
2Q�WKH�XVH�RI�5DGRQ�7UDQVIRUP�IRU�)DFLDO�([SUHVVLRQ�5HFRJQLWLRQ

1LFRODV�7VDSDWVRXOLV��<DQQLV�$YULWKLV�DQG�6WHIDQRV�.ROOLDV

'HSDUWPHQW�RI�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ
1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�RI�$WKHQV

+HURRQ�3RO\WHFKQLRX�����������=RJUDSKRX��*UHHFH
H�PDLO��QWVDS#LPDJH�QWXD�JU

$%675$&7

$� IDFLDO� H[SUHVVLRQ� UHFRJQLWLRQ� VFKHPH� LV� SUHVHQWHG� LQ
WKLV� SDSHU�� EDVHG� RQ� IHDWXUHV� GHULYHG� IURP� WKH� RSWLFDO
IORZ� EHWZHHQ� WZR� LQVWDQFHV� RI� D� IDFH� LQ� WKH� VDPH
HPRWLRQDO� VWDWH�� $� SUH�SURFHVVLQJ� VWHS� RI� LVRODWLQJ� WKH
KXPDQ� IDFH� IURP� WKH� EDFNJURXQG� LV� ILUVW� HPSOR\HG� E\
PHDQV� RI� IDFH� GHWHFWLRQ� DQG� UHJLVWUDWLRQ�� $� VSDWLR�
WHPSRUDO� GHVFULSWLRQ� RI� WKH� H[SUHVVLRQ� LV� WKHQ� REWDLQHG
E\�HYDOXDWLQJ�WKH�5DGRQ�WUDQVIRUP�RI�WKH�PRWLRQ�YHFWRUV
EHWZHHQ�WKH�IDFH�LQ�LWV�QHXWUDO�FRQGLWLRQ�DQG�DW�WKH�µDSH[¶
RI� WKH� H[SUHVVLRQ��$� OLQHDU� FXUYH� QRUPDOL]DWLRQ� VFKHPH
LV� SURSRVHG�� DFKLHYLQJ� D� WUDQVODWLRQ�� VFDOLQJ� DQG
UHVROXWLRQ� LQYDULDQW� UHSUHVHQWDWLRQ�RI� WKH�5DGRQ� FXUYHV�
)LQDOO\�� H[SHULPHQWDO� UHVXOWV� DUH� SUHVHQWHG�� LOOXVWUDWLQJ
WKH� SHUIRUPDQFH� RI� WKH� SURSRVHG� DOJRULWKP� IRU
H[SUHVVLRQ�FODVVLILFDWLRQ�XVLQJ�D�FRUUHODWLRQ�FULWHULRQ�DQG
D�QHXUDO�QHWZRUN�FODVVLILHU�

.H\ZRUGV�� )DFLDO� ([SUHVVLRQ� 5HFRJQLWLRQ�� 5DGRQ
7UDQVIRUP��&XUYH�1RUPDOL]DWLRQ��1HXUDO�1HWZRUNV�

���,1752'8&7,21

7ZR� FKDQQHOV� KDYH� EHHQ� GLVWLQJXLVKHG� LQ� KXPDQ
LQWHUDFWLRQ� >�@�� 2QH� WUDQVPLWV� H[SOLFLW� PHVVDJHV�� ZKLFK
PD\� EH� DERXW� DQ\WKLQJ� RU� QRWKLQJ�� WKH� RWKHU� WUDQVPLWV
LPSOLFLW� PHVVDJHV� DERXW� WKH� VSHDNHUV� WKHPVHOYHV�
8QGHUVWDQGLQJ� WKH� RWKHU� SDUW\
V� HPRWLRQV� LV� RQH� RI� WKH
NH\� WDVNV� DVVRFLDWHG� ZLWK� WKH� VHFRQG�� LPSOLFLW� FKDQQHO�
%XLOGLQJ�DQ�HPRWLRQ�GHWHFWLRQ�V\VWHP�PDNHV� LW�SRVVLEOH
WR� DVVHVV� KRZ� ZHOO� LGHDV� H[SODLQ� SHRSOH
V� JHQHUDO
FRPSHWHQFH� DW� XQGHUVWDQGLQJ� HPRWLRQ�� 0HWKRGV� E\
ZKLFK�D�FRPSXWHU�FDQ�UHFRJQL]H�YLVXDOO\�FRPPXQLFDWHG
IDFLDO� DFWLRQV�H[SUHVVLRQV� DUH� RI� KLJK� LPSRUWDQFH� VLQFH
WKH\� FDQ� EH� XVHG� WR� FDWHJRUL]H� DFWLYH� DQG� VSRQWDQHRXV
IDFLDO�H[SUHVVLRQV��VR�DV�WR�H[WUDFW�LQIRUPDWLRQ�DERXW�WKH
XQGHUO\LQJ� HPRWLRQDO� VWDWHV�� XVLQJ� YLVXDO� FXHV�
$SSURDFKHV� WR� WKH� UHFRJQLWLRQ�RI� IDFLDO� H[SUHVVLRQV� FDQ
EH� GLYLGHG� LQWR� WZR�PDLQ� FDWHJRULHV�� VWDWLF� DQG� PRWLRQ
GHSHQGHQW�� ,Q� VWDWLF� DSSURDFKHV�� UHFRJQLWLRQ� RI� D� IDFLDO
H[SUHVVLRQ� LV�SHUIRUPHG�XVLQJ�D� VLQJOH� LPDJH�RI�D� IDFH�
0RWLRQ� GHSHQGHQW� DSSURDFKHV� H[WUDFW� WHPSRUDO
LQIRUPDWLRQ�E\�XVLQJ�DW� OHDVW� WZR� LQVWDQFHV�RI� D� IDFH� LQ
WKH� VDPH�HPRWLRQDO� VWDWH��:KHQ� WZR� LQVWDQFHV� DUH� XVHG
�VHPL�VWDWLF�DSSURDFKHV��� WKH\�XVXDOO\�UHSUHVHQW� WKH�IDFH

LQ�LWV�QHXWUDO�FRQGLWLRQ�DQG�WKH�IDFH�DW�WKH�SHDN��µDSH[¶�
RI� WKH� H[SUHVVLRQ� >�@�� )XOO\� G\QDPLF� DSSURDFKHV� XVH
VHYHUDO� IUDPHV� �JHQHUDOO\� PRUH� WKDQ� WZR� DQG� OHVV� WKDQ
���� RI� YLGHR� VHTXHQFHV� FRQWDLQLQJ� D� IDFLDO� H[SUHVVLRQ�
ZKLFK�QRUPDOO\�ODVWV�����WR���VHFRQGV�>�@�

,Q� WKLV� SDSHU� ZH� SUHVHQW� DQ� H[SUHVVLRQ� UHFRJQLWLRQ
VFKHPH�EDVHG�RQ�IHDWXUHV�GHULYHG� IURP� WKH�RSWLFDO� IORZ
EHWZHHQ� D� QHXWUDO� DQG� D� IDFH� DW� WKH� µDSH[¶� RI� WKH
H[SUHVVLRQ��:H�DYRLGHG�XVLQJ�D�IXOO\�G\QDPLF�DSSURDFK
GXH�WR�WKH�ODFN�RI�ODUJH�GDWDEDVHV�FRQWDLQLQJ�H[SUHVVLRQ
VHTXHQFHV��+RZHYHU��WKH�PHWKRG�FDQ�EH�HDVLO\�H[WHQGHG
WR�FRYHU�WKH�G\QDPLF�DSSURDFK��7KH�SURSRVHG�DOJRULWKP
XWLOL]HV�5DGRQ�WUDQVIRUP�RI�WKH�PRWLRQ�YHFWRUV�DPSOLWXGH
WR� VSDWLR�WHPSRUDOO\� GHVFULEH� WKH� H[SUHVVLRQV�� 6LQFH�ZH
FRQFHQWUDWH� RQ� FRPSXWLQJ� WKH� EDVLF� SHUWXUEDWLRQ� ZLWKLQ
IDFH� DUHD�� H[WUHPHO\� DFFXUDWH� HVWLPDWLRQ� RI� WKH� RSWLFDO
IORZ�LV�QRW�UHTXLUHG�>�@>�@��,QVWHDG�D�SUH�SURFHVVLQJ�VWDJH
IRU� IDFH� GHWHFWLRQ� DQG� QRUPDOL]DWLRQ� LV� QHFHVVDU\�� WR
HQDEOH� WKH� FRPSXWDWLRQ� RI� IDFLDO� SL[HOV� PRYHPHQW� DQG
QRW� WKDW� RI� WKH� EDFNJURXQG� RQHV�� 2SWLFDO� IORZ� LV
HVWLPDWHG� RQO\� IRU� WKRVH� IDFLDO� SDUWV� ZKHUH� VXEVWDQWLDO
PRYHPHQW� KDV� RFFXUUHG�� &XUYHV� REWDLQHG� IURP� WKH
5DGRQ� WUDQVIRUP� LQ� GLIIHUHQW� DQJOHV� DUH� XVHG� IRU
FODVVLILFDWLRQ�� )LQDOO\� D� WHFKQLTXH� IRU� FXUYH
QRUPDOL]DWLRQ� LV� LQFOXGHG� LQ� WKH� SDSHU�� DQG� OHDGV� WR
VLPSOH�FODVVLILFDWLRQ�HLWKHU�XVLQJ�FRUUHODWLRQ�RU�D�QHXUDO
FODVVLILHU�

���)$&(�'(7(&7,21�$1'�5(*,675$7,21

$V� PHQWLRQHG� LQ� WKH� SUHYLRXV� VHFWLRQ� ZH� DLP� DW
H[WUDFWLQJ� WKH� IDFLDO� SL[HOV� PRYHPHQW� WR� SURFHHG� ZLWK
H[SUHVVLRQ�GHVFULSWLRQ��$�SUH�SURFHVVLQJ�VWDJH�ZKHUH�WKH
IDFH�VKRXOG�EH�GHWHFWHG�DQG�UHJLVWHUHG�LV�UHTXLUHG�

)DFH�'HWHFWLRQ

)DFH� GHWHFWLRQ�� L�H��� LVRODWLQJ� WKH� IDFH� IURP� WKH
EDFNJURXQG��LV�QRW�D�WULYLDO�WDVN��+RZHYHU�LQ�H[SUHVVLRQ
UHFRJQLWLRQ� WZR�FRQVWUDLQWV�FDQ�EH�SRVHG��)LUVW�� WKHUH� LV
RQO\�RQH� IDFH�ZLWK� VLJQLILFDQW� VFDOLQJ� LQ� WKH� H[SUHVVLRQ
IUDPHV�� WKXV� QR� PXOWLIDFH� VHDUFKLQJ� LV� UHTXLUHG�� DQG
VHFRQG�� WKH� IDFH� LV� WKH� VDPH� DORQJ� WKH� H[SUHVVLRQ�
$FFRUGLQJ� WR� WKH� VHFRQG� FRQVWUDLQW�� DJLQJ� DQG� SHUVRQDO
YDULDWLRQV�OLNH�ZHDULQJ�PDNH�XS��H\HJODVVHV�RU�EHDUG��DUH
QRW� OLNHO\� WR� RFFXU� GXULQJ� WKH� H[SUHVVLRQ�� )XUWKHUPRUH�



RQFH� WKH� IDFH� LV� GHWHFWHG� LQ� WKH� ILUVW� IUDPH�� JDLQHG
LQIRUPDWLRQ� DERXW� LWV� DQDWRP\�� VFDOLQJ� DQG� RULHQWDWLRQ
FDQ� EH� XVHG� LQ� WKH� VXEVHTXHQW� IUDPHV� WR� PLQLPL]H� WKH
GHWHFWLRQ�HIIRUW�

7KH� DOJRULWKP� IRU� IDFH� GHWHFWLRQ� LV� GHVFULEHG� QH[W�� /HW
��� qX0 �EH�D�IDFH�WHPSODWH�DW�VFDOH�X�K�Y���GHVFULEHG�E\

KRUL]RQWDO� VFDOLQJ� K� DQG� YHUWLFDO� VFDOLQJ� Y�� DQG� DQJOH
�URWDWLRQ�� �� /HW� )� EH� D� IUDPH� FRQWDLQLQJ� WKH� IDFH� DW
DUELWUDU\�VFDOH��ORFDWLRQ�DQG�URWDWLRQ��DQG�$�D�IUDPH�DUHD
ZLWK� WKH� VDPH� VFDOLQJ� DQG� URWDWLRQ� DV�0��:H� XVH� WKH
IROORZLQJ� PHWULF� WR� ILQG� WKH� PLQLPXP� FRUUHODWLRQ
EHWZHHQ�$�DQG�0�DW�VFDOH�X�DQG�RULHQWDWLRQ� �
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Fr �� LV�XVHG� WR�DFFRXQW� IRU� WKH� IDFH

DQDWRP\�� F� LV� D� FRQVWDQW� ���F������ DQG� �PHDQ�$D = �

�PHDQ�0E = � DUH� XVHG� WR� DFFRXQW� IRU� LOOXPLQDWLRQ
YDULDWLRQV�

7KH� EHVW� VFDOH� DQG� RULHQWDWLRQ� DUH� REWDLQHG� E\
{ }���PLQDUJ@�> qXU8 =Q DQG� WKH� ILQDO� GHWHFWLRQ� LV

SHUIRUPHG�XVLQJ�WKH�WHPSODWH� ��� Q80 DQG�WKH�PHWULF�LQ
����� 7KH� FRUUHVSRQGLQJ� GHWHFWHG� DUHD�$� LV� WKHQ� VFDOHG
DQG� URWDWHG� DFFRUGLQJ� WR� SDUDPHWHUV�8�� � VR� WKDW� LW� LV
WUDQVIRUPHG�WR�VWDQGDUG�SUHGHILQHG�FR�RUGLQDWHV�

7KH�GHWHFWLRQ�SURFHGXUH�GHVFULEHG�DERYH�LV�DSSOLHG�RQO\
WR�WKH�ILUVW�IUDPH��,Q�WKH�IUDPH�RI�WKH�H[SUHVVLRQ¶V�µDSH[¶
GHWHFWLRQ� LV� DOVR� SHUIRUPHG� EXW� WKH� EHVW� VFDOH� 8� DQG
URWDWLRQ� �DUH�NQRZQ�� WKXV�FRPSXWDWLRQDO�FRPSOH[LW\� LV
VLJQLILFDQWO\�UHGXFHG�

)DFH�5HJLVWUDWLRQ

5HJLVWUDWLRQ�LV�WKH�WUDQVIRUPDWLRQ�RI�WKH�IDFH�WR�VWDQGDUG
SUHGHILQHG� FR�RUGLQDWHV� EDVHG� RQ� GHWHFWLQJ� WKH� PDLQ
IDFLDO� IHDWXUHV� �H\HV�� QRVH� DQG� PRXWK�� >�@� DQG
UHQRUPDOL]LQJ� WKH� IDFH� E\� WUDQVODWLQJ�� URWDWLQJ� DQG
H[SDQGLQJ���VKULQNLQJ� LW�DURXQG�D�YLUWXDO�FHQWUDO� �QRGDO�
SRLQW�� 7R� DFFRXQW� IRU� YDULDWLRQV� FDXVHG� E\� IDFLDO
H[SUHVVLRQV�� DQ� LPDJH�ZDUSLQJ� WUDQVIRUPDWLRQ�EDVHG� RQ
UDGLDO� EDVLV� IXQFWLRQV� KDV� EHHQ� SURSRVHG� ZKLFK
GHFRPSRVHV� WKH� WUDQVIRUPDWLRQV� LQWR� OLQHDU� DQG� UDGLDO
WHUPV�>�@��,Q�RXU�DSSURDFK�WKH�IDFH�UHJLVWUDWLRQ�VWHS�LV�QRW
LQFOXGHG� LQ� WKH� DOJRULWKP�� 7UDQVODWLRQ�� URWDWLRQ� DQG
VFDOLQJ�YDULDWLRQV�DUH�UHPRYHG�LQ�WKH�IDFH�GHWHFWLRQ�VWHS�
ZKLOH� H[SDQGLQJ� �� VKULQNLQJ� LV� LPSRUWDQW� RQO\� LQ� IDFH
UHFRJQLWLRQ�WDVNV�ZKHUH�RQH�VKRXOG�DFFRXQW�IRU�GLIIHUHQW
IDFHV��DQG�QRW�LQ�H[SUHVVLRQ�UHFRJQLWLRQ�ZKHUH�WKH�IDFH�LV
WKH�VDPH�GXULQJ�WKH�H[SUHVVLRQ�

���237,&$/�)/2:�(67,0$7,21

,Q� WKH� IROORZLQJ� ZH� HVWLPDWH� WKH� RSWLFDO� IORZ� GLUHFWO\
IURP� IDFLDO� SL[HO� YDOXHV�ZLWKRXW� LQYROYLQJ� IDFLDO� UHJLRQ
WUDFNLQJ� RU� PXVFOH� PRGHOLQJ� VR� DV� WR� DYRLG� GDXQWLQJ
DQDO\VLV�WDVNV�VXFK�DV�HGJH�GHWHFWLRQ�DQG�IDFLDO� IHDWXUHV
�L�H���H\HV��PRXWK��HWF��� ORFDOL]DWLRQ��7KH�PRWLRQ� ILHOG� LV
FRPSXWHG�RQO\�LQ�IDFH�DUHDV�ZKHUH�VXEVWDQWLDO�PRYHPHQW
KDV�RFFXUUHG�>�@�

/HW� )N� DQG� )N��� EH� WKH� QHXWUDO� DQG� µDSH[¶� IUDPHV
UHVSHFWLYHO\��LQ�ZKLFK�WKH�IDFH�KDV�DOUHDG\�EHHQ�GHWHFWHG
DQG�QRUPDOL]HG��(DFK�SL[HO� ��� \[S

N
�DW�WKH�N�WK�IUDPH�LV

GHVFULEHG�WKURXJK�LWV�VXUURXQGLQJ��Q��Q�EORFN� ��� \[E
N

�
DQG�LV�DVVRFLDWHG�ZLWK�WKH�IROORZLQJ�HUURU�
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0RWLRQ� YHFWRUV� DUH� FDOFXODWHG� RQO\� IRU� WKH� EORFNV� ZLWK
VLJQLILFDQW� ��� \[H

N
� EDVHG� RQ� DSSURSULDWH� LPDJH�

GHSHQGHQW� WKUHVKROGLQJ�� 7KH� PRWLRQ� YHFWRU
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DQG� `�����^`�����^ TTTT4 -�-= �LV�WKH�VHDUFK�DUHD��,Q�RUGHU

WR� GHFUHDVH� H[HFXWLRQ� WLPH�� ORJDULWKPLF� VHDUFK� LV

HPSOR\HG�� L�H��� RQO\� D� OLPLWHG� VXEVHW� RI� FRPELQDWLRQV

4YY
\[
³�Ö�Ö� �DUH�XVHG�IRU�VHDUFKLQJ�

�µ1RLV\¶� PRWLRQ� YHFWRUV� �L�H��� EDGO\� HVWLPDWHG� SL[HO�
PRWLRQ�� LQHYLWDEO\�DULVH�GXH� WR� WKH� VLPSOLFLW\�RI�PRWLRQ
HVWLPDWLRQ�� WR� DFFRXQW� IRU� WKLV�� PHGLDQ� ILOWHULQJ� LV
DGRSWHG�� )LUVW�� PHGLDQ� ILOWHULQJ� LV� DSSOLHG� WR� PRWLRQ
YHFWRUV� SKDVH� �GLUHFWLRQDO� ILOWHULQJ�� DQG� WKHQ� WR� WKHLU
PDJQLWXGH�

���5$'21�75$16)250

5DGRQ�WUDQVIRUP�FRPSXWHG�DW�GLIIHUHQW�DQJOHV�DORQJ�ZLWK
WKH�HVWLPDWHG�IDFLDO�SL[HO�PRWLRQ�JLYHV�D�VSDWLR�WHPSRUDO
UHSUHVHQWDWLRQ� RI� WKH� H[SUHVVLRQ�� )DFLDO� DUHDV�� ZKLFK
PRYH�WR�SURGXFH�WKH�H[SUHVVLRQ��DUH�HIILFLHQWO\�WDFNOHG�

7KH�PRWLRQ�YHFWRU�DW�SRVLWLRQ� �[�\��FDQ�EH�H[SUHVVHG� DV
���������Ö \[M

NN
NH\[D\[ f=Y �� 7KH� GLVFUHWH� 5DGRQ



WUDQVIRUP�RI�WKH�PRWLRQ�YHFWRU�PDJQLWXGH��DW�DQJOH� �� LV
WKHQ�JLYHQ�E\�
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$V� LW� FDQ� EH� VHHQ� IURP� WKLV� HTXDWLRQ�� XVLQJ� WKH� 5DGRQ
WUDQVIRUP� ZH� HVWLPDWH� WKH� VSDWLDO� GLVWULEXWLRQ� RI� WKH
HQHUJ\� RI� SHUWXUEDWLRQ�� $Q� DWWHPSW� WR� FRPSXWH� WKH
GLUHFWLRQ� RI� WKH� IDFLDO� SDUWV� PRWLRQ�� DOWKRXJK� XVHIXO�
UHTXLUHV�DQ�H[WUHPHO\�DFFXUDWH�RSWLFDO�IORZ�HVWLPDWLRQ�DV
ZHOO�DV�IDFLDO�IHDWXUH��H\HV��PRXWK��WUDFNLQJ�
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)LJXUH����,OOXVWUDWLRQ�RI�WKH�5DGRQ�WUDQVIRUP�

7KH� SURMHFWLRQV� RQ� 5DGRQ� WUDQVIRUP� RQ� WZR� GLIIHUHQW
DQJOHV�� ��� DQG� ����� FDOOHG� µVLJQDWXUHV¶�� DUH� XVHG� WR
FKDUDFWHUL]H� WKH� H[SUHVVLRQV�� $V� LW� LV� GHVFULEHG� LQ� WKH
IROORZLQJ�VHFWLRQ��VLJQDWXUHV�DUH�QRUPDOL]HG� WR�VWDQGDUG
FR�RUGLQDWHV�� VR� WKDW� GLUHFW� FODVVLILFDWLRQ� RI� VLJQDWXUHV
GHULYHG�IURP�LPDJHV�RI�GLIIHUHQW�UHVROXWLRQ�RU�VFDOLQJ�LV
SRVVLEOH�

���6,*1$785(�1250$/,=$7,21

7KH� QRUPDOL]DWLRQ� SURFHVV� LV� D� WUDQVIRUP� LQYDULDQW� WR
LPDJH�UHVROXWLRQ��WUDQVODWLRQ�DQG�VFDOLQJ�DQG�FRQVLVWV�RI
D� VHW� RI� OLQHDU� RSHUDWLRQV� RQ� VLJQDWXUHV�� ,W� LV� LQ� IDFW� D
VSHFLDO� �RQH�GLPHQVLRQDO�� FDVH� RI� D� PRUH� JHQHUDO� ��
GLPHQVLRQDO� DIILQH�LQYDULDQW� FXUYH� WUDQVIRUP� WKDW� KDV
EHHQ�XVHG�IRU�QRUPDOL]DWLRQ�DQG�FODVVLILFDWLRQ�RI�FXUYHV
UHSUHVHQWLQJ� REMHFW� FRQWRXUV� LQ� LPDJH� GDWDEDVHV� >�@�
6LJQDWXUH� QRUPDOL]DWLRQ� LV� QHFHVVDU\� HYHQ� ZKHQ� IDFH
UHJLVWUDWLRQ� LV� DSSOLHG� WR� WKH� RULJLQDO� LPDJH� VHTXHQFH�
PDLQO\� LQ� RUGHU� WR� DFFRXQW� IRU� GLIIHUHQW� LPDJH
UHVROXWLRQV�

/HW�5 >UL@�� �̀���^ -=³ /)L K �EH�WKH���/�YHFWRU�RI�WKH
5DGRQ� WUDQVIRUP� FRUUHVSRQGLQJ� WR� DQJOH� ��� RU� ����
9HUWLFDO� VFDOH� QRUPDOL]DWLRQ� LV� SHUIRUPHG� ILUVW� E\
FDOFXODWLQJ�WKH�YHFWRU�6 >VL@�� )L³ ��DV
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+RUL]RQWDO� QRUPDOL]DWLRQ� IROORZV� QH[W�� HIIHFWLYHO\� E\
UHPRYLQJ� ]HUR� YDOXHV� IURP� WKH� OHIW� DQG� ULJKW� HGJHV� RI
YHFWRU� 6�� 7KLV� VWHS� LV� QHFHVVDU\� LQ� RUGHU� WR� UHWDLQ� WKH
³FHQWUDO´� SRUWLRQ� RI� HDFK� LPDJH�� WKDW� FRQWDLQV� PRYLQJ
SDUWV�RI�D� IDFH��'HILQLQJ� `�^ 7V)L)

L
>³=� � DV� WKH� VHW

RI� LQGLFHV� RI� ³QRQ�]HUR´� HOHPHQWV� RI� 6�� DQG
`_PLQ^ )LLL

/
�³= �� `_PD[^ )LLL

5
�³= � DV� WKH� OHIWPRVW

DQG� ULJKWPRVW� HOHPHQWV� RI� ) � �� UHVSHFWLYHO\�� WKH
KRUL]RQWDOO\� QRUPDOL]HG� YHFWRU� = >]L@�� L ��«�L5�L/� LV
GHULYHG�DV
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/
-==

+
���� K ���

7KUHVKROG� 7� LV� VHOHFWHG� VR� WKDW� ]HUR� YDOXHV� RI� 6� DUH
HIILFLHQWO\�GLVWLQJXLVKHG�IURP�QRQ�]HUR�RQHV��$�YDOXH�LQ
WKH�RUGHU�RI����� LV�XVXDOO\�VDWLVIDFWRU\��DQG�WKLV�YDOXH� LV
LQGHSHQGHQW� RI� VLJQDWXUH� YDOXHV�� VLQFH� VFDOH
QRUPDOL]DWLRQ�KDV�DOUHDG\�EHHQ�SHUIRUPHG�

)LQDOO\��WKH�QRUPDOL]HG�VLJQDWXUH�LV�D���.�YHFWRU�1 >QL@�
L ��«�.��� DQG� LV� GHULYHG� E\� UHVDPSOLQJ� YHFWRU�=� DW�.
SRLQWV�� XVLQJ� OLQHDU� LQWHUSRODWLRQ�� 7KXV�� DOO� QRUPDOL]HG
VLJQDWXUHV�DUH�YHFWRUV�RI�HTXDO�OHQJWK�DQG�FDQ�EH�GLUHFWO\
FRPSDUHG� DQG� FODVVLILHG�� 6LQFH� WKH� 5DGRQ� WUDQVIRUP� LV
FRPSXWHG� DW� WZR� GLIIHUHQW� DQJOHV�� ��� DQG� ����� D� VLQJOH
YHFWRU� RI� OHQJWK� �.� LV� FRQVWUXFWHG�� FRQWDLQLQJ� WKH
QRUPDOL]HG�VLJQDWXUHV�FRUUHVSRQGLQJ�WR�WKHVH�WZR�DQJOHV�
7KLV� YHFWRU� LV� WKHQ� XVHG� IRU� FODVVLILFDWLRQ� XVLQJ� D
FRUUHODWLRQ�FRHIILFLHQW�DQG�D�QHXUDO�QHWZRUN�DSSURDFK��DV
GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQ�

7KH�QRUPDOL]DWLRQ�SURFHVV��DV�GHILQHG�DERYH��KDV�VHYHUDO
LPSRUWDQW�SURSHUWLHV�

��� ,W� LV� LQYDULDQW� WR� WUDQVODWLRQ�� VFDOLQJ� DQG� QXPEHU� RI
HOHPHQWV��UHVROXWLRQ��RI�VLJQDWXUH�YHFWRUV�

��� ,W�FRQVLVWV�RI�OLQHDU�RSHUDWLRQV��VR�WKDW�QR�LQIRUPDWLRQ
LV�DFWXDOO\� ORVW� �DSDUW� IURP� WKH�]HUR�HOHPHQWV��ZKLFK
DUH�RI�QR�LPSRUWDQFH�IRU�VLJQDWXUH�FODVVLILFDWLRQ��

��� 7KH� VDPH� WUDQVIRUP� LV� DSSOLHG� WR� DOO� VLJQDWXUHV�
PHDQLQJ� WKDW� QR� H[WUD� NQRZOHGJH� LV� UHTXLUHG� IRU
FRPSDULVRQ� RU� PDWFKLQJ� EHWZHHQ� WZR� VLJQDWXUHV�
1RUPDOL]HG� VLJQDWXUHV� FDQ� WKXV� EH� GLUHFWO\� XVHG� E\
DQ\�FODVVLILFDWLRQ�PHFKDQLVP�

7KHVH�SURSHUWLHV�DUH�QRW�IRXQG�LQ�RWKHU�VFDOH�WUDQVODWLRQ�
LQYDULDQW� WHFKQLTXHV�� VXFK� DV� )RXULHU� GHVFULSWRUV� DQG
PRPHQWV�>�@�

���(;3(5,0(17$/�5(68/76

,Q� WKH� H[SHULPHQWV� ZH� XVHG� ��� LPDJHV� RI� WKH� <DOH
GDWDEDVH�ZKLFK�FRUUHVSRQG�WR�WKH�H[SUHVVLRQV�³QRUPDO´�
³KDSS\´�� ³VXUSULVHG´�� ³VDG´� DQG� ³VOHHS\´�� 1RUPDO



LPDJHV�ZHUH�XVHG�DV�WKH�ILUVW�IUDPH��QHXWUDO��RI�DOO�RWKHU
H[SUHVVLRQV��,Q�)LJXUH���IRXU�³QRUPDO´�LPDJHV�DUH�VKRZQ
DIWHU�WKH�IDFH�GHWHFWLRQ�SURFHGXUH��)LJXUH���LOOXVWUDWHV�WKH
HVWLPDWHG� PRWLRQ� DQG� WKH� IDFLDO� DUHDV� ZLWK� VXEVWDQWLDO
PRYHPHQW� IRU� WKH� H[SUHVVLRQV� ³KDSS\´�� ³VXUSULVHG´�
³VDG´�DQG�³VOHHS\´�

)LJXUH����,PDJHV�RI�IRXU�VXEMHFWV�DIWHU�IDFH�GHWHFWLRQ�DQG
UHJLVWUDWLRQ�

)LJXUH����(VWLPDWHG�PRWLRQ�DQG�WKH�IDFLDO�DUHDV�ZLWK
VXEVWDQWLDO�PRYHPHQW�IRU�WKH�H[SUHVVLRQV�³KDSS\´�

³VXUSULVHG´�´��³VDG´�DQG�³VOHHS\´�

)LJXUH���GHSLFWV� WKH�5DGRQ�WUDQVIRUPV�FRUUHVSRQGLQJ�WR
H[SUHVVLRQV� ³KDSS\´�� ³VXUSULVHG´�� ³VDG´� DQG� ³VOHHS\´�
FDOFXODWHG� DW� �� DQG� ��� GHJUHHV�� 7ZR� GLIIHUHQW� IDFLDO
LPDJHV�DUH�XVHG�IRU�HDFK�H[SUHVVLRQ��GHSLFWHG�ZLWK�VROLG
DQG� GRWWHG� OLQHV�� ,W� LV� HYLGHQW� WKDW� 5DGRQ� WUDQVIRUPV
GHULYHG� IURP� LPDJHV� RI� WZR� GLIIHUHQW� SHUVRQV� ORRN

VLPLODU� WR� HDFK� RWKHU� LI� WKH\� FRUUHVSRQG� WR� WKH� VDPH
H[SUHVVLRQ�� &RQYHUVHO\�� WUDQVIRUPV� GHULYHG� IURP� WZR
LPDJHV�RI�WKH�VDPH�SHUVRQ�ZLWK�GLIIHUHQW�H[SUHVVLRQV�FDQ
EH� HDVLO\� GLVWLQJXLVKHG�� 1RWH� DOVR� WKDW� VLQFH� LPDJHV� RI
WKH� VDPH� UHVROXWLRQ� KDYH� EHHQ� XVHG� ������� LPDJH
EORFNV�� DQG� LPDJH� UHJLVWUDWLRQ� KDV� EHHQ� SHUIRUPHG�
5DGRQ� WUDQVIRUPV� DUH� DOUHDG\� DOLJQHG� ZLWK� HDFK� RWKHU�
ZLWK� WKH� H[FHSWLRQ� RI� D� VFDOH� GLIIHUHQFH� RI� H[SUHVVLRQ
³VXUSULVHG´�DW����DQG�D�WUDQVODWLRQ�GLIIHUHQFH�RI�³VOHHS\´
DW�����
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6OHHS\

)LJXUH����5DGRQ�WUDQVIRUPV�FRUUHVSRQGLQJ�WR�H[SUHVVLRQV
³KDSS\´��³VXUSULVHG´��³VDG´�DQG�³VOHHS\´��FDOFXODWHG�DW��
DQG����GHJUHHV��,PDJHV�RI�WZR�GLIIHUHQW�SHUVRQV�DUH�XVHG
IRU�HDFK�H[SUHVVLRQ��GHSLFWHG�ZLWK�VROLG�DQG�GRWWHG�OLQHV�

7KH� DERYH� PLVDOLJQPHQWV� DUH� HOLPLQDWHG� E\� XVLQJ
QRUPDOL]HG�VLJQDWXUHV�� LOOXVWUDWHG� LQ�)LJXUH��� DV�YHFWRUV
RI�OHQJWK�. �����,W�LV�FOHDU�WKDW�DOO�LQIRUPDWLRQ�UHJDUGLQJ
WKH�VKDSH�RI� WKH�5DGRQ� WUDQVIRUP�FXUYHV� LV� UHWDLQHG�� VR
WKDW� IDFLDO� H[SUHVVLRQV� FDQ� VWLOO� EH� GLVWLQJXLVKHG�
0RUHRYHU�� H[DFW� YHUWLFDO� VFDOLQJ� DOLJQPHQW� LV
DFFRPSOLVKHG�� ZKHUHDV� OHDGLQJ� DQG� WUDLOLQJ� ]HURV� DUH
UHPRYHG��UHVXOWLQJ�LQ�H[DFW�KRUL]RQWDO�VFDOLQJ�WUDQVODWLRQ
DOLJQPHQW�

7KH� LPSRUWDQFH� RI� VLJQDWXUH� QRUPDOL]DWLRQ� LV� PRUH
HYLGHQW� IURP� )LJXUH� ��� ZKHUH� LPDJHV� RI� WZR� GLIIHUHQW
SHUVRQV� DW� GLIIHUHQW� UHVROXWLRQV� DUH� XVHG�� 5DGRQ
WUDQVIRUPV�DUH�UHSUHVHQWHG�E\�YHFWRUV�RI�GLIIHUHQW�OHQJWKV
ZLWK� VFDOLQJ� DQG� WUDQVODWLRQ� GLIIHUHQFHV� LQ� WKLV� FDVH�



ZKLOH� QRUPDOL]HG� VLJQDWXUHV� FDQ� EH� GLUHFWO\� XVHG� IRU
FRPSDULVRQV�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� WZR� WUDQVIRUP
FXUYHV� DUH� QRW� ³PDWFKHG´� LQ� DQ\� ZD\�� VLQFH
QRUPDOL]DWLRQ�SDUDPHWHUV�RI�RQH�FXUYH�DUH�QRW�GHSHQGHQW
RQ� DQ\� RWKHU� FXUYH�� WKH� VDPH� OLQHDU� RSHUDWLRQV� DUH
DSSOLHG�WR�ERWK�
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6OHHS\

)LJXUH����1RUPDOL]HG�VLJQDWXUHV�FRUUHVSRQGLQJ�WR
H[SUHVVLRQV�³KDSS\´��³VXUSULVHG´��³VDG´�DQG�³VOHHS\´�

DJDLQ�FDOFXODWHG�DW���DQG����GHJUHHV��7KH�VDPH�LPDJHV�RI
WZR�SHUVRQV�DUH�XVHG�IRU�HDFK�H[SUHVVLRQ��GHSLFWHG�ZLWK

VROLG�DQG�GRWWHG�OLQHV�

([SUHVVLRQ� FODVVLILFDWLRQ� EDVHG� RQ� FRUUHODWLRQ
FRHIILFLHQWV� EHWZHHQ� QRUPDOL]HG� VLJQDWXUHV� LV� ILUVW
GHPRQVWUDWHG� LQ� 7DEOH� ��� 1RUPDOL]HG� VLJQDWXUHV� RI
OHQJWK� . ���� DUH� REWDLQHG� IRU� DQJOHV� ��� DQG� ���� DQG
FRQFDWHQDWHG� LQWR� YHFWRUV� RI� OHQJWK� ����� &RUUHODWLRQ
FRHIILFLHQWV�DUH� WKHQ�FDOFXODWHG�EHWZHHQ�YHFWRUV�GHULYHG
IURP�LPDJHV�RI� WZR�GLIIHUHQW�SHUVRQV��$�DQG�%��DW� IRXU
GLIIHUHQW� H[SUHVVLRQV� ³KDSS\´�� ³VXUSULVHG´�� ³VDG´� DQG
³VOHHS\´�� ,W� LV� FOHDU� WKDW� YHFWRUV� FRUUHVSRQGLQJ� WR� WKH
VDPH� H[SUHVVLRQ� RI� GLIIHUHQW� SHUVRQV� �VKRZQ� DV� JUD\�
VKDGHG�DUHDV��SURGXFH�KLJK�FRUUHODWLRQ�FRHIILFLHQW�YDOXHV
DQG� FDQ� EH� GLVWLQJXLVKHG�� ZLWK� WKH� H[FHSWLRQ� RI
³VXUSULVHG�%´�DQG�³VDG�$´�ZKLFK�DUH�PLVFODVVLILHG�DV�WKH
VDPH�H[SUHVVLRQV�
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1RUPDOL]HG

)LJXUH����2ULJLQDO�DQG�QRUPDOL]HG�VLJQDWXUHV
FRUUHVSRQGLQJ�WR�H[SUHVVLRQ�³VOHHS\´�DW���GHJUHHV��,PDJHV
RI�WZR�SHUVRQV�DW�GLIIHUHQW�UHVROXWLRQV�DUH�XVHG��VROLG�DQG

GRWWHG�OLQHV��

&ODVVLILFDWLRQ�XVLQJ�1HXUDO�1HWZRUNV

$OWKRXJK� FODVVLILFDWLRQ� XVLQJ� VLPSOH� FRUUHODWLRQ� VHHPV
HIILFLHQW�ZH�LQYHVWLJDWHG�DOVR�FODVVLILFDWLRQ�XVLQJ�D�QRQ�
OLQHDU�FODVVLILHU��:H�PRGLILHG�D�0/3�QHWZRUN�ZLWK�IRXU
RXWSXW� XQLWV� DQG� RQH� KLGGHQ� OD\HU� WR� FODVVLI\� WKH
QRUPDOL]HG� VLJQDWXUHV� RI� WKH� IRXU� H[SUHVVLRQV�� ��
VLJQDWXUHV�ZHUH�XVHG�IRU�WKH�WUDLQLQJ�VHW����ZHUH�XVHG�IRU
WKH� YDOLGDWLRQ� VHW� DQG� WKH� UHPDLQLQJ� ��� ZHUH� XVHG� IRU
WHVWLQJ��$IWHU�DERXW�����OHDUQLQJ�F\FOHV��XVLQJ�D�YDULDQW
RI�WKH�EDFNSURSDJDWLRQ�DOJRULWKP��WKH�QHWZRUN�ZLWK����
LQSXW� XQLWV�� ��� KLGGHQ� XQLWV�� DQG� IRXU� RXWSXW� XQLWV
FRQYHUJHG�� DQG� ZDV� DEOH� WR� UHFRJQL]H� DOO� H[SUHVVLRQV
IURP�WKH� WUDLQLQJ�VHW�DQG���RXW�RI��� IRUP� WKH�YDOLGDWLRQ
VHW��7KH�QHWZRUN�ZDV�DOVR�DEOH�WR�JHQHUDOL]H�ZHOO�WR� WKH
VLJQDWXUHV� RI� WKH� WHVW� VHW� ������� RYHUDOO� FRUUHFW
FODVVLILFDWLRQ��� 7KH� REWDLQHG� UHVXOWV� DUH� VXPPDUL]HG� LQ
WKH� 7DEOH� ��� ([SUHVVLRQV� ³KDSS\´� DQG� ³VOHHS\´� ZHUH
SHUIHFWO\�FODVVLILHG�ZKLOH� LQ�FRQWUDVW�³VDGQHVV´�REWDLQHG
WKH� SRRUHVW� FODVVLILFDWLRQ�� 7KH� UHVXOWV� DUH� TXLWH� ORJLFDO
VLQFH� ³VDGQHVV´� GRHV� QRW� SUHVHQW� D� FOHDU� PRYHPHQW� RI
VRPH� VSHFLILF� DUHDV�� ,Q� FRQWUDVW� WKH� RWKHU� WKUHH
H[SUHVVLRQV� LQYROYH� PRYHPHQW� RI� VSHFLILF� IDFLDO� SDUWV
DURXQG�PRXWK�DQG�H\HV�ZKLFK�GLVWLQJXLVK� WKHP��6LPLODU
UHFRJQLWLRQ� UDWHV�ZHUH� REWDLQHG� XVLQJ� DQ� /94� QHWZRUN
EXW�ZH�GLG�QRW�FRQFHQWUDWH�RQ�LW�GXH�WR�WKH�VPDOO�GDWDVHW
ZKLFK�ZH�ZHUH�XVLQJ�



([SUHVVLRQ +DSS\�$ +DSS\�% 6XUSULVHG�$ 6XUSULVHG�% 6DG�$ 6DG�% 6OHHS\�$ 6OHHS\�%

+DSS\�$ ������ ������ ������� ������� ������� ������ ������� ������

+DSS\�% ������ ������ ������� ������� ������ ������ ������� �������

6XUSULVHG�$ ������� ������� ������ ������ ������ ������ ������� �������

6XUSULVHG�% ������� ������� ������ ������ ������ ������ ������� �������

6DG�$ ������� ������ ������ ������ ������ ������ ������� �������

6DG�% ������ ������ ������ ������ ������ ������ ������� �������

6OHHS\�$ ������� ������� ������� ������� ������� ������� ������ ������

6OHHS\�% ������ ������� ������� ������� ������� ������� ������ ������

7DEOH����&RUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�QRUPDOL]HG�VLJQDWXUHV�GHULYHG�IURP�LPDJHV�RI�WZR�SHUVRQV
�SHUVRQ�$�DQG�SHUVRQ�%��DW�H[SUHVVLRQV�³KDSS\´��³VXUSULVHG´��³VDG´�DQG�³VOHHS\´�

([SUHVVLRQ +DSS\ 6DG 6XUSULVHG 6OHHS\
+DSS\ � � � �
6DG � � � �

6XUSULVH � � � �
6OHHS\ � � � �
6XFFHVV ���� ����� ����� ����

7DEOH����5HFRJQLWLRQ�UDWHV�REWDLQHG�IRUP�WKH�WHVW�VHW�IRU
WKH�H[SUHVVLRQV�³KDSS\´��³VXUSULVHG´��³VDG´�DQG�³VOHHS\´�

���&21&/86,216���)857+(5�:25.

$Q� H[SUHVVLRQ� UHFRJQLWLRQ� VFKHPH� EDVHG� RQ� IHDWXUHV
GHULYHG� IURP� WKH� RSWLFDO� IORZ� EHWZHHQ� D� QHXWUDO� DQG� D
IDFH�DW� WKH� µDSH[¶�RI� WKH�H[SUHVVLRQ�KDV�EHHQ�SUHVHQWHG�
XWLOL]LQJ� 5DGRQ� WUDQVIRUP� WR� HVWLPDWH� WKH� EDVLF
PRYHPHQW� ZLWKLQ� WKH� IDFH� DUHD�� $� WHFKQLTXH� IRU
QRUPDOL]DWLRQ� RI� FXUYHV� GHULYHG� IURP� WKH� 5DGRQ
WUDQVIRUP� LQ� GLIIHUHQW� DQJOHV� LV� XVHG�� OHDGLQJ� WR� VLPSOH
FODVVLILFDWLRQ� HLWKHU� XVLQJ� FRUUHODWLRQ� RU� D� QHXUDO
FODVVLILHU�

$OWKRXJK� WKH� UHVXOWV� DUH� SURPLVLQJ�� WKH� DXWKRUV� DUH
FXUUHQWO\� DSSO\LQJ� WKH� PHWKRG� RQ� D� ODUJHU� GDWDEDVH� WR
HYDOXDWH� LWV� HIILFLHQF\�� ,Q� DGGLWLRQ�� DQ� H[WHQVLRQ� RI� WKH
PHWKRG� LV� FXUUHQWO\� XQGHU� LQYHVWLJDWLRQ� IRU� H[SUHVVLRQ
UHFRJQLWLRQ� XVLQJ� YLGHR� VHTXHQFHV�� 7KH� QHFHVVLW\� RI
HVWLPDWLQJ�WKH�µDSH[¶�RI�WKH�H[SUHVVLRQ�LV�WKXV�HOLPLQDWHG
DQG� PRUH� WHPSRUDO� LQIRUPDWLRQ� LV� DGGHG�� ZKLFK� LV
FULWLFDO�LQ�PDQ\�H[SUHVVLRQV�

���$&.12:/('*0(176

7KH� SUHVHQW� ZRUN� LV� IXQGHG� E\� WKH� SURMHFW� 3+<67$
�3ULQFLSOHG� +\EULG� 6\VWHPV�� 7KHRU\� DQG� $SSOLFDWLRQV�
����������� RI� WKH� 7UDLQLQJ� 0RELOLW\� DQG� 5HVHDUFK
3URJUDP� RI� WKH� (XURSHDQ� &RPPXQLW\�� 7KH� DXWKRUV� DUH
ZLWKLQ� WKH� WHDP�RI�SURMHFW�3+<67$��ZKHUH� VSHHFK�DQG
SK\FKRORJLFDO� FXHV� DUH� DOVR� XVHG� IRU� HPRWLRQ
FODVVLILFDWLRQ�

���5()(5(1&(6

>�@�� 5�� &RZLH� DQG� (�� 'RXJODV�&RZLH�� ³6SHDNHUV� DQG
KHDUHUV� DUH� SHRSOH�� UHIOHFWLRQV� RQ� VSHHFK
GHWHULRUDWLRQ� DV� D� FRQVHTXHQFH� RI� DFTXLUHG
GHDIQHVV�´� ,Q� .�(�� 6SHQV� DQG� *�� 3ODQW� �(GV�
3URIRXQG� GHDIQHVV� DQG� VSHHFK� FRPPXQLFDWLRQ�
:KXUU�3XEOLFDWLRQV��/RQGRQ����������������

>�@�� .�� 0DVH�� ³5HFRJQLWLRQ� RI� IDFLDO� H[SUHVVLRQ� IURP
RSWLFDO�IORZ�´�,(,&(�7UDQVDFWLRQV��YRO��(���������
�����������

>�@�� <��<DFRRE� DQG� /�� 6�� 'DYLV�� ³5HFRJQL]LQJ� KXPDQ
IDFLDO�H[SUHVVLRQV�IURP�ORQJ�LPDJH�VHTXHQFHV�XVLQJ
RSWLFDO� IORZ�´� ,(((� 7UDQVDFWLRQV� RQ� 3DWWHUQ
$QDO\VLV�DQG�0DFKLQH�,QWHOOLJHQFH����������������
�����

>�@�� 1�� ,QWUDWRU�� '�� 5HLVIHOG� DQG� <�� <HVKUXQ�� ³)DFH
5HFRJQLWLRQ� XVLQJ� D� +\EULG
6XSHUYLVHG�8QVXSHUYLVHG� 1HXUDO� 1HWZRUN�´
3DWWHUQ�5HFRJQLWLRQ�/HWWHUV�����������������

>�@�� 1�� $UDG� DQG� '�� 5HLVIHOG�� ³,PDJH� :DUSLQJ� XVLQJ
IHZ� $QFKRU� 3RLQWV� DQG� 5DGLDO� )XQFWLRQV�´
&RPSXWHU� *UDSKLFV� )RUXP�� YRO�� ��� ����� ������
�����

>�@�� 1�� 7VDSDWVRXOLV�� 0�� /HRQLGRX� DQG� 6�� .ROOLDV�
³)DFLDO� ([SUHVVLRQ�5HFRJQLWLRQ�8VLQJ�+00�ZLWK
2EVHUYDWLRQ� 'HSHQGHQW� 7UDQVLWLRQ� 0DWUL[�´� 3URF�
RI�0063¶����3RUWRILQR��&$��'HFHPEHU������

>�@�� <��;LURXKDNLV��<��$YULWKLV� DQG�6��.ROOLDV�� ³,PDJH
5HWULHYDO�DQG�&ODVVLILFDWLRQ�8VLQJ�$IILQH�,QYDULDQW
%�6SOLQH� 5HSUHVHQWDWLRQ� DQG� 1HXUDO� 1HWZRUNV�´
3URF�� ,((� &ROORTXLXP� LQ� 1HXUDO� 1HWV� DQG
0XOWLPHGLD��/RQGRQ��2FW�������

>�@�� =��+XDQJ� DQG� )�� 6�� &RKHQ�� � ³$IILQH� ,QYDULDQW� %�
6SOLQH�0RPHQWV�IRU�&XUYH�0DWFKLQJ�´�,(((�7UDQV�
,PDJH�3URFHVVLQJ��YRO����������2FW�������


