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ZLWK� WKH�PDLQ� RSWLFDO� DQG� VWUXFWXUDO� SDUDPHWHUV�� 7KH� UHIOHFWDQFH� RI� DQ� LQGLYLGXDO� SL[HO� LV� DVVXPHG� WR� FRQVLVW� RI� DQ�DUHD�

ZHLJKWHG�OLQHDU�FRPELQDWLRQ�RI�WKH�VRLO�DQG�YHJHWDWLRQ�UDGLDQFHV��&DQRS\�JHRPHWULFDO�HIIHFWV�DUH�FRQVLGHUHG�LQ�WKH�ILUVW�RUGHU�
VFDWWHULQJ��+RW� VSRW� NHUQHOV� DUH�XVHG� WR�PRGHO� WKH� MRLQW�SUREDELOLW\�RI�YLHZHG�DQG�VXQOLW� FRPSRQHQWV��7KH�PRGHO�PDNHV�D�

VLPSOH�WUHDWPHQW�RI�WKH�PXOWLSOH�VFDWWHULQJ�HIIHFW�XVLQJ�DQ�DSSUR[LPDWH�DQDO\WLFDO�VROXWLRQ�WR�WKH�UDGLDWLYH�WUDQVIHU�SUREOHP��
7KH�PRGHO� IRUPDOLVP�DQG� WKH�YROXPH�VFDWWHULQJ� IRUPXODWLRQ� LV� VLPLODU� WR� WKH�*+267�PRGHO� �/DFD]H�DQG�5RXMHDQ���������

+RZHYHU��WKH�EHWZHHQ�FURZQ�JDS�SUREDELOLW\�LV�IRUPXODWHG�LQ�WHUPV�RI�WKH�)9&�DQG�D�JHRPHWULF�YDULDEOH��η��DVVRFLDWHG�ZLWK�
WKH�VKDSH�RI�SODQWV��7KH�LQYHUWLELOLW\�RI�WKH�PRGHO�WR�UHWULHYH�)9&�DQG�/$,�ZDV�WHVWHG�XVLQJ�DLUERUQH�32/'(5�PHDVXUHPHQWV�
FRUUHVSRQGLQJ�WR�FURSODQG��$OWKRXJK�WKH�PRGHO�LV�OHVV�VXLWHG�IRU�KRPRJHQHRXV�FDQRSLHV��LW�KDV�SURYLGHG�UHDVRQDEOH�UHVXOWV��

VLPLODU�WR�DFFXUDWH�%5')�PRGHOV�RI�KRPRJHQHRXV�FDQRSLHV�OLNH�1$',0��*REURQ�HW�DO����������
�
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:LWKLQ� WKH� IUDPH� RI� WKH� /6$� 6$)� 3URMHFW� �6DWHOOLWH�
$SSOLFDWLRQ�)DFLOLW\�RQ�/DQG�VXUIDFH�DQDO\VLV���ZH�DUH�DLPHG�
WR� GHYHORS� UREXVW� DQG� RSHUDWLRQDO� DOJRULWKPV� IRU� UHWULHYLQJ�
ELRSK\VLFDO� SDUDPHWHUV� IURP� WKH� IXWXUH� 0HWHRVDW� 6HFRQG�
*HQHUDWLRQ� �06*�� DQG� (XURSHDQ� 3RODU� 6\VWHP� �(36��
VDWHOOLWHV��7KH�V\QHUJLVWLF�XVH�RI�6(9,5,�06*�DQG�$9+55�
��(36� GDWDVHWV�ZLOO� RIIHU� LQQRYDWLYH� DQJXODU� FDSDELOLWLHV� IRU�
GHWHUPLQLQJ� YHJHWDWLRQ� SURGXFWV� RYHU� (XURSH� DQG� $IULFD�
WKDQNV� WR� FRQFRPLWDQW� PXOWLSOH� YLHZLQJ� DQG� LOOXPLQDWLRQ�
JHRPHWULHV� �9DQ�/HHXZHQ� DQG� 5RXMHDQ�� ������� 2XU� PDLQ�
FRQFHUQ� LV� WR� UHWULHYH� IUDFWLRQDO� YHJHWDWLRQ� FRYHU� �)9&�� DQG�
OHDI� DUHD� LQGH[� �/$,�� FRUUHFWHG� IURP� WKH� HIIHFWV� RI� WKH� VXQ�
WDUJHW�VHQVRU�JHRPHWU\��7KHVH�SDUDPHWHUV� SOD\�D�FULWLFDO� UROH�
LQ�WKH�GHVFULSWLRQ�RI�DQG�ODQG�DWPRVSKHUH�LQWHUDFWLRQV��

7KH� %LGLUHFWLRQDO� 5HIOHFWDQFH� )DFWRU� �%5)��� ZKLFK� LV�
XVXDOO\� UHSRUWHG� DV� UHIOHFWDQFH�� LV� WKH� PDJQLWXGH� PRVW�
IUHTXHQWO\�HPSOR\HG�LQ�UDGLRPHWU\�WR�GHVFULEH�WKH�EHKDYLRU�RI�
QDWXUDO�VXUIDFHV��5HPRWHO\�VHQVHG�%5)�GDWD�LV�WKH�XQLTXH�ZD\�
IRU� PRQLWRULQJ� WKH� YHJHWDWLRQ� RQ� D� JOREDO� VFDOH�� /LQHDU�
PL[WXUH�LV�WKH�EDVLV�K\SRWKHVLV�LQ�VRPH�VLPSOH�%5')�PRGHOV�
�H�J�� *2�PRGHOV� RU� NHUQHO�GULYHQ�PRGHOV�� IRU� VLPXODWLRQ� RI�
VFHQH� UHIOHFWDQFH� RU� LQ� UHPRWH� VHQVLQJ� DOJRULWKPV�� H�J��
VSHFWUDO� PL[WXUH� DQDO\VLV� �60$��� +RZHYHU�� WKH� GHJUHH� RI�
YDOLGLW\� RI� WKLV� DVVXPSWLRQ� GHSHQGV� RQ� �4LQ� DQG� *HUVWO��
������� ���� WKH� SUHVHQFH� RI� PXOWLSOH� VFDWWHULQJ�� ���� WKH�
GLIILFXOW\� WR� GHWHUPLQH� RSWLFDO� SURSHUWLHV� RI� VFHQH� HOHPHQWV��
����GLUHFWLRQDO�HIIHFWV�ZKLFK�FDQ�EH�H[SUHVVHG�E\�YDULDWLRQV�RI�
GRZQZHOOLQJ� DQG�XSZHOOLQJ� UDGLDWLYH� IOX[HV�DV�D� IXQFWLRQ�RI�
WKH� VRODU� DQG� YLHZLQJ� GLUHFWLRQV�� DQG� ���� WKH� VFDOH� VL]H��)RU�
H[DPSOH�� DW� D� VKUXE� VFDOH� WKH� OLQHDU�DVVXPSWLRQ� LV� LQFRUUHFW��
VSHFLDOO\�LQ�WKH�1,5�ZDYHOHQJWKV��:KHQ�WKH�VL]H�LV�LQFUHDVHG�
WR�WKH�PDJQLWXGH�RI�NLORPHWHUV��VXFK�DV�$9+55�DQG�6(9,5,�
VHQVRUV��WKH�OLQHDU�PL[WXUH�WKHRU\�LV�DSSUR[LPDWHO\�DSSOLFDEOH��
)XUWKHUPRUH��LQ�WKLV�FDVH�WKH�FRQWULEXWLRQ�RI�VKDGRZV�LV�UDWKHU�
VPDOO� �������DOWKRXJK� WKH� WRWDO� IUDFWLRQ�FDQ�EH�FRQVLGHUDEO\�
KLJKHU� �H�J�� ������ 7KHVH� UHVXOWV� LPSO\� WKDW� DW� D� ODUJH� VFDOH�
ERWK�*2�DQG�NHUQHO�GULYHQ�PRGHO�DUH�JHQHUDOO\�DSSOLFDEOH��

�60$�PHWKRGV�XVXDOO\�LJQRUH�WKH�IDFW�WKDW�SURSRUWLRQV�RI�
YLHZHG� DQG� VKDGHG� FRPSRQHQWV� GHSHQG� RQ� WKH� YLHZ�VHQVRU�
JHRPHWU\��2QO\�D�IHZ�ZRUNV�KDYH�DGGUHVVHG�WKHVH�GLUHFWLRQDO�

HIIHFWV��$VQHU�HW�DO���������6FDUWK�DQG�3KLQQ���������$QRWKHU�
DVVXPSWLRQ�RI�60$�LV�WKDW�SODQWV�DUH�PRGHOHG�DV�/DPEHUWLDQ�
RSDTXH� VXUIDFHV�� &URZQ� WUDQVSDUHQF\� LV� WKXV� LJQRUHG� DQG��
WKHUHIRUH�� LQIRUPDWLRQ� UHODWHG� ZLWK� FDQRS\� VWUXFWXUDO�
SDUDPHWHUV� �/$,�� OHDI� DQJOH� GLVWULEXWLRQ� �/$'��� HWF��� LV�
UHJDUGHG�DV�D�VRXUFH�RI�QRLVH�ZKLFK�PD\�LQWURGXFH�D�ELDV� LQ�
WKH� VROXWLRQ�� 2Q� WKH� RWKHU� KDQG� PRVW� %5')� LQYHUVLRQ�
PHWKRGV� XWLOL]H� RQH�GLPHQVLRQDO� PRGHOV�� LPSO\LQJ� WKXV�
VXUIDFH� KRPRJHQHLW\�ZLWKLQ� DQ� LPDJH� SL[HO��+HQFH� WKH\� DUH�
OLPLWHG� WR� DGGUHVV� PL[HG� ODQGFRYHUV� SL[HOV�� ZKLFK� DUH�
FRPPRQ� LQ� FRDUVH� UHVROXWLRQ� VDWHOOLWHV�� 7KLV� VWXG\� DLPV� WR�
GHYHORS�D�VLPSOH��IDVW�DQG�RSHUDWLRQDO�DSSURDFK�WR�GHFRQYROYH�
WKH� DQJXODU� UHIOHFWDQFH� LQWR� VLQJOH� ODQGFRYHUV� UHIOHFWDQFHV��
DWWHPSWLQJ� WR� VROYH� WKH� LQFRQVLVWHQFLHV� RI� ��'� PRGHOV� DQG�
OLQHDU� PL[WXUH� DSSURDFKHV�� :H� SURSRVH� DQ� K\EULG� PRGHO��
ZKLFK� FRPELQHV� WKH� JHRPHWULF� RSWLFV� RI� ODUJH� VFDOH� FDQRS\�
VWUXFWXUH� ZLWK� SULQFLSOHV� RI� UDGLDWLYH� WUDQVIHU� IRU� YROXPH�
VFDWWHULQJ�ZLWKLQ�LQGLYLGXDO�FURZQV��

'LIIHUHQW� K\EULG� PRGHOV� KDYH� EHHQ� GHYHORSHG� LQ� WKH�
UHFHQW� \HDUV� WR� GHVFULEH� WKH� UDGLDWLRQ� UHJLPH� LQ� IRUHVW�
FDQRSLHV� �/L� HW� DO��� ������ &KHQ� DQG� /HEODQF�� ������� 7KHVH�
PRGHOV� DVVXPH� D� PHGLXP� FRQVLVWLQJ� RI� JDSV� DQG� UHJLRQV�
LGHDOL]HG�E\� D� WXUELG�YROXPH�ZLWK�D� IROLDJH�GHQVLW\�RI� VPDOO�
OHDYHV�� *DS� SUREDELOLW\� LV� FDOFXODWHG� EDVHG� XSRQ� D� JHR�
VWDWLVWLFDO� GLVWULEXWLRQ� RI� VWHPV��0RUH� UHFHQWO\�� WKH� *+267�
PRGHO� �/DFD]H� DQG� 5RXMHDQ�� ������ KDV� EHHQ� GHYHORSHG� WR�
DGGUHVV�WKH�ORFDO�VFDOH�DQJXODU�VWUXFWXUH�RI�WKH�KRW�VSRW��ZKLFK�
FDQ�EH�MXGJHG�UHOHYDQW�IRU�SDWFK�DQG�UHJLRQDO�VFDOHV���

,Q� RXU� PRGHO�� UHIOHFWDQFH� RI� DQ� LQGLYLGXDO� SL[HO� LV�
DVVXPHG�WR�FRQVLVW�RI�DQ�DUHD�ZHLJKWHG�OLQHDU�FRPELQDWLRQ�RI�
WKH�VRLO�DQG�YHJHWDWLRQ�UDGLDQFHV��&DQRS\�JHRPHWULFDO�HIIHFWV�
DUH�FRQVLGHUHG�LQ�WKH�ILUVW�RUGHU�VFDWWHULQJ��7KH�PRGHO�PDNHV�D�
VLPSOH� WUHDWPHQW� RI� WKH� PXOWLSOH� VFDWWHULQJ� HIIHFW� XVLQJ� DQ�
DSSUR[LPDWH� DQDO\WLFDO� VROXWLRQ� WR� WKH� UDGLDWLYH� WUDQVIHU�
HTXDWLRQ��7KH�YROXPH�VFDWWHULQJ�IRUPXODWLRQ�LV�VLPLODU�WR�WKH�
*+267�PRGHO��+RZHYHU��WKH�EHWZHHQ�FURZQ�JDS�SUREDELOLW\�
LV� IRUPXODWHG� LQ� WHUPV�RI� WKH�)9&�DQG� D�JHRPHWULF� YDULDEOH�

�η�� DVVRFLDWHG� ZLWK� WKH� VKDSH� RI� SODQWV�� $� UDQGRP� VSDWLDO�
GLVWULEXWLRQ�RI�SODQWV�LV�DVVXPHG�WR�VLPSOLI\�LWV�FRPSXWDWLRQ��
7KH� LQYHUWLELOLW\� RI� WKH�PRGHO� WR� UHWULHYH� )9&� DQG�/$,� KDV�
EHHQ� GHPRQVWUDWHG� XVLQJ� DLUERUQH� 32/'(5� PHDVXUHPHQWV�
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FRUUHVSRQGLQJ� WR� FURSODQG�� 0RGHO� SHUIRUPDQFH� ZDV� DOVR�
HYDOXDWHG�E\�FRPSDULQJ� LW�ZLWK�DQ�DFFXUDWH�%5')�PRGHO�RI�
KRPRJHQHRXV� FDQRSLHV� OLNH� 1$',0� �1HZ� $GYDQFHG�
',VFUHWH� 0RGHO�� �*REURQ� HW� DO��� ������� 7KH� QH[W� VHFWLRQ�
GHVFULEHV� WKH� PRGHO� IRUPXODWLRQ� LQ� GHWDLO�� 7KH� LQYHUVLRQ�
DOJRULWKP�LV�SUHVHQWHG�LQ�VHFWLRQ����7KH�PRGHO�LV�YDOLGDWHG�LQ�
VHFWLRQ� ��� )LQDOO\�� WKH� FRQFOXVLRQV� DQG� IXWXUH� SURVSHFWV� DUH�
SUHVHQWHG�LQ�VHFWLRQ����

���02'(/�)2508/$7,21�

7KH�UHIOHFWDQFH�RI�DQ�LQGLYLGXDO�SL[HO�LV�DVVXPHG�WR�FRQVLVW�RI�
DQ�DUHD�ZHLJKWHG�OLQHDU�FRPELQDWLRQ�RI�WKH�VRLO�DQG�YHJHWDWLRQ�
FRQWULEXWLRQV��

VY 555 += � ������ �����

7KH� YHJHWDWLRQ� UHIOHFWDQFH� LV� H[SUHVVHG� DV� D� VXP� RI� VLQJOH�
VFDWWHULQJ� �VV�� DQG� PXOWLSOH� VFDWWHULQJ� �PV�� UHIOHFWDQFHV�
�+DSNH��������/DFD]H�DQG�5RXMHDQ���������
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ZKHUH� ω �LV�WKH�OHDI�VFDWWHULQJ�DOEHGR��L�H��WKH�VXP�RI�WKH�OHDI�

UHIOHFWDQFH� � ρ �� DQG� WUDQVPLWWDQFH� � τ ��� Y�VY�V FRVθ=µ ��ξ� LV�

WKH� SKDVH� DQJOH�� DQG� WKH� IDFWRUV� ,VV� DQG� ,PV� PRGHO� WKH�
SURSRUWLRQ�RI�UDGLDWLRQ�IOX[�ZKLFK�LV�VLQJOH�PXOWLSOH�VFDWWHUHG�
E\� IROLDJH� HOHPHQWV� RQ� WKH� GRZQJRLQJ� DQG� RXWJRLQJ� RSWLFDO�

SDWKZD\V�DV�D�ZKROH��7KH�&KDQGUDVHNKDU�IXQFWLRQ� ��+ Y�Vµ �LV�

XVHG�WR�FRPSXWH�PXOWLSOH�VFDWWHULQJ��+DSNH���������
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7KH� *+267� PRGHO� UHOLHV� RQ� WKH� FRXSOLQJ� EHWZHHQ� D�
VLPSOH�KRW�VSRW�IRUPXOD��5RXMHDQ��������DQG�WKH�*�IXQFWLRQ�
WKDW�GHVFULEHV�WKH�FDQRS\�JHRPHWU\��7KXV�VLQJOH�DQG�PXOWLSOH�
VFDWWHULQJ�SURFHVVHV�DUH�FRQWUROOHG�E\�WKH�PHDQ�IROLDJH�IDFWRU��
*�� ZKLFK� DFFRXQWV� IRU� ERWK� WKH� YROXPH� DQG� WKH� JHRPHWULF�
FRPSRQHQWV�� ,Q� RXU� PRGHO�� *� FRQWUROV� RQO\� WKH� YROXPH�
FRPSRQHQW� GHSHQGLQJ� RQ� WKH� ZLWKLQ�FURZQ� HOHPHQW�
GLVWULEXWLRQ�� ZKHUHDV� WKH� H[WHUQDO� JHRPHWULF� FRPSRQHQW�
GHSHQGLQJ� RQ� WKH� FURZQ� VKDSH� DQG� GLPHQVLRQ� LV� HYDOXDWHG�
XVLQJ�DQ�DYHUDJH�WKHRU\�RI�WKH�JDS�SUREDELOLW\��

����9ROXPH�FRPSRQHQW�

7KH�SURSRVHG�PRGHO�DVVXPHV�WKDW�WKH�JHRPHWULFDO�FRPSRQHQW�
DQG� WKH� YROXPH� FRPSRQHQW� RI� WKH� UDGLDWLRQ� IOX[HV� FDQ� EH�
GHFRXSOHG�LQ�VXFK�D�ZD\�WKDW�WKH�IOX[�LQWHUFHSWLRQ�RI�UDGLDWLRQ�
FDQ�EH�H[SUHVVHG�DV�IROORZV��

��� JHR�PVYRO�PVPVJHR�VVYRO�VVVV ,,,,,, ⋅=⋅= �� ����

7KH� YROXPH� VLQJOH�PXOWLSOH� VFDWWHUHG� FRPSRQHQW� FDQ� EH�
GHVFULEHG�XVLQJ�WKH�%HHUV
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ZKHUH (Ω LV� WKH� FOXPSLQJ� LQGH[� RI� WKH� VKRRWV�� ZKLFK�

TXDQWLILHV� WKH� OHYHO� RI� IROLDJH� DJJUHJDWLRQ� ZLWKLQ� WKH� WUHH�
FURZQ�� /$,� LV� WKH� VFHQH� OHDI� DUHD� LQGH[� GHILQHG� DV� KDOI� WKH�

WRWDO�QHHGOH�DUHD�SHU�XQLW�JURXQG�VXUIDFH�DUHD��JF�GHQRWHV�WKH�
IUDFWLRQDO� YHJHWDWLRQ� FRYHU� DQG� γ� LV� D� EDQG�VSHFLILF� IDFWRU��
ZKLFK�ZDV�DVVXPHG�WR�EH�GHSHQGHQW�RQ�WKH�OHDI�WUDQVPLWWDQFH�
�H�J�� %pJXp�� ������� $VVXPLQJ� SODQWV� ZLWK� VLPLODU� IROLDU�
GHQVLW\�LQ�WKH�VFHQH��/$,�JF�UHSUHVHQWV�DQ�DYHUDJH�YDOXH�RI�WKH�
/$,� RI� LQGLYLGXDO� SODQWV�� 7KLV� WHUP� LV� PRUH� SHUWLQHQW� WR�

GHVFULEH�FURZQ�WUHHV�WUDQVSDUHQF\�WKDQ�VFHQH�/$,��∆�GHQRWHV�
WKH��ELGLUHFWLRQDO��QRUPDOLVHG�H[WLQFWLRQ�FRHIILFLHQW�IRU�VLQJO\�
VFDWWHUHG� UDGLDQFH�� 7KH� PRGHO� DGRSWV� WKH� DQDO\WLFDO�
H[SUHVVLRQ�GHULYHG�E\�5RXMHDQ� ������� WR� WKH�KRW�VSRW�HIIHFW��
L�H��FRXSOLQJ�WKH�GRZQJRLQJ�DQG�RXWJRLQJ�RSWLFDO�SDWKZD\V��
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ZKHUH�*� LV� WKH�ZHOO�NQRZQ�IXQFWLRQ�GHILQHG�E\�5RVV��������
WR� UHSUHVHQW� WKH� PHDQ� PRQRGLUHFWLRQDO� SURMHFWLRQ� RI� D� XQLW�
IROLDJH� DUHD�� ZKLFK� GHSHQGV� RQ� WKH� /$'�� )RU� WKH� PXOWLSOH�
VFDWWHUHG� FRPSRQHQW� WKH� KRW� VSRW� SKHQRPHQRQ� LV� XVXDOO\�
LJQRUHG��4LQ�DQG�*RHO���������L�H���
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����*HRPHWULF�FRPSRQHQW�

7KH� JHRPHWULF� FRPSRQHQW� RI� WKH� VLQJOH� VFDWWHULQJ� ,VV�JHR� LV�
GHWHUPLQHG� E\� WKH� EHWZHHQ�FURZQ� OLJKW� SHQHWUDWLRQ� DQG� WKH�
YLVLELOLW\� RI� LOOXPLQDWHG� REMHFWV�� 7KLV� FRPSRQHQW� LV�
SDUWLFXODUO\�UHOHYDQW�IRU�GLVFRQWLQXRXV�FDQRSLHV��)RU�H[DPSOH��
IRUHVW� UHIOHFWDQFH� LV� GRPLQDWHG� E\� WKH� FRQWUDVW� EHWZHHQ� WKH�
VXQOLW�DQG�VKDGHG�FRPSRQHQWV��HVSHFLDOO\� LQ�WKH�YLVLEOH�SDUWV�
RI� WKH� VSHFWUXP��2QH� TXHVWLRQ� WKDW� DULVHV� LV� WR� GHVFULEH� WKH�
FRQWULEXWLRQ� RI� VKDGHG� DQG� LOOXPLQDWHG� JURXQG� DQG� FURZQ��
HYHQ� ZKHQ� RYHUODSSLQJ� FRPSOLFDWHV� WKH� JHQHUDOLVDWLRQ� IRU�
GHQVHU�FDQRSLHV�� ,QWHUFHSWHG�IOX[HV�ZHUH�IRUPXODWHG�LQ�WHUPV�

RI�KRUL]RQWDO�SURMHFWLRQ�RI�WKH�FURZQ��/HW�GHQRWH�E\� ��3� θ WKH�

�EHWZHHQ�FURZQ�� PRQRGLUHFWLRQDO� JDS� IUDFWLRQ�� ZKLFK�

FRUUHVSRQGV� WR� WKH� IUDFWLRQ� RI� VRLO� VHHQ� LQ� WKH� GLUHFLRQ� θ�
�1LOVRQ�� ������� ,W� LV� D� ELRSK\VLFDO� YDULDEOH�RI� SULPH� LQWHUHVW�
IRU� UHPRWH� VHQVLQJ� VLQFH� LW� GLUHFWO\� GHWHUPLQHV� WKH� VLQJOH�
VFDWWHULQJ�SURFHVV�LQ�WKH�UDGLDWLYH�WUDQVIHU�SURFHVV��:HLVV�DQG�
%DUHW�� ������� /$,� DQG� I$3$5� DUH� VWURQJO\� UHODWHG� WR� WKH�

PRQRGLUHFWLRQDO� JDS� IUDFWLRQ�� ,Q� IDFW�� �3 DW� SDUWLFXODU�

GLUHFWLRQV� SURYLGHV� DQ� LQGLUHFW� ZD\� WR� HVWLPDWH� /$,� DQG�
I$3$5� �:HLVV� DQG�%DUHW�� ������� )RU�KRPRJHQHRXV�3RLVVRQ�
GLVWULEXWLRQ��WKH�SUREDELOLW\�RI�REVHUYLQJ�WKH�JURXQG�XQGHU�WKH�
WUHH� FURZQV� LQ� DQ\� JLYHQ� SL[HO� DSSURDFKHV� WR� �-DVLQVNL� DQG�
(DJOHVRQ���������
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ZKHUH�η�LV�GHILQHG�DV�WKH�UDWLR�RI�JURXQG�SURMHFWHG�VKDGRZ�WR�
SODQW� DUHD�� ,W� DEVRUEV� DOO� WKH� JHRPHWULF� IDFWRUV� ZKLFK� UHODWH�
FDQRS\� DUHD� WR� VKDGRZLQJ� DUHD� LQWR� RQO\� RQH� YDULDEOH�� ,WV�
DQDO\WLFDO� H[SUHVVLRQ� IRU� WKH� PRVW� FRPPRQ� JHRPHWULFDO�
ERGLHV� LV� SURYLGHG� LQ� -DVLQVNL� DQG� (DJOHVRQ� �������� )RU�
H[DPSOH�IRU�WKH�FDVH�RI�VTXDUH�F\OLQGHUV��ZH�KDYH��

E�WDQθ=η � � �����

ZKHUH�E�LV�WKH�VLPLODULW\�SDUDPHWHU��GHILQHG�DV�WKH�UDWLR�RI�WKH�
PHDQ� ZLGWK� '� WR� WKH� PHDQ� KHLJKW� +�� 7KH� SUREDELOLW\� RI�

KDYLQJ� VXQOLW� JURXQG LJ3 � DQG� YLHZHG� JURXQG� YJ3 � FDQ� EH�

H[SUHVVHG�DV�IROORZV��

���������� ��33��33 V�LJY�YJ θ=θ= � � �����
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$�IXQFWLRQDO�UHODWLRQVKLS�FDQ�EH�DOVR�IRXQG�EHWZHHQ�VXESL[HO�

VKDGHG�JURXQG� VJ3 �DQG�IUDFWLRQDO�YHJHWDWLRQ�FRYHU��

�� ���
FFVJ

V�J��J�3 +η−−−= � � �����

/RJLFDOO\�� WKH� YHUWLFDO� FURZQ� FRYHU� SURMHFWLRQV� LQ� WKH� YLHZ�
DQG�VXQ�GLUHFWLRQV�DUH�JLYHQ�E\��

��������� ��3�3��3�3 V�LFY�YF θ−=θ−= ������

(TXDWLRQV� ����������� DUH� DSSOLFDEOH� DW� ODUJH� VDPSOLQJ�
VFDOHV��ZKHQ�LPDJLQJ�VWDQGV�UHVROXWLRQV�JUHDWHU�WKDQ�WKH�VL]H�
RI� WKH� WUHH� FURZQV�� ,Q� RUGHU� WR� FRQILUP� WKHVH� PDWKHPDWLFDO�
UHODWLRQVKLSV��GLIIHUHQW�QDGLU�LPDJHV�ZHUH�VLPXODWHG�E\�PHDQV�
RI� D� FDQRS\� UHIOHFWDQFH� PRGHO� �*DUFtD�+DUR� DQG� 6RPPHU��
������� 7KH� VSDWLDO� GLVWULEXWLRQ� RI� VXEFDQRSLHV�� GLPHQVLRQV��
GHQVLW\� DQG� VXQ� JHRPHWU\� ZHUH� V\VWHPDWLFDOO\� DOWHUHG��
DOORZLQJ�XV�WR�HYDOXDWH�WKH�FRQGLWLRQV�LQ�ZKLFK�WKH�SURSRVHG�
SDUDPHWHULVDWLRQ� LV� DSOLFDEOH�� )RU� HDFK� VLPXODWHG� LPDJH�� WKH�
VXESL[HO�SURSRUWLRQV�RI�VKDGHG�JURXQG��VXQOLW�JURXQG��VKDGHG�
FURZQ� DQG� VXQOLW� FURZQ�ZHUH� REWDLQHG�� )LJXUH� �D� VKRZV� DQ�
H[DPSOH� FRUUHVSRQGLQJ� WR� D� ���P� SL[HO� ZLWK� 3RLVVRQ� SODQW�
GLVWULEXWLRQ��)LJXUH��E�VKRZV�WKH�UHODWLRQVKLS�IRXQG�EHWZHHQ�
VXESL[HO�VKDGHG�JURXQG�DQG�)9&��7KH�ILJXUH�UHYHDOV�D�FORVH�
DJUHHPHQW� EHWZHHQ� WKH� YDOXHV� RI� 3VJ� GHULYHG� XVLQJ� WKH�
VLPXODWLRQ�PRGHO��V\PEROV��DQG�WKH�YDOXHV�REWDLQHG�XVLQJ�(T��
����GDVKHG�OLQH���6LPLODU�VLPXODWLRQV�ZHUH�XQGHUWDNHQ�YDU\LQJ�
SODQW� GLVWULEXWLRQ� �UHJXODU�� FOXPSHG��� ,Q� JHQHUDO�� WKH�
UHODWLRQVKLSV�GHULYHG�IURP�QRQ�3RLVVRQ�VSDWLDO�GLVWULEXWLRQV�RI�
SODQWV�GLIIHUHG�IURP�WKRVH�SUHGLFWHG�E\�(T��������

�

�D�

��E��
)LJXUH� ��� �D�� ([DPSOH� RI� VLPXODWHG� QDGLU� LPDJH�� ,QSXW�

SDUDPHWHUV�DUH��θV ��
R��3RLVVRQ�SODQW�GLVWULEXWLRQ��)9& �����

DQG� HORQJDWHG� SODQWV� �E ������ �E�� 6KDGHG� JURXQG� 3VJ� DV� D�
IXQFWLRQ�RI�WKH�)9&��IRU�WZR�GLIIHUHQW�VXQ�]HQLWK�DQJOHV���
�

7KH� SUREDELOLW\� RI� REVHUYLQJ� VXQOLW� FURZQ�ZKHQ�3LF� DQG�
3YF� DUH� QRW� FRUUHODWHG� LV� VLPSO\� WKH� SURGXFW� RI� ERWK�
SUREDELOLWLHV� 3LF3YF�� ZKHUH� 3LF� FRQWUROV� WKH� DPRXQW� RI� OLJKW�
LQWHUFHSWHG� E\� FURZQV� DQG� 3YF� FRQWUROV� WKH� FRQWULEXWLRQ� RI�
YLVLEOH� FURZQV� WR� WKH� VFHQH� UDGLDQFH�� +RZHYHU�� KRW� VSRW�
NHUQHOV� DUH� QHFHVVDU\� WR� DFFRXQW� IRU� WKH� FRUUHODWLRQ�EHWZHHQ�

WKH�WZR�JDS�SUREDELOLWLHV�DORQJ�VXQ�DQG�YLHZ�GLUHFWLRQV��7KH\�
VKRXOG�EH�XQLW\�ZKHQ�WKH�VXQ�DQG�YLHZ�SRVLWLRQV�DOLJQ��L�H��DW�

WKH�KRW�VSRW��DQG�YDQLVK�ZKHQ�WKH�VKLIW� ξ �RI�WKH�LOOXPLQDWLRQ�

DQJOH� UHODWLYH� WR� WKH� YLHZ� DQJOH� LV� ODUJH� HQRXJK�� 'LUHFW�
FDOFXODWLRQV� IRU� WKH� MRLQW� SUREDELOLW\� DUH�� KRZHYHU�� YHU\�
FRPSOLFDWHG�DQG�UHTXLUH�WKH�XVH�RI�FHUWDLQ�VLPSOLILFDWLRQV��)RU�
H[DPSOH�� WKH\�XVXDOO\�DVVXPH�NQRZQ� WKH�GLVWULEXWLRQ�RI�JDS�
VL]H� LQVLGH� DQG� EHWZHHQ� WUHH� FURZQV� �&KHQ� DQG� /HEODQF��
������RU�XVH�D�VLPSOH�SUHVFULEHG�UHSUHVHQWDWLRQ�RI�FURZQ�WUHHV�
VL]HV��VKDSHV�DQG�GLVWULEXWLRQV��/L�DQG�6WUDKOHU��������4LQ�DQG�
*RHO�� ������� 7KH� VLPXODWLRQ� RI� SK\VLFDO� VFHQDULRV� SURYLGHV�
DOWHUQDWLYH� PHWKRGV� WR� GHWHUPLQH� WKH� EHWZHHQ� FURZQ� JDS�
SUREDELOLW\�DQG�WKH�KRW�VSRW�NHUQHO�IRU�D�ZLGH�UDQJH�RI�ELRPHV�
DQG�VSDWLDO�UHVROXWLRQV��*DUFtD�+DUR�HW�DO����������*2�PRGHOV�
DOVR�DOORZ�XV�WR�DGGUHVV�WKH�FOXPSLQJ�QDWXUH�RI�YHJHWDWLRQ�DW�D�
SDWFK�VFDOH��ZKLFK�LV�XVXDOO\� LJQRUHG��)RU�H[DPSOH��IRU�ODUJH�
SL[HOV�� WKH� KRW� VSRW� HIIHFW� VHHPV� WR� EH� GRPLQDWHG� E\� WKH�
UDGLDWLRQ� WUDQVPLVVLRQ� EHWZHHQ� WKH� JDSV� RI� PDFURVFDOH�
HOHPHQWV� IRUPLQJ� WKH� ODQGVFDSH� VXFK� DV� JURXSV� RI� WUHHV�
LQVWHDG� RI� PLFURVFDOH� HOHPHQWV� OLNH� QHHGOHV� �/DFD]H� HW� DO���
�������

:H�DVVXPHG� WKDW� WKH�KRW� VSRW� KDV� D�PLQRU� LQIOXHQFH�RQ�
WKH�PXOWLSOH�VFDWWHUHG�LQWHUFHSWLRQ�DW�D�FURZQ�OHYHO��

YFLFJHR�PV 33, = � � �����

$�KRW�VSRW�NHUQHO� ��)F ξ ZDV�XVHG�WR�PRGXODWH�WKH�GHSHQGHQFH�

EHWZHHQ�WKH�RSWLFDO�SDWKV�IRU�WKH�VLQJOH�VFDWWHUHG�UDGLDWLRQ��

����� [ ] ��)33333, FYFLFLFYFLFJHR�VV ξ−+= � �����

ZKHUH ��)F ξ �ZDV�REWDLQHG�IURP�WKH�RYHUODS�IXQFWLRQ�EHWZHHQ�

YLHZLQJ� DQG� LOOXPLQDWHG� VKDGRZV� DV� SURMHFWHG� RQ� WKH�
EDFNJURXQG��/L�DQG�6WUDKOHU���������

����6RLO�FRPSRQHQW�

7KH� VRLO� FRQWULEXWLRQ� V5 LV� H[SUHVVHG� DV� WKH� SURGXFW� RI� WKH�

EDFNJURXQG� ELGLUHFWLRQDO� UHIOHFWDQFH� Vγ � DQG� WKH� YHJHWDWLRQ�

WUDQVPLWWDQFH�7��

VV 75 γ= �� � �����

7KH�YHJHWDWLRQ�WUDQVPLWWDQFH�FDQ�EH�H[SUHVVHG�DV�WKH�VXP�RI�
WKH� SUREDELOLW\� WKDW� D� VRODU� UD\� EHDP�ZLOO� UHDFK� WKH� JURXQG�

ZLWKRXW� LQWHUFHSWLQJ�DQ\�FURZQ� JHR7 �SOXV� WKH�SUREDELOLW\�RI�

LQWHUFHSWLQJ�D�FURZQ�ZLWKRXW�KLWWLQJ�DQ\�IROLDJH�HOHPHQW��L�H���

YROJHRJHR 7�7��77 −+= � �����

7KH� IROORZLQJ� H[SUHVVLRQV� ZHUH� FRQVLGHUHG� IRU� WKH�
WUDQVPLVVLRQV��

���� �J�/$,H[S�7 F(YRO γΩ∆−= � �����

������������������ [ ] ��)333337 *YJLJLJYJLJJHR ξ−+= � �����

ZKHUH *) LV� D� KRW� VSRW� NHUQHO��ZKLFK� WHQGV� WR� ]HUR�ZKHQ� WKH�

VXQ� DQG� YLHZ� GLUHFWLRQV� DUH� IDUH� DSDUW�� L�H��ZKHQ� WKH�YLHZHU�
VHHV� WKH� VXQOLW� JURXQG� WURXJK� D� JDS� GLIIHUHQW� IURP� WKDW� RI�
LOOXPLQDWLRQ��,Q�WKLV�VWXG\��LW�KDV�EHHQ�SDUDPHWHUL]HG�XVLQJ�D�
VLPSOH� DQDO\WLFDO� H[SUHVVLRQ�� )RU� RQH� JDS� RI� VL]H� λ�� WKH�
IROORZLQJ�KRW�VSRW�IXQFWLRQ�DSSOLHV��&KHQ�DQG�/HEODQF���������

�+��WDQ
���)

�*
λ

ξ−=ξ −
��� � �����

7KH� W\SLFDO� VL]H� RI� WKH� EHWZHHQ�FURZQV� JDS� VL]H�� λλDDYYHH�� ZDV�
IL[HG��FRPELQLQJ�WKH�GLPHQVLRQV�RI�WKUHH�FURZQV�DQG�)9&��
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0RGHO� QHJOHFWV� VLGH� VFDWWHUHG� GLIIXVH� UDGLDWLRQ� LQFLGHQW�
RQ� JURXQG� VXUIDFH� DIWHU� PXOWLSOH� VFDWWHULQJ� ZLWK� OHDYHV� RI�
QHLJKERULQJ�SODQWV��)LHOG�PHDVXUHPHQWV�DQG�UDGLRVLW\�PRGHOV�
DOO� VKRZ� WKDW� WKH�VLGH�VFDWWHUHG� OLJKW�FDQ�EH�YHU\�VLJQLILFDQW�
�5REHUWV�HW�DO���������%RUHO�DQG�*HUVWO���������7KH�PRGHO� LV�
WKXV�JHQHUDOO\�DFFXUDWH�IRU�YLVLEOH�SDUW�RI�WKH�VRODU�VSHFWUXP��
EXW� OHVV� DFFXUDWH� DW� QHDU�LQIUDUHG� ZDYHOHQJWKV� DW� ZKLFK�
PXOWLSOH� VFDWWHULQJ� LQ� SODQW� FDQRSLHV� LV� WKH� VWURQJHVW�ZLWKLQ�
WKH� VRODU� VSHFWUXP�� 7KHVH� QRQ�OLQHDU� HIIHFWV� H[HUW� D� VWURQJ�
LPSDFW� DW� VKUXE� VFDOH� EXW� WKH\� FDQ� EH� FRQVLGHUHG� VPDOO� DW�
ODQGVFDSH� VFDOHV� ZKHQ� WKHUH� LV� DQ� KRUL]RQWDO� PL[LQJ� RI�
YHJHWDWLRQ� W\SHV� RU� PDWHULDOV� �$VQHU� HW� DO��� ������ 4LQ� DQG�
*HUVWO����������

����'LIIXVH�FRPSRQHQW�

7KH�DERYH�HTXDWLRQV�FRQVLGHU�RQO\�WKH�FRQWULEXWLRQ�RI�GLUHFW�
UDGLDWLRQ�WR�WKH�UHIOHFWDQFH��&RQVLGHULQJ�DOVR�WKH�SUHVHQFH�RI�
VN\OLJKW�LUUDGLDQFH��WKH�UHIOHFWDQFH�FDQ�EH�H[SUHVHG�DV�D�VXP�
RI�WKH�GLUHFW�DQG�LVRWURSLF�GLIIXVH�FRPSRQHQWV��

� GLIIXVHGGLUHFWG 5N5�N��5 +−= �� �����

ZKHUH�WKH�FRPSRQHQW�RI�GLIIXVH�UHIOHFWDQFH�ZDV�FDOFXODWHG�DV�
WKH� DYHUDJH� RI� WKH� PHDVXUHPHQWV� LQ� WKH� SULQFLSDO� SODQH�� NG�

GHQRWHV� WKH� IUDFWLRQ� RI� GLIIXVH� LUUDGLDQFH�� ZKLFK� ZDV�
SDUDPHWHULVHG�DV�IROORZV��/DFD]H�DQG�5RXMHDQ���������

V
G

����

����
N

µ+
= � �����������������������

,Q� DGGLWLRQ�� WKH�PRGHO� DOORZV� XV� WR� GHULYH� RWKHU� SDUDPHWHUV�
OLNH� WKH� HQWLUH� %5')� GLVWULEXWLRQ�� DOEHGR� RU� DEVRUSWDQFH��
LQFOXGLQJ�WKH�UHODWLYH�FRQWULEXWLRQ�RI�YHJHWDWLRQ�DQG�VRLO��)RU�
H[DPSOH�� WKH� VSHFWUDO� DEVRUSWDQFH�ZLWKLQ� WKH� FDQRS\� FDQ� EH�
HYDOXDWHG�DV�

KK�VKK 7���5�$ γ−−−= � � �����

ZKHUH�WKH�VXEVFULSW�K�VWDQGV�IRU�YDOXHV�LQWHJUDWHG�RYHU�WKH�IXOO�
YLHZ� KHPLVSKHUH�� 7KH� IUDFWLRQDO� DPRXQW� RI� LQFLGHQW�
SKRWRV\QWKHWLFDOO\�DFWLYH�UDGLDWLRQ�DEVRUEHG�E\�WKH�YHJHWDWLRQ�
FDQRS\� �I$3$5�� FDQ�EH� HYDOXDWHG�E\� DYHUDJLQJ� WKH�VSHFWUDO�
FDQRS\�DEVRUSWDQFH�ZLWKLQ�WKH�3$5�UHJLRQ��L�H���

∫ λλλ=
���

���

KR G��$��(I$3$5 � � �����

ZKHUH�(R�λ�LV�WKH�QRUPDOLVHG�VRODU�LUUDGLDQFH�VSHFWUXP��
�

���02'(/�,19(56,21��
7KH� LQYHUVLRQV� DUH� DFKLHYHG� VLPXOWDQHRXVO\� IRU� DOO� VSHFWUDO�
EDQGV�� L�H�� E\� FRXSOLQJ� WKH� VSHFWUDO� DQG� GLUHFWLRQDO� GDWD�
DYDLODEOH��7KH�YDULDEOHV�WR�EH�UHWULHYHG�DUH�/$,�DQG�JF��*LYHQ�
%5')� YDOXHV� UL� �L �����1��� UHSUHVHQWLQJ� WKH� FRQGLWLRQV� RI�
REVHUYDWLRQ� �L�H�� ZDYHOHQJWKV� DQG� YLHZ� DQG� LOOXPLQDWLRQ�
JHRPHWULHV��� WKH� UHWULHYDOV� DUH� SHUIRUPHG� E\� FRPSDULQJ�
REVHUYHG�DQG�PRGHOHG�\L��L �����1��%5')
V��7KH�FRPSDULVRQV�
DUH� HYDOXDWHG� IRU� D� IXOO� VHW� RI� SUHVFULEHG� FDQRS\� UHDOLVDWLRQV�
�JF� ��/$,�� WKDW� FRYHU� D� UDQJH�RI� H[SHFWHG�QDWXUDO� FRQGLWLRQV��
7KRVH� SDLUV� IRU� ZKLFK� WKH� FDQRS\� PRGHO� JHQHUDWHV� LQSXWV�
FRPSDUDEOH�ZLWK�PHDVXUHG�GDWD��ZLWKLQ�WKH�OLPLWV�RI�DFFXUDF\�
RI�GDWD�εL��L �����1���L�H���

��� 1���� �7 ≤−− − \U:\U ������� � �����

DUH� FRQVLGHUHG� DV� DFFHSWDEOH� VROXWLRQV�� ZKHUH� :� LV� WKH�
FRYDULDQFH� PDWUL[� RI� WKH� PHDVXUHPHQWV�� 7KH� GLDJRQDO�
HOHPHQWV�RI�:�DUH�WKH�YDULDQFH�ε���ZKLFK�VKRXOG�DFFRXQW�IRU�
ERWK�GDWD�XQFHUWDLQW\�DQG�XQTXDQWLILHG�HUURUV�DVVRFLDWHG�ZLWK�
WKH� VLPSOLI\LQJ� DVVXPSWLRQV� RI� WKH� WKHRUHWLFDO� PRGHO�� 7KH�

GLVWULEXWLRQ� RI� VROXWLRQV� GHILQH� D� GRPDLQ� IRU� JF� DQG� /$,�
DURXQG�WKH�³WUXH´�YDOXHV��0HDQ�YDOXHV�RI�JF�DQG�/$,�DYHUDJHG�
RYHU� WKH� VHW� RI� DFFHSWDEOH� VROXWLRQV� DUH� WDNHQ� DV� VROXWLRQV��
7KLV� SURFHGXUH� QRW� RQO\� LQFUHDVHV� WKH� QXPHULFDO� VWDELOLW\� RI�
WKH�LQYHUVLRQ�EXW�DOVR�HQDEOHV�XV�WR�GHULYH�WKH�XQFHUWDLQW\�DQG�
FRUUHODWLRQ�RI�GHULYHG�SDUDPHWHUV��

,Q�WKLV�VWXG\��VHFRQGDU\�PRGHO�SDUDPHWHUV��/$'��E��λλDDYYHH��
ZHUH� IL[HG� EDVHG� RQ� WKH� DSULRUL� H[SHFWHG�YDOXHV��7KH�PRGHO�

UHTXLUHV� WKH� RSWLFDO� SURSHUWLHV� RI� WKH� XQGHUO\LQJ� VRLO� Vγ DV�

LQSXW��,W�ZDV�HVWLPDWHG�HLWKHU�XVLQJ�VRLO�%5)V�REVHUYDWLRQV�LQ�
VXUURXQGLQJ� EDUH� VRLO� DUHDV� ZKLFK� ZHUH� VXEVHTXHQWO\�
H[WUDSRODWHG� WR� WKH� 32/'(5� REVHUYDWLRQ� JHRPHWULHV� RU�
PRGHOOHG�ZLWK�WKH�DLG�RI�%5')�PRGHOV��:DOWKDOO�HW�DO���������
-DFTXHPRG� HW� DO��� ������� ,Q� WKLV� VWXG\� WKH� H[WUDSRODWLRQ� RI�
PHDVXUHG�%5)
V�SURYLGHG�EHWWHU�UHVXOWV���

,W� ZDV� DVVXPHG� IRU� VLPSOLFLW\� WKDW� UHIOHFWDQFH� DQG�
WUDQVPLWWDQFH� RI� OHDYHV� DUH� VLPLODU�� 7KLV� DVVXPSWLRQ� LV�
DFFHSWHG� IRU� PDQ\� WKLQ� OHDYHG� JUDVV� DQG� EURDGOHDYHG�

GHFLGXRXV� VSHFLHV� �:RROOH\�� ������� 7KH� OHDI� DOEHGR�ω� ZDV�
DVVHVVHG� SUHYLRXVO\� E\� DGMXVWLQJ� WKH� PRGHO� IRU� HDFK�
LQGLYLGXDO� EDQG�� 7KH� SURFHGXUH� FRQVLVWHG� LQ� ���� VHWWLQJ�

VSHFWUDO�ERXQGV�WKDW�VWDQG�IRU�WKH�XQFHUWDLQW\�OLPLWV�RI�ω��DQG�
���� DGMXVWLQJ� WKHP�EDVHG�RQ� WKH�EHVW� ILW� RI� WKH�PRGHO� WR� WKH�
GLUHFWLRQDO�VLJQDWXUH��IRU�D�UHGXFHG�VHW�RI�FDQRS\�UHDOLVDWLRQV���

$OWKRXJK�WKH�PRGHO�KDV�EHHQ�YDOLGDWHG�DJDLQVW�UHDO�GDWD��
D�FRPSDUDWLYH�DQDO\VLV�KDV�DOVR�EHHQ�XQGHUWDNHQ�RQ�1$',0�
�*REURQ� HW� DO��� ������� DQ� LQYHUWLEOH� PRGHO� RI� KRPRJHQHRXV�
FDQRSLHV��1$',0�VLPXODWHV�WKH�UDGLDWLRQ�UHJLPH�LQ�WKH�VRODU�
GRPDLQ� LQ� WKH� FDVH� RI� KRUL]RQWDOO\� KRPRJHQHRXV� FDQRSLHV��
8QOLNH� WKH�SURSRVHG�PRGHO��ZKLFK�LV�YHU\�IDVW�EHFDXVH�RI�LWV�
DQDO\WLFDO�QDWXUH��1$',0�LV�PRUH�H[SHQVLYH�FRPSXWDWLRQDOO\�
VLQFH�LW�H[SOLFLWO\�VROYHV�WKH�UDGLDWLRQ�WUDQVIHU�SUREOHP�XVLQJ�D�
GLVFUHWH� UHSUHVHQWDWLRQ� RI� WKH� FDQRS\�� 7KH� PRGHO� VLPXODWHV�
WKH�UHOHYDQW�VFDWWHULQJ�SURFHVVHV�DV�D�IXQFWLRQ�RI�WKH�VL]H��G/��
DQG�RULHQWDWLRQ��/$'��RI�WKH�OHDYHV��DV�ZHOO�DV�WKH�WRWDO�KHLJKW�
RI� WKH� FDQRS\� �+�� DQG� /$,��1$',0� XVHV� D� WXUELG�PHGLXP�
DSSURDFK�WR�UHSUHVHQW�WKH�PXOWLSOH�VFDWWHULQJ�FRQWULEXWLRQ��

1$',0�KDV�EHHQ�LQYHUWHG�XVLQJ�D�VLPSOH�VHDUFKLQJ�ORRN�
XS� WDEOH� PHWKRG�� VLPLODU� WR� WKH� PHWKRG� GHVFULEHG� DERYH��
+RZHYHU�� JF �� LV� LPSOLHG� DQG�� WKHUHIRUH�� WKH� RQO\� XQNQRZQ�
SDUDPHWHU� LV� /$,�� 3ULPDU\� PRGHO� SDUDPHWHUV� �/$'�� +�� G/��
ZHUH� IL[HG� EDVHG� RQ� D� SULRUL� H[SHFWHG� YDOXHV�� 2SWLFDO�

SDUDPHWHUV� �ω� Vγ �� ZHUH� REWDLQHG� XVLQJ� WKH� SURFHGXUH�

GHVFULEHG�DERYH��$OWKRXJK�LQ�LWV�RULJLQDO�IRUPXODWLRQ�1$',0�
DVVXPHG�DQ�LVRWURSLF�VRLO�EDFNJURXQG��VRLO�%5)V�REVHUYDWLRQV�

ZHUH�XVHG�WR�UHSUHVHQW�PRUH�DFFXUDWHO\� Vγ ��7KLV�DOORZHG�XV�

WR�UHPRYH�PRGHOOLQJ�HUURUV�IRXQG�LQ�ORZ�YHJHWDWHG�FDQRSLHV��
PDLQO\�LQGXFHG�E\�D�VWURQJ�VRLO�EDFNVFDWWHULQJ��

���9$/,'$7,21�

����$LUERUQH�32/'(5�GDWD�VHW��

7KH�PRGHO�LQYHUWLELOLW\�ZDV�HYDOXDWHG�XVLQJ�GDWD�DFTXLUHG�E\�
WKH� 32/'(5� RQERDUG� DQ�$5$7� SODQH� GXULQJ� WKH�'$,6(;�
FDPSDLJQ�� 7KH� H[SHULPHQW� VLWH� VHOHFWHG� E\� (6$� IRU� WKH�
'$,6(;�FDPSDLJQV�LV�D���NP�E\���NP�DUHD�FHQWUHG�DW������¶�
1�� ��� �¶�:��ZKLFK� LV� ORFDWHG����NP� IURP�$OEDFHWH� �6SDLQ���
�&DPDFKR�GH� &RFD� HW� DO��� WKLV� LVVXH��� ,WV� VSHFWUDO� ILOWHUV� DUH�
FHQWHUHG�DW�����������������������������������������DQG�����
QP� ZDYHOHQJWK�� $W� D� W\SLFDO� IOLJKW� DOWLWXGH� RI� ����� P�� WKH�
VSDWLDO�UHVROXWLRQ�ZDV����P��/HUR\�HW�DO����������)RXU�IOLJKWV�



�

Q����

ZHUH� XQGHUWDNHQ� GXULQJ� ���� -XQH� ������ (DFK� IOLJKW� UHFRUGV�
DURXQG� ���� VSHFWUDO� LPDJHV�� RIIHULQJ� WKXV� D� ZLGH� UDQJH� RI�
YLHZ� GLUHFWLRQV�� 7KH� 32/'(5� UHIOHFWDQFH� LPDJHV� ZHUH�
FDOLEUDWHG��JHR�FRGHG�DQG�FRUUHFWHG�IRU�DWPRVSKHULF�HIIHFWV�DV�
LW� LV� VSHFLILHG� LQ�/HUR\� HW� DO� �������� ,Q� WKLV�ZRUN� WKH�%5')�
KDV� EHHQ� LQWHUSRODWHG� IRU� WKH� IXOO� UDQJH� RI� YLHZ� DQJOHV� IRU�
HYHU\� SL[HO�� 7KH� %5')� ZDV� WKHQ� UHWULHYHG� FRQVLGHULQJ�
XQLIRUP�VLWHV�RI��[��SL[HOV����[���P����7KH�PRGHO�KDV�EHHQ�
LQYHUWHG�DJDLQVW�D�VHW�RI�ELGLUHFWLRQDO�UHIOHFWDQFH�IDFWRUV�WDNHQ�
DORQJ� WKH� SULQFLSDO� SODQH�� L�H�� WKH� UHJLRQ� ZLWK� WKH� VWURQJHVW�
DQLVRWURS\���

����5HVXOWV�DQG�GLVFXVVLRQ��

)LJXUHV� �� DQG� �� VKRZ� D� IHZ� H[DPSOHV� RI� PHDVXUHG� %5)
V�
DORQJ�ZLWK� WKH�YDOXHV�SUHGLFWHG�E\�ERWK� WKH�SURSRVHG�PRGHO�
DQG�1$',0�� UHVSHFWLYHO\��7KH�DQDO\VLV� LQFOXGHV� ILYH�EDQGV��
WZR�VXQ�]HQLWK�DQJOHV�DQG�IRXU�GLIIHUHQW�YHJHWDWLRQ�W\SHV��7KH�
ILJXUHV�UHYHDO�WKH�SRWHQWLDO�RI�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�
GLUHFWLRQDO� GRPDLQ� RI� %5')�� DV� LW� ZDV� GHPRQVWUDWHG� LQ� D�
SUHOLPLQDU\� ZRUN� �&DPDFKR�GH� &RFD� HW� DO�� WKLV� LVVXH���
9HJHWDWLRQ� LQ�VLWX� PHDVXUHPHQWV� ZHUH� WDNHQ� GXULQJ� WKH�
FDPSDLJQ�FRUUHVSRQGLQJ�WR�PDMRU�DJULFXOWXUDO�XQLWV��VHH�/$,�
DQG� KHLJKW� YDOXHV� LQ� WDEOH� ���� :KHDW� DQG� VHQHVFHQW� EDUOH\�
SUHVHQWHG�D�YHUWLFDO�VWUXFWXUH��$OIDOID�DQG�OHJXPHV�ZHUH�ORZHU�
LQ�KHLJKW��ZLWK� VPDOOHU� OHDI� VL]H� DQG� D�KLJK�/$,��6XJDU�EHHW�
DQG� FRUQ� ZHUH� PDUNHGO\� URZ�GLVWULEXWHG� ZLWK� ODUJH�
FRQWULEXWLRQ�RI�WKH�EDUH�VRLO��

:H� FDQ� REVHUYH� DV� ERWK� PRGHOV� KDYH� SRWHQWLDO� WR�
DFFXUDWHO\� H[SODLQ� WKH� VSHFWUDO� DQG� DQJXODU� YDULDWLRQV�RI� WKH�
%5')�� 7KH\� FDSWXUH� WKH� HVVHQWLDO� %5')� IHDWXUHV� VXFK� DV�
ERZO�VKDSH��EDFNVFDWWHULQJ�DQG�EURDG�KRW� VSRW�� ,Q�JHQHUDO��D�
JRRG� DJUHHPHQW� LV� IRXQG� EHWZHHQ� PHDVXUHG� DQG� PRGHOOHG�
VLJQDWXUHV�� ,Q� JHQHUDO�� WKH� DJUHHPHQW� LV� VOLJKWO\�ZRUVH�ZKHQ�
WKH�6=$�LV�KLJK��L�H��ZKHQ�WKH�DQLVRWURS\�LV�KLJKHU��

7KH�SURSRVHG�PRGHO�ZRUNV�EHWWHU� LQ� WKH�YLVLEOH� UHJLRQV��
ZKHQ�WKH�ILUVW�RUGHU�VFDWWHULQJ�HIIHFWV�SUHGRPLQDWH�EXW�LQ�WKH�
1,5� UHJLRQ� �EDQG� ��� WKH� GLVFUHSDQFLHV� DUH� KLJKHU�� ,Q� WKLV�
UHJLRQ� GLUHFWLRQDO� HIIHFWV� DUH� OHVV� DSSDUHQW� GXH� WR� WKH�
UHGXFWLRQ� RI� FRQWUDVW� EHWZHHQ� FDQRS\� FRPSRQHQWV� DQG� WKH�
SUHYDOHQFH� RI� PXOWLSOH� VFDWWHULQJ�� 1$',0� ZRUNV� EHWWHU� IRU�
GHQVH� KRPRJHQHRXV� FDQRSLHV�� OLNH� DOIDOID� DQG� OHJXPHV��
+RZHYHU��LW�VHHPV�WR�EH�PRUH�OLPLWHG�ZKHQ�WKH�FDQRS\�FRYHU�
LV� ORZHU� �H�J�� VXJDU� EHHW��� L�H�� ZKHQ� WKH� PHGLXP� LV� OHVV�
XQLIRUP� DQG� WKH� UHIOHFWDQFH� LV� GRPLQDWHG� E\� JHRPHWULF�
HIIHFWV��2QH�VRXUFH�RI�HUURU�IRU�ERWK�PRGHOV�LV�DWWULEXWDEOH�WR�
XQTXDQWLILHG�LQIOXHQFHV�RI�IROLDJH�FOXPSLQJ��,Q�SDUWLFXODU��WKH�
PDLQ�SUREOHPV�DUH�IRXQG�LQ�HUHFWRSKLOH�FDQRSLHV� OLNH�ZKHDW��
ZLWK�YHUWLFDO�VWUXFWXUH�DQG�ZHOO�GHYHORSHG�VSLNHV��,W�FDXVHV�D�
YHU\� SURQRXQFHG� µERZO�VKDSH¶� VLJQDWXUH�� HVSHFLDOO\� ZKHQ�
6=$�LV�KLJK��7KLV�LV�PDLQO\�GXH�WR�WKH�JDS�HIIHFW�RU�LQFUHDVH�
RI�LOOXPLQDWHG�XSSHU�FDQRS\�OD\HUV�YLHZHG�IURP�WKH�VHQVRU�DW�
ODUJH�RII�QDGLU�DQJOHV��&DPDFKR�GH�&RFD�HW�DO�������E���

(VWLPDWHG� SDUDPHWHUV� DUH� SUHVHQWHG� LQ� WDEOH� ��� 7KH�
LQYHUVLRQ� RI� ERWK� PRGHOV� SURYLGHV� UHDVRQDEO\� DFFXUDWH�
HVWLPDWHV� RI� /$,�� )XUWKHUPRUH�� WKH� UHWULHYDOV� ZHUH� TXLWH�
FRQVLVWHQW�� H�J�� UDWKHU� LQVHQVLWLYH� UHVSHFW� WR� VXQ�]HQLWK�DQJOH�
DQG�VSHFWUDO�VXEVHW�� ,Q�DGGLWLRQ��WKH�SURSRVHG�PRGHO�DOORZHG�
XV�WR�DGGUHVV�WKH�)9&��REWDLQLQJ�YDOXHV�WKDW�DUH�FRKHUHQW�ZLWK�
WKH�ILHOG�LQIRUPDWLRQ�DYDLODEOH���

$OWKRXJK�WKH�LQYHUVLRQ�DOJRULWKP�LV�VDWLVIDFWRU\��GLIIHUHQW�
GLIILFXOWLHV� VWLOO� DULVH�� 7KH� PDLQ� SUREOHP� GHULYHV� IURP� WKH�
GHWHUPLQDWLRQ�RI� WKH�VSHFWUDO�SURSHUWLHV�� LQ�SDUWLFXODU� IRU� WKH�
OHDI�DOEHGR��7KH�HVWLPDWLRQ�RI� OHDI�OHYHO�SURSHUWLHV� LV�NQRZQ�
WR� EH� LPSDLUHG� E\� FDQRS\�OHYHO� YDULDEOHV� OLNH� /$,�� 7KH�

LQWHUGHSHQGHQFH� EHWZHHQ� OHDI�OHYHO� DQG� FDQRS\�OHYHO� DIIHFWV�
WKH�PRGHO�LQYHUVLRQ��)RU�H[DPSOH��WKH�XQGHUHVWLPDWLRQ�RI�OHDI�
DOEHGR� LQ� WKH� YLVLEOH� UHJLRQV� XVXDOO\� UHVXOWV� LQ� DQ�
XQGHUHVWLPDWLRQ� RI� /$,� DQG� YLFH� YHUVD�� 7KLV� PD\� EH�
PLQLPLVHG� E\� LQWURGXFLQJ� WKH� FRUUHODWLRQ� EHWZHHQ� PRGHO�
YDULDEOHV�� ,Q� DGGLWLRQ�� VRPH� NQRZOHGJH� RI� HFRV\VWHP�
FKDUDFWHULVWLFV��H�J��OHDI�DOEHGR�PHDVXUHPHQWV��FDQ�EH�XVHG�WR�
FRQVWUDLQ� WKH� VROXWLRQ� GRPDLQ�� XVLQJ� D� PHULW� IXQFWLRQ�
ZHLJKWHG� VFKHPH� �3ULYHWWH� HW� DO��� ������� 7KH�PHULW� IXQFWLRQ�
FRXOG� EH� GHILQHG� DV� D� 506(� FRPSXWHG� ERWK� RQ� WKH�
UDGLRPHWULF�PHDVXUHPHQWV�DQG�RQ�WKH�FDQRS\�YDULDEOHV�SULRU�
LQIRUPDWLRQ��&RPEDO�HW�DO����������0RUH�UHVHDUFK�LV�QHFHVVDU\�
WR� GHILQH� REMHFWLYHO\� WKH� FRYDULDQFH� PDWUL[� RI� WKH� PRGHO�
SDUDPHWHUV�� $QRWKHU� GLIILFXOW\� GHULYHV� IURP� WKH� QHFHVVLW\� WR�
GHWHUPLQH�WKH�RSWLFDO�SURSHUWLHV�IRU�HDFK�LQGLYLGXDO�EDQG��)RU�
IXUWKHU� UHGXFWLRQ� RI� PRGHO� SDUDPHWHUV�� IXWXUH� ZRUN� ZLOO�
FRQVLVWV� LQ� FRXSOLQJ� WKH�PRGHO�ZLWK� D� OHDI� UDGLDWLYH� WUDQVIHU�
PRGHO�OLNH�35263(&7��-DFTXHPRXG�HW�DO�����������

7DEOH� ��� 5HWULHYHG� SDUDPHWHUV� IRU� WKH� GRPLQDQW� YHJHWDWLRQ�
W\SHV��6XEVFULSWV�UHIHU�WR��* PHDVXUHG��1$' HVWLPDWHG�IURP�
1$',0�PRGHO��0 HVWLPDWHG�IURP�WKH�SURSRVHG�PRGHO��

6DPSOH� +��P�� /$,*�/$,1$'� /$,0� )9&0�I$3$50�

$OIDOID� �������� ���� ���� ���� ����� �����
/HJXPHV� ����� ����� ���� ���� ����� �����
:KHDW� ��������� ���� ���� ���� ����� �����

6XJDU�EHHW� ��������� ���� ���� ���� ����� �����
&RUQ� �������� ���� ���� ���� ����� �����

'U\�%DUOH\����������� ���� ���� ���� ����� �����

���&21&/86,21�$1'�35263(&76�

7KLV� VWXG\� DLPV� WR� GHYHORS� D� VLPSOH�� IDVW� DQG� RSHUDWLRQDO�
DSSURDFK� WR� GHFRQYROYH� WKH� DQJXODU� UHIOHFWDQFH� LQWR� VLQJOH�
ODQGFRYHUV� UHIOHFWDQFHV�� DWWHPSWLQJ� WR� VROYH� WKH�
LQFRQVLVWHQFLHV�RI���'�PRGHOV�DQG�OLQHDU�PL[WXUH�DSSURDFKHV��
7KH� UHVXOW� LV� D� IDVW� LQYHUWLEOH� FDQRS\� UHIOHFWDQFH� PRGHO� RI�
GLVFRQWLQXRXV� FDQRSLHV�� 7KH� PRGHO� UHODWHV� WKH� VSHFWUDO� DQG�
DQJXODU� YDULDWLRQ� ZLWK� WKH� PDLQ� RSWLFDO� DQG� VWUXFWXUDO�
SDUDPHWHUV� RI� GLVFRQWLQXRXV� FDQRSLHV�� $� UDQGRP� VSDWLDO�
GLVWULEXWLRQ� RI� SODQWV� LV� DVVXPHG� WR� VLPSOLI\� WKH� JDS�
SUREDELOLW\� FRPSXWDWLRQ�� ZKLFK� PD\� EH� DSSOLFDEOH� ZKHQ�
LPDJLQJ� VWDQGV� UHVROXWLRQV� JUHDWHU� WKDQ� WKH� VL]H� RI� WKH� WUHH�
FURZQV��8QOLNH�%5')�PRGHOV�RI�KRPRJHQHRXV�FDQRSLHV��WKH�
PRGHO� FDQ� EH� LQYHUWHG� WR� HVWLPDWH� ERWK� )9&� DQG� /$,��
0RUHRYHU�� WKH� PRGHO� PD\� SURYLGH� DV� D� VXESURGXFW� HQWLUH�
%5')�� DOEHGR�� DQG� DEVRUSWDQFH� �LQFOXGLQJ� I$3$5�� IRU� WKH�
VDPSOHG� VFHQH�� DORQJ� ZLWK� WKH� UHODWLYH� FRQWULEXWLRQ� RI�
YHJHWDWLRQ�DQG�VRLO��

$OWKRXJK� WKH� PRGHO� LV� OHVV� VXLWHG� IRU� KRPRJHQHRXV�
FDQRSLHV�� LW� FDQ� EH� DOVR� DSSOLFDEOH� WR� YHJHWDWLRQ� OLNH�
JUDVVODQGV� DQG� FHUHDO� FURSV�� SURGXFLQJ� UHVXOWV� VLPLODU� WR�
DFFXUDWH� %5')� PRGHOV� RI� KRPRJHQHRXV� FDQRSLHV� OLNH�
1$',0�� 7KH� LQYHUVLRQV� UHYHDOHG� WKH� PRGHO� SRWHQWLDO� WR�
FRPELQH� VSHFWUDO� DQG� GLUHFWLRQDO� LQIRUPDWLRQ� LQ� RUGHU� WR�
LQFUHDVH�WKH�OLNHO\�DFFXUDF\�RI�WKH�UHWULHYDOV��
)XWXUH�ZRUN�ZLOO� FRQVLVW� LQ� FRXSOLQJ� WKH�PRGHO�ZLWK� D� OHDI�
OHYHO�UDGLDWLYH�WUDQVIHU�PRGHO��ZKLFK�ZLOO�PRUHRYHU�UHGXFH�WKH�
PRGHO�SDUDPHWHUV�DQG�SURYLGH�D�VWURQJHU�FRQQHFWLRQ�EHWZHHQ�
OHDI� RSWLFDO� SURSHUWLHV� DQG� OHDI� ELRFKHPLFDO� DQG� VWUXFWXUDO�
SDUDPHWHUV�� 7KH� PRGHO� ZLOO� EH� WHVWHG� RQ� H[LVWLQJ� %5')�
GDWDVHWV� FRPSULVLQJ� GLIIHUHQW� YHJHWDWLRQ� W\SHV� �VKUXEODQGV��
IRUHVWV��� ,QWHUFRPSDULVRQV�ZLOO�EH�DOVR�XQGHUWDNHQ�ZLWK�RWKHU�
PRGHOOLQJ�DSSURDFKHV�LQ�WKH�IUDPH�RI�'$,6(;��
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7KLV� ZRUN� ZDV� SDUWLDOO\� VXSSRUWHG� E\� WKH� SURMHFWV� � /6$� 6$)�
�(80(76$7���'$,6(;� �(6$��DQG�&,&<7��&/,����������� -��
*DUFtD�+DUR�KDV�FXUUHQWO\�D�UHVHDUFK�SRVLWLRQ��5DPRQ�\�&DMDO��
IURP�0&\7��6SDLQ��7KH�DXWKRUV�ZDQW�WR�WKDQN�1��*REURQ��-5&��
,VSUD��,WDO\��IRU�SURYLGLQJ�WKH�1$',0�PRGHO��

�
5()(5(1&(6�

$VQHU��*�3���:HVVPDQ��&�$��DQG�3ULYHWWH��/���������8QPL[LQJ�
WKH�GLUHFWLRQDO�UHIOHFWDQFHV�RI�$9+55�VXE�SL[HO�ODQGFRYHUV��
,(((�7UDQV��*HRVFL��5HPRWH�6HQV���������� �����

$VQHU��*��3���%DWHVRQ��&��$���3ULYHWWH��-��/���(O�6DOHRXV��1���DQG�
:HVVPDQ�� &�� $��� ������ (VWLPDWLQJ� YHJHWDWLRQ� VWUXFWXUDO�
HIIHFWV� RQ� FDUERQ� XSWDNH� XVLQJ� VDWHOOLWH� GDWD� IXVLRQ� DQG�
LQYHUVH�PRGHOLQJ��-��*HRSK\V��5HV���������������������

%pJXp��$���������/HDI�DUHD�LQGH[��LQWHUFHSWHG�SKRWRV\QWKHWLFDOO\�
DFWLYH�UDGLDWLRQ���DQG�VSHFWUDO�YHJHWDWLRQ�LQGLFHV��D�VHQVLWLYLW\�
DQDO\VLV� IRU� UHJXODU�FOXPSHG� FDQRSLHV�� 5HPRWH� 6HQV��
(QYLURQ��������������

%RUHO�� &�� &��� DQG� *HUVWO�� 6�� $�� :�� ������ 1RQOLQHDU� VSHFWUDO�
PL[LQJ�PRGHOV�IRU�YHJHWDWLYH�DQG�VRLO�VXUIDFHV��5HPRWH�6HQV��
(QYLURQ��������������

&DPDFKR�GH�&RFD��)���*DUFtD�+DUR��)�-�� DQG�0HOLi�� -��� ����D��
4XDQWLWDWLYH� DQDO\VLV� RI� FURSODQG¶V� %5')� DQLVRWURS\� XVLQJ�
DLUERUQH�32/'(5�GDWD��3URF���VW� ,QW��V\PSRVLXP�RQ�5HFHQW�
DGYDQFHV�LQ�TXDQWLWDWLYH�UHPRWH�VHQVLQJ��7RUUHQW��LQ�SUHVV��

&DPDFKR�GH� &RFD�� )��� )�-�� *DUFtD�+DUR��0�$��*LODEHUW� DQG� -��
0HOLi�� ����E�� /D� DQLVRWURStD� GH� OD� %5')�� 8QD� QXHYD�
VLJQDWXUD�GH�ODV�FXELHUWDV�YHJHWDOHV��5HYLVWD�GH�7HOHGHWHFFLyQ��
LQ�SUHVV��

&RPEDO�� %��� %DUHW�� )��� :HLVV�� 0��� 7UXEXLO�� $��� 0DFp�� $���
3UDJQqUH�� $��� 0\QHQL�� 5��� .Q\D]LKLQ�� <�� $QG� :DQJ�� /���
������ 5HWULHYDO� RI� ELRSK\VLFDO� YDULDEOHV� IURP� ELGLUHFWLRQDO�
UHIOHFWDQFH� XVLQJ� SULRU� LQIRUPDWLRQ� WR� VROYH� LOO�SRVHG�
LQYHUVLRQ�SUREOHPV��5HPRWH�6HQV��(QYLURQ���LQ�SUHVV��

&KHQ��-�0��DQG�/HEODQF��6�*���������$�IRXU�VFDOH�ELGLUHFWLRQDO�
UHIOHFWDQFH�PRGHO�EDVHG�RQ�FDQRS\�DUFKLWHFWXUH��,(((�7UDQV��
*HRVFL��5HPRWH�6HQV���������� ������

*DUFtD�+DUR��)��-�DQG�6RPPHU��6���������$�FDQRS\�UHIOHFWDQFH�
PRGHO�WR�VLPXODWH�UHDOLVWLF�UHPRWH�VHQVLQJ�VFHQDULRV��5HPRWH�
6HQV��(QYLURQ���������������

*DUFtD�+DUR�� )�-��� &DPDFKR�GH� &RFD�� )�� DQG� *LODEHUW�� 0�$���
������ 6LPXODWLRQ� RI� %5')� GDWD� WR� VXSSRUW� ELRSK\VLFDO�
SDUDPHWHUV�UHWULHYDO�LQ�WKH�/6$�6$)�FRQWH[W��3URFHHGLQJV�RI�
WKH� /6$� 6$)� 7UDLQLQJ� :RUNVKRS�� �(G�� (80(76$7��
'DUPVWDGW���/LVERQ�������-XO\��LQ�SUHVV��

*REURQ��1���%��3LQW\��0��0��9HUVWUDHWH��DQG�<��*RYDHUWV��������
$� VHPLGLVFUHWH� PRGHO� IRU� WKH� VFDWWHULQJ� RI� OLJKW� E\�
YHJHWDWLRQ��-��*HRSK\V��5HV������'���������������

+DSNH�� %��� ������ %LGLUHFWLRQDO� UHIOHFWDQFH� VSHFWURVFRS\�� ���
7KHRU\��-��*HRSK\V��5HV����������������

-DFTXHPRXG�� 6��� %DUHW�� )�� DQG� +DQRFT�� -�)��� ������ 0RGHOLQJ�
VSHFWUDO� DQG� EL�GLUHFWLRQDO� VRLO� UHIOHFWDQFH�� 5HPRWH� 6HQV��
(QYLURQ���������������

-DFTXHPRXG�6���8VWLQ�6�/���9HUGHERXW�-���6FKPXFN�*���$QGUHROL�
*���+RVJRRG�%���������(VWLPDWLQJ�OHDI�ELRFKHPLVWU\�XVLQJ�WKH�
35263(&7� OHDI� RSWLFDO� SURSHUWLHV� PRGHO�� 5HPRWH� 6HQV��
(QYLURQ��������������

-DVLQVNL��0�)�� DQG�(DJOHVRQ��3�6��� ������7KH� VWUXFWXUH�RI� UHG�
LQIUDUHG� VFDWWHUJUDPV� RI� VHPLYHJHWDWHG� ODQGVFDSHV�� ,(((�
7UDQV��*HRVFL��5HPRWH�6HQV���������� �����

-DVLQVNL��0�)��DQG�(DJOHVRQ��3�6���������(VWLPDWLRQ�RI�VXESL[HO�
YHJHWDWLRQ� FRYHU� XVLQJ� UHG�LQIUDUHG� VFDWWHUJUDPV�� ,(((�
7UDQV��*HRVFL��5HPRWH�6HQV���������� �����

/DFD]H��5��DQG�5RXMHDQ�� -�/���������*�IXQFWLRQ�DQG�+RW�6SR7�
�*+267�� UHIOHFWDQFH� PRGHO�� $SSOLFDWLRQ� WR� PXOWL�VFDOH�
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