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0�'RKOXV��1�+ROWNDPS

'HXWVFKHV�(OHFWURQHQ�6\QFKURWURQ��'(6<��1RWNHVWUDVVH�����������+DPEXUJ��*HUPDQ\

$EVWUDFW

,Q� WKLV� SDSHU� WKH� HOHFWURG\QDPLF� FKDUDFWHULVWLFV� RI� WKH� �

PHWHU� 6%/&� DFFHOHUDWLQJ� VHFWLRQ� ZLWK� FRQVWDQW� JUDGLHQW� DUH

FRQVLGHUHG�� 7KH� YDOXHV� RI� UHVRQDQW� IUHTXHQFLHV�� ORQJLWXGLQDO

DQG�WUDQVYHUVH�VKXQW�LPSHGDQFHV��4�IDFWRU�IRU�WKH�IXQGDPHQWDO

DQG�ILUVW�GLSROH�PRGHV�ZHUH�FDOFXODWHG�XVLQJ�0$),$�FRGH�DQG

DOVR� ZHUH� PHDVXUHG� E\� VPDOO� SHUWXUEDWLRQ� PHWKRG� ZLWK� GLVN

DQG� F\OLQGULFDO� SUREHV�� 7KH� UHVXOWV� PHDVXUHPHQWV� DQG

FDOFXODWLRQV� IRU� WKH� ILUVW� DQG� ODVW� 6%/&� '/:� FHOOV� DUH

SUHVHQWHG�

(OHFWURG\QDPLFV�FKDUDFWHULVWLFV�DW�WKH�IXQGDPHQWDO�PRGH�

7ZR�VHWV�RI�FHOOV�IRU�WKH�LQSXW��FHOO�1���DQG�RXWSXW���FHOO

1������HQGV�RI���P�ORQJ�VHFWLRQ�'LVF�/RDGHG�:DYHJXLGH�RI�6�

%DQG�/LQHDU�&ROOLGHU���6%/&�'/:���>�@�ZHUH�IDEULFDWHG��$OO

PHDVXUHPHQWV�RI�(OHFWUR'\QDPLFV�&KDUDFWHULVWLFV��('&��ZHUH

FDUULHG� RXW� E\� PHDQV� RI� WKRVH� FHOO� VHWV� VLQFH� WKH� UHVRQDQFH

PHDVXULQJ�XQLWV�ZHUH�DVVHPEOHG�RQ�WKH�EDVLV�RI�FHOOV�ZLWK�WKH

VDPH� GLPHQVLRQV�� %HIRUH� PHDVXUHPHQWV� VRPH� FDOFXODWLRQV

ZHUH� FRQGXFWHG� ZLWK� WKH� XVLQJ� RI� SURJUDPV� 850(/�7� DQG

0$),$�>�@��7R�VLPSOLI\�WKH�FDOFXODWLRQ�SURFHGXUH�DQG�REWDLQ

PRUH� FRPSOHWH� LQIRUPDWLRQ� LQ� SDUWLFXODU� DW� π � SKDVH� VKLIW� RQ

VRPH� FHOOV� WKHUH�ZHUH� QR� URXQGLQJ�� 7KH� DEVHQFH� RI� URXQGLQJ

GHFUHDVHG� WKH� HIIHFWLYH� VKXQW� LPSHGDQFH�� IURP� ������ WR

�����0:�P� IRU� FHOO� 1�� DQG� IURP� ������ WR� �����0:�P� IRU

FHOO�1�����2WKHU�('&�ZHUH�FKDQJHG�LQVLJQLILFDQWO\��%XW�LQ�WKH

FDVH� ZLWKRXW� URXQGLQJ� ZH� FDQ� DVVHPEOH� UHVRQDQW� VHFWLRQV

FRQVLVWLQJ� RI� VHYHUDO� IXOO� FHOOV� DQG� KDOI�FHOOV� DW� WKH� HQGV�� )RU

VXFK�VHFWLRQV�ZLWK�HOHFWULFDO�ZDOOV�DW�WKH�HQGV�RQH�FDQ�FDOFXODWH

WKH� ('&� DW� WKH� IUHTXHQFLHV� FRUUHVSRQGLQJ� WR� S�PRGH� RI� WKH

IXQGDPHQWDO�DQG�K\EULG�PRGHV

([SHULPHQWDO� VWXGLHV� ZHUH� FDUULHG� RXW� ZLWK� UHVRQDQW

VHFWLRQV� FRQVLVWLQJ� RI� �� VLPLODU� FHOOV� ZLWK� GLPHQVLRQV

FRUUHVSRQGLQJ�WR�WKH�ILUVW�DQG�WKH�ODVW�FHOOV�RI��P�ORQJ�6%/&

'/:��LWV�ILUVW�YHUVLRQ�ZKHUH��D�IRU�WKH�ILUVW�FHOO�HTXDOV������

PP� DQG� IRU� WKH� ODVW� RQH� ������ PP��� 0HDVXUHPHQW� RI

UHVRQDQFH� IUHTXHQFLHV�� 4�IDFWRUV� DQG� ORQJLWXGLQDO� DQG

WUDQVYHUVH� VKXQW� LPSHGDQFH�ZHUH� FRQGXFWHG� DFFRUGLQJ� WR� WKH

WHFKQLTXH� >�@�� )RU� WKH� PHDVXUHPHQW� RI� VKXQW� LPSHGDQFH� DW

GLSROH� PRGH� IUHTXHQFLHV� D� GHYLFH� ZDV� GHYHORSHG� DQG

IDEULFDWHG�ZKLFK�FRXOG�SURYLGH�WKH�UHODWLYH�IUHTXHQF\�VWDELOLW\

��
��
� LQ� WKH� UDQJH� IURP� �� XS� WR� �� *+]� 7KH� UHVXOWV� RI� ('&

PHDVXUHPHQW�IRU�WZR�PHQWLRQHG�UHVRQDQW�VHFWLRQV�RSHUDWLQJ�LQ

WKH� IXQGDPHQWDO� PRGH� DUH� SUHVHQWHG� LQ� GHWDLO� IRU� � WKH� '/:

FHOO�ZLWK��D ������PP���$FFRUGLQJ�WR�WKH�KDQGERRN�RQ�'/:

>�@� RQH� IRU� WKH� VWUXFWXUH� XQGHU� FRQVLGHUDWLRQ� WKH� IROORZLQJ

SDUDPHWHUV�FDQ�EH�SUHGLFWHG��EJU��� �������
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ZKHUH�EJU����LV�JURXS�YHORFLW\�DW��S���PRGH��O�����LV�ZDYH�OHQJWK

