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� )RUHZRUG �
� ,QWURGXFWLRQ �
��� :K\�GR�ZH�QHHG�WR�PRGHO�WKH�UHDO�ZRUOG" �
��� 7\SLFDO�ILHOGV�RI�DSSOLFDWLRQ �
��� 7\SHV�RI�PRGHOV �
��� 7KH�SUREOHP�ZLWK�FRPSOH[�DQG�VLPSOH�PRGHOV �
��� *HQHUDO�PRGHOOLQJ�FKDOOHQJHV �
��� &XUUHQW�WUHQGV�LQ�ODQG�XVH�PRGHOLQJ ��
��� 7KH�8VH�RI�/DQG�8VH�0RGHOV�± 'LIIXVLRQ ��
��� 7KH�7\SLFDO�/LIHF\FOH�RI�D�/DQG�8VH�0RGHO ��
� 'LVSRVLWLRQ�RI�UHYLHZ ��
��� 2YHUYLHZ ��
��� 0RGHO�,QYHQWRU\ ��
��� 0RGHO�&ODVVLILFDWLRQ ��
��� 0RGHO�$VVHVVPHQW ��
��� 'RFXPHQWDWLRQ�DQG�VXPPDU\�RI�ILQGLQJV ��
� &RQFOXVLRQV ��
��� 6XPPDU\�DQG�FRPPHQWV�RQ�WKH�FODVVLILFDWLRQ ��
��� 6XPPDU\�DQG�FRPPHQWV�RQ�WKH�DVVHVVPHQW ��
��� &DQ�WKH�DVVHVVHG�PRGHOV�EH�XVHG�LQ�SODQQLQJ�IRU�VXVWDLQDEOH�JUHHQ�

JURZWK" ��
��� :KLFK�W\SHV�RI�PRGHOV�DUH�PRVW�XVHIXO" ��
��� 5HFRPPHQGDWLRQV�IRU�ODQG�XVH�PRGHO�IRU�SODQQLQJ�SXUSRVHV ��
��� )RXU�6LPSOH�7UXWKV�DERXW�0RGHOLQJ ��
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� )RUHZRUG
1RUGUHJLR�LV�D�OHDGLQJ�LQWHUQDWLRQDO�1RUGLF�UHVHDUFK�LQVWLWXWH�LQ�WKH�EURDG�ILHOG�RI�
UHJLRQDO�VWXGLHV��7KH�LQVWLWXWH�XQGHUWDNHV�VWUDWHJLF�UHVHDUFK�ZLWK�WKH�DLP�RI�SURGXF�
LQJ�LQIRUPHG�DQG�UHOHYDQW�PDWHULDO�IRU�GHFLVLRQ�PDNHUV�DW�WKH�LQWHUQDWLRQDO��QDWLRQ�
DO�DQG�UHJLRQDO�OHYHOV��1RUGUHJLR�DOVR�FRQWULEXWHV�WR�WKH�1RUGLF�FR�RSHUDWLRQ�E\�
DFWLQJ�DV�WKH�VHFUHWDULDW�IRU�IRXU�ZRUNLQJ�JURXSV�XQGHU�WKH�1RUGLF�&RPPLWWHH�RI�
6HQLRU�2IILFLDOV�IRU�5HJLRQDO�3ROLF\��(.�5���7KLV�DVVLJQPHQW�FRQFHUQV�D�SURMHFW�
ZKLFK�LV�SDUW�RI�WKH�UHVHDUFK�FRQGXFWHG�E\�1RUGUHJLR�ZLWKLQ�WKH�1RUGLF�:RUNLQJ�
*URXS�IRU�JUHHQ�JURZWK�± VXVWDLQDEOH�XUEDQ�UHJLRQV��KHUHDIWHU�1:*���

7KH�1:*�LV�LQWHUHVWHG�LQ�KRZ�VSDWLDO�SODQQLQJ�NQRZOHGJH�DQG�LQVWUXPHQWV�FDQ�
FRQWULEXWH�WR�WKH�SROLF\�JRDOV�RI�JUHHQ�JURZWK�RI�1RUGLF�FLW\�UHJLRQV��$PRQJ�LWV�
REMHFWLYHV�DUH�WR�FRQWULEXWH�NQRZOHGJH�RQ��DQG�WKH�GHYHORSPHQW�RI��PRGHOOLQJ�WRROV�
IRU�XUEDQ�DUHDV�WR�XQGHUWDNH�VSDWLDO�GHYHORSPHQW�LQ�ZD\V�WKDW�FRQWULEXWH�WR�JUHHQ�
JURZWK��

9LVXDO�UHSUHVHQWDWLRQV�RI�IXWXUH�XUEDQ�GHYHORSPHQW�WKURXJK�PRGHOOLQJ�DQG�VFHQDU�
LR�WRROV�FDQ�DOORZ�IRU�WKH�SURMHFWLRQ�DQG�HYDOXDWLRQ�RI�SODQQLQJ�SROLFLHV��WKHUHE\�
FUHDWLQJ�FRQWLQXLW\�DFURVV�WKH�XUEDQ�VFDOH�DQG�PDNLQJ�VXVWDLQDEOH�XUEDQ�GHYHORS�
PHQW�PDQDJHDEOH��DQG�RSHUDWLRQDO��IRU�UHOHYDQW�VWDNHKROGHUV�DQG�GHFLVLRQ�PDNHUV�

7KLV�UHSRUW�LV�WKH�UHVXOW�RI�DQ�LQYHQWRU\�DQG�DVVHVVPHQW�RI�GLIIHUHQW�ODQG�XVH�PRG�
HOV�WKDW�DUH��RU�KDYH�EHHQ��LQ�XVH�LQ�GLIIHUHQW�SDUWV�RI�WKH�ZRUOG��,W�UHYLHZV�VRPH�RI�
WKH��LQ�WKH�DXWKRUV YLHZ��PRVW�LQWHUHVWLQJ�DQG�ZLGHO\�XVHG�ODQG�XVH�PRGHOV�LQ WKH�
ZRUOG DW VFLHQWLILF�DFDGHPLHV DQG�DW�SODQQLQJ�DJHQFLHV��+RZHYHU��RQH�LQLWLDO�FRQ�
FOXVLRQ�IURP�RXU�VXUYH\�LV�WKDW�WKHUH�LV DQ�DEXQGDQFH RI�GLIIHUHQW�W\SHV�RI�ODQG�XVH�
PRGHOV�EHLQJ�GHYHORSHG�LQ�ZRUOG��DQG�WKDW�LW�LV�LPSRVVLEOH�WR�FRYHU�DOO�RI�WKHP��
7KHUHIRUH��WKLV�UHSRUW GRHV�QRW�FODLP�WR�EH�D�FRPSOHWH�VXUYH\� ,QVWHDG� LW�VKRXOG�EH�
VHHQ�DV�DQ�DVVHVVPHQW�RI�WKH�PRVW�FRPPRQ�DQG�SRSXODU�ODQG�XVH�PRGHOV�

7KLV ZRUN�KDV�EHHQ�OHG�E\ 5\DQ�:HEHU��UHVHDUFK�IHOORZ�DW�1RUGUHJLR��7KH�UHSRUW�
KDV�EHHQ�ZULWWHQ�E\�/DUV�%HUJOXQG DQG�6YDQWH�%HUJOXQG��VHQLRU�DQDO\VWV�DW�:63�
$QDO\VLV�	�6WUDWHJ\�
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� ,QWURGXFWLRQ

��� :K\�GR�ZH�QHHG�WR�PRGHO WKH�UHDO�ZRUOG"

3ODQQHUV�DQG�SROLF\�PDNHUV�IDFH�D�GLIILFXOW�WDVN��7KH�ZRUOG�WKH\�PXVW�GHDO�ZLWK�LV�
FRPSOH[��LQWHUFRQQHFWHG��DQG�HYHU�FKDQJLQJ��5HJLRQDO�DQG�XUEDQ�SODQQLQJ��WKH�GH�
VLJQ�RI�SROLFLHV�IRU�VXVWDLQDEOH�GHYHORSPHQW�DQG�WKH�LQWHJUDWHG�PDQDJHPHQW�RI�GLI�
IHUHQW�W\SHV�RI�ODQG�XVH�DOO�KDYH�WR�GHDO ZLWK�V\VWHPV�LQ�ZKLFK�QDWXUDO�DQG�KXPDQ�
IDFWRUV�DUH�LQWHUFRQQHFWHG��8QGHUVWDQGLQJ�WKH�SURFHVVHV�WKDW�FDXVH�WKHVH�V\VWHPV�WR�
FKDQJH�DQG�NQRZLQJ� WKHLU�VSDWLDO� FRQVHTXHQFHV LV�HVVHQWLDO� LQ�SUHSDULQJ�HIIHFWLYH�
SROLFLHV��6\VWHPV�VXFK�DV�WKHVH�PXVW� WKHUHIRUH�EH�XQGHUVWRRG�DQG�PDQDJHG�DV�G\�
QDPLF�HQWLWLHV��3ODQQHUV�DQG�GHFLVLRQ�PDNHUV�RIWHQ�VWUXJJOH�WR�EDODQFH�WKH�GHPDQGV�
RI�JURZWK�ZLWK�WKH�GHVLUH�WR�SUHVHUYH�WKH�QDWXUDO�HQYLURQPHQW��XQLTXH�FRPPXQLW\�
FKDUDFWHULVWLFV��DQG�RWKHU�TXDOLW\�RI�OLIH�DWWULEXWHV��3ODQQHUV�LQIOXHQFH�WKH�ODQG�XVH�
FKDQJH�SURFHVV�E\�DSSO\LQJ�UHVWULFWLRQV�RQ GHYHORSPHQW�LQ�FHUWDLQ�DUHDV�DQG�VWLPX�
ODWLQJ GHYHORSPHQW�LQ�RWKHU�DUHDV��7KLV�LV�HVSHFLDOO\�WUXH�IRU�WKH�1RUGLF�FRXQWULHV��
ZKLFK KDYH� D� YHU\� VWURQJ� WUDGLWLRQ� RI� PDQDJLQJ� ODQG� XVH� DQG� WUDQVSRUWDWLRQ� E\�
FRPSUHKHQVLYH�XUEDQ�DQG�UHJLRQDO�SODQQLQJ�

/DQG�XVH�FKDQJH�PRGHOV�DUH�DQ�HVVHQWLDO�FRPSRQHQW�RI�D�FRPSUHKHQVLYH�DSSURDFK�
IRU�SODQQHUV WR�SURMHFW�DQG�HYDOXDWH�WKH�SRWHQWLDO�FRQVHTXHQFHV�RI�SROLF\�GHFLVLRQV�
DQG� RWKHU� DFWLRQV� RQ� ODQG�XVH� SDWWHUQV� LQ� WKHLU� DGPLQLVWUDWLYH DUHDV�� 0RGHOV� DUH�
PDWKHPDWLFDO� UHSUHVHQWDWLRQV� RI� WKH� UHDO� ZRUOG� ± W\SLFDOO\� LPSOHPHQWHG� WKURXJK�
FRPSXWDWLRQDO� VLPXODWLRQ� WRROV� WKDW� GHVFULEH�� H[SODLQ�� IRUHFDVW DQG� HYDOXDWH WKH�
FRPSOH[�LQWHUDFWLRQV�EHWZHHQ�GLIIHUHQW�HOHPHQWV�RI�WKH�ODQG�XVH�V\VWHP�

/DQG�XVH�PRGHOV�DOVR�VHUYH�YDULRXV�SXUSRVHV��)LUVW��PRGHOV�KHOS�DFKLHYH�D� EHWWHU
XQGHUVWDQGLQJ�RI�WKH�XUEDQ�G\QDPLF V\VWHP �LQ�DQ�H[SODQDWRU\�UROH���6HFRQG��WKH\�
HQDEOH� YLUWXDO� H[SHULPHQWDWLRQ� DOORZLQJ� WKH� SRVVLEOH LPSDFWV RI� QHZ� LQIUDVWUXF�
WXUHV��WHFKQRORJLHV��RU�SROLFLHV�WR�EH�GHWHUPLQHG��LQ�D�SUHGLFWLYH�UROH���7KLUG��PRG�
HOV�DUH�SRZHUIXO�WRROV�WR�IDFLOLWDWH�SDUWLFLSDWRU\�SURFHVVHV�IRU�FROODERUDWLYH�GHFLVLRQ�
PDNLQJ� �LQ�SROLF\�DQG�GHVLJQ� UROHV��� $GGLWLRQDOO\�� WKH\�VKRXOG VHUYH�DV� WRROV� WR�
VWLPXODWH�WKLQNLQJ�DQG�IDFLOLWDWH�GLVFXVVLRQ��UDWKHU�WKDQ�WR�PDNH�GHILQLWH�VWDWHPHQWV�
DERXW�WKH�IXWXUH��7KXV��PRGHOV KHOS�LQ�QDUURZLQJ�GRZQ�WKH�QXPEHU�RI�SRVVLEOH�SRO�
LF\� LQWHUYHQWLRQV��ZLWKRXW�PDNLQJ� D� SUHGLFWLYH� VWDWHPHQW� DERXW� WKH� RQO\� �RU� RSWL�
PDO��VROXWLRQ�

7KHUHIRUH��LQ�WKLV�VWXG\��ODQG�XVH�PRGHOV�DUH�SULPDULO\�VHHQ�LQ�WKH�SHUVSHFWLYH�RI�D�
SODQQLQJ GHFLVLRQ�VXSSRUW�V\VWHP��ZKLFK�DOORZV�IRU�D�EHWWHU�XQGHUVWDQGLQJ�RI�IXWXUH�
LPSDFWV� RI� GLIIHUHQW� SODQQLQJ� SROLFLHV�� VXSSRUWHG� E\� NQRZOHGJH� DERXW� HFRQRPLF�
WKHRULHV�DQG�VRFLDO�EHKDYLRUV�� ,GHDOO\�� WKLV�VKRXOG�EH�GRQH�LQ�DQ� LWHUDWLYH�SURFHVV��
ZKHUH�PRGHOOHG RXWFRPHV�JLYH�QHZ�LQIRUPDWLRQ�IRU�VXEVHTXHQWO\�DGMXVWLQJ SROLF\�
WR�UHDFK�SODQQLQJ�JRDOV�

� 8�6��(3$��������3URMHFWLQJ�/DQG�8VH�&KDQJH��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\

� %DWW\�������8UEDQ PRGHOV�IRU�WUDQVSRUWDWLRQ�DQG�VSDWLDO�SODQQLQJ��(812,$�&RQVRUWLXP
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��� 7\SLFDO�ILHOGV�RI�DSSOLFDWLRQ

%DVHG�RQ�RXU�OLWHUDWXUH�VWXG\�RI�UHVHDUFK�SDSHUV�RQ�ODQG�XVH�PRGHOV��WKH�IROORZLQJ�
IRXU�PDMRU�WKHPDWLFDO�ILHOGV�RI�DSSOLFDWLRQ�FDQ�EH�REVHUYHG�

x /DQG�XVH

x 7UDQVSRUWDWLRQ

x 6SDWLDO�HFRQRPHWULFV

x (QYLURQPHQW

6RPHWLPHV�� PRGHOV� DUH� FRPELQHG� LQWR� PRGXODU� PRGHO� V\VWHPV�� )ROORZLQJ WKLV��
WKUHH�PDMRU�W\SHV�RI�PRGHO�V\VWHPV�FDQ�EH�LGHQWLILHG�

x 6LQJOH�XUEDQ�ODQG�XVH�PRGHOV��PDLQO\�XVHG�IRU�SODQQLQJ�SXUSRV�
HV�DQG�SROLF\�DQDO\VLV�DQG�DVVHVVPHQW��0RGHOV�DUH�RIWHQ�GHWDLOHG�
LQ�WHUPV�RI�LQSXW�GDWD�DQG�KDYH�KLJK�VSDWLDO�UHVROXWLRQ�

x 6LQJOH� ODQG� XVH� FKDQJH�PRGHOV�� PDLQO\� XVHG� LQ� HQYLURQPHQWDO�
VFLHQFHV� 0RGHOV� DUH� RIWHQ� GHWDLOHG� LQ� WHUPV� RI� LQSXW� GDWD� DQG�
KDYH�KLJK�VSDWLDO�UHVROXWLRQ�

x &RXSOHG�ODQG�XVH�DQG�WUDQVSRUWDWLRQ�PRGHOV��/87,���ZKLFK�UHS�
UHVHQW� D� KROLVWLF� V\VWHP� DSSURDFK� RI� XUEDQ� DQG� WUDQVSRUWDWLRQ�
V\VWHPV�� 7UDQVSRUW�RQO\� PRGHOV� UHTXLUH� ODQG�XVH� LQSXWV� ZKLFK�
DUH� IRUHFDVW� H[RJHQRXVO\��ZKHUHDV� /87,�PRGHOV� JHQHUDWH� WKHLU�
RZQ�IRUHFDVWV�RI�ODQG�XVH�DV�D�IXQFWLRQ�RI�ODQG�XVH�SROLFLHV�DQG�
FKDQJHV�LQ�WKH�WUDQVSRUW�V\VWHP��/DQG�XVH�PRGHOLQJ LV�QHFHVVDU\�
IRU�VWXG\LQJ�WUDIILF�HIIHFWV�RI�GLIIHUHQW�ODQG�XVH�SDWWHUQV��0RGHOV�
DUH� RIWHQ� JHQHUDOLVHG� LQ� WHUPV� RI� LQSXW� GDWD� DQG� VSDWLDO� UHVROX�
WLRQ��DQG�DUH�RIWHQ�DJJUHJDWHG�RQ�WUDIILF�DQDO\VLV�]RQHV��

)LJXUH�� 7\SLFDO�SODQQLQJ�SURFHVV�ZLWK�VXSSRUW�RI�ODQG�XVH�PRGHOLQJ
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��� 7\SHV�RI�PRGHOV

2QH� IXQGDPHQWDO� IHDWXUH� RI� ODQG�XVH� PRGHOV LV WKH� XQGHUO\LQJ� PHFKDQLVPV� WKDW�
UXOH� WKH� EHKDYLRXU� RI� WKH�PRGHO��7KHUHIRUH�� ODQG�XVH�PRGHOV� FDQ� EH� GLYLGHG� LQWR�
GLIIHUHQW� FODVVHV� DFFRUGLQJ� WR� WKHLU� WKHRUHWLFDO� IRXQGDWLRQ� DQG� IXQFWLRQDO�PHFKD�
QLVPV�� 7KH� IROORZLQJ� VHFWLRQ� VXPPDULVHV� WKH�PRVW� FRPPRQ� W\SHV� RI�PRGHO� DS�
SURDFKHV��

6SDWLDO�LQSXW�RXWSXW�PRGHOV �,�2�

,QSXW�2XWSXW�PRGHOV�DGGUHVV� VSDWLDO�SDWWHUQV�RI� ORFDWLRQ�RI�HFR�
QRPLF� DFWLYLWLHV DQG PRYHPHQW� RI� JRRGV� DQG� SHRSOH� EHWZHHQ�
]RQHV��7KH\ DFFRXQW�IRU�SURGXFHUV�DQG�FRQVXPHUV�RI�JRRGV�DQG�
VHUYLFHV� DQG� WKHLU� LQWHUDFWLRQV�� 7KH\� DUH� PDLQO\� HFRQRPHWULF�
PRGHOV��GHYHORSHG�E\�LGHQWLI\LQJ�WKH�DFWRUV��FRQFHSWXDOLVLQJ�WKH�
GULYHUV�RI� WKHLU� HFRQRPLF�GHFLVLRQ�SURFHVV�� K\SRWKHVLVLQJ�YDULD�
EOHV� WKDW� UHIOHFW� WKRVH� GULYHUV�� DQG� GHYHORSLQJ� VWDWLVWLFDO� DS�
SURDFKHV� WR� WHVW� K\SRWKHVHV��)LWWHG�PRGHOV�PD\� WKHQ�EH�XVHG� WR�
PDNH�SURMHFWLRQV�RI�ODQG�XVH�FKDQJH�IRU�WKH�DUHD�IRU�ZKLFK�WKH\�
ZHUH�GHYHORSHG� $�PDMRU� OLPLWDWLRQ�RI� VXFK�PRGHOV� LV� WKDW� WKH\�
RIWHQ� UHTXLUH� GHWDLOHG� GDWD� WKDW� DUH� QRW� DYDLODEOH� LQ� UHJLRQDOO\�
FRQVLVWHQW� IRUPDWV�� 7KHVH� PRGHOV� PD\� DOVR� ODFN� WKH� DELOLW\� WR�
PRGHO�FRQGLWLRQV�WKDW�GHYLDWH�IURP�KLVWRULF�QRUPV�

$JHQW�EDVHG�PRGHOV��$%0�

0LFUR�VLPXODWLRQ�PRGHOV� RI� ODQG� XVH� DUH� DFWLYLW\�EDVHG�PRGHOV�
ZLWK�WKH LQGLYLGXDO��RU�KRXVHKROG��ILUP��RU�DQ\�RWKHU�DJHQW�LQ�WKH�
XUEDQ�V\VWHP��DV�WKH�XQLW�RI�DQDO\VLV��$Q�DJHQW�EDVHG�PRGHO�FRQ�
VLVWV� RI� PXOWLSOH� LQWHUDFWLQJ� DJHQWV� ZLWKLQ� D� VLPXODWHG� HQYLURQ�
PHQW��5XOHV� DUH� GHILQHG� IRU� WKH� DJHQWV¶� DFWLRQV� DQG� WKHVH� UXOHV�
DIIHFW WKHLU�EHKDYLRXUV�DQG�UHODWLRQVKLSV��$JHQW�EDVHG�PRGHOV�DO�
ORZ�WKH�H[SORUDWLRQ�DQG�VLPXODWLRQ�RI�WKH�EHKDYLRXU�RI�XUEDQ�V\V�
WHPV�DW�D�ILQH�OHYHO�RI�GHWDLO��$FWLYLW\�SDWWHUQV�DUH�PRGHOOHG�IURP�
WKH�ERWWRP�XS��$JHQW�EDVHG�PRGHOV� UHTXLUH�PRUH�GHWDLOHG� LQIRU�
PDWLRQ�DERXW�SRSXODWLRQ�GHPRJUDSKLFV� WKDQ� LV� XVXDOO\� DYDLODEOH�
IURP�VXUYH\V�RU�FHQVXV�GDWD��7KH� ODFN�RI�HDV\� WRROV� WR�JHQHUDWH�
WKH� DUWLILFLDO� DJHQW�SRSXODWLRQ� LV� D PDMRU� REVWDFOH� IRU� WKHLU� LP�
SOHPHQWDWLRQ��

0XOWL�$JHQW�VLPXODWLRQ

$%0�FDQ�EH�H[WHQGHG�WR�D�0XOWL�DJHQW�V\VWHP��0$6���ZKLFK�QRW�
RQO\�FRQWDLQV�DQ�$%0�UHSUHVHQWLQJ�GLVDJJUHJDWHG�GHFLVLRQ�PDN�
LQJ�� EXW� DOVR� LQFOXGHV� D� &$�PRGHO �VHH� WKH� IROORZLQJ� VHFWLRQ���
7KH� &$� SDUW� GHVFULEHV� WKH� ODQG�XVH� FKDQJHV�� ZKLOH� WKH� DJHQWV�
UHSUHVHQW�KXPDQ�EHKDYLRXUV DQG�SHUIRUP� LQ� WKH� VLPXODWHG� HQYL�
URQPHQW��7KXV�WKH�FRPSOLFDWHG�LQWHUDFWLRQV�DPRQJ�DJHQWV�RU�EH�
WZHHQ�DJHQWV�DQG�HQYLURQPHQW�DUH�VLPXODWHG�

� 5XL�������8UEDQ�*URZWK�0RGHOLQJ�%DVHG�RQ�/DQG�XVH�&KDQJHV�DQG�5RDG�1HWZRUN�([SDQVLRQ��'RFWRUDO�7KHVLV�5R\DO�,QVWLWXWH�
RI�7HFKQRORJ\��.7+���6ZHGHQ
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5XOH�EDVHG�6SDWLDO�DOORFDWLRQ�PRGHOV

7KHUH�LV�D�SDUDOOHO�PRYH�WR�EXLOGLQJ�VLPSOHU��IDVWHU��PRUH�YLVXDOO\�
DFFHVVLEOH� GHVNWRS� WRROV�� 7KHVH� WRROV� DUH� EDVHG� RQ� OLJKWZHLJKW��
OHVV�GDWD�LQWHQVLYH� DQG�RU� OHVV� WKHRU\�ULFK� DSSURDFKHV� �H�J�� UXOH�
EDVHG���*,6�EDVHG�WRROV��DQG�DLP�WR�VXSSRUW�UDSLG�VFHQDULR�DQDO\�
VLV��YLVXDOLVDWLRQ��DQG�FRPPXQLW\�HQJDJHPHQW�XVLQJ�VWDWH�RI�WKH�
DUW�LQWHUDFWLYH�JUDSKLFV��VRPHWLPHV HPEHGGHG�LQ�ZHE�EDVHG�LQWHU�
IDFHV�

5XOH� EDVHG� PRGHOV� DUH XVHIXO� IRU� SODQQLQJ� DJHQFLHV� IRU� ORQJ�
UDQJH�VFHQDULR�WHVWLQJ��EHFDXVH�WKH\�DUH�HDV\� WR�DSSO\��7KH\�DUH�
RIWHQ�GHYHORSHG�RQ�HFRQRPLF� WKHRULHV�DQG�PDUNHW� UXOHV��EXW�QRW�
FRPSUHKHQVLYHO\� HQRXJK� WR PRGHO� WKH� FRPSOH[� HFRQRPLF� DQG�
PDUNHW�SURFHVV��6LPXODWLRQ�LV JHQHUDOO\�EDVHG�RQ�VSHFLILF�SROLF\�
FKDQJHV�

6SDWLDO�DOORFDWLRQ�PRGHOV�KDYH�W\SLFDOO\�EHHQ�GHYHORSHG�E\�JHRJ�
UDSKHUV�RU�SODQQHUV�ZKR� LGHQWLI\� QHLJKERXUKRRG FRQGLWLRQV� WKDW�
WHQG�WR�EH�FRUUHODWHG�ZLWK�FHUWDLQ�W\SHV�RI�ODQG�FRQYHUVLRQ��XVXDO�
O\�UHVLGHQWLDO�DQG�FRPPHUFLDO�GHYHORSPHQW��$�SUHGLFWHG�DPRXQW�
RI�UHVLGHQWLDO�RU�FRPPHUFLDO�JURZWK�LV�DOORFDWHG�WR�VSHFLILF�ORFD�
WLRQV��H�J��JULG�FHOOV��WR�JHQHUDWH�IXWXUH�ODQG�XVH�

&HOOXODU�$XWRPDWD��&$��PRGHOV

2SHUDWH�RYHU�D�JULG�RI�FHOOV��&RQVLVWV�RI�D�PDWUL[�RI�UHJXODU�FHOOV��
D�VHW�RI�FHOO�VWDWXVHV��D�QHLJKERXUKRRG DQG�D�VHW�RI�WUDQVLWLRQ�UXOHV�
IRU�LQGLYLGXDO�FHOOV��6RPH�DOVR�KDYH�D�FRQQHFWHG�WLPH�DVSHFW��&$�
PRGHOV�DUH�EDVLFDOO\�GHWHUPLQLVWLF�DQG�UXOH�EDVHG�DV�WKH\�XVH�ORJ�
LFDO� VWDWHPHQWV� WR� GHWHUPLQH� WKH� WUDQVLWLRQ� UXOHV�� &$� KDV� EHHQ�
ZLGHO\� DSSOLHG� WR� JHRJUDSK\� DQG� UHODWHG� ILHOGV� EHFDXVH� RI� IRXU�
PDLQ�DGYDQWDJHV��VSDWLDOLW\�DQG�DIILQLW\�ZLWK�*,6��G\QDPLVP��PL�
FUR�VLPXODWLRQ�� DQG� D� ERWWRP�XS� DSSURDFK��0RVW� RIWHQ�� WKH\ DUH�
QRW� EDVHG� RQ� HFRQRPLF� WKHRULHV� EXW� UHO\� KHDYLO\ RQ� KLVWRULFDO�
WUHQGV��7KHUH�DUH�ORWV�RI�DSSOLFDWLRQV��&$�FDQ�EH�XVHG�DV�D�SDUW�RI�
D�0$6�PRGHO��ZKHUH�D�FHOO�LV�FRQVLGHUHG�DV�DQ�DJHQW�

��� 7KH�SUREOHP�ZLWK�FRPSOH[�DQG�VLPSOH�PRGHOV

,Q�JHQHUDO��ODQG�XVH�PRGHOV�DUH�HLWKHU�FRPSOH[�RU VLPSOH�ZLWK�UHVSHFW�WR�WKHLU WKHR�
UHWLFDO� IRXQGDWLRQ�� 6SDWLDO� LQSXW�RXWSXW�PRGHOV�� DJHQW�EDVHG�PRGHOV�� DQG�PRVW� RI�
WKH�FHOOXODU�DXWRPDWD�PRGHOV DUH�JHQHUDOO\�FRPSOH[��ZKLOH� UXOH�EDVHG�PRGHOV� DUH�
JHQHUDOO\� VLPSOH�� %RWK� FRPSOH[� DQG� VLPSOH� PRGHOV� KDYH� WKHLU� RZQ� FRPPRQ
VWUHQJWKV�DQG�ZHDNQHVVHV��:H�KDYH�QRWHG�VRPH�JHQHUDO�REVHUYDWLRQV�LQ�WKH�VHFWLRQ�
EHORZ�

)LUVW�� DOPRVW� DOO� FRPSOH[�PRGHOV� UHTXLUH� VRPH� VRUW� RI� FDOLEUDWLRQ� DQG�YDOLGDWLRQ��
7KLV�LV�DQ LPSRUWDQW�DQG�RIWHQ�YHU\�FRPSOH[ SURFHVV IRU�QRQ�H[SHUWV� $OVR��FDOLEUD�
WLRQ�LV�VLWH�VSHFLILF��DQG D PRGHO�QHHGV WR�EH�UH�FDOLEUDWHG�LI�LW LV WR�EH�XVHG�LQ�RWKHU�
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VWXG\�DUHDV��7KH VLPSOH UXOH�EDVHG�PRGHOV�XVXDOO\�GR�QRW�QHHG�DQ\�IRUP�RI�FDOLEUD�
WLRQ�

6HFRQG�� WKH� UXOH�EDVHG�PRGHOV� RIWHQ� KDYH� SUREOHPV� LQ� KDQGOLQJ� WKH� HFRQRPLF� RU�
PDUNHW�DVSHFW�RI�WKH�XUEDQ�V\VWHP��7KLV�LV�SUREDEO\�WKH�PDLQ�GLVDGYDQWDJH�IRU�UXOH�
EDVHG� PRGHOV�� 2Q� WKH� RWKHU� KDQG�� WKH\� RIWHQ� KDQGOH� WKLV� LVVXH� �H�J�� ODQG� YDO�
XH�SULFH��E\�SVHXGR�HFRQRPLF�DWWUDFWRUV��VXFK�DV�DFFHVVLELOLW\��ZKLFK�LV VKRZQ�WR�
EH VWURQJO\� FRUUHODWHG� WR� ODQG� YDOXH��� 7KH� FRPSOH[�PRGHOV� DUH� IDU�PRUH� UHILQHG�
ZKHQ�LW�FRPHV�WR�FDSWXULQJ VSDWLDO�HFRQRPLF�SKHQRPHQD�

7KLUG�� WKH�FRPSOH[�PRGHOV�DWWHPSW� WR�PRGHO�H[WUHPHO\�FRPSOH[�V\VWHPV�ZLWKRXW�
PHWKRGV� WKDW� DFFRXQW� IRU� DOO� WKH� LPSRUWDQW� SKHQRPHQD�GLVSOD\HG� E\� WKH� V\VWHPV���
7KH�VLPSOH�PRGHOV�ODFN�WKH�SRZHU�WR�FDSWXUH�SKHQRPHQD�RI�LQWHUHVW��DQG�WKH�PRVW�
FRPSOH[�PRGHOV�JHQHUDOO\�ODFN�WKH�GDWD�WKH\�QHHG�WR�VWDWLVWLFDOO\�LGHQWLI\�WKHLU�SD�
UDPHWHUV�

)RXUWK�� D� SHUKDSV� REYLRXV�EXW� HTXDOO\ LPSRUWDQW� REVHUYDWLRQ��7KHRUHWLFDOO\� FRP�
SOH[�PRGHOV�DUH�FRPSOH[�WR�XVH �H[SHUW�WRRO���DQG�VLPSOH�PRGHOV�DUH�VLPSOH�WR�XVH
�SODQQHU�WRRO���

��� *HQHUDO�PRGHOOLQJ�FKDOOHQJHV

:H�KDYH�LGHQWLILHG�VRPH�NH\�FKDOOHQJHV�IRU�ODQG�XVH�PRGHOOLQJ�DQG�WKHLU�DSSOLFD�
WLRQ LQ�SUDFWLFH��7KH\�LQFOXGH�WKH�IROORZLQJ�PDLQ�FKDUDFWHULVWLFV�

� 7UDQVSDUHQF\��0RGHOV�ZLOO�QRW�EH�FUHGLEOH�DV� WRROV� IRU�GHFL�
VLRQ� VXSSRUW� XQOHVV� WKH\� FDQ� EH� H[SODLQHG� DQG� XQGHUVWRRG�
ZLWK�D�VXIILFLHQW�GHJUHH�RI�WUDQVSDUHQF\�

� (DVH�RI�XVH��,I�D�PRGHO�LV�WRR�FRPSOH[�WR�H[SODLQ�DQG�LPSOH�
PHQW�� LW�ZLOO� QRW� VXFFHHG� LQ� SUDFWLFH��$�PRGHO� V\VWHP�PXVW�
SDVV� D� WKUHVKROG� RI� XVDELOLW\� WKDW�PDNHV� LW� SRVVLEOH� IRU� VWDII�
ZLWKLQ�SODQQLQJ�DJHQFLHV�WR�EH�DEOH�WR�XVH�LW�

� &RPSXWDWLRQDO�SHUIRUPDQFH��$�PRGHO�KDV�WR�EH�FKDUDFWHULVHG�
E\�D JRRG�FRPSXWDWLRQDO�SHUIRUPDQFH�

� )OH[LELOLW\��$�PRGHO�KDV�WR�EH�DEOH�WR�VDWLVI\�XVHUV�LQ�DOO�FDVHV�
DQG�IRU�DOO�DSSOLFDWLRQV��0RGHOV�WKDW�DUH�WRR�ULJLG�FDQ�EHFRPH�
D�VHULRXV�FRQVWUDLQW��ZKLFK�ZRXOG�OLPLW�WKH�XVDJH��0RGHOV�DO�
VR�QHHG�WR�EH�DGDSWDEOH�WR�GLIIHUHQW�XVHUV��VLWHV�DQG�GLIIHUHQW�
GDWD�

� 'DWD�DYDLODELOLW\�DQG�TXDOLW\��,Q�LPSOHPHQWLQJ�D�PRGHO�D�FUX�
FLDO�SRLQW�LV�SUHSDULQJ�WKH�LQSXW�GDWD�IRU�LW��7KH�GLIILFXOW\�RI�
SUHSDULQJ�WKH�GDWD�IRU�D�PRGHO�FDQ�EH�D�YHU\�LPSRUWDQW�REVWD�
FOH�WR�FRQVLGHU�

� $ELOLW\� WR� KDQGOH� XQFHUWDLQW\�� 8QFHUWDLQW\� LV� EHFRPLQJ� LQ�
FUHDVLQJO\�LPSRUWDQW�LQ�GHFLVLRQ�PDNLQJ�SURFHVVHV�UHODWHG�WR�
VSDWLDO� SODQQLQJ�� HVSHFLDOO\� ZKHQ FKRRVLQJ� DPRQJ� GLIIHUHQW�
DOWHUQDWLYHV�



�� ����

��� &XUUHQW�WUHQGV�LQ�ODQG�XVH�PRGHOLQJ

%DVHG�RQ�RXU�OLWHUDWXUH�VWXG\�RI�UHVHDUFK�SDSHUV��WKH�IROORZLQJ WKUHH WUHQGV�RI�GH�
YHORSPHQW�RI ODQG�XVH�PRGHOV�FDQ�EH�REVHUYHG�

7UHQG����

)URP�PDFUR� WR�PLFUR�VLPXODWLRQ� �IURP�D� WRS�GRZQ� WR� D� ERWWRP�XS�
PRGHOOLQJ� DSSURDFK��� )URP� VWDWLF�� DJJUHJDWHG� ODQG�XVH� PRGHOV� WR�
FRPSOH[�DJHQW EDVHG�PLFUR�VLPXODWLRQ�PRGHOV��$JHQW�EDVHG�PRGHOV�
VHHP� WR� EH� DQ LQFUHDVLQJ� DSSURDFK LQ� UHJLRQV� ZLWK�PRUH� FRPSOH[�
SODQQLQJ�LVVXHV��

7UHQG����

3RVVLEOH� DV� D� UHDFWLRQ� WR� WKH� HYROXWLRQ RI� PRUH� FRPSOH[� PRGHOV��
WKHUH�LV�D�SDUDOOHO�PRYH�WR�EXLOGLQJ�VLPSOHU��IDVWHU��PRUH�YLVXDOO\�DF�
FHVVLEOH�GHVNWRS� WRROV��7KHVH� WRROV�DUH�EDVHG�RQ�³OLJKWZHLJKW´�� OHVV�
GDWD�LQWHQVLYH� DQG�RU� OHVV� WKHRU\�ULFK� DSSURDFKHV� �H�J�� UXOH�EDVHG� ��
*,6�EDVHG�WRROV�

7UHQG���

7KHUH�LV�DOVR�DQ�LQFUHDVLQJ�DZDUHQHVV�DERXW�WKH�LPSRUWDQFH�RI�DQ�LQ�
WHJUDWHG� SODQQLQJ� DSSURDFK��+RZHYHU�� WKHUH� LV� VWLOO� D� VHQVH� DPRQJ�
SUDFWLWLRQHUV�WKDW�IXOO\�LQWHJUDWHG�ODQG�XVH�WUDQVSRUWDWLRQ�PRGHOV�DUH�
LPPDWXUH� ZLWK� UHVSHFW� WR� LQVWLWXWLRQDO� LQWHJUDWLRQ� DQG� RSHUDWLRQDO�
SROLF\��

��� 7KH�8VH�RI�/DQG�8VH�0RGHOV�± 'LIIXVLRQ

%DVHG�RQ�RXU�VXUYH\�RQ�WKH�GHYHORSPHQW�DQG�XVH�RI�/DQG�XVH�PRGHOV�ZRUOGZLGH��
ZH�KDYH�IRXQG�WKH�IROORZLQJ�REVHUYDWLRQV�

� /DQG�XVH�PRGHOV�RIWHQ�RULJLQDWH�IURP�UHVHDUFK�SURMHFWV�DW�XQLYHUVLWLHV��

� 6RPH�PRGHOV�PDWXUH��DQG�DGYDQFH WR�FRPPHUFLDO VRIWZDUH RU�DV�D�
IUHHZDUH��

� 'HYHORSPHQW�RI�ODQG�XVH PRGHOV�VHHPV�WR�EH�FRQFHQWUDWHG�WR�XQLYHUVL�
WLHV�ZLWKLQ�WKH�1HWKHUODQGV��*HUPDQ\��86$�DQG�*UHDW�%ULWDLQ�

� 3UDFWLFDO�XVH �LQ�D�SODQQLQJ�HQYLURQPHQW��VHHPV�WR�EH�FRQFHQWUDWHG�
PDLQO\�WR�SODQQLQJ�DJHQFLHV�LQ WKH�1HWKHUODQGV�DQG 86$�

� 7KHUH�VHHPV�WR�EH�IHZ�LPSOHPHQWDWLRQV�LQ�WKH�1RUGLF�FRXQWULHV�

� $SSOLFDWLRQV�DUH�IRXQG�LQ�WZR�FDVHV�LQ�6ZHGHQ��3UDFWLFDO�XVH�RI�,30��
6WRFNKROP�DQG�6NnQH UHJLRQV ��������� DQG�DFDGHPLF�WHVWV�RI�/($0�
LQ��������RQH�LQ�)LQODQG��HDUO\�DFDGHPLF�WHVWV�RI�02/$1'�LQ�WKH�+HO�
VLQNL�UHJLRQ��������DQG�RQH�LQ�'HQPDUN��DFDGHPLF�WHVWV RI�0(752�
1$0,&$�LQ�*UHDWHU�&RSHQKDJHQ ������

� %DWW\�������8UEDQ�PRGHOV�IRU�WUDQVSRUWDWLRQ�DQG�VSDWLDO�SODQQLQJ��(812,$�&RQVRUWLXP

� 3OHDVH�VHH�QH[W�VHFWLRQ�IRU�WKH�W\SLFDO�OLIH�F\FOH�RI�D�ODQG�XVH�PRGHO�
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��� 7KH 7\SLFDO�/LIHF\FOH�RI�D�/DQG�8VH�0RGHO

7R�EH�DEOH�WR�PDNH�D�SURSHU�ULVN�DVVHVVPHQW�RI�WKH�SHUVLVWHQFH�RI�D�ODQG�XVH�PRGHO�
LW�FRXOG�EH�XVHIXO� WR�NQRZ�D�IHZ�WKLQJV�DERXW� WKH� W\SLFDO� OLIH�F\FOH�RI�D� ODQG�XVH�
PRGHO��:H�ZLOO� DOVR� WU\� WR� HYDOXDWH WKH� VHOHFWHG PRGHO� FDQGLGDWHV� IURP WKLV�SHU�
VSHFWLYH��

0RVW�ODQG�XVH�PRGHOV�ZH�NQRZ�RI�KDYH�VWDUWHG DV�UHVHDUFK�SURMHFWV�DW�XQLYHUVLWLHV�
RU�JRYHUQPHQWDO�DJHQFLHV��,Q�UHVHDUFK�SURMHFWV�WKH�DLP�LV�XVXDOO\�WR�PDNH�D�FRQWUL�
EXWLRQ�WR�WKH�H[LVWLQJ�IORUD�RI�WHFKQLFDO�PRGHOLQJ�SURFHGXUHV�E\�DGGLQJ�QHZ�IXQF�
WLRQV��,W�LV�OHVV�FRPPRQ�WR�GHYHORS�D�QHZ�PRGHOLQJ�FRQFHSW�IURP�VFUDWFK��EXW�WKHUH�
DUH�VRPH�IHZ�H[DPSOHV�RI�WKLV��,Q�WKH�FDVH�RI� WKH DGGLWLRQ RI�D�QHZ�IXQFWLRQ��WKLV�
FDQ�EH�DSSOLHG WR�DQ�H[LVWLQJ�ODQG�XVH�PRGHO�RU�E\�SURJUDPPLQJ� WKH�UXGLPHQWDU\�
FRUH�RI�EDVLF�JHQHUDO�IXQFWLRQDOLW\�DQG�WKHQ�IRFXVLQJ RQ�WKH�UHVHDUFK�WRSLF��7KH�LQ�
WHQWLRQ�RI�WKHVH�PRGHOV�LV�XVXDOO\�QRW�WR�EH�RSHUDWLRQDO�EXW�UDWKHU�WR�WHVW�LI�WKLV�IHD�
WXUH�FRXOG�EH�LQWHJUDWHG�ODWHU�LQ�RSHUDWLRQDO�PRGHOV�RU�LQ�IXWXUH�PRGHOV��7KLV�NLQG�
RI�PRGHOV�LV�RI�VHFRQGDU\�LQWHUHVW�IURP�RXU�SHUVSHFWLYH� EXW�WKH\�ZLOO�DSSHDU�LQ�RXU
VXUYH\��7KHVH�PRGHOV�XVXDOO\�KDYH�VKRUW�D�OLIH��EXW�VRPH�RI�WKH�FRGH�PD\�EH�UHXVHG�
LQ�RWKHU�PRGHOV�

,Q�VRPH�VXFFHVVIXO�FDVHV�D�ODQG�XVH�PRGHO�ZLOO�JDLQ�DQ�LQWHUHVW�RXWVLGH�WKH�DFDGHP�
LF�FRQWH[W DQG�EHFRPH�LPSOHPHQWHG�DQG�HYHQ�XVHG�IRU�SROLF\�DQDO\VLV��8VXDOO\��D�
PRGHO�RULJLQDWLQJ�LQ�DFDGHPLF�UHVHDUFK�ZLOO�EH�PRUH�RU�OHVV�WDLORU�PDGH�IRU�D�VSH�
FLILF�DUHD��WKXV�ZRUNLQJ TXLWH�ZHOO�WKDW�VSHFLILF�UHJLRQ�DQG�WKH�TXHVWLRQV�DGGUHVVHG�
WKHUH��7KH�GUDZEDFN�LV�WKH�WUDQVIHUDELOLW\�RI�WKH�PRGHO��ZKLFK�XVXDOO\�UHTXLUHV�UH�
SURJUDPLQJ� DQG� UH�FDOLEUDWLRQ�� 7KLV� LV� RIWHQ� DQ� RYHUZKHOPLQJ� WDVN IRU� D� QRQ�
H[SHUW��5H�SURJUDPPLQJ�FDQ�RQO\�EH�VXFFHVVIXO LI�WKH�VRXUFH�FRGH�LV�PDGH�DYDLOD�
EOH� ZKLFK�LV�QRW�DOZD\V�WKH�FDVH��7KHVH�PRGHOV�DUH�DOVR�RI�OLPLWHG�LQWHUHVW�IURP�DQ�
DSSOLFDWLRQ�SRLQW�RI�YLHZ�GXH�WR�WKH�± XVXDOO\ ± ODUJH�HIIRUW�UHTXLUHG�IRU�LPSOHPHQ�
WDWLRQ�

$� TXLWH� UHFHQW� SKHQRPHQRQ� LV� WKH� GHYHORSPHQW� RI� VRIWZDUH� DV� IUHHZDUH� RU� RSHQ�
VRXUFH�SURMHFWV� ZKHUH�GLIIHUHQW�UHVHDUFK�HQYLURQPHQWV LQ�DQ�LQIRUPDO�IDVKLRQ GH�
YHORS�SDUWV�RI� WKH� VRIWZDUH� DQG�VKDUH� WKHLU� FRQWULEXWLRQV� DV� DQ�RSHUDWLRQDO�PRGHO�
DQG FRPPRQ�OLEUDU\�RI�FRGH��,I�VXFK�DQ�RSHQ�VRXUFH�SURMHFW�UHDFKHV�D�FULWLFDO�PDVV�
DQG�EHFRPHV�ZLGHO\�XVHG� LW�FDQ�EH�D�YHU\�HIILFLHQW�DQG�FUHDWLYH�ZD\�RI�GHYHORSLQJ�
DQG�PDLQWDLQLQJ�PRGHOV��7KH�RUJDQLVDWLRQDO�IRUP�LQ�RSHQ�VRXUFH�SURMHFWV�PDNHV�LW�
SRVVLEOH�WR�DGRSW�WKH�VRIWZDUH�WR�VSHFLILF�QHHGV�JLYHQ�WKDW�WKH�FRPSHWHQFH�LV�DYDLO�
DEOH�DQG�WKDW�WKH�RULJLQDO�IXQFWLRQDOLW\�LV�FORVH�HQRXJK�WR�WKH�LQWHQGHG�XVH��8VH�RI�
RSHQ�VRXUFH�VRIWZDUH�KDV�EHFRPH�LQFUHDVLQJO\�SRSXODU�DQG�WKHUH�DUH�VHYHUDO�H[DP�
SOHV�RXWVLGH�WKH�DUHD�RI�ODQG�XVH�PRGHOV��7KH�PRVW�ZHOO�NQRZQ�H[DPSOH�RI�DQ�RSHQ�
VRXUFH�SURMHFW�FRQFHUQLQJ�ODQG�XVH�PRGHOV�LV�8UEDQ6,0��

$QRWKHU�DOWHUQDWLYH�SDWK�RI�ODQG�XVH�PRGHOV�GHYHORSHG�LQ�D�UHVHDUFK�HQYLURQPHQW LV�
DV�D�EDVLV�IRU�VSLQ�RII�FRPSDQLHV�WKDW�FRQWLQXH�WKH�GHYHORSPHQW�IRU�DSSOLHG�SXUSRV�
HV��,I�D�PRGHO�VXUYLYHV�DQG�JHWV�D��HFRQRPLF��OLIH�RXWVLGH�WKH�DFDGHPLF�ZRUOG� LW�
SUREDEO\�KDV�JRW�VRPH�PHULWV��7KHVH�PRGHOV�DUH�HLWKHU�XVHG�IRU�VHOOLQJ�VHUYLFHV�DQG�
LPSOHPHQWDWLRQV RI�WKH�PRGHO� RU�VROG�DV�VRIWZDUH��,Q�WKH�IRUPHU�FDVH� WKH�FOLHQW�
ZLOO�KDYH�WR�UHO\�RQ�RQH�VHUYLFH�SURYLGHU�ZKLFK�FRXOG�EH�SUREOHPDWLF��,Q�WKH�ODWWHU�
FDVH� WKH�RSWLRQ�WR�UXQ�WKH�PRGHO�LQ�KRXVH�LV�DYDLODEOH��7KH�GLVDGYDQWDJH�RI�SUL�
YDWHO\�RZQHG�VRIWZDUH�LV�RI�FRXUVH�WKDW�XVDJH�LV�DVVRFLDWHG�ZLWK�D�FRVW� EXW�WKH�PD�
MRU�DGYDQWDJH�LV�WKDW�WKHUH�LV�VRPHRQH�UHVSRQVLEOH�IRU�PDLQWHQDQFH�DQG�VXSSRUW�
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2XU�LQLWLDO�ILQGLQJ LV�WKDW�WKH�ODWWHU WZR�RUJDQLVDWLRQDO�IRUPV�IRU�PDLQWDLQLQJ�VRIW�
ZDUH��RSHQ�VRXUFH�DQG�VRIWZDUH�FRPSDQLHV��ZLOO�EH�WKH�PRVW�VHULRXV�FDQGLGDWHV�IRU�
ODQG�XVH�PRGHOV WR�ORRN�PRUH�VHULRXVO\ LQWR�
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� 'LVSRVLWLRQ�RI�UHYLHZ

��� 2YHUYLHZ�

7KLV�UHYLHZ�LV�GLVSRVHG�LQ�WKUHH�VWHSV�

�� 0RGHO�,QYHQWRU\

,GHQWLILFDWLRQ� RI� SRWHQWLDO� /DQG�XVH� PRGHOV� IURP� DOO� DURXQG� WKH�
ZRUOG��7KH�LQYHQWRU\�LV�PDLQO\�,QWHUQHW�EDVHG��EXW�LQIRUPDWLRQ�ZDV
DOVR�FROOHFWHG�IURP�RWKHU�VRXUFHV��VXFK�DV�VFLHQWLILF�SDSHUV��VFLHQ�
WLILF MRXUQDOV�DQG�SHUVRQDO�FRQWDFWV�

7KH� PRGHO� LQYHQWRU\� LV� GRFXPHQWHG� LQ� D� VHSDUDWH� GRFXPHQW� DW�
WDFKHG�WR WKLV�UHSRUW�

�� 0RGHO�&ODVVLILFDWLRQ

)ROORZLQJ� DQ� LQLWLDO� SUH�DVVHVVPHQW�� WKH� PRVW� LQWHUHVWLQJ� PRGHOV�
ZHUH� FODVVLILHG� DFFRUGLQJ� WR� WKHLU� FKDUDFWHULVWLFV� 7KLV� FODVVLILFD�
WLRQ�JLYHV�EDVLF�GHVFULSWLYH�LQIRUPDWLRQ�DERXW�WKH�PRGHOV��EXW�GRHV�
QRW�HYDOXDWH�WKH�PRGHO�FKDUDFWHULVWLFV�

7KH� PRGHO� FODVVLILFDWLRQ� LV� GRFXPHQWHG� LQ� D� VLQJOH� ([&HO�
GRFXPHQW DWWDFKHG�WR�WKLV�UHSRUW�

�� 0RGHO�$VVHVVPHQW

7KH�FODVVLILHG�PRGHOV�ZHUH�DOVR�DVVHVVHG�ZLWK�UHVSHFW�WR�GLIIHUHQW
YDULDEOHV��7KH�UHVXOW ZDV�FRPSLOHG�LQ�DQ�DVVHVVPHQW�PDWUL[�LQ�RU�
GHU�WR�EHWWHU�FRPSDUH�WKH�PRGHOV�

0DWWHUV�WKDW�FRXOG�QRW�EH�IXOO\�FRQVLGHUHG�DQG�GHVFULEHG�LQ�WKH�DV�
VHVVPHQW�PDWUL[ ZHUH�FRPPHQWHG�LQ�D�UHSRUW��WKLV�GRFXPHQW��ZLWK�
WKH�PRVW�LQWHUHVWLQJ�JHQHUDO�ILQGLQJV�DQG�REVHUYDWLRQV�

��� 0RGHO�,QYHQWRU\

7KH�PDLQ�FRQFOXVLRQ�IURP�WKLV�ILUVW�SKDVH�LV�WKDW�WKHUH�LV DQ�DEXQGDQFH�RI�ODQG�XVH�
PRGHOV�GHYHORSHG�DOO�DURXQG�WKH�ZRUOG��7KHUH�DSSHDUV WR�EH�H[WHQVLYH�VFLHQWLILF�
UHVHDUFK�EHLQJ�FDUULHG�RXW DW�XQLYHUVLWLHV�DQG�RWKHU�UHVHDUFK�LQVWLWXWHV��DQG�VRPH�
VFLHQWLILF�MRXUQDOV�DUH�GHGLFDWHG�WR�WKH�VXEMHFW��

6RPH�ODQG�XVH�PRGHOV�DUH�WLJKWO\�FRQQHFWHG�WR�VSHFLILF�DVSHFWV�RI WKH QDWXUDO�DQG
XUEDQ�V\VWHPV��DQVZHULQJ�SUHFLVH�TXHVWLRQV��2WKHUV�DUH�FKDUDFWHULVHG�E\�D�PRUH�
RSHQ�DQG�JHQHUDO�DSSURDFK�WR�WKH�XUEDQ�V\VWHP�DQG�DUH�WKHUHIRUH�IOH[LEOH�DQG�DEOH�
WR�GHDO�ZLWK�D�ZLGHU UDQJH�RI�XUEDQ�TXHVWLRQV��:LWK�UHVSHFW�WR�WKH�DLP�RI�WKLV VWXG\��
ZH�KDYH�IRFXVHG�RQ�WKH�ODWWHU�W\SH�RI�PRGHOV��VLQFH�WKH\�FDQ�EH�DSSOLHG�LQ�D�QXPEHU�
RI�ZD\V�

$V�PHQWLRQHG�EHIRUH��WKHUH�VHHP�WR�EH�WZR�PDLQ�W\SHV�RI�RULJLQV�IRU�ODQG�XVH�PRG�
HOV��DFDGHPLF�DQG�FRPPHUFLDO��DOWKRXJK�WKH�ODWWHU�RQHV�PRVW�RIWHQ�KDYH�WKHLU RULJLQ�
IURP�UHVHDUFK�DW�DFDGHPLF�LQVWLWXWLRQV���2QH�FRPPRQ�FKDUDFWHULVWLF�RI�WKH�PRGHOV�
WKDW�QHYHU�OHDYH�WKH�DFDGHPLF�ZRUOG�LV�WKDW�WKH\�WHQG WR�KDYH LQVXIILFLHQW�GRFXPHQ�
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WDWLRQ��7KHVH�PRGHOV�DUH�RIWHQ�LPPDWXUH�DQG�KDYH�VHOGRP EHHQ�WHVWHG�RXWVLGH�XQL�
YHUVLWLHV��6RPH�VFLHQWLILF DQG DOPRVW�DOO FRPPHUFLDO�PRGHOV�WKDW�KDYH EHHQ�GHYHO�
RSHG�RYHU D�ORQJ�SHULRG�RI�WLPH�FDQ�EH�UHIHUUHG�WR�DV�PDWXUH�PRGHOV��7KHVH�DUH�
JHQHUDOO\ ZHOO�GRFXPHQWHG��2IWHQ��WKH�PRGHO GHYHORSHU�DOVR�KDV�D�KRPH�SDJH�RQ�
WKH�,QWHUQHW�ZKHUH�ZULWWHQ�LQIRUPDWLRQ�FDQ�EH�IRXQG��:ULWWHQ�DQG�DFFHVVLEOH GRFX�
PHQWDWLRQ�LV�FUXFLDO�WR�RXU�SURMHFW LQ�RUGHU WR�FRQGXFW�D�SURSHU�DVVHVVPHQW�RI�WKH�
ODQG�XVH�PRGHOV DW�D�ODWHU�VWDJH��

)RU�WKH�SXUSRVH�RI�WKLV�VWXG\��� SRWHQWLDO�PRGHO�FDQGLGDWHV�ZHUH�LGHQWLILHG��2QH�
FRPPRQ IHDWXUH IRU�WKHVH�PRGHOV�LV WKDW�WKH\�DOO�LQ�VRPH�ZD\�FRQVLGHU�ODQG�XVH��WKH�
EXLOW�HQYLURQPHQW�DQG�RU�VHWWOHPHQW�VWUXFWXUH� %DFNJURXQG�LQIRUPDWLRQ�DQG�GDWD�
DERXW�HDFK�PRGHO�WKDW�ZDV�IRXQG�GXULQJ�WKH�LQYHQWRU\�ZDV�FROOHFWHG�DQG�EULHIO\�
RYHUYLHZHG��7KLV�GDWD�FRQVLVWV�RI�VFLHQWLILF�SDSHUV��MRXUQDOV��DQ\�ZULWWHQ�GRFXPHQ�
WDWLRQ�DERXW�WKH�PRGHO�IURP WKH GHYHORSHU��OLQNV�WR�WKH�PRGHOV KRPH�SDJH� HWF�

7KH�PRGHOV�DUH�OLVWHG�EHORZ�
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��� ;SORUDK

7KH�QXPEHU�RI�DYDLODEOH�ODQG�XVH�PRGHOV�IRXQG�LQ�WKH�LQYHQWRU\�SKDVH�ZDV�WRR�
ODUJH�WR�EH�IXOO\�FODVVLILHG�DQG�DVVHVVHG�ZLWKLQ�WKH�VFRSH�RI�WKLV�VWXG\��DQG�D�VHOHF�
WLRQ RI�WKH�PRVW�LQWHUHVWLQJ�PRGHOV ZDV�WKHUHIRUH�QHFHVVDU\��)RU�WKDW�UHDVRQ� DQG�
DIWHU�D�EULHI�UHDG�WKURXJK RI WKH�GRFXPHQWDWLRQ�RI HDFK�PRGHO� ZH�KDYH�PDLQO\�
FRQFHQWUDWHG�RQ�PRGHOV�WKDW�VHHP�WR�EH� ZLGHO\�XVHG��SRSXODU�� DUH�IOH[LEOH� DUH�
GRFXPHQWHG� DW�D�ILUVW�JODQFH�VHHP�WR�KDYH�JRRG�SRWHQWLDO� RU DUH IUHTXHQWO\ UH�
IHUUHG�WR�LQ�WKH�GRFXPHQWDWLRQ�RI�RWKHU�PRGHOV�

$IWHU�WKLV�VHOHFWLRQ SURFHVV�����PRGHOV�UHPDLQHG DQG�SURFHHGHG RQ�WR�WKH�FODVVLIL�
FDWLRQ�DQG�DVVHVVPHQW�SKDVHV��7KHVH�PRGHOV�DUH�FRQVLGHUHG�WR�EH�WKH�PRVW�LQWHUHVW�
LQJ�IRU�IXUWKHU�LQYHVWLJDWLRQ�
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��� 0RGHO�&ODVVLILFDWLRQ

,Q�WKLV�SKDVH�����ODQG�XVH�PRGHOV�ZHUH H[DPLQHG�LQ�PRUH�GHWDLO� 7KH�VHOHFWHG�PRG�
HOV�DUH�OLVWHG�EHORZ�

�� &/8(�6

�� ,&/86

�� ,�3/$&(6�V

�� ,30

�� /DQG�&KDQJH�
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,Q�RUGHU�WR�DFKLHYH�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�VHOHFWHG�PRGHOV��DOO�ZULWWHQ�GRFX�
PHQWDWLRQ�IRU WKHVH�PRGHOV�ZHUH�H[DPLQHG LQ�GHWDLO DQG�FODVVLILHG�DFFRUGLQJ�WR�
WKHLU�FKDUDFWHULVWLFV� 7KH�DLP�RI�WKH�FODVVLILFDWLRQ�LV�WR�SURYLGH EDVLF�GHVFULSWLYH�
LQIRUPDWLRQ�DERXW�WKH�PRGHOV� 7KH�FODVVLILFDWLRQ�YDULDEOHV�FRQVLVW�RI�WKH�IROORZLQJ�
W\SRORJ\�

7HFKQLFDO�3ODWIRUP�VRIWZDUH
'DWD�W\SHV �UDVWHU��YHFWRU�HWF��
'HSHQGHQF\�RQ RWKHU�VRIWZDUH��LI�DQ\���
23�V\VWHP
2ZQHUVKLS��GLIIXVLRQ�DQG�DQ\�OHJDO�LV�
VXHV
0RGXODU�RU�PRQROLWKLF�VRIWZDUH
$JH��\HDU�RI�GHYHORSPHQW
1XPEHU�RI�LPSOHPHQWDWLRQV��LI�DQ\�
8VHU�0DQXDO�6XSSRUW"
0DLQ�ILHOG�RI�DSSOLFDWLRQ
,QSXW�GDWD��6SDWLDO��WKHPDWLF

