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7UDQVOLQJXDO� HTXLYDOHQFH� UHIHUV� WR� WKH� UHODWLRQVKLS�

EHWZHHQ�H[ SUHVVLRQV�RI�WKH�VDPH�PHDQLQJ�IURP�GLIIHUHQW�
ODQJXDJHV�� ,GHQWLI\ LQJ� WUDQVOLQJXDO� HTXLYDOHQFH� RI�
QDPHG� HQWLWLHV� �1( �� FDQ� VLJQLILFDQWO\ � FRQWULEXWH� WR�
PXOWLOLQJXDO� QDWXUDO� ODQJXDJH� SURFHVVLQJ�� VXFK� DV�
FURVVOLQJXDO� LQIRUPDWLRQ� UHWULHYDO�� FURVVOLQJXDO�
LQIRUPDWLRQ� H[ WUDFWLRQ� DQG� VWDWLVWLFDO� PDFKLQH�
WUDQVODWLRQ�� ,Q� WKLV� SDSHU� ZH� SUHVHQW� DQ� LQWHJUDWHG�
DSSURDFK�WR�H[ WUDFW�1( �WUDQVOLQJXDO�HTXLYDOHQFH�IURP�D�
SDUDOOHO�&KLQHVH�( QJOLVK�FRUSXV��

6WDUWLQJ� IURP� D� ELOLQJXDO� FRUSXV� ZKHUH� 1( V� DUH�
DXWRPDWLFDOO\ � WDJJHG� IRU� HDFK� ODQJXDJH�� 1( � SDLUV� DUH�
DOLJQHG� LQ� RUGHU� WR� PLQLPL]H� WKH� RYHUDOO� PXOWL�IHDWXUH�
DOLJQPHQW� FRVW�� � $Q� 1( � WUDQVOLWHUDWLRQ� PRGHO� LV�
SUHVHQWHG� DQG� LWHUDWLYHO\ � WUDLQHG� XVLQJ� QDPHG� HQWLW\ �
SDLUV� H[ WUDFWHG� IURP� D� ELOLQJXDO� GLFWLRQDU\ �� 7KH�
WUDQVOLWHUDWLRQ� FRVW�� FRPELQHG� ZLWK� WKH� QDPHG� HQWLW\ �
WDJJLQJ�FRVW�DQG�ZRUG�EDVHG�WUDQVODWLRQ�FRVW��FRQVWLWXWH�
WKH� PXOWL�IHDWXUH� DOLJQPHQW� FRVW�� 7KHVH� IHDWXUHV� DUH�
GHULYHG� IURP� VHYHUDO� LQIRUPDWLRQ� VRXUFHV� XVLQJ�
XQVXSHUYLVHG�DQG�SDUWO\ �VXSHUYLVHG�PHWKRGV���$�JUHHG\ �
VHDUFK� DOJRULWKP� LV� DSSOLHG� WR� PLQLPL]H� WKH� DOLJQPHQW�
FRVW�� ( [ SHULPHQWV� VKRZ� WKDW� WKH� SURSRVHG� DSSURDFK�
H[ WUDFWV�1( �WUDQVOLQJXDO�HTXLYDOHQFH�ZLWK�� � � �) �VFRUH�
DQG�LPSURYHV�WKH�WUDQVODWLRQ�VFRUH�IURP�� �� � �WR�� �� � ���
�
�
� ����,QWURGXFWLRQ�
�

�7UDQVOLQJXDO� HTXLYDOHQFH� UHIHUV� WR� WKH� UHODWLRQVKLS�
EHWZHHQ�H[ SUHVVLRQV�RI�WKH�VDPH�PHDQLQJ�IURP�GLIIHUHQW�
ODQJXDJHV�� ,GHQWLI\ LQJ� WUDQVOLQJXDO� HTXLYDOHQFH� RI�
QDPHG�HQWLWLHV� �1 ( � �� LQFOXGLQJ�SURSHU�QDPHV��WHPSRUDO�
DQG� QXPHULFDO� H[ SUHVVLRQV�� LV� YHU\ � LPSRUWDQW� WR�
PXOWLOLQJXDO�ODQJXDJH�SURFHVVLQJ��7KLV�LV�EHFDXVH�QDPHG�
HQWLWLHV�� HVSHFLDOO\ � QDPHV� RI� SHUVRQV�� ORFDWLRQV� DQG�
RUJDQL] DWLRQV�� FRQYH\ � HVVHQWLDO� PHDQLQJ� LQ� KXPDQ�
ODQJXDJHV� >� @>� @�� 6RPH� DSSURDFKHV� IRU� QDPHG� HQWLW\ �

WUDQVODWLRQ�� OLNH� ELOLQJXDO� GLFWLRQDU\ � ORRNXS�� ZRUG�VXE�
ZRUG�WUDQVODWLRQ�RU�WUDQVOLWHUDWLRQ��KDYH�EHHQ�H[ SORUHG�LQ�
WKH�SDVW� IHZ� \ HDUV�>� @>� @>� @>� @>� @�� +RZHYHU�� GLFWLRQDU\ �
ORRNXS�LV�SDUWLFXODUO\ �GLIILFXOW�IRU�WUDQVODWLQJ�XQFRPPRQ�
1 ( V� EHFDXVH� RI� LWV� OLPLWHG� FRYHUDJH�� DQG� VLPSO\ �
DSSO\ LQJ� ZRUG�EDVHG� RU� FKDUDFWHU�EDVHG� WUDQVIRUPDWLRQ�
ZLWKRXW� FRQVLGHULQJ� WKHLU� FRQWH[ W� LQIRUPDWLRQ�� LQ� PRVW�
FDVHV�� � FDQQRW� DFKLHYH� VDWLVIDFWRU\ � SHUIRUPDQFH� HLWKHU��
) RU�LQVWDQFH��³ � � �) HQJOLQJGX́ ��D�&KLQHVH�ORFDWLRQ�
QDPH��FDQQRW�EH� IRXQG�LQ�DQ� / ' &� GLFWLRQDU\ � ZLWK� � � N�
HQWULHV�� DQG� LW� LV� DOVR� LQDSSURSULDWH� WR� DGRSW� WKH�
FKDUDFWHU�E\ �FKDUDFWHU� WUDQVODWLRQ�� ³ZLQG� WRPE� FURVV́ ��
5XOH�EDVHG� WUDQVODWLRQ� LV� VXLWDEOH� IRU� WHPSRUDO� DQG�
QXPHULFDO�1 ( V��EHFDXVH�RI�WKHLU�OLPLWHG�YRFDEXODU\ �DQG�
UHJXODU� XVDJH�� EXW� GRHV� QRW� JHQHUDOL] H� ZHOO� IRU� SURSHU�
QDPH� WUDQVODWLRQ�� HVSHFLDOO\ � WKH� WUDQVODWLRQ� RI� IRUHLJQ�
ORFDWLRQ�RU�SHUVRQ�QDPHV��

2 QH� SRVVLEOH� VROXWLRQ� LV� WR� DXWRPDWLFDOO\ � H[ WUDFW�
QDPHG� HQWLW\ � WUDQVOLQJXDO� HTXLYDOHQFH� IURP� D� SDUDOOHO�
FRUSXV�� ZKHUH� QDPHG� HQWLWLHV� KDYH� EHHQ� PDQXDOO\ � RU�
DXWRPDWLFDOO\ � DQQRWDWHG�� ) RU� H[ DPSOH�� LQ� WKH� IROORZLQJ�
VHQWHQFH�SDLU�ZKHUH�1 ( V�DUH�DXWRPDWLFDOO\ �WDJJHG��

3( 5^ `� �/ 2 &^ � `� � � � �/ 2 &^ `��
3( 5 /̂ L�3HQJ`�EDFN�LQ�/ 2 &^%HLMLQJ`�DIWHU�/ 2 &^$WWHQGLQJ�
$VLDQ̀ �/ 2 & (̂ XURSH̀ �0 HHWLQJ���

FRUUHFW�1 ( �DOLJQPHQW�UHTXLUHV�PRGHOV�IRU�ERWK�SKRQHWLF�
WUDQVOLWHUDWLRQ� �³ ´ � YV�� ³ / L� 3HQJ´ �� DQG� VHPDQWLF�
WUDQVODWLRQ��³ � � ´ �YV��� $VLDQ�( XURSH�0 HHWLQJ´ ���
$ GGLWLRQDOO\ �� WDJJLQJ� HUURUV� VKRXOG� DOVR� EH� KDQGOHG��
7KHUHIRUH� PRUH� VRSKLVWLFDWHG� PRGHOV� WKDW� DUH� DEOH� WR�
LQFRUSRUDWH�PXOWLSOH�LQIRUPDWLYH�IHDWXUHV�DUH�QHFHVVDU\ ����

,Q� WKLV� SDSHU� ZH� SURSRVH� DQ� LQWHJUDWHG� DSSURDFK� WR�
WKH� DXWRPDWLF� H[ WUDFWLRQ� RI� QDPHG� HQWLW\ � WUDQVODWLRQ�
HTXLYDOHQFH� IURP� D� SDUDOOHO� &KLQHVH�( QJOLVK� FRUSXV��
,QLWLDOO\ �� QDPHG� HQWLWLHV� DUH� DXWRPDWLFDOO\ � WDJJHG� IRU�
HDFK�ODQJXDJH��DIWHU�WKDW�1 ( �SDLUV�DUH�DOLJQHG�EDVHG�RQ�D�
PXOWL�IHDWXUH�DOLJQPHQW�FRVW�PLQLPL] DWLRQ�VWUDWHJ\ �� � : H�
SUHVHQW� D� QDPHG� HQWLW\ � WUDQVOLWHUDWLRQ� PRGHO� DQG�
LWHUDWLYHO\ � H[ WUDFW� QDPHG� HQWLWLHV� IURP� D� ELOLQJXDO�
GLFWLRQDU\ � WR� WUDLQ� WKH� PRGHO�� 7KH� 1 ( � WUDQVOLWHUDWLRQ�
FRVW��FRPELQHG�ZLWK�WKH�1 ( �WDJJLQJ�FRVW�DQG�ZRUG�EDVHG�



WUDQVODWLRQ� FRVW�� FRQVWLWXWH� WKH� PXOWL�IHDWXUH� DOLJQPHQW�
FRVW�� 7KHVH� IHDWXUHV� DUH� GHULYHG� IURP� VHYHUDO�
LQIRUPDWLRQ� VRXUFHV� XVLQJ� XQVXSHUYLVHG� DQG� SDUWO\ �
VXSHUYLVHG� PHWKRGV�� � $ � JUHHG\ � VHDUFK� DOJRULWKP� LV�
DSSOLHG� WR� PLQLPL] H� WKH� WRWDO� DOLJQPHQW� FRVW� IRU� HDFK�
VHQWHQFH� SDLU�� ( [ SHULPHQWV� VKRZ� WKDW� WKH� SURSRVHG�
DSSURDFK� FDQ� H[ WUDFW� 1 ( � WUDQVOLQJXDO� HTXLYDOHQFH� ZLWK�
� � � � ) �VFRUH� DQG� LPSURYHG� WKH� WUDQVODWLRQ� VFRUH� IURP�
� �� � �WR�� �� � ��ZKLFK�LV�VWDWLVWLFDOO\ �VLJQLILFDQW��

7KH�VWUXFWXUH�RI�WKLV�SDSHU�LV�DV�IROORZV��LQ�VHFWLRQ�� �
ZH�LQWURGXFH�WKH�1 ( �WUDQVOLWHUDWLRQ�PRGHO��LQ�VHFWLRQ� � �
ZH� SURSRVH� WKH� PXOWL�IHDWXUH� QDPHG� HQWLW\ � DOLJQPHQW�
IUDPHZRUN�� ZKLFK� LQFRUSRUDWHV� WUDQVOLWHUDWLRQ� FRVW��
ZRUG�EDVHG�WUDQVODWLRQ�FRVW�DQG�WDJJLQJ�FRVW��,Q�VHFWLRQ�
� �ZH�SUHVHQW�WKH�H[ SHULPHQWV�DQG�DQDO\ VLV�RI�WKH�UHVXOWV��
&RQFOXVLRQV�ZLOO�EH�JLYHQ�LQ�WKH�ODVW�VHFWLRQ��

�
� ����1 DP HG�( QWLW\ �7UDQVOLWHUDWLRQ�0 RGHO��

�
7UDQVOLWHUDWLRQ� LV� WKH� SURFHVV� RI� WUDQVODWLQJ� FHUWDLQ�

ZRUGV� �H�J��� SHUVRQ¶V� QDPH�� ORFDWLRQ¶V� QDPH�� IURP� WKH�
VRXUFH� ODQJXDJH� LQWR� WKHLU� SKRQHWLF� DSSUR[ LPDWLRQV� LQ�
WKH�WDUJHW�ODQJXDJH��,W�LV�DQ�HVVHQWLDO�FRPSRQHQW�IRU�1 ( �
WUDQVODWLRQ��1 ( V�DUH�XVXDOO\ �WUDQVODWHG�E\ �FRPELQLQJ�WKH�
SKRQHWLF� WUDQVOLWHUDWLRQ� RI� VRPH� XQLWV� DQG� VHPDQWLF�
WUDQVODWLRQV�RI�RWKHU�XQLWV��ZKHUH�XQLWV�FDQ�EH�FKDUDFWHUV��
VXE�ZRUGV� RU� ZRUGV�� 3UHYLRXV� ZRUN� RQ� WUDQVOLWHUDWLRQ�
�>� @�>� @��H[ SOLFLWO\ �UHVRUWV�WR�SKRQHPH�VLPLODULWLHV��ZKHUH�
D�SURQXQFLDWLRQ�OH[ LFRQ�LV�RIWHQ�QHHGHG��+HUH�ZH�WU\ �WR�
WDNH� WKH� WUDQVOLWHUDWLRQ� RQ� WKH� VXUIDFH� OHYHO� XVLQJ� ' 3�
EDVHG�VWULQJ�PDWFKLQJ��

' LUHFWO\ � WUDQVOLWHUDWLQJ� &KLQHVH� FKDUDFWHUV� LQWR�
( QJOLVK� OHWWHUV� QHHGV� D� ODUJH� DPRXQW� RI� ELOLQJXDO� 1 ( �
SDLUV� IRU�WUDLQLQJ��FRQVLGHULQJ� WKH� SDUDPHWHU� HVWLPDWLRQ�
IRU� RYHU� � �� � � � IUHTXHQW� &KLQHVH� FKDUDFWHUV�� +RZHYHU��
LQWHUPHGLDWH� WUDQVOLWHUDWLRQ� WKURXJK� SLQ\ LQ� V\ OODEOHV�
�SLQ\ LQ� LV� WKH� URPDQL] HG� UHSUHVHQWDWLRQ� RI� &KLQHVH�
FKDUDFWHUV�� LV� PRUH� DFFXUDWH� DQG� HDVLHU�� EHFDXVH� WKH�
PXFK�VPDOOHU�DOSKDEHW�VL] H�RI�SLQ\ LQ�DOOHYLDWHV�WKH�GDWD�
VSDUVHQHVV��) XUWKHUPRUH��SLQ\ LQ�DQG�( QJOLVK�OHWWHUV�VKDUH�
D� TXLWH� VLPLODU� DOSKDEHW� WKDW� HQDEOHV� WKH� ' \ QDPLF�
3URJUDPPLQJ�� ' 3� �EDVHG�VWULQJ�PDWFKLQJ���

0 DSSLQJ�&KLQHVH�FKDUDFWHUV�WR�WKHLU�SLQ\ LQ�V\ OODEOHV�
�H�J��� ³ ´ � WR� ³VD� OD� UH� ZŔ �� FDQ� EH� JUHDWO\ �
IDFLOLWDWHG�E\ �D�FKDUDFWHU�SLQ\ LQ�PDSSLQJ�WDEOH��ZKLFK�LV�
HDV\ � WR� REWDLQ�� +RZHYHU�� PDSSLQJ� SLQ\ LQ� V\ OODEOHV� WR�
( QJOLVK�VWULQJ� �H�J��� ³VD�OD�UH�ZŔ �WR� ³6DUDMHYŔ ��QHHGV�
PRUH� VRSKLVWLFDWHG� PRGHOV�� ZKLFK� XVXDOO\ � UHTXLUH� D�
ELOLQJXDO�1 ( �OLVW�IRU�WUDLQLQJ��7R�DFTXLUH�DQ�1 ( �OLVW���ZH�
SURSRVH�DQ�XQVXSHUYLVHG�OHDUQLQJ�DSSURDFK�LQ�ZKLFK�1 ( �
SDLUV�DUH�DXWRPDWLFDOO\ �H[ WUDFWHG� IURP�D�ODUJH�ELOLQJXDO�
GLFWLRQDU\ �� � ' 3�EDVHG� VWULQJ� PDWFKLQJ� LV� LWHUDWLYHO\ �
DSSOLHG� LQ� RUGHU� WR� HVWLPDWH� WKH� WUDQVOLWHUDWLRQ�
SUREDELOLW\ �IURP�SLQ\ LQ�WR�( QJOLVK�OHWWHU�VHTXHQFHV���

� �� ���7UDQVOLWHUDWLRQ�0 RGHO�' HILQLWLRQ��
�
7R� H[ WUDFW� 1 ( � SDLUV� IURP� D� JLYHQ� ELOLQJXDO�

GLFWLRQDU\ ' ��ZH�ZDQW�WR�ILQG�&KLQHVH�( QJOLVK�1 ( �SDLU�
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ZKHUH� I LV�WKH�&KLQHVH�FKDUDFWHU�VHTXHQFH�DQG�� HLV�WKH�

( QJOLVK� ZRUG� VWULQJ� �� I3���

LV� WKH� SUREDELOLW\ � RI�

JHQHUDWLQJ� WKH� FKDUDFWHU� VHTXHQFH� RI� WKH� &KLQHVH� 1 ( ��
DQG� �_� IH3
��

LV� WKH� SUREDELOLW\ � RI� WUDQVOLWHUDWLQJ� WKH�

&KLQHVH�1 ( ��LQWR�DQ�( QJOLVK�1 ( ��
�6XSSRVH I KDV P FKDUDFWHUV�� ) RU PL ������ ��

FKDUDFWHU �I LV�WUDQVOLWHUDWHG�LQWR�DQ� ( QJOLVK�OHWWHU�VWULQJ�

�H�WKURXJK�WKH�SLQ\ LQ�V\ OODEOH� �\ ��7KHVH�VWULQJV�DUH�QRQ�

RYHUODSSLQJ��7KH�JHQHUDWLRQ�SURFHVV�FDQ�EH�GHSLFWHG�DV�
HH\II ��� •oo• �� +HUH� WKH� VXEVFULSW� LLQGLFDWHV�

WKDW�WKH�VXE�VWULQJ�LV�WUDQVOLWHUDWHG�IURP
�I ��DQG�LW�LV�QRW�

QHFHVVDULO\ �WKH�LWK�ZRUG�OHWWHU�LQ� H���
/ HW¶V� DVVXPH� HDFK� &KLQHVH� FKDUDFWHU� LV�

LQGHSHQGHQWO\ �WUDQVOLWHUDWHG�LQWR�DQ�( QJOLVK�OHWWHU�VWULQJ�
WKURXJK� LWV� SLQ\ LQ� V\ OODEOH�� &RQVLGHULQJ� WKDW� PDSSLQJV�
IURP� &KLQHVH� FKDUDFWHUV� WR� WKHLU� SLQ\ LQ� V\ OODEOHV� DUH�
PRVWO\ �GHWHUPLQLVWLF��L�H��� ��_� |�� I\S ��WKHQ�
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6XSSRVH� �\ LV� FRPSRVHG� RI� �P OHWWHUV�� IRU�
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LV� DOLJQHG� WR� OHWWHU  

!H" �� ZKHUH�

WKH� DOLJQPHQW� LV� UHSUHVHQWHG� DV #DN �� : LWK� WKH�

LQGHSHQGHQFH�DVVXPSWLRQ��
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7KLV� IRUPXOD� UHSUHVHQWV� WZR� OHYHOV� RI� WUDQVOLWHUDWLRQ��
&KLQHVH�FKDUDFWHU�WR�SLQ\ LQ�V\ OODEOH�DQG�SLQ\ LQ�V\ OODEOH�
WR�( QJOLVK�OHWWHU�VWULQJ���

�� I38�9

FDQ� EH� FRPSXWHG� GLUHFWO\ � IURP� FKDUDFWHU�

ODQJXDJH�PRGHO�IRU�&KLQHVH�1 ( V��� �
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� �� �' 3�EDVHG�$ OLJQP HQW�DQG�,WHUDWLYH�7UDLQLQJ��
�
) ROORZLQJ�WKH�GHULYDWLRQ�RI�WKH�WUDQVOLWHUDWLRQ�PRGHO��

WKH� QH[ W� VWHSV� DUH� KRZ� WR� LGHQWLI\ � OHWWHU�WR�OHWWHU�
DOLJQPHQW�DQG�KRZ�WR�WUDLQ�WKH�WUDQVOLWHUDWLRQ�PRGHO�DQG�
ODQJXDJH�PRGHO���

' \ QDPLF� SURJUDPPLQJ� � ' 3� � KDV� EHHQ� VXFFHVVIXOO\ �
DSSOLHG� LQ� VHDUFKLQJ� IRU� WKH� ³RSWLPDÓ� DOLJQPHQW� SDWK�
EHWZHHQ� WZR� VWULQJV�� ZKHUH� ³RSWLPDÓ� PHDQV� WKH�
PLQLPXP� DFFXPXODWHG� HGLWLQJ� FRVW� EHWZHHQ� DOLJQHG�
ZRUG�OHWWHU�SDLUV��WKH�FRVW�LV�XVXDOO\ �GHILQHG�DV�� �LI�WKH\ �
DUH� WKH� VDPH� RU� � � LI� WKHUH� H[ LVWV� LQVHUWLRQ�� GHOHWLRQ� RU�
VXEVWLWXWLRQ�HUURUV����

6LQFH�SLQ\ LQ�DQG�( QJOLVK�VKDUH�D�VLPLODU�DOSKDEHW��WKH�
' 3�EDVHG�VWULQJ�DOLJQPHQW�LV�DOVR�DSSOLFDEOH��+RZHYHU��
WKH� RULJLQDO� ELQDU\ � FRVW� IXQFWLRQ� LV� QRW� DSSURSULDWH� IRU�
SURQXQFLDWLRQ�EDVHG� WUDQVOLWHUDWLRQ�� 1 RZ� WKH� SKRQHWLF�
VLPLODULW\ � LV� PRUH� LPSRUWDQW� WKDQ� WKH� RUWKRJUDSKLF�
VLPLODULW\ � >� @�� WKHUHIRUH� DOLJQPHQW� FRVW� EHWZHHQ� OHWWHUV�
ZLWK�VLPLODU�SURQXQFLDWLRQV��H�J���³ F́ �DQG�³Ń �RU�³Ś �DQG�
³É � �VKRXOG�EH�VPDOOHU��

2 QH�DOWHUQDWLYH�LV�WR�WDNH�WKH�PLQXV�ORJDULWKP�RI�WKH�
OHWWHU� WUDQVOLWHUDWLRQ� SUREDELOLW\ � DV� WKH� PDWFKLQJ� FRVW��
L�H���WKH�FRVW�RI�DOLJQLQJ�OHWWHU D

EHF

IURP�( QJOLVK�DQG�OHWWHU�

GH\ I

IURP�SLQ\ LQ�LV�GHILQHG�DV��
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7KLV� FRVW� IXQFWLRQ� LV� GHILQHG� GLUHFWO\ � IURP�
WUDQVOLWHUDWLRQ� SUREDELOLWLHV�� ,W� DOORZV� ERWK� VHOI�
WUDQVOLWHUDWLRQ� DQG� WKH� WUDQVOLWHUDWLRQ� IURP� OHWWHUV� ZLWK�
VLPLODU� SURQXQFLDWLRQV�� 7KXV� LW� LV� PRUH� JHQHUDO� DQG�
DFFXUDWH��) XUWKHU�PRUH��WKH�ILQDO�DFFXPXODWLYH�DOLJQPHQW�
FRVW� EHWZHHQ� SLQ\ LQ� V\ OODEOHV� DQG� ( QJOLVK� ZRUGV� DOVR�
FRUUHVSRQGV� WR� WKH� ZRUG�FKDUDFWHU�OHYHO� WUDQVOLWHUDWLRQ�
FRVW���

7R� FDOFXODWH� WKH� DOLJQPHQW� WKH� WUDQVOLWHUDWLRQ� PRGHO�
SDUDPHWHUV� KDYH� WR� EH� NQRZQ�� ZKLFK� LQ� WXUQ� DUH�
FRPSXWHG� EDVHG� RQ� WKH� UHOHYDQW� DOLJQPHQW� IUHTXHQF\ ��
L�H���
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ZKHUH� ��� TT U

V
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V \H& LV� WKH� IUHTXHQF\ � WKDW� X

YHZ

DQG� [

\\ ]

LV�

DOLJQHG�� 7R� UHVROYH� WKLV� LQWHU�GHSHQGHQFH� EHWZHHQ�
PRGHOV��WKH�RULJLQDO�ELQDU\ �FRVW�IXQFWLRQ�LV�ILUVW�DSSOLHG�
WR�WKH�' 3�EDVHG�VWULQJ�DOLJQPHQW��$ �OLVW�RI�ELOLQJXDO�1 ( �
SDLUV�LV�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��VHH� IRUPXOD� �� � �� � � � �DQG� �� � � �� ,Q�
WKH� IROORZLQJ� LWHUDWLRQV�� WKH� DOLJQPHQW� FRVW� IXQFWLRQ� DV�
ZHOO� DV� WKH� WUDQVOLWHUDWLRQ� SUREDELOLW\ � LV� XSGDWHG�� 1 ( �

SDLUV�DUH�VHOHFWHG�DFFRUGLQJ� WR� WKHLU� MRLQW� SUREDELOLWLHV��
DQG�WUDQVODWLRQ�DQG�ODQJXDJH�PRGHOV�DUH�UH�WUDLQHG�XVLQJ�
WKH�FOHDQHU�1 ( �OLVW��( [ SHULPHQW�UHVXOWV�LQ�VHFWLRQ�� �VKRZ�
WKDW� DQ� XQVXSHUYLVHG� OHDUQLQJ� DSSURDFK� LPSURYHV� WKH�
DFFXUDF\ �RI�H[ WUDFWHG�1 ( �OLVW�E\ �UHILQLQJ�ERWK�WUDQVODWLRQ�
DQG�ODQJXDJH�PRGHOV�LWHUDWLYHO\ ���
�
� �� 0 XOWL�) HDWXUH� 1 DP HG� ( QWLW\ � $ OLJQP HQW�
0 RGHO�
����7R� DOLJQ� WKH� 1 ( � WUDQVOLQJXDO� HTXLYDOHQFH� ZLWKLQ� D�
VHQWHQFH�SDLU��ZH�DGRSW�WKH�1 ( �DOLJQPHQW�PRGHO�ZKLFK�
LQFRUSRUDWHV� VHYHUDO� IHDWXUHV� IRU� FRVW� HVWLPDWLRQ� DQG�
PLQLPL] HV� WKH� WRWDO� FRVW� IRU� WKH� JLYHQ� SDLU�� 7KHVH�
IHDWXUHV�LQFOXGH�1 ( �WUDQVOLWHUDWLRQ�FRVW��ZRUG�EDVHG�1 ( �
WUDQVODWLRQ� FRVW� DQG� 1 ( � WDJJLQJ� FRVW�� DQG� ZLOO� EH�
GLVFXVVHG�LQ�PRUH�GHWDLOV�LQ�WKH�IROORZLQJ�VHFWLRQV���
�
� �� ��1 DP HG�( QWLW\ �7UDQVOLWHUDWLRQ�&RVW��

�
7KH�WUDQVODWLRQ�RI�GLIIHUHQW�1 ( �HTXLYDOHQFHV�LV�KLJKO\ �

W\ SH�GHSHQGHQW��: KLOH�PRVW�3( 562 1 �DQG�/ 2 &$ 7,2 1 �
1 ( � HTXLYDOHQFHV� FDQ� EH� WUDQVIRUPHG� SULPDULO\ � WKURXJK�
WUDQVOLWHUDWLRQ�� VRPH� / 2 &$ 7,2 1 � DQG� PRVW�
2 5* $ 1 ,=$ 7,2 1 �1 ( �HTXLYDOHQFHV�DUH�WUDQVIRUPHG�E\ �
FRPELQLQJ� ERWK� VHPDQWLF� WUDQVODWLRQ� DQG� SKRQHWLF�
WUDQVOLWHUDWLRQ��) RU�H[ DPSOH��WUDQVODWLQJ�D�ORFDWLRQ�QDPH�
³ � ´ �QHHGV�ERWK�SKRQHWLF�WUDQVOLWHUDWLRQ�RI�
WKH�VSHFLILF�FLW\ �QDPH� �³ ´ �WR� ³6DUDMHYŔ �� DQG�
VHPDQWLF� WUDQVODWLRQ� RI� WKH� JHQHUDO� IDFLOLW\ � �³ ´ � WR�
³DLUSRUẂ����

7R�GHDO�ZLWK�WKLV�SUREOHP��ZH�DGRSWHG�D�WUDQVODWLRQ�
EDVHG� WUDQVOLWHUDWLRQ� DSSURDFK�� VLPLODU� WR� WKH� FDQGLGDWH�
JHQHUDWLRQ�DSSURDFK�SURSRVHG�E\ �>� @���) RU�HDFK�ZRUG�LQ�
WKH� &KLQHVH� 1 ( � FDQGLGDWH�� LWV� WUDQVOLWHUDWLRQ� FRXOG� EH�
HLWKHU� SLQ\ LQ� RU� LWV� VHPDQWLF� WUDQVODWLRQ�V�� IURP� WKH�
ELOLQJXDO�GLFWLRQDU\ ��DQG�FDQ�EH�DOLJQHG�WR�DQ\ �ZRUG�LQ�
WKH� ( QJOLVK� 1 ( � FDQGLGDWH�� %\ � ZD\ � RI� D� JUHHG\ � VHDUFK�
DOJRULWKP� �GHWDLOHG� GLVFXVVLRQ� LQ� VHFWLRQ� � �� � �� HDFK�
( QJOLVK�ZRUG�LV�DOLJQHG�WR�D�XQLTXH�&KLQHVH�ZRUG�VXFK�
WKDW�WKHLU�WUDQVOLWHUDWLRQ�FRVW�LV�WKH�PLQLPXP�DPRQJ�WKH�
XQDOLJQHG�ZRUG�SDLUV��7KH�WRWDO�1 ( �WUDQVOLWHUDWLRQ�FRVW�LV�
WKH�VXP�RI�WKH�ZRUG�WR�ZRUG�WUDQVOLWHUDWLRQ�FRVWV�DORQJ�
WKH�DOLJQPHQW�SDWK���

/ HW� 
$ GHQRWHV�WKH�³RSWLPDÓ�DOLJQPHQW�SDWK��DQG�OHW�
^_ HI � EH� WKH� LWK� ZRUG� LQ� &KLQHVH� 1 ( � `baI DQG� WKHMWK�

ZRUG�LQ�( QJOLVK�1 ( cbdH ��UHVSHFWLYHO\ ��7KHQ�
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ZKHUH� {\ LV�RQH�HOHPHQW�LQ� |I ¶V�WUDQVOLWHUDWLRQ�FDQGLGDWH�

VHW }

~( ��

7KLV� DSSURDFK� DOORZV� WKH� DOLJQPHQW� EHWZHHQ� DQ\ �
ZRUG�SDLUV��VR�LW�LV�QRW�VHQVLWLYH�WR�WKH�ZRUG�RUGHUV�LQ�1 ( �
SDLUV��DQG�WKHUHIRUH�FDQ�KDQGOH� IOH[ LEOH�FRPELQDWLRQ�RI�
WUDQVODWLRQ� DQG� WUDQVOLWHUDWLRQ�� ,W� LV� DOVR� UREXVW� WR�
LQIOHFWLRQDO� IRUPV� �H�J��� WKH� SOXUDO� IRUP� RI� QRXQV�� LQ�
( QJOLVK�1 ( V��
�
� �� ��1 DP HG�( QWLW\ �7UDQVODWLRQ�&RVW��

�
: RUG�WUDQVODWLRQ�SUREDELOLWLHV�FDQ�EH�HVWLPDWHG�IURP�

D� SDUDOOHO� FRUSXV� XVLQJ� YDULRXV� ZHOO�NQRZQ� DOLJQPHQW�
PRGHOV��VXFK�DV�WKH�,%0 �PRGHO�DQG�+0 0 �PRGHO�>� @>� @��
7KH\ �FDQ�EH�IXUWKHU�XVHG�WR�FDOFXODWH�WKH�SUREDELOLW\ �WKDW�
D�&KLQHVH�1 ( �LV�WKH�WUDQVODWLRQ�RI�DQ�( QJOLVK�1 ( �RQ�WKH�
ZRUG�OHYHO��

$ VVXPH� WKH� ( QJOLVK� 1 ( � •�€H KDV� / ( QJOLVK� ZRUGV��
•HHH ����‚

ƒ

„ �� DQG� WKH� &KLQHVH� 1 ( …�†I �KDV - &KLQHVH�

ZRUGV�� ‡III ����ˆ

‰

Š �� 7KH� WUDQVODWLRQ� SUREDELOLW\ � RI� WKH�
QDPHG�HQWLWLHV�SDLU�LV�FRPSXWHG�XVLQJ�WKH�,%0 �PRGHO�� ��
DV��
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������7KLV�DOLJQPHQW�PRGHO�LV�DV\ PPHWULF��DV�RQH�VRXUFH�
ZRUG�FDQ�RQO\ �EH�DOLJQHG�WR�RQH�WDUJHW�ZRUG��ZKLOH�RQH�
WDUJHW�ZRUG�FDQ�EH�DOLJQHG�WR�PXOWLSOH�VRXUFH�ZRUGV��7R�
PDNH� LW� V\ PPHWULF�� ZH� HVWLPDWH� ERWK� �_� —�˜—�˜ HI3 DQG�

�_� —�˜—�˜ IH3 ��DQG�GHILQH�WKH�1 ( �WUDQVODWLRQ�FRVW�DV��
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7KDW�LV��WKH�WUDQVODWLRQ�FRVW�RI�D�JLYHQ�1 ( �SDLU� ���  ¢¡ ¢¡ IH �

LV� FRPSRVHG� RI� WKH� VXP� RI� WKH� EL�GLUHFWLRQ� WUDQVODWLRQ�

FRVW��DQG�ZHLJKWHG�E\ �SRVLWLRQ�PDWFK�ZHLJKW £O ��

£O PRGHOV� WKH� ³GLVWDQFH́ � EHWZHHQ� WKH� UHODWLYH�

SRVLWLRQV� RI� DOLJQHG� 1 ( V� LQ� HDFK� VHQWHQFH�� ,W� LV�
FKDUDFWHUL] HG�E\ �D�QRUPDO�GLVWULEXWLRQ��
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ZKHUH� S̈ �� WKH� UHODWLYH� SRVLWLRQ� RI� D� &KLQHVH� 1 ( �

FRYHULQJ�ZRUGV�IURP� ©Z WR� ªZ ��LV�GHILQHG�DV�

-MLS« ���� � �� � � ������������� � � � �

7KH� UHODWLYH� SRVLWLRQ� RI� DQ� ( QJOLVK� 1 ( �� ¬S �� LV�

GHILQHG�VLPLODUO\ ��7KH�YDULDQFH�V LV�HPSLULFDOO\ �FKRVHQ�

DFFRUGLQJ� WR� WKH� KRPRJHQHLW\ � RI� ZRUG� RUGHUV� EHWZHHQ�
WZR�ODQJXDJHV��

�
� �� ��1 DP HG�( QWLW\ �7DJJLQJ�&RVW�

�
$ Q� 1 ( � WDJJLQJ� VRIWZDUH�� ,GHQWL) LQGHUŒ��

DXWRPDWLFDOO\ � WDJV� 1 ( V� IRU� ERWK� ( QJOLVK� DQG� &KLQHVH��
: KHQ� HYDOXDWHG� RQ� WKH� ELOLQJXDO� FRUSXV�� WKH� WDJJLQJ�
DFFXUDF\ � IRU� ( 1 $ 0 ( ; � W\ SH� �LQFOXGLQJ� 3( 562 1 ��
/ 2 &$ 7,2 1 �DQG�2 5* $ 1 ,=$ 7,2 1 ��1 ( V�LV�DERXW�� � � ��
7KRVH�WDJJLQJ�HUURUV��LQFOXGLQJ�PLVVLQJ��VSXULRXV� �IDOVH�
SRVLWLYH��DQG�SDUWLDO�WDJJLQJ��LQHYLWDEO\ �LQWURGXFH�HUURUV�
LQWR� 1 ( � DOLJQPHQW�� ,W� ZRXOG� EH� KHOSIXO� WR� NQRZ� WKH�
FRQILGHQFH� RU� WKH� SUREDELOLW\ � WKDW� D� WDJJHG� ZRUG�
VHTXHQFH� LV� D� UHDO� 1 ( �� 8 QIRUWXQDWHO\ �� WKH� RXWVRXUFHG�
WDJJHU� GRHVQ¶W� RXWSXW� VXFK� LQIRUPDWLRQ�� 7R� JHW� WKLV�
LQIRUPDWLRQ��DQ�+0 0 �EDVHG�1 ( �WDJJHU�LV�WUDLQHG� IURP�
WKH� LPSHUIHFW� WUDLQLQJ� FRUSXV�� L�H��� WKH� DXWRPDWLFDOO\ �
WDJJHG�ELOLQJXDO�FRUSXV�FRQWDLQLQJ�LQFRUUHFW�1 ( V��

$ XWRPDWLF�QDPHG�HQWLW\ �WDJJLQJ�EDVHG�RQ�+0 0 �KDV�
DFKLHYHG� VDWLVIDFWRU\ � SHUIRUPDQFH� >� @�� ,Q� WKLV�
IUDPHZRUN��HDFK�W\ SH�RI� 1 ( V� DV� ZHOO� DV� WKH� UHPDLQLQJ�
W\ SH�� 1 2 7B$ B1 $ 0 ( �� LV� UHSUHVHQWHG� E\ � D� XQLTXH�
LQWHUQDO� VWDWH� LQ� WKH� +0 0 �� $ Q� 1 ( �WDJJHG� VHQWHQFH� LV�
JHQHUDWHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�DVVXPSWLRQ��

� �� 7KH� FXUUHQW� 1 ( � W\ SH� LV� VHOHFWHG� DFFRUGLQJ� WR� WKH�
SUHYLRXV� ZRUG� DQG� LWV� 1 ( � W\ SH�� ZLWK� W\ SH�
WUDQVLWLRQDO�SUREDELOLW\ � ��_� ­­¯®® 1Z13°

��

� �� 7KH� ILUVW� ZRUG� LQ� D� 1 ( � LV� JHQHUDWHG� DFFRUGLQJ� WR�
WKH�FXUUHQW�DQG�SUHYLRXV�1 ( �W\ SHV��ZLWK�ILUVW�ZRUG�
JHQHUDWLRQ�SUREDELOLW\ � ��_� ±± ²11Z3³

��

� �� ( DFK�VXEVHTXHQW�ZRUG�LQ�WKLV�1 ( �LV�JHQHUDWHG�IURP�
D� W\ SH�GHSHQGHQW� ELJUDP� PRGHO�� ZLWK� SUREDELOLW\ �

��_� ´ 1ZZ3µ ¶

��

,Q� WKH� DERYH� QRWDWLRQ�� 1 DQG� ·

¸

1 UHSUHVHQW� WKH�

FXUUHQW� DQG� SUHYLRXV� 1 ( � W\ SH� UHVSHFWLYHO\ �� ¹Z �

UHSUHVHQWV� WKH� ILUVW� ZRUG� LQ� WKH� FXUUHQW� 1 ( � W\ SH�� Z �
UHSUHVHQWV� WKH� FXUUHQW� ZRUG�� DQG� º

»

Z UHSUHVHQWV� WKH�

SUHYLRXV�ZRUG���

* LYHQ�D�VHTXHQFH�RI�ZRUGV� �������� ¼

½ ¾ZZZ:  �DQG�

LWV� FRUUHVSRQGLQJ� 1 ( � W\ SH� VHTXHQFH�

�������� ¿

À Á1111  ��WKH�SUREDELOLW\ �RI�JHQHUDWLQJ�WKH�

ZRUGV�IURP�WKH�1 ( �W\ SH�VHTXHQFH�LV�GHILQHG�DV��
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ZKHUH� ��_�� ÆÆ ÇÇ ÈÈÈÈ 1Z1ZS GHQRWHV� WKH� WUDQVLWLRQDO�

SUREDELOLW\ � IURP� É

Ê

ËZ WR� ÌZ �� JLYHQ� WKDW� WKH�

FRUUHVSRQGLQJ� 1 ( � W\ SHV� DUH� Í1 DQG� Î

Ï

Ð1 �� : KHQ� WKH�

WUDQVLWLRQ�LV�ZLWKLQ�WKH�VDPH�1 ( ��L�H��� Ñ

Ò

 ÓÓ 11 ��WKLV�LV�



MXVW�WKH�W\ SH�GHSHQGHQW�ELJUDP�PRGHO� ��_� ÔÖÕÕÕ

× 1ZZ3 Ø

��

: KHQ� WKH� WUDQVLWLRQ� LV� EHWZHHQ� GLIIHUHQW� 1 ( V�� WKLV�
EHFRPHV� WKH� SURGXFW� RI� W\ SH� WUDQVLWLRQ� SUREDELOLW\ �

��_� ÙÙ ÚÚ ÛÛÛ
Ü 1Z13 DQG�ILUVW�ZRUG�JHQHUDWLRQ�SUREDELOLW\ �

��_� Ý

Þ

ßßß

à 11Z3 ��

) RU� DQ� DOLJQHG� 1 ( � SDLU ��� á¢âá¢â IH �� WKHLU� 1 ( � W\ SHV�

VKRXOG�EH�WKH�VDPH��6R�WKH�1 ( �WDJJLQJ�FRVW�LV�GHILQHG�DV�
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�������7KLV� FULWHULD� FKRRVHV� WKH� EHVW� 1 ( � W\ SH� 1 IURP�
3( 562 1 �� / 2 &$ 7,2 1 � DQG� 2 5* $ 1 ,=$ 7,2 1 � WKDW�
JHQHUDWHV�WKH�&KLQHVH�DQG� ( QJOLVK� 1 ( � ZRUG� VHTXHQFHV�
ZLWK� WKH� KLJKHVW� SUREDELOLWLHV�� ' XULQJ� SDUDPHWHU�
HVWLPDWLRQ�� WR� UHGXFH� QHJDWLYH� HIIHFW� IURP� HUURQHRXV�
LQLWLDO� WDJJLQJ�� WKH� FRUSXV� LV� VSOLW� LQWR� � � SDUWV�� DQG� WKH�
PRGHO�LV�WUDLQHG�IURP�RQH�KDOI�ZKHQ�DSSOLHG�RQ�WKH�RWKHU�
KDOI��
�
� �� �0 XOWL�) HDWXUH�&RVW�0 LQLP L] DWLRQ�

�
3URYLGHG�ZLWK�GLIIHUHQW�DOLJQPHQW�IHDWXUHV��LQFOXGLQJ�

WKH� WUDQVOLWHUDWLRQ� FRVW ê ë ì¢ívî ï ð ê& �� WKH� WUDQVODWLRQ� FRVW�

ñ ò ó¢ôvõ& DQG� WKH� WDJJLQJ� FRVW ö ÷éø& �� WKH� RYHUDOO� DOLJQPHQW�

FRVW� IRU� WKH� 1 ( � SDLU� ��� ù�úù�ú IH �LV� WKHLU� OLQHDU�

FRPELQDWLRQ��
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ZKHUH� WKH� WKUHH� O¶V� DUH� HLWKHU� HPSLULFDOO\ � FKRVHQ� WR�
GLVFULPLQDWH� FRUUHFW� DQG� LQFRUUHFW� 1 ( � DOLJQPHQWV� ZLWK�
EHVW� DFFXUDF\ �� RU� � VHOHFWHG� DFFRUGLQJ� WR� WKH�
TXDOLW\ �FRQILGHQFH�RI�HDFK�IHDWXUH�PRGHO��,Q�WKH�FXUUHQW�
LPSOHPHQWDWLRQ�� WKHVH� SDUDPHWHUV� DUH� VHOHFWHG� WR� PDS�
WKH�WKUHH�ZHLJKWHG�FRVWV�LQWR�WKH�VDPH�QXPHULFDO�UDQJH�

ZKLOH�SXWWLQJ�D�OLWWOH�OHVV�FRQILGHQFH�RQ� 	 
��& ��VLQFH�LW�LV�

WUDLQHG�IURP�LPSHUIHFW�WUDLQLQJ�GDWD���
) RU� DQ\ � ELOLQJXDO� VHQWHQFH� SDLU� FRQWDLQLQJ� PXOWLSOH�

1 ( V�� WKH� GHVLUDEOH� DOLJQPHQW� VFKHPH� VKRXOG� PLQLPL] H�
WKH� VXP� RI� WKH� RYHUDOO� DOLJQPHQW� FRVW�� � 7R� ILQG� WKLV�
RSWLPDO� DOLJQPHQW�� DQ� DOJRULWKP� VLPLODU� WR� WKH�
FRPSHWLWLYH�OLQNLQJ�DOJRULWKP�>� � @�LV�DGRSWHG��
� �� ,QLWLDOL] H� 1( �$OLJQHG� WR� EH� DQ� HPSW\ � VHW� DQG� 1( �

3DLUV� DV� WKH� OLVW� RI� DOO� SRVVLEOH� FRPELQDWLRQV� RI� D�
VRXUFH�ODQJXDJH�1 ( �DQG�D�WDUJHW�ODQJXDJH�1 ( �LQ�WKH�
JLYHQ�VHQWHQFH�SDLU��

� �� 6RUW�1( �3DLUV�LQ�DVFHQGLQJ�RUGHU�DFFRUGLQJ�WR�WKHLU�
RYHUDOO�DOLJQPHQW�FRVW�GHILQHG�LQ�) RUPXOD��� � � ��

� �� 0 RYH�WKH�WRSPRVW�SDLU� ��� ��
��
 IH �� L�H��WKH�SDLU�ZLWK�

WKH� VPDOOHVW� DOLJQPHQW� FRVW� IURP� 1( �3DLUV� WR� 1( �
$OLJQHG��

� �� 5HPRYH� DOO� HQWULHV� FRQWDLQLQJ� HLWKHU� ���H RU� ���I IURP�

1( �3DLUV�� ZLWK� WKH� DVVXPSWLRQ� WKDW� RQFH� D� &KLQHVH�
1 ( �LV�DOLJQHG�ZLWK�DQ�( QJOLVK�1 ( ��LW�FDQ¶W�EH�DOLJQHG�
ZLWK� DQ\ � RWKHU� ( QJOLVK� 1 ( �� 7KH� VDPH� LV� WUXH� IRU�
( QJOLVK�1 ( V��

� �� 5HSHDW� IURP� 6WHS� � � XQWLO� 1( �3DLUV� LV� HPSW\ � RU� WKH�
WRS�DOLJQPHQW�FRVW�LV�DERYH�D�FHUWDLQ�WKUHVKROG��7KH�
UHVXOWDQW� 1( �$OLJQHG� OHDGV� WR� WKH� ³RSWLPDÓ�
DOLJQPHQW��
1 RWH�WKDW�WKLV�DOJRULWKP�LV�EDVHG�RQ�D�JUHHG\ �VHDUFK�

DSSUR[ LPDWLRQ�� L�H��� LW� RQO\ � FKRRVHV� WKH� ORFDO� RSWLPDO�
DOLJQPHQW² WKH� FXUUHQWO\ � PLQLPXP� FRVW� DOLJQPHQW� SDLU�
DPRQJ� XQDOLJQHG� SDLUV² DW� HDFK� VWHS�� LW� FDQQRW�
JXDUDQWHH�WKH�JOREDO�RSWLPDOLW\ ��%XW�HPSLULFDOO\ �LW�RIWHQ�
ILQGV�WKH�DOLJQPHQW�ZLWK�PLQLPXP�RU�FORVH�WR�PLQLPXP�
VHQWHQFH�DOLJQPHQW�FRVW��

�
� �� �2 SHQ�( QG�1 ( �$ OLJQP HQW�

�
: KHQ� DSSO\ LQJ� H[ WUDFWHG� 1 ( � HTXLYDOHQFHV� WR� WKH�

VWDWLVWLFDO�PDFKLQH�WUDQVODWLRQ�WDVN��VHH�VHFWLRQ�� �� � ��WKH�
WUDQVODWLRQ� VFRUH� LV� LPSURYHG�� ' HWDLOHG� DQDO\ VLV� VKRZV�
WKDW�LQLWLDO�WDJJLQJ�HUURUV�VWLOO�FDXVH�PDQ\ �SUREOHPV� IRU�
1 ( � WUDQVODWLRQ�� 6RPH� 1 ( V� LQ� WKH� WHVW� GDWD� DUH� QRW�
WUDQVODWHG�FRUUHFWO\ �EHFDXVH�WKH\ �DUH�XQWDJJHG��SDUWLDOO\ �
WDJJHG� RU� WDJJHG� ZLWK� RWKHU� ZRUGV� DV� RQH� 1 ( � LQ� WKH�
WUDLQLQJ�FRUSXV��) RU�H[ DPSOH���

������������� `� � ���! #"$�$%�&�"(')%*����� �
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VKRXOG�EH�WDJJHG�DV�
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���! #"$�$%�&�"(')%*����� � � `�
7R�UHFRYHU�IURP�WKRVH�SDUWLDO�WDJJLQJ�HUURUV��DQ�RSHQ�

HQG� 1 ( � DOLJQPHQW� ZLQGRZ� LV� XWLOL] HG�� 7KH� ZLQGRZ� LV�
LQLWLDOO\ �VHW�WR� ILW�WKH�RULJLQDOO\ �WDJJHG�1 ( V��DIWHUZDUGV�
ERWK� HQGV� RI� WKH� ZLQGRZ� DUH� DOORZHG� WR� H[ SDQG� DQG�
VKULQN�ZLWKLQ�D�JLYHQ�UDQJH��$ V�D�UHVXOW��RSWLPDO�DOLJQHG�
1 ( V� DUH� VHDUFKHG� IURP� DOO� ZRUG� VHTXHQFHV� ZLWKLQ� WKH�
UHVXOWDQW�YDULDEOH�OHQJWK�VOLGLQJ�ZLQGRZ���
�
� ��( [ SHULP HQW�5 HVXOW�DQG�' LVFXVVLRQ�

�
� �� �1 DP HG�( QWLW\ �7UDQVOLWHUDWLRQ��

�
7KUHH� VHWV� RI� H[ SHULPHQWV� DUH� FRQGXFWHG�� 7KH� ILUVW�

RQH�LV�WR�HYDOXDWH�WKH�SURSRVHG�LWHUDWLYH�WUDLQLQJ�IRU�WKH�
1 ( �WUDQVOLWHUDWLRQ�PRGHO�E\ �H[ DPLQLQJ�WKH�DFFXUDF\ �RI�
WKH� H[ WUDFWHG� 1 ( � OLVWV�� 7KH� VHFRQG� LV� WR� PHDVXUH� WKH�
SUHFLVLRQ�UHFDOO�RI�1 ( �SDLU�H[ WUDFWHG� IURP�D�VPDOO�GDWD�
VHW�� DQG� WKH� WKLUG� LV� WR� DVVHVV� WKH� LQFUHDVHG� WUDQVODWLRQ�
TXDOLW\ � E\ � DGGLQJ� WKH� 1 ( � ELOLQJXDO� GLFWLRQDU\ �� 7KH�



ELOLQJXDO� GLFWLRQDU\ � XVHG� WR� WUDLQ� WKH� WUDQVOLWHUDWLRQ�
PRGHO� LV� WKH� &KLQHVH�( QJOLVK� GLFWLRQDU\ � YHUVLRQ� � �� �
UHOHDVHG�E\ �WKH�/ LQJXLVWLF�' DWD�&RQVRUWLXP��/ ' &���7KLV�
GLFWLRQDU\ � FRQWDLQV� � � �� � � � HQWULHV� IRU� � � �� � � � XQLTXH�
&KLQHVH�ZRUGV���

,QLWLDOO\ �ZH�H[ WUDFWHG�� �� � � �1 ( �SDLUV�ZLWK�PLQLPXP�
VWULQJ�PDWFKLQJ�FRVW�XQGHU�D�� �� �FRVW�IXQFWLRQ��) URP�WKLV�
VPDOO� QDPH� OLVW�� WKH� OHWWHU� WUDQVOLWHUDWLRQ� PRGHO� DQG�
&KLQHVH� FKDUDFWHU� ODQJXDJH� PRGHO� DUH� WUDLQHG� DQG�
LQWHJUDWHG� LQWR� WKH� VWDWLVWLFDO� WUDQVOLWHUDWLRQ� IUDPHZRUN��
,Q� WKH� IROORZLQJ� H[ WUDFWLRQ� LWHUDWLRQ�� DGGLWLRQDO� � � � �
QDPHG�HQWLW\ �SDLUV�ZLWK�KLJKHU�1 ( �MRLQW�SUREDELOLWLHV�DUH�
DGGHG�DQG�XVHG�WR�XSGDWH�WKH�WUDQVOLWHUDWLRQ�PRGHO�DQG�
WKH�ODQJXDJH�PRGHO��7KLV�SURFHVV�FRQWLQXHV�XQWLO�DGGLQJ�
PRUH�1 ( �SDLUV�GRHVQ¶W�LPSURYH�WKH�H[ WUDFWLRQ�DFFXUDF\ �
DQ\ � PRUH�� ZKLFK� XVXDOO\ � KDSSHQV� DW� WKH� � 0 1 � LWHUDWLRQ�
ZKHUH�D�WRWDO�RI�� �� � � a� �� � � �1 ( �HQWULHV�DUH�LQFOXGHG���
���%HFDXVH�1 ( �SDLUV�DUH�VRUWHG�GHVFHQGLQJO\ �DFFRUGLQJ�WR�
WKHLU�MRLQW�SUREDELOLWLHV��HQWULHV�DW�WKH�WRS�RI� WKH� VRUWHG�
OLVW� DUH� PRUH� OLNHO\ � WR� EH� 1 ( � SDLUV� WKDQ� WKRVH� DW� WKH�
ERWWRP�� 7R� HVWLPDWH� WKH� RYHUDOO� DFFXUDF\ � IRU� DOO�
H[ WUDFWHG� 1 ( V�� ZH� HYDOXDWH� WKH� ³ORFDÓ� DFFXUDF\ � RI�
HYHQO\ �GLVWULEXWHG�VHJPHQWV�LQ�WKH�VRUWHG�1 ( �SDLU�OLVW��,Q�
RWKHU�ZRUG�ZH�FRXQW�WKH�QXPEHU�RI�FRUUHFW�1 ( �SDLUV�IRU�
HDFK� VHJPHQW� ORFDWHG� DW� WKH� � �� � � 0 1 �� � � � 0 1 � � � � � 0 1 ��
� � � � 0 1 ±� � � � 0 1 1 ( �SDLU��HWF���7KH�SUHFLVLRQ�HYDOXDWHG�RQ�
WKHVH� VXE�VDPSOHV� LV� XVHG� WR� HVWLPDWH� WKH� RYHUDOO�
DFFXUDF\ ��

) LJXUH� � � VKRZV� WKH� SUHFLVLRQ� FXUYH� DIWHU� VHOHFWHG�
LWHUDWLRQV� DW� GLIIHUHQW� HYDOXDWLRQ� VHJPHQWV�� � ³ � �� �
EDVHOLQH́ �UHSUHVHQWV�WKH�UHVXOW�ZKHQ�XVLQJ�RQO\ �' 3�VWULQJ�
PDWFKLQJ� ZLWK� WKH� � �� � FRVW� IXQFWLRQ�� ³ ,WH[ ´ � PHDQV� WKH�
UHVXOW�DIWHU�WKH� [ WK�LWHUDWLRQ��2 QH�FDQ�VHH�WKDW� IRU�ZHOO�
WUDLQHG�PRGHOV��DIWHU�WKH�� 0 1 �LWHUDWLRQ��WKH�DFFXUDF\ �RI�WKH�
HYDOXDWLRQ� VHJPHQW� DW� � � � � 0 1 � MXVW� VOLJKWO\ � GHJUDGHV�
FRPSDUHG�ZLWK�WKRVH�WRS�VHJPHQWV��7KH�SUHFLVLRQV�RI�DOO�
WKH� VHJPHQWV� DUH� FRQVLVWHQWO\ � LQFUHDVHG� DIWHU� HDFK�
LWHUDWLRQ��2 QH�FDQ�VHH�WKDW�WKH�PRVW�VLJQLILFDQW�DFFXUDF\ �
GHJUDGDWLRQ� KDSSHQV� DW� WKH� � � � � 0 1 � VHJPHQW�� 7KLV�
LQGLFDWHV� WKDW� PRVW� 1 ( � SDLUV� LQ� WKH� GLFWLRQDU\ � KDYH�
DOUHDG\ �EHHQ�LQFOXGHG��DQG�DGGLQJ�PRUH�QRQ�1 ( �HQWULHV�
ZLOO� ³SROOXWH́ � WKH� WUDQVOLWHUDWLRQ� PRGHO�� WKXV� WKH�
SHUIRUPDQFH�FDQ�EHFRPH�HYHQ�ZRUVH��
�
� �� � ( [ WUDFWLQJ� 1 DP HG� ( QWLW\ � 7UDQVOLQJXDO�
( TXLYDOHQFH�

�
7KH� ELOLQJXDO� FRUSXV� FRQWDLQV� VHQWHQFH�DOLJQHG�

QHZVZLUH� GDWD� IURP� WKH� ; LQKXD� 1 HZV� $ JHQF\ � DQG� WKH�
) RUHLJQ� %URDGFDVW� ,QIRUPDWLRQ� 6HUYLFH� �) %,6��� 6RPH�
ELOLQJXDO�VHQWHQFH�SDLUV�DUH�DXWRPDWLFDOO\ �H[ WUDFWHG�DQG�
DOLJQHG�� WKHUHIRUH� WKHUH� H[ LVW� HUURUV� LQ� ERWK� DOLJQPHQW�
DQG� WUDQVODWLRQ�� 7KH� &KLQHVH� VHQWHQFHV� DUH� SUH�
VHJPHQWHG�XVLQJ�D�PD[ LPXP�PDWFKLQJ�VHJPHQWHU�ZLWK�D�

� � . �ZRUGOLVW��7RWDOO\ �WKHUH�DUH� � � � �� � � �VHQWHQFH�SDLUV��
DERXW� � �PLOOLRQ� ( QJOLVK�ZRUGV�DQG� � �� �PLOOLRQ�&KLQHVH�
ZRUGV�� 1 DPHG� HQWLWLHV� LQ� WKH� ELOLQJXDO� FRUSXV� DUH� ILUVW�
DQQRWDWHG� XVLQJ� %%1 ¶V� ,GHQWL) LQGHUŒ�� WKHQ� DOLJQHG�
DFFRUGLQJ� WR� WKH� PXOWL�IHDWXUH� FRVW� PLQLPL] DWLRQ�
IUDPHZRUN��

) RU�WKH�SXUSRVH�RI�HYDOXDWLRQ��D�VPDOO�VHW�RI�WHVW��GDWD�
LV�UDQGRPO\ �VHOHFWHG��ZKLFK�FRQWDLQV�� � � �VHQWHQFH�SDLUV��
� � � � � &KLQHVH� ZRUGV� DQG� � � � � � ( QJOLVK� ZRUGV�� 7KH�
QXPEHU� RI� QDPHG� HQWLW\ � SDLUV� ZKLFK� FDQ� EH� DOLJQHG� LV�
� � � �� 7KHVH� QDPHG� HQWLWLHV� DUH� PDQXDOO\ � DQQRWDWHG� DQG�
DOLJQHG�� DQG� XVHG� DV� WKH� JROG� VWDQGDUG� WR� HYDOXDWH� WKH�
DXWRPDWLFDOO\ �H[ WUDFWHG�DQG�DOLJQHG�1 ( �SDLUV���

7DEOH� � � VKRZV� WKH� SUHFLVLRQ�UHFDOO�) �VFRUH� XVLQJ�
GLIIHUHQW� IHDWXUH� VHWV� IRU� FRVW� PLQLPL] DWLRQ�� ³ 2 3 4�5�6& ´ �

PHDQV� XVLQJ� ZRUG�OHYHO� WUDQVODWLRQ� FRVW� RQO\ �� ³ � 7 8�9& ´ �

PHDQV� DGGLQJ� 1 ( � WDJJLQJ� FRVW�� ³ � : ; <�=�> ? @ :& ´ � PHDQV�

DGGLQJ�1 ( �WUDQVOLWHUDWLRQ�FRVW�LQWR�WKH�SUHYLRXV� IHDWXUH�
VHW��,W�FDQ�EH�VHHQ�WKDW�E\ �DGGLQJ�PRUH�LQIRUPDWLRQ��ERWK�
SUHFLVLRQ� DQG� UHFDOO� DUH� LPSURYHG�� 7DJJLQJ� FRVW� DQG�
WUDQVOLWHUDWLRQ� FRVW� LQGLYLGXDOO\ � OHDG� WR� DERXW� � � �
LQFUHDVH�LQ�) �VFRUH�DQG�WKH�RYHUDOO�LPSURYHPHQW�LV�DERXW�
� �� � ��7KH�ODVW�URZ�VKRZV�WKH�1 ( �DOLJQPHQW�DFFXUDF\ �RQ�
PDQXDOO\ � DQQRWDWHG� WHVW� GDWD�� ZKHUH� DOO� WDJJLQJ� HUURUV�
KDYH�EHHQ�FRUUHFWHG��7KH�VLJQLILFDQW�LPSURYHPHQW�LQ�) �
VFRUH� �� � �� � � WR� � � �� � � � LQGLFDWHV� WKDW� LQLWLDO� WDJJLQJ�
HUURUV�UHPDLQ�WKH�PDMRU�FDXVH�RI�DOLJQPHQW�HUURUV��

) LJXUH� � � GHPRQVWUDWHV� VRPH� H[ DPSOHV� RI� H[ WUDFWHG�
1 ( � WUDQVODWLRQ� HTXLYDOHQFHV� IURP� WKH� JLYHQ� VHQWHQFH�
SDLUV�� ZKHQ� DSSO\ LQJ� YDULRXV� PRGHOV�� ,Q� HDFK� H[ DPSOH�
1 ( �SDLUV�ZLWK�WKH�VDPH�QXPEHU�ODEHO��H�J���&� �DQG�( � � �
DUH� FRQVLGHUHG� FRUUHFW� DOLJQPHQW�� 2 QH� FDQ� VHH� IURP�
H[ DPSOH� � � WKDW� WKH� SURSRVHG� DOLJQPHQW� VWUDWHJ\ � FDQ�
FRUUHFWO\ �DOLJQ�PRVW�1 ( �SDLUV��HYHQ�ZLWK�1 ( �WUDQVODWLRQ�
FRVW� RQO\ �� 7KRVH� LQFRUUHFW� DOLJQPHQWV�� PDUNHG� E\ � � 
 � ��
DUH� FDXVHG� HLWKHU� E\ � PLVVHG� 1 ( � WDJJLQJ� RU� QRQ�H[ DFW�
WUDQVODWLRQV�� : KHQ� DGGLQJ� WDJJLQJ� FRVW�� VRPH� PLVVHG�
1 ( V� FRXOG� EH� UHFRYHUHG� DQG� FRUUHFWO\ � DOLJQHG� �6HH�
H[ DPSOH� � � �� ( [ DPSOH� � � VKRZV� WKDW� WKH� WUDQVOLWHUDWLRQ�
PRGHO�ZRUNV�EHVW�IRU�1 ( V�FRQWDLQLQJ�SHRSOH¶V�QDPH���
�
� �� �,P SURYLQJ�7UDQVODWLRQ�4 XDOLW\ �ZLWK�1 DP HG�
( QWLW\ �' LFWLRQDU\ �

�
$ �1 ( �WUDQVODWLRQ�GLFWLRQDU\ �FDQ�EH�FRQVWUXFWHG�IURP�

H[ WUDFWHG� 1 ( � HTXLYDOHQFHV�� ,Q� WKH� GLFWLRQDU\ � RQH�
&KLQHVH�1 ( �PD\ �KDYH�PXOWLSOH�( QJOLVK�WUDQVODWLRQV�ZLWK�
GLIIHUHQW� SUREDELOLWLHV�� 7KHVH� SUREDELOLWLHV� DUH�
SURSRUWLRQDO� WR� WKH� IUHTXHQFLHV� RI� WKH� 1 ( � DOLJQPHQWV��
7KLV� GLFWLRQDU\ � LV� LQWHJUDWHG� LQWR� D� VWDWLVWLFDO� PDFKLQH�
WUDQVODWLRQ� �60 7�� HQJLQH� DQG� HYDOXDWHG� RQ� &KLQHVH�
( QJOLVK�QHZVZLUH�WUDQVODWLRQ��



7KH� 60 7� V\ VWHP� LV� EDVHG� RQ� ZHLJKWHG� ILQLWH� VWDWH�
WUDQVGXFHUV�>� � @��ZKHUH�HDFK�WUDQVGXFHU�LV�D�FROOHFWLRQ�RI�
ELOLQJXDO�HTXLYDOHQFH�IRU�ZRUGV��SKUDVHV�RU�1 ( V��,Q�RXU�
H[ SHULPHQW�� WKUHH� WUDQVGXFHUV� DUH� LQWHJUDWHG� LQWR� WKH�
WUDQVODWLRQ�HQJLQH��

x� $ �ZRUG�OHYHO�WUDQVGXFHU��ZKLFK�LV� HVVHQWLDOO\ � IURP�
WKH� / ' &� &KLQHVH�( QJOLVK� GLFWLRQDULHV� �VHH� 6HFWLRQ�
� �� � �� 6LQFH� PDQ\ � HQWULHV� LQ� WKLV� GLFWLRQDU\ � DUH�
PDQXDOO\ � FRPSLOHG�� WKLV� GLFWLRQDU\ � KDV� YHU\ � KLJK�
DFFXUDF\ ��,W�LV�FDOOHG�³/ ' &´ �LQ�WDEOH�� ��

x� $ � SKUDVH�WR�SKUDVH� WUDQVGXFHUV� ZKHUH� WKH� SKUDVH�
SDLUV� DUH� H[ WUDFWHG� IURP� WKH� +0 0 � 9 LWHUEL�
DOLJQPHQW�>� @�IRU�HDFK�VHQWHQFH�SDLU�LQ�WKH�ELOLQJXDO�
FRUSXV��,W�LV�FDOOHG�³+0 0 ´ �LQ�WDEOH�� ��

x� $ �1 ( �WUDQVGXFHU�IURP�WKH�1 ( �WUDQVODWLRQ�GLFWLRQDU\ ��
WKH�³1 ( ´ �LQ�WDEOH�� ���

7KH�HYDOXDWLRQ�GDWD�LV�WKH�VDPH�QHZVZLUH�GDWD�XVHG�LQ�
7,' ( 6� � � � � � GU\ �UXQ� HYDOXDWLRQ�� ,W� FRQWDLQV� � � � �
VHQWHQFHV�� � � �� � � � ZRUGV�� ) URP� WKLV� GDWD� VHW� WKH�
,GHQWL) LQGHUŒ� H[ WUDFWHG� � �� � � � 1 ( V� ZLWK� WRWDOO\ � � �� � � �
ZRUGV��( YDOXDWLRQ�PHWULFV�DUH�IXOO\ �DXWRPDWLF��LQFOXGLQJ�
%OHX�DQG�1 ,67� �VFRUHV��7DEOH�� �VKRZV�WKH�LPSURYHPHQW�
RQ� WUDQVODWLRQ� VFRUH� DIWHU� DGGLQJ� WKH� 1 ( � WUDQVGXFHU� WR�
YDULRXV� WUDQVGXFHU� VHWWLQJV�� ) URP� WKH� WDEOH� ZH� FDQ� VHH�
WKDW� WKH� 1 ( � WUDQVGXFHU� JLYHV� VWDWLVWLFDOO\ � VLJQLILFDQW�
LPSURYHPHQW�LQ�DOO�WKH�VHWWLQJV��DOWKRXJK�WKH�DPRXQW�RI�
LPSURYHPHQW�YDULHV� IURP� � �� � �WR� � �� � �� 7KLV�LV�EHFDXVH�
WKHUH�DUH�VRPH�RYHUODSV�EHWZHHQ�WKH�1 ( �WUDQVGXFHU�DQG�
WKH�+0 0 �SKUDVH�WUDQVGXFHU��
�
� ��&RQFOXVLRQ��
�
����: H�SURSRVHG�DQ�DSSURDFK�WR�WKH�DXWRPDWLF�H[ WUDFWLRQ�
RI�QDPHG�HQWLW\ �WUDQVODWLRQ�HTXLYDOHQFH� IURP� D� SDUDOOHO�
&KLQHVH�( QJOLVK� FRUSXV� EDVHG� RQ� PXOWL�IHDWXUH� FRVW�
PLQLPL] DWLRQ�� : H� SUHVHQWHG� D� QDPHG� HQWLW\ �
WUDQVOLWHUDWLRQ� PRGHO� DQG� LWHUDWLYHO\ � H[ WUDFWHG� QDPHG�
HQWLWLHV� IURP� D� ELOLQJXDO� GLFWLRQDU\ � WR� WUDLQ� WKH� PRGHO��
7KH� 1 ( � WUDQVOLWHUDWLRQ� FRVW�� WKH� 1 ( � WDJJLQJ� FRVW� DQG�
ZRUG�EDVHG� WUDQVODWLRQ� FRVW� FRQVWLWXWH� WKH� PXOWL�IHDWXUH�
DOLJQPHQW�FRVW��7KHVH�IHDWXUHV�DUH�GHULYHG�IURP�VHYHUDO�
LQIRUPDWLRQ� VRXUFHV� XVLQJ� XQVXSHUYLVHG� DQG� SDUWO\ �
VXSHUYLVHG� PHWKRGV�� � ( [ SHULPHQWV� VKRZHG� WKDW� WKH�
SURSRVHG� DSSURDFK� FDQ� H[ WUDFW� 1 ( � WUDQVOLQJXDO�
HTXLYDOHQFH� ZLWK� � � � � LQ� WHUPV� RI� ) �VFRUH� DQG�
VLJQLILFDQWO\ �LPSURYHG�WKH�WUDQVODWLRQ�VFRUH�IURP�� �� � �WR�
� �� � ��
�
� ��$ FNQRZOHGJHP HQW�
����
����: H�FRUGLDOO\ �WKDQN�WKH�DQRQ\ PRXV�UHYLHZHUV�IRU�WKHLU�
YDOXDEOH�FRPPHQWV�DQG�VXJJHVWLRQV�LQ�RUGHU�WR�SUHSDUH�
WKH�ILQDO�YHUVLRQ�RI�WKLV�SDSHU�� : H�DOVR�WKDQN�%%1 � IRU�

SURYLGLQJ� XV� ZLWK� WKHLU� QDPHG� HQWLW\ � WDJJLQJ� VRIWZDUH�
,GHQWL) LQGHUŒ��

�
7DEOH�� ��3UHFLVLRQ�5 HFDOO�RI�( [ WUDFWHG�1 ( �

7UDQVOLQJXDO�( TXLYDOHQFH�
�

� 3UHFLVLRQ� 5 HFDOO� ) �VFRUH�
A B C�DFE& � � � �� � � � � �� � � � � �� � �

� G H�I& � � � �� � � � � �� � � � � �� � �

� J K L�MFNPO Q J& � � � �� � � � � �� � � � � �� � �

0 DQXDO�
$ QQRWDWLRQ�

� � �� � � � � �� � � � � �� � �

�
7DEOH�� ��7UDQVODWLRQ�4 XDOLW\ �,P SURYHP HQW�E\ �

$ GGLQJ�1 ( �' LFWLRQDULHV�
�

� %OHX�
6FRUH�

1 ,67� �
6FRUH�

W�WHVW�
VWDWLVWLFV�

/ ' &� � �� � � � � �� � � �
/ ' &� 1 ( �� � �� � � � � �� � � �

W � �� � � �
S � �� � � �

/ ' &� + 0 0 � � �� � � � � �� � � �
/ ' &� + 0 0 � 1 ( � � �� � � � � �� � � �

W � �� � � �
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�
� ��5 HIHUHQFHV�
�
>� @��' ��$ SSHOW��-��+REEV��' ��,VUDHO��DQG�0 ��7\ VRQ��) DVWXV��
$ � ILQLWH�VWDWH�SURFHVVRU� IRU�LQIRUPDWLRQ�H[ WUDFWLRQ� IURP�
UHDO�ZRUOG�WH[ WV�� ,Q�3URFHHGLQJV�RI� ,-&$,� � � ��SS�� � � � �
� � � � ��&KDPEHU\ ��) UDQFH��� � � � ��
>� @��' ��%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�' &��� � � � ��
>� @�. ��. QLJKW�DQG�-��* UDHKO��0 DFKLQH�7UDQVOLWHUDWLRQ��,Q�
3URFHHGLQJV� RI� WKH� $&/ � ¶� � �� SS�� � � �� � � �� 6RPHUVHW��
1 HZ�-HUVH\ ��� � � � ���
>� @� < �� $ O�2 QDL] DQ� DQG� . �� . QLJKW�� 7UDQVODWLQJ� 1 DPHG�
( QWLW\ � 8 VLQJ� %LOLQJXDO� DQG� 0 RQROLQJXDO� 5HVRXUFHV�� LQ�
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