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6\QWKHVLV�DQG�&KDUDFWHUL]DWLRQ�RI�3DOODGLXP��,,��&RPSOH[�
ZLWK�$]REHQ]HQH�����·�GLFDUERQ\O�&KORULGH�

3UDPRG�.XPDU�<DGDY

'HSW��RI�&KHPLVWU\��7�5�0��&DPSXV��7ULEKXYDQ�8QLYHUVLW\��%LUJXQM���1HSDO�
(PDLO��SUDPRGB\DGDY����#\DKRR�FRP�

$EVWUDFW�

$�SDOODGLXP�,,��FRPSOH[�KDV�EHHQ�V\QWKHVL]HG�E\�UHDFWLRQ�RI�GLFKORUR�ELV�EHQ]RQLWULOH��SDOODGLXP�,,��
ZLWK� D]REHQ]HQH���� � �GLFDUERQ\O� FKORULGH�� (OHPHQWDO� DQDO\VHV� WHFKQLTXH� KDV� EHHQ� XVHG� IRU�
FKDUDFWHUL]DWLRQ�RI�WKH�FRPSOH[H��7KH�FRPSOH[�GRHV�QRW�H[KLELW�SKRWRLVRPHUL]DWLRQ��7KLV�LV�PRVW�SUREDEO\�
GXH� WR� WKH� IDFW� WKDW� WKH� WUDQV�FRQIRUPDWLRQ� RI� WKH� SDOODGLXP� FRPSOH[� LV� IL[HG� E\� FRRUGLQDWLRQ� WR� WKH�
SDOODGLXP�,,��LQ�WKH�ELGHQWDWH�PRGH��

.H\�ZRUGV��$]R�FRPSRXQGV��WUDQVLWLRQ�PHWDOV��SKRWRLVRPHUL]DWLRQ��ELGHQWDWH��GLFKORURPHWKDQH�

,QWURGXFWLRQ�

7KH� GHVLJQ� DQG� V\QWKHVLV� RI� WUDQVLWLRQ� PHWDO� FRPSOH[HV� RI� D]REHQ]HQH� DQG� LWV� GHULYDWLYHV� KDYH�
DWWUDFWHG� PXFK� LQWHUHVW� LQ� UHFHQW� \HDUV� RZLQJ� WR� WKHLU� IDVFLQDWLQJ� PROHFXODU� VWUXFWXUHV� DQG� SRWHQWLDO�
DSSOLFDWLRQV� LQ� FDWDO\VLV��� QRQOLQHDU� RSWLFV�� RU� OLTXLG� FU\VWDOOLQH� PDWHULDOV��� 'LYHUVLILHG� FRRUGLQDWLRQ�
PRGHV��PRQRGHQWDWH��FKHODWLQJ��DQG�RU�EULGJLQJ��RI�D]REHQ]HQH�DQG�LWV�GHULYDWLYHV�ZLWK�WUDQVLWLRQ�PHWDOV�
DOORZ�DFFHVV�WR�D�ZLGH�YDULHW\�RI�VWUXFWXUHV����

,Q�UHFHQW�\HDUV��WKH�SKRWRFKURPLF�SURSHUWLHV�RI�D]REHQ]HQHV�KDYH�DWWUDFWHG�JUHDW�LQWHUHVW�RZLQJ�WR�WKH�
LVRPHUL]DWLRQ� RI� �1 1�ERQGV� WKDW� RFFXUV� UHDGLO\� LQ� WKH� SUHVHQFH� RI� D� OLJKW� VRXUFH����6HYHUDO� WUDQVLWLRQ�
PHWDO� FRPSOH[HV� FRQWDLQLQJ� D]REHQ]HQHV� KDYH� EHHQ� LQYHVWLJDWHG� DV� SKRWRVHQVLWL]HV� IRU� RUJDQLF� DQG�
LQRUJDQLF� UHDFWLRQV����� �7KH�SUHVHQW�ZRUN� LQYROYHV� V\QWKHVLV� DQG� FKDUDFWHUL]DWLRQ�RI� SDOODGLXP�FRPSOH[�
ZLWK�D]REHQ]HQH����¶�GLFDUERQ\O�FKORULGH�IRU�LWV�SRWHQWLDO�DSSOLFDWLRQ�DV�D�SKRWRDFWLYH�PDWHULDO��

([SHULPHQWDO�0HWKRGV�

$OO� UHDJHQWV� DQG� VROYHQWV�ZHUH� FRPPHUFLDOO\� DYDLODEOH� DQG�XVHG� DV� UHFHLYHG��7KH� FDUERQ��QLWURJHQ��
DQG�K\GURJHQ�FRQWHQWV�RI�WKH�FRPSRXQGV�ZHUH�GHWHUPLQHG�E\�&DUER�(UED�HOHPHQWDO�DQDO\]HU�������7KH�

&RUUHVSRQGLQJ�DXWKRU
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LQIUDUHG�VSHFWUD�RI�WKH�FRPSRXQGV�ZHUH�UHFRUGHG�RQ�D�9DULDQ������)7�,5�VSHFWURPHWHU������ ���FP ���
XVLQJ�.%U�GLVNV��

�+�DQG���&�105�VSHFWUD�RI�FRPSRXQGV�ZHUH�UHFRUGHG�XVLQJ�-(2/�$/�����0+]�VSHFWURPHWHU��7KH�
VWDUWLQJ�FRPSRXQG�D]REHQ]HQH����� �GLFDUER[\OLF�DFLG���DQG�D]REHQ]HQH�����¶�GLFDUERQ\O�FKORULGH���ZHUH�
V\QWKHVL]HG�IROORZLQJ�UHSRUWHG�PHWKRGV�XVHG����

6\QWKHVLV�RI�D]REHQ]HQH����� �GLFDUER[\OLF�DFLG ���)RU� WKH�V\QWKHVLV�RI�+�$'$��S�1LWUREHQ]RLF�DFLG�
����J�������PPRO��DQG�1D2+�����J�������PPRO��ZHUH�PL[HG� LQ�ZDWHU� �����P/���DQG� WKH�VROXWLRQ�ZDV�
KHDWHG�RQ�D�ZDWHU�EDWK�XQWLO�WKH�VROLG�GLVVROYHG��KRW�DTXHRXV�JOXFRVH������J�LQ�����P/�RI�ZDWHU��ZDV�WKHQ�
DGGHG� VORZO\� LQWR� WKH� DERYH� PL[WXUH� DW� ��� �&� ZKHUHXSRQ� D� \HOORZ� SUHFLSLWDWH� ZDV� REWDLQHG�� ZKLFK�
LPPHGLDWHO\� FKDQJHG� WR� D� EURZQ� VROXWLRQ� XSRQ� IXUWKHU� DGGLWLRQ� RI� JOXFRVH�� 7KLV� UHDFWLRQ� ZDV� KLJKO\�
H[RWKHUPLF��7KHQ��D�VWUHDP�RI�DLU�ZDV�SDVVHG�LQWR�WKH�PL[WXUH�IRU���K�DQG�D�OLJKW�EURZQ�SUHFLSLWDWH�ZDV�
REWDLQHG��7KLV�ZDV�ILOWHUHG��GLVVROYHG�LQ�ZDWHU��DQG�DFLGLILHG�ZLWK�DFHWLF�DFLG�����P/��ZKHUHXSRQ�D�OLJKW�
SLQN�SUHFLSLWDWH�ZDV�REWDLQHG��7KLV�ZDV�ILOWHUHG��ZDVKHG�ZLWK�SOHQW\�RI�ZDWHU� �����P/���DQG�GULHG� LQ�D�
GHVLFFDWRU�WR�REWDLQ�+�$'$�DV�D�EURZQLVK�RUDQJH�SRZGHU��7KH�DQDO\WLFDO�GDWD�RI�WKH�FRPSRXQG���DUH�DV�
IROORZV��%URZQLVK�RUDQJH�VROLG��\LHOG������P�S�������&��,5��.%U�� FP���������& 2��������1 1����+�
105�&'&O��� ���������+��V��&22+����������+��- �����+]��G��$U����������+��- �����+]��G��$U���

��&�105�
�&'&O��� �� ����&22+��� ����$U��� ����$U��� ����$U��� ����$U��� DQDO\VLV� IRU� &��+��1�2��� ������ ���������
���������������������������

6\QWKHVLV�RI�D]REHQ]HQH����� �GLFDUERQ\O�FKORULGH����)RU� WKH�V\QWKHVLV�RI�$&&/�� WR�D�VXVSHQVLRQ�RI�
D]REHQ]HQH�����¶�GLFDUER[\OLF�DFLG����J������PPRO�� LQ����P/�RI������GLFKORURPHWKDQH�ZDV�DGGHG�����J�
3&O�� DW� �� �&� DQG� WKHQ� UHIOX[HG� IRU� �� K�� 7KH� UHG� SUHFLSLWDWH� REWDLQHG� ZDV� ILOWHUHG� DQG� GULHG�� ,W� ZDV�
UHFU\VWDOOL]HG�E\�PL[WXUH�RI�'0)�PHWKDQRO��6LQJOH�FU\VWDO� VXLWDEOH� IRU�;�UD\�ZDV�REWDLQHG�E\� OD\HULQJ�
WKH�VROXWLRQ�RI�FRPSRXQG�LQ�'0)�ZLWK�PHWKDQRO��7KH�DQDO\WLFDO�GDWD�RI�WKH�FRPSRXQG���DUH�DV�IROORZV��
5HG�VROLG��\LHOG������P�S�������&��,5��.%U�� FP���������& 2��������1 1����+�105�&'&O��� ���������
G��- ����+]���+��$U����������G��- ����+]���+��$U�����&�105��&'&O��� �������& 2���������&�1 1���������
&�& 2���������$U���������$U���DQDO\VLV�IRU�&��+�1�2�&O��������������������������������������������

6FKHPH����6\QWKHWLF�VWUDWHJ\�RI���	���

6\QWKHVLV� RI� SDOODGLXP�,,�� FRPSOH[� ��� $� VROXWLRQ� FRQWDLQLQJ� ����� PJ� ����� PPRO�� RI� GLFKORUR�
ELV�EHQ]RQLWULOH��SDOODGLXP�,,��LQ�����P/�RI�GLFKORURPHWKDQH�ZDV�DGGHG�WR�D�VROXWLRQ�RI�D]REHQ]HQH����¶�
GLFDUERQ\O� FKORULGH� ������PJ�� ����PPRO�� LQ� ����P/� RI� GLFKORURPHWKDQH�� 7KH�PL[WXUH�ZDV� VWLUUHG� DQG�
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ILOWHUHG�� 7KH� ILOWUDWH� ZDV� WUDQVIHUUHG� WR� D� JODVV� WXEH� DQG� OD\HUHG� ZLWK� HWKHU�� $IWHU� VWDQGLQJ� DW� URRP�
WHPSHUDWXUH� IRU� �� GD\V� UHG� FU\VWDO�ZHUH� REWDLQHG��%URZQLVK� UHG� VROLG�� \LHOG� �����P�S�� DERYH� ���� �&��
DQDO\VLV�IRU�&��+�1�2�&O�3G�������������������������������������������

7KH� $]REHQ]HQH���� � �GLFDUERQ\O� FKORULGH� �� H[KLELWV� W\SLFDO� SKRWRLVRPHUL]DWLRQ� IURP� WUDQV� WR� FLV�
XSRQ�LUUDGLDWLRQ�ZLWK�8Y�OLJKW�DQG�IURP�FLV�WR�WUDQV�XSRQ�LUUDGLDWLRQ�ZLWK�YLVLEOH�OLJKW��2Q�WKH�RWKHU�KDQG��
3DOODGLXP�FRPSOH[���GRHV�QRW�H[KLELW�SKRWRLVRPHUL]DWLRQ���

5HVXOWV�DQG�'LVFXVVLRQ6�

3KRWRLVRPHUL]DWLRQ� LV� D� SURSHUW\� RI� D]R� JURXS� FRQWDLQLQJ� FRPSRXQGV� 7KH� WUDQV�IRUP� HDVLO\�
LVRPHUL]HV� WR� WKH� FLV� LVRPHU� E\� LUUDGLDWLRQ� ZLWK� D� ZDYHOHQJWK� EHWZHHQ� ���±���� QP�� 7KH� UHDFWLRQ� LV�
UHYHUVLEOH�DQG�WKH�WUDQV�LVRPHU�LV�UHFRYHUHG�ZKHQ�WKH�FLV�LVRPHU�LV�LUUDGLDWHG�ZLWK�OLJKW�RI����±����QP��
1R�SKRWRLVRPHUL]DWLRQ�LQ�FRPSOH[���LV�PRVW�SUREDEO\�GXH�WR�WKH�IDFW�WKDW�WKH�WUDQV�FRQIRUPDWLRQ�RI�WKH�
SDOODGLXP� FRPSOH[� LV� IL[HG� E\� FRRUGLQDWLRQ� WR� WKH� SDOODGLXP�,,�� LQ� WKH� ELGHQWDWH� PRGH� DQG� WKH�
SKRWRFKURPLF� UHDFWLRQ� LV� SUHVXPDEO\� LQKLELWHG�� 7KH� DERYH� H[SHULPHQWDO� UHVXOWV� VXJJHVW� WKH� IROORZLQJ�
VWUXFWXUH�IRU�WKH�3G�,,��FRPSOH[HV��

)LJXUH����3RVVLEOH�VWUXFWXUHV�IRU�SDOODGLXP�FRPSOH[H����

&RQFOXVLRQV�

$�QHZ�SDOODGLXP�FRPSOH[�ZDV�REWDLQHG�E\�UHDFWLRQ�RI�GLFKORUR�ELV�EHQ]RQLWULOH��SDOODGLXP�,,��ZLWK�
D]REHQ]HQH����� �GLFDUERQ\O�FKORULGH��(OHPHQWDO�DQDO\VHV�WHFKQLTXH�KDV�EHHQ�XVHG�IRU�FKDUDFWHUL]DWLRQ�RI�
WKH�FRPSOH[HV��,W�FRXOG�EH�SURPLVLQJ�FDQGLGDWH�IRU�LVRPHULF�UHYHUVLRQ�RI�RUJDQLF�VXEVWDQFHV��

$FNQRZOHGJHPHQWV�

7KH� DXWKRU� LV� WKDQNIXO� WR� WKH�+HDG�RI�&HQWUDO�'HSDUWPHQW� RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\� DQG�
7KDNXU�5DP�0XOWLSOH�&DPSXV��%LUJXQM�IRU�KLV�YDOXDEOH�VXJJHVWLRQV�DQG�HQFRXUDJHPHQW��
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5HIHUHQFHV�

����� -��'XSRQW��&��6��&RQVRUWL��DQG��-��6SHQFHU��&KHP��5HY�������������������

����� ,��$LHOOR���'��'DWWLOR��0��*KHGLQL�DQG�$��*ROHPPH���-��$P��&KHP��6RF�������������������

����� -��%XH\�DQG�3�-��(VSLQHW��2UJDQRPHW��&KHP������������������

����� 5��-RQHV��7�*��3XUFHOO��'�-��:LOOLDPV�DQG�-�'��:RROOLQV��3RO\KHGURQ����������������

����� 5�&��(OGHU��5�'��&UXHD�DQG�5�)��0RUULVRQ��,QRUJ��&KHP�������������������

���� '��/��5RVV�DQG�-��%ODQF��3KRWRFKURPLVP�E\�FLV±WUDQV ,VRPHUL]DWLRQ�� ,Q�3KRWRFKURPLVP� *��+��
%URZQ��(G���:LOH\�,QWHUVFLHQFH��1HZ�<RUN������������

��� *��6��.XPDU�DQG�'��&��1HFNHUV��&KHP��5HY�� �����������������

��� +��5DX��3KRWRLVRPHUL]DWLRQ�RI�$]REHQ]HQHV��,Q�3KRWRFKHPLVWU\�DQG���3KRWRSK\VLFV� -��)��5DEHN��
(G���&5&�3UHVV��%RFD�5DWRQ��)/��86$����������������

���� $��&RUPD��+��*DUFID�� 6�� ,ERUUD��9��0DUWI��0�$��0LUDQGD� DQG� -�� 3ULPR�-�$P�&KHP�6RF��������
�����������

����� /�6��+HJHGXV�DQG�$��.UDPHU��2UJDQRPHWDOOLFV�����������������

����� 6��'��*KRVK��$�� 3DXO�� 6��'H�� (��'�� -HPPLV� DQG� 6�� %KDWWDFKDU\D��%LRFRQMXJDWH� &KHP��� ������
������������������


