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$EVWUDFW� 7KH�REMHFWLYH�RI� WKH SDSHU�DUH� WHQVHJULW\� VWUXFWXUHV�DQG�D�SRVVLELOLW\� WR�FRQWURO� WKHLU�SURSHUWLHV�
VXFK DV�D�VWLIIQHVV�DQG�D�QDWXUDO�IUHTXHQF\� E\�WKH�OHYHO�RI�VHOI�VWUHVV��%DVLF�WHQVHJULW\�PRGXOHV�DQG�WRZHUV�
DQG� SODWHV� EXLOW� RI� WKHVH�PRGXOHV� DUH� FRQVLGHUHG�� ,Q� HDFK� H[DPSOH�PHFKDQLVPV� DQG� VHOI�VWUHVV� VWDWHV� DUH�
LGHQWLILHG�XVLQJ� WKH� VLQJXODU�YDOXH�GHFRPSRVLWLRQ�RI� FRPSDWLELOLW\�PDWUL[�PHWKRG�� 3DUDPHWULF� DQDO\VHV�RI�
WKH�HIIHFW�RI�WKH�VHOI�VWUHVV�VWDWH�RQ�WKH�VWDWLF�DQG�G\QDPLF�SURSHUWLHV�RI�VWUXFWXUHV�DUH�FDUULHG�RXW��$QDO\VHV�
DUH�SHUIRUPHG�XVLQJ� WKH�VHFRQG�RUGHU� WKHRU\��LQ�0DWKHPDWLFD HQYLURQPHQW��DQG� WKH� WKLUG�RUGHU� WKHRU\��LQ�
6RILVWLN SURJUDP���

� ,QWURGXFWLRQ�

7KH�REMHFWLYH�RI�WKH SDSHU�DUH WHQVHJULW\�VWUXFWXUHV >���@��
7KH� FRQFHSW� RI� VXFK� VWUXFWXUHV� FRQFHUQV� RQ� VSHFLILF�
WUXVVHV� ZKLFK� FRQVLVW� RI� FRPSUHVVLRQ� FRPSRQHQWV�
�VWUXWV�� DQG� WHQVLRQ FRPSRQHQWV� �FDEOHV��� $Q� LPSRUWDQW�
EHQHILW� RI� WHQVHJULW\� VWUXFWXUHV� LV� WKH� IDFW� WKDW�
LQILQLWHVLPDO� PHFKDQLVPV� DUH� VWDELOL]HG� E\� VHOI�VWUHVV�
VWDWH� 7KH� VWLIIQHVV� RI� WKHVH� VWUXFWXUHV� GHSHQGV� RQ� WKH�
VHOI�VWUHVV� OHYHO� >��� ��� �@� DQG� DOVR� RQ� DSSOLHG� H[WHUQDO�
IRUFHV�

7KH�WHQVHJULW\�FRQFHSW�KDV�IRXQG�DSSOLFDWLRQV�ZLWKLQ�
FLYLO�HQJLQHHULQJ��LQFOXGLQJ WRZHUV DQG�SODWHV� 7KHUH�DUH�
VRPH� H[DPSOHV� RI� WHQVHJULW\� WRZHUV�� OLNH�� .HQQHWK�
6QHOVRQ¶V� VWUXFWXUHV� �1HHGOH� 7RZHU� DQG� 1HHGOH� 7RZHU�
,,���6DQWLDJR�$QWHQD�7RZHU��WKH�WRZHU�GHVLJQHG�E\ $XUHO�
YRQ�5LFKWKRIHQ� LQ 'XEDL�� 7HQVHJULW\�%DUFHORQD� 7RZHU��
WKH� WHQVHJULW\� WRZHU� E\� )DJHUVWU|P� LQ 7RN\R� DQG� WKH�
WRZHU�GHVLJQHG�E\ 2QGUHM�2W\SND >�@��$QRWKHU�SURMHFW�LV�
:DUQRZ� 7RZHU ORFDWHG� LQ� 5RVWRFN� LQ� *HUPDQ\� >���@�
7KH� ODVW� PHQWLRQHG� WRZHU LV FUHDWHG� E\� DVVHPEOLQJ�
6LPSOH[� PRGXOHV� RQ� WRS� RI� HDFK� RWKHU�� 6LPSOH[� LV� WKH�
VLPSOHVW� WHQVHJULW\� PRGXOH� $QRWKHU�� PRVW� FRPPRQ�
WHQVHJULW\� PRGXOHV� DUH� 4XDUWH[� DQG�2FWDKHGURQ�� 7KHVH�
PRGXOHV� PD\� EH� XVLQJ� WR� EXLOG� WKH� GRXEOH�OD\HU�
WHQVHJULW\�SODWH��

'RXEOH�OD\HU� WHQVHJULW\� JULGV� DUH� RQH� RI� WKH� ZLGHO\�
LQYHVWLJDWHG� DSSOLFDWLRQV� RI� WHQVHJULW\� VWUXFWXUHV�� 7KH�
ILUVW� VWXGLHV� IRU� WKH� GHVLJQ� RI� WHQVHJULW\� JULGV� ZHUH�
FDUULHG� RXW� E\� 6QHOVRQ >�@�� EXW� LWV� DSSOLFDWLRQV� ZHUH�
OLPLWHG��$ULHO�+DQDRU�DQG�5HQp�0RWUR HW�DO��>����@�ZHUH�
SUHFXUVRUV�LQ� WKH�UHVHDUFK�RI�GRXEOH�OD\HU�JULGV��)RU�WKH�
SDVW� IHZ� \HDUV�� WKH� PDLQ� IRFXV� KDV� EHHQ� LQ WKH�
GHYHORSPHQW� RI� GRXEOH�OD\HU� WHQVHJULW\� LQ� WKH� ILHOG� RI�
ZDOOV��URRIV�DQG�FRYHULQJ�VWUXFWXUHV�>�����@��7KH�FRQFHSW�
RI� FUHDWLQJ� VXFK� WUXVVHV� LQYROYHV� WKH� FRPELQDWLRQ� RI�
WHQVHJULW\� PRGXOHV� RU� PRGLILHG� PRGXOHV� E\� XVLQJ�
DGGLWLRQDO� FRQQHFWLQJ� HOHPHQWV� 7KH� QH[W� UHVHDUFKHUV�

IRFXVHG� RQ� WKLV� WRSLF� DUH� %LQ�%LQJ� :DQJ�� .RQR��
&KRRQJ�� 6KLPDGD� DQG� .XQLHGD� >���� ��@� 7KHLU� VWXGLHV�
DUH�FRQQHFWHG�ZLWK�H[SHULPHQWDO�PRGHOV�EXW� WKHUH�DUH�D�
IHZ� H[DPSOHV� RI� SUDFWLFDO� DSSOLFDWLRQ� RI� GRXEOH�OD\HU�
JULGV��7KH�LGHD�ZDV�DGRSWHG�LQWR FLYLO�HQJLQHHULQJ DV�WKH�
URRI� RI� D�0DOO� LQVLGH� OH�0HULGLHQ�+RWHO� LQ�5LPLQL�� 7KH�
FRQVWUXFWLRQ� RI� D� JODVV� URRI� RI� WKH� 1DWLRQDO�
$UFKDHRORJLFDO�0XVHXP�RI�5HJJLR�&DODEULD �DOVR�NQRZQ�
DV� WKH�1DWLRQDO�0XVHXP�RI�0DJQD�*UDHFLD� LQ�6RXWKHUQ�
,WDO\� LV�WKH�QH[W�VSHFWDFXODU�H[DPSOH�RI�WHQVHJULW\�SODWH�
([DPSOHV� RI� DSSOLFDWLRQV� DUH� DOVR� WKH� 3DYLOLRQ� DW� ([SR�
�������%OXU�%XLOGLQJ���LQ�6ZLW]HUODQG�DQG�WKH�URRI�RI�WKH�
YHORGURPH� DW� WKH� :RUOG� &\FOLQJ� &HQWHU� LQ� $LJOH��
6ZLW]HUODQG >�����@�

$Q� LPSRUWDQW� IHDWXUH� RI� WHQVHJULW\� VWUXFWXUHV� LV� WKH�
DELOLW\� WR� FRQWURO� DQG� LPSURYH� WKHLU� VWDWLF� DQG� G\QDPLF�
SURSHUWLHV�� ,W� LV� SRVVLEOH� E\� D� FRQWUROOLQJ� RI� VHOI�VWUHVV�
IRUFHV�DGGHG� LQ� WUXVV�PHPEHUV�DQG�E\ DQ�DSSOLFDWLRQ�RI�
H[WHUQDO� IRUFHV�� 7KH� SDSHU� LQWURGXFHV� WKH� LPSDFW� RI� WKH�
VHOI�VWUHVV� OHYHO� RQ� WKH� VWDWLF� DQG� G\QDPLF� EHKDYLRU� RI�
WKH� WHQVHJULW\� VWUXFWXUHV� 7KH�GLVSODFHPHQWV� DQG�QDWXUDO�
IUHTXHQFLHV�DUH�FDOFXODWHG >��������@�

7KH� REMHFWLYH� RI� WKH� SDSHU� LV� DQ� DQDO\]H� RI� D�
SRVVLELOLW\� WR� FRQWURO� SURSHUWLHV� RI� WHQVHJULW\� VWUXFWXUHV�
H�J�� D� VWLIIQHVV� DQG� D� QDWXUDO� IUHTXHQF\ E\� FKDQJH WKH
OHYHO�RI VHOI�VWUHVV�VWDWH��

� 0DWHULDO�DQG�PHWKRGV

7KH� EDVLF� WHQVHJULW\� PRGXOHV� DQG� VWUXFWXUHV EXLOW� RI�
WKHVH� PRGXOHV� DUH FRQVLGHUHG� ,Q� HDFK� H[DPSOH
PHFKDQLVPV� DQG� VHOI�VWUHVV� VWDWHV� DUH� LGHQWLILHG�� 7R� GR�
WKLV� WKH GLVWULEXWLRQ� RI� WKH� FRPSDWLELOLW\� PDWUL[�
DFFRUGLQJ� WR� LWV� HLJHQYDOXHV �VLQJXODU YDOXH�
GHFRPSRVLWLRQ� PHWKRG�� >�����@� LV SHUIRUPHG�� 7R�
HVWDEOLVK�LI� WKH�PHFKDQLVP�LV� LQILQLWHVLPDO�WKH�QRQOLQHDU
WKH� VSHFWUDO� DQDO\VLV� RI� WKH� VWLIIQHVV� PDWUL[� WDNLQJ� LQWR�
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DFFRXQW� WKH�JHRPHWULF� VWLIIQHVV�PDWUL[ GHSHQGHG�RQ� WKH�
VHOI�VWUHVV� VWDWH� LV FDUULHG� RXW� 7KHQ� WKH� SDUDPHWULF�
DQDO\VLV RI�WKH�HIIHFW�RI�WKH�VHOI�VWUHVV�VWDWH�RQ�WKH VWDWLF�
DQG� G\QDPLF EHKDYLRU RI� VWUXFWXUHV� LV� FDUULHG� RXW� 7KH�
DQDO\VLV LV SHUIRUPHG�XVLQJ�WKH�VHFRQG�RUGHU� WKHRU\�DQG�
WKH� WKLUG RUGHU� WKHRU\�� ,Q� WKH� ILUVW� FDVH� FDOFXODWLRQV� DUH
PDGH� LQ� 0DWKHPDWLFD HQYLURQPHQW�� ,Q� WKH� VHFRQG� ±
FRPPHUFLDO� SURJUDP� 6RILVWLN WR� DFFRPSOLVK� WKH� IXOO\�
JHRPHWULFDO�QRQ�OLQHDU�DQDO\VLV LV�XVHG�

