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�,UDQ�3RZHU�*HQHUDWLRQ��7UDQVPLVVLRQ�DQG�'LVWULEXWLRQ�0DQDJHPHQW�&R���7DYDQLU���7HKUDQ��,UDQ�
�8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��6\GQH\��$XVWUDOLD�(PDLO��P�NKDNED]DQ#WDYDQLU�RUJ�LU�

�$EVWUDFW±�*HQHUDWLRQ�H[SDQVLRQ�SODQQLQJ�LV�RQH�RI�WKH�PDMRU�PRGXOHV�RI�SRZHU�V\VWHP�SODQQLQJ�
VWXGLHV��QRUPDOO\�SHUIRUPHG�IRU�WKH�QH[W�������\HDUV��2SWLPDO�JHQHUDWLRQ�H[SDQVLRQ�SODQQLQJ�LV�D�
QRQ�OLQHDU�DQG�OLPLWHG�RSWLPL]DWLRQ�SUREOHP��$OO�VROXWLRQV�DUH�FRPSDUHG�WR�HDFK�RWKHU�LQ�RUGHU�WR�
UHDFK� ILQDO� RSWLPDO� VROXWLRQ�� 6RPH� VLPSOLILFDWLRQV� DUH� PDGH� WR� UHGXFH� WKH� SUREOHP� GLPHQVLRQV�
ZKLFK� ZLOO� QRW� OHDG� WR� XQUHDO� UHVXOWV�� ,Q� WKLV� SDSHU��:$63� VRIWZDUH� SDFNDJH�� RQH� RI� WKH� ZHOO�
NQRZQ� SRZHU� H[SDQVLRQ� SODQQLQJ� VRIWZDUHV�� LV� XVHG� WR� RSWLPL]H� ,UDQ� JHQHUDWLRQ� H[SDQVLRQ�
SODQQLQJ�� )RU� PRGHOLQJ� WKH� SRZHU� V\VWHP�� :$63� XVHV� WKH� SUREDELOLVWLF� VLPXODWLRQ�� ZKLOH� IRU�
RSWLPL]DWLRQ� WKH� G\QDPLF� SURJUDPPLQJ� PHWKRG� LV� XVHG�� ,Q� WKLV� SDSHU�� WKH� JHQHUDWLRQ� V\VWHP�
H[SDQVLRQ� SODQQLQJ� LV� SHUIRUPHG� IURP� ����� WLOO� ����� �D� GXUDWLRQ� RI� ��� \HDUV��� )LQDOO\�� WKH�
VHQVLWLYLW\�DQDO\VLV�LV�SHUIRUPHG�RQ�WKH�FDSLWDO�FRVW�DQG�WKH�IXHO�FRVW�RI�SRZHU�SODQWV�������������.H\ZRUGV±�2SWLPDO�JHQHUDWLRQ�H[SDQVLRQ�SODQQLQJ��:$63�VRIWZDUH�SDFNDJH��VHQVLWLYLW\�DQDO\VLV���

���,1752'8&7,21��
7KH� PDLQ� JRDO� RI� RSWLPDO� JHQHUDWLRQ� H[SDQVLRQ� SODQQLQJ� �2*(3�� LV� WR� VHHN� WKH� PRVW� HFRQRPLFDO�
JHQHUDWLRQ� H[SDQVLRQ� VFKHPH� DFKLHYLQJ� D� FHUWDLQ� UHOLDELOLW\� OHYHO� DFFRUGLQJ� WR� WKH� IRUHFDVW� RI� GHPDQG�
LQFUHDVH� LQ�D�FHUWDLQ�SHULRG�RI� WLPH�� ,Q�2*(3�WKH� W\SH�DQG�FDSDFLW\�RI�JHQHUDWLQJ�XQLWV�DQG�WKH� WLPH�RI�
LQYHVWPHQW� IRU� QHZ� JHQHUDWLQJ� XQLWV� VKRXOG� EH� GHWHUPLQHG�� 7KHUHIRUH�� JHQHUDWLRQ� SODQQLQJ� LV� D�
FRPSOLFDWHG�WDVN��0DWKHPDWLFDOO\�� LW� LV�D�SUREOHP�ZLWK�KLJK�GLPHQVLRQDOLW\��QRQ�OLQHDULW\�DQG�VWRFKDVWLF�
FKDUDFWHULVWLFV��

7KH� SUHVHQW� YDOXH� RI� WKH� JHQHUDWLQJ� XQLW� FDSLWDO� FRVW� DQG� DQQXDO� RSHUDWLRQ� FRVWV� DUH� QRQ�OLQHDU�
IXQFWLRQV�RI�GHFLVLRQ�YDULDEOHV��,Q�DGGLWLRQ��VRPH�FRQVWUDLQWV�OLNH�UHOLDELOLW\�FRQVWUDLQWV�DUH�DOVR�QRQ�OLQHDU��
7KHUHIRUH��PRGHO�RI�JHQHUDWLRQ�H[SDQVLRQ�SODQQLQJ�LV�DFWXDOO\�QRQ��OLQHDU��

7KH�EDVLF�GDWD�UHTXLUHG�IRU�2*(3�OLNH� ORDG�IRUHFDVW�GDWD��IXHO�DQG�HTXLSPHQW�FRVWV��GLVFRXQW�UDWHV��
HWF���KDYH�XQFHUWDLQWLHV��$V�D�UHVXOW��WKH�JHQHUDWLRQ�SODQQLQJ�SURFHVV�LV�UHPDUNDEO\�VWRFKDVWLF�LQ�QDWXUH�>�@��

7KH� 2*(3� KDV� WZR� SURFHVVHV�� ��� FDOFXODWLRQ� RI� JHQHUDWLRQ� FRVWV� ��� ILQGLQJ� WKH� EHVW� DQG� PRVW�
RSWLPL]HG�VFKHPH��%HFDXVH�RI�VWRFKDVWLF�IDFWRUV�OLNH�GHPDQG�IRUHFDVWLQJ��IRUFHG�RXWDJH�UDWH�DQG�HWF���WKH�
FDOFXODWLRQ� RI� JHQHUDWLRQ� FRVW� LV� ERWK� GLIILFXOW� DQG� QRW� SUHFLVH�� ,Q� UHFHQW� \HDUV� IHZ�PHWKRGV� KDYH� EHHQ�
SURSRVHG� WR� VROYH� WKH�2*(3�SUREOHP��7KH�SUREDELOLVWLF� VLPXODWLRQ�ZKLFK�FRQFHUQV� VWRFKDVWLF� QDWXUH� LV�
RQH�RI�WKHP�>�@��

(DFK�PHWKRG�XWLOL]HV�D� VSHFLILF�DOJRULWKP� OLNH�JHQHWLF�DOJRULWKP�>�@�� >�@�� LQWHOOLJHQW�QHXUDO�QHWZRUN�
>�@�� IX]]\� ORJLF� >�@� DQG� UHFXUVLYH� 7DEX� VHDUFK� WHFKQLTXH� >�@�� ,Q� DGGLWLRQ�� DFFRUGLQJ� WR� WKH� LQFUHDVLQJ�

5HFHLYHG�E\�WKH�HGLWRUV�6HSWHPEHU����������$FFHSWHG�-XQH����������
&RUUHVSRQGLQJ�DXWKRU�
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���
DELOLW\�RI�WKH�FRPSXWDWLRQ�DOJRULWKP�LQ�QHZ�FRPSXWHUV��PDQ\�VRIWZDUH�SDFNDJHV�KDYH�EHHQ�GHYHORSHG�WR�
IXOILOO�WZR�WDVNV��DV�PHQWLRQHG�EHORZ���

���6LPXODWLRQ�RI�SRZHU�SODQW�JHQHUDWLRQ��
���2SWLPL]DWLRQ�RI�WKH�JHQHUDWLRQ�V\VWHP��
,Q�JHQHUDO��VRIWZDUH�XVHV�WKH�SUREDELOLVWLF��0RQWH�&DUOR�VLPXODWLRQ�RU�HTXLYDOHQW�FDSDFLW\�PHWKRG�WR�

PRGHO�WKH�JHQHUDWLRQ�V\VWHP�H[SDQVLRQ������
7KH�PRVW�DSSOLFDEOH�ZD\�WR�ILQG�WKH�RSWLPL]HG�PRGHO�LV�G\QDPLF�SURJUDPPLQJ��\HDUO\�RSWLPL]DWLRQ�DQG�
OLQHDU�QRQ�OLQHDU� SURJUDPPLQJ�� :$63� ,9� LV� RQH� RI� WKH� VWURQJHVW� VRIWZDUHV� WKDW� KDV� EHHQ� LQWURGXFHG�
DFFRUGLQJ� WR� WKH� RUGHU� RI� WKH� ,QWHUQDWLRQDO� $WRPLF� (QHUJ\� $JHQF\� �,$($�� DQG� XVHV� WKH� SUREDELOLVWLF�
VLPXODWLRQ�IRU�SRZHU�JHQHUDWLRQ�VLPXODWLRQ��,Q�WKLV�VRIWZDUH��SUREDELOLW\�RI�RXWDJH�UDWH�RI�SRZHU�SODQWV�LV�
FRQVLGHUHG�LQ�WKH�/RDG�'XUDWLRQ�&XUYH�DQG�E\�)RXULHU�VHULHV�WKH�FXUYH�LV�DSSUR[LPDWHG�>�@��
�

�� 0$7+(0$7,&6�2)�2*(3��
,Q�2*(3��WKH�FRPELQDWLRQ�RI�SRZHU�SODQWV�LV�DFFHSWDEOH�ZKHQ�LW�QRW�RQO\�VXSSOLHV�WKH�ORDG��EXW�DOVR�KDV�
WKH�PLQLPXP�FRVW��6R�WKH�REMHFWLYH�IXQFWLRQ�LV�GHILQHG�DV�IROORZV�>�@���
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ZKHUH��
%M� 2EMHFWLYH�IXQFWLRQ�
, 'HSUHFLDEOH�FDSLWDO�LQYHVWPHQW�FRVW�
6 6DOYDJH�YDOXH�RI�LQYHVWPHQW�FRVW�
) )XHO�FRVW�
/ 1RQ�GHSUHFLDEOH�FDSLWDO�LQYHVWPHQW�FRVW�
0 0DLQWHQDQFH�FRVW�
2 &RVW�RI�HQHUJ\�QRW�VHUYHG��


W
�LV�RQH�RI�WKH�\HDUV�DQG�7�LV�WKH�OHQJWK�RI�VWXG\�SHULRG���
7KH�EDU�RYHU�WKH�V\PEROV�KDV�WKH�PHDQLQJ�RI�GLVFRXQWHG�YDOXHV�WR�D�UHIHUHQFH�GDWH�DW�D�JLYHQ�GLVFRXQW�

UDWH�
L
�>�@��
:$63�VRIWZDUH�DQDO\VLV�UHTXLUHV�D�VWDUWLQJ�SRLQW� WR�GHWHUPLQH� WKH�DOWHUQDWLYH�H[SDQVLRQ�SROLFLHV�RI�

WKH�SRZHU�V\VWHP��,I�>.W@ LV�D�YHFWRU�FRQWDLQLQJ�WKH�QXPEHU�RI�DOO�JHQHUDWLQJ�XQLWV�ZKLFK�DUH�LQ�RSHUDWLRQ�
LQ�\HDU�W�IRU�D�JLYHQ�H[SDQVLRQ�SODQ��WKHQ�>.W@ PXVW�VDWLVI\�WKH�IROORZLQJ�UHODWLRQVKLS�>�@���

�
> .W @  �>�.W��@ ��>�$W @ ��>�5W�@ ��>�8W�@ ����

ZKHUH��
>$W@ LV�WKH�YHFWRU�RI�FRPPLWWHG�DGGLWLRQV�RI�XQLWV�LQ�\HDU�W��
>5W@ LV�WKH�YHFWRU�RI�FRPPLWWHG�UHWLUHPHQWV�RI�XQLWV�LQ�\HDU�W��
>8W@ LV�WKH�YHFWRU�RI�FDQGLGDWH�JHQHUDWLQJ�XQLWV�DGGHG�WR�WKH�V\VWHP�LQ�\HDU�W��
>$W@ DQG�>5W@ DUH�JLYHQ�GDWD��DQG�>8W@ LV�WKH�XQNQRZQ�YDULDEOH�WR�EH�GHWHUPLQHG�DQG�LV�FDOOHG�WKH�V\VWHP�
FRQILJXUDWLRQ�YHFWRU��
�

���352%/(0�&21675$,176��
2*(3�KDV�VRPH�FRQVWUDLQWV��7KUHH�FRQVWUDLQWV�KDYH�EHHQ�FRQVLGHUHG�LQ�WKLV�VWXG\���



*HQHUDWLRQ�H[SDQVLRQ�SODQQLQJ�IRU«��

-XQH��������������������������������������������������������������������������������������,UDQLDQ�-RXUQDO�RI�6FLHQFH�	�7HFKQRORJ\��9ROXPH�����1XPEHU�%��

���
D��5HVHUYH�PDUJLQ�

'HILQLQJ� WKH� FULWLFDO� SHULRG� �S�� DV� WKH� SHULRG� RI� WKH� \HDU� IRU� ZKLFK� WKH� GLIIHUHQFH� EHWZHHQ� WKH�
FRUUHVSRQGLQJ�DYDLODEOH�JHQHUDWLQJ��FDSDFLW\�DQG�WKH�SHDN�GHPDQG�KDV�WKH�VPDOOHVW�YDOXH��DQG�3�.W�S� DV�
LQVWDOOHG�FDSDFLW\�RI�WKH�V\VWHP�LQ�WKH�FULWLFDO�SHULRG�RI�\HDU�W��WKH�IROORZLQJ�FRQVWUDLQWV�VKRXOG�EH�PHW�E\�
HYHU\�DFFHSWDEOH�FRQILJXUDWLRQ��

�
WSWWSWSW 'E.3'D �������� �tt� ����

�
ZKLFK�VLPSO\�VWDWHV�WKDW�WKH�LQVWDOOHG�FDSDFLW\�LQ�WKH�FULWLFDO�SHULRG�PXVW�OLH�EHWZHHQ�WKH�JLYHQ�PD[LPXP�
DQG�PLQLPXP�UHVHUYH�PDUJLQV��DW DQG�EW UHVSHFWLYHO\��DERYH�WKH�SHDN�GHPDQG�'W�S�LQ�WKH�FULWLFDO�SHULRG�RI�
WKH�\HDU���
E��5HOLDELOLW\�RI�V\VWHP�FRQILJXUDWLRQ��

5HOLDELOLW\�RI�WKH�V\VWHP�LV�HYDOXDWHG�LQ�WHUPV�RI�WKH�/RVV�RI�/RDG�3UREDELOLW\��/2/3��LQGH[��6R�HDFK�
DFFHSWDEOH�FRQILJXUDWLRQ�PXVW�UHVSHFW�WKH�IROORZLQJ�FRQVWUDLQW��� /2/3�W����&W����������������������������������������������������������������������������������������������������������������
ZKHUH��&W�LV�D�OLPLWDWLRQ�IDFWRU����
F��&RQVWUXFWLRQ�OLPLW��

7KH� QXPEHU� RI� SODQWV� WKDW� FDQ� EH� FRQVWUXFWHG� LQ� HDFK� \HDU� LV� GHILQLWH� VR� WKDW� HYHU\� DFFHSWDEOH�
FRQILJXUDWLRQ�PXVW�UHVSHFW��

� @>@>@>@> W
2
WW

2
W 8888 '�dd ����

ZKHUH� @> W8 LV� WKH�FRQILJXUDWLRQ�YHFWRU�� @> �
W8 LV� WKH�VPDOOHVW�YDOXH�SHUPLWWHG� WR� WKH�FRQILJXUDWLRQ�YHFWRU�

DQG� @> W8' LV�WKH�WXQQHO�FRQVWUDLQWV��WKH�PD[LPXP�SHUPLWWHG�FDQGLGDWH�WKDW�FDQ�EH�DGGHG�HDFK�\HDU����
�

�� (1(5*<�127�6(59('��
,I�DQ�H[SDQVLRQ�SODQ�FRQWDLQV�D�V\VWHP�FRQILJXUDWLRQ� IRU�ZKLFK� WKH�DQQXDO�HQHUJ\�GHPDQG�(W LV�JUHDWHU�
WKDQ�WKH�H[SHFWHG�DQQXDO�JHQHUDWLRQ�*W�RI�DOO�XQLWV�H[LVWLQJ�LQ�WKH�FRQILJXUDWLRQ�IRU�WKH�FRUUHVSRQGLQJ�\HDU�
W��WKH�WRWDO�FRVWV�RI�WKH�SODQ�VKRXOG�EH�SHQDOL]HG�E\�WKH�UHVXOWLQJ�FRVW�RI�WKH�HQHUJ\�QRW�VHUYHG��2EYLRXVO\��
WKLV�FRVW�LV�D�IXQFWLRQ�RI�WKH�DPRXQW�RI�HQHUJ\�QRW�VHUYHG�1W� ZKLFK�FDQ�EH�FDOFXODWHG�DV�>�@�����

WWW *(1 � � ������
7KH�FRVW�RI�HQHUJ\�QRW�VHUYHG�LV�FDOFXODWHG�DV�IROORZV�>�@���

�
��� ������
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�
ZKHUH� V( LV�WKH�DPRXQW�RI�HQHUJ\�QRW�VHUYHG��*:K��� M($ LV�WKH�GHPDQG�HQHUJ\�LQ�\HDU�M��*:K��� �� V(&
UHODWHV�WKH�LQFUHPHQWDO�FRVW�RI��HQHUJ\�QRW�VHUYHG�WR�WKH��DPRXQW�RI�HQHUJ\�QRW�VHUYHG�ZKLFK�LV�FDOFXODWHG�
DV� N:K� �
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7KH�SHULRG�RI�VWXG\�LV�IURP������XQWLO�������(DFK�\HDU�LV�GLYLGHG�LQWR�IRXU�SHULRGV��7KLV�GLYLVLRQ�KDV�QR�
HIIHFW�RQ�WKHUPDO�SRZHU�SODQWV�EXW�LW�LV�LPSRUWDQW�IRU�K\GUR�SRZHU�SODQWV�EHFDXVH�RI�WKH�HIIHFW�RI�VHDVRQV�
RQ�WKH�JHQHUDWLRQ�RI�K\GUR�SRZHU�SODQWV���
D��,QSXW�GDWD�SUHSDUDWLRQ��
���3RZHU�V\VWHP�ORDG��7KH�ILUVW�QHFHVVDU\�GDWD�LV�WKH�DQQXDO�SHDN�ORDG��SHULRG�SHDN�ORDG�DQG�VKDSHV�RI�
HDFK�SHULRG�/RDG�'XUDWLRQ�&XUYH��/'&���,QSXW�GDWD�LV�SUHSDUHG�XVLQJ�QRUPDOL]HG�ORDG�GXUDWLRQ�FXUYH�RI�
WKH�SHULRG��ZKLFK�FDQ�EH�H[SUHVVHG�HLWKHU�LQ�WKH�IRUP�RI�D�ILIWK�RUGHU�SRO\QRPLDO��RU�LQ�D�GLVFUHWH�IRUP�E\�
SRLQWV� �ORDG� PDJQLWXGH� DQG� ORDG� GXUDWLRQ�� RI� WKH� FXUYH��:$63� VRIWZDUH� FDOFXODWHV� WKH� )RXULHU� VHULHV�
FRHIILFLHQWV�DQG�LQWHJUDWLRQ�RI�WKH�VXUIDFH�GHWHUPLQHV�WKH�ORDG�IDFWRU�DQG�HQHUJ\�GHPDQG��
�
��� ([LVWLQJ� 3RZHU� 3ODQWV� 6SHFLILFDWLRQV�� 7HFKQLFDO� DQG� HFRQRPLFDO� FKDUDFWHULVWLFV� RI� H[LVWLQJ� DQG�
DSSURYHG�WKHUPDO��K\GUR�DQG�SXPS�VWRUDJH�SRZHU�SODQWV�VKRXOG�EH�LQWURGXFHG�WR�WKH�VRIWZDUH���
���&DQGLGDWH�3RZHU�3ODQWV�6SHFLILFDWLRQV��6LQFH� WKH�REMHFW� LV� WR�ILQG�DQ�RSWLPDO�H[SDQVLRQ�SODQ�� LW� LV�
QHFHVVDU\�WR�LQWURGXFH�WKH�FDQGLGDWH�SODQWV�WR�WKH�VRIWZDUH��6R��DFFRUGLQJ�WR�,UDQLDQ�FRQGLWLRQV��IRXU�W\SHV�
RI�SODQWV�DUH�FKRVHQ�����6WHDP�SRZHU�SODQW��6���������&RPELQHG�&\FOH�SRZHU�SODQW��&&������*DV�WXUELQH�
SRZHU�SODQW�RSHUDWHG�GXULQJ�SHDN�ORDG��*��3���DQG����*DV� WXUELQH�SRZHU�SODQW��*��%��RSHUDWHG�GXULQJ�
EDVH�ORDG��&KDUDFWHULVWLFV�DUH�VKRZQ�LQ�7DEOH����� 7DEOH����&KDUDFWHULVWLFV�RI�FDQGLGDWH�SRZHU�SODQWV�

&&KKDDUUDDFFWWHHUULLVVWWLLFF 66������ &&&& **����33 **����%%0LQ�RSHUDWLQJ�OHYHO�LQ�HDFK�\HDU�>0:@� ���� ���� �� ���
0D[�JHQHUDWLQJ�FDSDFLW\�LQ�HDFK�\HDU�>0:@� ���� ���� ���� ����

)RUFHG�RXWDJH�UDWH�>�@� ���� ���� ����� �����
6FKHGXOHG�PDLQWHQDQFH�GD\V�SHU�\HDU� ��� ��� ��� ���
)L[HG�2	0�FRVW�>��N:�PRQWK@� ����� ������ ������ ������
9DULDEOH�2	0�FRVW�>��0:K@� ������ ������ ������ ������

,QIRUPDWLRQ� DERXW� WKH� FDQGLGDWH� SRZHU� SODQWV� LV� H[WUDFWHG� IURP� WKH� H[LVWLQJ� QHZ� DSSURYHG� SODQWV
�
FRQWUDFW���

8VLQJ�WKLV�VSHFLILFDWLRQ��:$63�FDOFXODWHV�WKH�FRVW�RI�JHQHUDWLRQ�IRU�HDFK�SODQW�GXULQJ�SHDN�ORDG�DQG�
EDVH�ORDG�DQG�DFFRUGLQJ�WR�WKDW�VSHFLILHG�HFRQRPLF�ORDGLQJ�RUGHU��7DEOH�����

7DEOH����8QLW�JHQHUDWLRQ�FRVW����0:K��
)XOO�ORDG�7RWDO�%DVH�)RUHLJQ�%DVH�'RPHVWLF�1DPH�

��������������6����
��������������*��3�
������������&&���
��������������*��%�

E��6LPXODWLRQ�RI�WKH�V\VWHP��
:$63� VRIWZDUH� XVHV� WKH� SUREDELOLVWLF� VLPXODWLRQ� PHWKRG� IRU� DQDO\]LQJ� DQG� FRPSDULQJ� GLIIHUHQW�

FRQILJXUDWLRQV��,W�DOVR�FRPSDUHV�/2/3�DQG�UHVHUYH�FDSDFLW\�ZLWK�WKH�DPRXQW�VSHFLILHG�E\�WKH�XVHU��/2/3�
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���
KDV� EHHQ� FKRVHQ�RQH�GD\� SHU� \HDU� HTXLYDOHQW� WR� ���������0LQLPXP�DQG�PD[LPXP� UHVHUYH�PDUJLQ� DUH�
FKRVHQ� ��� DQG� ����� UHVSHFWLYHO\�� 7KH� VRIWZDUH� SUHSDUHV� D� SULPDU\� FRQILJXUDWLRQ� ZLWK� UHJDUG� WR� WKH�
OLPLWDWLRQV�DQG�GHWHUPLQHV� WKH� DPRXQW�RI� HQHUJ\� WKDW� HDFK�RI� WKH�SRZHU�SODQWV�FDQ�VXSSO\�DFFRUGLQJ� WR�
WKHLU�RXWDJH�UDWH����
F��(FRQRPLF�SDUDPHWHUV�� 2QH� RI� WKH� PRVW� LPSRUWDQW� HFRQRPLF� SDUDPHWHUV� LV� GLVFRXQW� UDWH�� ZKLFK� LV� FKRVHQ� ���� IRU� ERWK�IRUHLJQ� DQG� GRPHVWLF� LQYHVWPHQW� DQG� PDLQWHQDQFH�� 7KH� HVFDODWLRQ� UDWH� LV� ���� $FFRUGLQJ� WR� WKH� ODWHVW�
VWXGLHV�LQ�,UDQ��HQHUJ\�QRW�VHUYHG�FRVW�LV���� N:K� �

)RU�FDOFXODWLQJ�WKH�REMHFWLYH�IXQFWLRQ��GHSUHFLDEOH�DQG�QRQ�GHSUHFLDEOH�FDSLWDO�FRVWV�� �� N: VKRXOG�EH�
GHWHUPLQHG���

,Q�DGGLWLRQ��LI�WKH�FDSLWDO�FRVW�LV��$�DQG�WKH�FRQVWUXFWLRQ�WLPH�LV�1�\HDUV��WKH�FDSLWDO�LQYHVWPHQW�FRVW�
VKRXOG�EH�GLVWULEXWHG�RYHU�WKH�FRQVWUXFWLRQ�SHULRG�DFFRUGLQJ�WR�D�VSHFLILF�FDVK�IORZ�DQG�WKH�,QWHUHVW�'XULQJ�
&RQVWUXFWLRQ��,'&��VKRXOG�EH�FRQWHPSODWHG��7DEOH���VKRZV�WKH�FDSLWDO�LQYHVWPHQW�FRVWV�DQG�,'&�IRU�WKH�
FDQGLGDWH�SRZHU�SODQWV���

7DEOH����&DSLWDO�,QYHVWPHQW�FRVWV�DQG�,'&�IRU�&DQGLGDWH�3RZHU�3ODQWV�
'HSUHFLDEOH�FDSLWDO�FRVW����N:�� ,'&�����

)RUHLJQ�'RPHVWLF�
1DPH�

��������������������6����
����������������*��3�
��������������������&&���
����������������*��%�

,Q�WKLV�VWXG\��WKH�FRQVWUXFWLRQ�SHULRG�IRU�VWHDP�SRZHU�SODQWV�LV�FRQVLGHUHG���\HDUV��IRU�JDV�SODQWV�LV���
\HDUV� DQG� IRU� FRPELQHG� F\FOH� SODQWV� LV� �� \HDUV�� )RU� FDOFXODWLQJ� WKH� VDOYDJH� YDOXH�� WKH� VLQNLQJ� IXQG�
GHSUHFLDWLRQ� PHWKRG� LV� XVHG� EHFDXVH� LQ� WKLV� PHWKRG� WKH� LQWHUHVW� UDWH� LV� FRQFHUQHG�� 7DEOH� �� VKRZV� WKH�
FRQVLGHUHG�FRVWV�RI�GLIIHUHQW�IXHO�W\SHV��1DWXUDO�*DV��*DVRLO��+)2��ZKLFK�DUH�XVHG�IRU�H[LVWHQW�DQG�IXWXUH�
SRZHU�SODQWV��

7DEOH����)XHO�FRVW��$YHUDJH�RI�ODVW���\HDUV�IRU�3HUVLDQ�*XOI�)�2�%��
7\SH� SULFH�

1DWXUDO�*DV� ����5LDOV�P��

*DVRLO� �������OLW�
+)2� �������OLW�

���678'<�5(68/76��
2SWLPDO� JHQHUDWLRQ� H[SDQVLRQ� SODQ� IRU� WKH� ,UDQ� SRZHU� JULG� LV� JDLQHG� XVLQJ� WHFKQLFDO� DQG� HFRQRPLFDO�
FKDUDFWHULVWLFV� RI� WKH� LQSXW� SRZHU� SODQW� DQG� WKH� ILQDO� FRQILJXUDWLRQ� LV� VKRZQ� LQ� 7DEOH� ��� ,W� VKRXOG� EH�
PHQWLRQHG�WKDW�WKH�SRZHU�VXSSO\V�ZKLFK�DUH�XQGHU�FRQVWUXFWLRQ�DUH�FRQVLGHUHG��,Q�WKLV�WDEOH��WKH�VHFRQG�
FROXPQ�LV�REMHFWLYH�IXQFWLRQ��ZKLFK�LV�GHVFULEHG�LQ�.���,W�LV�WKH�VXP�RI�LQYHVWPHQW��2	0�DQG�IXHO�FRVW�LQ�
HDFK�\HDU�EDVHG�RQ�WKH�QXPEHU�RI�SRZHU�SODQWV�DV�H[SUHVVHG�LQ�(T�������&ROXPQ���LV�WKH�DPRXQW�RI�/2/3�
LQ�HDFK�\HDU��DQG�WKH�QH[W�FROXPQV�VKRZ�WKH�QXPEHU�RI�SRZHU�SODQWV�ZKLFK�WKH�VRIWZDUH�KDV�FKRVHQ�DV�
FDQGLGDWHV�LQ�RUGHU�WR�RSWLPL]H�WKH�SRZHU�JHQHUDWLRQ�V\VWHP����

$V�FDQ�EH�VHHQ��IRU�VXSSO\LQJ�WKH�EDVH�ORDG��VWHDP�SRZHU�SODQWV�DUH�FKRVHQ��7KH�PDLQ�UHDVRQ�LV�WKH�
ORZHU�SULFH�RI�WKH�IXHO�RI�VWHDP�SODQWV����PRQWKV�*DV�DQG���PRQWKV�+)2��LQ�FRPSDULVRQ�WR�WKH�IXHO�RI�JDV�
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���
DQG� FRPELQHG� F\FOH� SRZHU� SODQWV� ��� PRQWKV� JDV� DQG� �� PRQWKV� JDVRLO��� ,Q� VSLWH� RI� WKH� KLJKHU� FDSLWDO�
LQYHVWPHQW�IRU�VWHDP�SRZHU�SODQWV�LQ�FRPSDULVRQ�WR�FRPELQHG�F\FOH�DQG�JDV�SRZHU�SODQWV�� WKH�VRIWZDUH�
KDV�FKRVHQ�WKH�VWHDP�SRZHU�SODQWV�ZKLFK�VKRZ�WKH�VLJQLILFDQFH�RI�WKH�RSHUDWLRQ�DQG�PDLQWHQDQFH�FRVWV�LQ�
WKH�REMHFWLYH�IXQFWLRQ��,Q�DGGLWLRQ��WKH�VRIWZDUH�KDV�FKRVHQ�SHDN�JDV�SODQWV�IRU�VXSSO\LQJ�WKH�SHDN�ORDG�
�WKH�QXPEHU�RI�SODQWV�LQ�HDFK�\HDU�LV�FXPXODWLYH���,W�VKRXOG�EH�PHQWLRQHG�WKDW�WKH�SRZHU�VXSSOLHV�ZKLFK�
DUH�XQGHU�FRQVWUXFWLRQ�DUH�FRQVLGHUHG�LQ�WKH�SURJUDP��VR�EHWZHHQ�WKH�\HDUV������DQG�������VRIWZDUH�KDV�
QRW�FKRVHQ�DQ\�FDQGLGDWH����

�
7DEOH����2SWLPXP�FRQILJXUDWLRQ�RI�WKH�,UDQ�SRZHU�JHQHUDWLRQ�V\VWHP�

�������
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���6(16,7,9,7<�$1$/<6,6�
,Q� WKH� IROORZLQJ�� WKH� VHQVLWLYLW\� DQDO\VLV�RQ� WKH�FDSLWDO� LQYHVWPHQW� FRVW�RI� VWHDP�SRZHU�SODQWV�KDV�EHHQ�
LPSOHPHQWHG�� :LWK� D� ���� LQFUHDVH� RQ� WKH� LQYHVWPHQW� RI� VWHDP� SRZHU� SODQWV�� WKH� ILQDO� FRQILJXUDWLRQ�
FKDQJHV�D� OLWWOH�DQG�WKH�IRXU�FRPELQHG�F\FOH�SODQWV�KDYH�EHHQ�DGGHG�E\�WKH�VRIWZDUH��7DEOH�����7DEOH���
VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FKDQJHV� LQ�WKH�FDSLWDO�LQYHVWPHQW�FRVW� LQ�SHUFHQW�DQG�WKH�QXPEHU�RI�
SRZHU�SODQWV��$V�FDQ�EH� VHHQ� WKHUH� DUH�QR�FRQVLGHUDEOH� FKDQJHV� LQ� WKH�JHQHUDWLRQ� V\VWHP�FRQILJXUDWLRQ�
ZKHQ�WKH�FDSLWDO�LQYHVWPHQW�RI�WKH�VWHDP�SRZHU�SODQW�LV�LQFUHDVHG�XS�WR����SHUFHQW��

$W� WKH�QH[W� VWDJH�� WKH�FRVW�RI�+)2��D�SRUWLRQ�RI� IXHO�RI� VWHDP�SRZHU�SODQWV��KDV� LQFUHDVHG�EXW� WKH�
UHVXOW�KDV�QRW�FKDQJHG�QRWLFHDEO\��7KH�UHVXOW�KDV�EHHQ�VKRZQ�LQ�7DEOH����

7DEOH� �� VKRZV� WKDW� LQ� WKH� \HDU� ����� RQO\� �� FRPELQHG� F\FOH� SRZHU� SODQWV� DUH� DGGHG� WR� WKH� ILQDO�
FRQILJXUDWLRQ�� ZKLOH� WKH� QXPEHU� RI� VWHDP� SRZHU� SODQWV� LV� ��� SODQWV�� 7DEOH� �� GHSLFWV� WKH� UHODWLRQVKLS�
EHWZHHQ�WKH�FKDQJHV�LQ�WKH�+)2�SULFH�DQG�WKH�JHQHUDWLRQ�V\VWHP�FRQILJXUDWLRQ��,W�VKRZV�WKDW�LQFUHDVLQJ�
WKH�+)2�SULFH�KDV�QR�QRWLFHDEOH�HIIHFW�RQ�WKH�UHVXOWV��
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���
7DEOH����6HQVLWLYLW\�DQDO\VLV������LQFUHDVH�LQ�WKH�FDSLWDO�LQYHVWPHQW�FRVW�RI�VWHDP�SRZHU�SODQWV�
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7DEOH����6HQVLWLYLW\�DQDO\VLV��UHODWLRQVKLS�EHWZHHQ�WKH�FKDQJHV�RI�WKH�FDSLWDO�LQYHVWPHQW�FRVW��RI�VWHDP�SRZHU�SODQWV�DQG�WKH�ILQDO�RSWLPXP�SRZHU�JHQHUDWLRQ�V\VWHP��
,QYHVWPHQW�FRVW�LQFUHDVH�>�@� ��� ��� ��� ���
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7DEOH����6HQVLWLYLW\�DQDO\VLV��SRZHU�JHQHUDWLRQ�V\VWHP�FRQILJXUDWLRQ�DIWHU�����LQFUHDVH�LQ�+)2�SULFH�
�
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7DEOH���&RQWLQXHG���
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7DEOH����6HQVLWLYLW\�DQDO\VLV��UHODWLRQVKLS�EHWZHHQ�WKH�FKDQJHV�RI�+)2�SULFH��DQG�WKH�ILQDO�RSWLPXP�SRZHU�JHQHUDWLRQ�V\VWHP��
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���&21&/86,21��
,Q� WKLV� VWXG\�� ,UDQ� SRZHU� JHQHUDWLRQ� SODQQLQJ� ZDV� RSWLPL]HG� XVLQJ�:$63� ,9� SDFNDJH�� 7KH� SODQQLQJ�
SURFHVV�ZDV�SHUIRUPHG�EHWZHHQ�WKH�\HDUV������DQG�������DQG�WKH�ILQDO�RSWLPL]HG�UHVXOWV�ZHUH�VKRZQ�LQ�
7DEOH� �� WKURXJK�7DEOH� ��� ,Q� WKH� ILUVW� VWHS�� DQ�RSWLPDO� JHQHUDWLRQ� H[SDQVLRQ� SODQ�ZDV� H[WUDFWHG�� DQG� WR�
VXSSO\�WKH�EDVH�ORDG��VWHDP�SRZHU�SODQWV�ZHUH�FKRVHQ�EHFDXVH�RI�WKHLU�ORZHU�IXHO�FRVWV�LQ�FRPSDULVRQ�ZLWK�
WKH�RWKHU�FDQGLGDWH�SRZHU�SODQWV��,W�UHYHDOHG�WKH�VLJQLILFDQFH�RI�WKH�RSHUDWLRQ�DQG�PDLQWHQDQFH�FRVWV�LQ�WKH�
REMHFWLYH�IXQFWLRQ��)XUWKHU��WKH�VHQVLWLYLW\�DQDO\VLV�ZDV�SHUIRUPHG�RQ�FDSLWDO�FRVW�DV�ZHOO�DV�WKH�IXHO�FRVW�
RI�VWHDP�SRZHU�SODQWV�ZKLFK�GLG�QRW�UHVXOW�LQ�DQ\�VLJQLILFDQW�FKDQJH��,Q�RWKHU�ZRUGV��VWHDP�SRZHU�SODQWV�
DUH� WKH�PRVW� DSSURSULDWH� FDQGLGDWHV� IRU� VXSSO\LQJ� WKH� EDVH� ORDG� GXH� WR� WKHLU� WHFKQLFDO� DQG� HFRQRPLFDO�
FKDUDFWHULVWLFV���
�

5()(5(1&(6��
��� :DQJ��;��	�0FGRQDOG��-��5����������0RGHUQ�SRZHU�V\VWHP�SODQQLQJ� 0F*UDZ�+LOO�3XEOLFDWLRQ��
��� 'HKDJKLQ�� 0��� 3DUVD� 0RJKDGDP�� 0�� 	� -DYLGL�� 0�� �,&((������� 3RZHU� SODQQLQJ� JHQHUDWLRQ� ZLWK� JHQHWLF�

DOJRULWKP����WK�,UDQLDQ�&RQIHUHQFH�RI�(OHFWULFDO�(QJLQHHULQJ��
��� 3DUN��-���3DUN��<��	�:RQ��-����������$Q�LPSURYHG�JHQHWLF�DOJRULWKP�IRU�JHQHUDWLRQ�H[SDQVLRQ�SODQQLQJ��,(((�

7UDQV��RQ�3RZHU�6\VWHP� 9RO������,VVXH����SS������±������
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���
��� .DQQDQ��6���%DVNDU��6���0F&DOOH\��-��'��	�0XUXJDQ��3����������$SSOLFDWLRQ�RI�16*$�,,�DOJRULWKP�WR�JHQHUDWLRQ�

H[SDQVLRQ�SODQQLQJ��,(((�7UDQV��RQ�3RZHU�6\VWHP� SS������������
��� =KX��-��	�&KRZ��0����������$�UHYLHZ�RI�HPHUJLQJ�WHFKQLTXHV�RQ�JHQHUDWLRQ�H[SDQVLRQ�SODQQLQJ��,(((�7UDQV��

RQ�3RZHU�6\VWHP��9RO������SS�������������
��� 6X��&K���/LL��*��	�&KHQ��-����������/RQJ�WHUP�JHQHUDWLRQ�H[SDQVLRQ�SODQQLQJ�HPSOR\LQJ�G\QDPLF�SURJUDPPLQJ�

DQG� IX]]\� WHFKQLTXHV�� ,QGXVWULDO� 7HFKQRORJ\� ������3URFHHGLQJV� RI� ,(((� ,QWHUQDWLRQDO�&RQIHUHQFH� ,VVXH�� SS��
���������9RO�����SS���������

��� 6H\HG�+RVHLQL��6��0��	�-HQDE��.����������7KH�GHYHORSPHQW�RI�WKH�7$%8�VHDUFK�WHFKQLTXH�IRU�H[SDQVLRQ�SROLF\�
RI� SRZHU� SODQW� FHQWHUV� RYHU� VSHFLILF� GHILQHG� UHOLDELOLW\� LQ� ORQJ� UDQJH� SODQQLQJ�� ,UDQLDQ� -RXUQDO� RI� 6FLHQFH�	�
7HFKQRORJ\��7UDQVDFWLRQ�%��(QJLQHHULQJ� 9RO������1R��%���

��� 0RYDKHG��0����������7KH�VFLHQWLILF�EDVH�RI�JHQHUDWLRQ�H[SDQVLRQ�SODQQLQJ��*HQHUDWLRQ�'HSXW\� 7$9$1,5�
��� :LHQ�$XWRPDWLF�6\VWHP�3ODQQLQJ��:$63��3DFNDJH����������:$63�,9�8VHU
V�0DQXDO��,$($�


