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$EVWUDFW�
7KLV�SDSHU�SUHVHQWV�D�WKHRUHWLFDO�H[SDQVLRQ�RI�WKH���VWHS�PRGHOOLQJ�DSSURDFK�
�&RVWDQ]D�	�5XWK���������ZKLFK�SURSRVHV�DQ�LQFUHPHQWDO�SURJUHVV�IURP�³VFRSLQJ�
³PRGHOV�WR�³UHVHDUFK´�DQG�³PDQDJHPHQW´�PRGHOV��7KH�WUDGH�RII�IRU�LQFUHDVHG�GHWDLO�
DQG�UHVROXWLRQ�LQ�PRGHO�EXLOGLQJ�LV�D�GHFUHDVH�LQ�WUDQVSDUHQF\��7KLV�SDSHU�DLPV�WR�
SURYLGH�D�FRQWH[W�IRU�0HGLDWHG�0RGHOOLQJ��ZKLFK�KDSSHQV�DW�WKH�³VFRSLQJ´�OHYHO��DQG�
VLPLODU�V\VWHP�G\QDPLFV�EDVHG�SDUWLFLSDWRU\�PRGHOOLQJ�DSSURDFKHV��DV�D�PLVVLQJ�OLQN�
WRZDUG�$GDSWLYH�0DQDJHPHQW��$Q�HPSKDVLV�LV�SODFHG�RQ�UHIOHFWLYH�FDSDFLW\�DPRQJ�
UHOHYDQW�VWDNHKROGHUV�WR�HYDOXDWH�WKH�EHKDYLRXU�RI�V\VWHPV�DW�YDULRXV�VFDOHV�DQG�
LQWHJUDWHG�GLPHQVLRQV��$�WKHRUHWLFDO�0XOWL�6FDOH�,QWHJUDWHG�0RGHOOLQJ�IRU�6XVWDLQDEOH�
$GDSWLYH�6\VWHPV��0,06$6��IUDPHZRUN�LV�GLVFXVVHG�DV�D�IRXQGDWLRQ�IRU�WKUHH����\HDU�
UHVHDUFK�SURJUDPPHV�RQ�����XUEDQ�V\VWHPV������HQHUJ\�V\VWHPV�DQG�����ZDWHUVKHG�
DQG�FRDVWDO�HFRV\VWHP�VHUYLFHV���
�
.H\�ZRUGV��0HGLDWHG�0RGHOOLQJ��$GDSWLYH�0DQDJHPHQW��6XVWDLQDELOLW\��,QWHJUDWLRQ���
�
%DFNJURXQG��
:LWK�JOREDO�ELRSK\VLFDO�V\VWHPV�DW�D�³WLSSLQJ�SRLQW´��HFRV\VWHP�GHJUDGDWLRQ��D�
ILQDQFLDO�FULVLV�DQG�D�JOREDO�HFRQRPLF�UHFHVVLRQ��WKH�WUDQV�GLVFLSOLQDU\�DSSURDFK�RI�
(FRORJLFDO�(FRQRPLFV��((��LV�JDLQLQJ�LQFUHDVHG�UHOHYDQFH��7KLV�DSSURDFK�LV�WUDQV�
GLVFLSOLQDU\��LQWHJUDWLYH�DQG�³VROXWLRQ�RULHQWHG´��)RU�H[DPSOH��LWV�SUDFWLWLRQHUV�DUH�
LQWHUHVWHG�LQ�ZHOO�EHLQJ�DQG�*HQXLQH�3URJUHVV�,QGLFDWRUV��UDWKHU�WKDQ�HFRQRPLF�
JURZWK�DQG�*URVV�GRPHVWLF�3URGXFWV��,QKHUHQWO\��WKH�IRFXV�LV�EURDG�DQG�LQFOXGHV�
LQWHJUDWLRQ�RI�VRFLDO��HFRQRPLF�DQG�HFRORJLFDO�V\VWHPV�DQG�WKHLU�XQGHUO\LQJ�VWUXFWXUH�
DQG�G\QDPLFV��((�KLJKOLJKWV�V\QWKHVLV�LQ�EDODQFH�ZLWK�DQDO\VLV��7KH�LQWHJUDWLRQ�RI�
VRFLR�HFRQRPLFV�DQG�HFRORJLFDO�V\VWHPV�LV�LQKHUHQWO\�FRPSOH[�DQG�VHQVLWLYH�WR�LVVXHV�
RI�VFDOH��DGG�WKH�KXPDQ�IDFWRU�RI�JRYHUQDQFH��IDLUQHVV�RI�GLVWULEXWLRQ�DQG�HIILFLHQW�
DOORFDWLRQ��DQG�LW�EHFRPHV�FOHDU�WKDW�KXPDQLW\�LV�IDFLQJ�D�GDXQWLQJ�WDVN�WR�³JHW�LW�
ULJKW´��7R�VXSSRUW�GHFLVLRQ�PDNLQJ�LQ�D�WUDQVLWLRQ�WRZDUG�D�PRUH�VXVWDLQDEOH�ZRUOG�,�
SURSRVH�D�IUDPHZRUN�WKDW�KLJKOLJKWV�$GDSWLYH�0DQDJHPHQW��$0��DQG�WKH�QHHG�IRU�
UHIOHFWLYH�DQG�FROODERUDWLYH�OHDUQLQJ��,�IRFXV�RQ�WKH�³$VVHVVPHQW´�FRPSRQHQW�RI�DQ�
$GDSWLYH�0DQDJHPHQW�F\FOH�DQG�WKH�XVH�RI�PRGHO�EXLOGLQJ�WR�VXSSRUW�LQWHJUDWHG�
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DVVHVVPHQWV��,Q�SDUWLFXODU��,�EHOLHYH�WKDW�6\VWHPV�7KLQNLQJ��67��DQG�LWV�TXDQWLWDWLYH�
IRUP�6\VWHP�'\QDPLFV��6'��DUH�SDUWLFXODUO\�ZHOO�VXLWHG�WR�EH�XVHG�LQ�LQWHJUDWHG�
DVVHVVPHQWV�DQG�LQFUHDVLQJ�OHYHOV�RI�GHWDLO��+RZHYHU��,�KDYH�FRQFHUQV�DERXW�D�
FRPPRQ�GULYH�WR�GHYHORS�6\VWHP�'\QDPLFV�PRGHOV�DW�³PDQDJHPHQW´�OHYHO�ZKHQ�QRW�
VROLGO\�JURXQGHG�LQ�D�SDUWLFLSDWRU\�SURFHVV��:LWK�³JURXQGHG´�,�PHDQ�WKDW�NH\�
VWDNHKROGHUV�XQGHUVWDQG�WKH�DFWXDO�ZRUNLQJV�RI�D�PDQDJHPHQW�PRGHO��L�H�LWV�PHULWV��
OLPLWDWLRQ�DQG�DVVXPSWLRQV��EH\RQG�D�UROH�SOD\�RU�JDPLQJ�VLWXDWLRQ��:LWKRXW�D�EURDG�
�DV�RSSRVHG�WR�H[SHUW��XQGHUVWDQGLQJ��WKH�LPSDFW�DQG�UHOHYDQFH�RI�DQ\�PRGHO��ZKHWKHU�
URRWHG�LQ�6'�RU�DQ\�RWKHU�DSSURDFK��LV�TXHVWLRQDEOH��67�DQG�6'�SURYLGH�LPSRUWDQW�
WRROV�LQ�SXUVXLW�RI�DQ�LQWHJUDWHG�SHUVSHFWLYH�RI�VRFLR�HFRQRPLF�DQG�HFRORJLFDO�V\VWHPV�
DQG�LV�WKHUHIRUH�DQ�HVVHQWLDO�WRRO�LQ�WKH�WRRO�NLW�RI�DQ�HFRORJLFDO�HFRQRPLVW��3DUWO\�LQ�
UHVSRQVH�WR�WKH�LQDXJXUDO�VSHHFK�E\�-LP�/\QHLV��,�RIIHU�WKLV�SDSHU�DV�FRQWULEXWLRQ�WR�
WKH�FRQYHUVDWLRQ�RI�³ZKDW�WKH�UROH�RI�6'�VKRXOG�EH´��:LWK�WKLV�SDSHU�,�DUJXH�IRU�D�
EURDGHU�DSSOLFDWLRQ�DQG�SHUVSHFWLYH�RI�³6\VWHP�'\QDPLFV´�DQG�SDUWLFXODUO\�WKH�UROH�
RI�³3DUWLFLSDWRU\�0HGLDWHG�0RGHOOLQJ´�ZKLOH�ILQGLQJ�V\QHUJLHV�ZLWK�RWKHU�LQTXLULHV�RI�
WKRXJKW�UDWKHU�WKDQ�WDNLQJ�D�PRUH�QDUURZO\�GHILQHG�SHUVSHFWLYH�RI�6'��
�
6'�WHQGV�WR�H[SORUH�G\QDPLFV�LQ�D�³KRUL]RQWDO´�SODQH��IRFXVLQJ�RQ�G\QDPLFV�ZLWKLQ�D�
V\VWHP�IRU�PDQDJHPHQW�SXUSRVHV��2Q�WKH�RWKHU�KDQG��&RPSOH[�6\VWHPV��&6��DQG�
KLHUDUFK\�WKHRU\�WHQGV�WR�EH�LQWHUHVWHG�LQ�VFDOH�LVVXHV�DQG�³YHUWLFDO�LQWHJUDWLRQ´�DQG�
DSSUHFLDWHV�WKH�FRPSOH[LW\�WKDW�DULVHV�IURP�VFDOLQJ��KRZ�GR�QHZ�SURSHUWLHV�RI�D�
V\VWHP�HPHUJH�DQG�LPSDFW�D�V\VWHP�DW�D�GLIIHUHQW�VFDOH"�:KHUH�DV�6'�WHQGV�WR�EH�
DSSOLHG�LQ�PDQDJHDEOH�VLWXDWLRQV��&6�SUDFWLWLRQHUV�REVHUYH�UDWKHU�WKDQ�DLP�WR�PDQDJH��
LQ�SDUW�EHFDXVH�WKH�FRPSOH[LW\�LV�GHHPHG�WRR�KLJK��7KH�HPHUJLQJ�ILHOG�RI�&RPSOH[�
$GDSWLYH�6\VWHPV�LV�FRQFHUQHG�ZLWK�WKH�HPHUJLQJ��VHOI�RUJDQL]LQJ�SURSHUWLHV�RI�
FRPSOH[�V\VWHPV�DQG�UHPDLQV�WKHRUHWLFDO��<HW��SHRSOH�PDNH�GHFLVLRQV��VRPHWLPHV�
ZLWK�IDU�UHDFKLQJ�FRQVHTXHQFHV��DV�LQ�WKH�FDVH�RI�HQHUJ\�V\VWHPV��XUEDQ�SODQQLQJ�DQG�
HFRV\VWHP�PDQDJHPHQW��7KHVH�DUH�FRPSOH[�GHFLVLRQ�PDNLQJ�VLWXDWLRQV��ZKLFK�UHTXLUH�
DSSURSULDWH�WRROV�DQG�SURFHVVHV��+XPDQV�DQG�WKHLU�VRFLHWLHV�DUH�OHDUQLQJ��DGDSWLYH�
HQWLWLHV��5DWKHU�WKDQ�PHUH�REVHUYDWLRQ��ZH�DLP�WR�DFWLYHO\�PDQDJH�RXU�HQYLURQPHQW��
$GDSWLYH�0DQDJHPHQW��$0��LV�VRPHWLPHV�GHVFULEHG�DV�³GHFLVLRQ�PDNLQJ�DV�DQ�
H[SHULPHQW´��5LOH\�HW�DO���������$0�LV��LQ�SULQFLSOH��WKH�DFNQRZOHGJHPHQW�RI�D�
³IHHGEDFN�ORRS�DQG�WLPH�ODJ´�LQ�D�SROLF\�PDNLQJ�FRQWH[W��$V�VXFK��$0�LV�SRWHQWLDOO\�
RI�LQWHUHVW�WR�WKH�6'�FRPPXQLW\��$0�FDQ�EHQHILW�IURP�YDULRXV�IRUPV�RI�PRGHO�EDVHG�
DVVHVVPHQWV�DQG�,�HPSKDVL]H�0HGLDWHG�0RGHOOLQJ��00��DQG�VLPLODU�DSSURDFKHV��,�
SURSRVH�WR�H[SORUH�6'�WRROV�DQG�PDQDJHPHQW�DSSURDFK�LQ�D�KLHUDUFKLFDO��&6�
HQYLURQPHQW�DQG�DSSO\�WKH�F\FOLFDO�IRXQGDWLRQ�RI�$0�WR�RUJDQL]H�VXFK�HYROXWLRQ�
�ILJXUH������
�
$�FRPSDUDWLYH�DVVHVVPHQW�RI�VWDNHKROGHU�LQYROYHG�PRGHOOLQJ�PHWKRGV�
0RGHO�EXLOGLQJ�LQ�D�JURXS�VHWWLQJ�KDV�EHHQ�D�UHFRJQL]HG�VXE�FRPSRQHQW�RI�WKH�6'�
FRPPXQLW\�IRU�VRPH�WLPH�QRZ��$GYDQFHV�LQ�FRPSXWLQJ�FDSDELOLWLHV�KDYH�RSHQHG�
SRVVLELOLWLHV�IRU�IDFLOLWDWHG��FRPSXWHU�DVVLVWHG�SURFHVVHV�ZLWK�VWDNHKROGHU�
LQYROYHPHQW��6HYHUDO�QHWZRUNV�KDYH��RIWHQ�LQ�LVRODWLRQ�RI�HDFK�RWKHU��GHYHORSHG�
DSSURDFKHV�WR�VXSSRUW�GHFLVLRQ�PDNLQJ�UHODWHG�WR�FRPSOH[�SUREOHPV�WKURXJK�D�IRUP�
RI�JURXS�PRGHO�EXLOGLQJ��&XUUHQWO\��WKHUH�DUH�D�KRVW�RI�QDPHV�IRU�VLPLODU�DSSURDFKHV��
0HGLDWHG�0RGHOOLQJ��YDQ�GHQ�%HOW��������YDQ�GHQ�%HOW�HW�DO�����������D�E�F��$QWXQHV�
HW�DO�������9LGHLUD�HW�DO��������$QWLFLSDWRU\�0RGHOOLQJ��6HQG]LPLU�HW�DO���������
&ROODERUDWLYH�0RGHOOLQJ��6HOLQ�DQG�&KDYH]��������%HDOO�DQG�=HROL��LQ�SUHVV��������
&RRSHUDWLYH�0RGHOOLQJ��&RFNULOO�HW�DO�������������7LGZHOO�DQG�Y�G��%ULQN���������
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3DUWLFLSDWLYH�RU�*URXS�0RGHO�%XLOGLQJ��9HQQL[�������������$QGHUVHQ�HW�DO�������
$QGHUVHQ�DQG�5LFKDUGVRQ���������6WUDWHJLF�)RUXP��5LFKPRQG��%����������
3DUWLFLSDWRU\�0RGHOOLQJ��%URZQ�*DGGLV�HW�DO��������-RQHV�HW�DO���������3DUWLFLSDWRU\�
6FRSLQJ�0RGHOOLQJ��6DQGNHU�HW�DO��������������DQG�6FRSLQJ�0RGHOOLQJ��&RVWDQ]D�DQG�
5XWK����������
�
%HDOO�DQG�=HROL��LQ�SUHVV��������VXPPDUL]H�WKH�FRPSRQHQWV�WKDW�WKHVH�DSSURDFKHV�
KDYH�LQ�FRPPRQ�DV��

���EDVHG�RQ�V\VWHPV�WKLQNLQJ�DW�OHDVW�LQ�WKHLU�FRQFHSWXDO��TXDOLWDWLYH�VWDJH���
���LQFOXGLQJ�VRPH�IRUP�RI�VWDNHKROGHU�LQYROYHPHQW���
���SURGXFLQJ�PRGHOV�WKDW�PD\�RU�PD\�QRW�³TXDOLI\´�DV�TXDQWLWDWLYH�V\VWHP�
G\QDPLFV��6'��PRGHOV���
���VRPHWLPHV�LQLWLDWHG�E\�RQH�RUJDQL]DWLRQ�ZLWK�DGGLWLRQDO�VWDNHKROGHU�
SDUWLFLSDWLRQ�DQG�VRPHWLPHV�FRQVWUXFWHG�WR�VFRSH�RXW�G\QDPLFV�IRU�LQWHUQDO�XVH��

�
%HDOO�DQG�)RUG��������SURYLGH�D�FDWHJRUL]HG�RYHUYLHZ�RI�WHQ�FDVH�VWXGLHV��$OO�RI�WKH�
DSSURDFKHV�PHQWLRQHG�DUH��IRU�WKH�SXUSRVH�RI�WKLV�SDSHU��VXPPDUL]HG�DV��VFRSLQJ��
PRGHOV��DV�WKH\�WHQG�WR�EH�EURDG�EUXVK�DWWHPSWV�WR�V\QWKHVL]H�OHDUQLQJ�DPRQJ�YDULRXV�
VWDNHKROHUV�LQYROYHG���
�
,Q�DGGLWLRQ��RWKHU�PRGHOOLQJ�DSSURDFKHV��VXFK�DV�DJHQW�EDVHG�PRGHOOLQJ��0RQWHV�GH�
2FD�0XQJXLD��������DQG�PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ��$QWXQHV�HW�DO���������DUH�
EHFRPLQJ�PRUH�SDUWLFLSDWRU\��HLWKHU�WKURXJK�UROH�SOD\LQJ��%DUUHWHDX�	�%RXVTXHW��
������RU�E\�LQYROYLQJ�VWDNHKROGHUV�LQ�WKH�PRGHO�EXLOGLQJ�SURFHVV��G
$TXLQR�HW�DO��
��������
�
7KH�FXUUHQW�GHYHORSPHQW�RI��KRZ�WR�XVH�PRGHOV��LV�VKLIWLQJ�DZD\�IURP�LQGLYLGXDO�
PRGHOOLQJ�WHFKQLTXHV�WRZDUG�ILQGLQJ�WKH�V\QHUJLHV�EHWZHHQ�PRGHOOLQJ�WHFKQLTXHV�DQG�
FRPELQLQJ�WKHP��WR�VROYH�UHDO�ZRUOG�SUREOHPV��6PDMJO�HW�DO����������
�
(YHQ�ZLWKLQ�WKH�6\VWHP�'\QDPLFV�FRPPXQLW\��WKHUH�DUH�VRPH�DSSDUHQW��EXW�QR�KDUG�
OLQHG��GLIIHUHQFHV�EHWZHHQ�6\VWHPV�7KLQNLQJ���6\VWHP�'\QDPLF�EDVHG�SDUWLFLSDWRU\�
DSSURDFKHV���

��� 3DUWLFLSDWRU\�PRGHOOLQJ�WHQGV�WR�IRFXV�RQ�WKH�UHVXOWLQJ�PRGHO�DQG�FRQWHQW�
WKURXJK�SDUWLFLSDWLRQ��ZKLOH�PHGLDWHG��FRRSHUDWLYH�DQG�FROODERUDWLYH�
PRGHOOLQJ�WHQGV�WR�IRFXV�RQ�WKH�JURXS�OHDUQLQJ�WR�SURYLGH�D�IUDPHZRUN�IRU�
FRQWHQW�DQG�OHDUQLQJ��UDWKHU�WKDQ�IRFXVLQJ�RQ�WKH�UHVXOWLQJ�PRGHO��,Q�DGGLWLRQ��
SDUWLFLSDWRU\�PRGHOOLQJ�GRHVQ¶W�QHFHVVDULO\�UHIHU�WR�V\VWHPV�WKLQNLQJ�EDVHG�
PRGHOOLQJ�WRROV�DQG�PD\�UHIHU�WR�PRGHOOLQJ�DV�*URXS�5ROH�3OD\��*HRJUDSKLF�
,QIRUPDWLRQ�6\VWHP�PDSSLQJ�RU�YDULRXV�IRUPV�RI�DJHQW�EDVHG�PRGHOOLQJ���

��� *URXS�0RGHO�%XLOGLQJ�WHQGV�WR�UHIHU�WR�TXDOLWDWLYH�PRGHOV�UDWKHU�WKDQ�
FRPSXWHU�JHQHUDWHG�VLPXODWLRQ�PRGHOV��6FHQDULR�RU�9LVLRQ�3ODQQLQJ�DUH�DOVR�
DPRQJ�WKH�PRUH�QDUUDWLYH�EDVHG�DSSURDFKHV���

��� :KLOH�VRPH�VHH�00�DV�SRWHQWLDOO\�XVHIXO�IRU�VWLPXODWLQJ�D�GLDORJXH�RU�WKH�
GHYHORSPHQW�RI�FRPPXQLW\�SODQQLQJ��7LGZHOO�HW�DOO��������6DQGNHU�HW�DO�������
������)RUJLH�	�5LFKDUGVRQ���������$�KHVLWDWLRQ�WR�XVH�00�VWHPV�IURP�ULJLG�
V\VWHP�G\QDPLFV��6'��PRGHOOLQJ�HYDOXDWLRQ�UHTXLUHPHQWV�DQG�D�FRQFHUQ�WKDW�
WKH�WRSLF�XQGHU�FRQVLGHUDWLRQ�LV�WRR�FRPSOH[�IRU�D�V\VWHP�G\QDPLFV�PRGHO�
�'XGOH\�HW�DO��������RU��6'�DQG�JURXS�PRGHO�EXLOGLQJ�³IDLO�WR�GHDO�ZLWK�
FRQVWLWXWLRQDO�FKDQJH´��YDQ�GHQ�6PDJW����������
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��� 9ULHQV�DQG�$FKWHUEHUJK��������PDNH�D�FRQVLGHUDEOH�FRQWULEXWLRQ�E\�FODULI\LQJ�
WKH�VRFLDO�GLPHQVLRQV�RI�6'�PRGHOOLQJ�DV�����PRGHOV�RI�VRFLDO�V\VWHPV������
PRGHOV�EXLOW�LQ�VRFLDO�V\VWHPV�DQG�����PRGHOV�EXLOW�IRU�VRFLDO�V\VWHPV��7KH�
H[DPSOHV�RI�00�DQG�VLPLODU�PRGHOOLQJ�DSSURDFKHV�IRFXV�RQ�GLPHQVLRQ���DQG�
����

��� :KLOH�WKH�WUDGLWLRQDO�6\VWHP�'\QDPLFV��6'��FRPPXQLW\�WHQGV�WR�SODFH�
VWURQJHU�HPSKDVLV�RQ�V\VWHPLF�H[SODQDWLRQV�RI�WKH�SDVW�WR�GUDZ�OHVVRQV�IURP��
WKH�SDUWLFLSDWRU\�LQFOLQHG�XVHUV�RI�6'�WHQG�WR�IRFXV�RQ�WKH�IXWXUH�DQG�HPEUDFH�
FRPSOH[LW\���

��� 6'�WHQGV�WR�IRFXVHV�RQ�GHFLVLRQ�VXSSRUW�DQG�QRW�RQ�LPSOHPHQWDWLRQ��*URVVOHU��
�������ZKLOH�00�SUDFWLWLRQHUV�DUH�LQFOLQHG�WR�WUDGH�RII�6'�SXULVP�WR�PDNH�D�
SURFHVV�ZRUN�WRZDUG�LPSOHPHQWDWLRQ���

�
&RVWDQ]D�DQG�5XWK��������SURSRVHG�D�VHTXHQFH�RI�PRGHO�EXLOGLQJ�IURP�³VFRSLQJ´�
PRGHOV��ZKLFK�LV�ZKHUH�PRVW�00�DQG�VLPLODU�PRGHOV�ILW��WR�PRUH�GHWDLOHG�³UHVHDUFK´�
PRGHOV�DQG�ILQDOO\�³PDQDJHPHQW´�PRGHOV�IRU�IUHTXHQW�DQG�DFFXUDWH�GHFLVLRQ�PDNLQJ��
7KH�SURJUHVVLRQ�LQGLFDWHV�DQ�LQFUHDVH�LQ�SUHFLVLRQ�ZKLOH�WUDGLQJ�RII�FRPPXQLFDELOLW\�
RI�WKH�VWUXFWXUH��SDUDPHWHUV�DQG�GDWD�TXDOLW\�RI�D�FRPSXWHU�PRGHO���
�
0,06$6�±�WDNLQJ�VFRSLQJ�PRGHOV�WR�WKH�QH[W�OHYHO�
7KH�VWDNHKROGHU�LQYROYHG�PRGHOOLQJ�SURFHVVHV�PHQWLRQHG�DERYH�DUH�D�EDVLV�IRU�PXOWL�
VFDOH�LQWHJUDWHG�PRGHOOLQJ�IRU�VXVWDLQDEOH�DGDSWLYH�V\VWHPV�DQG�LQFOXGHV�WKH�IROORZLQJ�
NH\�HOHPHQWV��
0XOWL�VFDOH���UHIHUV�WR�YHUWLFDO�LQWHJUDWLRQ�RI�JOREDO��QDWLRQDO��UHJLRQDO�DQG�ORFDO�
SHUVSHFWLYHV��
,QWHJUDWLRQ���UHIHUV�WR�HQYLURQPHQWDO��VRFLDO��HFRQRPLF�WHFKQRORJ\��SROLF\�DQG�
SROLWLFDO�SHUVSHFWLYHV��6\QFKURQL]DWLRQ�RI�H[SHUW�DQG�YLVLRQDU\�WKLQNLQJ�WKDW�PDLQWDLQV�
WKH�ELJJHU�SLFWXUH�ZKLOH�JRLQJ�LQ�HYHU�JUHDWHU�GHWDLO���
0RGHOOLQJ���UHIHUV�WR�DQ\�DVVHVVPHQW�WRROV�DW�VFRSLQJ��UHVHDUFK�DQG�PDQDJHPHQW�
OHYHO��LQFOXGLQJ�GDWDEDVHV��EXW�IRU�P\�SXUSRVHV�IRFXVHV�RQ�V\VWHP�G\QDPLFV�DQG�
FRPSOH[�V\VWHPV�PRGHOV�
$GDSWLYH���UHIHUV�WR�WKH�FDSDFLW\�WR�PDQDJH�LWHUDWLYH�F\FOHV�RI�FRPSOH[LW\�DQG�
UHVROXWLRQ�ZKLOH�PDLQWDLQLQJ�IOH[LELOLW\��%XLOGLQJ�WKH�FDSDFLW\�WR�VHH�WKH�ELJ�SLFWXUH�LQ�
LQFUHDVLQJ�GHWDLO�ZLWKRXW�ORRVLQJ�WKH�RYHUYLHZ��L�H��SURYLGHG�E\�YLVLRQ��DVVHVVPHQW��
SODQQLQJ��LPSOHPHQWDWLRQ��PRQLWRULQJ�HWF���3ROLF\�PDNLQJ�DV�D�GHOLEHUDWH�
³H[SHULPHQW´��
6XVWDLQDEOH���UHIHUV�WR�VRFLR�HFRQRPLF�DQG�HFRORJLFDO�V\VWHPV�EHLQJ�LQ�WDFW�WR�VXSSRUW�
ZHOO�EHLQJ�IRU�FXUUHQW�DQG�IXWXUH�JHQHUDWLRQV���
�
7KHUH�DUH�WZR�SRVVLEOH�WUDFNV�WR�SXUVXH�WKH�HQKDQFHPHQW�DQG�XSWDNH�RI�PRGHOV�DV�
WRROV�IRU�GHFLVLRQ�VXSSRUW�WKURXJK�LQWHJUDWLRQ�E\��

��� /LQNLQJ�H[LVWLQJ�³OHJDF\´�PRGHOV�DQG�GDWDEDVHV�RU��
��� ,QWHJUDWLYH��VFRSLQJ��DVVHVVPHQWV�LQ�DUHDV�ZKHUH�PRGHOV�KDYHQ¶W�EHHQ�OLQNHG�

FRPELQHG�ZLWK�WKH�FROOHFWLRQ�RI�UHOHYDQW�GDWD���
�
%RWK�DSSURDFKHV�KDYH�WKHLU�FRVWV�DQG�EHQHILWV��7KHUHIRUH��LW�LV�LPSRUWDQW�WR�ILQG�WKH�
DSSURSULDWH�PL[�WKURXJK�FDUHIXO�HYDOXDWLRQ�DQG�FULWHULD�WR�HQVXUH�WKDW�D�GHVLUDEOH�QH[W�
VWHS��UHOHYDQW�WR�WKH�FRQWH[W��WDNHV�LQWR�DFFRXQW�ERWK�WKH�UHDOLW\�RI�³ZKDW�LV´�DQG�WKH�
YLVLRQ�RI�³ZKDW¶V�GHVLUHG´���
�
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2XU�0,06$6�IUDPHZRUN�LV�WKH�HYROYLQJ�IRXQGDWLRQ�RI�WKUHH�SURJUDPV�WKDW�DLP�WR�
GHYHORS�WKH�PHWKRGRORJ\�DQG�WRROV�IRU�DGDSWLYH�FDSDFLW\�DPRQJ�VWDNHKROGHUV�DQG�
GHFLVLRQ�PDNHUV�LQ�WKH�GHVLJQ�SURFHVV�RI�PRGHOV�DV�DVVHVVPHQW�WRROV��EXW�DOVR�IROORZ�
WKH�SURFHVV�WKURXJK�LPSOHPHQWDWLRQ��PRQLWRULQJ�DQG�UHILQLQJ�D�YLVLRQ��)LJXUH���LV�D�
VFKHPDWLF�RYHUYLHZ�DQG�FRQYH\V�WKH�HOHPHQWV�RI�$GDSWLYH�0DQDJHPHQW�RQ�RXWZDUG�
SRLQWLQJ�D[LV��7KHVH�D[HV�VLJQLI\�DQ�LQFUHDVLQJ�OHYHO�RI�GHWDLO�DQG�UHVROXWLRQ�RI�WLPH�
IUDPH��,Q�WKH�SDVW��PRGHOOLQJ�KDV�RIWHQ�EHHQ�XVHG�WR�JHQHUDWH�H[WHQVLYH�³PDQDJHPHQW�
PRGHOV´�RI�KLJK�UHVROXWLRQ�DQG�GHWDLO��RIWHQ�ZLWK�OLPLWHG�LPSDFW��$W�WKH�FRUH�RI�VXFK�
PRGHO�EXLOGLQJ�SURMHFWV��VWDNHKROGHU�LQYROYHPHQW�DQG�VSHFLILFDOO\�WKH�FDSDFLW\�WR�XVH�
V\VWHP�WKLQNLQJ�G\QDPLFV�LV�ODFNLQJ��
�
,Q�WKLV�YLHZ��UHIOHFWLYH��IHHGEDFN��FDSDFLW\�GRHV�QRW�RQO\�DSSO\�DW�D�WLPH�VFDOH�RI�
PXOWLSOH�\HDUV��DV�LV�WKH�FDVH�LQ�SODQQLQJ�F\FOHV�DQG�DGDSWLYH�PDQDJHPHQW��5HIOHFWLYH�
FDSDFLW\�LV�DOVR�REVHUYHG�WKURXJK�WKH�XVH�RI�³OLVWHQLQJ�F\FOHV´��&RQNOLQ��������GXULQJ�
0HGLDWHG�0RGHOOLQJ�VHVVLRQV�DW�D�WLPH�VFDOH�RI�PLQXWHV�DQG�KRXUV��DV�ZHOO�DV�LQ�
EHWZHHQ�00�VHVVLRQ��DW�D�WLPH�VFDOH�RI�GD\V�DQG�ZHHNV��DV�ZHOO�DV�RYHU�WKH�FRXUVH�RI�
D�00�SURMHFW�DW�WLPH�VFDOHV�RI�PRQWKV�WR�\HDUV��YDQ�GHQ�%HOW���������+HQFH�WKH�LVVXH�
RI�UHIOHFWLYH�QHVV�DQG�DGDSWLYH�QHVV�JDLQ�UHOHYDQFH�RQ�D�VFDOH�RI�WLPH�DQG�LV�
GHSHQGHQW�RQ�LPSOHPHQWDWLRQ�DQG�PRQLWRULQJ�EHIRUH�GHVLUDEOH�SURJUHVV�FDQ�EH�
DFKLHYHG���
�
)LJXUH���±�0XOWL�VFDOH�,QWHJUDWHG�0RGHOOLQJ�IRU�6XVWDLQDEOH�$GDSWLYH�6\VWHPV�

��
,Q�WKHRU\��WKH�VHTXHQFH�DV�SURSRVHG�LQ�WKH���VWHS�PRGHOOLQJ�SURFHVV��&RVWDQ]D�	�
5XWK��������FDQ�RQO\�SURGXFWLYHO\�UHDFK�D�QH[W�VWDJH�DIWHU�D�IXOO�DGDSWLYH�PDQDJHPHQW�
F\FOH�LV�FRPSOHWHG��YDQ�GHQ�%HOW���������)RU�H[DPSOH��DQ�$0�F\FOH�VWDUWV�ZLWK�WKH�
UHFRJQLWLRQ�RI�D�VHHGLQJ�YLVLRQ��IROORZHG�E\�DQ�DVVHVVPHQW�RI�ZKDW�LQIRUPDWLRQ�LV�
ERWK�DYDLODEOH�DQG�RU�UHTXLUHG�WR�GHYHORS�D�YLDEOH�SODQ��3URYLGHG�WKH�DSSURSULDWH�
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VWDNHKROGHUV�DUH�LQYROYHG�DQG�UHDFKLQJ�D�KLJKHU�OHYHO�RI�XQGHUVWDQGLQJ��WKH�PRGHOOLQJ�
SURMHFW�FDQ�DVVLVW�LQ�EXLOGLQJ�FRQVHQVXV�GXULQJ�WKH�DVVHVVPHQW�SURFHVV��$�SHULRG�RI�
LPSOHPHQWDWLRQ�DQG�PRQLWRULQJ�IROORZV��0RQLWRULQJ�LV�SUHIHUDEO\�EDVHG�RQ�WKH�
LQGLFDWRUV�WKH�VWDNHKROGHUV�GHYHORSHG�E\�EXLOGLQJ�³VFRSLQJ´�PRGHOV��7KH�UHVXOWV�DUH�
WHVWHG�DJDLQVW�DQ�HYROYLQJ�YLVLRQ��ZKLFK�FDQ�PHDQ�D�PRUH�UHILQHG��GHWDLOHG�YLVLRQ�RU�
LQYROYLQJ�LQFUHDVLQJO\�PRUH�SHRSOH�DQG�RU�FRPPXQLWLHV���
�
$IWHU�D�IXOO�$0�F\FOH��WKH�VFRSLQJ�PRGHO�LV�LGHDOO\�UHYLVLWHG��LWV�IXQFWLRQ�LV�QRZ�WR�
HYDOXDWH�³ZHUH�ZH�ULJKW"�'RHV�WKH�PRQLWRUHG�GDWD�PHDQ�WKDW�ZH�³RQO\´�
FKDQJH�QDUURZ�D�IHZ�SDUDPHWHUV"�2U�VKRXOG�WKH�PRGHO�VWUXFWXUH�EH�XSGDWHG��EHFDXVH�
ZH�PLVVHG�PDMRU�IHHGEDFN�ORRSV�RU�WLPH�ODJV"�&DQ�WKH�UHVXOWV�IURP�UHVHDUFK�PRGHOV�
EH�LQWHJUDWHG�LQ�D�PHDQLQJIXO�ZD\�LQ�WKH�VFRSLQJ�PRGHO�RU�LV�WKH�VFRSLQJ�PRGHO�
REVROHWH"�5HVHDUFK�PRGHOV�DUH�PRUH�GHWDLOHG��H[SOLFLWO\�WDUJHWHG�PRGHOV�ZLWK�KLJKHU�
UHVROXWLRQ��GDWD�UHTXLUHPHQWV��SUHFLVLRQ�DQG�DUH�JHQHUDOO\�OHVV�WUDQVSDUHQW��,Q�
SULQFLSOH��UHVHDUFK�PRGHOV�DUH�GHYHORSHG�E\�H[SHUWV��7KH�JRDO�LV�WR�GHYHORS�PRGHOV�
ZLWK�D�ORQJ�³VKHOI�OLIH´��L�H��PRGHOV�WKDW�SURYLGH�D�EDVLV�RU�OHDUQLQJ�DQG�LQVLJKWV�IRU�D�
JURZLQJ�QXPEHU�RI�SHRSOH�FRPPXQLWLHV��$SSOLFDELOLW\�RI�UHVHDUFK�PRGHOV�LQFUHDVH�
ZKHQ�EDVHG�RQ�DSSURSULDWH�TXHVWLRQV��DJDLQ��WKH�EURDGHU�WKH�SHUVSHFWLYHV�LQYROYHG�
GXULQJ�WKH�VFRSLQJ�SKDVH��WKH�KLJKHU�WKH�OLNHOLKRRG�WKDW�WKH�³ULJKW´�TXHVWLRQV�VXUIDFH��
³5LJKW´�RU�UREXVW�LQ�WKH�DGDSWLYH�FRQWH[W�UHIHUV�WR�³VKHOI�OLIH´�DV�WKH�DVVHVVPHQW�WRROV�
DQG�SODQV�DUH�SHULRGLFDOO\�XS�IRU�UHYLHZ��1RW�XQWLO�WKH�QH[W�VWHS�LQ�SODQQLQJ��
LPSOHPHQWDWLRQ��PRQLWRULQJ�DQG�HQYLVLRQLQJ�LV�F\FOHG�WKURXJK��LV�WKH�VWDNHKROGHU�
FRPPXQLW\�UHDG\�WR�FRQVWUXFW�UHVRXUFH�LQWHQVH�PDQDJHPHQW�PRGHOV��5HDOLW\�LV�PRUH�
PHVV\�DQG�JHQHUDOO\�GHDOW�ZLWK�LQ�D�PRUH�OLQHDU�PDQQHU�WKDQ�WKH�SURSRVHG�WKHRU\��
FDXVLQJ�XQLQWHQGHG�FRQVHTXHQFHV��,�DGYRFDWH�HPEUDFLQJ�F\FOLFDO�WKLQNLQJ��VWDUWLQJ�
ZLWK�67��6'�DQG�SURJUHVVLQJ�WR�&6��DW�YDULRXV�OHYHOV�RI�VFDOH�LQ�WKH�GLPHQVLRQV�RI�
WLPH��VSDFH��FRPSOH[LW\�DV�ZHOO�DV�VRFLDO�GLPHQVLRQV���
�
0RYLQJ�IURP�WKHRU\�WR�SUDFWLFH�DQG�EDFN�WR�WKHRU\�
7KH�WKHRU\�DERYH�LV�EDVHG�RQ�SUDFWLFDO�H[SHULHQFH�ZLWK�VHYHUDO�FDVH�VWXGLHV�XVLQJ�
0HGLDWHG�0RGHOOLQJ�IRU�VFRSLQJ�SXUSRVHV�LQ�WKH�FRQWH[W�RI�FRDVWDO�]RQH�PDQDJHPHQW�
�YDQ�GHQ�%HOW�HW�DO���������ODQG�XVH���LQWHJUDWHG�ZDWHUVKHG�PDQDJHPHQW��YDQ�GHQ�%HOW��
�������89�E�UDGLDWLRQ�DQG�HFRV\VWHP�VHUYLFHV��YDQ�GHQ�%HOW�HW�DO��������������DQG�
HQHUJ\�SODQQLQJ��YDQ�GHQ�%HOW�HW�DO���������1RQH�RI�WKHVH�PRGHOV�ZHUH�LQWHQGHG�WR�
EHLQJ�UH�YLVLWHG�DIWHU�D�WLPH�ODJ�RI�D�IHZ�\HDUV��HYHQ�WKRXJK�VRPH�KDYH�VSXUUHG�
³UHVHDUFK�PRGHOV´�LQ�WKH�IRUP�RI�3K'�SURMHFWV�RQ�SDUWLFXODU�ZHDNO\�XQGHUVWRRG�OLQNV�
ZLWKLQ�WKH�VFRSLQJ�PRGHO��,Q�DGGLWLRQ��VXPPDUL]HG�UHVHDUFK�PRGHOV�KDYH�EHHQ�XVHG�DV�
LQSXW�LQWR�WKH�VFRSLQJ�PRGHOV��(YHQ�WKRXJK�³VFRSLQJ´�PRGHOV�VHHP�XVHIXO�LQ�
DGGUHVVLQJ��DQG�RIWHQ�GLVVLSDWLQJ��D�FRPSOH[�DQG�SRWHQWLDOO\�FRQWHQWLRXV�VLWXDWLRQ��
³UH�YLVLWLQJ´�VFRSLQJ�PRGHOV�FRXOG�LQ�SDUW�EH�KDPSHUHG�E\�WKH�IDFW�WKDW�D�0HGLDWHG�
0RGHOOHU�LV�RIWHQ�KLUHG�RQ�D�FRQVXOWLQJ�EDVLV�DV�D�QHXWUDO�SDUW\�WR�IDFLOLWDWH�DQ�RIWHQ�
FRQWHQWLRXV�DUHD�RI�LQYHVWLJDWLRQ��EULQJLQJ�WRJHWKHU�VWDNHKROGHUV�WKDW�ZRXOG�RWKHUZLVH�
EH�XQOLNHO\�WR�SXW�WKHLU�PLQGV�WRJHWKHU�LQ�D�FROODERUDWLYH�PDQQHU��,Q�DGGLWLRQ��SXEOLF�
RUJDQL]DWLRQV��%RODQG�DQG�)RZOHU��������RIWHQ�ODFN�WKH�FDSDFLW\�WR�SXUVXH�WKHVH�WRROV��
EHFDXVH�LQFHQWLYHV�WHQG�WR�UHZDUG�VKRUW�WHUP��FHQWUDOL]HG��VHJPHQWHG�GHFLVLRQV�ZLWK�D�
FRPSHWLWLYH�UDWKHU�WKDQ�FROODERUDWLYH�XQGHUSLQQLQJ���
:HVWHUQ�VRFLHW\��VFLHQFH�DQG�HGXFDWLRQ�WHQG�WR�UHZDUG�MXPSV�DKHDG�LQWR�DUHDV�RI�HYHU�
JUHDWHU�GHWDLO�ZLWKRXW�WKH�UHOHYDQW�FDSDFLW\�WR�V\QWKHVL]H�DQG�EXLOG�WKH�KXPDQ�FDSLWDO�
WR�PDNH�D�FROOHFWLYH�UDWKHU�WKDQ�LQGLYLGXDO�SURJUHVV��DV�DGKHUHG�WR�LQ�(DVWHUQ�DQG�RIWHQ�
LQGLJHQRXV�VRFLHWLHV���
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�
,Q�WKH�SDVW��UH�YLVLWLQJ�RI�VFRSLQJ�PRGHOV�KDV�QRW�EHHQ�DQ�H[SOLFLW�JRDO��PDQ\�SURMHFWV�
KDYH�EHHQ�XQGHUWDNHQ�DV�D�³SLORW�SURMHFW´�WR�WHVW�WKH�XVH�RI�6'�PRGHOOLQJ�IRU�
LQWHJUDWLYH�SXUSRVHV�LQ�D�JURXS�FRQWH[W�ZLWKRXW�D�SODQ�IRU�PLG�WR�ORQJ�WHUP�IROORZ�XS��
7KH�SURSRVHG�IUDPHZRUN�LV�WKH�IRXQGDWLRQ�IRU�SURJUDPV�ZLWK�D�GXUDWLRQ�RI���\HDUV�RQ�
XUEDQ�DQG�HQHUJ\�V\VWHPV��DV�ZHOO�DV�HFRV\VWHP�VHUYLFHV��7KURXJKRXW�WKHVH�SURJUDPV��
D�FRQVFLRXV�HIIRUW�ZLOO�EH�PDGH�WR�HYDOXDWH�SURJUHVV�EDVHG�RQ�ILJXUH���DQG�GHYHORS�
UHVXOW�PHDVXUHPHQWV�RQ�WKH�YDULRXV�VFDOHV�DQG�DUHDV�PHQWLRQHG�LQ�WKLV�SDSHU��
+RZHYHU��LW�LV�UHFRJQL]HG�WKDW�HYHQ�D���\HDU�WLPH�SHUVSHFWLYH�LV�OLNHO\�WRR�VKRUW�WR�
GHYHORS�D�0,06$6�DV�SURSRVHV��7KH�XVH�RI�H[LVWLQJ�³OHJDF\´�PRGHOV�DW�
³PDQDJHPHQW´�OHYHO�ZLOO�DOVR�EH�HYDOXDWHG��
�
&RQFOXVLRQ�
6\VWHP�7KLQNLQJ�DQG�6\VWHP�'\QDPLFV�KDV�PXFK�WR�FRQWULEXWH�WR�D�WUDQVLWLRQ�WRZDUG�
D�PRUH�VXVWDLQDEOH�VRFLHW\��WKURXJK�LWV�SKLORVRSK\�RI�LQWHUFRQQHFWHGQHVV��IHHGEDFN�
ORRSV��WLPH�ODJV�DQG�WUDGLWLRQ�RI�PRGHO�EXLOGLQJ��)URP�SUDFWLFDO�H[SHULHQFH��,�VXJJHVW�
WKDW�WKH�UHOHYDQFH�RI�67�DQG�6'�LQFUHDVHV�WKURXJK�WKH�LQYROYHPHQW�RI�VWDNHKROGHUV�LQ�
WKH�SURFHVV�RI�PRGHO�EXLOGLQJ��,�SURSRVH�WR�GHOLEHUDWHO\�H[WHQG�WKH�XVH�RI�0HGLDWHG�
0RGHOOLQJ�DQG�VLPLODU�DSSURDFKHV�LQWR�ORQJ�WHUP�GHYHORSPHQW�DGDSWLYH�PDQDJHPHQW�
FDSDFLW\��$V�VXFK��PRUH�H[SHULPHQWDWLRQ�LV�QHHGHG�WR�WHVW�DQG�GHYHORS�WKH�VXLWDELOLW\�
RI�6'�PRGHOV�DW�³VFRSLQJ´��³UHVHDUFK´�DQG�´PDQDJHPHQW´�OHYHO��ZLWK�LQFUHDVLQJ�
SUHFLVLRQ�EXW�WUDGLQJ�RII�WUDQVSDUHQF\��0RGHOV�DV�DVVHVVPHQW�WRROV�DUH�RQO\�UHOHYDQW�
LI�ZKHQ�DFWXDO�SODQQLQJ��LPSOHPHQWDWLRQ�DQG�PRQLWRULQJ�IROORZ�IURP�WKHLU�DVVHVVPHQW�
FDSDFLW\��7KLV�UHDOL]DWLRQ�FRXOG�JUHDWO\�LPSURYH�WKH�XSWDNH�E\�HQG�XVHUV�DQG�LPSDFW�
RI�6'�PRGHOV���
�
5HIHUHQFHV�
$QGHUVHQ��'��DQG�*�3��5LFKDUGVRQ��������6FULSWV�IRU�*URXS�0RGHO�%XLOGLQJ��6\VWHP�

'\QDPLFV�5HYLHZ��9RO��������S�����������
$QWXQHV��$���5��6DQWRV��1��9LGHLUD��������3DUWLFLSDWRU\�GHFLVLRQ�PDNLQJ�IRU�

VXVWDLQDEOH�GHYHORSPHQW�±�WKH�XVH�RI�PHGLDWHG�PRGHOOLQJ�WHFKQLTXHV��/DQG�8VH�
3ROLF\�9RO������SJ�������

%DUUHWHDX��2��DQG�)��%RXVTXHW��������6+$'2&��D�PXOWL�DJHQW�PRGHO�WR�WDFNOH�
YLDELOLW\�RI�LUULJDWHG�V\VWHPV��$QQ��2SHU��5HV�����������������

%HDOO��$��DQG�/HQ�=HROL��,Q�SUHVV�������3DUWLFLSDWRU\�PRGHOOLQJ�RI�HQGDQJHUHG�ZLOGOLIH�
V\VWHP��VLPXODWLQJ�WKH�VDJH�JURXVH�DQG�ODQG�XVH�LQ�FHQWUDO�:DVKLQJWRQ��
(FRORJLFDO�(FRQRPLFV��

%HDOO��$���)RUG��$���������3DUWLFLSDWRU\�PRGHOOLQJ�IRU�DGDSWLYH�PDQDJHPHQW��UHSRUWV�
IURP�WKH�ILHOG�,,��3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RI�WKH�6\VWHP�
'\QDPLFV�6RFLHW\��-XO\����±�$XJXVW����������%RVWRQ��0$���

%RODQG��7���)RZOHU��$���������$�V\VWHPV�SHUVSHFWLYH�RI�SHUIRUPDQFH�PDQDJHPHQW�LQ�
SXEOLF�VHFWRU�RUJDQL]DWLRQV��7KH�,QWHUQDWLRQDO�-RXUQDO�RI�3XEOLF�6HFWRU�
0DQDJHPHQW������������� �����

%URZQ�*DGGLV��(��-���9ODGLFK��+���9RLQRY��$���������3DUWLFLSDWRU\�PRGHOOLQJ�DQG�WKH�
GLOHPPD�RI�GLIIXVH�QLWURJHQ�PDQDJHPHQW�LQ�D�UHVLGHQWLDO�ZDWHUVKHG��
(QYLURQPHQWDO�0RGHOOLQJ�	�6RIWZDUH�����������������

&RFNHULOO��.��+��3DVVHOO��9��7LGZHOO��������&RRSHUDWLYH�0RGHOOLQJ��%XLOGLQJ�%ULGJHV�
%HWZHHQ�6FLHQFH�DQG�WKH�3XEOLF��-RXUQDO�RI�WKH�$PHULFDQ�:DWHU�5HVRXUFHV�
$VVRFLDWLRQ������������������
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&RFNHULOO��.���9��7LGZHOO��+��3DVVHOO��	�/��0DOF]\QVNL����������&RRSHUDWLYH�
0RGHOOLQJ�/HVVRQV�IRU�(QYLURQPHQWDO�0DQDJHPHQW��(QYLURQPHQWDO�3UDFWLFH���
����������

&RQNOLQ��-HII��������'LDORJXH�0DSSLQJ��EXLOGLQJ�VKDUHG�XQGHUVWDQGLQJ�RI�ZLFNHG�
SUREOHPV��-RKQ�:LOH\�	�6RQV�/WG��(QJODQG�

&RVWDQ]D�5��DQG�5XWK��������'\QDPLF�6\VWHPV�0RGHOOLQJ�IRU�6FRSLQJ�DQG�&RQVHQVXV�
%XLOGLQJ��(QYLURQPHQWDO�0DQDJHPHQW�������������

Gµ$TXLQR��3���&��OH�3DJH��)��%RXVTXHW�DQG�$��%DK��������8VLQJ�VHOI�GHVLJQHG�UROH�
SOD\LQJ�JDPHV�DQG�D�PXOWL�DJHQW�V\VWHP�WR�HPSRZHU�D�ORFDO�GHFLVLRQ�PDNLQJ�
SURFHVV�IRU�ODQG�XVH�PDQDJHPHQW��WKH�6HOI&RUPDV�H[SHULPHQW�LQ�6HQHJDO��-��
$UWLI�6RF�6RF�6LPXODWLRQ���������

'XGOH\��5��'��'��6KHLO��DQG�&��-��3LHUFH�&ROIHU��������6LPXODWLQJ�RLO�SDOP�H[SDQVLRQ�
UHTXLUHV�FUHGLEOH�DSSURDFKHV��(FRORJ\�DQG�6RFLHW\�������U���85/��
KWWS���ZZZ�HFRORJ\DQGVRFLHW\�RUJ�YRO���LVV��UHVS����

)RUJLH��9��DQG�(��5LFKDUGVRQ��������7KH�FRPPXQLW\�RXWFRPHV�SURFHVV�DQG�PHGLDWHG�
PRGHOOLQJ��,QW¶O�-��6XVWDLQDEOH�'HYHORSPHQW��9RO�����QR������������

*U|�OHU��$����������6\VWHP�'\QDPLFV�SURMHFWV�WKDW�IDLOHG�WR�PDNH�DQ�LPSDFW���6\VWHPV�
'\QDPLFV�5HYLHZ�����������������

+X]��6���$QGHUVRQ��'�)���5LFKDUGVRQ��*�3���%RRWKUR\G��5���������$�IUDPHZRUN�IRU�
HYDOXDWLQJ�V\VWHPV�WKLQNLQJ�LQWHUYHQWLRQV��DQ�H[SHULPHQWDO�DSSURDFK�WR�PHQWDO�
KHDOWK�V\VWHP�FKDQJH��6\VWHPV�'\QDPLFV�5HYLHZ�����������±�����

-RQHV��1DWDOLH�$��3DVFDO�3HUH]��7KRPDV�*�0HDVKDP��*DLO�-�.HOO\��3DWULFN�'¶$TXLQR��
.DWKHULQH�'DQLHOO��$QQH�'UD\�DQG�1LOV�)HUUDQG��������(YDOXDWLQJ�3DUWLFLSDWRU\�
0RGHOOLQJ��'HYHORSLQJ�D�)UDPHZRUN�IRU�&URVV�FDVH�$QDO\VLV��3DSHU�SURYLGHG�
E\�&6,52�VXVWDLQDEOH�(FRV\VWHPV�LQ�LWV�VHULHV�6RFLR�(FRQRPLFV�DQG�WKH�
(QYLURQPHQW�LQ�'LVFXVVLRQ��6(('��:RUNLQJ�3DSHU�6HULHV�ZLWK�QXPEHU������
����KWWS���LGHDV�UHSHF�RUJ�S�FVH�ZSDSHU���������KWPO�

0HWFDOI�6DUD�6���(PLO\�:KHHOHU��7RGG�.��%HQ'RU��.HQQHWK�6��/XELQVNL��DQG�%UXFH�
0��+DQQRQ���LQ�SUHVV���������6KDULQJ�WKH�)ORRGSODLQ��0HGLDWHG�0RGHOOLQJ�IRU�
(QYLURQPHQWDO�0DQDJHPHQW���(QYLURQPHQWDO�0RGHOOLQJ�	�6RIWZDUH��6SHFLDO�
,VVXH�LQ�3DUWLFLSDWRU\�0RGHOOLQJ��

5LOH\��6�-���6LHPHU��:�)���'HFNHU��'�-���&DUSHQWHU��/�+��2UJDQ��-�)���%HUFKLHOOL��/�7���
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