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����'LK\GUR��+�����EHQ]RGLD]HSLQH���RQHV� KDYH
JDLQHG�ZLGH�SRSXODULW\�LQ�PHGLFDO�SUDFWLFH�GXH�WR�WKHLU
FKDUDFWHULVWLF�W\SHV�RI�SKDUPDFRORJLFDO�DFWLYLW\�x�KLJK
DQ[LRO\WLF��K\SQRWLF�DQG�DQWLFRQYXOVLYH�DFWLRQV��6RPH
RI� UHSUHVHQWDWLYHV� RI� JLYHQ� FODVV� DUH� DQWDJRQLVWV� RI

FKROHF\VWRNLQLQ�>����@�DQG�EUDG\NLQLQ�UHFHSWRUV�>����@�
6XFK� W\SLFDO� UHSUHVHQWDWLYHV�RI� ��VXEVWLWXWHG�GHULYD�
WLYHV�RI��+�����EHQ]RGLD]HSLQH���RQHV�DV�R[D]HSDP�
ORUD]HSDP��ORUPHWD]HSDP�DQG�WHPD]HSDP�DUH�ZLGHO\
DSSOLHG�IRU�WKH�WKHUDS\�RI�&16�GLVRUGHUV��FRQYXOVLRQV�
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DQ[LHW\�VWDWH��YDULRXV�VOHHS�GLVWXUEDQFHV�>����@��0DLQ
SKDUPDFRORJLFDO�HIIHFWV�RI�����EHQ]RGLD]HSLQH�GHULYD�
WLYHV�PHGLDWHG�E\�*$%$�UHFHSWRU�HQVHPEOH��VWURQJO\
GHSHQGV� RQ� VWHUHR� FHQWHU� FRQILJXUDWLRQ� >�����@��7R
VWXG\� WKH� LQWHUPROHFXODU� PHFKDQLVP� RI� DFWLRQ� RI
ELRORJLFDOO\� DFWLYH� FRPSRXQGV�� FU\VWDO� VWUXFWXUH� RI
FRPSRXQGV� PD\� EH� XVHG� DV� D� FRQYHQLHQW� PRGHO�
/LJDQG�UHFHSWRU�LQWHUDFWLRQ�LV�UHDOL]HG�RZLQJ�WR�ZHHN
ERQGV�VXFK�DV�K\GURJHQ��π�π�DQG�&x+���π�RQHV��ZKLFK
DUH� SUHVHQWHG� LQ� FU\VWDO� JULG� DV� ZHOO�� GHWHUPLQLQJ
VXSSRVHG�URXWHV�RI�LQWHUPROHFXODU�DVVRFLDWLRQ��
+HUHLQ��ZH�FRPSDUH�WKH�FU\VWDO�VWUXFWXUH�RI�UDFH�

PDWH� 5�6���EURPR������PHWKR[\�HWKR[\���SKHQ\O�
����GLK\GUR��+�����EHQ]RGLD]HSLQH���RQH�����WR�WKH
VWUXFWXUH�RI�5�HQDQWLRPHU������GHVFULEHG�HDUOLHU�>��@�
7KH�VHSDUDWLRQ�RI�HQDQWLRPHUV�KDV�EHHQ�FDUULHG�RXW�E\
VHPL�SUHSDUDWLYH�+3/&�PHWKRG�>��@��&U\VWDOV�RI�WKH
FRPSRXQGV���DQG���ZHUH�JURZQ�IURP�HWKDQRO��6FKHPH��
,Q�WKH�FU\VWDO��PROHFXOHV�RI�5�HQDQWLRPHU���UHODWHG

E\� WZR�IROG� VFUHZ� D[LV� DUH� OLQNHG� LQWR� D� FKDLQ� E\
1����+vvv2���� ���������$���1x+� ���������$��
2�vvv+� ���������$���1x+vvv2�DQJOH���������
DQG�&���x+���2���� ����������$���&x+� ���������$��
2vvv+� ���������$���1x+vvv2�DQJOH��������$��
LQWHUPROHFXODU�K\GURJHQ�ERQGV��)LJ������
0ROHFXOHV�RI�UDFHPDWH�����IRUP�LQ�FU\VWDO��VSDFH

JURXS�3����WKH�VLPLODU�WR���LQILQLWH�FKDLQV�RZLQJ�WR�WKH
IRUPDWLRQ�RI�FODVVLFDO�1�+�vvv2�DQG�ZHDN�&�+vvv2
K\GURJHQ� ERQGV� EHWZHHQ� DPLGH� JURXSV� RI� DGMDFHQW
PROHFXOHV�UHODWHG�DJDLQ�E\�WZR�IROG�VFUHZ�D[LV��1����
+vvv2����  � ��������� $�� �1�+�  � �������� $��
2vvv+� ���������$���1�+vvv2�DQJOH�����������DQG
&����+vvv2���� ����������$���&�+� ���������$��
2vvv+�  � �������� $��� &�+vvv2� DQJOH� ��������
�)LJ�� ���� 7KH� VWUXFWXUH� GRHV� QRW� UHYHDO� WKH� GLPHULF

DVVRFLDWHV�ZKLFK�PD\�EH�H[SHFWHG�LQ�FHQWURV\PPHWULF
FU\VWDO�RI�����EHQ]RGLD]HSLQH���RQHV�GHULYDWLYHV�QRQ�
VXEVWLWXWHG�DW�WKH�SRVLWLRQ����7KH�VXUYH\�RI�&6'�>��@
UHYHDOV����KLWV�IRU�+�ERQGHG�GLPHUV�DPRQJ����VWUXF�
WXUHV�RI�VXFK�GHULYDWLYHV��VHH�IRU�H[DPSOHV�>�����@��
7KXV��FU\VWDOV�RI�5�HQDQWLRPHU�DQG�5�6�UDFHPDWH

DUH�EXLOW�XS�IURP�WKH�VLPLODU�+�ERQGHG�FKDLQV��,Q�WKH
VWUXFWXUH�RI�5�HQDQWLRPHU�WKHVH�FKDLQV�DUH�SDUDOOHO��,Q
WKH�FU\VWDO�RI�UDFHPDWH�WKHUH�DUH�WZR�W\SHV�RI�FKDLQV
HDFK�EXLOW�XS�H[FOXVLYHO\� IURP�WKH�PROHFXOHV�RI� WKH
VDPH�FRQILJXUDWLRQ��7KH�FKDLQV�ZLWK�RSSRVLWH�FRQILJX�
UDWLRQ�RI�WKH�PROHFXOHV�DOWHUQDWH�LQ�WKH�VWUXFWXUH�DQG
UXQ�LQ�DQWL�SDUDOOHO�GLUHFWLRQV��)LJV����DQG����7KH�XQLW
FHOO�SDUDPHWHU�E�DORQJ�WZR�IROG�VFUHZ�D[LV�DUH�FRPSD�
UDEOH�LQ����E� �������������DQG����E� ����������$��
GXH�WR�DIILQLW\�RI�FKDLQV��
7KH�VHYHQ�PHPEHUHG�KHWHURF\FOH�LQ���DQG���KDYH

WKH�VDPH�SVHXGR�ERDW�FRQIRUPDWLRQ��7KH�GHYLDWLRQ�RI
DWRPV�1�����&�����1����DQG�&����IURP�WKH�FRPPRQ
PHDQ�SODQH�LV�OHVV�WKDQ������$��LQ����DQG������$��LQ
���ZKLOH�DWRPV�&�����&�����DQG�&�����DUH�GLVSODFHG
IURP�WKLV�SODQH�LQ�WKH�VDPH�GLUHFWLRQ�RQ�������������
DQG������$��LQ���DQG��������������DQG������$��LQ���
7KH�ERQG�OHQJWK�DQG�DQJOHV�DV�ZHOO�DV�WRUVLRQ�DQJOHV
DUH�YHU\� VLPLODU� LQ� ��DQG��� �7DEOH���'LKHGUDO�DQJOH
EHWZHHQ�DURPDWLF�F\FOHV�HTXDOV������DQG�������LQ���DQG
���UHVSHFWLYHO\�
%LRDVVD\V�LQ�YLYR�IRU�WHVWLQJ�RI�DQDOJHVLF�DFWLYLW\�RI

��EURPR������PHWKR[\�HWKR[\���SKHQ\O�����GLK\GUR�
�+�����EHQ]RGL]HSLQH���RQH�DV� UDFHPLF�PL[WXUH��DV
ZHOO� DV� LWV� 5�� DQG� 6�HQDQWLRPHUV�� UHYHDOHG� WKHLU
SRWHQF\�WR�LQFUHDVH�WKH�UHVLVWDQFH�WR�SDLQ�VWLPXOXV��$OO
WKH�WHVWHG�FRPSRXQGV�DIWHU�LQWUDSHULWRQHDO�DGPLQLVWUD�
WLRQ� H[KLELWHG� DQDOJHVLF� DFWLYLW\� LQ� D� ELRDVVD\� ZLWK
DEGRPLQDO�LUULWDWLRQ�E\�������VROXWLRQ�RI�DFHWLF�DFLG�

6FKHPH

)LJ�����&KDLQ�RI�5������PHWKR[\�HWKR[\���EURPR���SKHQ\O�
����GLK\GUR���+�����EHQ]RGLD]HSLQH���RQH�����

)LJ�����&KDLQ�RI�5�6���EURPR������PHWKR[\�HWKR[\���
SKHQ\O�����GLK\GUR���+�����EHQ]RGLD]HSLQH���RQH�����
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7KLV� VWDQGDUG� WHVW� ZDV� UHDOL]HG� LQ� PLFH� ZLWK� ERG\
ZHLJKW�RI�������J��QDPHO\�WKH�SURWHFWLRQ�DJDLQVW�DFHWLF
DFLG�LQGXFHG� DEGRPLQDO� FRQVWULFWLRQV� DFFRUGLQJ� WR
>��@�LQ�FRPSDULVRQ�WR�'LFORIHQDF�DV�UHIHUHQFH�GUXJ�
7KH�UHVXOWV�REWDLQHG�LQ�PHQWLRQHG�WHVW�UHYHDOHG�WKDW
WKH�VWXGLHG�FRPSRXQGV�SRVVHV�D�UHPDUNDEOH�DQDOJHVLF
DFWLYLW\�H[FHHGLQJ�WKH�DFWLYLW\�RU�UHIHUHQFH�GUXJ��$F�
FRUGLQJ�WR�WKH�REWDLQHG�GDWD����EURPR������PHWKR[\�
HWKR[\���SKHQ\O�����GLK\GUR��+�����EHQ]RGLD]HSLQH�
��RQH� UDFHPDWH�� 5�HQDQWLRPHU�� DQG� 6�HQDQWLRPHU
KDYH�GHPRQVWUDWHG�DQDOJHVLF�DFWLYLW\�ZLWK�YDOXHV�('��

RI������±������������±������������±������PJ�NJ��FRU�
UHVSRQGLQJO\��('���IRU�VWDQGDUG�DQDOJHVLF�DJHQW�'L�
FORIHQDF�LV�RI���±����PJ�NJ��

&U\VWDO�VWUXFWXUH�GHWHUPLQDWLRQ�RI�FRPSRXQG��
;�UD\�GLIIUDFWLRQ�GDWD�IRU����FRORUOHVV�����×���×����PP�

ZDV�FROOHFWHG�DW����.�ZLWK�D�.0��&&'�GLIIUDFWRPH�
WHU�XVLQJ�JUDSKLWH�PRQRFKURPDWHG�0R��.α�UDGLDWLRQ�
,QWHQVLW\� GDWD� ZDV� FRUUHFWHG� IRU� WKH� /RUHQW]� DQG
SRODUL]DWLRQ� HIIHFWV� DQG� IRU� DEVRUSWLRQ��&U\VWDO� �� LV
PRQRFOLQLF�� VSDFH�JURXS�3���F��D� ������������E� 
����������� F�  � ����������$��� β�  � ������������ 9�  
����������$����=� ����ρFDOF� �������JFP����7KH�VWUXF�
WXUH�ZDV� VROYHG�E\�GLUHFW�PHWKRGV� ������ UHIOHFWLRQV
ZLWK� )�KNO�!�σ� �)��� 5� �LQW��  � �������� ILQDO� 5��  
��������Z5�� ���������DQG�ZDV�UHILQHG�E\�IXOO�PDWUL[

OHDVW�VTXDUHV�WHFKQLTXHV�EDVHG�RQ�)��ZLWK�DQLVRWURSLF
GLVSODFHPHQW�SDUDPHWHUV�IRU�WKH�QRQ�K\GURJHQ�DWRPV�
XVLQJ�WKH�SURJUDP�6+(/;/����>��@��,Q�VWUXFWXUH��
K\GURJHQ�DWRPV�OLQNHG�ZLWK�FDUERQ�DWRPV�ZHUH�SODFHG

7DEOH

%RQG�OHQJWKV��$����YDOHQFH�DQG�WRUVLRQ
DQJOHV��GHJ��LQ���PHPEHUHG�KHWHURF\FOHV
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)LJ�����3DFNLQJ�RI�FKDLQV�LQ�WKH�VWUXFWXUH�5�6���EURPR�
�����PHWKR[\�HWKR[\���SKHQ\O�����GLK\GUR�
�+�����EHQ]RGLD]HSLQH���RQH�����

)LJ�����3DFNLQJ�RI�FKDLQV�LQ�WKH�VWUXFWXUH�RI�
5������PHWKR[\�HWKR[\���EURPR���SKHQ\O�
����GLK\GUR��+�����EHQ]RGLD]HSLQH���RQH�����
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LQ�WKH�FDOFXODWHG�SRVLWLRQV�ZLWK�WKH�LVRWURSLF�GLVSODFH�
PHQW�SDUDPHWHUV�HTXDO�WR����×8HT��&���WKH�K\GURJHQ
DWRP�RQ�1����ZDV�IRXQG�IURP�GLIIHUHQFH�)RXULHU�PDSV
DQG�UHILQHG�LVRWURSLFDOO\�

6XSSOHPHQWDU\�PDWHULDO

&U\VWDOORJUDSKLF� GDWD� IRU� �� KDYH� EHHQ� GHSRVLWHG
ZLWK� WKH� &DPEULGJH� &U\VWDOORJUDSKLF� 'DWD� &HQWHU�

&&'&���������&RSLHV� RI� WKLV� LQIRUPDWLRQ�PD\� EH
REWDLQHG� IURP� 7KH� 'LUHFWRU�� &&'&�� ��� 8QLRQ
5RDG�� &DPEULGJH�� &%�� �(=�� 8.�ID[�� ���������
�������� H�PDLO�� GHSRVLW#FFGF�FDP�DF�XN� RU� ZZZ�
KWWS���ZZZ�FFGF�FDP�DF�XN��

6XPPDU\

,Q�RXU� LQYHVWLJDWLRQ� LW�ZDV� IRXQG�WKDW�FU\VWDOV�RI
5�HQDQWLRPHU�DQG�5�6�UDFHPDWH�DUH�EXLOW�XS�IURP�WKH
VLPLODU�+�ERQGHG�FKDLQV��,Q�WKH�VWUXFWXUH�RI�5�HQDQ�
WLRPHU�WKHVH�FKDLQV�DUH�SDUDOOHO�DQG�IRUPHG�RQO\�E\
RQH� W\SH�RI� HQDQWLRPHU�� ,Q� WKH� FU\VWDO� RI� UDFHPDWH
WKHUH�DUH�WZR�W\SHV�RI�FKDLQV�HDFK�EXLOW�XS�H[FOXVLYHO\
IURP� WKH�PROHFXOHV�RI� WKH� VDPH�FRQILJXUDWLRQ��7KH
FKDLQV�ZLWK�RSSRVLWH�FRQILJXUDWLRQ�RI� WKH�PROHFXOHV
DOWHUQDWH� LQ� WKH� VWUXFWXUH� DQG� UXQ� LQ� DQWL�SDUDOOHO
GLUHFWLRQV��,W�ZDV�IRXQG�WKDW�WKH�VWXGLHG�FRPSRXQGV
SRVVHV�D�UHPDUNDEOH�DQDOJHVLF�DFWLYLW\��ZKLFK�H[FHHGV
WKH� DFWLYLW\� RI� UHIHUHQFH� GUXJ�� 5DFHPDWH�� 5�HQDQ�
WLRPHU��DQG�6�HQDQWLRPHU�KDYH�GHPRQVWUDWHG�DQDOJH�
VLF� DFWLYLW\� ZLWK� WKH� YDOXHV� ('��� RI� �����±������
�����±������������±������PJ�NJ��FRUUHVSRQGLQJO\��7KH
GDWD�RI�WKLV�ZRUN�PD\�EH�XVHG�IRU�IXUWKHU�VHDUFK�RI
QRYHO�DQDOJHVLF�FRPSRXQGV�DPRQJ�����GLK\GUR��+�
����EHQ]RGLD]HSLQH���RQHV�

5HIHUHQFHV
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)LJ�����0ROHFXODU�VWUXFWXUH�RI���ZLWK�QXPEHULQJ�VFKHPH��
5�HQDQWLRPHU�LV�VKRZQ�

$FNQRZOHGJPHQW
���7KH�DXWKRUV�IURP�5��0ROGRYD�DUH�LQGHEWHG�WR�ELODWHUDO�0ROGRYD�x�8NUDLQH�SURMHFW��������������8)�IRU�ILQDQFLDO�VXSSRUW�
���7KH�DXWKRUV�IURP�8NUDLQH�DUH�LQGHEWHG�WR�ELODWHUDO�0ROGRYD�x�8NUDLQH�SURMHFW�6WDWH�FRPPLWWHH�RI�8NUDLQH�RQ�VFLHQFH�
LQQRYDWLRQ�DQG�LQIRUPDWL]DWLRQ�IRU�ILQDQFLDO�VXSSRUW�
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