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3HUIRUPDQFH�(YDOXDWLRQ�RI�([LVWLQJ�6SHFLDO�%ULGJHV�LQ�,QGRQHVLD�������������
%DVHG�RQ�61,�����������$1'�61,��������������������������������������������������������������������������

�&DVH�6WXG\�RI�'U��,U��6RHNDUQR�%ULGJH� 

)UDQV�6LQDWUD�
� 
1DWLRQDO�5RDG�,PSOHPHQWDWLRQ�2IILFH�6WDII�;9��-O��0DQDGR-%LWXQJ�.P������6XZDDQ��.HF��.DODZDW������������������

1RUWK�0LQDKDVD��(-PDLO��IUDQVHVFKLQL#JPDLO�FRP 

0XKDPPDG�5L\DQV\DK 
6WUXFWXUDO�(QJLQHHULQJ�5HVHDUFK�*URXS��&LYLO�(QJLQHHULQJ�0DVWHUV�6WXG\�3URJUDP��������������������������������������������������
)DFXOW\�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��%DQGXQJ�,QVWLWXWH�RI�7HFKQRORJ\���������������������������������������������������

-O��*DQHVKD�1R����%DQGXQJ��(-PDLO��UL\DQV\DK�P#JPDLO�FRP 

0DGH�6XDUMDQD 
6WUXFWXUDO�(QJLQHHULQJ�5HVHDUFK�*URXS��&LYLO�(QJLQHHULQJ�0DVWHUV�6WXG\�3URJUDP��������������������������������������������������
)DFXOW\�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��%DQGXQJ�,QVWLWXWH�RI�7HFKQRORJ\�����������������������������������������������������

-O��*DQHVKD�1R�����%DQGXQJ��(-PDLO��PVXDUMDQD#LWE�DF�LG 

/^^E�Ϭϴϱϯ-ϮϵϴϮ Ğ/^^E�Ϯϱϰϵ-Ϯϲϱϵ 

$EVWUDFW 

([LVWLQJ�VSHFLDO�EULGJHV�VXFK�DV�FDEOH-VWD\HG�EULGJHV�ZKLFK�DUH�FRPSOH[�LQ�VWUXFWXUH�QHHG�WR�EH�HYDOXDWHG�DJDLQVW�
61,�����������DQG�61,������������'U��,U��6RHNDUQR�%ULGJH�ORFDWHG�LQ�0DQDGR��1RUWK�6XODZHVL��ZDV�XVHG�DV�FDVH�
VWXG\��$QDO\VLV�EDVHG�RQ�WKH�SHUIRUPDQFH�RI�WKH�EULGJH�ZDV�FRQGXFWHG�XVLQJ�WKH�1RQOLQHDU�6WDWLF�3XVKRYHU�$QDO\VLV�
�163$��ZLWK�WKUHH�GLIIHUHQW�ORDG�GLVWULEXWLRQV�DQG�1RQOLQHDU�7LPH�+LVWRU\�$QDO\VLV��1/7+$���'XH�WR�WKH�VWDQGDUG�
ORDG�RI� WKH�EULGJH�� WKH�GHIOHFWLRQ�ZDV�VWLOO�EHORZ�WKH�DOORZDEOH�GHIOHFWLRQ��*LUGHU�KDV�DQ�RYHUVWUHVV�RI�����LQ�WKH�
6HUYLFH�,F�FRPELQDWLRQ��7KH�FDEOH�DOVR�KDV�RYHUVWUHVV� LQ�&DEOH���EHWZHHQ������DQG�������/RZHU� VHJPHQW�S\ORQ�
FDSDFLW\� ZDV� H[FHHGHG� E\� HDUWKTXDNH� ORDG� FRPELQDWLRQ� RI� ����� %ULGJH� SHUIRUPDQFH� VKRZV� WKDW� WKH� EULGJH�
VWUXFWXUH�ZDV� DW� IXOO\� RSHUDWLRQDO� SHUIRUPDQFH� OHYHO� DQG� WKH� HOHPHQW� SHUIRUPDQFH�ZDV� DW� LPPHGLDWH� RFFXSDQF\�
OHYHO��HDFK�PHWKRG�VKRZV�GLIIHUHQW�UHVXOW� LQ�EDVH�VKHDU�DQG�GLVSODFHPHQW��7KH�UHVXOW�VKRZV�WKDW�UH-HYDOXDWLRQ�IRU�
H[LVWLQJ� VSHFLDO�EULGJHV� LV� UHTXLUHG��7KH�EULGJH�SHUIRUPDQFH�KDV�GLIIHUHQW�EDVH� VKHDU�DQG�GLVSODFHPHQW� IRU�HDFK�
PHWKRG��1RQOLQHDU�7LPH�+LVWRU\�$QDO\VLV�LV�WKH�EHWWHU�RSWLRQ�IRU�VSHFLDO�EULGJH��1RQOLQHDU�6WDWLF�3XVKRYHU�$QDO\VLV�
PHWKRG� UHTXLUHV� D� IXUWKHU� VWXG\� WR� GHWHUPLQH� WKH� LGHDO� ORDG� GLVWULEXWLRQ� IRU� VSHFLDO� EULGJH� EHFDXVH� WKH� ORDG�
GLVWULEXWLRQ�LV�FUXFLDO�WR�GHWHUPLQH�WKH�UHVXOW�RI�SXVKRYHU�DQDO\VLV� 

.H\ZRUGV��%ULGJH�SHUIRUPDQFH��QRQQOLQHDU�VWDWLF�SXVKRYHU�DQDO\VLV��RQOLQHDU�WLPH�KLVWRU\�DQDO\VLV 

$EVWUDN 

-HPEDWDQ� NKXVXV� HNVLVWLQJ� VHSHUWL� MHPEDWDQ� FDEOH� VWD\HG� \DQJ� VDQJDW� NRPSOHNV� SHUOX� GLHYDOXDVL� NLQHUMDQ\D�
WHUKDGDS�61,�����������GDQ�61,������������6WXGL�NDVXV�SDGD�SHQHOLWLDQ�LQL�DGDODK�-HPEDWDQ�'5��,U��6RHNDUQR�GL�
.RWD�0DQDGR�� 6XODZHVL� 8WDUD�� 'LODNXNDQ� SXOD� DQDOLVLV� EHUGDVDUNDQ� NLQHUMD� GHQJDQ� 1RQOLQHDU� 6WDWLF� 3XVKRYHU�
$QDO\VLV�GHQJDQ�WLJD�SROD�EHEDQ�GDQ�1RQOLQHDU�7LPH�+LVWRU\�$QDO\VLV��$NLEDW�EHEDQ�VWDQGDU�MHPEDWDQ��OHQGXWDQ�
\DQJ� WHUMDGL� PDVLK� GLEDZDK� OHQGXWDQ� LMLQ�� *LUGHU� PHQJDODPL� NHOHELKDQ� WHJDQJDQ� VHEHVDU� ���� SDGD� NRPELQDVL�
EHEDQ�/D\DQ�,F��.DEHO�MXJD�WHUMDGL�NHOHELKDQ�WHJDQJDQ�SDGD�.DEHO���DQWDUD������VDPSDL�������.DSDVLWDV�S\ORQ�
VHJPHQ�EDZDK� WHUODPSDXL�ROHK�NRPELQDVL�EHEDQ�JHPSD�VHEHVDU������$QDOLVLV�NLQHUMD�VWUXNWXU� MHPEDWDQ�GHQJDQ�
GXD� PHWRGH� GLGDSDWNDQ� EDKZD� WLQJNDW� NLQHUMD� VWUXNWXU� DGDODK� IXOO\� RSHUDWLRQDO� GDQ� NLQHUMD� HOHPHQ� DGDODK�
LPPHGLDWH�RFFXSDQF\��DNDQ�WHWDSL�QLODL�EDVH�VKHDU�GDQ�SHUSLQGDKDQ�EHUEHGD�XQWXN�PDVLQJ-PDVLQJ�PHWRGH��+DVLO�
DQDOLVLV� PHQXQMXNNDQ� EDKZD� MHPEDWDQ� NKXVXV� HNVLVWLQJ� SHUOX� GL� HYDOXDVL� XODQJ� WHUKDGDS� SHUDWXUDQ� WHUEDUX��
.LQHUMD�MHPEDWDQ�GHQJDQ�GXD�DQDOLVLV�QRQOLQLHU�\DQJ�GLODNXNDQ�PHQXQMXNNDQ�KDVLO�\DQJ�EHUEHGD��1RQOLQHDU�7LPH�
+LVWRU\�$QDO\VLV�WHWDS�PHQMDGL�PHWRGH�\DQJ�OHELK�EDLN�XQWXN�MHPEDWDQ�NKXVXV�VHGDQJNDQ�PHWRGH�1RQOLQLHU�6WDWLF�
3XVKRYHU�$QDO\VLV� SHUOX� SHQHOLWLDQ� ODQMXWDQ� XQWXN�PHQHQWXNDQ�GLVWULEXVL� EHEDQ� SXVKRYHU� \DQJ� FRFRN� GLJXQDNDQ�
XQWXN�MHPEDWDQ�FDEOH�VWD\HG��PHQJLQJDW�SROD�GLVWULEXVL�EHEDQ�VDQJDW�PHQHQWXNDQ�KDVLO�GDUL�DQDOLVLV�SXVKRYHU� 

.DWD�NXQFL��.LQHUMD�MHPEDWDQ��QRQOLQLHU�VWDWLF�SXVKRYHU�DQDO\VLV��QRQOLQHDU�WLPH�KLVWRU\�DQDO\VLV� 
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���,QWURGXFWLRQ 

$ORQJ�ZLWK�WKH�LQFUHDVLQJ�NQRZOHGJH�DERXW�WKH�VRXUFH��
LQWHQVLW\�� DQG� VWUHQJWK� RI� HDUWKTXDNHV� LQ� ,QGRQHVLD��

ZKHUH� ERWK� WKH� LQWHQVLW\� DQG� VWUHQJWK� RI� HDUWKTXDNHV�
DUH� LQFUHDVLQJ�� WKH� FXUUHQW� UHJXODWLRQV� RQ� HDUWKTXDNH�
QHHG�WR�EH�XSGDWHG��7KH�UHJXODWRU\�XSGDWHV�VKRXOG�DOVR�
OHW� LPSRUWDQW� LQIUDVWUXFWXUHV� EXLOW� ZLWK� WKH� SUHYLRXV�


&RUUHVSRQGHQFH�$XWKRU 



�� :ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů 

3HUIRUPDQFH�(YDOXDWLRQ�RI�([LVWLQJ�6SHFLDO«����� 

�ŝƚĞƌŝŵĂ�Ϭϯ�KŬƚŽďĞƌ�ϮϬϭϵ͕��ŝƌĞǀŝƐŝ��ϮϬ�DĂƌĞƚ�ϮϬϮϬ͕��ŝƚĞƌŝŵĂ�ƵŶƚƵŬ�ĚŝƉƵďůŝŬĂƐŝŬĂŶ�ϭϰ��Ɖƌŝů�ϮϬϮϬ 
�ŽƉǇƌŝŐŚƚ������ϮϬϮϬ��ŝƚĞƌďŝƚŬĂŶ�ŽůĞŚ�:ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů�/d�͕�/^^E�Ϭϴϱϯ-ϮϵϴϮ͕��K/͗�ϭϬ͘ϱϲϭϰͬũƚƐ͘ϮϬϮϬ͘Ϯϳ͘ϭ͘ϲ 

UHJXODWLRQV� EH� HYDOXDWHG� DJDLQVW� WKH� ODWHVW� FKDQJHV��
2QH� RI� WKH� LPSRUWDQW� LQIUDVWUXFWXUHV� WKDW� QHHGV� WR� EH�
HYDOXDWHG� LV� WKH� ORQJ� VSDQ� EULGJHV� RU� VSHFLDO� EULGJHV�
VXFK� DV� FDEOH� VWD\HG�� 6SHFLDO� EULGJHV� VXFK� DV� FDEOH�
VWD\HG� EULGJHV� ZKLFK� DUH� YHU\� VWULFW� LQ� WKHLU� GHVLJQ�
FULWHULD� QHHG� WR� EH� HYDOXDWHG� IRU� WKHLU� SHUIRUPDQFH�
HVSHFLDOO\� RQ� HDUWKTXDNH� ORDGV�� VLQFH� WKH� QHZ�
HDUWKTXDNH� UHJXODWLRQV� UHTXLUH� JUHDWHU� HDUWKTXDNH�
ORDGV� WKDQ� WKH� SUHYLRXV� UHJXODWLRQV�� 7KH� LQFUHDVH� LQ�
ORDGV� WKDW� RFFXUUHG� IURP� WKH� 3G� 7-��-����-%�
*XLGHOLQHV�IRU�3ODQQLQJ�(DUWKTXDNH�/RDGV�IRU�%ULGJHV�
WR� 61,� ���������� %ULGJH� 3ODQQLQJ� IRU� (DUWKTXDNH�
/RDGV� LV� DURXQG����� WR�������VHH�)LJXUH���� VR� LW� LV�
YHU\� LPSRUWDQW� WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH�
H[LVWLQJ� VSHFLDO� EULGJHV� DQG� VHH� ZKHWKHU� LW� FDQ� VWLOO�
UHFHLYH�ORDGV�ZLWK�WKH�QHZ�UHJXODWLRQV��7KH�FDVH�VWXG\�
LQ�WKLV�VWXG\�LV�WKH�'U��,U��6RHNDUQR�%ULGJH��ORFDWHG�LQ�
0DQDGR��1RUWK�6XODZHVL��ZKLFK�ZDV�EXLOW�LQ������DQG�
LQDXJXUDWHG�LQ�������$Q�DQDO\VLV�ZDV�FRQGXFWHG�RQ�WKH�
PDLQ�VSDQ�ZKLFK�KDV�D�VSDQ�RI��[����P� 

)LJXUH����3G�7-��-����-%�DQG�61,�����-�����UHVSRQVH�
VSHFWUDV 

7KH� SHUIRUPDQFH� HYDOXDWLRQ� RI� WKLV� EULGJH� ZRXOG� EH�
GLYLGHG� LQWR� WZR� VWDJHV�� 7KH� ILUVW� VWDJH� LV� WKH�
HYDOXDWLRQ� RI� WKH� VWDQGDUG� ORDG� EDVHG� RQ� 61,� ������
����� �/RDGLQJ� IRU�%ULGJHV�� DQG� HDUWKTXDNH� UHVSRQVH�
VSHFWUD�EDVHG�RQ�61,�������������%ULGJH�3ODQQLQJ�IRU�
(DUWKTXDNH�/RDGV��ZLWK�D� IRUFH-EDVHG�DSSURDFK��7KLV�
DSSURDFK� LV� XVHG� WR� DVVHVV� ZKHWKHU� WKH� H[LVWLQJ�
VWUXFWXUH�FDQ�FDUU\� IRUFHV�GXH� WR� WKH� ORDG� WKDW�RFFXUV��
7KH�VHFRQG�VWDJH�LV�DQ�HYDOXDWLRQ�ZLWK�D�SHUIRUPDQFH-
EDVHG� DSSURDFK� WR� ILQG� RXW� WKH� SHUIRUPDQFH�EHKDYLRU�
RI�WKH�VWUXFWXUH�ZKHQ�WKH�ORDGV�ZRUN��,Q�D�SHUIRUPDQFH
-EDVHG� DSSURDFK�� D� QRQOLQHDU� DQDO\VLV�PHWKRG� LV� XVHG�
WR�XQGHUVWDQG�VWUXFWXUDO�EHKDYLRU�ZKHQ�DQ�HDUWKTXDNH�
RFFXUV��7KH�QRQOLQHDU�DQDO\VLV�XVHG� LQ� WKLV� VWXG\�ZDV�
WKH�1RQOLQHDU�6WDWLF�3XVKRYHU�$QDO\VLV��163$��ZLWK���
ORDGLQJ� SDWWHUQV�� 7KH� UHVXOWV� RI� XVLQJ� �� ORDGLQJ�
SDWWHUQV� ZRXOG� WKHQ� EH� FRPSDUHG� ZLWK� WKH� UHVXOWV� RI�
1RQOLQHDU� 7LPH� +LVWRU\� $QDO\VLV� �1/7+$�� WR� ILQG�
RXW�1RQOLQHDU� 6WDWLF� 3XVKRYHU�$QDO\VLV� �163$��ZLWK�
WKH�PRVW�UHOLDEOH�ORDGLQJ�SDWWHUQ�IRU�VSHFLDO�EULGJHV��RU�
LQ�WKLV�VWXG\��LV�WKH�FDEOH-VWD\HG�EULGJHV� 

���&DVH�6WXG\ 

'U�� ,U�� 6RHNDUQR� %ULGJH�� ORFDWHG� LQ� 0DQDGR�� 1RUWK�
6XODZHVL��ZDV�FKRVHQ�DV�D�FDVH�VWXG\��7KLV�EULGJH�ZDV�
EXLOW� IURP������ WR������ZLWK� WKH� IROORZLQJ� WHFKQLFDO�
GDWD� 

%ULGJH�1DPH� � 'U��,U��6RHNDUQR 

&RQVWUXFWLRQ�<HDU � �����–����� 

8SSHU�%XLOGLQJ�7\SH� � 3UHVWUHVVHG� JLUGHU� DQG� FDEOH�
 VWD\HG 

/RZHU�%XLOGLQJ�7\SH� � &DLVVRQ�)RXQGDWLRQ 

%ULGJH�7RWDO�/HQJWK� � ������P��LQFOXGLQJ� WKH�EULGJH�
 DSSURDFK� 

%ULGJH�/HQJWK� � ���P������P������P�������P�
 ������P������P������P� 

7UDIILF�/LQH�:LGWK� � ���P� �XQGLYLGHG� �� ODQHV�ZLWK�
 ��GLUHFWLRQV� 

6LGHZDONV�:LGWK� � �#����P 

$W�WKH�'U��,U��6RHNDUQR�%ULGJH��WKH�TXDOLW\�RI�FRQFUHWH�
XVHG�ZDV�.-����������03D��XVHG�RQ�SLOODUV�DQG�.-����
������03D�� XVHG� RQ� WKH� S\ORQ�� JLUGHU�� DQG� IORRU�� 7KH�
VL]H�DQG�GHWDLOV�RI�WKH�FURVV�VHFWLRQ�XVHG�ZHUH�GHULYHG�
IURP�WKH�$V�%XLOW�'UDZLQJ�RI�'U��,U��6RHNDUQR�%ULGJH�
&RQVWUXFWLRQ�� 7KH� S\ORQ� KDV� D� KHLJKW� RI� ����� PHWHUV�
ZLWK�D�EULGJH�IORRU�HOHYDWLRQ�DV�VKRZQ�LQ�)LJXUH��� 

)LJXUH����3\ORQ¶V�ORQJLWXGLQDO�VHFWLRQ�DQG�WUDQVYHUVDO�
VHFWLRQ 

7KH� IRUFH�RQ� WKH� HIIHFWLYH�SUHVWUHVVHG� VWHHO�ZDV� WDNHQ�
DW����ISX��ZKLOH�WKH�WHQVLOH�IRUFH�RQ�WKH�FDEOH�ZDV�WDNHQ�
IURP� WKH� 6WD\� ,QVWDOODWLRQ� GDWD� FRQGXFWHG� E\� 37��
)UH\VVLQHW�� 7KH� PRGHOLQJ� XVHG� WKH� &VL� %ULGJH� Y����
SURJUDP� DQG� WKH� PRGHOLQJ� UHVXOWV� FDQ� EH� VHHQ� LQ�
)LJXUH��� 

���0HWKRGRORJ\ 

7KH�SUHYLRXV�PRGHOLQJ�ZDV�YHULILHG�ZLWK�561,�7-��-
�����/RDGLQJ�6WDQGDUGV�IRU�%ULGJHV�DQG�3G�7-��-����
-%� *XLGHOLQHV� IRU� 3ODQQLQJ� (DUWKTXDNH� /RDGV� IRU�
%ULGJHV�� 7KH� DQDO\VLV� VKRZV� WKDW� DOO� EULGJH�
FRPSRQHQWV�DUH�VDIH�IURP�ORDGLQJ�VR�WKH\�FDQ�EH�XVHG�
IRU�IXUWKHU�DQDO\VLV� 

7KH� EULGJH� FRQGLWLRQ� HYDOXDWLRQ� VWDUWV� IURP� WKH�
VWDQGDUG� EULGJH� ORDG� 61,� ������ ����� ZKLFK� LQFOXGHV�
GHDG� ORDG�� SUHVWUHVVHG� ORDG�� WUDIILF� ORDG�� SHGHVWULDQ�
ORDG��EUDNH�ORDG��ZLQG�ORDG��WHPSHUDWXUH�LQIOXHQFH��DQG�

3HULRG��6HFRQG� 
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5HVSRQVH�6SHFWUXP������YV����� 
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)LJXUH����'U��,U��6RHNDUQR�EULGJH�PRGHOLQJ 

HDUWKTXDNH� ORDG�� 7KH� FRPELQDWLRQ� RI� ORDGLQJ� XVHG� LQ�
DFFRUGDQFH�ZLWK�61,������������LV�VKRZQ�LQ�7DEOH��� 

7KH� HDUWKTXDNH� UHVSRQVH� VSHFWUD� ZDV� FDOFXODWHG� XVLQJ�
WKH� 61,� ����������� 5HVSRQVH� VSHFWUD� LV� D� YDOXH� WKDW�
GHVFULEHV� WKH� PD[LPXP� UHVSRQVH� RI� D� VLQJOH� GHJUHH� RI�
IUHHGRP� �6'2)�� V\VWHP� DW� YDULRXV� QDWXUDO� IUHTXHQFLHV�
�QDWXUDO� SHULRGV�� GDPSHG� GXH� WR� DQ� HDUWKTXDNH�� ,Q� WKH�
UHVSRQVH� VSHFWUD� DQDO\VLV�� JUDSKV� DUH� XVHG� EHWZHHQ� WKH�
VWUXFWXUDO� SHULRG� �7��ZLWK� HODVWLF� HDUWKTXDNH� FRHIILFLHQW�
�&VP��� 7KH� UHVSRQVH� VSHFWUD� SUHYDLOLQJ� LQ� 0DQDGR��
1RUWK�6XODZHVL��ZLWK�PHGLXP�JURXQG�LV�VKRZQ�LQ�)LJXUH�
��� 7KH� UHVSRQVH� PRGLILFDWLRQ� IDFWRU� �5�� ZDV� WDNHQ� LQ�
DFFRUGDQFH� ZLWK� WKH� VKDSH� RI� WKH� S\ORQ� DQG� WKH� EULGJH�
SLOODU� ZKLFK� LV� ���� IRU� WKH� ORQJLWXGLQDO� GLUHFWLRQ� DQG�
WUDQVYHUVDO�GLUHFWLRQ� 

7KH� OHYHO� RI� EULGJH� SHUIRUPDQFH� ZRXOG� EH� GHWHUPLQHG�
WKURXJK�1RQOLQHDU�6WDWLF�3XVKRYHU�$QDO\VLV��163$��DQG�
1RQOLQHDU� 7LPH� +LVWRU\� $QDO\VLV� �1/7+$��� ,Q�
1RQOLQHDU� 6WDWLF� 3XVKRYHU� $QDO\VLV�� WKHUH� DUH� VHYHUDO�
PHWKRGV� WKDW� FDQ� EH� XVHG�� ,Q� WKLV� VWXG\�� WKH� &DSDFLW\�
6SHFWUXP� 0HWKRG� ZDV� XVHG�� 7KH� &DSDFLW\� 6SHFWUXP�
0HWKRG� FDQ� UHSUHVHQW� LQHODVWLF� VSHFWUD�� 7KH� VSHFWUD�
GHPDQG� XVHG� LV� VLPSOH� DQG� DFFXUDWH� HQRXJK� IRU� WKH�
YDULRXV� GHVLJQ� DVVXPSWLRQV� XVHG� �)DMIDU�� ������� 7KH�

)LJXUH����5HVSRQVH�VSHFWUD�RI�0DQDGR�ZLWK���
PHGLXP�JURXQG 

PRVW� LPSRUWDQW� SDUW� RI� SXVKRYHU� DQDO\VLV� LV� WKH� ORDG�
GLVWULEXWLRQ� SDWWHUQ� XVHG�� 5HIHUHQFH� WR� WKH� ORDG�
GLVWULEXWLRQ� WKDW� LV� PRVW� VXLWDEOH� IRU� FDEOH-VWD\HG�
EULGJHV� KDV� QRW� EHHQ� IRXQG�� 7KHUHIRUH�� WKUHH� ORDG�
GLVWULEXWLRQ� SDWWHUQV� LQ� WKLV� SXVKRYHU� DQDO\VLV� ZHUH�
XVHG��QDPHO\�WKH�XQLIRUP�GLVWULEXWLRQ��VWDWLF�HTXLYDOHQW�
GLVWULEXWLRQ��DQG�PRGDO�DQDO\VLV�GLVWULEXWLRQ� 

7KH�XQLIRUP�GLVWULEXWLRQ�ORDG�XVHV�WKH�UDWLR�RI�WKH�PDVV�
UHSUHVHQWLQJ� HDFK� SRLQW� UHYLHZHG� WR� WKH� WRWDO� PDVV� RI�
WKH�ZKROH�SRLQW��7KH� ODWHUDO� ORDG� WKDW�RFFXUUHG�DW� HDFK�
SRLQW�ZDV�WDNHQ�ZLWK�WKH�IROORZLQJ�IRUPXODWLRQ� 

�� 

:KHUH� 

)L�  � ODWHUDO�ORDG�DW�SRLQW�L 

PL�  � PDVV�DW�SRLQW�L 

PW�  � WRWDO�PDVV 

6WDWLF� HTXLYDOHQW� GLVWULEXWLRQ� LV� D� ORDG� GLVWULEXWLRQ�
SDWWHUQ�XVHG�LQ�)(0$������7KLV�ORDG�SDWWHUQ�FRQVLGHUV�
WKH� VWUXFWXUH
V� RZQ� ZHLJKW� DW� WKH� SRLQW� UHYLHZHG�� WKH�

3HULRGH��6HF� 
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7DEOH����/RDGLQJ�FRPELQDWLRQ�EDVHG�RQ�61,���������� 

/RDGLQJ�
&RPELQDWLRQ 

'HDG�
/RDG 

$GGLWLRQDO�
'HDG�/RDG 

3UHVWUHVV 7UDIILF�
/RDG 

%UDNH�
)RUFH 

6WUXFWXUH�
:LQG 

9HKLFOH�
:LQG 

8QLIRUP�
7HPSHUDWXUH 

*UDGLHQW�
7HPSHUDWXUH 

;-GLUHFWLRQ�
(DUWKTXDNH 

<-GLUHFWLRQ�
(DUWKTXDNH 

6WURQJ�,D 

6WURQJ�,E 

6WURQJ�,F 

6WURQJ�,, 

6WURQJ�,,, 

6WURQJ�,9 

6WURQJ�9 

([WUHPH�,[D 

([WUHPH�,[E 

([WUHPH�,[F 

([WUHPH�,[G 

([WUHPH�,\D 

([WUHPH�,\E 

([WUHPH�,\F 

([WUHPH�,\G 

6HUYH�,D 

6HUYH�,E 

6HUYH�,F 

6HUYH�,, 

6HUYH�,,, 

6HUYH�,9 
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KHLJKW�RI�WKDW�SRLQW�IURP�WKH�EDVH�RI�WKH�VWUXFWXUH��DQG�
WKH� SHULRG� IDFWRU� RI� WKH� VWUXFWXUH�� 7KH� ODWHUDO� ORDG� RI�
HDFK�SRLQW�ZDV�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD� 

)[� �&9;9  

  

 

:KHUH� 

)[�  � ODWHUDO�ORDG�DW�SRLQW�[ 

9�  � WRWDO�EDVH�VKHDU 

&9;�  � GLVWULEXWLRQ�IDFWRU�DW�SRLQW�[ 

Z[�  � VWUXFWXUH�ZHLJKW�DW�SRLQW�[ 

K[�  � KHLJKW�RI�SRLQW�[�IURP�WKH�EDVH�RI�WKH�VWUXFWXUH 

N�  � ����IRU�7�ш�����VHFRQGV 

N�  � ����IRU�7�ч�����VHFRQGV 

0RGDO�DQDO\VLV�GLVWULEXWLRQ�LV�DOVR�XVHG�LQ�)(0$������
FDOFXODWLQJ� ODWHUDO� IRUFHV� XVLQJ� WKH� VKHDU� IRUFH�
PDJQLWXGH� FDOFXODWHG� IURP� UHVSRQVH� VSHFWUD� DQDO\VLV�
WKDW� LV� DQDO\]HG� LI� WKH�PDVV�SDUWLFLSDWLRQ� UDWH� LV�PRUH�
WKDQ����� 

1RQOLQHDU�7LPH�+LVWRU\�$QDO\VLV�XVHV�JURXQG�PRWLRQ�
WDNHQ� IURP� WKH� 3((5� *URXQG� 0RWLRQ� 'DWDEDVH�� ,Q�
DFFRUGDQFH� ZLWK� 61,� ������ ������ WKH� QXPEHU� RI�
JURXQG�PRWLRQ� XVHG� LV� DW� OHDVW� WKUHH� JURXQG�PRWLRQV�
WKDW�DUH�FRPSDWLEOH�ZLWK�WLPH�KLVWRU\�DQG�WKH\�PXVW�EH�
XVHG� IRU� HDFK� HDUWKTXDNH� FRPSRQHQW� WKDW� UHSUHVHQWV�
WKH�SODQQHG�HDUWKTXDNH��7KUHH�RUWKRJRQDO�FRPSRQHQWV�
�[�� \�� DQG� ]�� RI� WKH� SODQQHG� HDUWKTXDNH� PXVW� EH�
LQFOXGHG� VLPXOWDQHRXVO\� ZKHQ� FRQGXFWLQJ� 1RQOLQHDU�
7LPH� +LVWRU\� $QDO\VLV�� 7KH� UHVXOWV� RI� WKH� DQDO\VLV�
WDNHQ�DUH� WKH�HIIHFW�RI�PD[LPXP�UHVSRQVH� IURP�WKUHH�
LQSXW�HDUWKTXDNHV�LQ�HDFK�PDLQ�GLUHFWLRQ��,I�WKHUH�DUH���
DFFHOHUDWLRQ�UHFRUGV��SODQQLQJ�LV�EDVHG�RQ�WKH�DYHUDJH�
UHVSRQVH�� 7KH� PRVW� LPSRUWDQW� VWDJHV� LQ� WKLV� DQDO\VLV�
DUH� WKH� VHOHFWLRQ� RI� JURXQG� PRWLRQ� DQG� VSHFWUDO�
PDWFKLQJ��7KH�VHOHFWLRQ�RI�JURXQG�PRWLRQ�LV�EDVHG�RQ�
WKUHH� SDUDPHWHUV�� QDPHO\� WKH� HDUWKTXDNH� PDJQLWXGH��
WKH� GLVWDQFH� RI� WKH� ORFDWLRQ� WR� WKH� VRXUFH� RI� WKH�
HDUWKTXDNH� IDXOW�� DQG� VRLO� W\SH� FRQGLWLRQV�� 6SHFWUDO�
PDWFKLQJ� QHHGV� WR� EH� GRQH� IRU� VFDOLQJ� VR� WKDW� WKH�
JURXQG� PRWLRQ� XVHG� LV� LQ� DFFRUGDQFH� ZLWK� WKH�
FKDUDFWHULVWLFV�RI�WKH�GHVLJQ�HDUWKTXDNH� 

7KH� EULGJH� SHUIRUPDQFH� ZDV� PHDVXUHG� EDVHG� RQ� WKH�
UDWLR� RI� URRI� GLVSODFHPHQW� WR� SDUDPHWHUV� WDNHQ� IURP�
+RVH�DQG�6HLEOH��������LQFOXGHG�LQ�1&+53�6\QWKHVLV�
�����VHH�7DEOH��� 

7KH�QRQOLQHDU�SURSHUW\�RI�WKH�HOHPHQW�PXVW�EH�GHILQHG�
ILUVW� EHIRUH� FRQGXFWLQJ� D� QRQOLQHDU� DQDO\VLV�� 7KH�
HOHPHQW
V� QRQOLQHDU� SURSHUW\� LV� LQ� WKH� IRUP� RI� D�
FDSDFLW\� FXUYH� DQG� HOHPHQW� DFFHSWDQFH� FULWHULD�� 7KH�
HOHPHQW� FDSDFLW\� FXUYH� LV� GHVFULEHG� E\� PRPHQW-
FXUYDWXUH�� PRPHQW-URWDWLRQ� RU� PRPHQW-GLVSODFHPHQW�
DQG� VR� DUH� WKH� DFFHSWDQFH� FULWHULD�� ,Q� WKLV� VWXG\�� WKH�
HOHPHQW� FDSDFLW\� FXUYH� XVHG� WKH� PRPHQW-FXUYDWXUH�
WKDW�RFFXUUHG�GXH�WR�WKH�DFWXDO�IRUFH�WKDW�RFFXUUHG�DQG�
ZDV�FDOFXODWHG�E\�WKH�;75$&7�SURJUDP��0HDQZKLOH��

WKH� DFFHSWDQFH� FULWHULD� XVHG� WKDW� PRPHQW-FXUYDWXUH�
ZKLFK�ZDV�VFDOHG�EDVHG�RQ�)(0$����� 

�� $QDO\VLV�RI�%ULGJH�6WUXFWXUH�3HUIRUPDQFH�
'XH�WR�6WDQGDUG�/RDGV 

7KH�EULGJH� VWUXFWXUH�SHUIRUPDQFH�DJDLQVW� WKH� VWDQGDUG�
ORDG� LV� DVVHVVHG� EDVHG�RQ� WKH� GHIOHFWLRQ� RI� WKH� EULGJH�
IORRU�� WKH� VWUHVV� RQ� WKH� JLUGHU�� WKH� VWUHVV� RQ� WKH� FDEOH��
DQG� WKH� S\ORQ� FDSDFLW\�� 'LIIHUHQFHV� LQ� EULGJH�
SHUIRUPDQFH� SDUDPHWHUV� GXULQJ� GHVLJQ� DQG� HYDOXDWLRQ�
WLPH�DUH�VKRZQ�LQ�7DEOH��� 

7DEOH����3HUIRUPDQFH�OHYHO�RI�WKH�EULGJH�VWUXFWXUH 

$FFRUGLQJ� WR� 7DEOH� ��� WKH� HYDOXDWLRQ� RI� DOORZDEOH�
GHIOHFWLRQ� LV� /����� IRU� VHUYLFH� ORDGV� DQG� /����� IRU�
YHKLFOH�ORDGV��)URP�WKH�DQDO\VLV�UHVXOWV��WKH�GHIOHFWLRQ�
YDOXH�IRU�VHUYLFH�ORDG�DQG�YHKLFOH�ORDG�ZDV�VWLOO�EHORZ�
WKH�DOORZDEOH�GHIOHFWLRQ�DV�VKRZQ�LQ�7DEOH���� 

7KH�DOORZDEOH�VWUHVV�UHTXLUHPHQW�RQ�WKH�EULGJH�JLUGHUV�
XVHV� WKH� 61,� ������ ����� 6WUXFWXUDO� FRQFUHWH�
UHTXLUHPHQWV�IRU�EXLOGLQJV��7KH�DOORZDEOH�FRPSUHVVLYH�
VWUHVV�LV�����IF� �������03D�DQG�WKH�DOORZDEOH�WHQVLOH�
VWUHVV� LV�����IF� �������03D��7KH�UHVXOWV�RI� WKH�VWUHVV�
DQDO\VLV� RQ� WKH� JLUGHU� FDQ� EH� VHHQ� LQ� 7DEOH� ��� 7KH�
JLUGHU� VWUHVV� GXH� WR� VHUYLFH� ORDG� ZDV� VWLOO� EHORZ� WKH�
DOORZDEOH�VWUHVV�H[FHSW�IRU�WKH�,F�/RDG�ZKHUH�WKHUH�ZDV�
DQ�RYHUVWUHVV�RI������������03D��� 

7KH�PD[LPXP� DOORZDEOH� FDEOH� VWUHVV� ZDV� WDNHQ� IURP�
WKH� &DEOH-VWD\HG� %ULGJH� 7HFKQLFDO� 3ODQQLQJ�
*XLGHOLQHV� 1R�� ��� RI� ������ 7KH� DOORZDEOH� VWUHVV� LV�
����ISX� � ����[����� � ����03D� IRU� WKH� VHUYLFH� ORDG�
DQG� ���ISX�  � ���[�����  � �����03D� IRU� WKH� XOWLPDWH�
ORDG��)URP�WKH�UHVXOWV�RI�WKH�DQDO\VLV��LW�ZDV�IRXQG�WKDW�
PRVW� RI� WKH� VWUHVV� WKDW� RFFXUUHG� ZDV� VWLOO� EHORZ� WKH�
DOORZDEOH�YROWDJH��H[FHSW�IRU�VHYHUDO�FRPELQDWLRQV�WKDW�
H[FHHGHG�WKH�DOORZDEOH�VWUHVV�RQ�FDEOH����VHH�7DEOH���� 

3\ORQ� ZDV� DQDO\]HG� EDVHG� RQ� LWV� FDSDFLW\� IURP� WKH�
LQWHUDFWLRQ� GLDJUDP�� 7KH� UHVXOWV� RI� WKH� DQDO\VLV� VKRZ�
WKDW� WKH� S\ORQ� VWUXFWXUH� LV� VWLOO� FDSDEOH� RI� FDUU\LQJ�
XOWLPDWH� ORDGV� DQG� VHUYLFH� ORDGV� H[FHSW� IRU� WKH� ORZHU�
S\ORQ�� ,Q� WKH� ORZHU� S\ORQ�� WKH� IRUFH� FDXVHG� E\� WKH�
FRPELQDWLRQ�GXH�WR�HDUWKTXDNH�ORDG��([WUHPH�,��FDQQRW�
EH� ERUQH� E\� WKH� S\ORQ�� 7R� YHULI\� WKLV�� DQ� DGGLWLRQDO�
DQDO\VLV�ZDV� FRQGXFWHG� XVLQJ� WKH� 6S&ROXPQ�SURJUDP�
�VHH�7DEOH���� 

)URP�WKH�6S&ROXPQ�UHVXOWV��WKHUH�ZDV�D�YDOXH�RI�ĭ0Q�
0X�VPDOOHU�WKDQ�RQH��ZKLFK�ZDV�WKH�ORDG�FRPELQDWLRQ�
RI� ([WUHPH� ,[� DQG� ([WUHPH� ,\�� ZKLFK� ZDV� D�

��� 
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6LQDWUD��GNN� 
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7DEOH����%ULGJH�SHUIRUPDQFH�SDUDPHWHUV 

7DEHO����'HIOHFWLRQ�GXH�WR�VWDQGDUG�ORDG�61,���������� 7DEHO����6WUHVV�RQ�JLUGHU�EHDP�GXH�WR�VHUYLFH��61,���������� 

FRPELQDWLRQ� RI� HDUWKTXDNH� ORDG�� 7KH� ORZHU� S\ORQ�
VWUXFWXUH�FDQ�EH�FRQFOXGHG�DV�QRW�EHLQJ�DEOH� WR�EHDU� WKH�
ORDG�RI�DQ�HDUWKTXDNH� 

����3HUIRUPDQFH�%DVHG�$QDO\VLV 

����1RQOLQHDU�VWDWLF�SXVKRYHU�DQDO\VLV 

7KH� SXVKRYHU� DQDO\VLV� LV� D� VWDWLF� SURFHGXUH� LQ� ZKLFK� D�
ODWHUDO� ORDG�SDWWHUQ�LV�DSSOLHG�WR�D�VWUXFWXUH�DQG�WKH� ORDG�
LV� JUDGXDOO\� LQFUHDVHG� XQWLO� WKH� GLVSODFHPHQW� RI� WKH�
VWUXFWXUH� UHDFKHV� LWV� OLPLW� VWDWH�� 3ULRU� WR� SXVKRYHU� WKH�
VWUXFWXUH�ZLOO�EH�ORDGHG�E\�WKH�EULGJH
V�IL[HG�ORDG�LQ�WKH�
IRUP�RI�GHDG�ORDG�DQG�DGGLWLRQDO�GHDG�ORDG��SOXV�D�WUDIILF�
ORDG� RI� �����)LJXUH� �� VKRZV� WKH� FDSDFLW\� FXUYHV� ZLWK�
WKUHH� ORDG� GLVWULEXWLRQ� SDWWHUQV� XVHG�� ZKLFK� DUH� WKH�
XQLIRUP� GLVWULEXWLRQ� ORDG�� VWDWLF� HTXLYDOHQW� GLVWULEXWLRQ��
DQG�PRGDO�DQDO\VLV�GLVWULEXWLRQ�� 

8VLQJ� WKH� &VL� %ULGJH� SURJUDP�� DQ� DQDO\VLV� ZLWK� WKH�
&DSDFLW\� 6SHFWUXP� 0HWKRG� ZDV� XVHG� WR� GHWHUPLQH� WKH�
EULGJH�SHUIRUPDQFH��7KH�SHUIRUPDQFH�SRLQW�ZDV�REWDLQHG�

7DEOH����2YHUVWUHVV�RQ�FDEOH�QR�� 

E\�ILQGLQJ�D�PHHWLQJ�SRLQW�EHWZHHQ� WKH�FDSDFLW\�FXUYH�
DQG�WKH�GHPDQG�FXUYH�LQ�WKH�IRUP�RI�$'56��7KH�UHVXOWV�
RI�WKH�DQDO\VLV�LQ�GHWHUPLQLQJ�WKH�SHUIRUPDQFH�SRLQW�RI�
WKH�EULGJH�VWUXFWXUH�FDQ�EH�VHHQ�LQ�)LJXUH��� 

%ULGJH� HOHPHQW� SHUIRUPDQFH�ZDV� DOVR� UHTXLUHG�� ZKLFK�
ZDV� REWDLQHG� IURP� WKH� PRPHQW-FXUYDWXUH� YDOXH� WKDW�
RFFXUUHG� RQ� WKH� EULGJH� HOHPHQW�� ,Q� WKLV� VWXG\�� WKH�
HOHPHQW� SHUIRUPDQFH� HYDOXDWLRQ� ZDV� IRFXVHG� RQ� WKH�
VWUXFWXUH�RI�WKH�ORZHU�VHJPHQW�S\ORQ�EHFDXVH�LW�ZDV�WKH�
PRVW�FULWLFDO�HOHPHQW��)LJXUH���VKRZV�WKH�SHUIRUPDQFH�
SRLQW�DFKLHYHG�E\�WKH�ORZHU�VHJPHQW�S\ORQ�� 

)URP�WKH�WZR�UHVXOWV�RI�SHUIRUPDQFH�DQDO\VLV��LW�FDQ�EH�
FRQFOXGHG� WKDW� IURP� WKH� SXVKRYHU� DQDO\VLV� ZLWK� WKH�
WKUHH� ORDG�SDWWHUQV�XVHG�� WKH� VWUXFWXUH� DQG� HOHPHQWV� RI�
WKH�EULGJH�ZHUH�VWLOO�VDIH��7KH�SHUIRUPDQFH�OHYHO�RI�WKH�

3DUDPHWHUV 'HVLJQ�&ULWHULD (YDOXDWLRQ�&ULWHULD 

�&RPSUHVVLYH 

�*LUGHU�6WUHVV 

�3\ORQ�&DSDFLW\ 

�&DEOH�)RUFH 

3ODQQLQJ� RI� &RQFUHWH�
6WUXFWXUHV�IRU�%ULGJHV 

3ODQQLQJ� RI� &RQFUHWH�
6WUXFWXUHV�IRU�%ULGJHV 

�7HQVLOH 

3ODQQLQJ� RI� &RQFUHWH�
6WUXFWXUHV�IRU�%ULGJHV 

�6HUYLFH�/RDG 

�5HGXFWLRQ 

 

&DEOH-VWD\HG�%ULGJH�7HFKQLFDO�
3ODQQLQJ�*XLGHOLQHV 

�&RPSUHVVLYH 

�7HQVLOH 

&DEOH-VWD\HG�%ULGJH�7HFKQLFDO�
3ODQQLQJ�*XLGHOLQHV������� 

�6HUYLFH�/RDG 

�8OWLPDWH�/RDG 

�5HGXFWLRQ 

�'HIOHFWLRQ 

/RDGLQJ�
&RPELQDWLRQ 

'HIOHFWLRQ�5HTXLUHPHQWV 

5HTXLUHPHQWV 9DOXH��PP� 

'HIOHFWLRQ�IURP�&VL�%ULGJH�

9HKLFOH�/RDG 

6HUYLFH��D 

6HUYLFH��E 

6HUYLFH��F 

6HUYLFH�� 

6HUYLFH�� 

6HUYLFH�� 

0D[��PP� 0LQ��PP� 'HVF� 
/RDGLQJ�

&RPELQDWLRQ 
*LUGHU�
3RVLWLRQ 

7RS�)LEHU�6WUHVV %RWWRP�)LEHU�6WUHVV 

6HUYLFH�,D����� 

6HUYLFH�,E����� 

6HUYLFH�,F����� 

6HUYLFH�,,����� 

6HUYLFH�,,,����� 

6HUYLFH�,9����� 

&DEOH�1R� /RDG�&RPELQDWLRQ 
&DEOH�6WUHVV &DEOH�6WUHVV &DEOH�6WUHVV &DEOH�6WUHVV 

6���������
/RDG� 

�6WUHQJWK�,D 

�6WUHQJWK�,E 

�6WUHQJWK�,F 

�6WUHQJWK�,, 

([WUHPH�,[D�0D[ 

6HUYLFH�,, 
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7DEOH����6S&ROXPQ�DQDO\VLV�UHVXOWV�IRU�ORZHU�VHJPHQW�S\ORQ 

)LJXUH����&DSDFLW\�FXUYHV 

)LJXUH����3XVKRYHU�FXUYHV 

�/RDGLQJ�
&RPELQDWLRQ 

�6WUHQJWK�,D 

�6WUHQJWK�,D 

�6WUHQJWK�,D 

�6WUHQJWK�,D 

�6WUHQJWK�,D 

�([WUHPH�,[�0D[ 

�([WUHPH�,[�0LQ 

�([WUHPH�,\�0D[ 

�([WUHPH�,\�0LQ 

�6HUYLFH�,D 

�6HUYLFH�,E 

�6HUYLFH�,F 

�6HUYLFH�,, 

�6HUYLFH�,,, 

�6HUYLFH�,9 

&DSDFLW\�&XUYH�LQ�WKH�/RQJLWXGLQDO�'LUHFWLRQ &DSDFLW\�&XUYH�LQ�WKH�7UDQVYHUVDO�'LUHFWLRQ 

3XVKRYHU�LQ�WKH�/RQJLWXGLQDO�'LUHFWLRQ 3XVKRYHU�LQ�WKH�7UDQVYHUVDO�'LUHFWLRQ 

EULGJH� ZDV� DW� WKH� IXOO\� RSHUDWLRQDO� OHYHO� DQG� WKH�
SHUIRUPDQFH� OHYHO� RI� WKH� EULGJH� HOHPHQW� ZDV� DW� WKH�
LPPHGLDWH� RFFXSDQF\� OHYHO�� $QDO\VLV� RI� WKH� JLUGHU�
VWUHVV� DQG� FDEOH� VWUHVV� VKRZV� WKDW� RYHUVWUHVV� RFFXUUHG�
RQ� WKH� ERWWRP� VLGH� RI� WKH� EULGJH� JLUGHU� RI� ����� WR�
����� RI� WKH� DOORZDEOH� VWUHVV�� ZKLOH� WKH� FDEOH� VWUHVV�
ZDV�IDU�IURP�WKH�FDEOH�\LHOG�VWUHVV� 

����1RQOLQHDU�WLPH�KLVWRU\�DQDO\VLV 

7KH�1RQOLQHDU�7LPH�+LVWRU\�$QDO\VLV�XVHG�WKH�JURXQG�
PRWLRQ� WDNHQ� IURP� WKH� 3((5� *URXQG� 0RWLRQ�
'DWDEDVH��7KH�VWDJHV�LQ�WKLV�DQDO\VLV�ZHUH�WKH�VHOHFWLRQ�
RI� JURXQG� PRWLRQ� DQG� VSHFWUDO� PDWFKLQJ�� VWUXFWXUDO�
DQDO\VLV� XVLQJ� WKH� &VL� %ULGJH� SURJUDP� DQG�
GHWHUPLQDWLRQ�RI�EULGJH�SHUIRUPDQFH�OHYHO��7KH�FKRLFH�
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)LJXUH����/RZHU�VHJPHQW�S\ORQ�HOHPHQW�SHUIRUPDQFH�GXH�WR�163$ 

7DEOH����6HOHFWHG�JURXQG�PRWLRQV 

LQ�WKH�/RQJLWXGLQDO�'LUHFWLRQ 
0RPHQW-&XUYDWXUH�RI�/RZHU�6HJPHQW�3\ORQ����� 0RPHQW-&XUYDWXUH�RI�/RZHU�6HJPHQW�3\ORQ����� 

LQ�WKH�7UDQVYHUVDO�'LUHFWLRQ 

RI� WKH� HDUWKTXDNH� ZDV� EDVHG� RQ� SDUDPHWHUV� IURP� WKH�
*URXQG�0RWLRQ� (YDOXDWLRQ� 3URFHGXUH� IRU� 3HUIRUPDQFH-
%DVHG�'HVLJQ�� LH� WKH�PDJQLWXGH� RI� WKH� HDUWKTXDNH� LV� LQ�
WKH�UDQJH�RI��������WDUJHW�PDJQLWXGH��WKH�GLVWDQFH�WR�WKH�
VRXUFH� RI� WKH� HDUWKTXDNH� IDXOW�PXVW� EH� DSSURSULDWH�� DQG�
WKH� JURXQG� FRQGLWLRQ� PXVW� DOVR� EH� DSSURSULDWH�� 7KHVH�
SDUDPHWHUV� ZHUH� VHDUFKHG� E\� XVLQJ� WKH� HDUWKTXDNH� GDWD�
WKDW� RFFXUUHG� DURXQG� 0DQDGR�� 7KH� GDWD� ZDV� REWDLQHG�
IURP�%0.*�2QOLQH��)URP�WKH�GDWD��LW�LV�NQRZQ�WKDW�WKH�
PD[LPXP� HDUWKTXDNH� PDJQLWXGH� WKDW� RFFXUUHG� ZDV� ����
DQG�WKH�PD[LPXP�FORVHVW�GLVWDQFH�WR�WKH�HDUWKTXDNH�IDXOW�
ZDV� ����� NP�� 7KH� JURXQG� FRQGLWLRQ� GDWD� ZDV� REWDLQHG�
IURP�WKH�SLFWXUH�RI� WKH�SODQ�ZKHUH� WKH�JURXQG�FRQGLWLRQ�
ZDV� LQ� WKH� IRUP� RI� PHGLXP� JURXQG� ZLWK� VKHDU� ZDYH�
YHORFLW\� EHWZHHQ� ���� P�V� WR� ���� P�V�� 7KHUHIRUH�� IRXU�
JURXQG�PRWLRQV�ZHUH�VHOHFWHG�DFFRUGLQJ�WR�7DEOH���� 

2Q� WKRVH� JURXQG� PRWLRQV�� VSHFWUDO� PDWFKLQJ� ZDV� WKHQ�
FDUULHG� RXW� LQ� WKH� UDQJH� RI� ���7� WR� ���7�� 7KH� JURXQG�
PRWLRQ�LQSXW�ZDV�FDUULHG�RXW�LQ�WKH�[��\�DQG�]�GLUHFWLRQV��
7KH�SDUDPHWHUV�XVHG� LQ� WKH�&VL�%ULGJH�SURJUDP�ZHUH�DV�
IROORZV� 

· 'DPSLQJ� XVHG�ZDV� WKH� SURSRUWLRQDO� GDPSLQJ� RI� ���
ZLWK�D�FRHIILFLHQW�FDOFXODWHG�E\�&VL�%ULGJH� 

(DUWKTXDNH�1DPH <HDU 0DJQLWXGH 'LVWDQFH�WR�
)DXOW 

· 7LPH�LQWHJUDWLRQ�XVHG�ZDV�WKH�1HZDUN�PHWKRG�ZLWK�
D�YDOXH�RI�*DPPD� ������%HWD� ������ 

7KH�UHVXOWV�RI�WKH�DQDO\VLV�FDQ�EH�VHHQ�LQ�7DEOH����WKHQ�
WKH� HQYHORSH� YDOXH� ZDV� VHOHFWHG� WR� GHWHUPLQH� WKH�
VWUXFWXUH� SHUIRUPDQFH� OHYHO�� 7KH� GLUHFWLRQ� RI�
GLVSODFHPHQW�DQG�EDVH�VKHDU�ZHUH�UHYLHZHG�RQO\�LQ�WKH�
[� �ORQJLWXGLQDO�� DQG� \� �WUDQVYHUVDO�� GLUHFWLRQV�� 7KH�
SHUIRUPDQFH� RI� WKH� HOHPHQWV� UHSUHVHQWHG� E\� WKH� ORZHU�
VHJPHQW�S\ORQ�HOHPHQWV�LV�VKRZQ�WKURXJK�WKH�PRPHQW-
FXUYDWXUH�LQFOXGHG�LQ�)LJXUH���� 

,W� FDQ�EH�FRQFOXGHG� WKDW� IURP�1RQOLQHDU�7LPH�+LVWRU\�
$QDO\VLV�ZLWK�IRXU�JURXQG�PRWLRQV�WKDW�ZHUH�XVHG��ERWK�
WKH� VWUXFWXUH�DQG�HOHPHQWV�RI� WKH�EULGJH�ZHUH�VWLOO� LQ�D�
VDIH�FRQGLWLRQ��7KH�SHUIRUPDQFH�OHYHO�RI�WKH�EULGJH�ZDV�
DW�WKH�IXOO\�RSHUDWLRQDO�OHYHO�DQG�WKH�SHUIRUPDQFH�OHYHO�
RI� WKH�EULGJH�HOHPHQW�ZDV�DW� WKH� LPPHGLDWH�RFFXSDQF\�
OHYHO�� $QDO\VLV� RI� WKH� JLUGHU� VWUHVV� DQG� FDEOH� VWUHVV�
VKRZV�WKDW�RYHUVWUHVV�RFFXUUHG�RQ�WKH�ERWWRP�VLGH�RI�WKH�
EULGJH�JLUGHU�RI������WR������RI�WKH�DOORZDEOH�VWUHVV��
ZKLOH�WKH�FDEOH�VWUHVV�ZDV�IDU�IURP�WKH�\LHOG�VWUHVV� 

����'LVFXVVLRQ�RQ�WKH�UHVXOWV�RI�163$�DQG�1/7+$ 

%DVHG� RQ� WKH� UHVXOWV� RI� WKH� QRQOLQHDU� VWDWLF� SXVKRYHU�
DQDO\VLV�DQG�QRQOLQHDU�WLPH�KLVWRU\�DQDO\VLV��WKH�EULGJH�
SHUIRUPDQFH�ZDV�DW� WKH�IXOO\�RSHUDWLRQDO�OHYHO�ZLWK�WKH�
LPPHGLDWH� RFFXSDQF\� HOHPHQW� SHUIRUPDQFH� OHYHO��
'HVSLWH� KDYLQJ� WKH� VDPH� OHYHO� RI� SHUIRUPDQFH�� WKH�
YDOXH�RI�WKH�EDVH�VKHDU�DQG�GLVSODFHPHQW�WKDW�RFFXUUHG�

)LJXUH����/RZHU�VHJPHQW�S\ORQ�HOHPHQW�SHUIRUPDQFH�GXH�WR�1/7+$ 

1/7+$�0RPHQW-&XUYDWXUH�LQ�WKH�/RQJLWXGLQDO�'LUHFWLRQ 1/7+$�0RPHQW-&XUYDWXUH�LQ�WKH�7UDQVYHUVDO�'LUHFWLRQ 
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7DEOH����1RQOLQHDU�WLPH�KLVWRU\�DQDO\VLV�UHVXOWV 

7DEOH�����%DVH�VKHDU�DQG�GLVSODFHPHQW�YDOXHV ZHUH�GLIIHUHQW��7KHVH�GLIIHUHQFHV�FDQ�EH�VHHQ�LQ�7DEOH�
��� 

)URP�WKH�UHVXOWV�LQ�7DEOH�����LW�FDQ�EH�FRQFOXGHG�WKDW�
WKH� SDWWHUQ� RI� ORDG� GLVWULEXWLRQ� XVHG�ZRXOG� GHWHUPLQH�
RU� LQIOXHQFH� WKH� UHVXOWV� RI� WKH� DQDO\VLV��2I� WKH��� ORDG�
SDWWHUQV�XVHG�LQ�QRQOLQHDU�VWDWLF�SXVKRYHU�DQDO\VLV��WKH�
YDOXH� RI� WKH� EDVH� VKHDU� DSSURDFKLQJ� WKH� UHVXOWV� RI�
QRQOLQHDU�WLPH�KLVWRU\�DQDO\VLV�ZDV�WKH�PRGDO�DQDO\VLV�
GLVWULEXWLRQ�� ZKLOH� WKH� GLVSODFHPHQW� YDOXH� REWDLQHG�
ZDV�VWLOO�TXLWH�ODUJH� 

���&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV 

· :LWK� D� VWDQGDUG� ORDG�� WKHUH� ZHUH� VHYHUDO� EULGJH�
HOHPHQWV� WKDW� H[FHHGHG� WKH� DOORZDEOH� VWUHVV�� 7KH�
JLUGHU�KDV�DQ�RYHUVWUHVV�RI�����DQG�FDEOH���KDV�DQ�
RYHUVWUHVV� RI� ������ 7KH� FDSDFLW\� RI� WKH� ORZHU�
VHJPHQW�S\ORQ�KDV�DOVR�EHHQ�H[FHHGHG�E\������ 

· 7KH� UHVXOWV� RI� WKH� 163$� DQG� 1/7+$� DQDO\VLV�
VKRZ� WKDW� WKH�EULGJH� FDWHJRU\�ZDV� VWLOO� LQ� WKH� VDIH�
FDWHJRU\�� ZKLFK� ZDV� IXOO\� RSHUDWLRQDO� ZLWK� WKH�
LPPHGLDWH� RFFXSDQF\� HOHPHQW� SHUIRUPDQFH��&DEOH�
VWUHVV�ZKHQ�WKH�SHUIRUPDQFH�SRLQW�ZDV�UHDFKHG�ZDV�
VWLOO� IDU� IURP� WKH� \LHOG� VWUHVV�� ZKLOH� WKH� EULGJH�
JLUGHU� KDV� RYHUVWUHVVHG� DW� WKH� ERWWRP� E\� ����� WR�
�����RI�WKH�DOORZDEOH�VWUHVV� 

· )URP�SRLQW�D�DQG�SRLQW�E�DERYH��LW�LV�UHFRPPHQGHG�
WKDW� DQ\� VSHFLDO� EULGJHV� EXLOW� EHIRUH� 61,� ������
�����DQG�61,������������DSSO\� WR�EH� UH-DQDO\]HG�
XVLQJ� WKHVH� UHJXODWLRQV�� 7KLV� LV� WR� DQWLFLSDWH� WKH�
SRVVLELOLW\� RI� WKH� EULGJHV� QHHGLQJ� DGGLWLRQDO�
VWUHQJWKHQLQJ�DV�WKH�LPSDFW�RI�WKH�LQFUHDVHG�ORDGV� 

· 2Q�VSHFLDO�EULGJHV��HVSHFLDOO\�FDEOH-VWD\HG�EULGJHV��
WKH� UHVXOWV� RI� QRQOLQHDU� WLPH� KLVWRU\� DQDO\VLV� DUH�
VWLOO� EHWWHU� WKDQ� QRQOLQHDU� VWDWLF� SXVKRYHU� DQDO\VLV��
)XUWKHU� VWXG\� LV� UHTXLUHG� WR� GHWHUPLQH� WKH� LGHDO�
SXVKRYHU�ORDG�GLVWULEXWLRQ�IRU�FDEOH-VWD\HG�EULGJHV��
FRQVLGHULQJ� WKDW� WKH� ORDG� GLVWULEXWLRQ� SDWWHUQ� LV�
FUXFLDO� LQ� GHWHUPLQLQJ� WKH� UHVXOW� RI� SXVKRYHU�
DQDO\VLV� 

���5HIHUHQFHV 

$YLUDP�� $G\��� 0DFNLH�� .HYLQ� 5��� 6WRMDGLQRYLü��
%RåLGDU��� ������ *XLGHOLQHV� IRU� 1RQOLQHDU�

(DUWKTXDNH�1DPH 
'LVSODFHPHQW��P� 

;�'LUHFWLRQ ;�'LUHFWLRQ <�'LUHFWLRQ <�'LUHFWLRQ 

/DWHUDO�/RDG�3DWWHUQV� 'LUHFWLRQ 
'LVSODFHPHQW 

'HVF� 

�/RQJLWXGLQDO 

�/RQJLWXGLQDO 

�/RQJLWXGLQDO 

�/RQJLWXGLQDO 

�/RQJLWXGLQDO 

�7UDQVYHUVDO 

�7UDQVYHUVDO 

�7UDQVYHUVDO 

�7UDQVYHUVDO 

�7UDQVYHUVDO 

$QDO\VLV� RI� %ULGJH� 6WUXFWXUHV� LQ� &DOLIRUQLD��
3DFLILF� (DUWKTXDNH� (QJLQHHULQJ� 5HVHDUFK�
&HQWHU��&DOLIRUQLD� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� ������ 561,� 7-��-�����
6WDQGDU� 3HPEHEDQDQ� 8QWXN� -HPEDWDQ��
,QGRQHVLD� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� ������ 61,� ����-�����
3HUV\DUDWDQ� %HWRQ� 6WUXNWXUDO� 8QWXN� %DQJXQDQ�
*HGXQJ��,QGRQHVLD� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� ������ 61,� ����-�����
3HPEHEDQDQ�8QWXN�-HPEDWDQ��,QGRQHVLD� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� ������ 61,� ����-�����
3HUHQFDQDDQ�-HPEDWDQ�7HUKDGDS�%HEDQ�*HPSD��
,QGRQHVLD� 

'HSDUWHPHQ�3HPXNLPDQ�GDQ�3UDVDUDQD�:LOD\DK��������
3G� 7-��-����-%� 3HGRPDQ� 3HUHQFDQDDQ� %HEDQ�
*HPSD�8QWXN�-HPEDWDQ��,QGRQHVLD� 

)DMIDU��3HWHU���������&DSDFLW\�6SHFWUXP�0HWKRG�%DVHG�
2Q� ,QHODVWLF� 'HPDQG� 6SHFWUD�� (DUWKTXDNH�
(QJLQHHULQJ�$QG�6WUXFWXUDO�'\QDPLFV���������-
���� 

)HGHUDO� (PHUJHQF\� 0DQDJHPHQW� $JHQF\�� ������
3UHVWDQGDUGV� DQG� FRPPHQWDU\� IRU� 6HLVPLF�
UHKDELOLWDWLRQ� RI� %XLOGLQJ� �)(0$-������
:DVKLQJWRQ� 
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.DONDQ�� (URO�� 'DQ� &KRSUD�� $QLO� .��� ������ 3UDFWLFDO�
*XLGHOLQHV� WR� 6HOHFW� DQG� 6FDOH� (DUWKTXDNH�
5HFRUGV�IRU�1RQOLQHDU�5HVSRQVH�+LVWRU\�$QDO\VLV�
RI�6WUXFWXUHV��8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\� 

.HPHQWHULDQ� 3HNHUMDDQ� 8PXP� GDQ� 3HUXPDKDQ� 5DN\DW��
������ 6(� 1R�� ���6(�0������ 7HQWDQJ�
3HUHQFDQDDQ� 7HNQLV� -HPEDWDQ� %HUXML� .DEHO��
,QGRQHVLD� 

.HPHQWHULDQ� 3HNHUMDDQ� 8PXP�� ������ /DSRUDQ� )LQDO�
,QGHSHQGHQW�3URRI�&KHFN�-HPEDWDQ�&DEOH�6WD\HG�
'U�� ,U�� 6RHNDUQR�� 37�� 0DUDWDPD� &LSWD� 0DQGLUL��
%DQGXQJ� 

1DWLRQDO�&RRSHUDWLYH�+LJKZD\�5HVHDUFK�3URJUDP��������
3HUIRUPDQFH� %DVHG� 6HLVPLF� %ULGJH� 'HVLJQ��
7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG��:DVKLQJWRQ� 

6LQDWUD��)UDQV��������(YDOXDVL�.LQHUMD�-HPEDWDQ�.KXVXV�
(NVLVWLQJ� GL� ,QGRQHVLD� %HUGDVDUNDQ� 61,�
���������� GDQ� 61,� ���������� 6WXGL� .DVXV�
-HPEDWDQ� '5�� ,U�� 6RHNDUQR�� ,QVWLWXW� 7HNQRORJL�
%DQGXQJ��%DQGXQJ� 

6WHZDUW��-RQDWKDQ�3���&KLRX��6K\K--HQJ���%UD\��-RQDWKDQ�
'��� GNN��� ������ *URXQG� 0RWLRQ� (YDOXDWLRQ�
3URFHGXUHV� IRU� 3HUIRUPDQFH-%DVHG� 'HVLJQ��
3DFLILF�(DUWKTXDNH�(QJLQHHULQJ�5HVHDUFK�&HQWHU��
&DOLIRUQLD�� 
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