
7HPSHUDWXUH�GHSHQGHQFHV�DQG�LVRWKHUPVRI�JDORDQRPDJQHWLF�SURSHUWLHV�RI�%LGRSHG�3E7H FU\VWDOV�DQG�WKLQ�ILOPV
(�,�5RJDFKHYD��6�*�/\XEFKHQNR��2�6�9RGRUH]

1DWLRQDO�7HFKQLFDO�8QLYHUVLW\��.KDUNLY�3RO\WHFKQLFDO�,QVWLWXWH��
���)UXQ]H�6W���������.KDUNLY��8NUDLQH

5HFHLYHG�$SULO���������
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WULFDO�FRQGXFWLYLW\��FKDUJH�FDUULHU�PRELOLW\��RI� �3E7H����±[%L[��[� ��Ü���DOOR\V�REWDLQHG�E\GRSLQJ�3E7H�ZLWK�HOHPHQWDU\�%L�DQG�WKLQ�ILOPV�SUHSDUHG�IURP�WKHVH�DOOR\V�ZHUH�VWXGLHG�LQ
WKH� WHPSHUDWXUH� UDQJH� ��Ü���� z�� 2Q� WKH� EDVLV� RI� WKH� WHPSHUDWXUH� GHSHQGHQFHV�� WKH
LVRWKHUPV�RI�WKH�SURSHUWLHV�ZHUH�SORWWHG��,W�ZDV�HVWDEOLVKHG�WKDW�D�QRQ�PRQRWRQLF�EHKDYLRU
RI� WKH� GHSHQGHQFHV� RI� WKH� SURSHUWLHV� RQ� WKH� %L� FRQFHQWUDWLRQ�� ZKLFK� KDG� EHHQ� REVHUYHG
HDUOLHU�DW�URRP�WHPSHUDWXUH��LV�SUHVHUYHG�DW�ORZHU�WHPSHUDWXUHV��7KLV�FRQILUPV�RXU�HDUOLHU
VXJJHVWLRQ� DERXW� WKH� VHOI�RUJDQL]DWLRQ� SURFHVVHV� WDNLQJ� SODFH� LQ� WKH� GHIHFW� VXEV\VWHP� RI
WKH�FU\VWDO�DW�FHUWDLQ�%L�FRQFHQWUDWLRQV��
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%LVPXWK� LV� DPRQJ� WKH� GRQRU� LPSXULWLHV
RI� D� JUHDW� LPSRUWDQFH� LQ�3E7H� VHPLFRQGXF�
WRU�� ,WV� LQWURGXFWLRQ� PDNHV� LW� SRVVLEOH� WR
FRQWURO� WKH� HOHFWURQ� FRQFHQWUDWLRQ� LQ� WKH
OHDG� WHOOXULGH� FU\VWDOV� DQG� WKLQ� ILOP� VWUXF�
WXUHV�� WR� RSWLPL]H� WKH� SDUDPHWHUV� RI� WKHU�
PRHOHFWULF� HQHUJ\� FRQYHUWHUV�� S�Q� MXQFWLRQV
LQ�ODVHU�GLRGHV��HWF��>�Ü�@�

3E7H� FDQ� EH� GRSHG� ZLWK� ELVPXWK� HLWKHU
E\� LQWURGXFLQJ� HOHPHQWDU\� ELVPXWK� �3E7H±
%L�V\VWHP��RU�E\�LQWURGXFLQJ�VLPXOWDQHRXVO\
%L�DQG�H[FHVV�7H��,Q�WKH�ODWWHU�FDVH��FDWLRQLF
VXEVWLWXWLRQ��3E7H±%L7H�V\VWHP��>����@�RU�LQ�
WURGXFWLRQ�RI�%L�7H��FRPSRXQG��3E7H±%L�7H�V\VWHP�� >����@�� ,Q� >�@�� ZH� KDYH� VWXGLHG� WKH
VWUXFWXUH�DQG�SURSHUWLHV�RI�3E7H�EDVHG�VROLG
VROXWLRQV� LQ� WKH� �3E7H����±[%L[� V\VWHP� �L�H��

DW�HOHPHQWDU\�%L�LQWURGXFWLRQ��DW�URRP�WHP�
SHUDWXUH�� 7KH� 3E7H� SURSHUWLHV� KDYH� EHHQ
IRXQG� WR� GHSHQG� RQ� ELVPXWK� FRQWHQW� QRQ�
PRQRWRQRXVO\�DQG�WKLV�IDFW�KDV�EHHQ�DWWULE�
XWHG�WR�%L�GLVVROXWLRQ�PHFKDQLVP�YDULDWLRQV
GXH�WR�WKH�FRPSRVLWLRQ�FKDQJHV��WR�WKH�VHOI�
RUJDQL]DWLRQ�SURFHVVHV� LQ� WKH� LPSXULW\� VXE�
V\VWHP�RI�WKH�FU\VWDO�DV�ZHOO�DV�WR�WKH�SHU�
FRODWLRQ� HIIHFWV�� ,Q� >�@�� ZH� PHDVXUHG� WKH
FKDUJH� FDUULHU� FRQFHQWUDWLRQV� �Q�� LQ� WKLQ
ILOPV� SUHSDUHG� IURP� �3E7H����±[%L[� FU\VWDOVRI� YDULRXV� FRPSRVLWLRQV�� DQG� D� SURQRXQFHG
FRUUHODWLRQ� ZDV� IRXQG� EHWZHHQ� WKH� Q� YDOXH
DQG�WKH�FKDUJH�FRPSRVLWLRQ��DOWKRXJK�WKH�Q
YDOXHV� LQ� WKH� ILOPV�ZHUH� ORZHU� WKDQ� LQ� WKH
FKDUJH�� ,W� ZDV� RI� LQWHUHVW� WR� HOXFLGDWH
ZKHWKHU� WKH�GHSHQGHQFHV�RI�WKH�FU\VWDO�DQG
WKLQ�ILOP�SURSHUWLHV�RQ�%L� FRQFHQWUDWLRQ�UH�
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PDLQ� WKH� VDPH� RU� QRW� DV� WKH� WHPSHUDWXUH
YDULHV��7KH�DLP�RI�WKLV�ZRUN�LV�WR�VWXG\�WKH
WHPSHUDWXUH� GHSHQGHQFHV� RI� JDOYDQRPDJ�
QHWLF� SURSHUWLHV� IRU� �3E7H����±[%L[� V\VWHPFU\VWDOV�DQG� WKLQ� ILOPV�ZLWKLQ�WKH�UDQJH�RI
��� WR� ����.� DQG� WR� HVWDEOLVK� WKH� YDULDWLRQ
FKDUDFWHU�RI�WKRVH�SURSHUWLHV�DV�IXQFWLRQV�RI
%L�FRQWHQW��[��DW�YDULRXV�WHPSHUDWXUHV�

7KH� JDOYDQRPDJQHWLF� SURSHUWLHV� ZHUH
PHDVXUHG�ZLWKLQ� WKH���� WR�����.� WHPSHUD�
WXUH� UDQJH�XVLQJ�SRO\FU\VWDOOLQH� VDPSOHV�RI
�3E7H����±[%L[� V\VWHP� �[� YDU\LQJ� IURP� �� WR���DV�ZHOO�DV�WKLQ�ILOPV�SUHSDUHG�IURP�WKRVH
DOOR\V��7KH�EXON�FU\VWDOV�IRU�WKH�ZRUN�ZHUH
V\QWKHVL]HG�E\�IXVLQJ�WRJHWKHU�WKH�KLJK�SX�
ULW\� �DW� OHDVW� ����������3E��%L�� DQG� 7H� LQ
HYDFXDWHG� �DERXW� ���� 3D�� TXDUW]� DPSRXOHV
XQGHU�YLEUDWLRQDO�PL[LQJ�� WKHQ�DQQHDOHG� DW
����.�IRU�����K�DQG�FRROHG�GRZQ�ZLWK�WKH
IXUQDFH�� 7KH� DOOR\� FRPSRVLWLRQV� FRUUHVSRQG
WR�[� YDOXHV� RI� ��� ������ ����� ������ DQG� ����
$FFRUGLQJ�WR�PLFURVWUXFWXUH�VWXGLHV�>�@��WKH
FRQFHQWUDWLRQ� UDQJH� �[� ��� WR� [� ������ FRU�
UHVSRQGV� WR� WKH� VLQJOH�SKDVH� VROLG� VROXWLRQ
DUHD��WKH�VHJUHJDWLRQ�RI�DQRWKHU�SKDVH�EHLQJ
REVHUYHG� ILUVW�DW�[|���7KH�KRPRJHQHLW\�H[�
DPLQDWLRQ�E\�PLFURKDUGQHVV�DQG�PLFUR�WKHU�
PDO�H�P�I��PHWKRGV�KDV�VKRZQ�WKDW�WKH�VFDW�
WHULQJ�RI� WKRVH�SDUDPHWHUV�RYHU� WKH�VDPSOH
GLG�QRW�H[FHHG�WKH�PHDVXUHPHQW�HUURUV��7KH
WKLQ� ILOPV�ZHUH�REWDLQHG�E\�WKHUPDO�HYDSR�
UDWLRQ� RI� YDULRXV� �3E7H����±[%L[� FKDUJHVRQWR� PLFD� VXEVWUDWHV�� 7KH� SURFHGXUHV� RI
WKLQ�ILOP�SUHSDUDWLRQ��WKH�HOHFWULFDO�FRQGXF�
WLYLW\� V� DQG� +DOO� FRHIILFLHQW� 5+� PHDVXUH�PHQWV� DQG� WKH�FKDUJH�FDUULHU� FRQFHQWUDWLRQ
Q�S��DQG�+DOO�PRELOLW\�P+�FDOFXODWLRQV�KDYHEHHQ�GHVFULEHG�LQ�>�@�

,Q� )LJ����� WKH� WHPSHUDWXUH� GHSHQGHQFHV
RI�WKH�FKDUJH�FDUULHU�FRQFHQWUDWLRQ�DQG�PR�
ELOLW\� IRU� �3E7H����±[%L[� FU\VWDOV� RI� YDULRXVFRPSRVLWLRQV�� LQFOXGLQJ� XQGRSHG� 3E7H� DUH
VKRZQ�� $V� WKH� ODWWHU�� WKH� VWRLFKLRPHWULF
3E7H� ZDV� XVHG� SRVVHVVLQJ� WKH� KROH� FRQGXF�
WLYLW\�� WKDW� LV� LQ� DJUHHPHQW� ZLWK� OLWHUDWXUH
GDWD�DQG�LV�H[SODLQHG�E\�D�VOLJKW�VKLIW�RI�WKH
IXVLELOLW\�FXUYH�PD[LPXP�LQ�WKH�3E7H�KRPR�
JHQHLW\� UHJLRQ� RI� 3E±7H� V\VWHP� WRZDUGV� 7H
H[FHVV��WR�DERXW�������DW����7H��>��@���

,W� LV� VHHQ� IURP� )LJ���� WKDW� WKH� FKDUJH
FDUULHU� �HOHFWURQ�� FRQFHQWUDWLRQ� Q� UHPDLQV
HVVHQWLDOO\�FRQVWDQW�IRU�DOO�WKH�GRSHG�DOOR\V
VWXGLHG�� ZKLOH� P+� GURSV� PRQRWRQRXVO\� DVWKH�WHPSHUDWXUH�ULVHV��WKDW�EHLQJ�W\SLFDO�RI
GHJHQHUDWH�VHPLFRQGXFWRUV�>��@��$�VOLJKW�UH�
GXFWLRQ�RI� WKH�KROH�FRQFHQWUDWLRQ�S�DW�WHP�
SHUDWXUH� GHFUHDVLQJ� DV� REVHUYHG� LQ� WKH� LQ�
LWLDO� S�3E7H� LV� D� NQRZQ� IDFW� DQG� LV� DWWULE�
XWHG� XVXDOO\� WR� WKH� FRPSOH[� VWUXFWXUH� RI
S�3E7H�YDOHQFH�EDQG�FRQVLVWLQJ�RI�WZR�RYHU�
ODSSLQJ�VXEEDQGV�ZLWK�GLIIHUHQW�VWDWH�GHQVL�
WLHV� >��@�� ,Q� WKH� GHHSHU� �KHDY\�� VXEEDQG�
WKH� FDUULHUV� DUH� OHVV�PRELOH� DQG� WKH�FRQWUL�
EXWLRQ� RI� WKDW� VXEEDQG� WR� NLQHWLF� HIIHFWV
LQFUHDVHV�ZLWK�WKH�WHPSHUDWXUH�JURZWK��7KH
LQFUHDVLQJ� FRQWULEXWLRQ� IURP� WKH� KHDY\
KROHV��5+�LQFUHDVHV�DQG�WKXV�Q�GURSV�%DVLQJ� RQ� P+�7�� DQG� V�7�� GHSHQGHQFHV�
WKH� FKDUJH� FDUULHU�PRELOLW\� P+�[�� DQG� HOHF�
WULFDO�FRQGXFWLYLW\�V�[��LVRWKHUPV�ZHUH�FRQ�
VWUXFWHG��WKHVH�DUH�SUHVHQWHG�LQ�)LJ���D��)RU
URRP� WHPSHUDWXUH�� WKHVH� GHSHQGHQFHV� FRLQ�
FLGH�HVVHQWLDOO\�ZLWK�WKRVH�SUHVHQWHG�LQ�>�@�
$V� WKH� WHPSHUDWXUH� GURSV� GRZQ� WR� ��� .�
WKH�P+�[��DQG�V�[��UHPDLQ�XQFKDQJHG�TXDOL�

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� FKDUJH� FDUULHU� FRQFHQWUDWLRQ� Q� �D�� DQG� PRELOLW\� P+� �E�� IRU�3E7H����±[%L[�FU\VWDOV�DW�[� ����3E7H����������������������������������������������������
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WDWLYHO\�DOWKRXJK�WKH�DEVROXWH�P+�DQG�V�YDO�XHV�LQFUHDVH�
7KH� QRQ�PRQRWRQRXV� FKDUDFWHU� RI� P+�[�FXUYH� HYLGHQFHV� FRPSOH[� GHIHFW� IRUPDWLRQ

SURFHVVHV�RFFXUULQJ�LQ�WKH�3E7H�FU\VWDO� ODW�
WLFH� DV�%L� LV� LQWURGXFHG� WKHUHWR�� 7KH� P+�[�FXUYH�VHFWLRQV�ZKHUH�WKH�FKDUJH�FDUULHU�PR�
ELOLW\� LV�GHFUHDVHG�DUH�REYLRXV� WR�EH�DVVRFL�
DWHG� ZLWK� WKH� LQFUHDVHG� GHIHFWQHVV� RI� WKH
FU\VWDO� ODWWLFH� GXH� WR� LQFUHDVLQJ�%L� FRQWHQW
DQG� WKXV� ZLWK� WKH� LQFUHDVHG� FRQWULEXWLRQ
IURP�WKH�LPSXULW\�LQGXFHG�VFDWWHULQJ��+RZ�
HYHU�� WKH� SUHVHQFH� RI� D� SURQRXQFHG� PD[L�
PXP� LQ� WKH� P+�[�� FXUYH� QHDU� WR� [�a�����DQG� D� OHVV� QRWLFHDEOH� RQH� DW� [�a����� WR� ���
FRPELQHG�ZLWK�PLQLPD�DW�WKH�VDPH�FRPSRVL�
WLRQV�REVHUYHG�LQ�WKH�PLFURKDUGQHVV�GHSHQG�
HQFH�RQ�WKH�%L�FRQWHQW�LQ�3E7H�>�@�VXJJHVWV
WKDW� DW� FHUWDLQ� FULWLFDO� %L� FRQFHQWUDWLRQV�
VHOI�RUJDQL]DWLRQ�SURFHVVHV�WDNH�SODFH�LQ�WKH
LPSXULW\� VXEV\VWHP� RI� WKH� FU\VWDO�� 7KHVH
SURFHVVHV� UHVXOW� LQ� D� UHGXFHG� VFDWWHULQJ� RQ
WKH� GHIHFWV�� %HIRUH�� ZH� KDYH� IRXQG� DQRPD�
OLHV�LQ�FRPSRVLWLRQ�SURSHUW\�GHSHQGHQFHV�IRU
VHYHUDO� VROLG� VROXWLRQV� RI� ,9Ü9,� FRPSRXQGV
>VHH�H�J�� >��Ü��@���7KH�DQRPDOLHV�KDYH�EHHQ
DWWULEXWHG�WR�FULWLFDO�SKHQRPHQD�DFFRPSDQ\�
LQJ�WKH�WUDQVLWLRQ�IURP�WKH�LPSXULW\�GLVFRQ�
WLQXXP�WR�WKH��LPSXULW\�FRQWDLQLQJ�FRQGHQ�
VDWH��>��@��,W�KDV�EHHQ�QRWHG�WKDW�WKH�IRUPD�
WLRQ�RI�SHUFRODWLRQ�FKDQQHOV�DW�WKH�LPSXULW\
FRQFHQWUDWLRQ� LQFUHDVLQJ�PD\� VWLPXODWH� WKH
FRRSHUDWLYH� VHOI�RUJDQL]DWLRQ� SURFHVVHV� LQ
WKH� LPSXULW\� GHIHFW� VXEV\VWHP�� 7KH� SURF�
HVVHV�FDQ�EH�UHGXFHG�WR�WKH�UHGLVWULEXWLRQ�RI
LPSXULW\�DWRPV�RYHU�WKH�FU\VWDO�ODWWLFH�VLWHV

�ORQJ�UDQJH�RU�VKRUW�UDQJH�RUGHULQJ���WR�WKH
TXDOLWDWLYH�FKDQJH�LQ�WKH�ORFDOL]DWLRQ�RI�WKH
LPSXULW\�DWRPV��HWF��3HUKDSV�D�VLPLODU�VLWX�
DWLRQ� WDNHV� SODFH� LQ� WKH� �3E7H����±[%L[� V\V�WHP��VR�WKH�DQRPDORXV��IURP�WKH�VWDQGSRLQW
RI�XVXDO�VROLG�VROXWLRQV��LQFUHDVH�LQ�P+�DW�%LFRQWHQW� LQFUHDVH� ZLWKLQ� FHUWDLQ� FRQFHQWUD�
WLRQ� UDQJHV� �[� ����� WR������DQG�[� ����� WR
������LV�GXH�WR�D�JUHDW�H[WHQW�WR�FKDQJHV�LQ
WKH� FKDUJH� FDUULHU� VFDWWHULQJ� PHFKDQLVPV
UHVXOWLQJ�IURP�FKDQJHV�LQ�WKH�FU\VWDO�GHIHFW
VXEV\VWHP�

7R�GDWH��LW�LV�HVWDEOLVKHG�UHOLDEO\�HQRXJK
>��@�WKDW�LW�LV�MXVW�WKH�VFDWWHULQJ�RQ�DFRXVWLF
SKRQRQV�WKDW�LV�WKH�PDLQ�PHFKDQLVP�RI�WKH
FKDUJH� FDUULHU� VFDWWHULQJ� LQ� OHDG� FKDOFR�
JHQLGHV��LQFOXGLQJ�3E7H��$W�WKDW�VFDWWHULQJ�
WKH� H[SRQHQW� D� LQ� WKH� WHPSHUDWXUH� GHSHQG�
HQFH� RI� WKH� FKDUJH� FDUULHU�PRELOLW\�P+�a�7ÜDWDNHV� WKH� YDOXHV� RI� D� ����� DQG� D� ��� IRU
QRQ�GHJHQHUDWH� DQG� GHJHQHUDWH� VHPLFRQGXF�
WRUV��UHVSHFWLYHO\��7KH�KLJKHU�H[SRQHQW�YDO�
XHV� REVHUYHG� LQ� 3E7H� �D�a������ DUH� DWWULE�
XWHG� � WRGD\� WR� WKH� WHPSHUDWXUH� GHSHQGHQFH
RI�HIIHFWLYH�PDVV�>��@��VLQFH�LW�LV�EHOLHYHG�WR
EH� HVWDEOLVKHG� WKDW� WKH�PDLQ�PHFKDQLVP� RI
WKH� FKDUJH� FDUULHU� VFDWWHULQJ� LQ� 3E7H� DW
PRGHUDWH�DQG�KLJK�WHPSHUDWXUHV�LV�WKH�VFDW�
WHULQJ�RQ�DFRXVWLF�SKRQRQV�

)URP� WKH� WHPSHUDWXUH� GHSHQGHQFHV� RI
PRELOLW\�� WKH� H[SRQHQWV� KDYH� EHHQ� GHWHU�
PLQHG�LQ�WKH�P�a�7ÜD�GHSHQGHQFH�IRU�YDULRXV
DOOR\V��,W�LV�VHHQ��)LJ�����WKDW�DV�WKH�%L�FRQ�
FHQWUDWLRQ� LQFUHDVHV�� WKH� H[SRQHQW� WHQGV� WR
GURS��WKDW�LV�LQ�DJUHHPHQW�ZLWK�WKH�LQFUHDV�
LQJ� GHJHQHUDWLRQ� GHJUHH� RI� FKDUJH� FDUULHUV

)LJ�����'HSHQGHQFHV�RI�FKDUJH�FDUULHU�PRELOLW\�P��D���H[SRQHQW�D�LQ�WHPSHUDWXUH�GHSHQGHQFH�RI�P+��D��
FKDUJH� FDUULHU� FRQFHQWUDWLRQ� Q� �E�� DQG� HOHFWULFDO� FRQGXFWLYLW\� V� �E�� RQ� %L� FRQWHQW� IRU� �3E7H����±[%L[FU\VWDOV�DW����.�����DQG�����.�����
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UHVXOWLQJ� IURP� LQFUHDVLQJ� Q��� +RZHYHU�� D
SURQRXQFHG� PD[LPXP� LV� REVHUYHG� LQ� D�[�
GHSHQGHQFH� DV� ZHOO� DV� LQ� P+�[�� DQG� V�[�RQHV�WKDW�HYLGHQFHV��LQ�LWV�WXUQ��D�UHGXFWLRQ
RI�WKH�LPSXULW\�VFDWWHULQJ�FRQWULEXWLRQ�

)LJ���� SUHVHQWV� WKH� WHPSHUDWXUH� GHSHQG�
HQFHV� RI� FKDUJH� FDUULHU� FRQFHQWUDWLRQV� DQG
HOHFWULFDO� FRQGXFWLYLW\� IRU� WKLQ� ILOPV� RE�
WDLQHG�IURP��3E7H����±[%L[�FKDUJH�RI�YDULRXVFRPSRVLWLRQV�� $V� LQ� WKH� FDVH� RI� EXON� FU\V�
WDOV�� WKH� V� YDOXH� IRU� DOO� WKH� DOOR\V� GURSV
PRQRWRQRXVO\� DV� WHPSHUDWXUH� ULVHV�� ZKLOH
WKH� FDUULHU� FRQFHQWUDWLRQ� UHPDLQV� HVVHQ�
WLDOO\� FRQVWDQW� DV� LV� W\SLFDO� RI� GHJHQHUDWH
VHPLFRQGXFWRUV�

%DVLQJ� RQ� WKH� WHPSHUDWXUH� GHSHQGHQFHV
RI� JDOYDQRPDJQHWLF� SURSHUWLHV�� Q�[��� V�[��
P+�[� DQG� D�[�� LVRWKHUPV� KDYH� EHHQ� FRQ�VWUXFWHG� IRU� WKLQ� ILOPV� RI� YDULRXV� FRPSRVL�
WLRQV� �)LJ������ $V� IRU� WKH� FU\VWDOV�� WKH� GH�
SHQGHQFHV� DUH� QRQ�PRQRWRQRXV� EXW� GR� QRW
FRLQFLGH�ZLWK�WKRVH�IRU�FU\VWDOV��FI��)LJ�����
$�VLQJOH�PD[LPXP�LV�REVHUYHG�DW�[|�����LQ
V�[�� DQG� DW� [|���� LQ� P+�[�� DQG� D�[�� LVR�WKHUPV�� 7KH� GLIIHUHQFH� LQ� WKH� LVRWKHUP
FKDUDFWHU� IRU� WKH�FU\VWDOV�DQG�WKLQ�ILOPV� LV
DVVRFLDWHG� ZLWK� WKH� IDFW� WKDW� WKH� FKDUJH
FRPSRVLWLRQ� LV� QRW� UHSURGXFHG� LQ� WKH� ILOP�
DOWKRXJK� WKHUH� LV� D� UDWKHU�JRRG� FRUUHODWLRQ
EHWZHHQ�WKH�FKDUJH�FRPSRVLWLRQ�DQG�SURSHU�
WLHV�>�@�

,W� IROORZV� IURP� WKH� GDWD� SUHVHQWHG� WKDW
WKH�FRPSOH[�FKDUDFWHU�RI�3E7H�JDOYDQRPDJ�
QHWLF� SURSHUWLHV� DV� IXQFWLRQV� RI� %L� FRQWHQW
REVHUYHG�EHIRUH�LQ�WKH�FU\VWDOV�DQG�ILOPV�DW
URRP� WHPSHUDWXUH� >����@� LV� UHWDLQHG� ZLWKLQ
WKH�WHPSHUDWXUH�UDQJH�RI����WR�����.��%RWK
IRU� WKH� �3E7H����±[%L[� FU\VWDOV� DQG� WKLQ

ILOPV�� D� FRUUHODWLRQ�EHWZHHQ� WKH�Q�[���V�[��
P+�[�� DQG� D�[�� GHSHQGHQFHV� LV� REVHUYHGZLWKLQ� WKH� ZKROH� WHPSHUDWXUH� UDQJH� VWXG�
LHG�

7KH�UHVXOWV�REWDLQHG�HYLGHQFLQJ�WKH�FRP�
SOH[� YDULDWLRQ� FKDUDFWHU� RI� WKH� JDOYDQR�
PDJQHWLF� SURSHUWLHV� UHVXOWLQJ� IURP�HOHPHQ�
WDO� %L� LQWURGXFWLRQ� LQWR� 3E7H� DUH� WR� EH
WDNHQ� LQWR� DFFRXQW� ZKHQ� LQWHUSUHWLQJ� DQG
SUHGLFWLQJ� SURSHUWLHV� RI� WKH� FU\VWDOV� DQG
WKLQ�ILOPV�RI�%L�GRSHG�3E7H�DV�ZHOO�DV�ZKHQ
SUHGLFWLQJ� WKH� SURSHUW\� YDULDWLRQ� FKDUDFWHU
LQ�3E7H�%L� KHWHURVWUXFWXUHV� UHVXOWLQJ� IURP
WKH�%L±3E7H�LQWHUDFWLRQ�DW�WKH�LQWHUIDFH�

7KXV�� WHPSHUDWXUH� GHSHQGHQFHV� RI� HOHF�
WULFDO� FRQGXFWLYLW\� V�� +DOO� FRHIILFLHQW� 5+�WKH�FKDUJH�FDUULHU� FRQFHQWUDWLRQ�Q� DQG�PR�
ELOLW\� P+� KDYH� EHHQ� VWXGLHG� IRU� �3E7H����±
[%L[�SRO\FU\VWDOV�DQG�WKLQ�ILOPV�REWDLQHG�E\WKHUPDO� HYDSRUDWLRQ� RI� WKH� �3E7H����±[%L[FKDUJH� RQWR� PLFD� VXEVWUDWHV�� %DVLQJ� RQ
WKRVH� GHSHQGHQFHV�� LVRWKHUPV� IRU� WKH� SURS�
HUWLHV� KDYH� EHHQ� FRQVWUXFWHG�� 7KH� QRQ�PR�
QRWRQRXV�FKDUDFWHU�RI�Q�[���V�[���DQG�P+�[�GHSHQGHQFHV�REVHUYHG�EHIRUH� LQ�WKH�FU\VWDOV
DQG� WKLQ� ILOPV� DW� URRP� WHPSHUDWXUH� KDV
EHHQ�IRXQG�WR�EH�UHWDLQHG� LQ�WKH���Ü����.
UDQJH��,W�KDV�EHHQ�IRXQG�WKDW�QRW�RQO\�V�[�
DQG�P+�[�� GHSHQGHQFHV� DUH�QRQ�PRQRWRQRXVLQ�WKH��3E7H����±[%L[�FU\VWDOV�DQG�WKLQ�ILOPVEXW�DOVR�WKDW�RI�WKH�H[SRQHQW�D�LQ�WKH�WHP�
SHUDWXUH� GHSHQGHQFH� RI� FKDUJH� FDUULHU� PR�
ELOLW\� P+�a�7ÜD�� 7KH� GHFUHDVH� RI� D� DW� LQ�FUHDVLQJ�[�LV�DVVRFLDWHG�ZLWK�WKH�LQFUHDVLQJ
GHJHQHUDWLRQ� GHJUHH� RI� WKH� FKDUJH� FDUULHUV
DQG� WKH� QRQ�PRQRWRQRXV� FKDUDFWHU�� ZLWK
FKDQJHV� LQ� WKH� FU\VWDO� LPSXULW\� VXEV\VWHP�
7KH�UHVXOWV�REWDLQHG�FRQILUP�RQFH�DJDLQ�WKH
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YDOLGLW\� RI� RXU� DVVXPSWLRQ� FRQFHUQLQJ� WKH
VHOI�RUJDQL]DWLRQ� SURFHVVHV� LQ� WKH�3E7H� LP�
SXULW\� VXEV\VWHP� DV� FHUWDLQ� %L� FRQFHQWUD�
WLRQV� DUH� DWWDLQHG�� 7KRVH� SURFHVVHV� GHILQH
WKH� QRQ�PRQRWRQRXV� FKDUDFWHU� RI� WKH� SURS�
HUW\�GHSHQGHQFHV�RQ�%L�FRQWHQW�
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