWOLVW
VSHFWUD� LQYROYHG� LQ� WKH� FDOFXODWLRQV�� UHVSHFWLYHO\�� 7KH� FDOFXODWLRQV� DUH� SHUIRUPHG
ZLWK�LQFUHDVLQJ�+��DQG�WKH�SURJUDP�SUHVHQWV�JUDSKV�&.� �I.�+��ZKHUH�.�GHVLJQDWHV
WKH� QXPEHU� RI� WKH� FRUUHVSRQGLQJ� KLWOLVW� FRPSRXQG�� 7KH� XVHU� FDQ� GHFLGH� ZKLFK
FRPSRXQGV�DUH�FRPSRQHQWV�RI�WKH�PL[WXUH�E\�FRPSDULQJ�WKH�UHODWLYH�VWDELOLW\�RI�WKH
FRUUHVSRQGLQJ�FXUYHV��RU�E\�XVLQJ�VRPH�VWDWLVWLFDO�FULWHULD�>�@��VHH�DOVR�WKH�H[DPSOH�RI
DSSOLFDWLRQ��

,5,6��7KLV�LV�D�SURJUDP�PRGXOH�IRU�LQIUDUHG�VSHFWUD�FODVVLILFDWLRQ��,W�RSHUDWHV
XQGHU� :LQGRZV� HQYLURQPHQW� DQG� FDQ� EH� VWDUWHG� GLUHFWO\� IURP� WKH� OLEUDU\� VHDUFK
V\VWHP� ,566�� ,W�XVHV�FKHPRPHWULF�PHWKRGV�DQG�H[SHUW�NQRZOHGJH� IRU� FODVVLILFDWLRQ
RI�,5�VSHFWUD�DFFRUGLQJ�WR�WKH�SUHVHQFH�RU�DEVHQFH�RI�D�VHW�RI�FKHPLFDO�VXEVWUXFWXUHV�
%RWK�LPSOHPHQWHG�FKHPRPHWULF�PHWKRGV��/'$�DQG�$11��ZHUH�GHVFULEHG�LQ�GHWDLO
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LQ�>���@��7KH�H[SHUW�NQRZOHGJH�FODVVLILFDWLRQ�LV�EDVHG�RQ�WKH�FRQFHSW�RI�FKDUDFWHULVWLF
LQWHUYDOV��7KH�ODWWHU�ZHUH�GHULYHG�IURP�OLWHUDWXUH�VRXUFHV��H�J��>��@�DQG�WKH�FLWDWLRQV
WKHUHLQ��DQG�ZHUH�FRUUHFWHG�WKURXJK�RXU�H[SHULHQFH�>��@� ��

.11�FODVVLILFDWLRQ��,W�HYDOXDWHV�OLEUDU\�VHDUFK�UHVXOWV��7KH�KLWOLVW�REWDLQHG�E\�D
VSHFWUDO� VHDUFK� LV� SURFHVVHG� WR� GHWHUPLQH� WKH� QXPEHU� RI� RFFXUUHQFHV� RI� HDFK
VXEVWUXFWXUH�WR�ZKLFK�WKH�VSHFWUXP�LV�FODVVLILHG��)XUWKHU��DQ�DOJRULWKP�LV�DSSOLHG�WR
GHWHUPLQH� FRQGLWLRQDO� SUREDELOLWLHV� IRU� WKH� VXEVWUXFWXUH� SUHVHQFH� RU� DEVHQFH�� ,W� LV
EDVHG�RQ�WKH�WKHRU\�RI�ELQDU\�FODVVLILFDWLRQ�LQLWLDOO\�DSSOLHG�E\�XV�WR�,5�VSHFWUD�ZLWK
/'$�DQG�$11V�>�@��WKH�RQO\�GLIIHUHQFH�KHUH�LV�WKDW�WKH�$11��RU�/'$��RXWSXW�YDOXH
LV�UHSODFHG�E\�WKH�QXPEHU�RI�KLWV�FRQWDLQLQJ�WKH�FRUUHVSRQGLQJ�VXEVWUXFWXUH�

3URJUDPPLQJ��KDUGZDUH�UHTXLUHPHQWV��DQG�DYDLODELOLW\��7KH�SURJUDP�FRGHV
RI�,566�DQG�,5,6�ZHUH�ZULWWHQ�DQG�FRPSLOHG�LQ�%RUODQG�3DVFDO��7KH�SURJUDPV�ZHUH
WHVWHG� RQ� ����� ,%0� FRPSDWLEOH� 3&� FRPSXWHUV�� 7KH� RSHUDWLQJ� HQYLURQPHQWV
:LQGRZV����[�DQG�:LQGRZV����ZHUH�IXOO\�WHVWHG��8QLYHUVLW\�VFLHQWLVWV�DQG�XVHUV�IURP
QRQ�SURILW�RUJDQL]DWLRQV�FDQ�JHW�D�IUHH�FRS\�RI�WKH�H[HFXWLYH�ILOHV�DQG�38�8QL�OLEUDU\
YLD�,QWHUQHW�DW�WKH�DGGUHVV��KWWS���ZZZ�DUJRQ�DFDG�EJ�SODPHQ�,566�KWPO�

(;$03/(�2)�$33/,&$7,21

$V�DQ�H[DPSOH�ZH�ZLOO�FRQVLGHU�FODVVLILFDWLRQ�RI�WKH�,5�VSHFWUXP�RI���QRQDQRO
IURP� 38�/LE� OLEUDU\�� 7KH� UHVXOWV� RI� WKH� DSSOLFDWLRQ� RI� DOO� GHYHORSHG�PHWKRGV� DUH
VFKHPDWLFDOO\�UHSUHVHQWHG�LQ�)LJXUH����$V�FRXOG�EH�VHHQ�WKH�DSSOLHG�VHDUFK�PHWKRG��
IRUZDUG� SHDN� VHDUFK� �� IDLOV� WR� LGHQWLI\� WKH� FRPSRXQG�� LW� DSSHDUHG� RQ� WKH� VHFRQG
KLWOLVW� SRVLWLRQ�� 7KH� XVHU� FDQ� DSSO\� VWHS�E\�VWHS� UHJUHVVLRQ� ZKLFK� LV� GHYHORSHG� WR
LGHQWLI\� WKH� FRPSRQHQWV� RI� D� JLYHQ� PL[WXUH� �KHUH� RQO\� RQH� FRPSRQHQW��� ,WV
DSSOLFDWLRQ� WR� WKH� ILUVW� ��� VSHFWUD� IURP� WKH� IRUZDUG�SHDN�VHDUFK� KLWOLVW� JLYHV� WKH
UHVXOWV�SUHVHQWHG�LQ�)LJXUH����7KH�FXUYH�RI�WKH�VHFRQG�KLW�LV�WKH�PRVW�VWDEOH�RQH�ZLWK
U�V�G�� ������� IRU� FRPSDULVRQ�� WKH� FXUYH� RI� WKH� ILUVW� KLW� ���KH[DQRO�� JLYHV� U�V�G�� 
�������

)LJXUH� ���*UDSKLFDO� UHSUH�
VHQWDWLRQ� RI�PL[WXUH� DQDO\�
VLV�UHVXOWV�DV�WKH\�DUH�JLYHQ
E\� WKH� SURJUDP� ,566�
JUDSKV�&.�  � I.�+�� IRU� WKH
ILUVW� WHQ� KLWV�� ��QRQDQRO� LV
VHDUFKHG�LQ�&&�����OLEUDU\
ZLWK� IRUZDUG�SHDN�VHDUFK
PHWKRG� DQG� DSSHDUHG� DV� D
VHFRQG� KLW�� 7KH� VWUDLJKW
OLQHV� LQ� WKH� PLGGOH� RI� WKH
ZLQGRZV� DUH� WKH� YDOXHV
ZLWK� ]HUR� SVHXGR�FRQFHQ�
WUDWLRQV�
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7KH� UHVXOWV� REWDLQHG� E\� WKH� FODVVLILFDWLRQ� RI� TXHU\� VSHFWUXP� ZLWK� WKH� DLG� RI
/'$�DQG�$11�FODVVLILHUV�DUH�SUHVHQWHG�LQ�7DEOH��D��$OO�WKHVH�UHVXOWV�DUH�FRUUHFW�EXW
WKRVH� ZLWK� WKH� DLG� RI� H[SHUW�NQRZOHGJH� VKRZ� VRPH� HUURUV�� K\SHU�SUHGLFWLRQV� RI
VHFRQGDU\�DPLQH�DPLGH��VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV�DQG� LVRSURS\O�JURXS��+HUH
DOVR��DOO�QHJDWLYH�SUHGLFWLRQV�DUH�FRUUHFW�

�,Q� 7DEOH� �E� DUH� JLYHQ� WKH� UHVXOWV� IURP� DSSOLFDWLRQ� RI� D� VHW� RI� ��� .11
FODVVLILHUV� RQ� WKH� KLWOLVW� REWDLQHG� E\� IXOO�FXUYH� VSHFWUDO� VHDUFK� ZLWK� FRUUHODWLRQ�
FRHIILFLHQW�VLPLODULW\�PHDVXUH�LQ�&&�����OLEUDU\��$V�FDQ�EH�VHHQ�DOO�SUHGLFWLRQV�DUH
FRUUHFW�DQG�WKH�SULPDU\�DOFRKRO�IUDJPHQW�LV�SUHGLFWHG�

7DEOH����7KH�UHVXOWV��WKUHVKROG�SUHFLVLRQ������IURP�WKH�FODVVLILFDWLRQ�ZLWK�WKH�DLG�RI
D��/'$�DQG�$11�FODVVLILHUV��DQG�E��.11�RQHV��)RU�WKH�ODWWHU�FODVVLILFDWLRQ����KLWV
DUH�SURFHVVHG�IURP�WKH�KLWOLVW�REWDLQHG�E\�FRUUHODWLRQ�FRHIILFLHQW�IXOO�FXUYH�VHDUFK�LQ
&&�����OLEUDU\�
D�

,5�VSHFWUXP�RI���1RQDQRO�DV�µXQNQRZQ¶
&ODVVLILHU���<�1�3UHF��&�R�P�P�H�Q�W�V
�&+��2+������<���������SULPDU\�DOFRKRO��$11
!&+����������<���������PHWK\OHQH�JURXS��/'$
!&+����������<���������PHWK\OHQH�JURXS��$11
�&+ &+���������1�������YLQ\O��/'$
�&+ &+���������1�������YLQ\O��$11
�&�&+����������1�������WHUWLDU\�EXW\O��/'$
�&�&+����������1�������WHUWLDU\�EXW\O��$11
&�&+�2+��������1�������VHFRQGDU\�DOFRKRO��$11
SKHQRO���������1�������SKHQRO��DUELWUDU\�VXEVWLWXWHG��/'$
SKHQRO���������1�������SKHQRO��DUELWUDU\�VXEVWLWXWHG��$11
SKHQ\O���������1�������PRQR�VXEVWLWXWHG�EHQ]HQH��/'$
SKHQ\O���������1�������PRQR�VXEVWLWXWHG�EHQ]HQH��$11
�&22+����������1�������FDUER[\OLF�DFLG��$11
EHQ]HQH��������1�������EHQ]HQH��DUELWUDU\�VXEVWLWXWHG��/'$
EHQ]HQH��������1�������EHQ]HQH��DUELWUDU\�VXEVWLWXWHG��$11
S�EHQ]HQH������1�������SDUD�VXEVWLWXWHG�EHQ]HQH��/'$
P�EHQ]HQH������1�������PHWD�VXEVWLWXWHG�EHQ]HQH��/'$
P�EHQ]HQH������1�������PHWD�VXEVWLWXWHG�EHQ]HQH��$11
R�EHQ]HQH������1�������RUWKR�VXEVWLWXWHG�EHQ]HQH��/'$
R�EHQ]HQH������1�������RUWKR�VXEVWLWXWHG�EHQ]HQH��$11
�&+2�����������1�������DOGHK\GH��/'$

E�

,5�VSHFWUXP�RI���1RQDQRO�DV�µXQNQRZQ¶
&ODVVLILHU���<�1�3UHF��&�R�P�P�H�Q�W�V
!&+����������<���������PHWK\OHQH��.11
�&+��2+������<���������SULPDU\�DOFRKRO��.11
R�EHQ]HQH������1�������RUWKR�EHQ]HQH��.11
DFLG�����������1�������FDUER[\OLF�DFLG��.11
&�&2+����������1�������WHUWLDU\�DOFRKRO��.11
SKHQRO���������1�������SKHQRO��.11
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3�1�3�� WKDQNV� 3URI�� .XUW� 9DUPX]D� IURP� 7HFKQLFDO� 8QLYHUVLW\� RI� 9LHQQD� IRU
JLYLQJ�KLP�DQ�DFFHVV� WR� WKH�6SHF,QIR� ,5�GDWDEDVH��DV�ZHOO� DV� IRU�PDQ\� VWLPXODWLQJ
GLVFXVVLRQV�

5()(5(1&(6

��� +�-��/XLQJH��$XWRPDWHG�,QWHUSUHWDWLRQ�RI�9LEUDWLRQDO�6SHFWUD��9LE��6SHFWURVF����
���������

��� 3�1�� 3HQFKHY�� 3K�� '�� 7KHVLV�� 3ORYGLY�� %XOJDULD�� ����� �WKHUH� LV� D� FRS\� RI� WKH
GLVVHUWDWLRQ� DV� K\SHUWH[W� GRFXPHQW� LQ� %XOJDULDQ� ODQJXDJH� DW
KWWS���DUJRQ�DFDG�EJ�SODPHQ�7KHVLV�&RQWHQWV�KWP��

��� 3�1��3HQFKHY��$�1��6RKRX��*�1��$QGUHHY��'HVFULSWLRQ�DQG�3HUIRUPDQFH�$QDO\VLV
RI�DQ�,QIUDUHG�/LEUDU\�6HDUFK�6\VWHP��6SHFWURVF��/HWW�������������������

��� 3�1�� 3HQFKHY�� 1�7�� .RWFKHY�� *�1�� $QGUHHY�� ,566�� $� 3URJUDP� 6\VWHP� IRU
,QIUDUHG�/LEUDU\�6HDUFK��&RPS��5HQG��$FDG��%XOJ��6FL����������������

��� 3�1��3HQFKHY��*�1��$QGUHHY��.��9DUPX]D��$XWRPDWLF�&ODVVLILFDWLRQ�RI�,QIUDUHG
6SHFWUD�8VLQJ�D�6HW�RI� ,PSURYHG�([SHUW�EDVHG�)HDWXUHV��$QDO��&KLP��$FWD�����
�����������

��� &KHPLFDO�&RQFHSWV��3�2��%R[�����������'�������:HLQKHLP��*HUPDQ\�

��� 3�1��3HQFKHY���1�7��.RWFKHY��8QSXEOLVKHG�UHVXOWV�������

��� %�*�� %XFKDQDQ�� *�/�� 6XWKHUODQG�� (�$�� )HLJHQEDXP�� +HXULVWLF� '(1'5$/�� D
3URJUDP�IRU�*HQHUDWLQJ�([SODQDWRU\�+\SRWKHVHV�LQ�2UJDQLF�&KHPLVWU\��SS������
����� LQ��0HOW]HU��%�� DQG�0LFKLH��'�� �(GV����0DFKLQH� ,QWHOOLJHQFH���� � (GLQEXUJK
8QLYHUVLW\�3UHVV��(GLQEXUJK�������

��� &�� %HQHFNH�� 5�� *UXQG�� 5�� +RKEHUJHU�� $�� .HUEHU�� 5�� /DXH�� 7�� :LHODQG�
02/*(1��� D� *HQHUDWRU� RI� &RQQHFWLYLW\� ,VRPHUV� DQG� 6WHUHRLVRPHUV� IRU
0ROHFXODU�6WUXFWXUH�(OXFLGDWLRQ��$QDO��&KLP��$FWD�����������������

����(��3UHWVFK��7�-��&OHUF�� -��6HLEO��:��6LPRQ��7DEOHV� RI�6SHFWUDO�'DWD� IRU�6WUXFWXUH
'HWHUPLQDWLRQ�RI�2UJDQLF�&RPSRXQGV��6SULQJHU��%HUOLQ�������

����*�1��$QGUHHY��2�.��$UJLURY��3�1��3HQFKHY��([SHUW�V\VWHP�IRU�WKH�LQWHUSUHWDWLRQ
RI�LQIUDUHG�VSHFWUD��$QDO��&KLP��$FWD�����������������


