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$%675$&7�
&RQYHQWLRQDO� YLVXDOL]DWLRQ� DQG� DQDO\VLV� RI� GDWD�
VWRUHG� LQ� %XLOGLQJ� $XWRPDWLRQ� 6\VWHPV� �%$6���
(QHUJ\� 0DQDJHPHQW� 6\VWHPV� �(06�� RU� RXWSXWV�
JHQHUDWHG� E\� VLPXODWLRQ� WRROV� LV� FRQILQHG� WR� OLPLWHG�
JUDSKLFDO� DQG� FXVWRPL]DWLRQ� FDSDELOLWLHV� RI� WKH�
RULJLQDWLQJ� VRIWZDUH� RU� VSUHDGVKHHWV�� $V� D�
FRQVHTXHQFH�� WKHUH� LV� D� FXUUHQWO\� QR� JHQHULF���
OLIH�F\FOH�DQG� LQWHURSHUDEOH� WRRO� IRU�DQDO\VLV� RI� ERWK�
SUHGLFWHG�DQG�PHDVXUHG�EXLOGLQJ�SHUIRUPDQFH�GDWD��
7KLV� SDSHU� SUHVHQWV� D� QHZ� %,0�EDVHG� OLIH� F\FOH�
YLVXDOL]DWLRQ� HQYLURQPHQW� IRU� DQDO\VLV� RI� PHDVXUHG�
DQG� VLPXODWHG� EXLOGLQJ� SHUIRUPDQFH� GDWD� WKURXJK�
V\QFKURQL]HG� GLVSOD\� RI� PXOWL�FRQWH[W� DQG�
PXOWLYDULDEOH� WLPH�VHULHV� GDWD� FRPSOHPHQWHG� E\�
VXPPDU\� UHSRUWLQJ� GDWD�� $� GHPRQVWUDWLRQ� RI� WKH�
YLVXDOL]DWLRQ� HQYLURQPHQW� IRFXVHV� RQ� D� SHUIRUPDQFH�
DQDO\VLV� VFHQDULR� XVLQJ� GDWD� IURP� D� EDVH� FDVH�
VLPXODWLRQ�DQG�RQH�GHVLJQ�DOWHUQDWLYH��

,1752'8&7,21�
$� UHFHQW� LQFUHDVH� LQ� DYDLODEOH� HQHUJ\� SHUIRUPDQFH�
GDWD� IURP� EXLOGLQJV� DV� SURYLGHG� E\� PHDVXUHPHQW�
V\VWHPV� DQG� JHQHUDWHG� E\� %XLOGLQJ� (QHUJ\�
3HUIRUPDQFH� 6LPXODWLRQ� �%(36�� WRROV� KDV� OHG� WR�
ODUJH� GDWD� VHWV� �0DLOH�� ������� 3HUIRUPDQFH� DQDO\VWV�
ZKR�DUH�WU\LQJ�WR�DQDO\]H�WKHVH�GDWD�VWUXJJOH�ZLWK�WKH�
TXDQWLW\� RI� GDWD� DV� ZHOO� DV� WKH� ODFN� RI� HDV\�WR�XVH�
GDWD�YLVXDOL]DWLRQ�WRROV���
&XUUHQW� VRIWZDUH� WRROV� WKDW� SORW� SHUIRUPDQFH� GDWD�
W\SLFDOO\� IRFXV� RQ� D� VSHFLILF� GDWD� W\SH� RU� D� VSHFLILF�
W\SH� RI� DQDO\VLV�� 0RVW� UHTXLUH� GDWD� LQ� D� VSHFLILF�
IRUPDW��H�J���)ULHGPDQ�	�3LHWWH��������0D]]DUHOOD�HW�
DO��� ������ RU� IRFXV� RQ� GDWD� IURP� D� VSHFLILF� VRXUFH��
2QH�H[DPSOH�RI�WKH�ODWWHU�LV�PHDVXUHG�GDWD�IURP�GDWD�
ORJJHUV� �3*	(�� ������� 2IWHQ� HQJLQHHUV� XVH� JHQHULF�
YLVXDOL]DWLRQ� VRIWZDUH� DQG� GHYHORS� FXVWRP� URXWLQHV�
WR� VXSSRUW� WKHLU� FXUUHQW� DQDO\VLV� QHHGV�� IRU� H[DPSOH�
6HLGO� �������� 2WKHU� DQDO\VLV� WRROV� DUH� MXVW� YHU\�
GLIILFXOW� WR� XVH� �,VDNVRQ� 	� (ULNVVRQ�� ������
2’'RQQHOO� HW� DO��� ������� 2QO\� RQH� RI� WKHVH� WRROV�
VXSSRUWV�ERWK�VLPXODWHG�DQG�PHDVXUHG�GDWD��0DLOH�HW�
DO���������GHVFULEHV�D�VRIWZDUH�WRRO�WKDW�LV�FDSDEOH�RI�
GLVSOD\LQJ�VLPXODWHG�DQG�PHDVXUHG�GDWD��EXW�WKLV�WRRO�
ODFNV� WKH� DELOLW\� WR� LPSRUW� GDWD� VWUXFWXUHV�� KDV� D�
OLPLWHG� VHW� RI� GDWD� JUDSKV� DYDLODEOH� DQG� GRHV� QRW�

VXSSRUW� WKH� GHILQLWLRQ� RI� UHXVDEOH� GDWD� JUDSK�
WHPSODWHV��'LVSOD\LQJ�D�FRPELQDWLRQ�RI�PHDVXUHG�DQG�
VLPXODWHG�GDWD�ZLWKLQ� WKH�VDPH�JUDSK� LV�SDUWLFXODUO\�
GLIILFXOW� VLQFH�PHDVXUHG� SHUIRUPDQFH� GDWD� DUH� RIWHQ�
LUUHJXODU�� ZLWK� IDOVH� UHDGLQJV�� JDSV� DQG� GXSOLFDWH�
YDOXHV��0DLOH�HW�DO�����������
%HVLGHV� WKHVH� GDWD� FKDOOHQJHV� DQG� WRRO� OLPLWDWLRQV��
WKH� LQFUHDVH� LQ� DYDLODEOH� GDWD� DOVR� OHDGV� WR� WKH� QHHG�
IRU� D� PRUH� GHILQHG� PDQDJHPHQW� VWUXFWXUH� IRU� DOO�
DYDLODEOH� GDWD� SRLQWV��0RVW� WRROV� GR� QRW� SURYLGH� DQ�
DGHTXDWH� PHFKDQLVP� IRU� RUJDQL]LQJ� GDWD� ±� RQH�
H[FHSWLRQ� LV� WKH� GDWD� ZDUHKRXVH� VWUXFWXUH� SURSRVHG�
E\�.HOOHU���������
)XUWKHUPRUH�� WKHUH� LV� FXUUHQWO\� DQ� DEVHQFH� RI� DQ�
LQWHURSHUDEOH� DQG� JHQHULF� EXLOGLQJ� OLIHF\FOH� WRRO� IRU�
DQDO\VLV� RI� ERWK� SUHGLFWHG� DQG� PHDVXUHG� EXLOGLQJ�
SHUIRUPDQFH� GDWD�� /LPLWHG� JUDSKLFDO� DQG�
FXVWRPL]DWLRQ� FDSDELOLWLHV� RI� (QHUJ\� ,QIRUPDWLRQ�
6\VWHPV��(,6���%XLOGLQJ�$XWRPDWLRQ�6\VWHPV��%$6��
DQG� VSUHDGVKHHWV� W\SLFDOO\� UHVWULFW� YLVXDOL]DWLRQ� DQG�
DQDO\VLV� VFHQDULRV��$V�D� UHVXOW�� LW� LV�GLIILFXOW� IRU�HQG�
XVHUV� WR� GLVSOD\� GDWD� LQ� GLIIHUHQW� FRQWH[WV� �IRU�
H[DPSOH� UHODWLYH� KXPLGLW\� IRU� D� ]RQH� FRQWH[W� RU� DLU�
RXWOHW� WHPSHUDWXUH� IRU� D� FRROLQJ� FRLO��� ZRUN� ZLWK�
ODUJH� YROXPHV� RI� GDWD� RU� FUHDWH� GDWD� PDQDJHPHQW�
LQIUDVWUXFWXUHV� IRU� XVH� RYHU� PXOWLSOH� GHVLJQ�
DOWHUQDWLYHV�DQG�PXOWLSOH�SURMHFWV��
7R� DGGUHVV� WKHVH� VKRUWFRPLQJV� WKH� DXWKRUV� KDYH�
GHYHORSHG� D� QHZ� YLVXDOL]DWLRQ� HQYLURQPHQW� IRU�
DQDO\VLV� RI� PHDVXUHG� DQG� VLPXODWHG� EXLOGLQJ�
SHUIRUPDQFH�GDWD�DFURVV�WKH�EXLOGLQJ�OLIH�F\FOH��ZLWK�
D� SDUWLFXODU� HPSKDVLV� RQ� V\QFKURQL]HG� GLVSOD\� RI�
PXOWL�FRQWH[W� DQG� PXOWLYDULDEOH� WLPH�VHULHV� GDWD�
FRPSOHPHQWHG� E\� VXPPDU\� UHSRUWLQJ� GDWD�� 7KLV�
HQYLURQPHQW�XVHV�D�GHILQHG�VWUXFWXUH��EXLOGLQJ�REMHFW�
KLHUDUFK\�� ZLWK� LPSOHPHQWDWLRQ� XVLQJ� D� GDWD� PRGHO�
�2’DRQQHOO� HW� DO��� ������� 7KH� SDSHU� ILUVW� GHVFULEHV�
WKLV� EXLOGLQJ� REMHFW� KLHUDUFK\� DV� ZHOO� DV� WKH�
6LP0RGHO� WKDW� HQDEOHV� FRQWH[W�EDVHG� DQDO\VLV�� 7KH�
SDSHU� FRQWLQXHV� E\� H[SODLQLQJ� LQWHURSHUDEOH� GDWD�
DQDO\VLV� DQG� WKH� GHYHORSHG� GDWD� YLVXDOL]DWLRQ�
PHWKRGRORJ\��7KH�SDSHU�DOVR�GHPRQVWUDWHV�DQ�LQLWLDO�
DSSOLFDWLRQ� RI� WKH� YLVXDOL]DWLRQ� HQYLURQPHQW� XVLQJ�
SUHGLFWHG�GDWD�IURP�WKH�%(36�RXWSXWV�IRU�D�EDVH�FDVH�
DQG�RQH�GHVLJQ�DOWHUQDWLYHV� IRU�DQ�H[DPSOH�EXLOGLQJ�
ORFDWHG�LQ�&KLFDJR��86$��7KLV�GHPRQVWUDWLRQ�XVHV�D�
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FXUUHQW� EHWD� YHUVLRQ� RI� 6LPHUJ\�� D� FXUUHQW� IUHHZDUH�
WRRO��/%1/����������

&217(;7�%$6('�$1$/<6,6�
$OO� SHUIRUPDQFH� HYDOXDWLRQV� UHTXLUH� D� FRQWH[W��
&XUUHQW� SHUIRUPDQFH� DQDO\VWV� DUH� IDPLOLDU� ZLWK�
DQDO\VLV� FRQWH[WV� WKDW� LQFOXGH� EXLOGLQJ� HQHUJ\� XVH�
LQWHQVLW\�� VXSSO\� WHPSHUDWXUH� IRU� DQ� $+8� FRQWH[W��
&RHIILFLHQW� 2I� 3HUIRUPDQFH� �&23�� IRU� D� FKLOOHU�
FRQWH[W� DQG� PDQ\� RWKHUV�� 7KLV� ZRUN� UHFRJQL]HV�
FRQYHQWLRQDO� SHUIRUPDQFH� DQDO\VLV� FRQWH[WV� DQG�
FDWHJRUL]HV�WKHP�DV�EXLOGLQJ�REMHFWV��VHH�)LJXUH�����

�
Figure 1: Building object hierarchy image (Maile et 

al., 2012) 
)RU� DQ� LQGLYLGXDO� EXLOGLQJ�� WKH� IXOO� FDWHJRU\� OLVW� RI�
EXLOGLQJ� REMHFWV� LQFOXGHV� EXLOGLQJ�� IORRUV�� VSDFHV��
]RQHV�� +9$&� V\VWHPV�� DQG� +9$&� V\VWHP�
FRPSRQHQWV�� 7KH� DSSOLHG� REMHFW�EDVHG� FRQYHQWLRQ�
PDLQWDLQV� FRQVLVWHQF\� E\� DVVRFLDWLQJ� SHUIRUPDQFH�
FDWHJRULHV�VXFK�DV�³XWLOLW\�FRQVXPSWLRQ´�DQG�³HQHUJ\�
HQG�XVH�EUHDNGRZQ´�ZLWK�WKH�EXLOGLQJ��$Q�LQGLYLGXDO�
EXLOGLQJ�REMHFW�PD\�KDYH�DQ\�QXPEHU�RI�SHUIRUPDQFH�
HYDOXDWLRQV�DVVRFLDWHG�ZLWK�LW���
'XH�WR�WKH�SRWHQWLDO�IRU�D�ODUJH�GDWD� VHWV�IRU�D�JLYHQ�
EXLOGLQJ� �H�J��� ������ GDWD� SRLQWV� PHDVXUHG� DW� RQH�
PLQXWH�LQWHUYDOV�IRU�RQH�EXLOGLQJ��*DUU�HW�DO�����������
D� IRUPDO� UHSUHVHQWDWLRQ� LV� QHHGHG� WR� RUJDQL]H� WKHVH�
GDWD� SRLQWV�� 6XFK� D� UHSUHVHQWDWLRQ� ZRXOG� OLQN�
EXLOGLQJ� REMHFWV� VR� WKDW� UHDVRQLQJ� DERXW� GLIIHUHQFHV�
EHWZHHQ� PHDVXUHG� DQG� VLPXODWHG� GDWD� EHFRPHV�
SRVVLEOH��2
'RQQHOO��������FRPELQHV�WKH�JHRPHWULFDO�
DQG�V\VWHP�SHUVSHFWLYHV�LQWR�RQH�WUHH�VWUXFWXUH�WKDW�LV�
IRFXVHG� RQ� WKH� ]RQH� REMHFW�� 7KH� UHOHYDQW� +9$&�
KLHUDUFK\� LV� FRQQHFWHG� WR� HDFK� ]RQH��ZKLFK� OHDGV� WR�
GXSOLFDWH� LQVWDQFHV� RI� +9$&� V\VWHPV� DQG�
FRPSRQHQWV� DQG� GRHV� QRW� DFFRXQW� IRU� UHODWLRQVKLSV�
DPRQJ� FRPSRQHQWV� RI� GLIIHUHQW� +9$&� V\VWHPV��
0DLOH� HW� DO�� ������� FRPELQHV� WKH� WZR� SHUVSHFWLYHV�
LQWR�D�S\UDPLG�UHSUHVHQWDWLRQ�DV�VKRZQ� LQ�)LJXUH����
7KLV�UHSUHVHQWDWLRQ�HOLPLQDWHV�GXSOLFDWH� LQVWDQFHV�RI�

REMHFWV� EXW� LW� LV� GLIILFXOW� WR� UHSUHVHQW� LQ� WKLV� YLHZ�
YLVXDOO\� LQ� D� VRIWZDUH� FRQWH[W�� 7KHVH� WZR�
SHUVSHFWLYHV�DUH�SULPDULO\�OLQNHG�WKURXJK�]RQHV��KHUH�
WKHUPDO� ]RQHV�� DQG� VSDFHV�� 7KLV� ]RQH�VSDFH�
UHODWLRQVKLS�LV�D�³3DUW2I´�UHODWLRQVKLS��DV�DUH�PRVW�RI�
WKH� RWKHU� UHODWLRQVKLSV� LOOXVWUDWHG� LQ� )LJXUH� ��
�EXLOGLQJV\VWHP�� V\VWHP�FRPSRQHQW�� EXLOGLQJ�IORRU��
IORRU�VSDFH��]RQH�VSDFH���H[FHSW�WKH�FRPSRQHQW�]RQH�
UHODWLRQVKLS��ZKLFK� LV� FODVVLILHG� DV� DQ� ³,V6HUYHG%\´�
UHODWLRQVKLS�� ,Q� DGGLWLRQ�� D� QXPEHU� RI� RWKHU�
UHODWLRQVKLSV�DUH�FRQWDLQHG�ZLWKLQ�WKH�EXLOGLQJ�REMHFW�
KLHUDUFK\��0DLOH�HW�DO�����������
)LJXUH���LOOXVWUDWHV�D�SDUWLDO�EXLOGLQJ�REMHFW�KLHUDUFK\�
IRU� DQ� H[DPSOH� EXLOGLQJ��7KH� WUHH� RQ� WKH� OHIW� VKRZV�
WKH�+9$&�KLHUDUFK\�DQG�WKH�RQH�RQ�WKH�ULJKW�VKRZV�
WKH�VSDWLDO�KLHUDUFK\��
�

�
Figure 2: Example of a building object hierarchy 

$� %(36� PRGHO� W\SLFDOO\� GLUHFWO\� FRQWDLQV� WKHVH�
UHODWLRQVKLSV�EHWZHHQ�EXLOGLQJ�REMHFWV�RU�WKH\�FDQ�EH�
GHULYHG�IURP�RWKHU�UHODWLRQVKLSV��,Q�(QHUJ\3OXV��HDFK�
]RQH� LV� SDUW� RI� D� EXLOGLQJ� DQG� LQGLUHFWO\� OLQNHG� WR�
QHLJKERULQJ� ]RQHV� WKURXJK� FRQQHFWHG� VXUIDFHV�
REMHFWV��7KH� FRQFHSW� RI� D� IORRU� DV�DQ�DJJORPHUDWLRQ�
RI� VSDFHV� LV� PLVVLQJ� LQ� (QHUJ\3OXV�� +RZHYHU�� WKH�
+9$&� FRPSRQHQWV� DUH� SDUW� RI� D� VSHFLILF� +9$&�
V\VWHP�ZLWK�D�EUDQFK�VWUXFWXUH� WKDW�FRQQHFWV�+9$&�
FRPSRQHQWV� DQG� LQFOXGHV� GLUHFWLRQ� RI� IORZ�� ,Q�
DGGLWLRQ�� WKH� +9$&� FRPSRQHQWV� RQ� WKH� ]RQH� OHYHO�
OLQN�WR�WKHLU�UHODWHG�]RQH�REMHFWV���
)XUWKHUPRUH�� IRUPDOL]HG� FRQFHSWV� IRU� WRSRORJLFDO�
UHODWLRQVKLSV� FRQWDLQHG� LQ� LQWHURSHUDEOH� GDWD�PRGHOV�
VXFK� DV� ,QGXVWU\� )RXQGDWLRQ� &ODVVHV� �,)&�� RU�
6LP0RGHO� VXSSRUW�PRGHOLQJ� RI� GLVWULEXWLRQ� V\VWHPV�
�OLNH� +9$&��� 6XSSRUWHG� UHSUHVHQWDWLRQV� LQFOXGH�
H[SOLFLW�SRUW� W\SHV�� VXFK�DV�DLU�LQOHW�RU�FKLOOHG�ZDWHU�
RXWOHW�� DQG� FRQQHFWLRQV� RI� SLSHV� DQG� GXFWV�� 7KH�
DOWHUQDWLYH�LV�WR�LQFOXGH�SRUW�GHILQLWLRQV�DV�SDUW�RI�DQ�
REMHFW� GHILQLWLRQ� DQG� FRQQHFWLRQV� WKURXJK� D�
UHIHUHQFLQJ� PHFKDQLVP� EHWZHHQ� SRUWV�� 3RUWV� DUH�
H[SOLFLWO\� OLQNHG� WR� WKH� HOHPHQWV� WKH\� VHUYH� DQG�
FRQQHFWLRQ� HOHPHQWV� DUH� OLQNHG� WR� WKH� SRUWV� WKH\�
FRQQHFW�� 6LP0RGHO� FRQFHSWV� JR� EH\RQG� WKHLU�
FRXQWHUSDUWV�LQ�,)&��DV�,)&�GRHV�QRW�VXSSRUW�SRUWV�RQ�
]RQHV� RU� VSDFHV�� $SSOLFDWLRQV� PD\� LQ� WXUQ� HDVLO\�
HVWDEOLVK�GLUHFWLRQ�RI�IORZ�EDVHG�RQ�WKHVH�FRQFHSWV���
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&RQWH[W�EDVHG� DQDO\VLV� FDQ� OHYHUDJH� VLJQLILFDQW�
EHQHILWV�IURP�H[SOLFLW�SRUW�GHILQLWLRQV�E\�HVWDEOLVKLQJ��
H[SOLFLW� OLQNV� EHWZHHQ� LQGLYLGXDO� VWUHDPV� RI� WLPH�
VHULHV� GDWD� DQG� LGHQWLILDEOH� SRUWV� �)LJXUH� ���� :LWK�
VXFK� OLQNV� DYDLODEOH�� SHUIRUPDQFH� DQDO\VLV� VROXWLRQV�
FDQ� GHILQH� DQDO\VLV� WHFKQLTXHV� LQGHSHQGHQWO\� RI� D�
JLYHQ�EXLOGLQJ��*UDQGHUVRQ�HW�DO���������6FKHLQ�HW�DO���
������DQG�DVVRFLDWH�LQGLYLGXDO�DQDO\VLV�PHWKRGV�ZLWK�
WKH� DSSURSULDWH� REMHFWV� LQ� D� JHQHULF� EXLOGLQJ� REMHFW�
KLHUDUFK\��)RU�D�VSHFLILF�LQVWDQFH�RI�D�EXLOGLQJ�REMHFW�
KLHUDUFK\�� L�H�� D� JLYHQ� EXLOGLQJ�� WKH� VROXWLRQ� RQO\�
UHTXLUHV�H[SOLFLW�OLQNV�EHWZHHQ�WKH�GDWD�DQG�WKH�SRUWV�
LQ� RUGHU� WR� IDFLOLWDWH� DXWRPDWHG� DQDO\VLV�� 7KLV�
DSSURDFK� IDU� VXUSDVVHV� WUDGLWLRQDO� EHVSRNH� VROXWLRQV�
WKDW�KHDYLO\�UHO\�RQ�PDQXDO�GDWD�PDQLSXODWLRQ���
$V�D�UHVXOW��DQ�DXWRPDWHG�VROXWLRQ�PXVW�EDVH�LWVHOI�RQ�
DQ� DSSURSULDWH� LQWHURSHUDEOH� OLIH� F\FOH� GDWD� PRGHO�
DQG� 6LP0RGHO� IXOILOOV� WKHVH� UHTXLUHG� LQWHURSHUDEOH�
DQG�IXQFWLRQDO�FULWHULD��2’'RQQHOO�HW�DO�����������

,17(523(5$%,/(�$1$/<6,6�
5REXVW� DQG� PDWXUH� OLIH� F\FOH� GDWD� PRGHOV� RI�
EXLOGLQJV� LQFOXGH� DOO� REMHFWV� UHTXLUHG� E\� D� EXLOGLQJ�
SURMHFW� DV� ZHOO� DV� REMHFWLILHG� UHODWLRQVKLSV� EHWZHHQ�
REMHFWV�� 2I� ZKLFK� ,)&� LV� SUHVHQWO\� DQ� ,62�3$6�
VWDQGDUG� �,62�� ������ IRU� WKH� DUFKLWHFWXUH��
FRQVWUXFWLRQ�DQG�IDFLOLWLHV�PDQDJHPHQW�GRPDLQ�EXW�LV�
PLVVLQJ� VRPH� NH\� HQWLWLHV� IRU� WKH� SXUSRVHV� RI�
VLPXODWLRQ� DQG� SHUIRUPDQFH� DQDO\VLV�� ,QVWHDG�� WKH�
DXWKRUV� SURSRVH� WR� XVH� 6LP0RGHO�� ZKLFK� KDV� DQ�
DUFKLWHFWXUH�WKDW�LV�YHU\�FORVHO\�DOLJQHG�ZLWK�,)&��DV�
WKH� LQWHURSHUDEOH� OLIH� F\FOH� GDWD� PRGHO� IRU�
SHUIRUPDQFH�DQDO\VLV���

6LP0RGHO� RU� 6LPXODWLRQ� 'RPDLQ� 0RGHO� LV� D� QHZ��
LQWHURSHUDEOH�;0/�EDVHG�GDWD�PRGHO�IRU�WKH�EXLOGLQJ�
VLPXODWLRQ� GRPDLQ� �2’'RQQHOO� HW� DO��� �������
6LP0RGHO�SURYLGHV�D�FRQVLVWHQW�GDWD�PRGHO�DFURVV�DOO�
DVSHFWV� RI� WKH� EXLOGLQJ� VLPXODWLRQ� SURFHVV�� WKXV�
SUHYHQWLQJ� LQIRUPDWLRQ� ORVV� DV� FKDQJHV� RFFXU� WR� WKH�
EXLOGLQJ� RYHU� WLPH�� 7KH� PRGHO� DFFRXQWV� IRU� QHZ�
VLPXODWLRQ� WRRO� DUFKLWHFWXUHV�� H[LVWLQJ� DQG� IXWXUH�
+9$&� DQG� ORZ� HQHUJ\� V\VWHPV�� FRPSRQHQWV� DQG�
IHDWXUHV�� ,Q� DGGLWLRQ�� LW� LV� D� PXOWL�UHSUHVHQWDWLRQ�
PRGHO� WKDW� HQDEOHV� LQWHJUDWHG� JHRPHWULF� DQG�
0HFKDQLFDO�� (OHFWULFDO� DQG� 3OXPELQJ� �0(3��
VLPXODWLRQ�FRQILJXUDWLRQ�GDWD��7KH�6LP0RGHO�REMHFWV�
RQWRORJ\� PRYHV� DZD\� IURP� WRRO�VSHFLILF�� QRQ�
VWDQGDUG�QRPHQFODWXUH�E\�LPSOHPHQWLQJ�DQ�LQGXVWU\�
YDOLGDWHG�WHUPLQRORJ\�DOLJQHG�ZLWK�WKH�ODWHVW�YHUVLRQ�
RI�,)&��EXLOGLQJ60$57����������
3RVW�SURFHVVLQJ� RI� VLPXODWLRQ� RXWSXW� LV� PRVW�
LPSRUWDQW� DV� VLPXODWLRQ� HQJLQHV� PD\� JHQHUDWH�
HQRUPRXV�DPRXQWV�RI�RXWSXW�GDWD��6LP0RGHO�RXWSXW�
PDSSLQJV� WKHUHIRUH� UHIOHFW� WKH� EUHDGWK� DQG� GHSWK� RI�
SUHVHQW�RXWSXW�IRUPDWV�DQG�RXWSXW�UHTXHVWV�FRQWDLQHG�
LQ�(QHUJ\3OXV�� 7KH� FKRVHQ� DSSURDFK� VWRUHV� D� VHW� RI�
LQSXWV� FUHDWHG� IURP� D� QXPEHU� RI� UHXVDEOH� OLEUDU\�
HQWLWLHV�WKDW�HQDEOH�D�XVHU�WR�UHFUHDWH�LGHQWLFDO�RXWSXWV�
IRU�D�SDUWLFXODU�PRGHO��$IWHU�D�JLYHQ�VLPXODWLRQ�UXQ��
6LP0RGHO�VWRUHV�D�OLQN��85/��WR�VLPXODWLRQ�RXWSXWV�
ZLWK� VLPXODWLRQ� UXQ� GDWD� DV� RSSRVHG� WR� H[SOLFLWO\�
VWRULQJ� RXWSXW� GDWD� ZLWKLQ� D� PRGHO� LQVWDQFH�� 7R�
HQVXUH� FRQVLVWHQF\� ZKHQ� UHUXQQLQJ� VLPXODWLRQV��
VLPXODWLRQ�FRQILJXUDWLRQV�GDWD�LV�DOVR�VWUXFWXUHG�DQG�
VWRUHG�IRU�UH�XVH���

Figure 3: Conceptual representation of automated linking of performance data with a building object to 
support context based performance analysis 
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9,68$/,=$7,21�(19,5210(17�
7KH� 6LPHUJ\� UHVXOWV� YLVXDOL]DWLRQ� HQYLURQPHQW�
FXUUHQWO\� HQDEOHV� XVHUV� WR� OHYHUDJH� VLPXOWDQHRXV�
GLVSOD\V� RI� UHVXOWV� IURP� VLQJOH� RU� PXOWLSOH�
VLPXODWLRQV� IRU�DQ\�RI� WKH�DYDLODEOH�RXWSXW�YDULDEOHV�
LQ� (QHUJ\3OXV� �6HH� HW� DO��� ������� � 7KH� UHVXOWV�
HQYLURQPHQW� DOVR� SURYLGHV� WKH� IUDPHZRUN� IRU�
YLVXDOL]LQJ�UHVXOWV�DW�D�QXPEHU�RI�RWKHU�VWDJHV�LQ�WKH�
EXLOGLQJ�OLIHF\FOH�DQG�FDQ�VXSSRUW��
� :HDWKHU�GDWD�IURP�DQ�RQ�VLWH�ZHDWKHU�VWDWLRQ�
� $FWXDO�EXLOGLQJ�SHUIRUPDQFH�GDWD�
� 2SWLPL]DWLRQ�DQDO\VLV�UHVXOWV�WKDW�LQIRUP�GHVLJQ�
� $VVLVWHG� FDOLEUDWLRQ� DQDO\VLV� WR� WUDQVLWLRQ� WKH�
GHVLJQ�HQHUJ\�PRGHO�WR�RQH�XVHG�GXULQJ�RSHUDWLRQV�

� 9LVXDOL]H�UHVXOWV�IRU�RSHUDWLRQDO�ÄZKDW�LI�VFHQDULRV’�
WR�TXDQWLI\�WKHLU�SRWHQWLDO�LQIOXHQFH��

7KH� UHVXOWV� HQYLURQPHQW� LV� NH\� FRPSRQHQW� RI� WKH�
6LPHUJ\� XVHU� LQWHUIDFH� �)LJXUH� ���� &RQFHSWXDOO\�� LW�
FRPSOHPHQWV� SUHGHILQHG� UHSRUWV� DV� JHQHUDWHG� E\�
(QHUJ\3OXV� E\� DOORZLQJ� XVHUV� D� PRUH� JUDQXODU�
DQDO\VLV� RI� UHVXOWV�� ,Q� RUGHU� WR� GR� VR�� WKH� UHVXOWV�
YLVXDOL]DWLRQ� HQYLURQPHQW� GHVLJQ� IRFXVHV� RQ� IRXU�
PDLQ�IHDWXUHV�WKDW�DUH�DQQRWDWHG�LQ�)LJXUH����
��� �� 5LEERQ� �� 7KH� 5HVXOWV� (QYLURQPHQW� ULEERQ�
LQFOXGHV�KLJK�OHYHO�GDWD�WKURXJK�5HVXOWV�6HWV��5HVXOWV�
6FUHHQ�DQG�9LHZV���+HUH�WKH�XVHU�FDQ�FRQWURO�WKH�GDWD�
WKDW�WKH\�ZLOO�EH�ZRUNLQJ�ZLWK�LQ�WHUPV�RI��SUHGHILQHG�
VHWV� RI� YLHZV� �5HVXOWV� 6FUHHQ��� VDYLQJ� VHWV� RI�
FXVWRPL]HG�YLHZV� IRU�ODWHU�XVH�RQ�D�JLYHQ�SURMHFW�RU�
IRU�XVH�RQ�RWKHU�SURMHFWV��DQG�WKH�FRQILJXUDWLRQ�RI�WKH�
UHVXOWV�YLHZ�ILHOG�ZKLFK�DOORZV�RQH�WR�WZHOYH�5HVXOW�
6FUHHQ�FRQILJXUDWLRQV��
���±�$YDLODEOH�2XWSXW�9DULDEOHV�DQG�6HOHFWLRQV�±�
7KLV� SRUWLRQ� RI� WKH�5HVXOWV�9LVXDOL]DWLRQ�ZRUNVSDFH�
FRPSULVHV�RI� WKUHH�VXEVHFWLRQV�ZKHUH�RQH�FDQ�YLHZ��

ILOWHU�DQG�VHOHFW�RXWSXW�YDULDEOHV�DVVRFLDWHG�ZLWK� WKH�
5HVXOWV� 6HWV�� � ,Q� IXWXUH� YHUVLRQV� RI� 6LPHUJ\� WKH�
$YDLODEOH� &RPSRQHQW� 7UHH�� ZKLFK� UHSUHVHQWV� WKH�
EXLOGLQJ�REMHFW�KLHUDUFK\��ZLOO�DOORZ�XVHUV�WR�VHOHFW�D�
FRPSRQHQW� LQ� WKH� Ä7UHH’� DQG� ZLOO� ILOWHU� WKH� RXWSXW�
YDULDEOHV� LQ� WKH�$YDLODEOH�2XWSXW�9DULDEOHV� WDEOH� WR�
GLVSOD\� WKH� YDULDEOHV� RQO\� DVVRFLDWHG� ZLWK� WKDW�
FRPSRQHQW���7KH�$YDLODEOH�2XWSXW�9DULDEOHV�7DEOH�
GLVSOD\V�WKH�RXWSXW�YDULDEOHV�DYDLODEOH�IRU�WKH�5HVXOWV�
6HWV�VHOHFWHG��7KH�2XWSXW�9DULDEOH�6HOHFWLRQ�7DEOH�
VWRUHV�XVHU�FKRVHQ�RXWSXW�YDULDEOH�VHOHFWLRQV�IURP�WKH�
$YDLODEOH�2XWSXW�9DULDEOHV�7DEOH� DQG� DUH� GLVSOD\HG�
LQ�D�5HVXOWV�9LHZ��)RU�DQ�DFWLYH�5HVXOWV�9LHZ�D�XVHU�
FDQ� DGG�� VHOHFW� RU� GHOHWH� 2XWSXW� 9DULDEOHV�� 7KLV�
IHDWXUH� HQDEOHV� HQRUPRXV� IOH[LELOLW\� LQ� WHUPV� DW� WKH�
KLJKHVW�OHYHO�RI�GDWD�JUDQXODULW\���
���±�5HVXOWV�5HSRUWLQJ�$UHD�±�7KH�PDMRU�UHPDLQLQJ�
SRUWLRQ�RI�WKH�ZRUNVSDFH�ZDV�GHVLJQHG�WR�FRQWDLQ�RQH�
WR�IRXU�FRQILJXUDEOH�5HVXOWV�9LHZV�WKDW�DUH�VHOHFWDEOH�
IURP� WKH� YLHZ� FRQILJXUDWLRQ� LFRQV� LQ� WKH� ULEERQ��
&XUUHQW� UHVXOWV� YLHZ� RSWLRQV� YDU\� IURP� IRXU�
LGHQWLFDOO\� VL]HG� WR� D� VLQJOH� ODUJHU�5HVXOWV�9LHZ�� ,Q�
RUGHU� WR� PXOWL�FRQWH[WXDO� FRPSDULVRQV�� KHLJKWHQ�
XQGHUVWDQGLQJ� DQG� SUREOHP� VROYLQJ�� HDFK� 5HVXOWV�
9LHZ�PD\�FRQWDLQ�LQIRUPDWLRQ�UDQJLQJ�IURP�D�VLQJOH�
RXWSXW�YDULDEOH�IRU�D�VLQJOH�5HVXOWV�6HW�WR�D�JURXS�RI�
RXWSXW�YDULDEOHV�WKDW�FDQ�SORW�DJDLQVW�WZR�\�D[HV��
���±�5HVXOWV�9LHZ�&RQWUROV�±�(DFK�5HVXOWV�9LHZ�KDV�
LWV�RZQ�VHW�RI�FRQWUROV�WKDW�HQDEOH�FUHDWLYH�IOH[LELOLW\�
LQ�WHUPV�RI�FKDUW�RU�JUDSK��FKDUW�W\SH��WLPH�VWHS�W\SH�
DQG� ]RRPLQJ�� *UDSKLQJ� RSWLRQV� LQFOXGH� ILYH� JUDSK�
FDWHJRULHV� RI� FROXPQ� FKDUW�� OLQH�� VXUIDFH�� DUHD� DQG�
UDQJH� FKDUWV� WKDW� DUH� HDVLO\� LQWHUFKDQJHG� RQ� DQ�
LQGLYLGXDO� 5HVXOWV� 9LHZ� EDVLV�� )XUWKHU� IUHTXHQF\�
VHOHFWLRQV� UDQJH� IURP� WLPHVWHS� WR� UXQ� SHULRG� DQG�
HQDEOH�HYHQ�IXUWKHU�DQDO\VLV�IOH[LELOLW\����

Figure 4: Layout of the visualization screen in the Simergy Interface including access to context specific data  
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$Q� H[DPSOH� LPSOHPHQWDWLRQ� RI� WKLV� SURSRVHG�
YLVXDOL]DWLRQ�HQYLURQPHQW�IRFXV�RQ�D�GHVLJQ�VFHQDULR�
ZLWK�D�EDVH�FDVH�DQG�RQH�DOWHUQDWLYH��'XH� WR�FXUUHQW�
IXQFWLRQDO� OLPLWDWLRQV� RI� WKH� VRIWZDUH�� LPSRUW� RI�
PHDVXUHG�GDWD�LV�QRW�DQ�DYDLODEOH�IHDWXUH��:KHQ�WKLV�
IXQFWLRQDOLW\�LV�DYDLODEOH�WKH�WRRO�ZLOO�UHO\�RQ�D�FOHDQ�
GDWD� VHW� WKDW� KDV� SDVVHG� WKURXJK� D� XWLOLW\� VWDQGDUG�
YDOLGDWLRQ�� HVWLPDWLRQ� DQG� HGLWLQJ� SURFHVV� WR� HQVXUH�
TXDOLW\� DQG� FRQVLVWHQF\�� 7KHUHIRUH�� WKLV�
GHPRQVWUDWLRQ� OHYHUDJHV� WZR� GLVWLQFW� VRXUFHV� RI�
VLPXODWLRQ� RXWSXWV� WR� LOOXVWUDWH� WKH� SUDFWLFH� RI�
FRPSDULQJ�WZR�DQQXDO�GDWDVHWV��
,Q� RUGHU� WR� FUHDWH� D� IDLU� FRPSDULVRQ� RI� GDWD�� ERWK�
VLPXODWLRQ� PRGHOV� XVHG� D� SUHGHILQHG� VHW� RI� RXWSXW�
UHTXHVWV�IURP�DQ�H[LVWLQJ�6LPHUJ\�OLEUDU\��WKLV�RXWSXW�
VHW� LV� VWRUHG� LQ� WKH� 6LP0RGHO� IRUPDW� DQG� FDQ� EH�
UHXVHG�RQ�D�JLYHQ�SURMHFW�RU�RQ�RWKHU�SURMHFWV���
7KH� GHVLJQ� VFHQDULR� IRFXVHV� RQ� WKH� '2(� UHIHUHQFH�
EXLOGLQJ� ³5HI%OGJ0HGLXP2IILFH1HZ����BY���B����
B�$B86$B,/B&+,&$*2�2+$5(´� ZKLFK� LV�
ORFDWHG� LQ� WKH�&KLFDJR� DUHD� �'2(�� �������7KH� EDVH�
FDVH� DQG� GHVLJQ� DOWHUQDWLYH� GLIIHU� LQ� WHUPV� RI� WKH�
ZLQGRZV� XVHG�� WKH� EDVH� FDVH� XVHV� GRXEOH� SDQH�
ZLQGRZV� RQ� DOO� IDFDGHV�ZKLOH� WKH� GHVLJQ�DOWHUQDWLYH�
XVHV�WULSOH�SDQH�ZLQGRZ�RQ�DOO�IDFDGHV��
9LVXDOL]DWLRQ� RI� UHVXOWV� LQFRUSRUDWHV� VLPXOWDQHRXV�
PXOWL�FRQWH[W�DQDO\VLV�RI� IRXU�GLIIHUHQW�VXE�FRQWH[WV��
RQH�SHU�TXDGUDQW�RI�)LJXUH����6WDUWLQJ�LQ�WKH�WRS�OHIW�
KDQG� FRUQHU� RI� )LJXUH� �� DQG�ZRUNLQJ� FORFNZLVH� WKH�
FRQWH[WV�IRU�DQDO\VLV�DUH�DV�IROORZV��
�� Building�� DQ� DQQXDO� SORW� RI� PRQWKO\� HOHFWULFLW\�

DQG� JDV� WRWDOV� IRU� EDVHG� FDVH� DQG� GHVLJQ�
DOWHUQDWLYH��GLVSOD\HG�LQ�D�KLVWRJUDP�

�� Plant equipment chillers��DQQXDO�SORW�RI�PRQWKO\�
FRROLQJ� ORDG�� GLVSOD\HG� LQ� D� KLVWRJUDP�� DJDLQVW�
RXWVLGH�DLU�WHPSHUDWXUH�GLVSOD\HG�LQ�D�OLQH�JUDSK�
IRU�WKH�EDVH�FDVH�DQG�GHVLJQ�DOWHUQDWLYH�

�� Building��PXOWL�GD\�SHDN�ORDG�HOHFWULFLW\�DQDO\VLV�
IRU�WKH�EDVH�FDVH�DQG�GHVLJQ�DOWHUQDWLYH�LQ�D�OLQH�
FKDUW��

�� Zone�� DQQXDO� SORW� RI� KRXUO\� ]RQH� PHDQ� DLU�
WHPSHUDWXUH�IRU�D�UHSUHVHQWDWLYH�]RQH�LQ�WKH�EDVH�
FDVH��GLVSOD\HG�DV�D�FDUSHW�SORW���

$�QXPEHU�RI� REVHUYDWLRQV�DUH�SRVVLEOH� EDVHG� RQ� WKH�
GLVSOD\HG� SORWV� RI� )LJXUH� ��� 7KHUH� LV� D� TXDQWLILDEOH�
GLIIHUHQFH�LQ�QDWXUDO�JDV�XVH�EHWZHHQ�WKH�WZR�FDVHV��D�
SKHQRPHQRQ� WKDW� LV� PRVW� QRWLFHDEOH� GXULQJ� ZLQWHU�
KHDWLQJ� PRQWKV�� (OHFWULFLW\� XVH� IRU� WKH� GHVLJQ�
DOWHUQDWLYH� LV� DOVR�PHDVXUDEO\� GLIIHUHQW� EHWZHHQ� WKH�
WZR� FDVHV� EXW� DJDLQ� GXULQJ� WKH� ZLQWHU� WLPH� SHULRG�
ZLWK� QR� PHDQLQJIXO� GLIIHUHQFH� GXULQJ� WKH� VXPPHU�
FRROLQJ�VHDVRQ��,Q�IDFW�WKHUH�LV�D�KLJKHU�FRROLQJ�ORDG�
IRU� WKH� GHVLJQ� DOWHUQDWLYH� GXULQJ� WKH� SHDN� VXPPHU�
PRQWKV�� )RU� D� ORFDWLRQ� OLNH� &KLFDJR�� FRQYHQWLRQDO�
WKLQNLQJ� PLJKW� H[SHFW� SHDN� GHPDQG� ORDG� GXULQJ� D�
SHDN� VXPPHU� WLPH� FRROLQJ� HYHQW� EXW� WKH� SHDN�
GHPDQG� RFFXUUHQFH� ZDV� DFWXDOO\� GXULQJ� PRUQLQJ�
UDPS� XS� RQ� D� GD\� LQ� HDUO\� )HEUXDU\�� 7KLV� LV� PRVW�
LPSRUWDQW� DV� WKH� SHDN� GHPDQG� ORDG� W\SLFDOO\�
LQIOXHQFHV�WDULII�IRU�D�SHULRG�RI����PRQWKV��:KLOH�WKH�

GHVLJQ� DOWHUQDWLYH� PLJKW� KDYH� D� VOLJKWO\� ORZHU�
GHPDQG� SHDN� WKDQ� WKH� EDVH� FDVH�� LW� LV� LPPHGLDWHO\�
DSSDUHQW�WKDW�HTXLSPHQW�VFKHGXOLQJ�QHHGV�DGMXVWPHQW�
WR� UHGXFH� WKLV� SHDN� ORDG� RFFXUUHQFH�� )XUWKHUPRUH��
IXQFWLRQDO� LQWHQW� LV� RI� SDUDPRXQW� LPSRUWDQFH� GXULQJ�
DQDO\VLV�� 7KH� FDUSHW� SORW� LOOXVWUDWHV� WKDW� ]RQH�
FRQGLWLRQV�DUH�DFFHSWDEOH� IRU�WKH�PDMRULW\�RI�WKH�UXQ�
SHULRG� EXW� IXUWKHU� LQYHVWLJDWLRQ�PD\� EH� UHTXLUHG� IRU�
KLJK�]RQH�WHPSHUDWXUHV�GXULQJ�VXPPHU�PRQWKV�

&21&/86,21�$1'�)8785(�:25.�
3HUIRUPDQFH�DQDO\VLV�DFWLYLWLHV�FRQGXFWHG�WKURXJK�DQ�
LQWHURSHUDEOH� OLIH� F\FOH� %,0� HQVXUHV� SHUIRUPDQFH�
HYDOXDWLRQV� RYHU� WKH� HQWLUH� %/&�� 7KLV� DSSURDFK�
FDSWXUHV� RULJLQDO� GHVLJQ� LQWHQW� DQG� XSGDWHV� WKLV�
GHVLJQ� LQWHQW� WR� UHIOHFW� DQ\� FKDQJHV� LQ� WKH� EXLOGLQJ��
'XULQJ� RSHUDWLRQ�� D� SHUIRUPDQFH� DQDO\VLV�PD\� WKHQ�
FRPSDUH�XSGDWHG�GHVLJQ�LQWHQW�ZLWK�DFWXDO�RSHUDWLRQ����
)XUWKHUPRUH��FRQWH[W�EDVHG�SHUIRUPDQFH�DQDO\VLV�FDQ�
GHOLYHU� VLJQLILFDQW� HIILFLHQF\� LPSURYHPHQWV� ZLWK�
UHVSHFW� WR� WKH� TXDOLW\� RI� DQG� WLPH� VSHQW� RQ�
SHUIRUPDQFH�DQDO\VLV��7KHVH�LPSURYHPHQWV�DUH�PDGH�
SRVVLEOH� WKURXJK� SUHGHILQHG� DXWRPDWHG� FDOFXODWLRQV�
WKDW� UHPRYH� PXFK� RI� WKH� RYHUKHDG� DVVRFLDWHG� ZLWK�
GDWD�DFTXLVLWLRQ�DQG�PDQLSXODWLRQ�SULRU�WR�DQDO\VLV��
2YHU� WLPH� WKLV� YLVXDOL]DWLRQ� HQYLURQPHQW� ZLOO�
FRQWLQXH� WR� HYROYH�� HVSHFLDOO\� ZLWK� UHVSHFW� WR� WKH�
GLVSOD\� RI� PHDVXUHG� GDWD�� 7KH� NH\� LVVXH� LV� WKDW�
PHDVXUHG� GDWD� LV� DYDLODEOH� LQ� D� QRQ�KRPRJHQRXV�
IRUPDW� WKDW� LQHYLWDEO\� UHTXLUHV� SUH�SURFHVVLQJ��
$QRWKHU� DUHD� RI� IXWXUH� ZRUN� ZLOO� IRFXV� RQ�
FXVWRPL]DEOH�LQWHUIDFHV�IRU�GLIIHUHQW�VWDNHKROGHUV�DQG�
SRWHQWLDOO\�DFFHVV�WR�RWKHU�VRXUFHV�RI�GDWD��2’DRQQHOO�
HW�DO�����������

$&.12:/('*(0(17�
7KLV�ZRUN�ZDV�VXSSRUWHG�E\� WKH�$VVLVWDQW�6HFUHWDU\�
IRU�(QHUJ\�(IILFLHQF\�DQG�5HQHZDEOH�(QHUJ\��2IILFH�
RI� %XLOGLQJ� 7HFKQRORJ\�� 6WDWH� DQG� &RPPXQLW\�
3URJUDPV� RI� WKH� 8�6�� 'HSDUWPHQW� RI� (QHUJ\� XQGHU�
&RQWUDFW� 1R�� '(�$&�����&+������ DQG� E\� WKH�
&DOLIRUQLD� (QHUJ\� &RPPLVVLRQ� 3,(5� %XLOGLQJV�
SURJUDP�� ,QIRV\V� 7HFKQRORJLHV� /WG�� DQG� WKH� 8�6��
'HSDUWPHQW� RI� (QHUJ\� 7HFKQRORJ\�
&RPPHUFLDOL]DWLRQ�)XQG���

5()(5(1&(6�
EXLOGLQJ60$57��������,QGXVWU\�)RXQGDWLRQ�&ODVVHV�

�,)&��+RPHSDJH�>,QWHUQHW@��$YDLODEOH�IURP��
�KWWS���EXLOGLQJVPDUW�RUJ�!� >$FFHVVHG� ���
)HEUXDU\�����@��

'2(� ������� %XLOGLQJ� 7HFKQRORJLHV� 3URJUDP��
&RPPHUFLDO�5HIHUHQFH�%XLOGLQJV�>,QWHUQHW@��
$YDLODEOH� IURP��
�KWWS���ZZZ��HHUH�HQHUJ\�JRY�EXLOGLQJV�FR
PPHUFLDO�UHIBEXLOGLQJV�KWPO!� >$FFHVVHG� ���
)HEUXDU\�����@��

)ULHGPDQ�� +�� 	� 3LHWWH�� 0��$�� ������� Comparative 
Guide to Emerging Diagnostic Tools for 
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Large Commercial HVAC systems��
/DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\��

*DUU��0���.XQ]��-���2’DRQQHOO��-��	�0DLOH��7���������
Workflow and Resources for Facility 
Operations Analysis�� 6WDQIRUG� 8QLYHUVLW\��
$YDLODEOH� IURP��
�KWWS���FLIH�VWDQIRUG�HGX�QRGH����!��

*UDQGHUVRQ��-���3LHWWH��0�$���5RVHQEOXP��%��	�+X��/��
������� (QHUJ\� ,QIRUPDWLRQ� +DQGERRN��
$SSOLFDWLRQV�IRU�(QHUJ\�(IILFLHQW�%XLOGLQJV��
$YDLODEOH�IURP���KWWS���HLV�OEO�JRY�!��

,VDNVRQ�� 3�� 	� (ULNVVRQ�� -�� ������� 9,6,21� 2)� $�
9,68$/,=$7,21� 722/� )25�
&200,66,21,1*�� ,Q�� Fourth 
International Conference for Enhanced 
Building Operations��3DULV��

,62� ������� ,QGXVWU\� )RXQGDWLRQ� &ODVVHV� �,)&�� IRU�
GDWD�VKDULQJ� LQ� WKH�FRQVWUXFWLRQ�DQG� IDFLOLW\�
PDQDJHPHQW� LQGXVWULHV�� $YDLODEOH� IURP��
�KWWS���ZZZ�LVR�RUJ�LVR�KRPH�VWRUH�FDWDORJ
XHBWF�FDWDORJXHBGHWDLO�KWP"FVQXPEHU ����
�!��

.HOOHU��0���2’DRQQHOO�� -���0HQ]HO��.���.HDQH��0��	�
*RNFH�� 8�� ������� ,QWHJUDWLQJ� WKH�
6SHFLILFDWLRQ��$FTXLVLWLRQ�DQG�3URFHVVLQJ�RI�
%XLOGLQJ� 3HUIRUPDQFH� ,QIRUPDWLRQ�� ,Q��
ICCBE XII International Conference on 
Computing in Civil and Building 
Engineering. 2008 International Conference 
on Information Technology in Construction. 
TSINGHUA SCIENCE AND 
TECHNOLOGY, ISSN 1 0 0 7 - 0 2 1 4 0 1 / 
1 7 p p 1 -6, Volume 13, Number 1, October 
2008��

/%1/� ������� 6LPHUJ\�� 6LPHUJ\� +RPHSDJH�
>,QWHUQHW@��$YDLODEOH�IURP���KWWSV���VLPHUJ\�
EHWD�OEO�JRY�!�>$FFHVVHG����$SULO�����@��

0DLOH�� 7�� ������� &RPSDULQJ� 0HDVXUHG� DQG�
6LPXODWHG� %XLOGLQJ� (QHUJ\� 3HUIRUPDQFH�
'DWD�� 3K�'�� 7KHVLV�� 6WDQIRUG� 8QLYHUVLW\��
$YDLODEOH� IURP��
�KWWS���SXUO�VWDQIRUG�HGX�PN���PN����!��
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