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9LUWXDO� WRSRORJ\� RSHUDWLRQV� KDYH� EHHQ� XWLOL]HG� WR� JHQHUDWH� DQ� DQDO\VLV� WRSRORJ\� GHILQLWLRQ� VXLWDEOH� IRU� GRZQVWUHDP�PHVK�
JHQHUDWLRQ��'HWDLOHG� GHVFULSWLRQV� DUH� SURYLGHG� IRU� YLUWXDO� WRSRORJ\�PHUJH� DQG� VSOLW� RSHUDWLRQV� IRU� DOO� WRSRORJLFDO� HQWLWLHV��
&XUUHQW�YLUWXDO�WRSRORJ\�WHFKQRORJ\�LV�H[WHQGHG�WR�DOORZ�WKH�YLUWXDO�SDUWLWLRQLQJ�RI�YROXPH�FHOOV DQG�WKH�WRSRORJLFDO�TXHULHV�
UHTXLUHG� WR�FDUU\�RXW�HDFK�RSHUDWLRQ�DUH�SURYLGHG� 9LUWXDO� UHSUHVHQWDWLRQV DUH� UREXVWO\� OLQNHG� WR� WKH�XQGHUO\LQJ�JHRPHWULF�
GHILQLWLRQ� WKURXJK�DQ DQDO\VLV� WRSRORJ\��7KH�DQDO\VLV� WRSRORJ\�DQG�DOO�DVVRFLDWHG�YLUWXDO�DQG�WRSRORJLFDO�GHSHQGHQFLHV DUH�
DXWRPDWLFDOO\�XSGDWHG�DIWHU�HDFK�YLUWXDO�RSHUDWLRQ��SURYLGLQJ� WKH�OLQN� WR� WKH�XQGHUO\LQJ &$' JHRPHWU\��7KHUHIRUH��D YDOLG�
GHVFULSWLRQ�RI�WKH�DQDO\VLV�WRSRORJ\��LQFOXGLQJ�UHODWLYH�RULHQWDWLRQV��LV�PDLQWDLQHG� 7KLV HQDEOHV�GRZQVWUHDP�RSHUDWLRQV��VXFK�
DV�WKH�PHUJLQJ�RU�SDUWLWLRQLQJ�RI�YLUWXDO�HQWLWLHV� DQG�LQWHUURJDWLRQV��VXFK�DV�GHWHUPLQLQJ�LI�D�VSHFLILF�PHVKLQJ�VWUDWHJ\�FDQ�EH�
DSSOLHG�WR�WKH�YLUWXDO�YROXPH�FHOOV�� WR�EH�SHUIRUPHG�RQ�WKH�DQDO\VLV�WRSRORJ\�GHVFULSWLRQ� $V�WKH�YLUWXDO�UHSUHVHQWDWLRQ�LV�D�
QRQ�PDQLIROG�GHVFULSWLRQ�RI�WKH�VXE�GLYLGHG�GRPDLQ�WKH�LQWHUIDFHV�EHWZHHQ�FHOOV�DUH�UHFRUGHG�DXWRPDWLFDOO\��7KLV�HQDEOHV�WKH�
DGYDQWDJHV�RI�QRQ�PDQLIROG�PRGHOOLQJ� WR�EH�H[SORLWHG�ZLWKLQ� WKH�PDQLIROG�PRGHOOLQJ�HQYLURQPHQW�RI�D�PDMRU�FRPPHUFLDO�
&$'� V\VWHP��ZLWKRXW� DQ\� DGDSWDWLRQ�RI� WKH�XQGHUO\LQJ�&$'�PRGHO�� $�KLHUDUFKLFDO� YLUWXDO� VWUXFWXUH� LV�PDLQWDLQHG�ZKHUH�
YLUWXDO�HQWLWLHV�DUH�PHUJHG�RU�SDUWLWLRQHG��7KLV�KDV�D�PDMRU�EHQHILW�RYHU�H[LVWLQJ�VROXWLRQV�DV� WKH�YLUWXDO�GHSHQGHQFLHV�DUH�
VWRUHG� LQ� DQ� RSHQ� DQG� DFFHVVLEOH�PDQQHU�� SURYLGLQJ� WKH� DQDO\VW�ZLWK� WKH� IUHHGRP� WR� FUHDWH��PRGLI\� DQG� HGLW� WKH� DQDO\VLV�
WRSRORJ\�LQ�DQ\�SUHIHUUHG�VHTXHQFH��ZKLOVW�WKH�RULJLQDO�&$'�JHRPHWU\�LV�QRW�GLVWXUEHG� 5REXVW�GHILQLWLRQV�RI�WKH�WRSRORJLFDO�
DQG�YLUWXDO�GHSHQGHQFLHV�HQDEOH WKH�VDPH�YLUWXDO� WRSRORJ\�GHILQLWLRQV WR�EH�DFFHVVHG�� LQWHUURJDWHG�DQG�PDQLSXODWHG�ZLWKLQ�
PXOWLSOH GLIIHUHQW�&$'�SDFNDJHV�DQG�OLQNHG�WR�WKH�XQGHUO\LQJ�JHRPHWU\�

.H\ZRUGV� 9LUWXDO�7RSRORJ\��FOHDQ�XS��GHFRPSRVLWLRQ��KH[�PHVKLQJ�VFKHPHV��

�� ,QWURGXFWLRQ

*HRPHWU\�SUHSDUDWLRQ�DQG�PDQLSXODWLRQ�IRU�PHVKLQJ�LV�DQ�LPSRUWDQW�DVSHFW�RI�ILQLWH�HOHPHQW�DQDO\VLV��)($��
SURFHVVHV��EXW�FDQ�RIWHQ�FRQVXPH�DQ�RYHUZKHOPLQJ�SURSRUWLRQ�RI�WKH�RYHUDOO�DQDO\VLV�F\FOH�>�@��7KH�JHRPHWU\�
KDQGOLQJ�FRVW�KHDYLO\�GHSHQGV�RQ�WKH�DQDO\VLV�EHLQJ�SHUIRUPHG��WKH�WRROVHWV�EHLQJ�XVHG�DQG�WKH�H[SHUWLVH�RI�WKH�
DQDO\VW��)RU�H[DPSOH��DQ\�RI�WHWUDKHGUDO��7HW���KH[DKHGUDO��+H[���PL[HG�VROLG�HOHPHQW��GLPHQVLRQDOO\�UHGXFHG�RU�
PL[HG�GLPHQVLRQDO�PHVKHV�PD\�EH�DSSURSULDWH�GHSHQGLQJ�RQ�WKH�W\SH�RI�DQDO\VLV�EHLQJ�SHUIRUPHG��7KH�PHVKLQJ�
VW\OH�LQ� WXUQ�GLFWDWHV� WKH� OHYHO�RI�JHRPHWU\�PDQLSXODWLRQ�QHFHVVDU\� WR�DFKLHYH�D� ILW�IRU�SXUSRVH�PHVK��6XLWDEOH�
7HW� PHVKHV� DUH� IUHTXHQWO\� JHQHUDWHG� XVLQJ� RQO\� JHRPHWU\� FOHDQ�XS� RSHUDWLRQV� WR� UHPRYH� IHDWXUHV� WKDW� PD\�
KLQGHU�WKH�PHVK�JHQHUDWRU��RU�DUH�YHU\�VPDOO�FRPSDUHG�WR�WKH�WDUJHW�HOHPHQW�VL]H��,Q�FRQWUDVW��GXH�WR�WKH�ODFN�RI�
UREXVW�DXWRPDWHG�+H[�PHVK�JHQHUDWLRQ�WHFKQRORJ\��LW�LV�RIWHQ�QHFHVVDU\�WR�XWLOL]H�GHFRPSRVLWLRQ�WHFKQLTXHV�LQ�
DGGLWLRQ� WR� JHRPHWU\� FOHDQ�XS� LQ� RUGHU� WR� VXFFHVVIXOO\� FUHDWH� D�+H[�PHVK��'HFRPSRVLWLRQ�PHWKRGV� SDUWLWLRQ�
FRPSOH[� GRPDLQV� LQWR� VLPSOHU� VXE�GRPDLQV� ZKLFK� FDQ� EH� UHDGLO\� +H[� PHVKHG� XVLQJ� DOJRULWKPV� VXFK� DV�
PDSSLQJ��VXE�PDSSLQJ��PLG�SRLQW�VXEGLYLVLRQ�DQG�VZHHSLQJ��

7KH�WLPH�VSHQW�H[HFXWLQJ�WKH�SUHIHUUHG�FOHDQ�XS�DQG�GHFRPSRVLWLRQ�RSHUDWLRQV� LV� LQIOXHQFHG�E\�WKH�WRROVHWV�
VHOHFWHG�IRU�HDFK�WDVN��$�SOHWKRUD�RI�JHRPHWU\�EDVHG�WRROV�H[LVW�IRU�GLUHFWO\�PRGLI\LQJ�WKH�JHRPHWU\�RI�GRPDLQ��
7KHVH�WRROV�WHQG�WR�EH�WLPH�LQWHQVLYH�WR�XVH DQG�FDQ�SURGXFH�GLVFUHSDQFLHV�LQ�WKH�PRGHO��$Q�H[DPSOH�LV�WKH�XVH�
RI�VHZ�RU�MRLQ�RSHUDWLRQV�WR�PHUJH�IDFHV�IRU�JHRPHWU\�FOHDQ�XS��ZKHUH�WKHUH�LV�QR�JXDUDQWHH�D�VXUIDFH�GHILQLWLRQ�
IRU� WKH� FRPELQHG� HQWLWLHV� FDQ� EH� JHQHUDWHG�� )XUWKHUPRUH�� WKHVH� JHRPHWU\�EDVHG� &$'� DSSURDFKHV� UHTXLUH�
DQDO\VWV�WR�KDYH�VLJQLILFDQW�&$'�PRGHOOLQJ�H[SHULHQFH��ZKLFK�LPSRVHV�D�VLJQLILFDQW�DQG�XQQHFHVVDU\�EXUGHQ�RQ�
WKH�DQDO\VW��DQG�WKH�JHRPHWU\�FOHDQXS�RSHUDWLRQV�PXVW�EH�UHSHDWHG�IRU�DQ\�QHZ�GHVLJQ�LWHUDWLRQ��'LUHFW�JHRPHWU\�
PRGLILFDWLRQV�� WKHLU�RYHUKHDGV��DQG WKH�VRPHWLPHV�XQSUHGLFWDEOH�UHVXOWV�FDQ�EH�DYRLGHG�XVLQJ�YLUWXDO�WRSRORJ\�
RSHUDWLRQV�>�@�IRU�PRGHO�HGLWLQJ��7KH�SULQFLSDO�UROH�RI�YLUWXDO�WRSRORJ\�LV�WR�PRGLI\�WKH�WRSRORJ\�ZKLOVW�OHDYLQJ�
WKH�JHRPHWU\�XQGLVWXUEHG��2WKHU�QRWDEOH�DGYDQWDJHV�LQFOXGH�WKH�HDVH RI�UHYHUVLQJ�YLUWXDO�WRSRORJ\�RSHUDWLRQV�LQ�
FRPSDULVRQ� WR� JHRPHWU\�EDVHG�RSHUDWLRQV� DQG� WKH� DQDO\VW�IULHQGO\� QDWXUH�RI� YLUWXDO� WRSRORJ\� WRROVHWV��9LUWXDO�
WRSRORJ\�LV�RQH�RI�WKH�XQGHUO\LQJ�WHFKQRORJLHV�XVHG�ZKHQ�GHILQLQJ�6LPXODWLRQ�,QWHQW�>�@��'HILQLQJ�6LPXODWLRQ�
,QWHQW�LQYROYHV�FDSWXULQJ�KLJK�OHYHO�PRGHOOLQJ�DQG�LGHDOL]DWLRQ GHFLVLRQV�LQ�RUGHU�WR�FUHDWH�DQ�HIILFLHQW�DQG�ILW�
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IRU�SXUSRVH�DQDO\VLV� )RU�H[DPSOH��LI�DQ�DQDO\VW�VSHFLILHV�WKH�GHVLUHG�VROXWLRQ�DFFXUDF\�DQG�WLPH�DYDLODEOH�WKHQ�
DXWRPDWHG�GHFLVLRQV�FDQ�EH�PDGH�ZKLFK�GLFWDWH�DQDO\VLV�DWWULEXWHV� VXFK�DV�PHVK�W\SH�RU�WDUJHW�HOHPHQW�VL]H� LQ�
RUGHU� WR� DFKLHYH� WKH� GHVLUHG� UHVXOWV�� )XUWKHUPRUH�� WKH� WDUJHW� HOHPHQW� VL]H� GLFWDWHV� WKH� LQSXW�PHWULF� IRU� YLUWXDO�
WRSRORJ\�FOHDQ�XS�RSHUDWLRQV�EDVHG�RQ�HQWLW\�VL]H���

:KLOVW� YLUWXDO� WRSRORJ\� LV� FRPPRQO\� XVHG� IRU� JHRPHWU\� FOHDQ�XS� LW� KDV� \HW� WR� EH� HQWLUHO\� HPEUDFHG� IRU�
YROXPH� GHFRPSRVLWLRQ� IRU�PHVKLQJ�ZKHUH� FRPSOH[� GRPDLQV FDQ� EH�+H[�PHVKHG� XVLQJ� D� GLYLGH�DQG�FRQTXHU�
DSSURDFK�WR�JHQHUDWH�PHVK�DEOH�SULPLWLYHV��7KLV�ZRUN GHVFULEHV�D�YLUWXDO�WRSRORJ\�LPSOHPHQWDWLRQ�WKDW�KDV�EHHQ�
XVHG�ZLWK D�FRPPHUFLDO�&$'�SDFNDJH�DQG� OLQNHG� WR� WKH�XQGHUO\LQJ�&$'�JHRPHWU\��9LUWXDO�GHFRPSRVLWLRQ� LV�
LPSOHPHQWHG� IRU� DQ� LQGXVWULDO� XVH�FDVH�PRGHO� EDVHG�XSRQ� WKH� LQSXW� IURP�D� WKLQ�VKHHW� LGHQWLILFDWLRQ� WRRO��7KH�
JHQHUDWLRQ�RI�DQ�DQDO\VLV�WRSRORJ\�XVLQJ�YLUWXDO�WRSRORJ\�RSHUDWLRQV�HQDEOHV�WRROV�WR�RSHUDWH�LQ�WKH�SUHVHQFH�RI�
YLUWXDO� WRSRORJ\� LQFOXGLQJ� WKH� LGHQWLILFDWLRQ� RI� DSSURSULDWH� PHVKLQJ� VWUDWHJLHV� IRU� VXEVHW� FHOOV�� 2QFH� YLUWXDO�
PHUJH�RU�VSOLW�RSHUDWLRQV�KDYH�EHHQ�GHILQHG�DOO�WRSRORJLFDO�UHODWLRQVKLSV�DUH�DXWRPDWLFDOO\�PDQDJHG�

�� 6WDWH�RI�WKH�DUW�YLUWXDO�WRSRORJ\�LPSOHPHQWDWLRQV

9LUWXDO�WRSRORJ\�LV�QRW�QHZ�>���@��EXW�WKURXJK�XVLQJ�D�QXPEHU�RI�VWDWH�RI�WKH�DUW�JHRPHWU\�SUH�SURFHVVLQJ�DQG�
PHVKLQJ�SDFNDJHV��LQFOXGLQJ�$EDTXV�&$(�>�@��$QV\V�:RUNEHQFK�>�@��&8%,7�>�@��,&(0�&)'�>�@�DQG�6LHPHQV�
1;�>�@�� LW� LV�DSSDUHQW� WKDW� LWV�DGYDQWDJHV�DUH�QRW�\HW� UHDGLO\�DYDLODEOH� LQ�DOO�RI� WKHP� $OVR�� WKHUH� LV�QR�DJUHHG�
GHVFULSWLRQ�IRU�YLUWXDO�WRSRORJ\�ZKLFK�FDQ�EH�H[SRUWHG�EHWZHHQ�SDFNDJHV��

7KH� DIRUHPHQWLRQHG� SDFNDJHV� SUHGRPLQDQWO\� UHFRJQL]H� YLUWXDO� WRSRORJ\� DV� D� JHRPHWU\� FOHDQ�XS� WRRO� IRU�
PHVK� JHQHUDWLRQ�� 7\SLFDOO\� D� VHULHV� RI� YLUWXDO� WRSRORJ\� RSHUDWLRQV� DUH� DYDLODEOH� WR� PHUJH� VPDOO� HGJHV�IDFHV�
EHORZ�WKH�WDUJHW�HOHPHQW�VL]H��FROODSVH�VPDOO�DQJOHV WKDW�ZRXOG�FRPSURPLVH�PHVK�TXDOLW\� RU�WR�SDUWLWLRQ�HQWLWLHV�
WR� FRQVWUDLQ� WKH� PHVK� GLUHFWLRQ� DQG�RU� VL]H� IRU� ERXQGDU\� FRQGLWLRQ� DSSOLFDWLRQ�� 7KH� DYDLODELOLW\� RI� YLUWXDO�
WRSRORJ\� FDSDELOLWLHV� YDULHV EHWZHHQ� WKH� GLIIHUHQW� &$(� SDFNDJHV� DV� GRHV� WKH� OHYHO� WR� ZKLFK� WKH\� FDQ� EH�
DFFHVVHG�WKURXJK�WKH�XVHU�LQWHUIDFH�DQG�$3,��

2QH�GUDZEDFN�WR�FXUUHQW�LPSOHPHQWDWLRQV�LV�WKDW�PDQ\�SDFNDJHV�GR�QRW�DOORZ�YLUWXDO�WRSRORJ\�WR�EH�YLHZHG��
LQWHUURJDWHG�RU�HGLWHG�RQFH�LW�KDV�EHHQ�DSSOLHG��5HVWULFWLQJ WKH�DQDO\VW�IURP�YLHZLQJ�WKH�YLUWXDO�WRSRORJ\�WKDW�KDV�
EHHQ�GHILQHG�LV�D�PDMRU�KLQGUDQFH�ZLWKLQ�DQDO\VLV�ZRUNIORZV��HVSHFLDOO\�IRU�FRPSOH[�PRGHOV�ZKHUH�QXPHURXV�
YLUWXDO� RSHUDWLRQV� DUH� XWLOL]HG RU� GLIIHUHQW� WRROVHWV� DUH� EHLQJ� XVHG�� 7KLV� OHDYHV� LW� H[WUHPHO\ FKDOOHQJLQJ� IRU�
GLIIHUHQW�DQDO\VWV�WR�VKDUH�PRGHOV�DQG�LQWHUSUHW�WKH�DEVWUDFWLRQ�GHFLVLRQV�RI�RWKHUV��7KLV�LV�D�FRQFHUQ�ZLWKLQ�ODUJH�
FRPSDQLHV� ZKHUH� PXOWLSOH� DQDO\VWV� PD\� EH� UHTXLUHG� WR� RSHUDWH� RQ� WKH� VDPH� DQDO\VLV� PRGHOV�� 7KH� ODFN� RI�
DFFHVVLELOLW\�PHDQV�WKH�DQDO\VW�LV�UHVWULFWHG�IURP�XVLQJ�IDYRUHG�WRROVHWV�ZLWKLQ�GLIIHUHQW�DVSHFWV�RI�WKH�DQDO\VLV�
SURFHVV�� ,W� KDV� EHHQ� GHPRQVWUDWHG� LQ� HDUOLHU� ZRUN� >��@� WKDW� WKH� DELOLW\� WR� H[WUDFW� DQG� VWRUH� YLUWXDO� WRSRORJ\�
UHODWLRQVKLSV�HQDEOHV LWV UHXVH�ZLWKLQ�RWKHU�SDFNDJHV��6XFK�EHQHILWV�UHTXLUH�FRPSOHWH�DFFHVV�WR�YLUWXDO�RSHUDWLRQV�
WR�HQDEOH�DQDO\VLV�PRGHO�FRPSDWLELOLW\�LQ�GLIIHUHQW�SDFNDJHV�

6RPH�YHQGRUV�KDYH�HOHFWHG�WR�LPSOHPHQW�YLUWXDO�WRSRORJ\�RQ�D�SRO\JRQDO�UHSUHVHQWDWLRQ�RI�WKH�GHVLJQ�PRGHO��
7KLV� VLPSOLILHV� WKH� DXWRPDWLF� GHWHFWLRQ� DQG� GHILQLWLRQ� RI� YLUWXDO� WRSRORJ\� RSHUDWLRQV� EXW� UHOLHV� RQ� D� UREXVW�
UHODWLRQVKLS� EHWZHHQ� JHRPHWULF� DQG� SRO\JRQDO� UHSUHVHQWDWLRQV�� 7KLV� FDQ� FRPSURPLVH� WKH� DELOLW\� WR� SUHVHUYH�
YLUWXDO�WRSRORJ\�DIWHU�HYHQ�VLPSOH�GHVLJQ�FKDQJHV��$�VLPSOH�\HW�SRZHUIXO�LOOXVWUDWLRQ�RI�WKLV�LV�VKRZQ�LQ�)LJ���
�D��IRU�D�JHRPHWULF�PRGHO�JHQHUDWHG�ZLWKLQ�6LHPHQV�1;��9LUWXDO�PHUJH�RSHUDWLRQV�DUH�XVHG�WR�UHPRYH�WKH�HGJHV�
KLJKOLJKWHG�LQ�)LJ��� �D��DQG�FUHDWH�WKH�VLPSOLILHG�YLUWXDO�PRGHO�LQ�)LJ��� �E���2QFH�WKH�JHRPHWULF�UHSUHVHQWDWLRQ�
LV�HGLWHG�DQG�WKH�FKDPIHU�VL]H�LQFUHDVHG��)LJ��� �F���WKH�SUHYLRXVO\�DSSOLHG�YLUWXDO�RSHUDWLRQV�DUH�QR�ORQJHU�LQ�WKH�
PRGHO��)LJ��� �G���

)LJ��� �D��EDVH�JHRPHWULF�PRGHO���E��YLUWXDO�SRO\JRQDO�UHSUHVHQWDWLRQ���F��FKDPIHU�VL]H�LQFUHDVHG���G��YLUWXDO�WRSRORJ\�RSHUDWLRQV�ORVW�

2QH� FRPPRQ� WKHPH� DPRQJVW� DOO� RI� WKH� DIRUHPHQWLRQHG� PHVKLQJ� SDFNDJHV� LV� WKH� ODFN� RI� UREXVW� YLUWXDO�
VSOLWWLQJ�RSHUDWLRQV�IRU�YROXPH�FHOOV��9LUWXDO�YROXPH�SDUWLWLRQLQJ�FRXOG�EH�XVHG��IRU�H[DPSOH��WR�DOORZ�DQ�DQDO\VW�
WR�YLUWXDOO\�GHFRPSRVH�D�GRPDLQ�IRU�+H[�PHVKLQJ��6SOLWWLQJ�RSHUDWLRQV�GR�H[LVW�WR�SDUWLWLRQ�HGJHV�DQG�IDFHV�DQG�



KDYH�EHHQ�XWLOL]HG�WR�GHFRPSRVH�GRPDLQV�DQG�JHQHUDWH�D�YLUWXDO�WRSRORJ\�QHWZRUN�RI�PXOWL�EORFN�IDFHV�IRU�TXDG�
PHVKLQJ� >��@��6KHIIHU� >��@�GHVFULEHG� WKH�JHQHUDWLRQ�RI�+H[�PHVKHV�XVLQJ�D�PHGLDO�D[LV�DSSURDFK� WR�YLUWXDOO\�
GHFRPSRVH� DQ� LQLWLDO� YROXPH� LQWR� VXE�YROXPHV� PHVK�DEOH� E\� PHDQV� RI� EDVLF� PHVKLQJ� PHWKRGV�� 7KH� YLUWXDO�
YROXPH� GHFRPSRVLWLRQ� LPSOHPHQWHG� ZLWKLQ� WKH� *$0%,7� PHVKLQJ� VXLWH� >��@� LPSRVHV� WKH� FRQVWUDLQW� WKDW� DOO�
HGJHV�RI�WKH�SDUWLWLRQLQJ�IDFHV�DUH�UHTXLUHG�WR�EH�FRQQHFWHG�WR�WKH�YROXPH�WR�EH�SDUWLWLRQHG�UHVXOWLQJ�LQ�PXOWLSOH�
FRQQHFWHG� SDUWLWLRQLQJ� IDFHV� ZKLFK� QHHG WR� EH� PHUJHG�� ,Q� RWKHU� ZRUN� E\� 6KHIIHU� >��@� YLUWXDO� YROXPH�
GHFRPSRVLWLRQ�ZDV�LQWURGXFHG�EXW�ODFNHG�D�GHWDLOHG�GHVFULSWLRQ�RI�LWV� LPSOHPHQWDWLRQ��&8%,7�RIIHUV�D�YLUWXDO�
YROXPH� SDUWLWLRQLQJ� VROXWLRQ� DW� WKH� PHVK� OHYHO� ZKHUH� D� PHVKHG� GRPDLQ� FDQ� EH� SDUWLWLRQHG� E\� VSHFLI\LQJ�
GLVWDQFH�FULWHULD�WR�VHOHFW�HOHPHQWV�DQG�GHILQH�WKH�SDUWLWLRQLQJ�ORFDWLRQ��,Q�VLPLODU�ZRUN� D�YROXPH�VXE�PDSSLQJ�
DSSURDFK� XWLOL]HV� D� YLUWXDO� GHFRPSRVLWLRQ� WR� SUH�SURFHVV� WKH� JHRPHWU\� IRU� KH[�PHVKLQJ� EXW� UHTXLUHV� WKDW� DOO�
ERXQGDU\�VXUIDFHV�KDYH�EHHQ�PHVKHG�ZLWK�D�TXDGULODWHUDO�PDSSLQJ�DOJRULWKP�>��@�� ,&(0�&)'�>�@�SURYLGHV�D�
EORFN�GHFRPSRVLWLRQ�VROXWLRQ�E\�PDQXDOO\�FUHDWLQJ�DQG�RYHUOD\LQJ�D�QHWZRUN�RI�VLPSOH�EORFN�WRSRORJLHV�RQ�WRS�
RI�WKH�JHRPHWU\��7KH�EORFN�WRSRORJ\�FDQ�EH�WKRXJKW�RI�DV�D�YLUWXDO�UHSUHVHQWDWLRQ�RI�WKH�JHRPHWU\�EXW�ZLWKRXW�
KDYLQJ�WR�FDUU\�RXW�WKH�GHFRPSRVLWLRQ�DV�OLQNV�WR�WKH�JHRPHWU\�WHQG�WR�EH�PDQXDOO\�VSHFLILHG�LQ�RUGHU�WR�FDSWXUH�
WKH�XQGHUO\LQJ�VKDSH�RI� WKH�GRPDLQ��7KLV� LV� LQ�FRQWUDVW� WR� WKH�DSSURDFK�KHUHLQ� ZKHUH�SDUWLWLRQLQJ�HQWLWLHV�DUH�
XVHG�WR�JHQHUDWH�D�YLUWXDO�UHSUHVHQWDWLRQ�ZLWK�DOO�OLQNV�WR�WKH�XQGHUO\LQJ�JHRPHWU\�DXWRPDWLFDOO\�UHWDLQHG��9LUWXDO�
PHUJH�RSHUDWLRQV�WHQG WR�EH�LPSOLFLW�ZKHUHE\�PXOWLSOH�EORFN�IDFHV�FDQ�EH�OLQNHG�WR�D�VLQJOH�JHRPHWULF�IDFH�RU�D�
VLQJOH�EORFN�IDFH�FDQ�UHSUHVHQW�PXOWLSOH�JHRPHWULF�IDFHV�

$SDUW� IURP� WKH� YLUWXDO� GHFRPSRVLWLRQ� FRQWULEXWLRQV� PHQWLRQHG� DERYH�PRVW� SDFNDJHV� DQG� UHVHDUFK� WHQG� WR�
SULPDULO\� XVH� GLUHFW� JHRPHWULF� RSHUDWLRQV� WR� GHFRPSRVH� YROXPH� FHOOV� >��@�� 6XFFHVVIXO� SDUWLWLRQLQJ� RI� WKH�
JHRPHWULF�UHSUHVHQWDWLRQ�FDQ�EH�WURXEOHVRPH��HVSHFLDOO\�ZKHUH�QRQ�PDQLIROG�FRQGLWLRQV��VKDUHG�IDFHV��GDQJOLQJ�
HGJHV�HWF���DUH�JHQHUDWHG�ZLWKLQ�PDQLIROG�HQYLURQPHQWV��(YHQ�LI�WKH�GRPDLQ�KDV�EHHQ�VXFFHVVIXOO\�GHFRPSRVHG�
LW� LV� FRPPRQ� IRU� XQZDQWHG� JHRPHWULF� DQG� WRSRORJLFDO� HQWLWLHV�� VXFK� DV� VOLYHU� IDFHV�� WR� EH� JHQHUDWHG� ZKLFK�
UHTXLUH�IXUWKHU�ZRUN�WR�UHPRYH��7KH�XVH�RI�GLUHFW�JHRPHWULF�SDUWLWLRQLQJ� DORQJVLGH�D�YLUWXDO�GHVFULSWLRQ�GHILQHG�
RQ�D�SRO\JRQDO�UHSUHVHQWDWLRQ� GHPDQGV�WKDW�SDUWLWLRQLQJ�RSHUDWLRQV�QHHG�WR�EH�FDUULHG�RXW�SULRU�WR�DQ\�YLUWXDO�
RSHUDWLRQV�� 7KLV� FDQ� EH� GHWULPHQWDO�� HVSHFLDOO\� LI� WKH� YLUWXDO� WRSRORJ\� IDLOV� WR� XSGDWH DV� WKH� GHVLJQ� PRGHO�
HYROYHV�� ,Q� WKLV�ZRUN� LW� LV� VKRZQ� WKDW� LW� LV SRVVLEOH� WR� H[HFXWH� YLUWXDO�PHUJH� RU� VSOLW� RSHUDWLRQV� LQ� DQ\� RUGHU�
GHVLUHG�E\�WKH�DQDO\VW��7KLV�LV�DFKLHYHG�E\�VWRULQJ�WKH�YLUWXDO�WRSRORJ\�GHSHQGHQFLHV�DORQJVLGH�D�GHVFULSWLRQ�RI�
WKH� DQDO\VLV� WRSRORJ\�� ,W� LV� GHVFULEHG� KHUHLQ� KRZ� YLUWXDO� PHUJH� DQG� VSOLW� SURFHGXUHV�� LQFOXGLQJ� YROXPH�
GHFRPSRVLWLRQ��DUH�LPSOHPHQWHG�DQG�KRZ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�YLUWXDO�HQWLWLHV�DQG�WKH�DQDO\VLV�WRSRORJ\�
LV�VWRUHG��)RUPXODWLRQ�RI�DQ�DQDO\VLV�WRSRORJ\�HQDEOHV�PXOWLSOH�YHUVLRQV�RI�WKH�RULJLQDO�WRSRORJ\�WR�EH�JHQHUDWHG
IRU�GLIIHUHQW�DQDO\VHV��LQWHUURJDWHG�DQG�PDQLSXODWHG�DV�GHHPHG�QHFHVVDU\�E\�DQ�DQDO\VW��

�� 'HILQLQJ�YLUWXDO�WRSRORJ\�RSHUDWLRQV�

7KLV� VHFWLRQ� GHVFULEHV� WKH� LPSOHPHQWDWLRQ� RI� YLUWXDO� PHUJH� DQG� VSOLW� RSHUDWLRQV� DQG� WKH� JHQHUDWLRQ RI� DQ�
DSSURSULDWH�DQDO\VLV�WRSRORJ\��ZKHUH�HQWLWLHV��UHDO�RU�YLUWXDO��FDQ�EH�PHUJHG�RU�SDUWLWLRQHG��$�YDOLG�WRSRORJLFDO�
GHVFULSWLRQ��LQFOXGLQJ�WKH�UHODWLYH�RULHQWDWLRQV�RI�HQWLWLHV��LV�PDLQWDLQHG�ZLWKLQ�WKH�DQDO\VLV�WRSRORJ\�GHILQLWLRQ�
7KLV� KHOSV� GRZQVWUHDP� YLUWXDO� RSHUDWLRQV� DQG� HQDEOHV� WKH� DQDO\VLV� WRSRORJ\� WR� EH� LQWHUURJDWHG� IRU� PHVKLQJ�
SXUSRVHV��7KH WRSRORJLFDO�GHVFULSWLRQ�LV�PDQDJHG�DXWRPDWLFDOO\�RQFH�WKH�YLUWXDO�RSHUDWLRQV�DUH�GHILQHG���(QWLW\�
ODEHOV� DUH� DVVLJQHG� ZLWKLQ� D� JHQHULF UHODWLRQDO� GDWDEDVH >��@ WR� JXDUDQWHH XQLTXH� LGHQWLILHUV�� EXW� KDYH� EHHQ�
ODEHOOHG� KHUH� EDVHG� RQ� HQWLW\� W\SH� �I� IRU� IDFH�� H� IRU� HGJH� DQG� Y� IRU� YHUWH[� IRU� FODULW\� 'HVFULSWLRQV� RI� WKH�
WRSRORJLFDO�TXHULHV�UHTXLUHG�WR�JHQHUDWH�WKH�DQDO\VLV�WRSRORJ\�DUH�SURYLGHG�WKURXJKRXW�WKLV�VHFWLRQ�

���� 9LUWXDO�PHUJH�RSHUDWLRQV

9LUWXDO�PHUJH�RSHUDWLRQV�FUHDWH�D� VLQJOH�YLUWXDO� VXSHUVHW�HQWLW\�E\� UHPRYLQJ� WKH�FRPPRQ� ORZHU�GLPHQVLRQ�
ERXQGDU\ EHWZHHQ�DGMDFHQW�HQWLWLHV�EHLQJ�PHUJHG��7KH�HQWLWLHV�EHLQJ�PHUJHG��UHIHUUHG�WR�DV�KRVW�HQWLWLHV��PXVW�
EH�DGMDFHQW�DQG�KDYH�WKH�VDPH�PDQLIROG�GLPHQVLRQ��ZKLFK�WKH�YLUWXDO�VXSHUVHW�HQWLW\�LQKHULWV�IURP�LWV�KRVWV��

)LJ��� LOOXVWUDWHV�WKH�PHUJH�RSHUDWLRQ�IRU�HGJH�HQWLWLHV��$GMDFHQW�HGJHV�µH�¶�DQG�µH�¶�DUH�VKRZQ�LQ�)LJ��� �D��
DORQJ�ZLWK�WKHLU�ERXQGLQJ�YHUWLFHV�DQG�WKH�RULHQWDWLRQ�RI�HDFK�YHUWH[�UHODWLYH�WR�LWV�ERXQGHG�HGJH��7KH�RULHQWHG�
YLUWXDO�HGJH��H�������LV�IRUPHG�E\�PHUJLQJ��H�������DQG��H��������,I�WKH�XQGHUO\LQJ�HGJH�WDQJHQW�SRLQWV�WRZDUGV�D�
YHUWH[� WKHQ� LW� LV� DVVLJQHG D� SRVLWLYH� RULHQWDWLRQ� UHODWLYH� WR� WKH� HGJH�� RWKHUZLVH� LW� LV� QHJDWLYH�� )LJ�� � �D��� 7KH�
ERXQGLQJ�WRSRORJ\�RI�WKH�YLUWXDO�VXSHUVHW�HGJH��µH�¶��LV�HVWDEOLVKHG�E\�ILQGLQJ�WKH�XQFRPPRQ�ERXQGDU\��YHUWLFHV�
µY�¶�DQG�µY�¶��EHWZHHQ�WKH�KRVW�HGJHV�EHLQJ�PHUJHG��)LJ��� �E���&RQVLVWHQW�RULHQWDWLRQV�RI�WKH�ERXQGLQJ�YHUWLFHV�
DUH� PDLQWDLQHG� E\� VHOHFWLQJ� WKH� RULHQWDWLRQ� RI� WKH� ILUVW� µXQFRPPRQ¶� YHUWH[�� µY�¶�� DQG� DVVLJQLQJ� WKH� VHFRQG�
YHUWH[��µY�¶��LQ�WKH�RSSRVLWH�GLUHFWLRQ��7KH�RULHQWDWLRQ�RI�WKH�VXSHUVHW�HGJH�UHODWLYH�WR�DQ\�ERXQGHG�IDFHV�LV�VHW�WR�
EH� WKH� VDPH� DV� WKH� KRVW� HGJH� ERXQGHG� E\� WKH� ILUVW� XQFRPPRQ� YHUWH[�� 7KH� YLUWXDO� GHSHQGHQFLHV� EHWZHHQ� WKH�



YLUWXDO�DQG KRVW�HGJHV DUH UHFRUGHG��)LJ��� �F���DQG�WKH�WRSRORJLFDO�ERXQGDULHV�XSGDWHG�LQ�WKH�DQDO\VLV�WRSRORJ\�
GHILQLWLRQ�

)LJ��� �D��+RVW�HGJHV�WR�EH�PHUJHG���E��YLUWXDO�VXSHUVHW�HGJH���F��YLUWXDO�DQG�WRSRORJLFDO�GHSHQGHQFLHV�

)LJ��� �D��+RVW�IDFHV�WR�EH�PHUJHG���E��UHVXOWLQJ�DQDO\VLV�WRSRORJ\� �F��LJQRUHG�HGJH�IDFH�SDLU�± H�����G��LJQRUHG�HGJH�IDFH�SDLU�± H�����H��
LJQRUHG�HGJH�IDFH�SDLU�± H���� �I��YLUWXDO�GHSHQGHQFLHV�RI�IDFH�FHOOV�

,W�LV�SRVVLEOH�WR�GHILQH�YLUWXDO�VXSHUVHW�IDFHV�E\�VSHFLI\LQJ�WKH�IDFHV�WR�EH�PHUJHG�RU�WKH�HGJHV�WR�EH�LJQRUHG�
�L�H��WKH�FRPPRQ�HGJHV�EHWZHHQ�IDFHV�WR�EH�PHUJHG���(LWKHU�DSSURDFK�LV�VXIILFLHQW�ZKHQ�FUHDWLQJ�YLUWXDO�VXSHUVHW�
IDFHV�RQH�E\�RQH��+RZHYHU��WKLV�LV�QRW�WKH�FDVH�ZKHQ�DWWHPSWLQJ�WR�FUHDWH�PDQ\�DW�RQFH��ZKLFK�LV�XVHIXO�ZKHQ�
DWWHPSWLQJ� WR�DXWRPDWH�JHRPHWU\�FOHDQ�XS�SURFHGXUHV��&RQVLGHU�)LJ��� ZKHUH� WKH�REMHFWLYH� LV� WR�JHQHUDWH� WZR�
VXSHUVHW� IDFHV� µI�¶� DQG� µI�¶�� )LJ�� � �E��� E\� PHUJLQJ� IDFHV� µI�¶�� µI�¶�� µI�¶�� µI�¶� DQG� µI�¶�� )LJ�� � �D��� 6LPSO\�
SURYLGLQJ� WKH� IDFHV� WR� EH� PHUJHG� DV� WKH� LQSXW� OHDYHV� LW� LPSRVVLEOH� WR� LQWHUSUHW� WKH� LQWHQW� RI� WKH� DQDO\VW� DQG�
JHQHUDWH�WKH�WZR�VXSHUVHW�IDFHV��µI�¶�DQG�µI�¶���,QVWHDG�DQ DWWHPSW ZLOO�EH�PDGH WR�FUHDWH�RQH�IDFH��DV�DOO�VKDUH�D�
FRPPRQ�HGJH��+RZHYHU��LI�WKH�LQSXW�SURYLGHG�LV�WKH�HGJHV�WR�EH�LJQRUHG��µH��¶��µH��¶��µH��¶�DQG�µH��¶��WKHQ�E\�
ILQGLQJ�WKH�ERXQGHG�IDFHV RI�HDFK�HGJH��^I���I�`��^I���I�`��^I���I�` DQG�^I���I�`�UHVSHFWLYHO\��VKRZQ�LQ�)LJ��� �F���
�G��DQG��H���WKH�VXSHUVHWV�DUH�IRUPHG�E\�UHFXUVLYHO\�F\FOLQJ�WKURXJK�HDFK�IDFH�SDLU��DQG�PHUJLQJ�WKHP��7KLV�DOVR�
HQIRUFHV�WKH�FRQGLWLRQ�WKDW�IDFHV�WR�EH�PHUJHG�PXVW�EH�DGMDFHQW��)URP�WKLV�LW�FDQ�EH�VHHQ�WKDW�VXSHUVHW�IDFHV�µI�¶�
DQG�µI�¶� FRPSULVHG�RI�KRVW�IDFHV�^I���I�`�DQG�^I���I���I�` UHVSHFWLYHO\� DUH�LGHQWLILHG��7KH�YLUWXDO�GHSHQGHQFLHV�
IRU�WKH�VXSHUVHW�IDFHV�DUH�VKRZQ�LQ�)LJ��� �I���1RWH�WKDW�DOO�WKH�FRPSRQHQW�IDFHV�LQ�WKH�QHZ�VXSHUVHW�IDFH�UHWDLQ�



WKHLU�RULJLQDO�UHODWLYH�RULHQWDWLRQ�WR�WKH�XQGHUO\LQJ�JHRPHWU\��ZKLFK�PD\�PHDQ�WKH\�KDYH�GLIIHUHQW�RULHQWDWLRQV�
UHODWLYH�WR�WKH�YLUWXDO�IDFH�FUHDWHG�

,Q� RUGHU� WR� FUHDWH� WKH� WRSRORJ\� RI� WKH� VXSHUVHW� IDFHV�� DVVRFLDWHG� ERXQGLQJ� HQWLW\� WRSRORJLHV� PXVW� DOVR� EH�
PHUJHG��6LQFH�WKH�HGJHV�WR�EH�LJQRUHG�DUH�XVHG�DV�WKH�LQSXW� WKHLU�ERXQGLQJ�YHUWLFHV�PD\�DOVR�EH�LJQRUHG��7KH�
ERXQGHG� HGJH� SDLUV� DUH� UHWXUQHG� IRU� HDFK� YHUWH[� WR� EH� LJQRUHG� DQG� JURXSHG� LQWR� KRVW� HGJH� VHWV� DV� SHU� WKH�
GHVFULSWLRQ�IRU�WKH�IDFH�SDLUV�DERYH��2QFH�WKH�KRVW�HGJH�VHWV�DUH�LGHQWLILHG�WKH�PHUJH�RSHUDWLRQ�IRU�HGJHV�LV�XVHG�
WR�FUHDWH�WKH�VXSHUVHW�HGJHV��,W�VKRXOG�EH�QRWHG�WKDW�FHUWDLQ�YHUWLFHV�DUH�QRW�LJQRUHG�LI�WKH\�ERXQG�DQ�HGJH�ZKLFK�
GRHV�QRW� IRUP�WKH�ERXQGDU\�RI�WKH�VXSHUVHW� IDFH�RU�LV�QRW� LJQRUHG�DV�SDUW�RI�DQRWKHU�PHUJH�RSHUDWLRQ��H�J�� WKH�
YHUWH[� ERXQGLQJ� HGJH� µH��¶� ERXQGV� PRUH� WKDQ� WZR� HGJHV� �LW� LV� FRPPRQ� WR� HGJHV� µH�¶�� µH�¶� DQG� µH�¶��� ,W� LV�
LPSRUWDQW� WKDW� WKLV� LV� QRW� LJQRUHG� DV� HGJH� µH�¶� ERXQGV� IDFH� µI�¶� DQG� WKXV� UHPDLQV� LQ� WKH� UHVXOWLQJ� DQDO\VLV�
WRSRORJ\��)LJ��� �E���(GJH�ORRS�W\SHV�DUH�OLDEOH�WR�EH�DOWHUHG�ZLWKLQ�WKH�DQDO\VLV�WRSRORJ\��)RU�H[DPSOH��HGJHV�
µH��¶�DQG�µH��¶�DUH�FODVVHG�DV�RXWHU�ORRS�HGJHV�RI�IDFHV�µI�¶�DQG�µI�¶��+RZHYHU��DIWHU�KRVW�IDFHV�µI�¶�DQG�µI�¶�DUH�
PHUJHG� WKH� FRPPRQ� HGJHV� µH��¶� DQG� µH��¶� DUH� UHPRYHG� IURP� WKH� DQDO\VLV� WRSRORJ\� DQG� VXSHUVHW� HGJH� µH��¶�
EHFRPHV�DQ�LQQHU�ORRS�SHULRGLF�HGJH�DV�LW�RULJLQDOO\�H[LVWHG�DV�WZR�HGJHV�µH��¶�DQG�µ��¶�DUH�PHUJHG�WKURXJK�WKH�
UHPRYDO�RI�µH��¶�DQG�µH��¶�DQG�WKHLU�ERXQGLQJ�YHUWLFHV��7KHVH�VLWXDWLRQV�DUH�UHFRJQL]HG�ZKHQ�WKHUH�DUH�PXOWLSOH�
XQFRQQHFWHG�FRPPRQ�HGJHV�EHWZHHQ�WKH�KRVW�IDFHV�WKDW�ZHUH�PHUJHG��H�J��HGJHV�µH��¶�DQG�µH��¶�IURP�)LJ��� �D���

$Q�HGJH�LV�FRQVLGHUHG�SRVLWLYH�UHODWLYH�WR�LWV�ERXQGHG�IDFH�LI�WKH�IDFH�LV�RQ�WKH�OHIW�KDQG�VLGH�RI�WKH�IRUZDUG�
SRLQWLQJ�HGJH�WDQJHQW�GLUHFWLRQ�ZKHQ�YLHZHG�IURP�WKH�RXWZDUG�SRLQWLQJ�IDFH�QRUPDO��)RU�H[DPSOH��HGJHV�µH�¶��
µH�¶��µH�¶�DQG�µH�¶ DUH�DOO�SRVLWLYH�UHODWLYH�WR�IDFH�I���+RZHYHU��HGJH�µH�¶�LV�QHJDWLYH�UHODWLYH�WR�LWV�RWKHU�ERXQGHG�
IDFH� µI�¶�� 7KLV� RULHQWDWLRQ� FRQYHQWLRQ� LV� WUDQVIHUUHG� WR� PDLQWDLQ� D� YDOLG� WRSRORJLFDO� GHVFULSWLRQ� ZLWKLQ� WKH�
DQDO\VLV�WRSRORJ\��)LJ��� �E���9ROXPH�FHOOV�FDQ�DOVR�EH�PHUJHG�WRJHWKHU�XVLQJ�WKH�VDPH�PHWKRGRORJLHV�GHVFULEHG�
DERYH�ZLWK�DQ\�RULHQWDWLRQ�DWWULEXWHV�GLVWULEXWHG�WR�PHUJHG�IDFHV�

���� 9LUWXDO�VSOLW�RSHUDWLRQV

9LUWXDO� VXEVHW� HQWLWLHV� UHSUHVHQW� D� SDUWLDO� VHFWLRQ�RI� D� KRVW� HQWLW\��3DUDVLWH� HQWLWLHV� DUH� WKH� YLUWXDO� ERXQGLQJ�
HQWLWLHV�XVHG�WR�SDUWLWLRQ�D�KLJKHU�GLPHQVLRQDO�WRSRORJLFDO�HQWLW\�LQWR�YLUWXDO�VXEVHW�HQWLWLHV��H�J��D�SDUDVLWH�IDFH�
XVHG� WR� SDUWLWLRQ� D� YROXPH� FHOO� LQWR� VLPSOHU� VXEVHW� YROXPHV� IRU� PHVKLQJ�� 7KH� YLUWXDO� UHSUHVHQWDWLRQ� HQDEOHV�
SDUDVLWH�HQWLW\�GHVFULSWLRQV�WR�EH�SURYLGHG�LQ�GLIIHUHQW�IRUPDWV�DV�SUHIHUUHG��VXFK�DV�LVRODWHG�JHRPHWULHV��SRLQWV��
FXUYHV�RU�ERXQGHG�VXUIDFHV���SDUDPHWHU�YDOXHV��SDUDPHWULF�SRVLWLRQ�RQ�D�FXUYH��SDUDPHWHU�SDLU�UHSUHVHQWLQJ�WKH�
ERXQGHG�VHFWLRQ�RI�D�FXUYH��RU�WKH�ERXQGLQJ�HQWLWLHV�RI�WKH�SDUDVLWH��ERXQGLQJ�FXUYHV�RI�D�SDUDVLWH�IDFH��

)LJ��� (GJH�VSOLWWLQJ�RSHUDWLRQV���D��+RVW�HGJH�WR�EH�VSOLW���E��UHVXOWLQJ�DQDO\VLV�WRSRORJ\���F��YLUWXDO�VXEVHW�GHSHQGHQFLHV���G��SHULRGLF�HGJH�
WR�EH�SDUWLWLRQHG���H��SDUDVLWH�YHUWH[�LQWURGXFHG�WR SHULRGLF�HGJH���I��SHULRGLF�HGJH�SDUWLWLRQHG�ZLWK�VHFRQG�SDUDVLWH�YHUWH[�

6SOLW�RSHUDWLRQV�DUH�GHVFULEHG�IRU�DOO�SRVVLEOH�HGJH�FRQILJXUDWLRQV��7KH�ILUVW�FRQILJXUDWLRQ�LV�DQ�HGJH�ERXQGHG�
E\�WZR�YHUWLFHV��)LJ��� �D���,Q�WKLV�VFHQDULR�WKH�DGGLWLRQ�RI�SDUDVLWH�YHUWH[�µY�¶�WR�WKH�ERXQGDU\�RI�KRVW�HGJH�H��
UHVXOWV�LQ�WZR�VXEVHW�HGJHV�µH�¶�DQG�µH�¶��7KH�RULHQWDWLRQ�RI�WKH�SDUDVLWH�µY�¶�LV�DVVLJQHG�RSSRVLWH WR�WKH�RULJLQDO�
YHUWLFHV�ERXQGLQJ�HDFK�YLUWXDO�HGJH��H�J��ZKHUH�VXEVHW�HGJH�µH�¶�LV�ERXQGHG�E\�QHJDWLYH�YHUWH[�µY�¶�WKLV�GLFWDWHV�
WKDW�SDUDVLWH�µY�¶�LV�SRVLWLYH�UHODWLYH�WR�VXEVHW�µH�¶��



7KH�VHFRQG�FRQILJXUDWLRQ�LV�D�SHULRGLF�HGJH�ERXQGHG�E\�]HUR�YHUWLFHV��)LJ��� �G���+HUH�WKH�DGGLWLRQ�RI�D�VLQJOH�
SDUDVLWH� YHUWH[� µY�¶� LV� LQVXIILFLHQW� WR�SDUWLWLRQ� WKH�KRVW� HGJH� µH�¶�� LQWR� WZR� VXEVHWV� DV� WKH�ERXQGDU\� WUDYHUVDO�
DUULYHV�EDFN�DW�WKH�LQLWLDO�YHUWH[�µY�¶��)LJ��� �H���7KH�SDUDVLWH�YHUWH[�LV�VLPSO\�DGGHG�WR�WKH�WRSRORJ\�RI�WKH�HGJH�
DQG� DVVLJQHG� ERWK� D� SRVLWLYH� DQG� QHJDWLYH� RULHQWDWLRQ�� ,I� DQRWKHU� RSHUDWLRQ� LQ� WKH� DQDO\VLV�PRGHO� SUHSDUDWLRQ�
UHTXLUHV�D�VHFRQG�SDUDVLWH�YHUWH[�WR�EH�DGGHG�WR�WKH�HGJH�WRSRORJ\�WKHQ�WZR�VXEVHW�HGJHV�UHVXOW��)LJ��� �I���7KH�
RULHQWDWLRQ�RI�WKH�SDUDVLWH�YHUWLFHV�UHODWLYH�WR�WKH�VXEVHW�HGJH�LV�GHWHUPLQHG�E\�WKHLU�SDUDPHWULF�YDOXH�ZLWKLQ�WKH�
KRVW�HGJH��3HULRGLF�HGJH�FRQILJXUDWLRQV�DUH�H[WHQVLEOH�WR�SHULRGLF�VXUIDFHV��VXFK�DV�F\OLQGHUV��7KLV�DSSURDFK�LV�
DEOH�WR�UREXVWO\�KDQGOH�DQ\�FRQILJXUDWLRQ�RI�SHULRGLF�HGJHV�DQG�IDFHV�ZLWKLQ�WKH�YLUWXDO�UHSUHVHQWDWLRQ��/LQNV�WR�
DQ\� WRSRORJLFDO�&$'�DUFKLWHFWXUH� DUH� HDVLO\�PDLQWDLQHG� DV�ERXQGLQJ� HQWLWLHV� DUH� RIWHQ� LQWURGXFHG� WR�SHULRGLF�
HQWLWLHV�WR�VLPSOLI\�WKH�WUDFNLQJ�RI�WKH�WRSRORJLFDO�FRQQHFWLYLW\��+HUH�D�SHULRGLF�HGJH�RU�IDFH�FDQ�EH�ERXQGHG�E\�
]HUR�� RQH�� WZR� RU� Q� HQWLWLHV� DQG� FDQ� DOVR� EH� FUHDWHG� IRU� DQDO\VLV� SXUSRVHV� �µH��¶� )LJ�� � �E��� WR� UHGXFH� WKH�
SURSDJDWLRQ�RI�VSOLWV�WKURXJK�WKH�DQDO\VLV�PRGHO�

)LJ��� )DFH�VSOLWWLQJ�RSHUDWLRQV���D��+RVW�IDFH�WR�EH�VSOLW���E��UHVXOWLQJ�DQDO\VLV�WRSRORJ\���F��KRVW�IDFH�WR�EH�VSOLW���G��SDUDVLWH HGJH�FRQQHFWHG��
WR��DQ�LQQHU�HGJH���H��VHFRQG�SDUDVLWH�HGJH�WR�SDUWLWLRQ�WKH�KRVW�IDFH���I��YLUWXDO�DQG�WRSRORJLFDO�GHSHQGHQFLHV�IRU��D��DQG��E��

)DFH�SDUWLWLRQLQJ�LV�FDUULHG�RXW�E\�LQWURGXFLQJ�D�ORZHU�GLPHQVLRQDO�SDUDVLWH�HGJH�LQWR�WKH�KRVW�IDFH�WRSRORJ\��
'XH�WR�WKH�SRVVLEOH�SUHVHQFH�RI�PXOWLSOH�HGJH�ORRSV�D�ZLGHU�UDQJH�RI�FRQILJXUDWLRQV�QHHG�WR�EH�FRQVLGHUHG�IRU�
IDFH�SDUWLWLRQLQJ��)LJ��� �D��DQG��E��GHVFULEH�D�VLWXDWLRQ�ZKHUH�D�VLQJOH�SDUDVLWH�HGJH�LV�VXIILFLHQW�WR�SDUWLWLRQ�WKH�
IDFH��)LUVWO\�WKH�ERXQGLQJ�YHUWLFHV�RI�WKH�SDUDVLWH�HGJH�DUH�XVHG�WR�SDUWLWLRQ�WKH�ERXQGLQJ�HGJHV�RI�WKH�KRVW�IDFH��
H�J��µY�¶�DQG�µY�¶�SDUWLWLRQ�KRVW�HGJHV�µH�¶�DQG�µH�¶�LQWR�YLUWXDO�VXEVHW�HGJHV�^H���H�`�DQG�^H���H�`�UHVSHFWLYHO\��
7KHQ�D� IDFH� WUDYHUVDO� SURFHGXUH� LV� XWLOL]HG� WR�GHWHUPLQH�ZKHWKHU� D� SDUDVLWH� HGJH�SDUWLWLRQV� WKH�KRVW� IDFH��7KH�
WUDYHUVDO�SURFHVV�EHJLQV�IURP�WKH�ILUVW�ERXQGLQJ�YHUWH[�µY�¶�RI�WKH�SDUDVLWH�HGJH�µH��¶��)URP�WKLV�YHUWH[�WKH�KRVW�
IDFH� WRSRORJ\� LV� WUDYHUVHG� LQ� WKH� SRVLWLYH� GLUHFWLRQ� XQWLO� HLWKHU� WKH� LQSXW� YHUWH[� µY�¶� RU� WKH� VHFRQG� ERXQGLQJ�
YHUWH[�µY�¶�RI�WKH�SDUDVLWH�HGJH�LV�PHW��,I�WKH�VWDUW�YHUWH[�LV�PHW�WKHQ�WKH�IDFH�KDV�QRW�EHHQ�SDUWLWLRQHG�ZKHUHDV�LI�
WKH�VHFRQG�YHUWH[�LV�PHW�WKHQ�WKH�IDFH�KDV�EHHQ�SDUWLWLRQHG��7KH�HGJHV�WUDYHUVHG� HGJHV�µH�¶��µH�¶�DQG�µH�¶�IRUP�
WKH�ERXQGDU\�RI�WKH�ILUVW�YLUWXDO�VXEVHW�IDFH�DORQJ�ZLWK�WKH�ILQDO�WUDYHUVDO�RYHU�WKH�SDUDVLWH�ERXQGDU\��ZKLFK�LQ�
WKLV�FDVH� LV� VLPSO\� WKH�SDUDVLWH�HGJH� LWVHOI��7KH�RULHQWDWLRQ�RI� WKH�SDUDVLWH�HGJH� LV� LQKHULWHG�IURP�WKH�SUHYLRXV�
VXEVHW� HGJH� LQ� WKH� WUDYHUVDO� GLUHFWLRQ�� 7KLV� LV� GHFLGHG� E\� LGHQWLI\LQJ� WKH� FRPPRQ� YHUWH[� DQG� FRPSDULQJ� LWV�
RULHQWDWLRQ�UHODWLYH� WR�HDFK�HGJH�� ,I� WKH�YHUWH[�KDV� WKH�VDPH�RULHQWDWLRQ�UHODWLYH� WR�HDFK�HGJH� WKHQ� WKH�SDUDVLWH�
HGJH�LV�DVVLJQHG�DQ�RSSRVLWH�RULHQWDWLRQ�WR�WKH�VXEVHW�HGJH��,I�WKH�YHUWH[�RULHQWDWLRQV�GLIIHU�EHWZHHQ�HGJHV�WKHQ�
WKH�SDUDVLWH�HGJH�LQKHULWV�WKH�RULHQWDWLRQ�RI�WKH�VXEVHW�HGJH��7KHUHIRUH��HGJH�µH��¶�LV�DVVLJQHG�SRVLWLYH�UHODWLYH�WR�
VXEVHW�IDFH�µI�¶�DQG�QHJDWLYH�UHODWLYH�WR�VXEVHW�µI�¶��7KH�ERXQGDU\�RI�WKH�VHFRQG�VXEVHW�IDFH�LV�GHILQHG�IURP�WKH�
UHPDLQLQJ�HGJHV�ERXQGLQJ�WKH�KRVW�IDFH��H[FOXGLQJ�LQQHU�ORRS�HGJHV��,QQHU�ORRS�HGJHV��VXFK�DV�µH�¶��DUH�DVVLJQHG�
WR� WKH� ERXQGDU\� RI� D� YLUWXDO� VXEVHW� IDFH� E\� GHWHUPLQLQJ� LI� WKH� LQQHU� HGJH� OLHV� ZLWKLQ� WKH� RXWHU� ERXQGDU\�
SDUDPHWHUV�VSDFH�RI�HDFK�VXEVHW��7KLV�UHWXUQV�WKH�ERXQGDU\�RI�WZR�VXEVHW�IDFHV�µI�¶�DQG�µI�¶�WR�EH�^H���H���H���
H��`�DQG�^H���H���H���H����H�`�UHVSHFWLYHO\ DV�VKRZQ�LQ�WKH�YLUWXDO�DQG�WRSRORJLFDO�GHSHQGHQF\�JUDSK�)LJ��� �I��

$QRWKHU�DSSOLFDEOH�FRQILJXUDWLRQ�IRU�IDFH�SDUWLWLRQLQJ�LV�VKRZQ�LQ�)LJ��� �F�H���,Q�WKLV�FRQILJXUDWLRQ�WKH�VXEVHW�
IDFHV�DUH�FUHDWHG�E\�SDUWLWLRQLQJ�D�KRVW�IDFH�IURP�LWV�LQQHU�ORRS�HGJH�WR�LWV�RXWHU�ERXQGDU\��7KH�XVH�RI�D�VLQJOH�



SDUDVLWH� HGJH� µH�¶��)LJ�� � �G��� GRHV� QRW� SDUWLWLRQ� WKH� KRVW� IDFH� DV� WKH� IDFH� WUDYHUVDO� SURFHGXUH� UHWXUQV� WR� VWDUW�
YHUWH[� Y��� $IWHU� LQWURGXFLQJ� D� VHFRQG� SDUDVLWH� HGJH� µH�¶� WKH� IDFH� RXWHU� ERXQGDU\� LV� QRZ� SDUWLWLRQHG� DV� WKH�
WUDYHUVDO�SURFHVV�HQGV�DW�YHUWH[�µY�¶��7KH�ILQDO�VWHS�WR�FRQILUP�WKH�SDUWLWLRQ�LV�WR�WUDYHUVH�WKH�SDUDVLWH�ERXQGDU\��
7KH�WUDYHUVDO�SURFHVV�FRQWLQXHV�RYHU�WKH�LQQHU�ORRS�LQ�WKH�SRVLWLYH�GLUHFWLRQ�GHILQLQJ�D�SDUDVLWH�ORRS�RI�^H���H����
H�`��7KLV�WUDYHUVDO�SURFHVV�LV�SRVVLEOH�E\�PDLQWDLQLQJ�WKH�FRUUHFW�RULHQWDWLRQV�ZKHQ SDUWLWLRQLQJ�WKH�HGJHV�ZLWK�
WKH� SDUDVLWH� YHUWLFHV� DQG� LV� DOVR� XVHG� WR� DVVLJQ� WKH� FRUUHFW� RULHQWDWLRQ� WR� WKH� SDUDVLWH� HGJHV�� 7KLV� UHWXUQV� WKH�
ERXQGDU\� RI� WZR� VXEVHW� IDFHV� µI�¶� DQG� µI�¶� WR� EH� ^H��� H��� H���� H��� H���� H�`� DQG� ^H��� H��� H���� H��� H���� H�`�
UHVSHFWLYHO\�� )LJ�� � �H��� 7KH� QDWXUH� RI� WKH� WUDYHUVDO� SURFHGXUH� HQDEOHV� PXOWLSOH� SDUDVLWH� HGJHV� WR� EH� XVHG� WR�
SDUWLWLRQ�D� IDFH��7KHVH�SDUDVLWH�HGJHV�FDQ�EH�DGGHG� WR� WKH�IDFH� WRSRORJ\� LQ�DQ\�RUGHU�ZLWK� WKH�SURFHVV�DEOH� WR�
FRUUHFWO\�GHWHUPLQH�LI�WKH�KRVW�IDFH�KDV�EHHQ�SDUWLWLRQHG��

3HULRGLF�HGJHV�FDQ�DOVR�EH�XVHG� WR�SDUWLWLRQ� IDFHV��2QH�YLUWXDO� VXEVHW� IDFH�ZLOO�EH�ERXQGHG�E\� WKH�RULJLQDO�
KRVW�RXWHU�ERXQGDU\�DQG�WKH�SHULRGLF�SDUDVLWH�HGJH��ZKLFK�ZLOO�EH�FODVVHG�DV�DQ�LQQHU�ORRS�HGJH��7KH�SHULRGLF�
SDUDVLWH�HGJH�ZLOO�IRUP�WKH�RXWHU�ERXQGDU\�RI�WKH�VHFRQG�YLUWXDO�VXEVHW�IDFH��

)LJ��� 9LUWXDO�YROXPH�SDUWLWLRQLQJ�SURFHVV�

7KH�SURFHVV WR�YLUWXDOO\�SDUWLWLRQ D�YROXPH�FHOO�LV VKRZQ�LQ�)LJ��� DQG�LOOXVWUDWHG�XVLQJ�WKH�VLPSOH�H[DPSOH�LQ�
)LJ�����ZKHUH�D�IDFH�LV�XVHG�DV�WKH�SDUDVLWH�HQWLW\�WR�SDUWLWLRQ�WKH�YROXPH�FHOO��7KH�SDUDVLWH�IDFH�FDQ�HLWKHU�EH�D�
UHDO�JHRPHWULF�IDFH��RU�D�YLUWXDO�IDFH�GHILQHG�E\�LWV�ERXQGLQJ�HQWLWLHV��:LWK�HLWKHU�DSSURDFK�WKH�LQLWLDO�VWHS�LV�WR�
XVH� WKH� ORZHU� GLPHQVLRQDO� ERXQGLQJ� HGJHV� DQG� YHUWLFHV�� KLJKOLJKWHG� EODFN� LQ� )LJ�� � �E��� WR� SDUWLWLRQ� WKH�
DSSOLFDEOH�IDFHV�DQG�HGJHV�UHVSHFWLYHO\��2QFH�WKLV�LV�DFKLHYHG��WKH�REMHFWLYH�LV�WR�GHWHUPLQH�LI�WKH�YROXPH�FHOO�
KDV� EHHQ� SDUWLWLRQHG�� 7KH� RULHQWDWLRQ� RI� WKH� ERXQGLQJ� HGJHV� RI� D� SDUDVLWH� IDFH� LV� HVWDEOLVKHG� XVLQJ� WKH�
RULHQWDWLRQV� RI� WKHLU� KRVW�� 'RLQJ� WKLV� IRU� WKH� ILUVW� ERXQGLQJ� SDUDVLWH� HGJH� HQDEOHV� WKH� UHPDLQLQJ� HGJHV� WR� EH�
WUDYHUVHG�DQG�DVVLJQHG�WKH�FRUUHFW�RULHQWDWLRQ��8VLQJ�WRSRORJLFDO� WUDYHUVDOV�WR�DVVLJQ�DQG�PDLQWDLQ�RULHQWDWLRQV�
HQDEOHV�HYHQ�FRPSOH[�QHWZRUNV�RI�SDUDVLWH�HQWLWLHV�WR�LQKHULW�FRQVLVWHQW�RULHQWDWLRQV�IURP�WKHLU�KRVW�HQWLW\��

'HWHUPLQLQJ�LI�WKH�YROXPH�KDV�EHHQ�SDUWLWLRQHG�UHTXLUHV�D�IDFH�WUDYHUVDO�SURFHVV�VLPLODU�WR�WKH�HGJH�WUDYHUVDO�
SURFHVV�XWLOL]HG�ZKHQ�SDUWLWLRQLQJ�IDFH�HQWLWLHV��+HUH�WKH�ERXQGLQJ�HGJHV�RI�WKH�SDUDVLWH�IDFHV�DUH�WUDYHUVHG�LQ�
RUGHU�WR�GHWHUPLQH�D�IDFH�ORRS�RQ�HLWKHU�VLGH�RI�WKH�SDUDVLWH�ERXQGDU\��)LJ��� �F�� $W�WKH�ILUVW�ERXQGLQJ�SDUDVLWH�
HGJH�ERWK�ERXQGHG�IDFHV�DUH�LGHQWLILHG��H[FOXGLQJ�WKH�SDUDVLWH�IDFH�LWVHOI��(DFK�ERXQGHG�IDFH�LV�WKH�ILUVW�IDFH�LQ�D�
GLVWLQFW�SDUDVLWH�IDFH�ORRS��7KH�UHPDLQLQJ�SDUDVLWH�HGJHV�DUH�WUDYHUVHG�LQ�WKH�FRUUHFW�RUGHU�WR�LGHQWLI\�DGGLWLRQDO�
ORRS�IDFHV��/RRS�IDFHV�VKDUH�D�FRPPRQ�HGJH�ZLWK�DQ�H[LVWLQJ�ORRS�IDFH��H[FOXGLQJ�WKH�ERXQGLQJ�SDUDVLWH�HGJHV��
7KH�WZR�DGMDFHQW IDFH�ORRSV�LGHQWLILHG�DUH�VKRZQ�LQ�)LJ��� �F���'HWHUPLQLQJ�WKH�WZR�DGMDFHQW�IDFH�ORRSV�HLWKHU�
VLGH�RI�WKH�SDUDVLWH�ERXQGDU\�HQDEOHV�D�IDVW�PDUFKLQJ�SURSDJDWLRQ�PHWKRG�WR�KHOS�LGHQWLI\�LI�D�VXEVHW�YROXPH�KDV�
EHHQ�JHQHUDWHG� VLQFH� HDFK� DGMDFHQW� IDFH� ORRS� VKRXOG�ERXQG�D� VHSDUDWH� VXEVHW� YROXPH�FHOO�� 2QH� DGMDFHQW IDFH�



ORRS� LV� VHOHFWHG� WR� GHWHUPLQH� LI� WKH� YROXPH� FHOO� KDV� EHHQ� SDUWLWLRQHG�� 8VLQJ� WKLV� IDFH� ORRS� DQ� HGJH�IDFH�
SURSDJDWLRQ�DSSURDFK�LV�XWLOL]HG�WR�WUDYHUVH�WKH�IDFHV LQ�WKH�YROXPH��7R�EHJLQ�WKLV�SURFHVV�WKH�ERXQGLQJ�HGJHV�
�H[FOXGLQJ� WKH� HGJHV� ERXQGLQJ� WKH� SDUDVLWH� IDFH�� RI� DOO� IDFHV� LQ� WKH� IDFH� ORRS� DUH� LGHQWLILHG�� 7KH� HGJH�IDFH�
WUDYHUVDO PHWKRG�GHWHFWV�DQ\�IDFHV��KLJKOLJKWHG�EODFN�LQ�)LJ��� �G���WKDW�DUH�ERXQGHG�E\�WKHVH�HGJHV��7KHVH�IDFHV�
DUH�DGGHG�WR�WKH�IDFH�ORRS�DQG�WKH�SURFHVV�LV�UHSHDWHG�ZLWK�WKH�QHZ�VHW�RI�ERXQGLQJ�IDFH�ORRS�HGJHV�UHWXUQLQJ�WKH�
IDFHV�KLJKOLJKWHG�EODFN�LQ�)LJ��� �H���ZKLFK�DUH�DSSHQGHG�WR�WKH�IDFH�ORRS��7KLV�SURFHVV�FRQWLQXHV�XQWLO�WKHUH�DUH�
QR�UHPDLQLQJ�IDFHV�WR�WUDYHUVH��ORRS�GHSLFWHG�LQ�)LJ������&DUH�LV�WDNHQ�WR�HQVXUH�RQO\�WKH�GHVLUHG�WUDYHUVDOV�DUH�
FDUULHG� RXW� E\� H[FOXGLQJ� HGJHV� ERXQGLQJ� SDUDVLWH� IDFH� DQG� FHUWDLQ� QRQ�PDQLIROG� HGJHV� IURP� WKH� WUDYHUVDO�
SURFHVV�

,I�WKH�ILQDO�IDFH�ORRS�GRHV�QRW�FRQWDLQ�DQ\�FRPPRQ�IDFHV�ZLWK�WKH�VHFRQG�SDUDVLWH�IDFH�ORRS�WKHQ�WKH�YROXPH�
KDV� EHHQ� VXFFHVVIXOO\� SDUWLWLRQHG� ZLWK� WKH� IDFH� ORRS� DQG� WKH� SDUDVLWH� IDFH� GHILQLQJ� LWV� ERXQGDU\�� 7KH� VXEVHW�
YROXPH�FHOOV�DUH�VKRZQ�LQ�)LJ��� �I��DQG��J��ZKHUH�WKH�VHFRQG�VXEVHW�YROXPH�ERXQGDU\�LV�GHILQHG�DV�WKH�UHVLGXDO�
IDFHV� LQ� WKH�KRVW�YROXPH��3DUDVLWH� IDFH�RULHQWDWLRQV�DUH� LQKHULWHG�IURP�WKH�ERXQGLQJ�SDUDVLWH�HGJH�RULHQWDWLRQV�
ZKHUH�WKH�YLUWXDO�IDFH�QRUPDO�LV�VSHFLILHG�DV�WKH�QRUPDO�EHWZHHQ�WKH�RULHQWHG�HGJHV�

)LJ��� 9ROXPH�VSOLWWLQJ�RSHUDWLRQ���D��+RVW�YROXPH�WR�EH�VSOLW���E��ERXQGLQJ�HGJHV�RI�SDUDVLWH�IDFH���F��IDFHV�RQ�RQH�VLGH�RI�WKH�SDUDVLWH�
ERXQGDU\���G��ILUVW�IDFH�SURSDJDWLRQ�VWHS���H��VHFRQG�IDFH�SURSDJDWLRQ�VWHS���I��VXEVHW�YROXPH���J��VXEVHW�YROXPH�

7KH�YLUWXDO�GHFRPSRVLWLRQ�SURFHVV�ZDV�GHVFULEHG�XVLQJ�D�VLQJOH�SDUDVLWH�IDFH�WR�SDUWLWLRQ�WKH�YROXPH�FHOO��,W�LV�
RIWHQ�WKH�FDVH�WKDW�PXOWLSOH�SDUDVLWH�IDFHV�DUH�UHTXLUHG�WR�FUHDWH�D�VXEVHW�YROXPH��)LJ��� VKRZV�D�GHFRPSRVLWLRQ�
SURFHVV�XVLQJ�PXOWLSOH�SDUDVLWH�IDFHV��7KH�YLUWXDO�DQG�WRSRORJLFDO�UHODWLRQVKLSV�IRU�WKH�YROXPH�DQG�IDFH�HQWLWLHV�
DUH� GHSLFWHG� LQ� )LJ�� � �F��� )RU� FODULW\� WKH� HGJH¶V YLUWXDO� DQG� WRSRORJLFDO� UHODWLRQVKLSV� DUH� QRW� VKRZQ� EXW� DUH�
DXWRPDWLFDOO\�SURFHVVHG LQ�WKH�VDPH�PDQQHU��

$WWHPSWLQJ�WR�SDUWLWLRQ�WKH�KRVW�YROXPH µE�¶��)LJ��� �D���ZLWK� WKH�VLQJOH�SDUDVLWH� IDFH LQ )LJ��� �E��GRHV�QRW�
JHQHUDWH�VXEVHW�YROXPHV��7KLV�LV�GXH�WR�WKH�LQQHU�ORRS�HGJHV�DQG�IDFHV�ZKHUHE\�WKH�ERXQGLQJ�SDUDVLWH�HGJHV�GR�
QRW�SDUWLWLRQ�WKH�WRS��ERWWRP�DQG�LQQHU�ORRS�IDFHV LQWR�WZR�VXEVHWV� DQG�DV�D�UHVXOW�WKH�IDFH�ORRSV�RQ�HLWKHU�VLGH�RI�
WKH�SDUDVLWH�ERXQGDU\�VKDUH�FHUWDLQ�IDFHV�DQG�WKH�YROXPH�FHOO µE�¶ UHPDLQV�LQWDFW��+RZHYHU��WKH�SDUDVLWH�IDFH�LV�
DGGHG�WR�WKH�ERXQGLQJ�WRSRORJ\�RI�WKH�KRVW�YROXPH�FHOO��RULHQWHG�LQ�ERWK�WKH�SRVLWLYH�DQG�QHJDWLYH�GLUHFWLRQ�WR�
PDLQWDLQ�D�YDOLG�FRQILJXUDWLRQ��DV�VKRZQ�LQ�WKH�WRSRORJLFDO�JUDSK�RI�µE�¶�LQ�)LJ��� �F���7KH�DGGLWLRQ�RI�D�VHFRQG�
SDUDVLWH�IDFH��)LJ��� �G���SDUWLWLRQV�WKH�WRS µI�¶��ERWWRP µI�¶ DQG�LQQHU�ORRS µI�¶ IDFHV�DQG�JHQHUDWHV�WZR�GLVWLQFW�
IDFH� ORRSV�HLWKHU�VLGH�RI� WKH�SDUDVLWH�ERXQGDU\�� WKXV�SDUWLWLRQLQJ� WKH�YROXPH� LQWR� WKH�VXEVHW�YROXPHV µE�¶�DQG�
µE�¶ VKRZQ��1RQ�PDQLIROG� FRQGLWLRQV DUH� FRQVLGHUHG� WR� LQIRUP� WKH� HGJH�IDFH� WUDYHUVDO� SURFHVV�QRW� WR� LQFOXGH�
QRQ�PDQLIROG�HGJHV��7KLV�HQDEOHV�WKH�XVH�RI�PXOWLSOH�SDUDVLWH�IDFHV��)LJ��� �H��DQG��I��VKRZ�WKH�DGGLWLRQ�RI�RWKHU�
SDUDVLWH� IDFHV� WR� GHFRPSRVH� WKH� VXEVHW� YROXPHV DQG� WKHLU� ERXQGDULHV IXUWKHU� DQG� FUHDWH� WKH� 2�JULG�
GHFRPSRVLWLRQ�WKDW�FDQ�EH�XVHG�WR�JHQHUDWH�D�KH[�PHVK�DURXQG�WKH�KROH��7KXV��YLUWXDO�RSHUDWLRQV�DUH�DEOH�WR�EH�
XVHG� IRU� H[LVWLQJ� YLUWXDO VXEVHW�� VXSHUVHW� DQG� SDUDVLWH� HQWLWLHV� ZKLFK� LV� DQ� HVVHQWLDO� DVSHFW� RI� DQ\� YLUWXDO�
GHFRPSRVLWLRQ�ZRUNIORZ��DV� VKRZQ� LQ�)LJ��� �F���ZKHUH� VXEVHW�YROXPHV�DQG� IDFHV�DUH UHFXUVLYHO\�SDUWLWLRQHG��
7KLV� LV� DFKLHYHG� E\� UREXVWO\� PDQDJLQJ� WKH� YLUWXDO� DQG� WRSRORJLFDO� UHODWLRQVKLSV� DQG� JXDUDQWHHLQJ� D� YDOLG�
WRSRORJLFDO�GHVFULSWLRQ�RI�D�YLUWXDO�HQWLW\�LV�FUHDWHG�WKDW�LQFOXGHV�WKH�FRUUHFW�UHODWLYH�RULHQWDWLRQ�DWWULEXWHV��

,W� LV�ZRUWK�SRLQWLQJ�RXW� WKDW�PDQLIROG�PRGHOOLQJ�HQYLURQPHQWV�FDQQRW�PDQDJH� WKH�QRQ�PDQLIROG�FRQGLWLRQV�
GXH� WR� WKH� DGGLWLRQ�RI� D� VLQJOH�SDUDVLWH� IDFH� WKDW� GRHV�QRW� SDUWLWLRQ� WKH�YROXPH�� )LJ�� � �E��� UHVXOWLQJ� LQ� HUURUV�
ZKHQ�DWWHPSWLQJ�WR�GLUHFWO\�PRGLI\�WKH�JHRPHWU\��&RQGLWLRQV�VXFK�DV�WKHVH�LQWHUQDO�IDFHV�DUH�HDVLO\�UHSUHVHQWHG�
LQ� D� YLUWXDO� WRSRORJ\� HQYLURQPHQW� DV� D�PDQLIROG�JHRPHWULF� GHILQLWLRQ� LV� QRW� QHFHVVDU\��7KLV� IOH[LELOLW\� DOORZV�
DQDO\VWV�WR�JHQHUDWH�WKHLU�GHVLUHG�DQDO\VLV�WRSRORJ\�XVLQJ�VLPSOH�RSHUDWLRQV�



)LJ��� �D��+RVW�YROXPH���E��ILUVW�SDUDVLWH�IDFH���F��YLUWXDO�DQG�WRSRORJLFDO�UHODWLRQVKLSV���G��ILUVW�VXEVHW�YROXPH�GHFRPSRVLWLRQ���H��VHFRQG�
VXEVHW�YROXPH�GHFRPSRVLWLRQ���I��ILQDO�YLUWXDO�R�JULG�GHFRPSRVLWLRQ�

)LJ��� �D��+RVW�YROXPH���E��ILUVW�SDUDVLWH�IDFH���F��VHFRQG�SDUDVLWH�IDFH���G��SDUDVLWH�IDFH�ORRS�FRPSOHWH�DQG�YROXPH�GHFRPSRVHG�LQWR�WZR�
VXEVHWV�

%DVHG�RQ�RWKHU�UHTXLUHPHQWV��VXFK�DV�WKH�H[WUDFWLRQ�RI�WKLQ�UHJLRQV�IRU�KH[�PHVKLQJ��VHFWLRQ�������LW�PD\�EH�
QHFHVVDU\� WR� XVH� PXOWLSOH� FRQQHFWHG� SDUDVLWH� IDFHV� WR� GHFRPSRVH� D� YROXPH� FHOO�� )LJ�� ��� $V� WKH� YLUWXDO�
UHSUHVHQWDWLRQ� GRHV� QRW� QHHG� WR� PDLQWDLQ� D� YDOLG� JHRPHWULF� GHILQLWLRQ� LW� FDQ� GLUHFWO\� UHSUHVHQW� QRQ�PDQLIROG�
FRQGLWLRQV� OLNH� WKH�SUHVHQFH� RI�GDQJOLQJ� IDFHV�RU� HGJHV�� )LJ�� � �E���ZLWKLQ� WKHLU� UHVSHFWLYH�SDUHQW� YROXPHV�RU�
IDFHV��7KLV�HQDEOHV�PXOWLSOH�SDUDVLWH�IDFHV�WR�EH�XVHG�WR�GHFRPSRVH�D�YROXPH�FHOO�DV�VKRZQ�LQ�)LJ�����3DUDVLWH�
IDFH� ORRSV� DUH� FRQVWUXFWHG� E\� ILQGLQJ� WKH� FRPPRQ� ERXQGDU\� EHWZHHQ� DGMDFHQW� SDUDVLWH� IDFHV�� ZKHUH� QR� IUHH�
HGJHV�H[LVW�LQ�WKH�ORRS��VXFK�DV�LQ�)LJ��� �G��DQG��F���)UHH�HGJHV�DUH�HGJHV�ERXQGLQJ�D�SDUDVLWH�IDFH�EXW�QR�RWKHU�
IDFH��7KHLU�SUHVHQFH�LQIRUPV�WKH�SURFHVV�WKDW�WKH�YROXPH�KDV�QRW�EHHQ�SDUWLWLRQHG��&RPSOHWLQJ�WKH�SDUDVLWH�IDFH�
ORRS�HQDEOHV�WKH�WUDYHUVDO�SURFHVV�WR�EHJLQ�WR�GHWHUPLQH�LI�WKH�GRPDLQ�LV�SDUWLWLRQHG��)LJ��� �G���,Q�WKLV�H[DPSOH�



WZR�VXEVHW�YROXPHV�DUH�FUHDWHG�UHSUHVHQWLQJ�D� WKLQ�UHJLRQ�� )LJ��� �G�� ULJKW��DQG�D�EORFN� WRSRORJ\� W\SH�UHJLRQ��
)LJ�� � �G�� OHIW�� 7RSRORJLFDO� WUDYHUVDOV� DUH� XWLOL]HG� WR� DVVLJQ� RULHQWDWLRQV� EHWZHHQ�PXOWLSOH FRQQHFWHG� SDUDVLWH�
IDFHV�DQG�HGJHV��7KHVH�RULHQWDWLRQV�HQDEOH�WKH�YHUWH[�FRUQHU�DQG�HGJH�GLKHGUDO�DQJOHV�WR�EH�FRUUHFWO\�LGHQWLILHG��
HVSHFLDOO\�ZKHUH�SDUDVLWH�IDFHV�KDYH�QR�XQGHUO\LQJ�VXUIDFH�GHILQLWLRQ�

�� 9LUWXDO�WRSRORJ\�RSHUDWLRQV�IRU�PHVKLQJ

,Q� WKLV� VHFWLRQ�H[DPSOHV�RI�JHRPHWU\�FOHDQ�XS�DQG�GHFRPSRVLWLRQ�DUH�SURYLGHG��XVLQJ� WKH�YLUWXDO� WRSRORJ\�
RSHUDWLRQV�LQ�WKH�SUHYLRXV�VHFWLRQ��7KH�ZRUN�GHWDLOHG�LQ�WKLV�VHFWLRQ�KDV�EHHQ�LPSOHPHQWHG�DV�D�&��SOXJ�LQ�IRU�
6LHPHQV�1;�� ZKHUH� D JHQHULF� GDWD� VWUXFWXUH� LQ� WKH� IRUP� RI� D� UHODWLRQDO� GDWDEDVH� LV� XVHG� WR� VWRUH� WKH� PRGHO�
WRSRORJ\�DQG�DVVRFLDWHG� LQIRUPDWLRQ�DV�GHVFULEHG� LQ�>��@ DQG�VKRZQ�LQ�)LJ���� IRU� WKH�H[WUDFWLRQ�RI� WRSRORJ\�
IURP� 6LHPHQV� 1;�� ([WUDFWLQJ� WKH� LQLWLDO� PRGHO� WRSRORJ\� LQWR� WKLV� JHQHULF� GDWD� VWUXFWXUH� HQDEOHV� LW� WR� EH�
LQWHUURJDWHG�DQG�PDQLSXODWHG�WR�H[HFXWH�YLUWXDO� WRSRORJ\�RSHUDWLRQV��VHH�SURFHVV�LQ�)LJ������(DFK�HQWLW\�LQ�WKH�
PRGHO� LV� H[WUDFWHG� DORQJ� ZLWK� WKHLU� PDQLIROG� GLPHQVLRQ� ��� IRU� YHUWLFHV�� �� IRU� HGJHV�� �� IRU� IDFHV� DQG� �� IRU�
YROXPHV��DQG�D�XQLTXH�LGHQWLILHU �SRLQW�O\LQJ�LQVLGH�WKH�ERXQGDU\�RI�DQ�HQWLW\���7KH�WRSRORJLFDO�FRQQHFWLYLW\�DQG�
UHODWLYH� RULHQWDWLRQV� DUH� H[WUDFWHG� IURP� D� &$'� PRGHO� DXWRPDWLFDOO\� DORQJ� ZLWK� DOO� YHUWH[� DQG� HGJH�
FODVVLILFDWLRQV�ZKLFK�DUH�XVHG�IRU�JHRPHWU\�FOHDQ�XS�DQG�WR�KHOS�LGHQWLI\�LI D�VSHFLILF�PHVKLQJ�VWUDWHJ\�FDQ�EH�
DVVLJQHG� WR�D�YROXPH�FHOO��9HUWH[�FODVVLILFDWLRQV�GHILQH�WKH�DQJOH�EHWZHHQ�WKH�ERXQGHG�HGJHV�PHHWLQJ�DW�HDFK�
YHUWH[�ERXQGLQJ�D� IDFH� ZKLOH�HGJH�FODVVLILFDWLRQV�GHILQH� WKH�HGJH�GLKHGUDO�DQJOH��7KHVH�PHWULFV�DUH�H[WUDFWHG�
GXULQJ� WKH� LQLWLDO� WRSRORJ\� H[WUDFWLRQ� SKDVH� DQG� DUH� XSGDWHG� DQG� UH�FDOFXODWHG� DV� WKH� YLUWXDO� UHSUHVHQWDWLRQ� LV�
JHQHUDWHG� +DYLQJ�D�UREXVW�OLQN�WR�WKH�1;�PRGHO�WRSRORJ\�HQDEOHV�WKH�1;�PDQLIROG�HQYLURQPHQW�WR�H[SORLW�QRQ�
PDQLIROG� FRQGLWLRQV� ZLWKLQ� WKH� YLUWXDO� UHSUHVHQWDWLRQ�� 1RQ�PDQLIROG� LQWHUIDFH� LQIRUPDWLRQ� LV� OLQNHG� WR� WKH�
RULJLQDO� PDQLIROG� &$'� PRGHO� LQ� 6LHPHQV� 1;� WKURXJK� WRSRORJLFDO� DQG� YLUWXDO� GHSHQGHQFLHV� DQG� VWRUHG� DV�
DWWULEXWHV� LQ� WKH�UHODWLRQ�GDWDEDVH��7KHVH�DUH�DVVLJQHG�DV�QDPH�DWWULEXWHV� WR�&$'�HQWLWLHV�DQG�FDQ�EH�DFFHVVHG�
IURP�ZLWKLQ�1;�� ,I� XWLOL]LQJ� RWKHU�&$'�RU�&$( SDFNDJHV�� LQ� WKH� DEVHQFH� RI� QDPH� DWWULEXWHV� WKH� LGHQWLI\LQJ�
SRLQW�GHILQHG ZLWKLQ WKH�RULJLQDO�WRSRORJ\�LV�D�UREXVW�ZD\�RI�WUDFNLQJ�HQWLWLHV�EHWZHHQ�SDFNDJHV��

)LJ���� 7RSRORJ\�H[WUDFWLRQ��YLUWXDO�GHFRPSRVLWLRQ�DQG�PHVKLQJ�IORZFKDUW�IRU�6LHPHQV�1;�WR�,&(0�&)'



���� *HRPHWU\�FOHDQ�XS�H[DPSOH

*HRPHWU\�FOHDQ�XS�RSHUDWLRQV�DWWHPSW� WR� UHPRYH� IHDWXUHV� WKDW�FDQ�FDXVH�SUREOHPV�GXULQJ�PHVK�JHQHUDWLRQ�
DQG� FDXVH� SRRU� TXDOLW\� HOHPHQWV� WR� EH� IRUPHG�� &OHDQ�XS� GHFLVLRQV� DUH� EDVHG� RQ� JHRPHWULF� UHDVRQLQJ� FULWHULD�
�HGJH�GLKHGUDO� DQJOH�� HGJH� OHQJWK�� IDFH�ZLGWK� FXUYDWXUH� HWF��� DGKHULQJ� WR�SUHGHWHUPLQHG�PHVK�PHWULFV� �WDUJHW�
HOHPHQW�VL]H��HOHPHQW�DQJOHV�HWF����+HUH�D�VLPSOH�DXWRPDWHG�FOHDQ�XS�RSHUDWLRQ�EDVHG�XSRQ�HGJH�GLKHGUDO�DQJOHV�
LV�GHVFULEHG�

)LJ���� �D��2ULJLQDO�GHVLJQ�WRSRORJ\���E��DQDO\VLV�WRSRORJ\�DIWHU�LJQRULQJ�HGJHV�ZLWK�D�VSHFLILF�GLKHGUDO�DQJOH�

(GJHV�WR�LJQRUH�DUH�VHOHFWHG�LI�WKH\�KDYH�D�GLKHGUDO�DQJOH�ZLWKLQ�����RI�����GHJUHHV��PHDQLQJ�WKDW�QRGHV�GR�
QRW�QHHG�WR�EH�SODFHG�DORQJ�WKHVH�HGJHV��)RU�WKH�PRGHO�LQ�)LJ���� WKH�VHOHFWLRQ�UHWXUQV�����HGJHV�WR�EH�LJQRUHG�
IURP� WKH� RULJLQDO� PRGHO� WRSRORJ\�� )LJ�� �� �D��� ZKLFK� DUH� WKHQ� SURYLGHG� DV� WKH� LQSXW� WR� WKH� YLUWXDO� PHUJH�
RSHUDWLRQ�GHVFULEHG�LQ�6HFWLRQ������)RU�WKH�PRGHO�LQ�)LJ���� WKH�DXWRPDWHG�RSHUDWLRQ�LV�H[HFXWHG�LQ���VHFRQGV�
�RQ����%LW����*+]�,QWHO�&RUH�L��&38�ZLWK���*%�5$0��DQG�PHUJHV����IDFHV�DQG����HGJHV�WR�IRUP���VXSHUVHW�
IDFHV�DQG����VXSHUVHW�HGJHV��)LJ���� �E���ZKHUH�WKH�LJQRUHG�HGJHV�DUH�IDGHG�RXW��7KH�SXUSRVH�RI�WKLV�H[DPSOH�LV�
WR�GHPRQVWUDWH�WKH�UREXVWQHVV�RI�WKH�YLUWXDO�PHUJH�RSHUDWLRQV�XVLQJ�D�VHW�RI�LJQRUHG�HGJHV�DV�LQSXW��7KH�JHQHULF�
QDWXUH�RI� WKH�SURFHGXUH�HQDEOHV� WKH� LQSXW� WR�EH�SURYLGHG�IURP�DQ\�VRXUFH�� L�H��JHRPHWULF� UHDVRQLQJ�RSHUDWLRQV�
EXLOW�LQWR�DQ�H[LVWLQJ�&$(�SDFNDJH�

���� 7KLQ�VKHHW�UHJLRQ�LVRODWLRQ�WKURXJK�YLUWXDO�GHFRPSRVLWLRQ

2QH� DSSURDFK� IRU� GHFRPSRVLQJ� D� FRPSOH[� GRPDLQ� IRU� KH[�PHVKLQJ� LV� WR� LVRODWH� WKLQ�VKHHW� UHJLRQV� �ODUJH�
ODWHUDO� GLPHQVLRQV� UHODWLYH� WR� WKLFNQHVV�� DV� VHSDUDWH� YROXPH� FHOOV� >���� ��@�� 7KH� KH[� PHVKLQJ� SUREOHP� LV�
VLPSOLILHG� LQ� WKLQ�VKHHW� UHJLRQV� ZKHUH� D� TXDG�PHVK� JHQHUDWHG� RQ� D� WRS� RU� ERWWRP� IDFH� LV� VZHSW� WKURXJK� WKH�
WKLFNQHVV�GLUHFWLRQ� WR� FUHDWH�+H[�HOHPHQWV��7KH� WKLFN�WKLQ� DQG�YLUWXDO� WRSRORJ\� WRROV�KDYH�EHHQ�GHYHORSHG� DV�
SOXJ�LQV�IRU�6LHPHQV�1;��8VLQJ�WKH�GLUHFW�GHFRPSRVLWLRQ�DSSURDFK�FHUWDLQ�WKLQ�VKHHWV�DUH�QRW�H[WUDFWHG�GXH�WR�
WROHUDQFH� LVVXHV� ZKHQ� JHQHUDWLQJ� WKH� FXWWLQJ� IDFHV� >��@�� 6XFK� LVVXHV� FDQ� FRPSURPLVH� WKH� SDUWLWLRQLQJ� RI�
VXEVHTXHQW�WKLQ�VKHHW�UHJLRQV�� LQWURGXFH�VOLYHU�HQWLWLHV�DQG�UHGXFH�WKH�RYHUDOO�HIIHFWLYHQHVV�RI�WKH�DSSURDFK�DV�
DVVRFLDWLRQV�WR�WKH�EDVH�JHRPHWU\�DUH�LQVWDQWO\�ORVW�

7KH� WKLFN�WKLQ� DOJRULWKP� >��@�XVHV� WKH�1;�PLG�VXUIDFH� WRRO� WR� LGHQWLI\� IDFH�SDLUV��ZKLFK� DUH� WKH�RSSRVLQJ�
IDFHV�ERXQGLQJ�D�WKLQ�VKHHW�UHJLRQ��)DFH�ERXQGDULHV�DUH�GLVFUHWL]HG�DQG�WR�FDOFXODWH�LQWHUVHFWLRQ�UHJLRQV�EHWZHHQ�
WKH�ERXQGDULHV�WR�GHILQH�WKLQ�VKHHW UHJLRQV��3DUDVLWH�IDFHV�DUH�JHQHUDWHG�IURP�WKH�RSSRVLQJ�ERXQGDULHV�DQG�DUH�
XVHG�WR�YLUWXDOO\�SDUWLWLRQ�WKH�GRPDLQ��$W�WKLV�VWDJH�QR�VXUIDFH�GHILQLWLRQ�LV�UHTXLUHG�IRU�WKH�SDUDVLWH�IDFH��RQO\�
WKH�VLPSOH�JHRPHWU\�RI�WKH�ERXQGLQJ�HGJHV�LV�JHQHUDWHG��

$�VLPSOH�H[DPSOH�RI�WKH�WKLQ�VKHHW�LGHQWLILFDWLRQ�DQG�YLUWXDO�GHFRPSRVLWLRQ�SURFHVV�LV�VKRZQ�LQ�)LJ������7KH�
HGJHV�RQ�RSSRVLWH�VLGHV�RI�WKH�WKLQ�VKHHW�UHJLRQ�DUH�GHILQHG�DV�ERXQGLQJ�HGJHV�RI�WKH�SDUDVLWH IDFH DQG�SURYLGHG�
E\� WKH� WKLQ�VKHHW� LGHQWLILFDWLRQ� WRRO� DV� WKH� LQSXW� WR� WKH� YLUWXDO� GHFRPSRVLWLRQ�� )LJ�� �� �E��� 7KHVH� SDUDVLWH�
ERXQGLQJ�HGJHV�DUH�SURYLGHG�DORQJ�ZLWK�WKHLU�KRVW�IDFH�LQ�WKH�RULJLQDO�WRSRORJ\��9LUWXDO�WRSRORJ\�UHODWLRQVKLSV�
DUH� XVHG� WR� LGHQWLI\� WKH� QHZ� YLUWXDO� KRVW� IURP� WKH� RULJLQDO� LQSXW� KRVW�� $V� WKH� GHFRPSRVLWLRQ� SURJUHVVHV� WKLV�
DOORZV�WKH�DSSURSULDWH�IDFHV�WR�EH�SDUWLWLRQHG�XVLQJ�WKH�SDUDVLWH�ERXQGLQJ�HGJHV�DQG�WKH�DQDO\VLV�WRSRORJ\�WR�EH�
PDLQWDLQHG��7KH�ZDOO�HGJHV�WKURXJK�WKH�WKLFNQHVV�RI�WKH�WKLQ�VKHHW�UHJLRQ�DUH�DXWRPDWLFDOO\�JHQHUDWHG�ZLWKLQ�WKH�
YLUWXDO�GHFRPSRVLWLRQ� WRRO��ZKHUH� WKHLU�KRVW�HQWLW\� LV� LGHQWLILHG�DQG�SDUWLWLRQHG� LI�QHFHVVDU\��)LJ���� �F���:DOO�
HGJH�KRVWV�DUH�GHILQHG�DV� WKH�FRPPRQ�ERXQGHG�IDFH�RI� WKH�HQG�YHUWLFHV�RI� WKH� LQSXW�ERXQGLQJ�SDUDVLWH�HGJHV��
2QFH�DOO�ORZHU�KRVW WRSRORJLHV�DUH�SDUWLWLRQHG�WKH�YROXPH�FHOO�LV�YLUWXDOO\�GHFRPSRVHG��)LJ���� �G���LQWR�D�WKLQ�
VKHHW�DQG�UHVLGXDO�UHJLRQ�



)LJ���� �D��2ULJLQDO�WRSRORJ\���E��SDUDVLWH�IDFH�ERXQGLQJ�HGJHV�KLJKOLJKWHG���F��ZDOO�HGJHV�KLJKOLJKWHG���G��VXEVHW�YROXPH�FHOOV�

)LJ���� �D��2ULJLQDO�FDVLQJ�FRPSRQHQW���E��WKLFN�WKLQ�YLUWXDO�GHFRPSRVLWLRQ�

)LJ���� VKRZV�WKH�WKLQ�VKHHW�YLUWXDO�GHFRPSRVLWLRQ�RI�DQ�DHUR�FDVLQJ�FRPSRQHQW������RI�WKH�FRPSRQHQW�LV�
UHFRJQL]HG� DV� WKLQ�VKHHW� DQG� KLJKOLJKWHG� JUH\�� WKH� UHVLGXDO� UHJLRQV� KLJKOLJKWHG� EODFN� DQG� YLUWXDO� SDUWLWLRQLQJ�
IDFHV�LQVHW��)LJ���� �E���7KH�YLUWXDOO\�GHFRPSRVHG�UHSUHVHQWDWLRQ�LV�FRPSOHWHO\�OLQNHG�WR�WKH�RULJLQDO�FRPSRQHQW�
PRGHO DQG� FDQ� EH� YLHZHG� DQG� LQWHUDFWHG� ZLWKLQ� WKH� 1;� HQYLURQPHQW�� 9LUWXDO� HGJH� JHRPHWU\� LV� FUHDWHG� IRU�
VXEVHW�� VXSHUVHW� DQG� SDUDVLWH� HGJHV� DQG� IRU� YLVXDOL]DWLRQ� SXUSRVHV�� 6XUIDFH� JHRPHWU\� LV� QRW� UHTXLUHG� IRU� DQ\�
YLUWXDO�IDFHV�

���� ,GHQWLILFDWLRQ�RI PHVKLQJ�VWUDWHJLHV LQ�WKH�SUHVHQFH�RI�YLUWXDO�WRSRORJ\

7KH�DQDO\VLV�WRSRORJ\�GHVFULSWLRQ�HQDEOHV�WKH�XVH�RI�VLPSOH�LQWHUURJDWLRQV�WR�GHWHUPLQH� LI�HLWKHU�D�PDSSHG��
VZHSW� RU� PLG�SRLQW� VXEGLYLVLRQ� PHVKLQJ� DSSURDFK� FDQ� EH� DSSOLHG� WR� D� YROXPH� FHOO�� 7KH� LQWHUURJDWLRQ� LV�
DXWRPDWLFDOO\� H[HFXWHG� XVLQJ� 64/� TXHULHV� RQ� WKH� VLPSOLILHG� DQDO\VLV� WRSRORJ\�� 7KH� DQDO\VLV� WRSRORJ\� LV�
DVVRFLDWHG� ZLWK� WKH� RULJLQDO� WRSRORJ\� LQ� DQ� DGGLWLRQDO� WDEOH� LQ� D� UHODWLRQDO� GDWDEDVH�� 7RSRORJLFDO� TXHULHV� DUH�
FRQVLGHUHG�� DORQJVLGH� FULWHULD� VXFK� DV� HGJH� GLKHGUDO� DQJOHV� DQG� YHUWH[� FRUQHU� DQJOHV�� ZKHQ� LGHQWLI\LQJ� WKH�
PHVKLQJ�VWUDWHJ\�IRU�GLIIHUHQW�UHJLRQV�

$�PDSSHG�PHVKLQJ�VFKHPH�FDQ�EH�XWLOL]HG�IRU�YROXPHV�ZLWK�D�ORJLFDO�EORFN�WRSRORJ\�FRQVLVWLQJ�RI���IDFHV��
���HGJHV�DQG���FRUQHU�YHUWLFHV��&ULWHULD�IRU�D�YROXPH�FHOO�WR�EH�PDS�DEOH�GLFWDWHV�DOO�HGJHV�PXVW�EH�FRQYH[�DQG�
DOO�IDFHV�PXVW�EH�PDS�DEOH��$�IDFH�LV�FRQVLGHUHG�PDS�DEOH�LI LW�FRQVLVWV�RI� IRXU�ORJLFDO�HGJHV�DQG�IRXU�ORJLFDO�
FRUQHU�YHUWLFHV�ZKHUH�D� VLQJOH�KH[�HOHPHQW�ZLOO�DSSHDU� LQ� WKH�PHVK�SDWWHUQ�DW� HDFK�YHUWH[�DQG�HGJH� VHJPHQW��
'HWHUPLQLQJ�ZKHWKHU� D� YROXPH� FHOO� LV�PDS�DEOH� LV� VWUDLJKWIRUZDUG� VLQFH� WKH� HGJH� GLKHGUDO� DQG� YHUWH[� FRUQHU�
DQJOHV�DUH�PDLQWDLQHG�DV�DWWULEXWHV�WKURXJKRXW�WKH�YLUWXDO�RSHUDWLRQV�GHVFULEHG��$�VWUXFWXUHG�KH[�PHVK�JHQHUDWHG�
IRU�PDS�DEOH�YROXPH�FHOOV�XVHV�RSSRVLQJ�HGJHV�LQIRUPDWLRQ�WR�DVVLJQ�GLYLVLRQ�QXPEHUV��

)LJ���� �D��9ROXPH�FHOO�EHLQJ�TXHULHG���E��SDUDVLWH�IDFHV���F��EORFN�GHFRPSRVLWLRQ�

9ROXPH�FHOOV�WKDW�FDQQRW�EH�PDS�PHVKHG�PD\�EH�DSSOLFDEOH�IRU�PLG�SRLQW�VXEGLYLVLRQ�PHVKLQJ�LI�WKH�FHOO�LV�
FRQYH[�DQG�FRQWDLQV�DOO�WUL�YDOHQW�YHUWLFHV��)LJ���� �D���8QOLNH�PDSSLQJ�PHWKRGV�WKLV�VFKHPH�UHTXLUHV�WKH�FHOO�WR�
EH�SDUWLWLRQHG�LQWR�Q PDS�DEOH�EORFNV��ZKHUH�Q�LV�WKH�QXPEHU�RI�YHUWLFHV�LQ�WKH�YROXPH�FHOO��)LJ���� �F��>��@��7KLV�



LV�DQ�DXWRPDWLF�SURFHGXUH�ZKHUH�WKH�YROXPH�LV�GHFRPSRVHG�XVLQJ�D�VHULHV�RI�IRXU�VLGHG�IDFHV�ERXQGHG�E\�HGJHV�
JHQHUDWHG� IURP� HGJH�PLG�SRLQWV� WR� IDFH�PLG�SRLQWV� �EODFN� HGJHV� LQ� )LJ�� �� �E��� DQG� IURP� IDFH�PLG�SRLQWV� WR�
YROXPH�FHQWHU��GDVKHG�HGJHV�)LJ���� �E����,Q�WKLV�ZRUN�WKLV�VWHS�LV�FDUULHG�RXW�YLD�WKH�YLUWXDO�GHFRPSRVLWLRQ��7KLV�
GHFRPSRVLWLRQ� FRQWDLQV�PHVK� OLQH� VLQJXODULWLHV�ZKHUH� DQ� LQWHUQDO� HGJH� YDOHQFH� LV� QRW� UHIHUHQFHG� E\� IRXU� KH[�
HOHPHQWV�DQG�UHSUHVHQWV�DQ�XQVWUXFWXUHG�SRUWLRQ�RI�WKH�PHVK��3ODFHPHQW�RI�WKHVH�VLQJXODULWLHV�LV�WKH�URRW�RI�WKH�
DXWR�+H[�PHVKLQJ�SUREOHP�DQG�LV�XVHG�WR�KHOS�GHILQH�+H[�PHVK�WRSRORJ\�DQG�VL]LQJ�DPRQJVW�RWKHU�SURSHUWLHV��
8VLQJ�PLG�SRLQW�VXEGLYLVLRQ�WKH�OLQH�VLQJXODULWLHV�DUH�JHQHUDWHG�EHWZHHQ�WKH�YROXPH�FHQWHU�DQG�WKH�PLG�SRLQWV�
RI� WKH� ERXQGLQJ� IDFHV�� 7KH� HGJH� GLYLVLRQ� QXPEHUV� UHWXUQHG� IURP� D� OLQHDU� LQWHJHU�SURJUDPPLQJ� URXWLQH� KHOS�
GHILQH�WKH�HGJH�PLG�SRLQWV��IDFH�PLGSRLQWV DQG�YROXPH�FHQWHU�SRVLWLRQV�DV�WKH\�DUH�QRW�VWULFWO\�UHTXLUHG�WR�OLH�DW�
WKH� VR�FDOOHG� PLG�SRLQWV�� )RU� PLG�SRLQW� VXEGLYLVLRQ� VFKHPHV� WKH� HGJH� GLYLVLRQ� QXPEHUV� FDQ� EH� IRXQG� E\�
SURYLGLQJ�RQO\�WKH�UDGLDO�HGJHV��GDVKHG�HGJHV�)LJ���� �E���DV�LQSXW�WR�WKH�LQWHJHU�SURJUDPPLQJ�URXWLQH�>�����@��
$�VLPSOH�WRSRORJLFDO�TXHU\�LV�XVHG�WR�LGHQWLI\�WKHVH�UDGLDO�HGJHV�ZKHUH�WKH\�DUH�WKH�HGJHV�VKDUHG�E\�PRUH�WKDQ�
WZR�VXEVHW�YROXPH�FHOOV�

)LJ���� �D��9ROXPH�FHOO�EHLQJ�TXHULHG���E��FRQQHFWHG�PDS�DEOH�IDFHV���F��VRXUFH�DQG�WDUJHW�IDFH�

)RU�FHUWDLQ�FODVVHV�RI�JHRPHWU\�VZHSW�PHVKLQJ�VFKHPHV�VLPSOLI\�WKH��'�+H[�PHVKLQJ�SUREOHP�LQWR�WKH��'�
GRPDLQ��6ZHHS�DEOH�YROXPH�FHOOV�DUH�ERXQGHG�E\�D�ORRS�RI�PDS�DEOH�ZDOO�IDFHV�ERXQGHG�E\�D�VRXUFH�DQG�WDUJHW�
IDFH�� )LJ�� ���� 7KH� GHWHFWLRQ� RI� VZHHS�DEOH� YROXPH� EHJLQV� E\� FODVVLI\LQJ� WKH� PDS�DEOH� IDFHV� ERXQGLQJ� WKH�
YROXPH��)LJ�� �� �E���7KHVH�PDS�DEOH� IDFHV� DUH� JURXSHG� LQWR� ORRSV�RI� FRQQHFWHG�PDS�DEOH� IDFHV� WKURXJK� WKHLU�
FRPPRQ� HGJHV�� KLJKOLJKWHG� EODFN� LQ� )LJ�� �� �E��� )RU� D� FORVHG� ORRS� RI�PDS�DEOH� IDFHV� HDFK�PDS�DEOH� IDFH� LV�
ERXQGHG�E\�WZR�RWKHU�PDS�DEOH�IDFHV��7KH�XQFRPPRQ�HGJHV��GDVKHG�LQ�)LJ���� �E��EHWZHHQ�WKH�FORVHG�ORRS�RI�
PDS�DEOH� IDFHV�DUH�XVHG� WR� LGHQWLI\� WKH� VRXUFH�DQG� WDUJHW� IDFHV��ZKLFK�DUH�HDFK�ERXQGHG�E\�D�GLVWLQFW� ORRS�RI�
XQFRPPRQ�HGJHV��)LJ���� �F���HQVXULQJ�ERWK�VRXUFH�DQG�WDUJHW�IDFHV�DUH�WRSRORJLFDOO\�LGHQWLFDO��+H[�PHVKHV�FDQ�
EH�JHQHUDWHG�RQ�VZHSW�YROXPH�E\�PHVKLQJ�WKH�VRXUFH�IDFH�ZLWK�TXDGULODWHUDO�HOHPHQWV�DQG�VZHHSLQJ�WRZDUGV�WKH�
WDUJHW� IDFH� DORQJ� WKH�PDS�DEOH�ZDOO� IDFHV�� 7KH� OLQH� VLQJXODULWLHV� LQ� VZHHS�DEOH� GRPDLQV� UXQ� DORQJ� WKH� VZHHS�
GLUHFWLRQ�

7KH� VXEVHW� YROXPH� FHOOV� IURP� WKH� YLUWXDO� WKLQ�VKHHW� GHFRPSRVLWLRQ� IURP� )LJ�� �� ZHUH� DXWRPDWLFDOO\�
LQWHUURJDWHG� WR� LGHQWLI\� DQ� DSSURSULDWH� PHVKLQJ� VFKHPH�� 7KH� UHVXOWV� DUH� VKRZQ� LQ� )LJ�� �� ZLWK� ���� RI� WKH�
RULJLQDO�YROXPH�PDS�DEOH�DQG�����VZHHS�DEOH��7KH�UHPDLQLQJ����RI�WKH�YROXPH�FDQQRW�EH�VZHSW��PDSSHG�RU�
PHVKHG� XVLQJ�PLG�SRLQW� VXEGLYLVLRQ� DQG�ZRXOG� UHTXLUH� IXUWKHU�PDQXDO� GHFRPSRVLWLRQ� WR� JHQHUDWH�PHVK�DEOH�
YROXPHV��

)LJ���� ,GHQWLILFDWLRQ�RI�PHVKLQJ�VWUDWHJLHV���D��6ZHHS�DEOH���E��EORFN�WRSRORJ\���F��QR�PHVKLQJ�VWUDWHJ\



���� ([SORLWLQJ�YLUWXDO�GHFRPSRVLWLRQ�IRU�PHVK�JHQHUDWLRQ

([WHQVLELOLW\�RI�WKLV�DSSURDFK�LV�GHPRQVWUDWHG�E\�H[SORLWLQJ�WKH�YLUWXDO�GHFRPSRVLWLRQ��)LJ���� �E���JHQHUDWHG�
IURP�WKH�GHVLJQ�PRGHO�LQ�6LHPHQV�1;��)LJ���� �D���WR�RXWSXW�WKH�UHTXLUHG�LQIRUPDWLRQ�IRU�PXOWL�EORFN�PHVKLQJ�
WRROV��LQ�WKLV�LQVWDQFH�,&(0�&)'��VHH�WKH�SURFHVV�LQ�)LJ������

)LJ���� �D��2ULJLQDO�GHVLJQ�PRGHO���E��YLUWXDO�GHFRPSRVLWLRQ���F��VHOHFWHG�RSSRVLQJ�HGJHV�IRU�FDOFXODWLQJ�GLYLVLRQ�QXPEHUV�

9LUWXDO�WRSRORJ\�UHODWLRQVKLSV�DUH�XVHG�WR�H[WUDFW�EORFN�GHILQLWLRQV�DQG�LQWHUIDFHV��)LJ������DQG�DXWRPDWLFDOO\�
VSHFLI\�WKH�HGJH�FRQVWUDLQWV�QHFHVVDU\�WR�GHWHUPLQH�WKH�HGJH�GLYLVLRQ�QXPEHUV IRU�PHVKLQJ��)LJ���� �F��VKRZV�
KLJKOLJKWHG� HGJHV� LQ� WKH� EORFN� GHFRPSRVLWLRQ�ZKHUH� WKH� GLYLVLRQ� QXPEHU� DVVLJQPHQW�PXVW� EH� HTXDO� IRU� HDFK�
KLJKOLJKWHG�HGJH��2QFH�WKH�FRQVWUDLQWV�IRU�WKH�UHPDLQLQJ�HGJHV�LQ�WKH�PRGHO�DUH�LGHQWLILHG�LQWHJHU�SURJUDPPLQJ�
URXWLQHV�>������@�DUH�XVHG�WR�DVVLJQ�WKH�GLYLVLRQ�QXPEHUV�

$ORQJVLGH HGJH� GLYLVLRQ� DVVLJQPHQW� WKH� EORFN� GHILQLWLRQV� DQG� LQWHUIDFHV� H[WUDFWHG� IURP� WKH� YLUWXDO� EORFN�
GHFRPSRVLWLRQ� DUH� XVHG WR� GHWHUPLQH� WKH� EORFN�PHVKLQJ� UHFLSH� WR� DOORZ� LW� WR� EH� UHSOLFDWHG� DQG� VXEVHTXHQWO\�
PHVKHG�LQ�,&(0�&)'��)LJ������%ORFN�LQWHUIDFH�LQIRUPDWLRQ�LV�XVHG�WR�GLUHFW�WKH�PHVKLQJ�UHFLSH��ZKHUH�EORFNV�
ZLWK�SDUWLDO�LQWHUIDFHV�DUH�JHQHUDWHG�ILUVW�LQ�D�ERWWRP�XS�EORFNLQJ�DSSURDFK��)LJ������7KH�VWHSV�LQ�WKH�EORFNLQJ�
UHFLSH�DUH�VKRZQ�LQ�)LJ���� ZLWK�WKH�QHZO\�DGGHG�EORFN�LQ�HDFK�VWHS�KLJKOLJKWHG�EODFN��:KHUH�DSSURSULDWH�IDFH�
VSOLWV��KLJKOLJKWHG�UHG�LQ�)LJ������DUH�XVHG�WR�JHQHUDWH�DQG�FDSWXUH�WKH�SDUWLDO�LQWHUIDFHV�IRU�WKH�VXEVHTXHQW�EORFNV�
LQ�WKH�PHVKLQJ�UHFLSH��7KH�HQWLUH�PHVKLQJ�UHFLSH�LV�GHWHUPLQHG�IURP�D�VHULHV�RI�WRSRORJLFDO�TXHULHV�FDUULHG�RXW�
RQ� WKH� YLUWXDO� EORFN� GHFRPSRVLWLRQ� XWLOL]LQJ� WKH� DQDO\VLV� WRSRORJ\� DQG� YLUWXDO� GHSHQGHQFLHV� VWRUHG� LQ� WKH�
UHODWLRQDO�GDWDEDVH��)LJ�����

)LJ���� ,&(0�EORFNLQJ�UHFLSH�DXWRPDWLFDOO\�JHQHUDWHG�IURP�WKH�YLUWXDO�EORFN�GHFRPSRVLWLRQ�

,&(0�EORFNLQJ�DQG�PHVK�JHQHUDWLRQ�LV�DXWRPDWHG�XVLQJ�WKH�EORFNLQJ�UHFLSH�RXWSXW�IURP�WKH�YLUWXDO�WRSRORJ\�
WRRO�ZKLFK� LQFOXGHV�EORFN� FRUQHUV� DQG�SRVLWLRQV� IRU� HDFK� EORFN�� EORFN� IDFH� VSOLW� LQVWUXFWLRQV�� FDOFXODWHG� HGJH�
GLYLVLRQ�QXPEHUV�DQG�WKH�DVVRFLDWLYLW\�WR� WKH�XQGHUO\LQJ�JHRPHWU\��7KH�DVVRFLDWLYLW\�WR� WKH�JHRPHWU\�LV�HDVLO\�
H[WUDFWHG�E\�WUDFNLQJ�WKH�YLUWXDO�GHSHQGHQFLHV�DQG�WRSRORJ\�EDFN�WR�WKH�RULJLQDO�H[WUDFWHG�WRSRORJ\��VHH�)LJ������
7KH� UHVXOWV� IRU� WKLV� H[DPSOH� DUH� VKRZQ� LQ� )LJ�� �� ZKHUH� GLIIHUHQW� LQSXW� WDUJHW� HOHPHQW� VL]HV� DUH� VSHFLILHG� WR�



JHQHUDWH� WKH� PHVKHV� LQ� )LJ�� �� �E�� DQG� �F��� :KLOVW� WKLV� LV� RQH� SRVVLEOH� DYHQXH� IRU� PHVKLQJ� WKH� YLUWXDO�
GHFRPSRVLWLRQV� SURGXFHG� LQ� WKLV� ZRUN� IXUWKHU� HIIRUW� LV� UHTXLUHG� WR� HQDEOH� PRUH� FRPSOLFDWHG� GRPDLQV� WR� EH�
PHVKHG�

)LJ���� �D��,&(0�EORFN�GHFRPSRVLWLRQ���E��LQLWLDO�KH[�PHVK���F��FRDUVHU�KH[�PHVK�

�� 'LVFXVVLRQ

7KLV�ZRUN�KDV�VKRZQ�KRZ�DQ�DQDO\VLV� WRSRORJ\�GHILQHG�XVLQJ YLUWXDO� WRSRORJ\�RSHUDWLRQV�FDQ�EH�OLQNHG�WR�
EXW� VWRUHG� VHSDUDWHO\� IURP� WKH� RULJLQDO� &$'� PRGHO�� 0DLQWDLQLQJ� WKH� YLUWXDO� UHSUHVHQWDWLRQ� LQ� WKLV� PDQQHU�
HQDEOHV� PXOWLSOH� DQDO\VLV� WRSRORJLHV� WR� UHIHUHQFH� D� VLQJOH� EDVH� WRSRORJ\�� &UHDWLRQ� RI� WKH� DQDO\VLV� WRSRORJ\�
HQDEOHV� D� QRQ�PDQLIROG� UHSUHVHQWDWLRQ� WR� EH� FUHDWHG�� ZKLFK� PDLQWDLQV� WKH� OLQNV� EHWZHHQ� DGMDFHQW� VXE�FHOOV�
ZLWKLQ�WKH�YLUWXDO�GHFRPSRVLWLRQ��ZLWKRXW�QHHGLQJ�D�QRQ�PDQLIROG�&$'�PRGHOOLQJ�HQYLURQPHQW��)RU�H[DPSOH��
WKH�LPSOHPHQWDWLRQ�ZLWKLQ�6LHPHQV�1;�GHVFULEHG�KHUH�PDNHV�XVH�RI�WKH�QRQ�PDQLIROG�FRPPRQ�IDFHV�WR�DVVLJQ�
PHVK�PDWLQJ�FRQGLWLRQV��$�PDMRU�FRQWULEXWLRQ�LV�WKH�DELOLW\�WR�FRQQHFW�WKLV�YLUWXDO�WRSRORJ\�LPSOHPHQWDWLRQ�WR�
H[LVWLQJ� &$'� DQG� &$(� SDFNDJHV�� ,Q� WKLV� ZRUN� WKH� FRPSDWLELOLW\� EHWZHHQ� WKH� JHQHULF� YLUWXDO� WRSRORJ\� WRRO�
OLQNHG�WR�WKH�6LHPHQV�1;�WR�JHQHUDWH�D�YLUWXDO�GHFRPSRVLWLRQ� DQG�,&(0�&)'�ZKLFK�LV�XVHG�WR�PHVK�WKH�YLUWXDO�
GHFRPSRVLWLRQ KDV�EHHQ�GHPRQVWUDWHG��3URYLGLQJ� WKH� FDSDELOLW\� WR� LQWHUDFW�ZLWK�PXOWLSOH� GLIIHUHQW� GHVLJQ� DQG�
DQDO\VLV�SDFNDJHV�LV�D�FRQVLGHUDEOH�VWHS�WRZDUGV�PRUH�DXWRPDWHG�ZRUNIORZV�ZKHUH�WRROV�FDQ�EH�VHOHFWHG�EDVHG�
RQ�WKHLU�IXQFWLRQDOLW\�DV�RSSRVHG�WR�WKHLU�FRPSDWLELOLW\�

6HFWLRQ���GHPRQVWUDWHV�WKH�YLUWXDO�WRSRORJ\�RSHUDWLRQV�RQ�JHRPHWULF�PRGHOV RI�LQGXVWULDO�FRPSOH[LW\��ZKHUH�
YLUWXDO�PHUJH�RSHUDWLRQV�DUH�XVHG�IRU�JHRPHWU\�FOHDQ�XS�DQG�YLUWXDO�VSOLWV�DUH�XVHG�IRU�WKLQ�VKHHW�UHPRYDO�ZLWKLQ�
FRPSOH[�GRPDLQV��$�PDMRU�EHQHILW� LV� WKDW� WKH�YLUWXDO�UHSUHVHQWDWLRQ�LV�FRPSOHWHO\�OLQNHG�WR�WKH�RULJLQDO�PRGHO�
WRSRORJ\��7KHUHIRUH��YLUWXDO�RSHUDWLRQV�FDQ�EH�HDVLO\�DQG��XVXDOO\��DXWRPDWLFDOO\�XSGDWHG�DIWHU�VPDOO�SDUDPHWULF�
GHVLJQ�FKDQJHV��7KLV�LV�LQ�FRQWUDVW�WR�VLWXDWLRQV�ZKHUH�UHDO�JHRPHWULF�PRGLILFDWLRQV�KDYH�EHHQ�PDGH��ZKHUH�WKH�
OLQNV� WR� WKH� RULJLQDO� PRGHO� DUH� ORVW� PDNLQJ� LW� GLIILFXOW� WR� SHUIRUP� DXWRPDWLF� XSGDWHV� DIWHU� HYHQ� WKH� VPDOOHVW�
PRGLILFDWLRQV��7KH�YLUWXDO�PHUJH�RSHUDWLRQV�DUH�GHVFULEHG� IRU� IDFHV�DQG�HGJHV�RI� VLQJOH� FRPSRQHQWV�EXW�QHHG�
H[WHQGHG� WR� PHUJH� DGMDFHQW� YROXPH� FHOOV� RI PXOWL�FRPSRQHQW� DVVHPEOLHV�� 7KH� DFWXDO� PHUJLQJ� RI� DGMDFHQW�
YROXPH�FHOOV�VKDULQJ�H[DFW�ERXQGDULHV�LV�D�VLPSOH�H[WHQVLRQ�WR�WKH�ZRUN�GHVFULEHG�LQ�WKLV�SDSHU��7KH�GLIILFXOW\�LV�
WR� GHWHUPLQH� WKH� FRQQHFWLRQ EHWZHHQ� FRPSRQHQWV� WR� FUHDWH� H[DFW� LQWHUIDFHV� EHWZHHQ� FRPSRQHQWV� ZLWKLQ� WKH�
VSHFLILF�DQDO\VLV�FRQWH[W��7KLV�PLJKW�EH�DFKLHYHG�E\�JHQHUDWLQJ�D�WROHUDQW�YLUWXDO�UHSUHVHQWDWLRQ�WR�WUHDW�JDSV�DQG�
RYHUODSV�LQ�DVVHPEO\�FRQILJXUDWLRQV��

*HRPHWULF�LVVXHV�LQ�VLQJOH�FRPSRQHQW�GHILQLWLRQV�FDQ�EH�FRPPRQ�LQ�SURGXFW�GHYHORSPHQW�ZRUNIORZV DQG�FDQ�
UHVXOW�IURP &$'�WUDQVODWLRQ HUURUV��SRRUO\�FRQVWUXFWHG�PRGHOV�RU�D�FRPELQDWLRQ�RI�ERWK��$GGUHVVLQJ�LVVXHV�VXFK�
DV�JDSV��RYHUODSV��VOLYHU�IDFHV��PLVVLQJ�IDFHV�DQG�VHOI�LQWHUVHFWLQJ�VXUIDFHV�FDQ�EH�FKDOOHQJLQJ�IURP�D�JHRPHWULF�
YLHZSRLQW��+RZHYHU��DV�WKH�XOWLPDWH�JRDO�LQ�PDQ\�FDVHV�LV�WR�GHULYH�D�ILW�IRU�SXUSRVH�PHVK� WKH�FKDOOHQJH�LV�WR�
DGDSW�D�JHRPHWULF�PRGHO�VR�WKDW�LW�LV�VXLWDEOH�IRU�WKH�PHVKLQJ�DOJRULWKP��7KHUHIRUH��DV�RQH�RI�PRWLYDWLRQV�RI�WKLV�
ZRUN� KDV� EHHQ� WR� JHQHUDWH� UHODWLYHO\� FRDUVH� +H[� PHVKHV� IRU� QRQ�OLQHDU� WUDQVLHQW� DQDO\VHV� WKH� QHHG� WR�
JHRPHWULFDOO\�IL[�VPDOO�JDSV��)LJ������LV�UHGXFHG�DV�WKH�JDS�LV�FRQVLGHUDEO\�OHVV�WKDQ�WKH�WDUJHW�HOHPHQW�VL]H��7R�
WKLV� HQG� LW� LV� VXIILFLHQW� WR�PDNH� WKH�PRGHO� LQ� )LJ�� �� µWRSRORJLFDOO\¶�ZDWHUWLJKW� LQ�RUGHU� WR� FUHDWH� WKH�GHVLUHG�
PHVK�� 7KH� IUHH� HGJHV� ERXQGLQJ� WKH� JDS� DUH� HDVLO\� LGHQWLILHG� DV� WKH\� ERXQG� RQO\� D� VLQJOH� IDFH�� DOORZLQJ� WKH�
WRSRORJ\�WR�EH�PDGH�ZDWHUWLJKW�E\�VLPSO\�UHPRYLQJ�RQH�HGJH�IURP�WKH�DQDO\VLV�WRSRORJ\�DQG�UHSODFLQJ�LW�ZLWK�
WKH� UHVLGXDO� HGJH� LQ� WKH�ERXQGLQJ� WRSRORJ\�RI� LWV� ERXQGHG� IDFH��7KHVH� WRSRORJLFDO� VZDSV� FDQ�EH� UHDOL]HG� IRU�
RWKHU�FOHDQ�XS�RSHUDWLRQV��VXFK�DV�PLVVLQJ�IDFHV�RU�GXSOLFDWH�HGJHV��1HYHUWKHOHVV��GHFODULQJ�D�JHRPHWULF�PRGHO�
DV� ILW�IRU�PHVKLQJ�SXUSRVHV� UHPDLQV� VXEMHFWLYH� DQG� LV� LQIOXHQFHG� SULPDULO\� E\� WKH� PHVKLQJ� SURFHVV� OHDYLQJ�
µJHRPHWULFDOO\¶�ZDWHUWLJKW�PRGHOV� W\SLFDOO\�GHPDQGHG��&RQVHTXHQWO\� LQ�RUGHU� WR�JDLQ�PD[LPXP�EHQHILWV� IURP



YLUWXDO� UHSUHVHQWDWLRQV� IXWXUH� UHVHDUFK� LQ� WKLV� DUHD� VKRXOG� IRFXV� RQ� DGDSWLQJ� PHVK� JHQHUDWLRQ� DOJRULWKPV� WR�
RSHUDWH�LQ�WKH�SUHVHQFH�RI�YLUWXDO�WRSRORJ\�>��@�

)LJ���� 9LUWXDO�WRSRORJ\�JDS�WUHDWPHQW��D��2ULJLQDO�&$'�WRSRORJ\���E��7RSRORJLFDOO\�ZDWHUWLJKW�XVLQJ�HGJH�UHPRYDO�

:KLOVW�VLJQLILFDQW�SURJUHVV�KDV�EHHQ�PDGH�WR�DOORZ�WRROV�WR�RSHUDWH�LQ�WKH�SUHVHQFH�RI�YLUWXDO�WRSRORJ\� WKHUH�
VWLOO�UHPDLQV�ZRUN�WR�EH�GRQH��)RU�H[DPSOH��XVLQJ�WKH�YLUWXDO�PHUJH�RSHUDWLRQV�WR�PHUJH�FHUWDLQ�IDFHV��L�H��ZLWK�
WKH� VDPH�XQGHUO\LQJ�VXUIDFH�GHILQLWLRQ� WKDW�DUH�ERXQGHG�E\�HGJHV�ZLWK�D�GLKHGUDO�DQJOH�FORVH� WR�����GHJUHHV��
SULRU WR� LPSOHPHQWLQJ� WKH� WKLQ�VKHHW� UHPRYDO� WRRO� ZRXOG� UHGXFH� WKH� FRPSOH[LW\� RI� WKH� LGHQWLILFDWLRQ� DQG�
SDUWLWLRQLQJ�SURFHVV��7KH�VDPH�SURSRUWLRQ�RI�WKH�PRGHO�ZRXOG�UHPDLQ�UHFRJQL]HG�DV�WKLQ�VKHHW�UHJLRQV�GXH�WR�WKH�
XSIURQW�PHUJLQJ�RSHUDWLRQV�HVVHQWLDOO\� WUHDWLQJ�DGMDFHQW� WKLQ�VKHHW� UHJLRQV�DV�RQH�DQG�UHGXFLQJ� WKH�QXPEHU�RI�
SDUWLWLRQV�UHTXLUHG�DQG�WKH�RYHUDOO�GHFRPSRVLWLRQ�WLPH��

6LQFH�WKH�PHVK�VFKHPH�LGHQWLILFDWLRQ�DOJRULWKPV�FRQVLGHU�RQO\�WRSRORJLFDO�FKDUDFWHULVWLFV�RI�D�YROXPH�DORQJ�
ZLWK�YHUWH[�DQG�HGJH�FODVVLILFDWLRQV�WKHUH�ZLOO�EH�LQVWDQFHV�ZKHUH�JHRPHWULF�UHDVRQLQJ�QHHGV�WR�EH�LPSOHPHQWHG�
WR�WDNH�LQWR�DFFRXQW�SURSHUWLHV�VXFK�DV�YDU\LQJ�HGJH�GLKHGUDO�DQJOHV�RU�VXUIDFH�FXUYDWXUH��+RZHYHU��LQ�WKLV�ZRUN�
LW�LV�DVVXPHG�WKDW�VLQFH�WKH�PRGHO�KDV�EHHQ�LQLWLDOO\�LQWHUURJDWHG�GXULQJ�WKH�WKLQ�VKHHW�LGHQWLILFDWLRQ�SURFHVV��WKH�
WKLQ�VKHHW� UHJLRQV� DQG� WKHLU� DGMDFHQW� UHJLRQV� FDQ� DFFXUDWHO\� EH� DVVHVVHG� XVLQJ� WKH� WRSRORJLFDO� DSSURDFK�
XQGHUWDNHQ��0DQXDO�YLUWXDO�GHFRPSRVLWLRQ�PHWKRGV�FDQ�EH�XWLOL]HG�IRU�WKH�UHVLGXDO�UHJLRQV�DVVLJQHG�QR�PHVKLQJ�
VWUDWHJ\��7KH�YLUWXDO� WRSRORJ\� WRRO�ZLOO�DFFHSW� WZR�ERXQGLQJ�HGJHV�RI�D�SDUDVLWH� IDFH�DV� WKH�PDQXDO� LQSXW�DQG�
ZLOO� DXWRPDWH� WKH� SDUWLWLRQLQJ� RI� DOO� ORZHU� ERXQGLQJ� WRSRORJLHV� DQG� WKH� DGGLWLRQ� RI� WKH� UHPDLQLQJ� HGJHV�
ERXQGLQJ�WKH�SDUDVLWH�IDFH��DV�GHVFULEHG�LQ�)LJ������7KLV�UHOHDVHV�WKH�DQDO\VW�IURP�VXEVWDQWLDO�HIIRUW�UHTXLUHG�WR�
JHQHUDWH� SDUWLWLRQLQJ� JHRPHWU\�� ,Q� DGGLWLRQ� WKH� OLQN� EHWZHHQ� WKH� YLUWXDO� GHFRPSRVLWLRQ� WR� WKH� XQGHUO\LQJ�
JHRPHWU\� LV� DXWRPDWLFDOO\� PDLQWDLQHG� XQOLNH� PDQXDO� EORFNLQJ� WRROV� VXFK� DV� ,&(0� &)'� ZKHUH� DVVRFLDWLRQV�
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WKHUH� DUH� QR� PHVK� VLQJXODULWLHV�� 7KLV� UHPRYHV� WKH� QHHG� WR� SURSDJDWH� WKH� EORFN� SDWWHUQ� WKURXJK� WKH� YLUWXDO�
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