,QSXW�GDWD��1RQ�6SDWLDO
2XWSXW�GDWD��6SDWLDO�UHSUHVHQWDWLRQ
2XWSXW�GDWD��1RQ�VSDWLDO
(YDOXDWLRQ�SRVVLELOLWLHV
+RZ�DUH�SODQQLQJ�JRDOV�DQG�SROLFLHV�
WUHDWHG"
7LPH�VFDOH
6SDWLDO�VFDOH��UHVROXWLRQ�DQG�VFDODELOLW\�
RI�PRGHO
0RGHO�HQJLQH�DQG�EHKDYLRXUDO�DVVXPS�
WLRQV �&$��$JHQW�EDVHG��5XOH�%DVHG�HWF��

7KH�W\SRORJ\ DERYH IROORZV WKH�FODVVLILFDWLRQ�VFKHPH�SURSRVHG�E\�6LOYD�DQG�:X��

:H�KDYH�QRWHG� VRPH�JHQHUDO�REVHUYDWLRQV� IURP� WKH� FODVVLILFDWLRQ� LQ� VHFWLRQ � RI�
WKLV� GRFXPHQW�� 7KH� IXOO� PRGHO� FODVVLILFDWLRQ� LV� GRFXPHQWHG� LQ� D� VLQJOH� ([FHO�
GRFXPHQW�DWWDFKHG�WR�WKLV�UHSRUW�

�
6LOYD�$��DQG�:X�1����������6XUYH\LQJ�0RGHOV�LQ�8UEDQ�/DQG�6WXGLHV��-RXUQDO�RI�3ODQQLQJ�/LWHUDWXUH�������
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��� 0RGHO�$VVHVVPHQW

7KH�SUHYLRXVO\�FODVVLILHG����PRGHOV�ZHUH�DOVR�DVVHVVHG�ZLWK�UHVSHFW�WR�WKH�DVVHVV�
PHQW�YDULDEOHV�EHORZ�

*HQHUDO�VWUHQJWKV�DQG�OLPLWDWLRQV RI WKH PRG�
HO

6RIWZDUH

8VHU�IULHQGOLQHVV�HDVH�RI�XVH

4XDOLW\�RI�XVHU�PDQXDO�VXSSRUW

7KHRUHWLFDO DQG�SUDFWLFDO�FRPSOH[LW\

7UDQVSDUHQF\ �FDQ�WKH�SODQQLQJ�SURIHVVLRQ�
XQGHUVWDQG�KRZ�WR�DSSO\�WKLV�WRRO"�

(YDOXDWLRQ�FDSDELOLWLHV�DELOLW\�WR�FRPSDUH�
VFHQDULRV

0RGHO�IOH[LELOLW\

*HQHUDOLW\��DELOLW\�RI�PRGHO�WR�EH�WUDQVIHUUHG�
WR�RWKHU�HQYLURQPHQWV�

'DWD�QHHG��DYDLODELOLW\�DQG�TXDOLW\�

'DWD�SUHSDUDWLRQ�IRU�PRGHO�VHWXS

&RPSXWDWLRQDO�SHUIRUPDQFH�QHHGHG

&RPPXQLFDELOLW\�DQG�DELOLW\�IRU�XQGHUVWDQG�
LQJ�PRGHO�LQSXW�RXWSXW�IRU�QRQ�WHFKQLFDO�
H[SHUWV��H�J��SXEOLF�SDUWLFLSDWLRQ�

5HOHYDQFH�RI�WKH�PRGHO�LQ�D�1RUGLF�SODQQLQJ�
SHUVSHFWLYH

,QLWLDO�HIIRUW�UHTXLUHG�IRU�PRGHO�LPSOHPHQWD�
WLRQ

2SHUDWLQJ�FRVWV��¼��RZQ�VWDII�

0DLQWHQDQFH�FRVWV �¼�

7UDLQLQJ�FRVWV��¼�

2UJDQLVDWLRQ�VWDELOLW\

7KH�ILUVW�DVVHVVPHQW�YDULDEOH��³*HQHUDO�VWUHQJWKV�DQG�OLPLWDWLRQV�RI�WKH�PRGHO´��LV�
SUREDEO\�WKH�PRVW�LPSRUWDQW�DQG�LV LQWHQGHG�WR�FDSWXUH�JHQHUDO�TXDOLWDWLYH�HYDOXD�
WLRQV�WKDW�GR�QRW�ILW�XQGHU�WKH�RWKHU�YDULDEOH KHDGLQJV��

7KH�RWKHU�YDULDEOHV�DUH�PDLQO\�DVVHVVHG�E\ D�IRXU�JUDGDWLRQ VFDOH��³/RZ�3RRU´��
³0RGHUDWH´��³+LJK�*RRG´ DQG�³([FHOOHQW´��,W�VKRXOG�EH�QRWHG�WKDW�WKLV JUDGDWLRQ�LV�
QRW�DQ�H[DFW�VFLHQFH��EXW�UHSUHVHQWV�RXU�EHVW�MXGJHPHQW�RI�HDFK�DVVHVVPHQW�YDULD�
EOH��7H[W�ER[HV�ZKHUH�DQ�DVVHVVPHQW�LV�QRW�SRVVLEOH��H�J��GXH�WR�ODFN�RI�LQIRU�
PDWLRQ��LV�GHQRWHG�DV�³8QFODVVLILDEOH´ RU�³Q�D´� $GGLWLRQDO�LQIRUPDWLRQ LV DOVR
ZULWWHQ�LQ�WKH�WH[W�ER[HV�WR�FRPPHQW�DQG FODULI\�WKH�DVVHVVPHQW��EXW�GXH�WR�WKH�
ODUJH�DPRXQW�RI�LQIRUPDWLRQ��LQ�WRWDO��DERXW�����XQLTXH�DVVHVVPHQWV�ZHUH�SHU�
IRUPHG���WKH�FRPPHQWV�DUH�NHSW�VKRUW�DQG�FRQFLVH�

:H�KDYH�VXPPDULVHG WKH�PRVW�LPSRUWDQW�REVHUYDWLRQV�IURP�WKH�DVVHVVPHQW�LQ�VHF�
WLRQ�� RI�WKLV�GRFXPHQW��7KH�IXOO�PRGHO�DVVHVVPHQW�LV�GRFXPHQWHG�LQ�D�VLQJOH�([�
FHO�GRFXPHQW�DWWDFKHG�WR�WKLV�UHSRUW�
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��� 'RFXPHQWDWLRQ�DQG�VXPPDU\�RI�ILQGLQJV

7KLV�UHSRUW UHSUHVHQWV�WKH�GRFXPHQWDWLRQ�DQG�VXPPDU\�RI�ILQGLQJV�

� &RQFOXVLRQV
7KH�PRVW�LPSRUWDQW�ILQGLQJV�RI�WKH�VWXG\�DUH�VXPPDULVHG�LQ�WKLV�VHFWLRQ�

��� 6XPPDU\�DQG�FRPPHQWV�RQ�WKH�FODVVLILFDWLRQ

� 0RVW�RI�WKH�PRGHOV�XVH�WKH�(65,�SURGXFHG�VRIWZDUH�$UF*,6��ILYH�
PRGHOV�� RU� DUH� GHYHORSHG� LQ� VSHFLDOLVHG VRIWZDUH� �VL[� PRGHOV���
7ZR�RI�WKH�PRGHOV�DUH�ZHE�EDVHG��

� $OO�PRGHOV�KDYH�UHODWLYHO\�KLJK�GHJUHH�RI�VSDWLDO�UHVROXWLRQ��UDQJ�
LQJ�IURP���[���P�JULGV�XS�WR����[����P�JULGV��0RVW�FRPPRQ�LV�
RQH�KHFWDUH�JULGV ����[����P��

� 6HYHQ�PRGHOV�DUH�D�SDUW�RI�D�PRGXODU�PRGHO�V\VWHP��H�J�� WKH\�DUH�
FRPELQHG� WRJHWKHU�ZLWK�D� WUDQVSRUW�PRGHO�� D�GHPRJUDSKLF�PRGHO�
HFRQRPLF�PRGHO RU� RWKHU� VXE�PRGHO��� DQG� VL[�PRGHOV� DUH� VWDQG�
DORQH�PRQROLWKLF�PRGHOV��

� 7KHUH� LV� D�PL[� RI� GLIIHUHQW�PRGHO� W\SHV�� IRXU� UXOH�EDVHG�PRGHOV��
WZR�FHOOXODU�DXWRPDWD�PRGHOV��RQH�DJHQW�EDVHG�PRGHO��RQH� LQSXW�
RXWSXW�PRGHO�� WZR� K\EULG�PRGHOV�� WZR� XQFODVVLILDEOH�PRGHOV� DQG�
RQH�PXOWL�FULWHULD�PRGHO�

� 2QH� FRPPRQ� FKDUDFWHULVWLF� IRU� DOO�PRGHOV� LV� WKDW� WKH\� FDQ� DOO� LQ�
VRPH�PDQQHU IRU�UHJLRQDO�RU�XUEDQ�SODQQLQJ�SXUSRVHV�

� ,Q�JHQHUDO��D�PDMRULW\ RI�WKH�PRGHOV�KDQGOH�SODQQLQJ�SROLFLHV�DV�DQ�
LQLWLDO�LQSXW�IRU�VFHQDULR�WHVWLQJ�

� ,Q�JHQHUDO��PRVW�PRGHOV�QHHG�VRPH�VRUW�RI�DGGLWLRQDO�IXWXUH�SRSX�
ODWLRQ�RU�KRXVLQJ IRUHFDVWLQJ��ZKLFK� WKH�PRGHO� DOORFDWHV� VSDWLDOO\�
DFFRUGLQJ� WR� D� VSHFLILF� SODQQLQJ� SROLF\�� 6RPH�PRGHOV� FUHDWH� WKLV�
LQSXW� GDWD� ZLWKLQ� WKH� PRGHO� V\VWHP� �H�J�� 8UEDQ6,0��� EXW� PRVW
PRGHOV�UHO\�RQ�H[RJHQRXV�IRUHFDVWV�

� $OO�PRGHOV�SURGXFH� VRPH�VRUW� RI� VSDWLDO� UHSUHVHQWDWLRQ� �PDSV��RI�
IXWXUH�ODQG�XVH�DFFRUGLQJ�WR�D�VSHFLILF�SODQQLQJ�VFHQDULR�

� (YDOXDWLRQ� RI� PRGHO� UHVXOWV� LV� WUHDWHG� LQ� GLIIHUHQW� ZD\V�� 6RPH�
PRGHOV�KDYH�D�SUH�GHILQHG�HYDOXDWLRQ�IXQFWLRQ��ZKLOH�RWKHUV�KDYH�D�
PRUH�IOH[LEOH�DSSURDFK�ZKHUH�LW�LV�XS�WR�WKH�XVHU�WR�FUHDWH�D�VHW�RI�
HYDOXDWLRQ�LQGLFDWRUV�
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��� 6XPPDU\�DQG�FRPPHQWV�RQ�WKH�DVVHVVPHQW

� 0RGHOV� WKDW� XVH� VWDQGDUG�*,6� VRIWZDUH� �VXFK� DV�(65,¶V $UF*,6��
KDYH� DQ DGYDQWDJH� RYHU�PRGHOV� WKDW� UHO\� RQ� VSHFLDOO\ GHYHORSHG�
VRIWZDUH��0RVW�RIWHQ��D�SODQQLQJ�DXWKRULW\�ZLOO�DOUHDG\�KDYH�VRPH�
VRUW�RI�*,6�VRIWZDUH�DQG�VWDII�WR�KDQGOH�LW��1HZ�VRIWZDUH�ZLOO�LQL�
WLDOO\�WDNH�VRPH�WLPH�WR�OHDUQ�DQG�XQGHUVWDQG��7KH�XVH�RI�VWDQGDUG�
VRIWZDUH�DOVR�IDFLOLWDWHV�VSDWLDO�GDWD�SUHSDUDWLRQ�DQG�JUDSKLFDO�SRVW�
SURFHVVLQJ�RI�PRGHO� UHVXOWV�� VLQFH�DOO� ODQG�XVH�PRGHOV�QHHG�VRPH�
VRUW�RI�VSDWLDO�GDWD�

� 6RPH�PRGHOV�DUH�HDVLHU� WR�XVH� WKDQ�RWKHUV��7KLV� LV�RIWHQ� WKH�FDVH�
ZLWK�PRGHOV�WKDW�DUH�ZHE�EDVHG�RU�KDYH�D�JUDSKLFDO�XVHU�LQWHUIDFH
�VXFK� DV� ,3/$&(�V�� ,30�� /($0�� 83/$1�� :KDW�,)��� 0RVW� RI�
WKHVH� PRGHOV� FDQ� DIWHU� VRPH� SUHSDUDWLRQ� EH� KDQGOHG� E\� QRQ�
WHFKQLFDO�H[SHUWV�

� $�FRPSUHKHQVLYH�XVHU�PDQXDO�DQG�XVHU�VXSSRUW�LV�LPSRUWDQW�ZKHQ�
D�PRGHO�LV�VHW�XS�LQ�D�UHJLRQ�RU�PXQLFLSDOLW\��7KLV�LV�RIWHQ�WKH�FDVH�
IRU�FRPPHUFLDO�RU�ZLGHO\�XVHG�PRGHOV��*RRG�H[DPSOHV�DUH�/DQG�
8VH�6FDQQHU��/($0��0(7521$0,&$��8UEDQ6,0�DQG�:KDW�,)�

� 0RVW�PRGHOV�KDYH�JRRG�HYDOXDWLRQ�FDSDELOLWLHV�IRU FRPSDULQJ GLI�
IHUHQW�VFHQDULR�UHVXOWV�

� 0RQROLWKLF�PRGHOV�RIWHQ�UHO\�RQ�H[RJHQRXV�GDWD�IURP�RWKHU�PRG�
HOV�� VXFK�DV�SRSXODWLRQ� IRUHFDVWV�RU� WUDYHO� WLPHV��7KLV�PLJKW�EH� D�
GLVDGYDQWDJH��EXW�RQ�WKH�RWKHU�KDQG��PDQ\�SODQQLQJ�DXWKRULWLHV�DO�
UHDG\� KDYH� HVWDEOLVKHG� GHPRJUDSKLF�PRGHOV� RU� WUDQVSRUW�PRGHOV��
0RGXODU�PRGHOV�RIWHQ�FUHDWH�SDUWV�RI�WKLV�GDWD�WKHPVHOYHV �VXFK�DV�
8UEDQ6,0��

� 7KH�DELOLW\�WR�WUDQVIHU�D�PRGHO�IURP�RQH�VWXG\�DUHD�WR�DQRWKHU�LV�D�
YHU\� LPSRUWDQW� DVSHFW��0RVW� RI� WKH� FHOOXODU� DXWRPDWD� DQG� DJHQW�
EDVHG� PRGHOV� QHHG� UHFDOLEUDWLRQ� DQG� UHYDOLGDWLRQ� ZKHQ� WKH\� DUH�
PRYHG� WR� RWKHU ORFDWLRQV�� 7KLV� LV� RIWHQ� D� FRPSOH[� DQG� WLPH�
FRQVXPLQJ� WDVN��DQG� UHTXLUHV WHFKQLFDO�H[SHUWLVH��7KLV� LV� WKH�FDVH�
IRU�/DQG�8VH�6FDQQHU��0(7521$0,&$��02/$1'�DQG�8UEDQ�
6,0� 5XOH�EDVHG�PRGHOV�JHQHUDOO\�GR�QRW�QHHG�DQ\�FDOLEUDWLRQ�

� &RPPRQ�WR�DOPRVW�DOO�PRGHOV�DUH WKDW�WKH\�DOO�UHTXLUH�TXLWH�H[WHQ�
VLYH� DPRXQW� RI� VSDWLDO� GDWD�� VRPHWLPHV� YHU\� VSHFLILF�� EXW� VRPH�
PRGHOV� DUH� HVSHFLDOO\� GDWD�KXQJU\� �H�J� 8UEDQ6,0�� /DQG� 8VH�
6FDQQHU�DQG�/8&,6���,Q�FHUWDLQ�FDVHV�DFFHVV�WR GDWD PLJKW�EH OLP�
LWHG DQG�WKHUHIRUH�PDNH�LW�GLIILFXOW�WR�WUDQVIHU�D�PRGHO�WR�D�QHZ�OR�
FDWLRQ� ([WHQVLYH�GDWD�SUHSDUDWLRQ�LV�DOVR�D�IDFWRU�WR�FRQVLGHU�

� 2QH�PDMRU�OLPLWDWLRQ ZLWK�PRVW�FHOOXODU�DXWRPDWD�PRGHOV��DQG�DOVR�
VRPH� RWKHU� PRGHOV�� DUH� WKH� H[FOXVLYH� VWDWHV RI� LQGLYLGXDO� FHOOV��
ZKLFK� RQO\� FDQ� DVVXPH� RQH� YDOXH�FODVV�� 7KHUHIRUH�� WKH\ SRRUO\
KDQGOH�DQ�LPSRUWDQW�DVSHFW�RI�VPDUW�JUHHQ�JURZWK��QDPHO\�GHQVLIL�
FDWLRQ�RI�DOUHDG\�EXLOW�XS�DUHDV� 7KLV�RIWHQ�WHQGV�WR�FUHDWH�D�UDGLDO�
XUEDQ�JURZWK�SDWWHUQ�DW�WKH�IULQJHV�RI�WKH�XUEDQ�DUHDV�
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� 5HOHYDQFH�RI�WKH�PRGHOV LQ�D�1RUGLF�SODQQLQJ�SHUVSHFWLYH�LV�GLIIL�
FXOW�WR�DVVHVV��EXW�RQH�JHQHUDO�REVHUYDWLRQ�LV�WKDW�PDQ\�RI�WKH�PRG�
HOV�KDYH�WKHLU RULJLQ�LQ�WKH�86$��+HUH�� ODQG�XVH�LV�SUREDEO\�PRUH�
PDUNHW�GULYHQ�DV FRPSDUHG�WR�WKH�1RUGLF�FRXQWULHV��ZKLFK DOO KDYH�
D�YHU\�VWURQJ�SODQQLQJ�WUDGLWLRQ���,Q�VRPH�PRGHOV��DVVXPSWLRQV�DUH�
PDGH�WKDW�IXWXUH�ODQG�XVH�ZLOO�EH�VWURQJO\�GHWHUPLQHG�E\�HFRQRPLF�
PDUNHW�GHFLVLRQV��UDWKHU�WKDQ�SODQQLQJ�LQLWLDWLYHV��([DPSOHV�RI�WKLV�
DUH�/($0��8UEDQ6,0��DQG�7(/80��6LQFH�PRVW�RI�WKH�5XOH�EDVHG�
PRGHOV�GR�QRW�H[SOLFLWO\�KDQGOH�HFRQRPLF�DQG�PDUNHW�WKHRU\��WKH\�
PLJKW�EH�EHWWHU�VXLWHG�IRU�1RUGLF�FRQGLWLRQV�

� &RVWV�DQG�UHVRXUFHV�DUH�DOZD\V�D� OLPLWLQJ�IDFWRU�ZKHQ�D SODQQLQJ�
DJHQF\�PXVW�FKRRVH D�ODQG�XVH�PRGHO��0RVW�RI�WKH�UHYLHZHG�PRG�
HOV�DUH�IUHH��EXW�VRPH�DUH�FRPPHUFLDO�SURGXFWV�DQG�FRPH�ZLWK�D�OL�
FHQVH�IHH��UDQJLQJ�IURP�¼����WR�¼��� �����(YHQ�LI�D�PRGHO�LV�IUHH�RI�
FKDUJH��WKHUH�ZLOO�DOZD\V�EH�D�FRVW�IRU GDWD� LPSOHPHQWDWLRQ��RSHU�
DWLQJ�� WUDLQLQJ� DQG� PDLQWHQDQFH� RI� WKH� PRGHO�� 7\SLFDO� FRVWV� IRU�
PRGHO� LPSOHPHQWDWLRQ �OLVWHG� LQ� WKLV� UHYLHZ� DQG� FUHDWLRQ� RI� RQH�
VFHQDULR� LV DSSUR[LPDWHO\ ¼����� ����� EXW� WKH� FRVW� UDQJH� LV� ODUJH�
�IURP�¼�� ����WR�¼��� �����

��� &DQ�WKH�DVVHVVHG�PRGHOV�EH�XVHG�LQ�SODQQLQJ�IRU�
VXVWDLQDEOH�JUHHQ�JURZWK"

7KH�RYHUDOO�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�KRZ�VSDWLDO�SODQQLQJ�NQRZOHGJH�
DQG�LQVWUXPHQWV�FDQ�FRQWULEXWH�WR�WKH�SROLF\�JRDOV�RI�JUHHQ�JURZWK�RI�1RUGLF�FLW\�
UHJLRQV��,W�VKRXOG�FRQWULEXWH�WR�NQRZOHGJH�RQ��DQG�GHYHORSPHQW�RI��PRGHOLQJ�WRROV�
IRU�XUEDQ�DUHDV�WR�XQGHUWDNH�VSDWLDO�GHYHORSPHQW�LQ�ZD\V�WKDW�FRQWULEXWH�WR�JUHHQ�
JURZWK�

&RPPRQ�WR�WKH�DVVHVVHG�PRGHOV�LQ�WKLV�UHYLHZ�LV�WKDW�WKH\�DOO��LQ�GLIIHUHQW�ZD\V��
FDQ�EH�XVHG�IRU�WKLV�SXUSRVH��

,Q�WKH�PRGHO�ZRUOG��VSDWLDO�SODQQLQJ�SROLFLHV�DQG�VWUDWHJLHV�DUH�WKH�RSHUDWLRQDO�
WUDQVODWLRQ�RI�RYHUDOO�SODQQLQJ�JRDOV��0RVW�PRGHOV�RSWLPL]H�WKH�DOORFDWLRQ�RI�IXWXUH�
XUEDQ�ODQG�XVH�DFFRUGLQJ�WR�D�VSHFLILF�SODQQLQJ�SROLF\�RU�VWUDWHJ\��7KXV��WKH\�GR�
QRW�GLUHFWO\�RSWLPL]H�WKH�DOORFDWLRQ�DFFRUGLQJ�WR�RYHUDOO�SODQQLQJ�JRDOV��%\�WHVWLQJ�
DQG�HYDOXDWLQJ�WKH�VSDWLDO�LPSDFW�RI�GLIIHUHQW�SODQQLQJ�SROLFLHV��WKH�PRGHO�FDQ�LOOXV�
WUDWH�LI�D�VSHFLILF�SODQQLQJ�SROLF\�UHDFK�WKH�GHVLUDEOH�SODQQLQJ�JRDOV�RU�QRW��)LJXUH�
� RQ�SDJH ����7KLV�PHDQV�WKDW�D�PRGHO�RULHQWHG�SODQQLQJ�SURFHVV�XVXDOO\�LV�DQ�LWHUD�
WLYH�SURFHGXUH��ZKHUH�PRGHO�RXWSXW�OHDGV�WR�FKDQJHV�LQ�SODQQLQJ�SROLFLHV�DQG�VWUDW�
HJLHV��ZKLFK�DJDLQ�DUH�WHVWHG�LQ�WKH�PRGHO�DQG�VR�RQ��XQWLO�SODQQLQJ�JRDOV�DUH�
DFKLHYHG�

7KLV�LQ�WXUQ�PHDQV�WKDW�PRVW�RI�WKH�PRGHOV�DUH�IOH[LEOH�ZLWK�UHVSHFW�WR�WKH�ILHOGV�RI�
DSSOLFDWLRQ�DQG�FDQ�EH�XVHG IRU�QXPHURXV�SODQQLQJ�SXUSRVHV��,Q�WKH�FDVH�RI�SODQ�
QLQJ�IRU�JUHHQ�JURZWK��D PRGHO�FDQ�IRU�H[DPSOH�JLYH�LQGLFDWLRQV�WR�WKH�TXHVWLRQV�
,V�LW�SRVVLEOH�WR�FRPELQH�HFRQRPLF�JURZWK�ZLWK�VXVWDLQDEOH GHYHORSPHQW"�:KLFK�
SODQQLQJ�SROLFLHV�UHGXFH�ODQG�FRQVXPSWLRQ"�+RZ�GR�ZH�PLQLPL]H�WKH�ORVV�RI�JUHHQ�
DUHDV"�:KLFK�SROLFLHV�KDYH�ODUJH�SRWHQWLDO�IRU�FXWWLQJV�FDUERQ�GLR[LGH�HPLVVLRQV"



