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7DVN� ��� 7KH� FROOLVLRQ� WKHRU\� GHDOV� ZLWK� WKH� NLQHWLFV� RI� KRPRJHQHRXV�

UHDFWLRQV��$FFRUGLQJ�WR�WKLV�WKHRU\��WZR�PRYLQJ�SDUWLFOHV�FROOLGH�LI�WKH\�DSSHDU�WR�
EH� VLPXOWDQHRXVO\� ORFDWHG� LQVLGH� WKH� F\OLQGHU� ZLWK� WKH� VHFWLRQDO� DUHD�
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= �LV�WKH�UHGXFHG�PDVV��
P$�DQG�P%�DUH�WKH�PDVVHV�RI�SDUWLFOHV��
.�LV�WKH�%ROW]PDQ�FRQVWDQW������⋅������-⋅.�����
+HQFH��WKH�YROXPH�RI�WKH�F\OLQGHU�LV�HTXDO�WR�
]�� �V���Y ��
7KLV�TXDQWLW\��NQRZQ�DV� WKH��FROOLVLRQ�IDFWRU���FKDUDFWHUL]HV� WKH�WKHRUHWLFDO�

IUHTXHQF\�RI�FROOLVLRQV�SHU�VHFRQG��,W�ZDV�IRXQG�WR�EH�SURSRUWLRQDWH�WR�N��WKH�UDWH�
FRQVWDQW�RI�WKH��QG�RUGHU�UHDFWLRQ��

]�v�N��
,I�WZR�SDUWLFOHV�DUH�LGHQWLFDO��
P$� �P%�� �P��
U$� �U%� �U��
���&DOFXODWH�WKH�DYHUDJH�UHODWLYH�VSHHG�RI�1��PROHFXOHV�DW����� ��
���$VVXPH�U1�� ����⋅������P�DQG�GHWHUPLQH�V�DQG�]��
���([SUHVV�WKH�FROOLVLRQ�IDFWRU�]�LQWR�WKH�GLPHQVLRQ�RI�WKH�UDWH�FRQVWDQW�N�LI�

WLPH�LV�PHDVXUHG�LQ�VHFRQGV�DQG�FRQFHQWUDWLRQV�DUH�H[SUHVVHG�LQ�PRO⋅/����
�
)RU� WKH� ELPROHFXODU� UHDFWLRQV� EHWZHHQ� DWRPV� DQG� VPDOO� PROHFXOHV� WKH�

FDOFXODWHG�YDOXHV�]WKHRUHWLFDO�DUH�LQ�D�IDLUO\�JRRG�DJUHHPHQW�ZLWK�WKH�H[SHULPHQWDOO\�PHDVXUHG� YDOXHV� ]H[SHULPHQWDO��7KH� GLPHUL]DWLRQ� RI� ����EXWDGLHQ� LV� WKH� ELPROHFXODU�UHDFWLRQ��%XW�LQ�WKLV�FDVH�]WKHRUHWLFDO�DQG�]H[SHULPHQWDO�GLIIHU�VLJQLILFDQWO\��
���&KRRVH�WKH�FRUUHFW�VWDWHPHQW��
D��]H[SHULPHQWDO����]WKHRUHWLFDO�RU�E��]H[SHULPHQWDO�!!�]WKHRUHWLFDO�DQG�H[SODLQ�\RXU�GHFLVLRQ���
���)RU�VRPH�ELPROHFXODU�UHDFWLRQV�]� �N��:KDW�H[DPSOHV�RI�WKHVH�UHDFWLRQV�

GR�\RX�NQRZ"�
�
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7DVN����+\GURJHQ�DQG�QLWURJHQ�ZHUH�EURXJKW�LQWR�FRQWDFW�LQ�WKH�SUHVHQFH�RI�
D�VXLWDEOH�FDWDO\VW�DW�D�WHPSHUDWXUH�7� ����� ���7KH�PRODU�UDWLR�Q�+�����Q�1���ZDV�HTXDO�WR��������

���&DOFXODWH� WKH�YROXPH�IUDFWLRQV�RI�VSHFLHV�DW�WKH�HTXLOLEULXP�VWDWH�ZKHQ�
WKH�WRWDO�SUHVVXUH�3� ���DWP��

����&DOFXODWH�WKH�YROXPH�IUDFWLRQV�RI�VSHFLHV�DW�WKH�HTXLOLEULXP�VWDWH�ZKHQ�
WKH�WRWDO�SUHVVXUH�3� �����DWP��
�

1RWH��$W�����.�WKH�VWDQGDUG�HTXLOLEULXP�FRQVWDQW� � �����⋅������
7KH�VWDQGDUG�SUHVVXUH� �� ��������⋅����3D� ���DWP� ���������%DU��
� � ×� ��∆ν��

�
7DVN����$�ZHHN�DFLG�� ��H[LVWV�DV�D�PL[WXUH�RI�WZR�WDXWRPHUV�6��DQG�6���7KHUH�H[LVWV�WKH�G\QDPLFDO�HTXLOLEULXP�EHWZHHQ�WKHVH�WDXWRPHUV�LQ�VROXWLRQV��)RU�

ERWK�WDXWRPHULF�IRUPV��WKH�RUJDQLF�GHULYDWLYHV�DUH�ZHOO�NQRZQ���
8QGHU� WKH� RUGLQDU\� FRQGLWLRQV�� WKH� PRODU� IUDFWLRQ� RI� WDXWRPHU� 6��

χ�6��� ��������� :LWK� LQFUHDVLQJ� WKH� WHPSHUDWXUH� WKH� IUDFWLRQ� RI� WKH� VHFRQG�
WDXWRPHU��χ�6����LV�LQFUHDVHG�WRR��� 7KH�DTXHRXV�VROXWLRQ�RI� � �6ROXWLRQ����P� �� �������J��9�� �����PO��ZDV� SDUWO\� QHXWUDOL]HG� ZLWK� .2+�� ,Q� WKLV� VROXWLRQ�� WKH� UDWLR� RI� PRODU�
FRQFHQWUDWLRQV� F�DFLG����F�VDOW�� ZDV� HTXDO� WR� ����� ZKLOH� WKH� S+� YDOXH�ZDV� �������
$IWHU� DGGLQJ� WKH� FRUUHVSRQGLQJ� DPRXQW� RI� .2+�� WKH� HTXLYDOHQFH� SRLQW� ZDV�
DWWDLQHG��7KH�S+�YDOXH�LQ�WKLV�VROXWLRQ��6ROXWLRQ����9�� ������PO��ZDV�IRXQG�WR�EH�HTXDO�WR���������

���&DOFXODWH�WKH�GLVVRFLDWLRQ�FRQVWDQW�RI� ��
���)LQG� WKH�PROHFXODU�IRUPXOD�RI� �DQG�GUDZ� WKH�VWUXFWXUDO�IRUPXODV�RI�

WDXWRPHUV�6��DQG�6���
���&DOFXODWH�WKH� �YDOXH�IRU�6ROXWLRQ����
���&DOFXODWH�WKH�FRQVWDQW�RI�WKH�WDXWRPHULF�HTXLOLEULXP� ��
���:KDW�LV�REVHUYHG�ZKHQ�1D&O2�LV�DGGHG�WR�6ROXWLRQ��"�*LYH�WKH�HTXDWLRQ�

RI�WKH�FKHPLFDO�UHDFWLRQ��
���*LYH� WKH� HOHFWURQLF� FRQILJXUDWLRQ� IRU� WKH� JURXQG� VWDWH� RI� DQLRQ�$�� �WKH�

ILOOLQJ�RI�WKH�PROHFXODU�RUELWDOV�E\�HOHFWURQV���&KDUDFWHUL]H�WKH�PDJQHWLF�SURSHUWLHV�
RI�WKLV�DQLRQ���

�
7DVN� ��� $W� WKH� FORVH� RI� WKH� �
FHQWXU\� WKH� LQWHUHVWLQJ� FRPSRXQG��
NQRZQ� DV� WKH� 7UHJHU� EDVH�� ZDV�
V\QWKHVL]HG�� /DWHU� 3UHORJ� DQG�
:LHODQG� VXSSRVHG� WKDW� VXFK�
FRPSRXQGV� FRXOG� VKRZ� WKH� RSWLFDO�
DFWLYLW\��
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0DQ\�GLIIHUHQW�RSWLFDOO\� DFWLYH� DFLGV�ZHUH�XVHG� WR� VHSDUDWH� WKH�7UHJHU�EDVH� LQWR�
WKH�HQDQWLRPHUV��,Q�VSLWH�RI�WKH�WHQDFLRXV�HIIRUWV��DOO�DWWHPSWV�ZHUH�IDLOHG��2QO\�WKH�
HPSOR\PHQW�RI�WKH�OLTXLG�FKURPDWRJUDSK\�KDV�DOORZHG�WR�DFKLHYH�D�VXFFHVV���

���3URSRVH�D�ZD\�WR�V\QWKHVL]H�WKH�7UHJHU�EDVH�VWDUWLQJ�IURP�WROXHQH��
���'UDZ�WKH�IRUPXODV�RI�5��DQG�6�LVRPHUV�RI�WKLV�FRPSRXQG��
��([SODLQ�� ZK\� �RUGLQDU\�� DPLQHV�� VXFK� DV� 1�0H��(W��3U�� GR� QRW�

GHPRQVWUDWH�WKH�RSWLFDO�DFWLYLW\���
���:KDW�H[DPSOHV�RI�WULSO\�FRRUGLQDWHG�RSWLFDOO\�DFWLYH�FRPSRXQGV�GR�\RX�

NQRZ"�*LYH�DW�OHDVW�RQH�H[DPSOH��
���:K\� DWWHPSWV� WR� VHSDUDWH� WKH� 7UHJHU� EDVH� LQWR� WKH� RSWLFDO� DQWLSRGHV�

IDLOHG"��
���'HVLJQ�D�SURFHGXUH�IRU�VHSDUDWLQJ�WKH�7UHJHU�EDVH�LQWR�WKH�DQWLSRGHV�ZLWK�

WKH�DLG�RI�WKH�OLTXLG�FKURPDWRJUDSK\��
�
7DVN� ��� 7KH� PROHFXOH� RI� FRPSRXQG� � �&��+��1��� FRQWDLQV� WZR�

GLPHWK\ODPLQR� JURXSV�� %HLQJ� GLVVROYHG� LQ� QRQ�DTXHRXV� VROYHQWV�� WKLV� VXEVWDQFH�
GLVSOD\V� VXUSULVLQJ� SURSHUWLHV�� ,W� GHSURWRQL]HV� &�+�2+� FRPSOHWHO\� EXW� GRHV� QRW�LQWHUDFW�ZLWK��12���&+���WKRXJK�WKH�ODWWHU�LV�RI�WKH�PRUH�DFLGLF�QDWXUH���,Q� WKH� �+±105� VSHFWUXP� RI�;� WKHUH� DUH� RQO\� WKUHH� VLJQDOV� RI� DURPDWLF�
SURWRQV��

���3URSRVH�WKH�VWUXFWXUH�RI�FRPSRXQG�;��
���([SODLQ��ZK\�WKLV�FRPSRXQG�LV�VHOHFWLYH�LQ�UHVSHFW�WR�K\GURJHQ�DWRPV�RI�

GLIIHUHQW�QDWXUH��
�
,Q� DTXHRXV� VROXWLRQ�� WKH� GLVVRFLDWLRQ� FRQVWDQW� RI� �� LV� HTXDO� WR� �⋅������

PRO⋅/����
��� 'HWHUPLQH� WKH� S+� YDOXH� DW� ZKLFK� WKH� FRQFHQWUDWLRQV� RI� QHXWUDO� DQG�

SURWRQDWHG�IRUPV�RI� �DUH�HTXDO���
�
7DVN� ��� 2QH� FKHPLVW� KDV� GHFLGHG� WR� LQYHVWLJDWH� WKH� IRUPDWLRQ� RI�

PDFURF\FOHV�� )RU� WKLV�� KH� XVHG� GL�WHUW�EXWK\O� HVWHU� RI� RFWDGHFDQ������GLFDUERQLF�
DFLG�� $W� ILUVW�� KH� REWDLQHG� LWV� WKRULXP� VDOW�� $IWHU� WKDW� KH� V\QWKHVL]HG� WKH�
PDFURF\FOH�E\�WKH�S\URO\VLV�RI�WKH�VDOW��

2QH� GD\� WKH� LQLWLDO� HVWHU� RFFDVLRQO\� DSSHDUHG� LQ� WKH� IODVN� ZKHUH� WKH�
IRUPDWLRQ� RI� D�PDFURF\FOH� WRRN� SODFH��7R� WKH� FKHPLVW
V� JUHDW� VXUSULVH�� IURP� WKH�
UHDFWLRQ�PL[WXUH�KH�KDV�LVRODWHG��ZLWK�WKH�a�����\LHOG��DQ�LQWHUHVWLQJ�FRPSRXQG�
;�� 7KLV� FRPSRXQG� ZDV� RI� WKH� PDFURF\FOLF� QDWXUH� WRR�� EXW� KDG� PXFK� KLJKHU�
PROHFXODU�PDVV�� ,Q� WKH� SUHVHQFH� RI� GLPHWK\O� HVWHU� RI� RFWDGHFDQ������GLFDUERQLF�
DFLG�WKH�IRUPDWLRQ�RI�FRPSRXQG�GLG�QRW�WDNH�SODFH��

���:KDW�VXEVWDQFH�ZDV�REWDLQHG"��
���:K\�WKH�SUHVHQFH�RI�GLPHWK\O�HVWHU�KLQGHUV�FRPSRXQG� �WR�EH�IRUPHG"�
���'UDZ�WKH�VWUXFWXUH�RI� �DQG�JLYH�WKH�VFKHPHV�RI�DOO�PHQWLRQHG�UHDFWLRQV���
�
�
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7DVN����$�ELRV\QWKHVLV�RI�IDWV�LQ�D�FHOO�LQFOXGHV�WKH�IROORZLQJ�VWDJHV��
F W \O �6� 3 % � PDORQ\O �6� 3 % �&� � ��6� 3 %�

% � � � ��6� 3 %� & � � � ��6� 3 %�

' � � � �6� 3 %� ( � � � � 6� 3 %� ) � � � ��
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�ZKHUH�$3%�LV�D�SURWHLQ�WUDQVSRUWLQJ�WKH�DF\O�JURXS��$OO�VWDJHV��H[FHSW� �→�%��DUH�

FDWDO\]HG�E\�HQ]\PHV��
���'UDZ�WKH�VWUXFWXUHV�RI�DOO�RUJDQLF�PROHFXOHV�SUHVHQW�LQ�WKH�VFKHPH��
���:KDW�LV�WKH�PHFKDQLVP�RI�WKH�IRUPDWLRQ�RI�$"�
���:K\�PDORQ\O�LV�XVHG�LQ�WKLV�SURFHVV�UDWKHU�WKDQ�DQRWKHU�DF\O"�
���([SODLQ��ZK\� WKH�SUHVHQFH�RI�HQ]\PHV� LV�QRW�QHFHVVDU\� WR�SHUIRUP� WKH�

WUDQVIRUPDWLRQ�$�→�%��
��� ,V� LW� SRVVLEOH� WR� V\QWKHVL]H� LQ� D� FHOO� DQ� DQDORJ� RI� )� WKDW� FRQWDLQV� ���

FDUERQ�DWRPV"�
�
&RPSRXQG��� � �6� 3%�ZDV�LQWURGXFHG�LQWR�WKH�UHDFWLRQ��
���,QGLFDWH�WKH�SRVLWLRQ�RI�WKH�ODEHO�LQ�WKH�)�PROHFXOH��
�
7+(�6(&21'�7+(25(7,&$/�5281'�
�
7DVN����$QLRQ�12�±� LV�RIWHQ�LQFOXGHG�LQWR�FRRUGLQDWLRQ�FRPSRXQGV�DV�D�OLJDQG��

0DVV�IUDFWLRQV�RI�
HOHPHQWV��Z�����

%RQG�OHQJWK��
O��c� $QJOH�� �� )RUPXOD�

0HWDO� 1� &� 1±2 � 1±2E� 2±1±2� 2±0 ±2�
�� >0�$��12���@� ������ ������ ������ ����� ����� ���� ����
�� > �4�12�@�� ������ ������ ������ ����� ����� ������ ���
�� > �5��12���@±� ������ ������ ±� ����� ����� ������ ±�
7KH�GLVWDQFH�O�LQ�WKH�IUHH�DQLRQ�12�±�LV�HTXDO�WR������c��DQG�WKH�LQWHUERQG�DQJOH�LV������� ��/LJDQGV�$��4�DQG�5�FRQWDLQ�QLWURJHQ�DQG�K\GURJHQ�DQG�GR�QRW� FRQWDLQ�
R[\JHQ��7KH�FRRUGLQDWLRQ�QXPEHU�RI�PHWDO�LRQV�LQ�DOO�FRPSOH[HV�LV�HTXDO�WR����

��� 6KRZ� WKH� VSDWLDO� FRQILJXUDWLRQ� RI� 12�±� DQG� ZULWH� GRZQ� WKH� VWDWH� RI�K\EULGL]DWLRQ�IRU�WKH�QLWURJHQ�DWRP��
���6KRZ� IRXU�GLIIHUHQW�ZD\V� IRU�12�±� LRQ� WR�EH�FRQQHFWHG�ZLWK� WKH� FHQWUDO�PHWDO�LRQ��
���'HWHUPLQH�WKH�OLJDQGV�DQG�WKH�PHWDOV�LQ�WKH�FRPSOH[HV������DQG����
���6KRZ� WKH� VWUXFWXUHV� RI� DOO� FRPSOH[HV�� ([SODLQ� WKH� GLIIHUHQFHV� LQ� WKH�

VSDWLDO�FKDUDFWHULVWLFV�RI�12�±��



� ��

7DVN� ��� 7ZR� HOHFWURGHV� KDYH� WKH� VDPH� TXDOLWDWLYH� FRPSRVLWLRQ�� $W� WKH�
RUGLQDU\�FRQGLWLRQV� WKH\�DUH� OLTXLG��$IWHU� LPPHUVLRQ�RI� WKHVH�HOHFWURGHV� LQWR� WKH�
PHWDO� VXOIDWH� DTXHRXV� VROXWLRQ� WKH� JDOYDQLF� FHOO� ZDV� REWDLQHG�� 7KH� FRPSOHWH�
GLVFKDUJH�RI�WKH�FHOO�JHQHUDWHG�����&�RI�HOHFWULFLW\��7KH�TXDOLWDWLYH�FRPSRVLWLRQV�
RI� ERWK� WKH� VROXWLRQ� DQG� WKH� HOHFWURGHV� UHPDLQHG� ZLWKRXW� FKDQJHV�� ZKLOH� WKH�
FKDQJH�RI�HOHFWURGH�PDVVHV�ZDV�HTXDO�WR������PJ��

���([SODLQ�WKH�SULQFLSOH�RI�RSHUDWLRQ�RI�WKH�JDOYDQLF�FHOO��'LG�WKH�TXDQWLWDWLYH�
FRPSRVLWLRQ�RI�WKH�VROXWLRQ�UHPDLQ�ZLWKRXW�FKDQJHV"�

���:KDW�PHWDO�VXOIDWH�ZDV�XVHG"��
���:KLFK�IDFWRUV�DIIHFW�WKH�HOHFWURPRWLYH�IRUFH�RI�WKH�FHOO"�
���:LOO�WKH�JDOYDQLF�FHOO�RSHUDWH�ZKHQ�WKH�1D�62��DTXHRXV�VROXWLRQ�LV�XVHG�DV�WKH�HOHFWURO\WH"�([SODLQ�\RXU�DQVZHU��
7KH�)DUDGD\�FRQVWDQW�)� �������&⋅PRO����
�
7DVN� ���&RPSRXQG� � FRQWDLQV� DQ� DPLGH� ERQG�� ,W
V� UDSLGO\� IRUPHG� ZKHQ�

DPLQR�DFLG� �LV�VXEOLPDWHG�LQ�YDFXXP�DW�D�WHPSHUDWXUH��������� ��

&221+�

&+�
+� &

+� & $����°&
+� 2%�

�-XVW�DIWHU�WKH�IRUPDWLRQ��WKH�K\GURO\VLV�RI� �LV�SDVVHG�DW�S+���GXULQJ�VRPH�
PLFURVHFRQGV��8QGHU�WKH�VDPH�FLUFXPVWDQFHV��WKH�KDOI�WUDQVIRUPDWLRQ�RI�RUGLQDU\�
DPLGHV��IRU�H[DPSOH��DFHWDPLGH��LV�SDVVHG�GXULQJ���������\HDUV���

���'UDZ�WKH�VWUXFWXUH�RI�$��:K\�WKLV�FRPSRXQG�LV�IRUPHG�VLPSO\"�
���([SODLQ�IRU�ZKLFK�UHDVRQV�WKH�K\GURO\VLV�RI�FRPSRXQG� �LV�YHU\�IDVW��'R�

\RX�NQRZ�RWKHU�FRPSRXQGV�IRU�ZKLFK�WKH�LQWHUDFWLRQ�ZLWK�$�LV�IDVW�WRR"�,I�VR��JLYH�
WKH�FRUUHVSRQGLQJ�H[DPSOHV���

���.HHSLQJ�LQ�PLQG�IDFWV�GHVFULEHG�LQ�WKH�WDVN��JLYH�\RXU�H[SODQDWLRQ�IRU�WKH�
HQ]\PDWLFDOO\�FDWDO\]HG�IRUPDWLRQ�DQG�K\GURO\VLV�RI�SHSWLGHV��

�
7DVN� ���&RPSRXQG� � LQWHUDFWV� ZLWK� ����GLQLWURSKHQ\OK\GUD]LQH� EXW� GRHV�

QRW� JLYH� WKH� VLOYHU� PLUURU� UHDFWLRQ�� &RPSRXQG� � UHDFWV� HDVLO\� ZLWK� EURPLQH�
\LHOGLQJ�PRQR�EURPLQH�GHULYDWLYH� ��WKH�PDVV�IUDFWLRQ�RI�%U�����������6XEVWDQFH�
%�UHDFWV�LQ�HWKDQRO�ZLWK�1D2&�+��\LHOGLQJ�FRPSRXQG�&��7KH�DONDOLQH�K\GURO\VLV�RI�&�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�FDUER[\OLF�DFLG�'��,Q�WKH�QHXWUDOL]DWLRQ�UHDFWLRQ��
WKH�HTXLYDOHQW�PDVV�RI�'�LV�HTXDO�WR�����J⋅PRO����,Q�WKH��+�105�VSHFWUXP�RI�DFLG�
'�IRXU�VLJQDOV�DUH�REVHUYHG�ZLWK�WKH�UDWLR�RI�LQWHJUDO�LQWHQVLWLHV�����������������

���'HWHUPLQH�VXEVWDQFHV�$±'��
���3URSRVH�WKH�PHFKDQLVP�RI�WKH�WUDQVIRUPDWLRQ� → ��
�
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7DVN� ���7KH� ZLGH� DEVRUSWLRQ� EDQG� QHDU� ����� FP��� LV� REVHUYHG� LQ� WKH� ,5�
VSHFWUXP� RI� FRPSRXQG� �� &RPSRXQG� � LV� LQWURGXFHG� LQ� WKH� UHDFWLRQ� ZLWK�
PDJQHVLXP�DPDOJDP�VXVSHQGHG�LQ�EHQ]HQH��7KH�DFLGLILFDWLRQ�RI�WKH�UHDFWLRQ�PDVV�
OHDGV� WR� WKH� IRUPDWLRQ� RI� FRPSRXQG� %�� 8QGHU� WKH� LQIOXHQFH� RI� FRQFHQWUDWHG�
+�62��� %� LV� WUDQVIRUPHG� LQWR� VXEVWDQFH� &�� 8QGHU� WKH� LQIOXHQFH� RI� WKH� ZDUP�DONDOLQH� ��VROXWLRQ��FRPSRXQG�&�LV�FRQYHUWHG�LQWR�FRPSRXQG�'��&�+�� �2���%HLQJ�KHDWHG�ZLWK� WKH� DONDOLQH�&O�� VROXWLRQ�� FRPSRXQG�&� IRUPV�&+&O�� DQG� WKH� VDOW� RI�DFLG� (�� 8QGHU� WKH� DFWLRQ� RI� %U��� WKH� DUJHQWXP� VDOW� RI� DFLG� (� LV� FRQYHUWHG� WR�FRPSRXQG� )� �&�+�%U��� 7KLV� FRPSRXQG� GHPRQVWUDWHV� RQO\� RQH� VLQJOHW� LQ� WKH��+�105�VSHFWUXP��

���'HWHUPLQH�VXEVWDQFHV� �±�)��
���*LYH�WKH�PHFKDQLVPV�RI�IRUPDWLRQ�%��&�DQG�(��
��� ([SODLQ� WKH� GLIIHUHQW� EHKDYLRU� RI� FRPSRXQG� &� LQ� UHDFWLRQV� ZLWK� &O��DQG� ���
���6NHWFK� WKH� �+�105�VSHFWUXP�RI� VXEVWDQFH�'� DQG� LQGLFDWH� WKH� UHODWLYH�

SHDN�DUHDV��
�
7DVN����,Q������%RUQ�SURSRVHG�KLV�ZHOO�NQRZQ�HTXDWLRQ��$FFRUGLQJ�WR�WKLV�

HTXDWLRQ�� WKH� ODWWLFH� HQHUJ\� RI� WKH� LRQLF� FU\VWDO� �8�� GHSHQGV� RQ� WKH� GLVWDQFH�
EHWZHHQ�LRQV�LQ�WKH�FU\VWDO��U���
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�LV�WKH�FKDUJH�RI�HOHFWURQ��]���]��DUH�WKH�FKDUJHV�RI�LRQV��

Q�LV�WKH�%RUQ
V�H[SRQHQW��Q�≈�����%�LV�D�FRQVWDQW��
� �
� ���:KDW�LV�PHDQW�E\��WKH�ODWWLFH�HQHUJ\�RI�WKH�LRQLF�FU\VWDO�"�

���&KRRVH�WKH�ULJKW�VWDWHPHQW�DERXW�WKH�0DGHOXQJ�FRQVWDQW� ��
�� ������E�� �!����F�� ������G�� �!����H�� �GHSHQGV�RQ�WKH�FKDUJHV�RI�LRQV��

I�� �GHSHQGV�RQ�WKH�W\SH�RI�WKH�FU\VWDO�ODWWLFH��6HYHUDO�FRUUHFW�DQVZHUV�DUH�SRVVLEOH��
���6NHWFK�WKH�SORW�RI�WKH�ODWWLFH�HQHUJ\�DJDLQVW�WKH�LQWHU�LRQLF�GLVWDQFH��
7R� FDOFXODWH� WKH� ODWWLFH� HQHUJ\� RI� FU\VWDOOLQH� 1D&O� WKH� IROORZLQJ�

H[SHULPHQWDO�GDWD��N-⋅PRO����DUH�XVHG��
WKH�VWDQGDUG�IRUPDWLRQ�HQWKDOS\�RI�FU\VWDOOLQH�1D&O��∆I+�� ���������
WKH�VWDQGDUG�GLVVRFLDWLRQ�HQWKDOS\�RI�FKORULQH�PROHFXOH��∆+GLVVRFLDWLRQ�� ������
WKH�VWDQGDUG�HQWKDOS\�RI�VRGLXP�VXEOLPDWLRQ��∆+VXEOLPDWLRQ�� ������WKH�ILUVW�LRQL]DWLRQ�SRWHQWLDO�RI�VRGLXP�DWRPV��,�� ������WKH�HOHFWURQ�DIILQLW\�RI�FKORULQH�DWRPV�� &O� �������
��� 8VLQJ� WKH� %RUQ±+DEHU� F\FOH�� GHWHUPLQH� WKH� ODWWLFH� HQHUJ\� RI� 1D&O�

�81D&O���7R� HVWLPDWH� WKH� ODWWLFH� HQHUJ\� �N-⋅PRO���� RI� FU\VWDOV� KDYLQJ� WKH� 1D&O�
VWUXFWXUH�RQH�FDQ�XVH�HTXDWLRQ��
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SURSRVHG�E\�.DSXVWLQVNL�LQ�������+HUH�WKH�LRQLF�UDGLL�DUH�PHDVXUHG�LQ�QP��
��� 'HWHUPLQH� 81D&O�� LI� WKH� LRQLF� UDGLL� DUH� DV� IROORZV�� U1D�  � ������ QP��

U&O� ������� QP�� &RPSDUH� 81D&O� IRXQG� E\� WZR� PHWKRGV� DQG� H[SODLQ� WKH�GLVFUHSDQF\��
7+(�(;3(5,0(17$/�5281'��

7DVN����7KH�UHDFWLRQ�RI�EHQ]DOGHK\GH�ZLWK�����GLQLWURSKHQ\OK\GUD]LQH�
LQ�WKH�SUHVHQFH�RI�WKH�FDWDO\WLF�TXDQWLWLHV�RI�VXOIXULF�DFLG�

���:ULWH�WKH�HTXDWLRQ�IRU�WKH�UHDFWLRQ��
7KH� UHDJHQWV� VKRXOG�EH� WDNHQ� LQ� WKH� HTXLPRODU� TXDQWLWLHV�� WKH� \LHOG�RI� WKH�

UHDFWLRQ�LV�DERXW�������
���&DOFXODWH�WKH�PDVVHV�DQG�WKH�TXDQWLWLHV��PRO��RI�WKH�UHDJHQWV�WKDW�DUH�

QHHGHG�WR�V\QWKHVL]H�����J�RI�WKH�SURGXFW���6KRZ�WKUHH�VLJQLILFDQW�ILJXUHV���
7KH�GHQVLW\�RI�EHQ]DOGHK\GH�LV�������J⋅FP����
���&DOFXODWH�WKH�YROXPH�RI�EHQ]DOGHK\GH��

&RPSRXQG� ν��PRO� P��J� 9��PO�
%HQ]DOGHK\GH� � � �
����'LQLWURSKHQ\OK\GUD]LQH� � � ²�

7KH�VROXWLRQ�RI�EHQ]DOGHK\GH�LQ�HWKDQRO�ZLWK�WKH�FRQFHQWUDWLRQ�����LV�XVHG��
7KH�GHQVLW\�RI�VROXWLRQ�LV�������J⋅FP����

���&DOFXODWH�WKH�YROXPH�RI�WKH�EHQ]DOGHK\GH�VROXWLRQ�WKDW�LV�QHFHVVDU\�
IRU�WKH�V\QWKHVLV���

���3URFHGXUH�
7R� WKH� EHQ]DOGHK\GH� VROXWLRQ� LQ� HWKDQRO� �WKH� YROXPH� LV� FDOFXODWHG� DERYH��

HWKDQRO�LV�DGGHG�WR�UHDFK�WKH�WRWDO�YROXPH����PO��7KH�REWDLQHG�VROXWLRQ�LV�SODFHG�
LQWR� WKH� URXQG�ERWWRP� IODVN� ����� PO��� 7KHQ� WKH� FDOFXODWHG� DPRXQW� RI�
����GLQLWURSKHQ\OK\GUD]LQH��RQH�GURS�RI�+�62��DQG�ERLOLQJ�VWRQHV�DUH�DGGHG��7KH�PL[WXUH�LV�ERLOHG�ZLWK� WKH�UHIOX[�FRQGHQVHU� IRU����PLQ��$IWHU� WKDW� WKH�PL[WXUH� LV�
FRROHG�WR� WKH�DPELHQW� WHPSHUDWXUH��7KH�SUHFLSLWDWH� LV�ILOWHUHG�RII� WKURXJK�D�6KRWW�
ILOWHU�DQG�ZDVKHG�WZLFH�ZLWK�ZDWHU����PO���7KH�GULHG�SURGXFW�LV�ZHLJKHG�DQG�WKH�
\LHOG� �DV� D� SHUFHQWDJH� WR� WKH� WKHRUHWLFDO� \LHOG�� LV� GHWHUPLQHG� �VKRZ� \RXU�
FDOFXODWLRQV���

���*LYH�WKH�PHFKDQLVP�RI�UHDFWLRQ��
7DVN����7KH�LGHQWLILFDWLRQ�RI�RUJDQLF�VXEVWDQFHV�
)LYH� WHVW� WXEHV� DUH� ILOOHG� ZLWK� WROXHQH� DQG� DTXHRXV� VROXWLRQV� RI� JOXFRVH��

HWKDQRO��IUXFWRVH�DQG�SURSDQRO����
<RX� FDQ� XVH� WKH� IROORZLQJ� UHDJHQWV�� =Q&O�� VROXWLRQ� LQ� FRQFHQWUDWHG� +&O��&U2�� VROXWLRQ� LQ� FRQFHQWUDWHG� +�62��� UHVRUFLQRO� VROXWLRQ�� DTXHRXV� VROXWLRQ� RI�&+�2��DTXHRXV�1D2+�VROXWLRQ��+�62�� �FRQFHQWUDWHG���DTXHRXV�&X62�� VROXWLRQ��DTXHRXV�+&O�VROXWLRQ��FRQFHQWUDWHG���
'HWHUPLQH� WKH� FRQWHQWV� RI� HDFK� WHVW� WXEH� DQG� ZULWH� HTXDWLRQV� RI�

FRUUHVSRQGLQJ�UHDFWLRQV���
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7DVN����
7KH�WDVN�ZDV�SURSRVHG�E\�3URI��<X��.KROLQ��9�1��.DUD]LQ�.KDUNRY�1DWLRQDO�8QLYHUVLW\��

+HDG�RI�WKH�7HFKQLFDO�&KHPLVWU\�'HSDUWPHQW��NKROLQ#XQLYHU�NKDUNRY�XD��
7KH�VWDQGDUG�HTXLOLEULXP�FRQVWDQW�
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ZKHUH� ? �LV�WKH�SDUWLDO�SUHVVXUH�RI�WKH�L�WK�UHDJHQW��
ν ? �DUH�WKH�VWRLFKLRPHWULF�FRHIILFLHQWV����IRU�SURGXFWV��±�IRU�LQLWLDO�VSHFLHV����
+HQFH��. � �. ⋅� @ �A ∆ν�>3 @��

� /HW�XV�GHQRWH�[�WKH�PRODU�IUDFWLRQ�RI�1+ B �DW�WKH�HTXLOLEULXP�PL[WXUH���
�
��+ C �� � ���1 C �������������� �� �������1+ B

HTXLOLEULXP�FRQFHQWUDWLRQV� � �����⋅����[���� �������⋅����[�� ����������� � [�
�
7KH�SDUWLDO�SUHVVXUHV�DUH�GHWHUPLQHG�DV�IROORZV��
3�+ C �� ������⋅���[�⋅3��3�1 C �� ������⋅���[�⋅3��3�1+ B �� �[⋅3��
ZKHUH� �LV�WKH�WRWDO�SUHVVXUH��

. � �^�3�1+ B �` C ×�^3�+ C �` D B ×�3�1 C �� ��
 �^[ C ⋅3 D C `�×�^� D B ⋅� B ⋅���[� D B ⋅3 D B `�×�^� E ⋅���[� D E �3 D E `� ����⋅�[ C �^��⋅���[� D F ⋅�3 D C `��

[ C ������[�F � ���⋅.G ⋅3 C ��������
%\�GHILQLWLRQ��. � �. ⋅� @ �A ∆ν��7KHQ�
[ C ������[�F � ���⋅. ⋅3a C ��������
ZKHUH�3a  � ��� @ ��
7KLV�VLPSO\�\LHOGV�TXDGUDWLF�HTXDWLRQ��

� [�������[� C � ������⋅� 3a ⋅�. � E:H C ��
�
[�IRU�3� ���DWP��� [������[�C � ������⋅��⋅�����⋅�� D B � E�H C � ��������
[� �����⋅�� D C �����������
[�IRU�3� �����DWP��[����[�C � ������⋅����⋅�����⋅�� D B � E�H C � �������[� �����������������
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7KH� WDVN� ZDV� SURSRVHG� E\� <X�� URYNLQ� �7DUDV� 6KHYFKHQNR� 3ROWDYD� 6WDWH� 7HDFKHU
V�

7UDLQLQJ�&ROOHJH��DQG�%��&KDO\N���9�1��.DUD]LQ�.KDUNRY�1DWLRQDO�8QLYHUVLW\��
��� )RU�D�EXIIHU�VROXWLRQ�FRQWDLQLQJ�D�ZHHN�DFLG�DQG�LWV�VDOW�
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$ D ���+ C 2� �+$���2+ D �� RTSTO6U V�K STI�N I � � W ���. < � ��� D E�F ������⋅�� D E @ � �����⋅�� D X ��0��
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[ C ���F @ � �����⋅�� D X ��
F @  ��������0����
� ��  � ����� J� �� ������0�  � ��� J�PRO�� 7KH�PROHFXODU� IRUPXOD� RI� � LV� +&1�� 7KH�

WDXWRPHUV�DUH�+±&≡1�DQG�+±1 &��
���� � � @ ⋅α C ��α�LV�WKH�GHJUHH�RI�GLVVRFLDWLRQ���
7KH�WRWDO�FRQFHQWUDWLRQ�RI�+)�LQ�6ROXWLRQ����@ � ���������������⋅����� ��������0���
α� �� ��� @ � E�H C � �����⋅�� D X ��
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7DVN����
7KH� WDVN� ZDV� SURSRVHG� E\� 'U�� 9�� 3LYRYDUHQNR� �7DUDV� 6KHYFKHQNR� .LHY� 1DWLRQDO�
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7KH�WDVN�ZDV�SURSRVHG�E\�'U��*��5RVDQWVHY� �'RQHWVN�1DWLRQDO�8QLYHUVLW\��'HSDUWPHQW�
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7DVN����
7KH� WDVN�ZDV� SURSRVHG� E\�'U�� �� =KLNRO� �9�1�� .DUD]LQ�.KDUNRY�1DWLRQDO�8QLYHUVLW\��

'HSDUWPHQW�RI�)XQFWLRQDO�0DWHULDOV��]KLNRO#[UD\�LVF�NKDUNRY�FRP��
���7KLV�LV�D�FRQFHQWUDWLRQ�FHOO��7KH�HOHFWURGHV�DUH�WKH�DPDOJDPV�RI�D�FHUWDLQ�PHWDO��-XVW�
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