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,Q WKLV SDSHU� D QHZ HQFU\SWLRQ PRGH� ZKLFK ZH FDOO WKH
�'�(QFU\SWLRQ 0RGH� LV SUHVHQWHG� ,W KDV JRRG VHFXULW\ DQG

SUDFWLFDO SURSHUWLHV� :H ILUVW ORRN DW WKH W\SH RI SUREOHPV LW

WULHV WR VROYH� WKHQ GHVFULEH WKH WHFKQLTXH DQG LWV SURSHUWLHV�

DQG SUHVHQW D GHWDLOHG PDWKHPDWLFDO DQDO\VLV RI LWV VHFXULW\�

DQG ILQDOO\ GLVFXVV VRPH SUDFWLFDO LVVXHV UHODWHG WR LWV

LPSOHPHQWDWLRQ�

,� ,1752'8&7,21

,PDJLQH WKDW WZR XVHUV� $OLFH DQG %RE� QHHG WR H[FKDQJH
VRPH GLJLWDO LPDJHV� 7KHVH LPDJHV FRQWDLQ FRQILGHQWLDO GDWD
WR ERWK RI WKHP� 7KH\ GHFLGH WR XVH VRPH EORFN FLSKHU WR
HQFU\SW DQG GHFU\SW WKH LPDJHV� VR WKDW QR RQH FRXOG VHH WKHLU
FRQWHQWV� $FFRUGLQJO\� WKH\ DJUHH RQ D NH\ WR XVH ZLWK WKH
EORFN FLSKHU� VR WKDW WKH\ FDQ VDIHO\ VWRUH DQG H[FKDQJH
HQFU\SWHG LPDJHV�

$OO EORFN FLSKHU LPSOHPHQWDWLRQV ZRXOG DOORZ $OLFH DQG
%RE WR RSHUDWH WKH EORFN FLSKHU LQ D FHUWDLQ PRGH RI
RSHUDWLRQ� XVXDOO\ WKH (&% RU WKH &%& PRGHV RI RSHUDWLRQ
>1%6��@� >$16��@� DQG >,62��@�

,Q WKH (&% PRGH� HQFU\SWLRQ SURFHHGV RQ WKH GDWD ZKHUH
GDWD LV GLYLGHG WR EORFNV RI VL]H Q ELWV �WKH VL]H RI WKH
XQGHUO\LQJ EORFN FLSKHU�� DQG HDFK GDWD EORFN LV HQFU\SWHG
LQGHSHQGHQWO\ RI DOO RWKHU GDWD EORFNV� XVLQJ WKH VDPH NH\�
7KLV UHVXOWV LQ D VLPSOH DQG IDVW HQFU\SWLRQ PHWKRG� %HFDXVH
WKHUH DUH QR GDWD�GHSHQGHQFLHV EHWZHHQ HQFU\SWHG EORFNV�
(&% PRGH DOVR KDV WKH DGYDQWDJH WKDW LW FRXOG EH
LPSOHPHQWHG RQ SDUDOOHO SURFHVVRUV�

+RZHYHU� ZKHQ WKH GDWD HQFU\SWHG EHFRPHV ODUJH WKH
PDLQ SUREOHP RI (&% EHFRPHV PRUH DSSDUHQW� 7KH
SUREDELOLW\ RI HQFU\SWLQJ WKH VDPH GDWD ZLWK WKH VDPH NH\
EHFRPHV ODUJHU� DQG WKLV PDNHV WKH MRE RI DQ DGYHUVDU\ HDVLHU�
7KH DGYHUVDU\ FRXOG EXLOG D FRGH ERRN RI SODLQWH[W�FLSKHUWH[W
SDLUV �D NQRZQ�SODLQWH[W DWWDFN�� RU DW OHDVW VKH FDQ GHGXFH
LQIRUPDWLRQ IURP WKH HQFU\SWHG LPDJH� $ VDPSOH RI VXFK
LQIRUPDWLRQ GHGXFWLRQ LV VKRZQ LQ WKH 6DPSOH ,PDJHV
$SSHQGL[� LQ ZKLFK WKH ³�'´ LPDJHV ZHUH HQFU\SWHG XVLQJ
'(6 LQ WKH (&% PRGH� 7KH DGYHUVDU\ FRXOG HDVLO\
VHH WKURXJK WKH HQFU\SWHG LPDJHV� 6KH FDQ GHGXFH
LQIRUPDWLRQ UHODWHG WR REMHFWV LQVLGH WKHP� 7KH LQIRUPDWLRQ
VKH GHGXFHV FRXOG EH WKH H[WHUQDO RXWOLQH RI DOO REMHFWV LQ DQ
LPDJH� WKH QXPEHU RI REMHFWV LQ WKDW LPDJH� WKH NLQG DQG
QDWXUH RI WKHVH REMHFWV� RU HYHQ WKH RXWOLQH RI HDFK LQGLYLGXDO
REMHFW� 7KHVH PLJKW EH WKH VDPH NLQG RI LQIRUPDWLRQ WKDW
$OLFH DQG %RE ZDQW WR KLGH� 1RWH WKDW WKH ³�'´ LPDJHV�
HQFU\SWHG XVLQJ WKH �'�(QFU\SWLRQ 0RGH� DOVR VKRZ VRPH
LQIRUPDWLRQ� EXW WKDW LV PDLQO\ GXH WR WKH VSHFLDO YDOXH ZKLFK
WKH SDUDPHWHU %35 � GLVFXVVHG ODWHU � WDNHV� DQG ZKLFK LV VR

FKRVHQ WR OHW WKH 6DPSOH ,PDJHV FOHDUO\ LOOXVWUDWH WKH
GLIIHUHQFH EHWZHHQ �' HQFU\SWLRQ DQG �' HQFU\SWLRQ�

,Q WKH &%& PRGH RI RSHUDWLRQ� LW LV UHTXLUHG WKDW WKH
VHQGHU XVHV DQ ,QLWLDOL]DWLRQ 9HFWRU� ,9� (QFU\SWLRQ WKHQ
SURFHHGV E\ DGGLQJ ,9 WR WKH ILUVW GDWD EORFN DQG HQFU\SWLQJ
WKH UHVXOW ZLWK WKH NH\� 7KH UHVXOW RI WKH ILUVW HQFU\SWLRQ LV
WKHQ DGGHG WR WKH IROORZLQJ GDWD EORFN� DQG WKH UHVXOW LV IHG WR
WKH HQFU\SWLRQ DOJRULWKP� (QFU\SWLRQ SURFHHGV LQ WKLV PDQQHU
XQWLO DOO GDWD EORFNV DUH FRQVXPHG >1%6��@� >$16��@� DQG
>,62��@� &%& PRGH VROYHV WKH PDLQ SUREOHP ZLWK WKH (&%
PRGH� DV LW YLUWXDOO\ GHFUHDVHV WKH SUREDELOLW\ WKDW RULJLQDO
UHSHDWHG�GDWD LV HQFU\SWHG ZLWK WKH VDPH NH\ WZLFH� DQG VR LW
SUHYHQWV WKH DGYHUVDU\ IURP EXLOGLQJ D FRGH ERRN RI
SODLQWH[W�FLSKHUWH[W SDLUV� 0RUHRYHU� &%& WRWDOO\ PL[HV�XS
WKH HQFU\SWHG LPDJH� VR WKDW QR LQIRUPDWLRQ FRXOG EH GHGXFHG
IURP WKH HQFU\SWHG LPDJH�

7KLV DGGHG VHFXULW\ RI &%& GRHV QRW FRPH DW QR SULFH�
$OWKRXJK &%& LV DV IDVW �RQ RQH SURFHVVRU�� DQG DV VLPSOH DV
(&%� LW GRHV LQWURGXFH D KLJK OHYHO RI GDWD GHSHQGHQFLHV�
7KLV FDXVHV WKH &%& PRGH WR ORVH WKH SDUDOOHOLVP SURSHUW\ RI
(&%� ,W FRXOG QRW EH LPSOHPHQWHG RQ SDUDOOHO SURFHVVRUV� DV
HDFK SURFHVVRU ZRXOG KDYH WR ZDLW IRU WKH UHVXOWV RI LWV
SUHYLRXV SURFHVVRU EHIRUH SURFHHGLQJ LQ LWV RSHUDWLRQ� ,Q
DGGLWLRQ� ORQJ VHTXHQFHV RI GDWD�GHSHQGHQFLHV� LQ JHQHUDO�
FDXVH SUREOHPV ZKHQ WUDQVIHUULQJ HQFU\SWHG GDWD RQ
FRPSXWHU QHWZRUNV�

7KH �'�(QFU\SWLRQ 0RGH� SUHVHQWHG KHUH� LV D QHZ
HQFU\SWLRQ PRGH WKDW LV VXLWHG IRU DOO ELQDU\ GDWD� DQG� DV D
YLVXDO GHPRQVWUDWLRQ� ZH VKRZ KRZ LW FRXOG EH DSSOLHG LQ
LPDJH HQFU\SWLRQ� 7KH �'�(QFU\SWLRQ 0RGH WULHV WR EH D
JRRG FRPSURPLVH EHWZHHQ WKH (&% DQG WKH &%& PRGHV RI
RSHUDWLRQ� WKDW JHWV DV PXFK JRRG DV SRVVLEOH IURP WKH WZR
PRGHV ZKLOH WU\LQJ WR DYRLG DV PXFK RI WKHLU SUREOHPV� ,W LV
DOVR PRUH VXLWHG WKDQ (&% DQG &%& WR VRPH W\SHV RI
DSSOLFDWLRQV�

,�� 5HODWHG :RUN

5HVHDUFK LV FXUUHQWO\ JRLQJ RQ WR VWXG\ DQG HQKDQFH WKH
SURSHUWLHV RI EORFN FLSKHUV¶ PRGHV RI RSHUDWLRQ� ,Q >%.5��@�
WKH ILUVW H[KDXVWLYH DQDO\VLV RI WKH &%& 0$& ZDV SUHVHQWHG�
:KLOH LQ >%'-5��@� WKH DXWKRUV PDNH D FRQFUHWH VHFXULW\
DQDO\VLV RI WZR SRSXODU PRGHV� WKH &%& PRGH� DQG WKH
FRXQWHU �;25� PRGH� 7KH\ DOVR SUHVHQW IRXU QRWLRQV RI
FRQFUHWH VHFXULW\ LQ WKHLU DQDO\VLV� ,Q >%,��@ WKH DXWKRUV WU\ WR
VLPSOLI\ WKH DQDO\VLV RI HQFU\SWLRQ VFKHPHV� EXW WKHLU UHVXOWV
ZHUH QRW H[SORLWHG LQ RXU DQDO\VLV� DV WKH WRROV DQG FRQFHSWV
SUHVHQWHG LQ >%'-5��@ DQG >%.5��@ ZHUH HQRXJK IRU RXU
SXUSRVHV�

,Q >55<��@ WKH DXWKRUV VWUHVV WKH QHHG IRU D PRGH WKDW
KDV D KLJK GHJUHH RI SDUDOOHOLVP� DQG UHFRPPHQG DJDLQVW
XVLQJ PRGHV ZLWK KLJK OHYHOV RI GDWD GHSHQGHQFLHV� :KLOH LQ
>.QX��@ WKH DXWKRU SUHVHQWV D GHWDLOHG DQDO\VLV RI
HUURU�UHFRYHU\ DQG HUURU�SURSDJDWLRQ SURSHUWLHV RI PRGHV�
DQG KH JLYHV VRPH UHFRPPHQGDWLRQV DQG� DFFRUGLQJO\�
SUHVHQWV WKH $%& PRGH�

,Q >/5:��@ WKH DXWKRUV SUHVHQW D UHYLHZ RI WKH FRXQWHU
PRGH� ZKLOH LQ >-XW��@� >5RJ��D@� DQG >5RJ��E@ DXWKRUV
SUHVHQW RWKHU QHZ PRGHV RI RSHUDWLRQ�
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7KH �'�(QFU\SWLRQ 0RGH ��'(0� IRU VKRUW� QDWXUDOO\

H[WHQGV QRUPDO �' HQFU\SWLRQ WR WKH �' FDVH� ,W WDNHV DV LWV

LQSXW DQ LPDJH� RU PRUH DEVWUDFWO\ D ELQDU\ VWUHDP RI GDWD� ,W

SURFHHGV E\ ILUVW SHUIRUPLQJ ZKDW LV EDVLFDOO\ DQ (&%

HQFU\SWLRQ SKDVH RQ �WKH URZV RI� WKH LPDJH� WUHDWHG DV RQH
FRQWLQXRXV VXFFHVVLYH VWUHDP RI EORFNV� WKHQ LW SHUIRUPV

DQRWKHU (&% HQFU\SWLRQ SKDVH RQ WKH FROXPQV RI WKH

UHVXOWLQJ LPDJH� DOVR WUHDWLQJ WKHP DV RQH VXFFHVVLYH

FRQWLQXRXV VWUHDP RI EORFNV�

$Q DOJRULWKPLF GHVFULSWLRQ RI WKH PRGH� LQ SVHXGRFRGH� LV

JLYHQ EHORZ� 7KH SVHXGRFRGH LPSOHPHQWV WKH �'(0 PRGH

RQ DQ\ �' GDWD �ODWHU� LW LV VKRZQ KRZ �'(0 LV DSSOLHG WR

�' GDWD�� 7KH SVHXGRFRGH DVVXPHV XVLQJ '(6 DV WKH

XQGHUO\LQJ EORFN FLSKHU� DQG WKH GDWD LV DVVXPHG WR EH

GLYLGHG WR � ELW EORFNV �E\WHV�� 'DWD LV VXSSOLHG LQ D

��GLPHQVLRQDO DUUD\ RI E\WHV FDOOHG ³'DWD´� DQG LWV E\WH
YDOXHV DUH DFFHVVHG E\ VXSSO\LQJ D URZ QXPEHU DQG D FROXPQ

QXPEHU� 7KH QXPEHU RI URZV LQ WKH DUUD\ 'DWD LV QXPURZV�

ZKLOH WKH QXPEHU RI FROXPQV LV QXPFROV�

�
 3KDVH � � 5RZ�(QFU\SWLRQ 
�

IRU URZ  � WR QXPURZV � � GR

IRU FRO  � WR QXPFROV � �� FRO � � GR

'(6�'DWD�URZ� FRO���'DWD�URZ� FRO����

�
 3KDVH � � &ROXPQ�(QFU\SWLRQ 
�

IRU FRO  � WR QXPFROV � � GR

IRU URZ  � WR QXPURZV � �� URZ � � GR

'(6�'DWD�URZ� FRO���'DWD�URZ��� FRO��

7KH ³��´ QRWDWLRQ LV XVHG WR GHQRWH WKH �HLJKW� GDWD YDOXHV

EHWZHHQ WKH WZR ERXQGDU\ GDWD E\WHV�

7KH DOJRULWKP DVVXPHV QXPFROV DQG QXPURZVDUH PXOWLSOHV
RI �� ZKLFK LV WKH UHVXOW RI GLYLGLQJ Q E\ � �WKH VL]H RI D E\WH��

)RU D ����ELW EORFN FLSKHU �VXFK DV $(6� QXPFROV DQG QXPURZV
QHHG WR EH PXOWLSOHV RI �� � ������� 7KH RSHUDWLRQ '(6� LQ

WKH DOJRULWKP� HQFU\SWV WKH ���ELWV RI GDWD VXSSOLHG WR LW�

XVLQJ WKH '(6 DOJRULWKP DQG WKH NH\ WKDW WKH XVHUV KDYH

DJUHHG XSRQ� DQG WKH UHVXOW RI WKH HQFU\SWLRQ LV UHWXUQHG WR

WKH VDPH ORFDWLRQV ZKLFK WKH LQSXW XVHG WR RFFXS\ LQ WKH

DUUD\ ³'DWD´�

)RU D JHQHUDO EORFN FLSKHU )� RI VL]H Q ELWV �ZKHUH Q LV
DVVXPHG WR EH D PXOWLSOH RI ��� WKH YDOXH Q�� ZRXOG EH FDOOHG

16% �QXPEHU RI VXE�EORFNV�� DQG WKH DOJRULWKP ZRXOG EH DV

IROORZV�

�
 3KDVH � � 5RZ�(QFU\SWLRQ 
�

IRU URZ  � WR QXPURZV � � GR

IRU FRO  � WR QXPFROV � �� FRO � 16% GR

)�'DWD�URZ� FRO���'DWD�URZ� FRO�16%����

�
 3KDVH � � &ROXPQ�(QFU\SWLRQ 
�

IRU FRO  � WR QXPFROV � � GR

IRU URZ  � WR QXPURZV � �� URZ � 16% GR

)�'DWD�URZ� FRO���'DWD�URZ�16%��� FRO��

/DWHU� ZH ZRXOG PDS QXPFROV �WKH QXPEHU RI E\WHV LQ D
URZ� WR WKH %35 �EORFNV SHU URZ� SDUDPHWHU� %35 ZRXOG EH D

UDQGRPO\ JHQHUDWHG LQWHJHU WKDW GHILQHV WKH ZLGWK RI D URZ RI

GDWD� 7KXV� %35 GHILQHV WKH H[WHQW RI LQWHUOHDYLQJ RI GDWD�

DQG GHWHUPLQHV ZKLFK GDWD E\WHV DUH WR EH IHG WR WKH

XQGHUO\LQJ EORFN FLSKHU� )� DV WKH FROXPQV RI WKH �' LPDJH

�RU WKH DUUD\ ³'DWD´ LQ WKH SVHXGRFRGH DERYH��

,,�� �' DQG �' ([DPSOHV

:H GHPRQVWUDWH KRZ �'(0 RSHUDWHV E\ SUHVHQWLQJ DQ

H[DPSOH� 7KHQ ZH VKRZ KRZ �'(0 LV DSSOLHG WR �' GDWD�

$VVXPH ZH KDYH D �� u �� SL[HOV LPDJH� (DFK SL[HO KDV D
JUD\�VFDOH FRORU LQ WKH UDQJH ������ �DQG WKXV RFFXSLHV HLJKW

ELWV�� VR HLJKW SL[HOV �LQ D URZ RU LQ D FROXPQ� ZRXOG IRUP

RQH ���ELW '(6 GDWD EORFN� )RU VLPSOLFLW\� DVVXPH WKH FRORU

YDOXHV LQ WKH LPDJH DUH DV IROORZV �LQ KH[DGHFLPDO QRWDWLRQ��

��� ��� ��� ��� ��� ��� � �%� �&� �'� �(� �)

��� ��� ��� � �(� �)

��� ��� ��� � �(� �)

� � �

� � �

� � �

'�� '�� ��� � '(� ')

(�� (�� ��� � ((� ()

)�� )�� )�� )�� )�� ��� � )%� )&� )'� )(� ))

0RUHRYHU� WKH NH\ XVHG LQ '(6 HQFU\SWLRQ LV

N  ����������$%&'()�

�'(0 SURFHHGV E\ HQFU\SWLQJ WKH ���ELW EORFN

����������������� WKH ILUVW HLJKW SL[HOV LQ WKH ILUVW URZ

RI WKH LPDJH� XVLQJ '(6 ZLWK WKH NH\ N� 7KHQ LW HQFU\SWV WKH

EORFN �����$�%�&�'�(�)� 7KH WHFKQLTXH WKHQ IROORZV WR

HQFU\SW ����������������� ZKLFK LV WKH ILUVW EORFN RI

WKH VHFRQG URZ� DQG VR RQ LW FRQWLQXHV� XQWLO LW UHDFKHV WKH

ILQDO URZ EORFN LQ WKH LPDJH� L�H�� WKH EORFN

)�)�)$)%)&)')())� 7KH LQWHUPHGLDWH LPDJH �HTXLYDOHQW

WR DQ (&% HQFU\SWLRQ RI WKH URZV RI WKH LPDJH� ZRXOG EH DV

IROORZV�
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7KHQ� �'(0 HQWHUV LWV VHFRQG SKDVH� WKH
FROXPQ�HQFU\SWLRQ SKDVH� ,W HQFU\SWV WKH ���ELW HQFU\SWHG

FROXPQ EORFN ����&$�(�)���'�� �VHH LQWHUPHGLDWH

LPDJH DERYH�� WKHQ HQFU\SWV WKH VHFRQG FROXPQ EORFN

�)&��)�&$����%$�� ,W WKHQ ILQLVKHV HQFU\SWLQJ WKH ILUVW

HLJKW URZV E\ HQFU\SWLQJ WKH FROXPQ EORFN

�%�$�����'%����%� �'(0� WKHQ� SURFHHGV WR HQFU\SW

WKH EORFN ��&����)��&������ ,W WKHQ FRQWLQXHV

HQFU\SWLRQ RI WKH FROXPQV RI WKH ODVW HLJKW URZV RI WKH LPDJH�

WLOO LW UHDFKHV WKH ILQDO EORFN� ���$��'���&�$$�%� 7KH

ILQDO �'(0 HQFU\SWHG LPDJH� WKHQ� ZRXOG EH�
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$OWKRXJK WKH �'(0 PRGH VHHPV � EHFDXVH LW LV GHVFULEHG
DERYH LQ �' WHUPV � WR EH PRUH VXLWHG IRU HQFU\SWLQJ LPDJHV�

DQG GDWD RI �' QDWXUH �VXFK DV UHODWLRQDO GDWDEDVH WDEOHV� RU

VSUHDGVKHHW WDEOHV�� �'(0 FRXOG EH DSSOLHG WR RWKHU IRUPV RI

GDWD VXFK DV WH[W�ILOHV� ZRUG�SURFHVVRU GRFXPHQWV� DQG RWKHU
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GDWD RI �' QDWXUH� �' GDWD KDYH QDWXUDO URZ DQG FROXPQ

ERXQGDULHV� DQG WKH FROXPQV RI WKH GDWD DUH MXVW DV HDVLO\

DFFHVVLEOH DV LWV URZV� )RU �' GDWD� WKLV FRXOG EH VLPXODWHG�

E\ GHILQLQJ D URZ ZLGWK DQG PDNLQJ DSSURSULDWH FRGLQJ RI

GDWD DFFHVV� ��'(0 LV GHVLJQHG WR PDNH VRIWZDUH DQG

KDUGZDUH LPSOHPHQWDWLRQV HIILFLHQW IRU ERWK �' DQG �' GDWD��

%\ GHILQLQJ D URZ ZLGWK �QXPFROV RU %35� DQG GHILQLQJ GDWD
VHSDUDWHG DSDUW E\ ³URZ ZLGWK´ WR EH LQ WKH VDPH FROXPQ�

�'(0 FRXOG RSHUDWH QRUPDOO\ RQ WKH QHZ DUWLILFLDO URZV DQG

FROXPQV�

$Q H[DPSOH RI KRZ �'(0 ZRXOG EH DSSOLHG WR �' GDWD�
LV SUHVHQWHG EHORZ� 7KLV H[WUD H[DPSOH ZRXOG EH EHQHILFLDO

DOVR LQ IRVWHULQJ D EHWWHU XQGHUVWDQGLQJ DQG LQWHUSUHWDWLRQ RI

WKH VHFXULW\ DQG HUURU�SURSDJDWLRQ DQDO\VLV RI �'(0 ZKLFK�

IRU FRPSDWLELOLW\ DQG FRQVLVWHQF\ ZLWK DOO UHVHDUFK ZRUN LQ

WKLV ILHOG� LV SUHVHQWHG LQ �' WHUPV�

:H XVH WKH WHUP ³VXE�EORFN´ WR UHIHU WR D EORFN RI ELWV RI

OHQJWK Q� ZKLFK LV LQSXW WR WKH XQGHUO\LQJ EORFN FLSKHU� ZKLOH

WKH WZR WHUPV ³�' EORFN´ DQG ³Q
�
���ELWV EORFN´ DUH XVHG

V\QRQ\PRXVO\ WR UHIHU WR WKH EORFN RI ELWV RI VL]H Q
�
�� ELWV

WKDW LV VXSSOLHG WR �'(0� ,Q �'(0� WKLV �' EORFN LV

VXEGLYLGHG WR 16% VXE�EORFNV WKDW DUH IHG WR WKH XQGHUO\LQJ

EORFN FLSKHU )� ZKHUH LQ WKH ILUVW SKDVH WKH\ DUH IHG DV URZV
RI WKH SODLQWH[W� ZKLOH LQ WKH VHFRQG SKDVH WKH\ DUH IHG DV

FROXPQV RI WKH HQFU\SWHG URZV�

8VLQJ '(6 DV WKH XQGHUO\LQJ EORFN FLSKHU� RXU H[DPSOH

DVVXPHV D PHVVDJH RI VL]H ��� E\WHV� 6R� WKH VL]H RI WKH

PHVVDJH� LQ ELWV� LV 0  ��� u �  ���� ELWV  � u ����

L�H�� VL[ �' EORFNV�

)XUWKHUPRUH� DVVXPH WKDW WKH PHVVDJH LV FRPSRVHG RI WKH

IROORZLQJ E\WH YDOXHV �LQ KH[DGHFLPDO QRWDWLRQ��

��� ��� ��� ��� ��� ��� � )'� )(� ))� �)� �(�

�'� �&� �%� ��� � ��� ��� ��

7KLV �' PHVVDJH FRXOG EH HQFU\SWHG XVLQJ �'(0 DV

IROORZV� 7KH PHVVDJH LV GLYLGHG WR VL[ EORFNV RI VL]H

Q
�
��  ��� ELWV HDFK� 7KH URZV RI WKH �' EORFNV WKDW DUH LQSXW

WR �'(0� DUH WKHQ VHOHFWHG IURP WKHVH VL[ EORFNV DFFRUGLQJ

WR WKH SDUDPHWHU %35� 1RWLFH WKDW %35 KDV D PLQLPXP YDOXH

RI �� ZKLOH LWV PD[LPXP SRVVLEOH YDOXH

LV 0��QÂ16%�  0��Q
�
����

(DFK URZ LQ D �' EORFN LV RI OHQJWK Q ELWV �L�H�� HDFK URZ

LV D VXE�EORFN�� DQG WKHVH URZV DUH VHOHFWHG VXFK WKDW

FRQVHFXWLYH URZV DUH %35 VXE�EORFNV DSDUW LQ WKH RULJLQDO

PHVVDJH� 7KLV LV HTXLYDOHQW WR LQWHUOHDYLQJ WKH URZV RI %35

FRQVHFXWLYH �' EORFNV WKDW DUH FKRVHQ VHTXHQWLDOO\ IURP DOO

WKH Q
�
���ELW EORFNV RI WKH PHVVDJH�

7R VXPPDUL]H� WKLV LPSOLHV WKDW WKH SODLQWH[W �D �' VWUHDP

RI E\WHV� LV WUHDWHG DV D �' DUUD\ RI E\WHV ZKRVH

QXPFROV %35Â16%�
)RU WKH PHVVDJH JLYHQ DERYH WKH SRVVLEOH YDOXHV IRU %35

ZRXOG EH �� �� �� �� �� DQG �� %35 LV UDQGRPO\ JHQHUDWHG

IURP WKLV VHW RI SRVVLEOH YDOXHV� ,I %35 WDNHV WKH YDOXH ��

WKHQ WKH VL[ �' EORFNV WKDW JHW HQFU\SWHG ZRXOG EH DV

IROORZV�
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ZKLOH LI %35 WDNHV WKH YDOXH � WKHQ WKH VL[ �' EORFNV WKDW

JHW HQFU\SWHG ZRXOG EH DV IROORZV�
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DQG VR RQ IRU WKH RWKHU YDOXHV RI %35� 1RWLFH WKDW� WKH

E\WHV RI WKH HQFU\SWHG �' EORFN ZRXOG RFFXS\ WKH VDPH

SRVLWLRQV� LQ WKH FLSKHUWH[W DUUD\� DV WKHLU FRUUHVSRQGLQJ

SODLQWH[W GLG LQ WKH SODLQWH[W DUUD\� $OVR� QRWH WKDW IRU

%35  � RU � ZH ZRXOG KDYH VKRUWDJH RI �' EORFNV� 6R HLWKHU

WKH PHVVDJH LV SDGGHG ZLWK HQRXJK EORFNV� RU WKH EORFNV RI

WKH ³ODVW URZ RI �' EORFNV´ FRXOG EH HQFU\SWHG ZLWKRXW

LQWHUOHDYLQJ� RU HQFU\SWHG ZLWK DQ LQWHUOHDYLQJ IDFWRU HTXDO WR

WKH QXPEHU RI UHPDLQLQJ EORFNV �OHVV WKDQ %35�� RU
FLSKHUWH[W�VWHDOLQJ �RU VRPH RWKHU DOWHUQDWLYH WR SDGGLQJ�

>6FK��@ FRXOG EH XVHG�

,Q WKH QH[W VHFWLRQ ZH SUHVHQW DQ HYDOXDWLRQ RI �'(0�

ZKLOH PDWKHPDWLFDO DQDO\VLV RI LWV VHFXULW\� HUURU�UHFRYHU\

DQG HUURU�SURSDJDWLRQ SURSHUWLHV LV SUHVHQWHG LQ VHFWLRQ ,9�

DQG ILQDOO\ VHFWLRQ 9 GLVFXVVHV VRPH SUDFWLFDO LVVXHV UHODWHG

WR LWV GHVLJQ DQG LPSOHPHQWDWLRQ�
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,,,�� (YDOXDWLRQ RI WKH 6HFXULW\ RI WKH �'�(QFU\SWLRQ

0RGH
:LWK UHVSHFW WR VHFXULW\� WKH �'(0 PRGH KDV WKH

IROORZLQJ SURSHUWLHV�

L� 7KH SUREDELOLW\ RI HQFU\SWLQJ WKH VDPH GDWD EORFN XVLQJ
WKH VDPH NH\ EHFRPHV PXFK ORZHU WKDQ WKDW RI (&%� WKDW LV

EHFDXVH WKH VL]H RI WKH GDWD EORFN WKDW QHHGV WR EH UHSHDWHG

KDV LQFUHDVHG IURP �� ELWV WR �� u �  ��� ELWV IRU '(6 DV WKH
XQGHUO\LQJ EORFN FLSKHU� RU KDV LQFUHDVHG IURP ��� ELWV WR

��� u ��  ���� ELWV IRU $(6 DV WKH XQGHUO\LQJ EORFN FLSKHU�
7KH PHPRU\ UHTXLUHPHQWV IRU PRXQWLQJ D VXFFHVVIXO ELUWKGD\

DWWDFN� WKXV� KDYH LQFUHDVHG DSSUR[LPDWHO\ IURP �
��
WR �

���
IRU

�'(0 XVLQJ '(6� DQG DSSUR[LPDWHO\ IURP �
��
WR �

����
IRU

�'(0 XVLQJ $(6�

LL� �'(0� GXH WR WKH H[WUD HQFU\SWLRQ SKDVH LW SHUIRUPV�

KLGHV WKH VWDWLVWLFDO LQIRUPDWLRQ RI WKH RULJLQDO PHVVDJH PRUH

WKDQ WKH (&% PRGH GRHV� 7KH URZ�HQFU\SWLRQ SKDVH �WKH ILUVW

SKDVH� UDQGRPL]HV WKH LQSXW WR WKH FROXPQ�HQFU\SWLRQ SKDVH

�WKH VHFRQG SKDVH�� 7KH HIIHFW RI WKLV LV FOHDU LQ WKH VWDWLVWLFV
DQG KLVWRJUDPV DFFRPSDQ\LQJ HDFK RI WKH 6DPSOH ,PDJHV LQ

WKH $SSHQGL[� 7KHVH VWDWLVWLFV DQG KLVWRJUDPV VKRZ WKDW WKH

QXPEHU RI FRORUV� LQ HQFU\SWHG LPDJHV� LQFUHDVHV IURP

�' HQFU\SWLRQ �L�H�� XVLQJ (&%� WR �' HQFU\SWLRQ �L�H�� XVLQJ

�'(0�� ,Q DGGLWLRQ� WKH PD[LPXP UHSHWLWLRQ IRU D VLQJOH

FRORU GHFUHDVHV� WKH PLQLPXP UHSHWLWLRQ IRU D VLQJOH FRORU

LQFUHDVHV� DQG WKH YDULDQFH EHWZHHQ FRORU UHSHWLWLRQV

GHFUHDVHV DQG WKH DYHUDJH FRORU RI WKH ZKROH HQFU\SWHG LPDJH

DSSURDFKHV WKH PLGGOH RI WKH FRORU VFDOH� �D JUD\�VFDOH RI

FRORUV IURP � WR ��� LV XVHG� VR WKH PLGSRLQW RI WKH VFDOH LV

�������

LLL� %\ YHUWLFDOO\ HQFU\SWLQJ GDWD WKDW OLH LQ WKH VDPH
FROXPQ� �'(0 HQFU\SWV GDWD EORFNV WKDW DUH IDU DSDUW E\

%35 VXE�EORFNV� 7KLV OHWV �'(0 EH PRUH UHVLVWLYH WR WKH

³EORFN UHSOD\´ DWWDFN� ZKLFK LV D VHULRXV VHFXULW\ SUREOHP

ZLWK WKH (&% PRGH >6FK��@� DQG KDV D FRXQWHUSDUW LQ WKH

&%& PRGH >.QX��@� %HFDXVH LW GHILQHV DQG XVHV D URZ ZLGWK

�QXPFROV� RU DOWHUQDWLYHO\ %35�� �'(0 FRUUHODWHV GDWD EORFNV
WKDW DUH QRW ORJLFDOO\ UHODWHG WR HDFK RWKHU� ZKLFK LV WKH PDLQ

IHDWXUH H[SORLWHG E\ WKH EORFN UHSOD\ DWWDFN LQ (&% PRGH�

7KLV LV HYHQ PRUH HIIHFWLYH ZKHQ WKH ZLGWK RI URZV LV FKRVHQ

DW UDQGRP� RU FRXOG EH FKRVHQ DQG FKDQJHG HDVLO\ E\ WKH

XVHUV�

,W LV WR EH QRWHG WKDW ZH GLVFXVV DQG HYDOXDWH LQ WKLV SDSHU

³EDUH´ �' HQFU\SWLRQ XVLQJ �'(0� DQG ZH PDLQO\ FRPSDUH
LW ZLWK ³EDUH´ �' HQFU\SWLRQ XVLQJ (&%� L�H�� ZLWK QR ,9V �DV

LQ WKH &%& PRGH� DQG QR QRQFHV RU FRXQWHUV �DV LQ WKH

&RXQWHU PRGH�� 7KHVH FRXOG EH HTXDOO\ DQG HDVLO\ DGGHG WR

ERWK �' DQG �' HQFU\SWLRQ PRGHV� WR DGG H[WUD VHFXULW\� )RU

WKH FRXQWHUV� WKH SRVLWLRQDO FRXQWHU LQ �' HQFU\SWLRQ FRXOG EH

VSOLW WR WZR FRXQWHUV LQ �' HQFU\SWLRQ� D URZ SRVLWLRQDO

FRXQWHU DQG D FROXPQ SRVLWLRQDO FRXQWHU� 7KHVH DUH H[WUD

VXJJHVWLRQV� EXW DUH QRW LQYHVWLJDWHG IXUWKHUPRUH KHUH� DQG

DUH QRW LQFOXGHG LQ WKH VSHFLILFDWLRQ RI WKH �'�(QFU\SWLRQ

0RGH� DV ZH IHHO LW LV DSSURSULDWHO\ VHFXUH�

,,,�� (YDOXDWLRQ RI WKH 3HUIRUPDQFH RI WKH

�'�(QFU\SWLRQ 0RGH
:LWK UHVSHFW WR SHUIRUPDQFH� WKH �'(0 PRGH KDV WKH

IROORZLQJ SURSHUWLHV�

L� 6SHHG� ,PSOHPHQWHG RQ RQH SURFHVVRU� �'(0 WDNHV MXVW

GRXEOH WKH WLPH WKH (&% PRGH WDNHV� :KLOH WKLV LV PRUH WKDQ

WKH WLPH UHTXLUHG IRU WKH &%& PRGH� �'(0 UHJDLQV WKH

SDUDOOHOL]DELOLW\ SURSHUW\ RI (&%� (DFK EORFN RI � u �� ELWV

�RU �� u ��� ELWV� FRXOG EH HQFU\SWHG LQGHSHQGHQWO\ IURP
RWKHU EORFNV� VR �'(0 FRXOG EH LPSOHPHQWHG RQ SDUDOOHO

SURFHVVRUV� DQG WKXV VXEVWDQWLDOO\ UHGXFH WKH HQFU\SWLRQ WLPH�

$OVR WKH ��E\WH �RU ���E\WH� URZV RI HDFK �' EORFN� LQ WKH

ILUVW SKDVH� FRXOG EH HQFU\SWHG LQ SDUDOOHO LQGHSHQGHQWO\ RI

HDFK RWKHU� ZKLOH LQ WKH VHFRQG SKDVH WKH ��E\WH �RU ���E\WH�

FROXPQV RI WKH EORFN FRXOG EH HQFU\SWHG LQ SDUDOOHO� DOVR

LQGHSHQGHQWO\ RI HDFK RWKHUV� 7KDW PHDQV WKDW ZKHQ HQRXJK

SURFHVVRUV DUH DYDLODEOH� WKH WLPH WR HQFU\SW WKH ZKROH

�' EORFN �DQG� DFFRUGLQJO\� DOVR WKH ZKROH PHVVDJH� FRXOG

EH MXVW GRXEOH WKH WLPH UHTXLUHG WR HQFU\SW RQH VXE�EORFN�
7KDW LV EHFDXVH WKH OHQJWK RI WKH ORQJHVW FULWLFDO SDWK LQ WKH

�'�(QFU\SWLRQ 0RGH LV WZR� DQG LQ IDFW DOO FULWLFDO SDWKV KDYH

D OHQJWK RI WZR�

LL� 0HPRU\ UHTXLUHPHQWV� LI �'(0 LV LPSOHPHQWHG RQ

SDUDOOHO SURFHVVRUV� HDFK SURFHVVRU UHTXLUHV MXVW LWV � u �� ELWV

�RU �� u ��� ELWV� EORFN� :KHQ LPSOHPHQWHG RQ D VLQJOH
SURFHVVRU WKHQ MXVW RQO\ HLJKW �RU VL[WHHQ� URZV RI WKH RULJLQDO

GDWD QHHG WR EH KHOG LQ PHPRU\� 7KLV FRXOG EH UHGXFHG� ZLWK

VRPH KDQGOLQJ DQG SURFHVVLQJ� WR MXVW WKH � u �� ELWV EORFN

�RU �� u ��� ELWV� LI WKH ZKROH GDWD LV DYDLODEOH RQ SHUPDQHQW
VWRUDJH� DQG LV QRW� IRU H[DPSOH� GRZQORDGHG IURP D QHWZRUN�

7KXV� �'(0 YLUWXDOO\ DGGV QR PHPRU\ UHTXLUHPHQWV EHVLGH

WKDW UHTXLUHG IRU LPSOHPHQWLQJ WKH XQGHUO\LQJ EORFN FLSKHU

�IRU LWV WDEOHV DQG 6�ER[HV� IRU H[DPSOH�� DQG WKH PHPRU\

UHTXLUHG IRU NHHSLQJ WKH SDUDPHWHU %35 �DQ LQWHJHU YDOXH��

LLL� (UURU�3URSDJDWLRQ DQG (UURU�5HFRYHU\� �'(0 OLPLWV

WKH HIIHFW RI ELW HUURUV RQO\ WR WKH HQFU\SWHG�GHFU\SWHG � u ��

ELWV �RU �� u ��� ELWV� EORFN RI GDWD� ([WUD DQDO\VLV RI WKH
HUURU�UHFRYHU\ DQG HUURU�SURSDJDWLRQ SURSHUWLHV RI �'(0 LV

SUHVHQWHG LQ WKH QH[W VHFWLRQ�

,9� 0$7+(0$7,&$/$1$/<6,6

,Q WKLV VHFWLRQ� ZH SUHVHQW DQ DQDO\VLV RI WKH VHFXULW\ DQG

HUURU�SURSDJDWLRQ SURSHUWLHV RI WKH �'�(QFU\SWLRQ 0RGH�

,9�� 6HFXULW\ $QDO\VLV RI WKH �'�(QFU\SWLRQ 0RGH
:KHQ XVLQJ D EORFN FLSKHU ZLWK EORFN VL]H Q ELWV� LW LV

VKRZQ LQ WKH GHVFULSWLRQ RI �'(0 WKDW LW ZRUNV RQ �' EORFNV

RI GDWD RI VL]H 16% URZV E\ 16% FROXPQV� DQG HDFK HOHPHQW

KDV D VL]H Q � 16% ELWV� 7KLV LPSOLHV WKDW WKH VL]H RI WKH �'
EORFNV LV 16% Â 16% Â �Q � 16%�  Q Â 16% ELWV� )RU RXU

FKRLFH RI 16%  Q � �� WKH VL]H RI WKH �' EORFNV LV Q Â �Q � ��

 Q
�
�� ELWV �6HH � 9 IRU WKH UDWLRQDOH EHKLQG FKRRVLQJ

16%  Q���� 7KH URZ�HQFU\SWLRQ DQG FROXPQ�HQFU\SWLRQ

SKDVHV RI �'(0 DUH WKHQ UHSHDWHG IRU HDFK EORFN RI GDWD�

ZKHUH WKH GDWD RI WKH FROXPQV DUH LQSXW WR WKH EORFN FLSKHU

DFFRUGLQJ WR WKH QXPEHU RI EORFNV SHU URZ� %35�

7R VWDUW RXU DQDO\VLV� OHW XV GHQRWH WKH HQFU\SWLRQ RI WKH

�' EORFN RI VL]H Q
�
�� E\ ³�' (QFU\SWLRQ´� DQG GHQRWH WKH

XVDJH RI WKH SDUDPHWHU %35 ZLWK ³�' (QFU\SWLRQ´ DV

³�' 0RGH´ �%35 GHWHUPLQHV ZKLFK GDWD DUH IHG WRJHWKHU WR
³�' (QFU\SWLRQ´ DV D �' EORFN��

2XU SURRI IRU WKH VHFXULW\ RI WKH �'�(QFU\SWLRQ 0RGH

SURFHHGV LQ IRXU FRQVHFXWLYH VWHSV� 7KH SURRI LV GLYLGHG LQWR

WZR SDUWV� DQG HDFK SDUW LV DGGLWLRQDOO\ GLYLGHG WR WZR VWHSV�

7KH ILUVW SDUW SURYHV WKH VHFXULW\ RI ³�' (QFU\SWLRQ´ E\

SURYLQJ WKDW LW SURGXFHV D ZLGH 353 IDPLO\ IURP D VPDOO 353

IDPLO\ �H�J�� '(6 RU $(6�� DQG WKH VHFRQG SDUW SURYHV WKH

VHFXULW\ RI ³�' 0RGH´� ZKLFK XVLQJ %35� DOORZV
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³�' (QFU\SWLRQ´ WR EH XVHG RQ PHVVDJHV RI DUELWUDU\ OHQJWK

0�

7KH WZR VWHSV RI SURYLQJ VHFXULW\ RI ³�' (QFU\SWLRQ´�

DQG WKH WZR VWHSV RI SURYLQJ VHFXULW\ RI ³�' 0RGH´ DUH

VLPLODU� 7KH ILUVW VWHS LQ HDFK SDUW SURYHV VHFXULW\ DVVXPLQJ

WKH XQGHUO\LQJ EORFN FLSKHU LV D UDQGRP SHUPXWDWLRQ IDPLO\�
ZKLOH WKH VHFRQG VWHS H[WHQGV WKLV WR WKH FDVH ZKHUH LW LV

DVVXPHG WKDW WKH XQGHUO\LQJ EORFN FLSKHU LV D SVHXGRUDQGRP

SHUPXWDWLRQ �353� IDPLO\�

,Q WKH DQDO\VLV RI ³�' 0RGH´� LW LV DOVR DVVXPHG WKDW WKH

DGYHUVDU\ NQRZV WKH YDOXH RI WKH SDUDPHWHU %35� DQG WKDW

VKH LV SHUIRUPLQJ D NQRZQ�SODLQWH[W DWWDFN� 7KHVH

DVVXPSWLRQV� WRJHWKHU ZLWK DQ DVVXPSWLRQ PDGH ZKHQ

DQDO\]LQJ WKH VHFXULW\ RI ³�' (QFU\SWLRQ´ LPSO\ WKDW� LQ IDFW�

WKH �'�(QFU\SWLRQ 0RGH PD\ KDYH EHWWHU VHFXULW\ OLPLWV WKDQ

WKRVH SURYHQ KHUH� �:H WDUJHW� KHUH� WR PDNH D ZRUVW�FDVH

DQDO\VLV��

,9���� 6HFXULW\ RI ³�' (QFU\SWLRQ´
,Q WKLV SDUW� ZH SURYH LQ WZR VWHSV WKDW ³�' (QFU\SWLRQ´

SURGXFHV D ZLGH SVHXGRUDQGRP SHUPXWDWLRQ �353� IDPLO\

IURP D VPDOO 353 IDPLO\ �H�J�� '(6 RU $(6��

3URYLQJ ³�' (QFU\SWLRQ´ VHFXUH LQ WKH ³UDQGRP

SHUPXWDWLRQ IDPLO\´ PRGHO PHDQV ³�' (QFU\SWLRQ´ SURYLGHV

D UDQGRP SHUPXWDWLRQ IDPLO\ LI WKH XQGHUO\LQJ EORFN FLSKHU LV

D UDQGRP SHUPXWDWLRQ IDPLO\� 7KH SURRI LV GLUHFW DQG

VWUDLJKWIRUZDUG� 1H[W� WKLV LV H[WHQGHG WR WKH FDVH ZKHUH WKH

XQGHUO\LQJ EORFN FLSKHU LV D 353 IDPLO\� ZKHUH

³�' (QFU\SWLRQ´ LV SURYHG WR SURGXFH D 353 IDPLO\ LI WKH

XQGHUO\LQJ EORFN FLSKHU LV D 353 IDPLO\� 7RJHWKHU� ERWK IDFWV

LPSO\ WKDW ³�' (QFU\SWLRQ´� ZKLOH H[WHQGLQJ WKH VL]H RI WKH
LQSXW�RXWSXW EORFNV� SUHVHUYHV WKH VHFXULW\ SURSHUWLHV RI WKH

XQGHUO\LQJ EORFN FLSKHU� DQG WKDW LV DW WKH FRVW RI DQ H[WUD

HQFU\SWLRQ SHU VXE�EORFN� 7KLV ORVV LQ SHUIRUPDQFH LV

UHJDLQHG E\ H[SORLWLQJ WKH KLJK GHJUHH RI SDUDOOHOLVP LQKHULW

LQ WKH GHVLJQ RI WKH DOJRULWKP�

7KH IROORZLQJ WZR ILJXUHV DUH XVHG LQ RXU SURRIV� 7KH\

VKRZ VLPSOLILHG YHUVLRQV RI ³�' (QFU\SWLRQ´ DQG WKH\ KHOS

GHPRQVWUDWH KRZ WKH SURRI JRHV RQ� ,W WDNHV D OLWWOH ELW RI

LPDJLQDWLRQ WR VHH WKDW ILJXUHV ��� DQG ��� UHSUHVHQW WKH

³�' (QFU\SWLRQ´ SDUW LQ �'(0 ZLWK 16%  �� DQG 16%  ��

UHVSHFWLYHO\�

,Q WKH HTXDWLRQV DERYH� ³__´ UHSUHVHQWV WKH FRQFDWHQDWLRQ

RSHUDWRU� ZKLOH ³_/´ UHSUHVHQWV WKH SHUPXWDWLRQ WKDW RXWSXWV

WKH OHIW KDOI RI LWV LQSXW� DQG ³_5´ RXWSXWV WKH ULJKW KDOI�

+DYLQJ WKH QRWDWLRQ QHFHVVDU\ IRU RXU IRXU�SURQJHG SURRI

ODLG RXW� KHUH LV WKH ILUVW VWHS RI LW�

)

3
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)
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)LJXUH ���

�' (QFU\SWLRQ ZLWK Q  � �RU 16%  ��

)

/�

/�

)

/�

/�  )� )� /� �_/ __ )� 5��_/ �

)

5�

5�

)

5�

5�  )� )� /� �_5 __ )� 5��_5 �

)LJXUH ���

�' (QFU\SWLRQ ZLWK Q  �� �RU 16%  ��
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,9�����$ ³�' (QFU\SWLRQ´ LV VHFXUH LQ WKH ³UDQGRP

SHUPXWDWLRQ IDPLO\´ PRGHO
,QWXLWLYHO\� WKH SURRI VD\V WKDW� VLQFH ZH DVVXPH WKH LQSXW

LV UDQGRP DQG ZH DUH XVLQJ D UDQGRP SHUPXWDWLRQ IDPLO\ DQG

XVH �LQ D UDQGRPQHVV�SUHVHUYLQJ ZD\� RSHUDWLRQV ZKLFK

SUHVHUYH WKH UDQGRPQHVV SURSHUW\ WKHQ ZH KDYH D UDQGRP

RXWSXW�

)RUPDOO\� WKH LQSXW EORFN RI ELWV WR ³�' (QFU\SWLRQ´ �RI

VL]H Q
�
��� LV DVVXPHG WR EH D UDQGRP YDULDEOH� 7KH IROORZLQJ

WKUHH RSHUDWLRQV DUH XVHG ZLWKLQ ³�' (QFU\SWLRQ´� �VHH

ILJXUHV ��� DQG ����

D� &RPSUHVVLRQ SHUPXWDWLRQV� ZKLFK DUH SHUPXWDWLRQV

WKDW RXWSXW D ILQLWH VXEVHW RI WKH ELWV RI WKHLU LQSXW�

7KHVH SHUPXWDWLRQV DUH XVHG EHWZHHQ WKH

URZ�HQFU\SWLRQ SKDVH DQG WKH FROXPQ�HQFU\SWLRQ

SKDVH� ,Q WKH ILJXUHV� WKH SHUPXWDWLRQV DUH

UHSUHVHQWHG E\ WKH DUURZV EHWZHHQ WKH WRS

HQFU\SWLRQV �URZ�HQFU\SWLRQ SKDVH� DQG WKH ERWWRP

HQFU\SWLRQV �FROXPQ�HQFU\SWLRQ SKDVH�� 1RWLFH WKDW

WKH SHUPXWDWLRQV VHOHFW GLVMRLQW VXEVHWV RI WKHLU
LQSXWV�

E� 7KH FRQFDWHQDWLRQ RSHUDWLRQ� ZKLFK RXWSXWV WKH ELW

FRQFDWHQDWLRQ RI LWV WZR �OHIW DQG ULJKW� LQSXWV�

F� &RPSXWLQJ ) �WKH XQGHUO\LQJ EORFN FLSKHU� XVLQJ WKH

NH\ N�

(DFK RI WKHVH WKUHH RSHUDWLRQV SURGXFHV D UDQGRP YDULDEOH

LI LWV LQSXWV DUH UDQGRP YDULDEOHV �DQG IRU )� LWV RXWSXW LV DOVR

DVVXPHG WR EH WRWDOO\ LQGHSHQGHQW IURP LWV LQSXW� 7KDW LV SDUW

RI WKH GHILQLWLRQ RI D UDQGRP SHUPXWDWLRQ IDPLO\��

/HW XV� WKHQ� DQDO\]H WKH FDVH ZKHUH 16%  �� )URP
ILJXUH ���� WKH RXWSXW HTXDOV /� __ 5� �WKH FRQFDWHQDWLRQ RI /�

DQG 5�� ZKHUH /�  )� )�/��_/ __ )�5��_/ � DQG

5�  )� )�/��_5 __ )�5��_5 ��

/� LV WKH RXWSXW RI ) FRPSXWHG RQ WKH FRQFDWHQDWLRQ RI WKH

OHIW SDUWV RI WKH RXWSXWV RI )� FRPSXWHG IRU /�� 5�� 6LQFH ZH

DVVXPH WKH LQSXW LV D UDQGRP YDULDEOH� WKHQ /�� 5� DUH WRWDOO\

LQGHSHQGHQW DQG HDFK LV D UDQGRP YDULDEOH RI VL]H � ELWV� 6R

WKH WZR RXWSXWV RI ) ZKHQ DSSOLHG WR /�� 5� DUH WZR

LQGHSHQGHQW UDQGRP YDULDEOHV� ,Q ILJXUH ���� WKHVH DUH /�� 5��

$FFRUGLQJO\� WKH OHIW SDUWV RI /�� 5� DUH DOVR WZR

LQGHSHQGHQW UDQGRP YDULDEOHV �IURP WKH SURSHUWLHV RI WKH

FRPSUHVVLRQ SHUPXWDWLRQ LPSOLHG KHUH�� DQG WKH\ DUH DOVR
LQGHSHQGHQW RI WKH ULJKW SDUWV RI /�� 5� ZKLFK DUH XVHG LQ

FRPSXWLQJ 5�� �)URP KHUH FRPHV WKH LPSRUWDQFH WKDW WKH

FRPSUHVVLRQ SHUPXWDWLRQV VHOHFW GLVMRLQW VXEVHWV RI ELWV��

8VLQJ WKH VDPH DUJXPHQW IRU 5�� WKH VDPH FRQFOXVLRQV

FRXOG EH UHDFKHG� DQG VR ZH KDYH /�� 5� DV WKH FRPSXWDWLRQV

RI ) IRU WKH WZR LQGHSHQGHQW UDQGRP YDULDEOHV YO� YU ZKHUH

YO )�/��_/ __ )�5��_/ DQG YU  )�/��_5 __ )�5��_5� DQG VR �DJDLQ�

EHFDXVH ) LV D UDQGRP SHUPXWDWLRQ IDPLO\� ZH KDYH /�� 5� DV

WZR LQGHSHQGHQW UDQGRP YDULDEOHV� DQG VR WKH RXWSXW �ZKLFK

LV WKHLU FRQFDWHQDWLRQ� LV D UDQGRP YDULDEOH ZKLFK LV WRWDOO\

LQGHSHQGHQW RI YO� YU DQG VR LQGHSHQGHQW RI /�� 5��
7KLV SURYHV WKDW ³�' (QFU\SWLRQ´ SURGXFHV D UDQGRP

SHUPXWDWLRQ IDPLO\ DVVXPLQJ WKH XQGHUO\LQJ EORFN FLSKHU LV D

UDQGRP SHUPXWDWLRQ IDPLO\� �4�(�'�

$ VLPLODU DUJXPHQW DSSOLHV IRU WKH WULYLDO FDVH ZKHUH

16%  �� LQ ILJXUH ���� DQG WKH DUJXPHQW FDQ EH H[WHQGHG WR

WKH SUDFWLFDO FDVHV ZKHUH 16%  � �IRU '(6� RU 16%  ��� ��

RU �� �IRU $(6 ZLWK ���� ��� RU ��� GDWD ELWV� UHVSHFWLYHO\��

�,Q WKH ORQJHU YHUVLRQ RI WKLV SDSHU D GLDJUDP IRU WKH FDVH RI

16%  � LV SUHVHQWHG��

$QRWKHU SURRI FRQVLGHUV WKH SUREDELOLW\ RI REWDLQLQJ VRPH

RXWSXW YDOXH DVVXPLQJ D FHUWDLQ LQSXW YDOXH� 7KH SUREDELOLW\

LV SURYHG �XVLQJ DQ DUJXPHQW VLPLODU WR WKH RQH XVHG DERYH�

WR EH �

�

��

Q

16%Q
�

��

 IRU D FHUWDLQ LQSXW YDOXH DQG DOO RXWSXW

YDOXHV� DQG YLFH YHUVD�

,W LV DSSURSULDWH WR QRWLFH DW WKLV SRLQW WKDW WKH VHFXULW\ RI

³�' (QFU\SWLRQ´ LQFUHDVHV DV QÂ16% LQFUHDVHV �WKH

SUREDELOLW\ RI REWDLQLQJ DQ RXWSXW YDOXH GHFUHDVHV ZKHQ WKH

VL]H RI RXWSXW LQFUHDVHV�� VR LW LV FOHDU WKDW WKH ODUJHU WKH YDOXH

RI 16% WKH PRUH WKH VHFXULW\ JDLQHG �WKH PD[LPXP SRVVLEOH

YDOXH IRU 16% LV Q�� EXW WKH YDOXH RI 16% KDG WR EH VHQVLEO\

FKRVHQ WDNLQJ LQ FRQVLGHUDWLRQ VHFXULW\� SHUIRUPDQFH DQG

IOH[LELOLW\ LVVXHV �6HH � 9� �'�(QFU\SWLRQ 0RGH DQG 6RPH

3UDFWLFDO ,VVXHV� IRU IXUWKHU GLVFXVVLRQ DERXW FKRRVLQJ WKH

YDOXH RI 16%��

,9�����% ([WHQGLQJ ³�' (QFU\SWLRQ´ WR WKH UHDO ZRUOG RI

353V
7KLV VWHS UHODWHV WKH VHFXULW\ RI ³�' (QFU\SWLRQ´ WR WKH

VHFXULW\ RI WKH XQGHUO\LQJ EORFN FLSKHU �353�� ,W LV DVVXPHG

WKDW WKH DGYHUVDU\ $ PRXQWV D FKRVHQ�SODLQWH[W DWWDFN DJDLQVW

³�' (QFU\SWLRQ´� DQG ZH UHODWH KHU DGYDQWDJH LQ

GLVWLQJXLVKLQJ LW IURP D UDQGRP SHUPXWDWLRQ IDPLO\ RYHU Q
�
��

ELWV WR KHU DGYDQWDJH LQ GLVWLQJXLVKLQJ ) �WKH XQGHUO\LQJ

EORFN FLSKHU� IURP D UDQGRP SHUPXWDWLRQ IDPLO\ RYHU Q ELWV�

)RU DQ DGYHUVDU\ $ WR PRXQW D FKRVHQ�SODLQWH[W DWWDFN

DJDLQVW ³�' (QFU\SWLRQ´� VKH PXVW EH SURYLGHG ZLWK DQ
RUDFOH 2 WKDW VXSSOLHV KHU ZLWK WKH FLSKHUWH[W FRUUHVSRQGLQJ

WR D SODLQWH[W �' EORFN WKDW VKH FKRRVHV� HQFU\SWHG ZLWK WKH

XVHUV¶ NH\ N �ZKLFK LV XQNQRZQ WR KHU��

:H DOVR DVVXPH WKDW WKH DGYHUVDU\ NQRZV WKH

LQWHUPHGLDWH UHVXOWV RI LQYRFDWLQJ )� L�H�� WKH RXWSXW RI WKH

URZ�HQFU\SWLRQ SKDVH �WKHVH DUH /�� 5� LQ ILJXUH ����� 7KLV

DVVXPSWLRQ PDNHV WKH DQDO\VLV XQWLJKW� DV DQ RUDFOH RI ) LV

QRW VXUH WR EH DYDLODEOH WR WKH DGYHUVDU\ $ �VKH LV RQO\

JXDUDQWHHG DFFHVV WR WKH ³�' (QFU\SWLRQ´ RUDFOH�� EXW WKLV

DVVXPSWLRQ VLPSOLILHV WKH DQDO\VLV� DQG SURYLGHV DQ

XSSHU�ERXQG RQ WKH VXFFHVV SUREDELOLW\ RI WKH DGYHUVDU\ LQ

DWWDFNLQJ )�
7KH UHVRXUFHV DYDLODEOH WR WKH DGYHUVDU\ DUH WKH UXQQLQJ

WLPH W �ZKLFK LQFOXGHV WKH VSDFH IRU KHU SURJUDP�� DQG WKH

QXPEHU RI TXHULHV T VKH PDNHV WR WKH ³�' (QFU\SWLRQ´

RUDFOH� 7KH SDUDPHWHU ZH DUH LQWHUHVWHG LQ FDOFXODWLQJ LV ��
WKH DGYHUVDU\¶V DGYDQWDJH RYHU VLPSOH JXHVVLQJ� )RU D

SHUPXWDWLRQ IDPLO\ WR EH D ³UDQGRP SHUPXWDWLRQ IDPLO\´ �
PXVW EH ]HUR LUUHVSHFWLYH RI W DQG T� )RU D SHUPXWDWLRQ IDPLO\

WR EH D ³SVHXGRUDQGRP SHUPXWDWLRQ IDPLO\´ � PXVW EH
QHJOLJLEOH �6HH >15��@ IRU PRUH GHWDLOV��

$VVXPH WKDW WKH DGYHUVDU\ $ FDQ �W� T� ���EUHDN
³�' (QFU\SWLRQ´� 7KLV PHDQV WKDW $ UXQV LQ WLPH W� PDNHV T

TXHULHV WR KHU ³�' (QFU\SWLRQ´ RUDFOH� DQG VXFFHHGV ZLWK

DGYDQWDJH � LQ GLVWLQJXLVKLQJ WKH RXWSXW RI ³�' (QFU\SWLRQ´
IURP D UDQGRP SHUPXWDWLRQ RYHU Q

�
�� ELWV� 2XU UHVXOWV VSHFLI\

W©� T©� �© DV IXQFWLRQV RI W� T� �� Q� VXFK WKDW WKHUH H[LVWV DQ
DGYHUVDU\ $© �D VLPSOH PRGLILFDWLRQ RI $� WKDW

�W©� T©� �©��EUHDNV WKH XQGHUO\LQJ EORFN FLSKHU� )� &XUUHQW

NQRZOHGJH JLYHV XV YDOXHV W©� T©� �© IRU ZKLFK LW VHHPV VDIH

WR UXOH RXW �W©� T©� �©��EUHDNV IRU W\SLFDO )� )URP WKLV ZH FDQ

GHULYH YDOXHV IRU ZKLFK �W� T� ���EUHDNV RI ³�' (QFU\SWLRQ´
DUH HIIHFWLYHO\ UXOHG RXW� 7KXV� WKH VHFXULW\ RI

³�' (QFU\SWLRQ´ LV UHGXFHG WR WKDW RI ) LQ D FRQVWUXFWLYH DQG

XVHIXO ZD\�
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3URRI�
,QWXLWLYHO\� WKH SUHYLRXV VWHS LQ WKH SURRI� VD\V WKDW

³�' (QFU\SWLRQ´ DVVXPLQJ ) LV D UDQGRP SHUPXWDWLRQ IDPLO\

LV VHFXUH� ,I ³�' (QFU\SWLRQ´ ZHUH QRW VHFXUH� WKLV ZRXOG

PHDQ ) LV QRW JRRG DV D 353 IDPLO\�

)RUPDOO\� D FRQVWUXFWLRQ DUJXPHQW LV XVHG WR SURYH WKDW

³�' (QFU\SWLRQ´ LV D 353 SURYLGHG ) LV D 353� 7KH

FRQVWUXFWLRQ SURYLGHV WKH DGYHUVDU\ $ ZLWK D PHDQV WR EUHDN

) ZLWK DGYDQWDJH �©� LI VKH FRXOG EUHDN ³�' (QFU\SWLRQ´

ZLWK DGYDQWDJH ��
$JDLQ� ZH DQDO\]H WKH FDVH ZKHUH 16%  �� 7KH UHVXOWV

DUH WKHQ HDVLO\ H[WHQGHG WR RWKHU FDVHV�
)URP ILJXUH ���� ZH VHH WKDW WKH RXWSXW /� __ 5� ZRXOG EH

VHHQ DV D ³UDQGRP SHUPXWDWLRQ´ RI WKH LQSXW /� __ 5�� LI DQG

RQO\ LI� HDFK RI WKH IRXU LQYRFDWLRQV RI ) DFWV DV D ³UDQGRP

SHUPXWDWLRQ´� 7KLV LPSOLHV WKDW /� __ 5� GRHV QRW VHHP UDQGRP

WR WKH DGYHUVDU\ $ �ZLWK SUREDELOLW\ �� ZKHQ WKH LQSXW�RXWSXW
EHKDYLRU RI DW OHDVW RQH RI WKH IRXU LQYRFDWLRQV RI ) GRHV QRW

VHHP UDQGRP�

7KLV LPSOLHV WKDW WKH SUREDELOLW\ RI VXFFHVV RI $ LQ

DWWDFNLQJ ³�' (QFU\SWLRQ´ HTXDOV WKH VXP RI WKH VXFFHVV

SUREDELOLWLHV IRU DOO LQYRFDWLRQV RI )� 6LQFH WKH ODWWHU

SUREDELOLWLHV DUH DOO� E\ GHILQLWLRQ� HTXDO WR �©� WKH DGYHUVDU\
�XVLQJ RQH TXHU\ WR WKH ³�' (QFU\SWLRQ´ RUDFOH� 2� KDV

�  ���©� DQG VLQFH HDFK TXHU\ WR ³�' (QFU\SWLRQ´ PDSV WR
IRXU TXHULHV WR )� WKHQ LI $ LVVXHV T TXHULHV WR WKH RUDFOH 2�

ZH KDYH

T  T©���

DQG �  ��T��©�
)RU WKH JHQHUDO FDVH� ZH ZRXOG KDYH

T  
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$OVR� WKH WLPH XVHG WR EUHDN ) LV WKH VDPH XVHG LQ

TXHU\LQJ WKH ³�' (QFU\SWLRQ´ RUDFOH 2� VR W©  W�

7KXV� WKH JLYHQ YDOXHV RI W©� T©� �©� SURYLGH XV ZLWK D

FRQVWUXFWLRQ RI DQ DGYHUVDU\ $© WKDW �W©� T©� �©��EUHDNV )�
�4�(�'�

�$ PRUH RSWLPLVWLF DQDO\VLV� WKDW DVVXPHV LQWHUPHGLDWH

UHVXOWV DUH XQNQRZQ� JLYHV �  T�16%
�
��©

�
� 7KLV PRUH

RSWLPLVWLF � LV VPDOOHU WKDQ WKH RQH DERYH VLQFH �©� E\
GHILQLWLRQ� LV YHU\ VPDOO �QHJOLJLEOH� DQG VR LV VPDOOHU WKDQ

��16% � ���Q� ZKLFK LV FRQVWDQW IRU D FHUWDLQ EORFN FLSKHU�

)RU '(6� WKLV FRQVWDQW LV HTXDO WR ���� DQG IRU ����ELW $(6 LW

LV HTXDO WR �����

,9���� 6HFXULW\ RI ³�' 0RGH´
7KH VHFRQG SDUW LQ WKH VHFXULW\ DQDO\VLV RI WKH

�'�(QFU\SWLRQ 0RGH LQYROYHV WKH DQDO\VLV RI ³�' 0RGH´�

7KDW LV WKH XVDJH RI WKH SDUDPHWHU %35 ZLWK

³�' (QFU\SWLRQ´� ZKLFK DOORZV ³�' (QFU\SWLRQ´ WR EH XVHG
RQ DUELWUDU\ OHQJWK PHVVDJHV� ³�' 0RGH´ LV EXLOW RQ WKH

VWUXFWXUH DQG GHVLJQ RI ³�' (QFU\SWLRQ´� 8VLQJ %35�

³�' 0RGH´ GHILQHV WKH ORFDWLRQ RI WKH GDWD LQ WKH PHVVDJH

WKDW ZLOO FRQVWLWXWH WKH �' EORFNV RI ³�' (QFU\SWLRQ´ �RI VL]H

Q
�
�� ELWV HDFK��

,I %35 LV NQRZQ RU LV FDOFXODWHG DFFRUGLQJ WR VRPH IL[HG

UXOH� WKHQ ³�' 0RGH´ DGGV QR VHFXULW\ WR ³�' (QFU\SWLRQ´

�³�' (QFU\SWLRQ´ KDV LWV RZQ ODUJH�HQRXJK VHFXULW\

SDUDPHWHUV�� 7KDW LV EHFDXVH� LQ WKLV FDVH� ³�' 0RGH´ ZRXOG

EH WKH VDPH DV DSSO\LQJ (&%� EXW XVLQJ ODUJH EORFNV RI
VL]H Q

�
��� DQG VR WKH OLNHOLKRRG RI D FROOLVLRQ �VXFFHVVIXO

ELUWKGD\ DWWDFN� LV JUHDWO\ UHGXFHG� �6HH WKH WKLUG VWHS RI WKH

SURRI� EHORZ� ,W SUHVHQWV H[DFW HTXDWLRQV�� %XW D UDQGRP

XQNQRZQ %35 DGGV PXFK WR WKH VHFXULW\ RI PHVVDJHV� DV LW

DLPV DW SUHYHQWLQJ SUDFWLFDO DWWDFNV RWKHU WKDQ WKH ELUWKGD\

DWWDFN� 7KLV SRLQW LV IXUWKHU GLVFXVVHG� VHSDUDWHO\� DIWHU WKH

IRXUWK VWHS RI WKH SURRI�

/LNH WKH SURRI IRU ³�' (QFU\SWLRQ´� WKH SURRI RI VHFXULW\

RI ³�' 0RGH´ SURFHHGV LQ WZR VWHSV� ,Q ERWK VWHSV� LW LV

DVVXPHG WKDW WKH DGYHUVDU\ NQRZV WKH YDOXH RI %35 �DQG�
Z�O�R�J�� %35  ��� DQG WKDW VKH SHUIRUPV D NQRZQ�SODLQWH[W

DWWDFN� 7KHVH WZR DVVXPSWLRQV PDNH WKH VHFXULW\ DQDO\VLV RI

³�' 0RGH´ EH WKH VDPH DV WKDW RI (&%� DQG WKXV WKH VHFXULW\

SDUDPHWHUV ZRXOG EH HDVLO\ GHGXFHG�

(&% FRXOG EH DQDO\]HG RQO\ DVVXPLQJ D NQRZQ�SODLQWH[W

DWWDFN� 8VLQJ D FKRVHQ�SODLQWH[W DWWDFN� WKH DGYHUVDU\ $ FRXOG

HDVLO\ SURGXFH D FROOLVLRQ LQ (&% PRGH� E\ FKRRVLQJ WZR

HTXDO LQSXW EORFNV� ³�' 0RGH´ SUHYHQWV WKLV DWWDFN RQ (&%�

E\ XVLQJ WKH UDQGRP SDUDPHWHU %35� DQG PDNLQJ WKH FRVW RI

FRQILUPLQJ D JXHVV RI %35 YHU\ ODUJH �TXDGUDWLFDOO\

H[SRQHQWLDO��

,9�����$ ³�' 0RGH´ LV VHFXUH LQ WKH ³UDQGRP

SHUPXWDWLRQ IDPLO\´ PRGHO
:H SURYH KHUH WKDW LI $ LV DQ DGYHUVDU\ SHUIRUPLQJ D

NQRZQ�SODLQWH[W DWWDFN DJDLQVW ³�' 0RGH´� XVLQJ T

SODLQWH[W�FLSKHUWH[W SDLUV� WRWDOLQJ DW PRVW P ELWV� WKHQ WKH

DGYDQWDJH $GY RI $ LQ GLVWLQJXLVKLQJ WKH LQSXW�RXWSXW

EHKDYLRU RI ³�' 0RGH´ IURP D ³UDQGRP SHUPXWDWLRQ´ RQ WKH
SODLQWH[W LV XSSHU�ERXQGHG E\ WKH IROORZLQJ HTXDWLRQ�

$GY d
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3URRI�
>.QX��@ VWDWHV WKH IDFW WKDW IRU DQ O�ELW EORFN FLSKHU XVHG

LQ (&% PRGH� ZKHUH WKH SODLQWH[W EORFNV DUH DVVXPHG WR EH

FKRVHQ DW UDQGRP IURP D XQLIRUP GLVWULEXWLRQ� LI V EORFNV DUH

HQFU\SWHG XQGHU WKH VDPH NH\ WKHQ LQIRUPDWLRQ LV OHDNHG

DERXW VRPH SODLQWH[W EORFNV ZLWK SUREDELOLW\

SV  � � �� � �
�O
�
V�V�����

� DQG IRU V d �
�O�����

ZH KDYH SV d ������
)RU (&%� WKLV LV WKH ELUWKGD\ DWWDFN� ZKHUH WKH DGYHUVDU\

JLYHQ WZR HTXDO FLSKHUWH[W EORFNV NQRZV WKDW WKH

FRUUHVSRQGLQJ SODLQWH[W EORFNV DUH HTXDO� 7KXV� WKH JLYHQ

HTXDWLRQ SODFHV DQ XSSHU ERXQG RQ WKH VXFFHVV SUREDELOLW\ RI

WKH DGYHUVDU\ LQ PRXQWLQJ D ELUWKGD\ DWWDFN DJDLQVW (&%�

0DSSLQJ WKLV WR WKH DQDO\VLV RI ³�' 0RGH´ PDNHV XV

UHSODFH O� LQ WKH HTXDWLRQ RI SV E\ Q
�
��� DQG UHSODFH V E\ T� DQG

WKXV ST  
�

���

� �����

�
�

�
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TTQ

� DQG IRU D VXFFHVV SUREDELOLW\

ST t ������ WKH DGYHUVDU\ $ UHTXLUHV T t
�
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TXHULHV� HDFK
RI VL]H Q

�
�� ELWV�
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7KLV VKRZV WKDW ³�' (QFU\SWLRQ´ KDV TXDGUDWLFDOO\

H[SRQHQWLDO LQFUHDVHG WKH DPRXQW RI FLSKHUWH[W QHHGHG WR

PRXQW D ELUWKGD\ DWWDFN DJDLQVW ³�' 0RGH´�

6LQFH ZH DUH DVVXPLQJ WKH XQGHUO\LQJ EORFN FLSKHU LV D

³UDQGRP SHUPXWDWLRQ IDPLO\´� WKH DGYHUVDU\ UHDOL]HV D

QRQ�UDQGRP RXWSXW RI ³�' 0RGH´ RQO\ LI VKH VHHV WZR HTXDO

�' EORFNV RI FLSKHUWH[W� VR ZH KDYH IRU T TXHULHV
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�� DQG P  T��Q���� ELWV� WKH DGYDQWDJH RI $  $GY

ZKHUH $GY  ST d �
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7KH ODVW VWHS LQ RXU SURRI� H[WHQGV WKLV WR WKH ³UHDO�ZRUOG´

FDVH RI 353V�

,9�����% ([WHQGLQJ ³�' 0RGH´ WR WKH UHDO ZRUOG RI 353V
7KLV LV D VWDQGDUG SURRI �6HH >%'-5��@�� ,W LV RPLWWHG IRU

VSDFH FRQVLGHUDWLRQV� ,W IROORZV D VLPLODU OLQH WR WKDW JLYHQ IRU

WKH VHFRQG VWHS RI ³�' (QFU\SWLRQ´ ZKHQ H[WHQGLQJ LW WR WKH

UHDO ZRUOG RI 353V� ,W LQWXLWLYHO\ VD\V WKDW LI ³�' 0RGH´ ZHUH

QRW VHFXUH WKLV ZRXOG PHDQ WKDW WKH XQGHUO\LQJ EORFN FLSKHU

�³�' (QFU\SWLRQ´ LQ WKH FDVH RI ³�' 0RGH´� LV QRW JRRG DV D

353 IDPLO\�

,9�����& 7KH 5ROH RI %35 LQ ³�' 0RGH´ DQG WKH

�'�(QFU\SWLRQ 0RGH
$V PHQWLRQHG HDUOLHU� WKH SDUDPHWHU %35 DLPV DW

SUHYHQWLQJ DWWDFNV RWKHU WKDQ WKH ELUWKGD\ DWWDFN� 7KHVH DUH
SUDFWLFDO DWWDFNV VXFK DV WKH ³EORFN UHSOD\´ DWWDFN >6FK��@�

DQG RWKHU FLSKHUWH[W PDQLSXODWLRQ DWWDFNV� %35 SUHVHQWV D

IDFWRU RI XQFHUWDLQW\ IDFLQJ WKH DGYHUVDU\� VLQFH LW ZRXOG WDNH

VRPH UDQGRP YDOXH LQ WKH UDQJH ���0��Q
�
���� 0RUHRYHU� WR

FRQILUP D JXHVV WKH DGYHUVDU\ KDV WR PRXQW DQ H[SHQVLYH

ELUWKGD\ DWWDFN�

8VXDOO\ D VPDOO VHW RI SRVVLEOH YDOXHV IRU %35 LV HQRXJK

WR WRWDOO\ FRQIXVH DQ DGYHUVDU\ DQG SUHYHQW KHU IURP

SHUIRUPLQJ FLSKHUWH[W PDQLSXODWLRQ DWWDFNV� ,I WKH DGYHUVDU\
KDV D JXHVV IRU WKH YDOXH RI %35� VKH KDV WR SHUIRUP D YHU\

H[SHQVLYH ELUWKGD\ DWWDFN WR EH FHUWDLQ RI KHU JXHVV RU WR

UHQRXQFH LW� 8VLQJ KHU JXHVV RI %35 DQG SHUIRUPLQJ D

NQRZQ�SODLQWH[W DWWDFN� WKH DGYHUVDU\ $ KDV WR ILQG WZR HTXDO

SODLQWH[W �' EORFNV �RI VL]H Q
�
�� ELWV�� DQG LI WKH WZR

FRUUHVSRQGLQJ FLSKHUWH[W �' EORFNV DUH HTXDO WKHQ KHU JXHVV

LV FRUUHFW� HOVH VKH UHQRXQFHV LW� 7KXV� WKH PDLQ SXUSRVH RI

WKH XQNQRZQ %35 LV WR SURKLELW WKH DGYHUVDU\ IURP WU\LQJ WR

NQRZ WKH HIIHFW �RQ WKH SODLQWH[W� RI DQ\ FKDQJHV VKH PDNHV

WR WKH FLSKHUWH[W�

6LQFH WKH UDQJH RI SRVVLEOH YDOXHV RI %35 LV � �� 0��Q
�
����

ZH QRWLFH D QLFH EHKDYLRU RI %35� 7KH UDQJH RI SRVVLEOH

YDOXHV IRU %35 LQFUHDVHV ZKHQ 0 LQFUHDVHV� 6R IRU ODUJHU

PHVVDJHV� ZKHUH SODLQWH[W EORFNV DUH PRUH SUREDEOH WR

UHSHDW� WKH UDQJH RI SRVVLEOH YDOXHV RI %35 LQFUHDVHV DQG WKXV

DQ DGYHUVDU\ IDFHV PRUH GLIILFXOW\ LQ JXHVVLQJ %35�

7KH XVDJH RI WKH SDUDPHWHU %35 LV DVVXPHG WR EH DV
IROORZV� LW LV JHQHUDWHG UDQGRPO\ IURP D VHW RI SRVVLEOH

YDOXHV� WKHQ LW LV XVHG LQ HQFU\SWLQJ WKH PHVVDJH XVLQJ

�'(0� DQG ILQDOO\ WKH SDUDPHWHU LV HQFU\SWHG LWVHOI �XVLQJ

WKH XVHUV¶ NH\ N� DQG VHQW ZLWK WKH FLSKHUWH[W� 7KH %35 FRXOG

EH HQFU\SWHG XVLQJ �' HQFU\SWLRQ� DQG� EHFDXVH LW LV QRW SDUW

RI WKH RULJLQDO PHVVDJH� PRXQWLQJ DQ DWWDFN RQ LW ZRXOG QRW

SRVH D WKUHDW WR WKH RULJLQDO PHVVDJH� ,I PD[LPXP VHFXULW\ LV

UHTXLUHG� WKH %35 FRXOG EH HQFU\SWHG LQ D VHSDUDWH �' EORFN

XVLQJ �'(0� EXW WKDW LV QRW VWULFWO\ UHTXLUHG LQ �'(0� 7KH

RQO\ QHFHVVDU\ UHTXLUHPHQW UHJDUGLQJ WKH SDUDPHWHU %35� LV

WKDW %RE �WKH UHFHLYHU� NQRZV %35 EHIRUH KH VWDUWV

GHFU\SWLQJ WKH PHVVDJH� 7KLV LV WKH VDPH FRQGLWLRQ UHTXLUHG

IRU WKH ,9 RU QRQFH YDOXHV XVHG LQ WKH &%& RU FRXQWHU PRGHV�

EXW DOWKRXJK WKHVH FRXOG EH SXEOLF >6FK��@� WKH SDUDPHWHU

%35 DGGV VHFXULW\ WR WKH �'(0 PRGH� DQG VR VKRXOG EH

HQFU\SWHG�

$OVR� QRWH WKDW IRU D PHVVDJH �RU GDWD� RI OHQJWK 0 ELWV�

WKH SRVVLEOH YDOXHV RI %35 ����0��Q
�
���� DUH DOORZHG WR EH

IXUWKHU OLPLWHG E\ VRPH RWKHU SUDFWLFDO FRQVLGHUDWLRQV� VLQFH

%35 LV D UDQGRP YDOXH WKDW LV XQGHU WKH WRWDO FRQWURO RI WKH

XVHUV� $OLFH DQG %RE� 6R LI WKH\ JDLQ VRPH SUDFWLFDO

DGYDQWDJH E\ H[FOXGLQJ VRPH �FRQWH[W�VSHFLILF� YDOXHV RI

%35� RU IXUWKHU OLPLW WKHPVHOYHV WR D VXEVHW RI DOO SRVVLEOH
YDOXHV RI %35� WKH\ DUH IUHH WR GR VR� 7KDW LV SRVVLEOH DV ORQJ

DV WKHUH UHPDLQV D VHW RI SRVVLEOH YDOXHV IRU %35� DQG WKH

YDOXH RI %35 XVHG LV FKRVHQ UDQGRPO\ IURP WKLV VHW� DQG LV

WRWDOO\ LQGHSHQGHQW IURP WKH PHVVDJH HQFU\SWHG� 7KLV

IUHHGRP LV SRVVLEOH EHFDXVH �'(0 LV SURYHG WR EH VHFXUH

XVLQJ WKH DVVXPSWLRQ WKDW %35 LV NQRZQ� DQG Z�O�R�J� HTXDO

WR ��

,9�� (UURU�5HFRYHU\ DQG (UURU�3URSDJDWLRQ 3URSHUWLHV

RI WKH �'�(QFU\SWLRQ 0RGH
>.QX��@ GHILQHV WKH HUURU�UHFRYHU\ SURSHUW\ RI DQ

HQFU\SWLRQ PRGH DV� WKH SURSHUW\ WKDW DQ HUURU LQ WKH LWK

FLSKHUWH[W EORFN LV LQKHULWHG E\ RQO\ D IHZ SODLQWH[W EORFNV

DIWHU ZKLFK WKH PRGH UHV\QFKURQL]HV� ,W DOVR GHILQHV

HUURU�SURSDJDWLRQ DV� WKH SURSHUW\ WKDW DQ HUURU LQ WKH LWK

FLSKHUWH[W EORFN LV LQKHULWHG E\ WKH LWK DQG DOO VXEVHTXHQW

SODLQWH[W EORFNV �VRPHWLPHV HUURU�UHFRYHU\ LV FDOOHG ILQLWH

HUURU�SURSDJDWLRQ� ZKLOH HUURU�SURSDJDWLRQ LV FDOOHG LQILQLWH

HUURU�SURSDJDWLRQ�� 7KH DXWKRU DGYRFDWHV LQILQLWH HUURU�

SURSDJDWLRQ� 0DLQO\ KH DUJXHV WKDW WKH PRUH WKH HUURU�

SURSDJDWLRQ LQ D PRGH WKH PRUH VHFXUH WKH PRGH LV�

8VLQJ WKH QRWDWLRQ LQ >.QX��@� WKH HUURU�UHFRYHU\ DQG
HUURU�SURSDJDWLRQ SURSHUWLHV RI WKH �'(0 PRGH FRXOG EH

DQDO\]HG XVLQJ WKH IROORZLQJ HTXDWLRQ�
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1RWH WKDW L LQ WKH HTXDWLRQ UHIHUV WR VXE�EORFNV RI VL]H Q�

DQG QRW WR �' EORFNV RI VL]H Q
�
��� )RU � d L d 0�Q� 3L UHIHUV WR

WKH LWK SODLQWH[W VXE�EORFN� DQG &L UHIHUV WR WKH LWK FLSKHUWH[W
VXE�EORFN� ZKLOH IN UHSUHVHQWV VRPH GHFU\SWLRQ IXQFWLRQ ZLWK

D SDUDPHWHU N UHSUHVHQWLQJ WKH XVHUV¶ NH\� DQG ¬ ¼ LV WKH IORRU
RSHUDWRU�

$FFRUGLQJ WR WKH HTXDWLRQ DERYH DQG WKH GLVFXVVLRQ LQ

>.QX��@� �'(0 KDV ILQLWH HUURU�SURSDJDWLRQ� DQG WKH H[WHQW

RI VXFK HUURU�SURSDJDWLRQ �DQG DFFRUGLQJO\ HUURU�UHFRYHU\�

GHSHQGV RQ WKH YDOXHV RI 16% DQG %35� 16% LV IL[HG IRU D

FHUWDLQ EORFN FLSKHU RI VL]H Q� DQG HTXDOV Q��� ZKLOH %35 LV D

UDQGRPO\�JHQHUDWHG LQWHJHU IURP D VHW RI SRVVLEOH YDOXHV� 7KH

SRLQW UHOHYDQW WR HUURU�SURSDJDWLRQ LV WKDW �'(0 XVHV 16%

SODLQWH[W VXE�EORFNV WKDW DUH IDU DSDUW E\ %35 VXE�EORFNV WR

FDOFXODWH &L� DQG VLPLODUO\ XVHV 16% FLSKHUWH[W VXE�EORFNV
WKDW DUH IDU DSDUW E\ %35 VXE�EORFNV WR FDOFXODWH 3L� 7KLV

LPSOLHV WKDW DQ HUURU LQ D ELW RU D VXE�EORFN RI FLSKHUWH[W RU



�

SODLQWH[W SURSDJDWHV WR WKH HQFU\SWLRQ�GHFU\SWLRQ RI WKH

�' EORFN FRQWDLQLQJ WKDW ELW RU VXE�EORFN�

7KH �'�(QFU\SWLRQ 0RGH� WKXV� VWULNHV D EDODQFH LQ LWV

HUURU�UHFRYHU\ DQG HUURU�SURSDJDWLRQ SURSHUWLHV E\ PDNLQJ

WKH H[WHQW RI HUURU�SURSDJDWLRQ ILQLWH �IRU HUURU�UHFRYHU\

SURSHUWLHV� ZKLFK DUH SUDFWLFDOO\ GHVLUHG� EXW ODUJH �IRU

HUURU�SURSDJDWLRQ SURSHUWLHV� WKDW >.QX��@ DGYRFDWHV WR EH

PRUH VHFXUH��

9� �'�(1&5<37,2102'( $1' 620( 35$&7,&$/ ,668(6

7KLV VHFWLRQ GLVFXVVHV VRPH SUDFWLFDO LVVXHV UHODWHG WR WKH

�'�(QFU\SWLRQ 0RGH�

�� 7KH GHVLJQ LVVXH LQ �'�(QFU\SWLRQ 0RGH WKDW ZDV

DIIHFWHG E\ SUDFWLFDO FRQVLGHUDWLRQV LV FKRRVLQJ WKH YDOXH RI

16%� 6HFXULW\� LQ JHQHUDO� UHTXLUHV D ODUJH YDOXH IRU 16%� EXW

RQ WKH RWKHU KDQG� VPDUW FDUGV� E\WH�RULHQWHG SURFHVVRUV �LQ

HPEHGGHG V\VWHPV�� DQG VRIWZDUH LPSOHPHQWDWLRQV FRXOG QRW
HDVLO\ GHDO ZLWK ELWV� DV WKH\ QRUPDOO\ DQG QDWXUDOO\ GHDO ZLWK

E\WHV� %LW PDQLSXODWLRQ LV REOLJDWRU\ LI �'(0 LV

LPSOHPHQWHG ZLWK 16%  Q �WKH ODUJHVW SRVVLEOH YDOXH IRU

16%�� WKXV PDNLQJ WKH �' EORFN RI VL]H Q
�
ELWV �LQVWHDG RI

Q
�
�� ELWV��

$FFRUGLQJO\ 16%  Q�� ZDV DSSURSULDWHO\ FKRVHQ VR WKDW

VRIWZDUH LPSOHPHQWDWLRQV RI �'(0 FRXOG GR WKH

WUDQVSRVLWLRQ �FRPSUHVVLRQ SHUPXWDWLRQ� EHWZHHQ URZV DQG

FROXPQV� EHWZHHQ WKH ILUVW DQG WKH VHFRQG SKDVHV RI �'(0�

LQ ³QR WLPH´� XVLQJ DSSURSULDWH FRGLQJ IRU �E\WH�DGGUHVVHG�

PHPRU\ DFFHVVHV� ZKLOH IRU KDUGZDUH LPSOHPHQWDWLRQV RI
�'(0 WKHVH WUDQVSRVLWLRQV DUH W\SLFDOO\ GRQH LQ YHU\ VPDOO

WLPH� LUUHVSHFWLYH RI WKH VL]H RI WKH LQSXW DQG WKH RXWSXW RI WKH

WUDQVSRVLWLRQ� $GGLWLRQDOO\� 16%  Q��� NHHSV WKH JRRG

VHFXULW\ EHKDYLRU RI �'(0� ZKLFK JURZV TXDGUDWLFDOO\

H[SRQHQWLDO DV Q JURZV� � ��
�

Q

F2 FLSKHUWH[W LV UHTXLUHG WR

PRXQW D VXFFHVVIXO ELUWKGD\ DWWDFN��

$OVR� QRWLFH WKDW� WKH PD[LPXP YDOXH IRU %35 LV

0��QÂ16%�� 7KDW LPSOLHV WKDW WKH VPDOOHU WKH YDOXH RI 16%

WKH ODUJHU WKH UDQJH RI SRVVLEOH YDOXHV IRU %35� 7KLV DOORZV

IRU PRUH IOH[LELOLW\ LQ JHQHUDWLQJ WKH UDQGRP %35�

)XUWKHUPRUH� PHVVDJHV DUH UHTXLUHG WR EH PXOWLSOHV RI

QÂ16% ELWV� DQG VR GHFUHDVLQJ WKLV YDOXH UHTXLUHV OHVV

SDGGLQJ IRU HDFK PHVVDJH� $OVR WKH FKRVHQ YDOXH RI 16% OHWV

WKH �'�(QFU\SWLRQ 0RGH EH PRUH DWWUDFWLYH WR VHFWRU�RULHQWHG
ILOH�V\VWHPV� ZKHUH D GLVN VHFWRU LV XVXDOO\

��� E\WHV  � u ��� E\WHV  � u �� E\WHV �LI XVLQJ �'(0

ZLWK ����ELW $(6� WKH QXPEHU RI E\WHV UHTXLUHG SHU EORFN

LV ��� E\WHV� ZKLOH IRU '(6 WKH QXPEHU UHTXLUHG LV �� E\WHV��
$OVR� FKRRVLQJ 16%  Q��� UDWKHU WKDQ Q� DOORZV D JUHDWHU

SRWHQWLDO IRU SDUDOOHOL]DWLRQ LI HDFK QÂ16% ELWV EORFN LV

HQFU\SWHG RQ D GLIIHUHQW SURFHVVRU� DV D VPDOOHU YDOXH RI 16%

DOORZV PRUH SURFHVVRUV WR EH XVHG� LI DYDLODEOH� IRU H[DPSOH

LQ D GLVWULEXWHG RU QHWZRUNHG V\VWHP�

�� )URP D SUDFWLFDO SRLQW RI YLHZ� WKHUH LV VRPH

LPSOHPHQWDWLRQDO DGYDQWDJH LI WKH HQFU\SWLRQ DQG GHFU\SWLRQ

RSHUDWLRQV RI D PRGH DUH VLPLODU� �'(0 GHFU\SWLRQ LV DV

VLPSOH DV �'(0 HQFU\SWLRQ� ,W XVHV WKH GHFU\SWLRQ RSHUDWLRQ

RI WKH XQGHUO\LQJ EORFN FLSKHU� DQG WKH URZ�GHFU\SWLRQ SKDVH
DQG FROXPQ�GHFU\SWLRQ SKDVH DUH WUDQVSRVHG� 7KH

FROXPQ�GHFU\SWLRQ SKDVH LV GRQH ILUVW� IROORZHG E\ WKH

URZ�GHFU\SWLRQ SKDVH� 7KLV FRXOG EH HIIHFWHG E\ WUDQVSRVLQJ

WKH �' GDWD EORFN �D �' PDWUL[ WUDQVSRVH� ZKLFK LV MXVW WKH

VDPH FRPSUHVVLRQ SHUPXWDWLRQV XVHG EHWZHHQ WKH

URZ�HQFU\SWLRQ DQG FROXPQ�HQFU\SWLRQ SKDVHV RI �'(0��

DQG SHUIRUPLQJ WKH URZ�GHFU\SWLRQ SKDVH IROORZHG E\ WKH

FROXPQ�GHFU\SWLRQ SKDVH �L�H�� DV LQ �'(0 HQFU\SWLRQ�

SURFHVVLQJ RI URZV LV IROORZHG E\ SURFHVVLQJ RI FROXPQV��

DQG SHUIRUPLQJ DQRWKHU GDWD WUDQVSRVH� 7KLV KDV WKH

DGYDQWDJH WKDW HQFU\SWLRQ DQG GHFU\SWLRQ FRXOG XVH H[DFWO\

WKH VDPH PRGXOH� HVSHFLDOO\ LI WKH XQGHUO\LQJ EORFN FLSKHU LV
WKH LQYHUVH RI LWVHOI �WKRXJK� IRU EORFN FLSKHUV� WKLV PD\ QRW

EH UHFRPPHQGHG IURP D VHFXULW\ SRLQW RI YLHZ� DQG D VOLJKW

GLIIHUHQFH EHWZHHQ HQFU\SWLRQ DQG GHFU\SWLRQ LV DOZD\V

UHFRPPHQGHG�� '(6 KDV WKLV SURSHUW\� DQG RQO\ WKH RUGHU RI

WKH VXENH\V KDV WR EH UHYHUVHG >1%6��@� $(6� RQ WKH RWKHU

KDQG� LV QRW WKH LQYHUVH RI LWVHOI� EXW KDV WKH GHFU\SWLRQ DQG

HQFU\SWLRQ RSHUDWLRQV VWUXFWXUDOO\ VLPLODU WR HDFK RWKHU� L�H��

ERWK RSHUDWLRQV XVH WKH VDPH FRPSRQHQWV >'5��@�

6LQFH WKH ³�' DUUD\´ WUDQVSRVLWLRQV RI GDWD� EHIRUH DQG

DIWHU �'(0 LV DSSOLHG� FRXOG EH GRQH LQ VRIWZDUH DQG

KDUGZDUH LQ ³QR WLPH´� WKLV LPSOLHV WKDW �'(0 GHFU\SWLRQ
FRXOG EH HIILFLHQWO\ LPSOHPHQWHG ZLWK QR SHUIRUPDQFH

GHJUDGDWLRQ XVLQJ PDLQO\ WKH VDPH KDUGZDUH FRPSRQHQWV DQG

VRIWZDUH PRGXOHV RI �'(0 HQFU\SWLRQ� XVLQJ WKH IDFW WKDW

'(6 GHFU\SWLRQ DQG $(6 GHFU\SWLRQ DUH VLPLODU WR '(6

HQFU\SWLRQ DQG $(6 HQFU\SWLRQ�

�� $Q HVWLPDWH IRU WKH WLPH UHTXLUHPHQWV RI �'(0� LI

LPSOHPHQWHG RQ D VLQJOH SURFHVVRU� LV JLYHQ EHORZ� )RU D

PHVVDJH RI OHQJWK 0 ELWV� DQG XVLQJ DQ XQGHUO\LQJ EORFN

FLSKHU RI VL]H Q� WKH WLPH UHTXLUHG IRU WKH �'�(QFU\SWLRQ

0RGH WR HQFU\SW WKH PHVVDJH LV�

����� ����

�

���� 

Q16%Q
F

Q
W

000
HW

ZKHUH

F  WKH WLPH UHTXLUHG WR GR RQH HQFU\SWLRQ�GHFU\SWLRQ

XVLQJ WKH XQGHUO\LQJ EORFN FLSKHU�

W  WKH WLPH UHTXLUHG WR GR WKH WUDQVSRVH RSHUDWLRQ

�0��QÂ16%� LV WKH WRWDO QXPEHU RI �' EORFNV LQ WKH

PHVVDJH� DQG 16%  Q�� LV FKRVHQ WR OHW VRIWZDUH

LPSOHPHQWDWLRQV RI WKH WUDQVSRVLWLRQ EH GRQH LQ ³QR

WLPH´� XVLQJ DSSURSULDWH FRGLQJ IRU PHPRU\

DFFHVVHV� DQG KDUGZDUH LPSOHPHQWDWLRQV GR
WUDQVSRVLWLRQV LQ YHU\ VPDOO WLPH LUUHVSHFWLYH RI WKH

VL]H RI WKH LQSXW DQG WKH RXWSXW�� DQG

H  WKH WLPH UHTXLUHG WR FDOFXODWH WKH
HQFU\SWLRQ�GHFU\SWLRQ VXENH\V� 7KHVH QHHG QRW EH

FDOFXODWHG PRUH WKDQ RQFH IRU WKH ZKROH PHVVDJH� VR

WKH\ DUH VXEWUDFWHG IURP WKH WLPH W�

7\SLFDOO\� ZH KDYH F !! W DQG F !! H� VR W # F
Q
��

0
�

,Q DFFRUGDQFH ZLWK ZKDW LV PHQWLRQHG HDUOLHU LQ SRLQW ��

ZH GR QRW GLVWLQJXLVK EHWZHHQ WLPH UHTXLUHPHQWV RI �'(0

HQFU\SWLRQ DQG �'(0 GHFU\SWLRQ� DQG LI WKH HQFU\SWLRQ DQG

GHFU\SWLRQ RSHUDWLRQV RI WKH XQGHUO\LQJ EORFN FLSKHU KDYH

GLIIHUHQW WLPH UHTXLUHPHQWV� WKH FRQVWDQWV F� H FRXOG EH VSOLW

WR FH� HH DQG FG� HG�

�,Q WKH ORQJHU YHUVLRQ RI WKLV SDSHU PRUH SUDFWLFDO LVVXHV

UHODWHG WR �'(0 DUH SUHVHQWHG��



��

9,� &21&/8',1*5(0$5.6

,Q WKLV SDSHU� ZH SUHVHQWHG D QHZ HQFU\SWLRQ PRGH� WKH

�'�(QFU\SWLRQ 0RGH �DEEUHYLDWHG �'(0�� :H HYDOXDWHG LW

IURP WKH YLHZSRLQWV RI VHFXULW\� SHUIRUPDQFH� DQG

SUDFWLFDOLW\� :H GLVFXVVHG KRZ LW LV D JHQHUDO�SXUSRVH PRGH�

DQG KRZ LW DOVR KDV VSHFLDO DIILQLW\ WR VRPH W\SHV RI

DSSOLFDWLRQV�

5()(5(1&(6

>$16��@ $16, ;������ $PHULFDQ 1DWLRQDO 6WDQGDUG IRU

,QIRUPDWLRQ 6\VWHPV � 'DWD (QFU\SWLRQ $OJRULWKP � 0RGHV RI

2SHUDWLRQ� $PHULFDQ 1DWLRQDO 6WDQGDUGV ,QVWLWXWH� �����

>%'-5��@0� %HOODUH� $� 'HVDL� (� -RNLSLL� 3� 5RJDZD\� $

&RQFUHWH 6HFXULW\ 7UHDWPHQW RI 6\PPHWULF (QFU\SWLRQ�

$QDO\VLV RI WKH '(6 0RGHV RI 2SHUDWLRQ� 3URFHHGLQJV RI WKH

��
WK
6\PSRVLXP RQ )RXQGDWLRQV RI &RPSXWHU 6FLHQFH� ,(((�

�����

>%,��@0� %HOODUH� 5� ,PSDJOLD]]R� $ WRRO IRU REWDLQLQJ

WLJKWHU VHFXULW\ DQDO\VLV RI SVHXGRUDQGRP IXQFWLRQ EDVHG

FRQVWUXFWLRQV� ZLWK DSSOLFDWLRQV WR 353o 35) FRQYHUVLRQ�
0DQXVFULSW� �����

>%.5��@ 0� %HOODUH� -� .LOOLDQ� 3� 5RJDZD\� 7KH 6HFXULW\ RI

&LSKHU %ORFN &KDLQLQJ� $GYDQFHV LQ &U\SWRORJ\ � &U\SWR ��

3URFHHGLQJV� �����

>%.5��@ 0� %HOODUH� 7� .URYHW]� 3� 5RJDZD\� /XE\�5DFNRII

%DFNZDUGV� ,QFUHDVLQJ 6HFXULW\ E\ 0DNLQJ %ORFN &LSKHUV

1RQ�,QYHUWLEOH� $GYDQFHV LQ &U\SWRORJ\��(XURFU\SW¶��

3URFHHGLQJV� 6SULQJHU�9HUODJ� �����

>'5��@ -� 'DHPHQ� 9� 5LMPHQ� $(6 3URSRVDO� 5LMQGDHO�

$(6 $OJRULWKP 6XEPLVVLRQ� �����

>+:.6��@ &� +DOO� '� :DJQHU� -� .HOVH\� %� 6FKQHLHU�

%XLOGLQJ 35)V IURP 353V� $GYDQFHV LQ &U\SWRORJ\ �� &U\SWR
�� 3URFHHGLQJV� 6SULQJHU�9HUODJ� �����

>,$6'0��@ ,QWHO $UFK� 6RIWZDUH 'HY� 0DQXDO� %DVLF

$UFKLWHFWXUH� 2UGHU 1XPEHU ������� �����

>,62��@ ,62�,(& ������ 0RGHV RI 2SHUDWLRQ IRU DQ Q�ELW

%ORFN &LSKHU $OJRULWKP� �����

>-XW��@&� 6� -XWOD� (QFU\SWLRQ 0RGHV ZLWK $OPRVW )UHH

0HVVDJH ,QWHJULW\� 3UHSULQW� �����

>.QX��@ /� 5� .QXGVHQ� %ORFN FKDLQLQJ PRGHV RI

RSHUDWLRQ� 5HSRUWV LQ ,QIRUPDWLFV� 5HSRUW 1R ���� ,661

���������� 8QLYHUVLW\ RI %HUJHQ� 1RUZD\� �����

>/5:��@ +� /LSPDD� 3� 5RJDZD\� '� :DJQHU� &75�0RGH

(QFU\SWLRQ� &RPPHQWV WR 1,67 FRQFHUQLQJ $(6 0RGHV RI

2SHUDWLRQ� �����

>1%6��@ 1DWLRQDO %XUHDX RI 6WDQGDUGV� 1%6 ),36 38% ���

'DWD (QFU\SWLRQ 6WDQGDUG� 86 'HSDUWPHQW RI &RPPHUFH�
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>1%6��@ 1DWLRQDO %XUHDX RI 6WDQGDUGV� 1%6 ),36 38% ���

'(6 0RGHV RI 2SHUDWLRQ� 86 'HSDUWPHQW RI &RPPHUFH�

�����

>15��@ 0� 1DRU� 2� 5HLQJROG� 2Q WKH &RQVWUXFWLRQ RI

3VHXGR�5DQGRP 3HUPXWDWLRQV� /XE\�5DFNRII 5HYLVLWHG�

3URFHHGLQJV RI WKH ��
WK
$QQXDO 6\PSRVLXP RQ 7KHRU\ RI

&RPSXWLQJ� $&0� �����

>5RJ��D@ 3� 5RJDZD\� 2&% 0RGH� 3DUDOOHOL]DEOH

$XWKHQWLFDWHG (QFU\SWLRQ� &RPPHQWV WR 1,67 FRQFHUQLQJ

$(6 0RGHV RI 2SHUDWLRQ� �����

>5RJ��E@ 3� 5RJDZD\� 30$&� $ 3DUDOOHOL]DEOH 0HVVDJH

$XWKHQWLFDWLRQ &RGH� &RPPHQWV WR 1,67 FRQFHUQLQJ $(6

0RGHV RI 2SHUDWLRQ� �����

>55<��@ 5� /� 5LYHVW� 0� -� %� 5REVKDZ� <� /� <LQ� 7KH

FDVH IRU 5&� DV WKH $(6� $(6 5RXQG � SXEOLF FRPPHQW�
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*LYHQ EHORZ DUH WZR VDPSOH LPDJHV� WRJHWKHU ZLWK

LPDJHV UHVXOWLQJ IURP WKHLU HQFU\SWLRQ� )ROORZLQJ HDFK LPDJH

�RU HQFU\SWHG LPDJH� LV WKH QXPEHU RI FRORUV XVHG LQ WKH

LPDJH� DQG WKH LPDJH¶V KLVWRJUDP�

7KH ³�'´ LPDJHV UHSUHVHQW WKH (&% '(6 HQFU\SWLRQ RI

WKH 2ULJLQDO ,PDJH� XVLQJ WKH NH\ ����������$%&'()�

ZKLOH WKH ³�'´ LPDJHV UHSUHVHQW WKH �'�(QFU\SWLRQ 0RGH

HQFU\SWLRQ RI WKH 2ULJLQDO ,PDJH� XVLQJ '(6 ZLWK WKH NH\

����������$%&'()� �%35 ZDV QRW FKRVHQ UDQGRPO\� EXW

IRU GHPRQVWUDWLRQ SXUSRVHV HTXDOV QXPEHU RI SL[HOV LQ D URZ

GLYLGHG E\ 16%  QXPFROV���7KH KLVWRJUDP RI HDFK LPDJH �RU
HQFU\SWHG LPDJH� VKRZV WKH IROORZLQJ�

L� $ JUDSK VKRZLQJ WKH QXPEHU RI RFFXUUHQFHV �RQ WKH

RUGLQDWH� RI HDFK RI WKH FRORUV ������� RQ WKH DEVFLVVD� LQ WKH

LPDJH� 7KH YDULDQFH EHWZHHQ WKH RUGLQDWH YDOXHV FRXOG EH

VHHQ YLVXDOO\ IURP WKH JUDSK�

LL� 7KH PD[LPXP QXPEHU RI WLPHV D VLQJOH FRORU LV

UHSHDWHG LQ WKH LPDJH� )RU H[DPSOH� IRU )LUVW 6DPSOH¶V
2ULJLQDO ,PDJH +LVWRJUDP WKLV LV ����� 1H[W WR LW� LV VKRZQ

�LQ SDUHQWKHVHV� WKH SHUFHQWDJH RI WKLV QXPEHU WR WKH WRWDO

QXPEHU RI SL[HOV RI WKH LPDJH�

LLL� 7KH PLQLPXP QXPEHU RI WLPHV D VLQJOH FRORU LV

UHSHDWHG LQ WKH LPDJH� )RU H[DPSOH� IRU )LUVW ,PDJH¶V

2ULJLQDO ,PDJH +LVWRJUDP WKLV LV �� DQG LW PHDQV WKDW VRPH

FRORU GRHV QRW H[LVW LQ )LUVW 6DPSOH¶V 2ULJLQDO ,PDJH�

LY� 7KH DYHUDJH FRORU RI WKH LPDJH� 7KLV LV FDOFXODWHG E\

PXOWLSO\LQJ HDFK FRORU YDOXH E\ WKH UDWLR LQ ZKLFK LW LV
UHSHDWHG LQ WKH ZKROH LPDJH� )RU H[DPSOH� IRU )LUVW 6DPSOH¶V

2ULJLQDO ,PDJH +LVWRJUDP WKLV LV ���� DQG WKDW PHDQV WKDW WKH

DYHUDJH FRORU RI )LUVW ,PDJH¶V 2ULJLQDO ,PDJH LV HTXLYDOHQW WR

D JUD\�VFDOH FRORU RI ���� L�H�� D VRPHZKDW OLJKW LPDJH �QHDUHU

WR WKH ³ZKLWH´ HQG RI WKH UDQJH RI FRORUV��
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