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�$EVWUDFW±�6WUXW�DQG�7LH�0RGHO��670��KDV�EHHQ�ZLGHO\�DSSOLHG�IRU�WKH�GHVLJQ�RI�QRQ�IOH[XUDO�DQG�
GHHS�PHPEHUV�LQ�UHLQIRUFHG�FRQFUHWH�VWUXFWXUHV�LQ�WKH�ODVW�IHZ�GHFDGHV��([SHULPHQWDO�UHVHDUFK�RQ�
670�LV�XQGHUZD\�WR�IXUWKHU�UDWLRQDOL]H�WKH�PHWKRG�IRU�WKH�DQDO\VLV�DQG�GHVLJQ�RI�GLVWXUEHG�UHJLRQV�
LQ�UHLQIRUFHG�FRQFUHWH�VWUXFWXUHV���,Q�WKLV�UHVHDUFK�VL[�GHHS�EHDPV�ZLWK�D�VKHDU�VSDQ�WR�GHSWK�UDWLR�
�D�G��RI������������ DQG������KDYH�EHHQ�GHVLJQHG�DJDLQVW� WKH� H[WHUQDO� DVVXPHG� ORDGV��7KH�EHDPV�
ZHUH�ODWHU�WHVWHG�XQGHU�PRQRWRQLF�WZR�SRLQW�ORDGV�DQG�WKH�DFWXDO�VKHDU�VWUHQJWK�RI�WKH�GHHS�EHDPV�
ZDV�GHWHUPLQHG�DW� WKH� IDLOXUH� ORDGV�RI� WKH�EHDPV��7KH� ORDG�FDUU\LQJ�FDSDFLW\�RI� WKH�GHHS�EHDPV�
ZDV�DOVR�FDOFXODWHG�RQ�WKH�EDVLV�RI�WKH�DFWXDO�VWUHQJWKV�RI�WKH�FRPSUHVVLRQ�VWUXWV�DQG�QRGHV�ZLWK�
WKH�KHOS�RI�JXLGHOLQHV�JLYHQ�E\�$&,���������IRU�WKH�XVH�RI�670��7KH�REVHUYHG�IDLOXUH�ORDGV�ZHUH�
FRPSDUHG�ZLWK� WKH� ORDG�FDUU\LQJ�FDSDFLW\�RI�EHDPV�ZRUNHG�RXW� IURP� WKH� VWUHQJWKV�RI� WKH� VWUXWV��
7KH�IDLOXUH�ORDGV�ZHUH�DOVR�FRPSDUHG�ZLWK�WKH�SURYLVLRQV�RI�(&�����,W�KDV�EHHQ�REVHUYHG�WKDW�ERWK�
670�EDVHG�RQ�$&,��������DQG�(&����KDYH�JLYHQ�D�UHDVRQDEOH�SUHGLFWLRQ�RI�WKH�VKHDU�VWUHQJWK�RI�
GHHS�EHDPV������������.H\ZRUGV±�6WUXW�DQG�7LH�0RGHO��GHHS�EHDPV��VKHDU�VSDQ��VKHDU�VWUHQJWK��� ���,1752'8&7,21��'HHS�EHDPV�DUH�VWUXFWXUDO�HOHPHQWV�ORDGHG�DV�EHDPV��EXW�KDYLQJ�VPDOO�VKHDU�VSDQ�WR�GHSWK�UDWLRV��W\SLFDOO\�

OHVV�WKDQ����7KHVH�KDYH�XVHIXO�DSSOLFDWLRQV�LQ�PDQ\�VWUXFWXUHV��VXFK�DV�WDOO�EXLOGLQJV��IRXQGDWLRQV��EULGJHV��
RIIVKRUH�VWUXFWXUHV��DQG�VHYHUDO�RWKHUV�>�@���

7KH�WUDGLWLRQDO�VHFWLRQDO�GHVLJQ�DSSURDFKHV�EDVHG�RQ�³/LQHDU�6WUDLQ�9DULDWLRQ´�XWLOL]H�D�SDUDOOHO�FKRUG�
WUXVV�PRGHO�ZKLFK�LV�QRW�DSSOLFDEOH�IRU�WKH�GHVLJQ�RI�GHHS�EHDPV��'XH�WR�WKH�VPDOO�VKHDU�VSDQ�GHSWK�UDWLR�
RI�D�GHHS�EHDP��D�ODUJH�SRUWLRQ�RI�WKH�VXSSRUWHG�ORDGV�LV�GLUHFWO\�WUDQVPLWWHG�WR�WKH�VXSSRUWV��7KHUHIRUH��
WKH�VKHDU�VWUHQJWK�RI�GHHS�EHDPV�LV�H[SHULPHQWDOO\�REVHUYHG�WR�EH�VLJQLILFDQWO\�JUHDWHU�WKDQ�WKDW�RI�VOHQGHU�
EHDPV��)RU�VXFK�EHDPV��IDLOXUH�LV�JHQHUDOO\�FDXVHG�E\�VKHDU�FRPSUHVVLRQ��LQ�ZKLFK�WKH�FRQFUHWH�EHWZHHQ�
WKH�VXSSRUWV�DQG�WKH�SRLQW�RI�DSSOLFDWLRQ�RI�ORDG�IDLO�LQ�FRPSUHVVLRQ��6WUXW�DQG�7LH�PRGHOLQJ��670��LV�D�
XVHIXO�GHVLJQ�WRRO�ZKHQ�DSSOLHG�WR�VWUXFWXUDO�HOHPHQWV��ZKHUH�SODQH�VHFWLRQV�GR�QRW�UHPDLQ�SODQDU�DIWHU�WKH�
DSSOLFDWLRQ�RI�ORDG��7KHVH�HOHPHQWV�DUH�VRPHWLPHV�UHIHUUHG�WR�DV�GLVWXUEHG�UHJLRQ��'�UHJLRQ��LQ�UHLQIRUFHG�
FRQFUHWH�VWUXFWXUHV��7KH�EHKDYLRU�RI�VXFK�HOHPHQWV�LV�QRW�GRPLQDWHG�E\�IOH[XUDO�GHIRUPDWLRQV�DQG�KHQFH�
WKH�RUGLQDU\�EHDP� WKHRU\� LV�QRW�DSSOLFDEOH� WR� VXFK� VWUXFWXUHV��7KH� W\SLFDO�GLVWXUEHG� UHJLRQV� LQ� FRQFUHWH�
LQFOXGH�FRUEHOV��EUDFNHWV���GHHS�EHDPV��GDSSHG�HQG�EHDPV��SLOH�FDSV��QRQ�SULVPDWLF�PHPEHUV�DQG�SRVW�
WHQVLRQ�DQFKRUDJH�]RQHV�>�@���

)RVWHU�DQG�*LOEHUW�>�@�WHVWHG����GHHS�EHDPV�GHVLJQHG�RQ�WKH�EDVLV�RI�WKH�6HFWLRQDO�'HVLJQ�0RGHO�RI�
$&,�������DQG�WKH�SODVWLF�WUXVV�PRGHO��7KH�GHHS�EHDPV�KDYLQJ�FRQFUHWH�FRPSUHVVLYH�VWUHQJWK�LQ�WKH�UDQJH�
5HFHLYHG�E\�WKH�HGLWRUV�-XO\�����������$FFHSWHG�-XQH����������
&RUUHVSRQGLQJ�DXWKRU�
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RI����03D������SVL��WR�����03D�������SVL��DQG�VKHDU�VSDQ�WR�GHSWK�UDWLR�IURP�����WR������ZHUH�WHVWHG�
XQGHU� FRQFHQWUDWHG� ORDG� DW� WKH� PLG� VSDQ�� 7KH� )LQLWH� (OHPHQW� $QDO\VLV� �)($�� ZDV� DOVR� XVHG� IRU� WKH�
DQDO\VLV� RI� GHHS� EHDPV� DQG� LW� ZDV� REVHUYHG� WKDW� WKH� )($�PRGHO� JDYH� OHVV� FRQVHUYDWLYH� UHVXOWV� E\� DQ�
DYHUDJH�RI������

)RVWHU� DQG� 0DOLN� >�@� HYDOXDWHG� WKH� YDOLGLW\� RI� VHYHUDO� SURSRVHG� H[SUHVVLRQV� WR� GHWHUPLQH� WKH�
HIILFLHQF\� IDFWRU� IRU� FRQFUHWH� VWUXWV�� 7KH\� HYDOXDWHG� WKH�PRGHOV� SURSRVHG� E\�9HFFKLR� DQG� &ROOLQV� >�@��
0DUWL�>�@��&KHQ�HW�DO�>�@��%DWFKHORU��*HRUJH��DQG�&DPSEHOO�>�@��&ROOLQV�DQG�0LWFKHOO�>�@�DQG�)RVWHU�DQG�
*LOEHUW�>�@�DQG�VKRZHG�WKDW�WKH�LQFOLQDWLRQ�RI�WKH�VWUXW�UHODWLYH�WR�WKH�D[LV�RI�WKH�FRQFUHWH�PHPEHU�LV�WKH�
SULQFLSDO�YDULDEOH� LQ�GHWHUPLQLQJ�VWUXW�HIILFLHQF\��7KH\� IXUWKHU�REVHUYHG�WKDW� WKH�0RGLILHG�&RPSUHVVLRQ�
)LHOG�7KHRU\��0&)7��RI�9HFFKLR�DQG�&ROOLQV�>�@�KDV�JLYHQ�WKH�EHVW�FRUUHODWLRQ�ZKHQ�FRPSDUHG�ZLWK�WKH�
H[SHULPHQWDO�GDWD���

0DWDPRURV�DQG�:RQJ�>��@�SURSRVHG�D�PHWKRG�IRU�GHWHUPLQLQJ�WKH�FDSDFLW\�RI�D�GHHS�EHDP�EDVHG�RQ�
WKH�VWUHQJWK�RI�WKH�VWUXWV��7KH\�WULHG�WR�GHWHUPLQH�WKH�HIILFLHQF\�QRGH�VWUXW�LQWHUIDFH�IRU�GHHS�EHDPV�DQG�
GHYHORSHG�D�PHWKRG�E\�ZKLFK�WKH�SUHVHQFH�RI�KRUL]RQWDO�DQG�YHUWLFDO�UHLQIRUFHPHQW�FDQ�EH�XVHG�ZLWK�WKH�
KHOS�RI�670���

:LJKW�DQG�0RQWHVLQRV�>��@��SURYLGHG�VWHS�ZLVH�GHWDLOV�IRU�WKH�GHVLJQ�RI�GHHS�EHDPV�E\�6WUXW�DQG�7LH�
0RGHO��XVLQJ�WKH�EDVLF�GHVLJQ�JXLGHOLQHV�JLYHQ�E\�$&,�������$SSHQGL[�$���

4XLQWHUR�HO�DO�>��@�HYDOXDWHG�WKH�VWUHQJWK�IDFWRUV�JLYHQ�E\�$&,��������$SSHQGL[�$�RQ�WKH�EDVLV�RI�
WHVWV� RI� ���5&� GHHS� EHDPV�ZLWK� WKH�PDLQ� GHVLJQ� YDULDEOHV� VXFK� DV� WKH� VWUXW� DQJOH�� ZHE� UHLQIRUFHPHQW�
FURVVLQJ�WKH�VWUXW�DQG�FRQFUHWH�VWUHQJWK��7KH\�REVHUYHG�WKDW�WKH�VWUXW�VWUHQJWK�IDFWRUV�JLYHQ�E\�$&,�������
DUH�DGHTXDWH�IRU�XVH�LQ�QRUPDO�VWUHQJWK�FRQFUHWH�ERWWOH�VKDSHG�VWUXWV�FURVVHG�E\�HLWKHU�QR�UHLQIRUFHPHQW�RU�
PLQLPXP�ZHE�UHLQIRUFHPHQW����

7KH� UHFHQW� VRIWZDUH� EDVHG� VROXWLRQV� LQFRUSRUDWLQJ� 670� DOORZV� D� VLJQLILFDQW� UHGXFWLRQ� LQ� DQDO\VLV�
WLPH��DOORZLQJ�GHVLJQHUV�WR�HYDOXDWH�GLIIHUHQW�VWUXW�DQG�WLH�PRGHOV�IRU�WKH�GHVLJQ�RI�D�VWUXFWXUH�>��@��

3DUN�DQG�.DFKPD�>��@�GHYHORSHG�D�PHWKRG�IRU�FDOFXODWLQJ�WKH�VWUHQJWK�RI�GHHS�EHDPV�RQ�WKH�EDVLV�RI�
WKH�6WUXW�DQG�7LH�0RGHO��670���7KH�SURSRVHG�PHWKRG�FRQVLGHUV�FRQVWLWXWLYH�ODZV�IRU�FUDFNHG�UHLQIRUFHG�
FRQFUHWH�VWUDLQ�FRPSDWLELOLW\��DQG�XVHV�D�VHFDQW�VWLIIQHVV�IRUPXODWLRQ��,Q�WKLV�PHWKRG��WKH�IDLOXUH�RI�GHHS�
EHDPV� GXH� WR� FUXVKLQJ� RI� WKH� QRGDO� FRPSUHVVLRQ� ]RQH� DW� WKH� WRS� RI� WKH� GLDJRQDO� VWUXW�� \LHOGLQJ� RI� WKH�
ORQJLWXGLQDO�UHLQIRUFHPHQW��DV�ZHOO�DV�WKDW�RI�VWUXW�FUXVKLQJ�RU�VSOLWWLQJ�ZDV�FRQVLGHUHG��,W�ZDV�REVHUYHG�
WKDW� WKH� FDOFXODWHG� FDSDFLWLHV� E\� WKH� SURSRVHG� PHWKRG� ZHUH� ERWK� DFFXUDWH� DQG� FRQVHUYDWLYH� ZLWK� OLWWOH�
VFDWWHU� RU� WUHQGV� IRU� GHHS� EHDPV� ZLWK� GLIIHUHQW� FRQFUHWH� VWUHQJWKV� LQFOXGLQJ� KLJK�VWUHQJWK�� YDULRXV�
FRPELQDWLRQV�RI�ZHE�UHLQIRUFHPHQWV�DQG�WKH�D�G�UDWLR�UDQJLQJ�IURP������WR������>���@���

=DQJKD�DQG�+DL� >��@�SURSRVHG�D�0RGLILHG�670�IRU�GHWHUPLQLQJ�VKHDU�VWUHQJWK�RI�5&�GHHS�EHDPV��
7KH� PRGLILHG� PRGHO� IRU� VLPSO\� VXSSRUWHG� GHHS� EHDPV� �66'%V�� ZDV� HYDOXDWHG� XVLQJ� ���� WHVW� UHVXOWV��
ZKLFK�JDYH�EHWWHU�DJUHHPHQW�WKDQ�WKH�RULJLQDO�PRGHO���

:DQJ�DQG�0HQJ�>��@�SURSRVHG�D�0RGLILHG�6WUXW�DQG�7LH�0RGHO��0670��IRU�VLPSO\�VXSSRUWHG�SUH�
VWUHVVHG�5&�EHDPV��%DVHG�RQ�WKH�WHVW�UHVXOWV�RI����SUH�VWUHVVHG�DQG�SRVW�WHQVLRQHG�EHDPV��WKH\�REVHUYHG�
WKDW�0670�EDVHG�SUHGLFWLRQV�DUH�DFFXUDWH��FRQVLVWHQW�DQG�FRQVHUYDWLYH���

%UHxD�HW�DO�>��@�FRQFOXGHG�WKDW�WKH�FRQVHUYDWLYH�QDWXUH�RI�670�LV�ZHOO�GRFXPHQWHG��EXW�WKH�H[LVWLQJ�
PDUJLQ� RI� VDIHW\� RI� WKH� VWUXFWXUH� GHVLJQHG�XVLQJ�670� LV�QRW� FXUUHQWO\� NQRZQ��7KH� VRXUFHV� RI� WKH� RYHU�
VWUHQJWK�RI�VWUXFWXUHV�GHVLJQHG�XVLQJ�VWUXW�DQG�WLH�PRGHOV�KDYH�QRW�EHHQ�FULWLFDOO\�H[DPLQHG��([SHULPHQWDO�
WHVWLQJ�LV�UHTXLUHG�WR�SURYLGH�GHVLJQHUV�DQG�UHVHDUFKHUV�ZLWK�WRROV�WR�HYDOXDWH�WKH�PRGHOV�XVHG�IRU�GHVLJQ��
7KLV� LQIRUPDWLRQ� LV� QHFHVVDU\� IRU� IXWXUH� FDOLEUDWLRQ� RI� GHVLJQ� SDUDPHWHUV� WR� DFKLHYH� UHODWLYHO\� XQLIRUP�
UHOLDELOLW\�RI�VWUXFWXUHV�GHVLJQHG�XVLQJ�VWUXW�DQG�WLH�PRGHOV���

7KH� VWUXFWXUHV� GHVLJQHG� RQ� WKH� EDVLV� RI� 670� FDQ� IDLO� LQ� D� QXPEHU� RI� ZD\V� VXFK� DV� VWUXW� RU�
FRPSUHVVLRQ��VKHDU�RU�GLDJRQDO�IDLOXUH��IOH[XUDO�IDLOXUH��EHDULQJ�IDLOXUH�DQG�DQFKRUDJH�IDLOXUH�HWF����

$UDE]DGHK�>��@�GHYHORSHG�D�VLPSOH�PHWKRG�IRU�WKH�GHVLJQ�RI�GHHS�EHDPV�RQ�WKH�EDVLV�RI�WUXVV�DQDORJ\�
DQG�DSSOLHG�LW�WR�WKH����VLPSO\�VXSSRUWHG�GHHS�EHDPV��7KH�SURSRVHG�PHWKRG�ZDV�DEOH�WR�UHOLDEO\�SUHGLFW�
WKH�IDLOXUH�PRGH�DQG�ORDG�IRU�WKH�GHHS�EHDPV����
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�
/DWHU�$UDE]DGHK�DW DO�>��@�IXUWKHU�LPSURYHG�WKLV�VLPSOH�670�IRU�WKH�SUHGLFWLRQ�RI�WKH�XOWLPDWH�VKHDU�

VWUHQJWK�RI�GHHS�EHDPV��DQG�DSSOLHG�WKH�SURSRVHG�PHWKRG�WR�WKH�UHVXOWV�RI�D�GDWDEDVH�RI�����EHDPV��7KH\�
UHSRUWHG�WKDW�WKH�SURSRVHG�PRGHO�PRUH�DFFXUDWHO\�SUHGLFWHG�WKH�VKHDU�VWUHQJWK�RI�GHHS�EHDPV�����

,Q�WKLV�UHVHDUFK����5&�GHHS�EHDPV�LQ�WKUHH�VHWV�RI�D�G�YDOXHV�RI������������DQG������ZHUH�GHVLJQHG�RQ�
WKH�EDVLV�RI�670�IRU�DVVXPHG�DSSOLHG�ORDGV�DQG�PDWHULDO�VWUHVVHV��ZKLFK�ZHUH�ODWHU�WHVWHG�XQGHU�WZR�SRLQW�
ORDGV�WR�GHWHUPLQH�WKH�VKHDU�VWUHQJWK�RI�GHHS�EHDPV��7KH�VWUHQJWK�RI�WKH�EHDPV�ZDV�WKHQ�ZRUNHG�RXW�RQ�
WKH�EDVLV�RI�WKH�VWUHQJWKV�RI�WKH�PRVW�FULWLFDO�FRPSUHVVLRQ�VWUXWV�DQG�QRGHV�IRU�WKH�670��ZKLOH�XVLQJ�WKH�
HTXDWLRQV�JLYHQ�E\�$&,��������>��@��7KH�VKHDU�VWUHQJWK�RI�WKH�GHHS�EHDPV�ZDV�DOVR�GHWHUPLQHG�ZLWK�WKH�
HTXDWLRQ�SURSRVHG�E\�(&����>��@���

7KH�DFWXDO�UHVXOWV�ZHUH�WKHQ�FRPSDUHG�ZLWK�WKH�WKHRUHWLFDO�VWUHQJWK�FDSDFLWLHV�RI�WKH�5&�GHHS�EHDPV�
JLYHQ�E\�670�DQG�(&�����7KH�IDLOXUH�PRGHV�RI�WKH�EHDPV�ZHUH�DOVR�REVHUYHG���� �� 0$7(5,$/�$1'�7(67�6(783�
&RQFUHWH�LQ�D�QRPLQDO�UDWLR�RI�FHPHQW��VDQG�DQG�FRDUVH�DJJUHJDWHV�DV������ò�����ZDV�XVHG�WR�DFKLHYH�WKH�
VSHFLILHG� VWUHQJWK� �����03D� ������ SVL��� 7KH� DFWXDO� F\OLQGULFDO� FRPSUHVVLYH� VWUHQJWK� RI� FRQFUHWH� ZDV��
KRZHYHU��REWDLQHG�DV������03D�������SVL���7KH�ORQJLWXGLQDO�VWHHO�RI�D�VSHFLILHG�\LHOG�VWUHQJWK�RI�����03D�
��������SVL�� DQG� WUDQVYHUVH� VWHHO�RI� D� VSHFLILHG� VWUHQJWK�RI�����03D� ��������SVL��ZDV�XVHG��7KH�DFWXDO�
\LHOG�VWUHQJWK�RI�WKH�VWHHO�EDUV�KDV�EHHQ�JLYHQ�LQ�7DEOH�����7DEOH����'HWDLOV�RI�UHLQIRUFLQJ�EDUV�XVHG�LQ�WKH�GHHS�EHDPV��

1RPLQDO�VL]HV� 1RPLQDO�DUHDV�� $YHUDJH�\LHOG�VWUHVV� $YHUDJH�XOWLPDWH�VWUHVV�
86� 0HWULF� ,Q�� PP�� SVL� 03D� SVL� 03D� � HORQJDWLRQ��
��� ��� ����� ��� ������ ���� ������ ���� ������
��� ���� ������ ���� ������ ���� ������� ���� ������
��� ���� ����� ���� ������ ���� ������� ���� ������

/LQHDU� 9DULDEOH� 'LVSODFHPHQW� 7UDQVGXFHUV� �/9'7�� ZHUH� LQVWDOOHG� WR� PHDVXUH� WKH� GHIOHFWLRQV� RI�
VSHFLPHQV�DW�WKH�PLG�VSDQ��7R�FKHFN�WKH�\LHOGLQJ�RI�WKH�PDLQ�VWHHO��SURWHFWHG�OLQHDU�VWUDLQ�JDXJHV�ZHUH�WLHG�
WR�WKH�VWHHO�EDUV�DW�PLG�VSDQ���7KH�EHDPV�ZHUH�WHVWHG�XQGHU�V\PPHWULF�WZR�SRLQW�ORDGLQJ��DSSOLHG�DW�WKH�
FHQWUH�OLQHV�RI� WKH�EHDULQJ�SODWHV��7KH�ORDGV�ZHUH�DSSOLHG� WKURXJK�WKH�K\GUDXOLF�V\VWHP�� WUDQVIHUULQJ� WKH�
ORDG�WKURXJK�D�FDOLEUDWHG�SURYLQJ�ULQJ�WR�WKH�EHDULQJ�SODWHV��$�VFKHPDWLF�SODQ�RI�WKH�ORDG�DSSOLFDWLRQ�KDV�
EHHQ�VKRZQ�LQ�)LJ�����

)LJ�����6FKHPDWLF�GLDJUDP�IRU�DSSOLFDWLRQ�RI�ORDGV�DW�WKH�GHHS�EHDPV��
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7KH�EHDPV�ZHUH�GHVLJQHG�DJDLQVW�DQ�H[WHUQDO�WRWDO�ORDG�RI�����N1����.LSV���DSSOLHG�DW�WKH�GHHS�EHDPV�LQ�
WZR� HTXDO� ORDGV� V\PPHWULFDOO\�� 7KHUH� FDQ� EH� PDQ\� SRVVLEOH� WUXVV� PRGHOV� IRU� WKH� JLYHQ� ORDGLQJ� DQG�
JHRPHWU\�RI�WKH�GHHS�EHDPV��+RZHYHU��WKH�DVVXPHG�WKHRUHWLFDO�670�IRU�WKH�DSSOLHG�ORDGV�LV�VKRZQ�LQ�)LJ��
�D��ZKLFK�KDV�EHHQ�EDVHG�RQ�WKH�PRGHO�SURSRVHG�E\�*DHWDQR�5XVVR�HW�DO�>��@��7KH�DVVXPHG�WUXVV�XQGHU�
WKH�DSSOLHG�ORDGV�KDV�D�WUDSH]RLGDO�VKDSH�DV�VKRZQ�LQ�)LJ���E��,Q�670�WKH�QRGHV�DUH�GLPHQVLRQOHVV�SRLQWV�
ZKHUH�WKH�FRPSUHVVLRQ�VWUXWV�DQG�WLH�DUH�DVVXPHG�WR�LQWHUVHFW�DQG�PXVW�QRW�EH�FRPSDUHG�ZLWK�WKH�MRLQWV�RU�
SLQV� RI� RUGLQDU\� WUXVVHV��+HQFH� WKH� SURSRVHG�670� IRU� GHHS�EHDPV� LV� DQ� DFFHSWDEOH� VROXWLRQ� VLQFH� WKH�
QRGHV�DUH�QRW�WUXH�SLQV��DQG�LQVWDELOLW\�ZLWKLQ�WKH�SODQH�RI�WKH�WUXVV�LV�QRW�D�FRQFHUQ�LQ�D�6WUXW�DQG�7LH�
0RGHO���

D��6WUXW�DQG�7LH�0RGHO�IRU�GHHS�EHDPV�XQGHU�JLYHQ�ORDGLQJ�DGDSWHG�IURP�5HI��>��@�

E��$VVXPHG�WUDSH]RLGDO�6WUXW�DQG�7LH�PRGHO�XQGHU�DSSOLHG�ORDG��
)LJ�����&RQFHSWXDO�DQG�DFWXDO�6WUXW�DQG�7LH�0RGHO�IRU�WKH�DSSOLHG�ORDGV��

7KH�IROORZLQJ�VWHSV�ZHUH�DGRSWHG�IRU�WKH�GHVLJQ�RI�GHHS�EHDPV�DV�SHU�JXLGHOLQHV�RI�$&,����������
D��&KHFNLQJ�%HDULQJ�&DSDFLW\�DW�/RDGLQJ�DQG�6XSSRUW�/RFDWLRQ�

7KH�DSSOLHG�VWUHVV�RQ�WKH�EHDULQJ�SODWHV�PXVW�QRW�H[FHHG�WKH�YDOXH�JLYHQ�E\�$&,�����DV�IROORZV����E��&KHFNLQJ�WKH�WUXVV�JHRPHWU\�
7R� HQVXUH� WKDW� WKH� SURSRVHG� WUXVV� OLHV�ZLWKLQ� WKH� GHHS�EHDP�� DV� VKRZQ� LQ�)LJ�����7KH� VWUXW� DQG� WLH�

FDSDFLWLHV�DUH�DOVR�FKHFNHG����F��5HVROYLQJ�WKH�DVVXPHG�WUXVV�WR�GHWHUPLQH�PHPEHU�IRUFHV���
7KH�PHPEHU�IRUFHV�RI�WUXVV�IRU�WKH�H[WHUQDO�DSSOLHG�ORDGV�DUH�JLYHQ�LQ�)LJ�����7KH�FRPSUHVVLYH�IRUFHV�

LQ�WKH�VWUXWV�DUH�FDUULHG�E\�WKH�FRQFUHWH�DQG�WKH�WHQVLOH�IRUFHV�LQ�WKH�WLHV�VKDOO�EH�WKH�WHQVLOH�UHLQIRUFHPHQW��
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�
)RU� FRPSUHVVLYH� IRUFHV�� LW� LV� QHFHVVDU\� WR� FKHFN� WKH� DOORZHG� PD[LPXP� VWUHQJWK� RI� WKH� VWUXW� DQG� WKH�
VWUHQJWK�RI�WKH�QRGDO�]RQHV��ZKHUH�PHPEHU�IRUFHV�LQWHUVHFW���

)LJ�����7UXVV�JHRPHWU\�RI�WKH�DVVXPHG�670�XQGHU�DSSOLHG�ORDG��
G��9HULI\LQJ�WKH�VWUXW�FDSDFLWLHV���

7KH�KRUL]RQWDO�VWUXW�LV�DVVXPHG�RI�XQLIRUP�FURVV�VHFWLRQ��ZKHUHDV�WKH�GLDJRQDO�VWUXWV�DUH�DVVXPHG�DV�
ERWWOH�VKDSHG��EHFDXVH�RI�WKH�JUHDWHU�ZLGWK�DYDLODEOH�IRU�ODWHU��7KH�VWUXW�FDSDFLWLHV�ZHUH�FKHFNHG�DJDLQVW�
WKH�IRUFHV�LQ�WKH�UHVSHFWLYH�PHPEHUV���

)LJ�����0HPEHU�IRUFHV�LQ�WKH�DVVXPHG�WUXVV�XQGHU�DSSOLHG�ORDGV��
H��&KHFNLQJ�WKH�VWUHQJWK�RI�QRGDO�UHJLRQ���

7KH� QRGDO� FDSDFLWLHV� RI� VWUXWV� DQG� WLHV� DUH� FKHFNHG� IRU� ERWK� QRGDO� SRLQWV� ³D´� DQG� ³E´� DJDLQVW� WKH�
PHPEHU�IRUFHV���
I��'HVLJQ�RI�WLHV�DQG�DQFKRUDJH���

7KH�WHQVLOH�IRUFHV�UHVLVWHG�E\�WKH�ORQJLWXGLQDO�VWHHO�DQG�WKH�FRUUHVSRQGLQJ�DUHD�RI�VWHHO�LV�ZRUNHG�RXW�
DV��

$VW� )WLH�� � I\���ZKHUH��
$VW���$UHD�RI�ORQJLWXGLQDO�VWHHO��
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)WLH�� 7HQVLOH�IRUFH�LQ�WLHV��
� 6WUHQJWK�UHGXFWLRQ�IDFWRU�WDNHQ�DV�����

I\�� 6SHFLILHG�\LHOG�VWUHVV�RI�ORQJLWXGLQDO�VWHHO��
�

7KH� PLQLPXP� ORQJLWXGLQDO� VWHHO� DV� SHU� $&,� ������� &ODXVH� �������� PXVW� VDWLVI\� WKH� IROORZLQJ�
HTXDWLRQ�� ��

PLQ� GEI\
FI$ ZVW

c 
7R�FKHFN�WKH�DQFKRUDJH�RI�WKH�WLH��WKH�IROORZLQJ�HTXDWLRQ�IRU�GHYHORSLQJ�WKH�OHQJWK�PXVW�EH�VDWLVILHG��

EEGK GGI\
I\O ���� tu EO

�

$FFRUGLQJ� WR� $&,� &RGH� SURYLVLRQ� �������� FORVHG� VWLUUXSV� DORQJ� WKH� IXOO� GHYHORSPHQW� OHQJWK� LV�
UHTXLUHG� WR� SUHYHQW� WKH� EHDULQJ� IDLOXUH� DQG� ERQG� IDLOXUH�� )RU� YHUWLFDO� UHLQIRUFHPHQW� WKH� HTXDWLRQ�

������VLQ !¦ L
VL

VL \E
$ PXVW�EH�VDWLVILHG��7KH�GHWDLOV�RI�WKH�EHDP�ILQDOO\�GHVLJQHG�LV�VKRZQ�LQ�)LJ�����

�

)LJ�����)LQDO�GHWDLOV�RI�EHDP�GHVLJQHG�RQ�WKH�EDVLV�RI�670��
$OO�WKUHH�RI�WKH�EHDPV�ZHUH�GHVLJQHG�IRU�WKH�DVVXPHG�H[WHUQDO�ORDGV�DQG�WKHLU�ILQDO�GHWDLOV�DUH�VKRZQ�LQ�
7DEOH�����
�

�� 7(67,1*�2)�63(&,0(1�$1'�2%6(59$7,216��
7KH� EHDPV� GHVLJQHG� RQ� WKH� EDVLV� RI� 670� IRU� WKH� H[WHUQDO� DVVXPHG� ORDGV�ZHUH� WHVWHG� XQGHU� WZR� SRLQW�
ORDGV��0RQRWRQLF� ORDGV�ZHUH�JUDGXDOO\� DSSOLHG� WR� WKH�GHHS�EHDPV�DQG� WKH�FUDFNLQJ�SDWWHUQ�ZDV�FORVHO\�
REVHUYHG��7R� UHFRUG� WKH� VWUDLQ� DW� WKH�PLG� VSDQ�� WKH� REVHUYDWLRQ� RI� /'97�ZDV� REWDLQHG� WKURXJK� D� GDWD�
ORJJLQJ�V\VWHP��:KHQ�ORDGV�ZHUH�LQFUHDVHG��YHUWLFDO�FUDFNV�DSSHDU� LQ� WKH�EHDPV�DW�WKH�PLG�VSDQ�UHJLRQ�
DQG� WKH� VXSSRUW� UHJLRQ�� :LWK� IXUWKHU� LQFUHDVH� LQ� WKH� ORDGV�� WKH� IOH[XUDO� FUDFNV� LQ� WKH� VXSSRUW� UHJLRQ�
FKDQJHG�LQWR�GLDJRQDO�FUDFNV��H[WHQGLQJ�WRZDUGV� WKH�SRLQW�RI� ORDG�DSSOLFDWLRQ��7KLV� LV�VRPHWLPHV�FDOOHG�
VHFRQGDU\� FUDFN� DV� ZHOO��:LWK� IXUWKHU� LQFUHDVH� RI� ORDGV�� WKH� GLDJRQDO� FUDFNV� H[WHQGHG� WR� WKH� SRLQW� RI�
DSSOLFDWLRQ�RI�WKH�FRQFHQWUDWHG�ORDGV�DQG�ILQDOO\�FDXVHG�WKH�IDLOXUH�RI�WKH�EHDPV��7KH�VKHDU�VWUHQJWK�RI�WKH�
EHDPV�LV�GHWHUPLQHG�DW�WKH�IDLOXUH�ORDGV�RI�WKH�EHDPV��7KH�W\SLFDO�FRPSUHVVLRQ�VKHDU�IDLOXUH�RI�WKH�EHDP�LV�
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VKRZQ�LQ�)LJ�����ZKHUH�WKH�IDLOXUH�SODQH�DORQJ�WKH�GLDJRQDO�FRPSUHVVLRQ�LV�YHU\�FOHDU��7KH�WKHRUHWLFDO�DQG�
DFWXDO�PHPEHUV�IRUFHV�RI�WKH�DVXPHG�WUXVV��ORDGV�DW�ILUVW�IOH[XUDO�ORDGV�DQG�ILUVW�GLDJRQDO�ORDGV��DV�ZHOO�DV�
WKH�ILQDO�IDLOXUH�ORDGV�GHHS�EHDPV�KDYH�EHHQ�FRPSDUHG�LQ�7DEOH����� 7DEOH����'HWDLOV�RI�GHHS�EHDPV��ORQJLWXGLQDO�DQG�ODWHUDO�UHLQIRUFHPHQW�EDVHG��RQ�GHVLJQ�E\�670�IRU�H[WHUQDO�DVVXPHG�ORDG��

)LJ�����7\SLFDO�VKHDU�FRPSUHVVLRQ�IDLOXUHV�RI�GHHS�EHDPV���'%��WR'%����

7HQVLRQ�UHLQIRUFHPHQW� :HE�UHLQIRUFHPHQW��%HDP�WLWOH�1R����

K�LQ��� IF¶��SVL�� 6SDQ��LQ����
6KHDU�6SDQ�³D´�LQ���

G�LQ���
$VW��LQ�� U���� ORQJLWXGLQDO�EDUV� WUDQVYHUVH�VWLUUXSV�

D�K� D�G�

'%���DQG�'%��� ��� ����� ��� ��� ����� � ����������� ����� � ��#��� � ��#����� ����� �����
'%���DQG�'%��� ��� ����� ��� ��� ������ � ����������� ����� � ��#��� � ��#��� ����� �����
'%���DQG�'%��� ��� ����� ��� ��� ������ � ����������� ����� � ��#���� � ��#����� ���� �����

'%�� '%��

'%�� '%��

'%�� '%��
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7DEOH����&RPSDULVRQ�RI�WKHRUHWLFDO�DQG�DFWXDO�FUDFNLQJ�ORDGV�RI�GHHS�EHDPV�EDVHG�RQ�670�

6WHHO� 6WUXW�DQJOH�GHJUHHV�
0DLQ� :HE�VWHHO�%HDPV�WLWOH D�G�
U���� 6NLQ� 6KHDU�

'HVLJQ�ORDGV��NLSV��

/RDG�DW��VW�IOH[XUDO�FUDFN��9X�)/��NLSV��
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���'(7(50,1$7,21�2)�'((3�%($06�675(1*7+�21�7+(�%$6,6�2)�&2035(66,9(�
675(1*7+�2)�675876�$1'�12'(6�$6�3(5�$&,������

7KH�ZLGWKV�RI�WKH�VWUXWV�DQG�WLHV�DUH�ZRUNHG�RQ�WKH�EDVLV�RI�WKH�670�SURSRVHG�E\�$&,���������
7KH�ZLGWK�RI�WKH�KRUL]RQWDO�VWUXW�EF� �����LQ�IRU�GHHS�EHDP�'%����7KH�ORDG�FDUULHG�E\�WKH�VWUXW�LV�JLYHQ�DV���
������� V��IF
 @��>E��ZEF�@  ������������������������� �������.LSV��
7KH�VWUXW�DQJOH�LV������GHJUHHV��+HQFH�WKH�YHUWLFDO�ORDGV� �3 ������WDQ������ ��������.�
7KH�ZLGWK�RI�WKH�GLDJRQDO�VWUXW� ���DV�SHU�GHWDLOV�JLYHQ�LQ�$SSHQGL[�$��7KH�FDSDFLW\�RI��
)QV�DE��� >�������� V��IF
�@��> E��ZV�@ ������������������������� �������NLSV�
7KH�YHUWLFDO�ORDG�FDQ�EH�FDUULHG�E\�WKH�VWUXW�3� �������VLQ���� ��������.
6LPLODUO\��IURP�WKH�QRGHV�FDSDFLW\��WKH�FDSDFLW\�RI�VWUXW�DE�DW�QRGH�D��
)QQ�D� ������ Q��I 
F�@��> E��ZV�@  ��������������������������� ����.�
+HUH�� Q �����IRU��&&7�QRGH��DQG����ZDE��D��  ���
6LPLODUO\��WKH�QRGDO�HQG�FDSDFLW\�RI�VWUXW�DE�DW�QRGH�E�� )QQ�E���
 �������������������������� ������.LSV�ZKHUH� Q  ����IRU�&&&�QRGH��DQG����ZDE��D��  ��� �

7KXV��IURP�WKH�DERYH�IRXU�YDOXHV�RI�YHUWLFDO�ORDGV��WKH�PLQLPXP�FDQ�EH�VHOHFWHG�DV������. RQ�
WKH�EDVLV�RI�WKH�DVVXPHG�670�DQG�XVLQJ�WKH�$&,��������SURYLVLRQV��7KH�DFWXDO�IDLOXUH�ORDG�RI�WKH�
'%���DV�VKRZQ�LQ�7DEOH���LV�����.� ZKLFK�LV�YHU\�UHDVRQDEO\�FORVH�WR�WKH�VWUHQJWK�RI�WKH�EHDP�RQ�
WKH�EDVLV�RI�670��7KH�VOLJKW�FKDQJHV�PD\�EH�GXH�WR�WKH�DFWXDO�VWUHQJWK�RI�WKH�FRPSUHVVLYH�VWUHQJWK�
RI�FRQFUHWH�WKDQ�ZKDW�ZDV�VSHFLILHG��7KH�DERYH�SURFHGXUH� LV� IROORZHG�IRU�DOO� WKH�GHHS�EHDPV�DQG�
SUHGLFWHG�670�YDOXHV�DUH�FRPSDUHG�ZLWK�WKH�IDLOXUH�ORDGV�LQ�7DEOH������
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YK$  WRWDO�DUHD�RI�KRUL]RQWDO�UHLQIRUFHPHQW�VSDFHG�DW� LQ����WKH�YHUWLFDO�GLUHFWLRQ�DW�ERWK�IDFHV�RI�WKH�
EHDP�� 7KH� WKHRUHWLFDO� VKHDU� FDSDFLWLHV� RI� GHHS� EHDPV� ZRUNHG� RXW� RQ� WKH� EDVLV� RI� (&���� KDYH� EHHQ�
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)RU�D�VPDOOHU�D�G�UDWLR��ZKHUH�WKH�GHSWK�RI�WKH�EHDPV�LV�PD[LPXP�IRU�'%���DQG�'%���D�G ������WKH�VKHDU�
FRPSUHVVLRQ�IDLOXUH�LV�PRUH�SURPLQHQW�DQG�WKH�VKHDU�VWUHQJWK�RI�WKH�EHDPV�LV�DOVR�PD[LPXP��7KH�VWUXWV�
WDNH�WKH�PD[LPXP�ORDGV�DQG�WUDQVIHU�WKHVH�WR�WKH�VXSSRUWV��7KH�VKHDU�IDLOXUH�RI�WKH�EHDPV�LV�PRVWO\�GXH�WR�
UHVLVWDQFH� RIIHUHG� E\� WKH� VWUXWV�� 7KH� DFWXDO� VWUXW� DQJOHV� DUH� LQ� WKH� UDQJH� RI� ������ GHJUHHV�� ZKLFK� LV�
PHDVXUHG� URXJKO\� IURP� WKH� LQFOLQDWLRQ� RI� WKH� GLDJRQDO� FUDFN�� SDVVLQJ� WKH� VWUXW� UHJLRQ�� ZKHUHDV� WKH�
WKHRUHWLFDO�VWUXW�DQJOH�RI�WKH�GLDJRQDO�VWUXW�LV������GHJUHHV���7KH�DFWXDO�IDLOXUH�VWUHQJWK�RI�EHDPV�KDYLQJ�D�G�
 �����LV�VOLJKWO\�VPDOOHU�WKDQ�WKH�DFWXDO�VWUHQJWK�RI�WKH�GHHS�EHDPV�ZRUNHG�RXW�RQ�WKH�EDVLV�RI�670��(&�
���KDV�DOVR�UHDVRQDEO\�HVWLPDWHG�WKH�VKHDU�VWUHQJWK�RI�WKH���GHHS�EHDPV�'%��DQG�'%���IRU�D�G��������

)RU� GHHS� EHDPV�ZLWK� D�G� ����� DQG� D� GHSWK� RI� ��LQ� ��'%��� DQG�'%���� WKH� GHYLDWLRQ�EHWZHHQ� WKH�
DFWXDO�DQG�WKHRUHWLFDO�VWUXW�DQJOHV�LV�DOPRVW�WKH�VDPH��DV�WKH�WKHRUHWLFDO�WUXVV�DQJOH�IRU�WKH�DSSOLHG�ORDGV�LV�
����� GHJUHHV�� ZKHUHDV� WKH� DFWXDO� LQFOLQDWLRQ� RI� WKH� VWUXWV� LV� LQ� WKH� UDQJH� RI� ������ GHJUHHV�� 7KH� 670�
HVWLPDWH�RI� WKH�GHHS�EHDPV� LV� UHDVRQDEO\�FORVHU� WR� WKH� DFWXDO� IDLOXUH� ORDGV��(&����KDV��KRZHYHU�� VDIHO\�
HVWLPDWHG�WKH�VKHDU�VWUHQJWK�RI�GHHS�EHDPV�PRUH�FRQVHUYDWLYHO\�IRU�D�G ������'%���DQG�'%�����

)RU�GHHS�EHDPV�ZLWK�D�G� �����DQG�GHSWK�RI���LQ��'%���DQG�'%�����WKH�VKHDU�IDLOXUH�LV�DJDLQ�GXH�WR�
FRPSUHVVLRQ�IDLOXUH�RI�WKH�GLDJRQDO�VWUXWV�DV�YHULILHG�IURP�WKH�FUDFNV�LQ�WKH�EHDPV��7KH�670�HVWLPDWH�LQ�
VXFK�FDVHV�LV�RQ�WKH�KLJKHU�VLGH�DV�FRPSDUHG�WR�WKH�DFWXDO�IDLOXUH�ORDGV��7KLV�LQFUHDVH�LQ�WKH�VKHDU�VWUHQJWK�
LQ�UHODWLYHO\�VKDOORZHU�EHDPV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�ORQJLWXGLQDO�VWHHO�PLJKW�KDYH�DOVR�FRQWULEXWHG�WR�
WKH� VWUHQJWK� RI� WKH� EHDPV�� ZKLFK� KDV� EHHQ� QHJOHFWHG� LQ� WKH� 670�� � 7KH� GHYLDWLRQ� RI� WKH� DFWXDO� DQG�
WKHRUHWLFDO�YDOXHV�RI�VWUXW�DQJOHV�LV�WKH�VDPH�L�H���DFWXDO�YDOXHV�RI�������GHJUHHV�DJDLQVW�WKHRUHWLFDO�YDOXHV�
RI������GHJUHHV��7KH�(&����HVWLPDWHV�IRU�VXFK�EHDPV�DUH�FRQVHUYDWLYH���

,Q�DOO�RI�WKH�WKUHH�VHWV�RI�EHDPV��WKH�IDLOXUH�KDV�EHHQ�FDXVHG�E\�WKH�FRPSUHVVLRQ�RI�WKH�VWUXWV�DQG�QRQH�
RI�WKH�PDLQ�ORQJLWXGLQDO�VWHHO�EDUV�KDV�EHHQ�REVHUYHG�DV�\LHOGHG�DW�WKH�IDLOXUH�RI�WKH�EHDPV��+HQFH�VWUXW�
FRPSUHVVLRQ� IDLOXUH� FDQ� EH� RQH� RI� WKH� PDMRU� UHDVRQV� IRU� IDLOXUH� RI� WKH� GHHS� EHDPV�� )XUWKHUPRUH�� WKH�
SURYLVLRQ�RI�ORQJLWXGLQDO�VNLQ�UHLQIRUFHPHQW�LQ�GHHS�EHDPV�KDV�DOVR�FRQWULEXWHG�WR�WKH�IOH[XUDO�VWUHQJWK�RI�
WKH� GHHS� EHDPV� DQG�� DV� D� UHVXOW�� WKH� FRQFUHWH� VWUXWV� KDYH� IDLOHG� LQ� FRPSUHVVLRQ� EHIRUH� \LHOGLQJ� RI� WKH�
ORQJLWXGLQDO�VWHHO��

7KH�670�EDVHG�VROXWLRQV�PRVWO\�UHO\�RQ�WKH�FDSDFLW\�UHGXFWLRQ�IDFWRU�RI�QRGHV�DQG�VWUXWV���L�H�� V�� Q����

IRU�WKH�JLYHQ�VWUHQJWK�RI�WKH�FRQFUHWH��IF¶����7KH�YDOXHV�IRU�WKH� V KDYH�EHHQ�ZRUNHG�RXW�ERWK�IRU�KRUL]RQWDO�
VWUXW�� VK�� DQG�GLDJRQDO�VWUXWV� VG� DW�WKH�IDLOXUH�ORDG�E\�HTXDWLQJ�QRPLQDO�VWUXW�FDSDFLWLHV�DQG�WKH�IRUFHV�LQ�
VWUXWV�DW�IDLOXUH�ORDGV��7KHVH�IDFWRUV�DUH�JLYHQ�LQ�7DEOH����7KH�DVVXPHG�YDOXH�RI� V DV�SHU�$&,�����LV�������
ZKHUHDV�VRPH�RI�WKH�YDOXHV�RI� V IRU�GLDJRQDO�VWUXWV�DUH�OHVV�WKDQ�������DV�LQ�WKH�FDVH�RI�'%����'%���DQG�
'%����7KH�DYHUDJH�YDOXH�RI� V IRU�GLDJRQDO�VWUXWV�LV�������ZKLFK�LV�UHDVRQDEO\�FORVHU�WR�WKH�DVVXPHG�YDOXH�
RI� ����� DV� SHU� $&,������ 7KH� REVHUYHG� YDOXHV� RI� V� IRU� KRUL]RQWDO� VWUXWV� DUH� UHODWLYHO\� KLJKHU� WKDQ� WKH�
DVVXPHG�YDOXH�RI�������7KH�ORZHU�FDSDFLWLHV�RI�WKH�GLDJRQDO�VWUXWV�KDYH�WKXV�FDXVHG�WKH�FRPSUHVVLRQ�RI�
IDLOXUH�RI�WKH�GHHS�EHDPV��EHIRUH�\LHOGLQJ�RI�WKH�PDLQ�VWHHO���

�
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7KH�ORDG�GHIOHFWLRQ�FXUYHV�IRU�WKH�WKUHH�VHWV�RI�GHHS�EHDPV�KDYH�EHHQ�JLYHQ�LQ�)LJ���

)LJ�����/RDG�'HIOHFWLRQ�FXUYHV�DQG�WKHLU�FRPSDULVRQ�IRU�WKUHH�VHWV�RI�GHHS�EHDPV�
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L�� 6WUXW�DQG�7LH�0RGHO��670��KDV�JLYHQ�UHDVRQDEOH�HVWLPDWHV�RI�WKH�ORDG�FDUU\LQJ�FDSDFLW\�RI�WKH�GHHS�
EHDPV�ZKHQ�FRPSDUHG�ZLWK�WKH�DFWXDO�IDLOXUH�ORDGV��

LL�� 7KH�IDLOXUH�RI� WKH�EHDPV�KDV�EHHQ�FDXVHG�PDLQO\�E\�FRPSUHVVLRQ� IDLOXUH�RI� WKH�GLDJRQDO�FRQFUHWH�
VWUXWV�DV�WKH�\LHOGLQJ�RI�WKH�ORQJLWXGLQDO�EDUV�KDV�QRW�EHHQ�REVHUYHG�LQ�WKH�EHDPV��7KH�GLDJRQDO�VWUXWV�
KDYH� IDLOHG� LQ�DOO�FDVHV��7KLV�IDFW� LV�DOVR�YHULILHG� IURP� WKH�670�FDOFXODWLRQ�DV� WKH�FDSDFLW\�RI� WKH�
GLDJRQDO�VWUXW�LV�PLQLPXP�DV�FRPSDUHG�WR�WKH�KRUL]RQWDO�VWUXWV�DQG�VWUHQJWKV�RI�WKH�QRGHV����

LLL��7KH�SURYLVLRQ�RI�&(����IRU�WKH�VKHDU�VWUHQJWK�RI�GHHS�EHDPV�DOVR�JLYHV�UHDVRQDEO\�JRRG�SUHGLFWLRQ���
LY��7KH�FDSDFLW\�UHGXFWLRQ�IDFWRUV�IRU�VWUXW�VWUHQJWKV�DW�IDLOXUH� ORDGV�ZHUH�REVHUYHG�TXLWH�FORVHU�WR�WKH�

YDOXHV�UHFRPPHQGHG�E\�$&,������+RZHYHU�� WKH�DFWXDO�FDSDFLW\� UHGXFWLRQ� IDFWRUV�IRU� WKH�GLDJRQDO�
VWUXWV�ZHUH�UHODWLYHO\�OHVV�WKDQ�WKH�YDOXHV�SURSRVHG�E\�$&,��ZKLFK�PD\�UHTXLUH�IXUWKHU�YHULILFDWLRQ�
E\�H[SHULPHQWDO�ZRUN���� 5()(5(1&(6��

��� .HXQ�+\HRN�<DQJ��.��+���6RR��9��+���/HH��(��7��	�(XQ��+��&�� ��������6KHDU�FKDUDFWHULVWLFV�RI�KLJK�VWUHQJWK�
FRQFUHWH�GHHS�EHDPV�ZLWKRXW�6KHDU�UHLQIRUFHPHQWV��(QJLQHHULQJ�6WUXFWXUHV� 9RO������SS������±������

��� 6DHHG��$��� 6KDK�� $��	� =DPDQ�� 6�� �������� (YDOXDWLRQ� RI� 6KHDU� VWUHQJWK� RI� IRXU� SLOH� FDS�8VLQJ� 6WUXW� DQG�7LH�
0RGHO��670���-RXUQDO�RI�&KLQHVH�,QVWLWXWH�RI�(QJLQHHUV� 9RO������1R�����SS�����������

��� )RVWHU�� 6�� -�� 	� *LOEHUW�� 5�� ,�� �������� 7KH� GHVLJQ� RI� QRQ� IOH[XUDO� PHPEHUV� ZLWK� QRUPDO� DQG� KLJK�VWUHQJWK�
FRQFUHWH��$&,�6WUXFWXUDO�-RXUQDO� 9RO������1R�����SS��������

��� )RVWHU��6��-��	�0DOLN��$��5����������(YDOXDWLRQ�RI�HIILFLHQF\�IDFWRU�PRGHOV�XVHG�LQ�VWUXW�DQG�WLH�PRGHOLQJ�RI�QRQ�
IOH[XUDO�PHPEHUV��$6&(�-RXUQDO�RI�6WUXFWXUDO�(QJLQHHULQJ� 9RO�������1R�����SS�����������

��� 9HFFKLR��)��-��	�&ROOLQV��0��3����������7KH�PRGLILHG�FRPSUHVVLRQ�ILHOG�WKHRU\�IRU�UHLQIRUFHG�FRQFUHWH�HOHPHQWV�
VXEMHFWHG�WR�VKHDU��$&,�-RXUQDO��9RO������1R�����SS�����������

��� 0DUWL��3�����������+RZ�WR�WUHDW�VKHDU�LQ�VWUXFWXUDO�FRQFUHWH��$&,�6WUXFWXUDO�-RXUQDO� 9RO������1R�����SS�����������
��� &KHQ��%��6���+DJHQEHUJHU��0��-��	�%UHHQ��-��(����������(YDOXDWLRQ�RI�VWUXW�DQG�WLH�PRGHOLQJ�DSSURDFK�WR�GDSSHG�

EHDP�ZLWK�RSHQLQJ��$&,�6WUXFWXUDO�-RXUQDO� 9RO������1R�����SS�����������
��� %DWFKHORU��%���*HRUJH��+��.��	�&DPSEHOO��7��,����������(IIHFWLYHQHVV�IDFWRU�IRU�VKHDU�LQ�FRQFUHWH�EHDPV��$6&(�

-RXUQDO�RI�6WUXFWXUDO�(QJLQHHULQJ� 9RO�������1R�����SS�������������
��� &ROOLQV��0��3��	�0LWFKHOO��'����������$�5DWLRQDO�DSSURDFK�WR�VKHDU�GHVLJQ±WKH������&DQDGLDQ�FRGH�SURYLVLRQV��

$&,�-RXUQDO� 9RO������1R����SS�����������
���� 0DWDPRURV��$��%��	�:RQJ��.��+����������'HVLJQ�RI�VLPSO\�VXSSRUWHG�GHHS�EHDPV�XVLQJ�VWUXW�DQG�WLH�PRGHOV��

$&,�6WUXFWXUDO�-RXUQDO� 9RO�������1R�����SS�����������
���� :LJKW��-��.��	�3DUUD�0RQWHVLQRV��-��*����������8VH�RI�VWUXW�DQG�WLH�PRGHO�IRU�GHHS�EHDP�GHVLJQ�DV�SHU�$&,�����

FRGH��$&,�&RQFUHWH�,QWHUQDWLRQDO� 9RO������1R�����SS���������
���� 4XLQWHUR�)HEUHV��&��*���3DUUD�0RQWHVLQRV��*���:LJKW��-��.����������6WUHQJWK�RI�VWUXWV�LQ�GHHS�FRQFUHWH�PHPEHUV�

GHVLJQHG�XVLQJ�VWUXW�DQG�WLH�PHWKRG��$&,�0DWHULDO�-RXUQDO�9RO��-XO\�$XJ��������
���� 7MKLQ��7��1��	�.XFKPD��'��$����������&RPSXWHU�EDVHG�WRROV�IRU�GHVLJQ�E\�VWUXW�DQG�WLH�PHWKRG��DGYDQFHV�DQG�

FKDOOHQJHV��$&,�6WUXFWXUDO�-RXUQDO� 9RO������1R�����SS�����������
���� 3DUN��-��:��3��	�.XFKPD��'����������6WUXW�DQG�WLH�PRGHO�DQDO\VLV� IRU�VWUHQJWK�SUHGLFWLRQ�RI�GHHS�EHDPV��$&,�

6WUXFWXUDO�-RXUQDO�
���� 1LQJ�=KDQJD���	�.DQJ�+DL��7����������'LUHFW�VWUXW�DQG�WLH�PRGHO� IRU�VLQJOH� VSDQ�DQG�FRQWLQXRXV�GHHS�EHDPV��

(QJLQHHULQJ�6WUXFWXUHV� 9RO������,VVXH�����SS�������������
���� :DQJ�� *�� /�� 	� 0HQJ�� 6�� 3�� �������� 0RGLILHG� VWUXW�DQG�WLH� PRGHO� IRU� SUH�VWUHVVHG� FRQFUHWH� GHHS� EHDPV��

(QJLQHHULQJ�6WUXFWXUHV� 9RO������1R������SS�������������
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$&,�6WUXFWXUDO�-RXUQDO� 9RO�������1R�����SS�����������
���� $UDE]DGHK�� $�� �������� $QDO\VLV� RI� VRPH� H[SHULPHQWDO� UHVXOWV� RI� VLPSO\� VXSSRUWHG� GHHS� EHDPV� XVLQJ� WUXVV�

DQDORJ\�PHWKRG��,UDQLDQ�-RXUQDO�RI�6FLHQFH�	�7HFKQRORJ\� 7UDQVDFWLRQ�%��(QJLQHHULQJ� 9RO������1R�����6KLUD]�
8QLYHUVLW\��,5$1��������SS�����������

���� $UDE]DGHK��$���5DKDLH��$��5��	�$JKD\DUL��5�� ��������$� VLPSOH� VWUXW�DQG�WLH�PRGHO� IRU�SUHGLFWLRQ�RI�XOWLPDWH�
VKHDU�VWUHQJWK�RI�UF�GHHS�EHDPV��,QWHUQDWLRQDO�-RXUQDO�RI�&LYLO�(QJLQHHULQJ� 9RO�����1R�����

���� $&,�&RPPLWWHH���������%XLOGLQJ�&RGH�5HTXLUHPHQWV�IRU�5HLQIRUFHG�&RQFUHWH��$&,���������DQG�&RPPHQWDU\�
$&,���50�����$PHULFDQ�&RQFUHWH�,QVWLWXWH� 'HWURLW���������

���� (XURFRGH� 1R��� �(&������ 'HVLJQ� RI� &RQFUHWH� 6WUXFWXUHV�� 3DUW� ��� *HQHUDO� 5XOHV� DQG� 5XOHV� IRU� %XLOGLQJV��
&RPPLVVLRQ�RI�WKH�(XURSHDQ�&RPPXQLWLHV��(19�����������'HF��������S������)LQDO�GUDIW��������

���� 5XVVR��*���9HQLU��5��	�3DXOHWWD��0����������5HLQIRUFHG�FRQFUHWH�GHHS�EHDPV��VKHDU�VWUHQJWK�PRGHO�DQG�GHVLJQ�
IRUPXOD��$&,�6WUXFWXUDO�-RXUQDO�9RO�������1R������
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