
6HPL�$XWRPDWLF�1HZV�$QDO\VLV��,QGH[LQJ�DQG�&ODVVLILFDWLRQ�6\VWHP
EDVHG�RQ�7RSLFV�3UHVHOHFWLRQ�

$ODQ�+DQMDOLF��5HJLQDOG�/��/DJHQGLMN��-DQ�%LHPRQG

'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\
)DFXOW\�RI�,QIRUPDWLRQ�7HFKQRORJ\�DQG�6\VWHPV
,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7KHRU\�*URXS�
3�2��%R[������������*$�'HOIW��7KH�1HWKHUODQGV

^DODQ�LQDOG�ELHPRQG`#LW�HW�WXGHOIW�QO

$%675$&7

,Q�WKLV�SDSHU�ZH�SUHVHQW�WKH�FRQFHSW�RI�DQ�HIILFLHQW�VHPL�DXWRPDWLF�V\VWHP�IRU�DQDO\VLV��FODVVLILFDWLRQ�DQG�LQGH[LQJ�RI�79
QHZV�SURJUDP�PDWHULDO�DQG�VKRZ�WKH�IHDVLELOLW\�RI� LWV�SUDFWLFDO�UHDOL]DWLRQ��7KH�RQO\� LQSXW� LQWR� WKH�V\VWHP��RWKHU� WKDQ� WKH
QHZV� SURJUDP� LWVHOI�� DUH� WKH� VSRNHQ�ZRUGV�� VHUYLQJ� DV� NH\V� IRU� WRSLF� SUHVSHFLILFDWLRQ�� 7KH� FKRVHQ� WRSLFV� H[SUHVV� XVHU¶V
FXUUHQW�SURIHVVLRQDO�RU�SULYDWH�LQWHUHVWV�DQG�DUH�XVHG�IRU�ILOWHULQJ�WKH�QHZV�PDWHULDO�FRUUHVSRQGLQJO\��$IWHU�WKH�EDVLF�DQDO\VLV
VWHSV� RQ� D� QHZV�SURJUDP� VWUHDP�� LQFOXGLQJ� WKH� SURFHVVHV� RI� VKRW� FKDQJH� GHWHFWLRQ� DQG�NH\� IUDPH� H[WUDFWLRQ�� WKH� V\VWHP
DXWRPDWLFDOO\�UHSUHVHQWV�WKH�QHZV�SURJUDP�DV�D�VHULHV�RI�ORQJHU�KLJKHU�OHYHO�VHJPHQWV��(DFK�RI�WKHP�FRQWDLQV�RQH�RU�PRUH
YLGHR� VKRWV� DQG� EHORQJV� WR�RQH�RI� WKH� FRDUVH� FDWHJRULHV� VXFK� DV� DQFKRUSHUVRQ� �QHZV� UHDGHU�� VKRWV�� QHZV� VKRW� VHULHV�� WKH
VWDUWLQJ� DQG� HQGLQJ� SURJUDP� VHTXHQFH�� 7KH� VHJPHQWDWLRQ� SURFHGXUH� LV� SHUIRUPHG� RQ� WKH� YLGHR� FRPSRQHQW� RI� WKH� QHZV
SURJUDP�VWUHDP�DQG�WKH�UHVXOWV�DUH�XVHG�WR�GHILQH�WKH�FRUUHVSRQGLQJ�VHJPHQWV�LQ�WKH�QHZV�DXGLR�VWUHDP��,Q�WKH�QH[W�VWHS��WKH
V\VWHP�XVHV�WKH�SUHVSHFLILHG�DXGLR�NH\V�WR�LQGH[�WKH�VHJPHQWV�DQG�JURXS�WKHP�LQWR�UHSRUWV��EHLQJ�WKH�DFWXDO�UHWULHYDO�XQLWV�
7KLV�VWHS�LV�SHUIRUPHG�RQ�WKH�VHJPHQWHG�QHZV�DXGLR�VWUHDP�E\�DSSO\LQJ�WKH�ZRUGVSRWWLQJ�SURFHGXUH�WR�HDFK�VHJPHQW��$V�D
UHVXOW��DOO�WKH�UHSRUWV�RQ�SUHVSHFLILHG�WRSLFV�DUH�HDVLO\�UHDFKDEOH�IRU�HIILFLHQW�UHWULHYDO�

.H\ZRUGV����79�QHZV�UHWULHYDO��YLGHR�UHWULHYDO�WRROV��YLGHR�LQGH[LQJ��YLGHR�GDWDEDVHV��YLGHR�FRQWHQW�DQDO\VLV��ZRUGVSRWWLQJ
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,W�KDV�EHHQ�ZLGHO\�UHFRJQL]HG�WKDW�WKH�79�QHZV�SURJUDPV�DUH�KLJKO\� LQWHUHVWLQJ�³VWRULQJ�REMHFWV´� LQ�HPHUJLQJ�ODUJH�VFDOH
GLJLWDO�YLGHR�GDWDEDVHV��7KH�PDLQ�UHDVRQ�OLHV�XQGRXEWHGO\�LQ�WKHLU�LQIRUPDWLRQ�FRQWHQW��ZKLFK�PD\�EH�XVHIXO�IRU�DSSOLFDWLRQV
LQ�PDQ\�SURIHVVLRQDO� DUHDV� DV�ZHOO� DV� IRU�XVHU�SULYDWH�QHHGV��2QH� FRXOG� WKLQN� RI�EXLOGLQJ� XS� ODUJH� LQIRUPDWLRQ� DUFKLYHV�
FRQWDLQLQJ�DOO�DYDLODEOH�VRUWV�RI�LQIRUPDWLYH�SURJUDPV��H�J��QHZV��GRFXPHQWDULHV��79�GHEDWHV��SROLWLFDO�RU�VRFLDO�GLVFXVVLRQV�
UHSRUWDJHV��HWF��,Q�VXFK�DUFKLYHV��QHZV�DUH�DW�OHDVW�DV�LPSRUWDQW�DV�DOO�RWKHU�PHQWLRQHG�SURJUDP�W\SHV��VLQFH�WKH\�FRQFLVHO\
FRYHU�KXJH�DPRXQWV�RI�WRSLFV�UHODWHG�WR�VRFLHW\��GDLO\�SROLWLFV��VSRUWV��EXVLQHVV��HWF��7KH�LPSRUWDQFH�RI�QHZV�SURJUDPV�PD\
HYHQ�EH� ODUJHU��VLQFH�QRW�DOO�GDLO\�HYHQWV�JHW�D� WKRURXJK�FRYHUDJH� WKURXJK�H�J��D�GHGLFDWHG�GRFXPHQWDU\��&ROOHFWLQJ�QHZV
RYHU�D�ORQJHU�WLPH�SHULRG�IURP�GLIIHUHQW�EURDGFDVWHUV�FDQ�WKHUHIRUH�SURYLGH�D�VROLG�WRS�OHYHO�IRU�DQ�LQIRUPDWLRQ�FROOHFWLRQ�
ZKHUHE\�RWKHU�LQIRUPDWLYH�SURJUDPV�RQ�FHUWDLQ�WRSLFV��LI�DQ\��DUH�OLQNHG�WR�UHOHYDQW�QHZV�UHSRUWV�DQG�VHUYH�DV�ORZHU�OHYHO
�PRUH�GHWDLOHG��LQIRUPDWLRQ�VRXUFHV�

,I� FRQFHQWUDWLQJ� RQ� QHZV�SURJUDPV�� LW� LV� KLJKO\� LPSRUWDQW� IRU� WKH� SUDFWLFDO� XVDELOLW\� RI� D� ODUJH�VFDOH� QHZV� DUFKLYH� WKDW� D
UHSRUW� RQ� DQ\� JLYHQ� WRSLF� FDQ� EH� UHWULHYHG� TXLFNO\� DQG� UHOLDEO\�� $OVR� GLIIHUHQW� UHWULHYDO� ZLVKHV� KDYH� WR� EH� WDNHQ� LQWR
FRQVLGHUDWLRQ��OLNH�H�J��³ILQG�PH�D�EXVLQHVV�UHSRUW�LQ�D�&11�QHZV�SURJUDP�IURP���������´��RU�³JLYH�PH�HYHU\WKLQJ�ZKDW�LV
DYDLODEOH�RQ�FDU�UDFHV´��,W�LV�QRW�GLIILFXOW�WR�WKLQN�RI�DQ�LGHDOO\�DXWRPDWHG�QHZV�DQDO\VLV��LQGH[LQJ�DQG�FODVVLILFDWLRQ�V\VWHP�
ZKLFK� DXWRPDWLFDOO\� VHJPHQWV� D� QHZV� SURJUDP� LQWR� GLIIHUHQW� UHSRUWV�� UHFRJQL]HV� WKHLU� WRSLFV� DQG� FODVVLILHV� WKHP
FRUUHVSRQGLQJO\�� ,Q� WKDW� FDVH�� DIWHU� REWDLQLQJ� WKH� OLVW� RI� H[WUDFWHG� WRSLFV� IURP� WKH� VWRUHG� QHZV� PDWHULDO�� WKH� XVHU� FDQ
LPPHGLDWHO\�VWDUW�WKH�LQWHUDFWLRQ�ZLWK�WKH�V\VWHP�E\�EURZVLQJ�WKURXJK�WKH�RUJDQL]DWLRQ�WUHH��VHOHFWLQJ�WKH�WRSLFV�RI�LQWHUHVW

������������������������������ ����������������������������
��7KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�E\�WKH�(8�$&76�SURJUDP�XQGHU��WKH�FRQWUDFW�$&�����60$6+��6WRUDJH�IRU�0XOWLPHGLD�$SSOLFDWLRQV
6\VWHPV�LQ�WKH�+RPH�



DQG�UHWULHYH�DQ\�RI�WKH�QHZV�UHSRUWV�RQ�WKRVH� WRSLFV��+H�FDQ�DOVR�SHUIRUP�TXHULHV�E\�H[DPSOH��E\�VXEPLWWLQJ�WKH� WRSLF�RI
LQWHUHVW� WR� WKH�V\VWHP�DQG�UHWULHYLQJ�UHOHYDQW�UHSRUWV� LI� WKH�UHTXHVWHG� WRSLF�ZDV� IRXQG�ZLWKLQ� WKH�VWRUHG�PDWHULDO�� �6HYHUDO
DSSURDFKHV�WR�QHZV�SURJUDP�DQDO\VLV��LQGH[LQJ�DQG�UHWULHYDO�DLPLQJ�DW�VXFK�LGHDO�VROXWLRQ�FDQ�EH�IRXQG�LQ�UHFHQW�OLWHUDWXUH
>�������������������������@��8QIRUWXQDWHO\��D�IXOO�DXWRPDWLRQ�RI�WKH�SUHVHQWHG�V\VWHP�LV�SRVVLEOH�RQO\�WKHRUHWLFDOO\��VLQFH�LW�LV
EH\RQG� FXUUHQW� WHFKQLFDO� VWDWH�RI�WKH�DUW�� 7KH� DFWXDO� SUREOHPDWLF� VWHS� LQ� WKLV� LGHDOL]HG� V\VWHP� LV� WKH� DXWRPDWHG� WRSLF
UHFRJQLWLRQ�IRU�DQ�DUELWUDU\�QHZV�VHJPHQW�

+RZHYHU��D�VHPL�DXWRPDWLF�RSWLRQ��ZKHUH�WKH�WRSLF�UHFRJQLWLRQ�LV�GULYHQ�E\� WRSLF�VSHFLILF�NH\V�JLYHQ�D�SULRUL�E\�WKH�XVHU�
DSSHDUV�WR�EH�WHFKQLFDOO\�IHDVLEOH��6XFK�NH\V�DUH�WKH�RQO\�LQSXW�LQWR�WKH�V\VWHP�EHVLGHV�WKH�DFWXDO�QHZV�SURJUDP��7KH�OLVW�RI
WRSLFV�FRYHUHG�E\�WKH�NH\V�FDQ�GLIIHU�IRU�YDULRXV�SURIHVVLRQDO�RU�SULYDWH�DUHDV�RI�LQWHUHVW��7KH�RXWSXW�RI�VXFK�D�V\VWHP�FDQ
DOORZ�IRU� WKH�FORVH�WR�LGHDO�UHWULHYDO�VFHQDULR��DV� LOOXVWUDWHG� LQ�)LJXUH����7KHUH�� WKH� ILUVW� LQWHUDFWLRQ� OHYHO�VKRZV� WKH� OLVW�RI
SUHVHOHFWHG�FDWHJRULHV��WRSLFV��� LQ� WKLV�FDVH�ILYH�RI� WKHP��86$��%RVQLD��=DLUH��:HDWKHU�DQG�$MD[���ZKLFK�DUH� OLQNHG�WR�DOO
FRUUHVSRQGLQJ�UHSRUWV� IRXQG� LQ� WKH�HQWLUH�VWRUHG�QHZV�PDWHULDO��$V�DQ�H[DPSOH� LQ�)LJXUH���� ILYH� UHSRUWV�KDYH�EHHQ� IRXQG
ZKLFK�PDWFKHG�ZLWK� JLYHQ� NH\�V�� IRU� WKH� WRSLF� ³=DLUH´�� (DFK� RI� WKHVH� UHSRUWV� FDQ� WKHQ� EH� UHWULHYHG�� DIWHU� ORRNLQJ� DW� LWV
SUHOLPLQDU\� UHSUHVHQWDWLRQ� JLYHQ� E\� H�J�� LWV� SLFWRULDO� VXPPDU\� XVLQJ� D� QXPEHU� RI� NH\� IUDPHV�� $OO� WKH� UHPDLQLQJ� QHZV
PDWHULDO��ZKLFK�FRXOG�QRW�EH�PDWFKHG�ZLWK�DQ\�RI� WKH�SUHVSHFLILHG� WRSLFV�� LV� OLQNHG� WR� WKH�FDWHJRU\�³PLVFHOODQHRXV´��7KH
XVHU�FDQ�HDVLO\�EURZVH�WKURXJK�WKH�REWDLQHG�VWUXFWXUH��RU�SHUIRUP�D�TXHU\��E\�JLYLQJ�LQ�D�VSHFLILF�NH\��ZKLFK�LV�QRZ�PDWFKHG
ZLWK�NH\V�DOUHDG\�SUHVHQW�LQ�WKH�V\VWHP��,I�D�PDWFK�LV�IRXQG�ZLWK�DQ\�RI�FDWHJRULHV��WKH�FRUUHVSRQGLQJ�VHW�RI�UHSRUWV�OLQNHG�WR
WKLV�FDWHJRU\�FDQ�EH�UHWULHYHG�
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0LVFHOODQHRXV

&DWHJRU\�FRQWDLQLQJ�
DOO�XQFODVVLILHG�
UHSRUWV

3UHVSHFLILHG
FDWHJRULHV

3LFWRULDO�VXPPDU\
RI�VHOHFWHG�UHSRUWV

5HSRUWV�PDWFKHG�ZLWK�
WKH�NH\�IRU�FDWHJRU\�³=DLUH´

)LJXUH����5HWULHYDO�RI�QHZV�UHSRUWV�RQ�VSHFLILF��SUHVSHFLILHG�WRSLFV

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�VKRZ�WKH�WHFKQLFDO�IHDVLELOLW\�RI�WKH�SUHVHQWHG�VHPL�DXWRPDWLF�V\VWHP�IRU�DQDO\VLV��LQGH[LQJ
DQG�FODVVLILFDWLRQ�RI�D�QHZV�PDWHULDO�DQG�WR�SURSRVH�D�VXLWDEOH�UHDOL]DWLRQ�VFKHPH��7KH�EDVLF�UHWULHYDO�XQLW�LQ�WKH�VFKHPH�RI
)LJXUH���LV�D�VLQJOH�QHZV�UHSRUW�RQ�D�SUHVSHFLILHG�WRSLF��7KHUHIRUH��WKH�PDMRU� WDVN�IRU� WKH�SURSRVHG�DQDO\VLV�DQG�LQGH[LQJ
V\VWHP�LV�WR�ORFDWH�DOO�WKH�UHSRUWV�FRUUHVSRQGLQJ�WR�JLYHQ�WRSLFV�DQG�WR�ILQG�WKHLU�H[DFW�ERXQGDULHV��:H�DSSURDFK�WKLV�WDVN�LQ
WZR�VWHSV��,Q�WKH�ILUVW�VWHS��GHVFULEHG�LQ�6HFWLRQ���DQG�SHUIRUPHG�RQ�WKH�QHZV�YLGHR�VWUHDP��SRWHQWLDO�UHSRUW�ERXQGDULHV�DUH
IRXQG�E\�FODVVLI\LQJ�DOO� YLGHR� VKRWV�RI� WKH�QHZV�SURJUDP� LQ� ORQJHU� VHJPHQWV��ZKLFK� FDQ�EH� DVVXPHG� WR�EH�JOREDO� UHSRUW
FRPSRQHQWV�� ,Q� WKH� VHFRQG� VWHS�� GHVFULEHG� LQ� 6HFWLRQ� �� DQG� SHUIRUPHG� RQ� WKH� QHZV� DXGLR� VWUHDP�� VHJPHQW� WRSLFV� DUH
LGHQWLILHG� E\� DSSO\LQJ� WKH� SUHVSHFLILHG� NH\V�� 7KH� UHODWHG� VHJPHQWV� DUH� PHUJHG� LQWR� UHSRUWV� DQG� WKH� UHPDLQLQJ� VHJPHQW
ERXQGDULHV� DIWHU� WKH� PHUJLQJ� SURFHGXUH� DUH� WKH� SUHFLVH� UHSRUW� ERXQGDULHV�� ,Q� 6HFWLRQ� ��� D� V\VWHP� UHDOL]DWLRQ� VFKHPH� LV
SUHVHQWHG��DFFRPSDQLHG�E\�WKH�H[SHULPHQWDO�HYDOXDWLRQ�RI�WKH�QHZV�VHJPHQWDWLRQ��VHJPHQW�LGHQWLILFDWLRQ�DQG�UHSRUW�IRUPLQJ
SURFHGXUH��$�GLVFXVVLRQ�DERXW�WKH�PDWHULDO�SUHVHQWHG�LQ�WKLV�SDSHU�FDQ�EH�IRXQG�LQ�6HFWLRQ���
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$VVXPLQJ�WKDW� WKH�EDVLF�YLGHR�DQDO\VLV�SURFHGXUHV�RQ�D�QHZV�YLGHR�VWUHDP��VXFK�DV�VKRW�FKDQJH�GHWHFWLRQ�DQG�NH\�IUDPH
H[WUDFWLRQ��DUH�FRPSOHWHG��ZH�FDQ�JHQHUDOO\�FODVVLI\�DOO�WKH�YLGHR�VKRWV�RI�D�QHZV�SURJUDP�LQ72�VHJPHQWV��ZKLFK�EHORQJ�WR
WKH�IROORZLQJ�FRDUVH�FDWHJRULHV�

�� $Q�DQFKRUSHUVRQ�VKRW��VKRZLQJ�RQH�RU�WZR�QHZV�UHDGHUV�
�� $�QHZV�VKRW�VHULHV��D�VHULHV�RI�VKRWV�WDNHQ�E\�D�UHSRUWHU�RQ�D�VLWH�RXWVLGH�WKH�VWXGLR�
�� 7KH�VWDUWLQJ��RU�HQGLQJ�QHZV�VHTXHQFH
�� $�FRPPHUFLDO�EUHDN��QRW�DOZD\V�SUHVHQW�

6LQFH�WKH�UHSRUW�VWUXFWXUH�FDQ�JHQHUDOO\�EH�GHILQHG�DV�D�FRPELQDWLRQ�RI�DQFKRUSHUVRQ�VKRWV�DQG�QHZV�VKRW�VHULHV��RQO\�WKH
VHJPHQWV�EHORQJLQJ�WR�WKHVH�WZR�FDWHJRULHV�DUH�WDNHQ�LQWR�DFFRXQW�E\�WKH�UHSRUW�IRUPLQJ�SURFHGXUH�

$�UHDOLVWLF�VWUXFWXUH�RI�D�QHZV�SURJUDP�LQ�YLHZ�RI�WKH�IRXU�GLIIHUHQW�FDWHJRULHV�LV�LOOXVWUDWHG�LQ�)LJXUH���>��@��$FFRUGLQJ�WR
WKH� VWUXFWXUH�� LW� LV� REYLRXVO\� SRVVLEOH� WR� ILQG� WKH� ERXQGDULHV� RI� DOO� QHZV� VHJPHQWV� E\� GHWHFWLQJ� DQFKRUSHUVRQ� VKRWV� DQG
FRPPHUFLDO� EUHDNV�� 7KH� VWDUWLQJ� DQG� HQGLQJ� QHZV� VHTXHQFHV� FDQ� WKDQ� EH� GHWHUPLQHG� GLUHFWO\� E\� WKH� ILUVW� DQG� WKH� ODVW
DQFKRUSHUVRQ�VKRW��ZKLOH�D�VHJPHQW�O\LQJ�EHWZHHQ�WZR�DQFKRUSHUVRQ�VKRWV�LV�D�QHZV�VKRW�VHULHV��LI�QRW�SUHYLRXVO\�LGHQWLILHG
DV� D� FRPPHUFLDO� EUHDN��:KLOH� VRPH�ZRUN� RQ� GHWHFWLRQ�RI� FRPPHUFLDOV� LQ�79�SURJUDPV�KDV� DOUHDG\�EHHQ� GRQH� >��@��ZH
FRQFHQWUDWH�KHUH�RQ�WKH�SUREOHP�RI�DXWRPDWLFDOO\�GHWHFWLQJ�DQFKRUSHUVRQ�VKRWV�LQ�DQ�DUELWUDU\�QHZV�SURJUDP�DQG�SURSRVH�D
QHZ�DSSURDFK�IRU�SHUIRUPLQJ�WKLV�RSHUDWLRQ��:LWKRXW�ORRVLQJ�JHQHUDOLW\��ZH�DVVXPH�IURP�QRZ�RQ�WKDW�QR�FRPPHUFLDO�EUHDNV
DUH�SUHVHQW�LQ�WKH�QHZV�SURJUDPV�

&RPSDUHG� WR�DOUHDG\�H[LVWLQJ�DQFKRUSHUVRQ�VKRW�GHWHFWLRQ�PHWKRGV� �H�J�� >��������@���ZH�EHOLHYH� WR�DFKLHYH�DQ� LQFUHDVH� LQ
GHWHFWLRQ�UREXVWQHVV�GXH�WR�WKH�XVDJH�RI�D�VHTXHQFH�RZQ�YLGHR�VKRW�DV�WKH�WHPSODWH�IRU�GHWHFWLQJ�DOO�DQFKRUSHUVRQ�VKRWV�RI
WKDW�VHTXHQFH��7KH�WHPSODWH� LWVHOI� LV�DOVR� IRXQG�LQ�D� UREXVW�� WKUHVKROG�IUHH�ZD\��:KHQ�GHILQLQJ�RXU�GHWHFWLRQ�PHWKRG��ZH
PDNH�XVH�RI�WKH�QHZV�SURJUDP�VWUXFWXUH�DV�VKRZQ�LQ�)LJXUH����DQG�WDNH�LQWR�DFFRXQW�GLIIHUHQW�W\SHV�RI�DQFKRUSHUVRQ�VKRWV�
FKDUDFWHUL]HG�E\�WKH�QXPEHU�RI�QHZV�UHDGHUV��FDPHUD�SRVLWLRQ��HWF�

)LJXUH����$VVXPHG�UHDOLVWLF�VWUXFWXUH�RI�D�QHZV�SURJUDP��'LIIHUHQW�JUD\�YDOXHV�RI�EORFNV�EHORQJLQJ�WR�DQFKRUSHUVRQ�VKRWV�LQGLFDWH�WKHLU
GLIIHUHQW�W\SHV

�����$VVXPSWLRQV�DQG�GHILQLWLRQV

:H�EDVH�RXU�DQFKRUSHUVRQ�VKRW�GHWHFWLRQ�DSSURDFK�RQ�WKH�DVVXPSWLRQ�WKDW�DQ�DQFKRUSHUVRQ�VKRW�LV�WKH�RQO\�W\SH�RI�YLGHR
VKRWV�LQ�D�QHZV�SURJUDP�WKDW�KDV�PXOWLSOH�PDWFKHV�RI�PRVW�RI�LWV�YLVXDO�FRQWHQW�DORQJ�WKH�HQWLUH�QHZV�SURJUDP��2WKHU��QHZV�
VKRWV�PD\�PDWFK�ZHOO�RQO\�LQ�WKHLU�FORVHVW�QHLJKERUKRRG��H�J��ZLWKLQ�D�VLQJOH�UHSRUW��ZKHUH�WKH\�FDQ�HYHQWXDOO\�ILQG�HQRXJK
VLPLODU�YLVXDO�IHDWXUHV��6XFK�DQ�DVVXPSWLRQ�LV�UHDOLVWLF�GXH�WR�VSHFLILF�YLVXDO�FKDUDFWHULVWLFV�RI�DQFKRUSHUVRQ�VKRWV�DQG�WKHLU
UHJXODU� DSSHDUDQFH� DORQJ� D� QHZV� VHTXHQFH�� :H� DOVR� DVVXPH� WKDW� WKH� ILUVW� DQFKRUSHUVRQ� VKRW� N

DS
LQ� D� QHZV� SURJUDP

FRQWDLQLQJ�6�YLGHR�VKRWV�FHUWDLQO\�DSSHDUV�ZLWKLQ�WKH�LQWHUYDO�>���1@��ZKHUH�1�6�LV�DVVXPHG�WR�EH�DURXQG����,Q�RUGHU�WR�PDNH
WKH�GHWHFWLRQ�DV�UREXVW�DV�SRVVLEOH��ZH�WRRN�LQWR�DFFRXQW�GLIIHUHQW�W\SHV�RI�DQFKRUSHUVRQ�VKRWV��DOVR�LQFOXGLQJ�QRQ�VWDWLRQDU\
RQHV��:H�LQWURGXFH�QRZ�WKH�IROORZLQJ�GHILQLWLRQ�

$QFKRUSHUVRQ� �QHZV� UHDGHU�� VKRWV� DUH� YLVXDOO\� FKDUDFWHUL]HG� E\� VWXGLR� EDFNJURXQG� DQG� E\� RQH� RU� WZR� QHZV� UHDGHUV
DSSHDULQJ� VHSDUDWHO\� RU� WRJHWKHU�� DOVR� ZLWK� VRPH� SRVVLEOH� YDULDWLRQV� RI� D� FDPHUD� DQJOH� DQG� FKDQJHV� LQ� QHZV� LFRQV
DSSHDULQJ�LQ�D�VFUHHQ�FRUQHU��7KHVH�VKRWV�FDQ�EH�VWDWLF�RU�G\QDPLF��FRQWDLQLQJ�VRPH�FDPHUD�RSHUDWLRQV�OLNH�]RRPLQJ�RU
SDQQLQJ��DQG�JHQHUDOO\�FRQWDLQ�D�FHUWDLQ��KLJK��SHUFHQWDJH�RI�VDPH�RU�VLPLODU�YLVXDO�IHDWXUHV�

W

6WDUWLQJ�����$QFKRUSHUVRQ�VKRW������1HZV�VKRWV����&RPPHUFLDO�EUHDN����$QFKRUSHUVRQ�VKRW����$QFKRUSHUVRQ�VKRW����6KRUW�QHZV����(QG



'XULQJ�WKH�GHWHFWLRQ�SURFHGXUH�ZH�FRPSDUH�YLGHR�VKRWV�EDVHG�RQ�WKHLU�YLVXDO�DEVWUDFWV��+HUHE\��ZH�DVVXPH�WKDW��SULRU�WR�WKH
DQFKRUSHUVRQ�VKRW�GHWHFWLRQ�SURFHGXUH��D�QHZV�VHTXHQFH�KDV�DOUHDG\�EHHQ�VHJPHQWHG�LQWR�YLGHR�VKRWV��DQG�WKDW�HDFK�VKRW�LV
UHSUHVHQWHG�E\�D�YLVXDO�DEVWUDFW�FRQVLVWLQJ�RI�D�OLPLWHG�QXPEHU�RI�NH\�IUDPHV�

7KH�SURSRVHG�DQFKRUSHUVRQ�VKRW�GHWHFWLRQ�DSSURDFK�FRQVLVWV�RI�WZR�VWHSV��GHVFULEHG�LQ�6HFWLRQV�����DQG�����UHVSHFWLYHO\�

�� $�WKUHVKROG�IUHH�SURFHGXUH�RI�ILQGLQJ�WKH�VHTXHQFH�VSHFLILF�WHPSODWH�IRU�DQFKRUSHUVRQ�VKRWV�
�� 8VLQJ�WKH�WHPSODWH�WR�GHWHFW�DOO�DQFKRUSHUVRQ�VKRWV�LQ�D�VHTXHQFH�E\�DSSO\LQJ�DGDSWLYH�WKUHVKROGLQJ�

�����)LQGLQJ�D�WHPSODWH

)LJXUH� �� VKRZV� WKH� SRVVLELOLW\� RI� GLIIHUHQW� W\SHV� RI� DQFKRUSHUVRQ� VKRWV� DSSHDULQJ� WRJHWKHU� ZLWK� QHZV� VKRWV� VHULHV� DQG
FRPPHUFLDO�EUHDNV��%DVHG�RQ�DVVXPSWLRQV�IURP�6HFWLRQ�����ZH�PDWFK�HDFK�VKRW� N 1³> � @� ��1�6��ZLWK�DOO�RWKHU�QHZV�VKRWV
Q N N 6³ +> � @D ��DV�VKRZQ�LQ�)LJXUH���� ,Q� WKLV�ZD\��D�VHW�RI�GLVVLPLODULW\�YDOXHV� �^$�N� N N+ D ��� ���� ��$�N�6�`� LV�REWDLQHG�IRU
HDFK�VKRW�N��7KH�GLVVLPLODULW\�PHDVXUH�XVHG�KHUH� WR�FRPSXWH�YDOXHV�$�N�Q��FRPSDUHV� WZR�VKRWV�RQ�EDVLV�RI� WKHLU�DEVWUDFWV
�NH\�IUDPHV��DQG�ZLOO�EH�GHILQHG�LQ�6HFWLRQ������7KH�³VHFXULW\´�LQWHUYDO�>N�� N N+ D @�VHUYHV�WR�DYRLG�D�SRVVLEOH�JRRG�PDWFK
RI�D�QHZV�VKRW�LQ�LWV�QHLJKERUKRRG�DQG��FRQVHTXHQWO\���WR�VHSDUDWH�WKH�VKRW� N

DS
HYHQ�VWURQJHU�IURP�WKH�UHVW�

)LJXUH����2EWDLQLQJ�D�GLVVLPLODULW\�YDOXHV�VHW�IRU�WKH�VKRW�N

)RU�HDFK�VKRW� N 1³ > � @� �ZH�QRZ�WDNH�WKH�3�EHVW�PDWFKHV��ORZHVW�YDOXHV��RXW�RI�LWV�VHW�RI�GLVVLPLODULWLHV�DQG�DYHUDJH�WKHP�WR
FRPSXWH�LWV�RYHUDOO�PDWFKLQJ�YDOXH��7KH�VKRW�ZLWK�WKH�ORZHVW�RYHUDOO�PDWFKLQJ�YDOXH�LV�DVVXPHG�WR�EH�DQ�DQFKRUSHUVRQ�VKRW�
DQG�LV�XVHG�DV�WKH�WHPSODWH�IRU�ILQGLQJ�DOO�RWKHU�DQFKRUSHUVRQ�VKRWV�RI�D�QHZV�VHTXHQFH�

�����7HPSODWH�PDWFKLQJ

$IWHU�WKH�WHPSODWH�KDV�EHHQ�IRXQG��DOO�VKRWV�RI�D�VHTXHQFH�DUH�FKHFNHG�IRU�EHLQJ�DQFKRUSHUVRQ�VKRWV�E\�XVLQJ�WKH�VDPH�LQWHU�
VKRW� GLVVLPLODULW\� PHWULF� $�N�Q��� /RZ� GLVVLPLODULW\� YDOXHV� ZLOO� EH� REWDLQHG� ZKHQ� WKH� WHPSODWH� LV� PDWFKHG� ZLWK� DQRWKHU
DQFKRUSHUVRQ�VKRW��)RU�HDFK�VKRW�N�RI�D�VHTXHQFH�ZH�QRZ�GHILQH�LWV�VLPLODULW\�ZLWK�WKH�WHPSODWH�VKRW�DV
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ZKHUHE\�$�W�N��LV�WKH�GLVVLPLODULW\�EHWZHHQ�WKH�WHPSODWH�W�DQG�WKH�VKRW�N��,Q�RUGHU�WR�SHUIRUP�WKH�GHWHFWLRQ�RI�DQFKRUSHUVRQ
VKRWV�DXWRPDWLFDOO\��ZH�XVH�WKH�DGDSWLYH�WKUHVKROG�0�N���GHILQHG�DV�IROORZV�
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+HUH�Z�LV�D�IL[HG�SDUDPHWHU�ZKRVH�YDOXH�LV�QRW�FULWLFDO�LQ�D�ZLGH�UDQJH�RI�YDOXHV��7KH�SDUDPHWHU�1N�GHQRWHV�WKH�QXPEHU�RI
VKRWV�XQWLO�N�DQG�VLQFH� WKH� ODVW�GHWHFWHG�DQFKRUSHUVRQ�VKRW�� ,W�DOVR�XVHV� WKH�VLPLODULW\�YDOXH� V� �RI� WKH� ODVW� VKRW�RI� WKH� ODVW

$OO�YLGHR�VKRWV�RI�D�QHZV�VHTXHQFH

���������������������N��������������1��������������������������������Q��������������������������������������������������������������������������������������������������6

$�N�Q�

N N+ D

$�N�6�

��������

)LUVW�DQFKRUSHUVRQ�VKRW���������������������������������������������2WKHU�DQFKRUSHUVRQ�VKRWV

N
DS



QHZV�UHSRUW�DV�D�ELDV��)RU�HDFK�VKRW�N��D�YDOXH�V�N��LV�DYDLODEOH�DV�ZHOO�DV�WKH�WKUHVKROG�YDOXH�0�N���$Q�DQFKRUSHUVRQ�VKRW�LV
GHWHFWHG�ZKHQ�V�N�!0�N��

�����7KH�GLVVLPLODULW\�PHWULF

:H�QRZ�GHILQH�WKH�GLVVLPLODULW\�PHWULF�$�N�Q��ZLWK�WKH�LQWHQWLRQ�WR�UHOLDEO\�GLVWLQJXLVK�DOO�DQFKRUSHUVRQ�VKRWV�IURP�WKH�UHVW�
EXW�DW�WKH�VDPH�WLPH�WR�DOORZ�IRU�VOLJKW�GLIIHUHQFHV�DPRQJ�GLIIHUHQW�W\SHV�RI�DQFKRUSHUVRQ�VKRWV���$V�DOUHDG\�PHQWLRQHG�LQ
6HFWLRQ������WKH�PHWULF�$�N�Q��PHDVXUHV�WKH�GLVVLPLODULW\�EHWZHHQ�VKRWV�N�DQG�Q�E\�XVLQJ�WKHLU�YLVXDO�DEVWUDFWV��ZKLFK�FRQVLVW
RI�NH\�IUDPHV���:H�UHSUHVHQWHG�HDFK�VKRW�RI�D�QHZV�VHTXHQFH�E\�WZR�NH\�IUDPHV��RQH�VWDQGLQJ�FORVH�WR�WKH�EHJLQQLQJ�DQG
RQH�FORVH�WR�WKH�HQG�RI�WKH�VKRW�

)RU�HDFK�VKRW��ERWK�NH\�IUDPHV�DUH�PHUJHG�WRJHWKHU�LQWR�WKH�VKRW�LPDJH��ZKLFK�LV�WKHQ�GLYLGHG�LQWR�EORFNV�RI�0�[0��SL[HOV�
(DFK�EORFN�LV�QRZ�D�VLPSOH�UHSUHVHQWDWLRQ�RI�RQH�HOHPHQW�RI�WKH�VKRW¶V�YLVXDO�FRQWHQW��6LQFH�ZH�FDQQRW�H[SHFW�DQ�H[DFW�VKRW�
WR�VKRW�PDWFKLQJ� LQ�PRVW�FDVHV�� DQG� WKH� LQIOXHQFH�RI�XQLPSRUWDQW� VKRW�FRQWHQW�GHWDLOV� VKRXOG�EH� DV� VPDOO� DV�SRVVLEOH��ZH
FKRRVH�WR�XVH�RQO\�WKRVH�IHDWXUHV�WKDW�GHVFULEH�WKH�0�[0��HOHPHQWV�JOREDOO\��,Q�WKLV�SDSHU�ZH�XVH�RQO\�WKH�DYHUDJH�FRORU�LQ
WKH�/
X
Y
�XQLIRUP�FRORU�VSDFH�DV�D�EORFN¶V�IHDWXUH�

)RU�HDFK�VKRW�SDLU��N�Q��ZH�QRZ�ZRXOG�OLNH�WR�ILQG�WKH�PDSSLQJ�EHWZHHQ�WKH�EORFNV�EN�DQG�EQ��HDFK�EHLQJ�DQ�0�[0��EORFN
IURP�WKH�VKRW�LPDJH�N�DQG�Q��UHVSHFWLYHO\��VXFK�WKDW

�� HDFK�EORFN�EN�LQ�D�NH\�IUDPH�RI�VKRW�LPDJH�N�KDV�D�XQLTXH�FRUUHVSRQGHQFH�ZLWK�D�EORFN�EQ�LQ�VKRW�LPDJH�Q��,I�D�EORFN�EQ
KDV�DOUHDG\�EHHQ�DVVLJQHG�WR�D�EORFN�EN�IURP�D�NH\�IUDPH�EHORQJLQJ�WR�VKRW�LPDJH�N��ZH�GR�QRW�DOORZ�LW�WR�EH�XVHG�IRU
PDWFKLQJ�RI�DQ\�RWKHU�EORFN�IURP�WKDW�NH\�IUDPH��$OO�EORFNV�EQ�DUH�DYDLODEOH�RQO\�ZKHQ�D�QHZ�NH\�IUDPH�RI�VKRW�N�LV�WR
EH�PDWFKHG��)LJXUH���LOOXVWUDWHV�WKLV�LQ�PRUH�GHWDLOV�

�
�� WKH�DYHUDJH�GLVWDQFH�LQ�WKH�/
X
Y
�FRORU�VSDFH�EHWZHHQ�FRUUHVSRQGLQJ�EORFNV�IURP�WKH�WZR�VKRW�LPDJHV�LV�PLQLPL]HG�
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�������DQG�ZKHUH�DOO�SRVVLEOH�EORFN�FRPELQDWLRQV�DUH�JLYHQ�E\�WKH�ILUVW�LWHP�

8QIRUWXQDWHO\�WKLV�LV�D�SUREOHP�RI�KLJK�FRPELQDWRULDO�FRPSOH[LW\��:H�WKHUHIRUH�XVH�D�VXERSWLPDO�DSSURDFK�WR�RSWLPL]H�����
7KH�EORFNV�EN�IURP�D�NH\�IUDPH�RI�D�VKRW�N�DUH�PDWFKHG�XQFRQVWUDLQHG�ZLWK�EORFNV�LQ�VKRW�LPDJH�Q�VWDUWLQJ�ZLWK�WKH�WRS�OHIW
EORFN� LQ� WKDW� NH\� IUDPH�� DQG� VXEVHTXHQWO\� OLQH�IDVKLRQHG� VFDQQLQJ� WR� LWV� ERWWRP�ULJKW� EORFN�� $� EORFN� EQ� WKDW� KDV� EHHQ
DVVLJQHG� WR� D� EORFN� EN� LV� QR� ORQJHU� DYDLODEOH� IRU� DVVLJQPHQW� XQWLO� WKH� HQG� RI� WKH� VFDQQLQJ� SDWK�� )RU� HDFK� EORFN� EN� WKH
REWDLQHG�PDWFK�\LHOGV�D�PLQLPDO�GLVWDQFH�YDOXH�G��EN���7KHQ��WKLV�SURFHGXUH�LV�UHSHDWHG�IRU�WKH�VDPH�NH\�IUDPH�LQ�RSSRVLWH
VFDQQLQJ� IDVKLRQ�� L�H�� IURP�ERWWRP�ULJKW� WR� WRS�OHIW�� \LHOGLQJ� D� GLIIHUHQFH�PDSSLQJ� IRU� WKH� EORFNV�EN� � DQG� D� QHZ�PLQLPDO
GLVWDQFH�YDOXH�IRU�HDFK�EORFN��GHQRWHG�E\�G��EN���2Q�WKH�EDVLV�RI�WKHVH�WZR�GLIIHUHQW�PDSSLQJV�IRU�HDFK�NH\�IUDPH�IURP�VKRW
N� DQG� FRUUHVSRQGLQJ� PLQLPDO� GLVWDQFH� YDOXHV� G��EN�� DQG� G��EN�� SHU� EORFN�� WKH� ILQDO� FRUUHVSRQGHQFH� DQG� DFWXDO� PLQLPDO
GLVWDQFH�GP�EN���SHU�EORFN�LV�FRQVWUXFWHG�DV�IROORZV�

�� GP�EN�� �G��EN����LI�G��EN� �G��EN�������������������������������������������������������������������������������������������������������������������������������������������D�
�� GP�EN�� �G��EN�� �� LI� �G��EN���G��EN�� �DQG�G��EN�� LV� WKH� ORZHVW�GLVWDQFH�YDOXH�PHDVXUHG�RQ� WKH�DVVLJQHG�EORFN� LQ� WKH� VKRW

LPDJH�Q��RQH�EORFN� LQ�VKRW� LPDJH�Q� FDQ�EH�DVVLJQHG� WR� WZR�GLIIHUHQW�EORFNV� LQ�D�NH\� IUDPH� IURP�N��RQH� WLPH� LQ�HDFK
VFDQQLQJ�GLUHFWLRQ���������������������������������������������������������������������������������������������������������������������������������������������������������������E�

�������GP�EN�� �� ��RWKHUZLVH������������������������������������������������������������������������������������������������������������������������������������������������������F�
�� GP�EN�� �G��EN�� �� LI� �G��EN���G��EN�� DQG�G��EN�� LV� WKH� ORZHVW�GLVWDQFH�YDOXH�PHDVXUHG�RQ� WKH� DVVLJQHG�EORFN� LQ� WKH� VKRW

LPDJH�Q����������������������������������������������������������������� ����������������������G�
������GP�EN�� �� ��RWKHUZLVH������������������������������������������������������������������������������������������������������������������������������������������������������H�



ZKHUH�� VWDQGV�IRU�D�IDLUO\�ODUJH�YDOXH��LQGLFDWLQJ�WKDW�QR�DFFHSWDEOH�EHVW�PDWFK�IRU�D�EORFN�EN�FRXOG�EH�IRXQG��7KH�HQWLUH
GHVFULEHG�SURFHGXUH�LV�UHSHDWHG�IRU�DQRWKHU�NH\�IUDPH�RI�D�VKRW�N��VR�WKDW�ILQDOO\�RQH�YDOXH�GP�EN���LV�DVVLJQHG�WR�HDFK�EORFN
RI�D�VKRW�LPDJH�N�

)LJXUH����&RPSDULVRQ�RI�D�VKRW�N�ZLWK�D�VKRW�Q�E\�PDWFKLQJ�0�[0��EORFNV� IURP�HDFK�NH\� IUDPH�RI�VKRW�N�ZLWK�DOO�EORFNV� LQ� WKH�VKRW
LPDJH�Q�

)LQDOO\�WKH�DYHUDJH�RI�WKH�GLVWDQFHV�GP�EN��RI�WKH�EHVW�&�PDWFKLQJ�EORFNV�LQ�WKH�VKRW�LPDJH�N�LV�FRPSXWHG�DV�WKH�ILQDO�LQWHU�
VKRW�GLVVLPLODULW\�YDOXH�
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7KH�UHDVRQ�IRU�WDNLQJ�RQO\�WKH�&�EHVW�PDWFKLQJ�EORFNV�LV�WKDW�WZR�VKRWV�VKRXOG�EH�FRPSDUHG�RQO\�RQ�D�JOREDO�OHYHO��DOORZLQJ
IRU�GLIIHUHQFHV�DPRQJ�GLIIHUHQW�W\SHV�RI�DQFKRUSHUVRQ�VKRWV�

����5(9($/,1*�7+(�5(3257�6758&785(

2QFH�WKH�SURJUDP�VHJPHQWV�FRUUHVSRQGLQJ�WR�DQFKRUSHUVRQ�VKRWV�DQG�QHZV�VKRW�VHULHV�DUH�LVRODWHG��WKH�FRPSOLDQFH�ZLWK�WKH
SUHVSHFLILHG�WRSLF�VSHFLILF�NH\V�KDV�WR�EH�FKHFNHG�IRU�HDFK�RI�WKHP��,I�VXFK�FRPSOLDQFH�LV�IRXQG��WKH�VHJPHQW�LV�LGHQWLILHG
DQG�PHUJHG�ZLWK�RWKHU�UHODWHG�VHJPHQWV�LQWR�D�UHSRUW��7KH�IRUPHG�UHSRUW�UHPDLQV�OLQNHG�WR�WKH�FRUUHVSRQGLQJ�WRSLF�IRU�WKH
UHWULHYDO�SURFHGXUH�

7KH�WRSLF�VSHFLILF�NH\V�KDYH�WR�EH�VHOHFWHG�LQ�VXFK�D�ZD\��WKDW�WKHUH�LV�D�KLJK�SUREDELOLW\�IRU�PDWFKLQJ�EHWZHHQ�WKH�NH\�DQG
DOO� WKH� FRUUHVSRQGLQJ� UHSRUWV�� ,Q� WKLV� VHQVH�� YLVXDO� NH\V� DUH� QRW� YHU\� VXLWDEOH� VLQFH� LW� LV� QRW� SRVVLEOH� WR� VD\�ZKLFK� YLVXDO
IHDWXUH� LV�PRVW�FKDUDFWHULVWLF�IRU�D�FHUWDLQ� WRSLF��DQG�WKHUHIRUH�PRVW� OLNHO\� WR�DSSHDU� LQ�D�UHSRUW��7ZR�UHSRUWV�RQ�WKH�VDPH
WRSLF�FDQ�KDYH�WRWDOO\�GLIIHUHQW�YLVXDO�FRQWHQW��H�J��ZDU�UHSRUW�IURP�D�VLWH��DQG�LQWHUYLHZ�ZLWK�D�81�RIILFLDO�DERXW�WKDW�ZDU��
)RU�WKLV�UHDVRQ��WKH�XVHU�FDQQRW�NQRZ�ZKHQ�SUHGHILQLQJ�D�WRSLF��ZKDW�YLVXDO�IHDWXUHV�ZLOO�DSSHDU�LQ�WKH�UHOHYDQW�UHSRUW��7KHUH
LV�DOVR�WKH�SRVVLELOLW\�WR�XVH�WH[WXDO�NH\V�DQG�PDWFK�WKHP�ZLWK�FDSWLRQV�DSSHDULQJ�RQ�WKH�WRS�RU�ERWWRP�RI�D�VFUHHQ�GXULQJ�WKH
UHSRUW��+RZHYHU��VLQFH�WKH�DSSHDUDQFH�RI�VXFK�FDSWLRQV�LV�GHSHQGHQW�RQ�D�VSHFLILF�QHZV�SURJUDP�SURYLGHU��WKLV�GRHVQ¶W�VHHP
WR�EH�D�KLJKO\�UHOLDEOH�RSWLRQ��:H�IRXQG�WKH�DXGLR��VSHHFK��NH\V�LQ�IRUP�RI�VSRNHQ�ZRUGV�EHLQJ�WKH�PRVW�UHOLDEOH�IRU�WRSLF
UHFRJQLWLRQ��7KH�UHDVRQ�LV�TXLWH�FOHDU��LQGHSHQGHQW�RI�ZKDW�YLVXDO�FRQWHQW�ZLOO�DSSHDU�LQ�D�UHSRUW�RYHU�%RVQLD�RU�LI�WKH�UHSRUW
LV�ODEHOHG�E\�D�FDSWLRQ�RU�QRW��WKH�ZRUG�³%RVQLD´�ZLOO�EH�PHQWLRQHG�DW�OHDVW�RQFH�GXULQJ�WKH�UHSRUW�

7DNLQJ� WKLV� DV� WKH� PRVW� DFFHSWDEOH� VROXWLRQ� IRU� WRSLF� UHFRJQLWLRQ�� ZH� FDQ� QRZ� GHILQH� WKH� XVHU�LQSXW� LQWR� WKH� V\VWHP
FRQVLVWLQJ�RI�D�WRWDO�QXPEHU�RI�WRSLFV�DQG�D�VHW�RI�ZHOO�FKRVHQ�FKDUDFWHULVWLF�ZRUGV�GHVFULELQJ�WKH�WRSLFV�RI�LQWHUHVW��7RROV
UHTXLUHG� IRU�PDWFKLQJ� WKH� VSRNHQ�ZRUGV�ZLWK� WKH�DXGLR� VWUHDP�RI� WKH�QHZV�SURJUDP�DOUHDG\�H[LVW� DQG� FDQ�EH� UHIHUUHG� WR

6KRW�LPDJH�N 6KRW�LPDJH�Q



XQGHU� WKH� QDPH�ZRUGVSRWWLQJ� DOJRULWKPV� >��� ��� ��� ���� ���� ���� ��@�� *HQHUDOO\� VSHDNLQJ�� WKHVH� DOJRULWKPV� DUH� FDSDEOH� RI
UHFRJQL]LQJ� WKH� DSSHDUDQFH� RI� XVHU�VSHFLILHG� NH\� ZRUGV� LQ� D� FRQWLQXRXV� VSHHFK�� ,QFUHDVLQJ� TXDOLW\� RI� ZRUGVSRWWLQJ
DOJRULWKPV�FDQ�EH�QRWLFHG�ZKHQ�LQYHVWLJDWLQJ�WKH�UHVHDUFK�LQ�WKLV�DUHD�RYHU�WKH�SDVW�\HDUV��7KLV�TXDOLW\�LV�HVSHFLDOO\�UHODWHG
WR�WZR�PDMRU�LVVXHV��ZKLFK�DUH�DOVR�FUXFLDO�IRU�WKH�QHZV�LQGH[LQJ�DSSOLFDWLRQ�SUHVHQWHG�LQ�WKLV�SDSHU�

�� )UHHGRP�RI�NH\�ZRUG�FKRLFH
�� 6SHDNHU�LQGHSHQGHQFH

5HODWHG� WR� WKLV� LV� WKH� SUREOHP� RI� GLIIHUHQW� ODQJXDJHV�� GLDOHFWV�� DFFHQWV�� HWF�� ZKLFK� DOVR� KDV� WR� EH� VROYHG�� LQ� RUGHU� WR
VXFFHVVIXOO\�HPSOR\�WKH�ZRUGVSRWWLQJ�LQ�SUDFWLFH��7KH�VSHDNHU�LQGHSHQGHQFH�LV�KLJKO\�LPSRUWDQW�IRU�RXU�V\VWHP�VLQFH�D�XVHU�
VSRNHQ�NH\�ZRUG�KDV�WR�EH�PDWFKHG�ZLWK�WKH�VDPH�ZRUG��VSRNHQ�E\�WKH�QHZV�UHDGHU��7ZR�XWWHUDQFHV�RI�WKH�VDPH�ZRUG�KDYH
GLIIHUHQW�WLPH�VWUXFWXUHV�GXH�WR�GLIIHUHQFHV�LQ�SURQXQFLDWLRQ��UHVXOWLQJ�LQ�VRPH�SDUWV�RI�WKH�ZRUG�EHLQJ�ORQJHU��VRPH�EHLQJ
VKRUWHU�DQG�VRPH�VLPSO\�GLIIHUHQW�>�@�

:H�DVVXPH�QRZ�WR�KDYH�DYDLODEOH�D�UREXVW�ZRUGVSRWWLQJ�DOJRULWKP��5�QHZV�VHJPHQWV�IRXQG�E\�WKH�VHJPHQWDWLRQ�SURFHGXUH
LQ�6HFWLRQ����DQG�7�SUHVSHFLILHG�WRSLFV��HDFK�GHVFULEHG�E\�D�QXPEHU�RI�NH\�ZRUGV��7KH�ILUVW�VWHS�LQ�WKH�VHJPHQW�LGHQWLILFDWLRQ
�LQGH[LQJ�� SURFHGXUH� LV� SHUIRUPHG� E\�PDWFKLQJ� DOO� VHJPHQWV� ZLWK� DOO� NH\� ZRUG� VHWV��:H� GHILQH� WKH� YDOXH�:�L�M�� DV� WKH
GLVWDQFH�EHWZHHQ�D�VHJPHQW�M�DQG�D�NH\�ZRUG�VHW�EHORQJLQJ�WR�WKH� WRSLF� L��EHLQJ�D�IXQFWLRQ�RI� �VLQJOH�GLVWDQFHV�RI�DOO�NH\
ZRUGV�EHORQJLQJ�WR�WKDW�VHW��7KH�UHVXOWV�RI�VXFK�D�PDWFKLQJ�SURFHGXUH�FDQ�EH�SUHVHQWHG�LQ�JHQHUDO�DV�VKRZQ�LQ�7DEOH���

6HJPHQW�� 6HJPHQW�� « 6HJPHQW�5
7RSLF�� :����� :����� « :���5�
7RSLF�� :����� :����� « :���5�
7RSLF�� :����� :����� « :���5�
« « « « «
7RSLF�7 :�7��� :�7��� « :�7�5�

7DEOH����0DWFKLQJ�UHVXOWV�EHWZHHQ�5�QHZV�VHJPHQWV�DQG�7�SUHVSHFLILHG�WRSLFV

6LQFH�D�YDOXH�:�L�M���LV�GHILQHG�DV�D�GLVWDQFH��WKH�PDWFKLQJ�TXDOLW\�EHWZHHQ�D�VHJPHQW�DQG�D�NH\�ZRUG�VHW�LQFUHDVHV�DV�:�L�M�
GHFUHDVHV��,Q�RUGHU�WR�PDNH�WKH�WRSLF�UHFRJQLWLRQ�PRUH�UREXVW�DQG�UHGXFH�WKH�QXPEHU�RI�IDOVH�DODUPV��H�J��WKH�QDPH�RI�WKH
VRFFHU�FOXE�³$MD[´�MXVW�PHQWLRQHG�LQ�D�UHSRUW�RYHU�DQRWKHU�VRFFHU�FOXE�³%D\HUQ´���VHYHUDO�NH\�ZRUGV�VKRXOG�EH�VSHFLILHG�WR
GHVFULEH�RQH�VLQJOH�WRSLF��,Q�WKDW�FDVH��D�JRRG�PDWFK�ZLWKLQ�D�QHZV�VHJPHQW�QHHGV�WR�EH�IRXQG�IRU�PRUH�WKDQ�RQH�NH\�ZRUG
LQ�RUGHU�WR�UHFHLYH�D�WRSLF�LQGH[��+DYLQJ�VXFK�UHTXLUHPHQW��D�VXLWDEOH�ZD\�RI�REWDLQLQJ�WKH�:�L�M��YDOXHV�FDQ�EH�GHILQHG�DV
DYHUDJLQJ�RI�PDWFKHV�RI�DOO�NH\�ZRUGV�EHORQJLQJ�WR� WKDW�VHW��2Q�WKH�RWKHU�KDQG��DQ�³RYHU�VSHFLILFDWLRQ´�RI�D� WRSLF�E\� WRR
PDQ\�NH\�ZRUGV�DOVR�VHHPV�WR�EH�XQVXLWDEOH��VLQFH�WKH�SUREDELOLW\�JURZV�WKDW�PRUH�ZRUGV�ZLOO�QRW�ILQG�WKHLU�PDWFK�ZLWK�WKH
FRUUHVSRQGLQJ� QHZV� VHJPHQW�� &RQVHTXHQWO\�� WKH� RYHUDOO� PDWFKLQJ� TXDOLW\� EHWZHHQ� WKH� WRSLF� DQG� WKH� ³ULJKW´� VHJPHQW
GHFOLQHV�VLQFH�WKH�DYHUDJH�PDWFKLQJ�YDOXH�:�L�M���JHWV�ZRUVH��:H�IRXQG�LQ�RXU�WHVWV�WZR�WR�WKUHH�NH\ZRUGV�WR�EH�RSWLPDO�IRU
WRSLF�VSHFLILFDWLRQ�

%DVHG�RQ�:�L�M��YDOXHV�LQ�7DEOH����ZH�QRZ�GLVFXVV�WKH�SUREOHPV�RI�VHJPHQW�LGHQWLILFDWLRQ��UHFRJQL]LQJ�LWV�WRSLF���DQG�UHSRUW
IRUPLQJ�E\�PHUJLQJ�UHODWHG�VHJPHQWV��*HQHUDOO\�VSHDNLQJ��RQH�WRSLF�FDQ�EH�DVVLJQHG�WR�VHYHUDO�GLIIHUHQW�QHZV�VHJPHQWV��,Q
WKDW�FDVH��D�QXPEHU�RI�ORZHVW�:�L�M��YDOXHV�KDV�WR�EH�UHFRJQL]HG�DQG�VSOLW�IURP�WKH�UHVW��6XFK�D�SURFHGXUH�LV�SRVVLEOH�RQO\
DIWHU� GHILQLQJ� D� VXLWDEOH� WKUHVKROG� YDOXH�� +RZHYHU�� EHLQJ� DZDUH� RI� GLIILFXOWLHV� LQ� ILQGLQJ� D� WKUHVKROG� DQG� HYDOXDWLQJ� LWV
UREXVWQHVV�LQ�D�JHQHUDO�FDVH��ZH�SURSRVH�KHUH�D�WKUHVKROG�IUHH�PHWKRG�IRU�VHJPHQW� LGHQWLILFDWLRQ��ZKLFK�UHTXLUHV�RQO\� WKH
GHILQLWLRQ�RI�WKH�PD[LPXP�QXPEHU�RI�VHJPHQWV�EHORQJLQJ�WR�D�VLQJOH�UHSRUW��:H�GHQRWH�WKLV�SDUDPHWHU�DV�*��:H�FKRRVH�WKH
WRSLF�T�DQG�LQYHVWLJDWH�WKH�:�T�M��YDOXHV���M ���5��VHDUFKLQJ�IRU�WKH�PLQLPXP��7KH�VHJPHQW�V�ZKHUH�WKH�PLQLPXP�LV�IRXQG
VHUYHV�DV�WKH�LQLWLDO�UHSRUW�RQ�WRSLF�T��GHQRWHG�DV�>V@��7KLV�FDQ�EH�IRUPXODWHG�PDWKHPDWLFDOO\�DV
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,Q�RUGHU�WR�FKHFN�LI�WKH�UHSRUW�RQ�WRSLF�T�LV�OLPLWHG�RQO\�RQ�VHJPHQW�V��ZH�LQYHVWLJDWH�*�QHLJKERULQJ�VHJPHQWV�RQ�HDFK�VLGH
RI�V��FRPSDUH�WKHP�WR�DOO�WRSLFV�DQG�UHTXLUH�WKDW�WKHLU�EHVW�PDWFK�LV�IRXQG�E\�WKH�WRSLF�T��0DWKHPDWLFDOO\�
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7KH�UHTXLUHPHQW���E��GRHV�QRW�KDYH�WR�EH�IXOILOOHG�IRU�DOO�YDOXHV�J �*��*��KDYLQJ�LQ�YLHZ�WKH�IDFW�WKDW�WKH�JLYHQ�NH\�ZRUG�VHW
GRHV�QRW�KDYH�WR�EH�SUHVHQW�LQ�HYHU\�UHSRUW�VHJPHQW��,I�V�J��DQG�V�J��DUH�WKH�IDUWKHVW�VHJPHQWV�LQ�UHVSHFW�WR�WKH�VHJPHQW�V�RQ
LWV�ERWK� VLGHV�� IRU�ZKLFK� WKH�FRQGLWLRQ� ��E�� LV� IXOILOOHG�� WKH� UHSRUW�RQ� WRSLF�T� LV�GHILQHG�DV� WKH� VHW�RI� VHJPHQWV�ZLWKLQ� WKH
LQWHUYDO�>V�J���V�J�@�

7KH� GHVFULEHG� SURFHGXUH� LV� UHSHDWHG� IRU� DOO� SUHVSHFLILHG� WRSLFV� DQG� OHDYHV� WKH� SRVVLELOLW\� RSHQ� WKDW� D� QHZV� VHJPHQW� LV
DVVLJQHG�VHYHUDO�GLIIHUHQW�WRSLFV�DQG�WKDW�LW�DSSHDUV�LQ�GLIIHUHQW�UHSRUWV��7KLV�LV�RIWHQ�WKH�FDVH�LQ�PXOWL�WRSLF�DQFKRUSHUVRQ
VKRWV�DQG�LI�WKH�QHZV�SURJUDP�FRQWDLQV�WKH�³VKRUW�QHZV´�VHJPHQW��L�H��D�FRQFDWHQDWLRQ�RI�QHZV�VKRW�VHULHV�RQ�GLIIHUHQW�WRSLFV
ZLWKRXW� DQFKRUSHUVRQ� VKRWV� LQ�EHWZHHQ�� ,Q� FDVH� WKDW� D� WRSLF� LV� SUHVSHFLILHG�� ZKLFK� LV� QRW� FRYHUHG� E\� WKH� VWRUHG� QHZV
PDWHULDO��WKH�SURSRVHG�SURFHGXUH�ZLOO�UHVXOW�LQ�DQ�XQSUHGLFWDEOH�UHSRUW�VWUXFWXUH��ZKLFK�FDQ�EH�LQWHUSUHWHG�DV�³WKH�EHVW´�WKDW
WKH�V\VWHP�FRXOG�ILQG�IRU�WKH�VSHFLILHG�WRSLF�

�����6<67(0�5($/,=$7,21�$1'�(;3(5,0(17$/�(9$/8$7,21

,Q�YLHZ�RI�SUDFWLFDO�DSSOLFDELOLW\�RI�RXU�V\VWHP�DQG�RXU�DFWLYLWLHV�ZLWKLQ�WKH�(XURSHDQ�5HVHDUFK�3URMHFWV�60$6+�>��@�DQG
6725,7� >��@�� ZH� VHH� WKH� SURSRVHG� QHZV� DQDO\VLV�� LQGH[LQJ� DQG� FODVVLILFDWLRQ� V\VWHP� DV� D� '9%� >�@� DSSOLFDWLRQ�
&RQVHTXHQWO\��DQ�03(*�SURJUDP�VWUHDP�FDQ�EH�DVVXPHG�DV�V\VWHP�LQSXW��$IWHU�GHPXOWLSOH[LQJ�RSHUDWLRQ��WKH�YLGHR�VWUHDP
LV�SURFHVVHG�ILUVW�E\�SHUIRUPLQJ�D�VKRW�FKDQJH�GHWHFWLRQ��(DFK�GHWHFWHG�VKRW�UHFHLYHV�D�WLPH�VWDPS��L�H��WKH�PDUNLQJ�RI�WKH
ILUVW�VKRW�IUDPH�LQ�VHFRQGV��7KLV�WLPH�LQIRUPDWLRQ�FDQ�EH�REWDLQHG�HDVLO\�E\�NQRZLQJ�WKH�IUDPH�QXPEHU�DQG�WKH�IUDPH�UDWH�RI
WKH� VWUHDP�� )RU� HDFK� VKRW�� NH\� IUDPHV� DUH� H[WUDFWHG��ZKLFK�ZLOO� EH� XVHG� ODWHU� RQ� IRU� EXLOGLQJ� D� ³SLFWRULDO� VXPPDU\´�� DV
VKRZQ�LQ�)LJXUH����EXW�DOVR�IRU�KLJKHU�OHYHO�QHZV�VHJPHQWDWLRQ��DV�VKRZQ�LQ�6HFWLRQ����&RQVHTXHQWO\��RI�DOO� WLPH�VWDPSV
FROOHFWHG�GXULQJ�WKH�VKRW�FKDQJH�GHWHFWLRQ�SURFHGXUH��RQO\�WKRVH�DUH�NHSW��ZKLFK�FRUUHVSRQG�WR�VWDUWLQJ�DQG�HQGLQJ�SRLQWV�RI
DQFKRUSHUVRQ�VKRWV�DQG�QHZV�VKRW�VHULHV��ZKLFK�DUH�XVHG�IRU�EXLOGLQJ�UHSRUWV��7KH�VHOHFWHG�WLPH�VWDPSV�DUH�WKDQ�VXEPLWWHG
WR�WKH�DXGLR�SURFHVVLQJ�WRRO��ZKHUH�WKH�DXGLR�VWUHDP�LV�VHJPHQWHG��$XGLR�WUDFNV�RI�DQFKRUSHUVRQ�VKRWV�DQG�QHZV�VKRW�VHULHV
DUH�WKHQ�XVHG�IRU�LQGH[LQJ�DQG�UHSRUW�IRUPLQJ��DV�H[SODLQHG�LQ�6HFWLRQ����)RU�HDFK�UHSRUW��WKH�LQGLFHV�RI�LWV�ERXQGDU\�VKRWV�DV
ZHOO�DV�WKH�FRUUHVSRQGLQJ�WLPH�VWDPSV�DUH�VXEPLWWHG�WR�WKH�PXOWLPHGLD�GDWDEDVH��HQDEOLQJ�WKH�XVHU�LQWHUDFWLRQ��DV�VKRZQ�LQ
)LJXUH� ��� 7KHUHE\�� WKH� VKRW� LQGLFHV� DUH� XVHG� IRU� FKRRVLQJ� WKH� DSSURSULDWH� NH\� IUDPHV� IRU� SLFWRULDO� VXPPDULHV� DQG� WLPH
VWDPSV�DUH�UHTXLUHG�WR�ILQG�DQG�UHWULHYH�WKH�VHOHFWHG�UHSRUWV�GLUHFWO\�IURP�WKH�VWRUHG�03(*�FRPSUHVVHG�QHZV�SURJUDP��$
JOREDO�WHFKQLFDO�UHDOL]DWLRQ�VFKHPH�RI�WKH�SURSRVHG�QHZV�DQDO\VLV��LQGH[LQJ�DQG�FODVVLILFDWLRQ�V\VWHP�LV�VKRZQ�LQ�)LJXUH���

'(08;

%DVLF�
DQDO\VLV

6HJPHQW�LQGH[LQJ
DQG

5HSRUW�IRUPLQJ

+LJKHU�OHYHO
QHZV�VHJPHQWDWLRQ

6WRUDJH

�2UJDQL]DWLRQ�
VFKHPH

'9%

$XGLR

9LGHR

.H\�IUDPHV��WLPH�VWDPSV

8VHU

)LJXUH����$�JOREDO�UHDOL]DWLRQ�VFKHPH�IRU�WKH�SURSRVHG�QHZV�DQDO\VLV��LQGH[LQJ�DQG�FODVVLILFDWLRQ�V\VWHP ��

,Q� WKH� IROORZLQJ� WZR� VHFWLRQV�� ZH� ZLOO� FRQFHQWUDWH� RQ� H[SHULPHQWDO� HYDOXDWLRQ� RI� WKH� QHZV� VHJPHQWDWLRQ�� VHJPHQW
LGHQWLILFDWLRQ�DQG�UHSRUW�IRUPLQJ�SURFHGXUHV��ZKLFK�DUH�FUXFLDO�IRU�SUDFWLFDO�LPSOHPHQWDWLRQ�RI�WKH�V\VWHP�LQ�)LJXUH���



���� 7KH�VHJPHQWDWLRQ�SURFHGXUH

)RU� WKH� QHZV� SURJUDP� VHJPHQWDWLRQ�� DV� GHVFULEHG� LQ� 6HFWLRQ� ��� LW� LV� UHTXLUHG� WR� GHWHFW� DOO� DQFKRUSHUVRQ� VKRWV� DQG
FRPPHUFLDO�EUHDNV��)RU� VLPSOLFLW\� UHDVRQV��ZH� FKRVH� WKH�QHZV� VHTXHQFHV�ZKHUH�QR� FRPPHUFLDO� EUHDNV�ZHUH�SUHVHQW� DQG
FRQFHQWUDWHG�RQO\�WR�WKH�HYDOXDWLRQ�RI�WKH�DQFKRUSHUVRQ�VKRW�GHWHFWLRQ�SURFHGXUH�

:H� LPSOHPHQWHG� DQG� WHVWHG� RXU� WZR�VWHS� � GHWHFWLRQ� DSSURDFK� XVLQJ� WZR� GLIIHUHQW� QHZV� VHTXHQFHV� ZLWK� IROORZLQJ
FKDUDFWHULVWLFV�

�� 6HTXHQFH�������PLQXWHV�ORQJ����DQFKRUSHUVRQ�VKRWV��RQH�QHZV�UHDGHU��ILUVW�DSSHDUDQFH�LQ�WKH�ILUVW�VHTXHQFH�VKRW�
�� 6HTXHQFH�������PLQXWHV�ORQJ�����DQFKRUSHUVRQ�VKRWV��WZR�QHZV�UHDGHUV��ILUVW�DSSHDUDQFH�LQ�WKH�WKLUG�VHTXHQFH�VKRW�

:H� UHSUHVHQWHG� HDFK� YLGHR� VKRW� E\� WZR� VXEVDPSOHG� NH\� IUDPHV� ZLWK� VL]HV� ���[���� IRU� 6HTXHQFH� �� DQG� ���[���� IRU
6HTXHQFH����)RU�EORFN�GLPHQVLRQV�ZH�FKRVH�0� 0� ����3DUDPHWHU�VHWWLQJ�IRU�ERWK�VHTXHQFHV�ZDV�1 ���3 ���DN  ���DQG
Z ����� ZKHUHE\� YDULDWLRQV� RI� WKLV� WKUHVKROG� SDUDPHWHU� DURXQG� WKH� VHOHFWHG� YDOXH� ZLWKLQ� D� FRPIRUWDEOH� LQWHUYDO� GR� QRW
LQIOXHQFH� WKH� GHWHFWLRQ� UHOLDELOLW\��:H� IRXQG� D� ���� RI� DOO� EORFNV� LQ� D� VKRW� LPDJH� WR� EH� D� JRRG� YDOXH� IRU�&�� )RU� VXFK
SDUDPHWHU�VHWWLQJ�ZH�ZLOO�QRZ�HYDOXDWH�HDFK�RI�WKH�WZR�VWHSV�VHSDUDWHO\�
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)LJXUH����5HVXOWV�RI� WKH�PDWFKLQJ�SURFHGXUH� IRU� WZR�GLIIHUHQW
WHPSODWHV� N 1³ > � @� �DQG�VKRWV� > � @N N 6+ D

)LJXUH����'HWHFWLRQ�GLDJUDP�IRU�6HTXHQFH��

2Q�ERWK�VHTXHQFHV�ZH�DSSOLHG�WKH�WHPSODWH�ILQGLQJ�SURFHGXUH�IURP�6HFWLRQ�����DQG�PDQDJHG�WR�ILQG�WKH�SURSHU�WHPSODWH�IRU
HDFK�RI�WKHP��)LJXUH���VKRZV�WKH�PDWFKLQJ�UHVXOWV�RI�WZR�WHPSODWH�FDQGLGDWHV�DORQJ�WKH�6HTXHQFH�����:H�WKHQ�PHDVXUHG�WKH
UHODWLYH�GLVWDQFH
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EHWZHHQ�WKH�FKRVHQ�PLQLPXP�RYHUDOO�PDWFKLQJ�YDOXH�P�FRUUHVSRQGLQJ�WR� WKH� WHPSODWH��DQG�WKH�VHFRQG�VPDOOHVW�PDWFKLQJ
YDOXH�V�FRUUHVSRQGLQJ�WR�WKH�PDMRU�RWKHU�FRPSHWLWRU�VKRW�IRU�WHPSODWH�VHOHFWLRQ��7KH�ODUJHU�WKH�UHODWLYH�GLVWDQFH��WKH�PRUH
UHOLDEOH�LV�WKH�IRXQG�WHPSODWH��7DEOH���VKRZV�WKHVH�UHODWLYH�GLVWDQFHV�IRU�ERWK�VHTXHQFHV�

/RZHU�UHODWLYH�GLVWDQFH�LQ�WKH�VHFRQG�VHTXHQFH�LV�PRVW�SUREDEO\�WKH�UHVXOW�RI�WKH�SDUWLFXODU�VHTXHQFH�VWUXFWXUH�VKRZLQJ�DQ
LQWURGXFWLRQ�IRU�FRPLQJ�UHSRUWV�DIWHU�WKH�ILUVW�DQFKRUSHUVRQ�VKRW��7KLV�LQWURGXFWLRQ�FRQWDLQV�YHU\�VLPLODU�YLVXDO�LQIRUPDWLRQ
DV� WKH� VKRWV� LQ� WKH� ODWHU�SDUWV�RI� WKDW� VHTXHQFH�� SDUWLDOO\�YLRODWLQJ� WKH� DVVXPSWLRQ�PDGH� LQ� WKH� LQWURGXFWLRQ� WR� WKLV� SDSHU�
+RZHYHU��HYHQ�LQ�VXFK�D�VLWXDWLRQ��WKH�SURSHU�WHPSODWH�FRXOG�EH�IRXQG��VKRZLQJ�WKH�UREXVWQHVV�RI�WKH�SURSRVHG�GLVVLPLODULW\
PHWULF�



7KH�SURFHVV�RI�PDWFKLQJ�WKH�IRXQG�WHPSODWH�ZLWK�DOO�WKH�VHTXHQFH�VKRWV�LV�HYDOXDWHG�LQ�7DEOH���E\�FRXQWLQJ�PLVVHG�DQG�IDOVH
GHWHFWLRQV��7ZR�IDOVHO\�GHWHFWHG�VKRWV� LQ� WKH�VHFRQG�VHTXHQFH�VKRZ�D�GLDORJ�EHWZHHQ�WKH�QHZV�UHDGHU� LQ� WKH�VWXGLR�DQG�D
UHSRUWHU�WDONLQJ�IURP�D�VFUHHQ�SRVLWLRQHG�LQ�WKH�FRUQHU��2EYLRXVO\��WKH�DOJRULWKP�ZDV�WULFNHG�E\�D�ODUJH�DPRXQW�RI� �VWXGLR
YLVXDO�LQIRUPDWLRQ�DQG�LW�WUHDWHG�WKHVH�VKRWV�VLPLODUO\�DV�WKRVH�VKRZLQJ�WZR�QHZV�UHDGHUV�

5HODWLYH�GLVWDQFH�G�P�V��LQ�SHUFHQWV

6HTXHQFH�� ����

6HTXHQFH�� ����

7DEOH� ��� 5HOLDELOLW\� HYDOXDWLRQ� RI� WKH� WHPSODWH� ILQGLQJ
SURFHGXUH

$QFKRUSHUVRQ
VKRWV

'HWHFWLRQV )DOVH
DODUPV

6HTXHQFH�� � � �

6HTXHQFH�� �� �� �

7DEOH����'HWHFWLRQ�UHVXOWV�IRU�DQFKRUSHUVRQ�VKRWV

5HOLDELOLW\�RI�WKH�GHWHFWLRQ�SURFHVV�FDQ�EH�HYDOXDWHG�E\�DQDO\]LQJ�WKH�KHLJKWV�RI�WKH�GHWHFWLRQ�SHDNV�LQ�V�N��FXUYHV��2QH�VXFK
FXUYH��FRUUHVSRQGLQJ�WR�WKH�VHFRQG�VHTXHQFH��LV�VKRZQ�LQ�)LJXUH���WRJHWKHU�ZLWK�WKH�DGDSWLYH�WKUHVKROG�0�N��

)LQDOO\��DOO�WLPH�VWDPSV�VWRUHG�GXULQJ�WKH�VKRW�FKDQJH�GHWHFWLRQ�SURFHGXUH��DQG�PDUNLQJ�WKH�EHJLQQLQJ�DQG�WKH�HQG�RI�HDFK
DQFKRUSHUVRQ�VKRW��DUH�WDNHQ�DV�WKH�VHJPHQW�ERXQGDULHV�DQG�XVHG�WR�GHILQH�WKH�VDPH�VHJPHQWV�LQ�WKH�GHFRGHG�DXGLR�VWUHDP�
7KHVH�DXGLR�VHJPHQWV�DUH�VWRUHG�VHSDUDWHO\�DQG�XVHG�LQ�WKH�VXEVHTXHQW�LQGH[LQJ�SURFHGXUH��EDVHG�RQ�ZRUGVSRWWLQJ�

������1HZV�VHJPHQW�LGHQWLILFDWLRQ�DQG�UHSRUW�IRUPLQJ�E\�ZRUGVSRWWLQJ

$OWKRXJK�EHLQJ�DZDUH�RI�PRUH�FRPSOH[�DQG�UREXVW�DSSURDFKHV��H�J��>����������������@���ZH�XVHG�D�VLPSOH�DOJRULWKP�>��@�WR
GHPRQVWUDWH�WKH�DSSOLFDELOLW\�RI�WKH�ZRUG�VSRWWLQJ�SURFHGXUH�IRU�QHZV�VHJPHQW�LGHQWLILFDWLRQ���7KH�PDLQ�UHDVRQV�IRU�VXFK�D
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