
2Q 5HOHYDQFH DQG 7ZR $VSHFWV RI WKH

2UJDQL]DWLRQDO 0HPRU\ 3UREOHPe

*DUHWW 2� 'ZRUPDQ 6WHYHQ 2� .LPEURXJK
6WHSKHQ (� .LUN -LP 5� 2OLYHU

'HFHPEHU ��� ����

DGGUHVV FRUUHVSRQGHQFH WR�
6WHYHQ 2� .LPEURXJK

8QLYHUVLW\ RI 3HQQV\OYDQLD
7KH :KDUWRQ 6FKRRO

���� /RFXVW :DON� 6XLWH ����
3KLODGHOSKLD� 3$ ���������

WHO� ����� ��������
ID[� ����� ��������

NLPEURXJK#ZKDUWRQ�XSHQQ�HGX

e7KDQNV WR 'DYLG &� %ODLU� 0LFKDHO *RUGRQ� DQG 6FRWW 0RRUH IRU FRPPHQWV DQG GLV�
FXVVLRQ RQ DQ HDUOLHU YHUVLRQ RI WKLV SDSHU� 7KDQNV WR $EHHU <� +RTXH IRU KHOS RQ WKH
3,56 H[SHULPHQW� )LOH� RUJPHPV��WH[� 7KLV PDWHULDO LV EDVHG XSRQ ZRUN VXSSRUWHG E\� RU
LQ SDUW E\� WKH 8�6� $UP\ 5HVHDUFK 2pFH XQGHU FRQWUDFW�JUDQW QXPEHU '$$+����������
6SHFLDO WKDQNV WR 7KH +LVWRULF 1HZ 2UOHDQV &ROOHFWLRQ IRU VXSSRUW DQG IHHGEDFN RQ WKH
&ODUHQFH -RKQ /DXJKOLQ DUFKLYHV�

L



&RQWHQWV

� ,QWURGXFWLRQ �
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� 7KHRU\ �

��� $ *HRPHWULF 3HUVSHFWLYH RQ WKH '&% $OJRULWKP � � � � � � � � �
��� $Q ,5 3HUVSHFWLYH RQ WKH '&% $OJRULWKP � � � � � � � � � � � ��

����� 7KH ,5 PRGHO � � � � � � � � � � � � � � � � � � � � � � � ��
����� '&% DQG WKH ,5 0RGHO � � � � � � � � � � � � � � � � � ��

� (PSLULFDO $QDO\VLV ��

��� &RPSDULVRQ ZLWK $OWHUQDWLYHV YLD VLPXODWLRQ � � � � � � � � � � ��
����� 7KH )RXU $OJRULWKPV � � � � � � � � � � � � � � � � � � � ��
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������� *URXS � � � � � � � � � � � � � � � � � � � � � � ��
������� *URXS �� � � � � � � � � � � � � � � � � � � � � ��
������� 7KH FRPELQHG UHVXOWV � � � � � � � � � � � � � � ��

��� &RPSDULVRQ RI '&% WR ,QTXHU\ %DVHG 8SRQ +XPDQ 6XEMHFW
5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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� ,QWURGXFWLRQ

,W LV RIWHQ WKH FDVH WKDW WKH FOHDUHVW YLHZ RI JHQHUDO SULQFLSOHV LV WKURXJK SDU�
WLFXODU H[DPSOHV� &RQVLGHU� WKHQ� WKH IROORZLQJ WZR UDWKHU VSHFLnF SUREOHPV�

�� $ &RQJUHVVLRQDO RYHUVLJKW FRPPLWWHH KDV D VHULHV RI TXHVWLRQV DERXW
FHUWDLQ RSHUDWLQJ SROLFLHV RI WKH 8�6� &RDVW *XDUG� :LVKLQJ WR KDYH LWV
TXHVWLRQV DQVZHUHG� WKH FRPPLWWHH VHQGV D OHWWHU WR WKH &RDVW *XDUG�
VSHFLI\LQJ LWV TXHVWLRQV� ,Q DQVZHULQJ WKH OHWWHU� WKH &RDVW *XDUG PXVW
nQG SHUWLQHQW LQIRUPDWLRQ� 7KLV LQIRUPDWLRQ LV� IRU WKH PRVW SDUW�
FRQWDLQHG LQ GRFXPHQWV� UDWKHU WKDQ VWUXFWXUHG GDWDEDVHV� $PRQJ
WKH PRVW LPSRUWDQW DQG XVHIXO GRFXPHQWV� LI WKH\ H[LVW� DUH WKH UH�
VSRQVHV WKH &RDVW *XDUG KDV SUHYLRXVO\ PDGH WR VLPLODU TXHVWLRQV IURP
&RQJUHVV� 8QIRUWXQDWHO\� WKH VFDOH RI WKH GRFXPHQW GDWDEDVH LV IDLUO\
ODUJH� 7KH &RDVW *XDUG DQVZHUV DERXW ���� &RQJUHVVLRQDO OHWWHUV RI
LQTXLU\ HDFK \HDU DQG VHYHUDO \HDUV RI SULRU DQVZHUV ZLOO EH ZRUWK DW�
WHQGLQJ WR� )XUWKHU� WKH QXPEHU RI SRWHQWLDOO\ UHOHYDQW UHSRUWV� PHP�
RUDQGD� DQG VR IRUWK� LV LQ WKH WHQV RI WKRXVDQGV� +RZ FDQ WKH QHHGHG
GRFXPHQWV HmHFWLYHO\ EH IRXQG"

�� &RQJUHVVLRQDO TXHVWLRQV QHHG WR EH DQVZHUHG DFFXUDWHO\� UHOLDEO\� TXLFNO\�
DQG LQ D PDQQHU FRQVLVWHQW ZLWK H[LVWLQJ SROLFLHV� &RQVHTXHQWO\� LW LV
LPSRUWDQW WKDW WKH RpFHU DVVLJQHG WR GUDIWLQJ WKH UHSOLHV EH DV NQRZO�
HGJHDEOH DV SRVVLEOH DERXW WKH VXEMHFW�V� DW KDQG� *LYHQ D SDUWLFXODU
OHWWHU RI LQTXLU\� ZKLFK RI WKH ������ HPSOR\HHV RI WKH &RDVW *XDUG
KDYH XVHIXO NQRZOHGJH IRU WKH TXHVWLRQV DW KDQG"

7KHVH WZR SDUWLFXODU SUREOHPV DUH HDFK VSHFLDO FDVHV RI YHU\ JHQHUDO�
FRPPRQO\�HQFRXQWHUHG SUREOHPV� ZKLFK ZH FDOO �UHVSHFWLYHO\� WKH GRFXPHQW
UHWULHYDO SUREOHP� DQG WKH UHVRXUFH ORFDWLRQ SUREOHP�� )XUWKHU� WKHVH WZR
SUREOHPV DUH EXW WZR IDFHWV RI ZKDW LV FRPPRQO\ FDOOHG WKH RUJDQL]DWLRQDO
�RU FRUSRUDWH� PHPRU\ SUREOHP� ZKLFK PD\ EH FKDUDFWHUL]HG DV IROORZV�

�7KHUH LV D ORQJ�VWDQGLQJ� JRRG�VL]HG UHVHDUFK FRPPXQLW\ GHGLFDWHG WR WKH GRFXPHQW
UHWULHYDO SUREOHP� 7KDW FRPPXQLW\ WHQGV WR XVH WKH WHUP LQIRUPDWLRQ UHWULHYDO ZKHUH ZH
XVH GRFXPHQW UHWULHYDO� :H SUHIHU WKH WHUP GRFXPHQW UHWULHYDO DV D ZD\ RI DOOXGLQJ WR WKH
GLVWLQFWLRQ EHWZHHQ WKH UHWULHYDO RI REMHFWV�UHVRXUFHV DQG WKH UHWULHYDO RI GRFXPHQWV� 6HH
>�@ IRU D XVHIXO UHYLHZ RI WKH� TXLWH H[WHQVLYH� UHOHYDQW OLWHUDWXUH�
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7KH RUJDQL]DWLRQDO PHPRU\ SUREOHP� ,QIRUPDWLRQ SHUWLQHQW WR
WKH WDVN DW KDQG KDV SDVVHG WKURXJK WKH RUJDQL]DWLRQ� :DV WKLV
LQIRUPDWLRQ FDSWXUHG" ,I VR� KRZ FDQ LW EH HmHFWLYHO\ UHWULHYHG
DQG EURXJKW WR EHDU RQ WKH SUHVHQW WDVN"

7KHVH SUREOHPV_GRFXPHQW UHWULHYDO� UHVRXUFH ORFDWLRQ� DQG� LQ JHQHUDO� RU�
JDQL]DWLRQDO PHPRU\_DUH HQRUPRXVO\ FRPSOH[ DQG FKDOOHQJLQJ� 7KHUH LV D
VXEVWDQWLDO� ORQJ�VWDQGLQJ OLWHUDWXUH RQ RUJDQL]DWLRQDO PHPRU\ �VHH >��@ IRU
D UHYLHZ DQG DQ LQWHUHVWLQJ GLVFXVVLRQ� DQG WKH UHOHYDQW LVVXHV VXUHO\ DUH
EURDGHU WKDQ FDQ EH DGGUHVVHG E\ FRPSXWDWLRQDO VROXWLRQV DORQH� 2XU DV�
SLUDWLRQV LQ WKLV SDSHU FDQ KDUGO\ EH WR DQDO\]H WKH VXEMHFW IXOO\� OHW DORQH
WR SURmHU D GHnQLWLYH VROXWLRQ� :H GR� KRZHYHU� EHOLHYH WKDW FRPSXWDWLRQDO
VROXWLRQV FDQ EH KHOSIXO DQG ZH ZLVK WR SUHVHQW DQG GHYHORS VRPH JHQHUDO
DQG EURDGO\ XVHIXO LGHDV� )RU WKH VDNH RI FODULW\ DQG FRQFUHWHQHVV� KRZHYHU�
ZH ZLOO IRU WKH PRVW SDUW FRXFK RXU GLVFXVVLRQ LQ WHUPV RI WKH WZR VSHFLnF
&RDVW *XDUG SUREOHPV� GHVFULEHG DERYH�

:H EHJLQ ZLWK D GLVFXVVLRQ RI SUREOHP �� DERYH� WKH GRFXPHQW UHWULHYDO
SUREOHP DV LW DSSOLHV WR WKH &RDVW *XDUG DQVZHULQJ &RQJUHVVLRQDO TXHVWLRQV�
:H VKDOO DGGUHVV JHQHUDOL]DWLRQV LQ WKH VHTXHO� IRU ZH ZLVK WR SUHVHQW VRPH
YHU\ JHQHUDO UHVXOWV UHJDUGLQJ FRPSXWDWLRQDO VXSSRUW IRU DGGUHVVLQJ SUREOHPV
RI RUJDQL]DWLRQDO PHPRU\�

� 3UREOHP �� 'RFXPHQW 5HWULHYDO

:H KDYH WR H[SHFW LPSHUIHFWLRQ LQ DQ\ V\VWHP IRU nQGLQJ GRFXPHQWV WKDW DUH
XVHIXO IRU DQVZHULQJ D UDQGRP TXHVWLRQ IURP &RQJUHVV� 2QH UHDVRQ LV WKDW LW
LV GLpFXOW WR SUHGLFW ZKDW &RQJUHVV ZLOO DVN DERXW� $ VHFRQG UHDVRQ LV WKDW
RIWHQ WKH YRFDEXODU\ RI WKH &RQJUHVVLRQDO TXHVWLRQ ZLOO QRW PDWFK YHU\ ZHOO
ZLWK WKH YRFDEXODU\ LQ WKH &RDVW *XDUG GRFXPHQW FROOHFWLRQ >�� �@� $GG WR
WKLV WKH IDFW WKDW WKH GRFXPHQW FROOHFWLRQV LQ TXHVWLRQ DUH PXFK WRR ODUJH
WR H[DPLQH PDQXDOO\� GRFXPHQW E\ GRFXPHQW� DQG SUREOHP � EHFRPHV TXLWH
IRUPLGDEOH�

2XU SUREOHP LV WR nQG_LQ WKH IDFH RI FRQVLGHUDEOH QRLVH DQG ODUJH FRO�
OHFWLRQV_GRFXPHQWV WKDW DUH UHOHYDQW WR D SDUWLFXODU TXHVWLRQ� 7ZR KLJKO\
GHVLUDEOH IHDWXUHV RI DQ\ DSSURDFK WR WKLV SUREOHP DUH�

�� 5DQNHG UHWULHYDO� 7KH PHWKRG RI UHWULHYDO VKRXOG UDQN WKH GRFXPHQWV
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E\ RUGHU RI �SXUSRUWHG� UHOHYDQF\ WR WKH TXHVWLRQ� :LWKRXW UDQNLQJ�
LW LV VLPSO\ LQIHDVLEOH WR LQVSHFW LQHYLWDEO\ ODUJH� DQG XQGLmHUHQWLDWHG�
UHWULHYDO VHWV� 7KH YDOXH RI UDQNHG UHWULHYDO KDV EHHQ ZHOO�HVWDEOLVKHG
LQ WKH ,QIRUPDWLRQ 5HWULHYDO OLWHUDWXUH �F�I�� >�@��

�� $VVRFLDWLYH UHWULHYDO� 7KH PHWKRG RI UHWULHYDO VKRXOG WDNH DFFRXQW RI
QRW RQO\ ZKHWKHU D GRFXPHQW KDV WKH VHDUFK WHUP �NH\ZRUG�� EXW DOVR
RI WKH RYHUDOO OH[LFDO FRQVWLWXWLRQ RI WKH GRFXPHQW� *LYHQ D SDUWLFX�
ODU TXHVWLRQ� DQG D SODXVLEOH NH\ZRUG IRU FDSWXULQJ WKH WRSLF RI WKH
TXHVWLRQ� LW LV HQWLUHO\ SRVVLEOH WR KDYH WZR KLJKO\ UHOHYDQW GRFXPHQWV�
RQH RI ZKLFK FRQWDLQV WKH NH\ZRUG DQG RQH RI ZKLFK GRHV QRW FRQWDLQ
WKH NH\ZRUG� 7KLV PD\� DQG FRPPRQO\ GRHV� KDSSHQ IRU PDQ\ GLmHU�
HQW UHDVRQV� :KDW LV PXFK OHVV OLNHO\ LV WKDW WKH RWKHU ZRUGV LQ WKHVH
WZR GRFXPHQWV VKRXOG EH YHU\ GLVVLPLODU� ,Q DGGLWLRQ� WZR GRFXPHQWV
PD\ YHU\ HDVLO\ FRQWDLQ WKH VDPH SODXVLEOH NH\ZRUG� \HW EH UHOHYDQW
WR YHU\ GLmHUHQW GHJUHHV� :KHQ WKLV KDSSHQV� LW LV OLNHO\ WKDW WKH QRQ�
NH\ZRUG YRFDEXODULHV RI WKHVH GRFXPHQWV DUH TXLWH GLmHUHQW� 6HDUFKLQJ�
IRU H[DPSOH� RQ WKH WHUP '1$ ZLOO \LHOG GRFXPHQWV DERXW WKH 'LJLWDO
(TXLSPHQW &RUSRUDWLRQ
V QHWZRUN DUFKLWHFWXUH� DV ZHOO DV GRFXPHQWV
IURP WKH PLFURELRORJ\ OLWHUDWXUH� 6HDUFKLQJ RQ WKH WHUP $70 ZLOO \LHOG
GRFXPHQWV DERXW EDQNLQJ� DV ZHOO DV GRFXPHQWV DERXW SDFNHW VZLWFK�
LQJ� ,W LV WKH QRQ�NH\ZRUG WHUPV LQ WKHVH GRFXPHQWV WKDW ZLOO GHWHUPLQH
ZKHWKHU RU QRW WKH\ DUH UHOHYDQW� �:HUH \RX ORRNLQJ IRU LQIRUPDWLRQ
RQ FRPSXWHU FRPPXQLFDWLRQV RU IRU LQIRUPDWLRQ RQ SURWHLQ V\QWKHVLV"
:HUH \RX ORRNLQJ IRU LQIRUPDWLRQ DERXW DXWRPDWLF WHOOHU PDFKLQHV RU
DERXW DV\QFKURQRXV WUDQVIHU PRGH"� 7KH FDVHV DUH H[WUHPH� EXW WKH
SKHQRPHQRQ LV UHDO DQG FRPPRQ >�@� ,W LV H[DFHUEDWHG RQ WKH :RUOG
:LGH :HE� :HE VHDUFK HQJLQHV DUH QRWRULRXV IRU SRRU SHUIRUPDQFH RQ
PXOWLSOH WHUP VHDUFKHV��

2XU DLP QRZ LV WR GHVFULEH D SDUWLFXODU FRPSXWDWLRQDO DSSURDFK IRU GHDO�
LQJ ZLWK WKH GRFXPHQW UHWULHYDO SUREOHP� ,Q RUGHU WR XQGHUVWDQG WKH DS�
SURDFK� DQG KRZ LW DQVZHUV WKH UHTXLUHPHQWV IRU UDQNHG UHWULHYDO DQG DVVR�
FLDWLYH UHWULHYDO� OHW XV FRQVLGHU� DQG UHDVRQ WKURXJK� WKH IROORZLQJ H[DPSOH�

6XSSRVH� IRU WKH VDNH RI WKH GLVFXVVLRQ� WKDW DOO RI WKH &RDVW *XDUG
V

�:LOOLDP &KDQJ RI ,QIRVHHN KDV LGHQWLnHG D nQH H[DPSOH� KRPH UXQ UHFRUG� 2WKHUV DUH
HDV\ WR nQG�
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&RQJUHVVLRQDO TXHVWLRQV� DQG WKHLU DQVZHUV� IRU WKH SDVW VHYHUDO \HDUV KDYH
EHHQ FROOHFWHG DQG LQGH[HG� 7KH LQGH[LQJ LV GRQH E\ GHWHUPLQLQJ� IRU HYHU\
GRFXPHQW DQG HYHU\ NH\ZRUG LQ DQ DSSURSULDWHO\ WKRURXJK OLVW� ZKHWKHU D
GRFXPHQW FRQWDLQV D NH\ZRUG� +DYLQJ GRQH WKLV� ZH LQ HmHFW KDYH D PDWUL[�
FDOOHG .� ZKRVH HQWULHV DUH DOO �V DQG �V� ZKRVH URZV FRUUHVSRQG WR NH\ZRUGV�
DQG ZKRVH FROXPQV FRUUHVSRQG WR GRFXPHQWV >��� ��@� $ SDUWLFXODU . PLJKW
ORRN OLNH WKLV�

.  
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(OHPHQW NL�M LV � LI NH\ZRUG L RFFXUV �DW OHDVW RQFH� LQ GRFXPHQW M� RWKHU�

ZLVH LW LV �� 7KLV LV D TXLWH JHQHUDO ZD\ WR WKLQN DERXW GRFXPHQW LQGH[LQJ�
:H DUH VLPSO\ UHFRUGLQJ ZKHWKHU WKH GRFXPHQWV LQ TXHVWLRQ �WKH FROXPQV�
GR RU GR QRW FRQWDLQ WKH LQGH[ WHUPV LQ TXHVWLRQ �WKH URZV��

7DNLQJ D VLPSOH H[DPSOH� VXSSRVH ZH KDYH VL[ NH\ZRUGV DQG VL[ GRFX�
PHQWV� ZLWK WKH IROORZLQJ . PDWUL[�

.  
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�7KH IDFW WKDW . LV VTXDUH LQ WKLV H[DPSOH LV QRW VLJQLnFDQW� 2XU UHPDUNV
DSSO\ QR PDWWHU ZKDW VKDSH . KDV��

6XSSRVH IXUWKHU WKDW JLYHQ WKH TXHVWLRQ DW KDQG ZH DUH LQWHUHVWHG LQ
LQIRUPDWLRQ SHUWDLQLQJ WR WKH nUVW NH\ZRUG� :KLFK RI WKH GRFXPHQWV DUH
OLNHO\ WR EH RI LQWHUHVW WR XV" 1RWH WKDW GRFXPHQWV �FROXPQV� L� LLL� Y� DQG
YL FRQWDLQ NH\ZRUG L �URZ ��� 3UHVXPDEO\� WKHVH GRFXPHQWV DUH UHOHYDQW WR
WKH TXHVWLRQ� 1RWH IXUWKHU� KRZHYHU� WKDW GRFXPHQW LL LV DOPRVW LGHQWLFDO WR
GRFXPHQW L� 'RFXPHQW LL ODFNV NH\ZRUG L� EXW LV RWKHUZLVH LGHQWLFDO LQ . WR
GRFXPHQW L�

%\ WKH UHDVRQLQJ IRU WKH LPSRUWDQFH RI DVVRFLDWLYH UHWULHYDO� LW LV D UHD�
VRQDEOH JXHVV WKDW GRFXPHQW LL LV UHOHYDQW� HYHQ WKRXJK LW GRHV QRW FRQWDLQ
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WKH NH\ZRUG ZH KDYH FKRVHQ� +RZ UHOHYDQW" $Q LQWXLWLYH FDVH FDQ EH PDGH
WKDW GRFXPHQW LL LV SUHVXPDEO\ PRUH UHOHYDQW WKDQ GRFXPHQW LY� 1RW RQO\
GRHV GRFXPHQW LY ODFN WKH NH\ZRUG VHDUFK WHUP �URZ ��� EXW LW DOVR ODFNV
NH\ZRUGV LLL� LY� DQG YL� ZKLFK FRPPRQO\ RFFXU LQ WKH GRFXPHQWV WKDW KDYH
NH\ZRUG L� :LWK VLPLODU UHDVRQLQJ� ZH FDQ FDVW VRPH GRXEW RQ WKH UHOHYDQF\
RI GRFXPHQW YL� (YHQ WKRXJK LW KDV WKH NH\ZRUG� LW ZRXOG VHHP WR UHVHPEOH
GRFXPHQW LY PRUH WKDQ WKH GRFXPHQWV ZLWK NH\ZRUG L�

7KHUH LV D VLPSOH ZD\ WR RSHUDWLRQDOL]H WKHVH LQWXLWLRQV DQG PDNH WKHP
PDWKHPDWLFDOO\ FRQFUHWH� :H FDOO WKLV WKH '&% PHWKRG �RU DOJRULWKP�� DIWHU
'DYLG &� %ODLU �8QLYHUVLW\ RI 0LFKLJDQ�� ZKR VXJJHVWHG D FORVH YDULDQW RI WKLV
PHWKRG WR XV �ERWK LQ FRQYHUVDWLRQ DQG LQ DQ XQSXEOLVKHG ZRUNLQJ SDSHU >�@�
IRU XVH LQ GRFXPHQW UHWULHYDO�

7KH '&% DOJRULWKP EHJLQV ZLWK WKH . PDWUL[ DQG D VHDUFK WHUP� RU NH\�
ZRUG� �0XOWLSOH VHDUFK WHUPV DQG ERROHDQ FRPELQDWLRQV RI WKHP DUH SRVVLEOH�
EXW GLVFXVVLRQ RI WKLV LV EH\RQG WKH VFRSH RI WKLV SDSHU�� 7KUHH VWHSV IROORZ�
)LUVW� WKH . PDWUL[ LV PXOWLSOLHG E\ LWV WUDQVSRVH WR SURGXFH WKH / PDWUL[�
,Q WHUPV RI RXU SUHVHQW H[DPSOH� ZH KDYH�

/
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7KH LQWHUSUHWDWLRQ RI / LV VWUDLJKWIRUZDUG� / LV DOZD\V D VTXDUH� V\PPHWULF
PDWUL[ ZLWK QXPEHU RI URZV �DQG FROXPQV� HTXDO WR WKH QXPEHU RI NH\ZRUGV�
L�H�� WKH QXPEHU RI URZV LQ.� 7KH GLDJRQDO HOHPHQWV RI / LQGLFDWH WKH QXPEHU
RI GRFXPHQWV FRQWDLQLQJ WKH FRUUHVSRQGLQJ NH\ZRUG� ,Q RXU H[DPSOH� O���  ��
LQGLFDWLQJ WKDW � GRFXPHQWV FRQWDLQ NH\ZRUG LL� ZKLFK PD\ EH YHULnHG E\
H[DPLQLQJ .� 7KH Rm�GLDJRQDO HOHPHQWV� WKH OL�MV� LQGLFDWH WKH QXPEHU RI
GRFXPHQWV FRQWDLQLQJ ERWK NH\ZRUG L DQG NH\ZRUG M� ,Q RXU H[DPSOH� �
GRFXPHQWV FRQWDLQ ERWK NH\ZRUG L DQG NH\ZRUG LL�

,QWHUSUHWLQJ DQ HQWLUH URZ RI / LV UHYHDOLQJ� /RRNLQJ DW URZ �� ZH VHH
WKDW � �RI �� GRFXPHQWV FRQWDLQ NH\ZRUG L� � FRQWDLQ ERWK NH\ZRUGV L DQG
NH\ZRUG LL� � FRQWDLQ ERWK NH\ZRUGV L DQG LY� DQG VR RQ� (YLGHQWO\� NH\ZRUG
� WHQGV WR EH DVVRFLDWHG ZLWK NH\ZRUG L� ZKLOH NH\ZRUGV LLL DQG Y WHQG QRW
WR EH� .H\ZRUGV LY DQG YL DUH LQWHUPHGLDWH� *LYHQ WKLV� D QDWXUDO ZD\ RI
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VFRULQJ D GRFXPHQW
V UHOHYDQFH �LQ WKLV FDVH� WR NH\ZRUG L� LV WR JLYH LW �
SRLQWV LI LW KDV NH\ZRUG L� � SRLQWV IRU NH\ZRUG LL� � SRLQW IRU NH\ZRUG LLL�
DQG VR RQ� 7KHVH FDOFXODWLRQV DUH SHUIRUPHG� LQ HmHFW� E\ PXOWLSO\LQJ / E\
. WR SURGXFH WKH 0 PDWUL[� ,Q WHUPV RI RXU SUHVHQW H[DPSOH� ZH KDYH� DV
VWHS � LQ WKH '&% DOJRULWKP�
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/RRNLQJ DW 0� ZH VHH WKDW WKH '&% DOJRULWKP KDV SURGXFHG D UHOHYDQF\
UDQNLQJ RI DOO WKH GRFXPHQWV� DQG LQ GRLQJ VR XVHV D IRUP RI DVVRFLDWLYH
UHWULHYDO� 6WHS � RI WKH '&% DOJRULWKP SURGXFHV WKH '&% VRUW� ORRNLQJ DW
WKH URZ RI 0 FRUUHVSRQGLQJ WR WKH NH\ZRUG VHDUFK WHUP� WUHDW WKH HQWULHV DV
VFRULQJ WKH UHOHYDQFH RI WKHLU FRUUHVSRQGLQJ GRFXPHQWV� ZLWK KLJKHU QXPEHUV
LQGLFDWLQJ JUHDWHU UHOHYDQFH� ,Q RXU SUHVHQW H[DPSOH_ZLWK RXU IRFXV RQ ZRUG
L_ZH VHH WKDW GRFXPHQW L LV MXGJHG PRVW UHOHYDQW� IROORZHG �LQ RUGHU� E\
GRFXPHQWV� LLL� LL� Y�YL� DQG LY�

+DSSLO\� WKLV UDQNLQJ LV FRQVLVWHQW ZLWK� DQG PRUH VSHFLnF WKDQ� WKH LQWX�
LWLYH UHDVRQLQJ SUHVHQWHG DERYH� -XGJLQJ MXVW KRZ JRRG WKH '&% DOJRULWKP
LV LV D WRSLF ZH GHIHU XQWLO ODWHU� :H QRZ FRQVLGHU WKH VHFRQG IDFHW RI RXU
SUREOHPV IRU RUJDQL]DWLRQDO PHPRU\�

� 3UREOHP �� 5HVRXUFH /RFDWLRQ

5HFDOO SUREOHP �� WKH UHVRXUFH ORFDWLRQ SUREOHP H[DPSOH� *LYHQ D SDUWLFXODU
OHWWHU RI LQTXLU\� ZKLFK RI WKH &RDVW *XDUG HPSOR\HHV KDYH XVHIXO NQRZOHGJH
IRU WKH TXHVWLRQ DW KDQG"

2XU PDLQ SRLQW LQ WKLV VHFWLRQ LV WKDW SUREOHP �� SURSHUO\ XQGHUVWRRG� LV
YHU\ FORVH LQ VWUXFWXUH WR SUREOHP � DQG FDQ DOVR XVHIXOO\ EH DGGUHVVHG ZLWK
WKH '&% DOJRULWKP� 7KH SRLQW LV EHVW VHHQ ZLWK DQ H[DPSOH� :H ZLOO ZRUN
ZLWK DQ H[WUHPHO\ VLPSOH H[DPSOH� EXW ZLWKRXW ORVV RI JHQHUDOLW\�

$VVXPH WKH &RDVW *XDUG KDV NHSW VRPH VLPSOH UHFRUGV SHUWDLQLQJ WR
PHHWLQJV� 7KH UHFRUG RI D PHHWLQJ LQFOXGHV LQIRUPDWLRQ RQ ZKR DWWHQGHG WKH

�



PHHWLQJ DQG ZKDW LVVXHV ZHUH GLVFXVVHG� �,Q IDFW� WKLV LQIRUPDWLRQ LV DPRQJ
WKDW QRZ FDSWXUHG LQ UHJXODWLRQ PHHWLQJ UHSRUWV�� 7KH PHHWLQJ UHFRUGV PD\
EH UHSUHVHQWHG LQ D PDWUL[ RI �V DQG �V� DV EHIRUH� )RU WKH SUHVHQW H[DPSOH�
ZH KDYH WKH IROORZLQJ . PDWUL[�
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REMHFW L  3HUVRQ D

REMHFW LL  3HUVRQ E

REMHFW LLL  ,VVXH D

REMHFW LY  ,VVXH E

REMHFW Y  0HHWLQJ D

REMHFW YL  0HHWLQJ E
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. KHUH LV VLPLODU WR . IRU GRFXPHQWV� DERYH� EXW WKHUH DUH VRPH GLI�
IHUHQFHV� . KHUH LV IRU LQIRUPDWLRQ REMHFWV LQ JHQHUDO� $Q HQWU\� NL�M KDV
WKH LQWHUSUHWDWLRQ� REMHFW L LV DVVRFLDWHG ZLWK REMHFW M� &RQVHTXHQWO\� .
IRU LQIRUPDWLRQ REMHFWV LV VTXDUH� KDV D URZ �DQG D FROXPQ� IRU HDFK REMHFW
LQGH[HG LQ WKH V\VWHP� DQG KDV �V RQ WKH GLDJRQDO �HYHU\WKLQJ LV DVVRFLDWHG
ZLWK LWVHOI�� )XUWKHU� ZH DVVXPH WKDW . LV V\PPHWULF� LI REMHFW L LV DVVRFLDWHG
ZLWK REMHFW M� WKHQ VR LV M ZLWK L� 7KLV ODVW DVVXPSWLRQ FRXOG EH UHOD[HG� EXW
GRLQJ VR PDNHV OLWWOH VHQVH IRU WKH SUHVHQW H[DPSOH�

)LQDOO\� WKH LQGH[HG REMHFWV LQ . QHHG QRW EH KRPRJHQHRXV� ,Q RXU
SUHVHQW H[DPSOH� REMHFWV L DQG LL DUH SHRSOH� REMHFWV LLL DQG LY DUH LVVXHV� DQG
REMHFWV Y DQG YL DUH PHHWLQJV� 7KXV� DFFRUGLQJ WR .� SHUVRQ D �REMHFW L�
DWWHQGHG PHHWLQJ D �REMHFW Y�� EXW QRW PHHWLQJ E �REMHFW YL�� ZKLOH SHUVRQ
E �REMHFW LL� DWWHQGHG PHHWLQJ E �REMHFW YL� EXW QRW PHHWLQJ D �REMHFW Y��
1RWLFH WKDW SHRSOH DQG LVVXHV DUH QRW GLUHFWO\ OLQNHG LQ WKLV H[DPSOH� 7KH
SRLQW RI WKH H[DPSOH LV WR nQG WKH PRVW UHOHYDQW SHRSOH E\ nQGLQJ WKH SHRSOH
PRVW FORVHO\ FRQQHFWHG ZLWK WKH LVVXH DW KDQG� 7KH SUREOHP FRPHV WR WKLV�
JLYHQ DQ LVVXH �DULVLQJ IURP WKH &RQJUHVVLRQDO TXHU\�� ZKLFK SHRSOH DUH PRVW
FORVHO\ FRQQHFWHG WR LW" 7KH SRLQW RI WKH H[DPSOH LV WKDW WKH '&% DOJRULWKP
FDQ UHDVRQDEO\ UDQN SHRSOH E\ LVVXHV� HYHQ ZLWKRXW KDYLQJ DQ\ GLUHFW DQG
H[SOLFLW FRQQHFWLRQ RI SHRSOH ZLWK LVVXHV� 1RWLFH WKDW� DV LQ WKH FDVH RI
GRFXPHQW UHWULHYDO�

�� 5DQNHG UHWULHYDO� DQG

�� $VVRFLDWLYH UHWULHYDO

�



DUH YHU\ GHVLUDEOH IHDWXUHV RI DQ\ DSSURDFK WR WKLV SUREOHP� 5DQNHG UHWULHYDO
LV QHHGHG EHFDXVH SRWHQWLDOO\ YHU\ PDQ\ SHRSOH KDYH UHOHYDQW NQRZOHGJH RI
WKH LVVXH DW KDQG� $VVRFLDWLYH LQGH[LQJ DQG UHWULHYDO LV QHHGHG EHFDXVH ZH
ZDQW WR H[SORLW LPSOLFLW LQIRUPDWLRQ� :H DVVXPH LQ WKH SUHVHQW H[DPSOH WKDW
QR SHUVRQ LV GLUHFWO\ OLQNHG WR DQ\ LVVXH� (YHQ ZHUH WKLV QRW WKH FDVH� LW VKRXOG
EH XVHIXO WR FDSWXUH LQGLUHFW LQIRUPDWLRQ DERXW D SHUVRQ
V NQRZOHGJH� +HUH�
ZH DSSO\ '&% WR LPSOHPHQW WKH KHXULVWLF WKDW SHRSOH ZKR DWWHQGHG PHHWLQJV
DW ZKLFK WKH LVVXH DW KDQG ZDV GLVFXVVHG SODXVLEO\ KDYH JRRG NQRZOHGJH RI
WKRVH LVVXHV�

*LYHQ .� WKH nUVW VWHS LQ WKH '&% DOJRULWKP LV WR FDOFXODWH /� )RU WKH
SUHVHQW H[DPSOH� WKLV \LHOGV H[SUHVVLRQ ����
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1H[W LQ WKH '&% DOJRULWKP� ZH FDOFXODWH 0� \LHOGLQJ H[SUHVVLRQ ����
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)LQDOO\� ZH LQWHUSUHW 0� 6XSSRVH ZH DUH LQWHUHVWHG LQ nQGLQJ SHRSOH ZKR
NQRZ DERXW LVVXH D �REMHFW LLL�� $V H[SHFWHG�0 WHOOV XV WKDW SHUVRQ D �REMHFW
L�� ZKR DWWHQGHG WKH PHHWLQJ DW ZKLFK LVVXH D ZDV GLVFXVVHG� LV PRUH UHOHYDQW
�VFRUH �� WKDQ SHUVRQ E �VFRUH ��� ZKR GLG QRW DWWHQG WKH PHHWLQJ DW ZKLFK
LVVXH D ZDV GLVFXVVHG�

� 7KHRU\

6R IDU ZH KDYH GLVFXVVHG WKH '&% DOJRULWKP IURP D SURFHGXUDO DQG IDLUO\
LQWXLWLYH SRLQW RI YLHZ� 2XU DLP KDV EHHQ WR JLYH WKH UHDGHU D VHQVH RI ZKDW LW

�



GRHV DQG KRZ LW ZRUNV� 2XU DLP QRZ� LQ WKLV VHFWLRQ� LV WR SURYLGH D GHHSHU�
PRUH PDWKHPDWLFDO SHUVSHFWLYH RQ WKH '&% DOJRULWKP� 7KLV GRQH� ZH VKDOO
VHH WKDW '&% LV EXW RQH RI D ODUJH IDPLO\ RI SRWHQWLDOO\ LQWHUHVWLQJ DOJRULWKPV
IRU UDQNHG UHWULHYDO ZLWK DVVRFLDWLYH LQGH[LQJ�

1H[W� ZH SXW '&% LQWR WKH FRQWH[W RI WKH ,QIRUPDWLRQ 5HWULHYDO �,5� OLWHU�
DWXUH� 7KH ,5 nHOG KDV LQYHVWLJDWHG PDQ\ WHFKQLTXHV IRU GRFXPHQW UHWULHYDO�
:H nQG LW IUXLWIXO WR VHH KRZ '&% nWV LQWR D JHQHUDO ,5 PRGHO�

��� $ *HRPHWULF 3HUVSHFWLYH RQ WKH '&% $OJRULWKP

5HFDOO WKDW . LV DQ P�E\�Q DQG �b � PDWUL[� ,W UHSUHVHQWV DQ LQGH[LQJ RI Q
GRFXPHQWV �RU RWKHU REMHFWV� ZLWK P LQGH[ WHUPV� $Q HQWU\ NL�M LQ . LV � RU

� GHSHQGLQJ RQ ZKHWKHU REMHFW M LV DVVRFLDWHG ZLWK LQGH[LQJ WHUP L� /HW aN�M�

EH WKH MWK FROXPQ RI .� L�H�� WKH YHFWRU RI LQGLFHV IRU REMHFW �RU GRFXPHQW�
M� :H PD\ WKLQN RI . DV UHSUHVHQWLQJ HDFK LQGH[HG REMHFW DV VLWXDWHG DW D
SRLQW LQ DQ P�GLPHQVLRQDO LQGH[ VSDFH� 0RUH SUHFLVHO\� WKH '&% DOJRULWKP
XVHV D UHSUHVHQWDWLRQ LQ ZKLFK HDFK LQGH[HG REMHFW LV SODFHG DW VRPH YHUWH[
RI DQ XQGHUO\LQJ P�GLPHQVLRQDO �b � K\SHUFXEH� :KLFK YHUWH[" )RU REMHFW
M LW LV aN�M��

7KLV PXFK LV LPSOLFLW MXVW LQ WKH . UHSUHVHQWDWLRQ� /HW XV QRZ VHH KRZ

'&% H[SORLWV WKLV LQIRUPDWLRQ� 5HFDOO WKDW /
GHI
 . c .7 LQ '&%� /HW aO�L�

EH WKH LWK URZ RI /� *LYHQ WKLV� WKHQ WKH nQDO UDQN VFRUH IRU REMHFW �H�J��
GRFXPHQW� M RQ LQGH[LQJ WHUP �H�J�� ZRUG RU SKUDVH� L LV�

aO�L� caN�M� ���

1RWH WKDW REMHFW K KDV D KLJKHU UDQN WKDQ M �LV MXGJHG E\ '&% WR EH PRUH
UHOHYDQW WR WKH TXHU\ IRU LQGH[LQJ WHUP L� LI DQG RQO\ LI

aO�L� c aN�K� !aO�L� c aN�M� ���

:H FDQ JHW D FOHDUHU VHQVH RI ZKDW WKLV PHDQV LI ZH QRUPDOL]H aO�L��

aO�L�1
GHI
 
aO�L�

/L�L

����

7KDW LV� aO�L�1 LV REWDLQHG IURP aO�L� E\ GLYLGLQJ HDFK RI LWV HOHPHQWV E\

/L�L� 5HFDOO WKH LQWHUSUHWDWLRQ RI / DQG LWV URZV� aO�L�� WKH MWK HOHPHQW

�



�M � I�� �� � � � PJ� RI aO�L� LV WKH QXPEHU RI REMHFWV �H�J�� GRFXPHQWV� WKDW

FRQWDLQ DW OHDVW RQH LQVWDQFH RI WKH MWK LQGH[LQJ WHUP �H�J�� ZRUG�� JLYHQ

WKDW WKH REMHFWV DOVR FRQWDLQ DW OHDVW RQH LQVWDQFH RI WKH LWK LQGH[LQJ WHUP�

&OHDUO\� QR HOHPHQW RI aO�L� FDQ KDYH D ODUJHU YDOXH WKDQ LWV LWK HOHPHQW� L�H��

/L�L� 7KXV� WKH HOHPHQWV RI aO�L�
1 UDQJH IURP � WR �� ,Q RWKHU ZRUGV� aO�L�1 nWV

LQVLGH WKH P�GLPHQVLRQDO � b � K\SHUFXEH LPSOLHG E\ WKH . UHSUHVHQWDWLRQ�
*LYHQ WKLV� aO�L�1 UHSUHVHQWV� LQ LQGH[ VSDFH� D NLQG RI DYHUDJH REMHFW �IURP

WKH Q REMHFWV FROOHFWHG� WKDW LV DVVRFLDWHG ZLWK LQGH[ WHUP L� 7KDW LV� aO�L�1M �

WKH MWK HOHPHQW RI aO�L�1 LV WKH SHUFHQWDJH RI REMHFWV ZLWK LQGH[ WHUP L WKDW
DOVR KDYH LQGH[ WHUP M� :H PD\ FDOFXODWH D UDQN VFRUH ZLWK WKH QRUPDOL]HG
YHFWRU E\ DQDORJ\ ZLWK H[SUHVVLRQ ���� DERYH�

aO�L�1 caN�M� ����

7KLV H[SUHVVLRQ� ����� LV HDVLO\ LQWHUSUHWHG� )URP WKH GHnQLWLRQ RI WKH VFDODU�
RU GRW� SURGXFW RI WZR YHFWRUV�

aO�L�1 c aN�M�  MaO�L�1MMaN�M�M FRV tL�M ����

ZKHUH tL�M LV WKH DQJOH EHWZHHQ aO�L�
1 DQG aN�M�� $OVR� DQ REMHFW K KDV D KLJKHU

UDQN WKDQ M �LV MXGJHG E\ WKLV QRUPDOL]HG YHUVLRQ RI '&% WR EH PRUH UHOHYDQW
WR TXHU\ L� LI DQG RQO\ LI

aO�L�1 c aN�K� !aO�L�1 c aN�M� ����

RU HTXLYDOHQWO\ LI DQG RQO\ LI

MaO�L�1MMaN�K�M FRV tL�K ! MaO�L�1MMaN�M�M FRV tL�M ����

7KH DQDORJ WR H[SUHVVLRQ ���� IRU WKH RULJLQDO� XQQRUPDOL]HG YHUVLRQ RI WKH
'&% DOJRULWKP LV�

MaO�L�MMaN�K�M FRV tL�K ! MaO�L�MMaN�M�M FRV tL�M ����

DQG ERWK DOJHEUDLFDOO\ UHGXFH WR

MaN�K�M FRV tL�K ! MaN�M�M FRV tL�M ����

��



VR ZH VHH WKDW WKH QRUPDOL]DWLRQ� ZKLFK LV KHOSIXO IRU LQWHUSUHWLQJ WKH '&%
DOJRULWKP� GRHV QRW DmHFW WKH nQDO UDQNLQJV DQG RQO\ LQWURGXFHV DGGLWLRQDO
FRPSXWDWLRQDO FRVWV LQ DQ LPSOHPHQWDWLRQ�

/HW XV UHoHFW RQ H[SUHVVLRQ ����� ZKLFK LV WKH NH\ WR XQGHUVWDQGLQJ WKH
'&% DOJRULWKP� DW OHDVW LQ WKHRU\� :KDW H[SUHVVLRQ ���� VD\V LV WKDW DQ
REMHFW
V UDQN VFRUH GHSHQGV RQ WZR WKLQJV� $� WKH OHQJWK RI LWV LQGH[LQJ
YHFWRU IURP WKH . PDWUL[ DQG %� WKH FRVLQH RI WKH DQJOH EHWZHHQ WKH REMHFW
V
LQGH[LQJ YHFWRU DQG WKH DYHUDJH SURnOH YHFWRU SURGXFHG IURP /� aO�L� �RU

HTXLYDOHQWO\� aO�L�1�� 7KH UDQN VFRUH LV MXVW WKH SURGXFW� $ c%� :H QRWH WKDW
XQGHU WKH UHSUHVHQWDWLRQ LPSOLFLW LQ .�

�� � � MaN�K�M � P �P  WKH QXPEHU RI LQGH[LQJ WHUPV LQ .�

�� � � FRV tL�M � � �WKH P�GLPHQVLRQDO � b � K\SHUFXEH LPSOLFLW LQ / OLHV
LQ WKH SRVLWLYH K\SHUTXDGUDQW�

6R� D GRFXPHQW JHWV UDQNLQJ SRLQWV WR WKH GHJUHH WKDW LW� $� KDV PRUH LQ�
GH[LQJ WHUPV SUHVHQW� DQG %� OLHV FRLQFLGHQW RQ� RU FORVH WR� WKH DYHUDJH
GRFXPHQW ZLWK WKH LQGH[LQJ WHUP LQ TXHVWLRQ� DV PHDVXUHG E\ aO�L��

7KH '&% DOJRULWKP� WKXV� PHDVXUHV D VRUW RI GLVWDQFH LQ LQGH[LQJ VSDFH
DQG LW UDQNV REMHFWV DFFRUGLQJ WR KRZ FORVH WKH\ OLH WR D VRUW RI DYHUDJH
GRFXPHQW� XVHG DV D EHQFKPDUN� 3UHWW\ REYLRXVO\� WKLV LV D UHDVRQDEOH VRUW
RI WKLQJ WR GR� $W OHDVW LW
V ZRUWK WU\LQJ� $QG DW OHDVW DV REYLRXVO\� WKHUH DUH
PDQ\ RWKHU ZD\V WR PHDVXUH GLVWDQFH DQG WR HVWDEOLVK D EHQFKPDUN REMHFW�
:H GR QRW WKLQN WKHUH LV DQ\ D SULRUL ZD\ WR GHWHUPLQH ZKLFK PHPEHU RI WKLV
LQnQLWH IDPLO\ RI UDQNLQJ DOJRULWKPV LV EHVW�� 1RU LV LW REYLRXV �DW OHDVW WR XV�
WKDW WKHUH LV D EHVW PHPEHU RI WKLV IDPLO\� 3HUKDSV GLmHUHQW PHPEHUV ZRUN
GLmHUHQWLDOO\ ZHOO RQ GLmHUHQW SUREOHPV� (PSLULFDO LQYHVWLJDWLRQ LV ZKDW LV
QHHGHG DQG ZH VRRQ WXUQ WR D GLVFXVVLRQ RI LW� %HIRUH ZH GR� KRZHYHU� ZH
ORRN DW D GLmHUHQW WKHRUHWLFDO SHUVSHFWLYH RQ WKH '&% DOJRULWKP�

��� $Q ,5 3HUVSHFWLYH RQ WKH '&% $OJRULWKP

:H KDYH GLVXFVVHG WKH '&% DOJRULWKP IURP D IXQGDPHQWDO� JHRPHWULF SHU�
VSHFWLYH LQ [���� 2XU SXUSRVH LQ WKLV VHFWLRQ LV WR SODFH WKH '&% DOJRULWKP

�,QVWHDG RI JLYLQJ $ DQG % HTXDO ZHLJKW� WKHLU UHODWLYH LPSRUWDQFH FRXOG EH SDUDPH�
WHUL]HG� H�J�� ZLWK $S c %� 0XFK HOVH LV SRVVLEOH DQG HYHQ VHQVLEOH� 7KH IDPLO\ RI UHODWHG
DSSURDFKHV LV LQGHHG LQnQLWH�

��



ZLWKLQ WKH ODUJHU FRQWH[W RI ,5 DOJRULWKPV� 7KH ,QIRUPDWLRQ 5HWULHYDO �,5�
OLWHUDWXUH LV UHSOHWH ZLWK VXFK DOJRULWKPV DQG WHFKQLTXHV IRU VROYLQJ_RU DW
OHDVW DGGUHVVLQJ_WKH GRFXPHQW UHWULHYDO SUREOHP �F�I�� >��� ��� ��� ��@�� 7KLV
LV D YHU\ DFWLYH DUHD RI UHVHDUFK DQG LW LV EH\RQG WKH VFRSH RI WKLV SDSHU WR
JLYH D JHQHUDO UHYLHZ RI WKLV OLWHUDWXUH� ,QVWHDG� ZH VKDOO GLVFXVV D UHFHQWO\^
SXEOLVKHG IUDPHZRUN IRU ,5 DOJRULWKPV DQG VKRZ KRZ '&% nWV LQWR LW�

����� 7KH ,5 PRGHO

:H EHJLQ ZLWK D V\QRSVLV RI .DQWRU
V VXPPDU\ RI ,5 WHFKQLTXHV �>��@� DQG
WKHQ ZH IROORZ XS E\ SXWWLQJ '&% LQWR .DQWRU
V WHUPLQRORJ\ DQG PRGHO�
.DQWRU EDVHV KLV PRGHO RI ,5 WHFKQLTXHV XSRQ WKH IROORZLQJ UHODWLRQ�

LQG�G� F�  

�
� LI FRQFHSW F GHVFULEHV GRFXPHQW G
� RWKHUZLVH

����

�
7KH UHODWLRQ LQG GHnQHV D WDEOH ZKLFK UHFRUGV ZKLFK FRQFHSWV ODEHO ZKLFK

GRFXPHQWV� .DQWRU WKHQ GHnQHV WKH YHFWRU G�F� DV WKH FROXPQ LQ WKLV WDEOH
UHIHUHQFLQJ GRFXPHQW G _ WKH OLVW RI FRQFHSWV ZKLFK GHVFULEH GRFXPHQW G�
6LPLODUO\� ZH FDQ GHnQH D YHFWRU T�F� ZKLFK OLVWV WKH FRQFHSWV RI D VHDUFK
TXHU\�

,I ZH DVVXPH WKDW WHUPV LQ WKH FRUSXV DUH XVHG WR LGHQWLI\ FRQFHSWV� WKHQ
ZH FDQ VXEVWLWXWH WKH YDULDEOH W� IRU WHUP� IRU F� LQG�G� W�� G�W�� DQG T�W��
:KDW FRQVWLWXWHV D WHUP GHSHQGV RQ WKH ,5 V\VWHP� $ WHUP PLJKW EH�

q $Q\ ZRUG LQ WKH FRUSXV

q 7KH DERYH PLQXV VWRS ZRUGV

q 7KH DERYH VWHPPHG

q 0XOWL�ZRUG SKUDVHV �VWHPPHG RU QRW�

q 3UH�GHWHUPLQHG WHUPV IURP VRPH H[RJHQRXV GLFWLRQDU\�

q RU VRPH RWKHU SUHSURFHVVLQJ RU WRNHQL]DWLRQ VFKHPHV�

8VLQJ WKH DERYH QRWDWLRQ� ZH FDQ GHnQH EDVLF NH\WHUP PDWFKLQJ DV FDO�
FXODWLQJ WKH PDWFK IRU DOO GRFXPHQWV LQ WKH FROOHFWLRQ ZKHUH WKH OHYHO RI

��



PDWFK EHWZHHQ D GRFXPHQW DQG D TXHU\ LV GHnQHG E\ H[SUHVVLRQ ���� EHORZ�
'RFXPHQW UHWULHYDO WKHQ SUHVHQWV WR WKH HQG XVHU WKH [ GRFXPHQWV ZLWK WKH
KLJKHVW PDWFK �ZKHUH [ LV D V\VWHP SDUDPHWHU��

PDWFK�G� T�  
;

WHUPVW

G�W� c T�W� ����

7R JHQHUDOL]H WKLV PRGHO� .DQWRU DGGV ZHLJKWLQJ DQG FRQFHSW�WR�FRQFHSW
UHODWLRQVKLSV� :HLJKWLQJ DOORZV WKH PRGHO WR HPSKDVL]H VRPH FRQFHSWV DV
PRUH LPSRUWDQW WR WKH PDWFK WKDQ RWKHUV� 7KLV LV PRGHOHG PDWKHPDWLFDOO\
DV D PDWUL[� :�F� F��� ?ZKRVH QRQ]HUR HOHPHQWV OLH RQO\ RQ WKH GLDJRQDO�
>��� SDJH ��@� ,QWURGXFWLRQ RI FRQFHSW�WR�FRQFHSW UHODWLRQVKLSV DOORZV WKH
FRQVLGHUDWLRQ LQ WKH PDWFK RI QRQ�TXHU\ FRQFHSWV LQ WKH GRFXPHQWV WKDW
QHYHUWKHOHVV DUH UHOHYDQW WR WKH TXHU\� 7KLV FDQ EH PRGHOHG PDWKHPDWLFDOO\
DV D PDWUL[� 7 �F� F��� ?ZKRVH HQWULHV LQGLFDWH WKH GHJUHH WR ZKLFK WKH FRQFHSWV
DUH UHODWHG WR HDFK RWKHU� >��� SDJH ��@�

0XFK ,5 UHVHDUFK KDV H[SORUHG GLmHUHQW YDULDWLRQV RI WKH ZHLJKWLQJ PDWUL[
:� 7KH PRVW FRPPRQ DUH WKH WI �WHUP IUHTXHQF\� DQG LGI �LQYHUVH GRFXPHQW
IUHTXHQF\� PHDVXUHV� 7HUP IUHTXHQF\ WDNHV LQWR DFFRXQW WKH QXPEHU RI WLPHV
WKDW HDFK WHUP LV XVHG LQ GRFXPHQW G� XQGHU WKH DVVXPSWLRQ WKDW WKH PRUH
RIWHQ D WHUP LV XVHG LQ D GRFXPHQW� WKH PRUH UHOHYDQW WKH FRQFHSW UHSUHVHQWHG
E\ WKH WHUP LV WR WKH GRFXPHQW� ,QYHUVH GRFXPHQW IUHTXHQF\ ORRNV DW WKH
HQWLUH FRUSXV WR VHH RIWHQ HDFK WHUP LV XVHG �KRZ PDQ\ GRFXPHQWV UHIHUHQFH
WKH WHUP�� 7KH DVVXPSWLRQ KHUH LV WKDW OHVV IUHTXHQWO\ UHIHUHQFHG WHUPV KDYH
PRUH GLVFULPLQDWRU\ SRZHU� 2WKHU ZHLJKWLQJ PHDVXUHV KDYH EHHQ GHYLVHG�
(PSLULFDO VWXG\ VHHPV WR KDYH IDYRUHG FRPELQDWLRQV RI YDULDWLRQV RQ WKH WI
DQG LGI PHDVXUHV _ RIWHQ JHQHULFDOO\ UHIHUHQFHG DV WI�LGI PHDVXUHV �FI� >���
SDJH ��@��

.DQWRU GLVFXVVHV GLmHUHQW WHFKQLTXHV IRU GHYLVLQJ D 7 PDWUL[� 2QH IDPLO\
RI WHFKQLTXHV XVH H[RJHQRXV� FRUSXV�LQGHSHQGHQW WKHVDXUL VXFK DV :RUG1HW
�F�I� >��@�� 8QIRUWXQDWHO\�

5HVXOWV WR GDWH >ZLWK VXFK FRUSXV�LQGHSHQGHQW WKHVDXUL@ KDYH QRW
EHHQ DV VXFFHVVIXO DV KRSHG� DQG LW KDV EHHQ VXJJHVWHG WKDW WKH
VSHFLnFLW\ RI UHODWLRQVKLSV UHTXLUHG FDQQRW EH IRXQG LQ D XQLYHUVDO
QHWZRUN RI WHUP�WHUP UHODWLRQV� � � � 7KLV LV DNLQ WR WKH ZLGHVSUHDG
nQGLQJ LQ $, WKDW WKH VROXWLRQ WR D VSHFLnF SUREOHP UHTXLUHV GH�
YHORSPHQW RI GRPDLQ�VSHFLnF LQWHOOLJHQFH� >��� SDJH ��@

��



7KH DOWHUQDWLYH WR FRUSXV�LQGHSHQGHQW� H[RJHQRXV VRXUFHV RI WKH 7 PD�
WUL[ LV WR GHULYH LW IURP WKH FRUSXV LWVHOI� $JDLQ� .DQWRU UHOLHV RQ LQG�G� F�
�DOWKRXJK VXEVWLWXWLQJ W IRU F��

7 �W� W��  
;

G�FRUSXV
,QG�G� W� c ,QG�G� W�� ����

$GGLQJ WKH ZHLJKWLQJ DQG FRQFHSW�WR�FRQFHSW H[WHQVLRQV WR WKH PRGHO LQ
H[SUHVVLRQ ���� DQG DOORZLQJ WKH VXEVWLWXWLRQ RI WHUPV� W� IRU FRQFHSWV� F� ZH
DUULYH DW WKH IXOO ,5 PRGHO�

PDWFK�G� T�  
;

WHUPV W�W��W��

G�W� c:�W� W�� c 7 �W�� W��� c T�W��� ����

.DQWRU GHVFULEHV WKH ,5 SURFHVV DV RQH WKDW DSSOLHV WKH JHQHUDOL]HG PRGHO
LQ HTXDWLRQ ���� DW UHWULHYDO WLPH� 7KDW LV� ZKHQ D XVHU HQWHUV D TXHU\�
T� ZHLJKWLQJ DQG WKHVDXUL VFKHPHV DUH DSSOLHG WR WUDQVIRUP WKH TXHU\ LQWR
DQRWKHU� T�� WKDW ZLOO RSWLPL]H UHWULHYDO _ H�J�� ZLOO UHWXUQ WKH PRVW UHOHYDQW
GRFXPHQWV WR D TXHU\�

:KHQ WUDLQLQJ GDWD DUH DYDLODEOH �L�H�� GRFXPHQWV RI NQRZQ
UHOHYDQFH�� WKH SUREOHP RI GHVLJQLQJ DQ ,5 V\VWHP PD\ EH UH�
VWDWHG DV� ZKDW FKRLFH RI :7 ZRUNV EHVW IRU D VSHFLnF TXHU\ T
DW GLVFULPLQDWLQJ WKH GRFXPHQWV ZKRVH UHOHYDQFH LV NQRZQ" 7KLV
PD\ EH WKRXJKW RI DV nQGLQJ WKH EHVW T� IRU HDFK VSHFLnF T RU DV
WKH PRUH JHQHUDO SUREOHP RI KDQGOLQJ DOO T DW RQFH� >��� SDJHV
��^��@

7KLV SURGXFHV WKH IROORZLQJ UHWULHYDO�WLPH SURFHVVLQJ PRGHO�

PDWFK�G� T�  
;
WHUP W

G�W� c T��W� ����

ZKHUH T � T�  :7T LV IRXQG DW UHWULHYDO WLPH�

��



����� '&% DQG WKH ,5 0RGHO

7KH '&% DOJRULWKP FDQ EH GLUHFWO\ PDSSHG LQWR .DQWRU
V QRWDWLRQ DQG
PRGHO DV IROORZV�

.  ,QG�G� W� ����

/  . c.7  7 �W� W��  
;

G�FRUSXV
,QG�G� W� c ,QG�G� W�� ����

0  /c.  7 �W� W�� c,QG�G� W�  
;

G�FRUSXV
,QG�G� W� c,QG�G� W�� c,QG�G� W� ����

)URP HTXDWLRQV ���� WKURXJK ���� ZH FDQ VHH WKDW WKH EDVLF SULQFLSOHV
EHKLQG WKH '&% DOJRULWKP KDV D VROLG IRXQGDWLRQ LQ ,5 WHFKQLTXHV� +RZHYHU�
WKHUH DUH VRPH FUXFLDO GLVWLQFWLRQV EHWZHHQ '&% DQG RWKHU ,5 WHFKQLTXHV�

'&% SUHSURFHVVHV D FROOHFWLRQ WR WUDQVIRUP WKH GRFXPHQW YHFWRU� IRU VRPH
GRFXPHQW M� IURP aN�M� �WKH MWK FROXPQ RI .� WR aP�M� �WKH MWK FROXPQ RI 0��
,Q .DQWRU
V WHUPLQRORJ\� '&% XVHV WKH IROORZLQJ SUHUHWULHYDO�WLPH SURFHVVLQJ
PRGHO�

PDWFK�G� T�  
;
WHUP W

G��W� c T�W� ����

ZKHUH G� G�  G c: c7  0G LV IRXQG EHIRUH UHWULHYDO WLPH�

DQG :  , �WKH LGHQWLW\ PDWUL[��

DQG 7  /  . c.7

7KLV LV LQ GLUHFW FRQWUDVW WR .DQWRU
V UHWULHYDO�WLPH SURFHVV PRGHO ZKLFK
WUDQVIRUPV T � T� DW UHWULHYDO WLPH �HTXDWLRQ ��� LQVWHDG RI WUDQVIRUPLQJ
G� G� EHIRUH UHWULHYDO WLPH �HTXDWLRQ ����
7R VXPPDUL]H� WKH '&% DOJRULWKP SHUIRUPV D SUHSURFHVVLQJ WUDQVIRUPD�

WLRQ RI WKH G YHFWRU XVLQJ WHUP�WHUP UHODWLRQVKLSV GHULYHG IURP D GLVWDQFH
PHWULF RI WHUPV LQ GRFXPHQW VSDFH� ,Q WKH ,5 OLWHUDWXUH� ZH FDQ nQG D IHZ
RWKHU UHODWHG WHFKQLTXHV� )RU H[DPSOH� /DWHQW 6HPDQWLF ,QGH[LQJ �F�I�� >��@�

��



>��@� DOVR SUHSURFHVVHV WKH G YHFWRU EXW XVHV D WHFKQLTXH FDOOHG VLQJXODU YDOXH
GHFRPSRVLWLRQ ZKLFK UHGXFHV WKH FRQFHSW VSDFH LQWR ZKLFK G LV PDSSHG WR
SURGXFH G�� 7KH ,QTXHU\ V\VWHP
V ,QnQGHU �F�I�� >�@� >�@� SUHSURFHVVHV WKH
G YHFWRU XVLQJ D WHUP�WHUP UHODWLRQVKLSV PDWUL[ GHULYHG IURP D WHUP�WHUP
SUR[LPLW\ GDWDEDVH� 7KHUHIRUH� RXU FRQFOXVLRQ IURP [��� WKDW HPSLULFDO LQ�
YHVWLJDWLRQV DUH QHFHVVDU\ LV UHLQIRUFHG� :H QRZ WXUQ WR VXFK HPSLULFDO LQ�
YHVWLJDWLRQV RI '&%
V PHULW�

� (PSLULFDO $QDO\VLV

7KH SURFHGXUDO �[[�^��� JHRPHWULF �[����� DQG ,5 �[���� LQWHUSUHWDWLRQV RI WKH
'&% DOJRULWKP UDLVH WKH TXHVWLRQ� ,V WKLV WKH ULJKW WKLQJ WR GR" :H VXEPLW
WKDW WKH SURFHGXUDO H[SODQDWLRQ MXVWLnHV WKH '&% DOJRULWKP DV UHDVRQDEOH�
EXW WKDW WKH JHRPHWULF DQG ,5 LQWHUSUHWDWLRQV LPPHGLDWHO\ VXJJHVW RWKHU
SRVVLEOH DOJRULWKPV� 7KHUH DUH RWKHU ZD\V WR PHDVXUH FORVHQHVV EHWZHHQ
YHFWRUV� WKHUH DUH RWKHU ZD\V WR PDWFK GRFXPHQWV DQG TXHULHV� 7KHVH VKRXOG
EH H[SORUHG�� ,Q WKLV ZH DJUHH ZLWK .DQWRU ZKHQ KH VWDWHV�

� � � WKH SURRI RI D WKHRUHWLFDO IRUPXODWLRQ FDQ EH IRXQG RQO\ LQ WKH
SHUIRUPDQFH RI WKH DOJRULWKPV WKDW DUH UHDOL]LQJ WKDW IRUPXODWLRQ
DQG QRW LQ WKH IRUPXODWLRQ
V VHOI�HYLGHQFH RU UKHWRULFDO VWUHQJWK�
>��� SDJH ��@

/DQGDXHU� ZH QRWH� WDNHV DQ HYHQ VWURQJHU SRVLWLRQ�

)RU WKH PRVW SDUW� XVHIXO WKHRU\ LV LPSRVVLEOH� EHFDXVH WKH EH�
KDYLRU RI KXPDQ^FRPSXWHU V\VWHPV LV FKDRWLF RU ZRUVH� KLJKO\
FRPSOH[� GHSHQGHQW RQ PDQ\ XQSUHGLFWDEOH YDULDEOHV� RU MXVW WRR
KDUG WR XQGHUVWDQG� :KHUH LW LV SRVVLEOH� WKH XVH RI WKHRU\ ZLOO EH
FRQVWUDLQHG DQG PRGHVW� EHFDXVH WKHRULHV PD\ EH LPSUHFLVH� ZLOO
FRYHU RQO\ OLPLWHG DVSHFWV RI EHKDYLRU� ZLOO EH DSSOLFDEOH RQO\ WR
VRPH SDUWV RI VRPH V\VWHPV� DQG ZLOO QRW QHFHVVDULO\ JHQHUDOL]H� DV
D UHVXOW� WKH\ ZLOO \LHOG OLWWOH DGYDQWDJH RYHU HPSLULFDO PHWKRGV�
>��� SDJH ���@

�$QG KDYH EHHQ WR D ODUJH GHJUHH >��� ��@�

��



2YHUVWDWHPHQWV FDQ VHUYH JRRG SXUSRVHV� &HUWDLQO\ IRU RUJDQL]DWLRQDO PHP�
RU\ WKH SURRI LV LQ WKH SXGGLQJ� %XW HPSLULFDO LQYHVWLJDWLRQ UHTXLUHV DQ DU�
GXRXV DQG OHQJWK\ HmRUWV� :KDW IROORZV LV_IRU '&%_ZH WKLQN D SURPLVLQJ
EHJLQQLQJ�

��� &RPSDULVRQ ZLWK $OWHUQDWLYHV YLD VLPXODWLRQ

:H KDYH GHYHORSHG DQG LPSOHPHQWHG WZR DOJRULWKPV WKDW EHORQJ WR WKH '&%
IDPLO\� ,Q WKLV VHFWLRQ ZH GHVFULEH KRZ ZH KDYHG XVHG VLPXODWLRQ WR FRPSDUH
WKHVH WZR DOWHUQDWLYHV ZLWK '&%� $OVR� ZH GLVFXVV D IRXUWK DSSURDFK� /6,
�ODWHQW VHPDQWLF LQGH[LQJ�� WKDW KDV DSSHDUHG LQ WKH LQIRUPDWLRQ UHWULHYDO
OLWHUDWXUH�

7KH VLPXODWLRQ PHWKRGRORJ\ WKDW ZH XVH WR FRPSDUH WKH IRXU UHWULHYDO
DOJRULWKPV KDV WKH IROORZLQJ VWUXFWXUH� 5DQGRP� ELQDU\ DVVRFLDWLRQ PDWUL�
FHV �. PDWULFHV� DUH JHQHUDWHG� )RU HYHU\ SRVVLEOH �VLQJOH�WHUP� TXHU\� WKH
SHUIRUPDQFHV RI WKH IRXU DOJRULWKPV DUH FRPSDUHG DJDLQVW RQH DQRWKHU� ,Q
SDUWLFXODU� D JLYHQ TXHU\ XVLQJ D JLYHQ DOJRULWKP UHVXOWV LQ D VLQJOH UDQNHG
OLVW WKDW FDQ EH FRPSDUHG DJDLQVW WKH UDQNHG OLVWV UHVXOWLQJ IURP WKH RWKHU
DOJRULWKPV� 7KH FRPSDULVRQ PHWULF ZH XVH LV WKH 6SHDUPDQ UDQN FRUUHODWLRQ
FRHpFLHQW��

7KH VLPXODWLRQ DSSURDFK LQ JHQHUDO KDV ERWK VWUHQJWKV DQG ZHDNQHVVHV�
2Q WKH SOXV VLGH� LW LV UHODWLYHO\ VLPSOH WR LPSOHPHQW DQG LW IRFXVHV RQ WKH
VLPLODULWLHV DQG GLmHUHQFHV DPRQJ WKH DOJRULWKPV� 2Q WKH PLQXV VLGH� LW GRHV
QRW DGGUHVV WKH XVHU
V YLHZ� IRU H[DPSOH� E\ FRPSDULQJ KXPDQ UDQNLQJV WR
WKH PDFKLQH UDQNLQJV� $OVR� DOWKRXJK WKH UDQGRPO\�JHQHUDWHG PDWULFHV DUH
LQWHQGHG WR EH XQELDVHGO\ UHSUHVHQWDWLYH RI DFWXDO LQIRUPDWLRQ FROOHFWLRQV�
WKHUH LV QR JXDUDQWHH RI WKHLU VLPLODULW\ WR DFWXDO LQIRUPDWLRQ EDVHV�

����� 7KH )RXU $OJRULWKPV

:H KDYH DOUHDG\ GLVFXVVHG WKH '&% DOJRULWKP DW OHQJWK� VR QRWKLQJ PRUH
QHHGV WR EH VDLG KHUH DERXW LW� 7KH VHFRQG DOJRULWKP LV FDOOHG ODWHQW VHPDQWLF
LQGH[LQJ �/6,�� /6, LV EDVHG RQ VLQJXODU YDOXH GHFRPSRVLWLRQ� DQG LV H[SODLQHG

�:H FKRVH WKLV EHFDXVH LW LV VHQVLEOH� SRSXODU� ZHOO XQGHUVWRRG� DQG KLJKO\ DYDLODEOH� ,W
LV� KRZHYHU� QRW WKH RQO\ PHDVXUH RQH PLJKW ZLVK WR XVH WR FRPSDUH WKH DOJRULWKPV� DQG
RWKHUV VKRXOG EH FRQVLGHUHG�

��



IXOO\ LQ WKH OLWHUDWXUH �H�J�� >��@�� 7KH EDVLF LGHD LV WR UHZULWH WKH . PDWUL[
DV WKH SURGXFW RI WKUHH PDWULFHV�

.  7� c 6� c'� ����

ZKHUH�

�� .� DV DERYH LV P�E\�Q

�� 7� LV P�E\�U DQG KDV RUWKRJRQDO� XQLW�OHQJWK FROXPQV

�� 6� LV U�E\�U� LV GLDJRQDO� DQG FRQWDLQV WKH VLQJXODU YDOXHV RQ WKH GLDJ�
RQDO

�� '� LV U�E\�Q DQG KDV RUWKRJRQDO� XQLW�OHQJWK FROXPQV

�� U LV WKH UDQN RI .