�� ����

��� :KLFK�W\SHV RI�PRGHOV DUH PRVW�XVHIXO"

7KH�VRPHZKDW�ERULQJ�DQVZHU�WR�WKH DERYH�TXHVWLRQ�LV��³,W�GHSHQGV´��7KH�FKRLFH�RI�
PRGHO�IRU�D�SODQQLQJ�RUJDQLVDWLRQ�LV�GHSHQGHQW�RQ�VHYHUDO�IDFWRUV��PDLQO\�FRQQHFW�
HG�WR�WKH�RUJDQLVDWLRQV�FDSDELOLWLHV�LQ�WHUPV�RI�VWDII��H[SHULHQFH��DQG�DYDLODEOH�UH�
VRXUFHV��7KH�SODQQLQJ�DJHQF\�ZLOO�SUREDEO\�DOVR�KDYH�WR�EH�FRPPLWWHG�IRU�VRPH�
WLPH�ZKHQ�LQYHVWLQJ�LQ�D�QHZ�PRGHO�V\VWHP��$QRWKHU�LPSRUWDQW�DVSHFW�LV�WKH�SRWHQ�
WLDO�QHHGV�IRU�D�ODQG�XVH�PRGHO��ZKLFK�PDLQO\�LV�GHWHUPLQHG�E\�WKH�FRPSOH[LW\�DQG�
VL]H�RI�WKH�UHJLRQ�RU�PXQLFLSDOLW\��$�VPDOO�PXQLFLSDOLW\��LQ�WHUPV�RI�SRSXODWLRQ�DQG�
HPSOR\PHQW��ZLWK�PRGHUDWH�SRSXODWLRQ�JURZWK�ZLOO�SUREDEO\�KDYH�OHVV�EHQHILW�
IURP�WKH�UHVXOWV�RI�D�ODQG�XVH�PRGHO�WKDQ�D�ODUJHU�PXQLFLSDOLW\�ZLWK�KLJKHU�SUHVVXUH�
RQ�ODQG�XVH��

&RPSOH[�RU�VLPSOH�PRGHOV"

$�PDLQO\�HFRQRPHWULF�DSSURDFK IRU�PRGHOLQJ��ZKLFK�LV�WKH�FDVH�IRU�PRVW�RI�WKH�
FRPSOH[�PRGHOV�VXFK�DV�$JHQW�EDVHG�PRGHOV�RU�VSDWLDO�,�2�PRGHOV��WKH�IXWXUH�XU�
EDQ�ODQG�XVH�ZLOO�SUREDEO\�EH�RI�OHVV�LQWHUHVW�LQ�D�FRXQWU\�ZLWK�VWURQJ�SODQQLQJ�WUD�
GLWLRQV��,�WKHVH�FDVHV��QHZ�GHYHORSPHQW�ZLOO�PDLQO\�EH�GLUHFWHG�DFFRUGLQJ�WR�JHQ�
HUDO�SODQV��UDWKHU�WKDQ�DOORFDWLRQ�EDVHG�RQ�SXUHO\�PDUNHW�EHKDYLRXU��7KLV�LV�SURED�
EO\�WKH�FDVH�LQ DOO�RI WKH�1RUGLF�FRXQWULHV�

2Q�WKH�RWKHU�KDQG��FRPSOH[�PRGHOV�FDQ�SUREDEO\�FDSWXUH�VHYHUDO�DVSHFWV�RI�WKH�
XUEDQ�V\VWHP�LQ�D�PRUH�DFFXUDWH�ZD\�WKDQ�VLPSOH�PRGHOV�

,QWHJUDWHG�RU�QRW�LQWHJUDWHG�PRGHOV"

7KHUH�DUH�GLIIHUHQW�EHQHILWV ZLWK VWDQG�DORQH�ODQG�XVH�PRGHOV DQG�PRGXODU�PRGHO�
V\VWHPV��0RVW�RIWHQ��D�SODQQLQJ�DJHQF\�KDV�DOUHDG\ FRPSLOHG SURMHFWLRQV�RI�UH�
JLRQDO�IXWXUH�SRSXODWLRQ�DQG�HPSOR\PHQW��,Q WKLV�FDVH��WKHUH�LV�QR�QHHG�IRU�DQ�LQWH�
JUDWHG�SRSXODWLRQ�DQG�HPSOR\PHQW�IRUHFDVWLQJ�PRGXOH�ZLWKLQ�D�PRGHO��$OVR��DQ�
RWKHU�LPSRUWDQW�DVSHFW�LV�WKDW�ODUJHU�SODQQLQJ�DJHQFLHV�RIWHQ�KDYH�D�IXQFWLRQDO�DQG�
HVWDEOLVKHG�WUDQVSRUW�PRGHO�LQ�XVH� 7KLV�ZLOO�DOVR�UHGXFH�WKH�QHHG�IRU�D�EXLOW�LQ�
WUDQVSRUWDWLRQ�PRGXOH�ZLWKLQ�DQ�LQWHJUDWHG�ODQG�XVH�PRGHO��,Q�VXPPDU��WKLV�LPSOLHV�
WKDW�D�SODQQLQJ�DJHQF\�RIWHQ�GRHV QRW�QHHG�D�FRPSOH[��³GR�DOO´�PRGHO��$�VLPSOH��
OHVV�GDWD�KXQJU\�PRGHO�ZLOO�SUREDEO\�EH�VXIILFLHQW�IRU�WKHLU�QHHGV�

7KH�DERYH�VHFWLRQ�OHDGV�XV�WR�WKH�IROORZLQJ�UHFRPPHQGDWLRQV�

��� 5HFRPPHQGDWLRQV�IRU�ODQG�XVH�PRGHO�IRU�SODQQLQJ�
SXUSRVHV

$�SODQQLQJ�DXWKRULW\��UHJLRQDO RU�PXQLFLSDO���ZKR�ZLVKHV�WR�LPSOHPHQW�D�ODQG�XVH�
PRGHO�ZLWKLQ� LWV� RZQ� RUJDQLVDWLRQ� EXW� GRHV� QRW� KDYH� VXEVWDQWLDO� H[SHULHQFH�ZLWK�
ODQG�XVH�PRGHOLQJ�VKRXOG��LQ�RXU�YLHZ��FRQVLGHU�WKH�IROORZLQJ�UHFRPPHQGDWLRQV�

�� 'R�QRW�XVH�D�FRPSOH[�DQG�DOO�HQFRPSDVVLQJ�� WKHRUHWLFDOO\�ULFK�
PRGHO� WKDW� DWWHPSWV� WR� FDSWXUH� WKH� FRPSOH[LW\� RI� WKH� XUEDQ�
GHYHORSPHQW SURFHVV�

�� 'R�QRW�DLP�WR�SUHFLVHO\�SUHGLFW�DQ�XQNQRZDEOH�IXWXUH��,QVWHDG��
XVH� DQ� H[SOLFLWO\� SROLF\�RULHQWHG� PRGHO� WKDW� VXJJHVWV� ZKDW�
PLJKW� KDSSHQ� LQ� WKH� IXWXUH� LI� FOHDUO\� VSHFLILHG� SXEOLF� SROLFLHV�
DUH�DGRSWHG�DQG�DVVXPSWLRQV�DERXW�WKH�IXWXUH�DUH�FRUUHFW�



�� ����

�� 8VH�D�UHODWLYHO\�VLPSOH��UXOH�EDVHG�PRGHO�WKDW�GRHV�QRW�DWWHPSW�
WR�GXSOLFDWH�WKH�FRPSOH[�VSDWLDO�LQWHUDFWLRQ�DQG�PDUNHW�FOHDULQJ�
SURFHVVHV�WKDW�VKDSH�WKH�XUEDQ�V\VWHP��,QVWHDG��LQFRUSRUDWH�D�VHW�
RI�H[SOLFLW�GHFLVLRQ�UXOHV�IRU�GHWHUPLQLQJ�WKH�UHODWLYH�VXLWDELOLW\�
RI�GLIIHUHQW� ORFDWLRQV��SURMHFWLQJ� IXWXUH� ODQG�XVH�GHPDQGV��DQG�
DOORFDWLQJ� WKH� SURMHFWHG� GHPDQGV� WR� WKH� PRVW� VXLWDEOH� VLWHV��
7KHVH�FRQFHSWV�DQG�WKHLU�LPSOHPHQWDWLRQ�FDQ�EH�UHDGLO\�XQGHU�
VWRRG�E\�SODQQHUV��HOHFWHG�RIILFLDOV��DQG�WKH�SXEOLF�

7KLV�UHYLHZ�JLYHV�D�EULHI�RYHUYLHZ�RI�WKH��LQ�RXU�RSLQLRQ��PRVW�LQWHU�
HVWLQJ�DQG�XVHIXO�ODQG�XVH�PRGHOV�DYDLODEOH��,W�GRHV�QRW�DLP�WR�JLYH�D�
FRPSOHWH�DQG�IXOO�GHVFULSWLRQ�RI�DOO�PRGHOV��%DVHG�RQ�WKH�LQIRUPDWLRQ�
LQ�WKLV�SURMHFW��ZH�WKHUHIRUH�UHFRPPHQG�D�IHDVLELOLW\�VWXG\�ZKHUH�RQH�
RU�WZR�PRGHOV�DUH�VWXGLHG�PRUH�LQ�GHWDLO��

��� )RXU�6LPSOH�7UXWKV�DERXW 0RGHOLQJ

/DVW��EXW�QRW�OHDVW��LW�FRXOG�EH�XVHIXO�WR�FRQVLGHU�WKHVH�VWDWHPHQWV�

�� $OO�PRGHOV�DUH�ZURQJ�± 6RPH�PRGHOV�DUH�XVHIXO

$Q\�PRGHO�LV��E\�GHILQLWLRQ��D�VLPSOLILFDWLRQ�RI�UHDOLW\�DQG�WKXV�LQHYLWDEO\�LV�ZURQJ�
LQ�WKH�VHQVH�WKDW�LW�OHDYHV�RXW�VRPH�DVSHFWV�RI�UHDOLW\�

�� 3UHGLFWLRQ�LV�KDUG��HVSHFLDOO\�DERXW WKH�IXWXUH

,W�LV�SDUWLFXODUO\�GLIILFXOW�WR�EH�³FRUUHFW´�DERXW�WKH�IXWXUH��)RUHFDVWV�DUH�LQHYLWDEO\�
ZURQJ��RIWHQ�HPEDUUDVVLQJO\ VR��3ODQQHUV�VKRXOG�WKHUHIRUH�DEDQGRQ�WKH�XQUHDOLVWLF�
JRDO�RI�H[DFWO\�SUHGLFWLQJ�DQ�XQNQRZDEOH�IXWXUH�DQG��LQVWHDG��SUHSDUH�D�UDQJH�RI�
IRUHFDVW�VFHQDULRV EDVHG�RQ�GLIIHUHQW�SROLF\�FKRLFHV�ZKLFK GHVFULEHV D�QXPEHU�RI�
SRVVLEOH�IXWXUHV�

�� .HHS�LW�VLPSOH� VWXSLG�

3ODQQHUV�PXVW�UHFRJQL]H�WKDW�WKHLU�PRGHOV�DUH�PRUH�OLNHO\�WR�EH�XVHIXO�LQ�D�SROLF\�
FRQWH[W�LI�SROLF\�PDNHUV�DQG�WKH�SXEOLF�XQGHUVWDQG�DQG�WUXVW�WKHP��,Q�WKLV�FRQWH[W��
SODQQHUV�VKRXOG�DWWHPSW�WR�GHYHORS�PRGHOV�WKDW�DUH�DV�VLPSOH�± UDWKHU�WKDQ�DV�FRP�
SOH[�±DV�SRVVLEOH�

�� 8VH�LW�%HFDXVH�LW LV�³%$'´

,QIRUPDWLRQ�WKDW�LV�DYDLODEOH�LQ�SURIHVVLRQDO�SUDFWLFH�LV�DOZD\V�EDG��L�H��LQFRPSOHWH�
DQG�LQDFFXUDWH��,W�LV�DOVR�WKH�%HVW�$YDLODEOH�'DWD��%$'���7KLV�VXJJHVWV�WKDW�FRP�
SXWHU�PRGHOV�WKDW�DUH�GHYHORSHG�WR�VXSSRUW�SODQQLQJ�VKRXOG�QRW�UHTXLUH�H[WHQVLYH�
GDWD�VHWV�WKDW�DUH�GLIILFXOW��LI�QRW�LPSRVVLEOH��WR�REWDLQ�RU�FUHDWH V\QWKHWLFDOO\�


