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$%675$&7�
$Q� RSSRUWXQLW\� LV� DYDLODEOH� IRU� XVLQJ� KRPH� HQHUJ\�
FRQVXPSWLRQ�DQG�EXLOGLQJ�GHVFULSWLRQ�GDWD�WR�GHYHORS�
D� VWDQGDUGL]HG� DFFXUDF\� WHVW� IRU� UHVLGHQWLDO� HQHUJ\�
DQDO\VLV� WRROV�� 7KDW� LV�� WR� WHVW� WKH� DELOLW\� RI�
XQFDOLEUDWHG� VLPXODWLRQV� WR� PDWFK� UHDO� XWLOLW\� ELOOV��
(PSLULFDO� GDWD� FROOHFWHG� IURP� DURXQG� WKH� 8QLWHG�
6WDWHV� KDYH� EHHQ� WUDQVODWHG� LQWR� D� XQLIRUP� +RPH�
3HUIRUPDQFH� ([WHQVLEOH� 0DUNXS� /DQJXDJH� IRUPDW�
WKDW� PD\� HQDEOH� VRIWZDUH� GHYHORSHUV� WR� FUHDWH�
WUDQVODWRUV�WR�WKHLU�LQSXW�VFKHPHV�IRU�HIILFLHQW�DFFHVV�
WR� WKH� GDWD�� 7KLV� PD\� IDFLOLWDWH� WKH� SRVVLELOLW\� RI�
PRGHOLQJ� PDQ\� KRPHV� H[SHGLHQWO\�� DQG� WKXV�
LPSOHPHQWLQJ� VRIWZDUH� DFFXUDF\� WHVW� FDVHV� E\�
DSSO\LQJ� WKH� WUDQVODWHG� GDWD�� 7KLV� SDSHU� GHVFULEHV�
SURJUHVV� WRZDUG�� DQG� LVVXHV� UHODWHG� WR�� GHYHORSLQJ� D�
XVDEOH�� VWDQGDUGL]HG�� HPSLULFDO� GDWD�EDVHG� VRIWZDUH�
DFFXUDF\�WHVW�VXLWH���

,1752'8&7,21�
Background: Why We Are But Not Where, or, 
Where We Are But Not Why?  
6RIWZDUH� DFFXUDF\� WHVWV� SOD\� D� YLWDO� UROH� LQ� WKH�
FRQWLQXRXV� LPSURYHPHQW� RI� UHVLGHQWLDO� EXLOGLQJ�
HQHUJ\�DQDO\VLV�>-XGNRII�DQG�1H\PDUN�������-XGNRII�
HW� DO�� ������ 3ROO\� HW� DO� ������ 5(61(7� ����@��
+LVWRULFDOO\�� HVWDEOLVKHG� VRIWZDUH� DFFXUDF\� WHVWV� DUH�
EDVHG� RQ� WKH� %XLOGLQJ� (QHUJ\� 6LPXODWLRQ� DQG�
'LDJQRVWLF� 7HVW� �%(67(67�� PHWKRGRORJ\� >-XGNRII�
DQG�1H\PDUN�������$6+5$(�����@��7KHVH�W\SHV�RI�
WHVWV� DUH� LQFOXGHG� LQ� $16,�$6+5$(�6WDQGDUG� �����
0HWKRG�RI�7HVW�IRU�WKH�(YDOXDWLRQ�RI�%XLOGLQJ�(QHUJ\�
$QDO\VLV�&RPSXWHU�3URJUDPV� >$6+5$(�����@�� DQG�
FRPSULVH� LGHDOL]HG� WHVW� VXLWHV� ZKHUH� SURJUDPV� DUH�
FRPSDUHG�WR�HDFK�RWKHU�DQG�RU�WR�DQDO\WLFDO�RU�TXDVL�
DQDO\WLFDO� VROXWLRQV�� 6XFK� GHWHUPLQLVWLFDOO\� RULHQWHG�
WHVW� FDVHV� ZRUN� ZHOO� IRU� ILQGLQJ� DQG� GLDJQRVLQJ�
VRIWZDUH�HUURUV��KRZHYHU��ZLWKRXW�GLUHFW�FRPSDULVRQV�
WR� HPSLULFDO� GDWD� WKHUH� LV� QR� SK\VLFDO� WUXWK� VWDQGDUG�
RI� FRPSDULVRQ�ZLWK� UHVSHFW� WR� RYHUDOO� DFFXUDF\�� 6R��
%(67(67�FDQ�WHOO�XV�³ZK\�ZH�DUH´��RU�DW� OHDVW�KHOS�
GLDJQRVH� ZK\� ZH� DUH� KDYLQJ� HUURUV��� EXW� FDQQRW�
HYDOXDWH�WUXH�DFFXUDF\�UHODWLYH�WR�KRZ�D�UHDO�EXLOGLQJ�
SHUIRUPV�DV�EXLOW�DQG�DV�RFFXSLHG���
$� FDUHIXOO\� FRQFHLYHG� ODERUDWRU\�EDVHG� HPSLULFDO�
YDOLGDWLRQ�VWXG\�FDQ�SURYLGH�ERWK�SUHGLFWLRQ�DFFXUDF\�
WHVWLQJ� DQG� GLDJQRVWLF� FDSDELOLW\�� L�H��� LW� DGGUHVVHV�
ERWK� WKH� ³ZKHUH´� DQG� WKH� ³ZK\�´� +RZHYHU�� VXFK�
SURFHGXUHV� KDYH� EHHQ� GHYHORSHG� ZLWK� RQO\� OLPLWHG�
VXFFHVV�� 7KLV� LV� EHFDXVH� VXFK� WHVWV� DUH� DQ� RUGHU� RI�

PDJQLWXGH� PRUH� H[SHQVLYH� WR� GHYHORS� WKDQ�
%(67(67�W\SH� WHVWV�� UHTXLULQJ� VXEVWDQWLDO�GHGLFDWHG�
PXOWL�\HDU� IXQGLQJ�� %HFDXVH� RI� WKH� H[SHQVH� RI�
FRQVWUXFWLQJ� IDFLOLWLHV�� VXFK� WHVWV� FDQ� EH�
DFFRPSOLVKHG� LQ� RQO\� D� OLPLWHG� QXPEHU� RI� FOLPDWHV�
DQG�FRQILJXUDWLRQV��$OVR��PDQ\�SUHYLRXVO\�SXEOLVKHG�
HPSLULFDO� YDOLGDWLRQ� VWXGLHV� IDLOHG� WR� HPSLULFDOO\�
GHWHUPLQH� IXQGDPHQWDO� LQSXWV� �LQ� DGGLWLRQ� WR� WKH�
RXWSXWV��� DQG� WKHUHIRUH� FDQ� FRQWDLQ� VXEVWDQWLDO� ELDV�
HUURUV�>1H\PDUN�HW�DO������@���
3URSRVHG� QHZ� WHVW� FDVHV� ZLWK� PHDVXUHG� DXGLW� �QRW�
ODERUDWRU\�� GDWD� IRU� PXOWLSOH� EXLOGLQJV�� DSSO\LQJ� D�
VWRFKDVWLF�DSSURDFK��SURYLGH�DQ�DV�EXLOW��DV�RFFXSLHG�
HQHUJ\�XVH� WDUJHW�� EXW� QRW� PXFK� SUHFLVLRQ�� )LJXUH� ��
LOOXVWUDWHV� D� SUHOLPLQDU\� H[DPSOH� RI� WKH� W\SH� RI�
DFFXUDF\�REVHUYDEOH�ZLWK�FXUUHQW�GDWD��7KH�EOXH�VROLG�
OLQH� DQG� WKH� EOXH� GDVKHG� OLQHV� UHSUHVHQW� SHUIHFW�
DJUHHPHQW� DQG� ����� GLVDJUHHPHQW� EHWZHHQ�
SUHGLFWHG� DQG�PHDVXUHG� GDWD�� UHVSHFWLYHO\�� +HUH� ZH�
FDQ� GLVFHUQ� VRPH� VLJQDO� �FRUUHODWLRQ� RI� SUHGLFWHG�
YHUVXV�PHDVXUHG�HQHUJ\�FRQVXPSWLRQ��IURP�WKH�QRLVH�
�GDWD� VFDWWHU� UHODWHG� WR� ELDV� DQG� UDQGRP� HUURU�� H�J���
RFFXSDQW�EHKDYLRU���7KLV� W\SH�RI� WHVW�VXLWH�DGGUHVVHV�
WKH�³ZKHUH�ZH�DUH��EXW�QRW�ZK\�´�7KDW�LV��ZH�VHH�KRZ�
ZHOO� ZH� FDQ� KLW� WKH� WDUJHW�� EXW� ZKHQ� GLVDJUHHPHQW�
EHWZHHQ�SUHGLFWLRQV�DQG�PHDVXUHG�GDWD�RFFXUV��WKHUH�
LV� RQO\� OLPLWHG� GLDJQRVWLF� FDSDELOLW\� EDVHG� RQ�
VWDWLVWLFDO� DQDO\VLV� IRU� LGHQWLI\LQJ� FDXVHV� RI�
GLVDJUHHPHQWV���
7KH�UHPDLQGHU�RI�WKH�SDSHU�GHVFULEHV�GHYHORSPHQW�RI�
WKH�QHZ�HPSLULFDO�GDWD�EDVHG�VRIWZDUH�DFFXUDF\�WHVW��
�

�
)LJXUH� ��� 3UHGLFWHG� YHUVXV� 0HDVXUHG� 1DWXUDO� *DV�
8VH�IURP�$�3UHOLPLQDU\�6WXG\�>5REHUWV�HW�DO������@�
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0(7+2'2/2*<��
$Q� RSSRUWXQLW\� LV� DYDLODEOH� IRU� XVLQJ� KRPH� XWLOLW\�
ELOOLQJ� DQG� EXLOGLQJ� GHVFULSWLRQ� GDWD� WR� GHYHORS� D�
VWDQGDUGL]HG� DFFXUDF\� WHVW� IRU� UHVLGHQWLDO� HQHUJ\�
DQDO\VLV�WRROV��(PSLULFDO�GDWD�FROOHFWHG�IURP�DURXQG�
WKH�8QLWHG�6WDWHV�KDYH�EHHQ�WUDQVODWHG�LQWR�D�XQLIRUP�
+RPH� 3HUIRUPDQFH� ([WHQVLEOH� 0DUNXS� /DQJXDJH�
�+3;0/�� IRUPDW� WKDW� PD\� HQDEOH� VRIWZDUH�
GHYHORSHUV� WR� FUHDWH� WUDQVODWRUV� WR� WKHLU� LQSXW�
VFKHPHV� IRU� HIILFLHQW� DFFHVV� WR� WKH� GDWD�� ,W� PD\�
IDFLOLWDWH� WKH� SRVVLELOLW\� RI� PRGHOLQJ� PDQ\� KRPHV�
H[SHGLHQWO\��E\�LPSOHPHQWLQJ�VRIWZDUH�DFFXUDF\�WHVW�
FDVHV�DSSO\LQJ�WKH�WUDQVODWHG�GDWD��
General Description 
7KLV� VHFWLRQ� VXPPDUL]HV� WKH� HPSLULFDO� GDWD�EDVHG�
WHVW�PHWKRG�IXQGDPHQWDOV��2XU�REMHFWLYH� LV� WR�DVVHVV�
WKH�IHDVLELOLW\�RI�GHYHORSLQJ�D�VRIWZDUH�DFFXUDF\�WHVW�
WKDW� DSSOLHV� FXUUHQWO\� DYDLODEOH� HPSLULFDO� GDWD�� IRU�
WHVWLQJ�VRIWZDUH�DV�LW�LV�W\SLFDOO\�XVHG�LQ�WKH�ILHOG���
:H�KDYH�LGHQWLILHG�WZR�SRVVLEOH�W\SHV�RI�GDWDVHWV�WKDW�
FRXOG� SURYLGH� WKH� EDVLV� IRU� D� WHVW� VXLWH�� SRSXODWLRQ�
GDWD� IURP� KRPH� HQHUJ\� DXGLWV�� DQG� ODERUDWRU\� GDWD��
$GYDQWDJHV� RI� SRSXODWLRQ� GDWD� �DXGLWV� DQG� XWLOLW\�
ELOOV��DUH�WKDW�WKH\�SURYLGH�D�WHVW�RI�SURJUDPV�GDWD�DV�
XVHG�LQ�WKH�ILHOG��HPSLULFDO�YHULILFDWLRQ�YHUVXV�XWLOLW\�
ELOOV��UHDO�RFFXSDQW�EHKDYLRU��GDWD�LQ�PDQ\�FOLPDWHV��
HDVH� RI� GDWD� XVH�� DQG� D� UHODWLYHO\� LQH[SHQVLYH� WHVW�
SURFHVV�� 15(/� KDV� FRQVLVWHQWO\� IRUPDWWHG� GDWD� LQ�
KDQG� DQG� WUDQVODWRUV� IRU� WKH� IRUPDWWHG� GDWD��
'LVDGYDQWDJHV� RI� SRSXODWLRQ� GDWD� DUH� WKDW� XWLOLW\�
GDWDVHW� FRPSOHWHQHVV� DQG� EXLOGLQJ� GHVFULSWLRQ�
GDWDVHWV� YDU\�� UHDO� RFFXSDQW� EHKDYLRU� DGGV�
XQFHUWDLQW\�� DQG� GHWHUPLQLVWLF� HUURU� GLDJQRVWLFV� DUH�
QRW�SRVVLEOH��VWDWLVWLFDO�DQDO\VLV�LV�UHTXLUHG���
$GYDQWDJHV� RI� ODERUDWRU\� GDWD� DUH� WKDW� SK\VLFV� DUH�
WHVWHG�ZLWKLQ� H[SHULPHQWDO� XQFHUWDLQW\�� ZHOO�GHILQHG�
RXWSXW� GDWD� ZLWK� VXEPHWHULQJ� DQG� ZHOO�GHILQHG�
EXLOGLQJ� GHVFULSWLRQV� DUH� SURYLGHG�� DQG� GLUHFW� HUURU�
GLDJQRVWLFV� DUH� SRVVLEOH� ZLWK� SUHFLVH� H[SHULPHQWDO�
SDUDPHWULF� YDULDWLRQV�� 7KH� SULPDU\� GLVDGYDQWDJH� RI�
ODERUDWRU\� GDWD� LV� WKDW� H[SHULPHQWV� DUH� H[SHQVLYH� WR�
VHW�XS�DQG�UXQ��VR�RQO\�D�OLPLWHG�QXPEHU�RI�GDWDVHWV�
LQ� D� OLPLWHG� QXPEHU� RI� FOLPDWHV� FDQ� EH� FROOHFWHG��
$OVR�� ODERUDWRU\� UHVXOWV� GR� QRW� DGGUHVV� VRIWZDUH�
DFFXUDF\�DV�XVHG�LQ�WKH�ILHOG��H�J���RFFXSDQW�EHKDYLRU�
LV�DXWRPDWHG��QRW�UHDO���
%HFDXVH� ZH� ZDQW� WR� HYDOXDWH� VRIWZDUH� DV� LW� LV�
W\SLFDOO\� DSSOLHG�� ZH� DUH� LQLWLDOO\� IRFXVLQJ� RQ� WKH�
IHDVLELOLW\� RI� GHYHORSLQJ� D� WHVW� VXLWH� WKDW� DSSOLHV�
FXUUHQW�DXGLW�EDVHG�HPSLULFDO�GDWD��,GHDOO\��ZH�ZRXOG�
DSSO\�GDWD�ZKHUH�ERWK�SUH��DQG�SRVW�UHWURILW�EXLOGLQJ�
GHVFULSWLRQV� DQG� HQHUJ\� XVH� GDWD� DUH� DYDLODEOH� IRU�
HDFK� EXLOGLQJ� LQ� D� VHW� RI� EXLOGLQJV�� 8QIRUWXQDWHO\��
VDWLVIDFWRU\� SUH��SRVW�UHWURILW� GDWD� DUH� QRW� JHQHUDOO\�
SXEOLFO\� DYDLODEOH�� VR�ZH� DUH� VWDUWLQJ�ZLWK� RQO\� RQH�
FRQILJXUDWLRQ� RI� HDFK� EXLOGLQJ�� 8VLQJ� WKH� EHVW�
DYDLODEOH� GDWD��ZH�ZLOO� FRPSDUH� XQFDOLEUDWHG�PRGHO�

UHVXOWV�WR�PHDVXUHG�XWLOLW\�GDWD��ZKHUH�WKH�XWLOLW\�GDWD�
SURYLGH�DQ�HPSLULFDO�³WUXWK´�VWDQGDUG���
8OWLPDWHO\��WKH�LQWHQW�LV�WR�GHYHORS�DQ�DXWRPDWHG�WHVW�
WKDW�DSSOLHV�GDWD�IRU�KXQGUHGV�RU�WKRXVDQGV�RI�KRXVHV��
LQFOXGLQJ� D� YDULHW\� RI� FOLPDWHV� DQG� FRQVWUXFWLRQ�
W\SHV��7KH�SURFHVV�IRU�DFKLHYLQJ�D� IXOO�VHW�RI�KRXVHV�
LV�WR�����VSHFLI\�RQH�KRXVH�IRU�GHILQLQJ�DOO�PRGHOLQJ�
UHTXLUHPHQWV�� DQG� ���� LQFUHPHQWDOO\� VWHS� WRZDUG� D�
ODUJHU� GDWDVHW�� $� QXPEHU� RI� LQGXVWU\� SDUWLFLSDQWV�
LQGLFDWHG�D�SUHIHUHQFH�IRU�WKLV�W\SH�RI�DSSURDFK��
6RXUFHV�RI�8QFHUWDLQW\��
6RXUFHV� RI� SUHGLFWLRQ� XQFHUWDLQW\� DVVRFLDWHG� ZLWK�
KRPH� HQHUJ\� DXGLWV� LQFOXGH� V\VWHPDWLF� �ELDV�� HUURUV�
DQG� UDQGRP� HUURUV� DVVRFLDWHG� ZLWK� �EXW� QRW�
QHFHVVDULO\�OLPLWHG�WR��WKH�IROORZLQJ��
 2FFXSDQW�EHKDYLRU��L�H���RSHUDWLRQ�RI�D�KRXVH�
 %XLOGLQJ� GHVFULSWLRQ� GDWD�� LQFOXGLQJ� DXGLW�
XQFHUWDLQW\��GDWD�WUDQVODWLRQ�XQFHUWDLQW\��HWF��

 :HDWKHU�GDWD��PHDVXUHPHQW�DQG�ORFDWLRQ�
 8WLOLW\� ELOOV�� XQFHUWDLQW\� DVVRFLDWHG� ZLWK� PHWHU�
UHDGLQJV� PD\� EH� JUHDWHU� IRU� LQGLYLGXDO� PRQWKO\�
UHFRUGV� WKDQ� DQQXDO� WRWDOV�� VRPH�PRQWKO\� UHFRUGV�
DUH�HVWLPDWHG�IRU�VRPH�KRPHV�

 8WLOLW\� ELOO� QRUPDOL]DWLRQ� >$6+5$(� ����@�� LI�
QHDUE\� ORFDWLRQ� ZHDWKHU� GDWD� WKDW� DUH� QRW�
FRLQFLGHQW� ZLWK� WKH� JLYHQ� XWLOLW\� ELOOV� DUH� DSSOLHG�
>&XPPLQJV�HW�DO������@�

*LYHQ�WKH�XQFHUWDLQWLHV��WKH�PHWKRG�LQKHUHQWO\�WHVWV���
 7KH�DELOLW\�WR�PRGHO�SK\VLFV�ZLWKLQ�WKH�XQFHUWDLQW\�
RI�W\SLFDO�EXLOGLQJ�DXGLWV�

 7KH�DSSURSULDWHQHVV�RI�PRGHOLQJ�DVVXPSWLRQV�� IRU�
RFFXSDQW� EHKDYLRU�� XQVSHFLILHG� SK\VLFDO�
FRPSRQHQWV��ZHDWKHU�GDWD��HWF��

)RU� D� JLYHQ� WHVW� VXLWH�� XQFHUWDLQW\� HIIHFWV� PD\� EH�
HYDOXDWHG� V\QWKHWLFDOO\� IURP� VLPXODWHG� SDUDPHWULF�
VHQVLWLYLW\� WHVWV�� E\� LVRODWLQJ� SDUDPHWHUV� HLWKHU�
LQGLYLGXDOO\�RU�LQ�JURXSV��DQG�E\�DSSO\LQJ�UHDVRQDEOH�
UDQJHV�RI�YDULDWLRQ�WR�VXFK�SDUDPHWHUV��)RU�H[DPSOH��
WKH� VHQVLWLYLW\� LPSOLFDWLRQV� RI� FKDQJLQJ� VWDQGDUG�
RSHUDWLRQDO�DVVXPSWLRQV�FDQ�EH�DVVHVVHG��,QFOXGLQJ�D�
PL[� RI� EXLOGLQJ� DQG� HTXLSPHQW� W\SHV� LQ� D� GDWDVHW�
IDFLOLWDWHV� LVRODWLRQ� RI� DUHDV� RI� JUHDWHU� XQFHUWDLQW\�
ZLWK�VWRFKDVWLF�DQDO\VLV�WHFKQLTXHV��
$GYDQWDJHV�RI�WKH�$SSURDFK�
$GYDQWDJHV�RI�WKH�WHVW�PHWKRG�LQFOXGH���
 &RPSDULQJ� SUHGLFWHG� WR�PHDVXUHG� HQHUJ\� XVH� FDQ�
GHPRQVWUDWH�W\SLFDO�SUHGLFWLRQ�DFFXUDF\���

 8VLQJ�D�SRSXODWLRQ�RI�KRPHV�TXDQWLILHV� SUHGLFWLRQ�
XQFHUWDLQW\� DFURVV� D� SRSXODWLRQ�� DOORZLQJ�
VWDNHKROGHUV�WR�DVVHVV�LQYHVWPHQW�ULVNV���

 6WDWLVWLFDO� DQDO\VHV� FDQ� LGHQWLI\�PRGHO� LQSXWV� WKDW�
FRUUHODWH� ZLWK� SUHGLFWLRQ� HUURUV� >5REHUWV� HW� DO��
����@��

�
�
�
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/LPLWDWLRQV�RI�WKH�$SSURDFK�
/LPLWDWLRQV�RI�WKH�WHVW�PHWKRG�LQFOXGH���
 7KH� GDWDVHWV� PD\� QRW� EH� UHSUHVHQWDWLYH� RI� WKH�
EURDGHU� SRSXODWLRQ� RI� KRPHV� DQG� DXGLWRUV� �ZKR�
FROOHFW� WKH� GDWD��� %HFDXVH� WKH� GDWD� ZHUH� QRW�
FROOHFWHG� DV� SDUW� RI� GHVLJQHG� H[SHULPHQWV��
VWDWLVWLFDO�VDPSOLQJ�SURFHGXUHV�ZHUH�QRW�DSSOLHG��VR�
ZH� FDQQRW� DVVXPH� WKDW� WKH� GDWD� DUH� VWDWLVWLFDOO\�
VFDODEOH�WR�D�EURDGHU�SRSXODWLRQ���

 +LVWRULFDO� GDWD� ZHUH� FROOHFWHG� IRU� D� SDUWLFXODU�
SXUSRVH��XVLQJ�D�VSHFLILF�GDWD�FROOHFWLRQ�LQVWUXPHQW�
�H�J���VSHFLILF�HQHUJ\�DXGLW�VRIWZDUH���$XGLWRUV�WHQG�
WR� YLHZ� D� KRXVH� WKURXJK� WKHLU� GDWD� FROOHFWLRQ�
LQVWUXPHQWV��8QFHUWDLQW\�PD\� EH� LQWURGXFHG�ZKHQ�
WKH�GDWD�DUH�WUDQVIRUPHG�WR�PHHW�RWKHU�QHHGV���

 7KH� GDWD� FROOHFWHG� DUH� JHQHUDOO\� OLPLWHG� WR� DVVHW�
IHDWXUHV�RI�WKH�KRPH��KRZHYHU��RIWHQ�OLPLWHG�RU�QR�
GDWD� DUH� FROOHFWHG� DERXW� DW\SLFDO� IHDWXUHV� �H�J���
VZLPPLQJ� SRROV��� $OVR�� RQO\� OLPLWHG� RFFXSDQW�
EHKDYLRU�GDWD�DUH�FROOHFWHG�>5REHUWV�HW�DO������@��

'LDJQRVLQJ�'LVDJUHHPHQWV�
,GHDOO\�� WHVW�FDVHV�DUH�VHW�XS� WR�PD[LPL]H�GLDJQRVWLF�
FDSDELOLW\� ±� H�J��� E\� YDU\LQJ� LQGLYLGXDO� SDUDPHWHUV�
IRU� DQ� RWKHUZLVH� FRQVWDQW� EDVH� EXLOGLQJ�� DV� LQ� WKH�
EXLOGLQJ� SK\VLFV� WHVWV� RI� %(67(67�(;� >-XGNRII� HW�
DO�� ����@�� +RZHYHU�� ZLWK� W\SLFDO� KRXVH� GDWD�� ZH�
FDQQRW�VSHFLI\�LQ�DGYDQFH�HDFK�EXLOGLQJ�GHVFULSWLRQ��
DQG� ZH� FDQQRW� REWDLQ� PHDVXUHG�� VXEPHWHUHG��
DSSOLDQFH�VSHFLILF� HQG�XVH� GDWD�� 7KLV� OHDGV� WR�
GLDJQRVWLF�OLPLWDWLRQV�UHODWHG�WR��
 5DZ�XWLOLW\�GDWD�WKDW�DUH�QRW�VXEPHWHUHG�
 8QFHUWDLQW\� LQ� WKH� WHVW� VSHFLILFDWLRQ� �IURP� DXGLWV��
XWLOLW\�GDWD��DQG�GDWD�WUDQVODWLRQV��

 1RLV\� SDUDPHWULF� VHQVLWLYLWLHV� ±� PXOWLSOH�
SDUDPHWHUV�YDU\�EHWZHHQ�DQ\�WZR�KRXVHV���

8VHUV� PD\� DOVR� LPSHUIHFWO\� DSSO\� WKH� WHVW�
VSHFLILFDWLRQ��
7KHUHIRUH�� D� QXPEHU� RI� LVVXHV� FRXOG� FDXVH�
GLVDJUHHPHQW� EHWZHHQ� SUHGLFWHG� DQG� PHDVXUHG�
HQHUJ\�XVH��DQG�DJUHHPHQW�ZLWK�XWLOLW\�ELOOV�FRXOG�EH�
DWWULEXWDEOH�WR�FRPSHQVDWLQJ�HUURUV���
/LPLWHG� GLDJQRVWLFV� DUH� SRVVLEOH� LI� D� VXIILFLHQW�
QXPEHU� RI� KRXVHV� DUH� LQ� WKH� WHVW� VXLWH�� EXW� UHTXLUH�
VWRFKDVWLF� DQDO\VLV� PHWKRGV�� 6XFK� PHWKRGV� PD\�
FRUUHODWH�RXWSXW�WR�VSHFLILF�LQSXW�YDULDWLRQV�RU�FODVVHV�
RI� LQSXW� YDULDWLRQV� DPRQJ� D� YDULHW\� RI� KRPHV�� RU�
ZLWKLQ� D� YDULHW\� RI� FDWHJRULHV� RI� KRPHV�� HWF�� 6XFK�
GLDJQRVWLFV��UDWKHU�WKDQ�EHLQJ�GHWHUPLQLVWLF��ZLOO�DOVR�
KDYH� DQ� DVVRFLDWHG� HYDOXDWLRQ� XQFHUWDLQW\�� )RU�
H[DPSOH�� LI� VWDWLVWLFDO� HYDOXDWLRQ� RI� GLIIHUHQFHV�
EHWZHHQ� SUHGLFWHG� DQG� PHDVXUHG� HQHUJ\� XVH� VKRZV�
WKDW� KHDYLO\� JURXQG�FRXSOHG� EXLOGLQJV� WHQG� WR�
SURGXFH� ODUJHU� DYHUDJH� HUURUV�� LW� FRXOG� LQGLFDWH� D�
SRWHQWLDO�LVVXH�ZLWK�JURXQG�PRGHOLQJ�LQ�WKH�VRIWZDUH���
:HDWKHU� QRUPDOL]DWLRQ�PD\� LQFOXGH� VRPH� HVWLPDWHG�
XWLOLW\� HQG� XVH� GLVDJJUHJDWLRQ�� ZKLFK� PD\� EH�
DSSOLFDEOH�IRU�GLDJQRVWLFV��)RU�H[DPSOH��QRUPDOL]LQJ�

QDWXUDO�JDV�XVH�GDWD�UHTXLUHV�VWDWLVWLFDOO\�GLYLGLQJ�WKH�
XVH� LQWR� ZHDWKHU�GULYHQ� DQG� QRQZHDWKHU�GULYHQ�
SRUWLRQV�� ZKLFK� SURYLGHV� HVWLPDWHV� RI� JDV� XVH�
DVVRFLDWHG�ZLWK�VSDFH�KHDWLQJ�DQG�JDV�XVH�DVVRFLDWHG�
ZLWK�ZDWHU�KHDWLQJ�DQG�FRRNLQJ��DOEHLW��ZDWHU�KHDWLQJ�
LV�VRPHZKDW�ZHDWKHU�GHSHQGHQW���
*LYHQ�WKH�DYDLODELOLW\�RI�XWLOLW\�GDWD��KDYLQJ�GLIIHUHQW�
W\SHV� RI� SUHGLFWLRQ� WHVWV� PD\� DOORZ� IRU� HQKDQFHG�
GLDJQRVWLFV��H�J���
 3UHGLFW�ERWK�JDV�DQG�HOHFWULFLW\�XVH�
 3URYLGH�HOHFWULFLW\�XVH��SUHGLFW�JDV�XVH�RQO\�
 3URYLGH�JDV�XVH��SUHGLFW�HOHFWULFLW\�XVH�RQO\��
 &RPSDUH� VSHFLILF� HQG�XVH� SUHGLFWLRQV� WR�
GLVDJJUHJDWHG� HQG�XVH� HVWLPDWLRQV� IURP� ZHDWKHU�
QRUPDOL]HG�XWLOLW\�GDWD���

$VVHVVLQJ�5HVXOWV�
$�VXPPDU\�RI�SRWHQWLDO�PHWULFV� IRU�DVVHVVLQJ� WHVWHG�
SURJUDP�UHVXOWV�LV�SURYLGHG�ODWHU��
Existing Data and Tools �
7KH� IROORZLQJ� GHVFULEHV� GDWD� DQG� WUDQVODWLRQ� WRROV�
WKDW�FDQ�EH�DSSOLHG�IRU�WKH�WHVW�PHWKRG��
%XLOGLQJ�$PHULFD�)LHOG�'DWD�5HSRVLWRU\��%$)'5��
7KH� %$)'5� ������� LV� D� FROOHFWLRQ� RI� UHVLGHQWLDO�
EXLOGLQJ� GHVFULSWLRQ� DQG� HQHUJ\� FRQVXPSWLRQ� GDWD�
JDWKHUHG�IURP�D�YDULHW\�RI�VWDWH�HQHUJ\�RIILFH��HQHUJ\�
XWLOLW\�� DQG� IHGHUDO� JRYHUQPHQW� HIILFLHQF\� DQG�
ZHDWKHUL]DWLRQ�SURJUDPV��7KH�GDWD�DUH�FRPSLOHG�DQG�
PDLQWDLQHG� E\� WKH� 1DWLRQDO� 5HQHZDEOH� (QHUJ\�
/DERUDWRU\��15(/���$V�RI�WKLV�ZULWLQJ��WKH�%$)'5�
LQFOXGHV� DERXW� ����� KRPHV�� 7KH� GDWD� LQFOXGH�
PRQWKO\� HOHFWULFLW\� DQG� QDWXUDO� JDV� ELOOLQJ� UHFRUGV�
�SHUVRQDO�GDWD�DQG�VSHFLILF�DGGUHVVHV�DUH�GHOHWHG�IRU�
SULYDF\�� ]LS� FRGHV� DQG� FLW\� ORFDWLRQV� DUH� SURYLGHG��
DQG� +RPH� (QHUJ\� 5DWLQJ� 6\VWHP� �+(56�� DXGLW�
EDVHG� EXLOGLQJ� GHVFULSWLRQ� GDWD� >5(61(7� ����@�
RULJLQDOO\� SURYLGHG� LQ� D� FRQVLVWHQW� 5(0�5DWH�
VRIWZDUH�LQSXW�IRUPDW�>5(0�5DWH�����@��7KH�GDWD�GR�
QRW�\HW�LQFOXGH�SUH��SRVW�UHWURILW�GDWD���
%$)'5� GDWD� DUH� WUDQVODWHG� WR� WKH� +3;0/� KRPH�
SHUIRUPDQFH� LQGXVWU\� VWDQGDUG� GDWD� WUDQVIHU� IRUPDW�
>%3,� ����@�� DQG� VWRUHG� LQ� WKDW� IRUPDW�� $ERXW� ����
EXLOGLQJ� GHVFULSWLRQ� GDWD� UHFRUGV� DUH� SURYLGHG� IRU�
HDFK� KRXVH�� DORQJ� ZLWK� PRQWKO\� XWLOLW\� ELOOLQJ�
UHFRUGV�� +3;0/� ZDV� FKRVHQ� EHFDXVH� LQGXVWU\�
VRIWZDUH�SURYLGHUV�DUH� UDSLGO\�DGRSWLQJ�DQG� XVLQJ� LW�
WR� IDFLOLWDWH� WKH� WUDQVIHU� RI� GDWD� EHWZHHQ� WKHLU� DXGLW�
WRROV�DQG�WKHLU�EXVLQHVV�V\VWHPV��
7KH� WUDQVODWLRQ� RI� H[WHUQDO� GDWDVHWV� IURP� 5(0�
IRUPDW� LQWR� +3;0/� LQFOXGHV� PDSSLQJ� EXLOGLQJ�
GHVFULSWLRQ� GDWD� DQG� XWLOLW\� ELOOLQJ� UHFRUGV�� $�
GLVDGYDQWDJH�RI�XVLQJ�WKH�VWDQGDUG�IRUPDW�LV�WKDW�WKH�
WUDQVODWLRQ� SURFHVV� DGGV� VRPH� XQFHUWDLQW\� WR� WKH�
EXLOGLQJ�GHVFULSWLRQ�LI�WKH�WUDQVODWHG�IRUPDW�GRHV�QRW�
FRQYH\� DOO� WKH� RULJLQDO� GDWD�� RU� LI� WKH� WUDQVODWLRQ�
FRQWDLQV�HUURUV��7KLV�LPSOLHV�WKDW�FDUHIXO�DWWHQWLRQ�WR�
WUDQVODWRU�GHYHORSPHQW�LV�HVVHQWLDO�IRU�GHYHORSLQJ�WKH�

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28

- 1204 -



%$)'5¶V�+3;0/�EXLOGLQJ� GHVFULSWLRQV�� DQG�ZKHQ�
VRIWZDUH�GHYHORSHUV�PDS�+3;0/�WR�WKHLU�LQSXWV���
2WKHU�7UDQVODWLRQ�DQG�5HVXOWV�$QDO\VLV�7RROV�
'DWD�WUDQVODWLRQ��H�J���5(0�5DWH�WR�VHOHFWHG�VRIWZDUH�
LQSXW�ILOHV���ZHDWKHU�QRUPDOL]DWLRQ��DQG�GDWD�DQDO\VLV�
WRROV�DUH�GHVFULEHG�LQ�5REHUWV�HW�DO��>����@��
Test Development Process 
,QLWLDO�&RPSDULVRQ�:RUN�
7KH� WHVW� PHWKRG� EXLOGV� RII� 5REHUWV� HW� DO�� >����@��
ZKHUH� WKUHH� UHVLGHQWLDO� HQHUJ\� PRGHOLQJ� VRIWZDUH�
WRROV�ZHUH�FRPSDUHG�ZLWK�DQ�DJJUHJDWLRQ�RI� VHYHUDO�
HPSLULFDO� GDWDVHWV� LQ� D� SUHOLPLQDU\� YHUVLRQ� RI� WKH�
%$)'5�� 7KH� FRPSDULVRQ� UHTXLUHG� HVWDEOLVKLQJ�
SUHOLPLQDU\� FULWHULD� IRU� HOLPLQDWLQJ� �³GRZQ�
VHOHFWLQJ´��VSHFLILF�KRXVHV�IURP�WKH�%$)'5�GDWD�WR�
DFFRPPRGDWH� FDSDELOLWLHV� FRPPRQ� WR� DOO� WKUHH�
VRIWZDUH� WRROV�� )LJXUH� �� VKRZV� D� JHQHUDOL]HG�
GHSLFWLRQ�RI�WKLV�SURFHVV��$V�WKH�GDWD�ZHUH�PDSSHG�WR�
HDFK�VRIWZDUH�WRRO��EXLOGLQJV�ZLWK�IHDWXUHV�WKDW�FRXOG�
QRW� EH� PRGHOHG� LQ� D� WRRO� ZHUH� GURSSHG� IURP� WKH�
DQDO\VLV�� )XUWKHUPRUH�� XWLOLW\� ELOOLQJ� GDWD� WKDW� FRXOG�
QRW� EH� VDWLVIDFWRULO\� QRUPDOL]HG� IRU� GLIIHUHQFHV� LQ�
ZHDWKHU� EHWZHHQ� WKH� ELOOLQJ� SHULRG� DQG� WKH�
VLPXODWLRQ� WRRO� ZHDWKHU� ZHUH� HOLPLQDWHG�� 7KLV�
SURFHVV��DV�DSSOLHG� LQ�5REHUWV�HW�DO�� >����@�� UHVXOWHG�
LQ�GRZQ�VHOHFWLRQ�RI�KRXVHV�IRU��
 0LVVLQJ� RU� DQRPDORXV� XWLOLW\� ELOOLQJ� GDWD�� KRPHV�
DUH�LQFOXGHG�RQO\�ZKHUH�VDWLVIDFWRU\�ELOOLQJ�UHFRUGV�
DUH�DYDLODEOH�IRU�HDFK�SUHVHQW�IXHO�W\SH��

 3UHVHQFH�RI�IHDWXUHV�WKDW�FRXOG�QRW�EH�PRGHOHG�E\�
WKH�WHVWHG�DQDO\VLV�WRROV��

�
)LJXUH� ��� 7HVW� GHYHORSPHQW� SURFHVV�� GDWD� PDSSLQJ�
DQG�ILOWUDWLRQ��
)LOWHUHG� GDWD� DOVR� SURYLGH� D� EHWWHU� WUXWK� VWDQGDUG� LI�
ZHDNHU� XWLOLW\� GDWD� DUH� H[FOXGHG�� DQG� OHVV� LQSXW�
XQFHUWDLQW\� LI� ZHDNHU� DXGLW� GHVFULSWLRQV� DQG�
XQFRPPRQ� VFHQDULRV� DUH� H[FOXGHG�� /HVV� RYHUDOO�
QRLVH�LPSOLHV�EHWWHU�GLDJQRVWLF�SRWHQWLDO��7KH�SULPDU\�
GLVDGYDQWDJHV� RI� ILOWHUHG� GDWD� DUH� WKDW� VXEVWDQWLDO�
HIIRUW�LV�UHTXLUHG�WR�FURVV�FRPSDUH�GDWD��DQG�ZH�ULVN�
ORVLQJ�YDULHW\���
7R� KHOS� LGHQWLI\� SRWHQWLDO� LVVXHV� GULYLQJ� GLIIHUHQFHV�
EHWZHHQ� SUHGLFWHG� DQG� PHDVXUHG� HQHUJ\� XVHV��
PXOWLSOH� OLQHDU� UHJUHVVLRQ� �0/5�� DQDO\VHV� ZHUH�
HPSOR\HG�WR�GHYHORS�HPSLULFDO�PRGHOV�XVLQJ�HQHUJ\�
XVH� GLIIHUHQFHV� DV� WKH� GHSHQGHQW� YDULDEOH�� 0/5�

PRGHOV�JLYH�LQGLFDWLRQV�RI�WKH�LQSXWV�WKDW�PRVW�OLNHO\�
FRUUHODWH�ZLWK�WKH�GHSHQGHQW�YDULDEOH��EXW�WKH\�GR�QRW�
SURYLGH�DEVROXWH�FHUWDLQW\��.H\�FRQFOXVLRQV�IURP�WKH�
LQLWLDO�VWXG\�ZHUH���
 (YHQ� LI� DOO� RWKHU� LQDFFXUDFLHV� FRXOG�EH� HOLPLQDWHG�
LQ� DQ� DVVHW� DQDO\VLV�� GLIIHUHQFHV� EHWZHHQ� VRIWZDUH�
SUHGLFWLRQV�DQG�PHDVXUHG�HQHUJ\� XVH�ZRXOG�RFFXU�
EHFDXVH� RFFXSDQW� EHKDYLRU� YDULHV� IURP� VWDQGDUG�
DVVXPSWLRQV���

 $OWKRXJK�RFFXSDQW�EHKDYLRU�YDULDELOLW\� LV� D�PDMRU�
VRXUFH� RI� LQDFFXUDF\�� LW� GRHV� QRW� H[SODLQ� DOO� WKH�
GLIIHUHQFHV� REVHUYHG� LQ� WKH� %$)'5� FRPSDULVRQV��
7KH� UHPDLQLQJ� VRXUFHV� RI� XQFHUWDLQW\� FRXOG� EH�
WDUJHWHG�WR�LPSURYH�D�JLYHQ�WRRO��

5REHUWV� HW� DO�� >����@� WUDFN� VSHFLILF� VRIWZDUH�
LPSURYHPHQWV� UHODWHG� WR� 0/5� GLDJQRVWLFV�� 7KLV�
FOHDUO\� GHPRQVWUDWHV� WKH� SRWHQWLDO� IRU� LPSURYLQJ�
VRIWZDUH�ZLWK�WKH�WHVW�PHWKRG���
(VWDEOLVKLQJ�D�6WDQGDUG�0HWKRG�RI�7HVW��6027��
5REHUWV� HW� DO�� >����@� JHQHUDWHG� LQGXVWU\� LQWHUHVW� LQ�
GHYHORSLQJ� DQ� H[WHUQDO� VWDQGDUGL]HG� WHVW� VXLWH� WKDW�
DQ\� VRIWZDUH� GHYHORSHU� FDQ� XVH�� &RQVHTXHQWO\�� ZH�
VHHN� WR� GHYHORS� D� 6027� EDVHG� RQ� WKH� SUHOLPLQDU\�
DVVHVVPHQW�ZRUN��ZLWK�LPSURYHPHQWV�SULPDULO\�WR��
 3URYLGH�D�IRUPDO�VWDQG�DORQH�WHVW�VSHFLILFDWLRQ�WKDW�
LV� XVDEOH� IRU� PDQ\� PRGHOLQJ� WRROV�� DQG� GRHV� QRW�
UHTXLUH� WHFKQLFDO� VXSSRUW� IURP� WKH� DXWKRUV� RI� WKH�
WHVW�VSHFLILFDWLRQ�

 3URYLGH� D� VHW� RI� KRPHV� ZLWK� WKH� EHVW� DYDLODEOH�
XWLOLW\�GDWD�DQG�EXLOGLQJ�GHVFULSWLRQV��

7KH�6027�LV�EHLQJ�GHYHORSHG�LQ�FROODERUDWLRQ�ZLWK�
DQ� LQGXVWU\� ZRUNLQJ� JURXS� FRPSULVHG� SULPDULO\� RI�
UHVLGHQWLDO� VRIWZDUH� GHYHORSHUV�� WR� HVWDEOLVK�
FRQVHQVXV� UHJDUGLQJ� WKH� FRQWHQW�� GDWD� IRUPDW�� WHVW�
FDVHV��DVVHVVPHQW�PHWULFV��HWF���
7KH�ILUVW�VWHS�IRU�GHYHORSLQJ� WKH�WHVW�VSHFLILFDWLRQ�LV�
WR�VHOHFW�DSSURSULDWH�HPSLULFDO�GDWD���
7KH�QH[W� VWHS� LV� WR�FKHFN� WKH� WUDQVODWLRQ�RI� WKH�GDWD�
LQWR� WKH�+3;0/� IRUPDW�� 7KLV� FDQ� EH� DFFRPSOLVKHG�
E\� FRPSDULQJ� WKH� UHVXOWLQJ� +3;0/� EXLOGLQJ�
GHVFULSWLRQ� ILOH� IRU� D� JLYHQ� VHW� RI� KRXVHV� WR� WKH�
RULJLQDO�GDWDEDVH�EXLOGLQJ�GHVFULSWLRQV���
$IWHU� WKH�+3;0/�ILOHV�DUH�YHWWHG�� WKH�DELOLW\� WR�XVH�
WKHP�LQ�DQ�DXWRPDWHG�LQSXW�SURFHVV�LV�FKHFNHG��7KLV�
LV�DFFRPSOLVKHG�E\�VHOHFWLQJ�D�VLPXODWLRQ�WRRO�V��DQG�
GHYHORSLQJ� D� WUDQVODWRU� WR� WUDQVIRUP�+3;0/� WR� WKH�
LQSXW� VFKHPH� IRU� D� JLYHQ� WRRO�� 6HOHFWHG� WRRO� LQSXW�
ILOHV�DUH�WKHQ�FKHFNHG�YHUVXV�UDZ�+3;0/�ILOHV��DQG�
WRRO� LQSXW� LQWHUSUHWDWLRQV� DQG� DVVXPSWLRQV� �ZKHUH�
GLUHFWO\� WUDQVODWDEOH� LQSXW�PD\� QRW� EH� DYDLODEOH�� DUH�
DOVR�FKHFNHG��7KHVH�FKHFNV�FDQ�EH�GRQH�LQWHUQDOO\�E\�
WKH� WHVW� VSHFLILFDWLRQ� DXWKRUV�� DQG� LQ� SDUDOOHO�
H[WHUQDOO\� E\� WKH� LQGXVWU\� VLPXODWLRQ� WULDO�
SDUWLFLSDQWV��DSSO\LQJ�D�YDULHW\�RI�PRGHOLQJ�WRROV��
$IWHU� WUDQVODWRUV� DUH� GHYHORSHG�� DQ� LWHUDWLYH� SURFHVV�
RI� WHVW� VSHFLILFDWLRQ� GHYHORSPHQW� LV� DSSOLHG�� 6XFK� D�
SURFHVV�LQFOXGHV��

Data 
Set Software

Mapping
Scheme Filter

Discarded 
data
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 'LVWULEXWLQJ�D�VSHFLILHG�VHW�RI�KRXVHV�
 2EWDLQLQJ� DQG� DQDO\]LQJ� LQWHUQDO� PRGHO� DQG�
LQGXVWU\�PRGHO� UHVXOWV� DQG� REWDLQLQJ� IHHGEDFN� RQ�
WKH�WHVW�VSHF��LQFOXGLQJ�LGHQWLILFDWLRQ�RI�SDUWLFLSDQW�
PRGHOLQJ�DVVXPSWLRQV�

 ,PSURYLQJ�WKH�WHVW�VSHF�DV�QHHGHG�
 $OORZLQJ� PRGHOHUV� WR� FRUUHFW� WUDQVODWRU� RU�
PRGHOLQJ�HUURUV��DQG�WR�GRFXPHQW�FRUUHFWLRQV��

7KH� SURFHVV� LV� UHSHDWHG� IRU� DGGLWLRQDO� VXEVHWV� RI�
KRPHV�XQWLO�D�VDWLVIDFWRU\�WHVW�VXLWH�LV�DFKLHYHG���
$V�WKLV�LV�D�QHZ�SDUDGLJP�IRU�VWDQGDUGL]HG�WHVWLQJ�RI�
EXLOGLQJ� HQHUJ\� VLPXODWLRQ� VRIWZDUH��ZH� ZLOO� DVVHVV�
LWV� RYHUDOO� IHDVLELOLW\� DW� NH\� MXQFWXUHV��)RU� H[DPSOH��
WKH�WHVW�VXLWH�PD\�QRW�EH�XVHIXO�LI�LW�LV�WRR�GLIILFXOW�IRU�
VLPXODWLRQ�WULDO�SDUWLFLSDQWV�WR�GHYHORS�WUDQVODWRUV�IRU�
WUDQVIHUULQJ� D� ODUJH� QXPEHU� RI� GDWD� UHFRUGV� WR� WKHLU�
VRIWZDUH�SURJUDPV¶�LQSXW�VFKHPHV���
Getting Started: Selecting an Initial Data Subset 
&ULWHULD�IRU�LQLWLDO�GDWD�VHOHFWLRQ�LQFOXGH��
 6DWLVIDFWRU\�HQHUJ\�XVH�GDWD��7KLV�LV�WKH�HPSLULFDO�
WUXWK� VWDQGDUG�� 7KHUH� PXVW� EH� VXIILFLHQW� GDWD� WR�
HQVXUH�D� IXOO����PRQWK�FDOHQGDU�SHULRG� LV�FRYHUHG�
�WKRXJK� QRW� QHFHVVDULO\� -DQ� �� ±� 'HF� ����� DQG� LI�
ZHDWKHU�QRUPDOL]HG� XWLOLW\� GDWD� DUH� DSSOLHG�� WKH�
GDWD� PXVW� EH� VKRZQ� WR� KDYH� EHHQ� VXFFHVVIXOO\�
QRUPDOL]HG���

 1R�IXHO�VRXUFHV�IRU�ZKLFK�WKHUH�DUH�QR�WLPH�RI�XVH�
ELOOLQJ� UHFRUGV�� +RZHYHU�� ZH� UHFRJQL]H� WKDW�
VHFRQGDU\� KHDWLQJ� �ZRRG�� SRUWDEOH� HOHFWULF�� PD\�
KDYH� EHHQ� LJQRUHG� LQ� VRPH� DXGLWV�� UHVXOWLQJ� LQ�
SRWHQWLDO� ELDV� IRU� RYHUSUHGLFWLQJ� ³FRQYHQWLRQDO´�
VSDFH�KHDWLQJ�HQHUJ\�XVH��

 6DWLVIDFWRU\�EXLOGLQJ�GHVFULSWLRQV��7KHVH�PD\�KDYH�
JUHDWHU� XQFHUWDLQW\� WKDQ� HQHUJ\� XVH� UHFRUGV�
EHFDXVH�RI�PLVVLQJ�GDWD��HUURUV�LQ�DXGLW�GDWD�HQWU\��
WUDQVODWLRQ�XQFHUWDLQW\��HWF���

 $YDLODELOLW\�RI� WKHUPDOO\� LQHIILFLHQW� KRPHV�ZLWKLQ�
D� GDWDVHW�� 7KH� PRGHOLQJ� LQGXVWU\� LV� LQWHUHVWHG� LQ�
DVVHVVLQJ� UHWURILW� FDQGLGDWHV�� $OVR�� KLJKHU� VSDFH�
FRQGLWLRQLQJ�ORDGV�SURYLGH�D�EHWWHU�VLJQDO�WR�QRLVH�
UDWLR�ZLWK�UHVSHFW�WR�VSDFH�FRQGLWLRQLQJ�HQHUJ\�XVH��

 *DV�IXUQDFHV�LQ�FROGHU�FOLPDWHV��,W�LV�RIWHQ�HDVLHU�WR�
VHSDUDWH�JDV�ILUHG�VSDFH�KHDWLQJ�XVH�IURP�WKH�EDVH�
ORDG�RI�RWKHU�JDV�ILUHG�DSSOLDQFHV� WKDQ� WR�VHSDUDWH�
HOHFWULF� VSDFH�KHDWLQJ�XVH� IURP�HOHFWULF�EDVH� ORDG��
DQG�FROGHU�FOLPDWHV�SURYLGH�D�VWURQJ�VLJQDO��

 +RXVHV� ZLWK� FRPPRQ� DQG� UHODWLYHO\� VLPSOH�
FRQVWUXFWLRQ� IHDWXUH� W\SHV� �H�J��� LQLWLDOO\� DYRLG�
PL[HG� IRXQGDWLRQ� W\SHV��� 7KLV� IDFLOLWDWHV� LQLWLDO�
WUDQVODWRU� GHYHORSPHQW� E\� WKH� SDUWLFLSDQWV� DQG�
UHGXFHV� WKH� SUREDELOLW\� WKDW� VRIWZDUH� FDQQRW�
SURSHUO\�PRGHO�KRXVHV�LQ�WKH�GDWDVHW��

,QLWLDO� GDWDVHW� UHYLHZ� OHG� WR� VHOHFWLRQ� RI� GDWD� IURP�
ROGHU� KRPHV� LQ�:LVFRQVLQ� FROOHFWHG� SHU� 5HVLGHQWLDO�
(QHUJ\� 6HUYLFHV� 1HWZRUN� �5(61(7�� +(56�
VWDQGDUGV� DV� SDUW� RI� D� VWDWHZLGH� FKDUDFWHUL]DWLRQ�
VWXG\� >3LJJ� DQG� 1HYLXV� ����@�� 7KH� GDWD� KDYH�
FRPSOHWH�PRQWKO\�ELOO�GDWD� UHFRUGV��IRU�PRUH� WKDQ���

\HDUV�LQ�PDQ\�KRPHV���GHWDLOHG�EXLOGLQJ�GHVFULSWLRQV�
�5(0�5DWH� EDVHG��� DQG� VRPH� LQHIILFLHQW� EXLOGLQJV��
1RWLFHDEOH�JDSV�LQ�WKHVH�GDWD�DUH�GXFW�DUHDV�DQG�GXFW�
OHDNDJH�UDWHV��EHFDXVH�WKH�GXFWV�DUH�JHQHUDOO\�LQVLGH�
WKH�FRQGLWLRQHG�EXLOGLQJ�HQFORVXUH�LQ�:LVFRQVLQ����
6HOHFWLRQ�RI�³+RXVH���´��
$IWHU� VHOHFWLQJ� DQ� LQLWLDO� VXEVHW� RI� KRXVHV� EDVHG� RQ�
WKH� SUHFHGLQJ� FULWHULD�� ZH� VHOHFWHG� RQH� UHODWLYHO\�
W\SLFDO� KRXVH� IURP� WKDW� VXEVHW�� 7KLV� KRXVH� SURYLGHV�
WKH� EDVLV� IRU� REWDLQLQJ� IHHGEDFN� DERXW� WKH� LQLWLDO�
IHDVLELOLW\� RI� GHYHORSLQJ� WUDQVODWRUV� IRU� JRLQJ� IURP�
+3;0/� WR� WHVWHG� VRIWZDUH� LQSXW� ILOH� IRUPDWV�� 7KH�
LQLWLDOO\� VHOHFWHG� KRXVH� �³+RXVH� ��´�� LV� ORFDWHG� LQ�
0DGLVRQ��DQG�LQFOXGHV�������\HDUV��ODWH������WKURXJK�
PLG������� RI� JDV� DQG� HOHFWULF� PRQWKO\� XWLOLW\� GDWD�
UHFRUGV��ZKHUH�RQO\�RQH�PRQWKO\�ELOO�ZDV�HVWLPDWHG��
,W� KDV� D� JDV� IXUQDFH� DQG� ZDWHU� KHDWHU� WDQN�� VSDFH�
FRROLQJ�DQG�DOO�RWKHU�DSSOLDQFHV�DUH�HOHFWULF��ZLWK�QR�
VXSSOHPHQWDU\� IXHOV� UHSRUWHG� �H�J��� QR� ZRRG�
ILUHSODFH���7KH������IW��KRXVH�KDV�D�IXOO�FRQGLWLRQHG�
EDVHPHQW� ZLWK� RQH� IORRU� ������ IW��� DERYH� JURXQG�
�VLPSOH� JHRPHWU\��� 7KHUPDO� HIILFLHQF\� LV� IDLUO\�
W\SLFDO��ZLWK�DQ�5����DWWLF��5����ZDOOV��5���ZLQGRZV��
$)8(����IXUQDFH��DQG�6((5�����VSDFH�FRROLQJ��7KH�
KRXVH� DOVR� KDV� D� ����� &)0��� DLU� OHDNDJH� UDWH��
PHDVXUHG�ZLWK�D�EORZHU�GRRU�WHVW���
Test Specification 
7KH� WHVW� VSHFLILFDWLRQ� DSSOLHV� WKH� PHWKRGRORJ\�
GHVFULEHG�DERYH��DQG�FRQVLVWV�RI�EXLOGLQJ�GHVFULSWLRQ�
GDWD� �LQLWLDOO\� IRU� +RXVH� ����� KRXUO\� ZHDWKHU� GDWD��
PRQWKO\� XWLOLW\� GDWD�� DQG� VLPXODWLRQ� WRRO� RXWSXW�
UHTXLUHPHQWV���
%XLOGLQJ�,QSXW�'HVFULSWLRQ�'DWD�
7KH�EXLOGLQJ�GHVFULSWLRQ�GDWD�DUH�LQ�+3;0/�IRUPDW��
DQG� D� FRPSUHKHQVLYH� OLVW� RI� GHILQLWLRQV� RI� +3;0/�
WHUPLQRORJ\� UHOHYDQW� WR� WKH� %$)'5� LV� LQFOXGHG� LQ�
WKH�WHVW�VSHF��8QOLNH�WKH�%(67(67�(;�SK\VLFV�WHVWV�
>-XGNRII� HW� DO�� ����@�� ZKLFK� SURYLGH� GHWDLOHG� LQSXWV�
�H�J��� DOO� ZDOO� PDWHULDO� WKHUPDO� SURSHUWLHV�� DQG�
HTXLYDOHQW� VXPPDU\� LQSXWV� �H�J��� RYHUDOO� 5�YDOXH���
WKH�%$)'5�FRQWDLQV�RQO\�FKDUDFWHULVWLFV�FRPPRQO\�
FROOHFWHG� GXULQJ� DQ� DXGLW�� )RU� H[DPSOH�� QRW� HYHU\�
OD\HU� LQ� D� ZDOO� DVVHPEO\� LV� LQFOXGHG�� EXW� UDWKHU� WKH�
JHQHUDO�FRQVWUXFWLRQ��H�J����î��ZRRG�IUDPH��DQG� WKH�
LQVXODWLRQ�5�YDOXH�V���7KLV� OHDYHV� WKH�EDODQFH�RI� WKH�
ZDOO�DVVHPEO\�GHWDLOV�WR�EH�DVVXPHG�E\�WKH�VRIWZDUH�
WRRO� GHYHORSHU� ZKHQ� DSSO\LQJ� WKH� WHVW� VXLWH� WR� D�
VSHFLILF�WRRO��
:HDWKHU�'DWD��
:KHWKHU� WR� XVH� W\SLFDO� PHWHRURORJLFDO� \HDU� �70<��
KRXUO\� ZHDWKHU� GDWD�� KRXUO\� XWLOLW\� ELOO� FRLQFLGHQW�
ZHDWKHU�GDWD��RU�ERWK��UHPDLQV�WR�EH�GHFLGHG��8WLOLW\�
ELOOLQJ�GDWD�PXVW�EH�ZHDWKHU�QRUPDOL]HG�ZKHQ�70<�
ZHDWKHU�GDWD�DUH�XVHG�>$6+5$(�����@��EHFDXVH�WKH�
QHDUE\� 70<� ORFDWLRQ� ZHDWKHU� GDWD� DUH� QRW�
FRLQFLGHQW�ZLWK�JLYHQ�XWLOLW\�ELOOV��8VH�RI�XWLOLW\�ELOO�
FRLQFLGHQW�ZHDWKHU�GDWD� HOLPLQDWHV�XQFHUWDLQW\� IURP�
WKH�XWLOLW\�ELOO�QRUPDOL]DWLRQ�SURFHVV��+RZHYHU��WKHVH�
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GDWD� PD\� QRW� DOZD\V� EH� DYDLODEOH�� ZHDWKHU� GDWD� RI�
YDU\LQJ� PHDVXUHPHQW� XQFHUWDLQW\� DQG� FRPSOHWHQHVV�
IRU� ����� ±� ����� FDQ� EH� REWDLQHG� IURP� 165'%�
>����@��8VH�RI�WKHVH�GDWD�PD\�DOVR�UHTXLUH�SURYLGLQJ�
D� VHSDUDWH� VHW� RI� ZHDWKHU� GDWD� IRU� HDFK� KRXVH� LQ� D�
JLYHQ�ORFDWLRQ��GHSHQGLQJ�RQ�WKH�WLPH�SHULRG�IRU�WKH�
XWLOLW\� GDWD� SURYLGHG� IRU� HDFK� KRXVH�� 7R� HYDOXDWH�
XWLOLW\� ELOO� QRUPDOL]DWLRQ� XQFHUWDLQW\�� ZH� PD\�
FRPSDUH� VLPXODWLRQV� DSSO\LQJ� UHDO� \HDU� XWLOLW\� ELOOV�
DQG�XWLOLW\�ELOO�FRLQFLGHQW�ZHDWKHU�GDWD��YHUVXV�70<�
ZHDWKHU� GDWD� DQG� ZHDWKHU� GDWD�QRUPDOL]HG� XWLOLW\�
ELOOV���
2XWSXW�5HTXLUHPHQWV�
,QLWLDOO\� VLPXODWLRQ� RXWSXW� UHTXLUHPHQWV� DUH� IRU�
DQQXDO�HQHUJ\�FRQVXPSWLRQ�E\�IXHO�W\SH��0RQWKO\��RU�
GDLO\��FRQVXPSWLRQ�PD\�DOVR�EH�FRPSDUHG�LI�HQRXJK�
WHVWHG�SURJUDPV�FDQ�SURGXFH�WKDW�RXWSXW��
0RGHOHU�UHSRUWV�ZLOO�DOVR�EH�LQFOXGHG��VR�WKDW�ZH�FDQ�
JDWKHU�IHHGEDFN�IURP�XVHUV��

5(68/76�
Future Results Set 

7KH� LQWHQW� RI� LQLWLDO� VLPXODWLRQ� WULDO� UHVXOWV� LV� WR�
DVVHVV� WKH� IHDVLELOLW\� RI� WKH� WHVW� VXLWH�� ,QLWLDO� UHVXOWV�
ZLOO� LQFOXGH�PHDVXUHG�XWLOLW\�GDWD��5HVXOWV�PD\�DOVR�
LQFOXGH� LQWHUQDOO\� JHQHUDWHG� UHVXOWV� XVLQJ� %(RSW�
>����@��LI�DSSURSULDWH�WUDQVODWRUV�DUH�DYDLODEOH��%(RSW�
LV� DQ� RSWLPL]DWLRQ� SURJUDP� DSSO\LQJ� HVWDEOLVKHG�
VLPXODWLRQ� HQJLQHV�� 2WKHU� PRGHOOLQJ� WRROV� PD\� EH�
FRPSDUHG� LQWHUQDOO\� WR� HYDOXDWH� FRQVLVWHQF\� RI�
UHVXOWV� DPRQJ� KRXVHV� LQ� WKH� WHVW� VXLWH� IRU� D� JLYHQ�
PRGHOLQJ� WRRO�� ,QGXVWU\� VLPXODWLRQ� WULDO� UHVXOWV�PD\�
DOVR�EH�LQFOXGHG��LI�SHUPLVVLRQ�LV�JUDQWHG��

5HVXOWV� XQFHUWDLQW\� DQDO\VLV� FDQ� EH� LQFOXGHG� DV� WKH�
QXPEHU� RI� KRPHV� LQ� WKH� WHVW� VXLWH� H[SDQGV�� $� EULHI�
DQDO\VLV� RI� XQFHUWDLQW\� FDXVHG� E\� XWLOLW\� ELOO�
QRUPDOL]DWLRQ� EDVHG� RQ� QRQFRLQFLGHQW� KRXUO\�
ZHDWKHU�GDWD�PD\�DOVR�EH�LQFOXGHG���

Assessment Metrics  

'HYHORSPHQW� RI� DVVHVVPHQW�PHWULFV� DQG� DFFHSWDQFH�
FULWHULD� LV� DQ� LWHUDWLYH� SURFHVV�� LQ� FRQMXQFWLRQ� ZLWK�
WHVW� VSHFLILFDWLRQ� GHYHORSPHQW�� UHIHUHQFH� VLPXODWLRQ�
GHYHORSPHQW�� DQG� LQGXVWU\� VLPXODWLRQ� WULDOV�� *LYHQ�
ODUJH� LQGLYLGXDO� FRPSDULVRQ� XQFHUWDLQW\�� DYHUDJH� RU�
PHGLDQ� GLIIHUHQFHV� IRU� D� JURXS� RI� FRPSDULVRQV� DUH�
LPSRUWDQW�PHWULFV��DORQJ�ZLWK�VWDQGDUG�GHYLDWLRQ�DQG�
RWKHU�VWDWLVWLFDO�HYDOXDWLRQ�IXQFWLRQV���

0HWULFV�GHVFULEHG�EHORZ�DUH�DQ�DEEUHYLDWHG�LQLWLDO�VHW�
IRU� LOOXVWUDWLYH� SXUSRVHV�� 7KHVH� PHWULFV� DSSO\�
SUHOLPLQDU\� GDWD� ZLWK� LQ�VLWX� RFFXSDQW� EHKDYLRU��
ZKLFK�PD\�EH�FRQVLGHUHG�DV�K\SRWKHWLFDO�GDWD� KHUH��
([DPSOH�VXPPDU\�VWDWLVWLFV�DUH�VKRZQ�LQ�7DEOH�����
7KH�IROORZLQJ�GHILQLWLRQV�DUH�DSSOLHG�LQ�7DEOH����
 'DWD�;��<��GDWDVHWV�;�DQG�<�
 3URJ�$��%��SURJUDPV�$�DQG�%�
 ��+RXVHV��QXPEHU�RI�KRXVHV��

 $YHUDJH�PHDVXUHG��DYHUDJH�DQQXDO�JDV�XVH�
 $YHUDJH� GLIIHUHQFH�� �Ȉ�SUHG�L� ±� PHDV�L������
UHFRUGV���ZKHUH�SUHG�L�DQG�PHDV�L�DUH�SUHGLFWHG�DQG�
PHDVXUHG�XVH�IRU�LQGLYLGXDO�UHFRUG�³L´��

 $YHUDJH� �� 'LIIHUHQFH�� �Ȉ��SUHG�L� ±�
PHDV�L��PHDV�L������UHFRUGV��î�����

 $YHUDJH� :HLJKWHG� �� 'LII��� �Ȉ��SUHG�L� ±�
PHDV�L��PHDV�L� [� �PHDV�L�PHDV�DY������� UHFRUGV�� î�
����� ZKHUH� PHDV�DY� LV� WKH� DYHUDJH� RI� PHDVXUHG�
GDWD� IRU� D� JLYHQ� GDWDVHW�� ZHLJKWLQJ� DGGUHVVHV�
VNHZLQJ�E\�ODUJH�GLIIHUHQFHV�IRU�ORZ�XVH�� DQG�FDQ�
DOVR�EH�QRUPDOL]HG�E\�³PHDV�PHGLDQ´��

 6WGHY� �'LII���� 6WDQGDUG� GHYLDWLRQ� RI� LQGLYLGXDO�
GLIIHUHQFHV�

 6WGHY� ���'LII���� 6WDQGDUG� GHYLDWLRQ� RI� LQGLYLGXDO�
SHUFHQW�GLIIHUHQFHV�

 6WGHY� �:WG� �� 'LII���� 6WDQGDUG� GHYLDWLRQ� RI�
LQGLYLGXDO�ZHLJKWHG�SHUFHQW�GLIIHUHQFHV�

7DEOH����$VVHVVPHQW�0HWULFV��([DPSOH�&RPSDULVRQV�

�
7DEOH� �� SURYLGHV� D� OLPLWHG� H[DPSOH� VHW� RI� PHWULFV��
RWKHU�PHWULFV�WKDW�FRXOG�EH�LQFOXGHG�DUH��H�J���
 0HGLDQ�SHUFHQW�GLIIHUHQFH�
 3HUFHQW�RI�KRPHV�ZLWK�����[��HUURU��
7KH�GDWD�DOORZ�DVVHVVPHQW�RI�WKH�UHODWLYH�GLIIHUHQFHV�
�FDXVHG�E\�ELDV�DQG�UDQGRP�HUURUV��RI�WKH�SUHGLFWLRQV�
ZKHQ�FRPSDUHG�ZLWK�HDFK�PHDVXUHG�GDWDVHW��$YHUDJH�
SHUFHQW� GLIIHUHQFH� DQG� VWDQGDUG� GHYLDWLRQ� RI� WKH�
SHUFHQW� GLIIHUHQFHV� �RU� WKH� ZHLJKWHG� SHUFHQW�
GLIIHUHQFHV�� DOORZV� FRPSDULVRQ� RI� WKH� YDULDWLRQ� RI�
UHODWLYH� GLIIHUHQFHV� DPRQJ� WKH� GDWDVHWV� E\�
QRUPDOL]LQJ� IRU� GLIIHUHQFHV� LQ� PHDVXUHG�
FRQVXPSWLRQ�� 7KH� IROORZLQJ� LV� REVHUYHG� LQ� WKH�
H[DPSOH�RI�7DEOH����
 $FFXUDF\�RI�SURJUDP�SUHGLFWLRQV�
R %LDV� HUURU� �DYHUDJHV� RI� SUHGLFWHG� YHUVXV�
PHDVXUHG� GLIIHUHQFHV�� SHUFHQW� GLIIHUHQFHV�� DQG�
ZHLJKHG�SHUFHQW�GLIIHUHQFHV�� LV�JUHDWHU� IRU�3URJ�
$�WKDQ�3URJ�%�IRU�ERWK�GDWDVHWV��

R 5DQGRP� HUURU� �VWDQGDUG� GHYLDWLRQV� RI� SUHGLFWHG�
YHUVXV�PHDVXUHG�GLIIHUHQFHV��SHUFHQW�GLIIHUHQFHV��
DQG�ZHLJKWHG� SHUFHQW� GLIIHUHQFHV�� LV� JUHDWHU� IRU�
3URJ�$�WKDQ�3URJ�%�IRU�ERWK�GDWDVHWV��

 3UHGLFWLRQ�DFFXUDF\�UHODWLYH�WR�WKH�GDWDVHWV��DELOLW\�
RI�SURJUDPV�WR�PRGHO�D�JLYHQ�GDWDVHW��

Data X Data X Data Y Data Y
Prog A Prog B Prog A Prog B

# Houses 159 170 175 165
Average Measured [Therms] 730 730 1057 1057
Median Measured [Therms] 685 685 997 997
Average Difference [Therms] 356 164 501 156
Median Difference [Therms] 312 139 425 159
Average % Difference [%] 61.6% 37.0% 50.4% 22.1%
Avg. Weighted % Diff. [%] 48.8% 22.5% 47.4% 14.8%
Med. Weighted % Diff. [%] 42.7% 19.0% 40.2% 15.0%
Stdev (Diff.) [Therms] 341 300 446 260
Stdev (% Diff.) [%] 62.3% 53.3% 43.1% 32.8%
Stdev (Wtd % Diff.) [%] 46.7% 41.1% 42.2% 24.6%
% homes < ± 25% wtd error 33.3% 44.1% 29.8% 59.7%
% homes < ± 50% wtd error 55.3% 70.6% 57.7% 92.1%
                 measured_A_B-mmddyy.xlsx!meas_A_B-charts-X_Y(AL1188:AP203)
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R %LDV� HUURUV� �DYHUDJH� SHUFHQW� GLIIHUHQFH�� DUH�
JUHDWHU�IRU�'DWD�;�WKDQ�IRU�'DWD�<��

R 5DQGRP� HUURUV� �VWDQGDUG� GHYLDWLRQ� RI� SHUFHQW�
GLIIHUHQFHV��DUH�JUHDWHU�IRU�'DWD�;�WKDQ�'DWD�<��

R 'DWD� <� KDYH� ���� JUHDWHU� DQQXDO� DYHUDJH�
FRQVXPSWLRQ� WKDQ� 'DWD� ;�� ZKLFK� LPSOLHV� D�
VWURQJHU� GULYLQJ� IXQFWLRQ� IRU� WKH� PRGHOV�� DQG�
FRXOG�EH�FRQWULEXWLQJ�WR�WKH�ORZHU�UHODWLYH�HUURUV�
IRU�WKH�'DWD�<�VLPXODWLRQV��

7KLV�DQDO\VLV�ZRXOG�VWHHU�XV�WRZDUG�FKRRVLQJ�'DWD�<�
DV�WKH�LQLWLDO�GDWDVHW� IURP�ZKLFK�WR�VHOHFW�+RXVH�����
)LJXUHV�������DQG���VKRZ�ZD\V�WR�ELQ�WKH�RFFXUUHQFH�
RI�GLIIHUHQFHV�IRU�WKH�GDWDVHW�VKRZQ�LQ�)LJXUH�����
)LJXUHV� �� DQG� �� FRUURERUDWH� WKDW� 3URJUDP� %� KDV�
EHWWHU� DJUHHPHQW� ZLWK� PHDVXUHG� GDWD� WKDQ� 3URJUDP�
$�� ZLWK� )LJXUH� �� LQGLFDWLQJ� WKDW� DERXW� ���� RI�
3URJUDP�%�UHVXOWV��EXW�RQO\�DERXW�����RI�3URJUDP�$�
UHVXOWV��DUH�ZLWKLQ�����RI�PHDVXUHG�GDWD��)LJXUH���LV�
XVHIXO� EHFDXVH� LW� VFDOHV� GLIIHUHQFHV� WR� WKHUPV� �DQG�
WKHUHIRUH� HQHUJ\� FRVW��� DQG� VKRZV� WKDW� WKH� ODUJHVW�
SHUFHQW�HUURUV�RFFXU�IRU�WKH�ORZHVW�QDWXUDO�JDV�XVH��
7KH� FRPSDULVRQ� SORWV� FDQ� EH� SURGXFHG� IRU� RWKHU�
GDWDVHWV��WR�FRPSDUH�WKH�DELOLW\�RI�SURJUDPV�WR�PRGHO�
D�JLYHQ�GDWDVHW��L�H���WR�HYDOXDWH�GDWDVHW�TXDOLW\���

&21&/86,216�
Accomplishments 
$� QHZ� PHWKRGRORJ\� LV� EHLQJ� GHYHORSHG� IRU�
HYDOXDWLQJ� WKH� DFFXUDF\� RI� EXLOGLQJ� HQHUJ\� DQDO\VLV�
FRPSXWHU� SURJUDPV� E\� FRPSDULQJ� VLPXODWLRQ� WRRO�
SUHGLFWLRQV� WR� PHDVXUHG� GDWD�� XVLQJ� DYDLODEOH�
HPSLULFDO� GDWD� IURP� WKH� %$)'5�� 7KH� PHWKRG� ZLOO�
LQFOXGH� D� WHVW� VSHFLILFDWLRQ� DQG� DVVHVVPHQW� PHWULFV��
ZLWK� WKH� LQWHQW� WR�VWDQGDUGL]H� WKH�PHWKRG�DSSOLHG�E\�
5REHUWV� HW� DO�� >����@�� .H\� LPSURYHPHQWV� YHUVXV�
SUHOLPLQDU\�ZRUN�DUH�WR�UHGXFH�PRGHOLQJ�XQFHUWDLQW\�
E\� LQLWLDOO\� VHOHFWLQJ� VLPSOHU�WR�PRGHO� KRPHV� WKDW�
SURYLGH� D� VWURQJ� HQHUJ\� FRQVXPSWLRQ� VLJQDO�� DQG�
XVLQJ� +3;0/� DV� D� GDWD� WUDQVIHU� VWDQGDUG��
$GYDQWDJHV� RI� WKH� PHWKRG� LQFOXGH� WKH� SRVVLELOLWLHV�
IRU��
 'HPRQVWUDWLRQ� RI� W\SLFDO� SUHGLFWLRQ� DFFXUDF\� DQG�
LGHQWLILFDWLRQ� RI� SUHGLFWLRQ� XQFHUWDLQW\�� DOORZLQJ�
VWDNHKROGHUV�WR�DVVHVV�LQYHVWPHQW�ULVNV��

 &UHDWLRQ�RI� D� UHVXOWV� VHW�ZKHUH� VWDWLVWLFDO� DQDO\VHV�
FDQ� LGHQWLI\�FRUUHODWLRQ�EHWZHHQ�PRGHO� LQSXWV�DQG�
SUHGLFWLRQ�HUURUV��

Challenges 

7KH� SULPDU\� FKDOOHQJH� LV� PRWLYDWLQJ� VRIWZDUH�
GHYHORSHUV� WR� ZULWH� VFULSWV� IRU� WUDQVODWLQJ� D� ODUJH�
QXPEHU� RI� GDWD� UHFRUGV� IURP� +3;0/� WR� WKHLU�
PRGHOV¶�LQSXW�VFKHPHV��$OWKRXJK�VRPH�VRIWZDUH�WRRO�
GHYHORSHUV� KDYH� DOUHDG\� DGRSWHG� +3;0/� IRU�
VHOHFWHG� DSSOLFDWLRQV�� RWKHUV� PD\� ILQG� WKLV�
UHTXLUHPHQW�D�EDUULHU�WR�XWLOL]LQJ�WKH�WHVW�VXLWH���
��

�
)LJXUH� ��� %LQQHG� SHUFHQW� GLIIHUHQFHV� RI� SUHGLFWHG�
UHODWLYH�WR�PHDVXUHG�QDWXUDO�JDV�XVH�

�
)LJXUH� ���&XPXODWLYH� ELQQHG� SHUFHQW� GLIIHUHQFHV� RI�
SUHGLFWHG�UHODWLYH�WR�PHDVXUHG�QDWXUDO�JDV�XVH�

�
)LJXUH� ���$YHUDJH� SHUFHQW� GLIIHUHQFH� YHUVXV� ELQQHG�
PHDVXUHG�QDWXUDO�JDV�XVH�

:H�DOVR�PXVW�EH�DEOH�WR�REWDLQ�GDWD�ZKHUH�SUHGLFWHG�
HQHUJ\� XVH�� EDVHG� RQ� YDULDWLRQV� LQ� EXLOGLQJ� LQSXW�
GHVFULSWLRQV��KDV�D�ORJLFDO�FRUUHODWLRQ�ZLWK�YDULDWLRQV�
LQ�PHDVXUHG� HQHUJ\� FRQVXPSWLRQ��3UHOLPLQDU\�ZRUN�
SURYLGHV� IRU� FDXWLRXV� RSWLPLVP� KHUH�� 5REHUWV� HW� DO��
>����@� IRXQG�PHDQLQJIXO� VLJQDO� LQ� WKH�QRLVH�� LQ� WKDW�
WKH\� LGHQWLILHG� SRWHQWLDO� VRIWZDUH� LPSURYHPHQWV�
EDVHG� RQ� VWRFKDVWLF� DQDO\VLV� RI� GLVDJUHHPHQWV�
EHWZHHQ� SUHGLFWHG� DQG� PHDVXUHG� HQHUJ\� XVH�� $OVR��
SUHOLPLQDU\� ZRUN�ZLWK� DVVHVVPHQW�PHWULFV� LQGLFDWHV�
VRPH� GDWDVHWV� H[KLELW� EHWWHU� DJUHHPHQW� EHWZHHQ�
SUHGLFWHG� DQG� PHDVXUHG� UHVXOWV� WKDQ� RWKHUV� ZLWK�
VXSSRUWLQJ�ORJLFDO�FDXVDWLRQ�IRU�WKH�EHWWHU�DJUHHPHQW���

Future Work�
)RU�WKH�LQLWLDO�6027��ZH�DUH�EHJLQQLQJ�ZLWK�WKH�EHVW�
DYDLODEOH��HDVLHVW�WR�PRGHO�GDWD��7KH�QH[W�VWHSV�DUH�WR�
FRPSOHWH� D� GUDIW� WHVW� VSHFLILFDWLRQ�� UXQ� SUHOLPLQDU\�
VLPXODWLRQ� WULDOV��DQG�REWDLQ�IHHGEDFN�IURP�VRIWZDUH�
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GHYHORSHUV� UHJDUGLQJ� WKH� IHDVLELOLW\�RI� WKH� WHVW� VXLWH��
,I� LQLWLDO� IHDVLELOLW\� LV� SURPLVLQJ��ZH�SODQ� WR� H[SDQG�
WKH� WHVW� VXLWH� GDWDVHW� WR� LQFOXGH� PRUH� KRXVHV�� DQG�
DSSO\�VWDWLVWLFDO�DQG�XQFHUWDLQW\�DQDO\VHV�WR�WKH�ODUJHU�
UHVXOWV� VHW�� DV� DSSURSULDWH�� 7KLV� PD\� DOVR� LQFOXGH�
HYDOXDWLQJ� WKH� IHDVLELOLW\� RI� XVLQJ� XWLOLW\� ELOO�
FRLQFLGHQW� ZHDWKHU� GDWD� DQG� HYDOXDWLQJ� XWLOLW\� ELOO�
QRUPDOL]DWLRQ� XQFHUWDLQW\� E\� FRPSDULQJ� UHVXOWV� IRU�
DFWXDO� XWLOLW\� ELOOV� DQG� XWLOLW\� ELOO� FRLQFLGHQW� YHUVXV�
W\SLFDO� SXEOLVKHG� QRQ�FRLQFLGHQW� ZHDWKHU� GDWD� DQG�
ZHDWKHU�QRUPDOL]HG�XWLOLW\�ELOOV��
,Q� WKH� ORQJHU� UXQ�� ZH� VKRXOG� FRQVLGHU� KRZ� WR�
LPSURYH�WHVWLQJ�HQHUJ\�VDYLQJV�SUHGLFWLRQV�YHUVXV�WKH�
FXUUHQW� FDSDELOLW\� RI� %(67(67�(;�� ,Q� WKH� DEVHQFH�
RI� VXIILFLHQW� SUH��SRVW�UHWURILW� HPSLULFDO� GDWD��
V\QWKHWLF� SDUDPHWULF� VHQVLWLYLW\� WHVW� RSWLRQV� FRXOG�
LQYROYH� XVLQJ� VLPXODWLRQ� WRROV� WR�� H�J��� DSSO\�
SDUDPHWULF� YDULDWLRQV� WR� VHOHFWHG� %$)'5� KRPHV� WR�
WXQH� WKH� %(67(67�(;� EDVH� FDVH� EXLOGLQJ�
GHVFULSWLRQ�DQG�UHIHUHQFH�SURJUDP�UHVXOWV�WR�FRUUHODWH�
EHWWHU� ZLWK� DV�EXLOW�� DV�RFFXSLHG� KRPH� HQHUJ\�
FRQVXPSWLRQ���

$&.12:/('*0(176�
7KLV� ZRUN� LV� VXSSRUWHG� E\� WKH� 8�6�� 'HSDUWPHQW� RI�
(QHUJ\¶V�%XLOGLQJ�$PHULFD�SURJUDP���
5RQ� -XGNRII� DQG� %HQ� 3ROO\� RI� 15(/� SURYLGHG�
WHFKQLFDO� UHYLHZV� DQG� FRQVXOWDWLRQ� WKURXJKRXW� WKH�
SURMHFW�� 1RHO� 0HUNHW� RI� 15(/� DQG� 6HDQ� &DVH\�
�IRUPHUO\� RI� 15(/�� SURYLGHG� VXSSRUW� RQ� WKH�
%$)'5��+3;0/��DQG�WUDQVODWLRQ�DQG�DQDO\VLV�WRROV��
5HQ� $QGHUVRQ� RI� 15(/� SURYLGHG� PDQDJHULDO�
VXSSRUW�� 0LNH� .HQQHG\� RI� 0LNH� '�� .HQQHG\�� ,QF��
SURYLGHG�SUHOLPLQDU\�GDWDVHW�HYDOXDWLRQ���
:H� DSSUHFLDWH� WKH� VXSSRUW� DQG� JXLGDQFH� RI� 'DYLG�
/HH�DQG�(ULF�:HUOLQJ�RI�'2(���

120(1&/$785(��
$6+5$(�� $PHULFDQ� 6RFLHW\� RI� +HDWLQJ��
5HIULJHUDWLQJ�DQG�$LU�&RQGLWLRQLQJ�(QJLQHHUV��
%$)'5��%XLOGLQJ�$PHULFD�)LHOG�'DWD�5HSRVLWRU\�
+3;0/�� +RPH� 3HUIRUPDQFH� ([WHQVLEOH� 0DUNXS�
/DQJXDJH�
0/5��0XOWLSOH�/LQHDU�5HJUHVVLRQ�
15(/��1DWLRQDO�5HQHZDEOH�(QHUJ\�/DERUDWRU\��
5(61(7��5HVLGHQWLDO�(QHUJ\�6HUYLFHV�1HWZRUN�
6027��6WDQGDUG�0HWKRG�RI�7HVW�
70<��7\SLFDO�0HWHRURORJLFDO�<HDU�

5()(5(1&(6�
$6+5$(�� ������ $6+5$(� *XLGHOLQH� ���������

0HDVXUHPHQW� RI� (QHUJ\� DQG� 'HPDQG� 6DYLQJV��
$WODQWD��*$��$6+5$(���

$6+5$(� +DQGERRN� )XQGDPHQWDOV�� ������ $WODQWD��
*$��$6+5$(��

$16,�$6+5$(�� ������ $16,�$6+5$(� 6WDQGDUG�
���������� 6WDQGDUG� 0HWKRG� RI� 7HVW� IRU� WKH�

(YDOXDWLRQ� RI� %XLOGLQJ� (QHUJ\� $QDO\VLV�
&RPSXWHU�3URJUDPV��$WODQWD��*$��$6+5$(��

%$)'5�� ������ %XLOGLQJ� $PHULFD� )LHOG� 'DWD�
5HSRVLWRU\�� *ROGHQ� &2�� 15(/�
KWWSV���EXLOGLQJV�QUHO�JRY�EDIGU���

%(RSW�� ������ %XLOGLQJ� (QHUJ\� 2SWLPL]DWLRQ�
6RIWZDUH�� *ROGHQ�� &2�� 15(/��
KWWS���EHRSW�QUHO�JRY�� 

&XPPLQJV�� -��� 3DUNHU�� '��� 6XWKHUODQG�� .�� ������
(YDOXDWLRQ� RI� %LDV� ,VVXHV� ZLWKLQ� 5HJUHVVLRQ�
%DVHG� ,QYHUVH� 0RGHOLQJ� 0HWKRGV� $JDLQVW�
&OLPDWH� DQG� %XLOGLQJ� &KDUDFWHULVWLFV� 8VLQJ�
6\QWKHWLF�'DWD� )6(&�&5���������� &RFRD�� )/��
)ORULGD�6RODU�(QHUJ\�&HQWHU��

%3,�� ������ +RPH� 3HUIRUPDQFH� ;0/�� 0DOWD�� 1<��
%XLOGLQJ� 3HUIRUPDQFH� ,QVWLWXWH��
ZZZ�KRPHSHUIRUPDQFH[PO�RUJ���

-XGNRII�� 5��� 1H\PDUN�� -�� ������ ³0RGHO� 9DOLGDWLRQ�
DQG�7HVWLQJ��7KH�0HWKRGRORJLFDO�)RXQGDWLRQ�RI�
$6+5$(�6WDQGDUG�����´�$6+5$(�7UDQVDFWLRQV�
����������±�����$WODQWD��*$��$6+5$(��

-XGNRII�� 5��� 3ROO\�� %��� %LDQFKL�� 0��� 1H\PDUN�� -��
������ %XLOGLQJ� (QHUJ\� 6LPXODWLRQ� 7HVW� IRU�
([LVWLQJ�+RPHV� �%(67(67�(;�� 15(/�73�����
������ *ROGHQ��&2��15(/�� 

1H\PDUN�� -��� 3�� *LUDXOW�� *�� *X\RQ�� 5�� -XGNRII�� 5��
/H%HUUH�� -�� 2MDOYR�� DQG� 3�� 5HLPHU�� ������ 7KH�
³(71$� %(67(67´� HPSLULFDO� YDOLGDWLRQ� GDWD�
VHW�� 3URFHHGLQJV� RI� %XLOGLQJ� 6LPXODWLRQ� ������
0RQWUHDO�� ,QWHUQDWLRQDO� %XLOGLQJ� 3HUIRUPDQFH�
6LPXODWLRQ�$VVRFLDWLRQ��

165'%�� ������ 1DWLRQDO� 6RODU� 5DGLDWLRQ� 'DWDEDVH�
���������� 8SGDWH��8VHU¶V� 0DQXDO�� 15(/�73�
�����������*ROGHQ��&2��15(/��

3LJJ�� 6��� 1HYLXV��0�� ������(QHUJ\� DQG� +RXVLQJ� LQ�
:LVFRQVLQ�� $� 6WXG\� RI� 6LQJOH�)DPLO\� 2ZQHU�
2FFXSLHG�+RPHV��(QHUJ\� &HQWHU� RI�:LVFRQVLQ��
�������

3ROO\��%���.UXLV��1���5REHUWV��'��������$VVHVVLQJ�DQG�
,PSURYLQJ� WKH� $FFXUDF\� RI� (QHUJ\� $QDO\VLV� IRU�
5HVLGHQWLDO� %XLOGLQJV� 15(/�� 73������������ 
*ROGHQ��&2��86$��15(/�� 

5(0�5DWH�� ������ 5(0�5DWH�� �6RIWZDUH��� %RXOGHU��
&2�� $UFKLWHFWXUDO� (QHUJ\� &RUSRUDWLRQ��
ZZZ�DUFKHQHUJ\�FRP�SURGXFWV�UHPUDWH 

5(61(7��������0RUWJDJH�,QGXVWU\�1DWLRQDO�+RPH�
(QHUJ\�5DWLQJ�6WDQGDUGV��6HSWHPEHU�������
2FHDQVLGH��&$��5(61(7��,QF��
ZZZ��UHVQHW�XV�VWDQGDUGV�LHFF�SURFHGXUHV�SGI��

5REHUWV�� '��� 0HUNHW�� 1��� 3ROO\�� %��� +HDQH\�� 0���
&DVH\��6���5REHUWVRQ��-��������$VVHVVPHQW�RI�WKH�
8�6�� 'HSDUWPHQW� RI� (QHUJ\¶V� +RPH� (QHUJ\�
6FRULQJ� 7RRO� 15(/�73������������ *ROGHQ��
&2��15(/���
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