
,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9RO������1R��&���SS�������3ULQWHG�LQ�7KH�,VODPLF�5HSXEOLF�RI�,UDQ�������� 6KLUD]�8QLYHUVLW\� �

180(5,&$/�,19(67,*$7,21�21�7+(�%(+$9,25�2)�)53�5(752),77('�5&�
(;7(5,25�%($0�&2/801�-2,176�81'(5�&<&/,&�/2$'6


$��'$/$/%$6+,�(6)$+$1,�� '��02672),1(-$'��

�6��0$+,1,� $1'�+��5��521$*+�

�'HSW��RI�&LYLO�(QJLQHHULQJ��,VIDKDQ�8QLYHUVLW\�RI�7HFKQRORJ\��,87���,VIDKDQ��,��5��RI�,UDQ�(PDLO��GPRVWRIL#FF�LXW�DF�LU�
�'HSW��RI�&LYLO�(QJLQHHULQJ��<D]G�8QLYHUVLW\��<D]G��,��5��RI�,UDQ�

�'LYLVLRQ�RI�&LYLO�(QJLQHHULQJ��6FKRRO�RI�(QJLQHHULQJ��WKH�8QLYHUVLW\�RI�4XHHQVODQG��%ULVEDQH��$XVWUDOLD�
�$EVWUDFW±�7KLV�SDSHU�UHSRUWV�RQ�WKH�FDSDELOLW\�RI�QRQOLQHDU�TXDVL�VWDWLF�ILQLWH�HOHPHQW�PRGHOLQJ�LQ�

VLPXODWLQJ� WKH� K\VWHUHWLF� EHKDYLRU� RI� )53�UHWURILWWHG� UHLQIRUFHG� FRQFUHWH� �5&�� H[WHULRU� EHDP�
FROXPQ� MRLQWV�XQGHU�F\FOLF� ORDGV��)RU� WKH�SXUSRVHV�RI�RXU� LQYHVWLJDWLRQ�� WKUHH�FRQFUHWH�EHDP�WR��
FROXPQ�MRLQW�VSHFLPHQV��XQ�VWUHQJWKHQHG�DQG�)53�VWUHQJWKHQHG��ZHUH�VHOHFWHG��7KH�$16<6�ILQLWH�
HOHPHQW�VRIWZDUH�ZDV�XVHG�IRU�PRGHOLQJ�5&�H[WHULRU� MRLQWV��7KH�VSHFLPHQV�ZHUH� ORDGHG�XVLQJ�D�
VWHS�E\��VWHS�ORDG�LQFUHPHQW�SURFHGXUH�WR�VLPXODWH�WKH�F\FOLF�ORDGLQJ�UHJLPH�HPSOR\HG�LQ�WHVWLQJ��
$GGLWLRQDOO\��DQ�DXWRPDWLFDOO\�UHIRUPLQJ�VWLIIQHVV�PDWUL[�VWUDWHJ\�ZDV�XVHG�WR�VLPXODWH�WKH�DFWXDO�
VHLVPLF� SHUIRUPDQFH� RI� WKH� 5&� PHPEHUV� DIWHU� FUDFNLQJ�� VWHHO� \LHOGLQJ�� DQG� FRQFUHWH� FUXVKLQJ�
GXULQJ� WKH� SXVK� DQG� SXOO� ORDGLQJ� F\FOHV�� 7KH� UHVXOWV� VKRZ� WKDW� WKH� K\VWHUHWLF� VLPXODWLRQ� LV�
VDWLVIDFWRU\� IRU� ERWK� XQ�VWUHQJWKHQHG� DQG�)53�VWUHQJWKHQHG� VSHFLPHQV�� )XUWKHUPRUH��ZKHQ�)53�
VWUHQJWKHQLQJ� LV� HPSOR\HG�� VWUHQJWKHQHG� EHDP�FROXPQ� MRLQWV� H[KLELW� D� EHWWHU� VWUXFWXUDO�
SHUIRUPDQFH�WKDQ�WKH�XQ�VWUHQJWKHQHG�VSHFLPHQV�������������.H\ZRUGV±� %HDP�� FROXPQ� MRLQW�� F\FOLF� ORDG�� ILQLWH� HOHPHQW� PHWKRG�� )53� VKHHWV�� K\VWHUHWLF� FXUYH�� UHLQIRUFHG�FRQFUHWH��VWUHQJWKHQLQJ���

���,1752'8&7,21��
0DQ\� UHLQIRUFHG� FRQFUHWH� �5&�� IUDPH� EXLOGLQJV� ORFDWHG� LQ� VHLVPLF� ]RQHV� DUH� GHILFLHQW� WR� ZLWKVWDQG�
PRGHUDWH� WR� VHYHUH� HDUWKTXDNHV� >�@�� +\VWHUHWLF� EHKDYLRU� RI� VWUXFWXUHV� VXEMHFWHG� WR� F\FOLF� ORDGV� FDQ� EH�
H[SODLQHG�E\�WKH�EHKDYLRU�RI�VWUXFWXUHV�XQGHU�HDUWKTXDNH�ORDG��)RU�H[DPSOH��LI�WKH�K\VWHUHWLF�FXUYH�KDV�D�
QDUURZ�DQG�ORZ�VWUHQJWK�ORRS��LW�ZLOO�EH�DFFRPSDQLHG�E\�OLPLWHG�HQHUJ\�GLVVLSDWLRQ�DQG�GXFWLOLW\��ZKLOH�WKH�
ZLGH�ORRS�DQG�KLJK�VWUHQJWK�K\VWHUHWLF�FXUYH�UHSUHVHQWV�PRUH�GXFWLOLW\�DQG�HQHUJ\�GLVVLSDWLRQ�>�@��

2YHU�WKH�SDVW�KDOI�FHQWXU\��PDQ\�UHVHDUFKHUV�KDYH�WULHG�WR�XQGHUVWDQG�WKH�EHKDYLRU�RI�EXLOGLQJV�XQGHU�
ODWHUDO� ORDGV� LQ� RUGHU� WR� GHVLJQ� HDUWKTXDNH�UHVLVWDQW� VWUXFWXUHV�� ,Q� WKH� 6HFRQG� :RUOG� &RQIHUHQFH� RQ�
(DUWKTXDNH� (QJLQHHULQJ� �7RN\R�	�.\RWR�� ������� PDQ\� UHVHDUFK� SDSHUV� ZHUH� SUHVHQWHG� RQ� WKH� HODVWR�
SODVWLF�UHVSRQVH�RI�VLPSOH�VWUXFWXUDO�V\VWHPV�XVLQJ�WKH�WKHQ�GHYHORSLQJ�FRPSXWHUV��SODFLQJ�PRUH�HPSKDVLV�
RQ� WKH�GHYHORSPHQW�RI�QXPHULFDO�SURFHGXUHV� IRU�QRQOLQHDU�G\QDPLF� UHVSRQVH�DQDO\VLV� >�@��7KH�HIIHFW�RI�
VRPH�K\VWHUHWLF� FKDUDFWHULVWLFV� RQ� WKH� UHVSRQVH�RI� VLQJOH�GHJUHH�RI�IUHHGRP� V\VWHPV�� DOVR� WKH� HIIHFWV� RI�
GLIIHUHQW�K\VWHUHWLF�SDUDPHWHUV�RQ�WKH�HDUWKTXDNH�UHVSRQVH�DQDO\VLV�ZHUH�GLVFXVVHG�E\�2WDQL�>�@��0RGHOLQJ�
WKH�FRPSOH[�EHKDYLRU�RI�UHLQIRUFHG�FRQFUHWH��ZKLFK�LV�ERWK�QRQ�KRPRJHQHRXV�DQG�DQLVRWURSLF��KDV�EHHQ�D�
GLIILFXOW�FKDOOHQJH�LQ�WKH�ILQLWH�HOHPHQW�DQDO\VLV�RI�FLYLO�HQJLQHHULQJ�VWUXFWXUHV��0RVW�HDUO\�ILQLWH�HOHPHQW�
PRGHOV�RI�UHLQIRUFHG�FRQFUHWH�LQFOXGHG�WKH�HIIHFWV�RI�FUDFNLQJ�EDVHG�RQ�D�SUH�GHILQHG�FUDFN�SDWWHUQ�>����@���

5HFHLYHG�E\�WKH�HGLWRUV�-XO\�����������$FFHSWHG�-XQH�����������
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��
,Q� UHFHQW� \HDUV�� PRUH� VWXGLHV� DQG� WHVWV� KDYH� EHHQ� FRQGXFWHG� RQ� EHDP�FROXPQ� MRLQWV� GXH� WR� WKHLU�

LPSRUWDQW� UROH� LQ� VWUXFWXUDO� VWDELOLW\��'HVLJQLQJ� EHDP�FROXPQ� MRLQWV� LV� FRQVLGHUHG� WR� EH� D� FRPSOH[� DQG�
FKDOOHQJLQJ� WDVN� IRU� VWUXFWXUDO� HQJLQHHUV�� &DUHIXO� GHVLJQ� RI� MRLQWV� LQ� 5&� IUDPH� VWUXFWXUHV� LV� FUXFLDO� WR�
VWUXFWXUDO�VDIHW\��0DQ\�PHWKRGV�KDYH�EHHQ�SURSRVHG�WR�LQFUHDVH�MRLQW�VWUHQJWK��)RU�LQVWDQFH��D�QXPEHU�RI�
VWXGLHV�KDYH�XVHG�H[WHUQDOO\�ERQGHG�)53�FRPSRVLWHV�LQ�RUGHU� WR� LQFUHDVH�VKHDU��IOH[XUDO��DQG�DQFKRUDJH�
FDSDFLW\�RI�5&�IUDPH�MRLQWV��0DKLQL�HW�DO��>�@�SURSRVHG�D�SUDFWLFDO�WHFKQLTXH�IRU�IOH[XUDO�UHSDLU�RI�H[WHULRU�
EHDP�FROXPQ�MRLQWV�XVLQJ�&)53�ZUDSV��7KH\�WHVWHG�5&�EHDP�FROXPQ�MRLQWV�EHIRUH�DQG�DIWHU�UHSDLU�XQGHU�
D PRQRWRQLF�ORDG�DQG�FKHFNHG�WKHLU�UHVXOWV�DJDLQVW�D�QRQ�OLQHDU�ILQLWH�HOHPHQW�DQDO\VLV�XVLQJ�$16<6��7KH�
UHVXOWV�LQGLFDWHG�WKDW�$16<6�FRXOG�EH�XVHG�DV�D�WRRO�IRU�XQGHUVWDQGLQJ�WKH�EHKDYLRU�RI�5&�EHDP�FROXPQ�
MRLQWV���

0RVWRILQHMDG�	�7DODHLWDED�>�@�SURSRVHG�D�ILQLWH�HOHPHQW��)(��PRGHO�IRU�WKH�QRQ�OLQHDU�DQDO\VLV�RI�5&�
MRLQWV�FRYHUHG�ZLWK�)53�RYHUOD\V��7KH�UHVXOWV�VKRZHG�WKDW�JRRG�GXFWLOLW\�DQG�VWUHQJWK�HQKDQFHPHQW�ZHUH�
DFKLHYHG� E\� HPSOR\LQJ� DSSURSULDWH� )53� ODPLQDWHV�� 3DUYLQ� 	� :X� FRQGXFWHG� D� QXPHULFDO� DQDO\VLV� WR�
LQYHVWLJDWH� WKH� HIIHFW� RI� SO\� DQJOH� RQ� WKH� LPSURYHPHQW� RI� VKHDU� FDSDFLW\� DQG�GXFWLOLW\� RI� EHDP�FROXPQ�
MRLQWV� VWUHQJWKHQHG� ZLWK� &)53�ZUDSV� XQGHU� FRPELQHG� D[LDO� DQG� F\FOLF� ORDGV� >�@�� 7KHLU� ILQLWH� HOHPHQW�
DQDO\VLV� HQWDLOHG�SURILOLQJ� WKH�EHKDYLRU�RI� WKUHH�EHDP�FROXPQ� MRLQWV� VWUHQJWKHQHG�ZLWK�&)53�ZUDSSLQJ�
ZLWK�YDULRXV�SO\�DQJOH�FRQILJXUDWLRQV��3DUYLQ�	�:X��������>�@�IRXQG�WKDW�IRXU�OD\HUV�RI�ZUDSSLQJ�SODFHG�
VXFFHVVLYHO\� DW� ����� SO\� DQJOHV� ZLWK� UHVSHFW� WR� WKH� KRUL]RQWDO� D[LV� IRUPHG� WKH� PRVW� VXLWDEOH� XSJUDGH�
VFKHPH�IRU�LPSURYLQJ�VKHDU�FDSDFLW\�DQG�GXFWLOLW\�RI�EHDP�FROXPQ�FRQQHFWLRQV�XQGHU�FRPELQHG�D[LDO�DQG�
F\FOLF�ORDGV���

;XH� HW� DO�� >�@� WHVWHG� VHYHQ� KLJK�SHUIRUPDQFH� FRQFUHWH� �+3&�� EHDPV� DQG� WZR� FRXQWHUSDUW� QRUPDO�
VWUHQJWK� FRQFUHWH� �1&�� EHDPV� XQGHU� UHYHUVHG� F\FOLF� YHUWLFDO� GLVSODFHPHQW� WR� LQYHVWLJDWH� WKH� VHLVPLF�
EHKDYLRUV�RI�QRUPDO�DQG�SUH�VWUHVVHG�+3&�EHDPV��7KH�IDLOXUH�SDWWHUQV��VNHOHWRQ�FXUYHV��K\VWHUHWLF�PRGHO��
GLVSODFHPHQW� UHVWRULQJ�FDSDFLW\��GXFWLOLW\�� VWLIIQHVV�GHJUDGDWLRQ�DQG�HQHUJ\�GLVVLSDWLRQ�FDSDFLW\�RI�+3&�
EHDPV� DUH� GLVFXVVHG�� 9DVGUDYHOOLV� HW� DO�� >��@� FDUULHG� RXW� H[SHULPHQWDO� WHVWV� DQG� QXPHULFDO� DQDO\VHV� WR�
VWXG\�WKH�VHLVPLF�EHKDYLRU�RI�VHPL�ULJLG�SDUWLDO�VWUHQJWK�VWHHO±FRQFUHWH�FRPSRVLWH�EHDP�WR�FROXPQ�MRLQWV��
7KH\�WHVWHG�IRXU�IXOO�VL]H�VXE�DVVHPEODJHV�UHSUHVHQWLQJ�H[WHULRU�FRPSRVLWH�EHDP�WR�FROXPQ�MRLQWV�XQGHU�
F\FOLF�ORDGLQJ��7KH\�LQYHVWLJDWHG�WKH�K\VWHUHWLF�EHKDYLRU�DQG�WKH�GRPLQDQW�IDLOXUH�PRGHV�RI�WKH�WHVWHG�VXE�
DVVHPEODJHV��WKH�FRQWULEXWLRQ�RI�WKH�FROXPQ�ZHE�SDQHO�WR�WKH�RYHUDOO�MRLQW�URWDWLRQV�DQG�WKH�PHFKDQLVPV�
ZKLFK� PD\� GHVFULEH� WKH� IRUFH� WUDQVIHU� EHWZHHQ� WKH� FRQFUHWH� VODE� DQG� FROXPQ�� DQG� DOVR� ILQLWH� HOHPHQW�
PRGHOV�RI�WKH�WHVWHG�VSHFLPHQV�ZHUH�GHYHORSHG�DQG�QXPHULFDO�DQDO\VHV�ZHUH�FDUULHG�RXW�LQ�RUGHU�WR�IXUWKHU�
LQYHVWLJDWH� WKH� VWUHVV� VWDWH� LQ� WKH� FRPSRVLWH� VXE�DVVHPEODJHV� DQG� WR� VWXG\� WKH� LQIOXHQFH� RI� YDULRXV�
SDUDPHWHUV�RQ�WKH� MRLQW�EHKDYLRU�>��@��$�FRPSUHKHQVLYH�H[SHULPHQWDO�VWXG\�ZDV�DOVR�FDUULHG�RXW�RQ� WKH�
H[WHULRU�5&�MRLQWV�VWUHQJWKHQHG�ZLWK�)53�XQGHU�VLPXODWHG�VHLVPLF�ORDG�E\�$QWRQRSRXORV�DQG�7ULDQWDILOORX�
>��@��

,Q� WKLV� SDSHU�� WR� FDOLEUDWH� DQG� YHULI\� WKH� QRQOLQHDU� )(� PRGHOLQJ�� ILUVW� WKH� H[WHULRU� EHDP�FROXPQ�
FRQQHFWLRQ��XQ�VWUHQJWKHQHG�DQG�VWUHQJWKHQHG�ZLWK�&)53�� WHVWHG�E\�0DKLQL�HW�DO�� >��@�ZLOO�EH�PRGHOHG�
XVLQJ�$16<6�VRIWZDUH��DQG� WKH�K\VWHUHWLF�FXUYHV�DQG� IDLOXUH�PRGH�RI� WKLV�FRQQHFWLRQ�ZLOO�EH�H[WUDFWHG�
DQG�FRPSDUHG�ZLWK�WKH�H[SHULPHQWDO�UHVXOWV��7KHQ��WKH�K\VWHUHWLF�FXUYHV��IDLOXUH�PRGH��DQG�WKH�SURSRVHG�
K\VWHUHWLF�PRGHO�RI�VRPH�RWKHU�5&�MRLQWV�ZLOO�EH�HYDOXDWHG��
�

�� +<67(5(7,&�%(+$9,25�2)�5(,1)25&('�&21&5(7(�0(0%(56��
$ W\SLFDO�ODWHUDO�ORDG�GLVSODFHPHQW�K\VWHUHWLF�FXUYH�IRU�D�UHLQIRUFHG�FRQFUHWH�PHPEHU�LV�VKRZQ�LQ�)LJ�����
LQ�ZKLFK�WKH�FXUYH�LV�REWDLQHG�WKURXJK�WKH�VOHQGHU�FROXPQ�WHVW�>��@��7KH�ORDGLQJ�LQ�F\FOHV���DQG���ZDV�XS�



1XPHULFDO�LQYHVWLJDWLRQ�RQ�WKH�EHKDYLRU�RI�)53�UHWURILWWHG«��
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��
WR�RQVHW�RI�\LHOGLQJ�RI�WKH�UHLQIRUFHPHQW��ZKLOH�ORDGLQJ�LQ�F\FOHV���DQG���LQFOXGHG�WKH�SRVW�\LHOG�UHVLVWDQFH�
RI�WKH�FROXPQ��7KH�ODVW�ORDGLQJ�F\FOH�VKRZHG�VWUHQJWK�GHJUDGDWLRQ���

7KH�JHQHUDO�K\VWHUHWLF�FKDUDFWHULVWLFV�FDQ�EH�VXPPDUL]HG�DV�IROORZV�>�@��
�D��6WLIIQHVV�FKDQJHV�GXH�WR�WKH�IOH[XUDO�FUDFNLQJ�RI�FRQFUHWH�DQG�WKH�WHQVLOH�\LHOGLQJ�RI�WKH�ORQJLWXGLQDO�
UHLQIRUFHPHQW��F\FOH�����
�E��:KHQ�D�GHIOHFWLRQ�UHYHUVDO� LV� UHSHDWHG�DW� WKH�VDPH�QHZO\�DWWDLQHG�PD[LPXP�DPSOLWXGH�� WKH� ORDGLQJ�
VWLIIQHVV�LQ�WKH�VHFRQG�F\FOH�LV�QRWLFHDEO\�ORZHU�WKDQ�WKH�RQH�LQ�WKH�ILUVW�F\FOH��DOWKRXJK�WKH�UHVLVWDQFHV�DW�
WKH�GLVSODFHPHQW�SHDN�DUH�DOPRVW�LGHQWLFDO��F\FOHV���DQG�����7KLV�UHGXFWLRQ�LQ�VWLIIQHVV�FRXOG�EH�DWWULEXWHG�
WR� WKH� IRUPDWLRQ� RI� FUDFNV� GXULQJ� ORDGLQJ� F\FOH� ��� DQG� DOVR� WR� D� UHGXFHG� VWLIIQHVV� RI� WKH� ORQJLWXGLQDO�
UHLQIRUFHPHQW�LQ�F\FOH���GXH�WR�WKH�%DXVFKLQJHU�HIIHFW��7KH�\LHOGLQJ�RI�WKH�ORQJLWXGLQDO�UHLQIRUFHPHQW�LV�
DOVR�REVHUYHG�LQ�F\FOH����
�F�� $YHUDJH� SHDN�WR�SHDN� VWLIIQHVV� RI� D� FRPSOHWH� F\FOH� GHFUHDVHV� ZLWK� WKH� SUHFHGLQJ� PD[LPXP�
GLVSODFHPHQW��1RWH�WKDW�WKH�SHDN�WR�SHDN�VWLIIQHVV�RI�F\FOH���LV�VLJQLILFDQWO\�VPDOOHU�WKDQ�WKDW�RI�F\FOH����
DOWKRXJK� WKH� GLVSODFHPHQW� DPSOLWXGHV� RI� WKH� WZR� F\FOHV� DUH� FRPSDUDEOH�� 7KH� SHDN�WR�SHDN� VWLIIQHVV� RI�
F\FOH���LV�FORVHU�WR�WKDW�RI�F\FOHV���DQG�����

)LJ����+\VWHUHWLF�EHKDYLRU�RI�D�UHLQIRUFHG�FRQFUHWH�FROXPQ�>�@��
$ K\VWHUHWLF� PRGHO� IRU� WKH� UHLQIRUFHG� FRQFUHWH� PXVW� EH� DEOH� WR� GHVFULEH� WKH� DERYH�PHQWLRQHG�

FKDUDFWHULVWLFV��7KH�REVHUYDWLRQ�LV�OLPLWHG�WR�WKH�GRPLQDQWO\�IOH[XUDO�EHKDYLRU�RI�WKH�UHLQIRUFHG�FRQFUHWH�
PHPEHU�� $OVR�� LW� PXVW� EH� DEOH� WR� SURYLGH� WKH� VWLIIQHVV� DQG� UHVLVWDQFH� XQGHU� DQ\� GLVSODFHPHQW� KLVWRU\��
6RPH� K\VWHUHWLF� PRGHOV� DUH� VXSSRVHG�� DQG� LQFOXGH� PDQ\� K\VWHUHWLF� UXOHV�� 'LIIHUHQW� K\VWHUHWLF� PRGHOV�
UHSUHVHQWLQJ�WKH�GRPLQDQWO\�IOH[XUDO�EHKDYLRU�RI�UHLQIRUFHG�FRQFUHWH�DUH�EULHIO\�GHVFULEHG�LQ�WKLV�VHFWLRQ��
7KH�IROORZLQJ�GHILQLWLRQV�DUH�XVHG�WR�VLPSOLI\�WKH�GHVFULSWLRQ�RI�WKH�K\VWHUHWLF�FRQGLWLRQV�>�@��
/RDGLQJ� 7KH�DPSOLWXGH��SRVLWLYH�RU�QHJDWLYH��RI�UHVLVWDQFH�LQFUHDVHV�ZLWKRXW�FKDQJH�LQ�VLJQ��
8QORDGLQJ� 7KH�DPSOLWXGH��SRVLWLYH�RU�QHJDWLYH��RI�UHVLVWDQFH�GHFUHDVHV�ZLWKRXW�FKDQJH�LQ�VLJQ��
/RDG�UHYHUVDO� 7KH�VLJQ�RI�UHVLVWDQFH�FKDQJHV�DQG�WKH�UHVSRQVH�SRLQW�FURVVHV�WKH�GLVSODFHPHQW�D[LV��
3ULPDU\�FXUYH� $�UHVLVWDQFH�GLVSODFHPHQW�UHODWLRQ�FXUYH�XQGHU�PRQRWRQLFDOO\�LQFUHDVLQJ�ORDG��
8QORDGLQJ�SRLQW� $�UHVLVWDQFH�GLVSODFHPHQW�SRLQW�IURP�ZKLFK�XQORDGLQJ�KDV�VWDUWHG��
�

���),1,7(�(/(0(17�02'(/,1*��
$ WKUHH�GLPHQVLRQDO�QRQOLQHDU�ILQLWH�HOHPHQW�PRGHO�IRU�WKH�EHDP�FROXPQ�FRQQHFWLRQ�LV�GHYHORSHG�XVLQJ�
$16<6��7R�PRGHO�WKH�FKDUDFWHULVWLFV�RI�FRQFUHWH��DQ�HLJKW�QRGH�VROLG�HOHPHQW��6ROLG�����LV�XVHG�>��@��7KH�
VROLG�HOHPHQW�KDV�HLJKW�QRGHV�ZLWK�WKUHH�GHJUHHV�RI�IUHHGRP�DW�HDFK�QRGH±WUDQVODWLRQ�LQ�WKH�QRGDO�[��\��DQG�
] GLUHFWLRQV�� 7KH� HOHPHQW� LV� FDSDEOH� RI� SODVWLF� GHIRUPDWLRQ�� VLPXODWLQJ� WKH� FUDFNLQJ� DQG� FUXVKLQJ� RI�
FRQFUHWH��7KH�:LOOLDP�9DUQN�FULWHULRQ�LV�XVHG�IRU�IUDFWXUH�PRGHOLQJ�LQ�FRQFUHWH��7KLV�PRGHO�LV�FDSDEOH�RI�
DFFRXQWLQJ� IRU� WKH� FUDFNLQJ� RI� FRQFUHWH� LQ� WHQVLRQ� DQG� FUXVKLQJ� RI� FRQFUHWH� LQ� FRPSUHVVLRQ�� 6RPH�
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��
LPSRUWDQW� SDUDPHWHUV� WR� SHUIRUP� WKH� IDLOXUH� HQYHORSH� LQ� WKH� PRGHO� DUH� HODVWLF� PRGXOXV� �(F��� XOWLPDWH�XQLD[LDO� FRPSUHVVLYH� VWUHQJWK� �I¶F��� XOWLPDWH� XQLD[LDO� WHQVLOH� VWUHQJWK� �PRGXOXV� RI� UXSWXUH�� � IU��� 3RLVVRQ�UDWLR�� ���DQG�WKH�VKHDU� WUDQVIHU�FRHIILFLHQWV�IRU�RSHQ�DQG�FORVHG�FUDFNV��$OVR�� WKH�+RJQHVWDG¶V�PRGHO� LV�
XVHG� IRU� PRGHOLQJ� WKH� FRPSUHVVLYH� VWUHQJWK� RI� FRQFUHWH�� ,Q� DGGLWLRQ�� WR� PRGHO� WKH� ORQJLWXGLQDO�
UHLQIRUFHPHQW�DQG�WKH�)53�FRPSRVLWHV��/LQN���DQG�6ROLG����HOHPHQWV�DUH�XVHG��UHVSHFWLYHO\��,Q�RUGHU�WR�
PRGHO� WKH�)53�FRPSRVLWHV��DQ�DQLVRWURSLF�PDWHULDO�FDOOHG�$1,62�LV�HPSOR\HG��$�EL�OLQHDU�VWUHVV�VWUDLQ�
FXUYH�LV�XVHG�WR�PRGHO�WKH�PDWHULDO�LQ�ERWK�FRPSUHVVLRQ�DQG�WHQVLRQ�DQG�LQ�DQ\�GLUHFWLRQ�RI�[��\��DQG�]��$�
PXOWL�OLQHDU�LVRWURSLF�VWUHVV�VWUDLQ�FXUYH�LV�DOVR�FRQVLGHUHG�IRU�WKH�VWUHVV�VWUDLQ�FXUYH���
�

���9$/,'$,21�2)�),1,7(�(/(0(17�02'(/��
,Q�WKLV�SDUW��WZR�5&�EHDP�FROXPQ�FRQQHFWLRQV�EHIRUH�DQG�DIWHU�)53�UHLQIRUFHPHQW�WHVWHG�E\�0DKLQL�HW�DO�
�&6&�� 	� 56&��� >��@� XQGHU� F\FOLF� ORDGV� DUH� QXPHULFDOO\� HYDOXDWHG� DV� VKRZQ� LQ� )LJ�� ��� 7KHQ�� WKH�
QXPHULFDO�DQG�H[SHULPHQWDO�UHVXOWV�DUH�FRPSDUHG�WR�VKRZ�WKH�UHOLDELOLW\�DQG�YDOLGLW\�RI�WKH�UHVXOWV��

1R�GHERQGLQJ�ZDV�REVHUYHG�GXULQJ�WKH�H[SHULPHQWV�DQG�SHUIHFW�ERQG�EHWZHHQ�PDWHULDOV�DQG�FRQFUHWH�
ZDV�� WKHUHIRUH�� FRQVLGHUHG� VXFK� WKDW� DGMDFHQW� HOHPHQWV� KDG� FRPPRQ� QRGHV�� ,Q� )LJ�� ��� D� W\SLFDO� ILQLWH�
HOHPHQW�PRGHO�LV�VKRZQ��&\FOLF�ORDGV�DUH�DSSOLHG�ZLWK�D�VWHS�E\�VWHS�VWUDWHJ\�LQ�D�GLVSODFHPHQW�FRQWURO�
UHJLPH� VLPLODU� WR� WKH� WHVWV� VKRZQ� LQ�)LJ�����(DFK�F\FOH� LV�PRGHOHG� LQ� D� ORDG� VWHS�DQG�HDFK� ORDG� VWHS� LV�
GLYLGHG�LQWR�D�QXPEHU�RI�VXE�VWHSV��$W�WKH�LQLWLDO�VWHS�RI� WKH�DQDO\VLV��EHFDXVH�WKH�VHFWLRQ�LV�XQ�FUDFNHG�
DQG� WKH� VROXWLRQ� LV� OLQHDU�� D� ORZHU� QXPEHU� RI� VXE�VWHSV� DUH� WDNHQ� LQWR� FRQVLGHUDWLRQ�� +RZHYHU�� DW� WKH�
FUDFNLQJ�ORDG�DQG�WKH�ILQDO�F\FOHV��PRUH�ORDG�VWHSV�DQG�VXE�VWHSV�DUH�XWLOL]HG��$Q�DXWRPDWLFDOO\�UHIRUPLQJ�
VWLIIQHVV�PDWUL[� LV�HPSOR\HG� LQ�RUGHU� WR� VLPXODWH� WKH�FUDFNLQJ�DQG�FUXVKLQJ�RI� FRQFUHWH� DQG�\LHOGLQJ�RI�
VWHHO�GXULQJ�F\FOLF�ORDGLQJ��
�

)LJ�����6SHFLPHQ�GHWDLO��SODLQ�&6&��DQG�)53�UHWURILWWHG�56&��>��@��



1XPHULFDO�LQYHVWLJDWLRQ�RQ�WKH�EHKDYLRU�RI�)53�UHWURILWWHG«��

)HEUXDU\������������������������������������������������,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��

��

)LJ�����6SHFLPHQ�DQDO\WLFDO�GHWDLOV� )LJ�����$QDO\WLFDO�ORDGLQJ�UHJLPH�
D��([SHULPHQWDO�PRGHO��

&6&��	�56&�� VSHFLPHQV� UHSUHVHQW� D� VFDOHG�GRZQ� H[WHULRU� FRQQHFWLRQ�RI� D� W\SLFDO�5&� UHVLGHQWLDO�
EXLOGLQJ�GHVLJQ�DFFRUGLQJ�WR�$6�������������>��@��7KH�FRQQHFWLRQ�FRQVLVWV�RI�D�EHDP�����PP�ZLGH�DQG�
����PP�GHHS�DQG�D�FROXPQ�RI�����PPu����PP��7KH�EHDP�LV�UHLQIRUFHG�ZLWK�KLJK�VWUHQJWK�ORQJLWXGLQDO�
UHLQIRUFLQJ�VWHHO�EDUV����PP�LQ�GLDPHWHU�ZLWK�WZR�EDUV�DW�WKH�WRS�DQG�WZR�DW�WKH�ERWWRP�RI�WKH�EHDP��7KH�
FROXPQ�LV�UHLQIRUFHG�ZLWK�IRXU�1�������PP�LQ�GLDPHWHU��UHLQIRUFLQJ�EDUV��ZLWK�RQH�EDU�SRVLWLRQHG�LQ�HDFK�
FRUQHU�RI�WKH�FROXPQ��7KH�EHDP�VWLUUXSV�DQG�FROXPQ�WLHV�DUH�����PP�EDUV�DW�����PP�FHQWHUV��7LHV�DUH�DOVR�
SODFHG� LQ� WKH� FRQQHFWLRQ� UHJLRQ� LQ� DFFRUGDQFH� ZLWK� WKH� HDUWKTXDNH� ORDGLQJ� UHTXLUHPHQWV� RI� $6� �����
��������7KH�SURSRVHG�UHWURILWWLQJ�V\VWHP�FRQVLVWV�RI�WKUHH�SOLHV�RI�ZHE�ERQGHG�&)53�VKHHWV��$OO�OD\HUV�DUH�
XQLGLUHFWLRQDO�VKHHWV�DQG�DUH�DSSOLHG�RYHU�D�OHQJWK�RI�����PP�IURP�WKH�FROXPQ�IDFH�RQ�WKH�EHDP�HQG�ZLWK�
ILEHU�GLUHFWLRQV�SDUDOOHO�WR�WKH�ORQJLWXGLQDO�EHDP�D[LV�DV�VKRZQ�LQ�)LJ�����&RQFUHWH�FRPSUHVVLYH�VWUHQJWK��
HODVWLF�PRGXOXV��DQG�VSOLWWLQJ�VWUHQJWK��7DEOH����RI�WKH�&6&��	�56&��VSHFLPHQV�ZHUH�GHWHUPLQHG�RQ�WKH�
GD\�RI�WHVWLQJ�HDFK�FRQQHFWLRQ��<LHOG�VWUHQJWK�RI�1���UHLQIRUFLQJ�VWHHO�EDUV�DQG�5����PP�VWLUUXSV�DQG�WLHV�
ZHUH�DOVR�WHVWHG�DV�EHLQJ�����03D�DQG�����03D��UHVSHFWLYHO\��7KH�FDUERQ�ILEHUV�XVHG�KDG�D�WKLFNQHVV�RI�
������PP�ZLWK� D�PD[LPXP� HORQJDWLRQ� RI� ������ DQG� D� WHQVLOH� VWUHQJWK� RI� �����03D� DFFRUGLQJ� WR� WKH�
PDQXIDFWXUHU¶V�VSHFLILFDWLRQV�>��@���� 7DEOH����0HFKDQLFDO�SURSHUWLHV�RI�FRQFUHWH�>��@�� 6SHFLPHQ� &RPSUHVVLYH�VWUHQJWK��03D�� 0RGXOXV�RI�HODVWLFLW\��*3D�� 7HQVLOH�VWUHQJWK��03D��

&6&�� ������ ������ �����
56&�� ������ ����� �����

E��5HVXOWV�RI�VSHFLPHQ�&6&���
$FFRUGLQJ�WR�WKH�H[SHULPHQWDO�VWXG\�UHSRUWHG�E\�0DKLQL�HW�DO�>��@��WKH�SODLQ�VSHFLPHQ�ZDV�ORDGHG�LQ�

WZR�SKDVHV��7KH�ILUVW�SKDVH�LQFOXGHG�F\FOHV�WKDW�FDXVH�FUDFNLQJ�DQG�WKH�VHFRQG�SKDVH�LQFOXGHG�F\FOHV�WKDW�
FDXVH� \LHOGLQJ� RI� WKH� ORQJLWXGLQDO� UHLQIRUFHPHQW� IROORZHG� E\� IDLOXUH� RI� WKH� MRLQW�� ,Q� WKH� DQDO\WLFDO�
PRGHOLQJ��WKLV�VSHFLPHQ�ZDV�ORDGHG�LQ�D�VLPLODU�PDQQHU��$V�VKRZQ�LQ�)LJ�����D�SODVWLF�KLQJH�ZDV�IRUPHG�DW�
WKH�IDFH�RI�WKH�FROXPQ�LQ�ILQLWH�HOHPHQW�DQDO\VLV��VLPLODU�WR�WKH�H[SHULPHQWDO�REVHUYDWLRQ��)LJ������$OVR��
LQYHVWLJDWLRQ� RI� WKH� VWUDLQ� YDULDWLRQ� DORQJ� WKH� ORQJLWXGLQDO� UHLQIRUFHPHQW� VKRZHG� WKDW� PD[LPXP� VWUDLQ�
KDSSHQV�DW�WKH�IDFH�RI�WKH�FROXPQ��)LJ������,Q�)LJ�����WKH�K\VWHUHWLF�FXUYHV�RI�WKH�VSHFLPHQ�REWDLQHG�IURP�
H[SHULPHQWDO�DQG�DQDO\WLFDO� VWXGLHV�DUH�FRPSDUHG�� ,W� LV�REVHUYHG� LQ� WKH� ILJXUH� WKDW� WKH�H[SHULPHQWDO�DQG�
QXPHULFDO�K\VWHUHWLF�FXUYHV�DUH�UHDVRQDEO\�VLPLODU��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�FDQ�HYHQ�EHFRPH�OHVV�
GLVWLQJXLVKDEOH�LI�D�ILQHU�PHVK�LV�XVHG�LQ�WKH�QXPHULFDO�VLPXODWLRQ��
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,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��������������������������������������������)HEUXDU\������

��
([DPLQDWLRQ�RI�WKH�K\VWHUHWLF�FXUYHV�UHYHDOV�WKDW�\LHOG�VWUHVV�LQ�WKH�DQDO\WLFDO�VROXWLRQ�LV�DFKLHYHG�DW�D�

GLVSODFHPHQW�RI������PP��ZKHUH�PD[LPXP�GLVSODFHPHQW�DQG�ORDG�DUH�DSSUR[LPDWHO\������PP�DQG�������
N1�� UHVSHFWLYHO\�� ,Q� WKH�H[SHULPHQWDO� UHVXOWV�� WKH�GLVSODFHPHQW� DW� \LHOG�DQG�PD[LPXP�GLVSODFHPHQW� DUH�
HTXDO�WR������DQG������PP��UHVSHFWLYHO\��ZLWK�D�PD[LPXP�ORDG�RI�������N1��7KH�HQYHORSHV�RI�WKH�EHDP�
WLS�ORDG�GLVSODFHPHQW�FXUYHV�RI�ERWK�WKH�H[SHULPHQWDO�DQG�QXPHULFDO�VSHFLPHQV�DUH�FRPSDUHG�LQ�)LJ�����
7KH�JUDSK�VKRZV�WKDW�ERWK�H[SHULPHQWDO�DQG�QXPHULFDO�VSHFLPHQV�KDYH�D�VLPLODU�WUHQG�LQ�WKH�SRVLWLYH�DUHD��
+RZHYHU�� LQ�WKH�QHJDWLYH�UHJLRQ��XS�WR����SHUFHQW�GLIIHUHQFH� LV�REVHUYHG�LQ�H[SHULPHQWDO�DQG�QXPHULFDO�
UHVXOWV�� ZKLFK� FRQWULEXWHV� WR� WKH� VL]H� RI� PHVKLQJ� DQG� LQWULQVLF� FRPSOH[LW\� RI� QRQOLQHDU� PRGHOLQJ� RI�
K\VWHUHVLV�EHKDYLRU���

)LJ�����)DLOXUH�PHFKDQLVP�RI�&6&��REWDLQHG�����������������������������)LJ�����2EVHUYHG�IDLOXUH�PHFKDQLVP�RI�� IURP�QXPHULFDO�PRGHOLQJ�������������������������������������������������������VSHFLPHQ�&6&��>��@��

)LJ�����6WUDLQ�YDULDWLRQ�LQ�WKH�&6&��ORQJLWXGLQDO�UHLQIRUFHPHQW�REWDLQHG�IURP�QXPHULFDO�PRGHOLQJ��
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)LJ�����&RPSDULVRQ�RI�K\VWHUHWLF�FXUYHV�REWDLQHG��������������������)LJ�����/RDG�YHUVXV�GLVSODFHPHQW�IRU��� IRU�SODLQ�VSHFLPHQ�&6&�����������������������������������������������������������VSHFLPHQ�&6&���
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)HEUXDU\������������������������������������������������,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��

��
F��5HVXOWV�REWDLQHG�IRU�56&��UHWURILWWHG�VSHFLPHQ���

56&��VSHFLPHQ�ZDV�VXEMHFWHG�WR�WKH�VDPH�ORDGLQJ�UHJLPH�DV�VSHFLPHQ�&6&���)LJ�����VKRZV�WKH�ILQDO�
IDLOXUH�RI�WKH�VSHFLPHQ�DW�ZKLFK�WKH�SODVWLF�KLQJH�IRUPHG�EH\RQG�WKH�FXW±RII�SRLQW�RI�WKH�&)53��,Q�IDFW��
&)53�UHLQIRUFHPHQW�FDXVHV�WKH�SODVWLF�KLQJH�WR�PRYH�IURP�WKH�IDFH�RI�WKH�FROXPQ�WRZDUG�WKH�EHDP��7KLV�
FDQ�DOVR�EH�VHHQ�LQ�WKH�H[SHULPHQWDO�REVHUYDWLRQV��)LJ�������&)53�HIIHFW�RQ�PRYLQJ�WKH�SODVWLF�KLQJH�FDQ�
EH�EHWWHU�REVHUYHG�ZLWK�FRPSDULVRQ�RI� WKH� VWUDLQ�YDULDWLRQ�DORQJ� WKH� ORQJLWXGLQDO� UHLQIRUFHPHQW� LQ�ERWK�
VSHFLPHQV� �)LJV���� DQG������&RPSDULVRQ�RI� WKH�K\VWHUHWLF� FXUYHV�REWDLQHG� IURP�ERWK� WKH� DQDO\WLFDO� DQG�
H[SHULPHQWDO� VSHFLPHQV� LQ� )LJ�� ��� VKRZV� WKDW� HQHUJ\� DEVRUSWLRQ� SHUVLVWV� DV� WKH� PD[LPXP� ORDG� LV�
PDLQWDLQHG�WR�WKH�HQG��7KH�FXUYHV�GHSLFW�WKDW�WKH�ILUVW�\LHOG�ORDG�RI�WKH�DQDO\WLFDO�FXUYH�LV�HTXDO�WR�WKDW�RI�
WKH�H[SHULPHQW�����N1��DQG�VR�LW�LV�WKH�PD[LPXP�ORDG��������N1��DV�VKRZQ�LQ�)LJ������7KH�HQYHORSHV�RI�
WKH�EHDP�WLS�ORDG�GLVSODFHPHQW�FXUYHV�RI�H[SHULPHQWDO�DQG�QXPHULFDO�VSHFLPHQV�DUH�GHSLFWHG�LQ�)LJ������
7KH� FXUYH� LOOXVWUDWHV� D� VLPLODU� WUHQG� IRU� ERWK� H[SHULPHQWDO� DQG� QXPHULFDO� VSHFLPHQV�� HVSHFLDOO\� LQ� WKH�
SRVLWLYH�UHJLRQ��DOWKRXJK�LQ�WKH�QHJDWLYH�DUHD�WKHUH�DUH�VRPH�GLVFUHSDQFLHV�LQ�WKH�UHVXOWV��)LJ�����LOOXVWUDWHV�
WKH� VWUHVV� YDULDWLRQ� DORQJ� WKH� &)53� VKHHWV� RI� WKH� QXPHULFDO� UHWURILWWHG� VSHFLPHQ�� 0D[LPXP� VWUHVV�
RFFXUUHG�LQ�WKH�PLGGOH�RI�WKH�&)53�VKHHWV��ZKLFK�LV�����1�PP� LQ�WKH�IDFH�RI�WKH�FROXPQ��

)LJ������)DLOXUH�PHFKDQLVP�RI�56&��REWDLQHG������������������������������)LJ������2EVHUYHG�IDLOXUH�PHFKDQLVP�� IURP�QXPHULFDO�PRGHOLQJ��������������������������������������������������������RI�VSHFLPHQ�56&��>��@��

)LJ������6WUDLQ�YDULDWLRQ�DORQJ�WKH�ORQJLWXGLQDO�UHLQIRUFHPHQW�RI�VSHFLPHQ��56&��REWDLQHG�IURP�QXPHULFDO�PRGHOLQJ�
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�)LJ������&RPSDULVRQ�RI�K\VWHUHWLF�FXUYHV�REWDLQHG���������������������)LJ������/RDG�YHUVXV�GLVSODFHPHQW�IRU��� IRU�VSHFLPHQ�56&�����������������������������������������������������������������������VSHFLPHQ�56&���

)LJ������6WUDLQ�YDULDWLRQ�DORQJ�WKH�&)53�VKHHWV�IRU�VSHFLPHQ�56&��REWDLQHG�IURP�QXPHULFDO�PRGHOLQJ��G��%HKDYLRU�RI�K\VWHUHWLF�FXUYHV�� 7KH�K\VWHUHWLF�FXUYH�ORRS�RI�WKH�56&��VSHFLPHQ�REWDLQHG�IURP�H[SHULPHQWDO�ZRUN�DV�ZHOO�DV�ILQLWH�
HOHPHQW�PRGHOLQJ�LV�VKRZQ�LQ�)LJ������%RWK�FXUYHV�VKRZ�VLPLODU�EHKDYLRU��L�H��SXQFKLQJ�LQ�WKH�PLGGOH�DQG�
VWLIIQHVV�GHJUDGLQJ�DIWHU�FUDFNLQJ�RI�FRQFUHWH��$V�LW�LV�VHHQ�LQ�)LJ�����2$�LV�D�VWUDLJKW�OLQH��ZKLFK�GHVFULEHV�
WKH�OLQHDU�HODVWLF�EHKDYLRU�RI�UHLQIRUFHG�FRQFUHWH��1RWLFH� WKDW�WKH�FUDFNLQJ�DQG�VWLIIQHVV�GHJUDGLQJ�FXUYH�
PRYHV�WRZDUG�%��ZKLFK�LV�WKH�XQORDGLQJ�SRLQW��%H\RQG�WKLV�SRLQW��WKH�GLVSODFHPHQW�D[LV�LV�FXW�E\�D�VWUDLJKW�
OLQH� JUDSK� DW� SRLQW� &�� ZKLFK� VWDUWV� WKH� UHYHUVH� ORDGLQJ�� $Q� H[SODQDWLRQ� VLPLODU� WR� WKDW� RQ� WKH� ORDGLQJ�
SURFHVV�FDQ�EH�SURYLGHG�IRU� WKH�UHYHUVH� ORDGLQJ�UHJLRQ�DQG�WKH�QH[W�XQORDGLQJ��H[FHSW� WKDW�WKH�UHVSRQVH�
SRLQW�LQ�WKH�IROORZLQJ�F\FOH�PRYHV�WR�WKH�PD[LPXP�GLVSODFHPHQW�SRLQW�LQ�WKH�SUHFHGLQJ�F\FOH��%����
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)HEUXDU\������������������������������������������������,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��

��
���7+(�%(+$9,25�2)�)8//�6&$/(�5&�-2,176��

,Q� WKLV� SDUW�� WZR� H[WHULRU�5&�EHDP�FROXPQ� MRLQWV� DUH� VHOHFWHG��7KH� ILUVW� RQH� LV� WKH� MRLQW�ZLWK� WKH� VKHDU�
IDLOXUH��)0���WHVWHG�XQGHU�F\FOLF�ORDG�E\�*KREDUDK�DQG�6DLG�>��@��*KREDUDK�DQG�6DLG�WKHQ�UHLQIRUFHG�WKH�
MRLQW� FRUH�ZLWK�*)53� VKHHWV� �)0��5��� DQG� UHWHVWHG� LW�� 7KH� VHFRQG� MRLQW� LV� VHOHFWHG� IURP� D� IUDPH� RI� D�
W\SLFDO�5&�UHVLGHQWLDO�EXLOGLQJ�GHVLJQHG�E\�$&,�����>��@��)0�����
D��-RLQWV�GHVFULSWLRQ��

)0�� VSHFLPHQ� LV� WKH� H[WHULRU� EHDP�FROXPQ� MRLQW�ZKRVH� GHWDLO� LV� D� ORW� OLNH� WKH� EXLOGLQJV� GHVLJQHG�
EHIRUH� WKH� ����¶V�� 6SHFLPHQV� )0�� DQG� )0��5� UHSUHVHQW� D� IXOO� VFDOH� FRQQHFWLRQ�� 1R� WUDQVYHUVH�
UHLQIRUFHPHQW� ZDV� LQLWLDOO\� LQVWDOOHG� LQ� WKH� EHDP�FROXPQ� MRLQW�� 7KH� WRS� DQG� ERWWRP� ORQJLWXGLQDO�
UHLQIRUFHPHQWV�RI�WKH�EHDP�ZHUH�IRXU�0���EDUV�HDFK��DV�VKRZQ�LQ�)LJ������7KH�WUDQVYHUVH�UHLQIRUFHPHQW�
RI�WKH�EHDP�ZDV�0���UHFWDQJXODU�WLHV�VWDUWLQJ����PP�IURP�WKH�IDFH�RI�WKH�FROXPQ��7KH�WLHV�ZHUH�VSDFHG�DW�
����PP�IRU�����PP�DQG�WKHQ�VSDFHG�DW�����PP�IRU������PP��HQGLQJ�DW����PP�IURP�WKH�IUHH�HQG�RI�WKH�
EHDP��7KH�EHDP�FROXPQ�MRLQW�ZDV�H[SHFWHG�WR�IDOO�E\�MRLQW�VKHDU�EHIRUH�D�SODVWLF�KLQJH�LV�IRUPHG�LQ�WKH�
EHDP�GXH�WR�WKH�ODFN�RI�WUDQVYHUVH�UHLQIRUFHPHQW�LQ�WKH�MRLQW��7KH�EHDP�FROXPQ�MRLQW�VSHFLPHQ�GHVLJQDWHG�
DV�)0��ZDV�WHVWHG�DV�D�FRQWURO�VSHFLPHQ��7KH�MRLQW�FRUH�ZDV�UHSDLUHG�DQG�UHKDELOLWDWHG�XVLQJ�RQH�OD\HU�RI�
*)53�VKHHW��7KH�KHLJKW�RI� WKH�FROXPQ�DQG� WKH� OHQJWK�RI� WKH�EHDP�UHSUHVHQW� WKH�GLVWDQFH� WR� WKH�FRQWUD�
IOH[XUH�SRLQWV�LQ�WKH�IUDPH��7KH�FROXPQ�ZDV������PP�KLJK�ZLWK�FURVV�VHFWLRQ�GLPHQVLRQV�RI�����u ����
PP��JURVV�FURVV�VHFWLRQDO�DUHD�$J� ��������PP����7KH�EHDP�OHQJWK�ZDV������PP�IURP�WKH�IDFH�RI�WKH�
FROXPQ�WR�WKH�IUHH�HQG�ZLWK�D�FURVV�VHFWLRQ�RI�����u ����PP��7KH�ORQJLWXGLQDO�UHLQIRUFHPHQW�XVHG�LQ�WKH�
FROXPQ�ZDV���0���EDUV��HTXLYDOHQW�WR������PP�GLDPHWHU�EDU���LQ�DGGLWLRQ�WR�WZR�0���EDUV��HTXLYDOHQW�WR�
�����PP�GLDPHWHU�EDU��ZLWKRXW�VSOLFLQJ��7KH�WUDQVYHUVH�UHLQIRUFHPHQW�LQ�WKH�FROXPQ�ZDV�0���UHFWDQJXODU�
WLHV�ZLWK�D�VLQJOH�0���VXSSOHPHQWDU\�FHQWUDO�OHJ��7KH�WLHV�VWDUWHG����PP�DERYH�DQG�EHORZ�WKH�EHDP�DQG�
ZHUH�VSDFHG�DW�����PP�DV�VKRZQ�LQ�)LJ������7KH�FRQFUHWH�KDG�D�FRPSUHVVLYH�VWUHQJWK�HTXDO�WR������03D�
DQG�WKH�UHLQIRUFLQJ�VWHHO�KDG�D�\LHOG�VWUHVV�RI�����DQG�����03D�IRU�WKH�0���DQG�0���EDUV��UHVSHFWLYHO\��
)ROORZLQJ�WKH�SUDFWLFH�EHIRUH� WKH�VHLVPLF�GHVLJQ�FRGHV�ZHUH�DYDLODEOH��8±VKDSHG�*)53�ODPLQDWHV�ZHUH�
LQVWDOOHG�DQG�WKHQ�WKH�WHVW�ZDV�FRQGXFWHG��7KH�UHSDLUHG�DQG�UHKDELOLWDWHG�VSHFLPHQ�ZDV�GHVLJQDWHG�)0��5��
$OVR��WKH�ORDGLQJ�UHJLPH�IRU�)0��DQG�)0��5�VSHFLPHQV�LV�VLPLODU�WR�WKDW�RI�WKH�H[SHULPHQWDO�VSHFLPHQ��
DV�VKRZQ�LQ�)LJ����>��@��

)0��DQG�)0��5�VSHFLPHQV�DUH�H[WHULRU�MRLQWV�ZKLFK�DUH�����PP�ZLGH�DQG�����PP�GHHS�IRU�ERWK�WKH�
EHDP�DQG�WKH�FROXPQ��$OO�EHDPV�DUH�UHLQIRUFHG�ZLWK�KLJK�VWUHQJWK� ORQJLWXGLQDO�UHLQIRUFLQJ�VWHHO�EDUV�RI�
��� DW� WKH� WRS� DQG� ��� DW� WKH� ERWWRP� RI� WKH� EHDP�� $OO� FROXPQV� DUH� UHLQIRUFHG� ZLWK� VL[WHHQ� ���

UHLQIRUFLQJ�EDUV��ILYH�RQ�HDFK�VLGH�RI�WKH�FROXPQ��7KH�EHDP�VWLUUXSV�DQG�FROXPQ�WLHV�DUH����PP�EDUV�DW�
����PP�FHQWHUV��7LHV�DUH�DOVR�SODFHG�LQ�WKH�FRQQHFWLRQ�UHJLRQ�LQ�DFFRUGDQFH�ZLWK�WKH�HDUWKTXDNH�ORDGLQJ�
UHTXLUHPHQWV�RI�$&,�����>��@��)RU�PRYLQJ�WKH�SODVWLF�KLQJH�IURP�WKH�IDFH�RI�WKH�FROXPQ�WRZDUG�WKH�EHDP��
D UHWURILWWLQJ� V\VWHP� FRQVLVWLQJ� RI� WKUHH� SOLHV� RI� ZHE�ERQGHG� &)53� VKHHWV� LV� SURSRVHG�� $OO� OD\HUV� DUH�
XQLGLUHFWLRQDO�VKHHWV�DQG�DUH�DSSOLHG�RYHU�D�OHQJWK�RI�����PP�IURP�WKH�FROXPQ�IDFH�RQ�WKH�EHDP�HQG�ZLWK�
ILEHU�GLUHFWLRQV�SDUDOOHO� WR�WKH�ORQJLWXGLQDO�EHDP�D[LV��)LJ�������)LJ����VKRZV�WKH� ORDGLQJ�SDWWHUQ�IRU�WKH�
)0��DQG�)0��5�VSHFLPHQV��7KLV�FXUYH�FDQ�EH�REWDLQHG�WKURXJK�WZR�PHWKRGV��,Q�WKH�H[SHULPHQWDO�WHVW��
EDU�\LHOG�GLVSODFHPHQW�DQG�PD[LPXP�GLVSODFHPHQW�DUH�REWDLQHG��7KHQ��GLVSODFHPHQW�GXFWLOLW\�LV�REWDLQHG�
E\�GLYLGLQJ�PD[LPXP�GLVSODFHPHQW�WR�\LHOG�GLVSODFHPHQW��7KH�FRQFUHWH�FRPSUHVVLYH�VWUHQJWK�LV������03D�
DQG�WKH�UHLQIRUFLQJ�VWHHO�KDV�D�\LHOG�VWUHVV�RI�����03D��)LQDOO\��WKH�ORDGLQJ�F\FOLF�UHJLPH�LV�SURSDJDWHG�
IURP�GLVSODFHPHQW�GXFWLOLW\�DQG�ORDGLQJ�F\FOLF��+RZHYHU��EHFDXVH�VSHFLPHQ�)0��ZDV�QRW�DQ�H[SHULPHQWDO�
WHVW��PD[LPXP�DQG�\LHOG�GLVSODFHPHQWV�DUH�REWDLQHG�E\�$16<6�VRIWZDUH���
�
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)LJ������6SHFLPHQ�GHWDLO��SODLQ�)0���������������������������������������)LJ������6SHFLPHQ�GHWDLO��SODLQ�)0���� DQG�*)53�UHWURILWWHG�)0��5�>��@����������������������������������������������DQG�*)53�UHWURILWWHG�)0��5��
E��5HVXOWV�RI�)(�PRGHOLQJ�IRU�VSHFLPHQ�)0���

,Q� WKH�H[SHULPHQWDO� VWXG\� UHSRUWHG�E\�*KREDUDK�HW� DO��� VSHFLPHQ�)0��ZDV� WHVWHG�XQGHU� D� UHYHUVHG�
F\FOLF�ORDG�DSSOLHG�DW�WKH�EHDP�WLS��%HIRUH�WKH�ILUVW�\LHOG�RI�ORQJLWXGLQDO�EHDP�UHLQIRUFHPHQW��D�GLDJRQDO�
VKHDU�FUDFN�ZDV�QRWHG�LQ�WKH�MRLQW�DUHD� LQ�HDFK�ORDGLQJ�GLUHFWLRQ�IRUPLQJ�DQ�;�SDWWHUQ�� ,Q� WKH�DQDO\WLFDO�
PRGHOLQJ��ZKRVH�ORDGLQJ�LV�VLPLODU�WR�WKDW�RI�WKH�WHVW�VSHFLPHQ��WKH�ILUVW�FUDFN�LV�REVHUYHG�DW�WKH�FROXPQ�
IDFH��7KH�FUDFNLQJ�ORDG�LQ�WKH�H[SHULPHQWDO�VSHFLPHQ�ZDV����N1��VR�WKDW�LWV�YDOXH�HTXDOV����N1�IRU�WKH�
QXPHULFDO� VSHFLPHQ�� $OVR�� DW� IDLOXUH�� VKHDU� FUDFNV� DUH� GLDJRQDO� LQ� WKH� FRQQHFWLRQ� FRUH� �)LJ�� ����� 7KH�
FRQFUHWH�VWUDLQ�DOWHUDWLRQ�YDOXH�LV�GHSLFWHG�LQ�)LJ�����LQ�ZKLFK�WKH�FRQFUHWH�VWUDLQ�LV�DERXW�������DV�IDU�DV�
IDLOXUH�RFFXUV�DW� WKLV�FRQQHFWLRQ��)DLOXUH�VWUDLQ�H[SDQGV� LQ� WKH�MRLQW�FRUH�DQG�DW� WKH�IDFH�RI� WKH�FROXPQ��
7KLV�SDWWHUQ�VKRZV�WKDW�WKH�IDLOXUH�PRGH�LV�D�VKHDU�RQH��

�
)LJ������-RLQW�VKHDU�IDLOXUH�RI�VSHFLPHQ�)0��REWDLQHG��������������������)LJ������-RLQW�VKHDU�IDLOXUH�RI�VSHFLPHQ�)0���� IURP�QXPHULFDO�PRGHOLQJ��������������������������������������������������REWDLQHG�IURP�QXPHULFDO�PRGHOLQJ��
$ K\VWHUHWLF�FXUYH�RI�WKH�VSHFLPHQ�REWDLQHG�IURP�WKH�DQDO\WLFDO�VWXG\�LV�VKRZQ�LQ�)LJ������7KH�HQYHORSHV�
RI�WKH�EHDP�WLS�ORDG�GLVSODFHPHQW�FXUYHV�RI�WKH�H[SHULPHQWDO�DQG�QXPHULFDO�VSHFLPHQV�DUH�LOOXVWUDWHG�LQ�
)LJ�� ���� 7KH� FXUYH� VKRZV� D� VLPLODU� WUHQG� LQ� ERWK� SRVLWLYH� DQG� QHJDWLYH� UHJLRQV� ZLWK� VRPH� VPDOO�
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)HEUXDU\������������������������������������������������,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��

��
GLVFUHSDQFLHV��7DEOH���SUHVHQWV�WKH�FRPSDUDWLYH�UHVXOWV�RI�WKH�H[SHULPHQW�E\�*KREDUDK�HW�DO��>�@�DQG�WKH�
QXPHULFDO�DQDO\VLV� UHVXOWV�REWDLQHG� IURP� WKH�)LQLWH�(OHPHQW�0RGHO� �)(0��SHUIRUPHG� LQ� WKLV� VWXG\��7KH�
ILQLWH� HOHPHQW� DQDO\VLV� DQG� H[SHULPHQWDO� UHVXOWV� DUH� LQ� JRRG� DJUHHPHQW�ZLWK� OHVV� WKDQ� ���� GLIIHUHQFH��
ZKLFK�ZRXOG�KDYH�SRVVLEO\�GHFUHDVHG�LI�D�ILQHU�PHVK�KDG�EHHQ�XVHG�LQ�WKH�VLPXODWLRQ��1HYHUWKHOHVV��WKH�
)(0�PRGHO�GHYHORSHG�KHUH�LV�DVVXPHG�WR�EH�DGHTXDWH�IRU�WKH�SXUSRVHV�RI�WKLV�VWXG\��
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)LJ������+\VWHUHWLF�FXUYH�IRU�VSHFLPHQ�)0����������������������������)LJ������/RDG�YHUVXV�GLVSODFHPHQW�RI�VSHFLPHQ��������)0��IRU�QXPHULFDO�	�H[SHULPHQWDO�VSHFLPHQV�� 7DEOH����&RPSDULVRQ�RI�H[SHULPHQWDO�DQG�)(�UHVXOWV��)0����
)0��6SHFLPHQ� &UDFNLQJ�ORDG��N1�� )DLOXUH�ORDG��N1��
([SHULPHQWDO� ��� �������
1XPHULFDO� ��� �������
'LVFUHSDQF\� ������ ������

F��5HVXOWV�RI�)(�PRGHOLQJ�IRU�VSHFLPHQ�)0��5��
3ODLQ� H[WHULRU� MRLQW� �)0��� LV� UHLQIRUFHG� E\� EL�GLUHFWLRQDO� *)53� VKHHWV� �DORQJ� WKH� ���� GLUHFWLRQ��

PRGHOHG� E\� VROLG� ��� HOHPHQW� LQ�$16<6� VKRZQ� LQ� )LJ�� ���� 7KH� ����PP� WKLFN� FRPSRVLWH�PDWHULDO� KDV�
WHQVLOH�VWUHQJWK�RI�����03D��HODVWLF�PRGXOXV�RI������*3D��DQG�XOWLPDWH�HORQJDWLRQ�RI��������

)LJ������0RGHOLQJ�RI�EL�GLUHFWLRQDO�*)53�XVLQJ�VROLG����HOHPHQW��
7KH�QXPHULFDO�VSHFLPHQ�)0��5�XVHV�WKH�VDPH�ORDGLQJ�UHJLPH�DV�WKDW�RI�VSHFLPHQ�)0���,Q�)LJ������WKH�
K\VWHUHWLF� FXUYH� RI� WKH� VSHFLPHQ� REWDLQHG� IURP� WKH� DQDO\WLFDO� VWXG\� LV� GHSLFWHG�� &RPSDULVRQ� RI� ERWK�
K\VWHUHWLF� FXUYHV� REWDLQHG� IURP� DQDO\WLFDO� DQG� H[SHULPHQWDO� VSHFLPHQV� LQGLFDWHV� WKDW� WKH� XS�ORDG� DQG�
GRZQ�ORDG� LQ� WKH� H[SHULPHQWDO� VSHFLPHQ� DUH� ������� DQG� �������� N1�� UHVSHFWLYHO\�� EXW� WKRVH� LQ� WKH�
DQDO\WLFDO�K\VWHUHWLF�FXUYH�DUH�����DQG������N1��7KH�HQYHORSHV�RI�WKH�EHDP�WLS�ORDG�GLVSODFHPHQW�FXUYHV�
RI� WKH� H[SHULPHQWDO� DQG� QXPHULFDO� VSHFLPHQV� DUH� VKRZQ� LQ� )LJ�� ���� 7KH� JUDSK� VKRZV� WKDW� ERWK�
H[SHULPHQWDO�DQG�QXPHULFDO�VSHFLPHQV�KDYH�D�VLPLODU�WUHQG��+RZHYHU��DERXW����SHUFHQW�GLIIHUHQFH�LQ�WKH�
PD[LPXP�ORDG�LV�REVHUYHG�LQ�WKH�QHJDWLYH�UHJLRQ����
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)LJ������+\VWHUHWLF�FXUYHV�IRU�VSHFLPHQ�0)��5�

�

)LJ������/RDG�YHUVXV�GLVSODFHPHQW�RI�VSHFLPHQ�)0��5�IRU�QXPHULFDO�	�H[SHULPHQWDO�VSHFLPHQV��
7KH�XVH�RI�D�*)53�SODWH�LQ�WKH�MRLQW�KDV�EURXJKW�DERXW�WKH�UHFRYHU\�EHKDYLRU�RI�WKH�FRQQHFWLRQ��DV�VKRZQ�
LQ�)LJ������VXFK�WKDW�VWUDLQ�DOWHUDWLRQ�LQ�WKH�MRLQW�LV�OHVV�WKDQ� � � � ��������$V�D�UHVXOW��WKH�SODVWLF�KLQJH�LV�
IRUPHG�DW�WKH�IDFH�RI�WKH�FROXPQ��DQG�KDV�FDXVHG�WKH�MRLQW�WR�KDYH�D�IOH[XUDO�PRGH�RI�IDLOXUH��7KH�VWUHVV�
YDULDWLRQV�DORQJ�WKH�&)53�VKHHWV�RI�QXPHULFDO�UHWURILWWHG�VSHFLPHQ�DUH�VKRZQ�LQ�)LJ������0D[LPXP�VWUHVV�
LV����1�PP� LQ�WKH�MRLQW�UHJLRQ�FORVH�WR�WKH�FROXPQ�IDFH��+RZHYHU��*)53�VKHHWV�DUH�FRQVLGHUHG�XVHOHVV�LQ�
WKH�EDFN�RI�WKH�FROXPQ�VLQFH�WKH�VWUHVV�LQ�WKLV�DUHD�LV�QHDUO\�]HUR����

)LJ������-RLQW�VKHDU�IDLOXUH�RI�VSHFLPHQ�)0��5�H[WUDFWHG�IURP�QXPHULFDO�PRGHOLQJ� )LJ������6WUDLQ�YDULDWLRQ�DORQJ�WKH�*)53�VKHHWV�RI�VSHFLPHQ�)0��5�REWDLQHG�IURP�QXPHULFDO�PRGHOLQJ��G��+\VWHUHWLF�FXUYH�RI�VSHFLPHQ�)0��5���
)LJXUH� ��� VKRZV� WKH� ILUVW� K\VWHUHWLF� F\FOH� IRU� VSHFLPHQ�)0��5��$V� REVHUYHG�� WKLV� FXUYH� KDV� WKUHH�

SDUWV�LQ�WKH�SXOO�DQG�SXVK��7KH�ILUVW�SDUW��2$��LV�D�VWUDLJKW�OLQH��ZKLFK�GHVFULEHV�WKH�OLQHDU�HODVWLF�EHKDYLRU�
RI�UHLQIRUFHG�FRQFUHWH��&UDFNLQJ�FDXVHV�D�VWLIIQHVV�GHJUDGLQJ�DQG�WKH�GLUHFWLRQ�WR�FKDQJH�WRZDUG�SRLQW�%��
7KHQ�� LQ� WKH�%&� UHJLRQ�� WKH� VORSH� FKDQJHV� EHFDXVH� \LHOGLQJ� LQ� WKH� UHLQIRUFLQJ� EDUV� KDV� DOUHDG\� EHJXQ��
$IWHU�XQORDGLQJ��LQ�WKH�QH[W�F\FOH��WKH�UHVSRQVH�SRLQW�PRYHV�WRZDUG�WKH�PD[LPXP�GLVSODFHPHQW�SRLQW�LQ�
WKH�SUHFHGLQJ�F\FOH��&����H��5HVXOWV�RI�)(�PRGHOLQJ�IRU�VSHFLPHQ�)0���

7KH� UHVXOWV� REWDLQHG� IURP� )(� PRGHOLQJ� LQGLFDWH� WKDW� WKH� PD[LPXP� ORDG� FDSDFLW\� DQG� PD[LPXP�
GLVSODFHPHQW�RI�WKH�MRLQW�DUH�������N1�DQG����PP��UHVSHFWLYHO\��)XUWKHUPRUH��WKH�FUDFNLQJ�DQG�\LHOGLQJ�
ORDGV� RI� WKH� MRLQW� ZHUH� IRXQG� WR� EH� ����� N1� DQG� ������ N1�� UHVSHFWLYHO\�� ZKLOH� WKHLU� FRUUHVSRQGLQJ�
GLVSODFHPHQWV� UHVSHFWLYHO\�ZHUH� ����PP� DQG� �����PP��$V� LOOXVWUDWHG� LQ� )LJ�� ���� WKH�PD[LPXP� ODWHUDO�
GLVSODFHPHQW�IRU�WKLV�FDVH�LQ�WKH�SXVK�LV����PP��ZKLOH�LW�LV����PP�LQ�WKH�SXOO��7KH�PD[LPXP�ORDGV��LQ�SXOO�
DQG�SXVK�DUH�������N1�DQG�������N1��UHVSHFWLYHO\��7KH�K\VWHUHWLF�FXUYH�KDV�QDUURZ�ORRSV�DQG�LV�VOLJKWO\�
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)HEUXDU\������������������������������������������������,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��

��
WKLQ� LQ� WKH�PLGGOH� RI� WKH� FXUYH�� 7KH� IDLOXUH�PRGH� IRU� WKLV� FDVH� LV� D� FRPELQDWLRQ� RI� IOH[XUDO� DQG� VKHDU�
PRGHV��)LJ�������7KLV�LV�EHFDXVH�FRQFUHWH�VWUDLQV�DUH�DERXW�������LQ�WKH�MRLQW�FRUH�DQG�LQ�WKH�DGMDFHQW�SDUW�
RI� WKH�EHDP��ZKLFK�LV�FORVH� WR� WKH�FRQFUHWH�IDLOXUH�VWUDLQ�� ,Q�DGGLWLRQ��)LJ�����VKRZV�WKH�UHLQIRUFLQJ�EDU�
VWUDLQ��FRQILUPLQJ�WKLV� IDLOXUH�PRGH�DV� WKH�VWUDLQ� LQ�WKH�UHLQIRUFLQJ�EDUV� LV�JUHDWHU� WKDQ�WKHLU�\LHOG�VWUDLQ�
� \ ���������
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)LJ������+\VWHUHWLF�FXUYHV�IRU�VSHFLPHQ�)0���

)LJ������)DLOXUH�PHFKDQLVP�RI�)0��REWDLQHG�����������)LJ������6WUDLQ�YDULDWLRQ�LQ�WKH�ORQJLWXGLQDO�UHLQIRUFHPHQW�� IURP�QXPHULFDO�PRGHOLQJ���������������������������������������RI�)0��REWDLQHG�IURP�QXPHULFDO�PRGHOLQJ��
I��5HVXOWV�RI�)(�PRGHOLQJ�IRU�VSHFLPHQ�)0��5���

)0��5�VSHFLPHQ�LV�VXEMHFWHG�WR�WKH�VDPH�ORDGLQJ�UHJLPH�DV�VSHFLPHQ�)0���)RU�PRYLQJ�WKH�SODVWLF�
KLQJH�IURP�WKH�IDFH�RI�WKH�FROXPQ�WRZDUG�WKH�EHDP��&)53�VKHHWV�DUH�XVHG�IRU�VWUHQJWKHQLQJ��7KH�������
PP� WKLFN� &)53� VKHHWV� KDG� WKH� WHQVLOH� VWUHQJWK� RI� �����03D�� PRGXOXV� RI� HODVWLFLW\� RI� ���� *3D�� DQG�
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XOWLPDWH�HORQJDWLRQ�RI��������7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�EHKDYLRU�RI�WKH�MRLQW�LV�LPSURYHG��)LJ�����VKRZV�
WKH� ILQDO� IDLOXUH� RI� WKH� VSHFLPHQ� LQ�ZKLFK� WKH� SODVWLF� KLQJH� LV� IRUPHG� EH\RQG� WKH� FXW±RII� SRLQW� RI� WKH�
&)53��,Q�IDFW��&)53�UHLQIRUFHPHQW�FDXVHV�WKH�SODVWLF�KLQJH�WR�PRYH�IURP�WKH�IDFH�RI�WKH�FROXPQ�WRZDUG�
WKH�EHDP�DQG�WKH�PD[LPXP�VWUDLQ�LQ�FRQFUHWH�WR�EH�PRUH�WKDQ��������5HLQIRUFLQJ�EDU�VWUDLQ�LV�OHVV�WKDQ�WKH�
\LHOG� VWUDLQ� LQ� WKH� FRQQHFWLRQ� FRUH� �)LJ�� ����� 7DEOH� �� FRPSDUHV� WKH� IDLOXUH�� WKH� FUDFNLQJ�� DQG� WKH� ORDG�
FRUUHVSRQGLQJ� WR� WKH� EDUV¶� \LHOGLQJ� VWUHVV� EHIRUH� DQG� DIWHU� VWUHQJWKHQLQJ�� 7KH� GHFUHDVHG� VWUDLQ� YDOXH�
LQGLFDWHV�ZKLFK�&)53�SODWH�FDQ�EH�XVHIXO�IRU�LPSURYLQJ�WKH�MRLQW�EHKDYLRU��$V�LOOXVWUDWHG�LQ�)LJ������WKH�
PD[LPXP�ODWHUDO�GLVSODFHPHQW�IRU�WKLV�FDVH�LQ�WKH�SXVK�LV������PP��ZKLOH�LQ�WKH�SXOO�LW�LV������PP��7KH�
PD[LPXP�ORDG�FDSDFLWLHV�RI�WKH�MRLQW�LQ�WKH�SXVK�DQG�SXOO�DUH�������DQG�������N1��UHVSHFWLYHO\��)0��	�
)0��5�K\VWHUHWLF�FXUYHV�DUH�FRPSDUHG�LQ�)LJ������7KH�VWLIIQHVV�GHJUDGDWLRQ�GHFUHDVHV�DQG�ORDG�FDSDFLW\�
LQFUHDVHV�E\�&)53�VKHHWV�LQ�WKH�VWUHQJWKHQHG�VSHFLPHQ���
�

)LJ������)DLOXUH�PHFKDQLVP�RI�)0��5�REWDLQHG�IURP�QXPHULFDO�PRGHOLQJ� )LJ������&KDQJLQJ�VWUDLQ�LQ�WKH�ORQJLWXGLQDO���UHLQIRUFHPHQW�RI�)0��5�REWDLQHG��IURP�QXPHULFDO�PRGHOLQJ�� 7DEOH����&RPSDULVRQ�RI�VSHFLPHQV�)0��	�)0��5�� 6SHFLPHQ� &UDFNLQJ�ORDG��N1�� <LHOGLQJ�ORDG��N1�� )DLOXUH�ORDG��N1��
)0�� ��� ������ �������
)0��5� ������ ���� �������
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)LJ������+\VWHUHWLF�FXUYHV�IRU�VSHFLPHQ�)0��5����������������)LJ������&RPSDULVRQ�RI�K\VWHUHWLF�FXUYHV�REWDLQHG�� IRU�)0��	�)0��5�VSHFLPHQ��J��%HKDYLRU�RI�K\VWHUHWLF�FXUYH�RI�VSHFLPHQ�0)��5��
7KH�ILUVW�K\VWHUHWLF�FXUYH�F\FOH�RI�VSHFLPHQ�)0��5�LV�VKRZQ�LQ�)LJ������2$�LV�D�VWUDLJKW�OLQH��ZKLFK�

GHVFULEHV� WKH� OLQHDU�HODVWLF�EHKDYLRU�RI�UHLQIRUFHG�FRQFUHWH��7KHQ��EHFDXVH�RI�FUDFNLQJ�DQG�VWLIIQHVV�� WKH�
GHJUDGLQJ�FXUYH�PRYHV� WR�%��ZKLFK�LV�WKH�XQORDGLQJ�SRLQW��$IWHU� WKDW�� WKH�GLVSODFHPHQW�D[LV� LV�FXW�E\�D�
VWUDLJKW�OLQH�JUDSK�DW�SRLQW�&��ZKLFK�VWDUWV�WKH�UHYHUVH�ORDGLQJ��7KH�H[SODQDWLRQ�IRU�WKLV�UHJLRQ�LV�VLPLODU�WR�
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1XPHULFDO�LQYHVWLJDWLRQ�RQ�WKH�EHKDYLRU�RI�)53�UHWURILWWHG«��

)HEUXDU\������������������������������������������������,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��

��
WKDW� IRU�WKH�SUHYLRXV�RQH��$IWHU�XQORDGLQJ�� LQ� WKH�QH[W�F\FOH��WKH�UHVSRQVH�SRLQW�PRYHV� WR� WKH�PD[LPXP�
GLVSODFHPHQW�SRLQW�LQ�WKH�SUHFHGLQJ�F\FOH��%���
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)LJ������%HKDYLRU�RI�WKH�K\VWHUHWLF�FXUYH�VSHFLPHQ�RI�0)��5�
�

���&21&/86,21��
7KH�FDSDELOLW\�RI�QRQOLQHDU�ILQLWH�HOHPHQW�PRGHOLQJ�LQ�VLPXODWLQJ�WKH�K\VWHUHWLF�EHKDYLRU�RI�5&�H[WHULRU�
EHDP�FROXPQ�MRLQWV�UHWURILWWHG�ZLWK�)53�VKHHWV�XQGHU�F\FOLF�ORDGV�ZDV�LQYHVWLJDWHG�LQ�WKH�FXUUHQW�VWXG\��
7KUHH�FRQFUHWH�EHDP�WR�FROXPQ� MRLQW� VSHFLPHQV�ZHUH� VHOHFWHG�DQG�QRQOLQHDUO\� DQDO\]HG��7KH�HIIHFWV�RI�
ERQG�VOLS�EHWZHHQ�WKH�FRQFUHWH��UHLQIRUFLQJ�VWHHO��DQG�)53�VKHHWV��DQG�PLFUR�FUDFNV�RFFXUULQJ�LQ�WKH�DFWXDO�
5&�MRLQWV�ZHUH�H[FOXGHG�LQ�WKH�ILQLWH�HOHPHQW�PRGHOV��FRQWULEXWLQJ�WR�KLJKHU�VWLIIQHVV�RI�WKH�ILQLWH�HOHPHQW�
PRGHOV��7KH� JHQHUDO� EHKDYLRU� RI� WKH� ILQLWH� HOHPHQW�PRGHOV� UHSUHVHQWHG� E\� WKH� K\VWHUHWLF� FXUYH� VKRZHG�
JRRG�DJUHHPHQW�ZLWK�WKH�WHVW�GDWD�RI�WKH�������VFDOH�MRLQW�>��@�DQG�IXOO�VFDOH�MRLQW�>��@�WHVWV��+RZHYHU��WKH�
ILQLWH� HOHPHQW�PRGHOV� VKRZHG� VOLJKWO\�PRUH� VWLIIQHVV� WKDQ� WKH� WHVW� GDWD��2WKHU� UHVXOWV� RI� WKLV� VWXG\� DUH�
VXPPDUL]HG�DV�IROORZV��
���+\VWHUHWLF� FXUYH� LQ� IOH[XUDO� MRLQWV� KDV� D� ZLGH� ORRS�� KLJK� VWUHQJWK�� DQG� PRUH� GXFWLOLW\� DQG� HQHUJ\�

GLVVLSDWLRQ�FRPSDUHG�WR�WKDW�RI�WKH�VKHDU�MRLQWV��
���&UDFNLQJ� RI� FRQFUHWH� DQG� LWV� FRQVHTXHQW� VWLIIQHVV� GHJUDGDWLRQ� LQFUHDVH� SLQFKLQJ� DQG� QRQOLQHDU�

EHKDYLRU�RI�K\VWHUHWLF�FXUYH��
��� 6WUHQJWKHQLQJ�)53�VKHHWV�LQ�WKH�FRQQHFWLRQ�]RQH�PRYHV�WKH�SODVWLF�KLQJH�IRUZDUG�IURP�WKH�HQG�RI�WKH�

EHDP� WR� D� UHDVRQDEOH� GLVWDQFH�� DQG� GHFUHDVHV� WKH� PD[LPXP� FRQFUHWH� VWUDLQ� LQ� WKH� MRLQW� UHJLRQ��
)XUWKHUPRUH��WKH\�HQKDQFH�WKH�ORDG�FDUU\LQJ�FDSDFLW\��GXFWLOLW\�DQG�HQHUJ\�GLVVLSDWLRQ�RI�WKH�MRLQW��

�� 7KH�PRGHOLQJ�SHUIRUPHG�LQ�WKLV�VWXG\�RQ�WKUHH�VSHFLPHQV�EHIRUH�DQG�DIWHU�EHLQJ�UHWURILWWHG��VKRZV�WKDW�
ILQLWH�HOHPHQW�PRGHOLQJ�FDQ�HYDOXDWH�WKH�F\FOLF�SHUIRUPDQFH�RI�5&�MRLQWV�E\�DGHTXDWH�DSSUR[LPDWLRQ��
7KHUHIRUH�� WKH�PRVW� HIIHFWLYH� UHWURILWWLQJ� VFKHPHV� XQGHU� HDUWKTXDNH� ORDG�PD\� EH� HDVLO\� UHFRJQL]HG�
XVLQJ�WKH�ORZ�FRVW�ILQLWH�HOHPHQW�PRGHOV���

�
5()(5(1&(6��

��� 3DXOD��7���3DUN��5��	�3ULHVWOH\��0��-��1����������5HLQIRUFHG�FRQFUHWH�EHDP��FROXPQ�MRLQWV�XQGHU�VHLVPLF�DFWLRQV��
-$&,�3URF�

��� 2WDQL��6����������+\VWHULFV�PRGHOV�RI�UHLQIRUFHG�FRQFUHWH�IRU�HDUWKTXDNH�UHVSRQVH�DQDO\VLV��-RXUQDO�RI�)DFXOW\�RI�
(QJLQHHULQJ��8QLYHUVLW\�RI�7RN\R� 9RO�����S�������

��� 2WDQL�� 6�� 	� &KHXQJ�� 9�� :�� 7�� �������� %HKDYLRU� RI� UHLQIRUFHG� FRQFUHWH� FROXPQV� XQGHU� ELD[LDO� ODWHUDO� ORDG�
UHYHUVDOV�� �,,�� WHVW� ZLWKRXW� D[LDO� ORDG�� 3XEOLFDWLRQ� ������� 'HSDUWPHQW� RI� &LYLO� (QJLQHHULQJ�� 8QLYHUVLW\� RI�
7RURQWR��
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��� 1JR�� '�� 	� 6FRUGHOLV�� $�� &�� �������� )LQLWH� HOHPHQW� DQDO\VLV� RI� UHLQIRUFHG� FRQFUHWH� EHDPV�� -RXUQDO� RI� WKH�

$PHULFDQ�&RQFUHWH�,QVWLWXWH� 9RO������1R�����SS�����������
��� 1LOVRQ��$��+�� ��������1RQOLQHDU� DQDO\VLV� RI� UHLQIRUFHG� FRQFUHWH� E\� WKH� ILQLWH� HOHPHQW�PHWKRG��-RXUQDO� RI� WKH�

$PHULFDQ�&RQFUHWH�,QVWLWXWH� 9RO������1R�����SS�����������
��� 0DKLQL��6��6���5RQDJK��+��5��	�6PLWK��6��7����������&)53�5HWURILWWHG�5&�H[WHULRU�EHDP�FROXPQ�FRQQHFWLRQV�

XQGHU�F\FOLF�ORDG��3URF��RI�WKH�6HFRQG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�)53�&RPSRVLWHV�LQ�&LYLO�(QJLQHHULQJ��&,&(�
�������$GHODLGH��$XVWUDOLD��

��� 0RVWRILQHMDG��'��	�7DODHLWDED��6��%����������)LQLWH�HOHPHQW�PRGHOLQJ�RI�5&�FRQQHFWLRQV�VWUHQJWKHQHG�ZLWK�)53�
ODPLQDWHV��,UDQLDQ�-RXUQDO�RI�6FLHQFH�	�7HFKQRORJ\��7UDQVDFWLRQ�%��(QJLQHHULQJ� 9RO������1R��%���SS���������

��� 3DUYLQ�� $�� 	�:X�� 6�� �������� 3O\� DQJOH� HIIHFW� RQ� ILEHU� FRPSRVWH� ZUDSSHG� UHLQIRUFHG� FRQFUHWH� EHDP�FROXPQ�
FRQQHFWLRQV�XQGHU�FRPELQHG�D[LDO�F\FOLF�ORDGV��&RPSRVLWH�6WUXFWXUHV��GRL���������M�FRPSVWUXFW��������������

��� ;XH��:���/L��/���&KHQJ��%��	�/L��-����������7KH�UHYHUVHG�F\FOLF�ORDG�WHVWV�RI�QRUPDO�DQG�SUH�VWUHVVHG�FRQFUHWH�
EHDPV��-RXUQDO�RI�(QJLQHHULQJ�6WUXFWXUHV� 9RO������SS������±������

���� 9DVGUDYHOOLV��*���9DOHQWH� 0��	�&DVWLJOLRQL��&��$����������%HKDYLRU�RI�H[WHULRU�SDUWLDO�VWUHQJWK�FRPSRVLWH�EHDP�
WR�FROXPQ� FRQQHFWLRQV�� ([SHULPHQWDO� VWXG\� DQG� QXPHULFDO� VLPXODWLRQV�� -RXUQDO� RI� &RQVWUXFWLRQDO� 6WHHO�
5HVHDUFK�

���� $QWRQRSRXORV��&RVWDV�3��	�7ULDQWDILOORX��7KDQDVLV�&����������([SHULPHQWDO� LQYHVWLJDWLRQ�RI�)53�VWUHQJWKHQHG�
5&�EHDP�FROXPQ�MRLQWV��-RXUQDO�RI�&RPSRVLWHV�IRU�&RQVWUXFWLRQ� 9RO�����1R�����SS���������

���� 0DKLQL�� 6�� 6���5RQDJK��+��5��	�'X[��3�� )�� �������� )OH[XUDO� UHSDLU� RI�5&� H[WHULRU� EHDP�FROXPQ� MRLQWV� XVLQJ�
&)53� VKHHWV��3URF�� RI� WKH� 6HFRQG� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�)53�&RPSRVLWHV� LQ�&LYLO� (QJLQHHULQJ� �&,&(�
������������'HFHPEHU�$GHODLGH��$XVWUDOLD� SS�����������

���� 2WDQL��6�� ��������1RQOLQHDU�G\QDPLF� DQDO\VLV�RI� UHLQIRUFHG� FRQFUHWH�EXLOGLQJ� VWUXFWXUHV��&DQDGLDQ� -RXUQDO�RI�
&LYLO�(QJLQHHULQJ� 9RO�����1R�����SS�����������

���� $16<6���������$16<6�0DQXDO��$16<6��,1&���&DQRQVEXUJ��3$��������86$��
���� $6�������������&RQFUHWH�6WUXFWXUHV��$XVWUDOLD�6WDQGDUGV��+RPHEXVK�%D\��$XVWUDOLD��
���� *KREDUDK��$��	�6DLG��$����������6HLVPLF�UHKDELOLWDWLRQ�RI�EHDP�FROXPQ�MRLQWV�XVLQJ�)53�ODPLQDWHV��-RXUQDO�RI�

(DUWKTXDNH�(QJLQHHULQJ� 9RO�����1R�����SS�����������
���� $&,�&RPPLWWHH��������������%XLOGLQJ�FRGH�UHTXLUHPHQWV�IRU�UHLQIRUFHG�FRQFUHWH��$&,���������DQG�FRPPHQWDU\�

�$&,����5������$PHULFDQ�&RQFUHWH�,QVWLWXWH��'HWURLW��0LFKLJDQ���
�


