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8QLYHUVLW\ RI 6aDR 3DXOR
,QVWLWXWH RI 0DWKHPDWLFV DQG &RPSXWHU 6FLHQFHV
'HSDUWPHQW RI &RPSXWHU 6FLHQFH DQG 6WDWLVWLFV

/DERUDWRU\ RI &RPSXWDWLRQDO ,QWHOOLJHQFH
3�2� %R[ ���� ��������� � 6aDR &DUORV� 63� %UD]LO

H�PDLO� IKXHL� PFPRQDUGJ#LFPF�VF�XVS�EU

$EVWUDFW

,QGXFWLYH�OHDUQLQJ DOJRULWKPV LQGXFH D FRQFHSW GHVFULSWLRQ IURP JLYHQ FRQFHSW LQ�
VWDQFHV _ WUDLQLQJ H[DPSOHV� +RZHYHU� LI WKH SURYLGHG IHDWXUHV IRU GHVFULELQJ WKH
WUDLQLQJ H[DPSOHV DUH LQDGHTXDWH� WKH OHDUQLQJ DOJRULWKPV DUH OLNHO\ WR SURGXFH LQDF�
FXUDWH GHVFULSWLRQV� )HDWXUHV FDQ VRPHWLPHV EH FRQVLGHUHG LQDGHTXDWH IRU WKH OHDUQ�
LQJ WDVN ZKHQ WKH\ DUH ZHDNO\ RU LQGLUHFWO\ UHOHYDQW RU LQDSSURSULDWHO\ PHDVXUHG�
+RZHYHU� WKHVH IHDWXUHV FDQ VRPHWLPHV EH FRPELQHG FRQYHQLHQWO\� JHQHUDWLQJ QHZ
FRQVWUXFWHG IHDWXUHV WKDW FDQ WXUQ RXW WR EH KLJKO\ UHOHYDQW� 7KLV ZRUN GHVFULEHV
HPSLULFDO UHVXOWV XVLQJ .QRZOHGJH�GULYHQ FRQVWUXFWLYH LQGXFWLRQ ZKLFK LV EDVHG RQ
GRPDLQ NQRZOHGJH SURYLGHG E\ DQ H[SHUW� DLPLQJ WR FRQVWUXFW QHZ IHDWXUHV WKDW SUR�
GXFH PRUH DFFXUDWH GHVFULSWLRQV� 6HYHUDO H[SHULPHQWV SHUIRUPHG RQ IRXU UHDO ZRUOG
GDWDVHWV XVLQJ &���UXOHV DQG &1� DV LQGXFHUV DUH GHVFULEHG� 7KH UHSRUWHG UHVXOWV
LQFOXGH� IRU HDFK H[SHULPHQW� D GHVFULSWLRQ RI WKH QHZ IHDWXUHV FRQVWUXFWHG� HUURU
UDWHV DQG IHDWXUHV VHOHFWHG E\ HDFK LQGXFHU�

.H\ZRUGV� &RQVWUXFWLYH ,QGXFWLRQ� 0DFKLQH /HDUQLQJ�

����

e:RUN SDUWLDOO\ VXSSRUWHG E\ 6WDWH 8QLYHUVLW\ RI WKH :HVW RI 3DUDQuD _ 81,2(67( DQG 1DWLRQDO 5HVHDUFK

&RXQFLO _ &$3(6 DQG ),1(3�



7KLV GRFXPHQW ZDV SURGXFHG ZLWK WKH /$7(; W\SHVHW V\VWHP DQG WKH %LE7(; UHI�
HUHQFH PDQDJHPHQW V\VWHP ZLWK KHOS RI WKH %LE9LHZ WRRO �3UDWL HW DO�� ������ $V
ZLWK DOO UHYLHZLQJ ZRUN� LW DOPRVW FHUWDLQO\ FRQWDLQV HUURUV DQG KDV SOHQW\ RI URRP
IRU LPSURYHPHQWV� 3OHDVH UHSRUW DQ\ HUURU� W\SRV� LQFRQVLVWHQFHV� RPLVVLRQV DQG
VXJJHVWLRQV IRU LPSURYHPHQWV WR KXHL#LFPF�VF�XVS�EU�

7KLV GRFXPHQW DQG SRVVLEOH XSGDWHV FDQ EH IRXQG DW WKH ,&0& VLWH�

IWS���IWS�LFPF�VF�XVS�EU�SXE�%,%/,27(&$�UHO WHF�5W ����SV�]LS

Fo &RS\ULJKW ���� E\ +XHL 'LDQD /HH 	 0DULD &DUROLQD 0RQDUG
$OO 5LJKWV 5HVHUYHG
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� ,QWURGXFWLRQ �

� &RQVWUXFWLYH ,QGXFWLRQ �

��� &RQVWUXFWLYH ,QGXFWLRQ $SSURDFKHV � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� $Q ([DPSOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� ,QGXFHUV �

��� 'DWD )RUPDW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� &����UXOHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� &1� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 'DWDVHWV �

��� *HQHUDO 'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 'DWDVHWV 6XPPDU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� ([SHULPHQWDO 6HWXS �

� ([SHULPHQWDO 5HVXOWV �

��� 6XPPDU\ 7DEOHV 'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 3LPD DQG 'HULYHG 'DWDVHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &PF DQG 'HULYHG 'DWDVHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6PRNH DQG 'HULYHG 'DWDVHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� +HSDWLWLV DQG 'HULYHG 'DWDVHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 6RPH &RQVLGHUDWLRQV ��

� &RQFOXVLRQV ��

���� 	# $������

��� 'HFLVLRQ 7UHH IRU WKH 3UREOHP RI )ULHQG DQG (QHP\ 5RERWV � � � � � � � � � � � � �

��� 'HFLVLRQ 7UHH IRU WKH 3UREOHP RI )ULHQG DQG (QHP\ 5RERW DIWHU )HDWXUH &RQ�
VWUXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 'DWDVHWV 'LPHQVLRQDOLW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ([SHULPHQWV 6WHSV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� 	# "�%���

��� ([DPSOHV RI )ULHQG DQG (QHP\ 5RERWV � � � � � � � � � � � � � � � � � � � � � � � �

��� ([DPSOHV RI )ULHQG DQG (QHP\ 5RERWV DIWHU )HDWXUH &RQVWUXFWLRQ � � � � � � � � �
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����� )HDWXUH�9DOXH RU 6SUHDGVKHHW )RUPDW � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 'DWDVHWV 6XPPDU\ 'HVFULSWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 2ULJLQDO 'DWDVHWV $XJPHQWHG ZLWK &RQVWUXFWHG )HDWXUHV � � � � � � � � � � � � � � �

����� 3LPD DQG 'HULYHG 'DWDVHWV ^ )HDWXUH 'HVFULSWLRQ � � � � � � � � � � � � � � � � � � ��

����� 3LPD DQG 'HULYHG 'DWDVHWV ^ 2ULJLQDO DQG &RQVWUXFWHG )HDWXUHV � � � � � � � � � ��

����� 3LPD DQG 'HULYHG 'DWDVHWV ^ 6HOHFWHG )HDWXUHV� 7LPH IRU 6HOHFWLQJ )HDWXUHV DQG
1XPEHU RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV � � � � � � � � � � � � � � � � � � � � ��

����� 3LPD %HIRUH DQG $IWHU &RQVWUXFWLYH ,QGXFWLRQ ^ 6HOHFWHG )HDWXUHV � � � � � � � � ��

����� 3LPD DQG 'HULYHG 'DWDVHWV ^ (UURU 5DWH � � � � � � � � � � � � � � � � � � � � � � ��

����� 'LmHUHQFH LQ 6WDQGDUG 'HYLDWLRQV %HWZHHQ 2ULJLQDO 'DWDVHW 3LPD DQG 'HULYHG
'DWDVHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &PF DQG 'HULYHG 'DWDVHWV ^ )HDWXUH 'HVFULSWLRQ � � � � � � � � � � � � � � � � � � ��

����� &PF DQG 'HULYHG 'DWDVHWV ^ 2ULJLQDO DQG &RQVWUXFWHG )HDWXUHV � � � � � � � � � ��

����� &PF DQG 'HULYHG 'DWDVHWV ^ 6HOHFWHG )HDWXUHV� 7LPH IRU 6HOHFWLQJ )HDWXUHV DQG
1XPEHU RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV � � � � � � � � � � � � � � � � � � � � ��

����� &PF %HIRUH DQG $IWHU &RQVWUXFWLYH ,QGXFWLRQ ^ 6HOHFWHG )HDWXUHV � � � � � � � � � ��

����� &PF DQG 'HULYHG 'DWDVHWV ^ (UURU 5DWH � � � � � � � � � � � � � � � � � � � � � � � ��

����� 'LmHUHQFH LQ 6WDQGDUG 'HYLDWLRQV %HWZHHQ &PF DQG 'HULYHG 'DWDVHWV � � � � � � ��

����� 6PRNH DQG 'HULYHG 'DWDVHWV ^ )HDWXUH 'HVFULSWLRQ � � � � � � � � � � � � � � � � � ��

����� 6PRNH DQG 'HULYHG 'DWDVHWV ^ 2ULJLQDO DQG &RQVWUXFWHG )HDWXUHV � � � � � � � � ��

����� 6PRNH DQG 'HULYHG 'DWDVHWV ^ 6HOHFWHG )HDWXUHV� 7LPH IRU 6HOHFWLQJ )HDWXUHV DQG
1XPEHU RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV � � � � � � � � � � � � � � � � � � � � ��

����� 6PRNH %HIRUH DQG $IWHU &RQVWUXFWLYH ,QGXFWLRQ ^ 6HOHFWHG )HDWXUHV � � � � � � � ��

����� 6PRNH DQG 'HULYHG 'DWDVHWV ^ (UURU 5DWH � � � � � � � � � � � � � � � � � � � � � � ��

����� 'LmHUHQFH LQ 6WDQGDUG 'HYLDWLRQV %HWZHHQ 6PRNH DQG 'HULYHG 'DWDVHWV � � � � � ��

����� +HSDWLWLV DQG 'HULYHG 'DWDVHWV ^ )HDWXUH 'HVFULSWLRQ � � � � � � � � � � � � � � � ��

����� +HSDWLWLV DQG 'HULYHG 'DWDVHWV ^ 2ULJLQDO DQG &RQVWUXFWHG )HDWXUHV � � � � � � � ��

����� +HSDWLWLV DQG 'HULYHG 'DWDVHWV ^ 6HOHFWHG )HDWXUHV� 7LPH IRU 6HOHFWLQJ )HDWXUHV
DQG 1XPEHU RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV � � � � � � � � � � � � � � � � � � ��

����� +HSDWLWLV %HIRUH DQG $IWHU &RQVWUXFWLYH ,QGXFWLRQ ^ 6HOHFWHG )HDWXUHV � � � � � � ��

����� +HSDWLWLV DQG 'HULYHG 'DWDVHWV ^ (UURU 5DWH � � � � � � � � � � � � � � � � � � � � ��

����� 'LmHUHQFH LQ 6WDQGDUG 'HYLDWLRQV %HWZHHQ +HSDWLWLV DQG 'HULYHG 'DWDVHWV � � � ��

��� ([DPSOH RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV � � � � � � � � � � � � � � � � � � � � ��

��� ([DPSOH RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV $IWHU 5HPRYLQJ 3ULPLWLYH )HDWXUHV ��

��� 5HVXOWV 6XPPDU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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&RQYHQWLRQDO LQGXFWLYH�OHDUQLQJ DOJRULWKPV UHO\ RQ H[LVWLQJ �XVHU� SURYLGHG GDWD WR EXLOG WKHLU
GHVFULSWLRQV� ,QDGHTXDWH UHSUHVHQWDWLRQ VSDFH RU GHVFULSWLRQ ODQJXDJH DV ZHOO DV HUURUV LQ WUDLQLQJ
H[DPSOHV FDQ PDNH OHDUQLQJ SUREOHPV EH GLpFXOW�

)HDWXUHV FDQ EH FRQVLGHUHG LQDGHTXDWH IRU WKH OHDUQLQJ WDVN ZKHQ WKH\ DUH ZHDNO\ RU LQGL�
UHFWO\ UHOHYDQW� FRQGLWLRQDOO\ UHOHYDQW RU LQDSSURSULDWHO\ PHDVXUHG �/HH� ����� %DUDQDXVNDV DQG
0RQDUG� ����� %DUDQDXVNDV HW DO�� ������ ,I WKH SURYLGHG IHDWXUHV IRU GHVFULELQJ WKH WUDLQLQJ
H[DPSOHV DUH LQDGHTXDWH� WKH OHDUQLQJ DOJRULWKPV DUH OLNHO\ WR FUHDWH H[FHVVLYHO\ FRPSOH[ DQG
LQDFFXUDWH GHVFULSWLRQV �%ORHGRUQ DQG 0LFKDOVNL� ������

+RZHYHU� WKHVH LQGLYLGXDOO\ LQDGHTXDWH IHDWXUHV FDQ VRPHWLPHV EH FRPELQHG FRQYHQLHQWO\� JHQ�
HUDWLQJ QHZ IHDWXUHV ZKLFK FDQ WXUQ RXW WR EH KLJKO\ UHSUHVHQWDWLYH WR WKH GHVFULSWLRQ RI D
FRQFHSW� 7KH SURFHVV RI FRQVWUXFWLQJ QHZ IHDWXUHV LV FDOOHG )HDWXUH &RQVWUXFWLRQ RU &RQVWUXF�
WLYH ,QGXFWLRQ �0LFKDOVNL� ������

7KH REMHFWLYH RI WKLV ZRUN LV WR HYDOXDWH WKH HmHFWV RI )HDWXUH &RQVWUXFWLRQ ZKHQ WKLV LV GRQH
ZLWK WKH DLG RI WKH XVHU�VSHFLDOLVW� :H GHVFULEH D VHULHV RI H[SHULPHQWV SHUIRUPHG RQ IRXU UHDO
ZRUOG GDWDVHWV� XVLQJ WZR LQGXFHUV� &����UXOHV DQG &1�� 7KH UHSRUWHG UHVXOWV LQFOXGH� IRU HDFK
H[SHULPHQW� D GHVFULSWLRQ RI WKH QHZ IHDWXUHV FRQVWUXFWHG� HUURU UDWHV� IHDWXUHV VHOHFWHG E\ HDFK
LQGXFHU DQG RWKHUV�

7KLV ZRUN LV RUJDQL]HG DV IROORZV� 6HFWLRQ � JLYHV VRPH EDFNJURXQG DERXW )HDWXUH &RQVWUXFWLRQ�
6HFWLRQ � EULHo\ GHVFULEHV WKH LQGXFWLRQ DOJRULWKPV XVHG LQ WKH H[SHULPHQWV DQG 6HFWLRQ � JLYHV
D VKRUW GHVFULSWLRQ RI WKH GDWDVHWV XVHG WR UXQ WKH DOJRULWKPV� 6HFWLRQ � VKRZV WKH H[SHULPHQWDO
VHWXS XVHG WR UXQ WKH H[SHULPHQWV DQG 6HFWLRQ � GHVFULEHV WKH UHVXOWV REWDLQHG IURP WKHVH
H[SHULPHQWV� 6HFWLRQ � SUHVHQWV VRPH FRQVLGHUDWLRQV RI UHVXOWV� )LQDOO\� 6HFWLRQ � JLYHV VRPH
FRQFOXVLRQV�

' �	���������� �������	�

)HDWXUH FRQVWUXFWLRQ� DOVR NQRZQ DV &RQVWUXFWLYH ,QGXFWLRQ _ &,� LV WKH SURFHVV RI FRPELQLQJ
SULPLWLYH� IHDWXUHV SURGXFLQJ QHZ IHDWXUHV SRVVLEO\ UHOHYDQW WR D FRQFHSW GHVFULSWLRQ� ,Q RWKHU
ZRUGV� &, FDQ EH GHnQHG DV�

7KH DSSOLFDWLRQ RI FRQVWUXFWLYH RSHUDWRUV� L�H� RSHUDWRUV XVHG WR FRPSRXQG IHDWXUHV
IURP WKH H[LVWLQJ RQHV� UHVXOWLQJ LQ WKH GHnQLWLRQ RI RQH RU PRUH IHDWXUHV�

,W LV LPSRUWDQW WR QRWLFH WKDW� XQOLNHO\ IHDWXUH VXEVHW VHOHFWLRQ ZKHUH RQO\ VHOHFWHG IHDWXUHV
DUH VKRZQ WR WKH LQGXFWLYH DOJRULWKP� WKXV GHFUHDVLQJ IHDWXUH VHDUFK VSDFH �/HH HW DO�� �����
%DUDQDXVNDV DQG 0RQDUG� ����� %DUDQDXVNDV HW DO�� ������ &RQVWUXFWLYH ,QGXFWLRQ DXJPHQWV
IHDWXUH VHDUFK VSDFH�

)HDWXUH FRQVWUXFWLRQ UHTXLUHV DQVZHUV WR WKH IROORZLQJ TXHVWLRQV�

:KLFK FRQVWUXFWLYH RSHUDWRUV VKRXOG EH XVHG" DQG

:KLFK SULPLWLYH IHDWXUHV VKRXOG EH FRPELQHG XVLQJ WKLV RSHUDWRUV"

$QRWKHU LPSRUWDQW REVHUYDWLRQ LV WKDW� LQ JHQHUDO� WKH IHDWXUH FRQVWUXFWLRQ SURFHVV LV LQWUDFWDEOH
VLQFH WKH QXPEHU RI IHDWXUHV ZKLFK FDQ EH FRQVWUXFWHG LV D FRPELQDWRULDO IXQFWLRQ RI WKH QXPEHU

�)HDWXUHV LQ WKH RULJLQDO GDWDVHW�

�



RI H[LVWLQJ IHDWXUHV PXOWLSOLHG E\ WKH QXPEHU RI SRVVLEOH RSHUDWRUV� &RQVHTXHQWO\� &, LV IHDVLEOH
RQO\ ZKHQ DUWLFXODWHG ZLWK KHXULVWFV WKDW PD\ UHGXFH WKH QXPEHU RI SRVVLEOH IHDWXUHV DQG WKH
QXPEHU RI FRQVWUXFWLYH RSHUDWRUV ZKLFK DUH JRLQJ WR EH XVHG WR FRQVWUXFW QHZ IHDWXUHV�

'(& �	���������� �������	� ����	��)��

&RQVWUXFWLYH ,QGXFWLRQ PHWKRGV FDQ EH JURXSHG DFFRUGLQJ WR WKH LQIRUPDWLRQ XVHG WR VHDUFK IRU
WKH EHVW UHSUHVHQWDWLRQ VSDFH DV IROORZV �%ORHGRUQ DQG 0LFKDOVNL� ����� :QHN DQG 0LFKDOVNL�
����� :QHN DQG 0LFKDOVNL� ������

�� GDWD�GULYHQ FRQVWUXFWLYH LQGXFWLRQ� EDVHG RQ DQDO\VLV RI WKH WUDLQLQJ GDWD

�� K\SRWKHVLV�GULYHQ FRQVWUXFWLYH LQGXFWLRQ� EDVHG RQ DQDO\VLV RI LQGXFWLYH K\SRWKHVLV�
,Q WKLV DSSURDFK� XVHIXO FRQFHSWV LQ WKH UXOHV FDQ EH H[WUDFWHG DQG XVHG WR GHnQH QHZ
DWWULEXWHV

�� NQRZOHGJH�GULYHQ FRQVWUXFWLYH LQGXFWLRQ� EDVHG RQ GRPDLQ NQRZOHGJH SURYLGHG E\ DQ
H[SHUW DQG

�� PXOWLVWUDWHJ\ FRQVWUXFWLYH LQGXFWLRQ� ZKLFK XVHV WZR RU PRUH RI WKH RWKHU PHWKRGV�

7KH IHDWXUH FRQVWUXFWLRQ SURFHVV FDQ EH JXLGHG DQG FRQWUROOHG E\ WKH XVHU�VSHFLDOLVW RU FDQ
EH DXWRPDWLFDOO\ FRQGXFWHG E\ WKH OHDUQLQJ V\VWHP� ,Q WKLV ZRUN� ZH IRFXV RQ &RQVWUXFWLYH
,QGXFWLRQ JXLGHG E\ XVHU�VSHFLDOLVW XVLQJ WKXV WKH NQRZOHGJH�GULYHQ DSSURDFK�

'(' �� �������

7KH FODVVLFDO H[DPSOH RI IULHQG DQG HQHP\ URERWV LV JLYHQ WR LOOXVWUDWH IHDWXUH FRQVWUXFWLRQ� ,Q
WKLV H[DPSOH� IHDWXUHV +HDG� %RG\� +ROGV DQG 6PLOHV DUH XVHG WR GHWHUPLQH LI D URERW LV D IULHQG
RU DQ HQHP\� 7DEOH ��� VKRZV WKH WUDLQLQJ H[DPSOHV�

([DPSOHV +HDG %RG\ 6PLOHV +ROGV &ODVV

(� VTXDUH VTXDUH \HV EDOORRQ IULHQG

(� VTXDUH WULDQJOH QR VZRUG HQHP\

(� FLUFOH FLUFOH \HV oDJ IULHQG

(� WULDQJOH FLUFOH \HV VZRUG HQHP\

(� WULDQJOH WULDQJOH \HV EDOORRQ IULHQG

(� FLUFOH VTXDUH QR oDJ HQHP\

7DEOH ���� ([DPSOHV RI )ULHQG DQG (QHP\ 5RERWV

$IWHU FRQVWUXFWLQJ WKH GHFLVLRQ WUHH XVLQJ WKHVH WUDLQLQJ H[DPSOHV� LW FDQ EH REVHUYHG WKDW � RI
WKH � IHDWXUHV DUH XVHG WR JHQHUDWH WKH WUHH� WKXV FRQVWUXFWLQJ D WUHH RI GHSWK � _ )LJXUH ����

6XSSRVH WKDW D QHZ IHDWXUH QDPHG 6DPH�IRUP LV FRQVWUXFWHG IURP WKH FRPSDULVRQ EHWZHHQ
IHDWXUH YDOXHV +HDG DQG %RG\ �SULPLWLYH IHDWXUHV� _ VHH 7DEOH ����

([DPSOHV +HDG %RG\ 6PLOHV +ROGV 6DPH�IRUP &ODVV

(� VTXDUH VTXDUH \HV EDOORRQ WUXH IULHQG

(� VTXDUH WULDQJOH QR VZRUG IDOVH HQHP\

(� FLUFOH FLUFOH \HV oDJ WUXH IULHQG

(� WULDQJOH FLUFOH \HV VZRUG IDOVH HQHP\

(� WULDQJOH WULDQJOH \HV EDOORRQ WUXH IULHQG

(� FLUFOH VTXDUH QR oDJ IDOVH HQHP\

7DEOH ���� ([DPSOHV RI )ULHQG DQG (QHP\ 5RERWV DIWHU )HDWXUH &RQVWUXFWLRQ

�
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)LJXUH ���� 'HFLVLRQ 7UHH IRU WKH 3UREOHP RI )ULHQG DQG (QHP\ 5RERWV

1RZ� LW LV SRVVLEOH WR GLVWLQJXLVK DPRQJ IULHQG DQG HQHP\ URERWV XVLQJ RQO\ WKLV QHZ IHDWXUH�
7KLV LV LOOXVWUDWHG E\ WKH GHFLVLRQ WUHH VKRZQ LQ )LJXUH ���� ZKLFK KDV EHHQ JHQHUDWHG XVLQJ WKH
H[DPSOHV LQ 7DEOH ���� 7KLV GHFLVLRQ WUHH VWDWHV WKDW D URERW LV D IULHQG RQO\ LI ERWK LWV ERG\
DQG KHDG KDYH WKH VDPH IRUP� 7KXV� QRQH RI WKH SULPLWLYH IHDWXUHV ZHUH H[SOLFLWO\ QHHGHG WR
LQGXFH D PXFK VLPSOHU FRQFHSW�

������������������

����	����	 
����
����

WUXH IDOVH

)LJXUH ���� 'HFLVLRQ 7UHH IRU WKH 3UREOHP RI )ULHQG DQG (QHP\ 5RERW DIWHU )HDWXUH &RQVWUXFWLRQ

7KH QH[W VHFWLRQ GHVFULEHV WKH LQGXFHUV DQG WKH LQSXW GDWD IRUPDW XVHG WR UXQ WKH NQRZOHGJH�
GULYHQ FRQVWUXFWLYH LQGXFWLRQ H[SHULPHQWV�

* ��������

7ZR LQGXFHUV� &1� DQG &���UXOHV� IRXQG LQ WKH0/&�� OLEUDU\ �.RKDYL HW DO�� ������ KDYH EHHQ
XVHG LQ WKLV ZRUN�

7KHVH LQGXFHUV DUH ZHOO NQRZQ LQ WKH 0/ FRPPXQLW\ DQG EHORQJ WR WKH HDJHU OHDUQLQJ DSSURDFK�
,Q WKLV DSSURDFK� WKH DOJRULWKPV JUHHGLO\ FRPSLOH WKH WUDLQLQJ GDWD LQWR DQ LQWHQWLRQDO FRQFHSW
GHVFULSWLRQ� VXFK DV D UXOH VHW RU GHFLVLRQ WUHH� GLVFDUGLQJ WKH GDWD DIWHU WKLV SURFHVV �$KD� ������
2QO\ WKH OHDUQHG FRQFHSW LV XVHG WR FODVVLI\ QHZ FDVHV�

�



*(& ���� $	����

,Q VXSHUYLVHG 0DFKLQH /HDUQLQJ� LW LV JHQHUDOO\ SUHVHQWHG WR DQ LQGXFHU D VHW RI WUDLQLQJ LQVWDQFHV�
(DFK LQVWDQFH LV GHVFULEHG W\SLFDOO\ E\ D YHFWRU RI IHDWXUH YDOXHV DQG D FODVV ODEHO ZKRVH YDOXH
FDQ EH HLWKHU GLVFUHWH RU FRQWLQXRXV� 7KLV YHFWRU LV GHQRWHG E\ �;� < � DQG LV NQRZQ DV WKH
IHDWXUH�YDOXH �HLWKHU DWWULEXWH�YDOXH RU VSUHDGVKHHW� IRUPDW�

7DEOH ����� LOOXVWUDWHV WKLV RUJDQL]DWLRQ ZKHUH D URZ L UHIHUV WR WKH L�WK H[DPSOH RU LQVWDQFH ;L

DQG FROXPQ HQWULHV [LM UHIHU WR WKH LQGLYLGXDO YDOXH RI WKH M�WK IHDWXUH IM RI LQVWDQFH L� 7KH
FROXPQ URWXODWHG DV FODVV UHIHUV WR WKH ODEHO RU FODVVLnFDWLRQ RI WKDW LQVWDQFH�

I� I� � � � IP FODVV

[�� [�� � � � [�P \�
[�� [�� � � � [�P \�
���

���
� � �

���
���

[Q� [Q� � � � [QP \Q

7DEOH ������ )HDWXUH�9DOXH RU 6SUHDGVKHHW )RUPDW

7KH GDWDVHWV nOH IRUPDWV WKDW0/&�� UHFRJQL]HV E\ GHIDXOW DUH WKH GDWD� WHVW DQG QDPHV nOHV�
7KH GDWD DQG WHVW nOHV FRQWDLQ ODEHOHG LQVWDQFHV� RQH SHU OLQH� RI WKH WUDLQLQJ DQG WHVW VHW
UHVSHFWLYHO\� 7KH QDPHV nOH GHnQHV WKH VFKHPH WKDW DOORZV SDUVLQJ WKHVH WZR SUHYLRXV nOHV� LW
GHVFULEHV WKH QDPH DQG GRPDLQ IRU HDFK DWWULEXWH DQG WKH ODEHO� 7KH DFFXUDF\ RI WKH FODVVLnHU
SURGXFHG E\ WKH LQGXFHU LV PHDVXUHG RQ XQVHHQ GDWD� L�H� WKH WHVW VHW� 0RUH GHWDLOV FDQ EH
IRXQG LQ �.RKDYL HW DO�� ����� )HOL[ HW DO�� ����� %DUDQDXVNDV DQG 0RQDUG� ����D��

*(' ���������

&����UXOHV �4XLQODQ� ����� H[DPLQHV WKH RULJLQDO GHFLVLRQ WUHH SURGXFHG E\ &���� DQG GHULYHV
IURP LW D VHW RI UXOHV RI WKH IRUP /� 5� 7KH OHIW�KDQG VLGH / LV D FRQMXQFWLRQ RI DWWULEXWH�EDVHG
WHVWV DQG WKH ULJKW�KDQG VLGH LV D FODVV� 2QH RI WKH FODVVHV LV DOVR GHVLJQDWHG DV D GHIDXOW�

7R FODVVLI\ D FDVH XVLQJ D SURGXFWLRQ UXOH PRGHO� WKH RUGHUHG OLVW RI UXOHV LV H[DPLQHG WR nQG WKH
nUVW ZKRVH OHIW�KDQG VLGH LV VDWLVnHG E\ WKH FDVH� 7KH SUHGLFWHG FODVV LV WKHQ WKH RQH QRPLQDWHG
E\ WKH ULJKW�KDQG VLGH RI WKLV UXOH� ,I QR UXOH
V OHIW�KDQG VLGH LV VDWLVnHG� WKH FDVH LV SUHGLFWHG
DV EHORQJLQJ WR WKH GHIDXOW FODVV�

,W LV LPSRUWDQW WR QRWH WKDW &����UXOHV GRHV QRW VLPSO\ UHZULWH WKH WUHH WR D FROOHFWLRQ RI UXOHV�
,Q IDFW� LW JHQHUDOL]HV WKH UXOHV E\ GHOHWLQJ VXSHUoXRXV FRQGLWLRQV _ L�H� LUUHOHYDQW FRQGLWLRQV
WKDW GR QRW DmHFW WKH FRQFOXVLRQ _ ZLWKRXW DmHFWLQJ LWV DFFXUDF\� OHDYLQJ WKH PRUH DSSHDOLQJ
UXOHV�

*(* �� �

&1� �&ODUN DQG 1LEOHWW� ����� &ODUN DQG 1LEOHWW� ����� &ODUN DQG %RVZHOO� ����� LV D 0DFKLQH
/HDUQLQJ DOJRULWKP WKDW LQGXFHV CLI �FRPSOH[! WKHQ �FODVV!
 UXOHV LQ GRPDLQV ZKHUH WKHUH
PLJKW EH QRLVH� (DFK �FRPSOH[! LV D GLVMXQFWLRQ RI FRQMXQFWLRQV�

7R FODVVLI\ D QHZ LQVWDQFH XVLQJ LQGXFHG XQRUGHUHG UXOHV �GHIDXOW &1� UXOH JHQHUDWLRQ�� DOO UXOHV
DUH WULHG DQG WKRVH ZKLFK nUH DUH FROOHFWHG� ,I PRUH WKDQ RQH FODVV LV SUHGLFWHG E\ nUHG UXOHV�
WKH PHWKRG XVHG LV WR WDJ HDFK UXOH ZLWK WKH GLVWULEXWLRQ RI FRYHUHG H[DPSOHV DPRQJ FODVVHV DQG

�
&��� �4XLQODQ� ����� LV RQH RI WKH ,'� �4XLQODQ� ����� VXFFHVVRUV� ,'� LV D PHPEHU RI D PRUH JHQHUDO 0DFKLQH

/HDUQLQJ IDPLO\ QDPHG 7RS 'RZQ ,QGXFWLRQ RI 'HFLVLRQ 7UHHV ^ 7','7�

�



WKHQ WR VXP WKHVH GLVWULEXWLRQV WR nQG WKH PRVW SUREDEOH FODVV� )RU LQVWDQFH� FRQVLGHU WKH WKUHH
UXOHV�

LI 6PLOHV \HV DQG +ROGV VZRUG WKHQ FODVV HQHP\ FRYHUV >����@
LI +HDG VTXDUH DQG %RG\ VTXDUH WKHQ FODVV IULHQG FRYHUV >����@
LI 6PLOHV QR WKHQ FODVV HQHP\ FRYHUV >���@

+HUH WKH WZR FODVVHV DUH >IULHQG�HQHP\@ DQG WKH nUVW VKRZHG UXOH >����@ GHQRWHV WKDW WKH UXOH
FRYHUV �� WUDLQLQJ LQVWDQFHV RI IULHQG DQG � RI HQHP\� 7KH VHFRQG >����@ GHQRWHV WKDW WKH UXOH
FRYHUV �� WUDLQLQJ LQVWDQFHV RI IULHQG DQG � RI HQHP\� 7KH WKLUG UXOH GHQRWHV WKDW WKH UXOH FRYHUV
� WUDLQLQJ LQVWDQFHV RI IULHQG DQG � RI HQHP\�

*LYHQ D QHZ LQVWDQFH RI D URERW ZKLFK KDV VTXDUH KHDG� VTXDUH ERG\� VPLOHV DQG KROGV D VZRUG�
WKH nUVW WZR UXOHV DUH nUHG� &1� UHVROYH WKLV FODVK E\ VXPPLQJ WKH FRYHUHG LQVWDQFHV >����@ DQG
WKHQ SUHGLFWLQJ WKH PRVW FRPPRQ FODVV LQ WKH VXP _ IULHQG�

,Q �%DUDQDXVNDV DQG 0RQDUG� ����E� D PRUH GHWDLOHG GHVFULSWLRQ RI ERWK DOJRULWKPV FDQ EH
IRXQG�

+ ��������

([SHULPHQWV ZHUH FRQGXFWHG RQ IRXU UHDO ZRUOG GRPDLQV� 'DWDVHWV SLPD� FPF DQG KHSDWLWLV DUH
IURP WKH 8&, ,UYLQH 5HSRVLWRU\ �%ODNH HW DO�� ������ 7KH VPRNH GDWDVHW FDQ EH REWDLQHG IURP�
KWWS���OLE�VWDW�FPX�HGX�GDWDVHWV�FVE��

7KHVH IRXU GDWDVHWV ZHUH FKRVHQ IURP D VHW RI QLQH GDWDVHWV RI D SUHYLRXV ZRUN LQ ZKLFK WKH
ZUDSSHU DQG nOWHU DSSURDFKHV IRU IHDWXUH VXEVHW VHOHFWLRQ ZHUH FRPSDUHG �/HH HW DO�� ������ 7KH
FULWHULRQ XVHG WR FKRRVH WKHVH IRXU GDWDVHWV LV UHODWHG WR RXU XVHU�VSHFLDOLVW GRPDLQ NQRZOHGJH
VLQFH ZH DUH LQWHUHVWHG LQ KLV�KHU DVVLVWDQFH WR FRQVWUXFW QHZ IHDWXUHV�

6HFWLRQ ��� VXPPDUL]HV GDWDVHWV FKDUDFWHULVWLFV� ,W IROORZV D EDVLF GDWDVHWV GHVFULSWLRQ�

+(& ,������ ���������	�

3LPD 7KLV GDWDVHW ZDV GRQDWHG E\ 9� 6LJLOOLWR� $SSOLHG 3K\VLFV /DERUDWRU\� -RKQV +RSNLQV
8QLYHUVLW\ WR WKH 8&, UHSRVLWRU\� 7KLV GDWDVHW LV DOVR D VXEVHW RI D ODUJHU GDWDEDVH PDLQ�
WDLQHG E\ WKH 1DWLRQDO ,QVWLWXWH RI 'LDEHWHV DQG 'LJHVWLYH DQG .LGQH\ 'LVHDVHV�

$OO SDWLHQWV DUH IHPDOHV DW OHDVW �� \HDUV ROG RI 3LPD ,QGLDQ KHULWDJH OLYLQJ QHDU 3KRHQL[�
$UL]RQD� 86$� 7KH SUREOHP LV WR SUHGLFW ZKHWKHU D SDWLHQW ZRXOG WHVW SRVLWLYH IRU GLDEHWHV
DFFRUGLQJ WR :RUOG +HDOWK 2UJDQL]DWLRQ �:+2� FULWHULD _ L�H�� LI WKH ��KRXU SRVW�ORDG
SODVPD JOXFRVH LV DW OHDVW ��� PJ�GO DW DQ\ VXUYH\ H[DPLQDWLRQ RU LI IRXQG GXULQJ URXWLQH
PHGLFDO FDUH _ JLYHQ D QXPEHU RI SK\VLRORJLFDO PHDVXUHPHQWV DQG PHGLFDO WHVW UHVXOWV�

&0& 7KLV GDWDVHW LV FRPSRVHG E\ D VXEVHW RI WKH ���� 1DWLRQDO ,QGRQHVLD &RQWUDFHSWLYH
3UHYDOHQFH 6XUYH\ DQG ZDV GRQDWHG E\ 7MHQ�6LHQ /LP� 7KH VDPSOHV DUH PDUULHG ZRPHQ
ZKR ZHUH HLWKHU QRW SUHJQDQW RU GR QRW NQRZ LI WKH\ ZHUH DW WKH WLPH RI WKH LQWHUYLHZ�
7KH SUREOHP LV WR SUHGLFW WKH FXUUHQW FRQWUDFHSWLYH PHWKRG FKRLFH �QR XVH� ORQJ�WHUP
PHWKRGV RU VKRUW�WHUP PHWKRGV� RI D ZRPDQ EDVHG RQ KHU GHPRJUDSKLF DQG VRFLRHFRQRPLF
FKDUDFWHULVWLFV� 7KHUH DUH ���� LQVWDQFHV� � FODVVHV DQG � DWWULEXWHV�

6PRNH 7KLV VXUYH\ GDWDVHW �%XOO� ����� LV FRQFHUQHG ZLWK WKH SUREOHP RI SUHGLFWLQJ DWWLWXGH
WRZDUG UHVWULFWLRQV RQ VPRNLQJ LQ WKH ZRUNSODFH �SURKLELWHG� UHVWULFWHG RU XQUHVWULFWHG�
EDVHG RQ E\�ODZ�UHODWHG� VPRNLQJ�UHODWHG DQG VRFLRGHPRJUDSKLF FRYDULDWHV� ,W LV FRPSRVHG
E\ � FODVVHV� �� DWWULEXWHV DQG ���� LQVWDQFHV�

�



+HSDWLWLV 7KLV GDWDVHW LV IRU SUHGLFWLQJ OLIH H[SHFWDWLRQ RI SDWLHQWV ZLWK KHSDWLWLV�

+(' �������� �������

7DEOH ����� VXPPDUL]HV WKH GDWDVHWV XVHG LQ WKLV ZRUN� ,W VKRZV� IRU HDFK GDWDVHW� WKH QXPEHU
RI LQVWDQFHV ��,QVWDQFHV�� QXPEHU DQG SHUFHQWDJH RI GXSOLFDWH �DSSHDULQJ PRUH WKDQ RQFH� RU
FRQoLFWLQJ �VDPH DWWULEXWH�YDOXH EXW GLmHUHQW FODVV� LQVWDQFHV� QXPEHU RI IHDWXUHV ��)HDWXUHV�
FRQWLQXRXV DQG QRPLQDO� FODVV GLVWULEXWLRQ� WKH PDMRULW\ HUURU DQG LI WKH GDWDVHW KDYH DW OHDVW
RQH PLVVLQJ YDOXH��

'DWDVHWV DUH SUHVHQWHG LQ DVFHQGLQJ RUGHU RI WKH QXPEHU RI IHDWXUHV� DV ZLOO EH LQ WKH UHPDLQLQJ
WDEOHV DQG JUDSKV� )LJXUH ��� VKRZV GDWDVHWV GLPHQVLRQDOLW\� L�H� QXPEHU RI IHDWXUHV DQG QXPEHU
RI LQVWDQFHV RI HDFK GDWDVHW� 2EVHUYH WKDW GXH WR ODUJH YDULDWLRQ� WKH QXPEHU RI LQVWDQFHV LQ
)LJXUH ��� LV UHSUHVHQWHG DV ORJ����,QVWDQFHV��

'DWDVHW � ,QVWDQFHV �'XSOLFDWH RU � )HDWXUHV &ODVV &ODVV � 0DMRULW\ 0LVVLQJ
FRQoLFWLQJ ��� �FRQW��QRP�� (UURU 9DOXHV

SLPD ��� � ������� � ����� � ������ ������ 1
� ������ RQ YDOXH �

FPF ���� ��� ������� � ����� � ������ ������ 1
� ������ RQ YDOXH �
� ������

VPRNH ���� �� ������� �� ������ � ����� ������ 1
� ������ RQ YDOXH �
� ������

KHSDWLWLV ��� � ���� �� ������ GLH ������ ������ <
OLYH ������ RQ YDOXH OLYH

7DEOH ������ 'DWDVHWV 6XPPDU\ 'HVFULSWLRQV

- ������������ �����

$ VHULHV RI H[SHULPHQWV ZHUH SHUIRUPHG� LQ RUGHU WR HYDOXDWH WKH HmHFWLYHQHVV RI WKH QHZ FRQ�
VWUXFWHG IHDWXUHV� XVLQJ WKH DOJRULWKPV DQG GDWDVHWV GHVFULEHG UHVSHFWLYHO\ LQ 6HFWLRQ � DQG ��
,W LV LPSRUWDQW WR REVHUYH WKDW WKH RULJLQDO GDWD KDV QRW EHHQ SUHSURFHVVHG LQ DQ\ ZD\� IRU H[�
DPSOH E\ UHPRYLQJ RU UHSODFLQJ PLVVLQJ YDOXHV RU WUDQVIRUPLQJ QRPLQDO WR QXPHULFDO DWWULEXWHV�
)XUWKHUPRUH� HDFK LQGLYLGXDO LQGXFHU ZDV UXQ ZLWK GHIDXOW RSWLRQV VHWWLQJ IRU DOO SDUDPHWHUV�
L�H� QR DWWHPSW ZDV PDGH WR WXQH DQ\ LQGXFHU�

7KH XVHU� FRQVXOWHG IRU WKH FRQVWUXFWLRQ RI QHZ IHDWXUHV IRU GDWDVHWV SLPD DQG KHSDWLWLV� LV D
VSHFLDOLVW LQ WKH GRPDLQ� +H DOVR JDYH VRPH VXJJHVWLRQV DERXW GDWDVHW SLPD� 1HZ IHDWXUHV IRU
GDWDVHWV SLPD DQG VPRNH ZHUH FRQVWUXFWHG ZLWK WKH DLG RI D UHJXODU XVHU�

7KH SHUIRUPHG H[SHULPHQWV FDQ EH GLYLGHG LQWR WKH IROORZLQJ WKUHH VWHSV ^ )LJXUH ����

q )LUVW VWHS� $IWHU DQDO\]LQJ HDFK GDWDVHW� WKH XVHU�VSHFLDOLVW VXJJHVWHG WKH FRQVWUXFWLRQ
RI RQO\ RQH QHZ IHDWXUH �I�� IRU GDWDVHW KHSDWLWLV DQG WKH FRQVWUXFWLRQ RI WZR QHZ IHDWXUHV
�I� DQG I�� IRU WKH UHPDLQLQJ GDWDVHWV� (DFK RULJLQDO GDWDVHW ZDV WKHQ DXJPHQWHG ZLWK WKH
QHZ IHDWXUHV� FRQVWUXFWLQJ� IRU WKH IRXU GDWDVHWV FRQVLGHUHG� WHQ GDWDVHWV QDPHG DV VKRZQ
LQ 7DEOH ����

�7KHVH LQIRUPDWLRQ LV JLYHQ E\ WKH 0/&�� LQIR XWLOLW\

�



)LJXUH ���� 'DWDVHWV 'LPHQVLRQDOLW\

2ULJLQDO 'DWDVHW $XJPHQWHG 'DWDVHWV
I� I� I��I�

SLPD SLPD�� SLPD�� SLPD�POF
FPF FPF�� FPF�� FPF�POF
VPRNH VPRNH�� VPRNH�� VPRNH�POF
KHSDWLWLV KHSDWLWL�� _ _

7DEOH ���� 2ULJLQDO 'DWDVHWV $XJPHQWHG ZLWK &RQVWUXFWHG )HDWXUHV

)RU H[DPSOH� GDWDVHW SLPD�� FRQWDLQV DOO IHDWXUHV IURP WKH RULJLQDO GDWDVHW DXJPHQWHG ZLWK
IHDWXUHV I�� SLPD�� FRQWDLQV DOO IHDWXUHV IURP RULJLQDO GDWDVHW DXJPHQWHG ZLWK IHDWXUH I�

DQG SLPD�POF FRQWDLQV DOO IHDWXUHV IURP WKH RULJLQDO GDWDVHW DXJPHQWHG ZLWK IHDWXUHV I�

DQG I��

$IWHUZDUGV� &���UXOHV DQG &1� ZHUH UXQ RQFH XVLQJ DV WUDLQLQJ VHW DOO H[DPSOHV LQ HDFK RI
WKHVH WHQ QHZ GDWDVHWV� )URP QRZ RQ WKH LGHD LV WR FRQVLGHU� IRU IXUWKHU LQYHVWLJDWLRQ� RQO\
GDWDVHWV ZKLFK KDYH JHQHUDWHG UXOHV ZKHUH WKH QHZ IHDWXUHV I� DQG�RU I� DUH PHQWLRQHG�
VLQFH WKLV LV DQ LQGLFDWLRQ WKDW WKHVH QHZ FRQVWUXFWHG IHDWXUHV DUH UHOHYDQW WR UHSUHVHQW WKH
FRQFHSW�

,Q RXU H[SHULPHQWV� DV WKH UXOHV LQGXFHG E\ &���UXOHV DQG &1� XVHG IHDWXUHV I� DQG I� IRU
DOO GDWDVHWV� QR RQH RI WKHP ZDV GLVFDUGHG�

q 6HFRQG VWHS� 1H[W� WKH WZR LQGXFHUV &���UXOHV DQG &1� ZHUH UXQ RQ HDFK GDWDVHW _
7DEOH ��� _ DQG WKH HUURU UDWH ZDV PHDVXUHG XVLQJ ���IROG VWUDWLnHG FURVV�YDOLGDWLRQ�
$IWHU WKLV� ZH VHOHFWHG IRU WKH QH[W VWHS RQO\ WKH GDWDVHWV WKDW YHULI\ WKH WZR IROORZLQJ
FRQGLWLRQV�

�



^ DFFXUDFLHV LPSURYHG FRPSDULQJ WR WKH RULJLQDO GDWDVHWV DFFXUDFLHV PHDVXUHG XVLQJ
���IROG VWUDWLnHG FURVV�YDOLGDWLRQ _ 6&9 _ DQG

^ DW OHDVW RQH RI WKH QHZ FRQVWUXFWHG IHDWXUHV ZDV VHOHFWHG E\ WKH WZR LQGXFHUV�

q 7KLUG VWHS� )LQDOO\� IRU HDFK GDWDVHW VHOHFWHG IRU WKLV VWHS� WKH SULPLWLYH IHDWXUHV XVHG WR
FRQVWUXFW WKH QHZ IHDWXUHV ZHUH UHPRYHG IURP WKH GDWDVHW� $IWHUZDUGV� WKH WZR LQGXFHUV
ZHUH UXQ RQ WKHVH UHGXFHG GDWDVHWV DQG HUURU UDWH ZDV PHDVXUHG XVLQJ ���IROG VWUDWLnHG
FURVV�YDOLGDWLRQ�

)RU H[DPSOH� FRQVLGHULQJ GDWDVHW SLPD��� ZKLFK FRQWDLQV DOO IHDWXUHV IURP WKH RULJLQDO
GDWDVHW SLPD DXJPHQWHG ZLWK IHDWXUH I�� LQ WKLV FDVH� WKH WZR SULPLWLYH IHDWXUHV XVHG WR
FUHDWH IHDWXUH I� ZHUH UHPRYHG� 6LPLODUO\� IRU SLPD��� WKH WZR SULPLWLYH IHDWXUHV XVHG WR
FUHDWH I� ZHUH UHPRYHG� )LQDOO\� IRU SLPD�POF IHDWXUHV XVHG WR FUHDWH I� ZHUH UHPRYHG
DV ZHOO DV WKH RQHV XVHG WR FUHDWH IHDWXUH I�� 1RWH WKDW LQ WKLV VSHFLnF FDVH RQO\ WKUHH
SULPLWLYH IHDWXUHV ZHUH UHPRYHG� VLQFH RQH RI WKH SULPLWLYH IHDWXUHV XVHG WR FRQVWUXFW WKH
QHZ IHDWXUHV I� DQG I� ZDV FRPPRQ WR ERWK�

&RQVLGHULQJ WKLV ZKROH SURFHVV DV D JHQHUDO PHWKRGRORJ\ IRU DSSO\LQJ &RQVWUXFWLYH ,QGXFWLRQ�
WKH LGHD RI UXQQLQJ WKH WKLUG VWHS ZDV WR YHULI\ LI WKH FRQVLGHUHG DOJRULWKPV FRXOG KDYH D EHWWHU
SHUIRUPDQFH LI WKH SULPLWLYH IHDWXUHV XVHG WR FRQVWUXFW WKH QHZ IHDWXUHV RI HDFK GDWDVHW ZHUH
UHPRYHG� 7ZR UHDVRQV ZRXOG EH SRLQWHG RXW WR GR VR�

q WKH QHZ IHDWXUHV DUH FRQVWUXFWHG IURP SULPLWLYH IHDWXUHV DQG VRPH RI WKHVH QHZ IHDWXUHV
ZHUH VHOHFWHG E\ WKH LQGXFHUV�

q PRVW RI 0DFKLQH /HDUQLQJ DOJRULWKPV� WKDW DUH FRPSXWDWLRQDOO\ IHDVLEOH� GR QRW ZRUN ZHOO
RU PD\ EH FRQIXVHG LQ WKH SUHVHQFH RI D ODUJH QXPEHU RI IHDWXUHV�

7KH SHUIHFW VLWXDWLRQ ZRXOG EH ZKHQ WKH SULPLWLYH IHDWXUHV� XVHG WR FRQVWUXFW WKH QHZ RQHV� DUH
QRW VHOHFWHG GXULQJ WKH nUVW VWHS E\ WKH WZR LQGXFHUV &���UXOHV DQG &1�� ,Q RXU H[SHULPHQWV
WKLV ZDV QRW WKH FDVH� VLQFH WKH SULPLWLYH IHDWXUHV XVHG WR FRQVWUXFW WKH QHZ RQHV ZHUH DOVR
VHOHFWHG E\ WKH LQGXFHUV� $ SRVVLEOH UHDVRQ IRU WKLV ZRXOG EH WKDW WKH FRQVWUXFWHG IHDWXUHV GR
QRW FDSWXUH SHUIHFWO\ WKH LQIRUPDWLRQ HPEHGGHG LQ HDFK LQGLYLGXDO IHDWXUH� $QRWKHU UHDVRQ IRU
WKLV ZRXOG EH WKDW WKH GDWDVHWV XVHG LQ WKLV ZRUN KDYH DOUHDG\ EHHQ ZRUNHG RXW� VR WKDW WKH
RULJLQDO IHDWXUHV DUH� RQ LWV RZQ� WKH PRVW UHOHYDQW RQHV�

. ������������ �������

,Q WKLV VHFWLRQ WKH H[SHULPHQWDO UHVXOWV REWDLQHG DUH SUHVHQWHG LV GHWDLO�

.(& ������� "�%��� ���������	�

6L[ WDEOHV DUH SUHVHQWHG IRU HDFK RULJLQDO GDWDVHW�

q 7KH nUVW WDEOH GHVFULEHV HDFK IHDWXUH� IHDWXUH QXPEHU �IHDWXUHV QXPEHULQJ VWDUWV DW ]HUR��
IHDWXUH QDPH DQG W\SH �FRQWLQXRXV RU QRPLQDO� LQ WKH RULJLQDO GDWDVHW� 7KH ODVW URZV
UHIHU WR WKH QHZ IHDWXUHV FRQVWUXFWHG ZKLFK DUH LQGLFDWHG E\ QHZ��IHDWXUH�� I��QDPH� DQG
I��QDPH�� )RU QRPLQDO IHDWXUHV� WKH PD[LPXP SRVVLEOH QXPEHU RI YDOXHV �DV GHVFULEHG
LQ WKH QDPHV nOH� DQG WKH DFWXDO QXPEHU RI YDOXHV �WKH RQHV UHDOO\ IRXQG LQ WKH GDWDVHW
WKURXJK WKH0/&�� LQIR XWLOLW\� DUH VKRZQ� ,W VKRXOG EH REVHUYHG WKDW D QXPEHU RI DFWXDO
QRPLQDO YDOXHV JUHDWHU WKDQ WKH SRVVLEOH QXPEHU RI YDOXHV LQGLFDWHV WKDW WKHUH DUH PLVVLQJ
YDOXHV IRU WKDW VSHFLnF DWWULEXWH� 7KH UHYHUVH LV QRW WUXH�
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)LJXUH ���� ([SHULPHQWV 6WHSV

q 7KH VHFRQG WDEOH VKRZV WKH IHDWXUHV� RULJLQDO DQG FRQVWUXFWHG� IRU HDFK GDWDVHW� 1RWH
DJDLQ WKDW FRQVWUXFWHG IHDWXUHV DUH LQGLFDWHG E\ QHZ��IHDWXUH��

q 7KH WKLUG WDEOH GHVFULEHV WKH IHDWXUHV VHOHFWHG E\ &���UXOHV DQG &1� LQGXFHUV IURP WKH RULJ�
LQDO GDWDVHW DV ZHOO DV IHDWXUHV VHOHFWHG E\ WKHVH LQGXFHUV DIWHU &RQVWUXFWLYH ,QGXFWLRQ� L�H�
WKH DXJPHQWHG GDWDVHWV� 7R VSHFLI\ WKH H[SHULPHQW� WKH QRWDWLRQ �VHW�RI�IHDWXUHV�LQGXFHU�
LV XVHG ZKHUH�

^ VHW�RI�IHDWXUHV � IRUL�DOO� FL�DOO� FL�QHZJ� RUL�DOO LQGLFDWHV WKDW DOO IHDWXUHV IURP WKH
RULJLQDO GDWDVHW DUH EHLQJ FRQVLGHUHG� FL�DOO LQGLFDWHV WKDW DOO IHDWXUHV IURP WKH RULJLQDO
GDWDVHW DXJPHQWHG ZLWK WKH FRQVWUXFWHG RQHV DUH EHLQJ XVHG DQG FL�QHZ LQGLFDWHV WKDW
WKH FRQVLGHUHG VHW RI IHDWXUHV DUH DV FL�DOO EXW ZKHUH WKH SULPLWLYH IHDWXUHV XVHG WR
FUHDWH WKH QHZ IHDWXUHV KDYH EHHQ UHPRYHG�

^ LQGXFHU � I&���UXOHV� &1� J LQGLFDWHV WKH DOJRULWKP WKDW KDV EHHQ XVHG�

7KLV WDEOH VKRZV� IRU HDFK RULJLQDO�DXJPHQWHG GDWDVHW DQG �VHW�RI�IHDWXUHV�LQGXFHU�� WKH
IHDWXUHV VXEVHW VHOHFWHG� WKH QXPEHU RI IHDWXUHV LQ WKH VHOHFWHG VXEVHW ��)�� SURSRUWLRQ
RI VHOHFWHG IHDWXUHV ��)� DV ZHOO DV WKH WLPH WDNHQ E\ WKH LQGXFHU WR REWDLQ WKH VHOHFWHG
IHDWXUHV� 7LPH �LQ VHFRQGV� LV UHODWHG WR D VWDQGDUG ,QGLJR � 6LOLFRQ *UDSKLFV ZRUNVWDWLRQ�
7KLV WDEOH DOVR VKRZV WKH QXPEHU RI GXSOLFDWH RU FRQoLFWLQJ LQVWDQFHV IRU HDFK GDWDVHW�

)RU H[DPSOH� FRQVLGHU WKH nUVW URZ IRU GDWDVHW SLPD LQ 7DEOH ����� �SDJH ����

^ WKH nUVW FROXPQ LQGLFDWHV WKDW WKH VXEVHW RI IHDWXUHV _ RUL�DOO _ JLYHQ WR &���UXOHV
LV WKH RQH FRPSRXQGHG E\ DOO IHDWXUHV IURP WKH RULJLQDO GDWDVHW

^ WKH VHFRQG FROXPQ SUHVHQWV WKH VXEVHW RI IHDWXUHV H[WUDFWHG E\ WKH FRUUHVSRQGHQW
LQGXFHU� L�H� WKRVH IHDWXUHV WKDW ZHUH SUHVHQW LQ WKH UXOHV JHQHUDWHG E\ WKH LQGXFHU

�



^ WKH WKLUG FROXPQ VKRZV WKH WRWDO QXPEHU RI IHDWXUHV LQ WKH GDWDVHW SLPD

^ WKH IRXUWK FROXPQ VKRZV WKH QXPEHU RI IHDWXUHV XVHG E\ WKH LQGXFHU WR H[SUHVV WKH
FRQFHSW

^ WKH nIWK FROXPQ SUHVHQWV WKH SURSRUWLRQ RI VHOHFWHG IHDWXUHV

^ WKH VL[WK FROXPQ JLYHV WKH WLPH WDNHQ E\ &���UXOHV WR LQGXFH WKH UXOHV

^ WKH VHYHQWK FROXPQ SUHVHQWV WKH QXPEHU RI GXSOLFDWH RU FRQoLFWLQJ LQVWDQFHV IRU WKH
GDWDVHW SLPD

7KH VHFRQG URZ IRU GDWDVHW SLPD VKRZV WKH VDPH LQIRUPDWLRQ� EXW XVLQJ &1� DV LQGXFHU�

,Q WKH VDPH ZD\� WKH nUVW URZ IRU GDWDVHW SLPD�POF VKRZV VLPLODU LQIRUPDWLRQ ZKHQ JLYHQ
WR &���UXOHV WKH VXEVHW RI IHDWXUHV _ FL�DOO� L�H� DOO IHDWXUHV IURP WKH RULJLQDO GDWDVHW
DXJPHQWHG ZLWK WKH WZR QHZ FRQVWUXFWHG IHDWXUHV I� DQG I�� 7KH VHFRQG URZ IRU GDWDVHW
SLPD�POF VKRZV WKH VDPH LQIRUPDWLRQ DV WKH nUVW RQH� EXW XVLQJ &1� DV LQGXFHU� 7KH WKLUG
URZ SUHVHQWV WKH VHOHFWHG IHDWXUHV� WRWDO QXPEHU RI IHDWXUHV� QXPEHU RI VHOHFWHG IHDWXUHV�
SURSRUWLRQ� WLPH DQG QXPEHU RI GXSOLFDWH RU FRQoLFWLQJ LQVWDQFHV XVLQJ &���UXOHV JLYHQ WKH
VXEVHW RI IHDWXUHV _ FL�QHZ� L�H� WKH FRQVLGHUHG VHW RI IHDWXUHV DUH DV FL�DOO EXW KDYLQJ WKH
SULPLWLYH IHDWXUHV XVHG WR FUHDWH WKH QHZ IHDWXUHV UHPRYHG�

q 7KH IRXUWK WDEOH VKRZV VLPLODU LQIRUPDWLRQ WKDQ WKH WKLUG RQH� EXW LQ D GLmHUHQW ZD\
VXFK WKDW LW LV HDV\ WR YLVXDOL]H FRPPRQ IHDWXUHV XVHG E\ HYHU\ �VHW�RI�IHDWXUHV�LQGXFHU��
1RWH WKDW IHDWXUHV SUHVHQWHG DV q DUH IHDWXUHV JHQHUDWHG E\ &RQVWUXFWLYH ,QGXFWLRQ� 7KH
&���UXOHV LQGXFHU LV UHSUHVHQWHG DV &���U�

q 7KH nIWK WDEOH VKRZV WKH HUURU UDWH RI HDFK LQGXFHU �PHDQ DQG VWDQGDUG GHYLDWLRQ� XVLQJ
���IROG VWUDWLnHG FURVV�YDOLGDWLRQ ����VWUDW�FY� IRU HDFK FDVH GHVFULEHG LQ 7DEOH ��� �SDJH ���
7KH nUVW FROXPQ LQGLFDWHV WKH VHW RI IHDWXUHV JLYHQ WR WKH LQGXFHUV� WKH VHFRQG DQG WKLUG
FROXPQ LQGLFDWH HUURUV XVLQJ &���UXOHV DQG &1� DV LQGXFHUV� )RU LQVWDQFH� WKH URZ RUL�DOO
VKRZV HUURUV ZKHQ JLYHQ WKH RULJLQDO VHW RI IHDWXUHV WR WKH WZR LQGXFHUV�

q 7KH VL[WK WDEOH SUHVHQWV WKH GLmHUHQFH LQ VWDQGDUG GHYLDWLRQV HUURUV �REWDLQHG IURP ���
VWUDWLnHG�FURVV�YDOLGDWLRQ� EHWZHHQ WKH RULJLQDO GDWDVHW DQG WKH GHULYHG GDWDVHWV� 7KLV
LQIRUPDWLRQ LV XVHG WR VHOHFW WKH GDWDVHWV WR EH FRQVLGHUHG LQ WKH WKLUG VWHS�

'DWDVHWV PDUNHG ZLWK ?_� DUH WKH RQHV QRW FRQVLGHUHG LQ WKH WKLUG VWHS� $V VWDWHG HDUOLHU� RQO\
WKH GDWDVHWV WKDW YHULI\ WKH IROORZLQJ ERWK FRQGLWLRQV ZHUH VHOHFWHG IRU WKH WKLUG VWHS�

q DFFXUDF\ LPSURYHG FRPSDULQJ WR WKH RULJLQDO GDWDVHW DFFXUDF\ DQG

q DW OHDVW RQH RI WKH QHZ FRQVWUXFWHG IHDWXUHV ZHUH VHOHFWHG E\ WKH WZR LQGXFHUV�

)RU H[DPSOH� WKH GDWDVHW SLPD�POF ZDV QRW FKRVHQ IRU WKH WKLUG VWHS _ VHH SDJH �� _ VLQFH LW
GRHV QRW nOO ERWK FRQGLWLRQV�

.(' /��� ��� ������� ��������

7ZR QHZ IHDWXUHV ZHUH FRQVWUXFWHG IRU WKLV GDWDVHW ZLWK WKH KHOS RI WKH VSHFLDOLVW� 7KHLU VWUXF�
WXUH LV VKRZQ EHOORZ�

q I��1HZ�IF���� WKLV IHDWXUHV YHULnHV LI JOXFRVH DQG GLDVWROLF EORRG SUHDVVXUH DUH RXW RI QRUPDO
OHYHOV� ,W FRPELQHV WZR SULPLWLYH IHDWXUHV� SODVPD DQG GLDVWROLF�

��



LI �SODVPD!��� DQG GLDVWROLF!��� WKHQ QHZ�IF�� � � JOXFRVH DQG GLDVWROLF EORRG

� SUHDVVXUH DUH RXW RI QRUPDO

� OHYHOV

HOVH QHZ�IF�� �

q I��1HZ�IF���� WKLV IHDWXUH YHULnHV LI JOXFRVH LV RXW RI WKH QRUPDO OHYHO DQG LI ��KRXU VHUXP
LQVXOLQ LV QRW SUHVHQW� ,W FRPELQHV WZR SULPLWLYH IHDWXUHV� SODVPD DQG WZR�

LI �SODVPD!��� DQG WZR �� WKHQ QHZ�IF�� � � JOXFRVH LV QRW DW D QRUPDO OHYHO

� DQG ��KRXU VHUXP LQVXOLQ LV QRW

� SUHVHQW

HOVH QHZ�IF�� �

)HDWXUH )HDWXUH �'LVWLQFW 9DOXHV

1XPEHU 1DPH SRVVLEOH DFWXDO W\SH

�� 1XPEHU � �� FRQWLQXRXV

�� 3ODVPD � ��� FRQWLQXRXV

�� 'LDVWROLF � �� FRQWLQXRXV

�� 7ULFHSV � �� FRQWLQXRXV

�� 7ZR � ��� FRQWLQXRXV

�� %RG\ � ��� FRQWLQXRXV
�� 'LDEHWHV � ��� FRQWLQXRXV
�� $JH � �� FRQWLQXRXV

QHZ�� I��1HZ�IF��� � � QRPLQDO
QHZ�� I��1HZ�IF��� � � QRPLQDO

7DEOH ������ 3LPD DQG 'HULYHG 'DWDVHWV ^ )HDWXUH 'HVFULSWLRQ

)HDWXUH 'DWDVHWV
1XPEHU SLPD SLPD�POF SLPD�� SLPD��

�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g
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QHZ�� g g

QHZ�� g g

7DEOH ������ 3LPD DQG 'HULYHG 'DWDVHWV ^ 2ULJLQDO DQG &RQVWUXFWHG )HD�
WXUHV

6HOHFWHG )HDWXUHV 7RWDO � ) � 6HOHFWHG ) �) 7LPH �V� �'XSOLFDWH RU
&RQoLFWLQJ ,QVWDQFHV

SLPD
�RUL�DOO�&����UXOHV� � � � � � � � ����� ��� �
�RUL�DOO�&1�� � � � � � � � � � � ������ ���

SLPD�POF
�FL�DOO�&����UXOHV� � � � � � � �� � ����� ���
�FL�DOO�&1�� � � � � � � � � � �� � ����� ���
�FL�QHZ�&����UXOHV� _ _ _ _ _ �
�FL�QHZ�&1�� _ _ _ _ _ �
���
SLPD��

�FL�DOO�&����UXOHV� � � � � � � � � ����� ���
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�FL�QHZ�&����UXOHV� � � � � � � � � ����� ��� �
�FL�QHZ�&1�� � � � � � � � � � ����� ���

FRQWLQXHG RQ QH[W SDJH
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FRQWLQXHG IURP SUHYLRXV SDJH

6HOHFWHG )HDWXUHV 7RWDO � ) � 6HOHFWHG ) �) 7LPH �V� �'XSOLFDWH RU
&RQoLFWLQJ ,QVWDQFHV

SLPD��
�FL�DOO�&����UXOHV� � � � � � � � � � ����� ���
�FL�DOO�&1�� � � � � � � � � � � � ������ ���
�FL�QHZ�&����UXOHV� _ _ _ _ _ �
�FL�QHZ�&1�� _ _ _ _ _

7DEOH ������ 3LPD DQG 'HULYHG 'DWDVHWV ^ 6HOHFWHG )HDWXUHV� 7LPH IRU 6H�
OHFWLQJ )HDWXUHV DQG 1XPEHU RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV

'DWDVHW SLPD SLPD�POF SLPD�� SLPD��
)HDWXUH �RUL�DOO� �RUL�DOO� �FL�DOO� �FL�DOO� �FL�QHZ� �FL�QHZ� �FL�DOO� �FL�DOO� �FL�QHZ� �FL�QHZ� �FL�DOO� �FL�DOO� �FL�QHZ� �FL�QHZ�
1XPEHU &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1��
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� 6HOHFWHG � � � � � � � � � � � �
)

7RWDO � � �� �� � � � � � � � �
� )
� ) ������ ���� ������ ������ ������ ���� ������ ������ ������ ������ ������ ����

7DEOH ������ 3LPD %HIRUH DQG $IWHU &RQVWUXFWLYH ,QGXFWLRQ ^ 6HOHFWHG )HD�
WXUHV

&���UXOHV &1�
SLPD ���VWUDW�FY
RUL�DOO �����h���� �����h����
SLPD�POF ���VWUDW�FY

FL�DOO �����h���� �����h����
FL�QHZ �����h���� �����h����

SLPD�� ���VWUDW�FY
FL�DOO �����h���� �����h����
FL�QHZ �����h���� �����h����
SLPD�� ���VWUDW�FY
FL�DOO �����h���� �����h����
FL�QHZ _ _

7DEOH ������ 3LPD DQG 'HULYHG 'DWDVHWV ^ (UURU 5DWH

&���UXOHV &1�
SLPD�POF
FL�DOO ���� ����
FL�QHZ ���� ����
SLPD��
FL�DOO ����� ����
FL�QHZ ���� ����

SLPD��
FL�DOO ���� ����
FL�QHZ _ _

7DEOH ������ 'LmHUHQFH LQ 6WDQGDUG 'HYLDWLRQV %HWZHHQ 2ULJLQDO 'DWDVHW
3LPD DQG 'HULYHG 'DWDVHWV

��



.(* ��� ��� ������� ��������

7ZR QHZ IHDWXUHV ZHUH FRQVWUXFWHG IRU WKLV GDWDVHW ZLWK WKH KHOS RI WKH XVHU� 7KHLU VWUXFWXUH LV

VKRZQ EHOORZ�

q I��6DPH�HGX�� WKLV IHDWXUH VKRZV KRZ HTXDO RU GLmHUHQW WKH HGXFDWLRQDO OHYHO RI ZLIH DQG

KXVEDQG DUH� ,W FRPELQHV WZR SULPLWLYH IHDWXUHV� ZHGX DQG KHGX�

LI �ZHGX KHGX� WKHQ VDPH�HGX H[DFWO\�VDPH � ZLIH DQG KXVEDQG KDYH

� WKH VDPH HGXFDWLRQDO

� OHYHO

HOVH LI �ZHGX�KHGX �� WKHQ VDPH�HGX DOPRVW�ZHGX � ZLIH
V HGXFDWLRQDO

� OHYHO LV KLJKHU

HOVH LI �ZHGX�KHGX ��� WKHQ VDPH�HGX DOPRVW�KHGX � KXVEDQG
V HGXFDWLRQDO

� OHYHO LV KLJKHU

HOVH LI �ZHGX�KHGX �� WKHQ VDPH�HGX ZZHGX � ZLIH
V HGXF� OHYHO LV

� WZR OHYHOV KLJKHU

HOVH LI �ZHGX�KHGX ��� WKHQ VDPH�HGX KKHGX � KXVEDQG
V HGXF� OHYHO

� LV WZR OHYHOV KLJKHU

HOVH LI �ZHGX�KHGX �� WKHQ VDPH�HGX ZHGX�KLJKHU� ZLIH
V HGXF� OHYHO

� LV PXFK PRUH KLJKHU

HOVH VDPH�HGX KHGX�KLJKHU � KXVEDQG
V HGXF� OHYHO

� LV PXFK PRUH KLJKHU

q I��6DPH�ZHGX�VWG�� WKLV IHDWXUH VKRZV LI ZLIH KDV D VWDQGDUG RI OLYLQJ FRPSDWLEOH ZLWK KHU
HGXFDWLRQDO OHYHO� ,W FRPELQHV WZR SULPLWLYH IHDWXUHV� ZHGX DQG VWGOLY�

LI �ZHGX VWGOLY� WKHQ VDPH�ZHGX�VWG � � ZLIH KDV D VWDQGDUG RI OLYLQJ FRPSDWLEOH

� ZLWK KHU HGXFDWLRQDO OHYHO

HOVH VDPH�ZHGX�VWG � � VWDQGDUG RI OLYLQJ LV QRW WKH VDPH OHYHO RI

� WKH HGXDFWLRQDO OHYHO

)HDWXUH )HDWXUH �'LVWLQFW 9DOXHV
1XPEHU 1DPH SRVVLEOH DFWXDO W\SH

�� :DJH � �� FRQWLQXRXV
�� :HGX � � QRPLQDO
�� +HGX � � QRPLQDO
�� 1FKL � �� FRQWLQXRXV
�� :UHO � � QRPLQDO
�� :RUN � � QRPLQDO
�� +RFX � � QRPLQDO
�� 6WGOLY � � QRPLQDO
�� 0HGH[S � � QRPLQDO

QHZ�� I��6DPH�HGX� � � 1RPLQDO
QHZ��� I��6DPH�ZHGX�VWG� � � 1RPLQDO

7DEOH ������ &PF DQG 'HULYHG 'DWDVHWV ^ )HDWXUH 'HVFULSWLRQ

)HDWXUH 'DWDVHWV
1XPEHU FPF FPF�POF FPF�� FPF��
�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g

FRQWLQXHG RQ QH[W SDJH

��



FRQWLQXHG IURP SUHYLRXV SDJH

)HDWXUH 'DWDVHWV
1XPEHU FPF FPF�POF FPF�� FPF��
�� g g g g

�� g g g g

QHZ�� g g

QHZ��� g g

7DEOH ������ &PF DQG 'HULYHG 'DWDVHWV ^ 2ULJLQDO DQG &RQVWUXFWHG )HDWXUHV

6HOHFWHG )HDWXUHV 7RWDO � ) � 6HOHFWHG ) �) 7LPH �V� �'XSOLFDWH RU
&RQoLFWLQJ ,QVWDQFHV

FPF
�RUL�DOO�&����UXOHV� � � � � � � � � � � � ������ ���� ���
�RUL�DOO�&1�� � � � � � � � � � � � ������ ����
FPF�POF
�FL�DOO�&����UXOHV� � � � � � � � � � �� � ����� ����
�FL�DOO�&1�� � � � � � � � � � � �� �� �� ������ ����
�FL�QHZ�&����UXOHV� _ _ _ _ _ ���
�FL�QHZ�&1�� _ _ _ _ _
FPF��
�FL�DOO�&����UXOHV� � � � � � � � � � �� � ����� ����
�FL�DOO�&1�� � � � � � � � � � � �� �� ������ ����
�FL�QHZ�&����UXOHV� � � � � � � � � � � ������ ���� ���
�FL�QHZ�&1�� � � � � � � � � � � ������ ����
FPF��
�FL�DOO�&����UXOHV� � � � � � � � � � �� �� �� ������ ����
�FL�DOO�&1�� � � � � � � � � � �� �� �� ������ ����
�FL�QHZ�&����UXOHV� � � � � � � � �� � � ������ ��� ���
�FL�QHZ�&1�� � � � � � � � �� � � ������ ����

7DEOH ������ &PF DQG 'HULYHG 'DWDVHWV ^ 6HOHFWHG )HDWXUHV� 7LPH IRU 6H�
OHFWLQJ )HDWXUHV DQG 1XPEHU RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV

'DWDVHW FPF FPF�POF FPF�� FPF��
)HDWXUH �RUL�DOO� �RUL�DOO� �FL�DOO� �FL�DOO� �FL�QHZ� �FL�QHZ� �FL�DOO� �FL�DOO� �FL�QHZ� �FL�QHZ� �FL�DOO� �FL�DOO� �FL�QHZ� �FL�QHZ�
1XPEHU &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1��

�� p p p p _ _ p p p p p p p p

�� p p p p _ _ p p p p

�� p p p p _ _ p p p p p p

�� p p p p _ _ p p p p p p p p

�� p p p p _ _ p p p p p p p p

�� p p p p _ _ p p p p p p p p

�� p p p p _ _ p p p p p p p p

�� p p p p _ _ p p p p p p

�� p p p p _ _ p p p p p p p p

�� q _ _ q q q

��� q _ _ q q q q

� 6HOHFWHG � � � �� � �� � � �� �� � �
)

7RWDO � � �� �� �� �� � � �� �� � �
� )
� ) ���� ���� ������ ���� ������ ���� ���� ���� ���� ���� ���� ����

7DEOH ������ &PF %HIRUH DQG $IWHU &RQVWUXFWLYH ,QGXFWLRQ ^ 6HOHFWHG )HD�
WXUHV

&���UXOHV &1�
FPF ���VWUDW�FY
RUL�DOO �����h���� �����h����
FPF�POF ���VWUDW�FY

FL�DOO �����h���� �����h����
FL�QHZ _ _

FPF�� ���VWUDW�FY
FL�DOO �����h���� �����h����
FL�QHZ �����h���� �����h����
FRQWLQXHG RQ QH[W SDJH

��



FRQWLQXHG IURP SUHYLRXV SDJH

&���UXOHV &1�
FPF�� ���VWUDW�FY
FL�DOO �����h���� �����h����
FL�QHZ �����h���� �����h����

7DEOH ������ &PF DQG 'HULYHG 'DWDVHWV ^ (UURU 5DWH

&����UXOHV &1�
FPF�POF
FL�DOO ���� ����
FL�QHZ _ _

FPF��
FL�DOO ���� �����
FL�QHZ ���� ����
FPF��
FL�DOO ����� ����
FL�QHZ ���� ����

7DEOH ������ 'LmHUHQFH LQ 6WDQGDUG 'HYLDWLRQV %HWZHHQ &PF DQG 'HULYHG
'DWDVHWV

.(+ ��	0� ��� ������� ��������

7ZR QHZ IHDWXUHV ZHUH FRQVWUXFWHG IRU WKLV GDWDVHW ZLWK WKH KHOS RI WKH XVHU� 7KHLU VWUXFWXUH LV

VKRZQ EHOORZ�

q I��6PRNLQJ�� WKLV IHDWXUH UHSUHVHQWV WKH VWDWXV RI WKH LQWHUYLHZHG SHUVRQ DW WKH WLPH RI

VXUYH\� ,W FRPELQHV IRXU SULPLWLYH IHDWXUHV� VPRNLQJ�� VPRNLQJ�� VPRNLQJ� DQG VPRNLQJ��

LI �VPRNLQJ� � DQG VPRNLQJ� � DQG VPRNLQJ� �� � VPRNLQJ�� VPRNLQJ� DQG VPRNLQJ�

�  � LQGLFDWH WKDW KDV QHYHU

WKHQ VPRNLQJ QHYHU � VPRNHG

HOVH LI �VPRNLQJ� �� � LQGLFDWHV WKDW WKH LQWHUYLHZHG

WKHQ VPRNLQJ FXUUHQW � SHUVRQ LV D FXUUHQW VPRNHU

HOVH LI �VPRNLQJ� �� � LQGLFDWHV WKDW WKH LQWHUYLHZHG

WKHQ VPRNLQJ TXLW � � PRQWKV � SHUVRQ KDV TXLW VPRNLQJ OHVV �RU

� HTXDO� WKDQ � PRQWKV DJR

HOVH LI �VPRNLQJ� � DQG VPRNLQJ� �� � LQWHUYLHZHG SHUVRQ KDV TXLW IURP

WKHQ VPRNLQJ TXLW ���� PRQWKV � VPRNLQJ � WR �� PRQWKV DJR

HOVH LI �VPRNLQJ� � DQG VPRNLQJ� �� � LQWHUYLHZHG SHUVRQ KDV TXLW

WKHQ VPRNLQJ TXLW ! �� PRQWKV � VPRNLQJ PRUH WKDQ RQH \HDU DJR

HOVH VPRNLQJ QRW�GHILQHG � VRPH LQFRQVLVWHQF\ LQ GDWD

� ZDV IRXQG

q I��3ODFH�� WKLV IHDWXUH VKRZV D FRPSDULVRQ EHWZHHQ WKH SODFH WKH LQWHUYLHZHG SHUVRQ ZRUNV
ZLWK UHVSHFW WR WKH FLW\ RI 7RURQWR�&DQDGD �ZRUN��� LI KH �VKH� ZRUNV DW KRPH RU QRW
�ZRUN�� DQG LI KH �VKH� OLYHV LQ WKH FLW\ RI 7RURQWR RU RXWVLGH LW �UHVLGHQFH�� ,W FRPELQHV
WKUHH SULPLWLYH IHDWXUHV� ZRUN�� ZRUN� DQG UHVLGHQFH�

LI �ZRUN� ZRUN�� WKHQ SODFH � � ZRUN SODFH FLW\ LV WKH VDPH DV

� ZRUN SODFH KRPH

HOVH LI �ZRUN� UHVLGHQFH� WKHQ SODFH � � ZRUN SODFH FLW\ LV WKH VDPH DV

� UHVLGHQFH

HOVH SODFH �

��



)HDWXUH )HDWXUH �'LVWLQFW 9DOXHV
1XPEHU 1DPH SRVVLEOH DFWXDO W\SH

�� :HLJKW � ��� FRQWLQXRXV
�� 7LPH � � QRPLQDO
�� :RUN� � � QRPLQDO
�� :RUN� � � QRPLQDO
�� 5HVLGHQFH � � QRPLQDO
�� 6PRNLQJ� � � QRPLQDO
�� 6PRNLQJ� � � QRPLQDO
�� 6PRNLQJ� � � QRPLQDO
�� 6PRNLQJ� � � QRPLQDO
�� .QRZOHGJH � �� QRPLQDO
��� 6H[ � � QRPLQDO
��� $JH � �� FRQWLQXRXV
��� (GXFDWLRQ � � QRPLQDO

QHZ��� I��6PRNLQJ� � � QRPLQDO
QHZ��� I��3ODFH� � � QRPLQDO

7DEOH ������ 6PRNH DQG 'HULYHG 'DWDVHWV ^ )HDWXUH 'HVFULSWLRQ

)HDWXUH 'DWDVHWV
1XPEHU VPRNH VPRNH�POF VPRNH�� VPRNH��

�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g

�� g g g g

��� g g g g

��� g g g g

��� g g g g

QHZ��� g g

QHZ��� g g

7DEOH ������ 6PRNH DQG 'HULYHG 'DWDVHWV ^ 2ULJLQDO DQG &RQVWUXFWHG )HD�
WXUHV

6HOHFWHG )HDWXUHV 7RWDO � ) � 6HOHFWHG ) �) 7LPH �V� �'XSOLFDWH RU
&RQoLFWLQJ ,QVWDQFHV

VPRNH
�RUL�DOO�&����UXOHV� � � � � � � � � � �� �� �� ����� ���� ��

�� ��
�RUL�DOO�&1�� � � � � � � � � � � �� �� �� ������ ����

�� ��
VPRNH�POF
�FL�DOO�&����UXOHV� � � � � � � � � � � ��

�� �� �� �� �� �� ������ ����
�FL�DOO�&1�� � � � � � � � � � � ��

�� �� �� �� �� �� ������ ����
�FL�QHZ�&����UXOHV� � � � �� �� �� �� �� � � ������ ���� ��
�FL�QHZ�&1�� � � � �� �� �� �� �� � � ������ ����
VPRNH��
�FL�DOO�&����UXOHV� � � � � � � � � � � �� �� �� ����� ����

�� ��
�FL�DOO�&1�� � � � � � � � � � � ��

�� �� �� �� �� ������ ����
�FL�QHZ�&����UXOHV� � � � � � � �� �� �� �� �� �� ������ ���� ��
�FL�QHZ�&1�� � � � � � � �� �� �� �� �� �� ������ ����

VPRNH��
�FL�DOO�&����UXOHV� � � � � � � � � � � ��

�� �� �� �� �� ������ ����
�FL�DOO�&1�� � � � � � � � � � � ��

FRQWLQXHG RQ QH[W SDJH

��



FRQWLQXHG IURP SUHYLRXV SDJH

6HOHFWHG )HDWXUHV 7RWDO � ) � 6HOHFWHG ) �) 7LPH �V� �'XSOLFDWH RU
&RQoLFWLQJ ,QVWDQFHV

�� �� �� �� �� ������ ����
�FL�QHZ�&����UXOHV� � � � � � � � �� �� �� �� ������ ���� ��

�� ��
�FL�QHZ�&1�� � � � � � � � �� �� �� �� ������ ����

�� ��

7DEOH ������ 6PRNH DQG 'HULYHG 'DWDVHWV ^ 6HOHFWHG )HDWXUHV� 7LPH IRU
6HOHFWLQJ )HDWXUHV DQG 1XPEHU RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV

'DWDVHW VPRNH VPRNH�POF VPRNH�� VPRNH��
)HDWXUH �RUL�DOO� �RUL�DOO� �FL�DOO� �FL�DOO� �FL�QHZ� �FL�QHZ� �FL�DOO� �FL�DOO� �FL�QHZ� �FL�QHZ� �FL�DOO� �FL�DOO� �FL�QHZ� �FL�QHZ�
1XPEHU &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1�� &���U� &1��

�� p p p p p p p p p p p p p p

�� p p p p p p p p p p p p p p

�� p p p p p p p p p p

�� p p p p p p p p p p

�� p p p p p p p p p p

�� p p p p p p p p p p

�� p p p p p p p p p p

�� p p p p p p p p p

�� p p p p p p p p p p

�� p p p p p p p p p p p p p p

��� p p p p p p p p p p p p p p

��� p p p p p p p p p p p p p p

��� p p p p p p p p p p p p p p

��� q q q q q q q

��� q q q q q q q q

� 6HOHFWHG �� �� �� �� � � �� �� �� �� �� �� �� ��
)

7RWDO �� �� �� �� � � �� �� �� �� �� �� �� ��
� )
� ) ������ ������ ���� ���� ���� ���� ������ ���� ���� ���� ���� ���� ���� ����

7DEOH ������ 6PRNH %HIRUH DQG $IWHU &RQVWUXFWLYH ,QGXFWLRQ ^ 6HOHFWHG )HD�
WXUHV

&���UXOHV &1�
VPRNH ���VWUDW�FY
RUL�DOO �����h���� �����h����
VPRNH�POF ���VWUDW�FY
FL�DOO �����h���� �����h����
FL�QHZ �����h���� �����h����
VPRNH�� ���VWUDW�FY

FL�DOO �����h���� �����h����
FL�QHZ �����h���� �����h����

VPRNH�� ���VWUDW�FY
FL�DOO �����h���� �����h����
FL�QHZ �����h���� �����h����

7DEOH ������ 6PRNH DQG 'HULYHG 'DWDVHWV ^ (UURU 5DWH

&���UXOHV &1�
VPRNH�POF
FL�DOO ����� �����
FL�QHZ ���� ����
VPRNH��
FL�DOO ���� �����
FL�QHZ ���� ����
VPRNH��

FL�DOO ���� �����
FL�QHZ ����� �����

7DEOH ������ 'LmHUHQFH LQ 6WDQGDUG 'HYLDWLRQV %HWZHHQ 6PRNH DQG 'HULYHG
'DWDVHWV

��



.(- ��������� ��� ������� ��������

2QH QHZ IHDWXUH ZDV FRQVWUXFWHG IRU WKLV GDWDVHW ZLWK WKH KHOS RI WKH VSHFLDOLVW� ,WV VWUXFWXUH

LV VKRZQ EHOORZ�

q I��1HZ�IF���� LQGLFDWHV LI WKH SDFLHQW SUREDEO\ ZLOO OLYH RU GLH� ,W FRPELQHV WKUHH SULPLWLYH

IHDWXUHV� OLYHU�nUP� DVFLWHV DQG YDULFHV�

LI �OLYHU�ILUP \HV DQG DVFLWHV \HV DQG YDULFHV \HV� � SDFLHQW KDV OLYHU�ILUP�

� DVFLWHV DQG YDULFHV

WKHQ QHZ�IF�� � � SUREDEO\ ZLOO GLH

HOVH QHZ�IF�� � � SUREDEO\ ZLOO OLYH

)HDWXUH )HDWXUH �'LVWLQFW 9DOXHV
1XPEHU 1DPH SRVVLEOH DFWXDO W\SH

�� DJH � �� FRQWLQXRXV
�� IHPDOH � � QRPLQDO
�� VWHURLG � � QRPLQDO
�� DQWLYLUDOV � � QRPLQDO
�� IDWLJXH � � QRPLQDO
�� PDODLVH � � QRPLQDO
�� DQRUH[LD � � QRPLQDO
�� OLYHU�ELJ � � QRPLQDO
�� OLYHU�nUP � � QRPLQDO
�� VSOHHQ�SDOSDEOH � � QRPLQDO
��� VSLGHUV � � QRPLQDO
��� DVFLWHV � � QRPLQDO
��� YDULFHV � � QRPLQDO
��� ELOLUXELQ � �� FRQWLQXRXV
��� DON�SKRVSKDWH � �� FRQWLQXRXV
��� VJRW � �� FRQWLQXRXV
��� DOEXPLQ � �� FRQWLQXRXV
��� SURWLPH � �� FRQWLQXRXV
��� KLVWRORJ\ � � QRPLQDO

QHZ��� I��QHZ�IF��� � � QRPLQDO

7DEOH ������ +HSDWLWLV DQG 'HULYHG 'DWDVHWV ^ )HDWXUH 'HVFULSWLRQ

)HDWXUH 'DWDVHWV
1XPEHU KHSDWLWLV KHSDWLWLV��

�� g g

�� g g

�� g g

�� g g

�� g g

�� g g

�� g g

�� g g

�� g g

�� g g

��� g g

��� g g

��� g g

��� g g

��� g g

��� g g

��� g g

��� g g

FRQWLQXHG RQ QH[W SDJH
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7DEOH ������ +HSDWLWLV %HIRUH DQG $IWHU &RQVWUXFWLYH ,QGXFWLRQ ^ 6HOHFWHG
)HDWXUHV

&���UXOHV &1�

KHSDWLWL ���VWUDW�FY

RUL�DOO �����h���� �����h����
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&���UXOHV &1�

KHSDWLWL��

FL�DOO ����� �����

FL�QHZ ���� �����

7DEOH ������ 'LmHUHQFH LQ 6WDQGDUG 'HYLDWLRQV %HWZHHQ +HSDWLWLV DQG 'H�
ULYHG 'DWDVHWV

1 �	�� �	���������	��

,W LV LQWHUHVWLQJ WR REVHUYH WKH QXPEHUV LQ WKH WKLUG WDEOH UHODWHG WR WKH FROXPQ 'XSOLFDWH RU

&RQoLFWLQJ ,QVWDQFHV RI HDFK GDWDVHW _ 6HFWLRQV ��� WR ���� 1RWH WKDW IRU GDWDVHWV FPF DQG
VPRNH� LQ VRPH FDVHV WKHVH QXPEHUV FKDQJHG �FPF� IURP ��� WR ��� DQG ���� VPRNH� IURP ��
WR ��� ZKHQ WKH SULPLWLYH IHDWXUHV WKDW ZHUH XVHG WR FRQVWUXFW QHZ IHDWXUHV ZHUH UHPRYHG�

,Q DOO FDVHV FRQVLGHUHG� WKLV QXPEHU KDV JURZQ XS� $ SRVVLEOH H[SODQDWLRQ IRU WKLV LV WKDW WKH
UHPRYHG SULPLWLYH IHDWXUH SUREDEO\ LV WKH RQO\ IHDWXUH WKDW KDV GLmHUHQW YDOXHV IRU RQH RU PRUH
LQVWDQFHV� DQG DV D FRQVHTXHQFH RI LWV UHPRYLQJ� PRUH LQVWDQFHV EHFDPH FRQoLFWLQJ�

)RU H[DPSOH� FRQVLGHU WKH VHW RI LQVWDQFHV JLYHQ E\ 7DEOH ��� ZHUH D QHZ IHDWXUH ;QHZ� GHnQHG
DV�

LI ;�  ;� WKHQ ;QHZ  7UXH HOVH ;QHZ  )DOVH

KDV EHHQ FRQVWUXFWHG�

,QVWDQFHV ;� ;� ;� ;� ;QHZ &ODVV

,� _ ` _ a 7UXH �

,� ` _ a � )DOVH �

,� a ` a a 7UXH b

,� a � � ` )DOVH b

7DEOH ���� ([DPSOH RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV

1RZ� LI ZH UHPRYH WKH SULPLWLYH IHDWXUHV WKDW ZHUH XVHG WR FRQVWUXFW WKLV ;QHZ IHDWXUH� WKH
REWDLQHG VHW RI LQVWDQFHV LV JLYHQ E\ 7DEOH ����

,QVWDQFHV ;� ;� ;QHZ &ODVV

,� ` a 7UXH �

,� _ � )DOVH �

,� ` a 7UXH b

,� � ` )DOVH b

7DEOH ���� ([DPSOH RI 'XSOLFDWH RU &RQoLFWLQJ ,QVWDQFHV $IWHU 5HPRYLQJ 3ULPLWLYH )HDWXUHV

1RWH WKDW UHPRYLQJ WKHVH WZR SULPLWLYH IHDWXUHV PDGH LQVWDQFHV ,� DQG ,� EHFRPH FRQoLFWLQJ�
L�H� WKH\ ERWK KDYH WKH VDPH YDOXHV IRU DOO WKH IHDWXUHV� EXW EHORQJ WR GLmHUHQW FODVVHV�

7DEOH ��� SUHVHQWV D VXPPDU\ RI WKH UHVXOWV REWDLQHG WKURXJK WKH WKUHH VWHSV SHUIRUPHG LQ WKH
H[SHULPHQWV UHSRUWHG LQ WKLV ZRUN� 7KLV WDEOH VKRZV� IRU HDFK RQH RI WKH WHQ DXJPHQWHG GDWDVHWV�
WKH IROORZLQJ LQIRUPDWLRQ�

q $ � WKH QDPHV RI WKH GDWDVHWV

��



q % � WRWDO QXPEHU RI IHDWXUHV LQ WKH GDWDVHW

q & � WKH QXPEHUV ZKLFK LGHQWLI\ WKH SULPLWLYH IHDWXUHV �3ULP)� XVHG WR FRQVWUXFW WKH QHZ
RQH �1HZ)�

q ' � IHDWXUHV XVHG E\ &���UXOHV

q ( � IHDWXUHV XVHG E\ &1�

q ) � LI DOO IHDWXUHV RI WKH GDWDVHW ZHUH VHOHFWHG

q * � LI DQ\ RI WKH QHZ FRQVWUXFWHG IHDWXUHV ZHUH VHOHFWHG

q + � LI DFFXUDFLHV PHDVXUHG E\ ���IROG VWUDWLnHG FURVV�YDOLGDWLRQ LPSURYHG� XVLQJ &���UXOHV
DQG &1� RQ WKH DXJPHQWHG GDWDVHWV� ,I VR� WKLV LV LQGLFDWHG E\ WKH LQGXFHU WKDW KDG WKH
DFFXUDFLHV LPSURYHG

q , �IHDWXUHV XVHG E\ &���UXOHV IURP WKH UHGXFHG GDWDVHWV _ 6WHS �

q - �IHDWXUHV XVHG E\ &1� IURP WKH UHGXFHG GDWDVHWV _ 6WHS �

q . �LI DFFXUDFLHV PHDVXUHG E\ ���IROG VWUDWLnHG FURVV�YDOLGDWLRQ LPSURYHG� XVLQJ &���UXOHV
DQG &1� RQ WKH UHGXFHG GDWDVHWV� ,I VR� WKLV LV LQGLFDWHG E\ WKH LQGXFHU WKDW KDG WKH
DFFXUDFLHV LPSURYHG

1RWH WKDW IHDWXUHV LQ XQGHUOLQHG EROG VW\OH FRUUHVSRQG WR WKH QHZ FRQVWUXFWHG IHDWXUHV�

$V LW FDQ EH VHHQ� DW WKH HQG RI WKH WKLUG VWHS� RQO\ WZR GDWDVHWV VKRZHG DQ LPSURYHPHQW RI
DFFXUDFLHV ZLWKRXW WKH SULPLWLYH IHDWXUHV� ZKLFK ZHUH XVHG WR FRPSRVH WKH QHZ FRQVWUXFWHG
IHDWXUHV� 7KHVH WZR GDWDVHWV DUH�

�� VPRNH XVLQJ I��3ODFH�

�� KHSDWLWLV XVLQJ I��1HZ�IF����

6WHS � 6WHS � 6WHS �

$ % & ' ( ) * + , - .

1HZ) � 3ULP)

SLPD�POF �� � � � � � � � � �

� � � � � � � � � � �

� � � �

SLPD�� � � � � � � � � � � <HV &���UXOHV � � � � � � � �

� � � � � � � � � � � � � �

SLPD�� � � � � � � � � � � <HV <HV

� � � � � � � � � � �

�

FPF�POF �� � � � � � � � � � <HV <HV

� � � � � � � � � � � �

�� �� � � � � ��

FPF�� �� � � � � � � � � � <HV &1� � � � � � � � �

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

� � �

FPF�� �� � � � � � � � � � <HV <HV &���UXOHV � � � � � � � �

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

� �� � ��

VPRNH�POF �� � � � � � � � � � <HV <HV &���UXOHV � � � �� � � � ��

�� � � � � � � � � � � � � � &1� �� �� �� ��

�� � � � � � � �� � � �� �� �� �� ��

�� �� �� ��

�� �� �� ��

VPRNH�� �� � � � � � � � � � <HV <HV &1� � � � � � � � �

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

� � �� � � �� �� �� �� ��

�� �� �� �� ��

VPRNH�� �� � � � � � � � � � <HV <HV &1� � � � � � � � � &���UXOHV

�� � � � � � � � � � � � � � � � �� � � � �� &1�

� � �� �� � � �� �� �� �� �� �� �� ��

�� �� �� ��

KHSDWLWL�� �� � � � � � � � � �� <HV <HV &���UXOHV � � � � � � � � &1�

�� � � �� �� � � �� �� �� �� &1� � � �� �� �� ��

�� �� �� �� �� �� �� �� �� �� �� ��

�� �� �� �� ��

7DEOH ���� 5HVXOWV 6XPPDU\

��



$ GDWDVHW VKRZLQJ DQ LPSURYHPHQW RI WKH DFFXUDF\ DW WKH HQG RI WKH WKLUG VWHS� PHDQV WKDW
WKLV GDWDVHW QRW RQO\ KDV D EHWWHU SHUIRUPDQFH XVLQJ D QHZ FRQVWUXFWHG IHDWXUH� EXW DOVR WKDW
ZKHQ WKH SULPLWLYH IHDWXUHV XVHG WR FUHDWH WKLV QHZ IHDWXUH ZHUH UHPRYHG� WKH DFFXUDF\ VWLOO
UHPDLQHG EHWWHU WKDQ WKH RQH REWDLQHG XVLQJ MXVW WKH RULJLQDO VHW RI IHDWXUHV� $OWKRXJK WKHUH
ZHUH LPSURYHPHQWV LQ DFFXUDF\� WKH UHVXOWV ZRXOG RQO\ nW LQWR WKH SHUIHFW VLWXDWLRQ LI GXULQJ
WKH nUVW VWHS WKHVH SULPLWLYH IHDWXUHV� XVHG WR FRQVWUXFW WKH QHZ RQHV� ZHUH QRW VHOHFWHG E\ WKH
LQGXFHUV� $V VDLG EHIRUH� WZR SRVVLEOH UHDVRQV FRXOG EH SRLQWHG RXW WR MXVWLI\ WKLV�

q WKH FRQVWUXFWHG IHDWXUHV GR QRW FDSWXUH SHUIHFWO\ WKH LQIRUPDWLRQ HPEHGGHG LQ HDFK LQGL�
YLGXDO IHDWXUH

q WKH GDWDVHWV XVHG LQ WKLV ZRUN DUH VXFK WKDW WKH RULJLQDO IHDWXUHV RQ LWV RZQ DUH UHOHYDQW
IRU OHDUQLQJ�

5HVXOWV VXPPDUL]HG LQ 7DEOH ��� DOVR VKRZ WKDW� LQ DOPRVW DOO WKH FDVHV FRQVLGHUHG LQ WKH WKLUG
VWHS� IHDWXUHV XVHG E\ WKH LQGXFHUV WR H[SUHVV WKH OHDUQHG FRQFHSW DUH H[DFWO\ DOO WKH JLYHQ
IHDWXUHV LQ WKLV VWHS� L�H� WKH VDPH RQHV XVHG LQ WKH nUVW VWHS ZLWKRXW WKH SULPLWLYH IHDWXUHV XVHG
WR FUHDWH WKH QHZ FRQVWUXFWHG RQHV� 2QO\ GDWDVHWV SLPD�� DQG KHSDWLWLV�� KDYH D VHW RI IHDWXUHV
VHOHFWHG LQ WKH WKLUG VWHS ZKLFK DUH GLmHUHQW IURP WKH nUVW VWHS IRU ERWK LQGXFHUV� 2QO\ IRU
&���UXOHV� WKH GDWDVHW FPF�� KDV D VHW RI IHDWXUHV VHOHFWHG LQ WKH WKLUG VWHS ZKLFK DUH GLmHUHQW
IURP WKH RQHV VHOHFWHG RQ WKH nUVW VWHS� 7KLV PD\ LQGLFDWH WKDW WKH QHZ FRQVWUXFWHG IHDWXUHV�
LQ WKHVH WZR FDVHV� SOD\HG D PRUH LPSRUWDQW UROH LQ WKH FRQFHSW OHDUQLQJ WDVN�

1RWH WKDW ZKHQ WKH SULPLWLYH IHDWXUHV� WKDW ZHUH XVHG WR FUHDWH WKH QHZ IHDWXUHV� ZHUH UHPRYHG�
WKH VHW RI IHDWXUHV VHOHFWHG E\ &���UXOHV IRU SLPD�� KDV WZR GLmHUHQW IHDWXUHV� � DQG �� &RQVLGHU�
LQJ &1�� GXULQJ WKH nUVW VWHS� WKH QHZ FRQVWUXFWHG IHDWXUH ZDV QRW XVHG� EXW ZKHQ WKH UHGXFHG
GDWDVHW ZDV JLYHQ WR WKLV VDPH LQGXFHU� EHVLGHV IHDWXUH � �QHZ FRQVWUXFWHG IHDWXUH�� &1� DOVR
VHOHFWHG IHDWXUH ��

)RU GDWDVHW FPF��� RQO\ &���UXOHV VKRZHG D GLmHUHQW VHW RI IHDWXUHV VHOHFWHG LQ WKH nUVW VWHS IURP
WKH VHW VHOHFWHG LQ WKH WKLUG VWHS� ,Q WKLV FDVH� WKH QHZ FRQVWUXFWHG IHDWXUH ZDV QRW XVHG LQ WKH
nUVW VWHS EXW RQO\ LQ WKH WKLUG RQH�

)LQDOO\� WKH RQO\ GDWDVHW WKDW H[KLELWHG GLmHUHQW VHWV RI IHDWXUHV IURP WKH nUVW VWHS WR WKH WKLUG
RQH DQG DQ LPSURYHPHQW LQ DFFXUDFLHV ZDV WKH GDWDVHW KHSDWLWLV��� )RU &���UXOHV� LQ WKH WKLUG
VWHS� WKH LQGXFHU XVHG IHDWXUHV �� � DQG �� WKDW ZHUH QRW SUHVHQW LQ WKH nUVW VWHS� )RU &1�� LQ
WKH WKLUG VWHS� WKH LQGXFHU XVHG IHDWXUHV � DQG � WKDW ZHUH QRW SUHVHQW LQ WKH nUVW VWHS�

1RWH WKDW GDWDVHW VPRNH�� KDV DFFXUDF\ LPSURYHG IRU ERWK LQGXFHUV JLYHQ RQO\ WKH VHW RI IHDWXUHV
FRPSRVHG E\ WKH QHZ FRQVWUXFWHG IHDWXUHV DQG WKH SULPLWLYH IHDWXUHV WKDW ZHUH QRW XVHG WR FUHDWH
WKHVH QHZ IHDWXUHV�

2 �	������	��

7KLV ZRUN VKRZV VRPH HPSLULFDO UHVXOWV RI .QRZOHGJH�GULYHQ &RQVWUXFWLYH ,QGXFWLRQ� 7KH &RQ�
VWUXFWLYH ,QGXFWLRQ DSSURDFK LV EDVHG RQ GRPDLQ NQRZOHGJH SURYLGHG E\ D XVHU�VSHFLDOLVW� JLYHQ
WKH SULPLWLYH IHDWXUHV RI WKH RULJLQDO GDWDVHWV� WKH XVHU�VSHFLDOLVW VXJJHVWHG IUHHO\ WKH FRQVWUXF�
WLRQ RI VRPH QHZ IHDWXUHV� $FFXUDF\ DQG WKH VHW RI IHDWXUHV VHOHFWHG ZHUH PHDVXUHG ZKHQ JLYHQ
GLmHUHQW VHWV RI IHDWXUHV WR WKH WZR LQGXFHUV &���UXOHV DQG &1�� $ IHDWXUH LV FRQVLGHUHG UHOHYDQW
IRU WKH OHDUQLQJ WDVN LI LW LV XVHG E\ WKHVH DOJRULWKPV WR LQGXFH WKH UXOHV�

5HVXOWV VKRZ WKDW� LQ VSLWH RI KDYLQJ D XVHU�VSHFLDOLVW KHOS� LW LV GLpFXOW WR FRQVWUXFW QHZ IHDWXUHV
WKDW DUH UHDOO\ UHOHYDQW WR OHDUQ WKH FRQFHSW HPEHGGHG LQ WKHVH GDWDVHWV� ,W FRXOG EH WKDW WKH
RULJLQDO IHDWXUHV RI WKHVH GDWDVHWV DUH UHOHYDQW RQ LWV RZQ WR OHDUQ WKH FRQFHSW�

��



$FNQRZOHGJPHQWV� :H DUH JUDWHIXO WR 'U� :X )HQJ &KXQJ IRU WKH YDOLRXV KHOS ZLWK WKH
FRQVWUXFWLRQ RI QHZ IHDWXUHV IRU GDWDVHWV SLPD� KHSDWLWLV DQG VXJJHVWLRQV IRU GDWDVHW FPF� :H
DOVR ZLVK WR WKDQN -RVuH $XJXVWR %DUDQDXVNDV IRU PDQ\ KHOSIXO FRPPHQWV RQ WKH GUDIW RI WKLV
UHSRUW�

��



��#�������

$KD� '� :� ������� /D]\ OHDUQLQJ� $UWLnFLDO ,QWHOOLJHQFH 5HYLHZ� ����^���

%DUDQDXVNDV� -� $� DQG 0RQDUG� 0� &� ������� 7KH 0/&�� ZUDSSHU IRU IHDWXUH VXE�
VHW VHOHFWLRQ XVLQJ GHFLVLRQ WUHH� SURGXFWLRQ UXOH� LQVWDQFH�EDVHG DQG VWDWLVWLFDO LQGXF�
HUV� 6RPH H[SHULPHQWDO UHVXOWV� 7HFKQLFDO 5HSRUW ��� ,&0&�863� 6aDR &DUORV� 63�
IWS���IWS�LFPF�VF�XVS�EU�SXE�%,%/,27(&$�UHO WHF�5W ���SV�]LS�

%DUDQDXVNDV� -� $� DQG 0RQDUG� 0� &� �����D�� 5HYLHZLQJ VRPH PDFKLQH OHDUQ�
LQJ FRQFHSWV DQG PHWKRGV� 7HFKQLFDO 5HSRUW ���� ,&0&�863� 6aDR &DUORV� 63�
IWS���IWS�LFPF�VF�XVS�EU�SXE�%,%/,27(&$�UHO WHF�5W ����SV�]LS�

%DUDQDXVNDV� -� $� DQG 0RQDUG� 0� &� �����E�� $Q XQLnHG RYHUYLHZ RI VL[ VXSHUYLVHG
V\PEROLF PDFKLQH OHDUQLQJ LQGXFHUV� 7HFKQLFDO 5HSRUW ���� ,&0&�863� 6aDR &DUORV� 63�
IWS���IWS�LFPF�VF�XVS�EU�SXE�%,%/,27(&$�UHO WHF�5W ����SV�]LS�

%DUDQDXVNDV� -� $�� 0RQDUG� 0� &�� DQG +RUVW� 3� 6� ������� (YDOXDWLRQ RI IHDWXUH VHOHFWLRQ
E\ ZUDSSLQJ DURXQG WKH &1� LQGXFHU� ,Q 3URFHHGLQJV $UJHQWLQH 6\PSRVLXP RQ $UWLnFLDO

,QWHOOLJHQFH � $6$,
��� SDJHV ���^����

%ODNH� &�� .HRJK� (�� DQG 0HU]� &� ������� 8&, ,UYLQH 5HSRVLWRU\ RI 0DFKLQH /HDUQLQJ
'DWDEDVHV� KWWS���ZZZ�LFV�XFL�HGX�zPOHDUQ�0/5HSRVLWRU\�KWPO�

%ORHGRUQ� (� DQG0LFKDOVNL� 5� 6� ������� 'DWD�'ULYHQ &RQVWUXWLYH ,QGXFWLRQ� ,((( ,QWHOOLJHQW

6\VWHPV� ��������^��� 0DUFK�$SULO �����

%XOO� 6� ������� $QDO\VLV RI DWWLWXGHV WRZDUG ZRUNSODFH VPRNLQJ UHVWULFWLRQV� &DVH 6WXGLHV LQ

%LRPHWU\� SDJHV ���^����

&ODUN� 3� DQG %RVZHOO� 5� ������� 5XOH LQGXFWLRQ ZLWK &1�� 6RPH UHFHQW LPSURYHPHQWV�
,Q .RGUDWRm� <�� HGLWRU� 3URFHHGLQJV RI WKH �WK (XURSHDQ &RQIHUHQFH (:6/ ��� SDJHV
���^���� 6SULQJHU�9HUODJ�

&ODUN� 3� DQG 1LEOHWW� 7� ������� ,QGXFWLRQ LQ QRLVH GRPDLQV� ,Q %UDWNR� ,� DQG /DYUD�F� 1��
HGLWRUV� 3URFHHGLQJV RI WKH �QG (XURSHDQ :RUNLQJ 6HVVLRQ RQ /HDUQLQJ� SDJHV ��^��� :LOP�
VORZ� 8.� 6LJPD�

&ODUN� 3� DQG 1LEOHWW� 7� ������� 7KH &1� LQGXFWLRQ DOJRULWKP� 0DFKLQH /HDUQLQJ� ��������^
����

)HOL[� /� &� 0�� 5H]HQGH� 6�� 'RL� &� <�� GH 3DXOD� 0� )�� DQG 5RPDQDWR� 0� -� �������
0/&�� ELEOLRWHFD GH DSUHQGL]DGR GH PuDTXLQD HP &��� 7HFKQLFDO 5HSRUW ��� ,&0&�863�
6aDR &DUORV� 63� IWS���IWS�LFPF�VF�XVS�EU�SXE�%,%/,27(&$�UHO WHF�5W ���SV�]LS�

.RKDYL� 5�� 6RPPHUnHOG� '�� DQG 'RXJKHUW\� -� �������0/&��� $ 0DFKLQH /HDUQLQJ /LEUDU\

LQ &��� ,((( &RPSXWHU 6RFLHW\ 3UHVV�

.RKDYL� 5�� 6RPPHUnHOG� '�� DQG 'RXJKHUW\� -� ������� 'DWD PLQLQJ XVLQJ 0/&��� $ DP�
FKLQH OHDUQLQJ OLEUDU\ LQ &��� 7RROV ZLWK ,$� SDJHV ���^����

/HH� +� '� ������� 6HOHzFaDR H FRQVWUXzFaDR GH IHDWXUHV UHODYDQWHV SDUD R DSUHQGL]DGR GH PuDTXLQD�
0RQRJUDnD DSUHVHQWDGD SDUD R H[DPH GH TXDOLnFDzFaDR� ,&0&�863�

/HH� +� '�� 0RQDUG� 0� &�� DQG %DUDQDXVNDV� -� $� ������� (PSLULFDO FRPSDULVRQ RI ZUDSSHU
DQG nOWHU DSSURDFKHV IRU IHDWXUH VXEVHW VHOHFWLRQ� 7HFKQLFDO 5HSRUW ��� ,&0& � 863� 6aDR
&DUORV� 63� IWS���IWS�LFPF�VF�XVS�EU�SXE�%,%/,27(&$�UHO WHF�5W ���SV�]LS�

0LFKDOVNL� 5� ������� 3DWWHUQ UHFRJQLWLRQ DV NQRZOHGJH�JXLGHG FRPSXWHU LQGXFWLRQ� 7HFKQLFDO
5HSRUW ���� 'HSDUWPHQW RI &RPSXWHU 6FLHQFH ^ 8QLYHUVLW\ RI ,OOLQRLV� 8UEDQD�&KDPSDLJQ�
,OO�

��



3UDWL� 5� &�� %DUDQDXVNDV� -� $�� DQG 0RQDUG� 0� &� ������� %LE9LHZ� 8P VLVWHPD SDUD
DX[LOLDU D PDQXWHQzFaDR GH UHJLVWURV SDUD R %LE7H[� 7HFKQLFDO 5HSRUW ��� ,&0&�863�
IWS���IWS�LFPF�VF�XVS�EU�SXE�%,%/,27(&$�UHO WHF�5W ���SV�]LS�

4XLQODQ� -� 5� ������� ,QGXFWLRQ RI GHFLVLRQ WUHHV� 0DFKLQH /HDUQLQJ� �������^����

4XLQODQ� -� 5� ������� &���� 3URJUDPV IRU 0DFKLQH /HDUQLQJ� 0RUJDQ .DXIPDQQ� 6DQ )UDQ�
FLVFR� &$�

:QHN� (� %� -� DQG 0LFKDOVNL� 5� 6� ������� 0XOWLVWUDWHJ\ FRQVWUXFWLYH LQGXFWLRQ� ,Q .DXI�
PDQQ� 0�� HGLWRU� 3URFHHGLQJV RI WKH 6HFRQG ,QWHUQDWLRQDO :RUNVKRS 0DFKLQH /HDUQLQJ ^

0/��� SDJHV ���^���� 6DQ )UDQFLVFR�

:QHN� -� DQG 0LFKDOVNL� 5� 6� ������� +\SRWKHVLV�'ULYHQ &RQVWUXFWLYH ,QGXFWLRQ LQ $4���
+&,� $ 0HWKRG DQG ([SHULPHQWV� 0DFKLQH /HDUQLQJ� ���������^����

��


