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VWUXFWXUHV�LV�SUHVHQWHG��7KH�ZKROH�VWUXFWXUH�LV�DVVXPHG�DV�DQ�HTXLYDOHQW�EHQGLQJ�ZDUSLQJ�WRUVLRQ�
EHDP�LQ�WKLV�PHWKRG��7KH�JRYHUQLQJ�GLIIHUHQWLDO�HTXDWLRQV�RI�HTXLYDOHQW�EHQGLQJ�ZDUSLQJ�WRUVLRQ�
EHDP�DUH�IRUPXODWHG�XVLQJ�WKH�FRQWLQXXP�DSSURDFK�DQG�DUH�SRVHG�LQ�WKH�IRUP�RI�D�VLPSOH�VWRUH\�
WUDQVIHU�PDWUL[���%\�XVLQJ�WKH�VWRUH\�WUDQVIHU�PDWULFHV�DQG�SRLQW�WUDQVIHU�PDWULFHV��ZKLFK�WDNH�LQWR�
DFFRXQW� WKH� LQHUWLDO� IRUFHV�� WKH� V\VWHP� WUDQVIHU� PDWUL[� LV� REWDLQHG�� 1DWXUDO� IUHTXHQFLHV� FDQ� EH�
FDOFXODWHG� E\� DSSO\LQJ� WKH� ERXQGDU\� FRQGLWLRQV�� 7KH� VWUXFWXUDO� SURSHUWLHV� RI� WKH� EXLOGLQJ� PD\�
FKDQJH�LQ�WKH�SURSRVHG�PHWKRG��$�QXPHULFDO�H[DPSOH�KDV�EHHQ�VROYHG�DQG�SUHVHQWHG�DW�WKH�HQG�RI�
WKH�VWXG\�E\�PHDQV�RI�D�SURJUDP�ZULWWHQ�LQ�0$7/$%�WR�YHULI\�WKH�PHWKRG�WKDW�LV�EHLQJ�SURSRVHG���
7KH� UHVXOWV� RI� WKLV� H[DPSOH� GLVSOD\� WKH� DJUHHPHQW� EHWZHHQ� WKH� SURSRVHG�PHWKRG� DQG� WKH� RWKHU�
YDOLG�PHWKRG�JLYHQ�LQ�WKH�OLWHUDWXUH�������������.H\ZRUGV±�9LEUDWLRQ��DV\PPHWULF��ZDOO��WUDQVIHU�PDWUL[���

���,1752'8&7,21��
$ QXPEHU�RI�PHWKRGV��VXFK�DV�ILQLWH�HOHPHQW�PHWKRG��KDYH�EHHQ�GHYHORSHG�IRU�WKH�DQDO\VHV�RI�EXLOGLQJV��
7KH�FRQWLQXXP�PRGHO� LV� D�YHU\� VLPSOH�DQG�HIILFLHQW�PHWKRG�XVHG� LQ� WKH� VWDWLF�DQG�G\QDPLF�DQDO\VLV�RI�
VKHDU�ZDOO�IUDPH�EXLOGLQJV���

7KHUH�DUH�QXPHURXV�VWXGLHV�>����@�LQ�WKH�OLWHUDWXUH�UHJDUGLQJ�WKH�FRQWLQXXP�PHWKRG���
5RVPDQ� >�@� SURSRVHG� D� FRQWLQXXP� PHGLXP� PHWKRG� IRU� D� SDLU� RI� KLJK� ULVH� FRXSOHG� VKHDU� ZDOOV��

+HLGHEUHFKW� DQG� 6WDIIRUG� 6PLWK� >�@� GHULYHG� WKH� GLIIHUHQWLDO� HTXDWLRQV� RI� D� V\VWHP� IRU� EXLOGLQJV� ZLWK�
XQLIRUP� VWLIIQHVV� DORQJ� WKHLU�KHLJKW� DQG� WKHQ�REWDLQHG� FORVHG�IRUP� VROXWLRQV� IRU� XQLIRUP� DQG� WULDQJXODU�
VWDWLF�ODWHUDO�ORDG�GLVWULEXWLRQV��

=DOND�>��@�GHULYHG�VLPSOLILHG�H[SUHVVLRQV�IRU�WKH�FLUFXODU�IUHTXHQF\�RI�ZDOO�IUDPH�EXLOGLQJV��.XDQJ�
DQG�1J�>��@�FRQVLGHUHG�WKH�SUREOHP�RI�GRXEO\�DV\PPHWULF�VWUXFWXUHV� LQ�ZKLFK�WKH�PRWLRQ�LV�GRPLQDWHG�
E\� VKHDU�ZDOOV�� )RU� WKH� DQDO\VLV�� WKH� VWUXFWXUH�ZDV� UHSODFHG�E\� DQ� HTXLYDOHQW� XQLIRUP� FDQWLOHYHU�ZKRVH�
GHIRUPDWLRQ�ZDV�FRXSOHG�LQ�IOH[XUH�DQG�ZDUSLQJ�WRUVLRQ��$Q�DSSUR[LPDWLRQ�PHWKRG�IRU�HVWLPDWLQJ�IORRU�
DFFHOHUDWLRQ�GHPDQGV�LQ�PXOWLVWRU\�EXLOGLQJV�VXEMHFWHG�WR�HDUWKTXDNH�JURXQG�PRWLRQV�KDV�EHHQ�GHYHORSHG�
LQ� D� UHFHQW� VWXG\� E\�0LUDQGD� DQG� 7DJKDYL� >��@�� 7KH� G\QDPLF� SURSHUWLHV� RI�PXOWLVWRU\� EXLOGLQJV� ZHUH�
DSSUR[LPDWHG�XVLQJ�WKH�HTXLYDOHQW�FRQWLQXXP�PRGHO�FRQVLVWLQJ�RI�D�IOH[XUDO�FDQWLOHYHU�EHDP�DQG�D�VKHDU�
FDQWLOHYHU�EHDP�WKDW�ZHUH�DVVXPHG�WR�EH�FRQQHFWHG�E\�DQ�LQILQLWH�QXPEHU�RI�D[LDOO\�ULJLG�PHPEHUV�LQ�WKH�
SURSRVHG�PHWKRG��7KH�GLPHQVLRQOHVV�SDUDPHWHU��ZKLFK�FRQWUROV�WKH�GHJUHH�RI�RYHUDOO�IOH[XUDO�DQG�RYHUDOO�
VKHDU�GHIRUPDWLRQV��ZDV�SUHVHQWHG� LQ� WKH�VLPSOLILHG�PRGHO�RI�EXLOGLQJV�� ,Q�D�FRPSDQLRQ�SDSHU� >��@�� WKH�
5HFHLYHG�E\�WKH�HGLWRUV�)HEUXDU\����������$FFHSWHG�2FWREHU�����������
&RUUHVSRQGLQJ�DXWKRU�
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DFFXUDF\�RI�WKH�PHWKRGRORJ\�ZDV�HYDOXDWHG�E\�FRPSDULQJ�WKH�UHVXOWV�RI�WKH�DSSUR[LPDWLRQ�PHWKRG�ZLWK�
WKH�FRPSXWHG�UHVSRQVH�E\�XVLQJ�GHWDLOHG�ILQLWH�HOHPHQW�DQDO\VHV�IRU�WZR�JHQHULF�EXLOGLQJV��DQG�WKHQ�WKH�
UHVXOWV�ZHUH�FRPSDUHG�WR�WKH�UHFRUGHG�DFFHOHUDWLRQV�IRU�WKH�FDVH�RI�WKH�IRXU�LQVWUXPHQWHG�EXLOGLQJV���

5DIH]\� HW� DO�� >��@� SURSRVHG� D� JOREDO� DSSURDFK� WR� WKH� FDOFXODWLRQ� RI� QDWXUDO� IUHTXHQFLHV� RI� GRXEO\�
DV\PPHWULF�� WKUHH� GLPHQVLRQDO�� PXOWL�ED\�� DQG� PXOWL�VWRUH\� IUDPH� VWUXFWXUHV�� ,W� ZDV� DVVXPHG� WKDW� WKH�
SULPDU\�IUDPHV�RI�WKH�RULJLQDO�VWUXFWXUH�UDQ�LQ�WZR�RULJLQDO�GLUHFWLRQV�DQG�WKDW�WKHLU�SURSHUWLHV�PD\�KDYH�
YDULHG�LQ�D�VWHS�ZLVH�IDVKLRQ�DW�RQH�RU�PRUH�VWRUH\�OHYHOV��7KH�VWUXFWXUH�ZDV�WKHUHIRUH�GLYLGHG�QDWXUDOO\�
LQWR�XQLIRUP�VHJPHQWV�DFFRUGLQJ�WR�FKDQJHV�LQ�VHFWLRQ�SURSHUWLHV��

$ W\SLFDO� VHJPHQW�ZDV� WKHQ� UHSODFHG� E\� DQ� HTXLYDOHQW� VKHDU�IOH[XUH�WRUVLRQ� FRXSOHG� EHDP��ZKRVH�
JRYHUQLQJ�GLIIHUHQWLDO�HTXDWLRQV�ZHUH� IRUPXODWHG�XVLQJ� WKH�FRQWLQXXP�DSSURDFK�DQG�EHLQJ�SRVHG� LQ� WKH�
IRUP�RI�D�G\QDPLF�PHPEHU�VWLIIQHVV�PDWUL[��

.XDQJ� DQG�1J� >��@� GHULYHG� WKH� JRYHUQLQJ� HTXDWLRQ� DQG� WKH� FRUUHVSRQGLQJ� HLJHQYDOXH� SUREOHP� RI�
DV\PPHWULF� IUDPH� VWUXFWXUHV� XVLQJ� WKH� FRQWLQXXP� DVVXPSWLRQ��$�PHWKRG� IRU� D� WKHRUHWLFDO� VROXWLRQ�ZDV�
SURSRVHG�DQG�D�JHQHUDO�VROXWLRQ�WR�WKH�HLJHQYDOXH�HTXDWLRQ�RI�WKH�SUREOHP�ZDV�SUHVHQWHG�IRU�GHWHUPLQLQJ�
WKH�FRXSOHG�QDWXUDO�IUHTXHQFLHV�DQG�DVVRFLDWHG�PRGH�VKDSHV�EDVHG�RQ�WKH�WKHRU\�RI�GLIIHUHQWLDO�HTXDWLRQV����

%R]GRJDQ�>��@�SURSRVHG�WKH�7UDQVIHU�0DWUL[�PHWKRG�IRU�ODWHUDO�VWDWLF�DQG�G\QDPLF�DQDO\VHV�RI�ZDOO�
IUDPH�EXLOGLQJV��6WHS�FKDQJHV�RI�SURSHUWLHV�DORQJ�WKH�KHLJKW�RI�WKH�VWUXFWXUH�ZHUH�QRW�DOORZHG�LQ�DQ\�RI�
WKH�VWXGLHV�ZLWK�WKH�H[FHSWLRQ�RI�5DIH]\�DQG�+RZVRQ¶V�DQG�%R]GRJDQ¶V�ZRUN��

$ PHWKRG�IRU�WKH�YLEUDWLRQ�DQDO\VLV�RI�SURSRUWLRQDO�DV\PPHWULF�VKHDU�ZDOO�VWUXFWXUHV�LV�VXJJHVWHG�LQ�
WKLV�VWXG\��7KH�IROORZLQJ�DVVXPSWLRQV�DUH�PDGH�LQ�WKLV�VWXG\��WKH�EHKDYLRU�RI�WKH�PDWHULDO�LV�OLQHDU�HODVWLF��
VPDOO�GLVSODFHPHQW�WKHRU\�LV�YDOLG��3�GHOWD�HIIHFWV�DUH�QHJOLJLEOH��WKH�IOH[XUDO�ULJLGLW\�DQG�JHRPHWULF�FHQWHU�
DW�HDFK�IORRU�LV�DVVXPHG�WR�OLH�RQ�D�YHUWLFDO�OLQH�WKURXJK�WKH�KHLJKW�RI�WKH�VWUXFWXUHV��WKH�VKHDU�GHIRUPDWLRQV�
RI�ZDOOV�DUH�QHJOLJLEOH�DQG�WKH�IORRU�V\VWHP�LV�ULJLG�LQ�LWV�SODQH��
�

�� $1$/<6,6���
D��7UDQVIHU�PDWUL[�PHWKRG���
$V� WKH� QXPEHU� RI� FRQVWDQWV� WR� EH� GHWHUPLQHG� E\� WKH� XVH� RI� ERXQGDU\� FRQGLWLRQV� LQFUHDVHV� LQ� YDULRXV�
HQJLQHHULQJ� SUREOHPV�� WKH� FRPSXWDWLRQV� EHFRPH� PRUH� WHGLRXV� DQG� WKH� SRVVLELOLW\� RI� PDNLQJ� HUURUV�
LQFUHDVHV��7KHUHIRUH��ZD\V�RI�UHGXFLQJ�WKH�QXPEHU�RI�FRQVWDQWV�WR�D�PLQLPXP�QXPEHU�LV�UHTXLUHG�DQG�WKH�
WUDQVIHU� PDWUL[� PHWKRG� PDNHV� WKLV� SRVVLEOH�� 7KH� PDLQ� SULQFLSOH� RI� WKLV� WKHRU\�� ZKLFK� LV� DSSOLHG� WR�
SUREOHPV�ZLWK�RQH�YDULDEOH��LV�WR�FRQYHUW�DOO�WKH�ERXQGDU\�YDOXH�SUREOHPV�LQWR�SUREOHPV�RI�LQLWLDO�YDOXHV��
7KXV�QHZ�FRQVWDQWV�WKDW�PD\�UHVXOW�IURP�WKH�XVH�RI�LQWHUPHGLDWH�FRQGLWLRQ�DUH�HOLPLQDWHG��7KHUHIRUH��LW�FDQ�
EH�VWDWHG�DV�D�PHWKRG�RI�H[SUHVVLQJ� WKH�HTXDWLRQV� LQ� WHUPV�RI� WKH� LQLWLDO�FRQVWDQWV�DQG� WKDW� WKLV�PHWKRG�
PDNHV�QR�GLVWLQFWLRQ�EHWZHHQ� WKH� VR�FDOOHG�GHWHUPLQDWH�DQG� LQGHWHUPLQDWH�SUREOHPV�RI� HODVWRPHFKDQLFV�
>��@��7KH�WUDQVIHU�PDWUL[�PHWKRG�LV�DQ�HIILFLHQW�DQG�HDVLO\�FRPSXWHUL]HG�PHWKRG�DQG�LW�DOVR�SURYLGHV�D�IDVW�
DQG�SUDFWLFDO�VROXWLRQ�VLQFH�WKH�GLPHQVLRQV�RI�WKH�PDWUL[�IRU�HOHPHQWV�DQG�WKH�V\VWHP�QHYHU�FKDQJH�>��@���
E��3K\VLFDO�PRGHO��

)LJXUHV���DQG���VKRZ�D�W\SLFDO�IORRU�SODQ�RI�DV\PPHWULF��WKUHH�GLPHQVLRQDO�VKHDU�ZDOO�VWUXFWXUHV�DQG�
GHIRUPDWLRQV�RI�IOH[XUDO�FHQWHU�>��@��,I�VKHDU�GHIRUPDWLRQV�DUH�LJQRUHG��VKHDU�ZDOO�VWUXFWXUHV�GHPRQVWUDWH�
WKH� EHQGLQJ�ZDUSLQJ� WRUVLRQDO� EHDP� EHKDYLRU�� 7KH� GLIIHUHQWLDO� HTXDWLRQ� RI� WKLV� HTXLYDOHQW� EHQGLQJ� ±
ZDUSLQJ�WRUVLRQDO�EHDP�FDQ�EH�LQLWLDOO\�ZULWWHQ���

�
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