7KHQ� . LV DSSUR[LPDWHG E\ UHPRYLQJ WKH VPDOOHU VLQJXODU YDOXHV IURP 6��
$SSURSULDWH URZV DQG FROXPQV DUH HOLPLQDWHG WR \LHOG DQ DSSUR[LPDWLRQ�

A.  7 c 6 c' ����

ZKHUH�

�� A. LV P�E\�Q

�� 7 LV P�E\�N DQG KDV RUWKRJRQDO� XQLW�OHQJWK FROXPQV

�� 6 LV N�E\�N� LV GLDJRQDO� DQG FRQWDLQV WKH VLQJXODU YDOXHV RQ WKH GLDJRQDO

�� ' LV N�E\�Q DQG KDV RUWKRJRQDO� XQLW�OHQJWK FROXPQV

�� U LV WKH UDQN RI .

�� N LV WKH VHOHFWHG QXPEHU RI GLPHQVLRQV LQ WKH UHGXFHG PRGHO

7KHQ� WKH UHVXOWLQJ A. PDWUL[ LV XVHG HVVHQWLDOO\ DV LV WKH 0 PDWUL[ LQ '&%
�ORRN GRZQ WKH URZ DQG UDQN DFFRUGLQJ WR HQWU\ YDOXH� WR UDQN REMHFWV DF�
FRUGLQJ WR VLQJOH LQGH[ WHUPV��

�)RU GHWDLOV� VHH WKH RULJLQDO SDSHU� >��@�

��



2XU WKLUG DOJRULWKP LV FDOOHG 62.�� 7KLV DOJRULWKP FUHDWHV DQ DOWHUQD�
WLYH� /D� WR WKH / PDWUL[ RI '&%� /D FRQWDLQV HVVHQWLDOO\ WKH UHFLSURFDOV RI
WKH (XFOLGHDQ GLVWDQFHV EHWZHHQ WKH YHFWRUV RI WKH . PDWUL[� UDWKHU WKDQ
WKHLU LQQHU SURGXFWV� 62.� nUVW FRPSXWHV WKH (XFOLGHDQ GLVWDQFH EHWZHHQ
HDFK SDLU RI LQWHUVHFWLQJ URZ DQG FROXPQ YHFWRUV LQ WKH . PDWUL[� WKHQ DGGV
RQH WR WKDW YDOXH DQG WDNHV WKH PXOWLSOLFDWLYH LQYHUVH� $GGLQJ RQH DYRLGV
GLYLVLRQ E\ ]HUR� (DFK HOHPHQW� ODL�M � RI WKLV DOWHUQDWLYH / PDWUL[ LV D PHDVXUH
RI WKH VLPLODULW\ RI WKH YHFWRUV FRUUHVSRQGLQJ WR WKH URZ L DQG FROXPQ M RI
WKH . PDWUL[� *LYHQ WKLV DOWHUQDWLYH / PDWUL[� WKH 0 PDWUL[ LV WKHQ FRP�
SXWHG XVLQJ WKH VDPH LQQHU SURGXFW FRPSXWDWLRQV ZLWK WKH . PDWUL[ DV LQ
WKH '&% DOJRULWKP�

2XU IRXUWK DOJRULWKP� 62.�� SUHVHQWV DQRWKHU ZD\ WR LQFRUSRUDWH (X�
FOLGHDQ GLVWDQFH IRU UDQNHG UHWULHYDO� 62.� FDOFXODWHV WKH / PDWUL[ DV LQ
WKH '&% DOJRULWKP� 1H[W� DQ DOWHUQDWLYH 0 PDWUL[� 0D� LV FRPSXWHG E\
FDOFXODWLQJ WKH (XFOLGHDQ GLVWDQFH EHWZHHQ WKH YHFWRUV �URZV� RI / DQG WKH
FROXPQV RI .� UDWKHU WKDQ� DV LQ '&%� WKH VFDODU �LQQHU� SURGXFWV�

����� 6LPXODWLRQ 5HVXOWV

:H YDULHG WKUHH SDUDPHWHUV LQ WKH VLPXODWLRQV� WKH QXPEHU RI URZV DQG
FROXPQV LQ WKH . PDWUL[� WKH GHQVLW\ RI RQHV LQ WKH . PDWUL[� DQG WKH
QXPEHU RI VLQJXODU YDOXHV UHWDLQHG LQ WKH /6, FDOFXODWLRQV� 7DEOH � VKRZV
WKH WHQ H[SHULPHQWV ZH SHUIRUPHG DQG WKH DVVRFLDWHG SDUDPHWHU YDOXHV�

([S� 1R� 5RZV &ROXPQV 69V NHSW �V GHQVLW\
� �� �� � ���
� �� �� � ���
� �� ��� � ���
� �� ��� � ���
� �� ��� �� ���
� �� ��� �� ���
� �� ��� � ���
� �� ��� � ���
� ��� ��� �� ���
�� ��� ��� �� ���

7DEOH �� 6LPXODWLRQ ([SHULPHQW 3DUDPHWHUV

��



7KH UHVXOWV RI WKH WHQ H[SHULPHQWV� UHFRUGHG LQ >��@� LQGLFDWH VXEVWDQWLDO
SHUIRUPDQFH GLmHUHQFHV DPRQJ WKH DOJRULWKPV� 0DQ\ RI WKHVH GLmHUHQFHV DUH
DFFHQWXDWHG XQGHU SDUWLFXODU FLUFXPVWDQFHV� 7KH ZRUVW FRUUHODWLRQ EHWZHHQ
WZR DOJRULWKPV ZDV D UDQN FRUUHODWLRQ FRHpFLHQW RI ���� LQ H[SHULPHQWV � DQG
��� LQ ERWK FDVHV EHWZHHQ 62.� DQG /6,� 7KH KLJKHVW FRUUHODWLRQ EHWZHHQ
/6, DQG DQRWKHU DOJRULWKP ZDV ���� LQ H[SHULPHQW �� 7\SLFDO FRUUHODWLRQV
EHWZHHQ /6, DQG WKH RWKHU WKUHH DOJRULWKPV ZHUH LQ WKH QHLJKERUKRRG RI ����
7KH FRUUHODWLRQV DPRQJ WKH 62.[ DOJRULWKPV DQG '&% WHQGHG WR EH KLJKHU�
ZKLFK LV QRW VXUSULVLQJ JLYHQ WKDW WKH 62.[ DSSURDFKHV DUH SHUWXUEDWLRQV
RQ WKH '&% DOJRULWKP� UDWKHU WKDQ DQ HQWLUHO\ GLmHUHQW DSSURDFK DV LV /6,�
$OWKRXJK WKHVH SRVLWLYH FRUUHODWLRQV DUH HQFRXUDJLQJ� JLYHQ ZKDW LV NQRZQ
DERXW '&% DQG /6,� WKHUH LV D FOHDU QHHG IRU IXUWKHU VWXG\_HVSHFLDOO\ LQ
PRUH UHDOLVWLF UHWULHYDO HQYLURQPHQWV_LQ RUGHU WR XQGHUVWDQG EHWWHU WKH SHU�
IRUPDQFH RI WKHVH DOJRULWKPV� 2XU UHVXOWV� KRZHYHU� SURYLGH VRPH LQLWLDO
LQVLJKWV�

%HVLGHV WKH RYHUDOO FRPSDUDWLYH SHUIRUPDQFH RI WKH IRXU DOJRULWKPV� D
IHZ VSHFLnF nQGLQJV DUH ZRUWK FRPPHQW� 7KH VL]H RI WKH SUREOHP� WKDW LV
WKH QXPEHU RI LQGH[LQJ WHUPV �URZV� DQG REMHFWV �FROXPQV�� GRHV QRW VHHP
WR KDYH D VWURQJ HmHFW� 7KH ODUJHU PDWULFHV GLG KDYH ORZHU YDULDQFHV LQ WKH
UHVXOWLQJ UDQN FRUUHODWLRQ FRHpFLHQWV� 7KLV LV QRW SDUWLFXODUO\ VXUSULVLQJ� EXW
LW GRHV KDYH LPSOLFDWLRQV IRU GHWHUPLQLQJ WKH QXPEHU RI VLPXODWLRQ UXQV� 7KH
QXPEHU RI VLQJXODU YDOXHV NHSW GLG QRW KDYH D PDMRU HmHFW �F�I�� H[SHULPHQWV �
YV� � DQG � YV ��� 7KLV FRQFRUGV ZLWK >��@� LQ ZKLFK WKHUH ZDV D PRGHVWO\ ODUJH
UDQJH RYHU ZKLFK WKLV V\VWHP SDUDPHWHU FRXOG YDU\ ZLWKRXW D VXEVWDQWLDO
HmHFW� 7KH �V GHQVLW\� KRZHYHU� GRHV DW WLPHV KDYH D IDLUO\ VXEVWDQWLDO HmHFW�

,Q VXP� WKHVH H[SHULPHQWV WHOO XV WKDW '&%� LQ FRUUHODWLQJ KLJKO\ ZLWK
62.� DQG 62.�� ZKLFK WDNH D VLPLODU YHFWRU VSDFH DSSURDFK EXW XVH (X�
FOLGHDQ GLVWDQFH PHWULFV WR PHDVXUH VLPLODULW\� LV SODXVLEO\ UREXVW� 3HUKDSV
WKH UHGXFHG FRUUHODWLRQV ZLWK /6, DUH GXH WR WKH IDFW WKDW /6, GLVFDUGV LQ�
IRUPDWLRQ� 2I FRXUVH� WKHVH FRQFOXVLRQV DUH WHQWDWLYH� HYHQ LI HQFRXUDJLQJ�
0XFKPRUH H[WHQVLYH VWXG\ ZLOO EH QHFHVVDU\ WR VXEVWDQWLDWH WKHP� 2I JUHDWHU
XUJHQF\� ZH EHOLHYH� LV WHVWLQJ WKHVH DOJRULWKPV DJDLQVW KXPDQ MXGJPHQWV RI
UHOHYDQFH� :H VKDOO QRZ GHVFULEH MXVW VXFK DQ H[SHULPHQW ZLWK WKH '&%
DOJRULWKP�

��



��� ([SHULPHQWV ZLWK +XPDQ 6XEMHFWV

:H KDYH GHYHORSHG VHYHUDO SURWRW\SH V\VWHPV WKDW FDOFXODWH '&% DQG DSSO\
LW LQ YDULRXV ZD\V WR WKH WZR DVSHFWV RI WKH RUJDQL]DWLRQDO PHPRU\ SUREOHP�
2QH RI WKHVH V\VWHPV� FDOOHG 3,56 �3LFWXUH ,QGH[LQJ DQG 5HWULHYDO 6\VWHP��
PDNHV XVH RI WH[W DVVRFLDWHG ZLWK SLFWXUHV LQ RUGHU WR LQGH[ SLFWXUHV IRU ODWHU
UHWULHYDO� 3,56 XVHV WKH '&% DOJRULWKP RQ WKH DVVRFLDWHG WH[WV LQ RUGHU WR
SHUIRUP UDQNHG UHWULHYDO �ZLWK DVVRFLDWLYH LQGH[LQJ DQG UHWULHYDO� IRU XVHUV

TXHULHV� 2SHUDWLRQ RI WKH 3,56 VRIWZDUH LV GHVFULEHG LQ >��@� 7KH DLP RI
RXU KXPDQ VXEMHFWV H[SHULPHQW ZDV WR WHVW WKH TXDOLW\ RI WKH UDQNLQJV GRQH
E\ 3,56�'&%� :H FKRVH WKLV DSSOLFDWLRQ DUHD_SLFWXUH UHWULHYDO EDVHG RQ
DVVRFLDWHG WH[W_IRU WZR UHDVRQV�

�� 6LQFH WKH VXEMHFWV VHH WKH SKRWRV EXW WKH UDQNLQJ LV GRQH RQ WKH EDVLV
RI DVVRFLDWHG WH[W ZKLFK WKH VXEMHFWV GR QRW VHH� WKLV LV D PRUH VWUHVVIXO
WHVW RI '&% WKDQ PHUHO\ WHVWLQJ WKH VXEMHFWV
 UDQNLQJV RI WH[WV DJDLQVW
'&%
V UDQNLQJ RI WH[WV�

�� 6XEMHFWV FDQ UHYLHZ DQG MXGJH SKRWRV YHU\ TXLFNO\� PXFK PRUH TXLFNO\
WKDQ WKH\ FDQ EH H[SHFWHG WR UHDG DQG XQGHUVWDQG D IHZ SDJHV RI
RUGLQDU\ WH[W�

$ WRWDO RI ��� SKRWRJUDSKV IURP WKH &ODUHQFH /DXJKOLQ DUFKLYHV DW 7KH
+LVWRULF 1HZ 2UOHDQV &ROOHFWLRQ ZHUH VFDQQHG DQG WKHQ SXW LQ GLJLWDO IRUP
LQWR 3,56� )RU HDFK RI WKHVH SKRWRJUDSKV� 7KH +LVWRULF 1HZ 2UOHDQV &ROOHF�
WLRQ KDV RQH RU PRUH GDWDEDVH UHFRUGV FRQWDLQLQJ WH[W� ZULWWHQ E\ &ODUHQFH
/DXJKOLQ DQG DVVRFLDWHG ZLWK WKH SLFWXUH LQ TXHVWLRQ� 7KH /DXJKOLQ GDWDEDVH
ZDV H[WUDFWHG IURP D GDWDEDVH RQ D +HZOHWW�3DFNDUG PLQLFRPSXWHU DW 7KH
+LVWRULF 1HZ 2UOHDQV &ROOHFWLRQ� SXW LQWR D 3DUDGR[ GDWDEDVH� PDLOHG RQ
GLVNHWWHV WR WKH 8QLYHUVLW\ RI 3HQQV\OYDQLD� DQG FRQYHUWHG WR 0DFLQWRVK nOHV�
7KH UHVXOWLQJ WH[WXDO nOHV IRU HDFK SLFWXUH ZHUH WKHQ SURFHVVHG WR H[WUDFW NH\
ZRUGV� XVLQJ D 3URORJ SURJUDP� 7KH 3URORJ SURJUDP� UHO\LQJ RQ D SXEOLFO\
DYDLODEOH HOHFWURQLF GLFWLRQDU\� UHPRYHG VWRS ZRUGV� DGYHUEV� DQG YHUEV IURP
WKH WH[W DVVRFLDWHG ZLWK WKH SLFWXUH� 7KH SURJUDP UHWDLQHG WKH QRXQV DQG
WKH QRXQ SKUDVHV �DGMHFWLYHV IROORZHG E\ QRXQV� IRU LQGH[LQJ� 3URSHU QDPHV�
ZKLFK ZHUH XQNQRZQ WR WKH GLFWLRQDU\� ZHUH UHWDLQHG DQG WUHDWHG DV QRXQV�
7KH H[WUDFWHG WHUPV �QRXQV� QRXQ SKUDVHV� SURSHU QDPHV� ZHUH WKHQ XVHG
WR LQGH[ HDFK VWRUHG SKRWRJUDSK� UHVXOWLQJ LQ D . PDWUL[� UHSUHVHQWLQJ WKH

��



SUHVHQFH RI HDFK RI WKH YDULRXV LQGH[LQJ WHUPV LQ HDFK RI WKH GRFXPHQWV� DV
GHVFULEHG DERYH� 7KHVH LQGLFHV ZHUH WKHQ SURFHVVHG LQ DFFRUGDQFH ZLWK WKH
'&% DOJRULWKP DQG WKH UHVXOWV ZHUH XVHG WR SURYLGH WKH UHOHYDQFH UDQNLQJV
XVHG LQ WKH H[SHULPHQW� ,Q SDUWLFXODU� WKH /PDWUL[ ZDV FRPSXWHG DQG VWRUHG
LQ WKH 2UDFOH GDWDEDVH� :KHQ TXHULHV ZHUH XQGHUWDNHQ� WKH UHOHYDQW SDUWV RI
WKH 0 PDWUL[ ZHUH FRPSXWHG LQ UHDO WLPH�

,Q RUGHU WR DUULYH DW WKH TXHVWLRQV DQG SKRWRJUDSKV WR EH XVHG LQ WKH
H[SHULPHQW�ZH SHUIRUPHG D QXPEHU RI VHDUFKHV�UDQNLQJV ZLWK 3,56� 5DQN�
LQJV IRU PDQ\ WHUPV ZHUH QRW IUXLWIXO DQG WXUQHG XS RQO\ D IHZ SKRWRJUDSKV
QRW ZLGHO\ VHSDUDWHG LQ WKHLU UDQN VFRUHV� 2WKHU WHUPV SURGXFHG D ULFKHU
UHWXUQ� :H H[SORUHG LQ WKLV IDVKLRQ XQWLO DERXW �� VXFK TXHULHV ZHUH IRXQG�
,Q SDUWLFXODU� DOWKRXJK ZH IRXQG DGGLWLRQDO XVHIXO WHUPV� ZH XVHG TXHULHV RQ
WKH IROORZLQJ VHYHQ VHDUFK WHUPV�

q IDQWDVWLF DUFKLWHFWXUH

q *RWKLF

q YLVXDO SRHPV

q SRHPV RI GHVRODWLRQ

q P\VWHU\

q PDULQH IRUPV

q VDWLUH

:H WKHQ VHOHFWHG WKH DFWXDO SLFWXUHV WR EH XVHG IRU WKH H[SHULPHQW� ,Q
GRLQJ VR� ZH VRXJKW ERWK D PRUH QDUURZ DQG D ZLGHU UDQNLQJ GLVWDQFH� ,Q
SDUWLFXODU� WKH QDUURZ UDQNLQJ GLVWDQFH ZDV �� ZH FKRRVH SLFWXUHV ZKRVH
UDQNV ZHUH� �� �� DQG ��� 7KH ZLGHU UDQNLQJ GLVWDQFH ZDV ��� ZH FKRRVH
SLFWXUHV �� ��� DQG ��� ,QVRIDU DV SRVVLEOH� ZH DGKHUHG WR WKLV VFKHPH� +RZ�
HYHU� VRPH SLFWXUHV ZRXOG QRW SULQW IRU XV� VR ZH FKRRVH SLFWXUHV QHDUE\ LQ
3,56�'&% UDQN IRU WKH TXHU\ LQ TXHVWLRQ� 7KH LQIRUPDWLRQ RQ WKH DFWXDO
SLFWXUHV DQG WKHLU UDQNV DV FRGHG LQ WKH JLYHQ TXHULHV LV JLYHQ IXOO\ LQ >��@�

,Q SUHVHQWLQJ WKH TXHVWLRQV WR WKH VXEMHFWV� HYHU\ HmRUW ZDV PDGH WR
UDQGRPL]H IXOO\� (DFK VXEMHFW UHFHLYHG WKUHH TXHVWLRQV� UDQGRPO\ FKRVHQ�
7KH ODEHOLQJ RI WKH SLFWXUHV IRU HDFK TXHVWLRQ ZDV GHWHUPLQHG UDQGRPO\�

��



7KH H[SHULPHQW ZDV JLYHQ WZLFH WR JURXSV RI :KDUWRQ XQGHUJUDGXDWHV�
JRXS � DQG JURXS �� �UHIHUULQJ WR WKH WLPHV WKH H[SHULPHQW ZDV DGPLQLV�
WHUHG��

����� +XPDQ 6XEMHFWV 5HVXOWV

������� *URXS � ,Q JURXS �� �� VXEMHFWV DQVZHUHG � TXHVWLRQV IRU D WRWDO
RI �� TXHVWLRQV DQVZHUHG� $OO TXHVWLRQQDLUHV ZHUH nOOHG RXW YDOLGO\� (DFK RI
WKH �� TXHVWLRQV LQYROYHG UDQNLQJ E\ UHOHYDQFH WKUHH SLFWXUHV� (DFK ��ZD\
UDQNLQJ FDQ EH GRQH LQ � SRVVLEOH ZD\V� RQO\ RQH RI ZKLFK LV IXOO\ FRUUHFW
LQ WKH VHQVH WKDW LW GXSOLFDWHV WKH 3,56�'&% UDQNLQJ� )XUWKHU� HDFK ��
ZD\ UDQNLQJ FRQWDLQV � LPSOLFLW SDLUV RI UDQN MXGJPHQWV� ; YV� <� ; YV� =�
DQG < YV� =� 8QGHU WKH QXOO K\SRWKHVLV� VXEMHFWV VKRXOG EH ?FRUUHFW� �L�H��
LQ DJUHHPHQW ZLWK WKH 3,56�'&% SDLUZLVH UDQNLQJV� DERXW KDOI WKH WLPH�
7KXV� XQGHU WKH QXOO K\SRWKHVLV� LQ D JLYHQ ��ZD\ UDQNLQJ D VXEMHFW VKRXOG
H[SHFW WR JHW ��� RI WKH � SDLUZLVH UDQNLQJV FRUUHFW MXVW E\ FKDQFH�

,Q JURXS �� WKHQ� WKHUH ZHUH �� �VXEMHFWV� 
 � �TXHVWLRQV SHU VXEMHFW� 

� �SDLUZLVH UDQNLQJV SHU TXHVWLRQ�  ��� SDLUZLVH UDQNLQJV SHUIRUPHG� 7KH
QXPEHU H[SHFWHG WR EH FRUUHFW E\ WKH QXOO K\SRWKHVLV LV KDOI RI WKDW� RU ����
$ WRWDO RI ���� RU ���� ZHUH LQ IDFW FRUUHFW� 7KLV UHSUHVHQWV DQ LPSURYHPHQW
RYHU FKDQFH RI �������  ���� 7KH HmHFW LV FOHDUO\ VLJQLnFDQW VWDWLVWLFDOO\�
7KH SUREDELOLW\ RI oLSSLQJ D IDLU FRLQ ��� WLPHV DQG JHWWLQJ ��� RU PRUH
KHDGV LV TXLWH ORZ �����������������������

/RRNLQJ DW WKH GDWD LQ D VOLJKWO\ GLmHUHQW ZD\� ZH QRWH WKDW LQ D ��ZD\
UDQNLQJ� WKHUH LV � ZD\ WR JHW � RI WKH SDLUZLVH UDQNLQJV FRUUHFW� � ZD\V WR
JHW � RI WKH � SDLUZLVH UDQNLQJV FRUUHFW� � ZD\V WR JHW � RI WKH � SDLUZLVH
UDQNLQJV FRUUHFW� DQG � ZD\ WR JHW QRQH RI WKH � SDLUZLVH UDQNLQJV FRUUHFW�
7KXV� WKH QXPEHU RI �V �DOO � SDLUZLVH UDQNLQJV FRUUHFW� VKRXOG� XQGHU WKH
QXOO K\SRWKHVLV� HTXDO WKH QXPEHU RI �V� DQG WKH QXPEHU �V VKRXOG OLNHZLVH
HTXDO WKH QXPEHU RI �V�

+HUH DUH WKH DFWXDO FRXQWV IURP JURXS ��

�� �V� ��

�� �V� ��

�� �V� ��

��



�� �V� �

:H FDQ WKLQN RI WKH �V DQG �V DV ?JRRG UHVXOWV�� 7KHQ� IURP WKLV GDWD� WKH
SUREDELOLW\ WKDW D VXEMHFW DJUHHV ZLWK WKH 3,56 UDQNLQJV RQ DOO � RU RQ � RI
WKH � SDLUZLVH UDQNLQJV LV ��������������������  ���� DQ LPSURYHPHQW
RI ��� RYHU WKDW SUHGLFWHG E\ WKH QXOO K\SRWKHVLV� $JDLQ� WKH HmHFW LV FOHDUO\
VLJQLnFDQW VWDWLVWLFDOO\� VLQFH WKH SUREDELOLW\ RI JHWWLQJ �� RU PRUH KHDGV
XSRQ oLSSLQJ D IDLU FRLQ �� WLPHV LV TXLWH VPDOO� ,Q IDFW� WKLV SUREDELOLW\ LV
������� c ��b���

������� *URXS �� 7KH DQDO\VLV� DQG WKH UHVXOWV� DUH HVVHQWLDOO\ WKH VDPH
DV IRU JURXS �� ,Q JURXS ��� WKHQ� WKHUH ZHUH �� �VXEMHFWV� 
 � �TXHVWLRQV
SHU VXEMHFW� 
 � �SDLUZLVH UDQNLQJV SHU TXHVWLRQ�  ��� SDLUZLVH UDQNLQJV
SHUIRUPHG� 7KH QXPEHU H[SHFWHG WR EH FRUUHFW E\ WKH QXOO K\SRWKHVLV LV KDOI
RI WKDW� RU ������ :H IRXQG WKDW ���� RU ���� ZHUH LQ IDFW FRUUHFW� 7KLV
UHSUHVHQWV DQ LPSURYHPHQW RYHU FKDQFH RI �������  ���� 7KH HmHFW LV
FOHDUO\ VLJQLnFDQW VWDWLVWLFDOO\� 7KH SUREDELOLW\ RI oLSSLQJ D IDLU FRLQ ���
WLPHV DQG JHWWLQJ ��� RU PRUH KHDGV LV ������ c ��b���

/RRNLQJ DW WKH GDWD LQ D VOLJKWO\ GLmHUHQW ZD\� ZH QRWH WKDW LQ D ��ZD\
UDQNLQJ� WKHUH LV � ZD\ WR JHW � RI WKH SDLUZLVH UDQNLQJV FRUUHFW� � ZD\V WR
JHW � RI WKH � SDLUZLVH UDQNLQJV FRUUHFW� � ZD\V WR JHW � RI WKH � SDLUZLVH
UDQNLQJV FRUUHFW� DQG � ZD\ WR JHW QRQH RI WKH � SDLUZLVH UDQNLQJV FRUUHFW�
7KXV� WKH QXPEHU RI �V �DOO � SDLUZLVH UDQNLQJV FRUUHFW� VKRXOG� XQGHU WKH
QXOO K\SRWKHVLV� HTXDO WKH QXPEHU RI �V� DQG WKH QXPEHU �V VKRXOG OLNHZLVH
HTXDO WKH QXPEHU RI �V�

+HUH DUH WKH DFWXDO FRXQWV IURP JURXS ���

�� �V� ��

�� �V� ��

�� �V� ��

�� �V� �

$JDLQ� ZH FDQ WKLQN RI WKH �V DQG �V DV ?JRRG UHVXOWV�� 7KHQ� IURP WKLV
GDWD� WKH SUREDELOLW\ WKDW D VXEMHFW DJUHHV ZLWK WKH 3,56 UDQNLQJV RQ DOO
� RU RQ � RI WKH � SDLUZLVH UDQNLQJV LV ��������������������  ���� DQ

��



LPSURYHPHQW RI ��� RYHU WKDW SUHGLFWHG E\ WKH QXOO K\SRWKHVLV� $JDLQ� WKH
HmHFW LV FOHDUO\ VLJQLnFDQW VWDWLVWLFDOO\� VLQFH WKH SUREDELOLW\ RI JHWWLQJ ��� RU
PRUH KHDGV XSRQ oLSSLQJ D IDLU FRLQ ��� WLPHV LV ������� c ��b���

������� 7KH FRPELQHG UHVXOWV 7KH GDWD IURP WKH WZR JURXSV PD\
VDIHO\ EH SRROHG� \LHOGLQJ WKH IROORZLQJ QHW FRXQWV IRU �V� �V� �V� DQG �V�

�� �V� ����� ���

�� �V� ����� ���

�� �V� ����� ��

�� �V� ��� ��

)URP WKLV SRROHG GDWD� WKH SUREDELOLW\ WKDW D VXEMHFW DJUHHV ZLWK WKH 3,56
UDQNLQJV RQ DOO � RU RQ � RI WKH � SDLUZLVH UDQNLQJV LV �������  ����� DQG
WKH HmHFW LV KLJKO\ VLJQLnFDQW VWDWLVWLFDOO\� 7KH SUREDELOLW\ RI JHWWLQJ ��� RU
PRUH KHDGV XSRQ oLSSLQJ D IDLU FRLQ ��� WLPHV LV ������� c ��b���

��� &RPSDULVRQ RI '&% WR ,QTXHU\ %DVHG 8SRQ +X�

PDQ 6XEMHFW 5HVXOWV

,W LV LQVWUXFWLYH WR VHH KRZ ZHOO 3,56�'&% SHUIRUPV ZKHQ FRPSDUHG WR DQ
HVWDEOLVKHG ,5 V\VWHP� :H WKHUHIRUH� FRPSDUHG RXU 3,56�'&% UDQNLQJV WR
WKRVH RI WKH ,QTXHU\ V\VWHP� ,QTXHU\ KDV HVWDEOLVKHG D JRRG UHSXWDWLRQ DV
RQH RI WKH IRUHPRVW H[SHULPHQWDO ,5 V\VWHPV� ,W KDV FRQVLVWHQWO\ SHUIRUPHG
ZHOO LQ WKH 75(& ,5 FRPSDULVRQV �F�I�� WKH 75(& FRQIHUHQFH SURFHHGLQJV _
H�J�� >��@� DQG LW LV SHUKDSV WKH OHDVW H[SHQVLYH nUVW�OLQH ,5 V\VWHP DYDLODEOH
WR DFDGHPLFV�

:H WRRN WKH WH[WV IRU WKH VDPH VHW RI SKRWRV XVHG LQ WKH DERYH H[SHUL�
PHQW DQG IHG WKHP LQWR WKH ,QTXHU\ ,5 V\VWHP� ,QTXHU\ SHUIRUPHG LWV RZQ
SUHSURFHVVLQJ �H�J�� WRNHQL]DWLRQ DQG VWRS OLVWV� DQG UDQNLQJ� 6RPH RI WKH
SKRWRV ,QTXHU\ GLG QRW UDQN� WKH\ ZHUH MXGJHG �E\ ,QTXHU\� DV QRQ�UHOHYDQW�
:H FRQVLGHUHG UDQNHG SKRWRV WR EH PRUH UHOHYDQW WKDQ XQUDQNHG SKRWRV DQG�
WKHUHIRUH� DVVLJQHG D UDQN RI � �LQnQLWH� WR WKH XQUDQNHG SKRWRV� ,I WZR RI
WKH WKUHH SKRWRV ZHUH XQUDQNHG WKHQ WKH\ ZHUH FRQVLGHUHG WR KDYH HTXDO UHO�
HYDQFH �RU WR EH HTXDOO\ QRQ�UHOHYDQW� DQG ZHUH WUHDWHG DV WLHV� :H DOVR KDG

��



WLHV RQ UDQNHG SKRWRV� ,QTXHU\ RFFDVLRQDOO\ MXGJHG WZR SKRWRV WR EH HTXDO
LQ UDQN� ,Q FRPSDULQJ ,QTXHU\ UDQNLQJV ZLWK VXEMHFW DQG 3,56 UDQNLQJV� ZH
DQDO\]H WLHV LQ WZR ZD\V� ,Q [������ ZH VD\ WKDW LI 3,56 RU D VXEMHFW UDQNV
SKRWR ; RYHU SKRWR < DQG ,QTXHU\ UDQNV WKHP DV WLHG� WKHQ ZH FRXQW ,QTXHU\
DV GLVDJUHHLQJ ZLWK WKH 3,56 RU VXEMHFW UDQNLQJ� /DWHU� LQ [������ ZH WUHDW
,QTXHU\ YHU\ FKDULWDEO\ DQG UHGR WKH DQDO\VLV H[FOXGLQJ WLHV DOWRJHWKHU�

)RU H[DPSOH LI ,QTXHU\ MXGJHG SKRWRV ;� < DQG = DV IROORZV�

q ;  UDQN �

q <  UDQN �

q =  UDQN �

DQG D VXEMHFW UDQNHG WKH VDPH SKRWRV DV�

q ;  UDQN �

q <  UDQN �

q =  UDQN �

7KHQ WKH DJUHHPHQW EHWZHHQ ,QTXHU\ DQG WKH VXEMHFW LV �� 7KH\ DJUHH WKDW
; � < DQG ; � =�

,I DQRWKHU VXEMHFW UDQNHG WKH VDPH SKRWRV DV�

q <  UDQN �

q ;  UDQN �

q =  UDQN �

7KHQ WKH DJUHHPHQW EHWZHHQ ,QTXHU\ DQG WKH VXEMHFW LV �� 7KH\ DJUHH WKDW
; � =�

,I DQRWKHU VXEMHFW UDQNHG WKH VDPH SKRWRV DV�

q <  UDQN �

q =  UDQN �

q ;  UDQN �

7KHQ WKH DJUHHPHQW LV ��

��



����� ,QTXHU\ UHVXOWV

%HWZHHQ ,QTXHU\ DQG 3,56 WKHUH ZHUH � �SKRWRJUDSK VHWV� 
 � �SKRWRV SHU
VHW�  �� SDLUZLVH UDQNLQJV WR FRPSDUH� 7KH QXPEHU H[SHFWHG WR EH FRUUHFW
E\ WKH QXOO K\SRWKHVLV LV KDOI RI WKDW� RU ����� )URP WKH WDEXODWLRQV RI WKH
GDWD �DYDLODEOH LQ >��@� ZH nQG WKDW ��� RU ���� ZHUH LQ IDFW FRUUHFW� 7KLV
UHSUHVHQWV DQ LPSURYHPHQW RYHU FKDQFH RI �������  ���� 7KH SUREDELOLW\
RI oLSSLQJ D IDLU FRLQ �� WLPHV DQG JHWWLQJ �� RU PRUH KHDGV LV ������ 7KHUH�
IRUH� WKHUH LV D VWDWLVWLFDOO\ VLJQLnFDQW DJUHHPHQW EHWZHHQ 3,56 DQG ,QTXHU\
RQ WKHVH GDWD�

+RZHYHU� ��� GLVDJUHHPHQW LV HQRXJK WR PDNH XV ZRQGHU ZKLFK V\VWHP
V
UDQNLQJV DUH EHWWHU ZKHQ WKH\ GLVDJUHH� 7KH RQO\ UHFRXUVH ZH KDYH WR HVWDE�
OLVK VXFK D MXGJPHQW LV WR XVH WKH VXEMHFWV
 UDQNLQJV DV WKH REMHFWLYH DQVZHU
E\ ZKLFK ZH FDQ VFRUH DQG FRPSDUH WKH WZR V\VWHPV�

&RPSDULQJ ,QTXHU\ WR JURXS ��� ���� RU ���� RI WKH ��� SDLUZLVH UDQNLQJV
DJUHH ZLWK VXEMHFWV�� 7KLV LV VWDWLVWLFDOO\ VLJQLnFDQW� 7KH SUREDELOLW\ RI
oLSSLQJ D IDLU FRLQ ��� WLPHV DQG JHWWLQJ ��� RU PRUH KHDGV LV ������� c��b���

,QTXHU\
V QHW FRXQWV IRU �V� �V� �V� DQG �V�

�� �V� ��

�� �V� ���

�� �V� ��

�� �V� �

$JDLQ� ZH FDQ WKLQN RI WKH �V DQG �V DV JRRG UHVXOWV� 7KHQ� IURP WKLV
GDWD� WKH SUREDELOLW\ WKDW D VXEMHFW DJUHHV ZLWK WKH ,QTXHU\ UDQNLQJV RQ DOO
� RU RQ � RI WKH � SDLUZLVH UDQNLQJV LV ����������������������  ���� DQ
LPSURYHPHQW RI ��� RYHU WKDW SUHGLFWHG E\ WKH QXOO K\SRWKHVLV� $JDLQ� WKH
HmHFW LV FOHDUO\ VLJQLnFDQW VWDWLVWLFDOO\� VLQFH WKH SUREDELOLW\ RI JHWWLQJ ��� RU
PRUH KHDGV XSRQ oLSSLQJ D IDLU FRLQ ��� WLPHV LV ������� c ��b���

�,Q PDNLQJ XS WKH JURXS �� TXHVWLRQQDLUH SDFNHWV� FHUWDLQ LQIRUPDWLRQ IURP JURXS �
ZDV ORVW� ,Q SDUWLFXODU� WKH FRGH RUGHUV �H�J�� <;=� DQG WKH DFWXDO DQVZHU RUGHUV �H�J��
;<=� ZHUH ORVW GXH WR WLPH DQG HmRUW OLPLWDWLRQV� 7KH QXPEHU RI FRUUHFW DQVZHUV ZDV
UHFRUGHG FDUHIXOO\ �DYDLODEOH LQ >��@�� EXW� XQIRUWXQDWHO\� WKH ORVV RI WKH FRGH RUGHUV RQO\
DOORZHG XV WR FRPSDUH JURXS �� WR ,QTXHU\�

��



7KHUHIRUH� ,QTXHU\ DOVR SHUIRUPV ZHOO ZLWK UHVSHFW WR WKH VXEMHFWV� +RZ�
HYHU� FRPSDULQJ WKH ,QTXHU\�6XEMHFW UHVXOWV ZLWK WKH 3,56�6XEMHFW UHVXOWV�
ZH FDQ VHH WKDW 3,56 KDV PXFK JUHDWHU DJUHHPHQW ZLWK WKH VXEMHFWV� 3,56
DJUHHG ZLWK WKH JURXS �� VXEMHFWV ��� RI WKH WLPH ZKLOH ,QTXHU\ RQO\ DJUHHG
��� RI WKH WLPH� 7KH GLVWLQFWLRQ LV PRUH GUDPDWLF ZKHQ ORRNLQJ DW WKH QHW
FRXQWV�

,QTXHU\ 3,56
�V� �� ��
�V� ��� ��
�V� �� ��
�V� � �
7R VHH LI WKH GLmHUHQFH LQ SHUIRUPDQFH EHWZHHQ ,QTXHU\ DQG 3,56 LV

VLJQLnFDQW ZH FRXQW KRZ PDQ\ WLPHV 3,56 RXWSHUIRUPHG ,QTXHU\ YHUVXV
WKH QXPEHU RI WLPHV ,QTXHU\ RXWSHUIRUPHG 3,56� :H FDQ MXGJH RQH V\VWHP
WR RXWSHUIRUP WKH RWKHU IRU D SDUWLFXODU HQYHORSH ZKHQ WKH nUVW KDV PRUH
DJUHHPHQWV ZLWK WKH VXEMHFWV WKDQ WKH VHFRQG� 7KH WDOOLHV DUH�

q � HQYHORSHV ZKHUH 3,56  ,QTXHU\� ��

q � HQYHORSHV ZKHUH 3,56 ! ,QTXHU\� ��

q � HQYHORSHV ZKHUH 3,56 � ,QTXHU\� ��

7KHUHIRUH� 3,56 RXWSHUIRUPHG ,QTXHU\ �� RI WKH �� WLPHV WKDW WKH\ GLG
QRW WLH� 7KH QXOO K\SRWKHVLV VXJJHVWV WKDW RQO\ KDOI WKH WLPH� RU ��� ZRXOG
RQH V\VWHP RXWSHUIRUP WKH RWKHU ZKHQ WKH\ GR QRW WLH� $JDLQ� WKH HmHFW
LV FOHDUO\ VWDWLVWLFDOO\ VLJQLnFDQW� VLQFH WKH SUREDELOLW\ RI JHWWLQJ �� RU PRUH
KHDGV XSRQ oLSSLQJ D IDLU FRLQ �� WLPHV LV ������� c ��b���

����� ,QTXHU\ UHVXOWV H[FOXGLQJ WLHV

6XEMHFWV ZHUH QRW JLYHQ WKH FKRLFH RI UDQNLQJ SKRWRV DV WLHG� QRU ZHUH WKH\
DOORZHG WR VLPSO\ QRW UDQN SKRWRV DQG WKHUHE\ GHFODUH WKHP DV DEVROXWHO\
QRQ�UHOHYDQW� 7KHUHIRUH� LW PD\ EH XQIDLU WR ,QTXHU\ WR SHQDOL]H LW IRU WKH
WLHG DQG XQUDQNHG SKRWRV� :H UHSHDW KHUH WKH VDPH DQDO\VLV DV DERYH� EXW
H[FOXGH DOO WKH GDWD SRLQWV IRU ZKLFK ,QTXHU\ GLG QRW UDQN D SKRWR RU UDQNHG
WZR SKRWRV ZLWK HTXDO UDQNV�

7KHUH ZHUH �� HQYHORSHV IRU ZKLFK ,QTXHU\ JDYH FRPSOHWH UDQNLQJV� 2I
WKH � 
 ��  ��� SDLUZLVH UDQNLQJV� ,QTXHU\ DJUHHG ZLWK VXEMHFWV RQ ��� RU

��



������ �VWDWLVWLFDOO\ VLJQLnFDQW DW ������� c ��b���� 7KLV LV DQ LPSURYHPHQW
RI ��� � ���  �� RYHU WKH IXOO GDWD VHW�

,QTXHU\
V QHW FRXQWV IRU �V� �V� �V� DQG �V RQ WKH QRQ�WLHG VXEVHW RI GDWD
DUH�

�� �V� ��

�� �V� ��

�� �V� ��

�� �V� �

7KH SUREDELOLW\ WKDW D VXEMHFW DJUHHV ZLWK WKH ,QTXHU\ UDQNLQJV RQ DOO �
RU RQ � RI WKH � SDLUZLVH UDQNLQJV LV ��������������������  ��� �VWD�
WLVWLFDOO\ VLJQLnFDQW DW ������ c ��b���� DQ LPSURYHPHQW RI ��� � ���  ��
RYHU WKH FRPSOHWH GDWD VHW�

7KHUHIRUH� ZH GR VHH WKDW ,QTXHU\ ZDV SHQDOL]HG E\ RXU HDUOLHU WUHDWPHQW
RI WLHV� +RZHYHU� ZKHQ ZH FRPSDUH ,QTXHU\ WR 3,56�'&% RQ WKLV VPDOOHU VHW
RI GDWD SRLQWV ZH VWLOO nQG D VWDWLVWLFDOO\ VLJQLnFDQW GLmHUHQFH LQ SHUIRUPDQFH�

q � HQYHORSHV ZKHUH 3,56  ,QTXHU\� ��

q � HQYHORSHV ZKHUH 3,56 ! ,QTXHU\� ��

q � HQYHORSHV ZKHUH 3,56 � ,QTXHU\� ��

7KHUHIRUH� 3,56 RXWSHUIRUPHG ,QTXHU\ �� RI WKH �� WLPHV WKDW WKH\ GLG
QRW WLH� 7KH QXOO K\SRWKHVLV VXJJHVWV WKDW RQO\ KDOI WKH WLPH� RU ����� ZRXOG
RQH V\VWHP RXWSHUIRUP WKH RWKHU ZKHQ WKH\ GR QRW WLH� $JDLQ� WKH HmHFW LV
VWDWLVWLFDOO\ VLJQLnFDQW DOWKRXJK OHVV VR WKDQ ZLWK WKH HQWLUH GDWD VHW� WKH
SUREDELOLW\ RI JHWWLQJ �� RU PRUH KHDGV XSRQ oLSSLQJ D IDLU FRLQ �� WLPHV LV
�����

7KHUHIRUH� ZH VWLOO VHH D VWDWLVWLFDOO\ VLJQLnFDQW LPSURYHPHQW RI WKH 3,56 �
'&% DJUHHPHQW ZLWK VXEMHFWV RYHU WKDW RI ,QTXHU\
V� ,W LV RXU FRQWHQWLRQ WKDW
LW LV D GHnFLHQF\ RI ,QTXHU\ WKDW LW ZRXOG IDLO WR UDQN SKRWRV QR PDWWHU KRZ
QRQ�UHOHYDQW� UHOHYDQFH LV QRW DQ DEVROXWH� LW LV D UHODWLYH TXDOLW\� 7R VD\ DQ
REMHFW KDV UHOHYDQFH �� WR DQ LQGH[ LWHP LV PHDQLQJOHVV XQOHVV FRPSDUHG ZLWK
DQRWKHU REMHFW
V UHOHYDQFH WR WKDW VDPH LQGH[ LWHP� 1R PDWWHU KRZ PLQXWH

��



WKH UHOHYDQFH RI WZR REMHFWV WR DQ LQGH[ LWHP� LW PD\ VWLOO EH RI LQWHUHVW
WR NQRZ ZKLFK RQH LV PRUH QRQ�UHOHYDQW �RU OHVV UHOHYDQW�� 1HYHUWKHOHVV�
HYHQ ZKHQ DFFHSWLQJ WKLV GHnFLHQF\ DV D IHDWXUH ZH VHH WKDW 3,56�'&%
VWDWLVWLFDOO\ RXWSHUIRUPHG ,QTXHU\�

��� 'LVFXVVLRQ RI (PSLULFDO $QDO\VLV

7KHVH UHVXOWV DUH KLJKO\ HQFRXUDJLQJ� $OWKRXJK WKH GDWD PHULW IXUWKHU DQDO\�
VLV �H�J�� WR FRPSDUH QDUURZ UDQNLQJV ������ ZLWK ZLGH UDQNLQJV ��������� WKH
VL]H DQG VLJQLnFDQFH RI WKH EDVLF HmHFW DUH TXLWH LPSUHVVLYH� ,W VXUHO\ GRHV
VHHP WKDW� IRU WKH FDVHV LQ ZKLFK 3,56�'&% SURGXFHG D QRQ�WULYLDO UDQNLQJ
RI WKH SLFWXUHV� WKH PHWKRG VWXGLHG KHUH SURGXFHV UHVXOWV WKDW DFFRUG ZHOO
ZLWK VXEMHFWV
 LQGHSHQGHQW MXGJPHQWV� $JUHHPHQW� RI FRXUVH� LV IDU IURP
SHUIHFW� EXW LW LV KDUG WR DYRLG WKH FRQFOXVLRQ WKDW� DW OHDVW IRU WKH /DXJKOLQ
FROOHFWLRQ DQG DQQRWDWLRQV� WKH FRPSXWHU V\VWHP LV OLNHO\ WR EH KHOSIXO WR
WKRVH ZKR PLJKW EH LQWHUHVWHG LQ WKH FROOHFWLRQ
V SLFWXUHV�

7KXV� WKH 3,56�'&% V\VWHP LV ZHOO ZRUWK H[SORULQJ IXUWKHU IRU WKHVH
VRUWV RI SUREOHPV� 7KLV VDLG WKH IROORZLQJ WKUHH SULQFLSDO LVVXHV DULVH DQG�RU
UHPDLQ WKDW WKUHDWHQ WKH YDOLGLW\ RI WKHVH UHVXOWV�

�� :H UHOLHG RQ WKH ?FRQYHQLHQFH WH[W� VXSSOLHG E\ &ODUHQFH /DXJKOLQ�
GHVFULELQJ KLV SKRWRV� ,W PD\ ZHOO EH WKDW WKLV WH[W LV� IRU SUHVHQW SXU�
SRVHV� RI XQXVXDOO\ KLJK TXDOLW\ LQ GHVFULELQJ WKH FRQWHQW_WKH SKRWRV_
DW KDQG� :LOO RWKHU DUWLVWV EH DV HmHFWLYH LQ GHVFULELQJ WKHLU SKRWRV"
:LOO WH[W VXSSOLHG E\ RWKHUV� VXFK DV FDWDORJHUV DQG FXUDWRUV RU HYHQ
WKH JHQHUDO SXEOLF LQ FRPPHQWLQJ RQ VHHQ SLFWXUHV� EH HTXDOO\ XVHIXO"
:LOO UHVXOWV EH DV VXFFHVVIXO RQ D FROOHFWLRQ RI &RQJUHVVLRQDO TXHVWLRQV
DQG DQVZHUV"

�� 2XU SLFWXUH EDVH KDG RQO\ ��� SKRWRJUDSKV� ZLWK DVVRFLDWHG WH[W� +RZ
ZHOO ZLOO WKH UDQNLQJ DOJRULWKP ZRUN ZLWK D PXFK ODUJHU VFDOH GRFXPHQW
EDVH" 6FDOH LV NQRZQ WR EH WKH HQHP\ RI VWDQGDUG LQIRUPDWLRQ UHWULHYDO
�,5� DOJRULWKPV >�@� EXW WKH SUHVHQW DOJRULWKP� '&%� LV QRW DPRQJ WKH
VWDQGDUGV� 8VLQJ '&%� DQ HQWLUH FROOHFWLRQ PD\ EH UDQN RUGHUHG RQ WKH
EDVLV RI RQH WHUP� 7KLV UDQN RUGHULQJ LV W\SLFDOO\ TXLWH nQH�JUDLQHG�
2XU LQLWLDO VLPXODWLRQ LQYHVWLJDWLRQV LQGLFDWH WKDW VXFK UDQNLQJ DOJR�
ULWKPV ZLOO EH UREXVW XQGHU VFDOH WUDQVIRUPDWLRQV �VHH [���� DERYH��
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7KDW LV� FRPSXWDWLRQDO FRVW DVLGH� LI WKH UDQNLQJ DOJRULWKP ZRUNV ZHOO
RQ VPDOO FROOHFWLRQV� LW VKRXOG ZRUN ZHOO RQ ODUJH FROOHFWLRQV� 7KLV SRLQW
UHTXLUHV DGGLWLRQDO PDWKHPDWLFDO DQDO\VLV DQG� HVSHFLDOO\� DGGLWLRQDO
HPSLULFDO LQYHVWLJDWLRQ�

�� 7KH '&% DOJRULWKP LV EXW RQH RI D ODUJH IDPLO\ RI DOJRULWKPV WKDW FDQ
UDQN REMHFWV EDVHG RQ WH[W� +RZ GRHV WKH '&% DOJRULWKP FRPSDUH LQ
SHUIRUPDQFH ZLWK DOWHUQDWLYH DOJRULWKPV" $JDLQ� RXU VLPXODWLRQV� [����
KHOS� *LYHQ KLJK FRUUHODWLRQV ZLWK 62.� DQG 62.�� LW LV QRW OLNHO\ WKDW
WKHVH ZLOO GR WUHPHQGRXVO\ EHWWHU� *LYHQ WKH H[FHOOHQW SHUIRUPDQFH RI
'&% LQ WKLV H[SHULPHQW� LW LV XQOLNHO\ WKDW /6,� ZLWK LWV ORZHU FRUUH�
ODWLRQV DQG LWV GLVFDUGLQJ RI LQIRUPDWLRQ� ZLOO GR WUHPHQGRXVO\ EHWWHU�
$OO RI WKLV LV� RI FRXUVH� YHU\ PXFK RSHQ WR HPSLULFDO LQYHVWLJDWLRQ�

6XEVHTXHQW LQYHVWLJDWLRQ ZLOO EH UHTXLUHG WR UHVROYH WKHVH LVVXHV� 2XU
SULQFLSDO DLP LQ WKLV H[SHULPHQW KDV EHHQ WR SURGXFH SURPLVLQJ UHVXOWV WKDW
E\ WKHPVHOYHV PDQGDWH VXFK VXEVHTXHQW LQYHVWLJDWLRQV� :H EHOLHYH WKDW DLP
KDV EHHQ ULFKO\ DFKLHYHG�

� &RQFOXVLRQ

3ULPD IDFLH� WKH '&% DOJRULWKP KDV PXFK WR UHFRPPHQG LW� 9HU\ LPSRU�
WDQWO\ IRU WKH RUJDQL]DWLRQDO PHPRU\ SUREOHP� '&% UDQNV ZKDW LW UHWULHYHV
DQG XVHV D IRUP RI DVVRFLDWLYH UHWULHYDO� 7KDW '&% FDQ EH XVHG ERWK IRU GRF�
XPHQW UHWULHYDO �IRU ZKLFK LW ZDV RULJLQDOO\ FRQFHLYHG� DQG IRU RWKHU SUREOHPV
RI RUJDQL]DWLRQDO PHPRU\ �DV ZH KDYH VKRZQ DERYH� LV DOVR D KLJKO\ DWWUDF�
WLYH IHDWXUH� )XUWKHU� ZH KDYH VKRZQ LQ RXU LPSOHPHQWDWLRQV DQG VXEVHTXHQW
WHVWLQJ WKDW '&% LV FRPSXWDWLRQDOO\ SUDFWLFDEOH� DW OHDVW IRU FROOHFWLRQV ZLWK
WKRXVDQGV RI REMHFWV�� :LWK SDUWLWLRQLQJ RI WKH REMHFWV� RI FRXUVH� PXFK
ODUJHU FROOHFWLRQV FRXOG EH WUHDWHG�

$W ERWWRP� KRZHYHU� WKH SURRI LV LQ WKH SXGGLQJ� +RZ ZHOO GRHV WKH
V\VWHP ZRUN" :H KDYH PDGH LW SODLQ WKDW WKH UHVXOWV UHSRUWHG KHUH DUH
LQLWLDO� 7KH\ DUH SURPLVLQJ� EXW KDUGO\ GHnQLWLYH� 2QO\ VFRUHV RI IXUWKHU
H[SHULPHQWV� RQ D ZLGH YDULHW\ RI GDWDEDVHV DQG SUREOHPV� FRXOG SURGXFH

�2XU PRVW UHFHQW LPSOHPHQWDWLRQ� .66,5� URXWLQHO\ KDQGOHV FROOHFWLRQV RI ������ LWHPV�
UXQQLQJ RQ D ��� 0+] 3HQWLXP SURFHVVRU XQGHU :LQGRZV 17�

��



GHnQLWLYH UHVXOWV� 6XFK LV WKH QDWXUH RI H[SHULPHQWDO ZRUN� %XW ZLWK DOO
WKHVH FDYHDWV WR KDQG� LW LV ZRUWK UHFRXQWLQJ WKH SRVLWLYH DQG VXEVWDQWLDO
DFKLHYHPHQWV RI WKH ZRUN UHSRUWHG LQ WKLV SDSHU� 3ULQFLSDOO\� WKH\ DUH DV
IROORZV�

�� :H KDYH UHVFXHG WKH '&% DOJRULWKP IURP DQ REVFXUH ZRUNLQJ SDSHU
>�@� DQG LQ GRLQJ VR KDYH UHIRUPXODWHG WKH DOJRULWKP ZLWK FODULW\ DQG
PDWKHPDWLFDO SUHFLVLRQ� 6HH [[�� �� DQG ��

�� :H KDYH VKRZQ KRZ WZR RUJDQL]DWLRQDO PHPRU\ SUREOHPV_GRFXPHQW
UHWULHYDO DQG UHVRXUFH ORFDWLRQ^FDQ UHFHLYH D FRPPRQ FRQFHSWXDO DQG
DOJRULWKPLF WUHDWPHQW� :H LOOXVWUDWHG WKLV ZLWK WKH '&% DORULWKP� EXW
WKH SRLQW DSSOLHV JHQHUDOO\� VLQFH_DV ZH KDYH DOVR VKRZQ_'&% LV EXW
RQH PHPEHU RI D IDPLO\ RI VLPLODU DOJRULWKPV� 6HH [[�� ��

2XU GLVFXVVLRQ KDV IRFXVHG RQ WKUHH DSSOLFDWLRQ DUHDV� SLFWXUH UHWULHYDO
IURP WKH &ODUHQFH /DXJKOLQ DUFKLYHV LQ 7KH +LVWRULF 1HZ 2UOHDQV &RO�
OHFWLRQ� UHVRXUFH ORFDWLRQ� DQG nQGLQJ GRFXPHQWV SHUWDLQLQJ WR &RQ�
JUHVVLRQDO TXHVWLRQV IRU WKH &RDVW *XDUG� :H KRSH LW LV REYLRXV WKDW
WKHVH DUH VSHFLDO FDVHV DQG WKDW PDQ\ RWKHU DSSOLFDWLRQV DQG DSSOLFD�
WLRQ DUHDV DUH SODXVLEOH�

�� :H KDYH VKRZQ KRZ '&%� LQ RXU IRUPXODWLRQ� nWV ZLWKLQ WKH JHQHUDO ,5
PRGHO IRU LQIRUPDWLRQ UHWULHYDO� $OVR� ZH KDYH QRWHG WKDW ZH KDYH EHHQ
XQDEOH WR nQG D GHVFULSWLRQ� OHW DORQH DQ LQYHVWLJDWLRQ� RI DQ\ FORVHO\
VLPLODU DOJRULWKP LQ WKLV OLWHUDWXUH� 6HH [�� 7KXV� WKH UHVFXLQJ RI '&%
SUHVHQWV WKH OLWHUDWXUH ZLWK VRPHWKLQJ HmHFWLYHO\ QHZ� GLmHUHQW� DQG
SODXVLEOH�

�� :H KDYH LPSOHPHQWHG DQG WHVWHG '&% LQ D QXPEHU RI FRQWH[WV� LQFOXG�
LQJ UHVRXUFH ORFDWLRQ IRU WKH &RDVW *XDUG� GHVFULEHG LQ >��� ��@� nQGLQJ
GRFXPHQWV SHUWDLQLQJ WR &RQJUHVVLRQDO TXHVWLRQV� DQG SLFWXUH UHWULHYDO
IRU 7KH +LVWRULF 1HZ 2UOHDQV &ROOHFWLRQ� VHH >��� ��@� 7KURXJKRXW� ZH
KDYH IRXQG WKH DOJRULWKP WR SURGXFH UHVXOWV ZLWK KLJK IDFH YDOLGLW\�

�� 6HQVLEO\� '&% ORFDWHV GRFXPHQWV LQ ZRUG VSDFH DQG PHDVXUHV UHOHYDQFH
WR D TXHU\ YLD D PHDVXUH RI GLVWDQFH LQ WKDW VSDFH� '&%
V PHDVXUH LV
QRQHXFOLGHDQ� ,V LW FRUUHFW� LV LW RSWLPDO" :H VHH QR WKHRUHWLFDO ZD\ WR
GHFLGH WKHVH TXHVWLRQV� 2XU VLPXODWLRQ UHVXOWV� KRZHYHU� DUH FDXVH IRU
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FRPIRUW� '&% FRUUHODWHV ZHOO ZLWK WKH HXFOLGHDQ PHDVXUHV RI GLVWDQFH
ZH WULHG� 7KHUH LV FHUWDLQO\ QHHG IRU IXUWKHU LQYHVWLJDWLRQ� EXW WKH
LQGLFDWLRQ VR IDU LV WKDW '&% LV IDLUO\ UREXVW�

�� ,Q RUGHU WR WHVW HPSLULFDOO\ WKH SHUIRUPDQFH RI WKH '&% DOJRULWKP ZH
KDYH GHVLJQHG DQG LQWURGXFHG D YHU\ HpFLHQW H[SHULPHQWDO DSSURDFK�
GHVFLEHG LQ [���� 7KH OLWHUDWXUH RQ H[SHULPHQWDO WHVWLQJ RI UDQNLQJ DO�
JRULWKPV LQ ,5 KDV JHQHUDOO\ UHOLHG XSRQ UHOHYDQFH MXGJPHQWV PDGH E\
KXPDQ H[SHUWV RQ D IDLUO\ H[KDXVWLYH VHW RI GRFXPHQWV� 7KLV LV H[SHQ�
VLYH DQG LQHpFLHQW� 7KH DSSURDFK ZH KDYH WDNHQ UHOLHV RQ D VDPSOH RI
WKH UDQNLQJV� )XUWKHU� WKH UHVXOWLQJ GDWD FDQ EH DQDO\]HG_DV ZH KDYH
VKRZQ_ZLWK VWDWLVWLFV IUHH RI GLVWULEXWLRQDO DVVXPSWLRQV �L�H� WKH\ DUH
QRQ�SDUDPHWULF��

,PSRUWDQW DOVR LV WKH IDFW WKDW ,QWHUQHW VHDUFK HQJLQHV DUH QRZ GHOLYHU�
LQJ UDQNHG UHWULHYDO RI TXHULHV DJDLQVW YHU\ ODUJH GRFXPHQW GDWDEDVHV�
DQG GRLQJ VR ZLWK DPD]LQJ IUHTXHQF\� 7KH DOJRULWKPV DFWXDOO\ XVHG
E\ WKHVH HQJLQHV DUH PRVWO\ NHSW DV WUDGH VHFUHWV� 7KH SHUIRUPDQFH RI
WKHVH DOJRULWKPV� PHDVXUHG DV TXDOLW\ RI UDQNLQJ� LV JHQHUDOO\ DJUHHG WR
EH UDWKHU SRRU� 7KH H[SHULPHQWDO GHVLJQ ZH KDYH GHVFULEHG KHUH RmHUV
WKH SURVSHFW RI FRPSDUDWLYHO\ HDV\ DQG LQH[SHQVLYH HPSLULFDO HYDOXD�
WLRQ RI WKH ,QWHUQHW VHDUFK HQJLQHV�

�� :H KDYH FRQGXFWHG DQ H[SHULPHQW WR WHVW HPSLULFDOO\ WKH DGHTXDF\ RI
WKH '&% DOJRULWKP DQG KDYH IRXQG WKDW IRU WKH SUREOHP ZH JDYH LW
�SLFWXUH UHWULHYDO EDVHG RQ DVVRFLDWHG WH[W� �D� '&% SURGXFHG D ODUJH
SRVLWLYH HmHFW �ZKLOH XQGHU WKH QXOO K\SRWKHVLV ZH H[SHFW D ��� DJUHH�
PHQW ZLWK SDLUHG UDQN MXGJPHQWV� '&% SURGXFHG DQ ��� DJUHHPHQW��
�E� WKLV HmHFW ZDV KLJKO\ VLJQLnFDQW VWDWLVWLFDOO\�

�� :H IXUWKHU FRPSDUHG RXU H[SHULPHQWDO GDWD ZLWK UHVXOWV SURGXFHG E\
D OHDGLQJ ,QIRUPDWLRQ 5HWULHYDO V\VWHP� ,QTXHU\� $V LQ WKH FDVH RI
'&%� ZH IRXQG WKDW �D� ,QTXHU\ SURGXFHG D ODUJH SRVLWLYH HmHFW� �E�
WKLV HmHFW ZDV KLJKO\ VLJQLnFDQW VWDWLVWLFDOO\� :H DOVR IRXQG WKDW '&%
SHUIRUPHG VRPHZKDW EHWWHU WKDQ ,QTXHU\ RQ WKH SUREOHP WHVWHG�

,Q VKRUW� WKHVH LQYHVWLJDWLRQV DUH RQO\ WKH EHJLQQLQJ RI D GHHS XQGHU�
VWDQGLQJ RI KRZ FRPSXWDWLRQDO DSSURDFKHV PD\ DOOHYLDWH WKH RUJDQL]DWLRQDO
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PHPRU\ SUREOHP� ([WHQVLYH HPSLULFDO ZRUN UHPDLQV WR EH GRQH� 1RQHWKH�
OHVV� WKH VWHSV WDNHQ KHUH KDYH SURGXFHG YHU\ SURPLVLQJ UHVXOWV� DQG WKH\
OHDYH RXU FRPPXQLW\ ZLWK PXFK WR EXLOG XSRQ�
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.LUN� DQG -LP 5� 2OLYHU� 5HSRUW RQ DQ H[SHULPHQW RQ SLFWXUH UHWULHYDO
XVLQJ WKH GFE DOJRULWKP� WKH SLUV VRIWZDUH DQG SLFWXUHV IURP WKH FODUHQFH
ODXJKOLQ DUFKLYHV DW WKH KLVWRULF QHZ RUOHDQV FROOHFWLRQ� WHFKQLFDO UHSRUW�
8QLYHUVLW\ RI 3HQQV\OYDQLD� 'HSDUWPHQW RI 2SHUDWLRQV DQG ,QIRUPDWLRQ
0DQDJHPHQW� ���� /RFXVW :DON� 3KLODGHOSKLD� 3$ ����������� �����
3,56 ([S� ��������

>��@ :LOOLDP %� )UDNHV DQG 5LFDUGR %DH]D�<DWHV� HGLWRUV� ,QIRUPDWLRQ 5H�
WULHYDO� 'DWD 6WUXFWXUHV 	 $OJRULWKPV� 3UHQWLFH +DOO� (QJOHZRRG &OLmV�
1- ������ ����� ,6%1� ��������������

>��@ '� .� +DUPDQ� HGLWRU� 2YHUYLHZ RI WKH 7KLUG 7H[W 5(WULHYDO &RQIHUHQFH
�75(&���� 8�6� 'HSDUWPHQW RI &RPPHUFH� 7HFKQRORJ\ $GPLQLVWUD�
WLRQ� 1DWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQG 7HFKQRORJ\� 6XSHULQWHQGHQW RI
'RFXPHQWV� 8�6� *RYHUQPHQW 3ULQWLQJ 2pFH� :DVKLQJWRQ� '�&� ������
����� 1,67 6SHFLDO 3XEOLFDWLRQ ��������

>��@ 3DXO %� .DQWRU� ,QIRUPDWLRQ UHWULHYDO WHFKQLTXHV� ,Q 0DUWKD (�
:LOOLDPV� HGLWRU� $QQXDO 5HYLHZ RI ,QIRUPDWLRQ 6FLHQFH DQG 7HFKQRO�
RJ\ �$5,67�� YROXPH ��� SDJHV ��^��� $PHULFDQ 6RFLHW\ IRU ,QIRUPDWLRQ
6FLHQFH� �����

>��@ 6WHYHQ 2� .LPEURXJK DQG -LP 5� 2OLYHU� 2Q UHOHYDQFH DQG WZR DV�
SHFWV RI WKH FRUSRUDWH PHPRU\ SUREOHP� ,Q 3UDEXGGKD 'H DQG &ODUVRQ
:RR� HGLWRUV� 3URFHHGLQJV RI WKH )RXUWK $QQXDO :RUNVKRS RQ ,QIRUPD�
WLRQ 7HFKQRORJLHV DQG 6\VWHPV� SDJHV ���^���� >QD@� ����� )LOH� 2OLYHU�
VRN�:,76���U��

��



>��@ 6WHSKHQ (� .LUN DQG 6WHYHQ 2� .LPEURXJK� 3,56 XVHU
V PDQXDO� 7HFK�
QLFDO UHSRUW� DYDLODEOH IURP 6WHYHQ 2� .LPEURXJK� 8QLYHUVLW\ RI 3HQQ�
V\OYDQLD� ���� /RFXVW :DON� 3KLODGHOSKLD� 3$ ����������� �� )HEUXDU\
����� )LOH� 3,56 0DQXDO ��������� ��������

>��@ 5REHUW .RUIKDJH� (GLH 5DVPXVVHQ� DQG 3HWHU :LOOHWW� HGLWRUV� 3URFHHG�
LQJV RI ��WK $QQXDO $&0�6,*,5 ,QWHUQDWLRQDO FRQIHUHQFH RQ 5HVHDUFK
DQG 'HYHORSPHQW LQ ,QIRUPDWLRQ 5HWULHYDO� $&0� ����� ,6%1� ��������
������

>��@ 7KRPDV .� /DQGDXHU� /HW
V JHW UHDO� $ SRVLWLRQ SDSHU RQ WKH UROH RI
FRJQLWLYH SV\FKRORJ\ LQ WKH GHVLJQ RI KXPDQO\ XVHIXO DQG XVDEOH V\V�
WHPV� ,Q 5RQDOG 0� %DHFNHU� -RQDWKDQ *UXGLQ� :LOOLDP $�6� %X[WRQ�
DQG 6DXO *UHHQEHUJ� HGLWRUV� 5HDGLQJV LQ +XPDQ^&RPSXWHU ,QWHUDFWLRQ�
7RZDUGV WKH <HDU ����� SDJHV ���^���� 0RUJDQ .DXmPDQ 3XEOLVKHUV�
6DQ )UDQFLVFR� VHFRQG HGLWLRQ� �����

>��@ &� -� YDQ 5LMVEHUJHQ� ,QIRUPDWLRQ 5HWULHYDO� %XWWHUZRUWKV� ����� 6HH
DOVR� KWWS���ZZZ�GFV�JODVJRZ�DF�XN�.HLWK��

>��@ *HUDUG 6DOWRQ� $XWRPDWLF 7H[W 3URFHVVLQJ� $GGLVRQ�:HVOH\ 3XEOLVKLQJ
&RPSDQ\� 5HDGLQJ� 0$� �����

>��@ *HUDUG 6DOWRQ DQG 0LFKDHO -� 0F*LOO� ,QWURGXFWLRQ WR 0RGHUQ ,QIRUPD�
WLRQ 5HWULHYDO� 0F*UDZ�+LOO %RRN &RPSDQ\� �����

>��@ (ULF :� 6WHLQ DQG 9ODGLPLU =ZDVV� $FWXDOL]LQJ RUJDQL]DWLRQDO PHPRU\
ZLWK LQIRUPDWLRQ V\VWHPV� ,QIRUPDWLRQ 6\VWHPV 5HVHDUFK� �������^����
�����

>��@ (OOHQ 0� 9RRUKHHV� 8VLQJ ZRUGQHW WR GLVDPELJXDWH ZRUG VHQVHV IRU WH[W
UHWULHYDO� ,Q 6HH UHIHUHQFH >��@� SDJHV ���^���� �����

��


