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7UDQVOLQJXDO� HTXLYDOHQFH� UHIHUV� WR� VHPDQWLFDOO\� HTXLYDOHQW� H[SUHVVLRQV� IURP� GLIIHUHQW�
ODQJXDJHV��,GHQWLI\LQJ�WUDQVOLQJXDO�HTXLYDOHQFH�RI�QDPHG�HQWLWLHV��1(���LQFOXGLQJ�QDPHG�
SHUVRQV�� ORFDWLRQV� DQG� RUJDQL]DWLRQV�� LV� ERWK� VHPDQWLFDOO\� LPSRUWDQW� DQG� WHFKQLFDOO\�
FKDOOHQJLQJ�� 7KH� UHDVRQ� LV� WKDW� 1(� WUDQVODWLRQ� LQYROYHV� ERWK� VHPDQWLF� WUDQVODWLRQ� DQG�
SKRQHWLF�WUDQVOLWHUDWLRQ��DQG�WKH�IUHTXHQW�RFFXUUHQFH�RI�2XW�2I�9RFDEXODU\�ZRUGV � �LQ�1(V�
IXUWKHU� FRPSOLFDWHV� WKH� PDWWHU�� 6RPH� DSSURDFKHV� WR� QDPHG� HQWLW\� WUDQVODWLRQ�� VXFK� DV�
ELOLQJXDO� GLFWLRQDU\� ORRNXS�� ZRUG�FKDUDFWHU� VHPDQWLF� WUDQVODWLRQ� RU� SKRQHWLF�
WUDQVOLWHUDWLRQ��KDYH�EHHQ�H[SORUHG�LQ�WKH�SDVW�IHZ�\HDUV�>.QLJKW�HW�DO��������0HQJ�HW�DO��
������ $O�2QDL]DQ� HW� DO�� ������ +XDQJ� HW� DO�� ����@�� +RZHYHU�� FKDOOHQJHV� DUH� DOVR�
HQFRXQWHUHG�LQ�WKHVH�DSSURDFKHV��3UHFRPSLOHG�ELOLQJXDO�1(�OLVWV��DOWKRXJK�VKRZLQJ�KLJK�
WUDQVODWLRQ� SUHFLVLRQ�� VXIIHU� RIWHQ� IURP� ORZ� FRYHUDJH� IRU� QHZ� GRFXPHQWV�� DQG�
ZRUG�FKDUDFWHU�EDVHG� WUDQVODWLRQ�RU� WUDQVOLWHUDWLRQ�VRPHWLPHV�IDLOV� WR� OHDG� WR�VDWLVIDFWRU\�
TXDOLW\��GXH�WR�WKH�ODFN�RI�FRQWH[WXDO�LQIRUPDWLRQ��)RU�LQVWDQFH��³ � � �)HQJOLQJGX´��D�
&KLQHVH� ORFDWLRQ� QDPH�� FDQQRW� EH� IRXQG� LQ� D� GLFWLRQDU\� ZLWK� ��N� HQWULHV� SURYLGHG� E\�
/'&��DQG�LW�LV�DOVR�LQDSSURSULDWH�WR�DGRSW�WKH�FKDUDFWHU�E\�FKDUDFWHU�VHPDQWLF�WUDQVODWLRQ��
ZKLFK�ZRXOG�EH�³ZLQG�WRPE�FURVV´���
����2QH�SRVVLEOH� VROXWLRQ� LV� WR� DXWRPDWLFDOO\� H[WUDFW� DQG� DOLJQ�QDPHG�HQWLW\� WUDQVOLQJXDO�
HTXLYDOHQFHV� IURP� D� SDUDOOHO� FRUSXV�� ZKHUH� QDPHG� HQWLWLHV� KDYH� EHHQ� PDQXDOO\� RU�
DXWRPDWLFDOO\� DQQRWDWHG� >+XDQJ� HW� DO�� ����@�� 7KLV� 1(� DOLJQPHQW� VWUDWHJ\� LQFRUSRUDWHV�
PXOWLSOH� IHDWXUHV�� VXFK� DV� WUDQVOLWHUDWLRQ�� WUDQVODWLRQ� DQG� WDJJLQJ� IHDWXUHV�� DFKLHYLQJ�
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)VFRUH�RI�����RQ�DQ� DXWRPDWLFDOO\�WDJJHG�DQG�����RQ�D�PDQXDOO\�DQQRWDWHG�&KLQHVH�
(QJOLVK��&�(��FRUSXV��+RZHYHU��IRU�WKH�ODQJXDJH�SDLU�+LQGL�(QJOLVK��+�(���WKLV�DSSURDFK�
FDQQRW�EH�DSSOLHG�GLUHFWO\��DV�QHLWKHU�DQ�+�(�WUDQVODWLRQ� OH[LFRQ�QRU�D�+LQGL�1(�WDJJHU�
ZDV�DYDLODEOH��
����$� VHFRQG� SRVVLELOLW\� LV� WR� DXWRPDWLFDOO\� WDJ� 1(V� RQ� WKH� (QJOLVK� VLGH�� DQG� WR� XVH�
VWDQGDUG� ZRUG� DOLJQPHQW� PRGHOV� >%URZQ� HW� DO�����@� WR� SURMHFW� 1(V� IURP� (QJOLVK� WR�
+LQGL��+RZHYHU��QRW�RQO\�GRHV�WKLV�GLUHFWO\�UHO\�RQ�WKH�TXDOLW\�RI�WKH�ZRUG�DOLJQPHQW��EXW�
PRUH�LPSRUWDQWO\��LQ�WKH�FRQWH[W�RI�PDFKLQH�WUDQVODWLRQ��WKLV�JLYHV�QR�DGGLWLRQDO�RU�PRUH�
UHOLDEOH�LQIRUPDWLRQ�RYHU�XVLQJ�MXVW�SKUDVH�WR�SKUDVH�WUDQVODWLRQ�SDLUV�H[WUDFWHG�IURP�WKH�
ELOLQJXDO�FRUSXV�>9RJHO�HW�DO������@��
����&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�
WUDGLWLRQDO�SKRQHPH�WUDQVOLWHUDWLRQ�PHWKRG��VXUIDFH�VWULQJ�WUDQVOLWHUDWLRQ�GRHV�QRW�UHTXLUH�
D�SURQXQFLDWLRQ�OH[LFRQ��ZKLFK�LV�DQ�DGYDQWDJH�HVSHFLDOO\�IRU�UDUH�QDPHV��)RU�QRQ�/DWLQ�
ODQJXDJHV� OLNH� &KLQHVH� DQG� +LQGL�� LQGLUHFW� VXUIDFH� VWULQJ� WUDQVOLWHUDWLRQ� LV� IHDVLEOH�
WKURXJK�URPDQL]DWLRQ�SURFHVV�ZKLFK�PDSV�HDFK�FKDUDFWHU�LQWR�/DWLQ�OHWWHU�V��ZLWK�VLPLODU�
SURQXQFLDWLRQ��)RU�H[DPSOH��+LQGL�ZRUG� �LV�5RPDQL]HG�DV�³NDODNDWWDD´��ZKLFK�LV�
WKH� WUDQVODWLRQ� RI� ³&DOFXWWD´�� ,Q� WKLV� DUWLFOH�� ZH�ZLOO� SURSRVH� DQ� DXWRPDWLF� DSSURDFK� WR�
OHDUQ�WKH�WUDQVOLWHUDWLRQ�PRGHO�EHWZHHQ�5RPDQL]HG�+LQGL�DQG�(QJOLVK�OHWWHUV��DQG�DSSO\�
WKLV� PRGHO� WR� H[WUDFW� +�(�1(� SDLUV� IURP� SDUDOOHO� FRUSRUD� EDVHG� RQ� WKHLU� ZULWWHQ� IRUP�
VLPLODULWLHV��ZLWKRXW�WKH�QHHG�RI�D�+LQGL�1(�WDJJHU�RU�+�(�WUDQVODWLRQ�GLFWLRQDU\��7KH�+�(�
WUDQVOLWHUDWLRQ�PRGHO�FDQ�HLWKHU�EH� OHDUQHG�GLUHFWO\� IURP� WKH�SDUDOOHO�FRUSXV��RU�DGDSWHG�
IURP�DQ�DOUHDG\�OHDUQHG�&�(�PRGHO��%HFDXVH�RI�WKH�QRLVH�LQ�WKH�+�(�SDUDOOHO�FRUSXV�DQG�
WKH� KLJK� TXDOLW\� &�(� DOLJQPHQW� PRGHO� EDVHOLQH�� WKH� DGDSWHG� PRGHO� RXWSHUIRUPV� WKH�
GLUHFWO\�OHDUQHG�PRGHO��DV�GHPRQVWUDWHG�E\�H[SHULPHQWV�LQ�6HFWLRQ����
����7KLV� DUWLFOH� LV� VWUXFWXUHG� DV� IROORZV�� LQ� 6HFWLRQ� �� ZH� GHVFULEH� WKH� &�(� 1(�
WUDQVOLWHUDWLRQ� PRGHO�� LQ� 6HFWLRQ� �� ZH� GHPRQVWUDWH� KRZ� WR� LWHUDWLYHO\� DGDSW� WKH�
WUDQVOLWHUDWLRQ� PRGHO� DQG� H[WUDFW� +�(� 1(� WUDQVODWLRQ�� LQ� 6HFWLRQ� �� ZH� SUHVHQW� VRPH�
H[SHULPHQW�UHVXOWV��&RQFOXVLRQV�ZLOO�EH�JLYHQ�LQ�WKH�ODVW�VHFWLRQ��
�
�����1$0('�(17,7<�75$16/,7(5$7,21�02'(/��
$V�PHQWLRQHG� DERYH�� URPDQL]DWLRQ� LV� UHTXLUHG� IRU� ERWK�+LQGL� DQG�&KLQHVH�� 3LQ\LQ�� WKH�
5RPDQL]HG� IRUP� RI� &KLQHVH� FKDUDFWHUV�� SURYLGHV� D� PXFK� VPDOOHU� DOSKDEHW� VL]H� ZKLFK�
DOOHYLDWHV� WKH� GDWD� VSDUVHQHVV�� DQG� WKH� VLPLODU� DOSKDEHW� VKDUHG� E\� SLQ\LQ� DQG� (QJOLVK�
OHWWHUV�HQDEOHV�WKH�G\QDPLF�SURJUDPPLQJ��'3��EDVHG�VWULQJ�PDWFKLQJ��

$� ELOLQJXDO� WUDQVOLWHUDWHG� QDPH� OLVW� LV� XVXDOO\� UHTXLUHG� WR� WUDLQ� D� PRGHO� WKDW� PDSV�
SLQ\LQ� V\OODEOHV� WR� (QJOLVK� VWULQJ� �H�J��� ³ �VD� �OD� �UH� �ZR´� WR� ³6DUDMHYR´��� 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\�� � '3�EDVHG� VWULQJ�
PDWFKLQJ� LV� LWHUDWLYHO\� DSSOLHG� LQ� RUGHU� WR� HVWLPDWH� WKH� WUDQVOLWHUDWLRQ� SUREDELOLW\� IURP�
SLQ\LQ�WR�(QJOLVK�OHWWHU�VHTXHQFHV���

7R�H[WUDFW�1(�SDLUV�IURP�D�JLYHQ�ELOLQJXDO�GLFWLRQDU\' ��ZH�ZDQW�WR�ILQG�WKH�1(�SDLU�
��� ¤�¥¤�¥ HI ZLWK�WKH�KLJKHVW�MRLQW�SUREDELOLW\��

��_���PD[DUJ���PD[DUJ��� ¦§¨¦§¨ IH3I3HI3HI ©�ª©�ª«ª¬©�ª«ª¬©�ª©�ª    �
+HUH �� I3®�¯ LV�WKH�SUREDELOLW\�RI�JHQHUDWLQJ�WKH�FKDUDFWHU�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 KDV P FKDUDFWHUV�� )RU PL ������ �� VXSSRVH� FKDUDFWHU ²I �LV� LQGHSHQGHQWO\�
WUDQVOLWHUDWHG� LQWR� DQ� (QJOLVK� OHWWHU� VWULQJ� ³H �WKURXJK� LWV� SLQ\LQ� V\OODEOH ´\ �� *LYHQ� WKDW�
PDSSLQJV�IURP�&KLQHVH�FKDUDFWHUV�WR�WKHLU�SLQ\LQ�V\OODEOHV�DUH�PRVWO\�GHWHUPLQLVWLF�� L�H��
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6XSSRVH� µ\ LV� FRPSRVHG� RI� ¼P OHWWHUV�� DQG� IRU� ½PM ������� �� WKH� SLQ\LQ� OHWWHU ¾¿\ À LV�
DOLJQHG�WR�WKH�(QJOLVK�OHWWHU ÁÂH Ã ��ZKHUH�WKH�DOLJQPHQW�LV�UHSUHVHQWHG�DV ÄDN  ��:LWK�WKH�
LQGHSHQGHQFH�DVVXPSWLRQ�DERXW�OHWWHU�WUDQVOLWHUDWLRQ�ZH�REWDLQ��
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)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� KDV� EHHQ� VXFFHVVIXOO\� DSSOLHG� LQ� VHDUFK� IRU� WKH� ³RSWLPDO´�
DOLJQPHQW�SDWK�EHWZHHQ� WZR�VWULQJV��ZKHUH�³RSWLPDO´�PHDQV� WKH�PLQLPXP�DFFXPXODWHG�
HGLWLQJ�FRVW�EHWZHHQ�DOLJQHG�ZRUG�OHWWHU�SDLUV��+HUH�WKH�FRVW�LV�XVXDOO\�GHILQHG�DV���LI�WKH\�
DUH� WKH� VDPH� RU� �� LI� 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�
DOLJQPHQW�FRVW�EHWZHHQ�OHWWHUV�ZLWK�VLPLODU�SURQXQFLDWLRQV��H�J���³F´�DQG�³N´�RU�³S´�DQG�
³E´�� VKRXOG� EH� VPDOOHU�� :H� WDNH� WKH� QHJDWLYH� ORJDULWKP� RI� WKH� OHWWHU� WUDQVOLWHUDWLRQ�
SUREDELOLW\� DV� WKH� PDWFKLQJ� FRVW�� ZKHUH� WKH� WUDQVOLWHUDWLRQ� SUREDELOLWLHV� DUH� FRPSXWHG�
EDVHG�RQ�WKHLU�DOLJQPHQW�IUHTXHQF\��+RZHYHU��WKH�DOLJQPHQW�UHTXLUHV�WKH�DOLJQPHQW�FRVW�
IXQFWLRQ�� 7R� UHVROYH� WKLV� PRGHO� LQWHUGHSHQGHQFH�� 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� IROORZLQJ� LWHUDWLRQV�� WKH� DOLJQPHQW� FRVW� IXQFWLRQ� DV�
ZHOO� DV� WKH� WUDQVOLWHUDWLRQ� SUREDELOLW\� LV� XSGDWHG��1(�SDLUV� DUH� UH�VHOHFWHG� DFFRUGLQJ� WR�
WKHLU�MRLQW�SUREDELOLWLHV��DQG�WUDQVOLWHUDWLRQ�DQG�ODQJXDJH�PRGHOV�DUH�UH�WUDLQHG�XVLQJ�WKH�
FOHDQHU�1(�OLVW��
�
�����$'$37,1*�75$16/,7(5$7,21�02'(/�)25�+,1',�1(�75$16/$7,21��
&RQVLGHULQJ� WKH� GLIIHUHQFH� LQ� ODQJXDJH� SDLUV� DQG� HQFRGLQJ� VFKHPHV�� WKH� IROORZLQJ�
SUREOHPV�PXVW�EH�WDFNOHG�ZKHQ�DSSO\LQJ�WKH�DERYH�&�(�WUDQVOLWHUDWLRQ�PRGHO�WR�+�(��
x� 7KH� +LQGL� VHQWHQFHV� DUH� HQFRGHG� DV� 'HYDQDJDUL� FKDUDFWHUV�� $� URPDQL]DWLRQ� WRRO�

EDVHG�RQ�FRGH�WDEOH�ORRNXS�LV�DSSOLHG�WR�FRQYHUW�'HYDQDJDUL�FKDUDFWHUV�LQWR�5RPDQ�
OHWWHUV��

x� 7KH�WUDQVOLWHUDWLRQ�PRGHO�ZDV�RULJLQDOO\�WUDLQHG�IURP�&�(�1(�SDLUV��:KHQ�DSSO\LQJ�
LW� WR� +�(� 1(� WUDQVOLWHUDWLRQ�� PRGHO� DGDSWDWLRQ� LV� UHTXLUHG� EHFDXVH� RI� GLIIHUHQW�
DOLJQPHQW�SDWWHUQV�LQ�+�(��,Q�SUDFWLFH��WKH�&�(�WUDQVOLWHUDWLRQ�PRGHO�ZDV�ILUVW�DSSOLHG�
WR�FRPSXWH�WKH�+�(�WUDQVOLWHUDWLRQ�FRVW��UHVXOWLQJ�LQ�D�OLVW�RI�1(�SDLUV�ZLWK�PLQLPXP�
DOLJQPHQW�FRVW��)URP�WKRVH�LPSHUIHFW�1(�SDLUV��WKH�+�(�WUDQVOLWHUDWLRQ�PRGHO�ZDV�UH�
WUDLQHG�DQG�DSSOLHG�LQ�WKH�QH[W�URXQG�RI�1(�SDLU�H[WUDFWLRQ��$IWHU�HDFK�LWHUDWLRQ��WKH�
WUDQVOLWHUDWLRQ�PRGHO�JRW�XSGDWHG�DFFRUGLQJ�WR�WKH�PRGHO�GHVFULEHG�LQ�6HFWLRQ����

x� *LYHQ�WKDW�QR�+LQGL�1(�WDJJHU�LV�DYDLODEOH��LW�LV�LPSRVVLEOH�WR�H[WUDFW�+�(�1(�SDLUV�
E\� ³PRQROLQJXDO�1(�GHWHFWLRQ� IROORZHG�E\�ELOLQJXDO�1(�DOLJQPHQW´��2Q� WKH�RWKHU�
KDQG�� +LQGL� 1(V� FDQ� EH� GHWHFWHG� E\� SURMHFWLQJ� (QJOLVK� 1(V� FURVVOLQJXDOO\��



DFFRUGLQJ�WR�WKHLU�SKRQHWLF�VLPLODULW\�RU�WUDQVOLWHUDWLRQ�FRVW��ZKHUH�WKH�(QJOLVK�1(V�
FDQ�EH�DXWRPDWLFDOO\�GHWHFWHG�XVLQJ�DQ�+00�EDVHG�1(�WDJJHU�>%LNHO�HW��DO�����@��

7KH�IROORZLQJ�VWHSV�GHVFULEH�WKH�SURFHGXUH�RI�+�(�1(�SDLU�H[WUDFWLRQ��
��� &RQYHUW�87)���HQFRGHG�+LQGL�'HYDQDJDUL�FKDUDFWHUV�LQWR�5RPDQ�OHWWHUV��
��� 8VH�WKH�(QJOLVK�1(�WDJJHU�WR�GHWHFW�1(V��)RU�HDFK�GHWHFWHG�1(��ILQG�WKH�5RPDQL]HG�

+LQGL� ZRUG� VHTXHQFHV� LQ� WKH� +LQGL� FRXQWHUSDUW�� VXFK� WKDW� WKH� WUDQVOLWHUDWLRQ� FRVW�
EHWZHHQ� WKH�(QJOLVK�1(�DQG� WKH�+LQGL�ZRUG�VHTXHQFH� LV�PLQLPDO��7KH�5RPDQL]HG�
ZRUGV�DUH�WKHQ�PDSSHG�EDFN�WR�WKHLU�FRUUHVSRQGLQJ�'HYDQDJDUL�+LQGL�ZRUGV��

��� 6RUW�WKH�+�(�1(�SDLUV�DFFRUGLQJ�WR�WKHLU�WUDQVOLWHUDWLRQ�FRVW�ZHLJKWHG�E\�DOLJQPHQW�
IUHTXHQFLHV��UHPRYH�WKRVH�ZLWK�KLJK�WUDQVOLWHUDWLRQ�FRVW��

��� 5XQ� WKH� FXUUHQW� VWULQJ� DOLJQPHQW�PRGHO�RQ� WKH� H[WUDFWHG�+�(�1(�SDLUV�� XSGDWH� WKH�
OHWWHU�WUDQVOLWHUDWLRQ�FRVW�EDVHG�RQ�WKH�QHZ�DOLJQPHQW�IUHTXHQF\��

��� 5HSHDW�VWHS���WR�VWHS���XQWLO�FRQYHUJHQFH�LV�UHDFKHG�RU�RYHU�ILWWLQJ�LV�QRWLFHG��
����)LJXUH� �� IXUWKHU� LOOXVWUDWHV� KRZ� WKH� WUDQVOLWHUDWLRQ�PRGHO� LV� LQLWLDOO\� WUDLQHG� IRU�&�(��
WKHQ�DGDSWHG�IRU�+�(�1(�WUDQVODWLRQ�H[WUDFWLRQ��

�)LJXUH����,WHUDWLYH�WUDLQLQJ�DQG�DGDSWDWLRQ�RI�WKH�WUDQVOLWHUDWLRQ�PRGHO�
1RWLFH�WKDW�DOWKRXJK�WKLV�DSSURDFK�VHDUFKHV�IRU�DQ�DFRXVWLFDOO\�VLPLODU�+LQGL�QDPH�IRU�

HDFK� GHWHFWHG� (QJOLVK� SHUVRQ� DQG� ORFDWLRQ� QDPH� IURP� WKH� VHQWHQFH�DOLJQHG� ELOLQJXDO�
FRUSXV��QRLV\�SDUDOOHO�GDWD�VXFK�DV�FRPSDUDEOH�FRUSRUD�FDQ�EH�H[SORLWHG�DV�ZHOO��DV�ORQJ�
DV�WKH�+LQGL�PRQROLQJXDO�GDWD�FRQWDLQV�WKH�FRUUHVSRQGLQJ�+LQGL�QDPHV��
�
�����(;3(5,0(176��
,Q� RXU� H[SHULPHQWV�� WKH� SDUDOOHO� FRUSXV� LV� WKH� ,QGLD� 7RGD\� QHZV� FRUSXV�� ZLWK� �������
VHQWHQFH� SDLUV�� ���.� +LQGL� ZRUGV� DQG� ���.� (QJOLVK� ZRUGV�� $XWRPDWLF� 1(� WDJJLQJ�
UHVXOWHG�LQ�������ORFDWLRQ�1(V�DQG�������SHUVRQ�1(V��JLYLQJ�D�OLVW�RI�������XQLTXH�QDPHV���
����6HYHUDO�WUDQVOLWHUDWLRQ�DOLJQPHQW�PRGHOV�WR�H[WUDFW�ELOLQJXDO�1(�SDLUV�IURP�WKH�DERYH�
FRUSXV� KDYH� EHHQ� VWXGLHG�� 7KHVH� PRGHOV� LQFOXGLQJ� ���� ELQDU\� FRVW�� XQDGDSWHG� &�(�
DOLJQPHQW� FRVW� DQG� DGDSWHG� +�(� DOLJQPHQW� FRVW� �DIWHU� � Ð Ñ � DQG� � Ò�Ó LWHUDWLRQV��� )RU� HDFK�
DOLJQPHQW�PRGHO������RXW�RI�WKH�H[WUDFWHG�WRS������1(�SDLUV�ZHUH�UDQGRPO\�VHOHFWHG�DQG�
HYDOXDWHG� E\� D� QDWLYH� +LQGL� VSHDNHU�� 7DEOH� �� VKRZV� WKH� WUDQVODWLRQ� SUHFLVLRQ� RI� WKH�
GLIIHUHQW� 1(� OLVWV�� 2QH� FDQ� VHH� WKDW� DGDSWLQJ� WKH� JHQHULF� DOLJQPHQW� PRGHO� WR� +�(�
WUDQVOLWHUDWLRQ� LPSURYHV� WUDQVODWLRQ� SUHFLVLRQ� VLJQLILFDQWO\� IURP� ���� WR� ����� )XUWKHU�
DGDSWDWLRQ� ZLWKLQ� WKH� ODQJXDJH� SDLU� VWLOO� \LHOGV� VPDOO� EXW� QRWLFHDEOH� LPSURYHPHQW�� 7R�
FRPSDUH� WKH� DGDSWHG� &�(� DOLJQPHQW� PRGHO� ZLWK� WKH� GLUHFWO\� OHDUQHG� +�(� DOLJQPHQW�
PRGHO��DQRWKHU�VHW�RI�H[SHULPHQWV�ZHUH�FDUULHG�RXW��7KH�+�(�PRGHO�ZDV�LQLWLDOL]HG�ZLWK�
WKH�ELQDU\�FRVW��WKHQ�UH�WUDLQHG�LWHUDWLYHO\�DV�GHVFULEHG�LQ�6HFWLRQ����7DEOH���JLYHV�WKH�1(�
WUDQVODWLRQ� SUHFLVLRQV� DIWHU� HDFK� LWHUDWLRQ��$� VLJQLILFDQW� LQFUHDVH� LQ� WKH� LQLWLDO� LWHUDWLRQV�
ZDV�IROORZHG�E\�VOLJKW�GHFUHDVH�LQ�VXEVHTXHQW�LWHUDWLRQV��6WLOO�� WKH�EHVW�UHVXOW��������LQ�
LWHUDWLRQ� ��� ZDV� QRW� DV� JRRG� DV� WKH� EHVW� UHVXOW� �������� ZKHQ� XVLQJ� &�(� PRGHO� DV�
LQLWLDOL]DWLRQ�� 7KH� UHDVRQ� LV� WKDW� WKH� &�(� PRGHO� DOUHDG\� FDSWXUHV� OHWWHU� SURQXQFLDWLRQ�
VLPLODULWLHV�WR�VRPH�H[WHQW��WKXV�LW�ZLOO�SURYLGH�PRUH�UHOLDEOH�EDVHOLQH�1(�SDLUV�IRU�IXUWKHU�
UH�WUDLQLQJ��6RPH�H[WUDFWHG�+�(�1(�SDLUV� DUH� DOVR�SUHVHQWHG� LQ�)LJXUH���� WRJHWKHU�ZLWK�
WKHLU� WUDQVOLWHUDWLRQ� FRVW� �WKH� ORZHU� WKH� ZHLJKWHG� FRVW�� WKH� PRUH� DFFXUDWH� WKH�
WUDQVOLWHUDWLRQ���2QH�FDQ�ILQG�VLPLODU�VSHOOLQJ�SDWWHUQV�EHWZHHQ�DOLJQHG�5RPDQL]HG�+LQGL�
1(�DQG�(QJOLVK�1(��IRU�ERWK�FRUUHFW�DQG�LQFRUUHFW��PDUNHG�ZLWK�³´��1(�WUDQVODWLRQ�SDLUV��
6LQFH�IRU�HDFK�GHWHFWHG�(QJOLVK�1(�WKH�SURSRVHG�DSSURDFK�DOZD\V�VHDUFKHV�IRU�WKH�EHVW�



PDWFKLQJ�+LQGL�1(�� LWV� UHFDOO� UDWH�GHSHQGV�PRVWO\�RQ� WKDW�RI� WKH�(QJOLVK�1(�GHWHFWLRQ��
7KH� ELOLQJXDO� 1(� OLVW� ZDV� VKDUHG� ZLWKLQ� WKH� 7,'(6� 6XUSULVH� /DQJXDJH� ([HUFLVH�
FRPPXQLW\��

7DEOH����+�(�1(�3DLUV�7UDQVODWLRQ�3UHFLVLRQ�XQGHU�'LIIHUHQW�$OLJQPHQW�0RGHOV�
$OLJQPHQW�PRGHOV� ����ELQDU\�� &�(�� � Ô Õ �LWHU��+�(�� � Ö9× �LWHU��+�(��

3UHFLVLRQ� ������ ������ ������ ������

7DEOH����,WHUDWLYH�7UDQVODWLRQ�3UHFLVLRQV�6WDUWLQJ�ZLWK�%LQDU\�$OLJQPHQW�0RGHO�
,WHUDWLRQ� �� �� �� �� ��� ���
3UHFLVLRQ� ������ ������ ������ ������ ������ ������

�)LJXUH����([WUDFWHG�+LQGL�(QJOLVK�1(�SDLUV�
�

�����6800$5<��
:H�SUHVHQWHG� DQ� DXWRPDWLF� DSSURDFK� WR� H[WUDFW�+LQGL�(QJOLVK�1(�SDLUV� IURP�D�SDUDOOHO�
FRUSXV�XVLQJ� OLPLWHG�UHVRXUFHV��7KLV�DSSURDFK�DGDSWV�DQG� LWHUDWLYHO\�XSGDWHV�D�&KLQHVH�
(QJOLVK� VXUIDFH� VWULQJ� WUDQVOLWHUDWLRQ� PRGHO� WR� +LQGL�(QJOLVK� 1(� H[WUDFWLRQ�� )RU� HDFK�
(QJOLVK�SHUVRQ�DQG�ORFDWLRQ�1(�LQ�HDFK�VHQWHQFH�SDLU��WKLV�DSSURDFK�VHDUFKHV�IRU�LWV�+LQGL�
FRUUHVSRQGHQFH� ZLWK� PLQLPXP� WUDQVOLWHUDWLRQ� FRVW�� DQG� FRQVWUXFWV� D� +LQGL�(QJOLVK� 1(�
OLVW�IURP�WKH�ELOLQJXDO�FRUSXV��([SHULPHQWV�VKRZ�WKDW�WKLV�DSSURDFK�H[WUDFWHG������+LQGL�
(QJOLVK�1(�SDLUV�ZLWK�D�SUHFLVLRQ�RI��������
�
$&.12:/('*0(176�
0DQ\� WKDQNV� WR� $QGUHZ� +DUGLH� RI� /DQFDVWHU� 8QLYHUVLW\�� ZKR� GHYHORSHG� WKH� +LQGL�
5RPDQL]DWLRQ�WRRO��:H�DOVR�ZRXOG�OLNH�WR�WKDQN�%%1�IRU�SURYLGLQJ�XV�ZLWK�WKHLU�(QJOLVK�
QDPHG�HQWLW\�WDJJLQJ�VRIWZDUH�,GHQWL)LQGHU���
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