����6LQJXODU�9DOXH�'HFRPSRVLWLRQ

7KH� VLQJXODU� YDOXH� GHFRPSRVLWLRQ� �69'�� RI�
FRPSDWLELOLW\� PDWUL[� DOORZV WR� GHWHUPLQH PHFKDQLVPV�
DQG� VHOI�VWUHVV� VWDWHV� LQ� WKH� WUXVV�� 7KH� 69'�
GHFRPSRVLWLRQ IRU� WKH� FRPSDWLELOLW\� PDWUL[� % FDQ� EH�
H[SUHVVHG�DV�IROORZLQJ�

7<1;%  ���

ZKHUH�< LV�RUWKRJRQDO�PDWUL[�FRQVLVWLQJ�RI�HLJHQYHFWRUV�
RI� WKH�PDWUL[�%%7��;� LV�RUWKRJRQDO�PDWUL[ FRQVLVWLQJ�RI�
HLJHQYHFWRUV� RI� WKH� PDWUL[� %7%� DQG� 1 LV� UHFWDQJXODU�
GLDJRQDO� PDWUL[�� ZKLFK� FRQWDLQV� WKH� VTXDUH� URRWV� RI�
HLJHQYDOXHV� RI� ERWK� SURGXFWV� RI� PDWULFHV�� =HUR�
HLJHQYDOXHV SUHVHQWHG�LQ�PDWUL[�1�DUH�UHVSRQVLEOH�IRU�WKH�
H[LVWHQFH� RI� WKH� VHOI�VWUHVV� VWDWH� GHILQHG� E\� WKH�
HLJHQYHFWRU� RI�%%7 FRUUHVSRQGLQJ� WR� WKLV� YDOXH DQG� IRU�
WKH� H[LVWHQFH� RI� WKH� PHFKDQLVP� GHILQHG� E\� WKH�
HLJHQYHFWRU�RI�%7%�FRUUHVSRQGLQJ�WR�WKLV�YDOXH�

��� 3DUDPHWULF�VWDWLF�DQDO\VLV�

7KH� SDUDPHWULF� DQDO\VLV� RI� WKH� HIIHFW� RI� WKH� VHOI�VWUHVV�
VWDWH� RQ� WKH� VWDWLF� EHKDYLRU� RI� VWUXFWXUHV� LV FDUULHG� RXW��
7KH� GLVSODFHPHQWV� DUH� FDOFXODWHG�� $QDO\VHV� DUH�
SHUIRUPHG�XVLQJ�WKH�VHFRQG�RUGHU�WKHRU\�

� � 3T..  � ,
1// ���

DQG�WKH�WKLUG�RUGHU�WKHRU\�

� � 3T...  �� ,,
1/

,
1// ���

ZKHUH� T LV� WKH� GLVSODFHPHQW� YHFWRU� DQG 3 LV� WKH� ORDG�

YHFWRU�� /. LV�WKH�OLQHDU�VWLIIQHVV�PDWUL[� ,
1/. LV�WKH�SUH�

VWUHVV� VWLIIQHVV� PDWUL[� FDOOHG� WKH� JHRPHWULF� VWLIIQHVV�

PDWUL[ DQG ,,
1/. LV� WKH� LQLWLDO� VWUDLQ� PDWUL[� 6WLIIQHVV�

PDWULFHV� DUH� GHWHUPLQHG� DFFRUGLQJ� WR� WKH� IRUPDOLVP� RI�
WKH� ILQLWH� HOHPHQW� PHWKRG� EXW� GHWHUPLQDWLRQ� RI� WKH�
JHRPHWULF� VWLIIQHVV� PDWUL[� LV� SRVVLEOH� LI� WKH� VHOI�VWUHVV�
H[LVWV��

7KH� VHFRQG� RUGHU� WKHRU\ ��� GRHV� QRW� LQFOXGH� WKH�
LQIOXHQFH� RI� H[WHUQDO� ORDGV� RQ� WKH� VWLIIQHVV� RI� WKH�
VWUXFWXUH��,Q�RUGHU�WR�WDNH�DFFRXQW�WKH�HIIHFW�RI�DGGLWLRQDO�
FRPSUHVVLRQ�WKH�WKLUG�RUGHU�WKHRU\ ��� VKRXOG�EH�XVHG�

��� 3DUDPHWULF�G\QDPLF�DQDO\VLV�

7KH� SDUDPHWULF� DQDO\VLV� RI� WKH� HIIHFW� RI� WKH� VHOI�VWUHVV�
VWDWH�RQ�WKH�G\QDPLF�EHKDYLRU�RI�VWUXFWXUHV�LV FDUULHG�RXW��
7KH� QDWXUDO� IUHTXHQFLHV� DUH� FDOFXODWHG�� )RU� WKH� FDVH� RI�
IUHH� YLEUDWLRQV� RI� WKH� VWUXFWXUH� D� JHQHUDOL]HG� RZQ�
SUREOHP�LV�XVHG�

� ��,
/ 1/ Z� �  . . 0 T � ���

ZKHUH� Z LV� WKH� DQJXODU� IUHTXHQF\� DQG� 0 LV WKH�PDVV�
PDWUL[�� 7KH� PDVV� PDWUL[� FDQ� EH� FRQVWUXFWHG� E\�
YDULDWLRQDOO\� FRQVLVWHQW� �FRQVLVWHQW� PDVV�� RU� GLDJRQDO�
�OXPSHG�PDVV��PDWUL[��,Q�WKH SDSHU��WKH�FRQVLVWHQW�PDVV�
PDWUL[�� ZKLFK� HVWDEOLVKHV� D� XQLIRUP� FRQYHUJHQFH�
SURSHUW\��LV�XVHG��

5HVXOWV� RI� G\QDPLF� � SDUDPHWULF� DQDO\VHV� DUH�
SUHVHQWHG DV WKH�QDWXUDO�IUHTXHQF\�

� �I Z S ���

DQG�DV�WKH�VTXDUH�RI�WKH�QDWXUDO�IUHTXHQF\�

� 5HVXOW�DQG�GLVFXVVLRQ

7KUHH� W\SHV� RI� WKH� PRVW� FRPPRQ� EDVLF� WHQVHJULW\�
PRGXOHV DUH DQDO\]HG�� WKUHH� VWUXW� PRGXOH� í 6LPSOH[�
�)LJ�� �D��� IRXU� VWUXW� PRGXOH� í� 4XDUWH[� �)LJ�� �E�� DQG
2FWDKHGURQ��)LJ���F���,Q�DGGLWLRQ��WKH SDUDPHWULF�DQDO\VLV�
RI VWUXFWXUHV�FRQVWUXFWHG�DV�D�UHVXOW�RI�D�FRPELQLQJ�EDVLF�
PRGXOHV� LV FDUULHG�RXW�� ,W� LV WKH WRZHU�FRQVLVWLQJ�RI� WZR
�)LJ���D� DQG�WKUHH �)LJ���E� 6LPSOH[�PRGXOHV�� WKH SODWH�
FRQVLVWLQJ� RI� IRXU� FRQQHFWHG�4XDUWH[�PRGXOHV �)LJ�� ���
DQG� WKH SODWH� FRQVLVWLQJ RI IRXU� 2FWDKHGURQ PRGXOHV
�)LJ����� ,Q�RUGHU�WR�PDNH�LW�SRVVLEOH�WR�FRPSDUH�UHVXOWV�LW�
LV DVVXPHG�WKDW�DOO EDVLF PRGXOHV�ILW�LQWR�D�FXEH�ZLWK���P�
HGJHV� ,Q�)LJXUHV�����VWUXWV�DQG�FDEOHV�DUH�GUDZQ�DV�WKLFN�
DQG�WKLQ�OLQHV��UHVSHFWLYHO\�

0RGHOV�DUH VXSSRUWHG�LQ ORZHU�VXUIDFH�LQ VXFK�D�ZD\�
WKDW�WKH�QXPEHU�RI�HOHPHQWV�DQG�WKH�QXPEHU�RI�QRQ�]HUR�
GHJUHHV� RI� IUHHGRP� DUH WKH� VDPH�� 7KDQNV� WR� WKLV� WKH�
FRPSDWLELOLW\� PDWUL[� % LV� D� VTXDUH� PDWUL[�� ,Q� WKH� ODVW�
H[DPSOH� �WKH� SODWH� FRQVLVWLQJ� RI� IRXU�2FWDKHGURQV��� WKH�
QXPEHU� RI� DOO� GHJUHHV� RI� D� IUHHGRP LV� HTXDO WR� WKH�
QXPEHU� RI� HOHPHQWV� RI� WKH SODWH�� ,Q� WKLV� FDVH� SODWH� LV
VXSSRUWHG� E\� HLJKW FRQVWUDLQWV� DQG� WKH� FRPSDWLELOLW\�
PDWUL[�% LV�D�UHFWDQJXODU PDWUL[�

D� E� F�

)LJ�� �� 7HQVHJULW\� PRGXOHV�� D�� 6LPSOH[� E�� 4XDUWH[��
F� 2FWDKHGURQ�
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D� E�

)LJ���� 7RZHU FRQVLVWLQJ�RI��D��WZR�6LPSOH[�PRGXOHV��E��WKUHH�
6LPSOH[�PRGXOHV�

)LJ���� 3ODWH�FRQVLVWLQJ�RI IRXU�4XDUWH[ PRGXOHV�

)LJ���� 3ODWH�FRQVLVWLQJ�RI�IRXU�2FWDKHGURQ PRGXOHV�

,Q� FDOFXODWLRQV� WKH� +DOIHQ� 'HWDQ� V\VWHP� VROXWLRQV�
ZHUH� FKRVHQ� DQG� WKH IROORZLQJ� PHFKDQLFDO� DQG�
JHRPHWULF�SURSHUWLHV�DUH�DGRSWHG�
x <RXQJ¶V�PRGXOHV ( ��� *3D�
x PDVV�GHQVLW\�ȡ ���� NJ�P��
x FDEOHV�PDGH�RI�6���1�VWHHO��I �� PP� , ����Â���� P���
$ ��������� P���ORDG�FDSDFLW\�15G ����� N1��

x VWUXWV�PDGH� RI� 6���-�� VWHHO��I ���PP�ZLWK� WKLFNQHVV�
W �� PP�� , ����Â���� P��� $ ����Â���� P��� ORDG�
FDSDFLW\�1E�5G� ���� N1��

)RU�DOO�PRGHOV�YDOXHV�RI�WKH�VHOI�VWUHVV�VWDWH��GHWHUPLQLQJ�
E\� XVLQJ� WKH� VLQJXODU� YDOXH� GHFRPSRVLWLRQ�� DUH�
QRUPDOL]HG�WR�WKH�YDOXH����LQ�VWUXWV��7KH�IROORZLQJ�VHOI�
VWUHVV�VWDWHV�DUH�DVVXPHG�

x LQ�WKH�FDVH�RI�6LPSOH[�PRGXOH�DQG�WRZHUV�FRQVLVWLQJ�RI�
6LPSOH[�PRGXOHV�
í KRUL]RQWDO�FDEOHV��������Â6�
í GLDJRQDO�FDEOHV��������Â6�
í VWUXWV����Â6�

x LQ�WKH�FDVH�4XDUWH[�PRGXOH�DQG�WKH�SODWH�FRQVLVWLQJ�RI�
4XDUWH[�PRGXOHV�
í XSSHU�KRUL]RQWDO�FDEOHV��������Â6�
í ORZHU�KRUL]RQWDO�FDEOHV��������Â6�
í GLDJRQDO�FDEOHV��������Â6�
í VWUXWV����Â6�

x LQ� WKH� FDVH� RI� 2FWDKHGURQ� PRGXOH� DQG� WKH� SODWH�
FRQVLVWLQJ�RI�2FWDKHGURQ PRGXOHV�
í FDEOHV��������Â6�
í VWUXWV���Â6�

,Q� DOO� FRPSOH[� VWUXFWXUHV� �WRZHUV� DQG� SODWHV��� HOHPHQWV�
ZKLFK� DUH� FRPPRQ� WR� QHLJKERULQJ� PRGXOHV� DUH�
FRPSUHVVHG� XVLQJ� D� GRXEOH� YDOXH� RI� VHOI�VWUHVV� VWDWH��
:KHQ� LQWURGXFLQJ� SUHVWUHVVLQJ� IRUFHV�� ���� RI� WKH� ORDG�
FDSDFLW\� RI� WKH� PRVW� VWUHVVHG� FRPSRQHQWV� LV� QRW�
H[FHHGHG�

����6LQJXODU�9DOXH�'HFRPSRVLWLRQ

)RU� DOO� PRGHOV� PHFKDQLVPV� DQG� VHOI�VWUHVV� VWDWHV� DUH
GHWHUPLQHG� XVLQJ� WKH� VLQJXODU� YDOXH� GHFRPSRVLWLRQ� RI�
WKH� FRPSDWLELOLW\� PDWUL[� 7KH� QXPEHU� RI� PHFKDQLVPV�
DQG�VHOI�VWUHVVHV�DUH�SUHVHQWHG�LQ�WKH�7DEOH���

7DEOH��� 1XPEHU�RI�QRGHV��HOHPHQWV��VHOI�VWUHVV�VWDWHV� �66��
DQG�PHFKDQLVPV �0��

(OHPHQW
1R��RI�
QRGHV

1R��RI�
HOHPHQWV

1R��RI�
66

1R��RI�
0

6LPSOH[ � �� � �

4XDUWH[ � �� � �

2FWDKHGURQ �� �� � �

7RZHU�FRQVLVWLQJ�
RI WZR 6LPSOH[
PRGXOHV

� �� � �

7RZHU�FRQVLVWLQJ�
RI WKUHH 6LPSOH[
PRGXOHV

�� �� � �

3ODWH�FRQVLVWLQJ�RI�
IRXU 4XDUWH[
PRGXOHV

�� �� � �

3ODWH�FRQVLVWLQJ�RI�
IRXU 2FWDKHGURQ
PRGXOHV

�� ��� � �

����3DUDPHWULF�VWDWLF�DQDO\VLV�

7KH� SDUDPHWULF� DQDO\VLV� RI� WKH� HIIHFW RI� WKH� VHOI�VWUHVV�
VWDWH RQ� WKH� VWUXFWXUH� UHVSRQVH� LQ� WKH� ILHOG� RI� VWDWLF�
DQDO\VLV� DUH FDUULHG� RXW� 7KH� PRGHOV� DUH� ORDGHG� ZLWK�
FRQFHQWUDWHG�YHUWLFDO�IRUFHV�3 ���N1��6LQJXODU�PRGXOHV�
DUH� ORDGHG� ZLWK� RQH� IRUFH� DSSOLHG� LQ� RQH� RI� WKH� XSSHU�
QRGHV�� 7KH� H[WHQGHG� PRGHOV� DUH� ORDGHG� ZLWK� IRXU�
FRQFHQWUDWHG�IRUFHV�DSSOLHG�LQ�XSSHU�QRGHV�RI�VWUXFWXUHV��
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7KH� LQIOXHQFH� RI� WKH� VHOI�VWUHVV� OHYHO� 6� RQ� PD[LPXP�
GLVSODFHPHQWV� LV DQDO\]HG�� 7KH� DQDO\VLV� LV SHUIRUPHG�
XVLQJ� WKH� VHFRQG� ��QG� RUGHU� WKHRU\� DQG� WKH� WKLUG� ��UG��
RUGHU�WKHRU\� 5HVXOWV�DUH�SUHVHQWHG�LQ�)LJXUHV �í���

)LJ���� 9DOXHV�RI�PD[LPXP�GLVSODFHPHQW IRU�6LPSOH[�

)LJ����0D[LPXP�GLVSODFHPHQW�IRU�4XDUWH[�

)LJ����0D[LPXP�GLVSODFHPHQW�IRU�2FWDKHGURQ�

7KH�6LPSOH[�PRGXOH��)LJ����� LV�FKDUDFWHUL]HG�E\�WKH�
OHDVW�VHQVLWLYLW\�WR�FKDQJHV�RI WKH�OHYHO�RI�VHOI�VWUHVV��7KH�
4XDUWH[��)LJ����� LV� WKH�PRVW� VHQVLWLYH� LQ� WKLV� UHVSHFW�� ,Q�
WKH�FDVH�RI�WKHVH�WZR�PRGXOHV��VPDOO�GLIIHUHQFHV�EHWZHHQ�
WKH� UHVXOWV� REWDLQHG� DFFRUGLQJ� WR� WKH� VHFRQG� DQG� WKLUG�
RUGHU� WKHRU\� FDQ�EH�REVHUYHG��$OUHDG\� DW� WKH� VHOI�VWUHVV�

OHYHO�HTXDO�WR��� N1�UHVXOWV�DUH�YHU\�VLPLODU��+HQFH��WKH�
FRQFOXVLRQ� WKDW� LQ� WKH� FDVH� RI� WKHVH� PRGXOHV� WKH�
LQIOXHQFH�RI�H[WHUQDO� ORDGV�RQ� WKH� VWLIIQHVV LV� VPDOO�DQG�
WKH�VHFRQG�RUGHU�WKHRU\�LV�VXIILFLHQW IRU�DQDO\VLV�

,Q� WKH� FDVH� RI� WKH� 2FWDKHGURQ� PRGXOH �)LJ�� ����
GLIIHUHQFHV� EHWZHHQ� YDOXHV� RI� GLVSODFHPHQWV� FDOFXODWHG�
DFFRUGLQJ� WR� ERWK� WKHRULHV� DUH� PRUH� QRWLFHDEOH�� 7KH�
PRGHO�LV�PRUH�VHQVLWLYH�WR�H[WHUQDO�ORDGV�

)LJ����0D[LPXP�GLVSODFHPHQW�IRU�WKH�WRZHU�FRQVLVWLQJ RI WZR
6LPSOH[ PRGXOHV�

)LJ�� �� 0D[LPXP� GLVSODFHPHQW� IRU� WKH� WRZHU� FRQVLVWLQJ RI�
WKUHH 6LPSOH[ PRGXOHV�

&RPSDULQJ� UHVXOWV� RI� WKH� SDUDPHWULF� VWDWLF� DQDO\VLV
IRU� WRZHUV� FRQVLVWLQJ�RI� WZR� �)LJ�����DQG� WKUHH�6LPSOH[
�)LJ�� �� LW� LV� FRQFOXGHG� WKDW� PRUH� VHQVLWLYH� WR� H[WHUQDO�
ORDGV LV�VHFRQG�WRZHU��,W�LV�DOVR FKDUDFWHUL]HG�E\�JUHDWHU�
VXVFHSWLELOLW\�WR�FKDQJHV�RI�WKH�OHYHO�RI�VHOI�VWUHVV�

,Q�WKH�FDVH�RI�SODWHV�WKH�PRUH�ULJLG�DQG�OHVV�VHQVLWLYH�
WR�H[WHUQDO� ORDGV LV� WKH�SODWH� FRQVLVWLQJ�RI� IRXU�4XDUWH[�
PRGXOHV �)LJ�� ����� ,W� LV� FKDUDFWHUL]HG� E\� JUHDWHU�
VHQVLWLYLW\ WR� FKDQJHV� RI� WKH� OHYHO� RI� VHOI�VWUHVV�� ,Q� WKH�
FDVH� RI� WKH� SODWH� FRQVLVWLQJ� RI� 2FWDKHGURQ� PRGXOHV
�)LJ� ����� WKH� GLIIHUHQFHV� EHWZHHQ� UHVXOWV� REWDLQHG�
DFFRUGLQJ� WR� WKH� VHFRQG� DQG� WKLUG� RUGHU� WKHRU\� DUH�
VLJQLILFDQW�� 9DOXHV� RI� GLVSODFHPHQWV� FDOFXODWHG�
DFFRUGLQJ�WR�ERWK�WKHRULHV�DUH�QRW�FRQYHUJHQW��7KH�SODWH�
LV�FKDUDFWHUL]HG�E\�KLJK�VHQVLWLYLW\�WR�WKH�H[WHUQDO�ORDG�
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)LJ����� 0D[LPXP�GLVSODFHPHQW� IRU�D�SODWH�FRQVLVWLQJ RI� IRXU�
4XDUWH[ PRGXOHV�

)LJ����� 0D[LPXP�GLVSODFHPHQW� IRU�D�SODWH�FRQVLVWLQJ�RI�IRXU�
2FWDKHGURQ PRGXOHV�

��� 3DUDPHWULF�G\QDPLF�DQDO\VLV�

3DUDPHWULF� DQDO\VHV� RI� WKH� HIIHFW RI� WKH� VHOI�VWUHVV� VWDWH�
RQ�WKH�VWUXFWXUH�UHVSRQVH�LQ�WKH�ILHOG�RI�G\QDPLF�DQDO\VLV�
DUH�FDUULHG�RXW��7KH�LQIOXHQFH�RI�WKH�VHOI�VWUHVV�OHYHO�6�RQ�
QDWXUDO� IUHTXHQFLHV LV DQDO\]HG�� 7KH� QXPEHU� RI� QDWXUDO�
IUHTXHQFLHV�ZKLFK�DUH�GHSHQGHQW�RQ� WKH� VHOI�VWUHVV� VWDWH�
LV� HTXDO� WR� WKH� QXPEHU� RI� LQILQLWHVLPDO�PHFKDQLVPV�� ,Q�
WKH� DEVHQFH� RI� FRPSUHVVLRQ�� WKHVH� IUHTXHQFLHV� DUH� ]HUR�
DQG� DIWHU� WKH� LQWURGXFWLRQ� RI� WKH� VHOI�VWUHVV� ± LQFUHDVH�
&KDQJHV�RI�WKH�QDWXUDO�IUHTXHQFLHV��ZKLFK�FRUUHVSRQGLQJ�
WR� LQILQLWHVLPDO� PHFKDQLVPV� ZLWK� LQFUHDVLQJ� YDOXHV� RI�
WKH�VHOI�VWUHVV�DUH�VKRZQ�LQ�)LJXUHV ��í����2WKHU�QDWXUDO�
IUHTXHQFLHV GR� QRW� FKDQJH� VLJQLILFDQWO\� ZLWK� LQFUHDVLQJ�
WKH� VHOI�VWUHVV� VWDWH� DPSOLWXGHV� )RU� H[DPSOH�� IRU� EDVLF�
WHQVHJULW\�PRGXOHV� WKH� LQIOXHQFH� RI� WKH� VHOI�VWUHVV� OHYHO�
RQ�WKH�VHFRQG�QDWXUDO IUHTXHQF\ LV�VKRZQ�LQ�7DEOH����

7KH� UHVXOWV� RI� WKH� SDUDPHWULF� G\QDPLF� DQDO\VLV IRU�
EDVLF� WHQVHJULW\� PRGXOHV DUH� VKRZQ� LQ� )LJXUH� ��� )RU�
4XDUWH[ DQG� 6LPSOH[ WKH� ILUVW� QDWXUDO� IUHTXHQF\ LV� WKH�
VDPH� 7KH� OHYHO� RI� VHOI�VWUHVV� VWDWH� KDV� DQ� LGHQWLFDO�
LPSDFW�RQ�WKH�QDWXUDO�IUHTXHQF\�RI�ERWK PRGXOHV��6KRXOG�
EH�QRWHG�WKDW 4XDUWH[�LV�D�PRGLILHG�PRGXOH�RI�6LPSOH[��
7KH�WKLUG�EDVLF�PRGXOH�± 2FWDKHGURQ�LV�FKDUDFWHUL]HG�E\�
D�ORZHU�QDWXUDO�IUHTXHQF\�DQG�OHVV�VHQVLWLYLW\�WR�FKDQJHV�
RI� WKH� VHOI�VWUHVV� VWDWH� RQ� G\QDPLF� SURSHUWLHV WKDQ�

SUHYLRXV� PRGXOHV�� 7KH� JUHDWHVW� LPSDFW� RQ� WKH� QDWXUDO�
IUHTXHQF\�FDQ�EH�REVHUYHG�ZKHQ� WKH� OHYHO�RI� VHOI�VWUHVV�
FKDQJHV� IURP� �� WR� ��� N1�� ZKDW� FRUUHVSRQGV� WR� DERXW�
����RI�WKH�FDSDFLW\�RI�HOHPHQWV�

7DEOH��� 6HFRQG�QDWXUDO�IUHTXHQF\ I� >+]@�IRU�EDVHG�PRGXOHV�

6 >N1@ 6LPSOH[ 4XDUWH[ 2FWDKHGURQ

� ������ ������ �����

���� ������ ������ �����

�� ������ ������ �����

�� ������ ������ �����

�� ������ ������ �����

�� ������ ������ �����

�� ������ ������ �����

�� ������ ������ �����

�� ������ ������ �����

�� ������ ������ �����

�� ������ ������ �����

��� ������ ������ �����

��� ������ ������ �����

)LJ����� )LUVW�QDWXUDO�IUHTXHQF\ IRU�EDVHG�PRGXOHV��

&RPSDULQJ�UHVXOWV�RI� DQDO\VLV IRU� WRZHUV��)LJ������ LW�
LV� FRQFOXGHG� WKDW� WKH� WRZHU� FRQVLVWLQJ�RI� WKUHH�6LPSOH[�
PRGXOHV� LV� FKDUDFWHUL]HG� E\� D� JUHDWHU� VHQVLWLYLW\� WR�
FKDQJHV� RI� WKH� VHOI�VWUHVV� OHYHO�� $GGLWLRQDOO\�� WKH� WKLUG�
QDWXUDO� IUHTXHQF\� RI� WKH� WRZHU� FRQVLVWLQJ� RI� WKUHH�
PRGXOHV� DQG� WKH� VHFRQG� QDWXUDO� IUHTXHQF\� RI� WKH� WRZHU�
FRQVLVWLQJ�RI�WZR�PRGXOHV�DUH�YHU\�VLPLODU�
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)LJ����� 1DWXUDO�IUHTXHQF\�IRU�WRZHUV��WRZHU�FRQVLVWLQJ�RI�WZR
6LPSOH[ PRGXOHV �²��� WRZHU� FRQVLVWLQJ� RI� WKUHH 6LPSOH[�
PRGXOHV ������� ILUVW� IUHTXHQF\��� � ���VHFRQG�IUHTXHQF\��Ŷ��� WKLUG�
IUHTXHQF\��Ɣ��

7KH� UHVXOWV� RI� WKH� SDUDPHWULF� G\QDPLF� DQDO\VLV IRU�
SODWHV�DUH�VKRZQ�LQ�)LJXUHV����DQG���� ,Q�WKH�FDVH�RI�WKH�
SODWH�FRQVLVWLQJ�RI�4XDUWH[�PRGXOHV �)LJ�������WKH�IRXUWK�
QDWXUDO�IUHTXHQF\�LV�WKH�PRVW�VHQVLWLYH�WR�FKDQJHV�RI�WKH�
OHYHO� RI� VHOI�VWUHVV�� 7KH� SODWH� FRQVLVWLQJ� RI� 2FWDKHGURQ
PRGXOHV �)LJ� ��� LV�FKDUDFWHUL]HG�E\� WKH� ORZHVW�QDWXUDO�
IUHTXHQF\�

)LJ����� 1DWXUDO�IUHTXHQF\�IRU�SODWH�FRQVLVWLQJ�RI�IRXU�4XDUWH[
PRGXOHV�

)LJ�� ��� )LUVW� QDWXUDO� IUHTXHQF\ IRU� SODWH� FRQVLVWLQJ� RI� IRXU�
2FWDKHGURQ PRGXOHV�

$GGLWLRQDOO\�� WKH� GHSHQGHQFH� EHWZHHQ� WKH� OHYHO� RI�
VHOI�VWUHVV�VWDWH�DQG�WKH�VTXDUH�RI�WKH�QDWXUDO�IUHTXHQF\�LV�
H[DPLQHG�� )RU� DOO� VWUXFWXUHV� WKH� VTXDUH� RI� DOO� QDWXUDO�
IUHTXHQFLHV�� ZKLFK� FRUUHVSRQGLQJ� WR� LQILQLWHVLPDO�
PHFKDQLVPV��LQFUHDVHV�SURSRUWLRQDOO\�WR�WKH�DPSOLWXGH�RI�
VHOI�VWUHVV�� )RU� H[DPSOH�� WKH� GHSHQGHQFH� RI� QDWXUDO�
IUHTXHQF\ VTXDUHG� RQ� WKH� VHOI�VWUHVV� OHYHO� IRU� WRZHUV� LV�
SUHVHQWHG�LQ�)LJXUH����

)LJ����� 1DWXUDO�IUHTXHQF\�VTXDUHG IRU�WRZHUV��WRZHU�FRQVLVWLQJ�
RI� WZR 6LPSOH[ PRGXOHV �²��� WRZHU� FRQVLVWLQJ� RI� WKUHH
6LPSOH[ PRGXOHV ������� ILUVW� IUHTXHQF\� �� � ��� VHFRQG� IUHTXHQF\
�Ŷ���WKLUG�IUHTXHQF\��Ɣ��

��&RQFOXVLRQ

3UHVHQWHG� DQDO\]HV� SURYH� WKDW WHQVHJULW\� VWUXFWXUHV� DUH�
GLVWLQJXLVKHG�E\�VSHFLDO�IHDWXUHV��ZKLFK�RUGLQDU\�WUXVVHV�
GR� QRW� KDYH�� ,W� LV� SRVVLEOH� WR� FRQWURO� WKHLU� SDUDPHWHUV��
VXFK� DV� VWLIIQHVV DQG� QDWXUDO� IUHTXHQFLHV�� WKDQNV� WR WKH�
SUHVHQFH�RI�LQILQLWHVLPDO�PHFKDQLVPV�DQG�WKH�VHOI�VWUHVV�
VWDWHV� )RU�DOO�DQDO\]HG�PRGHOV�WKH�LQIOXHQFH�RI�WKH�VHOI�
VWUHVV� OHYHO� RQ� QRGDO� GLVSODFHPHQWV� LV� YHU\� QRWLFHDEOH��
1RGDO�GLVSODFHPHQWV�GHFUHDVH�VLJQLILFDQWO\�ZLWK�LQFUHDVH�
RI� LQWHUQDO� IRUFHV� RI� WKH� VHOI�VWUHVV� DV� ZHOO� DV� RI� WKH�
LQIOXHQFH� RI� JHRPHWULFDO� QRQOLQHDULW\� LV� FOHDUO\� VHHQ�
$FFRUGLQJ�WR�WKH�VHFRQG�RUGHU�WKHRU\�LI�WKH�YDOXH�RI�VHOI�
VWUHVV�HTXDOV�]HUR��GLVSODFHPHQWV�WHQG�WR�WKH�LQILQLW\��$Q�
DGMXVWLQJ� RI� SUHVWUHVVLQJ� IRUFHV� DOORZV� WR� FRQWURO�
GLVSODFHPHQWV�RI�QRGHV��$GGLWLRQDOO\�WKH�DQDO\VLV�VKRZV�
WKDW� WKH� HIIHFW� RI� QRQOLQHDULW\� LV� WKH�PRVW� VLJQLILFDQW� DW�
ORZ�YDOXHV�RI�VHOI�VWUHVV�IRUFHV��:LWK�LQFUHDVLQJ�RI�VHOI�
VWUHVV� GLIIHUHQFHV� RI YDOXHV� RI� GLVSODFHPHQWV� FDOFXODWHG�
DFFRUGLQJ� WR� WKH� VHFRQG� DQG� WKH� WKLUG� RUGHU� WKHRU\� DUH�
JHWWLQJ�VPDOOHU�

&RPSDULQJ� UHVXOWV� RI� VWDWLF� DQDO\VLV� RI� WHQVHJULW\�
VWUXFWXUHV�LW� LV�FRQFOXGHG�WKDW�PRUH�VHQVLWLYH�WR�H[WHUQDO�
ORDGV�LV�2FWDKHGURQ�PRGXOH�DQG�SODWH�FRQVLVWLQJ�RI�WKHVH�
PRGXOHV��,Q�WXUQ�6LPSOH[�DQG�4XDUWH[ PRGXOH�DQG�SODWH�
FRQVLVWLQJ� RI� 4XDUWH[ PRGXOHV� FKDUDFWHUL]H E\� JUHDWHU�
VHQVLWLYLW\�WR�FKDQJHV�RI�WKH�VHOI�VWUHVV OHYHO�

7KH�PRGLILFDWLRQ�RI�WKH�VHOI�VWUHVV�OHYHO�LQ�WHQVHJULW\�
VWUXFWXUHV� DOVR� DOORZV� WR� FRQWURO� WKHLU� G\QDPLF�
SDUDPHWHUV��7KH�QXPEHU�RI�QDWXUDO�IUHTXHQFLHV�ZKLFK�DUH�
GHSHQGHQW�RQ�WKH�VHOI�VWUHVV�VWDWH�LV�HTXDO�WR�WKH�QXPEHU�
RI� LQILQLWHVLPDO� PHFKDQLVPV�� ,Q� WKH� DEVHQFH� RI�
FRPSUHVVLRQ�� WKHVH� IUHTXHQFLHV� DUH� ]HUR� DQG� DIWHU� WKH�
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LQWURGXFWLRQ� RI� WKH� VHOI�VWUHVV� ± LQFUHDVH� 2WKHU� QDWXUDO�
IUHTXHQFLHV GR QRW� FKDQJH� VLJQLILFDQWO\� ZLWK� LQFUHDVLQJ�
WKH�VHOI�VWUHVV�VWDWH�DPSOLWXGHV�

&RPSDULQJ� UHVXOWV�RI�G\QDPLF� DQDO\VLV�RI� WHQVHJULW\�
VWUXFWXUHV�LW� LV�FRQFOXGHG�WKDW�PRUH�VHQVLWLYH WR�FKDQJHV�
RI�WKH�OHYHO�RI�VHOI�VWUHVV�LV�WKH�WRZHU�FRQVLVWLQJ�RI�WKUHH�
6LPSOH[�PRGXOHV�

$GGLWLRQDOO\�LW�VKRXOG�EH�QRWHG�WKDW�WKH�VTXDUH�RI�DOO�
QDWXUDO�IUHTXHQFLHV��ZKLFK�FRUUHVSRQGLQJ�WR�LQILQLWHVLPDO�
PHFKDQLVPV� LQFUHDVHV�SURSRUWLRQDOO\�WR�WKH�DPSOLWXGH�RI�
VHOI�VWUHVV�
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