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$EVWUDFW��/DUJH�DQG�7DOO�EXLOGLQJV�FDQ�EH�EURDGO\�FODVVLILHG�LQWR�WKUHH�JURXSV��
VSUDZOLQJ��VTXDW��RU�WDOO��7KH�GHFLVLRQ�WR�EXLOG�D�SDUWLFXODU�W\SH�RI�ODUJH�EXLOG�
LQJ�FDQ�EH�EDVHG�RQ�D�ODUJH�QXPEHU�RI�DWWULEXWHV��2QH�VHW�RI�SRVVLEOH�YDOXHV�RI�
WKH�DWWULEXWHV�UHSUHVHQWV�D�EXLOGLQJ�GHVLJQ��ZKLFK�PXVW�EH�IHDVLEOH��,Q�DGGLWLRQ��
LW� LV� DOVR� LPSRUWDQW� WR�XQGHUVWDQG�KRZ�VXFK�D� VHW� RI� DWWULEXWHV� LPSDFWV�RQ� WKH�
YDOXH�RI�WKH�SURSRVHG�EXLOGLQJ�WR�WKH�FXVWRPHU�–� LQ�SDUWLFXODU�WKH�YDOXH�RI�WKH�
SURSRVHG�EXLOGLQJ�GHVLJQ�ZLWK�UHVSHFW� WR� WKH�FOLHQW
V�YDOXH�GULYHUV��$�EXLOGLQJ�
FRQVWUXFWLRQ� H[SHUW
V� DQDO\VLV� RI� VHYHQW\� LQWHUQDWLRQDO� EXLOGLQJ� SURMHFWV� ZDV�
XVHG� DV� LQSXW� WR� GHFLVLRQ� VXSSRUW� DQG� GDWD�PLQLQJ� DQDO\VHV��'HFLVLRQ�PRGHOV�
ZHUH�GHYHORSHG�WKDW�PDSSHG�FXVWRPHU�YDOXHV�RI�SURSRVHG�FRQVWUXFWLRQ�SURMHFW
V�
DWWULEXWHV��'DWD�PLQLQJ�–� RQ�DOEHLW� OLPLWHG�H[DPSOHV�–�ZDV�XVHG� WR�PRGHO� WKH�
IHDVLELOLW\�RI�FRQVWUXFWLRQ�SURMHFWV�IURP�WKHLU�LQSXW�DWWULEXWHV��2Q�WKLV�EDVLV��ZH�
SURSRVH�D�QRYHO�ZD\�RI�FRPELQLQJ�'DWD�0LQLQJ�DQG�'HFLVLRQ�6XSSRUW�PHWKRGV��
ERWK�WHFKQLTXHV�DUH�HPSOR\HG�WR�XWLOLVH�WKH�VDPH�LQSXW�YHFWRUV��EXW�RQH�–�'HFL�
VLRQ� 6XSSRUW� 0RGHOV� –� LV� GHVLJQHG� WR� DVVHVV� DQG� SRVVLEO\� PD[LPLVH� XWLOLW\��
ZKLOH�WKH�RWKHU�–�'DWD�0LQLQJ�0RGHOV�–�SURYLGHV�D�WHVW�IRU�IHDVLELOLW\��

��� ,QWURGXFWLRQ�

7KH� H[SHUWLVH� RI� D� ODUJH� QXPEHU� RI� LQGLYLGXDOV� LV� UHTXLUHG� WR� VXFFHVVIXOO\� FRPSOHWH�
DQ\�VLJQLILFDQW�HQJLQHHULQJ�SURMHFW��LQFOXGLQJ�WKDW�RI�FRQVWUXFWLQJ�D�ODUJH�EXLOGLQJ��$�
YDVW�UDQJH�RI�VNLOOV�–�LQFOXGLQJ�VXUYH\LQJ��DUFKLWHFWXUDO�GHVLJQ��VWUXFWXUDO�HQJLQHHULQJ��
DQG�VHUYLFH�IDFLOLW\�GHVLJQ�–�DUH�GHSOR\HG�LQ�WKH�EXLOGLQJ�GHVLJQ�SKDVH�DORQH��7KH�YHU\�
HDUO\�SKDVH�RI�GHILQLQJ�WKH�SURMHFW�VFRSH�DQG�EURDG�VSHFLILFDWLRQ�FDQ�OHDG�WR�GLIILFXOW�
QHJRWLDWLRQV�ZLWK�WKH�SURVSHFWLYH�RZQHU�RI�WKH�EXLOGLQJ��UHIHUUHG�WR�DV�WKH�FOLHQW���7KH�
FOLHQW� KDV� D� VHW� RI� SUHIHUHQFHV� DERXW� WKH� W\SH� RI� EXLOGLQJ� WKH\� GHVLUH� –� ZKLFK�PD\�
VLJQLILFDQWO\� LPSDFW�RQ�ERWK� WKH� IHDVLELOLW\�RI� WKH�GHVLJQ�DQG� WKH�FRVW�RI� WKH�SURMHFW��
0RUHRYHU�GLIIHUHQW�FOLHQWV�SODFH�GLIIHUHQW�YDOXHV�RQ�DWWULEXWHV�RI�WKH�EXLOGLQJ�SURMHFW��

,Q�WKH�HDUO\�EXLOGLQJ�VSHFLILFDWLRQ�SKDVH��FOLHQWV�ZRUN�ZLWK�FRQVWUXFWLRQ�SURMHFW�H[�
SHUWV�WR�VHWWOH�RQ�D�EURDG�EXLOGLQJ�GHVLJQ��7KLV�FDQ�UHTXLUH�WKH�VHOHFWLRQ�RI�SDUWLFXODU�
EXLOGLQJ�DWWULEXWHV� WKDW�DUH� IHDVLEOH��EXW�DOVR�PD[LPL]H� WKH�XWLOLW\�RI� WKH�EXLOGLQJ�IRU�



WKH�FOLHQW��7KH�FRQVWUXFWLRQ�H[SHUWV�QHHG�WR�EH�DEOH�WR�DUWLFXODWH�WKH�FRPSOH[�LQWHUDF�
WLRQ�EHWZHHQ�WKH�DWWULEXWHV��WR�KHOS�JXLGH�WKH�FOLHQWV�WR�D�IHDVLEOH�DQG�YDOXDEOH�GHVLJQ���

�
���� /DUJH�DQG�WDOO�EXLOGLQJV��DQG�9DOXH�'ULYHUV�

7KH� VL]H� DQG� VKDSH� RI� D� EXLOGLQJ� KDV� D� GUDPDWLF� LPSDFW� RQ�PDQ\� DVSHFWV� LQFOXGLQJ�
FDSLWDO�FRVW��HDVH�RI�GHVLJQ��WKH�XVH�RI�VWDQGDUG�FRPSRQHQWV��SURJUDPPH��ORJLVWLFV�DQG�
ZKROH�OLIH�FRVWV�ZKLFK�DOO�DIIHFW�WKH�UDWH�RI�UHWXUQ�WR�D�FOLHQW��8QOLNH�PDQ\�RWKHU�LQGXV�
WULHV��FRQVWUXFWLRQ�LV�D�FRPSOH[�EOHQG�RI�GLVSHUDWH�QHHGV��VNLOOV�DQG�WHFKQLTXHV�WKDW�DUH�
GLIILFXOW�WR�FR�RUGLQDWH���

7KH�&DSLWDO�3URMHFWV�DQG�)DFLOLWLHV�&RQVXOWDQWV�(&�+DUULV�KDYH�UHFHQWO\�FRPSOHWHG�
D�VWXG\�H[DPLQLQJ�WKH�YDOXH�GULYHUV�EHWZHHQ�GLIIHUHQW�VKDSHV�RI�EXLOGLQJ��,Q�RUGHU�WR�
XQGHUVWDQG�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�GLIIHUHQW�VKDSHV�DQG�VL]HV��LW�ZDV�QHFHVVDU\�WR�
define 18 “virtual builGings” which are grouped by size (medium, large and very 
ODUJH��� VKDSH� �VTXDW�� VSUDZOLQJ� DQG� WDOO�� DQG� ILQDOO\�TXDOLW\� �PHGLXP�DQG�KLJK���7KH�
VWXG\�RI� WKH����EHQFKPDUNV�XQFRYHUHG� WKH�NQRZOHGJH� WKDW�EXLOGLQJV�ZLWK����VWRUH\V�
DUH�PRVW�OLNHO\�WR�JLYH�WKH�EHVW�UHWXUQ�RQ�LQYHVWPHQW��

$OWKRXJK�YDOXH�GULYHUV�KDYH�EHHQ�WDONHG�DERXW�RYHU�WKH�\HDUV��WKH\�KDYH�QRW�UHDOO\�
EHHQ�SURSHUO\�DFFRXQWHG�IRU�ZLWKLQ�WKH�FRQVWUXFWLRQ�LQGXVWU\�DV�D�ZKROH��,QVWHDG��PRVW�
RI�WKH�IRFXV�LQ�WKLV�JHQHUDO�DUHD�KDV�EHHQ�RQ�HVWDEOLVKLQJ�NH\�SHUIRUPDQFH�LQGLFDWRUV�
WKDW�FDQ�EH�HDVLO\�PHDVXUHG��D�IDFW�WKDW�WR�VRPH�H[WHQW�H[SODLQV�WKH�DSSURDFK�WR�GDWH��

,Q�RUGHU�WR�XQGHUVWDQG�WKH�SXUSRVH�RI�XQGHUWDNLQJ�WKLV�SDUWLFXODU�UHVHDUFK�LQWR�YDOXH�
GULYHUV�� LW� LV�QHFHVVDU\� WR�ILUVW� ORRN�DW� WKH�IXQGDPHQWDO�GLIIHUHQFH�EHWZHHQ�YDOXH�DQG�
SHUIRUPDQFH��3XW�VLPSO\��WKH�YDOXH�RI�DQ\�DVSHFW�RI�D�FRQVWUXFWLRQ�SURMHFW�WR�D�FOLHQW�
FRXOG�EH�VDLG�WR�EH�WKDW�ZKLFK�ZRXOG�PDNH�KLP�YHU\�KDSS\�DQG�YLHZ�WKH�SURMHFW�DV�D�
VXFFHVV��RU�SHUKDSV�WKDW�ZKLFK�ZRXOG�PDNH�KLP�GLVVDWLVILHG�ZLWK�WKH�SURMHFW�RXWFRPH��
,Q�WKLV�VHQVH��LI�WKH�FOLHQW�ZDV�D�IRRG�UHWDLOHU�FRQVLGHULQJ�EXLOGLQJ�D�QHZ�VWRUH��VRPH�RI�
KLV�YDOXHV�PLJKW�LQFOXGH�&OHDQOLQHVV��7LPH��$SSHDUDQFH��DQG�6KDUHKROGHU�9DOXH��

7KH� WUDGLWLonal method within the construction industry for measuring the clients’ 
VDWLVIDFWLRQ� WHQGV� WR� IRFXV� RQ� WDQJLEOH�� RU�PHDVXUDEOH� DWWULEXWHV� WKDW� FDQ� EH� GLUHFWO\�
FRPSDUHG�IURP�FOLHQW�WR�FOLHQW�RU�SURMHFW�WR�SURMHFW�DQG�ZRXOG�SHUKDSV�LQFOXGH�7LPH��
&RVW��6DIHW\�5HFRUG��DQG�1XPEHU�RI�'HIHFWV��

$OWKRXJK� YDOXH� DQG� SHUIRUPDQFH� DUH� VRPHWLPHV� WKH� VDPH� �H�J�� WLPH��� (&�+DUULV�
KDYH�EHHQ�ORRNLQJ�DW�ZD\V�LQ�ZKLFK�FOLHQW�YDOXH�GULYHUV�FDQ�EH�PHW�WKURXJK�WUDGLWLRQDO�
PHDQV��7KLV�LV�ZKDW�GURYH�WKH�UHTXLUHPHQW�IRU�WKLV�UHVHDUFK��ZKLFK�DERYH�DOO�ZDV�LQ�
WHQGHG�WR�LGHQWLI\�D�PHWKRG�RI�OLQNLQJ�FOLHQW�GULYHUV�ZLWK�EXLOGLQJ�FKDUDFWHULVWLFV��

�
���� 'DWD�0LQLQJ�DQG�'HFLVLRQ�6XSSRUW�

'DWD�0LQLQJ��'0��LV�D�SURFHVV�ZKLFK�XWLOL]HV�D�UDQJH�RI�WHFKQLTXHV�DQG�WRROV�WR�H[�
WUDFW�SDWWHUQV�IURP�GDWD��:Ltten and Fank [9] describe data mining as “solving proE�
OHPV�E\�DQDlyzing data already present in databases”. In this work, the SUREOHP�ZDV�WR�
DQDO\VH�WKH�YDOXH�GULYHUV�LQ�WKH�FRQVWUXFWLRQ�RI�ODUJH�DQG�WDOO�EXLOGLQJV��DQG�WKH�GDWD�

EDVH�ZDV�D�VHW�RI�EXLOGLQJV��7KH�PDLQ�REMHFWLYH�RI�WKH�'0�WDVN�ZDV�WR�LQYHVWLJDWH�WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�DWWULEXWHUV�RI�ODUJH�DQG�WDOO�EXLOGLQJV�DQG�WKHLU�FODVVLILFDWLRQ�
LQWR�WKUHH�GLPHQVLRQV��6L]H��6KDSH��DQG�4XDOLW\��NQRZQ�KHUH�DV�WKH�664�GLPHQVLRQV���

'HFLVLRQ�6XSSRUW��'6��LV�D�EURDG�ILHOG�FRQFHUQHG�ZLWK�VXSSRUWLQJ�SHRSOH�LQ�PDNLQJ�
GHFLVLRQV� >�@�� ,Q� RXU� FDVH�� WKH� SUREOHP� ZDV� WR� HYDOXDWH� DQG� DQDO\VH� EXLOGLQJV� GH�



VFULEHG�E\�YDULRXV�DWWULEXWHV��DQG�RQ�WKLV�EDVLV�WR�VHOHFW�EXLOGLQJV�DQG�WKHLU�FKDUDFWHULV�
WLFV� VR� DV� WR� EHVW�PDWFK� WKH� FOLHQW
V� YDOXH� GULYHUV�� 6XFK�'6�SUREOHPV� DUH� DGGUHVVHG�
ZLWKLQ� 'HFLVLRQ� $QDO\VLV� >�@�� ZKLFK� SURYLGHV� D� VXLWDEOH� PHWKRGRORJ\�� KLHUDUFKLFDO�
PXOWL�DWWULEXWH� PRGHOLQJ�� 7KH� LGHD� LV� WR� GHYHORS� D� PRGHO� WKDW� HYDOXDWHV� DYDLODEOH�
FKRLFHV� �RSWLRQV�� JLYLQJ� DQ� HVWLPDWH� RI� WKHLU� ZRUWKLQHVV� �XWLOLW\�� IRU� WKH� GHFLVLRQ�
PDNHU��,Q�WKH�PRGHO��WKH�ZKROH�GHFLVLRQ�SUREOHP�LV�GHFRPSRVHG�LQWR�VPDOOHU�DQG�OHVV�
FRPSOH[�VXESUREOHPV��7KHVH�DUH�UHSUHVHQWHG�E\�YDULDEOHV��ZKLFK�DUH�RUJDQL]HG�LQWR�D�
KLHUDUFK\��,Q�DGGLWLRQ��VRPH�UXOHV�RU�SURFHGXUHV�DUH�GHILQHG�WKDW�DJJUHJDWH�WKH�HYDOXD�
WLRQ�RI�VXE�SUREOHPV�LQWR�WKH�RYHUDOO�HYDOXDWLRQ�RI�RSWLRQV��7KH�GHYHORSPHQW�RI�PRG�
HOV�LV�SHUIRUPHG�LQ�DQ��H[SHUW�PRGHOLQJ��ZD\��ZKLFK�PHDQV�WKDW�WKH\�DUH�KDQG�PDGH�
E\�DQ�H[SHUW��SRVVLEO\�VXSSRUWHG�E\�D�GHFLVLRQ�DQDO\VW�DQG�VXLWDEOH�VRIWZDUH�WRROV��

�
���� 2XWOLQH�RI�WKH�UHPDLQGHU�RI�WKH�SDSHU�

6HFWLRQ���GHWDLOV� WKH�SUREOHP�VROYLQJ�PHWKRGRORJ\�–�EDVHG�RQ�&5,63�'0�–�DQG�LWV�
H[HFXWLRQ�IRU�WKLV�SURMHFW��0XFK�RI�WKH�SURFHVV�LV�FRPPRQ�EHWZHHQ�ERWK�GDWD�PLQLQJ�
DQG�GHFLVLRQ�VXSSRUW��EXW�LW�GRHV�GHYLDWH�LQ�WKH�PRGHOLQJ�SKDVH��6HFWLRQ���SURYLGHV�D�
GLVFXVVLRQ�RI�WKH�VROXWLRQV�SURYLGHG��ZKLOH�VXJJHVWLRQV�IRU�IXWXUH�ZRUN�DUH�FRQVLGHUHG�
LQ�6HFWLRQ����)LQDOO\��6HFWLRQ���SUHVHQWV�WKH�FRQFOXVLRQV��

��� 3UREOHP�VROYLQJ�PHWKRGRORJ\�DQG�H[HFXWLRQ�

'DWD�0LQLQJ�DQG�'HFLVLRQ�6XSSRUW�DQDO\VLV�SURFHVVHV�EURDGO\�FRQVLVW�RI�D�QXPEHU�RI�
SKDVHV��:LWKLQ� WKH�6RO�(8�1HW�FRQVRUWLXP�>�@�� WKH�&5,63�'0�PHWKRGRORJ\�LV�XVHG�
—�&5RVV�,QGXVWU\�6WDQGDUG�3URFHVV�IRU�'DWD�0LQLQJ�>�@��,Q�&5,63�'0��VL[�LQWHUUH�
ODWHG� SKDVHV� DUH� XVHG� WR� GHVFULEH� WKH� GDWD�PLQLQJ� SURFHVV��EXVLQHVV� XQGHUVWDQGLQJ��
GDWD�XQGHUVWDQGLQJ��GDWD�SUHSDUDWLRQ��PRGHOLQJ��HYDOXDWLRQ��DQG�GHSOR\PHQW��0DQ\�
RI�WKH�SKDVHV�DUH�XVHIXO�LQ�ERWK�'0�DQG�'6�SUREOHP�VROYLQJ�PHWKRGV��

�
���� %XVLQHVV�8QGHUVWDQGLQJ�

7KH�GDWD� DQDO\WLFDO�SUREOHP� WR�EH� VROYHG�PXVW�EH� VHW� LQ� WKH� FRQWH[W�RI� WKH�EXVLQHVV�
IURP� ZKLFK� LW� LV� GUDZQ�� 7KLV� LV� WKH� DLP� RI� WKH� EXVLQHVV� XQGHUVWDQGLQJ� SKDVH�� 7KH�
RZQHU�RI�WKH�SUREOHP�LQ�WKLV�ZRUN�ZDV�WKH�&DSLWDO�3URMHFWV�DQG�)DFLOLWLHV�&RQVXOWDQF\��
(&�+DUULV��ZKR�KDYH�RIILFHV� LQ�RYHU� WZHQW\�FRXQWULHV��7KH�IROORZLQJ�TXRWDWLRQV�DUH�
WDNHQ�IURP�WKHLU�ZHE�VLWH��ZZZ�HFKDUULV�FRP���

�(&�+DUULV�LV�D�OHDGLQJ�,QWHUQDWLRQDO�&DSLWDO�3URMHFW�DQG�)DFLOLWLHV�&RQVXOWDQF\�

ZLWK�QHDUO\�������SHRSOH�GLUHFWO\�PDQDJHG�DQG�HPSOR\HG�RQ�FRQVWUXFWLRQ�DQG�ID�

FLOLWLHV� FRQVXOWDQF\� ZRUOGZLGH�� «� :H� VHUYH� FOLHQWV� ZKRVH� QHHGV� VSDQ� WKH� ZKROH�

OLIH�RI�D�SURSHUW\�DVVHW��IURP�VHWWLQJ�ZLQQLQJ�VWUDWHJLHV�WKURXJK�GHOLYHU\�RI�WKH�DV�

VHW�DQG�LWV�RSHUDWLRQ��3HUIRUPDQFH�REMHFWLYHV�ZKLFK�UHIOHFW�FOLHQWV¶�QHHGV�W\SLFDOO\�

LQFOXGH�«�FDSDELOLWLHV�DV�D�&DSLWDO�3URMHFW�DQG�)DFLOLWLHV�&RQVXOWDQF\���

The main objective, from EC Harris’ point of view, of this project was to further e[�
SORUH� ZRUN� DOUHDG\� XQGHUWDNHQ� LQ� RUGHU� WR� HVWDEOLVK� RU� FRQILUP� WKH� IROORZLQJ� ZLWK�
UHVSHFW�WR�WKHLU�XQGHUVWDQGLQJ�RI�WKH�FRQVWUXFWLRQ�RI�ODUJH�DQG�WDOO�EXLOGLQJV��



• 7KDW�WKH�ZRUN�GRQH�WR�GDWH�ZDV�HVVHQWLDOO\�VRXQG�DQG�YDOLG��
• 7R�H[SORUH�GLIIHUHQW�ZD\V�RI�ORRNLQJ�DW�WKH�H[LVWLQJ�GDWD�DQG�SRWHQWLDOO\�GLVFRYHU�

QHZ�OLQNV�EHWZHHQ�WKH�YDULRXV�DWWULEXWHV�RI�ODUJH�DQG�WDOO�EXLOGLQJV��
• 7KDW�LW�ZDV�UHDVRQDEOH�DQG�UHDOLVWLF�WR�DVVXPH�WKDW�FOLHQW
V�YDOXH�GULYHUV�FRXOG�EH�

OLQNHG�WR�EXLOGLQJ�DWWULEXWHV��
• 7R�HVWDEOLVK�D�PHWKRG�RI�OLQNLQJ�FOLHQW�YDOXHV�ZLWK�WDQJLEOH�DWWULEXWHV��
• 7KDW�FOLHQW�VDWLVIDFWLRQ�FRXOG�SUREDEO\�EH�LQFUHDVHG�E\�HVWDEOLVKLQJ�DQG�UHVSHFWLQJ�

ZKLFK�EXLOGLQJ�DWWULEXWHV�PRVW�FORVHO\�UHODWHG�WR�WKHLU�YDOXHV��
• 7R� FUHDWH� D� FRQFHSW�PRGHO� WKDW� FRXOG� EH� IXUWKHU� GHYHORSHG� DV� D� GLVFXVVLRQ� DQG�

GHFLVLRQ� VXSSRUW� WRRO�ZLWK� FOLHQWV�� 7KLV�ZRXOG� EH� XVHG� WR� HVWDEOLVK� FOLHQWV� YDOXH�
SULRULWLHV��WUDQVODWHG�LQWR�EXLOGLQJ�DWWULEXWHV��DW�D�YHU\�HDUO\�VWDJH�LQ�WKH�SURMHFW��

• 7R�H[SORUH�WKH�XVH�RI�'0�DQG�'6�DV�WHFKQLTXHV�IRU�ZLGHU�XVH�LQ�IXWXUH�SURMHFWV��
• 7R�H[SORUH�ZKHWKHU�VXEMHFWLYH�FOLHQW�YLHZV��YDOXHV��ZKLFK�DUH�ODUJHO\�WDFLW��FRXOG�

EH�H[WUDFWHG�DQG�OLQNHG�WR�WDQJLEOH�DWWULEXWHV�VXFK�DV�WKH�KHLJKW�RI�D�EXLOGLQJ��

$Q�H[LVWLQJ�GHFLVLRQ�VXSSRUW�WRRO�IRFXVLQJ�RQ�ODUJH�DQG�WDOO�EXLOGLQJV�KDG�DOUHDG\�EHHQ�
GHYHORSHG�DW�(&�+DUULV��7KLV�WRRO�LV�EDVHG�RQ�H[SHUW�DQDO\VLV�RI�VHYHQW\�EXLOGLQJV��DV�
ZHOO�DV�WKH�FRPELQHG�H[SHUWLVH�IURP�ZLWKLQ�WKH�(&�+DUULV�RUJDQL]DWLRQ��7KH�DSSURDFK�
ZDV� WR�SURGXFH�D�VHW�RI� W\SLFDO�RU�EHQFKPDUN�EXLOGLQJV�IRU�WKH�VSDFH�RI�WKH�664�GL�
PHQVLRQV��ZKLFK�FDQ�EH�VHHQ�DV�DQ����FHOO�FXEH��SLFWXUHG�LQ�)LJXUH�����

Medium
Large

Very Large

Medium

High

Sprawling

Squat

Tall

Quality

Size

S
hape

�
)LJXUH���7KH�6L]H�6KDSH�4XDOLW\�&XEH��664��

�
���� 'DWD�8QGHUVWDQGLQJ�

7KH�SXUSRVH�RI�WKH�GDWD�XQGHUVWDQGLQJ�SKDVH�LV�WR�EHFRPH�IDPLOLDU�ZLWK�DOO�VRXUFHV�RI�
WKH�GDWD��)RU� WKLV�SUREOHP��WKH�GDWD�ZDV�GHOLYHUHG�LQ�WKH�IRUP�RI�D�VSUHDGVKHHW��7KLV�
FRQWDLQHG� D� VHW� RI� EXLOGLQJ� FRQVWUXFWLRQ� SURMHFW� DWWULEXWHV�� ��� EHQFKPDUN� EXLOGLQJV��
DQG����IXUWKHU�UHDO�EXLOGLQJ�SURMHFWV��7KH�IROORZLQJ�LV�D�OLVW�RI�WKH�FDWHJRULHV�RI�EXLOG�
LQJ�FRQVWUXFWLRQ�SURMHFW�DWWULEXWHV��ZLWK�WKH�QXPEHU�RI�LWHPV�LQ�SDUHQWKHVHV��/RFDWLRQ�
����� )XQFWLRQ� ����� 'HVFULSWLRQ� ������ &DSDFLW\� �%XLOGLQJ�� ������ &DSDFLW\� �6HUYLFHV��
������&RVW� �������3URFXUHPHQW������3URJUDPPH������$FFHVV�	�6DIHW\������:KROH�/LIH�

�����$SSHDUDQFH������3URMHFW�7HDP�������)RU�HDFK�RI�WKH�EXLOGLQJV�����EHQFKPDUN��DQG�
���UHDO��YDOXHV�WR�WKH�DERYH�DWWULEXWHV�ZHUH�SURYLGHG���

'DWD�UHODWLQJ�WR�WKH�YDOXH�GULYHUV�ZHUH�DOVR�SURYLGHG�LQ�WKH�VSUHDGVKHHW��KHUHDIWHU�
UHIHUUHG�WR�DV�DWWULEXWH�YDOXH�GULYHU�PDWUL[��$9'0���)RU�HDFK�RI�WKH�EXLOGLQJ�DWWULE�
XWHV��D�VHULHV�RI�YDOXH�GLPHQVLRQV�ZHUH�DYDLODEOH��ZLWK�UHVSHFW�WR�WKUHH�GLIIHUHQW�FOLHQW�
W\SHV�� 'HYHORSHU�� *RYHUQPHQW�� DQG� 2ZQHU�RFFXSLHU�� 7KHVH� YDOXH� DWWULEXWHV� ZHUH�
FODVVHG� LQ� WR� WKUHH� FDWHJRULHV��)LQDQFLDO� �3URILW�� 6KDUHKROGHU�9DOXH��0DUNHW�9DOXH��



*URZWK���3URFHVV��5LVN�&RQWURO��4XDOLW\��6WDQGDUGV��6DIHW\��%HVW�3UDFWLFH��,QQRYDWLRQ��
6XSSO\� &KDLQ�� 5HXVH� RI� 5HVRXUFHV�� :KROH� /LIH��� DQG� 0DUNHW� �,PDJH�� )OH[LELOLW\��
2FFXSDQWV� 1HHGV�� 3XEOLF� 3HUFHSWLRQ�� (QYLURQPHQWDO� ,PSDFW��� $9'0� LV� IXUWKHU� H[�
SODLQHG�LQ�VHFWLRQ��������DQG�D�SDUW�RI�$9'0�LV�VKRZQ�LQ�7DEOH����

�
���� 'DWD�3UHSDUDWLRQ�

7KH�GDWD�SUHSDUDWLRQ�SKDVH�FRYHUV�DOO�WKH�DFWLYLWLHV�IRU�FRQVWUXFWLQJ�WKH�ILQDO�GDWD�VHWV�
IRU�WKH�PRGHOLQJ�WRROV��

)RU�'0��WKH�IROORZLQJ�GDWD�SUHSDUDWLRQ�ZDV�SHUIRUPHG��7KH�PDLQ�REMHFWLYHV�RI�WKH�
'0�ZHUH� WR� ���� SHUIRUP� H[SORUDWRU\� GDWD� DQDO\VHV�� DQG� ���� WR� HVWDEOLVK�PRGHOV� EH�
WZHHQ�WKH�EXLOGLQJ�FRQVWUXFWLRQ�DWWULEXWHV�DQG�WKH�664�GLPHQVLRQV�–�WKLV�ZDV�IRFXVHG�
RQ� WKH� ��� EHQFKPDUN� EXLOGLQJ� FDVHV��'DWD�SUHSURFHVVLQJ�ZDV� DLPHG�DW� UHGXFLQJ� WKH�
QXPEHU�RI�DWWULEXWHV�IURP�WKH�����DWWULEXWHV��:LWK�UHVSHFW�WR�WKH�EHQFKPDUN�UHFRUGV��
WKHUH�ZHUH�PDQ\�DWWULEXWHV� WKDW�GLG�QRW�GLVFULPLQDWH�RQ� DQ\�RI� WKH�664�GLPHQVLRQV��
7KH�DWWULEXWHV�ZHUH�VRUWHG�LQWR�WKUHH�FDWHJRULHV�DV�IROORZV��1RQ�GLVFULPLQDWLQJ�PHDQV�
WKDW�WKH�DWWULEXWH�YDOXHV�GLG�QRW�FKDQJH��)XQFWLRQDOO\�GHSHQGHQW�ZHUH�WKRVH�DWWULEXWHV�
ZKLFK�ZHUH� IXQFWLRQDOO\�GHSHQGHQW�RQ�RWKHU�DWWULEXWHV� �DV� WKH\�ZHUH� IRUPXODH� LQ� WKH�
VSUHDGVKHHW���DQG�'LVFULPLQDWLQJ�DWWULEXWHV�KDG�YDOXHV�WKDW�YDULHG��7KH�GLVFULPLQDWLQJ�
DWWULEXWHV�IURP�WKH�DERYH��QXPEHULQJ�����ZHUH�DOO�VHOHFWHG�IRU�WKH�'0�GDWD�VHW��

�
���� 0RGHOLQJ�

7KH� PRGHOLQJ� WHFKQLTXHV� XVHG� E\� 'DWD� 0LQLQJ� DQG� 'HFLVLRQ� 6XSSRUW� GLIIHU� VXIIL�
FLHQWO\�WKDW�WKH\�FDQ�EH�FRQVLGHUHG�VHSDUDWHO\��

�
������ 'DWD�0LQLQJ�0RGHOLQJ�

7KUHH� '0� DSSURDFKHV� ZHUH� XVHG� LQ� WKH� PRGHOLQJ� SURFHVV�� &OXVWHULQJ�� $XWRPDWLF�
DWWULEXWH�VXEVHW�VHOHFWLRQ��DQG�'HFLVLRQ�WUHH�LQGXFWLRQ���
�
%DVLF� FOXVWHULQJ��7KHUH�ZDV� DQ� LPSOLFLW� DVVXPSWLRQ� IURP� WKH�GRPDLQ�H[SHUW� WKDW� WKH�
EHQFKPDUN� EXLOGLQJV� FRXOG� EH� JURXSHG� LQWR� FOXVWHUV�� 7R� WHVW� VXFK� D� K\SRWKHVLV��
FOXVWHULQJ�ZDV�SHUformed on the records of the 18 benchmark buildings. Weka’s [9] 
.0HDQV� LPSOHPHQWDWLRQ�ZDV� XVHG�ZLWK� WKUHH� FOXVWHUV� VHOHFWHG�� 6WXG\LQJ� WKH� FOXVWHU�
QXPEHUV� YHUVXV� YDULRXV� DWWULEXWHV�� OHDG� WR� WKH� WHQWDWLYH� FRQFOXVLRQ� WKDW� WKH� FOXVWHUV�
VHHPHG�WR�VHSDUDWH�EDVHG�RQ�%XLOGLQJ�6L]H��
�
$XWRPDWLF�DWWULEXWH�VXEVHW�VHOHFWLRQ��:HND�ZDV�XVHG�WR�GHWHUPLQH�IXUWKHU�ZKHWKHU�WKH�
DWWULEXWHV�FRXOG�EH�UHGXFHG��7KLV�ZDV�SHUIRUPHG�ZLWK�UHVSHFW�WR�HDFK�RI�WKH�664�&XEH�
GLPHQVLRQV��6L]H��6KDSH��DQG�4XDOLW\���1R�UHVXOWV�DUH�UHSRUWHG�KHUH���
�

'HFLVLRQ�WUHH�LQGXFWLRQ��7KH�DLP�RI�WKLV�PRGHOLQJ�ZDV�WR�SURGXFH�–�LI�SRVVLEOH�–�VLP�
SOH� GHFLVLRQ� WUHHV� WR�PDS� DWWULEXWHV� LQWR� HDFK� RI� WKH� 664� GLPHQVLRQV�� )RU� WKLV�� WKH�
:HND�LPSOHPHQWDWLRQ�RI�&����>�@�–�-���–�ZDV�GHSOR\HG��*LYHQ�WKH�OLPLWHG�GDWD��-���
ZDV�XVHG�ZLWK�QR�WHVW�VHW��RQO\�XVLQJ�WKH����EHQFKPDUN�EXLOGLQJV�DV�ERWK�WKH�WUDLQLQJ�
DQG� WHVW� VHWV��� ZLWK� YDOLGDWLRQ� RQO\� RQ� WKH� WUDLQLQJ� VHW�� 7KH� EDVLF� VFKHPH� ZDV�
ZHND�FODVVLILHUV�M���-��� �&� ����� �0� ��� XVLQJ� ��� UHFRUGV� DQG� ��� DWWULEXWHV�� 7KH� DS�
SURDFK� ZDV� WR� GHWHUPLQH� ZKLFK� DWWULEXWHV� ZHUH� VHOHFWHG� E\� -��� DV� VLJQLILFDQW�� )RU�



IXUWKHU� UXQV�� WKRVH�DWWULEXWHV� WKDW�ZHUH�VLJQLILFDQW� LQ�SUHYLRXV� UXQV�ZHUH�H[FOXGHG� WR�
KLJKOLJKW� WKH�QH[W� OHYHO�RI� VLJQLILFDQW�DWWULEXWHV��6DPSOH� UHVXOWV� IRU�HDFK�RI� WKH� WKUHH�
WDUJHW�GLPHQVLRQV�RI�6L]H��6KDSH�� DQG�4XDOLW\� DUH� VXPPDUL]HG� LQ�7DEOH����7KH� WUHHV�
LQGXFHG�ZHUH�W\SLFDOO\�YHU\�FRQFLVH��7KH�UHVXOWV�ZHUH�GLVFXVVHG�ZLWK�WKH�H[SHUW�ZKR�
ZDV� DEOH� WR� LQWHUSUHW� HDFK�RI� WKH� WUHHV� LQ� OLJKW�RI�KLV�NQRZOHGJH��$�QXPEHU�RI� WUHHV�
SURYLGHG�QHZ�LQVLJKWV�LQWR�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�EXLOGLQJ�DWWULEXWHV��

7DEOH���6DPSOH�UHVXOWV�RI�GHFLVLRQ�WUHH�LQGXFWLRQ�IRU�WKH�664�GLPHQVLRQV�

7DUJHW� 5HVXOW�

6L]H� B6 “Flexibility Rating” <= 3
|   B3 “Hours of Building use” <= 12: medium (6.0)
|   B3 “Hours of Building use” > 12: large (6.0)
B6 “Flexibility Rating” > 3: very_large (6.0)

6KDSH� D10 “Clear Suspended Ceiling Depth” <= 350
|   H3 “Proportion of Prefabrication (Off Site)” <= 2: Squat (6.0)
|   H3 “Proportion of Prefabrication (Off Site)” > 2: Tall (6.0)
D10 “Clear Suspended Ceiling Depth” > 350: Spraw ���������
	�����

4XDOLW\� L2 “Finishes” <= 3: medium (9.0)
L2 “Finishes” > 3: high (9.0)

�

������ 'HFLVLRQ�6XSSRUW�0RGHOLQJ�

7KUHH�PXOWL�DWWULEXWH�PRGHOV�ZHUH� GHYHORSHG� IRU� WKH� HYDOXDWLRQ� RI� EXLOGLQJV��$OO� RI�
WKHP�DUH�KLHUDUFKLFDO�DQG�UHSUHVHQW�D�UHODWLRQVKLS�EHWZHHQ�D�EXLOGLQJ��GHVFULEHG�E\�D�
VHW�RI�LQSXW�YDULDEOHV��DQG�LWV�XWLOLW\�WR�WKH�FOLHQW��+RZHYHU��LQ�RUGHU�WR�H[SORUH�YDULRXV�
UHODWLRQV�EHWZHHQ�DWWULEXWHV�DQG�YDOXH�GULYHUV��DQG�WR�H[SHULPHQW�ZLWK�GLIIHUHQW�NQRZO�
HGJH�UHSUHVHQWDWLRQV��WKH�PRGHOV�JUHDWO\�GLIIHU�LQ�WKH��
• VHOHFWLRQ�RI�LQSXW�YDULDEOHV��ZKLFK�FDQ�EH�VXEVHWV�RI�WKH�DWWULEXWHV��YDOXH�GULYHUV��RU�

ERWK��
• OHYHO�RI�GHWDLO�LQ�WHUPV�RI�WKH�QXPEHU�RI�LQSXW�YDULDEOHV�DQG�WKH�GHSWK�RI�KLHUDUFK\��
• W\SH�RI�YDULDEOHV�XVHG�LQ�WKH�PRGHO��FRQWLQXRXV�RU�GLVFUHWH��
• UHODWLRQVKLS�EHWZHHQ�DWWULEXWHV�DQG�YDOXH�GULYHUV��GHSHQGHQW�RU�LQGHSHQGHQW��
,Q�WKH�IROORZLQJ��ZH�UHIHU�WR�WKH�PRGHOV�E\�WKH�QDPHV�RI�VRIWZDUH�SDFNDJHV�WKDW�KDYH�
EHHQ�XVHG�IRU�WKHLU�GHYHORSPHQW��0LFURVRIW�([FHO�>�@��+,9,(:�>�@��DQG�'(;L�>�@��

�
([FHO�0RGHO�

7KLV� LV� WKH�PRVW�GHWDLOHG�'6�PRGHO� WKDW�XVHV����� LQSXW�DWWULEXWHV��ZKLFK�SUDFWLFDOO\�
UHSUHVHQW�WKH�ZKROH�LQSXW�VHW��)URP�WKH�����DYDLODEOH�DWWULEXWHV��ZH�RQO\�H[FOXGHG����
IXQFWLRQDOO\�GHSHQGHQW�DWWULEXWHV�WKDW�DUH�REWDLQDEOH�IURP�RWKHU�DWWULEXWHV�E\�D�PXOWL�
SOLFDWLRQ�E\�D�FRQVWDQW��WKHVH�ZHUH�UHGXQGDQW�IRU�WKLV�WDVN��

$�EXLOGLQJ� SURMHFW�� GHVFULEHG� E\� WKH� LQSXW� DWWULEXWHV�� LV� HYDOXDWHG� E\� D� WZR�VWDJH�
OLQHDU�DJJUHJDWLRQ�SURFHGXUH��VNHWFKHG� LQ�)LJXUH����)LUVW�� WKH�YDOXHV�RI�DWWULEXWHV�DUH�
PDSSHG�LQWR����FULWHULD��ZKLFK�UHSUHVHQW�YDOXH�GULYHUV��,Q�WKH�VHFRQG�VWDJH��WKHVH�DUH��
DFFRUGLQJ� WR� WKHLU�RZQ�KLHUDUFKLFDO� VWUXFWXUH��DJJUHJDWHG� LQWR� WKH�RYHUDOO�HYDOXDWLRQ��
$OO�WKH�YDULDEOHV�DUH�FRQWLQXRXV�DQG�UHSUHVHQWHG�RQ�D�>���@�SUHIHUHQFH�VFDOH��ZKHUH���
DQG���FRUUHVSRQG�WR�WKH�PRVW�DQG�WKH�OHDVW�SUHIHUUHG�HYDOXDWLRQ��UHVSHFWLYHO\��

7KH�HYDOXDWLRQ�LQ�ERWK�VWDJHV�LV�FDUULHG�RXW�DFFRUGLQJ�WR�WKH�H[SHUW�GHILQHG�DWWULE�
XWH�YDOXH�GULYHU�PDWUL[� �$9'0���%DVLFDOO\�� WKLV� LV� D� ���×���PDWUL[� FRQWDLQLQJ� HOH�
PHQWV�H ��� � ∈>���@��VSHFLI\LQJ�WKH�H[SHFWHG�LQIOXHQFH�RI�DWWULEXWH�D�WR�WKH�YDOXH�GULYHU�Y��
WKH�YDOXH���LQGLFDWHV�QR�LQIOXHQFH��DQG���YHU\�LPSRUWDQW�LQIOXHQFH��$�VPDOO�IUDJPHQW�
RI� $9'0�� ZKLFK� GHILQHV� WKH� DWWULEXWH�YDOXH�GULYHU� UHODWLRQVKLS� IRU� JRYHUQPHQWDO�



FOLHQWV��LV�SUHVHQWHG�LQ�7DEOH����)RU�WKLV�W\SH�RI�PRGHO��WKH�H[SHUW�DFWXDOO\�GHYHORSHG�
WKUHH� VXFK� PDWULFHV�� HVWLPDWLQJ� WKH� W\SLFDO� YDOXH� GULYHUV� IRU� WKUHH� W\SHV� RI� FOLHQWV��
*RYHUQPHQW��'HYHORSPHQW��DQG�2ZQHU�2FFXSLHU��
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)LJXUH���7ZR�VWDJH�HYDOXDWLRQ�VFKHPD�RI�WKH�([FHO�0RGHO�

7DEOH���$�SDUW�RI�DWWULEXWH�YDOXH�GULYHU�PDWUL[�IRU�JRYHUQPHQWDO�FOLHQWV�

9DOXH�'ULYHUV�

$WWULEXWHV� 3URIL
W�

6KDUHKOG��
9DOXH�

6DIHW\� %HVW�
3UDFWLFH�

)OH[LELO�
LW\�

2FFXpants’ 
1HHGV�

$��3URMHFW�,PDJH� �� �� �� �� �� ��
$��3URMHFW�1DPH� �� �� �� �� �� ��

'��2YHUDOO�+HLJKW� �� �� �� �� �� ��
'��1XPEHU�RI�)ORRUV� �� �� �� �� �� ��
�

,Q�WKH�DEVHQFH�RI�GHGLFDWHG�'6�VRIWZDUH�VXLWDEOH�IRU�WKLV�NLQG�RI�WZR�VWDJH�PRGHO�
LQJ�� WKLV�PRGHO�ZDV� LPSOHPHQWHG�XVLQJ�0LFURVRIW�([FHO��)LJXUH���VKRZV�D�IHZ�PRVW�
HVVHQWLDO�SDUWV�RI�WKLV�IDLUO\�ODUJH�VSUHDGVKHHW�–�KLGLQJ�VHYHUDO�FROXPQV�DQG�PRVW�RI�WKH�
1 ���� DWWULEXWHV�� ,QSXW� WR� WKH� HYDOXDWLRQ� LV� VSHFLILHG� LQ� FROXPQ� -�E\�RI�SUHIHUHQFHV�
S � ∈>���@��GHILQHG�IRU�HDFK�DWWULEXWH�D��7KHUH�DUH�IRXU�HVVHQWLDO�RXWSXWV�RI�WKH�PRGHO��

��� $EVROXWH�DQG�UHODWLYH�ZHLJKWV�RI�YDOXH�GULYHUV� �VHH�)LJXUH����FROXPQV�)�DQG�*��
URZV�����DQG�EHORZ���7KHVH�DUH�REWDLQHG�IURP�$9'0��)RU�HDFK�YDOXH�GULYHU�Y��
LWV�DEVROXWH�ZHLJKW�: � �LV�GHILQHG�DV� �
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, �

5HODWLYH�ZHLJKWV�DUH�WKHQ�SURSRUWLRQDOO\�QRUPDOLVHG�WR�WKH�>���@�VFDOH��
��� $EVROXWH� DQG� UHODWLYH� HYDOXDWLRQ� RI� YDOXH� GULYHUV� �FROXPQV�.� DQG�/�� URZV�����

DQG�EHORZ���7Kese are obtained from building’s preferences S�DQG�WDNLQJ�LQWR�DF�
FRXQW�HOHPHQWV�H�RI�$9'0��$JDLQ��UHODWLYH�HYDOXDWLRQ�LV�REWDLQHG�E\�QRUPDOLVD�
WLRQ�IURP�WKH�IROORZLQJ�DEVROXWH�HYDOXDWLRQ�� �
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��� 2YHUDOO�HYDOXDWLRQ��-�����.������)LQDO�HVWLPation of the building’s utility to the 
FOLHQW�� ,W� LV�REWDLQHG�E\�D�ERWWRP�XS�DJJUHJDWLRQ�RI� LQGLYLGXDO�( � ’s weighted by 
: � ’s aFFRUGLQJ�WR�WKH�KLHUDUFKLFDO�VWUXFWXUH�RI�YDOXH�GULYHUV��

��� :KDW�LI� DQDO\VLV� �FROXPQV�.�DQG�/�� URZV��� WR������)RU� HDFK� DWWULEXWH�� LW� VKRZV�
KRZ�ZRXOG� WKH�FKDQJH�RI�WKDW�DWWULEXWH�E\�RQH�XQLW�LQIOXHQFH�WKH�RYHUDOO�HYDOXD�
WLRQ�RI� WKH�EXLOGLQJ��)RU�H[DPSOH��WKH�LPSURYHPHQW�RI�WKH�DWWULEXWH�$��/RFDWLRQ�
from 4 to 5 would improve the overall evaluation by 45 absolute “points” or, in 
UHODWLYH�WHUPV��E\��������

�

�

)LJXUH����$Q�H[FHUSW�IURP�WKH�([FHO�0RGHO�

�

�

)LJXUH����+,9,(:�0RGHO��+LHUDUFKLFDO�VWUXFWXUH�RI�YDULDEOHV�DQG�D�PDS�



+,9,(:�0RGHO�

,Q�WKH�VHFRQG�'6�PRGHO��WKH�DLP�ZDV�WR�H[SORUH�D�GLIIHUHQW�ZD\�RI�FRPELQLQJ�DWWULE�
utes and value drivers. Instead of the Excel Model’s two�ZD\� VHTXHQWLDO� SURFHGXUH��
WKH\�ZHUH�HYDOXDWHG�LQ�SDUDOOHO��E\�FRPELQLQJ�WZR�KLHUDUFKLHV�RI�SUHIHUHQFH�YDULDEOHV��
RQH�FRQVLVWLQJ�RI�DWWULEXWHV�DQG�WKH�RWKHU�FRQVLVWLQJ�RI�YDOXH�GULYHUV��7KH�KLHUDUFK\�RI�
DWWULEXWHV�ZDV�GHILQHG�LQ�OHVV�GHWDLO�WKDQ�SUHYLRXVO\��XVLQJ�RQO\����WRS�OHYHO�DWWULEXWHV�
�)LJXUH�����7KH�HVVHQWLDO�FKDUDFWHULVWLF�RI�WKLV�PRGHO�LV�WKDW�LW�IDFLOLWDWHV�D�GLUHFW�DQDO\�
VLV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�DWWULEXWHV�DQG�YDOXH�GULYHUV�XVLQJ�PDSV��$OVR��+,9,(:�
SURYLGHV�WRROV�IRU�VHQVLWLYLW\�DQDO\VLV��ZKLFK�DUH�SDUWLFXODUO\�VXLWDEOH�IRU�WKLV�SUREOHP��
�
'(;L�0RGHO�

7KH�WKLUG�'6�PRGHO�SURGXFHG�LV�WKH�OHDVW�GHWDLOHG�RQH��,W�LQYROYHV�RQO\�YDOXH�GULYHUV��
ZKLFK� DUH� UHSUHVHQWHG� E\� D� IRXU�OHYHO� KLHUDUFK\� �)LJXUH� ����$OO� WKH� YDULDEOHV� LQ� WKH�
KLHUDUFK\�DUH�TXDOLWDWLYH��L�H���WKH\�DVVHVV�DQG�HYDOXDWH�YDOXH�GULYHUV�XVLQJ�TXDOLWDWLYH�
GHVFULSWLYH�YDOXHV�� VXFK�DV��XQDFFHSWDEOH��DFFHSWDEOH��JRRG��H[FHOOHQW��7KH�DJJUHJD�
WLRQ�LV�FDUULHG�RXW�E\�H[SHUW�GHILQHG�LI�WKHQ�GHFLVLRQ�UXOHV��

7KLV�PRGHO� LV� EHVW� VXLWHG� IRU� D� TXLFN�� TXDOLWDWLYH� DQDO\VLV� RI� YDOXH� GULYHUV�� HVSH�
FLDOO\� ZKHQ� FRPSDULQJ� GLIIHUHQW� EXLOGLQJV� DQG� WKHLU� YDULDQWV�� 7KH� PRGHO� VXSSRUWV�
ZKDW�LI� DQDO\VLV� DQG� FDQ� UHSUHVHQW� HYDOXDWLRQ� UHVXOWV� XVLQJ� UDGDU� FKDUWV� �)LJXUH� ����
)XUWKHUmore, since DEXi’s evaluation mechanism can deal with misVLQJ�GDWD��WKLV�LV�
WKH�RQO\�PRGHO�RI�WKH�WKUHH�WKDW�FDQ�SURGXFH�UHVXOWV�–�DOEHLW�OHVV�SUHFLVH�–�HYHQ�ZKHQ�
some client’s value drivers are unknown.�
�

�

)LJXUH����'(;L�0RGHO��+LHUDUFK\�RI�YDOXH�GULYHUV�DQG�UDGDU�FKDUWV�

�
���� (YDOXDWLRQ�

7R�GDWH��WKH�HYDOXDWLRQ�RI�WKH�PRGHOV�ZDV�EDVHG�VROHO\�RQ�IHHGEDFN�IURP�WKH�EXLOGLQJ�
FRQVWUXFWLRQ�H[SHUW��$IWHU� WKH�PRGHOV�ZHUH�SUHVHQWHG�DQG�GLVFXVVHG�� WKH�H[SHUW�JDYH�
WKH�IROORZLQJ�FRPPHQWV��



³7KH�GDWD�PLQLQJ�DQG�GHFLVLRQ�VXSSRUW�WHFKQLTXHV�XVHG�RQ�WKLV�SURMHFW�KDYH�EHHQ�

H[WUHPHO\� YDOXDEOH� WR�PH�SHUVRQDOO\�DV�ZHOO� DV� WKH�(&�+DUULV�RUJDQL]DWLRQ�DQG�

GHVSLWH� WKH� UHODWLYHO\� OLPLWHG� SRRO� RI� GDWD� DQG� WLPH� DYDLODEOH� KDYH� VWLOO� DGGHG�

YDOXH�WR�WKH�ZRUN�WKDW�ZH�ZHUH�DOUHDG\�GRLQJ��7KH�LQLWLDO�H[SHFWDWLRQV�KDYH�EHHQ�

IXOILOOHG��ZLWK�WKH�NH\�EHQHILWV�EHLQJ��

• ([LVWLQJ�ZRUN�E\�(&�+DUULV�ZDV�YDOLGDWHG��

• 6RPH�QHZ�OLQNV�EHWZHHQ�DWWULEXWHV�ZHUH�GLVFRYHUHG��

• &OLHQW�YDOXHV�OLQNHG�WR�WDQJLEOH�DWWULEXWHV��

• &RQFHSW�YDOXH�YV��DWWULEXWH�PRGHO�FUHDWHG��

• (VWDEOLVKHG�SRWHQWLDO�IRU�IXWXUH�GDWD�PLQLQJ�DQG�GHFLVLRQ�VXSSRUW�´�

�
���� 'HSOR\PHQW�

7R�GDWH�QRQH�RI�WKH�PRGHOV�KDYH�EHHQ�GHSOR\HG�LQ�WKH�(&�+DUULV�RUJDQL]DWLRQ��7KHUH�
DUH�SODQV�WR�SHUIRUP�IXUWKHU�PRGHOLQJ��DQG�SRWHQWLDOO\�GHSOR\�VRPH�RI�WKH�PRGHOV��

��� 'LVFXVVLRQ�

7KH�LQSXWV�WR�WKLV�SURMHFW�ZHUH�GDWD�DERXW�WKH�FRQVWUXFWLRQ�RI�ODUJH�DQG�WDOO�EXLOGLQJV��
DV�ZHOO�DV�H[SHUW�RSLQLRQ�RQ�WKH�YDOXHV�RI�DVSHFWV�RI�WKHVH�EXLOGLQJV�IRU�WKHLU�RZQHUV��
7KH� GDWD� FRQWDLQHG� ���� DWWULEXWHV�� DQG� RI� WZR� W\SHV� RI� UHFRUGV�� ���� ��� H[SHUW�
DVVHPEOHG�EHQFKPDUN�EXLOGLQJV��ZKLFK�ZHUH�FUHDWHG� IURP�H[SHULHQFH�ZLWKLQ� WKH�(&�
+DUULV�RUJDQL]DWLRQ�� DQG� �������SDUWLDOO\�FRPSOHWH� UHFRUGV�RI� UHDO�EXLOGLQJ�FRQVWUXF�
WLRQ�SURMHFWV�RU�WKHLU�GHVLJQV��,W�ZDV�UHPDUNDEOH�WKDW�WKH�H[SHUW�ZDV�DEOH�WR�FRPSOHWH�
WKH� DVVLJQPHQW� RI� YDOXHV� WR� RYHU� WHQ� WKRXVDQG� LWHPV� LQ� OHVV� WKDQ� ��� KRXUV�� )XUWKHU�
PRUH�� WKH� DQDO\VHV� RI� WKH� YDOXH� GDWD� VKRZHG� WKDW� WKH� DVVLJQPHQWV� ZHUH� UHDVRQDEO\�
FRQVLVWHQW��

7KH�EURDG�JRDOV�RI�WKH�SURMHFW�ZHUH�WR������H[SORUH�LQ�GHWDLO�UHOHYDQW�GDWD�IRU�IXUWKHU�
NQRZOHGJH�GHYHORSPHQW������LGHQWLI\�DQG�DUWLFXODWH�WKH�NH\�LVVXHV�DURXQG�YDOXH�GULY�
HUV�LQ�FRQVWUXFWLRQ��DQG�����EXLOG�PRGHOV�IRU�XVH�LQ�D�GHFLVLRQ�VXSSRUW�V\VWHP��7KHVH�
REMHFWLYHV�ZHUH�FRQVLGHUHG�WR�KDYH�EHHQ�DFKLHYHG�E\�WKH�EXLOGLQJ�H[SHUW��

,Q�ZKDW�IROORZV�ZH�KLJKOLJKW�VRPH�RI�WKH�DFKLHYHPHQWV�RI�WKH�SURMHFW��
�

$WWULEXWH�PDSSLQJ�VWUDWHJLHV��7ZR�PDLQ�PDSSLQJ�VWUDWHJLHV�ZHUH�GHYHORSHG��7KH�ILUVW�
ZDV� WKH�PDSSLQJ�EXLOGLQJ�DWWULEXWHV� WR� WKH�HYDOXDWLRQ�RI� WKH�EXLOGLQJ�ZLWK�UHVSHFW� WR�
the client’s values. The seFRQG�ZDV�WKH�PDSSLQJ�RI�DWWULEXWHV�WR�WKH�W\SH�RI�EXLOGLQJ��
�

'HFLVLRQ�0RGHOV�ZLWK�WZR�VWDJHV�RI�HYDOXDWLRQ��'HFLVLRQ�0RGHOV�ZHUH�SURGXFHG�WKDW�
XWLOL]HG�D�WZR�VWDWH�HYDOXDWLRQ�SURFHGXUH�LQ�ZKLFK�EXLOGLQJ�FRQVWUXFWLRQ�SURMHFW�DWWULE�
XWHV� DUH� PDSSHG� WR� DQ� RYHUDOO� HYDOXDWLRQ�� 7KLV� LV� SHUIRUPHG� E\� D� WZR�VWDJH� OLQHDU�
DJJUHJDWLRQ� SURFHGXUH� �UHIHU� EDFN� WR� )LJXUH� ���� )LUVW�� WKH� YDOXHV� RI� DWWULEXWHV� DUH�
PDSSHG� LQWR� ��� FULWHULD�� ZKLFK� UHSUHVHQW� YDOXH� GULYHUV�� ,Q� WKH� VHFRQG� VWDJH�� WKHVH��
DFFRUGLQJ� WR� WKHLU�RZQ�KLHUDUFKLFDO�VWUXFWXUH��DUH�DJJUHJDWHG� LQWR� WKH�RYHUDOO�HYDOXD�
WLRQ��$OO�WKH�YDULDEOHV�LQ�WKH�PRGHO�DUH�FRQWLQXRXV��
�



&RPELQLQJ�'DWD�0LQLQJ�DQG�'HFLVLRQ�6XSSRUW�PRGHOV��7KH�WZR�PDSSLQJ�VWUDWHJLHV��
RXWOLQHG�DERYH��ZHUH�SHUIRUPHG�XVLQJ� WZR�GLIIHUHQW�DQDO\VLV�DSSURDFKHV��7KH�GHYHO�
RSPHQW� RI� WKH� YDOXH� GULYHUV�PRGHOV�ZDV� SHUIRUPHG�XVLQJ�'6��ZKLOH� WKH�PRGHOV� IRU�
PDSSLQJ�DWWULEXWHV� WR�EXLOGLQJ� W\SHV�ZHUH�SURGXFHG�E\�'0��%RWK�RI� WKH�DSSURDFKHV�
XVH��LQ�SDUW��VLPLODU�LQSXW�DWWULEXWHV��7KLV�JLYHV�ULVH�WR�D�QRYHO�RSSRUWXQLW\�WR�FRPELQH�
WKH�WZR�DSSURDFKHV��)LJXUH�����
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)LJXUH���&RPELQLQJ�'HFLVLRQ�6XSSRUW�DQG�'DWD�0LQLQJ�0RGHOV�

7KH� FRPELQDWLRQ� RI� WKH�'0�DQG�'6�PRGHOV� VXJJHVWV� D� GHYHORSPHQW� RI� GHFLVLRQ�
VXSSRUW�V\VWHP�WR�DVVLVW�FOLHQWV�LQ�FKRRVLQJ�WKHLU�PRVW�VXLWDEOH�EXLOGLQJ�W\SH��$�FOLHQW�
–�ZLWK� WKH�KHOS�RI�D�EXLOGLQJ�H[SHUW�–�FDQ�DUWLFXODWH�KLV�YDOXHV�RQ� WKH�DWWULEXWHV� WKDW�
KDYH�EHHQ�VHOHFWHG��7KHVH�YDOXHV�FDQ�EH�PD[LPL]HG�XVLQJ�WKH�GHFLVLRQ�VXSSRUW�PRG�
HOV��+DYLQJ�FKRVHQ�WKH�DWWULEXWHV��WKH�GDWD�PLQLQJ�PRGHOV�FDQ�WKHQ�EH�XVHG�WR�VXJJHVW�
ZKHWKHU�VXFK�D�EXLOGLQJ�SURMHFW�LV�EURDGO\�IHDVLEOH��7KLV�SURFHVV�FDQ�EH�UHSHDWHG�IXU�
WKHU�XQWLO�WKH�FOLHQW�LV�VDWLVILHG�ZLWK�D�EXLOGLQJ�W\SH��

�
$�JHQHULF�IUDPHZRUN�IRU�DQDO\VLQJ�YDOXH�GULYHUV�IRU�EXVLQHVV��7KH�SURFHGXUH�XWLOL]HG�
LQ� SURGXFLQJ� GHFLVLRQ�PRGHOV� IRU�YDOXH�GULYHUV� FRXOG�EH�GHSOR\HG� LQ�RWKHU�EXVLQHVV�
HQYLURQPHQWV��

��� )XWXUH�:RUN�

7KH�H[HFXWLRQ�RI� WKLV�SURMHFW�KDV�–�DV� LV�FRPPRQ�–�SURYLGHG�PDQ\�LQVLJKWV��EXW�KDV�
DOVR�OHDG�WR�QHZ�TXHVWLRQV�DQG�GLUHFWLRQV�IRU�IXWXUH�ZRUN��6RPH�RI�WKH�GLUHFWLRQV�DUH�
VSHFLILF�WR�WKH�SUREOHPV�WDFNOHG�LQ�WKH�SURMHFW��ZKLOH�RWKHUV�KDYH�EURDGHU�DSSOLFDELOLW\��
6RPH�GLUHFWLRQV�DUH�OLVWHG�EHORZ��

• 6LPSOLILFDWLRQ�RI�0RGHOV�
• $QDO\VLV�RI�GHVLJQ�FRQVWUDLQWV�DQG�EXLOGLQJ�SURMHFW�IHDVLELOLW\�
• ,QWHJUDWLQJ�'(;L�PRGHOV�ZLWK�WKH�([FHO�PRGHOV�
• (VWDEOLVK�PDSSLQJV�IURP�$WWULEXWHV�WR�WKH�SUHIHUHQFHV�RI�DWWULEXWHV��



• )XUWKHU�GHYHORS�DQG�H[WHQG�D�IUDPHZRUN�IRU�WKH�JHQHULF�DQDO\VLV�RI�YDOXH�GULYHUV�LQ�EXVL�
QHVV��

'XH�WR�VSDFH�FRQVWUDLQWV��QRQH�RI�WKHVH�GLUHFWLRQV�DUH�GLVFXVVHG�LQ�DQ\�GHWDLO��

���&RQFOXVLRQV�

7KH�REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR�HPSOR\�WKH�WRROV�DQG�WHFKQLTXHV�RI�WZR�UHODWHG�GLV�
FLSOLQHV�–�'DWD�0LQLQJ�DQG�'HFLVLRQ�6XSSRUW�–�WR�WKH�VROXWLRQ�RI�WKH�SUDFWLFDO�SUREOHP�
RI�NQRZOHGJH�GHYHORSPHQW�DQG�DUWLFXODWLRQ�LQ�WKH�GRPDLQ�RI�WKH�EXLOGLQJ�FRQVWUXFWLRQ�
RI�ODUJH�DQG�WDOO�EXLOGLQJV��

'DWD�0LQLQJ�WHFKQLTXHV�SURGXFHG�PRGHOV�WKDW�YDOLGDWHG�H[LVWLQJ�H[SHUW�DQDO\VHV��DV�
ZHOO�DV�SURYLGLQJ�VRPH�QHZ�LQVLJKWV��6LJQLILFDQW�PRGHOV��KRZHYHU��ZHUH�SURGXFHG�E\�
'HFLVLRQ�6XSSRUW�WHFKQLTXHV��WR�EH�XVHG�LQ�RSWLPL]LQJ�WKH�SHUFHLYHG�YDOXH�RI�SRVVLEOH�
EXLOGLQJ�SURMHFWV�E\�FOLHQWV��7KH�RULJLQDO�PRGHOLQJ�REMHFWLYHV�ZHUH�DFKLHYHG�ZLWK�WKH�
SRVVLELOLW\�RI�GHSOR\LQJ�WKH�PRGHOV�ZLWKLQ�WKH�EXLOGing expert’s organization.�

,Q� ZRUNLQJ� RQ� WKH� VSHFLILF� SUREOHP�� D� FRQFHSW� RI� KRZ� GDWD�PLQLQJ� DQG� GHFLVLRQ�
VXSSRUW�PRGHOV�PD\�EH�LQWHJUDWHG�ZDV�SURSRVHG��,Q�VXFK�D�VHWWLQJ��WKH�GLIIHUHQW�PRG�
HOV�XWLOL]H� VLPLODU� LQSXW�YHFWRUV��EXW�SURGXFH�GLIIHULQJ�RXWSXWV��7KLV�PD\�JLYH�ULVH� WR�
WKH�GHYHORSPHQW�RI�GHFLVLRQ�VXSSRUW�V\VWHPV�WKDW�DOORZ�WKH�F\FOLQJ�EHWZHHQ�WKH�VWDWHV�
SURYLGHG�E\�WKH�PRGHOV�XQWLO�D�VXLWDEOH�FDQGLGDWH�VROXWLRQ�LV�UHDFKHG��

�

$FNQRZOHGJHPHQWV�
7KH�ZRUN� UHSRUWHG� LQ� WKLV�SDSHU�ZDV� VXSSRUWHG�E\� WKH� ,67������������SURMHFW�6RO�
(8�1HW��'DWD�0LQLQJ�DQG�'HFLVLRQ�6XSSRUW� IRU�%XVLQHVV�&RPSHWLWLYHQHVV��$�(XUR�
SHDQ�9LUWXDO�(QWHUSULVH��7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�.QRZOHGJH�0DQDJHPHQW�
)RUXP�DW�+HQOH\�0DQDJHPHQW�&ROOHJH�8.�IRU�EULQJLQJ�WKHP�WRJHWKHU��

�
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6RFLHW\�,6�������'DWD�0LQLQJ�DQG�'HFLVLRQ�6XSSRUW�LQ�$FWLRQ��/MXEOMDQD����–�����������
��� &KDSPDQ��3���&OLQWRQ��-���.HUEHU��5���.KDED]D��7���5HLQDUW]��7���6KHDUHU��&���DQG�:LUWK��5���

&5,63�'0������6WHS�E\�VWHS�GDWD�PLQLQJ�JXLGH��&5,63�'0�FRQVRUWLXP���������
��� &OHPHQ�� 5�7��� 0DNLQJ� +DUG� 'HFLVLRQV�� $Q� ,QWURGXFWLRQ� WR� 'HFLVLRQ� $QDO\VLV�� 'X[EXU\�
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