
,P SURYLQJ�1 DP HG�( QWLW\ �7UDQVODWLRQ�&RP ELQLQJ�3KRQHWLF��

DQG�6HP DQWLF�6LP LODULWLHV�
�

) HL�+ XDQJ��6WHSKDQ�9 RJHO�DQG�$ OH[ �: DLEHO�
/ DQJXDJH�7HFKQRORJLHV�,QVWLWXWH�

6FKRRO�RI�&RPSXWHU�6FLHQFHV�
&DUQHJLH�0 HOORQ�8 QLYHUVLW\ �

^ I KXDQJ� YRJHO� DKZ` #FV� FPX� HGX�

$ EVWUDFW�

7KLV�SDSHU�GHVFULEHV�DQ�DSSURDFK�WR�WUDQVODWH�
UDUHO\ �RFFXUULQJ�QDPHG�HQWLWLHV��1 ( � �E\ �FRP�
ELQLQJ�SKRQHWLF�DQG�VHPDQWLF�VLPLODULWLHV��7KH�
SKRQHWLF�VLPLODULW\ �LV�HVWLPDWHG�IURP�D�VXUIDFH�
VWULQJ�WUDQVOLWHUDWLRQ� PRGHO��DQG�WKH�VHPDQWLF�
VLPLODULW\ �LV�FDOFXODWHG� IURP� D�FRQWH[ W� YHFWRU�
VHPDQWLF�PRGHO��* LYHQ�D�VRXUFH��&KLQHVH��1 ( �
DQG� LWV� FRQWH[ W�� WKLV� DSSURDFK� ILUVW� JHQHUDWHV�
TXHULHV� LQ� WKH� WDUJHW� �( QJOLVK�� ODQJXDJH� DF�
FRUGLQJ�WR�WKH�FRQWH[ W�WUDQVODWLRQ�K\ SRWKHVHV��
WKHQ� VHDUFKHV� IRU� UHOHYDQW� GRFXPHQWV� IURP� D�
WDUJHW� ODQJXDJH� FRUSXV�� 7DUJHW� 1 ( V� LQ� UH�
WULHYHG� GRFXPHQWV� DUH� FRPSDUHG� ZLWK� WKH�
VRXUFH�1 ( �EDVHG�RQ�WKHLU�SKRQHWLF�DQG�FRQWH[ �
WXDO� VHPDQWLF� VLPLODULWLHV�� DQG� WKH� EHVW�
PDWFKHG�RQH�LV�VHOHFWHG�DV�WKH�FRUUHFW�WUDQVOD�
WLRQ�� ( [ SHULPHQWV� VKRZ� WKDW� WKLV� DSSURDFK�
DFKLHYHV� � � � � DFFXUDF\ � RQ� WUDQVODWLQJ� UDUHO\ �
RFFXUULQJ�1 ( V��DQG�FRQVLVWHQWO\ �LPSURYHV�WKH�
WUDQVODWLRQ� TXDOLW\ � RQ� GLIIHUHQW� WDVNV� RYHU� D�
VWDWH�RI�WKH�DUW� VWDWLVWLFDO� PDFKLQH� WUDQVODWLRQ�
V\ VWHP��

� � ,QWURGXFWLRQ�

7UDQVODWLQJ� 1 DPHG� ( QWLWLHV� �1 ( � �� LQ� SDUWLFXODU� QDPHG�
SHUVRQV��ORFDWLRQV�DQG�RUJDQL] DWLRQV��FDQ�EHQHILW� PDQ\ �
QDWXUDO� ODQJXDJH� SURFHVVLQJ� WDVNV�� &RUUHFW� 1 ( � WUDQVOD�
WLRQV�RIWHQ�DFW�DV�HLWKHU�NH\ �TXHULHV�LQ�FURVV�OLQJXDO�LQ�
IRUPDWLRQ� UHWULHYDO� RU� FRUUHFW� DQVZHUV� LQ� PXOWLOLQJXDO�
TXHVWLRQ� DQVZHULQJ�� 0 RUHRYHU�� LQ� PDFKLQH� WUDQVODWLRQ��
LQFRUUHFW� 1 ( � WUDQVODWLRQV� QRW� RQO\ � GLVFDUG� PHDQLQJIXO�
LQIRUPDWLRQ� IURP�WKH�RULJLQDO�VHQWHQFHV��EXW�DOVR�LQWUR�
GXFH� D� GLVWRUWHG� FRQWH[ W� ZKLFK� GHJUDGHV� WKH� RYHUDOO�
WUDQVODWLRQ� TXDOLW\ �� +RZHYHU�� WUDQVODWLQJ� 1 ( V� LV� DOVR� D�
FKDOOHQJLQJ�SUREOHP��3DUW�RI�WKH�UHDVRQ�LV�WKDW�1 ( V�DUH�
HLWKHU� SKRQHWLFDOO\ � WUDQVOLWHUDWHG� �PRVWO\ � IRU� SHUVRQ�
QDPHV��RU�VHPDQWLFDOO\ �WUDQVODWHG��PRVWO\ �IRU�RUJDQL] D�
WLRQ� QDPHV�� RU� ERWK� �PRVWO\ � IRU� ORFDWLRQ� QDPHV�� OLNH�
³$ SSDODFKLDQ�0 RXQWDLQV́ ���DQG�RIWHQ�WKHUH�LV�QR�RQH�WR�

RQH� PDSSLQJ� LQ� WUDQVOLWHUDWLRQ� DQG� WUDQVODWLRQ� EHWZHHQ�
VRXUFH�DQG�WDUJHW�ODQJXDJHV��$ OWKRXJK�SUH�FRPSLOHG�1 ( �
WUDQVODWLRQ� GLFWLRQDULHV� PD\ � KHOS� LQ� WUDQVODWLQJ� VRPH�
IUHTXHQW�1 ( V��VXFK�DV�WKH�QDPHV�RI�FRXQWULHV��ELJ�FRP�
SDQLHV�RU� IDPRXV�SHUVRQV��LW�FDQQRW�KDQGOH�WKH�WUDQVOD�
WLRQ� RI� UDUHO\ � RFFXUULQJ� QDPHV�� HVSHFLDOO\ � QHZ� QDPHV��
) RU� H[ DPSOH�� LQ� WKH� � � � � � &KLQHVH�( QJOLVK� WUDQVODWLRQ�
HYDOXDWLRQ� WHVW� GDWD�� � � � � RI� WKH� DXWRPDWLFDOO\ � WDJJHG�
&KLQHVH�1 ( V�DUH�QRW�LQFOXGHG�LQ�WKH�� � . �/ ' &�&KLQHVH�
( QJOLVK�WUDQVODWLRQ�OH[ LFRQ���

$ OWKRXJK� PDQ\ � UHVHDUFK� HIIRUWV� KDYH� EHHQ� IRFXVHG�
RQ�DXWRPDWLF�1 ( �GHWHFWLRQ��DQG�JRRG�SHUIRUPDQFH� KDV�
EHHQ� DFKLHYHG� LQ� VRPH� ODQJXDJHV� �&KLQFKRU� � � � � � ��
WKHUH�DUH�VWLOO�PDQ\ �DUHDV�LQ�1 ( �WUDQVODWLRQ�WKDW�FDOO�IRU�
IXUWKHU� LQYHVWLJDWLRQ�� �. QLJKW� DQG� * UDHKO� � � � � �� SUR�
SRVHG� D� JHQHUDWLYH� PRGHO� IRU� -DSDQHVH�( QJOLVK� EDFN�
WUDQVOLWHUDWLRQ�� �6WDOOV� DQG� . QLJKW� � � � � � � H[ SDQGHG� WKDW�
PRGHO� WR� $ UDELF�( QJOLVK� WUDQVOLWHUDWLRQ�� DQG� �$ O�
2 QDL] DQ� DQG� . QLJKW� � � � � �� DGGLWLRQDOO\ � LQFRUSRUDWHG�
ZHE� FRXQWV� WR� UH�VFRUH� WKH� WUDQVOLWHUDWLRQ� FDQGLGDWHV��
�0 HQJ� HW� DO�� � � � � �� GHYHORSHG� DQ� ( QJOLVK�&KLQHVH� 1 ( �
WUDQVOLWHUDWLRQ� WHFKQLTXH� XVLQJ� D� SURQXQFLDWLRQ� OH[ LFRQ�
DQG� SKRQHWLF� PDSSLQJ� UXOHV�� �0 RRUH� � � � � � � SURSRVHG�
VWDWLVWLFDO�SKUDVH�WUDQVODWLRQ�PRGHOV�WR�ILQG�1 ( �WUDQVOD�
WLRQV�LQ�( QJOLVK�) UHQFK�VRIWZDUH�PDQXDOV���+XDQJ�HW�DO��
� � � � � � H[ WUDFWHG� 1 ( � WUDQVODWLRQ� SDLUV� IURP� D� &KLQHVH�
( QJOLVK�SDUDOOHO�FRUSXV�FRPELQLQJ�OHWWHU�WUDQVOLWHUDWLRQ��
ZRUG� WUDQVODWLRQ� DQG� 1 ( � WDJJLQJ� IHDWXUHV�� WKHQ� FRQ�
VWUXFWHG� DQ� 1 ( � WUDQVODWLRQ� GLFWLRQDU\ � EDVHG� RQ� DOLJQ�
PHQW�FRVWV�DQG�IUHTXHQFLHV���

$ OLJQLQJ�1 ( �WUDQVODWLRQV�IURP�D�SDUDOOHO�FRUSXV�XVX�
DOO\ � DFKLHYHV� KLJK� DFFXUDF\ � RQ� IUHTXHQWO\ � RFFXUULQJ�
1 ( V�� EXW� LW� IDLOV� LQ� WUDQVODWLQJ� UDUHO\ � RFFXUULQJ� 1 ( V�
ZKLFK�PD\ �QRW�DSSHDU�LQ�WKH�ELOLQJXDO�FRUSXV��DV�VKRZQ�
LQ�WKH�IROORZLQJ�H[ DPSOH��

&KQ���� � � � � � � � �
5 HI�����QHWKHUODQGV¶�DPEDVVDGRU�WR�FKLQD��YDQ�KRXWHQ��
+ \ S���QHWKHUODQGV�DPEDVVDGRU�KDR�JHUP DQ\ �KXUOV�
,W� LV� QRWLFHG� WKDW� ³YDQ� KRXWHQ́ �� WKH� DPEDVVDGRU¶V�

QDPH�� ZDV� QRW� LQFOXGHG� LQ� WKH� WUDQVODWLRQ� OH[ LFRQ� DQG�
SDUDOOHO� FRUSXV�� WKXV� WKH� QDPH� ZDV� LQDSSURSULDWHO\ � VH�
PDQWLFDOO\ �WUDQVODWHG�FKDUDFWHU�E\ �FKDUDFWHU��³ �KDR�
�JHUPDQ\ � �KXUOV́ ��



�����,Q�WKLV�SDSHU�ZH�ZLOO�SURSRVH�DQ�DSSURDFK� IRFXVLQJ�
RQ�WUDQVODWLQJ�WKHVH�UDUHO\ �RFFXUULQJ�1 ( V��* LYHQ�D�&KL�
QHVH�1 ( �DQG�LWV�FRQWH[ W� �H�J���WKH�GRFXPHQW�ZKHUH�WKH�
1 ( � DSSHDUV��� WKLV� DSSURDFK� ILUVW� JHQHUDWHV� TXHULHV� LQ�
( QJOLVK� DFFRUGLQJ� WR� WKH� LQLWLDO� GRFXPHQW� WUDQVODWLRQ�
K\ SRWKHVHV��WKHQ�VHDUFKHV� IRU�UHOHYDQW�GRFXPHQWV� IURP�
DQ�( QJOLVK�FRUSXV�XVLQJ�D�VHDUFK�HQJLQH��,W�FRPSDUHV�WKH�
&KLQHVH� 1 ( � ZLWK� ( QJOLVK� 1 ( V� LQ� UHWULHYHG� GRFXPHQWV�
EDVHG� RQ� WKHLU� SKRQHWLF� DQG� VHPDQWLF� VLPLODULWLHV�� DQG�
VHOHFWV�WKH�EHVW�PDWFKHG�RQH�DV�WKH�WUDQVODWLRQ��7KH�SKR�
QHWLF� VLPLODULW\ � LV� FDOFXODWHG� IURP� WKH� VXUIDFH� VWULQJ�
WUDQVOLWHUDWLRQ� PRGHO�� DQG� WKH� VHPDQWLF� VLPLODULW\ � LV�
PHDVXUHG�DFFRUGLQJ�WR�WKH� ³GLVWDQFH́ �EHWZHHQ�WKH�WZR�
1 ( V¶�FRQWH[ W�YHFWRUV��ZKHUH�WKH�FRQWH[ W�YHFWRU�LV�FRQ�
VWUXFWHG�EDVHG�RQ�WKH�SDUW�RI�VSHHFK��32 6��DQG�UHODWLYH�
ORFDWLRQV� RI� WKH� 1 ( V¶� VXUURXQGLQJ� ZRUGV�� ( [ SHULPHQWV�
VKRZ�WKDW�1 ( �WUDQVODWLRQ�DFKLHYHV�D�� � � �DFFXUDF\ �ZLWK�
WKH� FRPELQHG� VLPLODULW\ � PRGHOV�� DQG� WKH� WUDQVODWLRQ�
TXDOLW\ � LV� FRQVLVWHQWO\ � EHWWHU� RQ� GLIIHUHQW� WUDQVODWLRQ�
WDVNV� WKDQ� D� VWDWH�RI�WKH�DUW� VWDWLVWLFDO� PDFKLQH� WUDQVOD�
WLRQ�V\ VWHP��

7KH�VWUXFWXUH�RI�WKLV�SDSHU�LV�DV�IROORZV��LQ�VHFWLRQ�� �
ZH�LQWURGXFH�WKH�VXUIDFH�VWULQJ�WUDQVOLWHUDWLRQ�PRGHO��LQ�
VHFWLRQ�� �ZH�GHVFULEH�WKH�FRQWH[ WXDO�VHPDQWLF�VLPLODULW\ �
PRGHO�� ZH� GHWDLO� WKH� TXHU\ � JHQHUDWLRQ� DQG� UHWULHYDO�
SURFHVV�LQ�VHFWLRQ�� ��,Q�VHFWLRQ�� �ZH�SUHVHQW�WKH�H[ SHUL�
PHQWV� DQG� DQDO\ VLV� RI� WKH� UHVXOWV�� &RQFOXVLRQV� ZLOO� EH�
JLYHQ�LQ�WKH�ODVW�VHFWLRQ��

� � 6XUIDFH�6WULQJ�7UDQVOLWHUDWLRQ�0 RGHO�

1 ( � WUDQVOLWHUDWLRQ� LV� WKH� SKRQHWLF� WUDQVODWLRQ� EDVHG� RQ�
SURQXQFLDWLRQ�VLPLODULWLHV�EHWZHHQ�VRXUFH�DQG�WDUJHW�1 ( �
SDLUV�� &RQVLGHULQJ� WKDW� SHUVRQ� DQG� ORFDWLRQ� QDPHV� DUH�
RIWHQ� SKRQHWLFDOO\ � WUDQVODWHG� DQG� WKHLU� ZULWWHQ� IRUPV�
UHVHPEOH�WKHLU�SURQXQFLDWLRQV��LW�LV�SRVVLEOH�WR�GLVFRYHU�
1 ( � WUDQVODWLRQ� SDLUV� WKURXJK� WKHLU� ZULWWHQ� IRUPV�� L�H���
VXUIDFH� VWULQJ� WUDQVOLWHUDWLRQ�� &RPSDUHG� ZLWK� WKH� WUDGL�
WLRQDO� SKRQHPH� WUDQVOLWHUDWLRQ� PHWKRG�� VXUIDFH� VWULQJ�
WUDQVOLWHUDWLRQ�GRHV�QRW�UHTXLUH�D�SURQXQFLDWLRQ�OH[ LFRQ��
ZKLFK� LV� DQ� DGYDQWDJH� HVSHFLDOO\ � IRU� UDUH� QDPHV�� ) RU�
QRQ�/ DWLQ�GHULYHG� ODQJXDJHV� OLNH� &KLQHVH� DQG� $ UDELF��
LQGLUHFW�VXUIDFH�VWULQJ�WUDQVOLWHUDWLRQ�LV�IHDVLEOH�WKURXJK�
D�URPDQL] DWLRQ�SURFHVV�ZKLFK�PDSV�HDFK�FKDUDFWHU�LQWR�
RQH�RU�PRUH�/ DWLQ�OHWWHUV�ZLWK�VLPLODU�SURQXQFLDWLRQ��) RU�
H[ DPSOH��WKH�&KLQHVH�ZRUG�³ � � � ´ �LV�URPDQL] HG�
DV�WKH�SLQ\ LQ�IRUP�³ IHL�FL�ZR�WH́ ��ZKLFK�LV�WKH�WUDQVODWLRQ�
RI�³ ILW] ZDWHÚ���

0 DSSLQJV�EHWZHHQ�&KLQHVH�FKDUDFWHUV�DQG�WKHLU�SLQ�
\ LQ� IRUPV� DUH� XVXDOO\ � GHWHUPLQLVWLF�� ZKLOH� PDSSLQJV�
EHWZHHQ� SLQ\ LQ� DQG� ( QJOLVK� OHWWHUV� DUH� PRUH� VRSKLVWL�
FDWHG��DQG�FDQ�EH�OHDUQHG� IURP�D�ELOLQJXDO�1 ( �OLVW��7R�
DFTXLUH� VXFK� DQ� 1 ( � OLVW�� ZH� SURSRVH� DQ� XQVXSHUYLVHG�
OHDUQLQJ�DSSURDFK�LQ�ZKLFK�1 ( �SDLUV�DUH�DXWRPDWLFDOO\ �
H[ WUDFWHG� IURP� D� ODUJH� ELOLQJXDO� GLFWLRQDU\ �� � ' \ QDPLF�
SURJUDPPLQJ�� ' 3� �EDVHG�VWULQJ�DOLJQPHQW�LV�LWHUDWLYHO\ �

DSSOLHG�LQ�RUGHU�WR�ILQG�1 ( �SDLUV�WR�HVWLPDWH�WKH�WUDQVOLW�
HUDWLRQ� SUREDELOLW\ � IURP� SLQ\ LQ� WR� ( QJOLVK� OHWWHU� VH�
TXHQFHV���

7R�H[ WUDFW�WKH�1 ( �SDLU� 
�
�� ������ HI IURP�D�JLYHQ�EL�

OLQJXDO�GLFWLRQDU\ ' ��ZH�ZDQW�WR�ILQG�WKH�HQWU\ �ZLWK�WKH�
KLJKHVW�MRLQW�SUREDELOLW\ ��
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ZKHUH �� I3
��

LV�WKH�SUREDELOLW\ �RI�JHQHUDWLQJ�WKH�FKDUDF�

WHU�VHTXHQFH�RI�WKH�&KLQHVH�1 ( ��ZKLFK�FDQ�EH�FRPSXWHG�
GLUHFWO\ � IURP� D� FKDUDFWHU� ODQJXDJH� PRGHO� IRU� &KLQHVH�
1 ( V�� 7KH� HVWLPDWLRQ� RI� �_� IH3���

�� WKH� SUREDELOLW\ � RI�

WUDQVOLWHUDWLQJ�WKH�&KLQHVH�1 ( I �LQWR�DQ�( QJOLVK�1 ( � H��
LV�DV�IROORZV��

6XSSRVH I KDVP FKDUDFWHUV�� ) RU PL ������ �� FKDUDF�

WHU �I �LV� PDSSHG� LQWR� LWV� SLQ\ LQ� V\ OODEOH �\ �� ZKLFK� LV�

IXUWKHU� WUDQVOLWHUDWHG� LQWR� DQ� ( QJOLVK� OHWWHU� VWULQJ� �H ��

* LYHQ� WKDW� PDSSLQJV� IURP� &KLQHVH� FKDUDFWHUV� WR� WKHLU�

SLQ\ LQ� V\ OODEOHV� DUH� PRVWO\ � GHWHUPLQLVWLF�� L�H���
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6XSSRVH� �\ LV� FRPSRVHG� RI� �P OHWWHUV�� DQG� IRU�

�PM ������� ��WKH�SLQ\ LQ�OHWWHU �

�\ �

LV�DOLJQHG�WR� �

 H!

��WKH�

NWK� OHWWHU� LQ� "H �� ZKHUH� WKH� DOLJQPHQW� LV� UHSUHVHQWHG�

DV #DN �� $ VVXPLQJ�LQGHSHQGHQFH� RI�WUDQVOLWHUDWHG�OHW�

WHUV�ZH�REWDLQ��
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\HS\HSIH3 � � � �

7KDW� LV�� WKH� WUDQVOLWHUDWLRQ� SUREDELOLW\ � EHWZHHQ� D�
&KLQHVH�1 ( �DQG�DQ�( QJOLVK�1 ( �LV�DSSUR[ LPDWHG�E\ �WKH�
SURGXFW�RI�WKHLU�OHWWHU�WUDQVOLWHUDWLRQ�SUREDELOLWLHV����

' \ QDPLF� SURJUDPPLQJ� KDV� EHHQ� VXFFHVVIXOO\ � DS�
SOLHG�WR�ILQG�WKH�³RSWLPDÓ�DOLJQPHQW�SDWK�EHWZHHQ�WZR�
VWULQJV�� ZKHUH� ³RSWLPDÓ� PHDQV�WKH� PLQLPXP�DFFXPX�
ODWHG� HGLWLQJ� FRVW� EHWZHHQ� DOLJQHG� ZRUG�OHWWHU� SDLUV�
�/ HYHQVWHLQ�� � � � � ��+HUH�WKH�FRVW�LV�XVXDOO\ �GHILQHG�DV�� �
LI�WKH\ �DUH�WKH�VDPH�RU�� �LQ�FDVH�RI�DQ�LQVHUWLRQ��GHOHWLRQ�
RU�VXEVWLWXWLRQ�HUURU��+RZHYHU��WKLV�ELQDU\ �FRVW�IXQFWLRQ�
LV�QRW�DSSURSULDWH�IRU�SURQXQFLDWLRQ�EDVHG�WUDQVOLWHUDWLRQ��
EHFDXVH�WKH�SKRQHWLF� VLPLODULW\ �LV� PRUH�LPSRUWDQW�WKDQ�
WKH�RUWKRJUDSKLF�VLPLODULW\ ��WKHUHIRUH��WKH�DOLJQPHQW�FRVW�
EHWZHHQ� OHWWHUV� ZLWK� VLPLODU� SURQXQFLDWLRQV� �H�J��� ³ F́ �
DQG�³Ń �RU�³Ś �DQG�³É � �VKRXOG�EH�VPDOOHU��: H�WDNH�WKH�



QHJDWLYH�ORJDULWKP�RI�WKH�OHWWHU�WUDQVOLWHUDWLRQ�SUREDELO�
LW\ �DV�WKH�PDWFKLQJ�FRVW��ZKHUH�WKH�WUDQVOLWHUDWLRQ�SURE�
DELOLWLHV� DUH� FRPSXWHG� EDVHG� RQ� WKHLU� DOLJQPHQW�
IUHTXHQF\ �� +RZHYHU�� WKH� DOLJQPHQW� IUHTXHQF\ � LV�
FRXQWHG� XQGHU� D� FHUWDLQ� DOLJQPHQW� FRVW� IXQFWLRQ�� 7R�
UHVROYH� WKLV� PRGHO� LQWHUGHSHQGHQF\ �� WKH� ELQDU\ � FRVW�
IXQFWLRQ�LV�LQLWLDOO\ �DSSOLHG�WR�WKH� ' 3�VWULQJ�DOLJQPHQW��
%LOLQJXDO� 1 ( � SDLUV� DUH� H[ WUDFWHG� IURP� WKH� GLFWLRQDU\ �
DFFRUGLQJ�WR�WKHLU�DOLJQPHQW�FRVW��%DVHG�RQ�WKLV�LQLWLDO�
LPSHUIHFW�QDPH�OLVW��WKH�OHWWHU�WUDQVOLWHUDWLRQ�PRGHO�DQG�
FKDUDFWHU�ODQJXDJH�PRGHO�DUH�WUDLQHG��DQG�HPSOR\ HG�IRU�
WKH� 1 ( � MRLQW� SUREDELOLW\ � HVWLPDWLRQ�� ,Q� WKH� VXEVHTXHQW�
LWHUDWLRQV�� WKH� DOLJQPHQW� FRVW� IXQFWLRQ� DV� ZHOO� DV� WKH�
WUDQVOLWHUDWLRQ� SUREDELOLW\ � LV� XSGDWHG�� 1 ( � SDLUV� DUH� UH�
VHOHFWHG�DFFRUGLQJ�WR�WKHLU�MRLQW�SUREDELOLWLHV��DQG�WUDQV�
OLWHUDWLRQ�DQG�ODQJXDJH�PRGHOV�DUH�UH�WUDLQHG�XVLQJ�WKH�
FOHDQHU�1 ( �OLVW���

� � &RQWH[ WXDO�6HP DQWLF�6LP LODULW\ �0 RGHO�

6XUIDFH� VWULQJ� WUDQVOLWHUDWLRQ� PRGHO� LV� HIIHFWLYH� LQ�
ILQGLQJ�1 ( �WUDQVODWLRQ�SDLUV�ZLWK�VLPLODU�SURQXQFLDWLRQV�
DQG�VSHOOLQJV��EXW�LW�LV�ZHDN�DW�LGHQWLI\ LQJ�1 ( �SDLUV�ZLWK�
GLVVLPLODU� SURQXQFLDWLRQV� RU� GLVFULPLQDWLQJ� GLIIHUHQW�
WDUJHW� 1 ( V� ZLWK� VLPLODU� SURQXQFLDWLRQV�� 2 Q� WKH� RWKHU�
KDQG�� 1 ( V� RIWHQ� RFFXU� ZLWKLQ� FHUWDLQ� VHPDQWLFDOO\ � UH�
ODWHG� FRQWH[ WV�� VXFK� DV� WKH� WLWOH� RI� D� SHUVRQ� RU� WKH�
QHLJKERU�DUHD�RI�D�ORFDWLRQ��,W�LV�SRVVLEOH�WR�FRPELQH�WKH�
FRQWH[ W¶V�VHPDQWLF�VLPLODULW\ �ZLWK�WKH�SKRQHWLF�VLPLODU�
LW\ �WR�LPSURYH�WKH�1 ( �WUDQVODWLRQ�DFFXUDF\ ��$ V�VKRZQ�LQ�
WKH� SUHYLRXV� H[ DPSOH�� DOWKRXJK� WKH� SURQXQFLDWLRQV� EH�
WZHHQ�³ �KDR� �GH� �\ DQJ´ �DQG�³YDQ�KRXWHQ́ �DUH�OHVV�
VLPLODU��WKH�FRPPRQ�FRQWH[ W�ZLWK�ZKLFK�WKH\ �ERWK�RFFXU��
�KHUH� LW� LV� WKH� WLWOH� RI� WKH� QDPHG� SHUVRQ�� ³QHWKHUODQGV¶�
DPEDVVDGRU� WR� FKLQD́ �� DOWKRXJK� H[ SUHVVHG� LQ� GLIIHUHQW�
ODQJXDJHV���LQGLFDWHV�WKH�VWURQJ�DVVRFLDWLRQ�EHWZHHQ�WKH�
VRXUFH�1 ( �DQG�WKH�WDUJHW�1 ( ���

' LIIHUHQW�FRQWH[ W�ZRUGV�KDYH�GLIIHUHQW�SRZHU�LQ�SUH�
GLFWLQJ� DQ� 1 ( ¶V� PHDQLQJV�� LQ� RWKHU� ZRUGV�� WKH\ � KDYH�
GLIIHUHQW�VHPDQWLF�FRUUHODWLRQ�ZHLJKWV�ZLWK�UHJDUG�WR�WKH�
1 ( ��7KH�FRQWH[ W�ZRUGV�DQG�WKHLU�FRUUHODWLRQ�ZHLJKWV�FDQ�
EH�UHSUHVHQWHG�E\ �D�FRQWH[ W�YHFWRU��ZKLFK�FKDUDFWHUL] HV�
WKH� 1 ( ¶V� WRSLFDO� LQIRUPDWLRQ�� ,Q� WKLV� VHFWLRQ�� ZH� ZLOO�
GHVFULEH�KRZ�WR�FUHDWH�D�FRQWH[ W�YHFWRU�IRU�D�JLYHQ�1 ( ��
DQG�KRZ�WR�FDOFXODWH�WKH�VHPDQWLF�VLPLODULW\ �EHWZHHQ�WKH�
VRXUFH�DQG�WDUJHW�FRQWH[ W�YHFWRUV��

� �� � &RQWH[ W�9 HFWRU�6HOHFWLRQ�

$ �FRQWH[ W�YHFWRU�UHSUHVHQWV�WKH�ZRUGV�ZLWKLQ�D�FHU�
WDLQ�FRQWH[ W�RI�D�JLYHQ�1 ( ��ZKLOH�HDFK�ZRUG�KDV�D�GLI�
IHUHQW�ZHLJKW�UHIOHFWLQJ�LWV�VHPDQWLF�VLJQLILFDQFH�WR�WKH�
1 ( ��2 XU�WDVN�LV�WR�VHOHFW�FRQWH[ W�YHFWRU�ZRUGV�DQG�FDO�
FXODWH�WKHLU�FRUUHODWLRQ�ZHLJKWV�EDVHG�RQ�WKHLU�32 6�WDJV�
DQG� GLVWDQFHV� WR� WKH� 1 ( �� ) RU� HDFK� 1 ( �ZRUG� SDLU�� WKH�
ZRUG¶V� FRUUHODWLRQ� WR� WKH� 1 ( � LV� LQLWLDOO\ � PHDVXUHG� E\ �

3KL�VTXDUH�FRHIILFLHQWV��ZKLFK�DUH�IXUWKHU�XVHG�IRU�HVWL�
PDWLQJ�WKH�ZHLJKWV�RI�GLIIHUHQW�32 6�WDJV�DQG�ORFDWLRQV��
7KH� 32 6� WDJ� ZHLJKWV� LPSO\ � WKH� W\ SHV� RI� ZRUGV� WKDW�
VKRXOG�EH�LQFOXGHG�LQ�WKH�FRQWH[ W�YHFWRU��DQG�WKH�ORFD�
WLRQ� ZHLJKWV�LQGLFDWH�WKH�RSWLPDO�OHQJWK�RI�WKH�FRQWH[ W�
YHFWRU��

: KLOH� PXWXDO� LQIRUPDWLRQ� GHVFULEHV� WKH� LQGHSHQG�
HQFH� EHWZHHQ� UDQGRP� YDULDEOHV�� &KL�VTXDUH�� LQFOXGLQJ�
LWV�YDULDQW��3KL�VTXDUH��LV�EHWWHU�DW�FRUUHODWLQJ�WZR�FDWH�
JRULFDO�YDULDEOHV��8 QOLNH�&KL�VTXDUH��3KL�VTXDUH¶V�YDOXH�
UDQJHV�IURP�� ��QR�FRUUHODWLRQ�EHWZHHQ�WKH�WZR�YDULDEOHV��
WR�� ��SHUIHFW�FRUUHODWLRQ�EHWZHHQ�WKHP���WKXV�D�SUREDELO�
LVWLF�LQWHUSUHWDWLRQ�LV�SRVVLEOH��,Q�RXU�SUREOHP��ZH�ZDQW�
WR�PHDVXUH�WKH�FRUUHODWLRQ�EHWZHHQ�DQ�1 ( �DQG�LWV�FRQ�
WH[ W�ZRUG��VR�WKH�1 ( �ZRUG�VHPDQWLF�FRUUHODWLRQ�FRHIIL�
FLHQW�FDQ�EH�GHILQHG�DV��
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ZKHUH� ZQ� DUH�WKH�1 ( �DQG�LWV�FRQWH[ W�ZRUG�UHVSHFWLYHO\ ��
2 3342353252 ��� RRRR DUH� WKH� IUHTXHQFLHV� WKDW� WKH\ � FR�RFFXU��

WKDW� QHLWKHU� RFFXU�� DQG� WKDW� RQH� RFFXUV� DQG� WKH� RWKHU�
GRHV� QRW� RFFXU�� 7KH� KLJKHU� WKH� FRHIILFLHQW�� WKH� PRUH�
OLNHO\ � LV� LW� WKDW� WKH� 1 ( � DQG� WKH� ZRUG� DUH� VHPDQWLFDOO\ �
FRUUHODWHG���

7R�HVWLPDWH�D�32 6�WDJ¶V�VHPDQWLF�VLJQLILFDQFH�WR�DQ�
1 ( �� ZH� FDOFXODWH� WKH� PHDQ� RI� WKH� FRUUHODWLRQ� ZHLJKW�
RYHU�DOO�1 ( �ZRUG�SDLUV��7KH� FRUUHODWLRQ� ZHLJKW� LV�DOVR�
ZHLJKWHG�E\ �WKH�SUREDELOLW\ �WKDW�WKH�ZRUG¶V�32 6�LV�WKH�
FXUUHQW�32 6�WDJ��6XSSRVH�XQGHU�WKH�HPSLULFDO�1 ( �ZRUG�
SDLU�GLVWULEXWLRQ� ��� ZQI ��WLV�WKH�32 6�WDJ�RI� Z ��ZKLFK�

LV�D�FRQWH[ W�ZRUG�RI�DQ�1 ( � Q��DQG�WKHQ� �_� ZWS �LV�WKH�
SUREDELOLW\ � WKDW� ZRUG� Z KDV� 32 6� WDJ� W�� WKH� 32 6� WDJ¶V�
ZHLJKW�LV�GHILQHG�DV��
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ZKHUH ��� ZQ& LV�WKH�IUHTXHQF\ �WKDW ��� ZQ FR�RFFXU��
) LJXUH�� �LOOXVWUDWHV�WKH�QRUPDOL] HG�ZHLJKWV�RI�GLIIHU�

HQW�( QJOLVK�32 6�WDJV��ZKHUH�RQH�FDQ�REVHUYH�WKDW�KLJK�
FRUUHODWLRQV� DUH� RIWHQ� DVVRFLDWHG� ZLWK� FRQWHQW� ZRUGV�
�H�J��� QRXQV�� YHUEV� DQG� DGMHFWLYHV� DUH� OLNHO\ � WKH� PRVW�
VHPDQWLFDOO\ �UHODWHG�FRQWH[ W�ZRUGV�RI�DQ�1 ( ���7KHUHIRUH�
FRQWH[ W�YHFWRUV�RQO\ �LQFOXGH�WKRVH�FRQWHQW�ZRUGV�ZKRVH�
32 6�WDJ�ZHLJKW�LV�ODUJHU�WKDQ�� �� � ��FRUUHVSRQGLQJ�WR�WKH�
WRS� � � 32 6� WDJV��� : H� FDOO� WKHP� FRQWH[ W� YHFWRU� �&9 � �
ZRUGV��DQG�RQO\ �FRQVLGHU�WKHVH�&9 �ZRUGV�LQ�WKH�ORFDWLRQ�
ZHLJKW�HVWLPDWLRQ��

6LPLODU� WR� WKH� 32 6� WDJ� ZHLJKWV�� ORFDWLRQ� ZHLJKWV�
UHSUHVHQW�WKH�VHPDQWLF�VLJQLILFDQFH�RI�&9 �ZRUGV�DW�GLI�
IHUHQW�SRVLWLRQV��6WDUWLQJ� IURP�D� � � �ZRUG�ORQJ�ZLQGRZ�
UDQJLQJ�IURP��� � ��OHIW�� � �&9 �ZRUGV��WR�� � ��ULJKW�� � &9 �



ZRUGV��� WKH� ZHLJKW� FRUUHVSRQGLQJ� WR� ORFDWLRQO�FDQ� EH�
VLPLODUO\ �HVWLPDWHG�IURP�WKH�1 ( �ZRUG�FRUUHODWLRQ�FRHI�
ILFLHQWV����

�

�
) LJXUH�� ��1 RUPDOL] HG�: RUG�32 6�: HLJKWV�

�

�
) LJXUH�� ��1 RUPDOL] HG�: RUG�/ RFDWLRQ�: HLJKWV�
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ZKHUH� OLV� WKH� ORFDWLRQ� LQGH[ �� ��@������> z�• OO �

���� OZQ& LV� WKH� IUHTXHQF\ � WKDW� ZRUGZ RFFXUV� DW� WKH�
ORFDWLRQ� O�LQ�WKH�FRQWH[ W�YHFWRU�RI� Q��

) LJXUH�� �LOOXVWUDWHV�WKH�GLVWULEXWLRQ�RI�QRUPDOL] HG�OR�
FDWLRQ�ZHLJKWV��ZKLFK�ORRNV�* DXVVLDQ��WKH�FORVHU�D�ORFD�
WLRQ�LV�WR�WKH�1 ( ��WKH�KLJKHU�FRUUHODWLRQV�LW�KDV��1 RWLFH�
WKDW�DERXW�� � � �RI�ZHLJKWV�DUH�GLVWULEXWHG�ZLWKLQ�WKH�>�
� �� @�ZLQGRZ��VR�RQO\ �WKH�FRQWHQW�ZRUGV�ZLWKLQ�WKLV�ZLQ�
GRZ�DUH�LQFOXGHG�LQ�WKH�FRQWH[ W�YHFWRU��

7R�VXPPDUL] H��WKH�FRQWH[ W�YHFWRU�RI�DQ�1 ( �LV�FRQ�
VWUXFWHG� IURP�LWV�OHIW�DQG�ULJKW� � �FRQWHQW�ZRUGV��ZKHUH�
³FRQWHQW�ZRUGV́ �DUH�WKRVH�ZKRVH�32 6�WDJV�DUH�LQ�WKH�WRS�
� � � &RQWHQW� 32 6� WDJ� 6HW� �&36��� 7KH� FRQWH[ W� YHFWRU� LV�
FRPSRVHG� RI� ERWK� ZRUG� LGHQWLWLHV� DQG� WKHLU� VHPDQWLF�
VLJQLILFDQFH�WR�WKH�1 ( ��

`��@����>_�����^� &36WOOOW:Z9 •z�• �� � � � �

ZKHUH ������� O:W:OW:  LV� WKH� SURGXFW� RI� WKHLU� 32 6�
DQG�UHODWLYH�ORFDWLRQ�ZHLJKWV��

� �� � 6HP DQWLF�6LP LODULW\ �EHWZHHQ�&RQWH[ W�9 HFWRUV�

* LYHQ�D� VRXUFH�DQG�WDUJHW�1 ( �SDLU� ��� A

B QQ ZLWK�WKHLU�

FRQWH[ W� YHFWRUV� ��� C

D YY �� WKH� VHPDQWLF� VLPLODULW\ � EH�

WZHHQ� WKH� WZR� YHFWRUV� FDQ� EH� GHILQHG� DV� WKH� ³PXWXDO�
WUDQVODWLRQ� SUREDELOLW\ ´ �� ZKLFK� LV� WKH� SURGXFW� RI� WZR�
FRQGLWLRQDO�VHPDQWLF�WUDQVODWLRQ�SUREDELOLWLHV��

�_��_���� E

FF

EE

F YY3YY3YY6  �� � � � �

ZKHUH� �_� G

H YY3 �LV�UHJDUGHG�DV�WKH�SUREDELOLW\ �WKDW�WKH�

VRXUFH�YHFWRU�LV�³VHPDQWLFDOO\ �WUDQVODWHǴ �LQWR�WKH�WDUJHW�
YHFWRU�� ,W�LV�FRPSXWHG�ZLWK�D�PRGLILHG�,%0 �WUDQVODWLRQ�
PRGHO�� �>%URZQ�HW�DO��� � � � @��
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ZKHUH, LV� WKH� OHQJWK� RI� WKH� VRXUFH� YHFWRU� DQG� - LV� WKH�
OHQJWK�RI�WKH�WDUJHW�YHFWRU��: LWK�WKLV�IRUPXOD��HDFK�ZRUG�
LQ�WKH�VRXUFH�YHFWRU�FDQ�EH�WUDQVODWHG�IURP�DQ\ �ZRUG�LQ�
WKH� WDUJHW� YHFWRU�� 7KH� ZRUG� WUDQVODWLRQ� SUREDELOLW\ � LV�
DOVR� DGMXVWHG� E\ � WKH� 32 6� DQG� ORFDWLRQ� ZHLJKWV� RI� WKH�
WDUJHW�ZRUG��ZKLFK�HPSKDVL] H�WKH�FRUUHFW�WUDQVODWLRQV�RI�
LPSRUWDQW�FRQWH[ W�ZRUGV��IRU�H[ DPSOH�WKH�WLWOH�RI�D�SHU�
VRQ�� �_� IHS LV� WKH� ZRUG� WUDQVODWLRQ� SUREDELOLW\ � HVWL�
PDWHG�IURP�D�&KLQHVH�( QJOLVK�DOLJQHG�FRUSXV�ZLWK�,%0 �
PRGHO�� �� �_� Q

R YY3 �LV�HVWLPDWHG�LQ�WKH�VLPLODU�ZD\ ��

�



� � &URVV�OLQJXDO�5 HWULHYDO�IRU�1 ( �7UDQVOD�
WLRQV��

7ZR� VLPLODULW\ � PHDVXUHV� KDYH� EHHQ� LQWURGXFHG� WR� ILQG�
1 ( �WUDQVODWLRQ�SDLUV��SURQXQFLDWLRQ�VLPLODULW\ �EDVHG�RQ�D�
VXUIDFH� VWULQJ�WUDQVOLWHUDWLRQ� PRGHO� DQG� VHPDQWLF� VLPL�
ODULWLHV� EDVHG� RQ� D� FRQWH[ W� YHFWRU� VHPDQWLF� PRGHO�� ,Q�
WKLV� VHFWLRQ�� ZH� ZLOO� GHPRQVWUDWH� KRZ� WR� DSSO\ � WKHVH�
PHDVXUHV� WR� VHDUFK� IRU� 1 ( � WUDQVODWLRQ� SDLUV� XVLQJ� WKH�
FURVV�OLQJXDO�UHWULHYDO�DSSURDFK��

��* LYHQ� D� &KLQHVH� 1 ( � WRJHWKHU� ZLWK� WKH� FRQWH[ W� LQ�
ZKLFK�LW�RFFXUV��H�J���D�GRFXPHQW���ZH�ZDQW�WR�ILQG�( QJ�
OLVK�GRFXPHQWV�FRQWDLQLQJ�WKH�1 ( �WUDQVODWLRQ��VXFK�WKDW�
DIWHU�DXWRPDWLFDOO\ �WDJJLQJ�DOO�1 ( V�LQ�WKH�UHWULHYHG�WH[ W��
ZH� FDQ� FRPSDUH� WKH� VRXUFH� 1 ( � ZLWK� HDFK� ( QJOLVK� 1 ( �
EDVHG� RQ� WKHLU� SKRQHWLF� DQG� VHPDQWLF� PHDVXUHV�� DQG�
XOWLPDWHO\ � FKRRVH� WKH� EHVW�PDWFKHG� ( QJOLVK� 1 ( � DV� WKH�
WUDQVODWLRQ�� $ VVXPLQJ� WKDW� GRFXPHQWV� FRQWDLQLQJ� WKH�
VDPH� 1 ( � VKDUH� FRPPRQ� WRSLFV� �HYHQ� LI� WKH� WH[ WV� DUH�
IURP�GLIIHUHQW�ODQJXDJHV���RXU�WDVN�LV�WR�VHDUFK�IRU�WRSLF�
UHOHYDQW�( QJOLVK�GRFXPHQWV�XVLQJ�WKH�&KLQHVH�GRFXPHQW�
DV�WKH�TXHU\ ���

� �� � 4 XHU\ �* HQHUDWLRQ��

* LYHQ�WKH� VRXUFH�GRFXPHQW�� WKH�TXHU\ � IRU�D�WDUJHW�1 ( �
WUDQVODWLRQ� VHDUFK� FDQ� EH� IOH[ LEOH�� D� IHZ� NH\ � SKUDVHV�
DURXQG�WKH�1 ( ��WKH�VHQWHQFH�KROGLQJ�WKH�1 ( ��RU�HYHQ�WKH�
ZKROH�GRFXPHQW��&RQWDLQLQJ�OHVV�LUUHOHYDQW�LQIRUPDWLRQ��
VKRUW�TXHULHV�XVXDOO\ �FDQ�JHQHUDWH�OHVV�XQUHODWHG�WDUJHW�
WH[ W�� +RZHYHU� WKH� LGHQWLILFDWLRQ� DQG� WUDQVODWLRQ� RI� NH\ �
VRXUFH�SKUDVHV�DUH�FUXFLDO��LI�WKH�TXHU\ �LV�QRW�FDUHIXOO\ �
VHOHFWHG� RU� FRUUHFWO\ � WUDQVODWHG�� UHWULHYHG� GRFXPHQWV�
PD\ �QRW�FRQWDLQ�WKH�WDUJHW�1 ( �WUDQVODWLRQ��2 Q�WKH�RWKHU�
KDQG�� ORQJ� TXHULHV� VXFK� DV� D� VHQWHQFH� RU� WKH� ZKROH�
GRFXPHQW�PD\ �EH�OHVV� IRFXVHG�EXW�ZLWK�ULFKHU�FRQWH[ W��
DQG�WKH�GDQJHU�RI�PLVVLQJ�UHOHYDQW�GRFXPHQWV�DQG�FRU�
UHFW�1 ( �WUDQVODWLRQV�LV�DOVR�UHGXFHG��

' XH�WR�WKH�KLJK�ULVN�RI�PLVVLQJ�FRUUHFW�1 ( �WUDQVOD�
WLRQ� EHFDXVH� RI� HUURUV� LQ� LGHQWLI\ LQJ� DQG� WUDQVODWLQJ�
VRXUFH�NH\ �SKUDVHV��ZH�SUHIHU�WR�FKRRVH�D�ORQJHU�FRQWH[ W�
DV�WKH�TXHU\ ��VXFK�DV�WKH�ZKROH�GRFXPHQW��,Q�RXU�FXUUHQW�
LPSOHPHQWDWLRQ��ZH�XVH�D�VWDWLVWLFDO�PDFKLQH�WUDQVODWLRQ�
V\ VWHP�WR�WUDQVODWH�WKH�&KLQHVH�GRFXPHQW�LQWR�( QJOLVK��
DIWHU�WKDW�IHHG�WKH�WUDQVODWLRQ�K\ SRWKHVLV�LQWR�DQ\ �VHDUFK�
HQJLQH��VXFK�DV�* RRJOH�RU�WKH�/ HPXU�7RRONLW��

� �� � &RUSXV�,QGH[ LQJ�DQG�6HDUFK�( QJLQH�

0 RVW�FRPPHUFLDO�VHDUFK�HQJLQHV�KDYH�WKH�DGYDQWDJH�RI�
DFFHVVLQJ� D� ODUJH� FRUSXV� DQG� FROOHFWLQJ� KXJH� LQIRUPD�
WLRQ�IURP�ZHE�SDJHV�RQ�WKH�: RUOG�: LGH�: HE��ZKLFK�LV�
YHU\ �KHOSIXO� IRU�UDUH�1 ( �WUDQVODWLRQV��+RZHYHU� IRU�RXU�
UHVHDUFK�SXUSRVHV�DW�WKLV�VWDJH�ZH�SUHIHU�D�PRUH�IOH[ LEOH�
FRUSXV� LQGH[ LQJ� VWUDWHJ\ � DOORZLQJ� ERWK� VHQWHQFH�EDVHG�
DQG�GRFXPHQW�EDVHG�LQGH[ LQJ�� 6R�ZH�VWDUW�E\ �EXLOGLQJ�
RXU�RZQ�VHDUFK�HQJLQH�XVLQJ�/ HPXU��2 JLOYLH�DQG�&DOODQ�

� � � � � ��D�WRRONLW�IRU�ODQJXDJH�PRGHOLQJ�DQG�LQIRUPDWLRQ�
UHWULHYDO���
������7KH�LQGH[ HG�FRUSXV�LV�FRPSRVHG�RI�� � � �� � � �( QJOLVK�
GRFXPHQWV� IURP�WKH�; LQKXD�1 HZV�$ JHQF\ ��ZKLFK�FRU�
UHVSRQGV�WR�RYHU�� �� �PLOOLRQ�VHQWHQFHV�DQG�� � � �PLOOLRQ�
ZRUGV��7KH�LQGH[ LQJ�MXVW�IROORZV�WKH�VWDQGDUG�SURFHGXUH�
ZKHUH�QR�VWHPPLQJ�DQG�VWRS�ZRUG�UHPRYDO�LV�XVHG��7KH�
UHWULHYDO�PRGHO�LV�WKH�ZLGHO\ �XVHG�7) �,' ) �PRGHO����

* LYHQ� D� TXHU\ �� WKH� VHDUFK� HQJLQH� UHWXUQV� D� UDQNHG�
OLVW� RI� UHOHYDQW� VHQWHQFHV� RU� GRFXPHQWV� ZLWK� UHOHYDQFH�
VFRUHV�� : H� H[ SHULPHQW� ZLWK� ERWK� VHQWHQFH�EDVHG� DQG�
GRFXPHQW�EDVHG�TXHU\ �JHQHUDWLRQ�DQG�FRUSXV�LQGH[ LQJ��
) URP� D� WHVW� GDWD� RI� &KLQHVH� QHZVZLUH� GRFXPHQWV�� ZH�
VHOHFWHG�� � � �&KLQHVH�1 ( V�DQG�PDQXDOO\ �WUDQVODWHG�WKHP��
WKHQ� ZH� XVHG� RXU� 0 7� V\ VWHP� WR� WUDQVODWH� WKH� &KLQHVH�
VHQWHQFHV�GRFXPHQWV�FRQWDLQLQJ�WKHVH�1 ( V�LQWR�( QJOLVK��
&RQVLGHULQJ�WKDW�UDUHO\ �RFFXUULQJ�1 ( V�DUH�WKH�PRVW�GLI�
ILFXOW�WR�WUDQVODWH��WKH�WUDQVODWHG�1 ( V�DUH�PRVWO\ �LQFRU�
UHFW� LQ� WKH� WUDQVODWLRQ� K\ SRWKHVHV�� 7KHVH� ( QJOLVK�
K\ SRWKHVHV�DUH�IHG�LQWR�WKH�VHDUFK�HQJLQH�DV�WKH�TXHULHV��
DQG� WKH� WRS� � � � � � ( QJOLVK� VHQWHQFHV� RU� GRFXPHQWV� DUH�
VHOHFWHG�DV�WKH�UHOHYDQW�WH[ W��: H�HYDOXDWHG�1 ( �FRYHUDJH�
E\ � FRXQWLQJ� KRZ� PDQ\ � FRUUHFW� 1 ( � WUDQVODWLRQV� FDQ� EH�
IRXQG� LQ� WKH� UHWULHYHG� WH[ WV�� DQG� LW� WXUQHG� RXW� WKDW� WKH�
GRFXPHQW�EDVHG� TXHU\ �LQGH[ LQJ� FRYHUHG� DERXW� � � � � RI�
FRUUHFW� 1 ( � WUDQVODWLRQV�� ZKLOH� WKH� VHQWHQFH�EDVHG�
TXHU\ �LQGH[ LQJ� KDV� WKH� FRYHUDJH� RI� DERXW� � � � �� 7KH�
UHDVRQ� PD\ � EH� WKDW� WKH� WRSLF� LQIRUPDWLRQ� SURYLGHG� E\ �
HDFK�VHQWHQFH�LV�UDWKHU�OLPLWHG��DQG�LI�LWV�WUDQVODWLRQ�K\ �
SRWKHVLV� LV� QRW� UHOLDEOH�� WKH� JHQHUDWHG� TXHU\ � FRXOG� EH�
VHYHUHO\ � GLVWRUWHG� IURP� WKH� RULJLQDO� PHDQLQJ�� WKXV� WKH�
UHWULHYHG� WH[ W� PD\ � EHFRPH� LUUHOHYDQW�� ,Q� WKH� IROORZLQJ�
H[ SHULPHQWV�ZH�RQO\ �XVH�GRFXPHQW�EDVHG�TXHU\ LQJ�DQG�
LQGH[ LQJ��

� �� � &RP ELQLQJ�6LP LODULW\ �) HDWXUHV�IRU�1 ( �7UDQV�
ODWLRQ�6HOHFWLRQ�

( QJOLVK� 1 ( V� LQ� WKH� UHWULHYHG� WH[ W� DUH� DXWRPDWLFDOO\ �
WDJJHG�XVLQJ� ,GHQWL) LQGHUŒ��WKH�1 ( �WDJJLQJ�WRRO� IURP�
%%1 ��%LNHO�HW�DO��� � � � � � �� ) RU�HDFK�WDJJHG�( QJOLVK�1 ( ��
LWV� FRQWH[ W� YHFWRU� LV� FUHDWHG� DFFRUGLQJ� WR� LWV� QHLJKERU�
FRQWHQW� ZRUGV�� ZLWK� WKHLU� 32 6� WDJV� DQG� ORFDWLRQV�� DV�
GHVFULEHG�LQ�VHFWLRQ�� �� ���

7R�ILQG�WKH�WUDQVODWLRQ�RI�D�VRXUFH�1 ( SQ ��ZH�FRP�

SDUH�LW�ZLWK�HDFK�WDJJHG�1 ( �LQ�WKH�UHWULHYHG�( QJOLVK�WH[ W��
XVLQJ� ERWK� WUDQVOLWHUDWLRQ� VLPLODULW\ � DQG� FRQWH[ W� YHFWRU�
VHPDQWLF� VLPLODULW\ �� : H� FUHDWH� WKH� FRQWH[ W� YHFWRU� IRU�
ERWK�WKH�VRXUFH�1 ( �DQG�HDFK�WDJJHG�WDUJHW�1 ( ��) RU�HDFK�
VRXUFH� DQG� WDUJHW� 1 ( � SDLU ��� T

U QQ �� ZLWK� WKHLU� FRUUH�

VSRQGLQJ�FRQWH[ W�YHFWRUV� ��� V

W YY ��WKHLU�RYHUDOO�VLPLODU�

LW\ �VFRUH�LV�GHILQHG�DV��

�����_���� X

Y

Z

Y

X
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Y YY6QQ3QQ' OO � � � � � � �



ZKHUH� ]	3̂ LV�WKH�WUDQVOLWHUDWLRQ�SUREDELOLW\ �DV�FRPSXWHG�

LQ� IRUPXOD� �� � � DQG� 6 �LV� WKH� FRQWH[ W� YHFWRU� VHPDQWLF�

VLPLODULW\ �DV�FRPSXWHG�LQ�IRUPXOD��� � �� _O DQG� Ò DUH�WKH�

ZHLJKWV� RI� HDFK� PRGHO� HPSLULFDOO\ � FKRVHQ� EDVHG� RQ�
H[ SHULPHQW��7KH�1 ( �SDLUV�ZLWK�WKH�KLJKHVW�RYHUDOO�VLPL�
ODULW\ � VFRUHV� DUH� FRQVLGHUHG� WUDQVODWLRQV�� � ,Q� SUDFWLFH��
RQH� VRXUFH� 1 ( � FDQ� EH� WUDQVODWHG� LQ� VHYHUDO� GLIIHUHQW�
ZD\ V�� ZKLFK� KDYH� VLPLODU� SURQXQFLDWLRQV� EXW� GLIIHUHQW�
VSHOOLQJV�� DQG� VRPH� RI� WKHP� DUH� MXVW� W\ SRV�� 7R� PDNH�
VXUH� WKDW� WUDQVODWHG� 1 ( V� IROORZ� PRVW� SHRSOH¶V� XVDJH��
IURP�DPRQJ�WKH�WRS�1 ( �K\ SRWKHVHV�ZLWK�VLPLODU�VSHOO�
LQJ��ZH�FKRRVH�WKH�RQH�ZLWK�WKH�KLJKHVW�IUHTXHQF\ �DV�WKH�
WUDQVODWLRQ��
�������) LJXUH� � � LOOXVWUDWHV� WKH� RYHUDOO� DUFKLWHFWXUH� RI� WKH�
1 ( �WUDQVODWLRQ��,Q�DGGLWLRQ�WR�YDULRXV�PRGXOHV�DQG�GDWD�
IORZV�GHVFULEHG�DERYH��RQH�PD\ �QRWLFH�WKH�OLQN�IURP�WKH�
1 ( � 7UDQVODWLRQ� 6HOHFWRU� WR� WKH� 0 DFKLQH� 7UDQVODWLRQ�
PRGXOH��ZKLFK�LQGLFDWHV�WKDW�WUDQVODWHG�1 ( �SDLUV�FDQ�EH�
IXUWKHU�LQWHJUDWHG�LQWR�WKH�PDFKLQH�WUDQVODWLRQ�HQJLQH�WR�
LPSURYH� WKH� TXHU\ � WUDQVODWLRQ� TXDOLW\ �� UHWULHYH� EHWWHU�
UHOHYDQW� GRFXPHQWV� DQG� LPSURYH� 1 ( � WUDQVODWLRQ� DJDLQ��
DQG�WKLV�FDQ�EH�DQ�LWHUDWLYH�SURFHVV���

�

�
�
) LJXUH�� ��2 YHUDOO�$ UFKLWHFWXUH�RI�1 ( �7UDQVODWLRQ�

� � ( [ SHULP HQW�5 HVXOWV�DQG�' LVFXVVLRQ�

� �� � 7UDQVOLWHUDWLRQ� 0 RGHO� 7UDLQLQJ� DQG� ( YDOXD�
WLRQ�

: H�WUDLQ�WKH�&KLQHVH�( QJOLVK�VXUIDFH�VWULQJ�WUDQVOLWHUD�
WLRQ� PRGHO� XVLQJ� WKH� PDQXDOO\ � FRPSLOHG� &KLQHVH�
( QJOLVK� GLFWLRQDU\ � SURYLGHG� E\ � / ' &�� ZKLFK� FRQWDLQV�
( QJOLVK� WUDQVODWLRQV� IRU� � � �� � � � XQLTXH� &KLQHVH� ZRUGV��
,QLWLDOO\ �� � �� � � � ZRUG�WUDQVODWLRQ�SDLUV� ZLWK�D� PLQLPXP�
VWULQJ� PDWFKLQJ� FRVW� DUH� H[ WUDFWHG�� XQGHU� WKH� � �� � FRVW�
IXQFWLRQ��0 RVW�RI�WKHP�DUH�1 ( �SDLUV�ZKRVH�SLQ\ LQ�IRU�
PDW�UHVHPEOHV�WKH�( QJOLVK�WUDQVODWLRQ��7KH�LQLWLDO�OHWWHU�
WUDQVOLWHUDWLRQ� PRGHO� DQG� &KLQHVH� FKDUDFWHU� ODQJXDJH�
PRGHO�DUH�WUDLQHG�IURP�WKLV�QDPH�OLVW��8 VLQJ�WKHVH�PRG�
HOV��DQ�DGGLWLRQDO�� � � �1 ( �SDLUV�ZLWK�D�PLQLPXP�WUDQVOLW�
HUDWLRQ� FRVW� DUH� H[ WUDFWHG� LQ� HDFK� LWHUDWLRQ�� DQG� DGGHG�

LQWR� WKH� H[ LVWLQJ� 1 ( � SDLU� OLVW� WR� XSGDWH� PRGHOV�� 7KLV�
SURFHVV�FRQWLQXHV�XQWLO�DGGLQJ�PRUH�1 ( �SDLUV�GRHV�QRW�
LPSURYH�WKH�H[ WUDFWLRQ�DFFXUDF\ � IXUWKHU�� ZKLFK�XVXDOO\ �
KDSSHQV� DW� WKH� � ��

a b

� LWHUDWLRQ� ZKHUH� D� WRWDO� RI�
� �� � � a� �� � � �1 ( �HQWULHV�DUH�LQFOXGHG���
����
,WHU�� � �� � � � � � � � � � � � � �
3UHF�� � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� �

7DEOH�� ��3UHFLVLRQ�RI�7RS�� � � � �1 ( �3DLUV�8 VLQJ�
' LIIHUHQW�0 RGHOV�

7DEOH�� �SUHVHQWV�WKH�1 ( �H[ WUDFWLRQ�SUHFLVLRQ�RI�WKH�WRS�
� � � � �1 ( �SDLUV�XVLQJ�D�GLIIHUHQW�PRGHO�LQ�HDFK�LWHUDWLRQ��
³ � �� ´ �UHSUHVHQWV�WKH�UHVXOW�ZKHQ�XVLQJ�RQO\ �WKH�VWDUWLQJ�
� �� �FRVW�IXQFWLRQ��2 QH�FDQ�QRWLFH�D�WUHQG�RI�LQFUHDVLQJ�
SUHFLVLRQ� DIWHU� HDFK� LWHUDWLRQ�� DOWKRXJK� WKH� LQFUHDVH� LV�
VPDOOHU�DQG�VPDOOHU�XQWLO�QHJOLJLEOH�DW�WKH�� a�

a b

LWHUDWLRQ��
LQGLFDWLQJ� WKDW� PRVW� 1 ( � SDLUV� LQ� WKH� GLFWLRQDU\ � KDYH�
DOUHDG\ � EHHQ� LQFOXGHG� DQG� WKDW� DGGLQJ� PRUH� QRQ�1 ( �
HQWULHV�ZLOO�QRW�EHQHILW�WKH�WUDQVOLWHUDWLRQ�PRGHO��

� �� � &UHDWLQJ�&RQWH[ W�9 HFWRUV��

,Q�VHFWLRQ�� �� ��WKH�1 ( �ZRUG�FRUUHODWLRQ�FRHIILFLHQWV�DUH�
HVWLPDWHG�IURP�D�VXEVHW�RI�WKH�LQGH[ HG�( QJOLVK�; LQKXD�
1 HZV�FRUSXV�� ,W�LV�FRPSRVHG�RI�RYHU� � � �PLOOLRQ�ZRUGV�
IURP� � � � �� � � �GRFXPHQWV�� � � � �� � � �XQLTXH�( QJOLVK�1 ( V�
DUH� DXWRPDWLFDOO\ � WDJJHG�� DQG� WKH� FRHIILFLHQW� LV� FDOFX�
ODWHG�IRU�HDFK��1 ( ��ZRUG��SDLU��

�

�
�

) LJXUH�� ��&RQWH[ W�: RUGV�ZLWK�+LJK�&RUUHODWLRQ�
&RHIILFLHQWV�IRU�WKH�1 ( �³ ( KXG�%DUDŃ �

�
) LJXUH�� �VKRZV�WKH�WRS�� � �ZRUGV�FRHIILFLHQWV�IRU�WKH�

1 ( �³ ( KXG�%DUDŃ ��WKH�IRUPHU�,VUDHOL�3ULPH�0 LQLVWHU��,W�
VKRZV�WKDW�ZRUGV�ZLWK�KLJK�FRHIILFLHQWV�DUH�PRVWO\ �WRSLF�
UHOHYDQW� ZRUGV�� ZKLFK� LQGLFDWHV� WKDW� WKH� 3KL�VTXDUH�
EDVHG� 1 ( �ZRUG� FRUUHODWLRQ� FRHIILFLHQW� LV� DQ� HIIHFWLYH�
PHDVXUH�RI�WRSLFDO�UHOHYDQFH��

,Q� WKH� IROORZLQJ� H[ DPSOH�� ZH� ZLOO� VKRZ� D� &KLQHVH�
1 ( � � � �¶V� FRQWH[ W� YHFWRU� FUHDWHG� IURP� D� &KLQHVH�
VHQWHQFH� DQG� WKH� EHVW�PDWFKHG� ( QJOLVK� 1 ( � �2 WP DU�
,VVLQJ�¶V�FRQWH[ W�YHFWRU�FUHDWHG�IURP�WKH�UHWULHYHG�WH[ W��



WKHQ�LOOXVWUDWH�WKH�VHPDQWLF�FRUUHODWLRQV�EHWZHHQ�WKH�WZR�
YHFWRUV��

&KQ������ �1 5� �1 1 � �1 1 �
�1 1 � �1 5� �1 5� �1 1 � � � �&' �1 5� �3�
�1 1 � �9 9 « �

( QJ�� ( XURSHDQ�--� &HQWUDO�1 1 3� %DQN�1 1 3�
&KLHI�1 1 3� ( FRQRPLVW�1 1 3� 2 WP DU�1 1 3� ,VVLQJ�9 %* �
WROG�9 %' � WKH�' 7� ( XURSHDQ�--� 3DUOLDPHQW�1 1 3� ODVW�--�
ZHHN�1 1 �WKDW�,1 �« �

,Q� WKH� DERYH� VHQWHQFHV�� 1 ( V� DUH� DXWRPDWLFDOO\ �
WDJJHG� DQG� KLJKOLJKWHG� IRU� HDFK� ODQJXDJH�� 7KH� 32 6�
LQIRUPDWLRQ� KDV� EHHQ� DXWRPDWLFDOO\ � WDJJHG� DV� ZHOO��
ZKHUH�WKH�WDJJHUV�DUH�WUDLQHG�IURP�VRPH�PDQXDOO\ �DQQR�
WDWHG�GDWD�IRU�HDFK�ODQJXDJH�XVLQJ�WUDQVIRUPDWLRQ�EDVHG�
OHDUQLQJ��%ULOO�� � � � � ��&RQVLGHULQJ�32 6�DQG�GLVWDQFH�WR�
WKH�1 ( ��WKH�FRQWH[ W�YHFWRUV��ZRUGV�DQG�WKHLU�QRUPDOL] HG�
ZHLJKWV�� IRU� WKH� &KLQHVH� 1 ( � �OHIW�� DQG� ( QJOLVK� 1 ( �
�ULJKW�� DUH� VKRZQ� LQ� ) LJXUH� � �� 7KH� OLQNV� EHWZHHQ� &KL�
QHVH�DQG�( QJOLVK�ZRUGV�LQGLFDWH�WKH\ �DUH�WUDQVODWLRQV�RI�
HDFK� RWKHU�� ,Q� WKLV� H[ DPSOH�� OLQNV� EHWZHHQ� ZRUGV� ZLWK�
KLJK� VHPDQWLF� ZHLJKWV� VKRZ� D� VWURQJ� FRUUHODWLRQ� EH�
WZHHQ�WKH�WZR�FRQWH[ W�YHFWRUV��

�

�
) LJXUH�� ��&RQWH[ W�9 HFWRU�RI�&KLQHVH�1 ( ��OHIW��DQG�

%HVW�PDWFKHG�( QJOLVK�1 ( ��ULJKW��

� �� � ,P SURYLQJ�0 DFKLQH�7UDQVODWLRQ�4 XDOLW\ �ZLWK�
1 ( �7UDQVODWLRQ�

7R�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�WKH�SURSRVHG�1 ( �WUDQV�
ODWLRQ�VWUDWHJ\ ��ZH�WHVW�LW�IRU�D�&KLQHVH�( QJOLVK�PDFKLQH�
WUDQVODWLRQ�WDVN��7KH�WHVW�GDWDVHW�LV�WKH�1 ,67� � � � � �0 D�
FKLQH�7UDQVODWLRQ� ( YDOXDWLRQ�WHVW�GDWD��7KH�WHVW�GDWD�LV�
FRPSRVHG� RI� � � � � &KLQHVH� GRFXPHQWV�� � � � � VHQWHQFHV��
DQG� � � �� � � �ZRUGV�� � � � � �1 ( V�DUH�DXWRPDWLFDOO\ �WDJJHG��
DQG� DPRQJ� WKHP� 3( 562 1 �� / 2 &$ 7,2 1 � DQG�
2 5* $ 1 ,=$ 7,2 1 � QDPHV� URXJKO\ � DFFRXQW� IRU� � � � ��
� � � � DQG� � � � � UHVSHFWLYHO\ �� 6LQFH� PRVW�
2 5* $ 1 ,=$ 7,2 1 � 1 ( V� DUH� VHPDQWLFDOO\ � WUDQVODWHG�
ZRUG�E\ �ZRUG�� DQG� VLQFH� ZH� DOUHDG\ � KDYH� JRRG� ZRUG�
DQG�SKUDVH�WUDQVODWLRQ�FRPSRQHQWV�LQ�WKH�EDVHOLQH�V\ V�
WHP�� ZH� ZLOO� IRFXV� RQ� 3( 562 1 � DQG� / 2 &$ 7,2 1 � 1 ( �
WUDQVODWLRQV��DV�WKH\ �DUH�RIWHQ�WUDQVOLWHUDWHG���

7KH� EDVHOLQH� V\ VWHP� LQFRUSRUDWHV� VHYHUDO� ZRUG� DQG�
SKUDVH� WUDQVGXFHUV� IRU� WH[ W� WUDQVODWLRQ�� D� � � . � HQWU\ �

ZRUG�EDVHG� &�( � WUDQVODWLRQ� OH[ LFRQ� IURP� / ' &�� ZKLFK�
KDV�WKH�EHVW�ZRUG�WUDQVODWLRQ�DFFXUDF\ �EHFDXVH�RI�PDQ�
XDO� YHULILFDWLRQ�� VHYHUDO� SKUDVH� WUDQVGXFHUV� DXWRPDWL�
FDOO\ � FRQVWUXFWHG� IURP� D� � 0 � ZRUGV� ELOLQJXDO� FRUSXV�
XVLQJ� +0 0 V� DQG� LQWHJUDWHG� VHJPHQWDWLRQ� DQG� DOLJQ�
PHQW�DSSURDFKHV� �9 RJHO�HW��DO�� � � � � � �� ,PSRUWDQWO\ ��WKH�
EDVHOLQH�DOVR�LQFOXGHV�D�� � . �HQWU\ �1 ( �WUDQVGXFHU�ZKLFK�
LV� FRQVWUXFWHG� E\ � DOLJQLQJ� WDJJHG� 1 ( V� IURP� WKH� VDPH�
SDUDOOHO� FRUSXV� DFFRUGLQJ� WR� PXOWLSOH� 1 ( � DOLJQPHQW�
FRVWV��+XDQJ�HW��DO��� � � � � ���

$ PRQJ� � �� � � � WDJJHG� 3( 562 1 � DQG� / 2 &$ 7,2 1 �
1 ( V�� � � � � 1 ( V�DUH�QRW�FRYHUHG�E\ �WKH� / ' &�WUDQVODWLRQ�
OH[ LFRQ�� $ IWHU� PDQXDOO\ � UHPRYLQJ� LQFRUUHFWO\ � WDJJHG�
1 ( V�� � � � �WUXH�1 ( V� �FRUUHVSRQGLQJ�WR� � � � �XQLTXH�1 ( V��
DUH� WUDQVODWHG� ZLWK� WKH� WUDQVOLWHUDWLRQ� PRGHO� SOXV� WKH�
VHPDQWLF�FRQWH[ W� YHFWRU� PRGHO��DQG�WKH�WUDQVODWLRQ� K\ �
SRWKHVHV� DUH� FRPSDUHG� ZLWK� WKH� UHIHUHQFH� WUDQVODWLRQV�
IRU�HYDOXDWLRQ����

7DEOH� � � VKRZV� WKH� W\ SH� DQG� WRNHQ� 1 ( � WUDQVODWLRQ�
SUHFLVLRQ� XVLQJ� GLIIHUHQW� VLPLODULW\ � PRGHOV�� ZKHUH�
³7UDQVOLẂ� PHDQV� XVLQJ�WKH� WUDQVOLWHUDWLRQ� PRGHO�RQO\ ��
DQG�³ � 6&9 ´ �PHDQV�DGGLWLRQDOO\ �FRPELQLQJ�WKH�FRQWH[ W�
YHFWRU�VHPDQWLF�PRGHO��,W�DOVR�VKRZV�WKH�SHUIRUPDQFH�RI�
WKH� EDVHOLQH� V\ VWHP�� ZKHUH� WKH� WUDQVODWLRQV� EDVLFDOO\ �
FRPH� IURP� VHYHUDO� SKUDVH� DQG� 1 ( � WUDQVGXFHUV� WUDLQHG�
IURP�WKH�� 0 �ZRUGV�ELOLQJXDO�FRUSXV��7KH�OLPLWHG�SDUDO�
OHO� FRUSXV� FRYHUDJH� H[ SODLQV� WKH� UHODWLYHO\ � ORZHU� SHU�
IRUPDQFH� RI� WKH� %DVHOLQH� V\ VWHP�� DV� WKH� VRXUFH� 1 ( V�
FDQQRW� EH� IRXQG� LQ� WKH� SDUDOOHO� FRUSXV�� : KHQ� ILQGLQJ�
1 ( �WUDQVODWLRQV�IURP�WKH�UHWULHYHG�PRQROLQJXDO�WH[ W��WKH�
VXUIDFH� VWULQJ� WUDQVOLWHUDWLRQ� PRGHO� DORQH� LQFUHDVHV� WKH�
WUDQVODWLRQ�SUHFLVLRQ�E\ �DERXW�� � � ��DQG�WKH�FRQWH[ W�YHF�
WRU�VHPDQWLF�PRGHO�DGGLWLRQDOO\ �LPSURYHV�WKH�WUDQVODWLRQ�
DFFXUDF\ �E\ �DERXW�� � � ���) XUWKHU�HUURU�DQDO\ VLV�LQGLFDWHV�
WKDW� � � � � RI� HUURUV� DUH� GXH� WR� WKH� OLPLWHG� FRYHUDJH� RI�
UHWULHYHG� GRFXPHQWV�� L�H��� FRUUHFW� 1 ( � WUDQVODWLRQV� DUH�
HLWKHU�QRW�LQFOXGHG�LQ�RU�QRW�UHWULHYHG�IURP�WKH�LQGH[ HG�
( QJOLVK�FRUSXV���

�

�
7RNHQ� �� � � ��

3UHFLVLRQ�
7\ SH��� � � � �
3UHFLVLRQ�

%DVHOLQH� � � �� � � � � �� � �
� 7UDQVOLW� � � �� � � � � �� � �
� 6&9 � � � �� � � � � �� � �

7DEOH�� ��1 ( �7UDQVODWLRQ�3UHFLVLRQ�
�
: H�LQWHJUDWH�ERWK�VHWV�RI�1 ( �WUDQVODWLRQ�K\ SRWKHVHV�

LQWR�WKH�EDVHOLQH�V\ VWHP��³ � 7UDQVOLẂ�DQG�³ � 6&9 ´ ��DQG�
WHVW� WKHP� LQ� GLIIHUHQW� WUDQVODWLRQ� WDVNV�� WKH� VPDOO� GDWD�
WUDFN�DQG�WKH�ODUJH�GDWD�WUDFN�GLIIHULQJ�LQ�WKH�DPRXQW�RI�
ELOLQJXDO�UHVRXUFHV�DOORZHG�IRU�XVH��7R�DFFXUDWHO\ �PHDV�
XUH� WKH� FRQWULEXWLRQ� RI� WKH� SURSRVHG� 1 ( � WUDQVODWLRQ�
PHWKRG��ZH�ILUVW�H[ WUDFW�� � � �VHQWHQFHV�FRQWDLQLQJ�WKHVH�
UDUHO\ �RFFXUULQJ�1 ( V�IURP�WKH�ZKROH�WHVW�VHW��� � � �&KL�
QHVH� VHQWHQFHV��� WUDQVODWH� DQG� HYDOXDWH� RQ� WKLV� VXEVHW��



WKHQ�ZH�HYDOXDWH�WKH�1 ( �WUDQVODWLRQV�RQ�WKH�ZKROH�WHVW�
GDWD�� 7KH� WUDQVODWLRQ� TXDOLW\ � LV� PHDVXUHG� E\ � WKH� DXWR�
PDWLF� 0 7� HYDOXDWLRQ� PHWULFV�� VXFK� DV� 1 ,67� DQG� %OHX�
VFRUHV���

7DEOH�� �VKRZV�WKH�WUDQVODWLRQ�VFRUHV�RI�GLIIHUHQW�V\ V�
WHP�FRQILJXUDWLRQV�RQ�WKH�1 ( �VHQWHQFHV�VXEVHW��DQG�WD�
EOH�� �VKRZV�WKH�WUDQVODWLRQ�VFRUHV�RQ�WKH�ZKROH�WHVW�GDWD��
%HFDXVH�WKH�VHOHFWHG�VHQWHQFHV�DUH�KDUG�WR�WUDQVODWH�GXH�
WR� WKHVH� UDUHO\ � RFFXUULQJ� 1 ( V�� WKHLU� WUDQVODWLRQV� KDYH�
ORZHU�1 ,67�DQG�%OHX�VFRUHV�WKDQ�WKH�ZKROH�WHVW�VHW��� �� �
GLIIHUHQFH�LQ�1 ,67�DQG� � �� � �GLIIHUHQFH�LQ�%OHX� IRU�WKH�
%DVHOLQH��� : KHQ� DGGLQJ� WUDQVOLWHUDWHG� 1 ( � WUDQVODWLRQV��
DQ� REYLRXV� LPSURYHPHQW� FDQ� EH� REVHUYHG� LQ� DOO� WKH�
FDVHV��$ GGLWLRQDOO\ �DGGLQJ�WKH�FRQWH[ W�YHFWRU�PRGHO�DOVR�
OHDGV�WR�D�VPDOO�EXW�FRQVLVWHQW�LPSURYHPHQW��

�
6PDOO�WUDFN� / DUJH�WUDFN�

�
1 ,67� %OHX� 1 ,67� %OHX�

%DVHOLQH� � �� � � � � � �� � � � � � �� � � � � � �� � � � �
� 7UDQVOLW� � �� � � � � � �� � � � � � �� � � � � � �� � � � �

� 6&9 � � �� � � � � � �� � � � � � �� � � � � � �� � � � �
7DEOH�� ���&�( �0 7�( YDOXDWLRQ�RQ�1 ( �6HQWHQFHV�

6XEVHW�
�

6PDOO�WUDFN� / DUJH�WUDFN�
�

1 ,67� %OHX� 1 ,67� %OHX�
%DVHOLQH�� � �� � � � � � �� � � � � � �� � � � � � �� � � � �

� 7UDQVOLW� � �� � � � � � �� � � � � � �� � � � � � �� � � � �
� 6&9 � � �� � � � � � �� � � � � � �� � � � � � �� � � � �

7DEOH�� ���&�( �0 7�( YDOXDWLRQ�RQ�: KROH�7HVW�
6HW��

� � &RQFOXVLRQ�

: H� SURSRVH� DQ� DSSURDFK� WR� WUDQVODWH� UDUHO\ � RFFXUULQJ��
1 ( V�E\ �FRPELQLQJ�WKHLU�SKRQHWLF�DQG�VHPDQWLF�VLPLODUL�
WLHV���* LYHQ�D�VRXUFH�1 ( �DQG�LWV�FRQWH[ W��WKLV�DSSURDFK�
JHQHUDWHV�TXHULHV�LQ�WKH�WDUJHW�ODQJXDJH�DFFRUGLQJ�WR�WKH�
FRQWH[ W� WUDQVODWLRQ� K\ SRWKHVHV�� WKHQ� VHDUFKHV� IRU� UHOH�
YDQW� GRFXPHQWV� IURP� D� WDUJHW� FRUSXV�� 7DUJHW� 1 ( V� LQ�
UHWULHYHG�GRFXPHQWV�DUH�FRPSDUHG�ZLWK�WKH�VRXUFH�1 ( �
EDVHG� RQ� WKHLU� SKRQHWLF� DQG� FRQWH[ WXDO� VHPDQWLF� VLPL�
ODULWLHV��DQG�WKH�EHVW�PDWFKHG�RQH�LV�VHOHFWHG�DV�WKH�FRU�
UHFW� WUDQVODWLRQ�� ( [ SHULPHQWV� VKRZ� WKDW� WKLV� DSSURDFK�
DFKLHYHV� � � � �RQ�WUDQVODWLRQ�DFFXUDF\ ��DQG�FRQVLVWHQWO\ �
LPSURYHV�WKH�WUDQVODWLRQ�TXDOLW\ �RQ�GLIIHUHQW�WDVNV��

5 HIHUHQFHV�
< ��$ O�2 QDL] DQ�DQG�. �� . QLJKW��7UDQVODWLQJ�QDPHG�HQWL�

WLHV� XVLQJ� PRQROLQJXDO� DQG� ELOLQJXDO� UHVRXUFHV�� ,Q�
3URFHHGLQJV�RI�WKH�� � WK�$QQXDO�0 HHWLQJ�RI�WKH�$VVR�
FLDWLRQ� IRU� &RPSXWDWLRQDO� / LQJXLVWLFV�� SS� � � �� � � ��
3KLODGHOSKLD��3$ ��-XO\ ��� � � � ��

' �� %LNHO�� 6�� 0 LOOHU�� 5�� 6FKZDU] � DQG� 5�� : HLVFKHGHO��
1 \ PEOH�� $ � KLJK�SHUIRUPDQFH� OHDUQLQJ� QDPH�ILQGHU��
,Q� 3URFHHGLQJV� RI� $SSOLHG� 1DWXUDO� / DQJXDJH�
3URFHVVLQJ��SS�� � � �� � � ��: DVKLQJWRQ�' &��� � � � ��

( ��%ULOO��7UDQVIRUPDWLRQ�EDVHG�HUURU�GULYHQ�OHDUQLQJ�DQG�
QDWXUDO�ODQJXDJH�SURFHVVLQJ�� $ �FDVH� VWXG\ �LQ�SDUW�RI�
VSHHFK� WDJJLQJ�� &RPSXWDWLRQDO� / LQJXLVWLFV�� � � � � � ��
� � � � � � � � ��� � � � ��

3�� ) ��%URZQ��6��$ �� ' HOOD�3LHWUD��9 �� -�� ' HOOD�3LHWUD�DQG�
5�/ ��0 HUFHU��7KH�PDWKHPDWLFV�RI�PDFKLQH�WUDQVODWLRQ��
SDUDPHWHU� HVWLPDWLRQ�� ,Q� &RPSXWDWLRQDO� / LQJXLVWLFV��
YRO�� � ��QXPEHU�� ��SS�� � � �� � � ��� � � � ��

1 �� $ �� &KLQFKRU�� 2 YHUYLHZ� RI� 0 8 &�� �0 ( 7�� �� ,Q� 3UR�
FHHGLQJV�RI�WKH�6HYHQWK�0 HVVDJH�8 QGHUVWDQGLQJ�&RQ�
IHUHQFH�0 8 &�� ���) DLUID[ ��9 $ ��$ SULO��� � � � ��

) �� +XDQJ�� 6�� 9 RJHO� DQG� $ �� : DLEHO�� $ XWRPDWLF� H[ WUDF�
WLRQ� RI� QDPHG� HQWLW\ � WUDQVOLQJXDO� HTXLYDOHQFH� EDVHG�
RQ�PXOWL�IHDWXUH�FRVW�PLQLPL] DWLRQ��,Q�3URFHHGLQJV�RI�
WKH� $&/ ¶� � �� : RUNVKRS� RQ� 0 XOWLOLQJXDO� DQG� 0 L[ HG�
/ DQJXDJH�1DPHG�( QWLW\ �5HFRJQLWLRQ��6DSSRUR��-DSDQ��
-XO\ ��� � � � ��

. �� . QLJKW� DQG� -�� * UDHKO�� 0 DFKLQH� WUDQVOLWHUDWLRQ�� ,Q�
3URFHHGLQJV� RI� WKH� $&/ � ¶� � �� SS�� � � �� � � �� 6RPHUVHW��
1 HZ�-HUVH\ ��� � � � ��

9 �� ,�� / HYHQVKWHLQ�� %LQDU\ � FRGHV� FDSDEOH� RI� FRUUHFWLQJ�
GHOHWLRQV��LQVHUWLRQV�DQG�UHYHUVDOV��' RNODG\ �$NDGHPLL�
1DXN�6665�� � � � � � �S� � � �� � � ��� � � � ��

+ ��0 HQJ�� : �� . �� / R��%��&KHQ�DQG�. ��7DQJ��* HQHUDWLQJ�
SKRQHWLF� FRJQDWHV� WR� KDQGOH� QDPHG� HQWLWLHV� LQ� ( QJ�
OLVK�&KLQHVH� FURVV�ODQJXDJH� VSRNHQ� GRFXPHQW� UH�
WULHYDO�� ,Q� 3URFHHGLQJV� RI� WKH� $XWRPDWLF� 6SHHFK�
5HFRJQLWLRQ� DQG� 8 QGHUVWDQGLQJ� : RUNVKRS�� 7UHQWR��
,WDO\ ��' HFHPEHU��� � � � ��

5 �� &�� 0 RRUH�� / HDUQLQJ� WUDQVODWLRQV� RI� QDPHG�HQWLW\ �
SKUDVHV�IURP�SDUDOOHO�FRUSRUD���,Q�3URFHHGLQJV�RI�� � WK�
&RQIHUHQFH�RI�WKH� ( XURSHDQ�&KDSWHU�RI� $&/ ��%XGD�
SHVW��+XQJDU\ ��� � � � ��

3��2 JLOYLH�DQG�-��&DOODQ�� ( [ SHULPHQWV�XVLQJ�WKH� / HPXU�
WRRONLW�� ,Q� 3URFHHGLQJV� RI� WKH� � � � � � 7H[ W� 5( WULHYDO�
&RQIHUHQFH� �75( &� � � � � ��� SS�� � � � �� � � �� � � � � ��
KWWS���ZZZ�FV�FPX�HGX�aOHPXU�

%��6WDOOV�DQG�. �� . QLJKW��7UDQVODWLQJ�QDPHV�DQG�WHFKQL�
FDO� WHUPV� LQ� $ UDELF� WH[ W�� ,Q� 3URFHHGLQJV� RI� WKH�
&2 / ,1* �$&/ � : RUNVKRS� RQ� &RPSXWDWLRQDO� $S�
SURDFKHV� WR� 6HPLWLF� / DQJXDJHV�� 0 RQWUHDO�� 4 XHEHF��
&DQDGD��� � � � ��

6��9 RJHO��< ��=KDQJ��) ��+XDQJ��$ ��7ULEEOH��$ ��9 HQRJX�
SDO��%��=KDR�DQG�$ ��: DLEHO���7KH�&0 8 �VWDWLVWLFDO�PD�
FKLQH� WUDQVODWLRQ� V\ VWHP�� ,Q� 3URFHHGLQJV� RI� WKH� 0 7�
6XPPLW� ,; �&RQIHUHQFH�1 HZ�2 UOHDQ�� / $ �� 6HSWHPEHU��
� � � � ��


