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,Q SUHVHQW�GD\ FRPSXWDWLRQDO OLQJXLVWLFV �&/�� DYDLODELOLW\ RI DQQRWDWHG GDWD �VSRNHQ XWWHUDQFHV� ZULWWHQ

WH[WV� LV EHFRPLQJ D PRUH DQG PRUH LPSRUWDQW IDFWRU LQ DQ\ QHZ GHYHORSPHQWV� $SDUW IURP VSHHFK

UHFRJQLWLRQ� ZKHUH VWDWLVWLFDO PHWKRGV DUH DOPRVW H[FOXVLYHO\ WKH VROXWLRQ DQG ZKHUH WKH GDWD LV D FRQGLWLR

VLQH TXD QRQ� WH[WXDO GDWD DUH EHLQJ XVHG IRU VR�FDOOHG WUDLQLQJ SKDVH RI YDULRXV VWDWLVWLFDO PHWKRGV VROYLQJ

PDQ\ RWKHU SUREOHPV LQ WKH ILHOG RI &/� :KLOH WKHUH DUH PDQ\ PHWKRGV ZKLFK XVH WH[WV LQ WKHLU SODLQ �RU

UDZ� IRUP �IRU VR�FDOOHG XQVXSHUYLVHG WUDLQLQJ�� PRUH DFFXUDWH UHVXOWV PD\ EH REWDLQHG LI DQQRWDWHG

FRUSRUD DUH DYDLODEOH�

:LWK WKH LQFUHDVLQJ FRPSOH[LW\ RI VXFK WDVNV� WKH GDWD DQQRWDWLRQ LWVHOI LV D FRPSOH[ WDVN� :KLOH WDJJHG

FRUSRUD �SLRQHHUHG E\ +HQU\ .XþHUD LQ WKH ��¶V� DUH QRZ DYDLODEOH IRU (QJOLVK DQG RWKHU ODQJXDJHV�

V\QWDFWLFDOO\ DQQRWDWHG FRUSRUD DUH UDUH� ,QVSLUHG E\ WKH PRVW ZLGHO\ XVHG V\QWDFWLFDOO\ DQQRWDWHG FRUSXV

RI (QJOLVK� WKH 3HQQ 7UHHEDQN �QRZ EHFRPLQJ UHDG\ WR EH GLVWULEXWHG LQ LWV 7KLUG HGLWLRQ E\ WKH /LQJXLVWLF

'DWD &RQVRUWLXP�� ZH GHFLGHG WR GHYHORS
�
D VLPLODUO\ VL]HG FRUSXV RI &]HFK ZLWK ULFK DQQRWDWLRQ VFKHPH�

:H KDYH EHHQ LQ D YHU\ JRRG SRVLWLRQ EHFDXVH DV RQH RI WKH OHDGLQJ SHUVRQDOLWLHV RI WKH UHVHDUFK WHDP

ZRUNLQJ RQ WKLV SURMHFW ZH KDYH -DUPLOD 3DQHYRYi� ZKRVH OLIH�ORQJ LQWHQVLYH UHVHDUFK LQ &]HFK 6\QWD[

ERWK IURP WKH WHFWRJUDPPDWLFDO DQG V\QWDFWLFR�VHPDQWLF DVSHFWV FRPELQLQJ D VXEWOH HPSLULFDO DQDO\VLV

ZLWK D ULJRURXV H[SOLFLW GHVFULSWLRQ �VHH H�J� 3DQHYRYi ����� ����� ����� ����D� ����E� ����� ����� �����

����� DQG HVSHFLDOO\ 3DQHYRYi ����� KDV EHHQ JXLGLQJ RXU VWHSV DOO WKH WLPH�

7KH WH[WXDO GDWD XVHG IRU WKH WDVN FRQWDLQ JHQHUDO QHZVSDSHU DUWLFOHV ����� LQFOXGLQJ EXW QRW OLPLWHG WR

SROLWLFV� VSRUWV� FXOWXUH� KREE\� HWF��� HFRQRPLF QHZV DQG DQDO\VHV ������ SRSXODU VFLHQFH PDJD]LQH

������ DQG LQIRUPDWLRQ WHFKQRORJ\ WH[WV ������ DOO VHOHFWHG IURP WKH &]HFK 1DWLRQDO 7UHHEDQN�

� 7KH 3UDJXH 'HSHQGHQF\ 7UHHEDQN 6WUXFWXUH

7KH 3UDJXH 'HSHQGHQF\ 7UHHEDQN �3'7� KDV D WKUHH�OHYHO VWUXFWXUH� )XOO PRUSKRORJLFDO WDJJLQJ LV GRQH

RQ WKH ORZHVW OHYHO� 7KH PLGGOH OHYHO� ZKLFK LV WKH FRUH OHYHO RI WKH FXUUHQW SURMHFW� GHDOV ZLWK V\QWDFWLF

DQQRWDWLRQ XVLQJ GHSHQGHQF\ V\QWD[� LW LV FDOOHG WKH DQDO\WLFDO OHYHO� 7KH KLJKHVW OHYHO RI DQQRWDWLRQ LV WKH

�
7KH SURMHFW ZDV VWDUWHG E\ VXSSRUW IURP WKH JUDQW *$ý5 1R� ����������� �)RUPDO VSHFLILFDWLRQ RI

ODQJXDJH VWUXFWXUHV�� DQG WKH DQQRWDWLRQ HIIRUW KDV EHHQ PDGH SRVVLEOH E\ WKH JUDQW *$ý5 1R�

�������.��� DQG E\ WKH SURMHFW RI WKH 0LQLVWU\ RI (GXFDWLRQ RI WKH &]HFK 5HSXEOLF 1R� 96������ 7KH

GHYHORSPHQW RI VRPH VRIWZDUH WRROV XVHG LQ WKLV SURMHFW KDV EHHQ VXSSRUWHG E\ WKH JUDQW *$ý5 1R�

����������� DQG E\ WKH LQGLYLGXDO DXWKRU¶V JUDQW 26) 566�+(63 ���������



WHFWRJUDPPDWLFDO OHYHO� RU WKH OHYHO RI OLQJXLVWLF PHDQLQJ� :H DQQRWDWH WKH VDPH WH[W RQ DOO WKUHH OHYHOV�

EXW WKH DPRXQW RI DQQRWDWHG PDWHULDO GHFUHDVHV ZLWK WKH FRPSOH[LW\ RI WKH OHYHOV�

��� 7KH 0RUSKRORJLFDO /HYHO

2Q WKH PRUSKRORJLFDO OHYHO� D WDJ DQG D OHPPD LV DVVLJQHG WR HDFK ZRUG IRUP DV IRXQG LQ WKH LQSXW WH[W�

7KH DQQRWDWLRQ FRQWDLQV QR �V\QWDFWLF� VWUXFWXUH� QR DWWHPSW LV HYHQ PDGH WR SXW WRJHWKHU DQDO\WLFDO YHUE

IRUPV� IRU H[DPSOH�

����� 7KH WDJ V\VWHP

&]HFK LV DQ LQIOHFWLRQDOO\ ULFK ODQJXDJH� 7KH IXOO WDJ VHW FRQWDLQV FXUUHQWO\ ���� WDJV �LQFOXGLQJ

PRUSKRORJLFDO YDULDQWV� ZKLFK DUH EHLQJ GLVWLQJXLVKHG�� ,Q RUGHU WR VDYH VSDFH� ZH SUHVHQW KHUH WKHLU OLVW

LQ DQ DEEUHYLDWHG IRUP XVLQJ VR�FDOOHG WDJ YDULDEOHV� ZKLFK UHSUHVHQW FDWHJRULHV ZKLFK PD\ WDNH DOO

SRVVLEOH YDOXHV IURP D JLYHQ VHW� 7KHVH YDULDEOHV DUH�

&DWHJRU\ 9DULDEOH 9DOXH 'HVFULSWLRQ

QXPEHU Q 6 VLQJXODU

3 SOXUDO

' GXDO �RQO\ IRU IHPLQLQH� LQVWUXPHQWDO FDVH�

; ERWK� RU VSHFLDO FRPELQDWLRQV

FDVH F � QRPLQDWLYH

� JHQLWLYH

� GDWLYH

� DFFXVDWLYH

� YRFDWLYH

� ORFDWLYH �DOZD\V SUHSRVLWLRQDO�

� LQVWUXPHQWDO

; DQ\

JHQGHU J 0 PDVF� DQLPDWH

, PDVF� LQDQLPDWH

) IHPLQLQH

1 QHXWHU

; DQ\ RI WKH DERYH

< 0 RU , �PDVFXOLQH�

+ ) RU 1�QRW PDVFXOLQH�

4 ) RU 1 �QRW PDVFXOLQH�� EXW LQ VSHFLDO FRPELQDWLRQV RQO\

7 , RU ) �PDVF� LQDQLPDWH RU IHPLQLQH�

= 0� , RU 1 �QRW IHPLQLQH�

: , RU 1 �QRW PDVFXOLQH DQLPDWH� QRW IHPLQLQH�

GHJUHHV RI

FRPSDULVRQ

G � EDVH IRUP �SRVLWLYH�

� FRPSDUDWLYH

� VXSHUODWLYH

SHUVRQ S�I � �
VW

� �
QG

� �
UG
�S RQO\�

; DQ\ �S RQO\�

QHJDWLRQ D $ DIILUPDWLYH

1 QHJDWHG IRUP



7KH OLVW RI DOO SRVVLEOH WDJV IROORZV� %UDFNHWHG SDUW LQ WKH ILUVW FROXPQ LV RSWLRQDO�

7DJ 'HVFULSWLRQ

9)D YHUE� LQILQLWLYH

90QSD YHUE� LPSHUDWLYH �RQO\� 906>��@D� 903>���@D SRVVLEOH� �
UG
SHUV�DUFK�����

93QSD YHUE� LQGLFDWLYH� SUHVHQW WHQVH �SUDFXMHPH�

98QSD YHUE� LQGLFDWLYH� IXWXUH WHQVH �ZKHUH DSSOLFDEOH� H�J� EêW� SRMHGX� EXW QRW SHUIHFWLYH

SUHVHQW

93(QSD YHUE� LQGLFDWLYH� SUHVHQW WHQVH� ZLWK �" �FRQWUDFWLRQ� �DUFKDLF� H[� SUDFXMX"�

98(QSD YHUE� LQGLFDWLYH� IXWXUH WHQVH� ZLWK �" �FRQWUDFWLRQ� �DUFKDLF� H[� S$MGX"�

95JQD YHUE� SDVW SDUWLFLSOH� DFWLYH PRRG �G�ODO�� KHUH RQO\� 95<6D� 954;D �IRU µ95)6D¶ RU

µ9513D¶�� 9516D� 9503D� 9573D

95(JQD YHUE� SDVW SDUWLFLSOH� DFWLYH PRRG � �" �E\O"�� KHUH RQO\� 95(<6D� 95(4;D �IRU

µ95()6D¶ RU µ95(13D¶�� 95(16D� 95(03D� 95(73D

95$JQSD YHUE� SDVW WHQVH� ZLWK FRQWUDFWHG �V �MVL� H[� E\OV�� RQO\� 95$<6�D� 95$)6�D�

95$16�D

96JQ>F@D YHUE� SDVW SDUWLFLSOH� SDVVLYH PRRG �XG�OiQ�� KHUH RQO\� 96<6D� 964;D �IRU µ96)6D¶

RU µ9613D¶ RU µ96<6�D¶�� 9616D� 9603D� 9673D� 96)6�D �XG�OiQX�

96$JQSD YHUE� SDVW SDUWLFLSOH� SDVVLYH PRRG� ZLWK FRQWUDFWHG �V �MVL� H[� G�OiQDV�� RQO\�

96$)6�D� 96$16�D

9*QJD YHUE� WUDQVJUHVVLYH SUHVHQW �RQO\� 9*6<D� 9*6+D� 9*3;D�

99QJD YHUE� WUDQVJUHVVLYH SDVW �RQO\� 996<D� 996+D� 993;D�

9&QS YHUE� FRQGLWLRQDO �EêW RQO\�� LQ �
UG
SHUV RQO\ 9&;�

1JQFD QRXQV �EXW RQO\ SDWWHUQV NW�Q� VWQ DQG LUUHJXODU QRXQV FDQ KDYH QHJ� 1� RWKHUZLVH $�

$JQFGD DGMHFWLYHV

$9*JQFD DGMHFWLYHV� YHUEDO IURP SUHVHQW WUDQVJUHVVLYH �G�ODMtFt�

$99JQFD DGMHFWLYHV� YHUEDO IURP SDVW WUDQVJUHVVLYH �GRG�ODYãt�

$�JQ DGMHFWLYHV �VY$M���QHVY$M���WHQWDP� XVHG DV DGM� �EêW QHVY$M�

$60JQF DGMHFWLYHV SRVVHVVLYH �WR PDVF�� ��$Y�

$6)JQF DGMHFWLYHV SRVVHVVLYH �WR IHP�� ��LQ�

$&JQ>F@D DGMHFWLYHV� VKRUW IRUPV �XVHG DOVR DV LI YHUEDO SDVV� SDUW��H[� UiG� ]GUiY� RQO\� $&<6D�

$&4;D �IRU µ$&)6D¶ RU µ$&13D¶ RU µ$&<6�D¶�� $&16D� $&03D� $&73D� $&)6�D

33IQF SURQRXQ SHUVRQDO ,�\RX �WZR OHPPDV� Mi�W\�

33I&QF SURQRXQ SHUVRQDO ,�\RX �WZR OHPPDV� Mi�W\� VKRUW IRUP �6>���@ RQO\�

33�JQF SURQRXQ SHUVRQDO KH�VKH�LW �RQH OHPPD� RQ� VWDQGDORQH �6>����@ RQO\�

33�&JQF SURQRXQ SHUVRQDO KH�VKH�LW �RQH OHPPD� RQ� VKRUW IRUP �6>���@ RQO\�

33�5JQF SURQRXQ SHUVRQDO KH�VKH�LW �RQH OHPPD� RQ� DIWHU SUHS� �Q�KR� ����

33' SURQRXQ SHUVRQDO �KH� ZLWK SUHS �QD�� SUR�� GR�� ����

33$�6� W\V

3'JQF SURQRXQ GHP� WKLV�WKDW �OHPPD� WHQ� WHQWR� WDPWHQ� ����

35QF SURQRXQ UHIOH[LYH VH� F IURP RQO\ >�����@� Q DOZD\V ;

35&QF SURQRXQ UHIOH[LYH VH� VKRUW IRUP �RQO\ >��@��� Q DOZD\V ; �VL� VH�

35$&QFS SURQRXQ UHIOH[LYH VH� VKRUW IRUP �RQO\ >��@��� Q DOZD\V 6 � FRQWUDFWHG �V �MVL� �
QG
SHUV�

RI EêW�� VHV� VLV� S   �

36IQJQF SURQRXQ SRVVHVVLYH P\�\RXU �OHPPD P$M�WY$M� ILUVW QXPEHU� µLQQHU¶ QXPEHU �P$M�Qiã

�OHPPD P$M�� WY$M�Yiã �WY$M�� QR LQQHU JHQGHU�

VKRUW IRUPV E\ WDJ VXIIL[ �� HWF� SOXUDO JHQGHU DOZD\V ;� VJ JHQGHU PDLQO\ E\

FRPELQDWLRQV

36�JQJQF SURQRXQ SRVVHVVLYH �
UG
SHUV �KLV�KHU�LWV�WKHLU�� OHPPD� MHKR ILUVW JQ� LQQHU

JHQGHU�QXPEHU� VHFRQG JQ� REMHFW JHQGHU�QXPEHU� RQO\ VRPH FRPELQDWLRQV XVHG�

36�=6;;; MHKR �OHPPD� MHKR�



7DJ 'HVFULSWLRQ

36�)6JQF MHMt LQ VJ� �OHPPD� MHKR�� EXW RQO\�JQF ;3F )6; =6>������@ 16� ,6� 06�

36�;3;;; MHMLFK �OHPPD� MHKR�

36(JQJQF SURQRXQ UHO� �IURP SRVV� KLV�KHU�LWV�WKHLU�� OHPPD� MHKRå� ILUVW JQ� LQQHU

JHQGHU�QXPEHU� VHFRQG JQ� REMHFW JHQGHU�QXPEHU� RQO\ VRPH FRPELQDWLRQV XVHG�

36(=6;;; MHKRå �OHPPD� MHKRå�

36()6JQF MHMtå LQ VJ� �OHPPD� MHKRå�� EXW RQO\�JQF ;3F )6; =6>������@ 16� ,6�

06�

36(;3;;; MHMLFKå �OHPPD� MHKRå�

356JQF SURQRXQ UHIOH[LYH SRVVHVVLYH VY$M 1%� VKRUW IRUPV E\ �� HWF�

3/JQF SURQRXQ VHOI �ViP�� DOO �YãHFKHQ� 1%� VKRUW IRUPV E\ �� HWF�

3$(JQF SURQRXQ UHO� RU DGMHFWLYDO �RWKHU� �MHQå�

3$(5JQF SURQRXQ UHO� MHKRå DIWHU SUHS� �Q�KRå� Q�PXå� ���� DIWHU SUHS� �VHH 33�5����

3(F SURQRXQ UHO� JHQGHUOHVV�QXPEHUOHVV �FRå���

34)JQF SURQRXQ TXHVW� RU UHO� DGM� �RWKHU� �ZKLFK� ZKDW²MDNê� NWHUê� FR�

34.JF SURQRXQ TXHVW� RU UHO� �NGR� NGRå�� JHQGHU 0 RQO\�

34&F SURQRXQ TXHVW� RU UHO� �FR�� JHQGHUOHVV

34' SURQRXQ TXHVW� RU UHO� ZLWK SUHS� �QDþ� Rþ�

34$.FS SURQRXQ TXHVW� UHO� � MVL �V� �NGRV�FRV�� S   � DOZD\V

3,)JQF SURQRXQ LQGHI� �Q�MDNê�

3,.JF SURQRXQ LQGHI� �NGR�� JHQGHU 0 RQO\�

3,&F SURQRXQ LQGHI� �FR�� JHQGHUOHVV

31)JQF SURQRXQ QHJ� �QLMDNê� ���åiGQê�

31.F SURQRXQ QHJ� JHQGHUOHVV�QXPEHUOHVV LQGHI� �QLNGR�

31&F SURQRXQ QHJ� JHQGHUOHVV�QXPEHUOHVV LQGHI� �QLF� SUDQLF�

&5JQF QXPHUDOV� RUGLQDO

&'JQF QXPHUDOV� JHQHULF ��HUê�� V\QW� DGMHFWLYH� DOVR GYRMt� WURMt

&'�JQF QXPHUDOV� JHQHULF� KDYH JHQGHU� MHGQ\� QHMHGQ\

&'�QF QXPHUDOV� JHQHULF� �EXW� SOXUDO RQO\� &'�3F� �LQ HQGLQJV��� FRXQWHG QRXQ PXVW DJUHH LQ

F DQG SOXUDO QXPEHU

&'-QF QXPHUDOV� JHQHULF� VKRUW IRUPV �a P�VWR� �EXW� VLQJXODU RQO\� &'-6F�� FRXQWHG QRXQ LQ

JHQLWLYH SOXUDO� �LQ HQGLQJV�

&)JQF QXPHUDOV� IUDFWLRQV �EXW� RQO\ IHPLQLQH JHQGHU� &))QF�

&%QF QXPHUDOV� EDVLF� ������������������������������������ Q  6 RQO\ DOVR VWR��� WLVtF��

�QXP�� VWR��� WLVtF��� PLOLyQ QRXQ�

&*JQF QXPHUDOV� EDVLF� ��� �KDYH JHQGHU�� � � Q  6 RQO\� � � Q  3 RQO\���� � Q  3 RQO\ DQG

JHQGHU DOZD\V ; H[F� )'

DOVR VWR��� WLVtF�� �QXP� &*;QF� FDVH QRW ������ VWR��� WLVtF��� PLOLyQ QRXQ� S$O���

þWYUW�� LQGHFO� QXP� �&*;6;�� �S$O��� þWYUW�� Q�� FDVH� XVXDOO\ RQO\ ����

&; QXPHUDOV� URPDQ

&4)JQF QXPHUDOV� TXH RU UHO Z�JHQGHU�QXP �NROLNiWê�

&4F QXPHUDOV� TXHVW� �NROLN�

&,)JQF QXPHUDOV� LQGHI� ZLWK JHQGHU�QXP �QHMHGHQ� 6 RQO\ �3 VHH &'��� Q�NROLNiWê� WROLNiWê�

&,F QXPHUDOV� LQGHI� �WROLN� DOVR PRF DQG RWKHU ³DGY�´� >�������;@

&0 QXPHUDO� PXOWLSOLFDWLYH ��NUiW�� V\QW� DGYHUE� QXPEHU�NUiW

&,0 QXPHUDO� PXOWLSOLFDWLYH ��NUiW�� V\QW� DGYHUE� LQGHI� �WROLNUiW�

&40 QXPHUDO� PXOWLSOLFDWLYH ��NUiW�� V\QW� DGYHUE� TXHVW� �NROLNUiW�

'% DGYHUEV� EDVH IRUP RQO\ �QR QHJ� QR JUDG��

'*GD DGYHUEV� ZLWK QHJ�JUDG �DW OHDVW SRVVLEOH QHJ��JUDG��

'*GD DUH WKH PRVW FRPPRQ ± GHULYHG IURP DGM� HWF�

5F SUHSRVLWLRQV



7DJ 'HVFULSWLRQ

5) SUHSRVLWLRQV DV ILUVW SDUW RI µFRPSRXQG SUHS�¶ �Y]KOHGHP�

59F SUHSRVLWLRQV ZLWK YRFDOL]DWLRQ ��H� DOVR �X� GLVWLQJXLVKHG E\ ���

-( FRQMXQFWLRQV �FRRUGLQDWLQJ� VDPH OHYHO FRRUGLQDWLRQ�

-6 FRQMXQFWLRQV �VXERUGLQDWLQJ�

-& FRQMXQFWLRQV �FRRUG�� QXPHULF RSHUDWRUV NUiW� SOXV� PLQXV� G�OHQR�

-9QS FRQMXQFWLRQ ³WR�ZKHQ´� FRQGLW� IRUP �³DE\�NG\E\´�� �
UG
SHUV� -9;�

7 SDUWLFOHV �DQR� QH� ����

, LQWHUMHFWLRQV �KXUi� KDMG\�

+<3+ K\SKHQDWHG �ILUVW SDUW RI K\SKHQDWHG FRPSRXQG� XVXDOO\ IURP DGM��

$%%51 QRXQ DEEUHYLDWLRQ

$%%5$ DGMHFWLYH DEEUHYLDWLRQ

$%%59 YHUEDO DEEUHYLDWLRQ

$%%5' DGYHUELDO DEEUHYLDWLRQ

$%%5& QXPHULFDO DEEUHYLDWLRQ

$%%5; XQVSHFLILHG DEEU�

=180 QXPEHU XVLQJ GLJLWV ��I QXP! WDJ DQG VLPLODU LQ FVWV�

=,3 SXQFWXDWLRQ ��G! WDJ LQ FVWV�

=6% VHQWHQFH ERXQGDU\

120253+ QR UHVXOW IURP PRUSKRORJ\

120253+� QR UHVXOW IURP PRUSKRORJ\� RQH OHWWHU RQO\ LQ ZRUG IRUP

(DFK WDJ PD\ EH IROORZHG E\ D QXPHULFDO YDULDQW DQG�RU UHJLVWHU LQGLFDWLRQ� ZKLFK LV VHSDUDWHG IURP WKH

WDJ E\ D K\SKHQ ���� 7KH OLVW RI SRVVLEOH YDULDQW DQG UHJLVWHU LQGLFDWLRQV LV SUHVHQWHG LQ WKH IROORZLQJ WDEOH�

,QGLFDWLRQ 'HVFULSWLRQ

�� RWKHU YDULDQW� OHVV IUHTXHQW

�� RWKHU YDULDQW� PXFK OHVV IUHTXHQW � DUFKDLF RU ERRNLVK

�� YHU\ DUFKDLF � SRVVLEO\ DOVR FROORTXLDO ����"�

�� DUFKDLF�ERRNLVK� VWDQGDUG DW WKH WLPH LW ZDV XVHG �WUDQVJU� µSUHV�¶ SHUI��

�� FROORTXLDO� EXW WROHUDWHG LQ SXEOLF ZULWLQJ�VSHDNLQJ

�� FROORTXLDO �VKRXOG QRW EH XVHG LQ SXEOLF ZULWLQJ� PRVWO\ VSRNHQ�

�� FROORTXLDO �VDPH DV ��� EXW OHVV SUHIHUUHG E\ VSHDNHUV�

�� VSHFLDO XVH �DIWHU FHUWDLQ SUHSRVLWLRQV� HWF��

)RU H[DPSOH� 1,6�$�� LV WKH YDULDQW IRUP RI ORFDWLYH FDVH RI D PDVFXOLQH LQDQLPDWH QRXQ LQ VLQJXODU� QRW

QHJDWHG�



����� 0RUSKRORJLFDO $QDO\VLV

0RUSKRORJLFDO DQDO\VLV LV D SURFHVV WKH LQSXW RI ZKLFK LV D ZRUG IRUP DV IRXQG LQ WKH WH[W� DQG WKH RXWSXW

RI ZKLFK LV D VHW RI SRVVLEOH OHPPDV ZKLFK UHSUHVHQW VXFK IRUP LQ WKH GLFWLRQDU\� DQG HDFK OHPPD LV

DFFRPSDQLHG E\ D VHW RI SRVVLEOH WDJV �DV GHILQHG LQ WKH SUHYLRXV VHFWLRQ�� )RU H[DPSOH� IRU WKH ZRUG IRUP

åHQX WKH PRUSKRORJLFDO DQDO\VLV UHWXUQV WKH IROORZLQJ UHVXOWV�

OHPPD WDJ�V�

åHQD �ZRPDQ� 1)6�$

KQiW �WR UXVK� 936�$

7KLV H[DPSOH H[KLELWV DQ DPELJXLW\ DW WKH OHPPD OHYHO� EXW QR DPELJXLW\ ZLWKLQ WKH OHPPDV� 2Q WKH RWKHU

KDQG� WKH ZRUG IRUP XþHQt GLVSOD\V ERWK W\SHV RI DPELJXLW\�

OHPPD WDJ�V�

XþHQt �WKHRU\� 116�$�116�$�116�$�116�$�116�$�116�$�113�$�113�$�113�$�113�$

XþHQê �HGXFDWHG� $03��$�$03��$

7KHUH FRXOG EH DV PDQ\ DV ILYH GLIIHUHQW OHPPDV IRU D JLYHQ ZRUG IRUP DQG DV PDQ\ DV �� GLIIHUHQW WDJV

IRU RQH OHPPD�

0RUSKRORJLFDO DQDO\VLV FXUUHQWO\ FRYHUV DERXW ������� &]HFK OHPPDV �LQFOXGLQJ GHULYDWLRQV�� DQG LV

EDVHG RQ DERXW ������� VWHPV� ,W FDQ UHFRJQL]H DERXW �� PLOOLRQ ZRUG IRUPV�

0RUSKRORJLFDO DQDO\VLV LV WKH ILUVW VWHS WRZDUGV WKH ILUVW OHYHO WDJJLQJ LQ WKH 3UDJXH 'HSHQGHQF\

7UHHEDQN� ,W FDQ SURFHHG IXOO\ DXWRPDWLFDOO\ DQG YHU\ TXLFNO\ �DERXW ���� ZRUG IRUPV SHU VHFRQG RQ

DYHUDJH RQ D 3������EDVHG PDFKLQH�� :H KDYH GHYHORSHG VSHFLDO VRIWZDUH WRRO �FDOOHG VJG RQ D 8QL[

SODWIRUP� DQG '$ XQGHU :LQGRZV� ZKLFK DOORZV IRU DQ HDV\ PDQXDO GLVDPELJXDWLRQ RI WKH PRUSKRORJLFDO

RXWSXW� ,W DOVR KHOSV WKH DQQRWDWRUV WR HGLW WKH RXWSXW RI WKH PRUSKRORJ\� WKXV DOORZLQJ IRU LGHQWLILFDWLRQ RI

SRVVLEOH SUREOHPV DQG XQNQRZQ ZRUGV LQ WKH PRUSKRORJ\ LWVHOI� 7KH GLVDPELJXDWLRQ LV EHLQJ GRQH E\

VWXGHQWV DQG SURFHHGV UHODWLYHO\ TXLFNO\� 7KH WH[WV DUH SURFHVVHG WZLFH DQG WKH UHVXOWV DUH DXWRPDWLFDOO\

FRPSDUHG DQG PDQXDOO\ FRUUHFWHG WR JHW D VLQJOH� DV�PXFK�DV�SRVVLEOH HUURU�IUHH WDJJHG WH[W� 7KH OHYHO RI

GLIIHUHQFHV EHWZHHQ DQ\ WZR DQQRWDWRUV ZRUNLQJ RQ D VLQJOH WH[W LV RQ DYHUDJH ��� DQG WKHUH DUH YLUWXDOO\

QR RSLQLRQ�W\SH GLVDJUHHPHQWV � WKH GLIIHUHQFHV DUH W\SRV� PLVXQGHUVWDQGLQJV� HWF�

��� 7KH $QDO\WLFDO /HYHO

7KH DQDO\WLFDO �V\QWDFWLF� OHYHO RI DQQRWDWLRQ LV FHQWUDO WR WKH FXUUHQW VWDJH RI WKH SURMHFW �%pPRYi HW DO�

������ :H KDYH FKRVHQ WKH GHSHQGHQF\ VWUXFWXUH WR UHSUHVHQW WKH V\QWDFWLF UHODWLRQV ZLWKLQ WKH VHQWHQFH�

7KH EDVLF SULQFLSOHV FDQ EH WKXV IRUPXODWHG DV IROORZV�

x 7KH VWUXFWXUH RI WKH VHQWHQFH LV DQ RULHQWHG� DF\FOLF JUDSK ZLWK RQH HQWU\ QRGH� WKH QRGHV RI WKH WUHH

DUH DQQRWDWHG E\ FRPSOH[ V\PEROV �DWWULEXWH�YDOXH SDLUV��

x 7KH QXPEHU RI QRGHV RI WKH JUDSK LV HTXDO WR WKH QXPEHU RI ZRUGV LQ WKH VHQWHQFH SOXV RQH IRU WKH

H[WUD URRW QRGH�

x 7KH DQQRWDWLRQ UHVXOW LV RQO\

x �� WKH VWUXFWXUH RI WKH WUHH�

x �� WKH DQDO\WLFDO IXQFWLRQV RI HYHU\ QRGH�

DQ DQDO\WLFDO IXQFWLRQ GHWHUPLQHV WKH UHODWLRQ EHWZHHQ WKH GHSHQGHQW QRGH DQG LW JRYHUQLQJ QRGH

�ZKLFK LV WKH QRGH RQH OHYHO XS WKH WUHH�� $OO WKH RWKHU QRGH DWWULEXWHV �VHH WKH WDEOH EHORZ� DUH

XVHG DV D JXLGDQFH IRU WKH DQQRWDWRUV� RU WKH\ DUH XVHG DV DQ LQSXW RU LQWHUPHGLDWH GDWD IRU

YDULRXV DXWRPDWLF WRROV ZKLFK SDUWLFLSDWH LQ WKH DQQRWDWLRQ SURFHVV� EXW DUH QRW FRQVLGHUHG WR EH

WKH UHVXOW RI DQDO\WLFDO DQQRWDWLRQ� ,Q SDUWLFXODU� WKH WDJV DQG OHPPDV DUH QRW GLVDPELJXDWHG KHUH�



EXW DUH PHUJHG LQWR WKH UHVXOWLQJ GDWD VWUXFWXUH IURP WKH PDQXDO DQQRWDWLRQ RQ WKH ILUVW

�PRUSKRORJLFDO� OHYHO�

7KH ILUVW �� QRGH DWWULEXWHV DUH VXPPDUL]HG LQ WKH IROORZLQJ WDEOH �WKHUH DUH � PRUH ³WHFKQLFDO´ DWWULEXWHV

XVHG IRU PDFUR SURJUDPPLQJ DV LQWHUPHGLDWH GDWD KROGHUV HWF���

$WWULEXWH QDPH %ULHI GHVFULSWLRQ

OHPPD OHPPD �VHH VHFW� ���� 7KH 0RUSKRORJLFDO /HYHO�
WDJ PRUSKRORJLFDO FDWHJRULHV� RU WDJ �VHH VHFW� ���� 7KH 0RUSKRORJLFDO /HYHO�
IRUP ZRUG IRUP� DIWHU PLQRU FKDQJHV LQ VRPH FDVHV �FRQWUDFWLRQV� IL[HG LGLRPV�
DIXQ WKH DQDO\WLFDO IXQFWLRQ� RU WKH W\SH RI GHSHQGHQF\ UHODWLRQ �WRZDUGV WKH

JRYHUQLQJ QRGH�
OHPLG OHPPD LGHQWLILFDWLRQ �UHVHUYHG RQO\ DW SUHVHQW�
PVWDJ PRUSKRORJLFDO�V\QWDFWLF WDJ �UHVHUYHG RQO\ DW SUHVHQW�
RULJI RULJLQDO ZRUG IRUP DV IRXQG LQ WKH WH[W
RULJDS IRUPDWWLQJ �SUHFHGLQJ WKH RULJLQDO ZRUG IRUP�
JDS��JDS��JDS� IRUPDWWLQJ LQIR SUHFHGLQJ IRUP� SDUWV �����

RUG VHTXHQFH QR� RI WKH ZRUG IRUP LQ D VHQWHQFH �DWWULEXWH IRUP�

7KH DQQRWDWLRQ UXOHV DUH GHVFULEHG LQ WKH PDQXDO �%pPRYi HW DO� ������ ZKLFK LV FXUUHQWO\ DYDLODEOH DV D

WHFKQLFDO UHSRUW DQG LQ HOHFWURQLF IRUP DV DQ +70/ GRFXPHQW �LQ &]HFK� RQ WKH ,QWHUQHW DW

KWWS���IDLUZD\�PV�PII�FXQL�F]�IHV�D�WE�GRF�WEPDQ�KWPO�� 7KHVH UXOHV IROORZ� ZKHUH SRVVLEOH� WKH WUDGLWLRQDO

JUDPPDU ERRNV� EXW DUH ERWK H[WHQGHG �ZKHUH QR JXLGDQFH KDV EHHQ IRXQG LQ VXFK ERRNV� DQG PRGLILHG

�ZKHUH WKH FXUUHQW JUDPPDUV DUH LQFRQVLVWHQW ZLWK WKHPVHOYHV�� 7KH\ DUH LQWHQWLRQDOO\ DV LQGHSHQGHQW RI

DQ\ IRUPDO WKHRU\ DV SRVVLEOH �HYHQ WKRXJK WKH GHFLVLRQ WR XVH WKH WUDGLWLRQDO � DW OHDVW LQ 3UDJXH �

GHSHQGHQF\ UHSUHVHQWDWLRQV LV FHUWDLQO\ QRW TXLWH WKHRU\ LQGHSHQGHQW � EXW LQ IDFW� WKLV GHFLVLRQ PDGH RXU

OLYHV HDVLHU EHFDXVH RI VHYHUDO SKHQRPHQD LQKHUHQWO\ RFFXUULQJ LQ &]HFK� ZKLFK ZRXOG RWKHUZLVH UHVXOW LQ

WKH ZHOO�NQRZQ ³FURVVLQJ EUDFNHWV´ SUREOHP��

,Q WKH IROORZLQJ WDEOH� DOO SRVVLEOH YDOXHV RI WKH DQDO\WLFDO IXQFWLRQ DWWULEXWH �DIXQ� DUH GHVFULEHG

EULHIO\� 7KH H[LVWHQFH RI D VXIIL[HG YHUVLRQ �B&R IRU FRRUGLQDWLRQ� B$S IRU DSSRVLWLRQ� B3D IRU

SDUHQWKHWLFDO H[SUHVVLRQV� LV PDUNHG E\ DQ [�

DIXQ B&R B$S B3D 'HVFULSWLRQ

3UHG [ [ [ 3UHGLFDWH LI LW GHSHQGV RQ WKH WUHH URRW ���
6E [ [ [ 6XEMHFW
2EM [ [ [ 2EMHFW
$GY [ [ [ $GYHUELDO �ZLWKRXW D GHWDLOHG W\SH GLVWLQFWLRQ�
$WY [ [ [ &RPSOHPHQW� WHFKQLFDOO\ GHSHQGV RQ LWV QRQ�YHUEDO JRYHUQRU
$WY9 [ [ [ &RPSOHPHQW� LI RQO\ RQH JRYHUQRU LV SUHVHQW �WKH YHUE�
$WU [ [ [ $WWULEXWH
3QRP [ [ [ 1RPLQDO SUHGLFDWH¶V QRPLQDO SDUW� GHSHQGV RQ WKH FRSXOD ³WR EH´
$X[9 [ [ [ $X[LOLDU\ 9HUE ³WR EH´ �EêW�
&RRUG [ [ [ &RRUGLQDWLRQ QRGH
$SRV [ [ [ $SSRVLWLRQ QRGH
$X[7 [ [ [ 5HIOH[LYH SDUWLFOH VH� OH[LFDOO\ ERXQG WR LWV YHUE
$X[5 [ [ [ 5HIOH[LYH SDUWLFOH VH� ZKLFK LV QHLWKHU 2EM QRU $X[7 �SDVVLYH�
$X[3 [ [ [ 3UHSRVLWLRQ� RU D SDUW RI FRPSRXQG SUHSRVLWLRQ
$X[& [ [ [ &RQMXQFWLRQ �VXERUGLQDWH�
$X[2 [ [ [ �6XSHUIOXRXVO\� UHIHUULQJ SDUWLFOH RU HPRWLRQDO SDUWLFOH
$X[= [ [ [ 5KHPDWL]HU RU RWKHU QRGH DFWLQJ WR VWUHVV DQRWKHU FRQVWLWXHQW
$X[; &RPPD �EXW QRW WKH PDLQ FRRUGLQDWLQJ FRPPD�
$X[* 2WKHU JUDSKLFDO V\PEROV QRW FODVVLILHG DV $X[.

$X[< [ [ [ 2WKHU ZRUGV� VXFK DV SDUWLFOHV ZLWKRXW D VSHFLILF �V\QWDFWLF�



DIXQ B&R B$S B3D 'HVFULSWLRQ

IXQFWLRQ� SDUWV RI OH[LFDO LGLRPV� HWF�
$X[6 7KH �DUWLILFLDOO\ FUHDWHG� URRW RI WKH WUHH ���
$X[. 3XQFWXDWLRQ DW WKH HQG RI VHQWHQFH RU GLUHFW VSHHFK RU FLWDWLRQ

FODXVH
([' [ [ [ (OOLSVLV KDQGOLQJ �([�'HSHQGHQF\�� IXQFWLRQ IRU QRGHV ZKLFK

³SVHXGR�GHSHQG´ RQ D QRGH RQ ZKLFK WKH\ ZRXOG QRW LI WKHUH

ZHUH QR HOOLSVLV�
$WU$WU�
$WU$GY�
$GY$WU�
$WU2EM�
2EM$WU

[ [ [ $ QRGH �DQDO\WLFDO IXQFWLRQ� DQ DWWULEXWH� ZKLFK FRXOG GHSHQG

DOVR RQ LWV JRYHUQRU¶V JRYHUQRU �DQG KDYH WKH DSSURSULDWH RWKHU

IXQFWLRQ�� 7KHUH PXVW EH QR VHPDQWLF RU VLWXDWLRQDO GLIIHUHQFH

EHWZHHQ WKH WZR FDVHV �RU PRUH� LQ FDVH RI VHYHUDO DWWULEXWHV

GHSHQGLQJ RQ HDFK RWKHU�� 7KH RUGHU UHSUHVHQWV DQQRWDWRU¶V

SUHIHUHQFH� EXW LV ODUJHO\ XQLPSRUWDQW�

$V DQ H[DPSOH RI DQ DQDO\WLFDO�OHYHO DQQRWDWLRQ RI D VHQWHQFH ZH SUHVHQW KHUH WKH UHSUHVHQWDWLRQ RI WKH

VHQWHQFH �OLWHUDO WUDQVODWLRQ JLYHQ DIWHU VODVKHV� WUDQVODWLRQ LQ SDUHQWKHVLV��

'R�7LOO ������
WK
NY�WQD�0D\ PRKRX�FDQ FHVWXMtFt�SDVVHQJHUV SODWLW�SD\ GRVXG�KLWKHUWR SODWQêP�YDOLG

]S$VREHP�ZD\� �8QWLO 0D\ ��� WKH SDVVHQJHUV FDQ SD\ LQ WKH ZD\ FXUUHQWO\ XVHG��

7KH RULJLQDO ZRUG IRUPV DV ZHOO DV WKH DWWULEXWH YDOXHV RI WKH DQDO\WLFDO IXQFWLRQ DUH GLVSOD\HG� 7KLV

H[DPSOH VKRZV

xx WKH H[WUD URRW QRGH RI WKH WUHH� ZLWK D QXPEHU RI WKH VHQWHQFH ZLWKLQ D ILOH�

xx WKH KDQGOLQJ RI DQDO\WLFDO YHUE IRUP �PRGDO YHUE PRKRX� LQILQLWLYH SODWLW�

xx WKH IDFW WKDW WKH YHUE LV WKH JRYHUQLQJ QRGH RI WKH ZKROH VHQWHQFH �RU RI HYHU\ FODXVH LQ FRPSRXQG

VHQWHQFHV�� DV RSSRVHG WR WKH FRPSOH[ VXEMHFW � FRPSOH[ SUHGLFDWH GLVWLQFWLRQ PDGH HYHQ LQ WKH

RWKHUZLVH GHSHQGHQF\�RULHQWHG WUDGLWLRQDO JUDPPDUV RI &]HFK� VXFK DV �âPLODXHU �����

xx DWWDFKPHQW RI D PDQQHU�W\SH DGYHUELDO WR D DQDO\WLFDO YHUE IRUP

xx GDWH KDQGOLQJ

xx SUHSRVLWLRQDO SKUDVH VWUXFWXUH �SUHSRVLWLRQ RQ WRS�



DQG� RI FRXUVH� DOO WKH DQDO\WLFDO IXQFWLRQV DVVLJQHG WR WKHVH QRGHV

��� 7KH 7HFWRJUDPPDWLFDO /HYHO

7KH WHFWRJUDPPDWLFDO OHYHO DQQRWDWLRQ LV EDVHG RQ WKH IUDPHZRUN RI )XQFWLRQDO *HQHUDWLYH 'HVFULSWLRQ

�)*'� DV GHYHORSHG LQ 3UDJXH E\ 3HWHU 6JDOO DQG KLV FROODERUDWRUV VLQFH WKH EHJLQQLQJ RI WKH �����¶V �IRU

D PRVW GHWDLOHG DQG LQWHJUDWHG IRUPXODWLRQ� VHH 6JDOO� +DMLþRYi DQG 3DQHYRYi ������ 7KH EDVLF SULQFLSOHV

RI DQQRWDWLRQ DUH GLIIHUHQW WKDQ RQ WKH DQDO\WLFDO OHYHO� ,QVWHDG RI UHTXLULQJ HYHU\ ZRUG EHFRPLQJ D QRGH�

ZH UHTXLUH WKDW HYHU\ DXWRVHPDQWLF ZRUG EHFRPHV D QRGH� SOXV DOO QRGHV GHOHWHG RQ WKH VXUIDFH � DQG WKXV

RQ WKH DQDO\WLFDO OHYHO � ZLOO EH DGGHG�

� 7KH 0DQXDO $QQRWDWLRQ RI WKH 3'7 DW WKH $QDO\WLFDO /HYHO

��� 2UJDQL]DWLRQ

1RW VXUSULVLQJO\� WKH HIIRUW WR RUJDQL]H WKH VWUXFWXUDO DQQRWDWLRQ DSSHDUV WR EH D FRPSOLFDWHG WDVN� 7KHUH LV

OLWWOH H[SHULHQFH ZLWK VXFK D WDVN� ZH KDYH OHDUQHG IURP WKH /'&¶V H[SHULHQFH ZLWK 3HQQ 7UHHEDQN� EXW

WKHUH ZDV QR RWKHU GHVFULSWLRQ DYDLODEOH RI VLPLODU SURMHFWV� 7KH DQQRWDWLRQ LWVHOI EHJXQ LQ 1RYHPEHU ����

E\ FRQVWLWXWLQJ D ZRUNLQJ JURXS RI � SHRSOH� � RI WKHP KLUHG MXVW IRU WKH DQQRWDWLRQ WKDQNV WR DQ H[WHUQDO

JUDQW DQG RWKHU VXSSRUW� 7KH UHPDLQLQJ WKUHH DUH IDFXOW\ PHPEHUV� WKH DXWKRU RI WKLV DUWLFOH� ZKR LV

SULPDULO\ D FRPSXWHU VFLHQWLVW� DQG ZKR LV UHVSRQVLEOH IRU WKH GDWD SUHSDUDWLRQ� VRIWZDUH WRROV�

RUJDQL]DWLRQ DQG JHQHUDO DGPLQLVWUDWLRQ RI WKH SURMHFW� -DUPLOD 3DQHYRYi� ZKR LV UHVSRQVLEOH IRU WKH

DQQRWDWLRQ UXOHV� DQG $OOD %pPRYi� ZKR� ZKLOH DQQRWDWLQJ WKH WUHHEDQN� DOVR ZRUNV RQ WKH DQQRWDWLRQ

UXOHV� $OO WKH QHZO\ KLUHG SHRSOH �(YD %XUi�RYi� D OLQJXLVW� QRZ UHWLUHG� IRUPHU IDFXOW\ PHPEHU DQG

PHPEHU RI WKH ,QVWLWXWH� WKUHH VWXGHQWV RI OLQJXLVWLFV DW WKH )DFXOW\ RI $UWV� -L�t .iUQtN� 3HWU 3DMDV DQG -DQ

âW�SiQHN� DQG =GH�ND 8UHãRYi� DOVR D OLQJXLVW E\ HGXFDWLRQ� ZLWK H[SHULHQFH LQ OH[LFRJUDSK\� ZHUH QRW

RQO\ FRPSXWHU�OLWHUDWH� EXW WKH VWXGHQWV ZHUH DOVR VWXG\LQJ FRPSXWHU VFLHQFH ZLWK YDULRXV LQWHQVLW\�

7KHUHIRUH WKHLU EDFNJURXQG DOORZHG XV YLUWXDOO\ WR VNLS DQ\ LQWURGXFWLRQ WR FRPSXWDWLRQDO OLQJXLVWLFV DQG

ZH FRXOG VWDUW LPPHGLDWHO\ ZLWK WKH DQQRWDWLRQ SURFHVV LWVHOI�

7KH SURFHVV RI DQQRWDWLRQ KDV EHHQ �DQG VWLOO LV� YLHZHG DV D F\FOLFDO SURFHVV ZKHUH WKH UXOHV IRU

DQQRWDWLRQ DUH EHLQJ FRQVWUXFWHG EDVHG RQ WKH HYLGHQFH IRXQG LQ WKH GDWD� 7KXV ZH KDYH H[SODLQHG WKH

EDVLF SULQFLSOHV RI DQQRWDWLRQ WR WKH DQQRWDWRUV� DQG DVNHG WKHP WR XVH H[LVWLQJ JUDPPDU ERRNV� PRVW

QRWDEO\ �âPLODXHU ������ DQ ROG� EXW VWLOO WKH EHVW &]HFK JUDPPDU GHVFULSWLRQ� ,W DOVR XVHV GHSHQGHQF\

IUDPHZRUN� DOWKRXJK WKHUH DUH VRPH �HDVLO\ LGHQWLILDEOH DQG UHSODFHDEOH� GHYLDWLRQV� :H ZHUH DZDUH RI WKH

IDFW WKDW WKHUH DUH PDQ\ JDSV LQ VXFK D WUDGLWLRQDO JUDPPDU IURP WKH SRLQW RI YLHZ RI DQ H[SOLFLW

DQQRWDWLRQ EDVHG RQ WKH EDVLF SULQFLSOHV VWDWHG DERYH� PDLQO\� WKH UHTXHVW WR KDYH HDFK LQSXW ZRUG

UHSUHVHQWHG E\ D QRGH LQ WKH WUHH �D UHTXHVW TXLWH QDWXUDO IURP WKH FRPSXWDWLRQDO SRLQW RI YLHZ� LV ODUJHO\

QRW UHIOHFWHG LQ DQ\ KXPDQ�RULHQWHG JUDPPDU GHVFULSWLRQ� 1HYHUWKHOHVV� EHIRUH VWDUWLQJ WR ZULWH

DXWKRULWDWLYH JXLGHOLQHV EDVHG RQ VXFK D JUDPPDU� ZH EHOLHYHG WKDW D GHILQLWH YHUVLRQ FDQ EH FRQVWUXFWHG

RQ WKH IO\� ZLWK DQQRWDWLRQ FRUUHFWLRQV PDGH ODWHU VKRXOG WKH UXOHV FKDQJH�

$IWHU VROYLQJ WKH LQLWLDO KDUGZDUH DQG VRIWZDUH LQVWDOODWLRQ SUREOHPV WKH DQQRWDWLRQ EHJXQ LQ 'HFHPEHU

����� 7KH NH\ VRIWZDUH WRRO XVHG ZDV WKH *5$3+ SURJUDP� GHYHORSHG E\ 0LFKDO .�HQ LQLWLDOO\ DV KLV

XQGHUJUDGXDWH WKHVLV LQ �������� DQG JUHDWO\ HQKDQFHG DIWHUZDUGV �VHH DOVR EHORZ XQGHU WKH VHFWLRQ ���

7RROV�� 7KLV WRRO DOORZV IRU JUDSKLFDO YLHZLQJ DQG HGLWLQJ RI WKH GHSHQGHQF\ UHSUHVHQWDWLRQ RI DQQRWDWHG

VHQWHQFHV�

'XULQJ WKH ILUVW � PRQWKV �XQWLO 0D\ ����� ZH KDYH DQQRWDWHG URXJKO\ ����� VHQWHQFHV RI QHZVSDSHU

WH[WV� :H KHOG UHJXODU PHHWLQJV HYHU\ ��� ZHHNV DQG VROYHG SUREOHPV ZKLFK WKH DQQRWDWRUV LGHQWLILHG� :H

KDYH JHQHUDWHG DQ �UDWKHU XQRUGHUHG� VHW RI UXOHV IRU FDVHV IRXQG LQ WKH GDWD� ZKLFK KDG QRW EHHQ WUHDWHG

SUHYLRXVO\ LQ WKH JUDPPDU ERRNV RU ZKLFK KDG EHHQ WUHDWHG LQFRQVLVWHQWO\� $IWHU WKRVH VL[ PRQWKV LW

EHFDPH DSSDUHQW WKDW WKHUH LV D VWURQJ QHHG WR RUJDQL]H DOO WKHVH UXOHV �SOXV WKRVH ZKLFK FRXOG EH XVHG



GLUHFWO\ IURP WKH H[LVWLQJ JUDPPDU� LQWR DQ ³$QQRWDWRU¶V *XLGHOLQHV´� 7KH GHYHORSPHQW RI WKH *XLGHOLQHV

LV FRQVLGHUHG WR EH WKH VHFRQG SKDVH RI WKH SURMHFW�

:H KDYH GLVWULEXWHG WKRVH ����� VHQWHQFHV DPRQJ DOO WKH DQQRWDWRUV DQG GLYLGHG WKH ZRUN LQ D GLIIHUHQW

ZD\� )RXU VXEWDVNV ZHUH GHILQHG�

xx &RPSOHWH UHZULWH RI WKH H[LVWLQJ JUDPPDU �âPLODXHU ����� IURP WKH DQQRWDWLRQ SRLQW RI YLHZ EDVHG RQ

H[DPSOHV WDNHQ IURP WKH JUDPPDU�

xx 5HYLVLRQ DQG PHUJLQJ RI WKH DERYH H[DPSOHV DQG WKH UXOHV FUHDWHG GXULQJ WKH ILUVW � PRQWKV�

xx ([LVWLQJ GDWD �WKRVH ����� VHQWHQFHV� FRUUHFWLRQ EDVHG RQ WKH $QQRWDWRU¶V *XLGHOLQHV�

xx 7HFKQLFDO HGLWLQJ RI WKH JXLGHOLQHV� WR EH DYDLODEOH ERWK LQ DQ +70/ IRUPDW DQG DV D SULQWHG PDQXDO�

ZLWK ULFK LQGH[LQJ�K\SHUOLQN VFKHPH�

7HFKQLFDO HGLWLQJ DSSHDUHG WR EH TXLWH D WDVN � JLYHQ WKDW ZH ZDQWHG WR KDYH ERWK D SULQWHG DQG DQ +70/

YHUVLRQ RI WKH PDQXDO� 0LFURVRIW :RUG YHUVLRQ � ZDV VXSSRVHG WR EH VXLWDEOH IRU WKLV WDVN� DQG LQ SULQFLSOH

LW LV �GHVSLWH LWV ZHOO�NQRZQ SUREOHPV�� EXW WKH JXLGHOLQHV FUHDWLRQ SURFHVV �GRQH E\ -L�t .iUQtN� LV YHU\

GHPDQGLQJ�

7KH ILUVW WDVN� XQGHUWDNHQ E\ =GH�ND 8UHãRYi� ZKLFK FRXOG EH GXEEHG DV ³âPLODXHU¶V V\QWD[ LQ

H[DPSOHV´� JHQHUDWHG RYHU ��� VKHHWV RI SDSHU ZLWK HYHU\ VXEVHFWLRQ IURP WKH 1RYRþHVNi VNODGED

UHSUHVHQWHG E\ DW OHDVW RQH H[DPSOH� $OO RI WKHVH KDV EHHQ UHYLVHG E\ -DUPLOD 3DQHYRYi� DQG SDUWLDOO\ E\

RWKHUV� WR FRQILUP RU UHSODFH DQ\ TXHVWLRQDEOH GHFLVLRQV WDNHQ LQ XQFOHDU FDVHV� 0HDQZKLOH� WKH VWUXFWXUH

RI WKH FRUH FKDSWHUV RI WKH JXLGHOLQHV KDYH EHHQ GHILQHG E\ WKH DXWKRU RI WKLV DUWLFOH WRJHWKHU ZLWK WKH

LQLWLDO LQGH[LQJ VFKHPH� 7KH LQGH[LQJ VFKHPH KDV IRXU OHYHOV� ZRUGV� PRUSKRORJLFDO FKDUDFWHULVWLFV�

V\QWDFWLFDOO\�EDVHG SKHQRPHQD EDVHG RQ WKH WUDGLWLRQDO QRWLRQV� DQG WKH UHVXOWLQJ DQDO\WLFDO IXQFWLRQV�

7KH LQGH[LQJ� RU K\SHUOLQNLQJ� LQ WKH PDQXDO LV D YHU\ LPSRUWDQW IHDWXUH� DV LW LV LPSRVVLEOH WR VWUXFWXUH

WKH JXLGHOLQHV IURP VHYHUDO SRLQWV RI YLHZ VLPXOWDQHRXVO\� 7KH EDVLF VWUXFWXUH IROORZV WKDW RI WKH

WUDGLWLRQDO JUDPPDU ERRN� ZLWK VHFWLRQV DGGHG ZKHUH DSSURSULDWH� 7KLV LV EDVHG RQ WKH DVVXPSWLRQ WKDW D

W\SLFDO DQQRWDWRU ZLOO EH D OLQJXLVW RU VRPHERG\ IDPLOLDU ZLWK WKH WUDGLWLRQDO JUDPPDU� +RZHYHU� WKH

LQGH[HV VHUYH DV HQWU\ SRLQWV IRU RWKHU SRLQWV RI YLHZ� VXFK DV WKH ³FRPSXWDWLRQDO´ RQH� VWDUWLQJ ZLWK

PRUSKRORJLFDO DQG SDUW�RI�VSHHFK LQIRUPDWLRQ� RU WKH ³H[SHULHQFHG DQQRWDWRU´ RQH� ZKR UHPHPEHUV

ZRUGLQJ RI WKH H[DPSOHV� EXW QRW TXLWH KRZ WR DQQRWDWH WKHP� $OVR� WKH LQGH[HV VKRXOG EH DOVR XVHIXO IRU

WKH XVHU RI WKH WUHHEDQN� ZKR VLPSO\ ZDQWV WR NQRZ ZKDW DQ DQDO\WLFDO IXQFWLRQ �VXFK DV $GY RU &RRUG�

KDV EHHQ XVHG IRU� /DWHU� ZH ZLOO GHYHORS DOVR WKH WHUPLQRORJLFDO LQGH[�

$OO WKH DQQRWDWRUV KDYH KHOSHG WR IRUPXODWH WKH ILQDO ZRUGLQJ LQ WKH *XLGHOLQHV� DQG HDFK RI WKHP LV

UHVSRQVLEOH IRU D FHUWDLQ VHFWLRQ RI WKH *XLGHOLQHV �IRU H[DPSOH� IRU VXEMHFW� RU UKHPDWL]HUV DQG PXOWLZRUG

XQLWV� HWF��� *LYHQ WKHLU HIIRUW LQ WKLV UHVSHFW� DQG DOVR WKHLU FRQWULEXWLRQ WR WKH IRUPXODWLRQ RI WKH

DQQRWDWLRQ UXOHV GXULQJ WKH ILUVW SKDVH RI WKH SURMHFW� WKH\ DOO EHFRPH QRW RQO\ WKH DQQRWDWRUV� EXW DOVR WKH

DXWKRUV RI WKH *XLGHOLQHV �%pPRYi HW DO� ������

6WDUWLQJ 1RYHPEHU ����� HYHQ WKRXJK WKH *XLGHOLQHV DUH QRW TXLWH FRPSOHWH DQG QRW DOO SUREOHPV KDYH

EHHQ UHVROYHG� ZH VWDUWHG WKH WKLUG SKDVH� DQQRWDWLRQ RI QHZ GDWD FRQWLQXHV� :H H[SHFW WR KDYH �������

VHQWHQFHV DQQRWDWHG E\ WKH HQG RI -XQH RI ����� ,Q WKH ILQDO SKDVH RI WKH SURMHFW ZH ZLOO UXQ FRQVLVWHQF\

WHVWV� ZKLFK DUH QRZ EHLQJ SUHSDUHG E\ SHRSOH RXWVLGH WKH JURXS� :H DLP DW KDOI PLOOLRQ ZRUGV ��������

VHQWHQFHV� WR IRUP WKH 3UDJXH 'HSHQGHQF\ 7UHHEDQN DW WKH HQG RI WKH SURMHFW� 7KHUH DUH DOVR RWKHU QRQ�

WULYLDO WDVNV FRQQHFWHG WR WKH SURMHFW� IRU H[DPSOH� WKH WDJJHG GDWD �OHYHO �� KDYH WR EH PHUJHG ZLWK WKH

VWUXFWXUDOO\ DQQRWDWHG GDWD� FKDQJHV LQ PRUSKRORJ\ KDYH WR EH LQFRUSRUDWHG� WKH UHVXOWLQJ IRUPDW PXVW EH

FRQYHUWHG WR 6*0/ WR EH LQFOXGHG LQ WKH &]HFK 1DWLRQDO &RUSXV� HWF� 7KHVH WDVNV DUH EHLQJ ZRUNHG RQ E\

RXU FROODERUDWRUV IURP RXU ,QVWLWXWH� PDLQO\ E\ WKRVH ZKR DUH XOWLPDWHO\ LQWHUHVWHG LQ XVLQJ WKH 3'7 IRU

WKHLU RZQ UHVHDUFK�

��� 7RROV

0DQXDO DQQRWDWLRQ GRHV QRW PHDQ WKDW SHRSOH DUH W\SLQJ FRPSOLFDWHG IRUPDO UHSUHVHQWDWLRQV E\ KDQG LQWR

D FRPSXWHU� (YHQ WKH ILUVW DQQRWDWLRQ DWWHPSWV LQ WKH WLPHV ZKHQ JUDSKLFDO HGLWLQJ ZDV UHVRXUFH�



GHPDQGLQJ DQG WKHUHIRUH QRW IHDVLEOH ZHUH JXLGHG E\ VRIWZDUH WRROV� 7KHVH WRROV DOORZHG WKH DQQRWDWRUV WR

DVVLJQ RQO\ D IRUPDOO\ FRUUHFW HQWU\� DYRLGLQJ H[SHQVLYH FKHFNLQJ�DQG�FRUUHFWLRQ SURFHVV DIWHUZDUGV�

%DVHG RQ WKH DYDLODELOLW\ RI FRPSXWLQJ SRZHU WRGD\� ZH GHFLGHG WKDW IRU WKH DQQRWDWLRQ RI WKH 3'7 ZH XVH

DV DGYDQFHG WRROV DV SRVVLEOH� $IWHU RQH \HDU RI H[SHULHQFH RI DQQRWDWLQJ ERWK PRUSKRORJLFDOO\ DQG

V\QWDFWLFDOO\� LW VHHPV WKDW WKLV ZDV WKH ULJKW FKRLFH�

����� 0RUSKRORJLFDO GLVDPELJXDWLRQ� VJG DQG '$

:H XVH D VSHFLDO SXUSRVH WRRO IRU PRUSKRORJLFDO DQQRWDWLRQ� ZKLFK DOORZV IRU DQ HDV\ GLVDPELJXDWLRQ RI

OHPPDV DQG WDJV DV RXWSXW E\ WKH PRUSKRORJLFDO DQDO\]HU� 7KH WRRO KDV ILUVW EHHQ LPSOHPHQWHG XQGHU WKH

/LQX[ RSHUDWLQJ V\VWHP XQGHU WKH QDPH VJG E\ .DUHO 6NRXSê �DQG LV FDSDEOH RI UXQQLQJ DOVR RQ 6RODULV

DQG RWKHU RSHUDWLQJ V\VWHPV RI WKH 8QL[ W\SH�� ,W KDV EHHQ UHLPSOHPHQWHG DOVR IRU WKH :LQGRZV ��

SODWIRUP E\ -L�t +DQD �XQGHU WKH '$ QDPH�� WR DOORZ IRU DQQRWDWRUV ZKR GR QRW KDYH WKH SRVVLELOLW\ WR

LQVWDOO /LQX[ RQ WKHLU KRPH PDFKLQHV� 7KH XVHU LQWHUIDFH LV LGHQWLFDO� 7KH VJG WRRO LV WH[W�WHUPLQDO EDVHG

VR LW FDQ EH UHODWLYHO\ HDVLO\ �FKDUDFWHU FRGLQJ SUREOHPV DVLGH� XVHG IURP DQ\ YW����FDSDEOH WHUPLQDO� DV

ZHOO DV D IURP DQ [WHUP RU VLPLODU SURJUDPV�

7KH WRROV ZRUN IXOO VFUHHQ RQ WH[WV LQ D 6*0/ IRUPDW �DV GHILQHG E\ WKH &]HFK 1DWLRQDO &RUSXV¶ VWDQGDUG

GDWD W\SH GHILQLWLRQ� QDPHO\� WKH FVWV�GWG� SUHSURFHVVHG E\ D PRUSKRORJLFDO SURFHVVRU �VHH VHFW� �����

0RUSKRORJLFDO $QDO\VLV DERYH�� 7KH DQQRWDWRUV DUH SUHVHQWHG ZLWK D OLVW RI DPELJXRXV ZRUGV DV IRXQG LQ

WKH LQSXW WH[W �H[SDQGDEOH WR IXOO WH[W OLVW� ZLWK DPELJXRXV ZRUGV PDUNHG E\ DQ DVWHULVN�� 7KH IXOO WH[W

FRQWH[W LV DOVR GLVSOD\HG LQ D VHSDUDWH ZLQGRZ� ZLWK WKH DFWLYH ZRUG PDUNHG E\ UHYHUVH YLGHR� 7KH ODUJHVW

SDUW RI WKH VFUHHQ LV GHYRWHG WR WKH GLVDPELJXDWLRQ SURFHVV LWVHOI� 7KH DQQRWDWRU ILUVW FKRRVHV WKH FRUUHFW

OHPPD� DQG WKHQ� LI QHHGHG �ZKLFK LV XVXDOO\ WKH FDVH� DV PRUH WKDQ ��� ZRUGV �WRNHQV� DUH

PRUSKRORJLFDOO\ DPELJXRXV LQ &]HFK�� WKH FRUUHFW WDJ� 6�KH KDV WKH SRVVLELOLW\ DOVR WR HGLW ERWK WKH OHPPD

DQG WKH WDJ� LQ FDVH WKH PRUSKRORJLFDO SURFHVVRU GLG QRW NQRZ WKH ZRUG DOWRJHWKHU RU PDGH DQ HUURU� 7KH

WH[W LV VDYHG RQO\ ZLWK WKH OHPPDV DQG WDJV FKRVHQ E\ WKH DQQRWDWRUV� :H PXVW DGPLW WKDW VDYLQJ RQO\ WKH

GLVDPELJXDWHG OHPPDV DQG WDJV ZDV D GHFLVLRQ ZKLFK QRZ PDNHV SUREOHPV ZKHQ ZH ZDQW WR XSJUDGH WKH

DQQRWDWHG GDWD XVLQJ QHZ OH[LFRQV DQG WDJV �DV WKH PRUSKRORJ\ HYROYHV� RI FRXUVH��

7KHUH DUH RWKHU WRROV UHODWHG WR PRUSKRORJLFDO DQQRWDWLRQ� EXW WKHVH DUH PRVWO\ VWDQGDUG 8QL[ WRROV �GLII�

IOH[� DZN� SHUO HWF��� 7KHVH KHOS WR UHVROYH GLIIHUHQFHV EHWZHHQ WZR DQQRWDWRUV RQ WKH VDPH WH[W DQG WR GR

RWKHU FRQYHUVLRQV RI WKH PDWHULDO�

����� 7KH DQDO\WLFDO OHYHO DQQRWDWLRQ WRRO� *5$3+

7KH DQDO\WLFDO OHYHO� HYHQ WKRXJK ZH DUH LQWHUHVWHG LQ WKH VWUXFWXUH DQG RQH DWWULEXWH �DQDO\WLFDO IXQFWLRQ�

³RQO\´� LV D PDMRU FKDOOHQJH EHFDXVH RI LWV LQKHUHQWO\ QRQ�OLQHDU QDWXUH� :H KDYH XVHG D SURJUDP FDOOHG

UDWKHU XQLQVSLUDWLYHO\ *5$3+� 7KLV SURJUDP ZRUNV XQGHU 0LFURVRIW :LQGRZV ���� DQG ��� DQG KDV EHHQ

GHYHORSHG DV D JUDGXDWH WKHVLV EDVHG RQ LQLWLDO VSHFLILFDWLRQ GHYHORSHG ORQJ EHIRUH WKH DQQRWDWLRQ SURMHFW

DFWXDOO\ EHJDQ� ,W KDV FKDQJHG D ORW VLQFH WKHQ � WKHUH ZHUH DERXW �� YHUVLRQV RI LW ZLWK EXJ IL[HV� PLQRU

DQG PDMRU XSGDWHV� 7KH SURJUDP DOORZV IRU GUDJ�DQG�GURS VW\OH HGLWLQJ RI WUHHV ZLWK DQQRWDWHG QRGHV� ,W LV

QRW MXVW IRU GHSHQGHQF\�EDVHG IRUPDO UHSUHVHQWDWLRQV� HYHQ WKRXJK LW KDV VSHFLDO IHDWXUHV �VXFK DV YLVXDO

QRGH RUGHULQJ� ZKLFK ZHUH LQVSLUHG E\ VXFK IRUPDOLVPV� 6HYHUDO ILOHV FDQ EH RSHQHG FRQFXUUHQWO\�

�VXE�WUHHV PD\ EH FRSLHG DPRQJ WKHP XVLQJ PXOWLSOH�EXIIHU FOLSERDUG� ILOHV PD\ EH VHDUFKHG IRU QRGH

DQQRWDWLRQV� 7KH GLVSOD\ RI WUHHV �DWWULEXWHV WR EH GLVSOD\HG� FRORUV� IRQWV� OLQH WKLFNQHVV� HWF�� LV IXOO\

FRQILJXUDEOH WR VXLW WKH WDVN DW KDQG DV ZHOO DV WKH DQQRWDWRU¶V SUHIHUHQFHV� ZKLFK PLJKW GHSHQG RQ WKH

KDUGZDUH RU RWKHU GLIIHUHQFHV� 7KH SURJUDP FDQ EH FRPSOHWHO\ PRXVHOHVV GULYHQ� WRR�

2QH RI WKH PDMRU IHDWXUHV UHFHQWO\ LQWURGXFHG LQWR WKH *5$3+ SURJUDP LV WKH SRVVLELOLW\ WR XVH PDFURV �

RU LQ RWKHU ZRUGV� WKH SURJUDP EHFDPH SURJUDPPDEOH� 7KH SURJUDPPLQJ ODQJXDJH �ZKLFK LV LQWHUSUHWHG

DW WKH PRPHQW� LV VLPLODU WR & EXW FRQWDLQV RQO\ WKRVH FRQVWUXFWV QHFHVVDU\ IRU WKH DQQRWDWLRQ WDVNV� 7KH



IXQFWLRQV FDQ EH LQYRNHG LQWHUDFWLYHO\ �E\ D NH\SUHVV� RU IURP WKH FRPPDQG OLQH ZKHQ VWDUWLQJ WKH

*5$3+ SURJUDP� 7KHVH PDFURV KDYH EHHQ XVHG VR IDU IRU WZR GLIIHUHQW SXUSRVHV�

xx DV VKRUWFXWV� ORQJ DVNHG IRU E\ WKH DQQRWDWRUV� WR DYRLG RSHQLQJ � RU � ZLQGRZV ZKHQ VHOHFWLQJ WKH

DSSURSULDWH DQDO\WLFDO IXQFWLRQ IRU D QRGH LQ WKH WUHH�

xx IRU D SUHOLPLQDU\ DVVLJQPHQW RI DQDO\WLFDO IXQFWLRQV WR QRGHV ZKHQ WKH WUHH VWUXFWXUH LV EXLOW� EXW EHIRUH

WKH PDQXDO QRGH DQQRWDWLRQ�

7KH SURJUDPPLQJ IDFLOLW\ LV QRW LQWHQGHG WR EH XVHG E\ WKH DQQRWDWRUV� EXW WKH\ DUH DEOH WR XVH WKH PDFURV

SUHSDUHG E\ SURJUDPPHUV� :H H[SHFW WKDW ZH ZLOO XVH WKHVH PDFURV DOVR IRU WUHH FKHFNLQJ DQG

WUDQVIRUPDWLRQV� ZLOO LW EH QHFHVVDU\ H�J� DIWHU FKDQJHV PDGH WR WKH DQQRWDWLRQ UXOHV� 7KH SURJUDPPLQJ

ODQJXDJH DOORZV IRU DOPRVW DOO WKH HGLWLQJ RSHUDWLRQV PDGH QRUPDOO\ E\ WKH DQQRWDWRUV� LQFOXGLQJ WUHH

UHVWUXFWXULQJ� 7KXV LQ SULQFLSOH WKH\ FRXOG EH XVHG DOVR IRU LQLWLDO WUHH VWUXFWXUH DVVLJQPHQW� EXW LW ZLOO

KDYH WR EH VHHQ LI VXFK D ³PDFUR´ LV IHDVLEOH WR LPSOHPHQW �LQ IDFW� WKDW ZRXOG EH DQ DWWHPSW DW SDUVLQJ���

7KH VKRUWFXWV DOORZ WR DVVLJQ DQ DQDO\WLFDO IXQFWLRQ WR DQ DFWLYH QRGH E\ D VLPSOH NH\SUHVV� RU D &WUO

DQG�RU 6KLIW SOXV D NH\ LQ FDVH RI IXQFWLRQV ³VXIIL[HG´ E\ B&R� B$S RU B3D� 7KHVH PDFURV DOVR VWRUH WKH

YDOXH SUHYLRXVO\ DVVLJQHG WR WKLV QRGH� DQG DQRWKHU PDFUR IXQFWLRQ� ZKHQ LQYRNHG� FDQ WKXV UHYHUW WR WKH

SUHYLRXV YDOXH� VKRXOG WKH DQQRWDWRU GHFLGH WKDW V�KH PDGH D PLVWDNH� 7KHUH DUH DOVR PDFURV IRU QRGH

VZDS� IRU DVVLJQPHQW RI WKH $WU IXQFWLRQ WR DOO QRGHV LQ D VXEWUHH �D IUHTXHQW FDVH QHDU WKH OHDYHV RI WKH

WUHH�� DQG IRU VSHFLDO FRRUGLQDWLRQ DQG DSSRVLWLRQ KDQGOLQJ�

7KH LQLWLDO DQDO\WLFDO IXQFWLRQ DVVLJQPHQW LV SHUIRUPHG E\ D ���� OLQHV ORQJ IXQFWLRQ ZKLFK WULHV WR DVVLJQ

WKH PRVW SODXVLEOH DQDO\WLFDO IXQFWLRQ WR HYHU\ QRGH RI D WUHH� 7KH DVVLJQPHQW LV EDVHG RQ UHODWLYHO\ VLPSOH

KDQG�FUDIWHG UXOHV� 7KH\ DUH IDU IURP SHUIHFW� DQG VRPHWLPHV LQWHQWLRQDOO\ GLVUHJDUG VRPH FRPSOLFDWHG

FRQWH[WV� EXW DV WKH ILUVW IHHGEDFN IURP WKH DQQRWDWRUV VKRZV� WKH\ DUH FRUUHFW LQ DOPRVW ��� FDVHV� 7KHVH

UXOHV ZLOO EH FRPSOHPHQWHG E\ D VHW RI UXOHV ZRUNLQJ ZLWK OLVWV RI YHUEV UHTXLULQJ FHUWDLQ W\SH RI REMHFW

FRQVWUXFWLRQV� ZKLFK VKRXOG HQKDQFH WKH DVVLJQPHQW RI KH 2EM DQDO\WLFDO IXQFWLRQ DQG DYRLG WKH QHHG WR

VHDUFK VXFK OLVWV LQ WKH *XLGHOLQHV �VLPLODUO\� WKH IXQFWLRQ FDQ GHDO ZLWK PXOWLZRUG SUHSRVLWLRQV DQG

FRQMXQFWLRQV� UKHPDWL]HUV HWF���

7KH LQLWLDO DVVLJQPHQW IXQFWLRQ FDQ DOVR EH XVHG �XQGHU D GLIIHUHQW QDPH� RQ D ILOH DV D ZKROH� ZKLFK

PHDQV WKDW WKH DQQRWDWRUV GRQ¶W KDYH WR UXQ WKH PDFUR RQ HYHU\ WUHH� 7KH EDWFK IHDWXUH RI WKH *5$3+

SURJUDP DOVR DOORZV WR UXQ WKH VDPH PDFUR RQ PDQ\ ILOHV XVLQJ D VLQJOH FRPPDQG� ZKLFK PLJKW KHOS

VKRXOG WKH ZRUN EH GLYLGHG EHWZHHQ ³VWUXFWXUH´ DQQRWDWLRQ DQG ³DQDO\WLFDO IXQFWLRQ´ DQQRWDWLRQ �ZKLFK LV

QRW WKH FDVH DW WKH PRPHQW� EXW LW LV DQ RSHQ TXHVWLRQ ZKHWKHU ZH ZLOO GR LW LQ WKH IXWXUH RU QRW��

7KH PDFURV FRXOG EH XVHG DOVR IRU FRPSOH[ VHDUFKHV LQ WKH ZKROH WUHHEDQN� EXW FXUUHQWO\ WKLV LV SRVVLEOH

RQO\ DW WKH SURJUDP OHYHO� :H SODQ WR LQWURGXFH DOVR DQ LQWHUDFWLYH XVHU LQWHUIDFH WR WKH PDFUR

SURJUDPPLQJ ODQJXDJH� ZKLFK ZRXOG DOORZ DOVR WKH XVHU WR VSHFLI\ D FRPSOH[ VHDUFK TXHU\�

� 7UHHEDQN 8VDJH� 3DUVLQJ 8QUHVWULFWHG 7H[W

7KH WUHHEDQN FDQ REYLRXVO\ EH XVHG IRU IXUWKHU OLQJXLVWLF UHVHDUFK� DV LW FRQWDLQV D ORW RI PDWHULDO

DQQRWDWHG LQ D ZD\ GLUHFWO\ XVDEOH E\ RULJLQDO OLQJXLVWLF UHVHDUFK� TXLFNO\ VHDUFKDEOH XVLQJ GLIIHUHQW

FULWHULD� +RZHYHU� LQ WKH SUHVHQW FRQWULEXWLRQ ZH ZLOO GLVFXVV D PRUH ³FRPSXWDWLRQDO´ XVDJH RI WKH

WUHHEDQN� QDPHO\� DV D EDVLV IRU FUHDWLQJ D VWDWLVWLFDOO\�EDVHG SDUVHU RI XQUHVWULFWHG ZULWWHQ WH[W�

��� 7KH 3UREOHP RI 3DUVLQJ

7KHUH DUH PDQ\ DWWHPSWV WR SDUVH VHQWHQFHV RI QDWXUDO ODQJXDJH DW YDULRXV OHYHOV �%ULOO ����D� %ULOO ����E�

&ROOLQV ����� &ROOLQV ����� 5LEDURY ������ :H DLP KHUH DW V\QWDFWLFR�VHPDQWLF SDUVLQJ RI XQUHVWULFWHG

WH[W� ,W LV D ZHOO�NQRZQ IDFW WKDW KDQG�FUDIWHG UXOHV ZRUN ZHOO IRU UHVWULFWHG GRPDLQV DQG YRFDEXODULHV�

ZKHUHDV WKH\ JHQHUDOO\ IDLO IRU XQUHVWULFWHG WH[W SDUVLQJ� 6R IDU WKH �SDUWLDO DQG LPSHUIHFW� EXW VWLOO WKH EHVW



DYDLODEOH� DQVZHU WR WKLV SUREOHP KDV EHHQ VWDWLVWLFDO SDUVLQJ EDVHG RQ WUDLQLQJ RQ PDQXDOO\ DQQRWDWHG

GDWD�

+DYLQJ VXFK D UHVRXUFH DYDLODEOH IRU &]HFK �WKH 3UDJXH 'HSHQGHQF\ 7UHHEDQN DV GHVFULEHG LQ WKH

SUHYLRXV VHFWLRQV�� ZH GHFLGHG WR SXUVXH WKLV SDUDGLJP IXUWKHU� WU\LQJ WR FRPELQH WKH EHVW RI ERWK ZRUOGV�

:KLOH VWDWLVWLFDO PRGHOV DUH JRRG DW GLVFRYHULQJ UHODWLRQV ZKLFK QR OLQJXLVW ZRXOG DQG HYHQ FRXOG

FRQVLGHU ZLWKRXW H[DPLQLQJ VLPLODU DPRXQW RI GDWD �ZKLFK LV W\SLFDOO\ LPSRVVLEOH�� WKH FRPSXWDWLRQDO

OLQJXLVWLFV SHUVSHFWLYH LV LQGLVSHQVDEOH LQ JXLGLQJ WKH VHOHFWLRQ SURFHVV�

��� 7KH 0RGHO

:H KDYH GHYHORSHG D VWDWLVWLFDO PRGHO ZKLFK KDV EHHQ VXFFHVVIXOO\ XVHG IRU WDJJLQJ �IXOO PRUSKRORJLFDO

GLVDPELJXDWLRQ�� ZKHUH LW LPSURYHG DFFXUDF\ E\ �� SHUFHQWDJH SRLQWV� IURP ��� �+ODGNi ����� +DMLþ DQG

+ODGNi ����D� WR ��� �+DMLþ DQG +ODGNi ����E�� 7KH VWDWLVWLFDO PRGHO LV EDVHG RQ WKH H[SRQHQWLDO

SUREDELOLVWLF PRGHO RI WKH IRUP
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ZKHUH IL�\�[� LV D IHDWXUH VHOHFWRU IXQFWLRQ� ZKLFK UHWXUQV � RU � GHSHQGLQJ RQ WKH YDOXH RI \ DQG WKH

FRQWH[W [� OL LV LWV ZHLJKW� DQG =O�[� LV D QRUPDOL]DWLRQ IDFWRU PDNLQJ WKH GLVWULEXWLRQ D SUREDELOLVWLF

GLVWULEXWLRQ ZKLFK VXPV WR ��

7KLV FUXFLDO SURSHUW\ RI WKLV PRGHO� XVHG VXFFHVVIXOO\ IRU PDQ\ DSSOLFDWLRQV LQ WDJJLQJ DV ZHOO DV LQ

PDFKLQH WUDQVODWLRQ� LV WKH VHW RI Q IHDWXUHV �W\SLFDOO\ LQ WKH RUGHU RI KXQGUHGV�� 7KHVH IHDWXUHV DUH VHOHFWHG

DXWRPDWLFDOO\� EDVHG RQ REMHFWLYH FULWHULD� IURP D PXFK ODUJHU ³SRRO´ RI DYDLODEOH IHDWXUHV� 7KH VHOHFWLRQ RI

IHDWXUHV PD\ EH JXLGHG E\ WZR GLIIHUHQW SULQFLSOHV� D ³PLQLPDO FURVV�HQWURS\´ SULQFLSOH� ZKLFK FRPSDUHV

WKH SUREDELOLW\ GLVWULEXWLRQ FRQVWUXFWHG WR WKH WUDLQLQJ GDWD �XVLQJ WKH FURVV�HQWURS\ PHDVXUH� RU VLPSO\

WKH SUREDELOLW\ RI WUDLQLQJ GDWD�� RU ³PLQLPDO HUURU UDWH´ �DJDLQ� RQ WUDLQLQJ GDWD�� :H KDYH FKRVHQ WKH

VHFRQG SULQFLSOH� DV LW PRUH GLUHFWO\ DWWDFNV WKH SUREOHP DW KDQG�

7KH VHOHFWLRQ RI IHDWXUHV� KRZHYHU� GHSHQGV DOVR RQ WKH YDOXHV RI OL� 7KH EDVLF PHWKRG IRU IHDWXUH ZHLJKW

FRPSXWDWLRQ LV WKH 0D[LPXP (QWURS\ PHWKRG� 8QIRUWXQDWHO\ WKLV PHWKRG LQYROYHV VHYHUDO QXPHULFDO

LWHUDWLYH DOJRULWKPV ZKLFK PDNHV LW UDWKHU VORZ� :H EHOLHYH� EDVHG RQ RXU H[SHULHQFH ZLWK VLPLODU PRGHOV

�DQG ZLWK VPRRWKLQJ� ZKLFK GLVSOD\V D VLPLODU ³ZHLJKWLQJ´ LVVXH� LQ JHQHUDO� WKDW WKH H[DFW ZHLJKW

FRPSXWDWLRQ LV QRW VR LPSRUWDQW WR WKH UHVXOWLQJ PRGHO SHUIRUPDQFH� DQG WKXV WKDW WKH YDOXHV RI OL PD\ EH

URXJKO\ � DQG TXLFNO\ � DSSUR[LPDWHG LQVWHDG� 7KLV ZRXOG DOORZ WR VHOHFW IHDWXUHV IURP ODUJHU SRROV�

HQDEOLQJ PRUH VRSKLVWLFDWHG IHDWXUHV WR EH VHOHFWHG�

��� 7KH 3DUVLQJ 6FKHPH

,W LV VLPSOH WR GHILQH ZKDW LV WR EH SUHGLFWHG LQ WDJJLQJ� IRU HDFK LQSXW ZRUG IRUP� LW LV WKH WDJ RI WKDW

ZRUG� ,Q SDUVLQJ� KRZHYHU� WKHUH LV QR VWUDLJKWIRUZDUG ZD\ WR GHILQH WKH RXWSXW UDQGRP YDULDEOH� ,W VHHPV

WKDW WKH PRVW QDWXUDO ZD\ LV WR SUHGLFW �ZLWKLQ WKH GHSHQGHQF\ IUDPHZRUN� WKH JRYHUQRU RI HDFK ZRUG�

(DFK QRGH LV D N�WXSOH RI DWWULEXWH�YDOXH SDLUV� VXFK DV OHPPD� WDJ� IRUP� DQDO\WLFDO IXQFWLRQ� HWF� 7KH

FRQWH[W RI D GHSHQGHQF\ UHODWLRQ LV WKHQ WKH OLQHDU OLVW RI QRGHV �ZLWK VRPH YDOXHV SRVVLEO\ XQVSHFLILHG� RI

WKH ZKROH VHQWHQFH� SOXV WKH VHW RI GHSHQGHQF\ UHODWLRQV JHQHUDWHG VR IDU� $OWKRXJK LQ SULQFLSOH WKH

GHSHQGHQF\ UHODWLRQV ZLWKLQ D VHQWHQFH FDQ EH JHQHUDWHG LQ DQ\ RUGHU �MXVW PDNLQJ VXUH WKDW WKH UHVXOW LV D

WUHH�� ZH SUHIHU WKHP EHLQJ JHQHUDWHG LQ D WRS�GRZQ PDQQHU� ,W PDNHV RXU OLIH HDVLHU LQ WKH VHQVH RI

JHWWLQJ ULG RI GHIHUUHG IHDWXUH HYDOXDWLRQ DQG VLPLODU FRPSXWDWLRQDOO\ H[SHQVLYH SKHQRPHQD�

7KH SRRO RI IHDWXUHV WR VHOHFW IURP GXULQJ WKH WUDLQLQJ SKDVH RI RXU H[SRQHQWLDO PRGHO FRQWDLQV IHDWXUHV�

ZKLFK DSSHDUHG DW OHDVW RQFH �RU� LQ JHQHUDO� P�WLPHV� LQ WKH WUDLQLQJ GDWD DQG ZKLFK FRUUHVSRQG WR WKH

IROORZLQJ WHPSODWHV�

'HSHQGHQW QRGH 6NLS :KLFK

*RYHUQRU"

,PPHGLDWH

*RYHUQRU

3DUHQW RI ,PPHGLDWH

*RYHUQRU

/HIW %URWKHU



DOO YDOXHV GR QRW VNLS DOO YDOXHV DQ\ DQ\

DOO YDOXHV GR QRW VNLS 326 RU OHPPD RQO\ 326 RU OHPPD RQO\ DQ\

DOO YDOXHV FHUWDLQ 326 YDOXHV DOO YDOXHV DQ\ DQ\

DOO YDOXHV GR QRW VNLS 326 RU OHPPD RQO\ DQ\ DOO YDOXHV

$Q H[DPSOH RI VXFK D IHDWXUH FRXOG EH WKH IROORZLQJ� ³7KH FXUUHQW QRGH LV D QRXQ� LWV JRYHUQRU LV D

SUHSRVLWLRQ� DQG WKH JRYHUQRU RI LWV JRYHUQRU LV D YHUE´� 6XFK IHDWXUH� LI VHOHFWHG� VKRXOG EH SUHVXPDEO\

JLYHQ VXEVWDQWLDO ZHLJKW� DV LW LV WKH JHQHUDO VFKHPH IRU PDQ\ DGYHUELDOV DQG REMHFWV �DV RSSRVHG WR WKH

IHDWXUH ³7KH FXUUHQW QRGH LV D YHUE� LWV JRYHUQRU LV D SUHSRVLWLRQ DQG WKH JRYHUQRU RI LWV JRYHUQRU LV D

YHUE´��

7KH ZLOO EH D FHUWDLQ QXPEHU RI IHDWXUHV UHSUHVHQWLQJ WKH QRQ�SURMHFWLYLW\ RI WKH WUHH� $ IHDWXUH IS ZLOO

UHWXUQ � LI WKH QXPEHU RI HGJHV RI WKH WUHH FDXVLQJ QRQ�SURMHFWLYLW\ LV HTXDO WR S� 7KHVH IHDWXUHV ZLOO�

SUHVXPDEO\ JHW QHJDWLYH ZHLJKWV WR GLVFRXQW IRU WRR ³ZLOGO\´ QRQ�SURMHFWLYH WUHHV�

,I WKLV VHW RI WHPSODWHV LV QRW VXIILFLHQW HQRXJK� ZH ZLOO DGG PRUH VRSKLVWLFDWHG IHDWXUHV WR WKH SRRO RQH E\

RQH� LPSOHPHQWHG DV FRGH VHJPHQWV� :H DVVXPH LQGHHG WKDW WKHVH IHDWXUHV ZLOO EH VHOHFWHG E\ DQ REMHFWLYH

VHOHFWLRQ SURFHVV� EXW LI QRW� ZH ZLOO QRW IRUFH WKHLU VHOHFWLRQ LQ DQ\ ZD\�

0RUHRYHU� WKHUH ZLOO EH D IHDWXUH WKH WDVN RI ZKLFK LV WR PDNH VXUH WKDW WKH UHVXOW LV D WUHH� QRW D JHQHUDO

JUDSK� 6XFK IHDWXUH ZLOO EH IRUPXODWHG DV WKH LQYHUVH UHODWLRQ �LW ZLOO UHWXUQ WKH YDOXH � LI WKH JUDSK LV QRW

D WUHH� DQG LW ZLOO EH JLYHQ WKH ZHLJKW PLQXV LQILQLW\ �RU� VLPSO\� D YHU\ ODUJH QHJDWLYH QXPEHU�� 7KLV

IHDWXUH PXVW DOZD\V EH SUHVHQW�

7KH FRPSXWDWLRQ RI WKH IHDWXUH ZHLJKWV ZLOO EH DSSUR[LPDWHG YHU\ URXJKO\ IURP WKH LQYHUVH RI WKH

IUHTXHQF\ RI WKH IHDWXUH� ZKLFK VKRXOG SUHIHU PRUH VSHFLILF IHDWXUHV�

7KH VHOHFWLRQ SURFHVV ZLOO WKHQ SURFHHG DV IROORZV� �D� LW ZLOO VWDUW ZLWK WKH WUHH�SUHVHUYLQJ IHDWXUH RQO\�

�E� LW ZLOO VHW WKH IHDWXUH�DGGLQJ WKUHVKROG WR VRPH ODUJH EXW UHDVRQDEOH QXPEHU� �F� IRU HDFK SRVVLEOH

IHDWXUH IURP WKH SRRO RI IHDWXUHV� LW ZLOO DSSUR[LPDWH LWV ZHLJKW� DQG FRPSXWH WKH HUURU UHGXFWLRQ FRXQW RQ

WKH WUDLQLQJ GDWD VKRXOG VXFK IHDWXUH EH DGGHG SHUPDQHQWO\� �G� LI WKH UHGXFWLRQ LV KLJKHU WKDQ WKH

WKUHVKROG� LW ZLOO DGG WKH IHDWXUH SHUPDQHQWO\ WR WKH VHW� DQG LW ZLOO WDNH DQRWKHU IHDWXUH DQG FRQWLQXH ZLWK

WKH VWHS �F�� �H� LI DOO IHDWXUHV KDYH EHHQ WHVWHG �DQG SRVVLEO\ DGGHG WR WKH UHVXOWLQJ VHW RI IHDWXUHV�� LW ZLOO

ORZHU WKH LQLWLDO WKUHVKROG E\ KDOI� DQG LI LW LV QRW ORZHU WKDQ D SUHVHW PLQLPDO WKUHVKROG� LW ZLOO VWDUW RYHU

DJDLQ ZLWK WKH ILUVW IHDWXUH IURP WKH SRRO ZLWK WKH VWHS �F��

$IWHU WKH WUDLQLQJ SKDVH LV ILQLVKHG DQG WKH VHW RI IHDWXUHV ZLWK ZHLJKWV DVVRFLDWHG WR WKHP LV FRPSOHWHG�

WKH SDUVLQJ LWVHOI ZLOO SURFHHG DV IROORZV� �D� LW VWDUWV DW WKH DUWLILFLDO VLQJOH QRGH PDNLQJ LW WKH LQLWLDO SDUVH

WUHH� �E� LW SXWV DOO HGJHV �GHSHQGHQFLHV� SRVVLEOH WR H[SDQG WKH WUHH RQ WKH VWDFN� WRJHWKHU ZLWK WKHLU

SUREDELOLW\� �F� LW JUDGXDOO\ H[SDQGV WKH VWDFN LQ D EUHDGWK�ILUVW �SDUDOOHO� PDQQHU �XS WR D FHUWDLQ EUHDGWK�

FDOOHG WKH ³EHDP ZLGWK´�� DQG �G� DIWHU DOO HGJHV KDYH EHHQ DGGHG� LW VHOHFWV WKH PRVW SUREDEOH SDUVH WUHH

E\ VLPSO\ WDNLQJ WKH PD[LPXP RI WKH SURGXFW RI DOO WKH HGJH SUREDELOLWLHV�

� &RQFOXVLRQV

(YHU\ERG\ ZRXOG FHUWDLQO\ DJUHH WKDW WR EXLOG D WUHHEDQN LV D GLIILFXOW WDVN� 2XU EHOLHI LV� KRZHYHU� WKDW DOO

WKH KDUG ZRUN ZLOO SD\ RII � LQ WKDW QRW RQO\ XV ZKR DUH EXLOGLQJ LW� EXW DOO WKH FRPSXWDWLRQDO OLQJXLVWV

LQWHUHVWHG LQ PRUSKRORJ\ DQG V\QWD[ RI QDWXUDO ODQJXDJHV LQ JHQHUDO DQG RI &]HFK RU RWKHU LQIOHFWLRQDO

DQG IUHH ZRUG RUGHU ODQJXDJHV LQ SDUWLFXODU ZLOO EHQHILW IURP LWV H[LVWHQFH� 7KH EXLOGLQJ RI WKH WUHHEDQN

KDV EHHQ YHU\ IUXLWIXO HYHQ QRZ� KDOIZD\ WKURXJK WKH ZKROH WUHHEDQN DQQRWDWLRQ� ZH KDYH EHHQ HIIHFWLYHO\

IRUFHG WR GHVFULEH WKH V\QWDFWLF EHKDYLRU RI &]HFK PRUH H[SOLFLWO\ DQG PRUH ZLGHO\ �LQ WKH VHQVH RI RYHUDOO

FRYHUDJH� LQFOXGLQJ DOVR VR FDOOHG ³SHULSKHUDO´ SKHQRPHQD� WKDQ HYHU�
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