LQ�IUHH�VSDFH�FRUUHVSRQGLQJ�WR��S���PRGH��(��LV�ILUVW�KDUPRQLF

DPSOLWXGH� RI� DFFHOHUDWLQJ� ILHOG�� 3� LV� LQSXW� SRZHU�� UVK,,� LV

ORQJLWXGLQDO�VKXQW�LPSHGDQFH�

7KH� YDOXH� RI� 4� ZDV� HTXDOO\� ������� $W� 4 ������ WKH

YDOXH�RI�UVK__�LV�HTXDO�WR����r��0:�P�

7KH� PHDVXUHG� YDOXHV� RI� IUHTXHQFLHV� DQG� 4�IDFWRUV� DW

WKRVH�PRGHV�DUH�JLYHQ�LQ�7DEOH����$OO� WKH�FHOOV�ZHUH� WXQHG� WR

WKH� ��PRGH� IUHTXHQF\� ZLWK� WKH� HUURU� r���� 0+]� EHIRUH

PHDVXUHPHQW�RI�WKH�ORQJLWXGLQDO�VKXQW�LPSHGDQFH�

7DEOH��

�7KH�PHDVXUHG�YDOXHV�RI�IUHTXHQFLHV�DQG�4�IDFWRUV�IRU�WKH

6%/&�'/:�ZLWK���D �����PP�

T � S�� S�� S�� �S�� �S��

I��0+] ���� ������ ������ ������ ������ ����

4r��� ���� ���� ���� ����� ����� ����

)RXULHU�DQDO\VLV�RI�WKH�ILHOG�GLVWULEXWLRQV�ZDV�FDUULHG�RXW

IRU� WKH�PLGGOH� SDUW� RI� WKH� VHFWLRQ� RYHU� WKUHH� FHOO� OHQJWK�� )RU

T �S��� WKH� UHODWLYH�DPSOLWXGH�RI� WKH�PDLQ�KDUPRQLF�KDV�EHHQ

GHWHUPLQHG�WR�EH

$ I ����+]� �
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7KH� IRUP�IDFWRU� RI� WKH� EHDG� XVHG� IRU� WKH�PHDVXUHPHQWV

DSSHDUHG�WR�EH
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7KH� HOHFWULFDO� ILHOG� VWUHQJWK� SDUDPHWHU� IRU� WKH� UHVRQDQW

VHFWLRQ�RI�'/:�KDV�EHHQ�GHILQHG�DV
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)RU� WKH� WUDYHOLQJ� ZDYH� FDVH� WKH� HOHFWULF� ILHOG� VWUHQJWK

SDUDPHWHU�LV�LQWURGXFHG�DV��� / = � � �λ � ��>�@��
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�= �WKH�FHOOV�VKRXOG�EH�ILQHO\�WXQHG�WR�WKHLU

RZQ�IUHTXHQF\�WR�REWDLQ�JRRG�ILHOG�V\PPHWUL]DWLRQ�

7KH� ORQJLWXGLQDO� VKXQW� LPSHGDQFH� DW� WKH� IXQGDPHQWDO

PRGH�RI�'/:�ILUVW�FHOO�ZDV�PHDVXUHG�ZLWK�WKH�XVH�RI�PHWDOOLF

DQG� GLHOHFWULF� F\OLQGHUV�� 7KH� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW

IRU��S���DQG�S�PRGHV��7KH�FDOFXODWLRQ�RI�UVK__�ZDV�EDVHG�RQ�WKH

GHWHUPLQDWLRQ� RI� WKH� UDWLR� U 4VK__ �� ,I� 4�IDFWRU� ZDV� HTXDO

������� WKH� ORQJLWXGLQDO� VKXQW� LPSHGDQFH� DW� �S��� PRGH� ZDV

����0:�P� �PHDVXUHG� E\� PHWDOOLF� EHDG�� DQG� �����0:�P

�PHDVXUHG� E\� GLHOHFWULF� EHDG��� $W� WKH� S� PRGH� WKHVH� YDOXHV

ZHUH�����0:�P�DQG�����0S�P�FRUUHVSRQGLQJO\�

(OHFWURG\QDPLFV�FKDUDFWHULVWLFV�DW�K\EULG�PRGH�

,Q�WKH�EHJLQQLQJ�RI� �VWXG\�RI� WKH� ILUVW�GLSROH�PRGH�('&

IRU�WKH�VWUXFWXUH�ZKLFK�FRQVLVWV�RI�FHOOV�VLPLODU� WR�WKH�ODVW�RQH

RI� 6%/&� '/:� ��D �����PP�� SUHOLPLQDU\� LQGLYLGXDO� WXQLQJ

RI�HDFK�FHOO� WR� WKH� IUHTXHQF\�RI� WKH�K\EULG�ZDYH���PRGH�ZDV

KDYH� DJDLQ� FDUULHG� RXW�� ,W� VKRXOG� EH� QRWHG� WKDW� HYHQ� VOLJKW

GHIHFW� RI� D� FHOO� FDXVHG� DULVLQJ� RI� QRW� VWURQJO\� H[SUHVVHG

UHVRQDQFH�RI�WKH�VHFRQG�GLSROH�PRGH��7KH�UHVRQDQW�IUHTXHQF\

RI� WKH�K\EULG�ZDYH�ZDV�PHDVXUHG� LQ� WKH�DVVHPEOHG�SURWRW\SH

FRQVLVWLQJ� RI� �� WXQLQJ� FHOOV�� 7KH� PHDVXUHG� YDOXHV� RI

IUHTXHQFLHV�DQG�4�IDFWRUV�DUH�SUHVHQWHG�LQ�7DEOH��

7DEOH��

)UHTXHQFLHV�DQG�4�IDFWRU�YHUVXV�SKDVH�VKLIW�IRU�WKH�ILUVW�GLSROH

PRGH�RI�'/:�6%/&�ZLWK��D �����PP�

T �S�� �S�� S�� S�� S�� �

I�r�����

0+]
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4��r��� ���� ���� ���� ���� ���� ����

([SHULPHQWDO� GDWD� RI� WKH� GLVSHUVLRQ� FXUYH� IRU� WKH� ILUVW

GLSROH� PRGH� 6%/&� '/:� ZLWK� �D �����PP� DUH� VKRZQ� LQ

7DEOH���

7DEOH�

'DWD�RI�WKH�IUHTXHQFLHV�YV��SKDVH�VKLIW�

T � S�� S�� �S�� S

I�0+] ������ ������ ������ ������ ����

7KHVH�GDWD�ZHUH�REWDLQHG�H[SHULPHQWDOO\�RQ�WKH�UHVRQDQW

SURWRW\SH� FRQVLVWLQJ� RI� �� IXOO� VSHFLDOO\� VKDSHG� FHOOV� �WKH� FHOO

VXUIDFH� LV� URXQGHG�� DQG� WZR� KDOI�FHOOV� ZLWKRXW� URXQGLQJ��:H

KDYH�XVHG�VXFK�D�VWUXFWXUH�EHFDXVH�LW� LV�QRW�SRVVLEOH� WR�H[FLWH

WKH� ILUVW� GLSROH� PRGH� ZLWK� S� SKDVH� VKLIW� LQ� WKH� VWUXFWXUH

FRQVLVWLQJ�RI�IXOO�FHOOV��7KH�KDOI�FHOOV�GLDPHWHU�ZDV�GHWHUPLQHG

RQ� WKH� SURWRW\SH� H[LWHG� DW� WKH� IXQGDPHQWDO� PRGH� ZLWK� �S��

SKDVH�VKLIW��7KH�GLVSHUVLRQ�UHODWLRQ�LQGLFDWHV�WKDW�S�PRGH�DQG

QHLJKERULQJ��S���PRGH�KDYH�IUHTXHQFLHV�ZKLFK�GLIIHU�RQO\�E\

���0+]��,W�UHVXOWV�LQ�FRPSOLFDWLRQV�LQ�WKH�VWXG\�RQ�WKH�EDVLV�RI

VPDOO�SHUWXUEDWLRQV�PHWKRG��)RU�REWDLQLQJ� WKH�FRUUHFW� HOHFWULF

ILHOG�SDWWHUQ� LQ� WKH� SURWRW\SH�� FRQVLVWLQJ�RI� �� IXOO� FHOOV� DQG��

KDOI�FHOOV�� ZH� KDYH� WR� UHWXQH� LQGLYLGXDOO\� WKH� SURWRW\SH

HOHPHQWV�ZLWK�KLJK�SUHFLVLRQ��DERXW������0+]���0RUHRYHU��WKH

FKRLFH� RI� SHUWXUELQJ� ERGLHV� LV� DOVR� OLPLWHG� EHFDXVH� PD[LPDO

SHUWXUEDWLRQ� VKRXOG� QRW� H[FHHG� ���0+]�� 7KDW� OLPLWV� WKH

GLUHFWQHVV�FRHIILFLHQW�RI�WKH�SHUWXUELQJ�ERG\�

7KH�WUDQVYHUVH�VKXQW� LPSHGDQFH� UVK⊥ �ZDV�GHWHUPLQHG� LQ

WHUPV�RI� WKH�ORQJLWXGLQDO�VKXQW� LPSHGDQFH� UVK�__ �DFFRUGLQJ� WKH

IRUPXODH�
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ZKHUH�N�LV�WKH�ZDYH�QXPEHU�LQ�WKH�IUHH�VSDFH�

8VLQJ�0$),$�SURJUDP�WKH�YDOXHV�RI� UVK�__ �DQG� UVK⊥ �ZHUH

REWDLQHG�IRU�S�PRGH�DQG�RWKHU�PRGH�RI�WKH�ILUVW�GLSROH�ZDYH�RI

WKH�ILUVW�DQG�ODVW�'/:�FHOOV��7KH�NQRZOHGJH��RI� UVK⊥ �DQG� UVK�__

YDOXHV� DW�PRGHV� GLIIHUHQW� IURP� WKH�S�PRGH� LV� KHOSIXO� IRU� WKH

SUHFLVH�GHWHUPLQDWLRQ�RI� UVK⊥ �DW�IUHTXHQFLHV�FRUUHVSRQGLQJ�WR

WKH�K\EULG�ZDYH�SKDVH�YHORFLW\�HTXDO�WR�WKH�OLJKW�YHORFLW\��7KH

UHVXOWV�RI� UVK⊥ �FDOFXODWLRQ��E\�0$),$�FRGH�DUH�LQ�VDWLVIDFWRU\

DJUHHPHQW�

7KH� UDWLR� RI� WKH� ORQJLWXGLQDO� VKXQW� LPSHGDQFH� WR� WKH�4�

IDFWRU� DV� D� IXQFWLRQ� RI� WKH� GLVWDQFH� IURP� WKH� VWUXFWXUH� D[LV�

REWDLQHG� ZLWK� E\� 0$),$� SURJUDP� LV� VKRZQ� LQ� )LJ���� 7KH

FDOFXODWLRQV�ZHUH�FDUULHG�RXW�IRU� WKH�VWUXFWXUH��FRQVLVWLQJ�RI��

IXOO� FHOOV� DQG� �� KDOI�FHOOV� ZLWK� GLPHQVLRQV� �D �����PP�

�E �����PP��' �����PP�� W �PP�� 7KHUH�ZHUH� QR� URXQGLQJ

RI� WKH� GLVN� DSHUWXUHV� DQG� FHOO� LQQHU� VXUIDFHV�� ,W� LV� FOHDU� WKDW

VXFK� D� VWUXFWXUH� GLIIHUV� IURP�RQH� H[SHULPHQWDOO\� VWXGLHG��%XW

WKLV�FDOFXODWLRQ�LV�PRUH�VLPSOH�GXH�WR�WKH�DEVHQFH�RI�URXQGLQJ�

7KH�IROORZLQJ�UHVXOWV�ZHUH�REWDLQHG��
U

4

VK⊥ = ����Ω
P
�DW

S�PRGH�DQG�
U

4

VK⊥ = ���
Ω
P
�DW��S���PRGH�

6LPLODU� FRPSXWDWLRQV� ZHUH� FRQGXFWHG� E\� PHDQV� RI

850(/�7�SURJUDP�IRU�WKH�VWUXFWXUH��FRQVLVWLQJ�RI���IXOO�FHOOV

ZLWK�URXQGLQJ�DQG���KDOI�FHOOV�ZLWKRXW�URXQGLQJ��7KH�YDOXH�RI

U

4

VK⊥
�DW�S�PRGH�KDG�DSSHDUHG�WR�EH����:�P�
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)LJ���� 5HODWLRQ� RI� ORQJLWXGLQDO� VKXQW� LPSHGDQFH� WR� 4�

IDFWRU� YV� GLVWDQFH� IURP� WKH� D[LV� IRU� '/:� ZLWK

�D ������PP��

0HDVXUHPHQWV� RI� WKH� WUDQVYHUVH� VKXQW� LPSHGDQFH� LQ� WKH

VWUXFWXUH��FRQVLVWLQJ�RI�WKUHH�IXOO�FHOOV�DQG�WZR�KDOI�FHOOV��ZHUH

FDUULHG� RXW� E\�PHDQV� RI� GLVN� DQG� F\OLQGHU� VKDSHG� SHUWXUELQJ

ERGLHV�� 7KH� IRUP�IDFWRU� RI� GLVN� VKDSHG� SHUWXUELQJ� ERG\�ZLWK

GLDPHWHU� ���PP� DQG� WKLFNQHVV� ���PP� ZDV

( )NU
( = ± ⋅ −
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Ω
��&DOFXODWLRQV�RI�H[SHULPHQWDO

GDWD� ZLWK� XVLQJ� RI� WKH� IXQGDPHQWDO� KDUPRQLF� KDYH� JLYHQ� WKH

IROORZLQJ�UHVXOW��UVKA�4 ����r���:�P��$W�4 ������ WKH�YDOXH

RI� WUDQVYHUVH� VKXQW� LPSHGDQFH� UVKA ����r����0:�P�� 6LPLODU

PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� ZLWK� F\OLQGULFDO� SHUWXUELQJ

ERG\� ZKLFK� KDG� OHQJWK� �PP�� GLDPHWHU� ���PP�� IRUP�IDFWRU

N
(
] �����[��

���
P

�
V�:�� DQG�GLUHFWQHVV�FRHIILFLHQW�NG� ��r��� ,Q

WKLV� FDVH� ZH� KDYH� WKH� UHVXOW�� UVKA� �4 ����r����:�P�� $W

4 ������UVKA �����r����0:�P�

&RPSDULVRQ�RI�H[SHULPHQWDO�DQG�FDOFXODWHG�YDOXHV�RI�WKH

WUDQVYHUVH� VKXQW� LPSHGDQFH� DW� S� PRGH� �7DEOH� ��� VKRZV� WKH

H[SHULPHQWDO�RQHV�DUH�VRPHZKDW�ORZHU�OLNH�LW�ZDV�IRU�WKH�FDVH

RI�6%/&�'/:�ZLWK��D �����PP

7KH� WUDQVYHUVH� VKXQW� LPSHGDQFH� YDOXHV� FDOFXODWHG� E\

0$),$�FRGH� �ODVW� YHUVLRQ�� LQ�'(6<�ZDV�����0:�P� IRU� FHOO

ZLWK��D �����PP�DQG�����0:�P�IRU�FHOO�ZLWK��D �����PP�

7KH�H[SHULPHQWDO� UHVXOW� IRU� FHOO�ZLWK� �D �����PP�ZDV� HTXDO

����0:�P�

7DEOH��

�([SHULPHQWDO�DQG�FDOFXODWHG�GDWD�RI�WKH�WUDQVYHUVDO�VKXQW

LPSHGDQFH��0:�P��RI�6%/&�'/:�FHOO�ZLWK��D ������PP�IRU

T S��4 �������

([SHULPHQWDO�GDWD &DOFXODWHG�GDWD

GLVN�EHDG F\OLQGHU�EHDG 0$),$ 850(/

���y��� ���� ���� ����

���� ����� ����� ����� ������
�

�

�

�

�

�

�

�

�

V
T
UW
�
)
��
�N
+
]�
��

=���PP

)LJ���� (U��ILHOG�GLVWULEXWLRQ�YHUVXV�SRVLWLRQ�RI�WKH�GLVN�EHDG�RQ

WKH� D[LV� RI� VWUXFWXUH� 6%/&� '/:� ZLWK� �D �����PP

�4 S��

&RQFOXVLRQ�

:H� LQYHVWLJDWHG� WKH� HOHFWURG\QDPLFV� FKDUDFWHULVWLFV� RI

WKH� 6%/&� DFFHOHUDWLQJ� VWUXFWXUH�� 7KH� UHVRQDQFH� IUHTXHQFLHV�
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