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,Q� WKH� IUDPHZRUN� RI� WKH� SUHVHQW� VWXG\� WKH� VRIWZDUH�
(F&R*HQ� ZDV� GHYHORSHG� IURP� VFUDWFK�� LQ� RUGHU� WR�
DVVLVW� WKH� DUFKLWHFWV� DQG� HQJLQHHUV� GXULQJ� WKH� HDUO\�
GHVLJQ� VWDJHV�� 0RUH� SUHFLVHO\�� WKH� HQYLURQPHQWDO�
TXDOLWLHV�RI�G\QDPLF�FRPSRVLWH�HQYHORSHV�KDYH�EHHQ�
VHOHFWHG�WR�JXLGH�WKH�GHVLJQ� WKURXJK�DQ�HYROXWLRQDU\�
SURFHVV��7KH�PDLQ�REMHFWLYH�RI�WKH�UHVHDUFK�SUHVHQWHG�
KHUH�DLPV�WR�DWWUDFW�PRUH�LQWHUHVW�LQ�WKH�LQLWLDO�SKDVHV�
RI�WKH�GHVLJQ��VHHNLQJ�WR�VSHFLI\�D�WRRO�WKDW�IDFLOLWDWHV�
DQG� HQFRXUDJHV� WKH� FUHDWLYLW\� LQ� WKH� IUDPHZRUN� RI�
ELRFOLPDWLF� GHVLJQ�� +DYLQJ� XQGHU� FRQVLGHUDWLRQ� WKH�
HVWDEOLVKHG� DQG� VWUXFWXUHG� NQRZOHGJH� DERXW� WKH�
GHVLJQ� SURFHVV�� WKH� WKHUPDO� SURSHUWLHV� RI� FRPSRVLWH�
G\QDPLF� HQYHORSHV� DQG� HYROXWLRQDU\� PHWKRGV�� ZH�
SURSRVH� D� WRRO� EDVHG� RQ� DQ� ,QWHUDFWLYH� *HQHWLF�
$OJRULWKP��,*$�� WKDW� LV� LPSOHPHQWHG� LQ� WKH�RULJLQDO�
PRGHOOHU� VRIWZDUH�� 5HJDUGLQJ� WKH� HQHUJ\� FRQVXP�
SWLRQ� HYDOXDWLRQ� LQ� WKH� LQLWLDO� GHVLJQ� SKDVH� WKH�
PHWKRG�WKDW�ZH�XVHG�LV�GHYHORSHG�EDVHG�RQ�FRPPRQ�
HQHUJ\�PRGHO�VLPSOLILFDWLRQV��DQG�RULJLQDO�GHYHORSHG�
UHJUHVVLRQ� PRGHOV�� KRZHYHU�� DW� WKLV� VWDJH� WKH�
HYDOXDWLRQ� LV� OLPLWHG� WR�VLPSOLILHG�VHDVRQDO�KHDW� ORVV�
PRGHO�� ,Q� DGGLWLRQ�� LW� WDNHV� LQWR� DFFRXQW� WKH� VRODU�
JDLQV�GHSHQGLQJ�RQ�WKH�RULHQWDWLRQ�DQG�LQFOLQDWLRQ�RI�
WKH�G\QDPLF�HQYHORSH¶V�VXUIDFHV��6LQFH�WKLV�UHVHDUFK�
IRFXV�RQ�HDUO\�GHVLJQ�VWDJHV�� WKH�GHWDLOHG�GHVFULSWLRQ�
RI� WKH� HQYHORSH� LV� QRW� SRVVLEOH�� )RU� WKLV� UHDVRQ�� WKH�
GHVFULSWLRQ� RI� WKH� LQHUWLD� FKDUDFWHULVWLFV� RI� WKH�
EXLOGLQJ� UHPDLQV� DSSUR[LPDWH�� )LQDOO\� DQ� RULJLQDO�
*UDSKLFDO�8VHU�,QWHUIDFH��*8,��LV�FRQFHLYHG��

,1752'8&7,21�
7KH� FRQFHSW� RI� VLPSOLILHG� HQHUJ\� DQDO\VLV� UHPDLQV�
DOZD\V�D�YDOXDEOH�FRQWHPSRUDU\�WRRO�HYHQ�LQ�WKH�DJH�
RI� KL�WHFK� FRPSXWHUV�� 'HWDLOHG� FRPSXWHU�DLGHG�
EXLOGLQJ� HQHUJ\� VLPXODWLRQ� VRIWZDUH� DUH� HIIHFWLYH�
WRROV�WKDW�FDQ�EH�XVHG�DV�DQ�DLG�WR��QRW�D�UHSODFHPHQW�
IRU�� EXLOGLQJ� GHVLJQHUV� LQ� WKH� GHFLVLRQ�PDNLQJ�
SURFHVV� IRU�PRUSKRJHQHVLV� RSWLPL]DWLRQ� DW� WKH� HDUO\�
FRQFHSWXDO�VWDJHV���
,Q� WKLV� IUDPHZRUN�� WKH� UHVHDUFK� SURMHFW� SUHVHQWHG� LQ�
WKLV� SDSHU� KDV� D� GXDO� IRFXV�� )LUVWO\�� WKH� PDLQ�
REMHFWLYH� LV� WR� HQIRUFH� WKH� DSSOLHG� UHVHDUFK� LQ�
DUFKLWHFWXUH� GHYHORSLQJ� IURP� VFUDWFK� RULJLQDO�
VRIWZDUH� ZLWK� WKH� DLP� WR� LQWHJUDWH� WKH� VXVWDLQDEOH�
GHYHORSPHQW� LVVXHV� LQ� WKH� HDUO\� GHVLJQ� VWDJHV� RI�

EXLOGLQJV��6HFRQGO\�� WKLV� UHVHDUFK� H[SORUHV� LQ�ZKLFK�
GHJUHH�WKH�XVH�RI�(F&R*HQ�FDQ�JXLGH�WKH�GHVLJQHU�WR�
WKH� HPHUJHQFH� RI� QHZ� IRUPV� WKURXJK� D� GHVLJQ�
SURFHVV� ZKHUH� WKH� VRIWZDUH� PD\� HYDOXDWH� DQG�
TXHVWLRQ�LQ�DQ�LQWHUDFWLYH�PRGH��FDOFXODWLRQ�WLPH�OHVV�
WKDQ� �� VHF�� WKH� HQYLURQPHQWDO� LPSDFW� RI� WKH�
SURMHFWXDO�VWUDWHJLHV�RI�WKH�XVHU���
'LJLWDO� UHSUHVHQWDWLRQV�RI� DUFKLWHFWXUH�KDYH�EHHQ� IRU�
VHYHUDO�\HDUV�D�VLJQLILFDQW�FUHDWLYH�HOHPHQW�RI�GHVLJQ�
UHVHDUFK��+HQFH��RXU� UHVHDUFK�SURMHFW�DLPV� WR�GHILQH�
DQG�GHYHORS�D�JHQHUDWLYH�DVVLVWHG�GHVLJQ�WRRO��ZKRVH�
RSHUDWLRQ�LV�EDVHG�RQ�HYROXWLRQDU\�PHFKDQLVPV�OLNHO\�
WR� EULQJ� D� UHDO� KHOS� VXSSRUWLQJ� WKH� DUFKLWHFW¶V�
GHFLVLRQV� LQ� HDUO\� GHVLJQ� VWDJH��7KH� LQVWUXPHQWDWLRQ�
RI�VXFK�D�FUHDWLYH�GHVLJQ�SURFHVV�LV�SXW�LQ�WKH�FRQWH[W�
RI�VXVWDLQDEOH�GHYHORSPHQW�DQG�HQHUJ\�VDYLQJV�� ,W� LV�
QRZDGD\V�D�SULRULW\� LQ� WKH� ILHOGV� RI�DUFKLWHFWXUH�DQG�
HQJLQHHULQJ� WR� LQWHJUDWH� WKH� SDUDPHWHUV� DQG�
FRQVWUDLQWV� RI� VXVWDLQDEOH� GHYHORSPHQW� WKURXJK�
FRQWHPSRUDU\�GHVLJQ�DSSURDFKHV�LQ�RUGHU�WR�JXLGH�WKH�
FUHDWLRQ�WKURXJK�LQQRYDWLYH�DFKLHYHPHQWV����

*(1(5$/�&217(;7�
0DQ\�VRIWZDUH�KDYH�EHHQ�PDLQO\�XVHG� IRU�&)'�DQG�
GHWDLOHG� V\VWHP� PRGHOOLQJ� WR� DVVHVV� WKH� FRPSOH[�
SKHQRPHQD� RI� EXLOGLQJ� SK\VLFV�� ,Q� IDFW� ,(6��
(QHUJ\3OXV� HWF� DUH� WKH� PDLQVWUHDP� WKHUPDO� GHVLJQ�
WRROV��KRZHYHU�&)'�DQG�FRPSOH[�+9$&�VLPXODWLRQ�
DUH�XVHG�PXFK�PRUH�UDUHO\�RQ�FRPSOH[�SURMHFW��ZKLOH�
&)'�LV�QHYHU�XVHG�WR�FDOFXODWH�
WKHUPDO�SHUIRUPDQFH
��
LW� FDOFXODWHV� DLUIORZ� EDVHG� RQ� WKHUPDO� ERXQGDU\�
FRQGLWLRQV�XVXDOO\�SURYLGHG�IURP�WKHUPDO�VLPXODWLRQ��
LQ� VWHDG\� VWDWH� QRUPDOO\�� 2WKHU� VRIWZDUH� VXFK� DV�
0,7¶V� 'HVLJQ� DGYLVRU� KDYH� EHHQ� XVHG� DV� GHVLJQ�
VXSSRUW� WRROV�� 1HYHUWKHOHVV�� WKH� HVWLPDWLRQ� RI�
EXLOGLQJ� FRQVXPSWLRQ� LQ� WKH� ODWHU� SKDVH� RI� GHVLJQ�
UHVWULFWV�WKH�DSSOLFDELOLW\�DQG�WKH�LQQRYDWLYH�FUHDWLRQ��
PDLQO\�GXH� WR� WKH� ODFN�RI� LQWHJUDWLRQ�ZLWK�JHRPHWU\�
VRIWZDUH�DSSOLFDWLRQV�DQG�UHDO�WLPH�RSWLPL]DWLRQ���
7KLV� SDSHU� H[SORUHV� WKH� QHZO\� GHYHORSHG� RULJLQDO�
VRIWZDUH�(F�&R�*HQ� WKDW�ZDV�FUHDWHG� WR� LQWHJUDWH� LQ�
HDUO\� GHVLJQ� VWDJH� PRVW� RI� WKH� H[SHUW� NQRZOHGJH�
QHHGHG� WR� RSWLPL]H� WKH� EXLOGLQJ� IRUP� LQ� RUGHU� WR�
UHGXFH� LWV� HQHUJ\� FRQVXPSWLRQ�� � %DVHG� RQ� DQ�
HYROXWLRQDU\� SURFHVV�� WKH� DUFKLWHFW� LQWHUDFWV� ZLWK� D�
SRSXODWLRQ�RI�RSWLPL]HG�VROXWLRQV��'XULQJ� WKH�ZKROH�
SURFHVV�� KH� VWLOO� KDV� WKH� SRVVLELOLW\� WR� RULHQW� WKH�
HYROXWLRQ� LQ� D� VSHFLILF� GLUHFWLRQ� LQ� IXQFWLRQ� RI�
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DHVWKHWLF�RU�VXEMHFWLYH�FKRLFHV��$Q�RULJLQDO�*UDSKLFDO�
8VHU� ,QWHUIDFH� �*8,�� LV� FRQFHLYHG�� ZKHUH� FRPSOH[�
VLPXODWLRQ� PRGHO� LV� HPEHGGHG� LQ� LW�� KRZHYHU� WKH�
LQWHUDFWLRQ� EHWZHHQ� WKH� XVHU� DQG� WKH� VRIWZDUH� LV�
SHUPDQHQWO\�SUHVHUYHG���
)XUWKHUPRUH��WKLV�VRIWZDUH�LV�DGGUHVVHG�WR�QRQ�H[SHUW�
RQ�WKHUPDO�GHVLJQ�LVVXHV�DUFKLWHFWV��KHQFH��QR�H[SHUW�
NQRZOHGJH� LV� QHHGHG� WR� LQWHUDFW� ZLWK� WKH� VRIWZDUH���
7KH�PDLQ�DGYDQWDJH�RI�WKH�VRIWZDUH�LV�WKDW�LW�VXLWV�LQ�
HDUO\� GHVLJQ� VWDJH� RI� WKH� GHVLJQ� SURFHVV� DQG� QRW� LQ�
WKH� GHWDLOHG� RQH�� ,Q� VXFK� D� ZD\�� WKH� XVHU� FDQ�
LQWHUDFWLYHO\�GHVLJQ�EXLOGLQJ�IRUPV�EHLQJ�PRUH�DZDUH�
RI� WKH�HQHUJ\�SHUIRUPDQFH� IHDWXUHV�DQG� WKHLU� LPSDFW�
RQ� WKH� HQHUJ\� FRQVXPSWLRQ� RI� WKH� ILQDO� EXLOGLQJ��
KRZHYHU� XVHU¶V� � FUHDWLYLW\� LV� SUHVHUYHG� EHFDXVH� WKH�
*8,� DOORZV� KLP� WR� IRFXV� RQ� WKH� GHVLJQ� ZLWKRXW�
ZRUU\LQJ�DERXW�WKH�PRGHO�VRXUFH�FRGH���
7KH� RXWSXW� RI� WKH� HYDOXDWLRQ� LV� D� UHDO� WLPH�
FODVVLILFDWLRQ� DQG� HYDOXDWLRQ� RI� SRWHQWLDO� VROXWLRQV�
WKURXJK� D� UHDO� WLPH� FRPSDULVRQ� RI� WKH� ZKROH�
EXLOGLQJ¶V� HQHUJ\� UDWLQJ�� LWV� VKDGLQJ� LPSDFW� LQ� WKH�
XUEDQ� IDEULF� DQG� ILQDOO\� LWV� FRPSDFW� VKDSH�� 6WDUWLQJ�
ZLWK� HYROXWLRQDU\� WRROV� SUHFHGHQWV�� WKLV� SDSHU�
SUHVHQWV� WKH�PDLQ�SRLQWV� RI� WKLV� GHVLJQ� VXSSRUW�� DQG�
HVSHFLDOO\� RI� WKH� *UDSKLFDO� 8VHU� ,QWHUIDFH�� WKH�
WKHUPDO� VLPXODWLRQ� PHFKDQLVPV� DQG� WKH� ,*$¶V� WKDW�
GULYH�WKH�HQHUJHWLF�VLPXODWLRQ��

'(9(/230(17�2)�(&�&2�*(1�
The software framework 
(F&R*HQ� IUDPHZRUN� LV� EDVHG� RQ� WZR� VRIWZDUH�
(QYLURQHPHQW�� 7KH� ILUVW� RQH� LV� 3URFHVVLQJ�� DQ� RSHQ�
VRXUFH� SURJUDPPLQJ� ODQJXDJH� EDVHG� RQ� MDYD�
�KWWS���ZZZ�SURFHVVLQJ�RUJ��� 7KH� 0RUSKRJHQHWLF�
(QJLQH��WKH�,QWHUDFWLYH�*HQHWLF�$OJRULWKP�DQG�DOO�WKH�
*UDSKLFDO� 8VHU� ,QWHUIDFH� DUH� LPSOHPHQWHG� ZLWK� WKH�
KHOS� RI� 3URFHVVLQJ� �)LJXUH� ���� 7KH� VHFRQG� VRIZDUH�
(QYLURQHPHQW� LV� 5KLQRFHURV�� ZLWK� LWV� *UDVVKRSSHU�
SOXJ�LQ�� 5KLQRFHURV� LV� D� �'� PRGHOHU� DQG�
*UDVVKRSSHU� DOORZV� DQ� HDV\� �'� SURJUDPPLQJ�� 7KLV�
HQYLURQQHPHQW�LV�XVHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�WKH�
HYDOXDWLRQ� HQJLQH� EDVHG� RQ� WKH� PRGLILHG� 8QLILHG�
'HJUHH�'D\�PHWKRG� H[WHQGHG� DQG� GHVFULEHG� EHORZ��
7KH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�WZR�HQYLURQPHQWV�LV�
GRQH�XVLQJ�8VHU�'DWDJUDP�3URWRFRO��8'3���
�

�
)LJXUH����6RIWZDUH�IUDPHZRUN��

A modified Unified Degree Day (UDD) Model  
$� 8QLILHG� 'HJUHH� 'D\� �8''�� PRGHO� KDV� EHHQ�
PRGLILHG�WR�EHWWHU�SUHGLFW�WKH�HQHUJ\�FRQVXPSWLRQ�RI�
EXLOGLQJV� GXULQJ� WKH� LQLWLDO� GHVLJQ� VWDJHV�� 7KH�PDLQ�
SXUSRVH� FRQVLVWHG� WR� VXIILFLHQWO\� UHGXFH� FRPSXWHUL�
]HG� WHFKQLTXHV�� ZKLFK� PDNH� KRXUO\�� GDLO\� DQG�
PRQWKO\� FDOFXODWLRQ� LQ� RUGHU� WR� EH� DEOH� WR� SURYLGH�
UHDO�WLPH�FODVVLILFDWLRQ�RI�WKH�SRWHQWLDO�VROXWLRQV��7KLV�
PHWKRG�ZDV�FKRVHQ�EHFDXVH�RI� WKH� VLPSOLILFDWLRQV� LW�
RIIHUV�� ,QGHHG�� DW� WKH� LQLWLDO� GHVLJQ� VWDJHV�� DOO� WKH�
SDUDPHWHUV� DUH� QRW� FOHDUO\� LGHQWLILHG� DQG� LW� LV�
QHFHVVDU\� WR� PDNH� VLPSOLI\LQJ� DSSUR[LPDWLRQV�� ,Q�
WKLV�SDSHU��ZH�IRFXV�PRUH�VSHFLILFDOO\�RQ�WKH�FRQFHSW�
RI� ZLQWHU� FRPIRUW�� 7KLV� PHWKRG� �&DUGRQQHO� ������
0DUWLQDLWLV�HW�DO���������GDWHV�ILIW\�\HDUV�DQG�SURYLGHV�
WKH� GHWHUPLQDWLRQ� RI� WKH� VXP� RI� WKH� WHPSHUDWXUH�
GLIIHUHQFHV� EHWZHHQ� D� SRVLWLYH� DPELHQW� WHPSHUDWXUH�
RI����&�DQG�WKH�RXWGRRU�FOLPDWH�RYHU�WLPH���
)XUWKHUPRUH�� LQ� RUGHU� WR� UHILQH� WKH� FDOFXODWLRQ� ZH�
HQULFKHG� WKH� VWDQGDUG� 8''� PRGHO� GHYHORSLQJ� DQG�
LPSOHPHQWLQJ� QHZ� SRO\QRPLDO� IXQFWLRQV� WR� IRUHFDVW�
K\SRWKHWLFDO� FRPSRVLWH� G\QDPLF� HQYHORSH¶V� WKHUPDO�
SHUIRUPDQFH��2ULJLQDO�VRIWZDUH�GHYHORSHG�LQ�WKH�SDVW�
WKDW�FRPELQHV�FODVVLF�DQG�QRYHO�PRGHOOLQJ�WHFKQLTXHV�
KDV�EHHQ�XVHG�LQ�RUGHU�WR�KDYH�D�SUHFLVH�DQG�YDOLGDWHG�
QXPHULFDO� LQYHVWLJDWLRQ� WKDW� IRFXVHV� LQ� D� YDULHW\� RI�
SRVVLEOH� FRPSRVLWH� G\QDPLF� ZDOO¶V� FRQILJXUDWLRQV�
�0DYURPDWLGLV� HW� DO��� ������ ������ ����D�� ����E��
����F������G���7KH�PRGHO� WKDW� LV�XVHG� WR�GHULYH� WKH�
SRO\QRPLDO�IXQFWLRQV�WDNHV�LQWR�DFFRXQW�WKH�FRXSOLQJ�
EHWZHHQ� WKH� VROLG� FRQGXFWLRQ� RI� ERWK� VROLG� DQG�
ILEURXV� V\VWHPV� DQG� WKH� JDVHRXV� FRQGXFWLRQ� DQG�
UDGLDWLRQ��7KH�LQIUDUHG�UDGLDWLRQ�KHDW�WUDQVIHU�WKURXJK�
HDFK� OD\HU� KDV� EHHQ� PRGHOOHG� YLD� WKH� WZR� IOX[�
DSSUR[LPDWLRQ� LQ� RUGHU� WR� WDNH� LQWR� DFFRXQW� ERWK�
RSWLFDOO\�WKLFN�DQG�RSWLFDOO\�WKLQ�PDWHULDOV��DV�ZHOO�DV�
SRWHQWLDO� UHIOHFWLYH� VXUIDFHV� FXUUHQWO\� XVHG� RQ�
FRPSRVLWH� ZDOO¶V� DSSOLFDWLRQV� �0DYURPDWLGLV� HW� DO���
�����������������D������E������F������G����
'LIIHUHQW� VLPXODWLRQ� VFHQDULRV� KDYH� EHHQ� FRQFHLYHG�
DFFRUGLQJ� WR� EDVLF� IUDFWLRQDO� IDFWRULDO� VLPXODWLRQ�
SODQV� LQ� RUGHU� WR� REWDLQ� YDOLG� HPSLULFDO� SRO\QRPLDO�
IXQFWLRQV��7R�YDOLGDWH�WKLV�VWDWLVWLFDO�IRUHFDVW�V\VWHP��
PDQ\� VLPXODWLRQ� VFHQDULRV�ZHUH� FDUULHG� RXW� DQG� WKH�
VWDWLVWLFDO� UHVXOWV� DUH� LQ� FRPSOLDQFH� ZLWK� WKH�
QXPHULFDO� VLPXODWLRQV�� 7KH� UHJUHVVLRQ� PRGHOV¶�
FRQIURQWDWLRQ� WR� WKH� GHWDLOHG� QXPHULFDO� VLPXODWLRQ�
GDWD�VKRZHG�WKDW�WKH�HUURU�FDXVHG�E\�VLPSOLILFDWLRQ�LV�
DFFHSWDEOH� LQ�PRVW�FRQGLWLRQV��DQG�D� ORW�RI�FRXSOLQJ�
FDOFXODWLRQ� FRXOG� EH� VDYHG� �0DYURPDWLGLV� HW� DO���
�������$V�D�FRQFOXVLRQ��WKH�UHGXFWLRQ�RI�WKH�FRPSOH[�
QXPHULFDO�PRGHO� WR� VLPSOH� UHJUHVVLRQ�PRGHOV� LQ� WKH�
IRUP� RI� SRO\QRPLDO� HTXDWLRQV� DQG� WKHLU�
LPSOHPHQWDWLRQ�RQ�WKH�8''�PRGHO�DLPV�WR� LPSURYH�
WKH�IRUHFDVW�FDSDFLW\�RI�WKH�8''�PRGHO���
)LQDOO\��ZH�DOVR�LPSOHPHQWHG�RQ�WKH�8''�PRGHO�WKH�
FRUUHODWLRQV� DQG� UHJUHVVLRQ� PRGHOV� WKDW� KDYH� EHHQ�
UHFHQWO\� GHYHORSHG� E\� &DWDOLQD� HW� DO� ������� ������
�������7KHVH�PRGHOV�KDG�EHHQ�FRQVWUXFWHG�EDVHG�RQ�
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G\QDPLF� VLPXODWLRQV� RI� WKUHH� FOLPDWHV� �KRW� DQG�
KXPLG�� WHPSHUDWH� DQG� FROG�� IRU� GLIIHUHQW� VKDSH�
IDFWRUV� LQ� RUGHU� WR� IRUHFDVW� KHDWLQJ� VSHFLILF�
FRQVXPSWLRQ� DV� D� IXQFWLRQ� RI� D� VHW� RI� LQGHSHQGHQW�
YDULDEOHV� �ZLQGRZV� WR� IORRU� DUHD� UDWLR�� FOLPDWH�
FRHIILFLHQW�� VRXWK� HTXLYDOHQW� VXUIDFH�� EXLOGLQJ�
DYHUDJH�8�YDOXH��EXLOGLQJ�WLPH�FRQVWDQW���
Main modifications of the UDD Model  
7KH�JHQHUDO�FDOFXODWLRQ�IRUPXOD�RI�WKH�8''�PRGHO�LV�
DV�IROORZV��

 W K' + '   �� � � � ���������(1)�

ZKHUH�'�DUH�WKH�EXLOGLQJ�KHDWLQJ�ORVVHV�LQ�N:K���\HDU�
IRU�WKH�FRQVLGHUHG�SHULRG��+W�LV�WKH�ORVV�FRHIILFLHQW�RI�
WKH� EXLOGLQJ� �ERWK� HQYHORSH¶V� DQG� YHQWLODWLRQ� KHDW�
ORVVHV�� LQ�:� �� .�� 'K�șĮ�� LV� WKH� UHIHUHQFH� YDOXH� RI�
GHJUHH� KRXUV� IRU� WKH� FRQVLGHUHG� SHULRG� LQ� .� �&K��
ZKHUH�'K�LV�D�IRUP�RI�8''�LQWHJUDWHG�LQ�KRXUO\�DQG�
QRQ� GDLO\� WLPH� VFDOH�� ZKLFK� DOORZV� WR� DYRLG� WKH�
PXOWLSOLFDWLRQ�E\�����șĮ�LV�WKH�VHWSRLQW�WHPSHUDWXUH�LQ�
�&�� RSWLRQDOO\� FRUUHFWHG� LQ� UHODWLRQ� WR� WKH�
SURJUDPPLQJ� QHHGV� DQG� WKH� WKHUPDO� LQHUWLD� RI� WKH�
EXLOGLQJ��+RZHYHU��WKH�ORVVHV��'��DUH�SDUWLDOO\�RIIVHW�
E\�WKH�IUHH�FRQWULEXWLRQV�RI�LQWHUQDO�KHDWLQJ��$,��DQG�
GLUHFW� VRODU� UDGLDWLRQ� �$6��� 7KLV� KHDW� UHFRYHU\�
GHSHQGV� SULPDULO\� RQ� WKH� UHODWLYH� FRQWULEXWLRQV� RI�
IUHH� ORVVHV� DQG� WKH� WKHUPDO� LQHUWLD� RI� WKH� EXLOGLQJ��
7KH� HDUQLQJV� UHSRUW� RQ� WKH� ORVV� GXULQJ� WKH� KHDWLQJ�
SHULRG��Ȗ��LV�FDOFXODWHG�DV�IROORZV��

�$* '  � � � � ���������(2)�
7R�PRGLI\�WKH�FODVVLF�8''�PRGHO��ZH�FRQVLGHUHG�WKH�
ZRUN� RI� &DWDOLQD�� 9LUJRQH� DQG� %ODQFR� ������� E\�
HPSOR\LQJ� WKH� YDOLGDWHG� UHJUHVVLRQ� PRGHOV� WKDW�
UHVXOWHG�IURP�WKHLU�VWXG\��7KDW�PHDQV�WKDW�LQ�RUGHU�WR�
DVVXPH� WKH� KLJKHVW� SRVVLEOH� SUHFLVLRQ� LQ� RXU�
IRUHFDVWLQJ� V\VWHP�� WKH�'�YDOXH� LQ� N:K� �� \HDU� WKDW�
UHSUHVHQWV� WKH� DQQXDO� HQHUJ\� FRQVXPSWLRQ� LV�
FDOFXODWHG� DFFRUGLQJ� WR� &DWDOLQD� HW� DO� ������� XVLQJ�
WKH�IROORZLQJ�HTXDWLRQ��
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   � �[
������������ � � � �          (3) 
ZKHUH� [�� LV� WKH� VKDSH� IDFWRU�� [�� LV� WKH� DYHUDJH� 8�
YDOXH�� [�� LV� WKH� EXLOGLQJ� WLPH� FRQVWDQW�� [�� LV� WKH�
ZLQGRZ� WR� IORRU� DUHD� UDWLR� DQG� [�� WKH� FOLPDWH� IDFWRU�
WKDW� LV� FDOFXODWHG� IURP� WKH� PRQWKO\� PHDQ� RXWGRRU�
GU\�EXOE� WHPSHUDWXUH� DQG� PRQWKO\� DYHUDJH� JOREDO�
UDGLDWLRQ�� 7KH� DERYH� UHJUHVVLRQ� PRGHO� DFFRUGLQJ� WR�
&DWDOLQD� HW� DO� ������� ������ ������ SUHVHQWV� D� PHDQ�
FRHIILFLHQW�RI�GHWHUPLQDWLRQ�5� �������DQG�6WDQGDUG�
(UURU�RI� WKH�(VWLPDWH�66( ������� ,Q�RUGHU� WR�PRGHO�
LQ� GHWDLO� WKH� LQIUDUHG� UDGLDWLRQ� KHDW� WUDQVIHU� DQG�
REWDLQ� D� YDOLG� PRGHO� IRU� ERWK� RSWLFDOO\� WKLFN� DQG�
RSWLFDOO\� WKLQ� PDWHULDOV� ZH� GHYHORSHG� �� GLIIHUHQW�

UHJUHVVLRQ�PRGHOV�IRU���GLIIHUHQW�FRPSRVLWH�G\QDPLF�
HQYHORSHV¶� 8� YDOXHV�� 7KHUHIRUH�� ZH� XVHG� WKH� ��
IROORZLQJ�HTXDWLRQV��0DYURPDWLGLV�HW�DO���������
)RU���OD\HU�HQYHORSHV��
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)RU���OD\HU�HQYHORSHV���

� �

� �

� �

� �

�

�  ������������������������ �

���������������� ����������������
�������������� \ ���������������
������������� \ ���������������
��������������� ��������������
��������������� ��

8
\ \

\
\

N N
N



  
   
   
   
  �

� �

�������������
�������������� ����������������

N
N N

 
  

����������(6)�

ZKHUH� ĳ� LV� WKH� LQFOLQDWLRQ� DQJOH� LQ� ��� \� LV� WKH�
WKLFNQHVV� RI� HDFK� OD\HU� LQ�PP� DQG� N� LV� WKH� WKHUPDO�
FRQGXFWLYLW\�RI�HDFK�OD\HU�LQ�:�P.��
%HIRUH� WKHLU� LPSOHPHQWDWLRQ� LQ� WKH� (F�&R�*HQ�
VRIWZDUH�� WKH� DERYH� UHJUHVVLRQ� PRGHOV� KDYH� EHHQ�
YDOLGDWHG� DQG� HYDOXDWHG� RQ� WKH� EDVLV� RI� D� SRLQW� WR�
SRLQW� FRQIURQWDWLRQ� WR� GHWDLOHG� QXPHULFDO� VLPXODWLRQ�
GDWD� �IRU� GHWDLOV� VHH� DOVR�0DYURPDWLGLV� HW� DO�� �������
0RUH� SUHFLVHO\�� IRU� WKH� HTXDWLRQ� ���� ZH� REWDLQHG� D�
YHU\� KLJK� 5�� YDOXH� HTXDO� WR� �������� ZKLOH� ERWK������
ELDV� VFRUH � ������������ DQG�506(�  � �����������
DUH� LQ� VDWLVIDFWRU\� OHYHOV�� )RU� WKH� HTXDWLRQ� ���� ZH�
REWDLQHG�D�YHU\�KLJK�5��YDOXH�HTXDO�WR���������ZKLOH�
ERWK�ELDV� VFRUH� DQG�506(�DUH� LQ� VDWLVIDFWRU\� OHYHOV�
ZKHUH� LQ� WKLV� FDVH� VWXG\� ELDV� VFRUH � ������������
DQG� 506(�  � ������������� 6LPLODUO\�� IRU� WKH�
HTXDWLRQ�����5� ���������ZKLOH�506(� �����������
DQG�ELDV�VFRUH ��������������
$V�D�FRQFOXVLRQ�� WKH�DERYH�PHQWLRQHG�PRGLILFDWLRQV�
KDYH� EHHQ� LPSOHPHQWHG� WR� D� FODVVLF� 8''� PRGHO�
�IXUWKHU� GHWDLOV� RQ� WKH� 8''� PRGHO� XVHG� IRU� WKH�
GHYHORSPHQW� RI� (F&R*HQ� FDQ� EH� IRXQG� LQ� 0DULQ��
�������
Solar gain evaluation 
5HJDUGLQJ�WKH�FDOFXODWLRQ�RI�VRODU�UDGLDWLRQ�RQ�D�ZDOO�
ZKRVH� SRVLWLRQ� LV� FKDUDFWHUL]HG� E\� LWV� LQFOLQDWLRQ� WR�
WKH� KRUL]RQWDO� SODQH� �V� ���� � IRU� DQ�KRUL]RQWDO�ZDOO�����
V� �����IRU�D�YHUWLFDO�ZDOO��HWF���DQG�WKH�VRODU�D]LPXWK�
�Ȗ� ���� IRU�D�ZDOO� IDFLQJ� VRXWK��Ȗ� � ����� IRU�DQ�HDVW�
ZDOO�� Ȗ�  � ���� IRU� D� ZHVW� ZDOO�� Ȗ�  � ����� IRU� D� QRUWK�
ZDOO��� ZH� DUH� FDOFXODWLQJ� WKH� DQJOH� RI� LQFLGHQFH� DV�
IROORZV� �ZH� FDOO� FRV9�� FRV:� DQG� FRV6� WKH� GLUHFWLRQ�
FRVLQHV�RI�VXQOLJKW���ZKLOH�WKHVH�FRVLQH�IRUPXODV�DUH�
GHGXFHG��
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� ���������(7)�

ZKHUH�K�LV�WKH�HOHYDWLRQ�RI�WKH�VXQ�H[SUHVVHG�LQ�WHUPV�
RI�LQFOLQDWLRQ�WR�WKH�KRUL]RQWDO�SODQH�DQJOH��$]�LV�WKH�
VXQ¶V� D]LPXWK� LQ� UHODWLRQ� WR� WKH� 6RXWK�� ĳ� LV� WKH�
ODWLWXGH� RI� WKH� REVHUYDWLRQ� SRLQW� DQG� į� LV� WKH� VXQ¶V�
LQFOLQDWLRQ� �VWHHULQJ� DQJOH� RI� WKH� VXQ� LQ� FRPSDULVRQ�
WR� WKH� HTXDWRU� SODQ��� 7KH� GLUHFWLRQ� FRVLQHV� RI� WKH�
QRUPDO� WR� WKH� ZDOO� DUH� �� O FRV� V�� P VLQ� Ȗ� VLQ� V�������������
Q FRV�Ȗ�VLQ�V��7KH�VRODU�EHDP¶V�DQJOH�RI�LQFLGHQFH�RQ�
WKH� ZDOO� LV� WKHQ� SURYLGHG� E\� WKH� GRW� SURGXFW� RI� WKH�
QRUPDOL]HG�YHFWRUV��FRV9��FRV:��FRV6��DQG��O�P�Q��DV�
IROORZV��
FRV FRV FRV FRVL O 9 P : Q 6   � � ���������(8)�
7KHUHZLWK�� ZH� DVVXPH� WKH� GLUHFW� IORZ� �,�� WR� EH�
SHUSHQGLFXODU�WR�WKH�VXQ
V�UD\V�DV�IROORZV��

 � �H[S VLQK '
%, , & $ , &        ����������� ���������(9)�

ZKHUH� ,�� LV� WKH� VRODU� FRQVWDQW� HTXDO� WR� �����:�Pð�����
&� LV� WKH� FRHIILFLHQW� RI� (DUWK�6XQ� GLVWDQFH�� K� LV� WKH�
KHLJKW�RI�WKH�VXQ�DERYH�WKH�KRUL]RQ��$�DQG�%�DUH�WKH�
GLVRUGHU� FRHIILFLHQWV�� ZKRVH� YDOXHV� DUH� UHVSHFWLYHO\�
UHFRPPHQGHG�� IRU� D� FOHDU� VN\�� XQGHU� QRUPDO�
FRQGLWLRQV��RU�LQ�DQ�LQGXVWULDO�DUHD��$�LV�HTXDO�WR�������
�����HW������DQG�%�LV�HTXDO� WR������������HW������IRU�
HDFK� FDVH� DQG� ș'� LV� WKH� WUDQVPLWWDQFH� RI� WKH� GLUHFW�
IOX[�� ,Q� FDVH� RI� DQ� LQFOLQHG� ZDOO� �ZKHUH� L� LV� WKH�
LQFOLQDWLRQ� DQJOH�� WKH� GLUHFW� IORZ� RQ� WKH� ZDOO� LV�
FDOFXODWHG�DV�IROORZV��

FRV'3 , L  � � � � �������(10)�

)LQDOO\�� WKH�GLIIXVH�IOX[��ĭG��RQ�D�KRUL]RQWDO�VXUIDFH�
LV�JLYHQ�IURP�WKH�IROORZLQJ�IRUPXOD��

 � VLQK ����� ������ H[S VLQKG
%, & $       

 
   (11)�

ZKLOH� WKH� GLIIXVH� UDGLDWLRQ� RQ� DQ� LQFOLQHG� ZDOO� LV�
FDOFXODWHG�DV�IROORZV��

    � FRV � FRV VLQ� �G G G
V V3 D , K           (12)�

ZKHUH�D�LV�WKH�VRLO¶V�DOEHGR�FRHIILFLHQW��7KLV�PHWKRG�
DOORZHG�XV�WR�GHWHUPLQH�WKH�LQVWDQWDQHRXV�YDOXHV�DQG�
FXPXODWLYH� VRODU� UDGLDWLRQ�RQ�D�ZDOO�DW� DQ\�SRLQW�RQ�
WKH� HDUWK� DW� DQ\� PRPHQW�� +RZHYHU�� LQ� RXU�
HYROXWLRQDU\�SURWRW\SH�HYDOXDWLRQ�WKH�UDGLDWLRQ�LV�QRW�
EHHQ�FDOFXODWHG�XVLQJ�WKLV�PHWKRG��EXW�ZLOO�EH�EDVHG�
RQ� OLQHDU� LQWHUSRODWLRQ� RI� SUHFRPSLOHG� LUUDGLDWLRQ�
YDOXHV� DW� HVWDEOLVKHG� DQJOHV�� 1HYHUWKHOHVV�� WKH� SUH�
FRPSLODWLRQ� LV� GRQH� XVLQJ� WKH� DERYHPHQWLRQHG�
PHWKRG��

Main points of the original Interactive Genetic 
Algorithm (IGA) 
2XU� LQWHUDFWLYH� JHQHWLF� DOJRULWKP� �,*$�� ILJXUH� ���
DLPV� WR� LQWURGXFH� FUHDWLYLW\� ZLWKLQ� WKH� JHQHUDWLYH�
VWUDWHJ\�� EULQJLQJ� DFFXUDWH� RSWLPL]DWLRQ�� H[SORUDWLRQ�
DQG� LQVSLUDWLRQ� FDSDELOLWLHV� IRU� DUFKLWHFWV� DQG�
HQJLQHHUV�� )RU� WKLV� UHDVRQ�� LW� LV� DQ� HYROXWLRQDU\�

VWUDWHJ\� GHULYHG� IURP� -DV]NLHZLF]� 02*/6�
�-DV]NLHZLF]��������DQG�FRQWLQXRXVO\�LPSURYHG�ZLWK�
UHFHQW� DGYDQFHV� RQ� DGDSWDWLYH� SDUDPHWHUV� WXQLQJ�
$&52086(��0F�*LQOH\��������LQ�RUGHU�WR�SUHVHUYH�
KLJK�SHUIRUPDQFH�ZKLOH�PDLQWDLQLQJ�KLJK�GLYHUVLW\��

�
)LJXUH����0DLQ�SRLQWV�RI�WKH�,*$�IUDPHZRUN�GXULQJ���

LWHUDWLRQ�VWHS��

'XULQJ� WKH� SURFHVV�� WKH� DUFKLWHFW� LQWHUDFWV� ZLWK�
SRSXODWLRQV� RI� RSWLPL]HG� VROXWLRQV� DQG� VWLOO� KDV� WKH�
SRVVLELOLW\� WR�RULHQW� WKH�HYROXWLRQ� LQ�YDULRXV�VSHFLILF�
GLUHFWLRQV�� DFFRUGLQJ� WR� SHUIRUPDQFH� RU� VXEMHFWLYH�
FKRLFHV� �PDUJLQDO� RSWLPL]DWLRQ��� 2XU� DOJRULWKP�
PL[HV�JHQHWLF�FDSDELOLWLHV�ZLWK�SKHURPRQDO�DSSURDFK�
GHULYHG�IURP�$QW�&RORQ\�2SWLPL]DWLRQ��$QJXV�HW�DO���
������� LQ�RUGHU� WR� HQKDQFH� WKH�XVHU
V� FUHDWLYLW\�ZLWK�
SHUVLVWDQFH�DQG�HYDSRUDWLRQ�IHDWXUHV��7KH�XQGHUO\LQJ�
FRQFHSW� LV� WR� DFKLHYH� LPSURYHG� SHUIRUPDQFH� YLD�
HYROXWLRQ�ZKLOH�NHHSLQJ�FHUWDLQ�UHVHPEODQFH�ZLWK�WKH�
XVHU� VHOHFWHG� FKRLFHV��7KXV�� RXU� ,*$�EHKDYHV� DV� DQ�
LPSOLFLW� XVHU� SUHIHUHQFHV� OHDUQHU� ZLWK� FRKHUHQW� DQG�
VWDELOL]DWLRQ�HIIHFW��

Conception of a GUI 
7KH� *UDSKLFDO� 8VHU� ,QWHUIDFH� LV� RUJDQLVHG� E\� WZR�
VFUHHQV�� 7KH� PDLQ� RQH� DOORZV� WKH� HOLWH� SRSXODWLRQ�
YLVXDOLVDWLRQ��WKH�VHFRQG�RQH�]RRPV�LQ�WKH�SKHQRW\SH�
UHSUHVHQWDWLRQ�� 7KH� ILUVW� VFUHHQ� LV� GLYLGHG� LQ� WKUHH�
PDLQ� SDUWV� �)LJXUH� ���� WKH� FXUUHQW� HOLWHV� SRSXODWLRQ��
WKH� VHOHFWHG� LQGLYLGXDOV�FROOHFWLRQ�DQG� WKH�DOJRULWKP�
SUHIHUHQFHV� FRPSRVHG� E\� WKH� HYDOXDWLRQ� SDUDPHWHUV�
DQG�WKH�FRQVWUDLQWV�YDOXHV��
�
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�
)LJXUH����0DLQ�VFUHHQ�ZLWK�HOLWH�SRSXODWLRQ�YLVXDOLVDWLRQ��

�
7KH�DUFKLWHFW�KDV�WKH�SRVVLELOLW\�WR�VHOHFW�RQH�RU�PRUH�
LQGLYLGXDOV�DQG�WR�NHHS�WKHP�DYDLODEOH�IRU�VXEVHTXHQW�
PDQLSXODWLRQV�� 7KHVH� VHOHFWHG� LQGLYLGXDOV� FRQVWLWXWH�
D� FROOHFWLRQ�� $W� DQ\� WLPH� GXULQJ� WKH� SURFHVV�� WKH�
DUFKLWHFW� FDQ� H[SRUW� WKHP� RU� LQMHFW� WKHP� LQVLGH� WKH�
HYROXWLRQDU\� ORRS� LQ� RUGHU� WR� UHGLUHFW� WKH�
RSWLPL]DWLRQ�� WR� UHEDODQFH� WKH� 3DUHWR� IURQW� E\�
IDYRXULQJ�WKHVH�QHZ�HQWHULQJ��

�
)LJXUH����=RRP�ZLQGRZ���'�LQWHUDFWLRQ�DQG�

SHUIRUPDQFH�RXWOLQH�YLVXDOLVDWLRQ��
�

7KH�]RRP�ZLQGRZ��)LJXUH����SUHVHQWV�WKH�SKHQRW\SH�
UHSUHVHQWDWLRQ� LQWHJUDWHG� LQVLGH� WKH�XUEDQ� FRQWH[W�� LW�
LV� SRVVLEOH� WR� PDQLSXODWH� WKH� �'� PRGHO� LQ� URWDWLRQ�
DQG� WR� GLVSOD\� WKH� SHUIRUPDQFH� RXWOLQH�� 7KHVH� WZR�
NLQGV� RI� LQIRUPDWLRQ� DOORZ� ERWK� D� VXEMHFWLYH�
LQWHUSUHWDWLRQ� DQG� DQ� DFFHVV� WR� DQ� REMHFWLYH�
NQRZOHGJH��WKH�UHODWLYH�DQG�WKH�DEVROXWH�SHUIRUPDQFH�
RI�WKH�EXLOGLQJ���

5(68/76�$1'�',6&866,21�
(F&R*HQ� EHORQJV� WR� WKH� IDPLO\� RI� WRROV� EDVHG� RQ� D�
JHQHUDWLYH� JHQHWLF� DOJRULWKP�� 7KH� VRIWZDUH� JHQHUD�
WHV� VROXWLRQV� HYDOXDWHG� DFFRUGLQJ� WR� FHUWDLQ� FULWHULD��
LQFOXGLQJ� HQHUJ\� SHUIRUPDQFH�� 7KH� VROXWLRQV�
FRQVLGHUHG� HIIHFWLYH� DUH� FURVVHG� WR� JHQHUDWH� RWKHU�
VROXWLRQV�� (F&R*HQ� WULHV� WR� DFKLHYH� WZR� REMHFWLYHV��
EURZVH� D� ODUJH� VROXWLRQ� VSDFH� HQVXULQJ� JUHDWHU�
GLYHUVLW\�RI�RIIHUHG� LWHPV��GLYHUJH���DQG�DW� WKH�VDPH�
WLPH� LQFUHDVH� WKH� HIILFLHQF\� RI� IDPLOLHV� RI� VROXWLRQV�
WKDW� VHHP� WKH� PRVW� DSSURSULDWH� WR� HDFK� FDVH� VWXG\�
�FRQYHUJH��� (F&R*HQ� GRHV� QRW� ILQG� 7+(� PRVW�
HIIHFWLYH� VROXWLRQ�� ,W� DOORZV� WKH� XVHU� WR� EURZVH� D�
VSDFH�RI� YHU\�ZLGH� UDQJH�RI� GLIIHUHQW� VROXWLRQV�� DQG�
VHOHFW� VROXWLRQV� SRWHQWLDOO\� SHUIRUPLQJ� DFFRUGLQJ� WR�
KLV� VXEMHFWLYLW\�� (DFK� ODXQFK� RI� (F&R*HQ� IRU� WKH�
VDPH� LQLWLDO�GDWD�� VLWH�DQG�FRQVWUXFWLYH�SURJUDP�� FDQ�
JXLGH� WR� RWKHU� IDPLOLHV� RI� VROXWLRQV� WKDW� FDQ� EH�
HTXDOO\�HIIHFWLYH��
(F&R*HQ�KDV�EHHQ�VLPXOWDQHRXVO\�GHYHORSHG�LQ�WZR�
SKDVHV�� 7KH� ILUVW� SKDVH� FRQVLVWHG� WR� GHVLJQ� DQG�
GHYHORS� D� VLPSOH� HQRXJK� HQHUJ\� HYDOXDWLRQ� HQJLQH��
ZKLFK� FDQ� EH� HDVLO\� DGDSWHG� WR� DOPRVW� DOO�
FRQILJXUDWLRQV� RI� DQ\� FRPSRVLWH� HQYHORSH�� )RU� WKLV�
SXUSRVH�� ZH� GHYHORSHG� �HPSOR\LQJ� DQ� RULJLQDO�
VRSKLVWLFDWHG�QXPHULFDO�PRGHO�� UHJUHVVLRQ�PRGHOV� WR�
IRUHFDVW� K\SRWKHWLFDO� FRPSRVLWH� G\QDPLF� HQYHORSH¶V�
WKHUPDO�SHUIRUPDQFH��VLQFH� WKH�REMHFWLYH� LV� WR�FUHDWH�
DQ� LQWHUDFWLYH� WRRO� �FDOFXODWLRQ� WLPH� ��� VHF��� 7KH�
VHFRQG� SKDVH� LQYROYHV� WKH� FRQVLGHUDWLRQ� RI�
HQYLURQPHQWDO�SDUDPHWHUV�LQ�VKRUW��PHGLXP�DQG�ORQJ�
WHUP� LQ� WKH� HYDOXDWLRQ� PHFKDQLVPV� IRU� WKH� HQHUJ\�
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SHUIRUPDQFH�RI�D�ZKROH�EXLOGLQJ��$V�D�ILUVW�DSSURDFK�
ZH� HPSOR\HG� WKH� 8QLILHG� 'HJUHH� 'D\� 0HWKRG�
�8''�� WKDW� LV� D� VLQJOH�PHDVXUH� VWHDG\�VWDWH�PHWKRG�
VXLWDEOH�IRU�KHDWLQJ�HQHUJ\�FRQVXPSWLRQ�HVWLPDWHV�RI�
VPDOO� EXLOGLQJV�� $OWKRXJK� HQHUJ\� HVWLPDWHV� IURP�
8''�FDOFXODWLRQV�DUH�DSSUR[LPDWH��WKH\�KHOSHG�XV�WR�
REWDLQ� DQ� LGHD� DERXW� WKH� HQHUJ\� FRQVXPSWLRQ� WUHQGV�
IRU�VPDOO�EXLOGLQJV��+HQFH��ZH�FKRRVH�8''�PHWKRG�
RQO\�DV�D� ILUVW�DSSURDFK��EHFDXVH�RI� WKH�IDFW�WKDW�RXU�
LQLWLDO�REMHFWLYH�GXULQJ� WKLV� ILUVW�SKDVH�RI� WKH�SURMHFW�
ZDV� WR� FKDUDFWHUL]H� WKH� VHYHULW\� RI� D� FOLPDWH� EHLQJ�

YHU\� XVHIXO� LQ� HQHUJ\� HVWLPDWH� FDOFXODWLRQV� IRU�
FRPSDULQJ� WKH� KHDWLQJ� UHTXLUHPHQWV� IURP� RQH�
ORFDWLRQ� WR� DQRWKHU� LQ� WKH� IUDPHZRUN� RI�
PRUSKRJHQHVLV�� ,Q�RUGHU� WR�UHILQH� WKH�FDOFXODWLRQ�ZH�
HQULFKHG� WKH� VWDQGDUG� 8''� PRGHO� HPSOR\LQJ� WKH�
SRO\QRPLDO�UHJUHVVLRQ�PRGHOV�WKDW�ZH�GHYHORSHG�DQG�
HYDOXDWHG�LQ�WKH�IUDPHZRUN�RI�WKLV�SURMHFW�DV�ZHOO�DV�
RWKHU� YDOLGDWHG� SRO\QRPLDO� PRGHOV� IRXQG� LQ� WKH�
OLWHUDWXUH�RQ�VFDOH��UHJDUGLQJ�WKH�HQHUJ\�FRQVXPSWLRQ�
HVWLPDWLRQ�RI�EXLOGLQJV��

�
)LJXUH����5HDO�WLPH�ILWQHVV�HYDOXDWLRQ�LQ�WKH�5KLQRFHURV�VRIWZDUH��

�

(F&R*HQ� FDQ� DOVR� RSHUDWH� ZLWK� PLQLPXP� KXPDQ�
LQWHUYHQWLRQ�� WU\LQJ� WR� LPSURYH� WKH� IDPLOLHV� RI�
VROXWLRQV� DOUHDG\� IRXQG�� WKURXJK� WKH� HPHUJHQFH� RI�
RWKHU� IDPLOLHV��+RZHYHU�� LW� DOVR�ZRUNV� LQ� LQWHUDFWLYH�
PRGH�� WKH� XVHU� FDQ� VHOHFW� DW� DQ\� WLPH�� DPRQJ� D�
YDULHW\�RI�GLIIHUHQW�VROXWLRQV�GLVSOD\HG�RQ�WKH�VFUHHQ��
WKH�VROXWLRQV�WKDW�VHHP�LQWHUHVWLQJ�IRU�KLP���

7KH� FULWHULD� FKRVHQ� E\� WKH� XVHU� FRXOG� EH� DHVWKHWLF��
IXQFWLRQDO�DQG�FRQVWUXFWLYH��DV� WKH\�FDQ�EH�EDVHG�RQ�
DQ� DQDO\VLV� RI� WKH� SRWHQWLDO� VROXWLRQ¶V� SHUIRUPDQFH�
FDOFXODWHG�DQG�SUHVHQWHG�E\�(F&R*HQ��)RU�H[DPSOH��
WKH� XVHU� FDQ� FKRRVH� WR� IRFXV� RQ� WKH� FRPSDFWQHVV�RI�
WKH� IRUP� UDWKHU� WKDQ� RQ� DQRWKHU� HQHUJ\� FULWHULRQ��
(F&R*HQ� SUHVHUYHV� FHUWDLQ� FKDUDFWHULVWLFV� RI� WKH�
VHOHFWHG� REMHFWV��ZKLOH� LW� FRQWLQXRXV� RSWLPL]LQJ� DQG�
HYDOXDWLQJ�LQ�UHDO�WLPH�WKHLU�RYHUDOO�SHUIRUPDQFH���
,Q� LWV� SUHVHQW� YHUVLRQ�� ZKHUH� RQO\� VRPH� FULWHULD� DUH�
HYDOXDWHG�� (F&R*HQ� ZDV� WHVWHG� LQ� ODERUDWRU\�
FRQILJXUDWLRQ� �)LJXUH� ���� 7KH� PDLQ� DLP� ZDV� WR�

LQLWLDOO\� REVHUYH� WKH� SRWHQWLDO� FKDQJHV� LQ� SURMHFWXDO�
VWUDWHJLHV�WKDW�WKH�WRRO�LQGXFHG�GXULQJ�DQ�H[SORUDWRU\�
DSSURDFK� LQ� OLPLWHG� WLPH�� GXULQJ� D� GHVLJQ� H[HUFLVH�
UHSURGXFLQJ� RSHUDWLRQDO� SUDFWLFHV� �FDVH� VWXG\� ��
FRQFUHWH� DUFKLWHFWXUDO� FRQFHSWLRQ� IURP� XUEDQ� GDWD�
DQG� LQ� WKH� IUDPHZRUN� RI� D� VSHFLILF� SURJUDP��� 7KH�
DERYH�PHQWLRQHG� H[SHULPHQWV� JDYH� VRPH� ILUVW�
FRQFOXVLRQV��
�� 7KH� WRRO� DOORZV� HPHUJLQJ� PRUSKRORJLFDOO\�
XQFRQYHQWLRQDO�VROXWLRQV��
�� ,W� HGXFDWHV�XQFRQVFLRXVO\� WKH�RSHUDWRU�GHVLJQHU�RQ�
HQYLURQPHQWDO� SHUIRUPDQFH� LVVXHV� ZKLFK� KH�
JHQHUDOO\�SD\V�DWWHQWLRQ�D�SRVWHULRUL���
�� ,W� DVNV� WKH� GHVLJQHU� RQ� WKH� SULRULWL]DWLRQ� RI� WKH�
SUHIHUUHG�SHUIRUPDQFH� LVVXHV� �KHDW�� OLJKW�� IXQFWLRQDO��
FRQVWUXFWLYH���
��([SHFWHG�UHVXOWV�DUH�KLJKO\�FRUUHODWHG�ZLWK�WKH�ORFDO�
FKDUDFWHULVWLFV� RI� WKH� FDVH� VWXG\� �RULHQWDWLRQ��
H[SRVXUH�� H[SRVHG� VXUIDFH� UDWLR� �� SURWHFWHG� DUHD��
DOWLWXGH��DGMDFHQF\���
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��,W�SUHVHUYHV�D�KLJK�GHJUHH�RI�LQWHUDFWLRQ�EHWZHHQ�WKH�
GHVLJQHU� DQG� WKH� WRRO�� LQFOXGLQJ� WKH� QHFHVVDU\�
SUHOLPLQDU\� NQRZOHGJH� ERWK� LQ� WKH� ILHOG� RI� HFR�
SHUIRUPDQFH�DQG�LQ�XQGHUVWDQGLQJ�WKH�PHFKDQLVPV�RI�
HPHUJHQFH��VHOHFWLRQ�DQG�RSWLPL]DWLRQ�VROXWLRQV��
�� ,W� PDNHV� WKH� GHVLJQHU� WR� IRFXV� RQ� WKH� UROH� RI�
FUHDWLYLW\�GXULQJ�WKH�SURFHVV�RI�HFR�FRQFHSWLRQ�LQVLGH�
WKH�IUDPHZRUN�RI�VXVWDLQDEOH�GHYHORSPHQW��
�� )LQDOO\�� WKH� WRRO� HQULFKHV� WKH� XVHU¶V� DELOLW\� WR�
RYHUFRPH� FODVVLF� IRUPDO� HFR�IULHQGO\�PRUSKRORJLFDO�
YRFDEXODULHV�� DQG� FUHDWH� RULJLQDO� DQG� LQQRYDWLYH�
PRUSKRORJLHV�� PRUH� VXLWDEOH� IRU� ORFDO� FRQWH[WV�
�FRQVLGHULQJ� PLFUR�FOLPDWH� DQG� VXVWDLQDEOH�
GHYHORSPHQW��LVVXHV��)LJXUH������

�
)LJXUH����0RUSKRJHQHVLV�LQ�WKH�IUDPHZRUN�RI�

VXVWDLQDEOH�GHYHORSPHQW�E\�SUHVHUYLQJ�QRQ�XQLIRUP�
RSWLPL]HG�VROXWLRQV��

&21&/86,21�$1'�3(563(&7,9(6�
:H� ZRXOG� OLNH� WR� FRQFOXGH� E\� FODULI\LQJ� VRPH�
DVSHFWV� PRUH� JHQHULF�� UHODWLQJ� WR� WKH� LVVXH� RI�
JHQHUDWLYH� PRGHOOLQJ� DQG� UHVXPH� RXU� LQLWLDO�
DVVXPSWLRQV� DQG� DLPV�� :H� EHOLHYH� WKDW� WKH�
LPSOHPHQWDWLRQ� RI� D� FRPSXWHUL]HG� VXSSRUW� WRRO�
FDQQRW� FDUU\� LQ� LWVHOI� D� KROLVWLF� DSSURDFK�� 7KH�
PHGLXP� � LV� QHFHVVDULO\� OLPLWHG� LQ� LWV� UHSUHVHQWDWLRQ��
OHDGV� WR� FHUWDLQ� W\SHV� RI� FRPSUHKHQVLRQ� DQG�
H[SUHVVLRQ��EXW�FDQ�DOORZ�FRPSOHWHQHVV��7KH�TXDOLW\�

RI� WKH� GHVLJQHU� OLHV� LQ� KLV� DELOLW\� WR� FRQYHQH� LQ� D�
UHOHYDQW�ZD\�WKH�ULJKW�WRRO�DW�WKH�ULJKW�WLPH��$QG�IRU�
WKH�VDPH�UHDVRQ�D�JHQHUDWLYH�GHYLFH��FDQQRW�WDNH�LQWR�
DFFRXQW� DOO� WKH� SURMHFW� YDULDEOHV�� ,QHYLWDEO\�� LW�
RSHUDWHV� RQ� D� OLPLWHG� QXPEHU� RI� SDUDPHWHUV�� ZKLOH�
WKH� TXDOLW\� RI� GHVLJQHU� LV� WKH� IXQFWLRQ� RI� WKH�
UHOHYDQFH�RI�KLV�KHU�FKRLFHV��*HQHUDWLYH�WRROV�GR�QRW�
SURYLGH� DQ� DQVZHU� WR� WKH� ZKROH� SUREOHP�� WKH\� DUH�
RQO\� D� SLHFHZLVH� H[SUHVVLRQ� IRU� D� SDUW� RI� WKH�
XQGHUVWDQGLQJ�� +RZHYHU�� WKHLU� RSHUDWLQJ� SURFHGXUHV�
DUH� FKDUDFWHUL]HG� E\� DQ� H[SOLFLW� H[SUHVVLRQ� SURFHVV�
IDFLOLWDWLQJ� D� VXEVHTXHQW� YLVXDO� LQWHUDFWLRQ�� )RU� WKLV�
UHDVRQ� ZH� RIWHQ� UHWXUQ� WR� WKDW� SRLQW� WKDW� VHHPV�
FUXFLDO����
)XUWKHUPRUH�� DQ� LQWHQVLYH� VWXG\� TXHVWLRQLQJ� LI� WKH�
DUFKLWHFW
V� FUHDWLYLW\� LV� HQKDQFHG� E\� (F&R*HQ� KDV�
EHHQ� FDUULHG� RXW� E\� RXU� SDUWQHU� &RG\VDQW�,QWHUSV\�
�)UHQFK�/RUUDLQH�8QLYHUVLW\�� DQG�FRQFOXGHG� WKDW� WKH�
ILUVW� IHHGEDFNV� RI� WKH� XVHUV� FRQILUP� WKH� SRWHQWLDO� RI�
WKH� VRIWZDUH� WR� DVVLVW� WKH�GHFLVLRQ�PDNLQJ�SURFHVVHV�
RI� WKH� GHVLJQHUV�� SUHVHUYLQJ� DW� WKH� VDPH� WLPH� WKHLU�
FUHDWLYLW\��)XUWKHUPRUH��LW�KDV�EHHQ�REVHUYHG�WKDW�WKH�
,*$� HQULFKHG� WKH� YDULHW\� RI� WKH� SRWHQWLDO�
HQYLURQPHQWDO� IULHQGO\� VROXWLRQV�� 7KH� PRVW�
LQWHUHVWLQJ� WKLQJ� LV� WKDW� WKHUH� LV�QR�XQLIRUPLW\�RI� WKH�
SURSRVHG�VROXWLRQV�DQG�WKHVH�VROXWLRQV�GHSHQG�RQ�WKH�
VXEMHFWLYLW\� RI� WKH� XVHU� ZKR� FRQWLQXRXVO\� LQWHUDFWV�
ZLWK� WKH� WRRO�� )RU� WKHVH� UHDVRQV�� WKH� VRIWZDUH�
SUHVHQWHG� KHUH� DLPV� WR� EH� D� JDWHZD\� WR� D� SURIRXQG�
FKDQJH� LQ�PRUSKRJHQHVLV�GHFLVLRQ�PDNLQJ�SURFHVVHV�
WKURXJK� DUFKLWHFWXUDO� GHVLJQ� DGDSWHG� WR� HPHUJLQJ�
LVVXHV�� VXFK� DV� HQHUJ\� FRQVXPSWLRQ� LQ� WKH� EXLOGLQJ�
VHFWRU�DQG�VXVWDLQDEOH�GHYHORSPHQW��
(YHQ� LI� (F&R*HQ� LV� DQ� DWWUDFWLYH� DVVLVWDQFH� WRRO� DW�
WKH� HDUO\� GHVLJQ� VWDJHV�� LQ� WKH� IXWXUH�� RXU� PDLQ�
SUHRFFXSDWLRQ� GHDOV� ZLWK� WKH� QHHG� WR� HQULFK� WKH�
HQHUJ\�HYDOXDWLRQ�HQJLQH�LQ�RUGHU�WR�EH�DEOH�WR�PDNH�
DQ� DVVHVVPHQW� XQGHU� WUDQVLHQW� G\QDPLF� FRQGLWLRQV��
7KH�8''�PHWKRG�ZDV� DWWUDFWLYH� HQRXJK�EHFDXVH�RI�
WKH�UDSLG�FDOFXODWLRQ��QHYHUWKHOHVV��LW�LV�RQO\�JRRG�IRU�
KHDWLQJ�HVWLPDWLRQ��+RZHYHU�� LQ�WKH�IXWXUH��RXU�PDLQ�
SXUSRVH�LV�WR�EH�DEOH�WR�HVWLPDWH�DOVR�FRROLQJ�HQHUJ\�
ORDGV��)XUWKHUPRUH��ZH�UHPDUNHG�WKDW�HPSOR\LQJ�WKH�
8''� PHWKRG�� WKHUH� LV� QR� SUHFLVH� FRQVLGHUDWLRQ� RI�
LQWHUQDO� KHDW� JDLQV�� $SSOLFDELOLW\� LV� OLPLWHG� WR�
UHVLGHQWLDO�EXLOGLQJV�DQG�VLPLODU�VNLQ�ORDG�GRPLQDWHG�
VWUXFWXUHV� ZKHUH� HQYHORSH� WUDQVPLVVLRQ� DQG�
LQILOWUDWLRQ� DUH� WKH� ORDG�GRPLQDWLQJ� IDFWRUV��:H�DOVR�
UHPDUNHG�WKDW�WKH�8''�PHWKRG�LV�FRQVHUYDWLYH��:LWK�
EHWWHU� LQVXODWLRQ� OHYHOV� DQG� LQFUHDVHG� LQWHUQDO� ORDGV��
WKH�EXLOGLQJ� IRUP¶V�HIILFLHQF\�FDQ�EH�RYHUHVWLPDWHG��
)LQDOO\��WKH�PDLQ�GLVDGYDQWDJH�RI�WKH�8''�PHWKRG�LV�
WKDW� LW� LV� EDVHG� RQ� DYHUDJH� FRQGLWLRQV� DQG� GRHV� QRW�
DFFRXQW�QHLWKHU�IRU�GD\�WR�GD\�ZHDWKHU�YDULDWLRQV�QRU�
IRU� WKH� HIIHFW� RI� WHPSHUDWXUH� RQ� HTXLSPHQW�
SHUIRUPDQFH�� )RU� WKHVH� SXUSRVHV�� LQ� RXU� IXWXUH�
UHVHDUFK�ZH�LQWHQG�WR�VXEVWLWXWH�WKH�8''�PHWKRG�E\�
GHYHORSLQJ�D�YDULHW\�RI�VLPSOLILHG�W\SH�5&��UHVLVWLYH�
FDSDFLWLYH�� WKHUPDO� PRGHOV�� )LQDOO\�� WKH� DSSURSULDWH�
GHVLJQ�RI�LQ�VLWX�H[SHULPHQWV�LQ�VFDOH�RI���WR�YDOLGDWH�
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LI� WKH� HQHUJ\� HYDOXDWLRQ� HQJLQH� LV� UREXVW� HQRXJK� LV�
QHHGHG��
7KH�ZKROH�SURSRVDO�LV�FOHDUO\�WKH�ILUVW�DSSURDFK�RI�DQ�
DPELWLRXV�UHVHDUFK�SURMHFW�WKDW�ZH�DUH�DOZD\V�LQ�WUDLQ�
WR� HQULFK� DQG� KDV� DV� PDLQ� REMHFWLYH� WR� HQDEOH� WKH�
LPSOHPHQWDWLRQ�RI�WKH�UHVXOWV�RI�SUHYLRXV�UHVHDUFK�LQ�
HQYLURQPHQWDO�VFLHQFH�DQG�EXLOGLQJ�SK\VLFV��UHGXFLQJ�
WKH� JDS� EHWZHHQ� DUFKLWHFWXUDO� GHVLJQ� DQG� FXUUHQW�
VFLHQWLILF� NQRZOHGJH� RQ� VXVWDLQDEOH� GHYHORSPHQW�
LVVXHV��
�

$&.12:/('*(0(17�
7KH�ZRUN� SUHVHQWHG� KHUH� KDV� EHHQ� FRQGXFWHG� LQ� WKH�
IUDPHZRUN� RI� WKH� SURMHFW� ³(F�&R�*HQ�� *HQHUDWLYH�
(FR�FRQFHSWLRQ´� WKDW� LV�SDUWO\�IXQGHG�E\� WKH�)UHQFK�
1DWLRQDO� 5HVHDUFK� $JHQF\� �$15�� XQGHU� µ7KH�
&UHDWLRQ¶�DJHQGD��$15����&UHDWLRQ�������
�

�5()(5(1&(6�
$QJXV� '��� :RRGZDUG� &��� ������ 0XOWLSOH� REMHFWLYH�

DQW� FRORQ\� RSWLPLVDWLRQ�� 6ZDUP� ,QWHOOLJHQFH��
6SULQJHU��YRO�����S���������

&DUGRQQHO�� &�� ������ ³%LODQ� 7KHUPLTXH� (Q�
5pVLGHQWLHO�� 3RXUTXRL� )DLUH� &RPSOLTXp� 4XDQG�
RQ�3HXW�)DLUH�6LPSOH"´�5HYXH�&)3�Q������

&DWDOLQD�� 7��� 9LUJRQH�� -��� %ODQFR�� (��� ������
'HYHORSPHQW� DQG� YDOLGDWLRQ� RI� UHJUHVVLRQ�
PRGHOV� WR� SUHGLFW� PRQWKO\� KHDWLQJ� GHPDQG� IRU�
UHVLGHQWLDO�EXLOGLQJV��(QHUJ\�DQG�%XLOGLQJV�������
�����������

&DWDOLQD�� 7��� 9LUJRQH�� -��� ,RUGDFKH�� 9��� ������ 6WXG\�
RQ�WKH�LPSDFW�RI�WKH�EXLOGLQJ�IRUP�RQ�WKH�HQHUJ\�
FRQVXPSWLRQ�� %XLOGLQJ� 6LPXODWLRQ� ������
,QWHUQDWLRQDO� %XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ�
$VVRFLDWLRQ�$,5$+� &RQIHUHQFH�� 6\GQH\��
$XVWUDOLD��������1RYHPEHU�������

&DWDOLQD�� 7��� ,RUGDFKH�� 9��� &DUDFDOHDQX�� %��� ������
0XOWLSOH� UHJUHVVLRQ�PRGHO� IRU� IDVW�SUHGLFWLRQ�RI�
WKH� KHDWLQJ� HQHUJ\� GHPDQG�� (QHUJ\� DQG�
%XLOGLQJV����������������

-DV]NLHZLF]�� $��� ������ *HQHWLF� � ORFDO� � VHDUFK� � IRU�
PXOWLSOH� REMHFWLYH� � FRPELQDWRULDO� RSWLPL]DWLRQ��
(XURSHDQ��-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��

0DULQ�� 3��� ������ ([SORUDWLRQ� GHV� PpFDQLVPHV�
pYROXWLRQQDLUHV� DSSOLTXpV� j� OD� FRQFHSWLRQ�
DUFKLWHFWXUDOH��� 0LVH� HQ� °XYUH� G¶XQ� DOJRULWKPH�
JpQpWLTXH�JXLGp�SDU�OHV�TXDOLWpV�VRODLUHV�SDVVLYHV�
GH� O¶HQYHORSSH�� 3K'� WKHVLV�� ,QVWLWXW� 1DWLRQDO�
3RO\WHFKQLTXH� GH� /RUUDLQH� �,13/���0$3�&5$,�

805� ���� �&156�&8/785(� (FROH� 1DWLRQDOH�
6XSpULHXUH� G¶$UFKLWHFWXUH� GH� 1DQF\�� 1DQF\��
)UDQFH��,Q�)UHQFK����

0DUWLQDLWLV� 9��� %LHNVD� '��� 0LVHYLFLXWH� 9�� ������
'HJUHH�GD\V�IRU�WKH�H[HUJ\�DQDO\VLV�RI�EXLOGLQJV�
(QHUJ\�DQG�%XLOGLQJV����������������������

0DYURPDWLGLV�� /�(��� (O�0DQNLEL��0���0LFKHO�� 3��� 	�
6DQWDPRXULV�� 0�� ������ 6WXG\� RQ� WUDQVLHQW� KHDW�
WUDQVIHU� WKURXJK� PXOWLOD\HU� WKHUPDO� LQVXODWLRQ��
1XPHULFDO� DQDO\VLV� DQG� H[SHULPHQWDO�
LQYHVWLJDWLRQ��%XLOGLQJ�6LPXODWLRQ���������������±�
�����

0DYURPDWLGLV�� /�(��� ������ 3KpQRPqQHV� GH� WUDQVIHUW�
WKHUPLTXH� GDQV� OHV� 305�� 3K'� WKHVLV�� (173(�
,16$��/\RQ��)UDQFH��,Q�)UHQFK���

0DYURPDWLGLV�� /�(��� %\NDO\XN�� $��� (O�0DQNLEL��0���
0LFKHO�� 3��� 	� 6DQWDPRXULV�� 0��� ����D��
1XPHULFDO� HVWLPDWLRQ� RI� DLU� JDSV¶� LQIOXHQFH� RQ�
WKH�LQVXODWLQJ�SHUIRUPDQFH�RI�PXOWLOD\HU�WKHUPDO�
LQVXODWLRQ��%XLOGLQJ�DQG�(QYLURQPHQW�����������±
�����

0DYURPDWLGLV�� /�(��� (O�0DQNLEL��0���0LFKHO�� 3��� 	�
6DQWDPRXULV�� 0��� ����E�� 1XPHULFDO� HVWLPDWLRQ�
RI� WLPH� ODJV� DQG� GHFUHPHQW� IDFWRUV� IRU� ZDOO�
FRPSOH[HV� LQFOXGLQJ� 0XOWLOD\HU� 7KHUPDO�
,QVXODWLRQ�� LQ� WZR� GLIIHUHQW� FOLPDWLF� ]RQHV��
$SSOLHG�(QHUJ\�����������±�����

0DYURPDWLGLV�� /�(��� (O�0DQNLEL��0���0LFKHO�� 3��� 	�
6DQWDPRXULV��0��� ����F��(WXGH�SDUDPpWULTXH�GH�
O¶LQIOXHQFH�GHV�PDWpULDX[�ILEUHX[�RUJDQLTXHV�VXU�
OD� SHUIRUPDQFH� WKHUPLTXH� GH� SURGXLWV� PLQFHV�
UpIOHFWHXUV�� $QQDOHV� GX� %73� �� ��� ������ �� ������
�,Q�)UHQFK���

0DYURPDWLGLV�� /�(��� (O� 0DQNLEL�� 0��� 0LFKHO�� 3����
%\NDO\XN�� $�� 	� 6DQWDPRXULV�� 0��� ����G��
*XLGHOLQHV� WR� VWXG\� QXPHULFDOO\� DQG�
H[SHULPHQWDOO\� UHIOHFWLYH� LQVXODWLRQ� V\VWHPV� DV�
DSSOLHG� WR� EXLOGLQJV�� $GYDQFHV� LQ� %XLOGLQJ�
(QHUJ\�5HVHDUFK������������������

0DYURPDWLGLV��/�(���%\NDO\XN��$���/HTXD\��+���������
'HYHORSPHQW� RI� SRO\QRPLDO� UHJUHVVLRQ� PRGHOV�
IRU� FRPSRVLWH� G\QDPLF� HQYHORSHV¶� WKHUPDO�
SHUIRUPDQFH� IRUHFDVWLQJ�� $SSOLHG� (QHUJ\�� 9RO��
�����$SULO�������SS�����������

0F� *LQOH\�� %��� 0DKHU�� -��� 2¶5LRUGDQ�� &��� 0RUJDQ��
������0DLQWDLQLQJ�+HDOWK\�3RSXODWLRQ�'LYHUVLW\�
8VLQJ� $GDSWLYH� &URVVRYHU�� 0XWDWLRQ� DQG�
6HOHFWLRQ� �$FURPXVH��� ,(((� 7UDQVDFWLRQV� RQ�
(YROXWLRQDU\� &RPSXWDWLRQ� 9ROXPH���� ,VVXH����
SS������±������

�
�
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