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�

$EVWUDFW�
�
7KLV�SDSHU�DGGUHVVHV�WKH�DUHD�RI�VW\OH�FODVVLILFDWLRQ�RI�IRON�PHORGLHV��7KH�VWXG\�XQGHUWDNHQ�FRQVLVWHG�
RI�WKH�DQDO\VLV�RI�D�VHULHV�RI�IRON�PHORGLHV�ZLWK�GLIIHUHQW�FXOWXUDO�EDFNJURXQGV��7KH�PHWKRG�RI�
DQDO\VLV�XVHG�ZDV�WKDW�RI�7KRPDV�2¶&DQDLQQ���������ZKLFK�UHSUHVHQWV�D�VWDWLVWLFDO�DSSURDFK���
�
7KLUW\�VL[WHHQ�EDU�PHORGLHV�ZHUH�XVHG�IRU�WKH�VWXG\��ILIWHHQ�RI�ZKLFK�ZHUH�$PHULFDQ�DQG�WKH�RWKHU�
ILIWHHQ�,ULVK��2¶&DQDLQQ¶V�DQDO\VLV�ZDV�FDUULHG�RXW�RQ�DOO�RI�WKH�PHORGLHV�HQDEOLQJ�D�VHW�RI�WHQ�
DWWULEXWHV�IRU�HDFK�PHORG\�WR�EH�GHULYHG��7KLV�GDWD�ZDV�WKHQ�SDVVHG�WKURXJK�4XLQODQ¶V��������������
&��DOJRULWKP�IRU�PDFKLQH�OHDUQLQJ��WR�DVVHVV�WKH�VXLWDELOLW\�RI�WKH�DWWULEXWHV�DV�PHDQV�IRU�
FODVVLILFDWLRQ�RI�WKH�PHORGLHV��
�
7KH�UHVXOWV�ZHUH�FRPSDUHG�ZLWK�DQ�HDUOLHU�VWXG\��&DUWHU�HW��DO���������ZKHUH�WKH�VDPH�PHORGLHV�ZHUH�
DQDO\VHG�XVLQJ�HOHPHQWV�RI�/HUGDKO�DQG�-DFNHQGRII¶V�*HQHUDWLYH�7KHRU\�RI�7RQDO�0XVLF��*770���
�������������DQG�WKH�UHVXOWV�DJDLQ�HYDOXDWHG�XVLQJ�&���
�
%RWK�RI�WKHVH�VWXGLHV�FRQWULEXWH�WR�D�ODUJHU�SURMHFW�WR�GHYHORS�D�K\EULG�FRJQLWLYH�PHWKRG�IRU�WKH�
DQDO\VLV�RI�ZHVWHUQ�WUDGLWLRQDO�IRON�PXVLF��ZKLFK�ZLOO�EH�LPSOHPHQWHG�DV�D�FRPSXWHU�EDVHG�WRRO�XVLQJ�
DQ�$UWLILFLDO�,QWHOOLJHQFH�DSSURDFK��7KH�WRRO�ZLOO�DLG�LQ�WKH�LGHQWLILFDWLRQ�RI�WKH�PRVW�LPSRUWDQW�
IHDWXUHV�WKDW�FKDUDFWHULVH�D�VHW�RI�WXQHV�ZLWK�D�SDUWLFXODU�VW\OH�RU�FXOWXUDO�EDFNJURXQG��
�
�
�
���,QWURGXFWLRQ�

�
$V�D�ILGGOH�SOD\HU�,�DP�DZDUH�WKDW�,�DP�DEOH�WR�LGHQWLI\�WKH�FXOWXUDO�RULJLQ�RI�PDQ\�WXQHV�IDLUO\�
DFFXUDWHO\��DQG�WKDW�LW�LV�SRVVLEOH�WR�LPSURYLVH�DQG�GHYHORS�IXUWKHU�PHORGLHV�RI�D�SDUWLFXODU�VW\OH��RU�LQ�
VRPH�FDVHV�WR�SOD\�D�WXQH�RI�RQH�FXOWXUH�LQ�WKH�VW\OH�RI�DQRWKHU��7KLV�DELOLW\�KDV�GHYHORSHG�WKURXJK�
OLVWHQLQJ�WR�DQG�SOD\LQJ�PXVLF�RYHU�D�ORQJ�SHULRG�RI�WLPH��EXW�ZLWK�RQO\�OLWWOH�IRUPDO�VWXG\�RI�PXVLFDO�
WKHRU\��$V�D�FRPSXWHU�VFLHQWLVW�ZLWK�D�SDUWLFXODU�LQWHUHVW�LQ�$UWLILFLDO�,QWHOOLJHQFH��$,���,�KDYH�GHFLGHG�
WR�DWWHPSW�WR�UHSOLFDWH�WKLV�DELOLW\�DV�FORVHO\�DV�SRVVLEOH�XVLQJ�D�FRPSXWHU��
�
$,�WHFKQLTXHV�KDYH�EHHQ�XVHG�VXFFHVVIXOO\�IRU�D�YDULHW\�RI�PXVLFDO�DSSOLFDWLRQV��IRU�H[DPSOH��&RSH�
������������5REELH�	�6PDLOO�������+RURZLW]�������:LJJLQV�	�6PDLOO���������,W�LV�WKH��ORQJ�WHUP��



LQWHQWLRQ�WR�XVH�$,�WHFKQLTXHV�LQ�RUGHU�WR�LPSOHPHQW�DQ�DXWRPDWLF�FRJQLWLYH�K\EULG�V\VWHP�IRU�WKH�
DQDO\VLV�RI�IRON�PHORGLHV��$,�DV�D�VWXG\�DQG�VLPXODWLRQ�RI�LQWHOOLJHQW�EHKDYLRXU��OHQGV�LWVHOI�WR�
SUREOHPV�WKDW�UHTXLUH�D�PRUH�KXPDQ�DSSURDFK��:LJJLQV�	�6PDLOO���������ZULWH��
�

µ:KLOH�$,�LWVHOI�ZLOO�QHYHU�EH�DEOH�WR�VROYH�WKHVH�SUREOHPV�>SUREOHPV�WKDW�UHTXLUH�DQ�LQWXLWLYH�
DSSURDFK@�LQ�JHQHUDO��LWV�WHFKQLTXHV�DUH�RIWHQ�DEOH�WR�JR�IXUWKHU�WKDQ�WKH�VWDQGDUG�


XQLQWHOOLJHQW
�DSSURDFKHV�¶��
�
7KH�HPSOR\PHQW�RI�VXFK�WHFKQLTXHV�RIWHQ�JRHV�DORQJVLGH�DQ�LQWHUHVW�LQ�WKH�ZD\�WKDW�D�SUREOHP�LV�
VROYHG��DV�ZHOO�DV�DFKLHYLQJ�D�GHVLUHG�UHVXOW��,W�LV�QRW�VXUSULVLQJ�WKHQ�WKDW�WKH�VWXG\�RI�$,�RYHUODSV�
ZLWK�PDQ\�RWKHU�GLVFLSOLQHV��IRU�H[DPSOH��SV\FKRORJ\��OLQJXLVWLFV��DQG�PXVLF��
�
7KH�YDOXH�RI�WDNLQJ�DQ�$,�DSSURDFK�LV�PXOWL�IDFHWHG��LW�FDQ�HQDEOH�XV�WR�DFKLHYH�D�EHWWHU�
XQGHUVWDQGLQJ��E\�VLPXODWLRQ��RI�KXPDQ�LQWHOOLJHQFH��6HDUOH��������������DQG�FRQYHUVHO\��DWWHPSWLQJ�
WR�DXWRPDWH�KXPDQ�LQWHOOLJHQFH�FRXOG�KHOS�XV�GHYHORS�EHWWHU�PDFKLQHV��&DZVH\����������)URP�D�
PXVLFDO�SHUVSHFWLYH��5REHUW�5RZH��������LOOXVWUDWHV�WKH�WZR�IROG�JDLQV�LQ�$,�PXVLF�UHVHDUFK�LQ�WKH�
IROORZLQJ�WZR�TXRWHV��
�


)URP�WKH�SRLQW�RI�YLHZ�RI�DUWLILFLDO�LQWHOOLJHQFH�UHVHDUFK��VXFK�>$,�PXVLF@�DSSOLFDWLRQV�>KH�

FLWHV�&RSH�������(EFLRJOX�������%DUXFKD�	�7RGG�����@�DUH�DWWUDFWLYH�EHFDXVH�RI�PXVLF
V�
ULFK�FDSDFLW\�WR�VXSSRUW�D�ZLGH�YDULHW\�RI�PRGHOV
��

�

)URP�WKH�SRLQW�RI�YLHZ�RI�FRPSXWHU�PXVLF�FRPSRVLWLRQ�DQG�SHUIRUPDQFH��DUWLILFLDO�
LQWHOOLJHQFH�LV�RI�FHQWUDO�LPSRUWDQFH�EHFDXVH�LW�GLUHFWO\�DGGUHVVHV�WKH�PRGHOOLQJ�RI�KXPDQ�

FRJQLWLRQ
��
�
7KH�ZRUN�FDUULHG�RXW�IRU�WKLV�SDSHU�LV�RQH�RI�D�VHULHV�RI�SUHOLPLQDU\�VWXGLHV�PDUNLQJ�WKH�EHJLQQLQJ�WKH�
LGHQWLILHG�ODUJHU�SURMHFW��7KH�PDLQ�DLP�RI�WKH�ODUJHU�SURMHFW�LV�WR�GHYHORS�D�K\EULG�FRJQLWLYH�PHWKRG�
IRU�WKH�DQDO\VLV��XVLQJ�ERWK�VWUXFWXUDO�DQG�SHUIRUPDQFH�LQIRUPDWLRQ��RI�ZHVWHUQ�WUDGLWLRQDO�IRON�
PXVLF��DQG�WKHQ�WR�YHULI\�DSSURSULDWH�$,�WHFKQLTXHV�DV�PHDQV�RI�DXWRPDWLQJ�WKH�DQDO\VLV�SURFHVV��7KH�
DXWRPDWHG�DQDO\VLV�WRRO�ZLOO�HQDEOH�WKH�LGHQWLILFDWLRQ�RI�WKH�PRVW�LPSRUWDQW�IHDWXUHV�WKDW�FKDUDFWHULVH�
D�VHW�RI�WXQHV�ZLWK�D�SDUWLFXODU�VW\OH�RU�FXOWXUDO�EDFNJURXQG��

7KH�VWXG\�GHVFULEHG�LQ�WKLV�SDSHU�XVHV�D�VWDWLVWLFDO�DSSURDFK�DV�LGHQWLILHG�E\�2¶&DQDLQQ��������WR�
DQDO\VH�WZR�VHWV�RI����EDU�ILGGOH�WXQHV��RQH�VHW�EHLQJ�,ULVK�DQG�WKH�RWKHU�$PHULFDQ���7KH�UHVXOWV�RI�WKH�
DQDO\VLV�SURYLGH�D�PHDQV�RI�GHULYLQJ�D�VHW�RI�DWWULEXWHV��LQLWLDOO\�WHQ��WKDW�GHVFULEH�FHUWDLQ�
FKDUDFWHULVWLFV�RI�WKH�PHORGLHV��7KH�ILGGOH�WXQHV�VHOHFWHG�ZHUH�DOO�LQ�FRPPRQ�WLPH��LQ�RUGHU�WR�
PLQLPLVH�WKH�YDULDEOHV���

,Q�RUGHU�WR�GHWHUPLQH�ZKLFK�DWWULEXWHV�FKDUDFWHULVH�WKH�VHWV�RI�PHORGLHV�HIIHFWLYHO\��D�PDFKLQH�
OHDUQLQJ�WHFKQLTXH�NQRZQ�DV�LQGXFWLYH�OHDUQLQJ�ZDV�XVHG��7KH�VRIWZDUH�XVHG�IRU�WKLV�SXUSRVH�LV�5RVV�
4XLQODQ¶V�&��DOJRULWKP���������DQG�JLYHQ�D�WUDLQLQJ�VHW�LW�EXLOGV�D�GHFLVLRQ�WUHH�WKDW�LV�WKHQ�XVHG�WR�
FODVVLI\�IXUWKHU�H[DPSOHV��7KH�VRIWZDUH�SURYLGHV�VWDWLVWLFV�WKDW�LQGLFDWH�WKH�DFFXUDF\�RI�WKH�
FODVVLILFDWLRQV�PDGH��DV�ZHOO�DV�DOORZLQJ�WKH�XVHU�WR�HVWDEOLVK�ZKLFK�RI�WKH�JLYHQ�DWWULEXWHV�ZHUH�NH\�
WR�WKH�FODVVLILFDWLRQ�SURFHVV��

7KH�UHVXOWV�RI�WKH�H[SHULPHQW�DUH�FRPSDUHG�ZLWK�DQ�HDUOLHU�ZRUN��&DUWHU�HW��DO��������ZKHUH�WKH�VDPH�
PHORGLHV�ZHUH�DQDO\VHG�XVLQJ�WKH�JURXSLQJ�DQG�PHWULFDO�FRPSRQHQWV�RI�/HUGDKO�DQG�-DFNHQGRII¶V�
*770��������������7KH�DWWULEXWHV�GHULYHG�IURP�WKLV�DQDO\VLV�SURFHVV�ZHUH�VLPLODUO\�SDVVHG�WKURXJK�
4XLQODQ¶V�&��DOJRULWKP�WR�HQDEOH�LGHQWLILFDWLRQ�RI�WKH�NH\�FKDUDFWHULVWLFV�RI�WKH�PHORGLHV��ZLWK�
UHVSHFW�WR�FXOWXUDO�EDFNJURXQG��



7KH�UHVXOWV�DUH�GLVFXVVHG��DQG�LQ�WKH�OLJKW�RI�WKHVH��UHFRPPHQGDWLRQV�IRU�IXUWKHU�VWXG\�DUH�PDGH��
�

���7KH�PHORGLHV�

7KH�WXQHV�XVHG�IRU�WKH�H[SHULPHQW�DUH�DOO����EDUV�ORQJ�DQG�DUH�LQ�FRPPRQ�WLPH��+DOI�RI�WKH�WXQHV�DUH�
,ULVK��DQG�DUH�WDNHQ�IURP�µ2¶1HLOO¶V�0XVLF�RI�,UHODQG¶��0LOHV�.UDVVHQ���������WKH�RWKHU�KDOI�DUH�
$PHULFDQ�DQG�DUH�WDNHQ�IURP�µ)LGGOH�&DVH�7XQH�%RRN��2OG�7LPH�6RXWKHUQ¶��6WDFH\�3KLOLSV���������
%RWK�VRXUFHV�DUH�ZULWWHQ�IRU�WKH�ILGGOH�DQG�LQFOXGH�W\SLFDO�SHUIRUPDQFH�LQIRUPDWLRQ�
�VOXUULQJ�SKUDVLQJ��RUQDPHQWDWLRQ���WKRXJK�ERWK�DFNQRZOHGJH�WKDW�LQGLYLGXDO�SHUIRUPHUV�PD\�YDU\�
WKH�ZD\�WKDW�WKH\�SOD\�D�SDUWLFXODU�WXQH��
�
���2¶&DQDLQQ¶V�PHWKRG�RI�DQDO\VLV�
�
7KLV�LV�DQ�H[DPSOH�RI�D�IDLUO\�VLPSOH�DQDO\VLV�SURFHVV�GHVLJQHG�IRU�ZRUN�ZLWK�IRON�PHORGLHV��
2¶&DQDLQQ�DSSOLHG�WKH�PHWKRG�WR�D�VHULHV�RI�PHORGLHV��VKRZLQJ�WKDW�LQ�,ULVK�GDQFH�WXQHV�WKHUH�LV�D�
WHQGHQF\�WR�µFRQFHQWUDWH�RQ�RQO\�D�IHZ�QRWHV�RI�WKH�DYDLODEOH�VFDOH��DQG�WR�UHWXUQ�WR�WKHVH�DJDLQ�DQG�
DJDLQ�WKURXJKRXW�WKH�WXQH¶��+LV�PHWKRG�LV�EDVHG�RQ�WKH�LGHD�RI�QRWH�IUHTXHQF\��3RLQWV�DUH�DOORFDWHG�WR�
QRWHV�IRU�WKH�UHDVRQV�LQGLFDWHG�EHORZ��
�

� HDFK�RFFXUUHQFH�RI�D�QRWH��IURP�DQ\�RFWDYH��

� DQ\�QRWH�IDOOLQJ�RQ�D�VWURQJ�EHDW�

� WKH�KLJKHVW�QRWH�RQ�LWV�ILUVW�DSSHDUDQFH�

� WKH�ORZHVW�QRWH�RQ�LWV�ILUVW�DSSHDUDQFH�

� DQ\�QRWH�SURFHHGHG�WR�E\�DQ�LQWHUYDO�JUHDWHU�WKDQ�D�ILIWK�

� WKH�ILUVW�VWUHVVHG�QRWH�

� D�ORQJ�QRWH��ZLWK�UHVSHFW�WR�WKH�PRGDO�QRWH�OHQJWK��
�
+LV�RZQ�DQDO\VHV�VKRZHG�WKDW�WKH�PRVW�LPSRUWDQW�QRWHV�UHVXOWLQJ�IURP�WKLV�DQDO\VLV�ZHUH�QRW�
QHFHVVDULO\�WKH�VDPH�DV�WKRVH�WKDW�ZRXOG�UHVXOW�IURP�D�PRUH�IRUPDO�DQDO\VLV�RI�NH\�VLJQDWXUH��7KH�
QRWHV�ZLWK�WKH�PD[LPXP�DQG�VHFRQG�PD[LPXP�IUHTXHQF\�RI�SRLQWV�ZHUH�QRW�QHFHVVDULO\�WKH�WRQLF�
DQG�WKH�GRPLQDQW�DV�PLJKW�EH�H[SHFWHG��DQG�KHQFH�KH�FRQFOXGHG�WKDW�WKH�WXQHV�H[DPLQHG�KDG�
FRPSOH[�WRQDOLW\��
�

���0DFKLQH�/HDUQLQJ�

0DFKLQH�/HDUQLQJ�LV�DERXW�WKH�GHYHORSPHQW�RI�FRPSXWHU�SURJUDPV�WKDW�LPSURYH�DXWRPDWLFDOO\�ZLWK�
H[SHULHQFH��9DULRXV�W\SHV�RI�OHDUQLQJ�KDYH�EHHQ�GHILQHG��WKH�VLPSOHVW�EHLQJ�URWH�OHDUQLQJ��0RVW�RI�WKH�
ZRUN�RQ�PDFKLQH�OHDUQLQJ�KDV�FHQWUHG�RQ�LQGXFWLYH�OHDUQLQJ��RU�OHDUQLQJ�IURP�H[DPSOH��([DPSOHV�RI�
VXFK�PHWKRGV�LQFOXGH�:LQVWRQ¶V�OHDUQLQJ�SURJUDP���������YHUVLRQ�VSDFH�OHDUQLQJ��DQG�GHFLVLRQ�WUHH�
LQGXFWLRQ��7KHUH�DUH�D�QXPEHU�GHFLVLRQ�WUHH�OHDUQLQJ�DOJRULWKPV�DYDLODEOH��LQ�SDUWLFXODU�WKRVH�RI�
4XLQODQ��,'���������&�����������&���������KDYH�EHHQ�XVHG�IRU�D�ZLGH�UDQJH�RI�FODVVLILFDWLRQ�
SUREOHPV���

2WKHU�DSSURDFKHV�WR�PDFKLQH�OHDUQLQJ�LQFOXGH�*HQHWLF�$OJRULWKPV��ZKLFK�DUH�LQIOXHQFHG�E\�
HYROXWLRQDU\�WKHRULHV�DQG�FDQ�EH�XVHG�IRU�D�YDULHW\�RI�VHDUFK�UHODWHG�SUREOHPV��DQG�1HXUDO�1HWZRUNV��
ZKLFK�DUH�PRGHOOHG�RQ�WKH�VWUXFWXUH�RI�WKH�EUDLQ��7KHVH�SURYLGH�DOWHUQDWLYH�\HW�HTXDOO\�SURYHQ�
PHWKRGV��EXW�KDYH�QRW�EHHQ�XVHG�IRU�WKLV�VWXG\��



���4XLQODQ¶V�$OJRULWKPV�IRU�,QGXFWLYH�/HDUQLQJ�

4XLQODQ¶V�ZRUN�RQ�,'���&����DQG�PRUH�UHFHQWO\�&���KDV�PDGH�VXEVWDQWLDO�FRQWULEXWLRQV�WR�PDFKLQH�
OHDUQLQJ�DQG�NQRZOHGJH�EDVHG�V\VWHPV��7KH�SURFHVV�RI�LQGXFWLRQ�DOORZV�D�VHW�RI�H[DPSOHV�WR�EH�XVHG�
LQ�RUGHU�WR�FUHDWH�D�GHFLVLRQ�WUHH��ZKLFK�FDQ�DOVR�EH�UHSUHVHQWHG�DV�D�UXOH�VHW��7KH�DOJRULWKP�DFKLHYHV�
WKLV�E\�GLVFRYHULQJ�DQG�DQDO\VLQJ�SDWWHUQV�IRXQG�LQ�VHWV�RI�GDWD��7KLV�SURFHVV�LV�PHDVXULQJ�WKH�
LQIRUPDWLRQ�QHHGHG�WR�LGHQWLI\�WKH�FODVV�RI�FDVHV�SURYLGHG�LQ�WKH�WUDLQLQJ�VHW��DQG�VXFK�D�PHDVXUH�LV�
NQRZQ�LQ�LQIRUPDWLRQ�WKHRU\�DV�HQWURS\���

7KH�GDWD�SUHVHQWHG�WR�WKH�DOJRULWKP�IRU�FODVVLILFDWLRQ�SXUSRVHV�PXVW�KDYH�WKH�IROORZLQJ�
FKDUDFWHULVWLFV��

� 7KHUH�PXVW�EH�D�IL[HG�FROOHFWLRQ�RI�DWWULEXWHV�RU�SURSHUWLHV�WKDW�GHVFULEH�WKH�REMHFW�RU�FDVH��DQG�
WKHVH�PD\�KDYH�HLWKHU�GLVFUHWH�RU�QXPHULF�YDOXHV��

� 7KH�FODVVHV�PXVW�EH�SUH�GHILQHG�DV�WKLV�LV�VXSHUYLVHG�OHDUQLQJ��

� (DFK�FDVH�PXVW�EHORQJ�WR�RQH�FODVV�RU�DQRWKHU��DQG�WKHUH�VKRXOG�EH�VXEVWDQWLDOO\�PRUH�FDVHV�WKDQ�
FODVVHV��

� 7KHUH�PXVW�EH�HQRXJK�GDWD�IRU�SDWWHUQV�WR�EH�HVWDEOLVKHG��7KH�DPRXQW�UHTXLUHG�YDULHV�GHSHQGLQJ�
RQ�WKH�FRPSOH[LW\�RI�WKH�FODVVLILFDWLRQ�WDVN��

�4XLQODQ��������

�

7KH�DOJRULWKP�QHHGV�WR�KDYH�D�WUDLQLQJ�VHW�LQ�RUGHU�WR�EXLOG�WKH�FODVVLILHU��RU�GHFLVLRQ�WUHH��,W�LV�WKHQ�
DEOH�WR�PDNH�FODVVLILFDWLRQ�SUHGLFWLRQV�RQ�IXUWKHU�GDWD�VHWV�EDVHG�RQ�WKH�WUHH�LW�KDV�DOUHDG\�EXLOW��7KHUH�
DUH�D�QXPEHU�RI�ZD\V�RI�XVLQJ�WKH�VRIWZDUH�WR�JLYH�PRUH�DFFXUDWH�SUHGLFWLRQV�ZLWKRXW�LQFUHDVLQJ�WKH�
DYDLODEOH�QXPEHU�RI�FDVHV��2QH�RI�WKHVH�LV�NQRZQ�DV�FURVV�YDOLGDWLRQ�WULDOV��7KLV�RSWLRQ�XVHV�WKH�
FRPSOHWH�VHW�RI�FDVHV��DQG�IURP�WKLV��WDNHV�D�QXPEHU�RI�GLIIHUHQW�VDPSOHV�DV�WUDLQLQJ�VHWV��,W�EXLOGV�D�
QHZ�WUHH�HDFK�WLPH��DQG�DPDOJDPDWHV�WKH�RXWSXW�WR�JLYH�DQ�RYHUDOO�UHVXOW�EDVHG�RQ�DOO�RI�WKH�WUHHV��
7KLV�PHDQV�WKDW�HYHU\�FDVH�LV�XVHG�DW�VRPH�WLPH�ERWK�DV�WUDLQLQJ�GDWD��DQG�DV�VDPSOH�GDWD�IRU�
FODVVLILFDWLRQ���

$QRWKHU�PHWKRG�WKDW�LPSURYHV�WKH�SUHGLFWLRQ�DFFXUDF\�LV�WKDW�RI�ERRVWLQJ��7KLV�LV�D�IHDWXUH�RI�&���WKH�
PRVW�UHFHQW�YHUVLRQ��%RRVWLQJ�DOVR�UHTXLUHV�D�QXPEHU�RI�FODVVLILHUV�WR�EH�EXLOW��(DFK�WLPH�D�QHZ�RQH�LV�
FRQVWUXFWHG��WKH�DOJRULWKP�FRQFHQWUDWHV�RQ�WKH�FDVHV�WKDW�LW�SUHGLFWHG�ZURQJO\�LQ�WKH�SUHYLRXV�DWWHPSW��
:KHQ�DOO�WKH�WULDOV�DUH�FRPSOHWH��HDFK�FODVVLILHU�YRWHV�IRU�LWV�SUHGLFWHG�FODVV��7R�GHWHUPLQH�WKH�ILQDO�
FODVV�WKH�YRWHV�DUH�FRXQWHG�DQG�WKH�UHVXOW�LV�RIWHQ�VLJQLILFDQWO\�EHWWHU�WKDQ�DQ\�RI�WKRVH�IURP�WKH�
LQGLYLGXDO�WULDOV���4XLQODQ���������

�

���0HWKRG�
�
(DFK�RI�WKH�WKLUW\�PHORGLHV�ZDV�DQDO\VHG�DFFRUGLQJ�WR�WKH�UXOHV�RXWOLQHG�LQ�VHFWLRQ����7KH�QXPEHU�RI�
SRLQWV�IRU�HDFK�QRWH�LQ�HYHU\�PHORG\�ZDV�WKHQ�XVHG�WR�GHULYH�D�VHULHV�RI�DWWULEXWHV�WKDW�GHVFULEH�
IHDWXUHV�RI�WKH�PHORG\��7KH�DWWULEXWHV�ZHUH�GHULYHG�DV�IROORZV��
�



� 7KH�QRWH�ZLWK�WKH�KLJKHVW�QXPEHU�RI�SRLQWV�

� 7KH�QRWH�ZLWK�VHFRQG�KLJKHVW�QXPEHU�RI�SRLQWV�

� 7KH�QRWH�ZLWK�WKH�ORZHVW�QXPEHU�RI�SRLQWV�

� 7KH�QRWH�RQ�ZKLFK�WKH�ILUVW�VWUHVVHG�QRWH�IDOOV�

� 3HUFHQWDJH�RI�SRLQWV�DOORFDWHG�WR�WKH�NH\�VLJQDWXUH�WRQLF�

� 3HUFHQWDJH�RI�SRLQWV�DOORFDWHG�WR�WKH�NH\�VLJQDWXUH�GRPLQDQW�

� 0HDQ�QXPEHU�RI�SRLQWV�SHU�QRWH�

� 6WDQGDUG�GHYLDWLRQ�RI�SRLQWV�IRU�HDFK�QRWH�

� 3HUFHQWDJH�RI�SRLQWV�DOORFDWHG�IRU�D�ORQJ�QRWH�

� 3HUFHQWDJH�RI�SRLQWV�DOORFDWHG�WR�D�QRWH�SURFHHGHG�WR�E\�D�ODUJH�LQWHUYDO��ILIWK�RU�PRUH��
�
�µ1RWH¶�DV�WHUPHG�DERYH�UHIHUV�WR�WKH�SLWFK�RI�D�QRWH�ZLWKLQ�D�VFDOH��EXW�D�QRWH�FDQ�EH�IURP�DQ\�
RFWDYH��(�J��DQ�RFFXUUHQFH�RI�PLGGOH�&�DQG�RI�WKH�&�DERYH��ZRXOG��EH�FRXQWHG�DV���RFFXUUHQFHV�RI�WKH�
QRWH�&���
�
9DOXHV�IRU�WKH�ILUVW�IRXU�DWWULEXWHV�ZHUH�GHVFULEHG�XVLQJ�WKH�VWDQGDUG�QDPLQJ�IRU�QRWHV�RI�D�GLDWRQLF�
VFDOH��L�H��WRQLF��VXSHUWRQLF��PHGLHQW��VXEGRPLQDQW��GRPLQDQW��VXEPHGLHQW��OHDGLQJ�QRWH���7KH�
UHPDLQLQJ�DWWULEXWHV�DOO�KDG�QXPHULF��DQG�FRQWLQXRXV��YDOXHV��
�
7KH�UHVXOWV�RI�WKLV�DQDO\VLV�ZHUH�WKHQ�XVHG�DV�LQSXW�IRU�WKH�&��GHFLVLRQ�WUHH�LQGXFWLRQ�VRIWZDUH��7KH�
VRIWZDUH�SURYLGHV�ZD\V�RI�LPSURYLQJ�WKH�UHOLDELOLW\�RI�WKH�UHVXOWV�IRU�VPDOO�VDPSOH�VL]HV�VXFK�DV�WKLV�
�ILIWHHQ�IRU�HDFK�FODVV���7KH�ERRVWLQJ�RSWLRQ��VHH�VHFWLRQ����LV�DQ�H[DPSOH�RI�WKLV�DQG�ZDV�XVHG�IRU�
HDFK�WHVW��5HOLDELOLW\�RI�WKH�UHVXOWV�LV�DOVR�LPSURYHG�E\�PDNLQJ�WKH�WUDLQLQJ�VHW�DV�ODUJH�DV�SRVVLEOH�
ZKLFK�FDXVHV�WKH�WHVW�GDWD�WR�EH�VPDOO��EXW�WKH�GDWD�FDQ�EH�SDVVHG�WKURXJK�WKH�DOJRULWKP�D�QXPEHU�RI�
WLPHV�DQG�VXPPDULVHG�DV�FRPSHQVDWLRQ�IRU�WKLV�7HVWV�ZHUH�DOVR�FDUULHG�RXW�XVLQJ�FURVV�YDOLGDWLRQ�
WULDOV��5XOHVHWV�ZHUH�JHQHUDWHG�IRU�DOO�WULDOV��
�

���5HVXOWV�
�
7KH�UHVXOWV�ZHUH�SRVLWLYH�DQG�VKRZHG�WKDW�WKH�PHORGLHV�FRXOG�EH�FODVVLILHG�DFFRUGLQJ�WR�FXOWXUDO�
EDFNJURXQG�XVLQJ�WKH�DWWULEXWHV�IURP�WKH�DQDO\VLV��8VH�RI�WKH�ERRVW�RSWLRQ�JDYH�WKH�EHVW�UHVXOWV�LQ�
WHUPV�RI�FRUUHFW�SUHGLFWLRQV��7KH�PRVW�SURPLQHQW�IHDWXUHV�LGHQWLILHG�DV�FRQWULEXWRUV�WR�VXFFHVVIXO�
FODVVLILFDWLRQ�DUH�OLVWHG�EHORZ��ZLWK�UHIHUHQFHV�WR�WKH�DVVRFLDWHG�WUHHV�DQG�UXOHV�JHQHUDWHG�E\�&���$�
QXPEHU�RI�WULDOV�ZHUH�FDUULHG�RXW�DQG�WKH�WUHHV�VKRZQ�EHORZ�DUH�JLYHQ�DV�W\SLFDO�H[DPSOHV��
�
&KDUDFWHULVWLFV�RI�,ULVK�PHORGLHV��

�

� )HZHU�SRLQWV�DOORFDWHG�IRU�ORQJ�QRWHV���VHH�7UHH����

� +LJKHU�PHDQ�QXPEHU�RI�SRLQWV�SHU�QRWH���VHH�7UHH����

� /RZHU�SHUFHQWDJH�RI�SRLQWV�RQ�NH\�VLJQDWXUH�WRQLF�	�NH\�VLJQDWXUH�GRPLQDQW���VHH�7UHHV���	����

� 6HFRQG�PD[LPXP�QXPEHU�RI�SRLQWV�ZHUH�DOORFDWHG�PDLQO\�WR�HLWKHU�WKH�VXSHUWRQLF��WKH�
VXEGRPLQDQW��RU�WKH�OHDGLQJ�QRWH���VHH�7UHH����

� /RZHU�VWDQGDUG�GHYLDWLRQ�RI�SRLQWV�SHU�QRWH��
�

&KDUDFWHULVWLFV�RI�$PHULFDQ�PHORGLHV�
�

� 0RUH�SRLQWV�DOORFDWHG�IRU�ORQJ�QRWHV���VHH�7UHH����

� /RZHU�PHDQ�QXPEHU�RI�SRLQWV�SHU�QRWH���VHH�7UHH����

� +LJKHU�SHUFHQWDJH�RI�SRLQWV�RQ�NH\�VLJQDWXUH�WRQLF�	�NH\�VLJQDWXUH�GRPLQDQW���VHH�7UHHV���	����



� 6HFRQG�PD[LPXP�QXPEHU�RI�SRLQWV�ZHUH�DOORFDWHG�PDLQO\�WR�HLWKHU�WKH�WRQLF��WKH�PHGLHQW��RU�WKH�
VXEPHGLHQW���VHH�7UHH����

� +LJKHU�VWDQGDUG�GHYLDWLRQ�RI�SRLQWV�SHU�QRWH��
�
�
7UHH���

�
'HFLVLRQ�WUHH��

3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�� ������LULVK������������

3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�!������DPHULFDQ������������

�

7KH�QXPEHUV�DW�WKH�HQG�RI�HDFK�OHDI�QRGH��H�J������������LQGLFDWH�WKH�QXPEHU�RI�FDVHV�PDSSHG�WR�WKH�
OHDI�����RQ�WKH�ILUVW�OHDI���DQG�WKH�QXPEHU�FODVVLILHG�LQFRUUHFWO\�E\�LW����RQ�WKH�ILUVW�OHDI���6RPH�FDVHV�
PD\�RQO\�EH�SDUWLDOO\�PDSSHG�WR�D�SDUWLFXODU�OHDI�QRGH��WKLV�UHVXOWV�LQ�VRPH�RI�WKHVH�YDOXHV�EHLQJ�QRQ�
ZKROH�QXPEHUV��
�

([WUDFWHG�UXOHV��

�

5XOH�������FRYHU�����

����� 3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�� �����

� �!��FODVV�LULVK��>�����@�

�

5XOH�������FRYHU�����

����� 3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�!�����

� �!��FODVV�DPHULFDQ��>�����@�

�
�
7KH�QXPEHU�LQ�VTXDUH�EUDFNHWV��DW�WKH�HQG�RI�D�UXOH�LQGLFDWHV�WKH�FRQILGHQFH�ZLWK�ZKLFK�WKH�SUHGLFWLRQ�
LV�PDGH��
�
�
7UHH���
�
'HFLVLRQ�WUHH��

�

VHFRQG�PD[�SRLQWV�RQ� �WRQLF��DPHULFDQ�������

VHFRQG�PD[�SRLQWV�RQ� �VXSHUW��LULVK�������

VHFRQG�PD[�SRLQWV�RQ� �PHG��DPHULFDQ�����������

VHFRQG�PD[�SRLQWV�RQ� �VXEGRP��LULVK�����������

VHFRQG�PD[�SRLQWV�RQ� �VXEPHG��DPHULFDQ�����������

VHFRQG�PD[�SRLQWV�RQ� �/1��LULVK�������

VHFRQG�PD[�SRLQWV�RQ� �GRP��

����3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�� ������LULVK�������

����3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�!������DPHULFDQ�������

�

�

7UHH���

�

'HFLVLRQ�WUHH��

�

0HDQ�� ��������DPHULFDQ������������



0HDQ�!��������

����3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�� ������LULVK��������

����3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�!������

��������SHUFHQWDJH�RQ�.H\�6LJ�'RPLQDQW�� ��������LULVK�������

��������SHUFHQWDJH�RQ�.H\�6LJ�'RPLQDQW�!��������DPHULFDQ�������

�

�

�

7UHH���

�

�

'HFLVLRQ�WUHH��

�

3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�!������DPHULFDQ������������

3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�� ������

����SHUFHQWDJH�RQ�.H\�6LJ�WRQLF�� ��������LULVK��������

����SHUFHQWDJH�RQ�.H\�6LJ�WRQLF�!��������

��������0HDQ�� ��������DPHULFDQ�������

��������0HDQ�!��������LULVK�������

�
([WUDFWHG�UXOHV��

�

5XOH�������FRYHU�������

����� SHUFHQWDJH�RQ�.H\�6LJ�WRQLF�� �������

����� 3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�� �����

� �!��FODVV�LULVK��>�����@�

�

5XOH�������FRYHU������

����� 0HDQ�!�������

����� 3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�� �����

� �!��FODVV�LULVK��>�����@�

�

5XOH�������FRYHU�������

����� 3HUFHQWDJH�RI�SRLQWV�IRU�ORQJ�QRWH�!�����

� �!��FODVV�DPHULFDQ��>�����@�

�

5XOH�������FRYHU������

����� SHUFHQWDJH�RQ�.H\�6LJ�WRQLF�!�������

����� 0HDQ�� �������

� �!��FODVV�DPHULFDQ��>�����@�
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���'LVFXVVLRQ�
�
7KH�PRVW�LPSRUWDQW�FKDUDFWHULVWLF�ZDV�WKH�QXPEHU�RI�SRLQWV�DOORFDWHG�GXH�WR�WKH�QRWH�EHLQJ�ORQJHU�
WKDQ�WKH�PRGDO�OHQJWK��7KLV�LV�QRW�VXUSULVLQJ��VLQFH�DQ�H[DPLQDWLRQ�RI�WKH�VFRUHV�VKRZV�WKDW�WKH�,ULVK�
PHORGLHV�DUH�RIWHQ�D�VWUHDP�RI�QRWHV�RI�HTXDO�OHQJWK��ZLWK�ORQJHU�QRWHV�DSSHDULQJ�PDLQO\�DW�WKH�HQG�RI�
D�VHFWLRQ��0DQ\�RI�WKH�$PHULFDQ�PHORGLHV�KRZHYHU�KDYH�PRUH�YDULDWLRQ�LQ�WKH�UK\WKP��
�



7KLV�FRXOG�DOVR�DFFRXQW�IRU�WKH�YDULDWLRQ�LQ�WKH�PHDQ�QXPEHU�RI�SRLQWV�SHU�QRWH��KLJKHU�IRU�,ULVK���
VLQFH�WKH�QRWH�IUHTXHQF\�ZLOO�EH�JUHDWHU�LI�WKHUH�DUH�OHVV�ORQJ�QRWHV��8VLQJ�WKH�PHDQ�DV�DQ�DWWULEXWH�LV�
SUREDEO\�QRW�VR�KHOSIXO�LQ�UHWURVSHFW�VLQFH�LW�FRXOG�EH�KLGLQJ�PRUH�VLJQLILFDQW�IHDWXUHV��
�
7KH�$PHULFDQ�WXQHV�WHQGHG�WR�KDYH�PRUH�SRLQWV�RQ�WKH�NH\�VLJQDWXUH�WRQLF�DQG�GRPLQDQW�WKDQ�WKH�
,ULVK�WXQHV��VXJJHVWLQJ�D�OHVV�FRPSOH[�WRQDOLW\��DV�GHILQHG�E\�2¶&DQDLQQ���������
�
7KH�VWDQGDUG�GHYLDWLRQ�RI�SRLQWV�SHU�QRWH�DSSHDUHG�LQ�VRPH�WUHHV�DV�D�PHDQV�RI�FODVVLILFDWLRQ��EXW�
WKHVH�ZHUH�UHODWLYHO\�IHZ�DQG�UHVXOWHG�LQ�D�KLJK�SURSRUWLRQ�RI�HUURUV�ZKHQ�XVHG�WR�FODVVLI\��
1HYHUWKHOHVV�WKLV�VXJJHVWV�IXUWKHU�VWXG\�RI�WKH�UDQJH�DQG�GLVWULEXWLRQ�RI�QRWHV�ZLWKLQ�D�PHORG\��7KH�
RFFXUUHQFHV�RI�QRWHV�ZLWKLQ�LWV�VSHFLILF�RFWDYH�FRXOG�DOVR�DGG�PRUH�YDOXH�WR�WKLV��
�
$�QXPEHU�RI�WUHHV�DWWDFKHG�VRPH�LPSRUWDQFH�WR�WKH�VHFRQG�PD[LPXP�QXPEHU�RI�SRLQWV�DZDUGHG��
�VXSHUWRQLF��VXEGRPLQDQW��OHDGLQJ�QRWH�IRU�,ULVK�PHORGLHV��WRQLF��PHGLHQW��VXEPHGLHQW�IRU�$PHULFDQ�
PHORGLHV���)RU�D�WXQH�ZLWKRXW�FRPSOH[�WRQDOLW\�WKH�H[SHFWHG�UHVXOW�IRU�WKLV�ZRXOG�EH�WKH�GRPLQDQW��VR�
WKLV�VKRZV�DQ�LQWHUHVWLQJ�IHDWXUH�EXW�LV�QRW�VSHFLILF�HQRXJK�DV�LW�VWDQGV�WR�EH�YHU\�XVHIXO��7KHUH�ZDV�
QR�SDWWHUQ�WR�WKH�QRWH�IRU�ZKLFK�WKH�PD[LPXP�SRLQWV�ZHUH�DZDUGHG��DOWKRXJK�IRU�DOO�RI�WKH�WXQHV�
WKHUH�ZDV�D�WHQGHQF\�IRU�WKLV�QRW�WR�EH�WKH�WRQLF��ZKLFK�ZRXOG�EH�WKH�H[SHFWHG�UHVXOW���7KLV�WHQGHQF\�
ZDV�JUHDWHU�IRU�WKH�,ULVK�PHORGLHV��
�
����&RPSDULVRQ�ZLWK�HDUOLHU�ZRUN�

�
$Q�HDUOLHU�VWXG\�RI�WKH�VDPH�PHORGLHV�XVLQJ�WKH�JURXSLQJ�DQG�PHWULFDO�FRPSRQHQWV�RI�/HUGDKO�DQG�
-DFNHQGRII¶V�*770��&DUWHU�HW��DO��������VKRZHG�WKDW�LW�ZDV�SRVVLEOH�WR�FODVVLI\�WKH�WXQHV�
VXFFHVVIXOO\�DFFRUGLQJ�WR�WKH�SRVLWLRQLQJ�RI�JURXS�ERXQGDULHV�DQG�FRQVLGHUDWLRQ�RI�PHWULFDO�
LQIRUPDWLRQ��7KH�DQDO\VLV�ZDV�FDUULHG�RXW�XVLQJ�WKH�ZHOO�IRUPHGQHVV�DQG�SUHIHUHQFH�UXOHV��
�
7KH�DQDO\VLV�XVLQJ�2¶&DQDLQQ
V�PHWKRG�VHHPV�WR�JLYH�HTXDOO\�JRRG�UHVXOWV�LQ�WHUPV�RI�FRUUHFW�
FODVVLILFDWLRQV��KRZHYHU�LW�LV�PRUH�GLIILFXOW�WR�LQWHUSUHW�WKH�UHDVRQV��
�
6RPH�RI�WKH�UXOHV�LQ�*770�RYHUODS�ZLWK�WKH�UHDVRQV�IRU�DZDUGLQJ�SRLQWV�LQ�2¶&DQDLQQ¶V�PHWKRG�
�H�J��D�JURXS�ERXQGDU\�LV�FUHDWHG�LQ�*770�IRU�ODUJH�LQWHUYDOV��DQG�IRU�ORQJ�QRWHV��LQ�2¶&DQDLQQ¶V�
PHWKRG�SRLQWV�DUH�DOORFDWHG�IRU�LQWHUYDOV�JUHDWHU�WKDQ�D�ILIWK��DQG�DOVR�IRU�ORQJ�QRWHV���
�
7KH�NH\�IHDWXUHV�LGHQWLILHG�E\�*770�ZHUH�DV�IROORZV��GHYLDWLRQV�IURP�PHWULFDO�VWUXFWXUH��FDXVHG�E\�
IUHTXHQW�RFFXUUHQFH�RI�WULSOHWV�LQ�,ULVK�WXQHV���DQG�JURXS�ERXQGDULHV�GXH�WR�WKH�SRVLWLRQ�RI�SKUDVH�
HQGLQJV�DQG�EHJLQQLQJV��
�
2¶&DQDLQQ¶V�PHWKRG�GRHV�SLFN�RXW�GLIIHUHQW�IHDWXUHV�WR�WKRVH�LGHQWLILHG�E\�*770��)RU�H[DPSOH��
*770�GLGQ
W�SLFN�RXW�WKH�PRUH�IUHTXHQW�RFFXUUHQFH�RI�ORQJ�QRWHV�LQ�$PHULFDQ�WXQHV�HYHQ�WKRXJK�
WKHUH�LV�D�UXOH�VD\LQJ�D�JURXS�ERXQGDU\�RFFXUV�ZKHUH�WKHUH�LV�D�ORQJHU�JDS�EHWZHHQ�FRQVHFXWLYH�QRWHV��
7KLV�LV�SUREDEO\�EHFDXVH�WKH�ORQJ�QRWHV�LQ�WKH�$PHULFDQ�WXQHV�DSSHDU�LQ�EDWFKHV�FORVH�WRJHWKHU�DQG�
DQRWKHU�SUHIHUHQFH�UXOH�LQ�*770�VD\V�WKDW�VPDOO�JURXSV�PXVW�EH�DYRLGHG��WKXV�ORQJ�QRWHV�GLG�QRW�
QHFHVVDULO\�FDXVH�D�QHZ�JURXS�ERXQGDU\��2FFXUUHQFH�RI�VLJQLILFDQWO\�VL]HG�LQWHUYDOV�DSSHDUHG�WR�
KDSSHQ�WR�D�VLPLODU�GHJUHH�LQ�ERWK�W\SHV�RI�DQDO\VLV��
�
7KH�GLIIHUHQW�OHYHOV�RI�FRPSOH[LW\�LQ�WRQDOLW\�LGHQWLILHG�E\�2
&DQDLQQ
V�PHWKRG�ZHUH�QRW�DSSDUHQW�LQ�
WKH�UHVXOWV�RI�WKH�DQDO\VLV�XVLQJ�*770��
�



$OWKRXJK�2¶&DQDLQQ¶V�PHWKRG�LV�VWDWLVWLFDO�DQG�KDV�QR�FODLPV�DV�D�FRJQLWLYH�PRGHO��XQOLNH�*770���
WKHUH�LV�HYLGHQFH�WR�VXJJHVW��-DUYLQHQ�HW��DO��������7RLYLDLQHQ�HW��DO��������WKDW�VWDWLVWLFDO�DQDO\VHV�FDQ�
SURYLGH�DGHTXDWH�LQIRUPDWLRQ�WR�HQDEOH�WKH�FODVVLILFDWLRQ�RI�PXVLFDO�VW\OHV�DFFRUGLQJ�WR�WKHLU�
SHUFHSWXDO�VLPLODULWLHV��$V�VXFK��DQ\�XVHIXO�IHDWXUHV�RI�VXFK�PHWKRGV�ZLOO�EH�LQFRUSRUDWHG�LQWR�WKH�
ILQDO�K\EULG�FRJQLWLYH�DQDO\VLV�PHWKRG��
�
0DQ\�RI�WKH�ILQGLQJV�RI�WKLV�VWXG\�DQG�WKH�HDUOLHU�ZRUN��&DUWHU�HW��DO��������DUH�QRW�UHDOO\�VXUSULVLQJ��
DQG�DUH�SUREDEO\�OHVV�VR�WR�WKH�DFFRPSOLVKHG�PXVLF�WKHRULVW��+RZHYHU�WKH�SXUSRVH�RI�WKHVH�VWXGLHV�LV�
WR�ILQG�D�ZD\�RI�FDSWXULQJ�WKH�NQRZOHGJH�DQG�RU�µH[SHULHQFH¶�RI�D�PXVLFDO�OLVWHQHU�LQ�VXFK�D�ZD\�WKDW�
LW�FDQ�EH�XVHG�ZLWKLQ�D�FRPSXWHU�V\VWHP�WR�µOLVWHQ¶�DQG�GUDZ�FRQFOXVLRQV�DERXW�WKH�VW\OH�RI�WKH�PXVLF�
DV�HIIHFWLYHO\�DV�D�KXPDQ�OLVWHQHU�PLJKW��
�
���&RQFOXVLRQ�
�
7KH�DQDO\VLV�PHWKRG�GHVFULEHG�KDV�SURYHG�WR�EH�XVHIXO�LQ�D�OLPLWHG�ZD\��,W�GRHV�DGG�VRPH�
LQIRUPDWLRQ�WR�WKH�SUHYLRXV�VWXG\�XVLQJ�*770��WKRXJK�WKH�UHVXOWV�DUH�QRW�DV�VSHFLILF��7KH�FKRLFH�RI�
DWWULEXWHV�FRXOG�EH�LPSURYHG�DV�GHVFULEHG�LQ�HDUOLHU�VHFWLRQV�LQ�RUGHU�WR�UHYHDO�PRUH�LQIRUPDWLRQ��7KH�
VWXG\�KDV�LGHQWLILHG�VRPH�NH\�FKDUDFWHULVWLFV�RI�WKH�JURXSV�RI�PHORGLHV�WKDW�ZHUH�QRW�LGHQWLILHG�XVLQJ�
*770�LQ�WKH�HDUOLHU�VWXG\���
�
7KH�UHVXOWV�ZHUH�VXFFHVVIXO�LQ�WKDW�WKH�DQDO\VLV�HQDEOHG�WKH�FODVVLILFDWLRQ�RI�WKH�PHORGLHV��KRZHYHU�
RQO\�D�IHZ�IHDWXUHV�ZHUH�GUDZQ�RXW�DV�EHLQJ�LPSRUWDQW��DQG�WKH�DLP�LV�WR�DFKLHYH�DQ�DQDO\VLV�PHWKRG�
WKDW�SURYLGHV�D�IXOO�GHVFULSWLRQ�RI�WKH�PHORGLHV��)XUWKHU�ZRUN�LV�UHTXLUHG�WR�GHULYH�D�K\EULG�PHWKRG�
WKDW�IXOO\�GHVFULEHV�WKH�VW\OHV�LQ�WHUPV�RI�WKHLU�SHUFHSWXDO�VLPLODULWLHV��7KH�QH[W�VWDJH�ZLOO�EH�WR�
FRPSOHWH�D�VWXG\�XVLQJ�*770�IXOO\��DQG�WKHQ�WR�ORRN�DW�WKH�SRVVLEOH�FRQWULEXWLRQ�RI�RWKHU�H[LVWLQJ�
FRJQLWLYH�DSSURDFKHV�WR�DQDO\VLV��

�
�
���5HIHUHQFHV�

�
�
%KDUXFKD��-��	�7RGG��3��������0RGHOOLQJ�WKH�3HUFHSWLRQ�RI�7RQDO�6WUXFWXUH�ZLWK�1HXUDO�1HWV��&RPSXWHU�0XVLF�

-RXUQDO��������������
�
&DUWHU��-���%URZQ��0��(DJOHVWRQH��%���+RGJHV��5���������,QGXFWLYH�/HDUQLQJ�IRU�0XVLFDO�6W\OH�&ODVVLILFDWLRQ��
6RFLHW\�IRU�0XVLF�3HUFHSWLRQ�DQG�&RJQLWLRQ��FRQIHUHQFH��������
�
&DZVH\��$���������7KH�(VVHQFH�RI�$UWLILFLDO�,QWHOOLJHQFH��3UHQWLFH�+DOO��
�
&RSH��'���������&RPSXWHUV�DQG�0XVLFDO�6W\OH��2[IRUG�8QLYHUVLW\�3UHVV��
�
&RSH��'���������([SHULPHQWV�LQ�0XVLFDO�,QWHOOLJHQFH��$�5�(GLWLRQV�,QF��
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