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$EVWUDFW

7KH�DUWLFOH�IRFXVHV�RQ�WKH�IDFWRUV�WKDW�FDXVH�OLQHDU�DQG�YHUWLFDO�VHQWHQFH�H[WHQVLRQ�RI�
PXOWLSOH� FRPSOH[�FRPSRXQG� VHQWHQFHV� XVHG� LQ� (QJOLVK� ILFWLRQDO� OLWHUDWXUH��
&RQVLGHULQJ� WKH� VHQWHQFH� VWUXFWXUH� DV� D� FRPELQDWLRQ� RI� �� 8QLWV� ± SDUDWDFWLF� DQG�
K\SRWDFWLF�WKH�DXWKRUV�GHILQH�WKH�VWUXFWXUDO�SHFXOLDULWLHV�RI�SDUDWDFWLF�DQG�K\SRWDFWLF�
XQLWV�LQFOXGLQJ�WKH�QXPEHU�RI�FODXVHV�DQG�LWV�ERQGV��7KH�H[WHQVLRQ�RI�SDUDWDFWLF�XQLW�
ZLWKLQ�PXOWLSOH�FRPSOH[�FRPSRXQG�VHQWHQFHV�LQ�PRVW�FDVHV�GHSHQGV�RQ VWUXFWXUDO��
VHPDQWLF�� FRQWH[WXDO� IDFWRUV�� 7KH� DXWKRUV� LQWURGXFH� WKH� PHWKRG� RI� FRPELQDWRULDO�
SRWHQWLDO� FRPSXWDWLRQ� RI� PXOWLSOH� FRPSRVLWH� VHQWHQFHV� WR� GHILQH� WKHRUHWLFDOO\�
SRVVLEOH�PRGHOV�DQG�WR�FRPSDUH�WKHP�ZLWK�SUREDELOLW\�PRGHOV��

.H\ZRUGV��3DUDWDFWLF�8QLW��+\SRWDFWLF�8QLW��3DUDWDFWLF�([SDQGLQJ��&RPPXQLFDWLYH�
7DVNV��6HPDQWLF�)DFWRUV��

���,QWURGXFWLRQ

'LIIHUHQW� DSSURDFKHV� WR� WKH� VWXG\� RI� WKH� PXOWLSOH� FRPSRXQG�FRPSOH[�
VHQWHQFHV�LQ�0RGHUQ�(QJOLVK�OHDG�WR�UHYHDOLQJ�WKH�HVVHQFH�RI�WKH�FRPSRVLWH�VHQWHQFH�
LQ� JHQHUDO� DQG� LWV� W\SHV� LQ� SDUWLFXODU�� 'HYHORSLQJ� WKH� FRQFHSWV� RI� &KRPVN\¶V�
*HQHUDWLYH�*UDPPDU�5HGIRUG� ������� IRFXVHV�RQ�PDMRU� V\QWDFWLF�FKDUDFWHULVWLFV�RI�
OLQJXLVWLF�XQLWV��&XOLFRYHU��������KLJKOLJKWV�WKH�FRUUHVSRQGHQFHV�EHWZHHQ�D�V\QWDFWLF�
IRUP�DQG�PHDQLQJ��5RVHQEHUJ���������LQYHVWLJDWHV�WKH�OHYHOV�RI�VHQWHQFH�SURGXFWLRQ�
UHIOHFWLQJ�ODERUDWRU\�UHVHDUFK�GDWD��%HUN���������$GJHU��������DQG�7DOOHUPDQ��������
LGHQWLI\�FRQVWLWXHQW� VWUXFWXUH�� W\SHV�RI�FODXVHV�� UHODWLRQVKLSV�ZLWKLQ� WKH�FODXVH�DQG�
SURFHVVHV�WKDW�FKDQJH�JUDPPDWLFDO�UHODWLRQV��JLYH�D�IXUWKHU�LQVLJKW�RQ�FRRUGLQDWLRQ�
DQG�VXERUGLQDWLRQ�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

5DNRYD� .� ,�� 0RUR]RYD� (� 1���3HUHO\JLQD� 7� $���6WRO\DU� (� '�� 	�7UXED\HYD� (� ,� �������
$� VWUXFWXUDO� RUJDQL]DWLRQ� RI� PRGHUQ� (QJOLVK� PXOWLSOH� FRPSOH[�FRPSRXQG� -RXUQDO� RI�
5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�����������

� &RUUHVSRQGLQJ�DXWKRU��%HOJRURG�6WDWH�8QLYHUVLW\��%HOJRURG��5XVVLD�
���%HOJRURG�6WDWH�8QLYHUVLW\��%HOJRURG��5XVVLD�



��� _ 3URFHHGLQJV�RI� WKH��WK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�/LQJXLVWLFV� ,VVXHV��6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

%\EHH��������H[DPLQHV�GLIIHUHQW�W\SHV�RI�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�PDLQ�
FODXVH� DQG� WKH� VXERUGLQDWH� FODXVH�� GHVFULELQJ� WKH� PDLQ� FODXVH� DV� LQQRYDWLYH� DQG�
VXERUGLQDWH�FODXVH�DV�FRQVHUYDWLYH�

5XVVLDQ�OLQJXLVWV�VWDUWHG�LQYHVWLJDWLQJ�WKH�FRPSRXQG�FRPSOH[�VHQWHQFH�DV�
DQ�REMHFW�RI�UHVHDUFK�LQ�WKH�VHFRQG�KDOI�RI�WKH�;;WK�&HQWXU\��$WWHQWLRQ�ZDV�JLYHQ�WR�
PLQLPDO� VWUXFWXUDO�PRGHOV�RI� WKH� FRPSRXQG�FRPSOH[� VHQWHQFH�� WKHLU� FODVVLILFDWLRQ�
DQG� VWUXFWXUDO� DQG� VHPDQWLF� SHFXOLDULWLHV� �9DVLOHQNR�� ������ .KRORGRY�� ������
.DODVKQLNRYD��������.DVKLVD]�	�0REDUDN��������8NKDQRY��������

7KH�DXWKRUV�VWXG\�WKH�PXOWLSOH�FRPSRXQG�FRPSOH[�VHQWHQFH�DV�D�V\QWDFWLF�
DQG�FRPPXQLFDWLYH�XQLW��6RPH�VFKRODUV�DWWHPSW�WR�H[SODLQ�WKH�FRUUHODWLRQ�RI�WHPSRUDO�
]RQHV� LQ� 0XOWLSOH� FRPSRXQG� FRPSOH[� VHQWHQFHV� DQDO\]LQJ� GLIIHUHQW� PHDQV� IRU�
H[SUHVVLQJ�WKH�WHPSRUDOLW\��6KHLIHO���������([DPLQLQJ�PRGDO�PHDQLQJV�H[SUHVVHG�E\�
WKH�PRGDO�YHUEV� LQ� WKH�PXOWLSOH�FRPSRXQG�FRPSOH[�VHQWHQFHV� WKH\�DGPLW� WKDW� WKLV�
W\SH� RI� D� FRPSRVLWH� VHQWHQFH� UHSUHVHQWV� WKH� FRPELQDWLRQ� RI� GLIIHUHQW� W\SHV� RI�
PRGDOLW\� UDWKHU� W\SLFDO� LQ� 0RGHUQ� (QJOLVK� �5DNRYD� 	� (VFKHQNR�� ������ $]L]� 	�
$EGROJKDGHU��������

6RPH� SDSHUV� GHDO� ZLWK� WKH� LQWHUUHODWLRQ� RI� LGLRPV� DQG� V\QWDFWLF�
FRQVWUXFWLRQV�UHSUHVHQWHG�E\�0XOWLSOH�&RPSRXQG�&RPSOH[�XQLWV�ZKLFK�LV�FRQVLGHUHG�
ZLWK�UHJDUG�WR�WKH�FRUUHODWLRQ�RI�WKH�VWUXFWXUDO�DQG�FRPPXQLFDWLYH�DVSHFWV�RI�V\QWD[��
7KH� DQDO\VLV� LQGLFDWHV� WKDW� WKH� XVH� RI� LGLRPV� UHVXOWV� LQ� WKH� VLPSOLILFDWLRQ� RI� WKH�
VWUXFWXUH� RI� 0XOWLSOH� &RPSRXQG�&RPSOH[� 6HQWHQFHV�� L�H�� LQ� WKH� GHFUHDVH� RI� WKH�
QXPEHU�RI�FODXVHV�DQG�V\QWDFWLF�WLHV��5DNRYD�	�5\DGLQVND\D��������.KHLUDEDGL�	�
0LU]DHL��������7KH�VWXGLHV�RI�0XOWLSOH�FRPSRXQG�FRPSOH[�VHQWHQFHV�IXQFWLRQLQJ�LQ�
PRYLH�VFULSWV�GLDORJXHV�VKRZ�WKDW�WKH\�DUH�UHSUHVHQWHG�E\�XWWHUDQFH�XQLWV�FRQVLVWLQJ�
RI� FRPPXQLFDWLYH� PRYHV� DQG� WXUQV�� WDNLQJ� WKH� IRUP� RI� LQLWLDWLQJ� DQG� UHDFWLQJ�
FRPPXQLFDWLYH�XWWHUDQFHV��5DNRYD�	�9RORVKLQD���������$QDO\]LQJ�SRHWLF�WH[WV�QHZ�
SDUDPHWHUV� RI� PXOWLSOH� FRPSRXQG� FRPSOH[� VHQWHQFHV� ZHUH� WUDFHG� ZLWK� UHJDUG� WR�
PRGDOLW\��WHPSRUDOLW\�DQG�FRUUHODWLRQ�RI�WH[W�DQG�V\QWDFWLF�XQLWV��3DUQLNRYD��������

$FFRUGLQJ� WR� %ROG\UHY� DQG� 9LQRJUDGRYD� ������� WKH� FRPPXQLFDWLYH�
SHUVSHFWLYH�RI� WKH�FRPSRVLWH� VHQWHQFH� LV�SUHGHWHUPLQHG�E\�PXOWLSOH� IDFWRUV�RQH�RI�
ZKLFK�LV�WKH�LQGLYLGXDO¶V�DELOLW\�WR�LQWHUSUHW�DQG�PHWDLQWHUSUHW��7KH�DXWKRUV�VWDWH�WKDW�
WKH�WUDQVIHU�RI�WKH�JLYHQ�DQG�WKH�QHZ�WKURXJK�FRPSRVLWH�VHQWHQFHV�LV�JRYHUQHG�E\�DW�
OHDVW� WZR�SULQFLSOHV�� WKH�FRQFHSWXDO� UHSUHVHQWDWLRQ�DQG� WKH�FRQFHSWXDO�KLHUDUFK\�RI�
PHDQLQJV�

8QIRUWXQDWHO\�� WKH� FRPSOH[LW\� RI� WKH� 0XOWLSOH� &RPSRXQG�&RPSOH[�
6HQWHQFH� DQG� WKH� FRPSOLFDWHG� LQWHUUHODWLRQVKLS� RI� LWV� FRQVWLWXHQWV� SUHYHQW� IURP�
OHDUQLQJ�DERXW�WKH�QDWXUH�RI�FRRUGLQDWLRQ�DQG�VXERUGLQDWLRQ�LQWHUDFWLRQ�RI�WKLV�W\SH�RI�
FRPSRVLWH�VHQWHQFH��7KHUHIRUH��WKH�REMHFWLYHV�RI�WKLV�VWXG\�DUH�WR�VLQJOH�RXW�WKH�IDFWRUV�
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WKDW� FDXVH� OLQHDU� DQG� YHUWLFDO� H[SDQVLRQ� DQG� UHYHDO� VWUXFWXUDO� DQG� FRPPXQLFDWLYH�
SRWHQWLDO� RI� 0XOWLSOH� &RPSRXQG�&RPSOH[� 6HQWHQFH� XVHG� LQ� (QJOLVK� ILFWLRQDO�
OLWHUDWXUH�

���0HWKRG

7UDGLWLRQDOO\�D�FRPSRVLWH�VHQWHQFH�LV�FRQVLGHUHG�DV�D�FRQVWUXFWLRQ�ZKLFK�LV�
PDGH�XS�RI�D�GHILQLWH�FRPELQDWLRQ�RI�VXEMHFW�SUHGLFDWH�SKUDVHV��&RPSRVLWH�VHQWHQFHV�
H[LVW�DV�D�V\VWHP�FRPSULVLQJ�FRPSOH[��FRPSRXQG�VHQWHQFHV��WKHLU�PXOWLSOH�YDULDQWV�
DQG�FRQVWUXFWLRQV�FRPELQLQJ�FRRUGLQDWH�DQG�VXERUGLQDWH�FODXVHV�DV�ZHOO�

(DFK�XQLW��ZKHWKHU�LW�LV�RI�K\SRWDFWLF��SDUDWDFWLF�RU�RI�K\SRWDFWLF�SDUDWDFWLF�
QDWXUH�� LV� UHSUHVHQWHG� E\� D� VXEV\VWHP�RI� V\QWDFWLF� FRQVWUXFWLRQV�ZLWKLQ� WKH�ZKROH�
V\VWHP�RI�FRPSRVLWH�VHQWHQFHV��5DNRYD��������(VODPL�	�$KPDGL��������

:H�SUHVHQW�D�QHZ�DSSURDFK�WR�WKH�DQDO\VLV�RI�D�PXOWLSOH�FRPSRXQG�FRPSOH[�
VHQWHQFH�� E\�SURYLGLQJ� LW� DV� DQ� LQWHJUDWLRQ�RI� WZR�SDUWV�� K\SRWDFWLF� DQG�SDUDWDFWLF�
FRPSOH[HV�� HDFK� KDYLQJ� VSHFLILF� FKDUDFWHULVWLFV� DQG� GLIIHUHQW� VWUXFWXUDO� DQG�
LQIRUPDWLRQ�SRWHQWLDO��7KLV�DSSURDFK�JLYHV�XV�DQ�RSSRUWXQLW\�WR�UHJDUG�WKH�VWUXFWXUH�
RI�WKH�DERYH�PHQWLRQHG�FRPSOH[HV�DQG��DSSO\LQJ�VWUXFWXUDO�FRPSXWLQJ�WHFKQLTXHV��WR�
GHWHUPLQH�WKH�VHW�RI�DOO�SRVVLEOH�PRGHOV�RI�WKLV�V\QWDFWLF�XQLW�DQG�VKHG�OLJKW�RQ�WKH�
PHFKDQLVP�RI�LQWHUDFWLRQ�EHWZHHQ�FRRUGLQDWLRQ�DQG�VXERUGLQDWLRQ�.R]KDEHUJHQRYD�
HW�DO�������� 6KXNOD��������$UGDNDQL�HW�DO���������

���5HVXOWV�DQG�'LVFXVVLRQ

(DFK� VXEMHFW�SUHGLFDWH� SKUDVH� �EORFN�� RI� D� PXOWLSOH� FRPSRXQG�FRPSOH[�
VHQWHQFH�LV�JUDSKLFDOO\�SUHVHQWHG�E\�D�PRGHO�ZLWK�D�FRPELQDWLRQ�RI�UHFWDQJOHV�DQG�
FLUFOHV��D�UHFWDQJOH�GHQRWLQJ�WZR�WKLQJV��D�SULQFLSDO�FODXVH�RI�D�K\SRWDFWLF�FRPSOH[�
DQG� D� FRRUGLQDWH� FODXVH� RI� D� SDUDWDFWLF� FRPSOH[�� DQG� D� FLUFOH� VWDQGLQJ� IRU� D�
VXERUGLQDWH�FODXVH��

6WUXFWXUDOO\�D�SDUDWDFWLF�FRPSOH[�FDQ�EH�PLQLPDO�RU�XQH[WHQGHG�FRQVLVWLQJ�
RI� D� VLQJOH� EORFN� DQG� DQ� H[WHQGHG� FRPSOH[� FRPSULVLQJ� WZR� RU� PRUH� EORFNV�� IRU�
LQVWDQFH�

0DQ\�WKLQJV�KDSSHQHG��DQG�WKDW�PDQ�GLG�QRW�NQRZ�ZKHQ�

KH�KDG�DQ\�UHVSRQVLELOLW\� IRU�WKHP�DQG�ZKHQ�KH�GLG�QRW��:DUUHQ�������S��
�����

7KH� VHQWHQFH� XQGHU� VWXG\� LQFOXGHV� WKH� SDUDWDFWLF� FRPSOH[� ZKLFK� LV�
UHSUHVHQWHG� E\� D� VLQJOH� EORFN� �0DQ\� WKLQJV� KDSSHQHG��� VR� LW¶V� FRQVLGHUHG� WR EH� D�
PLQLPDO�SDUDWDFWLF�FRPSOH[��&RQVHTXHQWO\��WZR�RU�PRUH�FRRUGLQDWH�EORFNV�FRPSRVH�
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DQ�H[WHQGHG�SDUDWDFWLF�FRPSOH[��:HOO��KH�GLG�UXQ�ZKHQ�WKH�WLPH�FDPH��DQG�KH�JRW�
PRUH�WKDQ�RQH�YRWH��EXW�QRW�PDQ\�PRUH��DQG�0U��'ROSK�3LOOVEXU\�

DQG�KLV�SDOV�ZRQ�WKDW�URXQG��:DUUHQ�������S������

7KLV�IRXU�FODXVH�VHQWHQFH�VHUYHV�DV�DQ�H[DPSOH�RI�WKH�H[WHQGHG�SDUDWDFWLF�
FRPSOH[�FRPSULVLQJ�WZR�FRRUGLQDWH�FODXVHV��KH�JRW�PRUH�WKDQ�RQH�YRWH��EXW�QRW�PDQ\�
PRUH��%ORFN�����0U��'ROSK�3LOOVEXU\�DQG�KLV�SDOV�ZRQ�WKDW�URXQG��%ORFN�����

3DUDWDFWLF� DQG� K\SRWDFWLF� FRPSOH[HV� FDQ� WDNH� LQLWLDO�� PHGLDO�� DQG� ILQDO�
SRVLWLRQV� LQ� WKH� VHQWHQFH�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� DUUDQJHPHQW� RI� WKH� XQLWV� LV�
SUHGHWHUPLQHG�E\�VWUXFWXUDO�DQG�WH[WXDO�IDFWRUV��7KH�LQLWLDO�SRVLWLRQ�RI�WKH�K\SRWDFWLF�
FRPSOH[�GHSHQGV�RQ�WKH�FRQWH[W�SUHFHGLQJ�WKH�DQDO\]HG�VHQWHQFH�ZKHUH�WKH�DXWKRU�
GHVFULEHV�:LOOLH�6WDUN¶V�LQWHQWLRQ�WR�UXQ�IRU�3UHVLGHQW��³,¶P�JRLQJ�WR�UXQ�´KH�UHSHDWHG�
�«!�³,¶P�JRLQJ�WR�UXQ�´�KH�UHSHDWHG�DJDLQ´��,W�VWDQGV�WR�UHDVRQ�WKDW�WKH�IROORZLQJ�
VHQWHQFH�VWDUWV ZLWK�WKH�LQYHUWHG�SKUDVH��:HOO��KH�GLG�UXQ�ZKHQ�WKH�WLPH�FDPH�

7KH�SDUDWDFWLF�EORFN�LQ�WKH�ILQDO�SRVLWLRQ�LQIRUPV�WKH�UHDGHU�RI�3LOOVEXU\�ZKR�
WXUQHG� WR� EH� D� ZLQQHU� �3LOOVEXU\� DQG� KLV� SDOV� ZRQ� WKDW� URXQG��� 7KLV� SRVLWLRQ� LV�
SUHGHILQHG�E\�WKH�FRQWH[W�WKDW�IROORZV�WKH�VHQWHQFH�LQ�ZKLFK�WKH�DXWKRU�QDUUDWHV�DERXW�
3LOOVEXU\¶V�GLUW\�EXVLQHVV��7KH�IHOORZ�ZKR�ZDV�HOHFWHG�DJDLQVW�:LOOLH�WKDW�IDOO�GLGQ¶W�
KDQJ�KLV�KDW�XS�LQ�WKH�RIILFH�EHIRUH�KH�KDG�VLJQHG�WKH�FKHFN�IRU�WKH�DGYDQFH�SD\PHQW�
WR� -�+��0RRUH���+HQFH� WKH� SRVLWLRQ� RI� WKH� FRQVWLWXHQWV� RI� WKH�PXOWLSOH� FRPSRXQG�
VHQWHQFH�GHSHQGV�RQ�WKH�FRPPXQLFDWLYH�WDVN�RI�WKH�WH[WXDO�IUDJPHQW�

&RRUGLQDWLRQ�DV�D�W\SH�RI�D�UHODWLRQ�RI�DXWRQRPRXV�PHPEHUV�WDNHV�VRPH�QHZ�
IHDWXUHV�LQ�D�PXOWLSOH�FRPSRXQG�FRPSOH[�VHQWHQFHV��7KH�DQDO\VLV�RI�WKH�VHQWHQFHV�
WDNHQ�IURP�WKH�QRYHOV�E\�(QJOLVK�DQG�$PHULFDQ�ZULWHUV�RI�WKH�;,;�;;WK�FHQWXULHV�
SURYHV� WKDW� FRRUGLQDWH� FODXVHV� FDQ� EH� DUUDQJHG� QRW� RQO\� DW� D� VLQJOH� EXW� GLIIHUHQW�
VXERUGLQDWLRQ�OHYHOV�VLPXOWDQHRXVO\�

+H�EHJDQ� WHOOLQJ�PH�DQG�KH� ILQLVKHG� WHOOLQJ�PH�DERXW�HOHYHQ�R¶FORFN� WKDW�
QLJKW�ZLWK�/XF\�6WDUN��DIWHU�VKH�KDG�SXW�WKH�NLG�WR�EHG��DQG�PH�VLWWLQJ�ZLWK�KLP�LQ�WKH�
SDUORU�RXW�DW�KLV�SDSS\¶V�SODFH��ZKHUH�KH�KDG�DVNHG�PH�WR�VSHQG�WKH�QLJKW��DQG�ZKHUH�
KH�DQG�/XF\�RUGLQDULO\�OLYHG�LQ�WKH�VXPPHU�DQG�ZKHUH�WKH\�ZHUH�JRLQJ�WR�OLYH�WKDW�
ZLQWHU�WRR�LQVWHDG�RI�D�URRP�LQ�WRZQ�EHFDXVH�ZLQWHU�WRR�LQVWHDG�RI�D�URRP�LQ�WRZQ�
EHFDXVH�/XF\�KDG�MXVW�EHHQ�ILUHG�IURP�KHU�WHDFKLQJ�MRE�IRU�WKH�FRPLQJ�\HDU�DQG�WKHUH�
ZDVQ¶W�DQ\�UHDVRQ�WR�EH�LQ�WRZQ�DQG�EH�VSHQGLQJ�JRRG�PRQH\�IRU�UHQW��:DUUHQ� ������
S������

7KH�DERYH�JLYHQ�HLJKW�FODXVH�VHQWHQFH�LQYROYHV�FRRUGLQDWLRQ�DW�WKH�ILUVW�DQG�
VHFRQG�VXERUGLQDWLRQ�OHYHOV��7KH�LQLWLDO�SDUDWDFWLF�EORFN�DQG�WKH�SULQFLSDO�FODXVH�RI�
WKH� K\SRWDFWLF� H[WHQGHG� FRPSOH[� DUH� FRPELQHG� E\� WKH� XVH� RI� WKH� FRRUGLQDWLQJ�
FRQMXQFWLRQ�DQG��PDNLQJ�XS�6XERUGLQDWLRQ�OHYHO���ZLWK�IRXU�VXERUGLQDWH�FODXVHV���+H�
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EHJDQ� WHOOLQJ� PH� DQG� KH� ILQLVKHG� WHOOLQJ� PH� DERXW� HOHYHQ� R¶FORFN��7KH� V\QWDFWLF�
FRQQHFWLRQ�RI�D�ILQDO�SDUDWDFWLF�EORFN�DQG�WKH�SUHFHGLQJ�VXERUGLQDWH�FODXVH �/XF\�KDG�
MXVW�EHHQ�ILUHG�IURP�KHU�WHDFKLQJ�MRE�IRU�WKH�FRPLQJ�\HDU�DQG�WKHUH�ZDVQ¶W�DQ\�UHDVRQ�
WR�EH�LQ�WRZQ�DQG�EH�VSHQGLQJ�JRRG�PRQH\�IRU�UHQW���LV�LGHQWLILHG�DV�FRRUGLQDWLRQ�RI�
6XERUGLQDWLRQ�OHYHO���IRU�WKHVH�FODXVHV�DUH�DOVR�OLQNHG�VHPDQWLFDOO\�DQG�KDYH�QRWKLQJ�
WR�GR�ZLWK�WKH�FRRUGLQDWLQJ�FODXVHV�RI�6XERUGLQDWLRQ�OHYHO���

$QRWKHU� FRQVWLWXHQW� RI� D� 0XOWLSOH� &RPSRXQG�&RPSOH[� VHQWHQFH� LV� D�
K\SRWDFWLF�FRPSOH[�ZKLFK�FDQ�VWUXFWXUDOO\�EH�D�FORVHG�XQLW��XQDEOH�WR�IXUWKHU�H[WHQG�
LWV�VWUXFWXUH��DQG�DQ�RSHQ�XQLW�DEOH�WR�H[WHQG�LW��$Q�RSHQ�K\SRWDFWLF�FRPSOH[�IDOOV�LQWR�
D�PLQLPDO��XQH[WHQGHG��DQG�H[WHQGHG�PRGHOV��L�H�

7KH�FRXQWU\�KHUH�LV�ULFK�DQG�SOHDVDQW��D���EXW�\RX�PXVW�SDVV�WKURXJK�URXJK�
DQG�GDQJHURXV�SODFHV�EHIRUH�\RX�UHDFK�WKH�HQG�RI�\RXU�MRXUQH\��E���%DXP��������S��
����

7KLV�WKUHH�FODXVH�VHQWHQFH�LV�FRPSRVHG�RI�D�VLQJOH�SDUDWDFWLF�EORFN��D��DQG�D�
FORVHG�K\SRWDFWLF�FRPSOH[�FRPELQLQJ� WZR�FODXVHV��SULQFLSOH�DQG�VXERUGLQDWH�RQHV�
�E��

&RQYHUVHO\��WKH�H[WHQGHG�K\SRWDFWLF�FRPSOH[�KDV�DQ�RSHQ�V\VWHP�VWUXFWXUH��
FDSDEOH�RI�PRGHO�H[WHQVLRQ��,W¶V�FKDUDFWHUL]HG�E\�D�VSHFLILF�DUUDQJHPHQW�RI�LWV

FODXVHV��GHSHQGLQJ�RQ�WKH�W\SH�DQG�QXPEHU�RI�V\QWDFWLF�WLHV��7KH�FRPSOH[�
FDQ�EH�EDVHG�RQ�RQO\�RQH�W\SH�RI�FRRUGLQDWLRQ��KRPRJHQHRXV�SDUDOOHO�VXERUGLQDWLRQ�
RU�KHWHURJHQHRXV�SDUDOOHO�VXERUGLQDWLRQ�RU�FRQVHFXWLYH�VXERUGLQDWLRQ��

&RQVWUXFWLRQV� FRPSRVHG� E\� PHDQV� RI� WKH� FRPELQDWLRQ� RI� WZR� RU� WKUHH�
V\QWDFWLF�UHODWLRQV�DUH�FRPPRQO\�XVHG�LQ�ILFWLRQ�

�� $�WLPH�FRPHV�ZKHQ�\RX�WKLQN�\RX�FDQQRW�EHDU�DQRWKHU�WKLQJ��EXW�LW�
KDSSHQV�WR�\RX��DQG�\RX�FDQ�EHDU�LW��:DUUHQ��������S������

�� 6KH�KDV�PD\EH�KDG�SOHQW\�WR�SXW�XS�ZLWK�DOUHDG\�LQ�KHU�ZD\��DQG�
\RX�ZRXOG�EH�D�VDS�WR�FUXFLI\�KHU�MXVW�EHFDXVH�\RX�JRW�VRPH�KLJK�
IDOXWLQJ� LGHD� \RX� DUH� DQ� (DJOH� 6FRXW� DQG� VKH� LV� -RDQ� RI� $UF�
�:DUUHQ��������S�������

([DPSOH���VKRZV�WKH�FRQVWUXFWLRQ�ZLWK�DQ�H[WHQGHG�K\SRWDFWLF�EORFN�PDGH�
XS�ZLWK�WKH�KHOS�RI�FRQVHFXWLYH�VXERUGLQDWLRQ��$�WLPH�FRPHV�ZKHQ�\RX�WKLQN�\RX�
FDQQRW�EHDU�DQRWKHU�WKLQJ��DQG�DQ�H[WHQGHG�SDUDWDFWLF�FRPSOH[�FRPSULVLQJ�WZR�EORFNV�
�EXW�LW�KDSSHQV�WR�\RX��DQG�\RX�FDQ�EHDU�LW����

([DPSOH� �� LOOXVWUDWHV� WKH� ��FODXVH� VHQWHQFH� FRPSRVHG� RI� D� PLQLPDO�
SDUDWDFWLF�FRPSOH[��6KH�KDV�PD\EH�KDG�SOHQW\�WR�SXW�XS�ZLWK�DOUHDG\�LQ�KHU�ZD\��DQG�
DQ� H[WHQGHG� K\SRWDFWLF� FRPSOH[� EDVHG� RQ� FRQVHFXWLYH� VXERUGLQDWLRQ� DQG�



��� _ 3URFHHGLQJV�RI� WKH��WK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�/LQJXLVWLFV� ,VVXHV��6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

KRPRJHQHRXV�SDUDOOHO�VXERUGLQDWLRQ��\RX�ZRXOG�EH�D�VDS�WR�FUXFLI\�KHU�MXVW�EHFDXVH�
\RX�JRW�VRPH�KLJK�IDOXWLQJ�LGHD�\RX�DUH�DQ�(DJOH�6FRXW�DQG�VKH�LV�-RDQ�RI�$UF��

7KH�SURSRVHG�PHWKRG�RI�FRPELQDWRULDO�SRWHQWLDO�FRPSXWDWLRQ�RI�0XOWLSOH�
&RPSRVLWH� 6HQWHQFHV� DOORZV� DOO� WKHRUHWLFDOO\ SRVVLEOH� PRGHOV� WR� EH� GHILQHG� DQG�
FRPSDUHG�ZLWK� SUREDELOLW\�PRGHOV��7KH�ZKROH� VHW� RI�PRGHOV� LV� FDOFXODWHG� E\� WKLV�
IRUPXOD��PQ��ZLWK�P�± DV�W\SHV�RI�V\QWDFWLF�WLHV��DQG�Q�± WKH�QXPEHU�RI�WLHV��7KHUHIRUH�
��� ����VR�ZH�KDYH���PRGHOV�EDVHG�RQ�WKH�FRPELQDWLRQ�RI���W\SHV�RI�V\QWDFWLF�ERQGV�

x 0RGHO� �� FRQVHFXWLYH� VXERUGLQDWLRQ� � KRPRJHQHRXV� SDUDOOHO�
VXERUGLQDWLRQ�

x 0RGHO� �� FRQVHFXWLYH� VXERUGLQDWLRQ� � KHWHURJHQHRXV� SDUDOOHO�
VXERUGLQDWLRQ�

x 0RGHO���FRQVHFXWLYH�VXERUGLQDWLRQ�� FRQVHFXWLYH�VXERUGLQDWLRQ�

x 0RGHO� �� KRPRJHQHRXV� SDUDOOHO� VXERUGLQDWLRQ� � FRQVHFXWLYH�
VXERUGLQDWLRQ�

x 0RGHO���KRPRJHQHRXV�SDUDOOHO� VXERUGLQDWLRQ� � KHWHURJHQHRXV�SDUDOOHO�
VXERUGLQDWLRQ�

x 0RGHO� �� KRPRJHQHRXV� SDUDOOHO� VXERUGLQDWLRQ� � KRPRJHQHRXV� SDUDOOHO�
VXERUGLQDWLRQ�

x 0RGHO� �� KHWHURJHQHRXV� SDUDOOHO� VXERUGLQDWLRQ� � FRQVHFXWLYH�
VXERUGLQDWLRQ�

x 0RGHO���KHWHURJHQHRXV�SDUDOOHO� VXERUGLQDWLRQ� � KRPRJHQHRXV�SDUDOOHO�
VXERUGLQDWLRQ�

x 0RGHO���KHWHURJHQHRXV�SDUDOOHO�VXERUGLQDWLRQ� � KHWHURJHQHRXV�SDUDOOHO�
VXERUGLQDWLRQ�

7KLV�VHW�RI�PRGHOV�LQFOXGHV���VWUXFWXUHV�ZLWK�WKH�UHSHDWHG�V\QWDFWLF�WLHV�DQG�
LW�GRHVQ¶W�PHHW� WKH�UHTXLUHPHQWV�RI� WKH�DQDO\]HG�XQLW� �FRQVHFXWLYH�VXERUGLQDWLRQ� �
FRQVHFXWLYH�VXERUGLQDWLRQ� ���V\QWDFWLF�WLH���6R����PRGHOV�DUH�WKHRUHWLFDOO\�SRVVLEOH�
EXW�RQO\���UHSUHVHQW�SUREDELOLW\�PRGHOV�

7KH� DQDO\VLV� RI� FRPSRXQG�FRPSOH[� VHQWHQFHV� SURYHV� WKDW� FRRUGLQDWLRQ�
LQYROYHV�QRW�RQO\�FRRUGLQDWH�EORFNV�DQG�K\SRWDFWLF�FRPSOH[HV�� LW�FDQ�XQLWH� WZR�RU�
PRUH�K\SRWDFWLF�FRPSOH[HV���5DNRYD�������

+HQFH�� WKH� FRRUGLQDWLRQ� FRQWUROV� WKH� VHTXHQFH� RI� WKH� HOHPHQWV� LQ� WKH�
FRPSRVLWH�VHQWHQFH�LQGHSHQGHQWO\�RQ�WKHLU�VWUXFWXUH�

���7KH�VLGHV�ZHUH�VR�VWHHS�WKDW�QRQH�RI�WKHP�FRXOG�FOLPE�GRZQ��DQG�IRU�D�
PRPHQW�LW�VHHPHG�WKDW�WKHLU�MRXUQH\�PXVW�HQG���%DXP��������S�����

���+H�OHDUQHG�WKDW�WKH�ZRUOG�LV�OLNH�DQ�HQRUPRXV�VSLGHU�

ZHE�DQG�LI�\RX�WRXFK LW��KRZHYHU�OLJKWO\��DW�DQ\�SRLQW�
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WKH�YLEUDWLRQ�ULSSOHV�WR�WKH�UHPRWHVW�SHULPHWHU�DQG�WKH�GURZV\�VSLGHU�IHHOV�
WKH�WLQJOH�DQG�LV�GURZV\�QR�PRUH�EXW�VSULQJV�RXW�WR�IOLQJ�WKH�JRVVDPHUFRLOV�DERXW�\RX�
ZKR� WRXFKHG� WKH�ZHE� DQG� WKHQ� LQMHFW� WKH� EODFN�� QXPELQJ� SRLVRQ� XQGHU� \RXU� KLGH�
�:DUUHQ� ������S� ������

7KH� ILUVW� H[DPSOH� LOOXVWUDWHV� WKH� FRPELQDWLRQ� RI� WZR� FORVHG� K\SRWDFWLF�
FRPSOH[HV�± &RPSOH[����7KH�VLGHV�ZHUH�VR�VWHHS�WKDW�QRQH�RI�WKHP�FRXOG�FOLPE�GRZQ��

&RPSOH[����IRU�D�PRPHQW�LW�VHHPHG�WKDW�WKHLU�MRXUQH\�PXVW�HQG��+HQFH��WKLV�
FRQVWUXFWLRQ�FDQ�EH�UHJDUGHG�DV�D���FRPSOH[�XQLW��7KH�VHFRQG�H[DPSOH� LQWURGXFHV�
WKUHH�PLQLPDO�K\SRWDFWLF�FRPSOH[HV�±

&RPSOH[����+H�OHDUQHG�WKDW�WKH�ZRUOG�LV�OLNH�DQ�HQRUPRXV�VSLGHU�ZHE���

&RPSOH[� ��� LI� \RX� WRXFK� LW�� KRZHYHU� OLJKWO\�� DW� DQ\� SRLQW�� WKH� YLEUDWLRQ�
ULSSOHV�WR�WKH�UHPRWHVW�SHULPHWHU�

&RPSOH[����WKH�GURZV\�VSLGHU�IHHOV�WKH�WLQJOH�DQG�LV�GURZV\�QR�PRUH�EXW�
VSULQJV�RXW�WR�IOLQJ�WKH�JRVVDPHUFRLOV�DERXW�\RX�ZKR�WRXFKHG�WKH�ZHE�DQG�WKHQ�LQMHFW�
WKH� EODFN�� QXPELQJ� SRLVRQ� XQGHU� \RXU� KLGH�� 8QOLNH� H[DPSOH� �� WKH� DQDO\]HG�
FRQVWUXFWLRQ� LV� FRQVLGHUHG� WR� EH� D� WKUHH� FRPSOH[� XQLW� FRPELQHG� E\� PHDQV� RI�
FRRUGLQDWLRQ�

7KH�PXOWLSOH�FRPSRXQG�FRPSOH[�VHQWHQFH�FDQ�EH�H[SDQGHG�E\�LQFUHDVLQJ�
WKH� QXPEHU� RI� K\SRWDFWLF� FRPSOH[HV�� 2SHQ� K\SRWDFWLF� FRPSOH[HV� ZKLFK� DUH�
FRQVWLWXHQWV�RI�WKLV�W\SH�RI�VHQWHQFH�FDQ�EH�ERWK�XQH[WHQGHG�DQG�H[WHQGHG�RQHV��IRU�
H[DPSOH�

�� %XW�WKHUH�ZDVQ¶W�D�VRXQG�H[FHSW�WKDW�QDPHOHVV�VWLU�RI�WKH�QLJKW�ZKLFK�
FRPHV�HYHQ�ZKHQ�WKHUH�LVQ¶W�D�EUHDWK�RI�ZLQG�DQG�\RX�DUH�WRR�IDU�
IURP�WKH�EHDFK�WR�JHW WKH�ZKLVSHU�DQG�ULIIOH�WKDW�LV�DOZD\V�WKHUH��HYHQ�
ZKHQ�WKH�VHD�LV�TXLHWHVW��:DUUHQ��������S�������

�� <RX�NQRZ�WKH\�ZHQW�ZDGLQJ�LQ�WKH�FUHHN�ZKHQ�WKH\�ZHUH�NLGV��DQG�
ZKHQ�WKH\�ZHUH�ELJJHU�WKH\�XVHG�WR�JR�RXW�DERXW�VXQVHW�DQG�OHDQ�RQ�
WKH�EDFN�IHQFH�DQG�ORRN�DFURVV�WKH�FRXQWU\�DW�WKH�VN\�DQG�QRW�NQRZ�
ZKDW�ZDV�KDSSHQLQJ�LQVLGH�WKHP�RU�ZKHWKHU�WKH\�ZHUH�KDSS\�RU�VDG��
DQG�ZKHQ�WKH\�JRW�JURZQ�WKH\�VOHSW�ZLWK�WKHLU�ZLYHV�DQG�WLFNOHG�WKHLU�
EDELHV� WR�PDNH� WKHP� ODXJK�DQG�ZHQW� WR�ZRUN� LQ� WKH�PRUQLQJ�DQG�
GLGQ¶W�NQRZ�ZKDW WKH\�ZDQWHG�EXW�KDG�WKHLU�UHDVRQV�IRU�GRLQJ�WKLQJV�
DQG� ZDQWHG� WR� GR� JRRG� WKLQJV�� EHFDXVH� WKH\� DOZD\V� JDYH� JRRG�
UHDVRQV�IRU�WKH�WKLQJV�WKH\�GLG��DQG�WKHQ�ZKHQ�WKH\�JRW�ROG�WKH\�ORVW�
WKHLU�UHDVRQV�IRU�GRLQJ�DQ\WKLQJ�DQG�VDW�RQ�WKH�EHDFK�LQ�IURQW�RI�WKH�
KDUQHVV�VKRS�DQG�KDG�ZRUGV�IRU�WKH�UHDVRQV�RWKHU�SHRSOH�KDG�EXW�
KDG�IRUJRWWHQ�ZKDW�WKH�UHDVRQV�ZHUH��:DUUHQ��������SS���������
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([DPSOH� �� LQWURGXFHV� D� ��FODXVH� VHQWHQFH�ZKLFK� FRPSULVHV� WZR�PLQLPDO�
K\SRWDFWLF�FRPSOH[HV�FRPSRVHG�ZLWK�WKH�KHOS�RI�FRQVHFXWLYH�VXERUGLQDWLRQ��

&RPSOH[��� WKHUH�ZDVQ¶W�D�VRXQG�H[FHSW�WKDW�QDPHOHVV�VWLU�RI�WKH�QLJKW�ZKLFK�
FRPHV�HYHQ�ZKHQ�WKHUH�LVQ¶W�D�EUHDWK�RI�ZLQG��&RPSOH[���� \RX�DUH�WRR�IDU�IURP�WKH�
EHDFK�WR�JHW�WKH�ZKLVSHU�DQG�ULIIOH�WKDW�LV�DOZD\V�WKHUH��HYHQ�ZKHQ�WKH�VHD�LV�TXLHWHVW��
7KLV� FRPSRVLWH� VHQWHQFH� SUHVHQWV� WKH� PRVW� IUHTXHQWO\� XVHG� SDWWHUQ� DPRQJ� WKH�
VHQWHQFHV�EDVHG�RQ�RQH�V\QWDFWLF�WLH�

7KH� QXPEHU� RI� K\SRWDFWLF� FRPSOH[HV� YDULHV� IURP� �� WR� �� LQ� WKH� PXOWLSOH�
VHQWHQFH��PRVW�RI�ZKLFK�KDYLQJ�YHU\�FRPSOLFDWHG�VWUXFWXUH��6HQWHQFH���PD\�VHUYH�DV�
DQ�H[DPSOH��7KH�FLWHG����FODXVH�VHQWHQFH�XQLWLQJ���RSHQ�K\SRWDFWLF�FRPSOH[HV�PDNHV�
XS�D���FRPSOH[�XQLW��&RPSOH[���EDVHG�RQ�WKH�FRQVHFXWLYH�VXERUGLQDWLRQ�LV�D�PLQLPDO�
XQLW� �<RX�NQRZ� WKH\�ZHQW�ZDGLQJ� LQ� WKH�FUHHN�ZKHQ� WKH\�ZHUH�NLGV���&RPSOH[� ��
EHLQJ� DQ� H[WHQGHG� FRQVWUXFWLRQ� LV� PDGH� XS� E\� PHDQV� RI� WKH� FRPELQDWLRQ� RI�
KHWHURJHQHRXV�DQG�KRPRJHQHRXV�SDUDOOHO�VXERUGLQDWLRQ��DQG�ZKHQ�WKH\�ZHUH�ELJJHU�
WKH\� XVHG� WR� JR� RXW� DERXW� VXQVHW«��� &RPSOH[� �� LV� UHSUHVHQWHG� E\� KHWHURJHQHRXV�
SDUDOOHO�VXERUGLQDWLRQ�DQG�FRQVHFXWLYH�VXERUGLQDWLRQ��DQG�ZKHQ�WKH\�JRW�JURZQ�WKH\�
VOHSW�ZLWK�WKHLU�ZLYHV�DQG�WLFNOHG�WKHLU�EDELHV«���&RPSOH[���LV�RI�VLPLODU�VWUXFWXUH��
KDYLQJ�OHVV�QXPEHU�RI�VXERUGLQDWH�FODXVHV�WKDQ�FRPSOH[����DQG�WKHQ�ZKHQ�WKH\�JRW�
ROG�WKH\�ORVW�WKHLU�UHDVRQV�IRU�GRLQJ�DQ\WKLQJ�«���6R��ZH�WUDFH�VLPXOWDQHRXV�OLQHDU�
DQG�YHUWLFDO�H[WHQVLRQ�RI�WKH�ZKROH�PXOWLSOH�VHQWHQFH�GXH�WR�FRPPXQLFDWLYH�WDVNV�VHW�
XS� LQ� WKH� WH[W� WKDW� LQFUHDVH� WKH�QXPEHU�RI� K\SRWDFWLF� XQLWV� DQG� FDXVH� FRPSOLFDWHG�
FRPELQDWLRQV�RI�V\QWDFWLF�ERQGV�

���&RQFOXVLRQ

7KH�PXOWLSOH�FRPSRXQG�FRPSOH[�VHQWHQFH�LV�D�W\SH�RI�D�FRPSRVLWH�VHQWHQFH�
DORQJVLGH�ZLWK�FRPSOH[��FRPSRXQG�VHQWHQFHV��WKHLU�PXOWLSOH�YDULDQWV�RI�V\QGHWLF�DQG�
DV\QGHWLF� QDWXUH�� 7KRXJK� WKH� DQDO\]HG� W\SH� RI� WKH� VHQWHQFH� SURYLGHV� ODUJH�VFDOH�
VWUXFWXUDO� YDULDWLRQ� LW� FDQ�EH�GHILQHG� DQG�GHVFULEHG��7KH� DQDO\VLV� RI� WKH� VWUXFWXUDO�
RUJDQL]DWLRQ�RI�WKH�PXOWLSOH�FRPSRXQG�FRPSOH[�VHQWHQFH�UHYHDOV�WKH�IDFWRUV�RI�WKH�
YHUWLFDO� DQG� KRUL]RQWDO� H[WHQVLRQ� RI� WKH� SDUWV� EDVHG� RQ� FRRUGLQDWLRQ� DQG�
VXERUGLQDWLRQ�� &RPPXQLFDWLYH� WDVNV� RI� WH[WXDO� IUDJPHQWV� GHILQH� WKH� LQIRUPDWLYH�
VLJQLILFDQFH� RI� HDFK� SDUW� RI� WKH� PXOWLSOH� FRPSRXQG�FRPSOH[� VHQWHQFH� GHILQLQJ�
SHFXOLDULWLHV�RI�WKH�FRQVWLWXHQW�SDUDPHWHUV�

���6XPPDU\

$� SURSRVHG� DSSURDFK� IRU� WKH� DQDO\VLV� RI� D� PXOWLSOH� FRPSRXQG�FRPSOH[�
VHQWHQFH�� E\�SURYLGLQJ� LW� DV� DQ� LQWHJUDWLRQ�RI� WZR�SDUWV�� K\SRWDFWLF� DQG�SDUDWDFWLF�
FRPSOH[HV�� UHYHDOV�VSHFLILF�FKDUDFWHULVWLFV�RI� WKH�VHQWHQFH�DQG�H[DPLQHV�VWUXFWXUDO�
DQG� LQIRUPDWLRQ� SRWHQWLDO�� 7KLV� DSSURDFK� JLYHV� XV� DQ� RSSRUWXQLW\� WR� FODVVLI\� WKH�
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VHQWHQFHV�DFFRUGLQJ�WR�WKH�VWUXFWXUH�RI�WKH�SDUDWDFWLF�DQG�K\SRWDFWLF�FRPSOH[HV�± WKH�
FRPELQDWLRQ� RI� PLQLPDO� SDUDWDFWLF� FRPSOH[� DQG� H[WHQGHG� K\SRWDFWLF� FRPSOH[��
H[WHQGHG�SDUDWDFWLF�FRPSOH[�DQG�PLQLPDO�K\SRWDFWLF�FRPSOH[��H[WHQGHG�SDUDWDFWLF�
DQG�H[WHQGHG�K\SRWDFWLF�XQLWV��7KH�PHWKRG�RI�FRPELQDWRULDO�SRWHQWLDO�FRPSXWDWLRQ�
RI� PXOWLSOH� FRPSRVLWH� VHQWHQFHV� LQWURGXFHG� LQ� WKLV� VWXG\� DOORZV� WR� GHILQH� DOO� WKH�
WKHRUHWLFDOO\�SRVVLEOH�PRGHOV�DQG�WR�FRPSDUH�WKHP�ZLWK�SUREDELOLW\�PRGHOV�VLQJOLQJ�
RXW� PRUH� DFFXUDWHO\� WKHLU� FKDUDFWHULVWLFV�� &RPSOLFDWHG� UHODWLRQV� RI� WKH� FRPSOH[HV�
ZLWKLQ� WKH� PXOWLSOH� FRPSRXQG�FRPSOH[� VHQWHQFH� GHSHQG� RQ� WKH� VWUXFWXUDO� DQG�
LQIRUPDWLYH�RUJDQL]DWLRQ�RI�LWV�FRQVWLWXHQWV�

5HIHUHQFHV

$GJHU��'����������&RUH�V\QWD[��$�PLQLPDOLVW�DSSURDFK�R[IRUG��1HZ�<RUN��2[IRUG�
8QLYHUVLW\�3UHVV�

$UGDNDQL�� 0�� 3��� /DVKNDULDQ�� $��� 	� 6DGHJK]DGHK�� 0�� �������� 7KH�
WUDQVODWDELOLW\�XQWUDQVODWDELOLW\�RI�SRHWLFV��(OLRW
V��DVK�ZHGQHVGD\��DQG� LWV� WZR�
3HUVLDQ�WUDQVODWLRQV��8&7�-RXUQDO�RI�6RFLDO�6FLHQFHV�DQG�+XPDQLWLHV 5HVHDUFK��
��������� ���

$]L]��+���	�$EGROJKDGHU��)����������,QYHVWLJDWLRQ�RI�LQWHUQDWLRQDO�VWXGHQWV¶�TXDOLW\�
RQ�HGXFDWLRQDO�VHUYLFHV��-RXUQDO�RI�+XPDQLWLHV�,QVLJKWV����������������

%DXP��/��)����������7KH�ZL]DUG�RI�2]��1HZ�<RUN��7RURQWR��6FKRODVWLF�,QF�

%HUN�� /�� 0�� �������� (QJOLVK� V\QWD[�� )URP� ZRUG� WR� GLVFRXUVH�� 2[IRUG�� 2[IRUG�
8QLYHUVLW\�3UHVV�

%ROG\UHY�� 1��� 	� 9LQRJUDGRYD�� 6�� �������� &RPPXQLFDWLYH� SHUVSHFWLYH� RI� WKH�
FRPSRVLWH�VHQWHQFH� LQ� WKH�FRQWH[W�RI� OLQJXLVWLF� LQWHUSUHWDWLRQ��3URFHGLD�6RFLDO�
DQG�%HKDYLRUDO�6FLHQFHV� �������������

%\EHH��-����������0DLQ�FODXVHV�DUH�LQQRYDWLYH��VXERUGLQDWH�FODXVHV�DUH�FRQVHUYDWLYH��
&RQVHTXHQFHV�IRU�WKH�QDWXUH�RI�FRQVWUXFWLRQV��,Q�-��%\EHH�	�0��1RRQDQ��(GV��
&RPSOH[� GLVFRXUVH� LQ� JUDPPDU� DQG� GLVFRXUVH�� (VVD\V� LQ� KRQRU� RI� 6DQGUD�
7KRPSVRQ �SS���������-RKQ�%HQMDPLQV�3XEOLVKLQJ�&RPSDQ\�

&XOLFRYHU��3��:����������1DWXUDO�ODQJXDJH�V\QWD[��283�2[IRUG�

(VODPL�� 5���	�$KPDGL�� 6�� �������� ,QYHVWLJDWLQJ� WKH� UROH� RI� HGXFDWLRQDO�PHGLD� RQ�
VHFRQGDU\� VFKRRO� VWXGHQWV¶� OHDUQLQJ� SURFHVV� LPSURYHPHQW� LQ� -DKURP� FLW\��
-RXUQDO�RI�+XPDQLWLHV�,QVLJKWV�������������
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.DODVKQLNRYD��*��)�� ��������7KH�QRWLRQ�RI�0XOWLSOH�FRPSRVLWH�VHQWHQFHV�DQG� WKHLU�
PXOWLGLPHQVLRQDO� FODVVLILFDWLRQ�� 0XOWLSOH� FRPSRVLWH� VHQWHQFHV� WKHRU\�
GHYHORSPHQW� LQ� OLQH� ZLWK� .KDUNRY� OLQJXLVWLF� VFKRRO� WUDGLWLRQ�� &ROOHFWLYH�
PRQRJUDSK��.KDUNRY��.KDUNRY�3HGDJRJLFDO�8QLYHUVLW\��

.DVKLVD]��6���	�0REDUDN��(�� ��������7KH�HIIHFWV�RI�SULYDWH�HGXFDWLRQ� LQVWLWXWHV� LQ�
SURYLGLQJ� PRGHUQ� ILQDQFLDO� NQRZOHGJH� LQ� GHYHORSLQJ� FRXQWULHV�� -RXUQDO� RI�
+XPDQLWLHV�,QVLJKWV��������������

.KHLUDEDGL��0��$���	�0LU]DHL��=����������'HVFULSWLYH�YDOXDWLRQ�SDWWHUQ�LQ�HGXFDWLRQ�
DQG�WUDLQLQJ�V\VWHP��D�PL[HG�VWXG\��-RXUQDO�RI�+XPDQLWLHV�,QVLJKWV�������������

.KRORGRY��1��1����������0RGHUQ�5XVVLDQ�FRPSRVLWH�VHQWHQFHV�ZLWK�FRRUGLQDWLRQ�DQG�
VXERUGLQDWLRQ� 'LVV�� NDQG�� ILORO�� QDXN�� 0RVFRZ�� 0RVFRZ� 6WDWH� 3HGDJRJLFDO�
,QVWLWXWH��

.R]KDEHUJHQRYD�� *�� (��� 7DXEDHYD�� 6��� %XODWED\HYD�� $�� $��� .DEDNRYD�� 0�� 3��� 	�
$VDQRY��1��$����������7KH�VWHZDUGVKLS�RI�VFKRRO�FRXQVHORU�HGXFDWLRQ�LQ�KLJKHU�
HGXFDWLRQDO�HVWDEOLVKPHQWV��2SFLyQ��������������������

3DUQLNRYD��7��9����������0XOWLSOH�FRPSRXQG�FRPSOH[�VHQWHQFHV�ZLWK�SDUDWD[LV�DQG�
K\SRWD[LV� LQ� 0RGHUQ� (QJOLVK� SRHWLF� WH[WV�� 0RQRJUDSK�� %HOJRURG�� %HOJRURG�
1DWLRQDO�5HVHDUFK�8QLYHUVLW\��

5DGIRUG�� $�� �������� $Q� LQWURGXFWLRQ� WR� (QJOLVK� VHQWHQFH� VWUXFWXUH�� &DPEULGJH�
8QLYHUVLW\�3UHVV�

5DNRYD��.��,����������)HDWXUHV�RI�K\SRWDFWLF�FRQQHFWLRQ�LQ�3RO\SUHGLFDWLYH�VHQWHQFH�
ZLWK�3DUDWD[LV�DQG�+\SRWD[LV�� ,Q�3KLORORJLFDO�6FLHQFHV�� ,VVXHV�RI�7KHRU\�DQG�
3UDFWLFH��7DPERY��*UDPRWD�

5DNRYD��.��,����������+RUL]RQWDO�VHQWHQFH�H[SDQVLRQ�RI�PXOWLSOH�FRPSRXQG�FRPSOH[�
VHQWHQFHV��,Q�/LQJXLVWLFV��%XOOHWLQ�RI�0RVFRZ�5HJLRQ�6WDWH�8QLYHUVLW\��0RVFRZ�

5DNRYD�� .�� /��� 	� (VFKHQNR�� ,�� 2�� �������� (SLVWHPLF� PRGDOLW\� RI� WKH� PXOWLSOH�
FRPSRXQG�FRPSOH[� VHQWHQFHV�� ([SHULHQWLD� HVW� RSWLPD� PDJLVWUD�� &ROOHFWHG�
DUWLFOHV��%HOJRURG��%6158�

5DNRYD��.��/���	�9RORVKLQD��7��*����������0XOWLSOH�FRPSRXQG�FRPSOH[�VHQWHQFH�DV�
WKH�V\QWDFWLF�DQG�XWWHUDQFH�XQLW��EDVHG�RQ�$PHULFDQ�PRYLH�VFULSWV���%DVHG�RQ�
DPHULFDQ�PRYLH�VFULSWV� %HOJRURG��%6158�

5DNRYD�� .��� 	� 5\DGLQVND\�� 2�� �������� 3RO\SUHGLFDWLYH� VHQWHQFH� ZLWK� LGLRPV LQ�
PRGHUQ� (QJOLVK�� ,QWHUOHYHO� OLQJXLVWLF� UHODWLRQV�� %HUOLQ�/HLS]LJ�� /$3�
/$0%(57$FDGHPLF�3XEOLVKLQJ�*PE+�	.*��



$�6WUXFWXUDO�2UJDQL]DWLRQ�RI�0RGHUQ�(QJOLVK«�_����

5RVHQEHUJ��6K����������,QWURGXFWLRQ�DQG�RYHUYLHZ��,Q�5RVHQEHUJ��VK���(G���6HQWHQFH�
SURGXFWLRQ�� 'HYHORSPHQWV� LQ� UHVHDUFK� DQG� WKHRU\ �S�� ������ +LOOVGDOH� 1�-���
/DZUHQFH�(UOEDXP�$VVRFLDWHV��1HZ�<RUN��

6KHLIHO��1��$����������7HPSRUDOLW\�ɜ�PRGHUQ�(QJOLVK�FRPSRXQG�FRPSOH[�VHQWHQFH��
'LVV��NDQG��ILOO��QDXN��%HOJRURG��%HOJRURG�6WDWH�8QLYHUVLW\��

6KXNOD��6����������,QQRYDWLRQ�DQG�HFRQRPLF�JURZWK��$�FDVH�RI�,QGLD� +XPDQLWLHV�	�
6RFLDO�6FLHQFHV�5HYLHZV� �������������

7DOOHUPDQ��0����������8QGHUVWDQGLQJ�V\QWD[��5RXWOHGJH�

8NKDQRY��*��3����������0XOWLSOH�FRPSRVLWH��PXOWL�FRPSRQHQW��VHQWHQFHV��± .DOLQLQ��
.DOLQLQ�6WDWH�8QLYHUVLW\��

9DVLOHQNR��,��$����������0RGHUQ�5XVVLDQ�&RPSRVLWH�VHQWHQFH��'LVV� GRFW��ILOO��QDXN��
0RVFRZ��

:DUUHQ��5��3�����������$OO�WKH�NLQJ¶V�PHQ��0RVFRZ��3URJUHVV�3XEOLVKHUV��


